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ABSTRACT:
Background:

Literature regarding the prevalence, clinical features, CSF changes, laboratory investigations,
response to therapy, and pathophysiology of autoimmune disease in HI'V-associated lower motor
neuron syndromes is limited. The above topic is broad and for the purpose of this thesis, has been
restricted to chronic immune mediated polyradiculoneuropathies (chronic inflammatory
demyelinating polyneuropathy (CIDP), autoimmune nodopathies, pure motor lumbosacral
polyradiculopathy (PM LSP)),motor neuron syndrome (MNS),and myasthenia gravis(MG) as these
are the commonest HIV-immune mediated lower motor neuron syndromes seen at our
neuromuscular unit. Neuropathies due to HIV vasculitis and diffuse infiltrative lymphocytosis

(DILS) were excluded as they are rare. Muscle disorders forms part of planned prospective work.

Objective:

To describe the differences in clinical presentation, electro-diagnostic findings, cerebrospinal fluid
(CSF) changes, radiology (where applicable), treatment outcomes and pathophysiology of disease in
HIV-infected immune mediated polyradiculoneuropathies, MNS and MG and to compare the above
to the HIV-uninfected category. Additionally, we tested for nodal/paranodal and ganglioside
antibodies in patients with HIV-associated chronic immune mediated radiculoneuropathies and MNS
and explored their pathogenetic potential. We also explored genetic and immune factors that are
potentially implicated in CCPD in two siblings, one HIV infected. Nodal/paranodal antibodies have
not previously been described in an HIV-infected cohort of patients or in the African population in
general and similarly genetic testing for acquired demyelination, has not been performed in South

Africa.

Methods:

An insight into the virology, epidemiology, clinical aspects and immunology of HIV is essential in
understanding the complexities of immune mediated neurological conditions which occur in people
living with HIV infection and is discussed in chapter 1. Chapter 1 also provides background
literature of the various neurological syndromes in the HIV-uninfected population, equipping the
reader with the necessary tools to understand the clinicopathological correlates in the context of HIV.
Available worldwide literature is discussed and analysed in chapter 2, which is a scoping review of
the above topic. A retrospective analysis of medical records of all patients meeting the diagnostic
criteria for chronic immune mediated radiculoneuropathies (CIDP,DRG,PM LSP), MNS/D, and MG
from our neuromuscular unit in Durban, Kwa-Zulu Natal (KZN) between 2003 and 2020 was
performed (see individual manuscripts).Clinical, demographic, laboratory, electrophysiological and

treatment
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outcome data were extracted and compared in the 2 arms of the study, namely the HIV-infected and
HIV-uninfected cohorts. In addition, HIV-infected patients who met the inclusion criteria for chronic
immune-mediated radiculo-neuropathies (IMRN) and MNS were prospectively screened for IgG
antibodies directed against nodal (neurofascin (NF)186) and paranodal (NF155, contactinl (CNTN1)
and contactin-associated protein-1, (Casprl) cell adhesion molecules, using a live, cell-based assay.
This has not been previously done in South Africa and is therefore novel. Further testing was
performed to determine pathogenicity of the antibodies using myelin co-culture screens and addition
of complement. Other novel antibody detection methods included myelin co-culture screens,
immunoprecipitation experiments and mass spectrometry. Whole exome sequencing for a potential
novel mutation, and genetics for known inherited disorders such as CMT, mitochondrial disease and

leukodystrophy was performed in the surviving sibling with CCPD.

Results:

Manuscript 1: A comparison of clinical, electro-diagnostic, laboratory and treatment outcome

differences in a cohort of HIV-infected and HIV-uninfected patients with Myasthenia Gravis:

One hundred and seventy-eight (178) patients fulfilled the clinical criteria for MG. Twenty-four
(13.4%) were HIV-infected and 154 (86.5%) were HIV-uninfected. There were 116 (65%) females,
median 45 years, (IQR 40-62), 90 (50.5%) black African, 66 (37%) Indian, 20 (11.2%) white and two
(1.1%) of mixed ancestry. In the HIV-infected cohort, 20 (87%) had generalised MG, 12 (50%) bulbar
and 14 (60.9%) respiratory onset MG, 12 (50%) presented with MG Foundation of America (MGFA)
class 5 disease at diagnosis, 6 (25%) presented with MG crisis during the 5-year follow up. Thirteen
(54%) of the HIV-infected group required rescue therapy using (plasma exchange or [V
immunoglobulin) combined with pulse cyclophosphamide compared to 17 (11%) in the HIV-
uninfected cohort respectively. At five years, eight (33%) of the HIV-infected group remained
refractory to treatment compared to 10 (6.5%) HIV-uninfected cohort respectively. No adverse events
were documented in HIV-infected patients receiving combination rescue therapy (PLEX or IVIG
combined with IV cyclophosphamide). In conclusion HIV-infected MG patients are more likely to
require combination rescue therapy with PE/IVIG and IV cyclophosphamide compared to those who
were HIV-uninfected. No side effects were documented in the HIV-infected group receiving the

above therapy.

Manuscript 2: A comparative study of HIV-infected and HIV un-infected patients with motor

neuron syndrome:

One hundred and thirty-six patients were included in the study, 101 (76%) were HIV-uninfected and
35 (26%) were HIV-infected. Ninety four percent of the HIV-infected cohort were under 50 years,
median 41, IQR (33-45), p<0.001, had median ALS functional rating scale revised score (ALSFRS-
RS) of 28, IQR (24-30) and 40% of these patients on anti-retroviral therapy (ART) survived longer
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than 10 years. Ninety one percent of the HIV-uninfected cohort were over 50 years, median 66 years,
IQR (57-74), p<0.001, had median ALSFRS-RS score of 44 (IQR 42-45) and 93% died within 5 years

of their illness.

Manuscript 3: A comparative study of HIV-infected and HIV un-infected patients with CIDP:

Eighty-four patients were included in the study. Amongst HIV-infected patients 61% were female,
median age was 37 years (IQR 30-42), 87.2% presented with a monophasic progressive illness,
median CSF lymphocyte count was 5.75 (IQR 0-7.2), 86% were corticosteroid (CST) responsive and
76% were in remission within 6- 12 months requiring no further treatment. HIV- uninfected patients
were predominantly male (64%), older (median age was 53years (IQR 29-66)), 53% had a relapsing
remitting course, median CSF lymphocyte count was 0 (IQR 0-2), 22% were corticosteroid

responsive, 95% required combination therapy and 33% were not in remission by 18 months follow-

up.

Manuscript 4: Motor lumbosacral radiculopathy in HI'V-infected patients:

Eleven black African patients met the inclusion criteria. There were 6 females. The median age was
29 years, interquartile range (IQR), 23-41 years, median duration of symptom progression was 6.5
IQR (3-7.5) months. The median CD4 count of 327 cells/uL, IQR (146-457). The CSF median
polymorphocyte count was 0 cells/uL, IQR 0-2, lymphocyte count was 16 cells/uL IQR 1-18
cells/uL, glucose was 3.1 mmol/L, IQR 2.8-3.4 mmol/L and protein was 1.02g/dl, IQR 0.98-3.4 g/dl.
All patients tested negative for nodal (neurofascin (NF)186) and paranodal (NF155, contactinl
(CNTN1) and contactin-associated protein, Casprl) cell adhesion molecules, using a live, cell-based
assay and ganglioside antibodies, using ELISA. All patients were treated with corticosteroid therapy.
Ninety one percent (91%) recovered fully within 6 months of treatment, median time for recovery was

3.4 months, IQR (1.8- 5.6). There were no relapses during the 18-month follow up period.

Manuscript 5 : Nodal-paranodal antibodies in HIV-immune mediated radiculo-neuropathies:

Clinical phenotypes and relevance:

Twenty-four HIV-infected patients with IMRN were included in the study, 15 met the EFNS/PNS

clinical and diagnostic criteria for CIDP, 4 had ventral root radiculopathies (PM LSP) and 5 had
dorsal root ganglionopathies (DRG). Five patients with CIDP had combined central and peripheral
demyelination. Three patients (12.7 %) tested positive for Neurofascin IgG1 antibodies in the
following categories: 1 patient with PM LSP was NF186 positive and 2 patients were NF155 positive

with DRG and mixed sensory motor CIDP with optic neuritis respectively.
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Manuscript 6: Case report of CCPD In siblings:

Despite the above cases being fully worked up, they remain cryptic as various immune and genetic

tests performed in this study have been inconclusive.

Conclusion

The 1* study shows that MG patients present with more severe bulbo-respiratory signs requiring
supportive care in ICU. The study also suggests that immunosuppressive drugs, including IV
cyclophosphamide may be safe and efficacious in HIV-infected patients. In the 2™ study, HIV-
infected MNS patients were younger, had more severe disease at presentation and survived longer if
treated with ART with possible reversal of the disease process, compared to patients with MND
which is likely neurodegenerative. The findings of the 3™ study are that HIV-infected CIDP patients
were younger, female predominant, had a CSF lymphocytosis, displayed slowly progressive disease,
were highly steroid responsive and went into remission within 6-12 months of CST initiation
compared to HIV-uninfected patients. This may argue for a different disease pathogenesis in this
cohort. In the 4™ study HIV-infected patients with PM LSP, had a pure motor presentation and
responded to CST with no relapses during the 18 month follow up period. This cohort tested negative
for NF186 and GM1 antibodies which are usually implicated in pure motor syndromes. The 5" study
highlights the fact that nodal-paranodal antibodies occur at a similar frequency in HIV-infected and
HIV-uninfected IMRN. However, interpretation of results in the context of HIV infection, especially
with IgG1 subtypes and low antibody titres is challenging as many antibodies occur as an
epiphenomenon in HIV and may therefore be non-specific and non-pathogenetic. Pathogenicity was
not established using myelin co-cultures or complement assays. The 6™ manuscript describes a rare
and cryptic entity of CCPD in siblings and serves as a platform for future genetic, epigenetic and
immune studies.

The above retrospective and prospective studies add valuable new background information to the
medical literature as they describe our clinical experience in complex and rare HIV- related patient
conditions where international experience in managing such patients is scant. In addition our work,
provides a crude but invaluable direction for future clinical management and basic science research

protocols.

1goqa

Lolu cwaningo luhlanganisa imibhalo eseyishicilelwe ngaphambilini engafakiwe noma eyimfihlakalo. Lubonisa uxilongozimpawu,
ukuphatha, nezindlela zokwelapha ezihlobene ne-HIV, ukuxabana kwendlela ejikelezayo ehlanganiswe amasosha omzimba, okuchaza imithi
emisha okuhloswe ngayo ukuthola okuliswana negciwane elihlobene ne-HIV radiculoneuropathies ngokusebenzisa amasu amasha kanye
nawesimanje. Lokhu kubalwa kukho izivivinyo ezencike kumaseli, izibuko zemyelin-co-culture, i-immunoprecitation ngokusebenzisa izinhlelo
zokusebenza ezinobuzibuthe kanye nokuthola okuhlosiwe ngokusebenzisa ispectroscopy esikhulukazi. Luvuma ukuthi ineurofascin 155, 186,
icontactin-1 kanye neCaspr kwenzeka ngenjwayelo efanayo emaqoqweni angathelelekile nge-HIV, kodwa esigatshana se-IgG1. Lokhu
kungahlobana nesifundo sokusebenza kwamasosha omzimba kwi-HIV noma eqogweni elikhethekile. Ukusebenza kokwelashwa kanye

nemiphumela yezinye izinhlanganisela zezinkomba ezingejwayelekile ezihlobene ne-HIV okubalwa kuzo imyasthenia gravis, iventral root

radiculopathies, imotor neuron syndrome kanye nedemyelination ejikelezayo nakho kuyenekwa, kodwa kuseyimfihlo. Yize noma kunjalo, lolu
cwaningo lunikeza inkundla yokusebenza okuyinhlanganisela kwesikhathi esizayo kwamasosha omzimba futhi okulufuzo, ngenhloso engala
yokuthuthukisa ukwelashwa okuhlosiwe hhayi kuphela kwe-HIV kodwa isifo samasosha omzimba sokulwa nokungaba usizo emzimbeni kanye

kanye.
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CHAPTER 1:

1.1 INTRODUCTION

Neurological disorders are common in HIV infection'. They occur at all stages of HIV and affect all
levels of the neuroaxis. The aetiology of peripheral nervous system disorders are expansive and
include autoimmunity. co-morbid illnesses, nutritional deficiencies, opportunistic infections
(tuberculosis (TB), herpes viruses, HTLV-1, syphilis): malignancies (lymphoma) and side effects of
drug therapy (antiretroviral therapy (ART))>**

Peripheral nervous system disorders affect the anterior horn cell (AHC), dorsal root ganglia (DRG),
nerve roots (ventral and dorsal roots), peripheral nerve, neuromuscular junction and muscle (Figure

1.1). This thesis is restricted to the AHC. nerve root, peripheral nerve and neuromuscular junction.

Figure 1.1: Peripheral nervous system diseases discussed in this thesis:

\ \ \ ';. \
Ventral and Dorsal root : \

PM LSP and DRG

Penipheral Nerve: CIDP and
autoimmune nodopathies

AHC=anterior horn cell, MNS=motor neuron syndrome, VRR=ventral root radiculopathy,
NMJ =neuromuscular junction, MG=myasthenia gravis, CIDP=chronic inflammatory demyelinating
polyneuropathy

A summary of peripheral nervous system disorders are described in Table 1.1°. The above conditions
arise at different stages of HIV for example; CMV and lymphoma occur in advanced disease and AIDP
commonly during seroconversion. Less well characterised immune disorders include; CIDP, PM LSP,
DRG and MNS?* ®. Muscle disorders include HIV-associated polymyositis, inclusion body myositis
(IBM). nemaline rod myopathy. and ART induced rhabdomyolysis” ®. Neuromuscular junction
disorders such as MG and Lambert Eaten myasthenic syndrome (LEMS) are also described in HIV®.

The pathogenesis of many of the above diseases remains largely unknown.



Table 1.1.1 Summary of HIV-associated peripheral nervous system disorders’->*

Root/AHC/DRG Peripheral Nerve Muscle Neuromuscular
Junction
Infection: Infection: Inflammatory: Myasthenia
TB, syphilis, HSV, CMV, HSV, hepatitis C * Polymyositis, IBM | Gravis
CMVHTLV1
Malignancy: Small fibre Neuropathy/Autonomic Nemaline Rod Lambert Eaton
Lymphoma Neuropathy (HIV, ART) Myopathy Myasthenic
Syndrome
PM LSP Distal sensory neuropathy: ART induced
symptomatic, asymptomatic’ rhabdomyolysis
Dorsal Root ganglionopathy Mononeuritis multiplex (HIV Mitochondrial
vasculitis)
Immune Mediated: Diffuse interstitial lymphocytosis
AIDP.CIDP
Motor Neuron Syndrome Immune mediated: AIDP .CIDP
(HIV, HTLV1)
Nutritional deficiencies

Little is known regarding ART crossing the blood-nerve barrier or HIV in its active or latent forms
being found in peripheral nervous system tissue. The direct influence of the retrovirus on neuromuscular
disorders (NMD) remains uncertain despite a few isolated reports of HIV viral particles present in
muscle and nerve histology specimens'® !!. The pathophysiology of HIV-associated CIDP, DRG, PM
LSP and MNS is unclear and whether they are due to the direct effect of HIV on neural tissue,
exaggerated CD8 T lymphocyte responses (CTL responses), humoral mediated or a combination of the
above is uncertain, however many aspects of the immune response are likely part of the pathogenesis.
With regard to peripheral nerve in HIV, apart from isolated reports of sulphatide antibodies and
neurofascin-155 antibodies binding to nodal regions and HIV or ART itself possibly causing distal
sensory peripheral neuropathy, there is little described '> . The precise pathogenesis is also unclear in
other humoral mediated conditions such as HIV-associated MG and LEMS. Available literature
regarding clinical presentation and response to therapy in immune mediated syndromes is analysed and
discussed in the scoping review in chapter 2.

Systemic chronic immune activation, immune dysregulation, immune destruction and loss of
tolerance has emerged as an important component of HIV-associated autoimmune disease '*°. In
addition to neurological diseases, other autoimmune diseases have been reported in HIV as early as
1981 as listed in table 1.2.1. According to Zandman-Goddard and Schoenfeld’s proposed model for
the development of autoimmunity, at the early phase of the infection, the immune system is initially
preserved. Later in the disease, chronic infection is established with progressive decrease of
lymphocytes. and eventually, AIDS . In each of these stages. autoimmune disorders that develop are
different. For instance, CD8-mediated diseases such as psoriasis, spondyloarthropathies, or infiltrative

lymphocytosis typically appear when there is a severe inversion of the CD4:CDS ratio %17,




Immune recovery after initiation of ART may trigger autoimmunity such as immune reconstitution
inflammatory syndromes seen in tuberculosis, cryptococcal meningitis, progressive multifocal
leukoencephalopathy, MG and sarcoidosis '®. HIV infection also results in early immunosenescence
1 HIV immunological changes and breakdown of immune tolerance are discussed in more detail in

chapter 1.

The above thesis attempts to explore and describe rare immune mediated neurological syndromes that
may arise in the context of HIV. This includes syndromes restricted to the lower motor neuron (figure
1.1). The neurological conditions include; MNS,PM LSP, CIDP, autoimmune nodopathies and MG.
The aim of this thesis is to identify and fill gaps in the literature, recognise clinical syndromes in
HIV, and understand immunopathogenesis of these autoimmune diseases in HIV. The background
literature and scoping review are essential for more in-depth understanding of the above topic, to
identify gaps in the existing literature and form a platform for future prospective research. Exploring
the pathophysiology of autoimmunity in HIV will ultimately allow for the development of targeted

and effective immunotherapy in HIV-infected patients which is often complex and challenging.



Background Literature on HIV infection

An insight into the virology, epidemiology, clinical aspects and immunology of HIV is essential in
understanding the complexities of immune mediated neurological conditions which occur in people
living with HIV infection. Such insights further underpin the importance of designing basic science

and clinical research in order to delve into these complexities.

1.2.1: History and epidemiology of HIV and impact of ART

Human immunodeficiency syndrome due to HIV was discovered in clusters of young patients
presenting with Kaposi’s sarcoma and Pneumocystis pneumonia as reported by the CDC in a weekly
morbidity and mortality report in 1981%°. The causative link to AIDS was made by Gallo and
Montagnier in 1983%. The official discovery of HIV in 1980 brought the disease to the fore. This was
made more apparent by famous celebrities being afflicted, each with their own unfortunate story in an
era before adequate ART. The story of Freddie Mercury, Rock Hudson and many others became part

of mainstream HIV awareness.

HIV-1 and HIV-2 are phylogenetically related to Simian Immunodeficiency Virus (SIV) in the
Chimpanzee and Sooty Mangabey respectively”’. SIV may have jumped species to humans due to
bushmeat hunting practices and exposure of humans to infected blood and body fluids of primates due
to disruption of the ecology of Central Africa during French and Belgian colonization. The above
practices may have accelerated Simian to human spread during the height of colonial power in Central
Africa especially Belgian Congo. In these areas, primates may additionally serve as a source of food,
suggesting routes of transmission to humans, which correlate with phylogenetic data implying cross-

species infection or zoonotic transmission’.

SIV does not cause disease similar to AIDS or even depletion of CD4 cells in the natural host despite
very high SIV viral loads. Studies which analysed polymorphisms in MHC genes suggest that present
day animals, which have SIV infection but no disease, may in fact represent the survivors of an
ancient retroviral pandemiczl. However, transmission of SIV to unnatural hosts, such as rhesus
macaque, causes a progressive loss of CD4 cells and a high degree of susceptibility to opportunistic
infections in addition to dysimmune responses®. Studies have shown that the “lymphopenic” or
dysregulated state can serve to provide both clinical benefit or clinical autoimmune disease depending
on the stage of the disease and the nature of the host proteins that are recognized during this process®.
These studies show that the HIV/SIV env binding region of the primate CD4 protein is highly
variable, both within and across species, and suggests that this diversity has been maintained by
balancing selection for millions of years to confer protection against primate lentiviruses.

Therefore, comparing and contrasting SIV in the Chimpanzee and the rhesus macaque, studying of
ancient viruses and their evolution over time, as well as adaptation of the host to retroviruses over

thousands of years may serve as important disease models for HIV in humans and may lend clues to



understanding the pathogenesis of HIV-induced autoimmune disease that arise during different stages

of HIV infection. Table 1.2.1 describes a time line for the emergence of autoimmune disease in HIV

infection.

Table 1.2.1: History of HIV/AIDS and autoimmunity
(Extracted from KZN DOH Daily News Supplement (2004) with modifications)

Year Highlights
Pre-1955 HIV was probably transferred before 1955 from a sub-species of chimpanzee infected with SIV.
1959 Earliest case of HIV was documented in 1959 in the Democratic Republic of Congo.
1969 First known case of HIV in USA was a teenager with Kaposi’s Sarcoma who died of AIDS.
1980 31 HIV- related deaths in the USA.
1981 USA newspaper article announces, “A rare Cancer seen in 41 homosexuals”.
55 cases of reported in HIV-infected patients between 1981 and 2012 %,
1986 37 061 AIDS cases reported in USA of which 16 301 died. First case of reported %°.
1987 Zidovudine (AZT) was the first drug approved against HIV
1988 Human trials of HIV vaccine begin. 46 134 of 89 864 AIDS cases in USA die. South Africa reports 91 cases of AIDS.
1989 First cases of reported in HIV 27- 28,
1990 Reports of sero-negative in HIV .
1991 TB resurfaces in USA
1993 AIDS patients showing signs of AZT resistance, 1/250 adults worldwide infected with HIV and 1/40 in Africa
1996 USA FDA grants accelerated approval for Nevirapine. First HIV test which uses urine samples approved.
1997 reported in HIV, limited to few case reports 3031,
1998 reported after immune reconstitution®”.
1999 reported after commencement of ART .
2002 reported in patients with CD4 counts < 200, related to GP111 antibodies 3.
2003 South Africa has 4.7 million people living with HIV (189 000 infants born with HIV). Worldwide-35.7 million adults and
2.1 million children living with HIV.
reported during seroconversion and IRIS 3% 36
2004 South Africa: Largest roll-out of ARV’s globally, emergence of virological and immunological failure
2005 Case reports of 37 in HIV related to IRIS and 8 cases of _from East Africa? Bechet’s
2023 8.4 million people in South Africa are infected with HIV, and approximately 5.5 million (65%) people receive ARV's

Epidemiology of HIV and ART
The World Health Organisation (WHO) statistics confirm that by the end of 2022, 39 million people

were HIV- infected worldwide, and 30 million were on antiretroviral therapy (ART) *-. Sub-

Saharan Africa is the only region where HIV is hyperendemic and constitutes the highest global

burden with 20 million HIV-infected patients. High levels of disease are consistent and HIV

prevalence rates among all adults of reproductive age are greater than 5% *'. The largest number of

infected patients, that is 1.8 million, reside in the province of KwaZulu-Natal (KZN) *2. SA has the




largest number of people enrolled on the ART programme in the world, 1.6 million (88%) are

currently on ART in KZN and 60% of newly infected patients are women*.

Total ART patients Age distribution of ART patients in 2021
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Fig 1.2.1: Total number of patients in KZN on ART and age distribution of patients in 2021.
(Adapted from Mid Term HIV Population Statistics SA, 2022) s

The introduction of ART, in 1987, has decreased the spread of HIV, reduced opportunistic infection
and to an extent “normalised” the immune system. SA has made great strides, in the post Thabo Mbeki
era, in controlling the epidemic via increasing access to ART, implementation of HIV prevention
programmes, prevention of mother to child transmission, community engagement programmes,
restructuring policy frameworks, development of national strategic plans, and international
collaboration. Several past celebrities have made significant contributions to HIV awareness in Africa
and a few notable examples include Elizabeth Taylor, Princess Diana, Elton John, Annie Lennox and
former US president Bill Clinton. All of the above, together with international organisations like
UNAIDS, Global fund and US PEPFAR(US Presidents emergency fund for Aids relief) has provided
funding for ART and awareness programmes. This has improved the quality and life expectancy of
people living with HIV. ART has however, not been successful in normalising elevated markers of
inflammation example CSF IL-1p, IL-6., and TNF alpha, possibly due to poor penetration into the
central nervous system and other HIV reservoirs such as secondary lymphoid tissue, kidney and adipose
tissue, or resistant viral clones %

Currently there is no vaccine or cure for HIV. Neutralizing antibodies (NAbs) typically play a key role
in controlling viral infections and contribute to the protective effect of many successful vaccines. In the
case of HIV-1 infection, there is compelling data in experimental animal models, but not in humans,
that NAbs can prevent HIV-1 acquisition. In recent years, however, the discovery of broadly
neutralizing antibodies (bNAK) led to new optimism for a possible vaccine. Up to 20% of all infected
individuals develop bNAK, but 2 years into disease. The target of bNAK is the viral spike of the HIV-
1 viral envelope, a heterodimer consisting of trimeric gp120 and the transmembrane glycoprotein gp41%

and may provide potential clues for new vaccines.



1.2.2 HIV biology:

HIV-1 and HIV-2 are enveloped RNA viruses belonging to the family Retroviridae. These viruses
reverse transcribe their genomes to produce dsDNA which integrates into the hosts genome*’. HIV-1,
HIV-2 and SIV are members of the lentivirus genus characterised by cytopathogenicity, lack of
oncogenicity, chronic viraemia and slow rate of pathogenesis. Among the 4 genetic groups of HIV-1
(M,N, O and P), group M viruses dominates the pandemic. Among the M group subtype C is most
prevalent worldwide, however many circulating recombinants forms (CRF) exist*’.

Virus structure, genomic organization and replication:

The virus measures about 100-150 nm in diameter by electron microscopy*®.Mature viral particles are
electron dense and have a conical core. The core is surrounded by a lipid envelope that is acquired as
the virion buds from the infected cell. The virion (figure 1.2.2 A) contains 2 copies of single stranded
RNA, each of which codes for the complete viral repertoire of proteins (structural , enzymatic and
regulatory) listed in Table 1.2.2 The organization of the individual genes in a single strand of pro-viral

DNA is shown in Figure 1.2.2 B
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Figure 1.2.2: Diagram showing HIV-1 structure (A) and genome configuration of HIV-1 depicting a
single strand of DNA, double strand of DNA is 10kbp (B)
Adapted from Human Immunodeficiency Virus. Clinical Virology 2016, Guatelli, JC *



Table 1.2.2: Major Structural and regulatory proteins
(Adapted from Human Immunodeficiency Virus. Clinical Virology 2016, Guatelli, JC *)

Gene | Protein Size Function
Structural

Gag | Matrix P17 Structural protein which recruits envelope glycoprotein

Capsid P24 Structural protein which forms conical core

Nucleocapsid P7 Binds viral RNA to encapsulate the genome

P6 P6 Budding
Pol Protease P12 Viral enzyme: cleavage of polyprotein precursors

Reverse transcriptase | P66/pS1 | Viral enzyme: reverse transcription

Integrase P32 Viral enzyme: integration of viral cDNA into host chromosome
Env | Surface glycoprotein | gp120 Viral envelope glycoprotein: receptor binding

Transmembrane gp4l Viral envelope glycoprotein: fusion

Regulatory /Immune invasion

Tat Tat P14 Transactivates viral transcription
Rev Rev P19 Transports unspliced mRNA to cytoplasm
Vif Vif P24 Promotes virion infectivity by degrading cellular cytidine deaminase
Nef | Nef P27 Downregulates class 1 MHC and CD4, enhances viral infectivity, facilitates T cell activation
Vpu | Vpu P16 Promotes release of viral particles by counteracting BST?2, induces degradation of CD4
Vpr | VPr P15 Facilitates viral replication in dendritic cells and macrophages
Vpx | VPy P14 Facilitates viral replication in dendritic cells and macrophages by degrading the cellular

enzyme SAMHDI1

HIV replication strategy

The entire replication cycle is completed in 24hrs invitro and in-vivo. Replication is initiated by
attachment of the virus to a target cell through the interaction of the viral envelope glycoprotein,
gp120, with the cellular receptor molecule, CD4. The binding of gp120 to CD4 induces
conformational changes in gp120. which enables binding to the cellular co-receptor molecules which
are CXCR4 and CCRS. The natural ligand for CXCR4 is the stromal cell-derived factor 1 (SDF-1),
and for CCRS are the B chemokines CCL3, CCL4, and CCLS5 (formerly known as MIP-1a, MIP-18,
and RANTES) respectively /.

Binding of gp120 to these co-receptors is obligatory for the fusion of virus with the host cell. Natural
or synthetic ligands for these molecules can block the infectivity of HIV-1. Some primary isolates of
HIV-1 can utilize either CXCR4 or CCRS as a coreceptor for entry, but many may utilize CCRS

exclusively. Binding of gp120 to the coreceptors allows exposure of a fusogenic motif in the amino-




terminal ectodomain of gp41, which leads to fusion of the lipid bilayer of the virion with the
host membrane. Subsequently there is release and integration of the viral genome into host cellular
DNA using viral enzyme integrase. Subsequently viral RNA replication and translation into viral
proteins occurs. The viral RNA and HIV proteins form new HIV viral particles, which are released from

the host cell via budding and maturation. 4"+
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Fig 1.2.3: HIV Replication adapted from: Pathogens, 2020, 9(4), 25

1.2.3 Clinical and immunological stages of HIV infection:
HIV infection results in complex immune dysfunction that affects all arms of the immune response
(innate and adaptive), due to infection and destruction of, predominantly, macrophages and T-helper
cells resulting broadly in immune dysfunction, immune suppression and activation®' . Viral replication
occurs mainly in the peripheral lymphoid tissue, especially the spleen, lymph nodes, and gut associated
lymphoid tissue. However, HIV can infect CD4+ cells in any tissue. Target cells include:

a. Mature CD4+ T cells in lymphoid tissue

b. Developing T cells in the thymus and ubiquitous tissue

c. Macrophages and dendritic cells (which express low amounts of CD4 and co-receptors CCRS

and CXCR4)
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Figure 1.2.4: Immune changes and clinical stages of HIV-infection

The cardinal manifestation of HIV-1 infection is the progressive loss of CD4+ T lymphocytes. The
resulting defect in cellular immunity leads to development of the opportunistic infections and
malignancies that characterize AIDS. In addition, certain organ-specific syndromes may be caused
directly by the virus itself. A comprehensive discussion of the myriad complications of HIV-1 infection
is beyond the scope of this chapter. Immune dysregulation, however, can occur during varying stages
of HIV as described by the Zandman-Goddard and Schoenfeld’s proposed model for the development
of autoimmunity in the introduction. There is uncertainty and insufficient literature available as to when
during HIV, the chronic immune mediated neurological diseases discussed in this thesis, occur, and

their relation to treatment with ART.

Acute Infection results in disruption of cellular immunity
( High viraemia and decreasing CD4 count )
The disruption of cellular immunity is characterized by robust cytotoxic T lymphocytes responses
(CTL) and Th1 responses during acute infection. Virus-specific CDS cells (CTL responses), appear
early and are a critical host factor in the control of acute HIV-infection. The Thl response produces,
mainly IL-2 and IFN-y, promoting cell mediated responses. CTL responses initially control the acute
high-level viraemia by lysing infected cells and decreasing viral replication via release of cytokines.
There are reports of AIDP during this phase of disease, which may be related to molecular mimicry
induced by HIV. However, insufficient literature exists to draw reliable conclusions 2.
The rate of CD4 T cell loss exceeds the rate of production. Potential mechanisms for a quantitative
decrease in CD4 cells include:

a. Direct infection of antigen active CD4 cells. Productively-infected CD4 cells die within a few

days from the cytopathic effects of infection ¥

b. Destruction of infected CD4 -infected cells by CD8+ CTL responses.*
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c. Non-productive infection of resting cells in a latent state may also experience death due to
pyroptosis. In these cells the virus is detected by the innate system which triggers programmed
cell death pathways (PCD).*

d. Decreased production due to accelerated involution of the thymus, gut associated lymphoid
tissue and lymph nodes™.

e. Decreased production due to bone marrow suppression™

The relevant CD4 subsets which are affected include the Th1 and Th2 subsets, Th17 , Treg, T
follicular helper cells and memory T cells. The functions of the different subsets and repercussions of
their quantitative or qualitative loss differ.

In brief, Th1 predominates in early HIV infection resulting in a CTL response promoted by the
secretion of [FNy and IL2. CTL target the intracellular virus in an attempt to control the acute
viraemia. The Th2 response (IL4, IL5,IL 10) occurs later in the disease, promoting disease
progression and chronic inflammation *.

Th17 is responsible for mucosal immunity*’. Profound depletion occurs in HIV, associated with
increased bacterial translocation, persistent chronic inflammation and increased immune system
activation.

The T regulatory subset is characterized by the expression of fork-head box protein 3 (FOXP3)
markers. They maintain immune homeostasis via the secretion of IL-10 and TGF-. In HIV infection,
the absolute numbers are decreased, with an imbalance of the Treg/Th17 ratio, playing a significant
role in breakdown of T cell immune tolerance and hence autoimmunity *.

The T follicular helper cells are located in the germinal centres of lymph nodes in close proximity to
B cells. They are regulators of mature, long-lived plasma cells which allow protective antibody
responses. These T-cells appear to be relatively preserved in early HIV, and decrease later in the
disease. They affect regulation of long-lived plasma cells and hence immunoglobulin production and
class switching. HIV-IgG1 subclasses being predominant during advanced disease, may reflect their
decline in advanced HIV®. This may impact on humoral mediated neurological syndromes such as
MG and autoimmune nodopathies discussed later in the thesis

Central memory T cells harbour latent virus which can persist indefinitely in multiple T cell subsets
(naive, stem cell memory, central memory, effector memory, transitional memory) as intact or
defective virus and in various transcriptional states, even when ART is administered. This is due to
several reasons which include latency which is established in long-lived naive and central memory T
cells, which are designed to persist for life. These cells can undergo antigen specific clonal expansion
after re-exposure to antigen. Clonally expanded cells can produce infectious virus and can account for
>50% of the HIV reservoir. They can produce virions that can be detected as low-level viraemia, even

in the face of excellent adherence to ART.
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They are the fundamental reservoir of the virus since low levels of infected central memory cells are
associated with the phenotype of the HIV elite controller. Their depletion is associated with
progression to AIDS.

Other CD4 cells affected by HIV includes macrophages and dendritic cells which have low levels of
CD4 receptors and hence may also play a role in immune dysregulation.

Depletion of the CD4 compartment characterizes AIDS. However, the extent of immunosuppression
is variable during the course of HIV depending on the degree of dysregulation of the different CD4-T
cell subtypes mentioned above and hence the emergence of different diseases due to chronic immune
activation and immune dysregulation during the early stages of HIV and immune suppression during
AIDS.

Disease progression and switch to TH2 response (Clerici and Shearer Hypothesis) 3

A long asymptomatic period follows acute infection. This is followed by progression to clinical
immunodeficiency and eventually AIDS. The Th1-Th2 switch (Clerici and Shearer Hypothesis) >

is a significant event during disease progression as shown in Figure 1.2.5.
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Adapted from Human Immunodeficiency Virus. Clinical Virology 2016, Guatelli, JC *

Fig: 1.2.5 Kinetics of cytokine production in stimulated PBMCs (peripheral blood mononuclear cells)

from asymptomatic HIV-infected individuals demonstrating Th1 and Th2 response.

Th2 clones produce IL-4, IL-5, IL-6 and IL-10. These cytokines influence B-cell development and
augment humoral responses resulting in chronic immune activation and non-specific B cell
hyperstimulation.

Other factors promoting disease progression include host genetic factors (long term non-progressors
carry class 1 MHC HLA B507), virological factors, antiviral immune responses and environmental

factors.
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Viral evasion of the immune system occurs via the following mechanisms which promotes
viral replication*3:
a. Antigenic variations (substitutions in envelope protein, switch from M (macrophage) tropic to

T tropic, allows for binding to CXCR4 receptor more than CCRS receptor ) °’

s

Carbohydrate masking of target epitopes >

Conformational changes by viral envelope to mask the neutralizing target™

e o

Downregulation of Host HLA®
Viral latency in infected cells and antigen presenting cells®'
Cell-cell transmission *

Destruction of HIV-specific T lymphocytes®

P om0

Incorporation of host proteins, including CD55,CD59,CD46, ICAM-1(intercellular adhesion
molecule) and HLA*

Chronic Immune Activation *°:

The primary cause of the chronic immune hyperactivation seen in untreated HIV-1 infection remains
unclear. One theory suggests that microbial translocation from the gastrointestinal tract contributes to
the activation ** Continued exposure to HIV and to other viruses, such as CMV are likely to contribute.
In addition to the depletion of CD4+ T cells, qualitative defects in the function of the surviving CD4+
T cells may likely impair B-lymphocyte function. While normal absolute numbers of circulating B cells
are found in HIV-l-infected individuals, circulating levels of immunoglobulins are high, reflecting
polyclonal B-cell activation. However, the precise mechanisms for the above remain obscure. Factors

promoting chronic hyperstimulation are likely multiple and include those listed in table 1.2.3

13



Table 1.2.3: Sources of chronic immune activation during HIV infection 4®

Mechanism of immune activation

Proposed Consequences

Massive loss of mucosal CCRS and CD4+ memory T
lymphocytes after acute infection

Immune activation which occurs indirectly through chronic homeostatic
imbalance results in progressive exhaustion of T-lymphocyte reserves.

Impaired intestinal mucosal defences after acute infection

Progressive translocation of microbial products and toxins results in
chronic immunological activity through persistent stimulation of innate
immune receptors.

HIV depletion of CD25+ CD4+ Treg populations

Loss of regulatory responses contributes to uncontrolled immunological
activity autoimmunity, and impaired immune tolerance.

Excessive CD25+ CD4+ Treg response

Immunosuppressive response promotes viral persistence resulting in
chronic viral replication and immune activation.

Influence of interferon o produced by activated
plasmacytoid dendritic cells.

Upregulation of the TNF-related apoptosis-inducing ligand
(TRAIL) death molecule on CD4 T lymphocytes results in elective death
of HIV-exposed CD4 T lymphocytes.

Direct immunological stimulation from viral gene products
(Nef, Tat, gp120)

Viral proteins interact with innate receptors to promote persistent
immunological stimulation.

Molecular mimicry with HLA and other self-proteins

Autoactivation and alloactivation of immune response. Selective
immunosuppression of immune responses related to host HLA results in
autoimmunity.

Adapted: Cadogan M, Dalgleish AG. HIV immunopathogenesis and strategies for intervention. Lancet

Infect Dis 2008,8:675-684.

1.2.4 Physiological immune tolerance

.51

Immunologic tolerance is an active, but carefully regulated response of lymphocytes to self-antigens.

Normal individuals are tolerant to their own antigens (self-antigens). Even though many self-antigens

have free access to lymphocytes, lymphocytes do not normally mount an immune response against

self-antigens. This self-tolerance is maintained by several mechanisms that prevent the maturation and

activation of potentially self-reactive lymphocytes. Immunologic tolerance occurs in two forms:

central and peripheral. The comparison of central and peripheral immunologic tolerance with respect

to B cell and T cell participation includes many tiers such as clonal anergy and deletion (Table 1.2.4).

Tolerance requires priming of B and T cells which occurs centrally (bone marrow and thymus) and

peripherally in lymphoid tissue (spleen & lymph nodes). This results in lymphocytes which become

immune competent or tolerant towards self-antigens. Breakdown of tolerance occurs as a series of

events and is seldom due to a single genetic or environmental factor. The breakdown of immune

tolerance and non-clearance of the virus promotes chronicity and perpetuation of autoimmune disease

like CIDP.
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Table 1.2.4 :Multiple Tiers of Tolerance &

Tolerance Cell Type | Site Mechanism
Central Component

Central Tolerance T Cells Thymus Primarily deletion, anergy & editing

B Cells Bone Marrow Editing, anergy. deletion

Peripheral Component

Immature B Cell Tolerance Transitional B | Peniphery Deletion and anergy upon activation

Cells
Peripheral Anergy Band T cells Secondary lymphoid organs and peripheral tissue Inadequate signal induces cell inactivation
Ignorance T and maybe | Peripheral and secondary lymphoid tissue Insufficient self-antigen or co-stimulation

B cells
Inaccessible self-antigen Band T cells Peripheral organs Sequestration
Regulation Band T cells Secondary Lymphoid organs Suppression by regulatory cells and cytokines
Clonal deletion following activation | B and T cells Secondary lymphoid tissue Apoptosis
Cytokine deviation T Cells Secondary lymphoid tissue Differentiation towards less pathogenetic Th subsets
Post somatic hypermutation B Cells Germinal centre Insufficient CD4 T cell help, deletion via FAS
Tissue resistance Band T cells Peripheral tissue Inhibitory intercellular signals and cytokines

Innate mechanisms

PRR rearrangement Innate cells Site of inflammation Simple mechanism for self-non self-discrimination
Suppression of adaptive immune | Dendntic Site of inflammation Activation of T reg cells
responses Cells
Clearance of apoptic cells Complement Peripheral tissue Removal of pro-inflammatory material and self-antigens

& phagocytes
Complement mediated effects on | Lymphocytes/ | Secondary lymphoid tissue Modulation of activation
adaptive responses innate cells

Adapted: Nat Immunol 2017, Multiple pathways to Autoimmunity, Vol. 18 Issue 7 Pages 716-724 %
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1.2.5: HIV, autoimmunity and tolerance

HIV induces autoimmunity through postulated mechanisms which include: molecular mimicry, allo-
activation and disruption of the multiple tiers of immune mechanisms of tolerance described in table

1.2.4.

Molecular mimicry and allo-activation

HIV-1 viral proteins in particular the env protein are homologous to human self-antigens . This results
in antibody production against various host self-antigens example T-cell receptors, CD4, CD95,
complement, IgG, TNF, and other immune-related proteins. Autoantibodies may compromise the
immune system via knockdown of key proteins. Over 500 human proteins contain pentapeptides or
longer consensi, similar to HIV peptides . This homology explains the viral-human interaction, related
to the ability of viral homologues to compete with human counterparts as binding partners example
antibodies against gp120 and gp41 bind to like-antigens in the glomerular basement membrane of the
host or antibodies to GP IIla are implicated in HIV-1-related thrombocytopenia. However, many of the
auto-antibodies are low-affinity and polyreactive against self-antigens, and may not result in disease, as
reflected in the IgG1 nodal-paranodal antibodies in chapter 8.

AIDS pathogenesis has been compared clinically and immunologically to graft-versus-host disease.
Evidence suggests that HLA mimicry may present gp120 with the capacity to arouse the inherently
reactive nature of the immune system towards alloantigen. Alloreactivity is the phenomenon in
which a strong immune response can be generated against foreign allelic variants of major
histocompatibility complex (MHC) molecules. Certain epitopes derived from regions of gp120 have
been shown to stimulate alloreactive T lymphocytes, promote autoreactive T-lymphocyte activation,
and induce CD8 T-lymphocyte suppressor responses against uninfected activated HLA-DR
expressing cells. The conserved C5 region of gp120 is of particular interest because of its reported
serological and structural homology with peptide-binding domains of HLA molecules resulting in

allo-activation .

T-Helper Cell THorCTL
; TCR
cDa CCR5 TCR cD4
HLA /CD8
Homologus ——————
Peptide .
gp120 1) MHC
. 3 APC or infected cell g S
N:||-|C_ Processed
Virus or infected cell = gp120 -— gp120
— 7{\_—;& “ - e

Figure 1.2.6: Models for HIV-induced alloactivation and autoimmune suppression **

(A) Direct alloactivation may result from immune recognition of HLA homologous structural domains of gp120 (purple). A close association with
host HLA might be mistaken for an allogeneic or hybrid complex by the host.

(B) Processing of HLA homologous sequences from gp120 may result in presentation by host HLA on infected or uninfected cells and provoke
indirect alloactivation. Activation of CD8 T lymphocytes by HLA homologous sequences may provoke an autoimmune reaction against native
HLA-derived sequences when presented as a peptide of host self-repertoire.



Breakdown of B cell tolerance and generalised B cell immune dysregulation in HIV¢’

Subsequent to establishing cellular reservoirs of virus and chronic infection, HIV1 elicits generalized
B cell immune dysregulation, including B-cell activation regardless of antigen specificity. This
polyclonal B-cell activation does not result from direct viral infection as HIV-infected B cells are
rarely observed in patients. Instead, chronic HIV-1 infection drives B-cell activation via systemic
inflammatory signals including but not limited to interferons, TNF-family members, interleukins, and
elevated B cell activating factor (BAFF) levels. This sustained B-cell dysregulation is permissive for
the production of serum autoantibody that can result in autoimmune disease. Thus, the milieu of
inflammatory cytokines (e.g. BAFF, TNF) present during chronic infection appears to relax B-cell

tolerance mechanisms of clonal deletion, anergy and receptor editing .

Role of BAFF ¢’

Unlike the central tolerance mechanisms, the stringency of transitional B-cell tolerance is plastic.
Selection depends on the interplay between BCR-mediated signals and a B cell survival factor, called
B cell activating factor (BAFF). BAFF is a soluble type II transmembrane protein that promotes key
biological functions including peripheral B-cell survival and homeostasis . Its receptors include
BAFF-R, TACI, BCMA which are key regulators of BAFF and B cell survival. Overexpression of
BAFF has been linked to human autoimmunity. Recent data provide clues as to how excessive
secretion of BAFF may allow the emergence of autoreactive B cells in mice and humans . BAFF
overexpression by key dendritic cell subsets during HIV infection might subsequently initiate the

unexpected expansion of HIV cross-reactive B-cell clones and atypical memory B-cells .

Role of Toll-Like Receptors in B cell tolerance *8

Toll-like receptors (TLRs) are pattern recognition receptors that recognize pathogen associated
molecular patterns (PAMPs). TLR-mediated recognition of PAMPS leads to activation of innate
immune cells . TLRs expressed by B cells can also recognize self-antigens released from host tissues
that are damaged. Such self-recognition by the B cell intrinsic TLR can potentially promote the

development of autoimmune disease by disruption of B-cell tolerance.

T-Helper Cell
CD4 | Unknown cell
e=—=receptor
influencing
activation
gp120

Virus or infected cell
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Figure 1.2.7 Inappropriate receptor-triggered immune activation: HIV gp120 structure is represented
by unexposed/hidden regions (light green), exposed neutralising domains (yellow), alongside exposed
non-neutralising regions (pink). The neutralising domains are shown interacting with target-cell
receptors for viral entry including CD4 and the co-receptor CCRS. Chronic immune activation may
result from the stimulation of an additional host receptor, such as a Toll-like receptor, that may

influence disease progression *

Breakdown of T-Cell Tolerance in HIV

The breakdown of T-cell tolerance may occur centrally, peripherally or in both compartments.
Central T-cell tolerance is disrupted by premature thymic involution and dysfunction which has been
associated with rapid progression of HIV in infants infected perinatally with the virus®. In vitro
evidence of thymic organ culture, thymic epithelial cell culture, the SCID-hu mouse system and
simian HIV infection of primates have supported HIV-induced thymic damage. This has been
confirmed on post mortem histology. The mechanisms underlying this are multiple, including direct
thymocyte killing by the virus, apoptosis, or disruption of thymic stromal architecture which result in
ineffective thymopoiesis and decrease in AIRE expression. "

The peripheral mechanism of T-cell tolerance is maintained through 5 mechanisms, which are

51,71 .

disrupted by HIV, which are as follows

1. Ignorance

T cells that are physically separated from their specific antigen, example, by the blood-brain barrier,
cannot become activated. This is referred to as immunologic ignorance. Primary HIV infection and
other opportunistic infections disrupt immunologic ignorance via breakdown of the blood brain
barrier (CNS is an immunologically privileged site), hence exposing neural self-antigens example

neurofascin and contactin to native T cells 7.

2. Deletion

Among the lymphocyte subsets, only activated T cells and natural killer cells express readily detectable
levels of Fas ligand. Reactivation of previously activated T cells through T-cell receptors induces
apoptosis. This phenomenon (activation-induced cell death) is mediated by means of the Fas-Fas ligand
interaction, a process known as deletion. Deletion is subverted in HIV by increasing the expression of
the Fas ligand by the macrophages it infects, thereby inducing apoptosis of T cells that encounter such
macrophages 7. The finding that HIV-infected cells are less susceptible to Fas-Fas killing means that

HIV-infected cells become enriched when Fas-mediated apoptosis is the major death pathway.
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3. Anergy
T cells that do not produce interleukin-2 on encountering their antigen (and therefore cannot be
completely activated) are called anergic. In HIV infection, both CD4 and CDS cells are non-
responsive to nominal antigen. This state is due to the binding of HIV envelope glycoprotein moieties
to CD4 molecules and chemokine receptors. The resulting decrease in antigen presenting cell function
and the interference with functioning of positive and negative regulatory molecules involved in signal
transduction have an “anergizing” effect on the immune system. This effect is exemplified by
diminished production of interleukin-2 (IL-2) and interferon-gamma and reduced expression of IL-2
receptor by CD4 helper cells of HIV patients. These immune abnormalities lead to clinically relevant
immunological phenomena such as Type-1 to Type-2 switch and decrease in delayed-type

hypersensitivity dermal reaction.”

4. Inhibition
CD152 or cytotoxic-T-lymphocyte—associated protein 4, (CTLA-4) on T cells binds CD80 (B7-1) and
CD86 (B7-2) on B cells with a higher affinity than the costimulatory receptor CD28. CTLA-4 also
binds CD80 on antigen-presenting cells, thereby inhibiting the activation of T cells. CTLA-4 is
preferentially upregulated on virus-specific CD4 T cells, and not CD8 cells. Therefore there is
preferential expansion of HIV-specific CD4 T cells and increase CD4 activation. This provides
additional targets for viral entry. Studies have shown that CTLA-4 expression correlates positively
with disease progression and negatively with the capacity of CD4" T cells to produce interleukin 2 in
response to viral antigen. Most HIV-specific CD4" T cells co-expressed CTLA-4 and another
inhibitory immunoregulatory receptor, PD-1. In vitro blockade of CTLA-4 augments HIV-specific
CD4" T cell function. This, indicates a reversible immunoregulatory pathway selectively associated
with CD4" T cell dysfunction, and provides a potential target for immunotherapy in HIV-infected

patients *'.

5. Suppression and deviation
Mediated by a protective CD4+ T cell compartment that participates in regulating and modifying auto

immune response. This compartment is decreased in HIV.

The other mechanisms through which HIV disrupts T-cell tolerance include:
a. Upregulation of the inhibitory molecules such as programmed death-1 (PD-1)
b. Blunted T-cell signalling induced by T-cell receptor (TCR) cross-linking.
c. Impaired cross talk between T and B cells
Teasing out the complexity of the immuno-pathogenesis of autoimmunity in HIV requires a systems

approach where one needs to examine cross-sectionally and longitudinally all aspects of the immune
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response as immune responses vary with time and all arms are linked. Future prospective work is
required to expand the concept of breakdown of immune tolerance in HIV and to possibly investigate
the loss of tolerance in HIV by measuring subclasses of Treg cells, cytokines, PD-1 protein,
autoantibodies, CTLA4 and chip technology to measure regulation of genes in the context of HIV. This
may provide clues to autoimmune disease in general. The net effect of the immunological disruption by
HIV is a state of immune destruction and suppression, immune dysregulation and paradoxical chronic

immune activation as summarized in Figure 1.2.8.

The knowledge and insight into HIV structure, replication, role of genome products, in addition to a
brief overview of the epidemiology, relevant clinical aspects and the immunology of HIV forms the
basis of understanding the complexities of immune mediated neurological conditions which occur in

people living with HIV infection.
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Figure 1.2.8: Summary of Immunological Changes in HIV Infection
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1.3:Background literature on neurological syndromes:

CIDP, Nodopathies, PM LSP, MNS and Myasthenia Gravis

The above neurological diseases occur both in HIV-infected and HIV-uninfected patients. An overview
of the epidemiology, clinical features, diagnostic laboratory, electrophysiological findings and
pathophysiology of disease in HIV-uninfected patients forms the basis of understanding the disease in
the context of HIV.

1.3.1:CIDP

Epidemiology and introduction:

CIDP is the most common treatable chronic neuropathy worldwide, with a prevalence ranging from 1-
9 cases per 100 000 7> 7%, There are no African epidemiological or genetic studies to date. Most of our
knowledge regarding the disease is from the western literature. Although CIDP is described as an
autoimmune disorder in which an aberrant immune response is directed towards components of the
peripheral nerve sheath causing demyelination and axonal damage, the exact mechanisms underlying
the immunopathology remains poorly understood ”’. In addition, considerable variation in clinical
presentation and response to therapy makes identification of the pathogenic mechanisms complicated,

as they may vary among individuals.

Clinical Features and Clinical Phenotypes of CIDP in the HIV-uninfected population:

CIDP is broadly classified into typical CIDP and CIDP variants. Typical CIDP occurs between 20 and
70 years of age, with average onset at 50 years, with a slight female predominance. The disease is
usually characterised by symmetric quadriparesis, paraesthesia, sensory disturbances, and ataxia, which
evolve over at least 8 weeks 7. Tendon reflexes are reduced or absent in affected extremities. Cranial
nerves are rarely affected but optic neuritis, bifacial weakness, and vocal cord paralysis can sometimes
occur. Respiratory failure and autonomic dysfunction are rare. Tremor is seen in a subset of patients
and CNS involvement is rare’ 7°.The course of the disease is often monophasic with stepwise
progression or relapsing with spontaneous remissions. CIDP symptoms usually peak at 2-3 months from
disease onset, but universally. This contrasts with AIDP which maximally evolves over 4 weeks.
Approximately 15% of CIDP patients have a subacute onset of disease and a monophasic course that
falls between the time frame of AIDP and CIDP. A few patients with CIDP experience a more acute
onset and peak within 4 weeks of onset, resembling AIDP. Distinguishing AIDP from acute-onset
CIDP, is challenging because their time courses overlap. However acute onset CIDP is unlikely to
present with bulbo-respiratory failure, autonomic dysfunction or bifacial weakness or be precipitated
by preceding infection.®® However, there has been recent reports of acute onset CIDP, post COVID
vaccination®'. Other clues include a second deterioration 8 weeks after initial presentation or when

deterioration occurs 3 fold.®
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Phenotypic variants of CIDP are listed in the table 1.3.1.2 and figure 1.3.1 *. The entity of nodo-

paranodopathies or autoimmune nodopathies accounts for < 10-20% of patients initially diagnosed with

CIDP. They are now classified as a distinct entity with distinct underlying pathological mechanisms.

Figure 1.3.1.1 Diagrammatic representation of CIDP and its variants and mimics:
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Adapted from Haruki et al, May 2020, Neurology and therapy

Table 1.3.1.1: CIDP variants 77

CIDP Phenotype Estimated | Onset Clinical Symptoms Distribution

Prevalence
Typical CIDP 51% Chronic Sensory + Motor Symmetrical, Proximal + Distal
Sensory CIDP 4-35% Chronic Sensory Predominant Symmetrical, Proximal + Distal
Chronic Immune Sensory Polyradiculopathy | 5-12% Chronic Sensory ataxia Symmetrical, Proximal + Distal
(CISP)
Lewis-Sumner variant (MADSAM) 6-15% Chronic Sensory + Motor Asymmetrical, Upper limb onset
Focal CIDP 1% Chronic Sensory + Motor Focal, may become diffuse over time
DADS 2-16% Chronic Sensory + Motor Symmetrical, distal
Acute onset CIDP 2-16% Acute Sensory + Motor As per typical CIDP
Motor CIDP 4-10% Chronic Motor Predominant As per typical CIDP
Combined central and peripheral demyelination | rare Chronic Motor and sensory As per typical CIDP + CNS demyelination
(CCPD)
Nodopathies <10% Acute, Sensory Ataxia Distal > proximal
(Distinct entity) subacute

or chronic

CIDP=chronic inflammatory demyelinating polyradiculoneuropathy, DADS=distal acquired demyelinating
symmetrical neuropathy, MADSAM=Multifocal acquired demyelinating sensory and motor neuropathy
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The above table highlights the varied and heterogenous clinical variants of CIDP. Creating homogenous
cohorts of patients with pure motor, pure sensory and CCPD will assist in identifying a single or panel
of immunogenetic biomarkers may help refine pathology and predict for specific therapy in each

category (Prospective studies, chapter 12)

Pathophysiology 77> 34

Unraveling the pathogenesis of HIV-infected CIDP is complex and challenging. Literature is available
regarding possible pathogenesis of HIV-related CNS demyelinating disorders such as ADEM and
PML *, however it is lacking in peripheral nerve disease. The abiding pathogenesis of CIDP in HIV-
uninfected patients is that cell-mediated and humoral mechanisms act synergistically to cause damage
to peripheral nerves. There are several lines of evidence to support the conclusion that CIDP is an
autoimmune disease mediated by humoral and/or cellular immunity against as yet undefined Schwann
cell or myelin antigens . Although some patients have reported antecedent infections prior to onset of
symptoms, neither the target(s) nor the trigger for the autoimmune response has been identified and
no infectious agent has been consistently linked with initiation of disease. However, the autoimmune
aetiology is supported by the efficacy of treatments that target the immune system, including IVIg,
plasma exchange and corticosteroids, and by evidence of an inflammatory response in the blood, CSF

and peripheral nerves.

Figure 1.3.1.2: Proposed model for the immunopathogenesis of chronic inflammatory demyelinating
polyneuropathy : The putative antigen is presented by antigen presenting cells to autoreactive T cells
in the peripheral immune compartment : Adapted from Mathey et al , JNNP, 2015 77
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Figure 1.3.1.2 shows activated T cells, undergoing clonal expansion and release of inflammatory
mediators that cross the blood-nerve barrier (BNB). Breakdown of the BNB allows humoral factors
such as autoantibodies access to the endoneurium. Further damage may be caused by macrophage-

mediated demyelination, complement deposition, deposition of C5b-9/membrane attack complex

(MAC), subsequent cell lysis and CD8™ direct lysis of cells.

Inset (Figure 1.3.1): Effects of antibody binding at the node of Ranvier. (A) Binding of an
autoantibody to the node of Ranvier could block the function of nodal molecules interfering with
saltatory conduction. (B) Binding of an antibody followed by fixation of complement and deposition
of the MAC leading to disruption/destruction of the node and surrounding areas. This may result in an
autoimmune nodopathy. However most nodopathies are usually [gG4 mediated and do not activate
complement, example NF155 antibodies are usually of the IgG4 subtype. Nodopathies are now
classified as a distinct entity and no longer CIDP. The molecular anatomy, functional domains,

electrophysiology and clinical findings are discussed in section 1.3.3.

The pathophysiology of disease is difficult to study in HIV-infected individuals due to the presence of
confounding factors in HIV, such as persistently elevated markers of chronic inflammation in blood
and CSF, polyclonal gammopathy and non-specific antibody production due to B cell hyperstimulation
and chronic immune activation, comorbid infections, and the effects of therapy example ART. Robust
animal models of HIV-peripheral nerve may be helpful to dissect the underlying pathogenesis of this
disorder and direct the development of new therapeutic strategies. SIV-infected Macaque Model of HIV
peripheral neuropathy have been widely used to study host and viral aspects of HIV infection in humans.
% The appropriateness of such models is underpinned by the close resemblance of macaque immune
responses during SIV infection to those of HIV-infected humans; and extensive homology shared by
SIV and HIV, including the binding of SIV envelope glycoprotein gp120 to the host receptors CD4 and
CCRS for viral entry * In Chapter 7 and 8 , live cell- based assays and human induced pluripotent
sensory neuron stem cell co-cultures were used to screen for nodal-paranodal antibodies and other
peripheral nerve reactive antibodies in HIV-infected CIDP,DRG and PM LSP. Future studies using
SIV-Infected Macaque Model or nerve tissue from HIV-infected patients which may harbour antigens
not expressed in non-inflammatory stem cell cultures may be useful or creating a culture model that is
specific to HIV.

Given the difficulties in nerve imaging and histological diagnosis, there is emerging interest in serum
and cerebrospinal fluid biomarkers of peripheral neuropathy. These include neuronal biomarkers of
axonal degeneration, glial biomarkers for peripheral demyelinating disorders, immunopathogenic
biomarkers (antibodies or cytokines) and genetic biomarkers. Many, such as sphingomyelin,
peripherin, and neurofilament light chains remain under evaluation as potential indicators of disease

activity and treatment response. Autoantibodies which are immunopathogenic in demyelinating
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neuropathies include ganglioside antibodies, nodal/paranodal antibodies, paraprotein, IgM MAG
antibodies and paraneoplastic antibodies Table 1.3.1.1¥7. Useful electrophysiological prognostic tests

and follow up investigations include motor unit number index (MUNIX).

Table 1.3.1.2 Immunopathogenic antibodies in demyelinating neuropathies

Immunopathogenic biomarker Clinical syndrome

Anti- GM1(IgM) Multifocal motor neuropathy (MMN)

Anti- GQ1B (IgG) Miller Fischer Syndrome

Anti - GD 1a (IgG) GBS (axonal)

Anti- GT1a (IgG) GBS (Pharyngeal branchial cervical variant)

Anti - GD3/GD1b/GT1b (IgM) Ataxic Neuropathy

Anti-MAG IgM Anti-MAG /IgM paraproteinemic neuropathy
Paraprotein Amyloidosis, POEMS, and haematological malignancies
Nodal/Paranodal Autoimmune nodopathies

Paraneoplastic antibodies Demyelinating neuropathy

Many of the above may mimic CIDP such as amyloidosis, POEMS syndrome (polyneuropathy,
organomegaly, endocrinopathy, M-protein and skin changes). autoimmune nodopathies and

demyelinating paraneoplastic neuropathies.

Diagnostic Criteria for CIDP %8
Refer to EFNS/PNS diagnostic criteria

Treatment for CIDP 33,8991

Current treatments aim to suppress the underlying immunopathology. This prevents further nerve
injury, facilitates functional recovery. and decreases relapses. In practice, patient specific and
pragmatic considerations usually determine first line therapy. Co-morbidities, rate of progression,
disease severity and practical considerations are important factors to consider, alongside quality and

weight of evidence.
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Established Treatments for HIV-uninfected patients include

83 92,

First Line Therapies

a.

Corticosteroid Therapy: In our unit CST is first line therapy unless contra-indicated example
poorly controlled Diabetes, HIV-infected with low CD4 counts, rapidly progressive disease and
pure motor syndromes that clinically resemble multifocal motor neuropathy.

IVIG: Overall the highest level of evidence in CIDP is for IVIG. Data from 5 randomised
trials show that IVIG is significantly more likely than placebo to improve outcome at 1
month®. Overall about 80% of patients respond to IVIG **

Plasma exchange or plasma adsorption: This modality is reserved for patients who have not

responded to CST and/or IVIG due to the impracticalities of administration.

Second Line therapy or CST sparing agents/ Escalation therapies

More potent forms of immunosuppression are usually considered in the context of markedly

inadequate response to first line therapies. Disease modifying therapy is used in patients who have

had a response to CST but have side effects on CST or the response is inadequate. This includes:

a.

Disease modifying therapy or corticosteroid sparing therapy: example Azathioprine,
Methotrexate, Mycophenolate Mofetil , Cyclosporine, Tacrolimus: Choice of therapy is a
clinical decision dependent of availability of the drug, adverse effects and patient factors

B cell depleting agents: example Rituximab especially for cases of autoimmune nodopathies or
paraproteinemic states

Autologous haemopoietic stem cell therapy: Despite promising results, morbidity and mortality
risks are high, mainly related to infections and long-lasting immunodeficiency.
Immuno-adsorption: Allows for selective removal of IgG only. This modality may have
primary importance in some subtypes as IgG is unlikely to be the sole pathological agent in

CIDP

To date there are no established guidelines regarding use of immunosuppressant therapy in HIV-

infected patients or interactions with antiretroviral therapy.

Little is known about the pathogenesis, course of disease and response to therapy in HIV or in the

African population where the prevalence of HIV and other infections are high and genetic factors vary®:.

There is uncertainty as to whether demyelination is a direct effect of HIV, humoral mediated example

an autoimmune nodopathy or due to CTL responses.
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1.3.2: Pure motor lumbosacral polyradiculopathy in HIV-infected patients:

Lumbosacral polyradiculopathy is a well described complication of HIV infection and is usually due to
opportunistic infections such as CMV (Cytomegalovirus), herpes simplex virus (HSV), varicella zoster
(VZV), Epstein barre virus (EBV), syphilis, tuberculosis and less commonly malignancies such as
lymphoma ***’. Immune mediated causes of lumbosacral polyradiculopathy include CIDP and AIDP.
More recently there has been a case report from Japan of neurofascin-155 paranodopathy presenting
with root involvement in an HIV-infected patient'’, however patients had sensory symptoms and
weakness. Whether, this patient had a nodopathy or CIDP remains uncertain. As mentioned in
subsequent chapters, interpretation of antibody results post IVIG and in HIV is challenging.

AIDP is a well-recognised presentation complicating HI'V, usually occurring at seroconversion. Naidoo
et al described 39 HIV positive patients with AIDP **. Compared with HIV negative AIDP patients HIV
positive AIDP patients were more likely to have sensory symptoms and axonal features on
electrophysiology. CIDP in the setting of HIV is described in chapter 4 and characterised by mixed
motor sensory symptoms. None of the patients with HIV-associated AIDP or CIDP were reported to
have a pure motor presentation.

Four similar cases of pure motor lumbosacral radiculopathy in HIV infected patients have been
described by Benatar et al °. Benatar et al reported spontaneous improvement in 3 out of 4 reported
cases supporting the diagnosis of AIDP. All 4 patients described by Benatar et al had axonal changes
on electrophysiology and were described as a variant of AIDP. The optimal treatment approach remains
largely unknown.

In article 2 we report 11 cases of PM LSP described as possible CIDP due to CST response and duration
of disease. Other possibilities include a distinct entity such as an autoimmune nodopathy rather than
AIDP, CIDP or MNS.

Treatment, pathogenesis and predilection for the ventral root are discussed in the subsequent chapters

and recommendations for future research.
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1.3.3. Autoimmune Nodopathies: Anatomy and clinical features of nodal disease:
Autoimmune nodopathies are a distinct group of antibodies mediated peripheral and central disorders
that target the node and flanking regions. This includes a small percentage of patients initially
classified as GBS or CIDP. Devaux et al in 2012 reported IgG antibodies from 43% of GBS and 30%
of CIDP patients that immunolabelled the nodes of Ranvier and flanking regions of myelinated
axons”’. Susuki et al demonstrated that complement mediated dysfunction and disruption of the node
of Ranvier occurred in experimental neuropathy models with antibodies to GM1, GD1a and GD1b
gangliosides '. The nodal region has emerged as a hot spot in the field of autoimmune neuropathies
and the category of “nodo-paranodopathy” or “autoimmune nodopathies” has recently been proposed,
to characterise neuropathies in which the nodal region is crucial in the pathogenesis of inflammatory

neuropathies ' 1%%,

Autoimmune nodopathies include disorders that, although not showing pathological evidence of
segmental demyelination, present with the electrophysiological features characteristic of
demyelinating or axonal neuropathies. They, can however, exhibit reversible conduction failure and
rapid recovery, contrary to the common notion of an axonal neuropathy. Currently, autoimmune
nodopathies account for < 10% of all immune mediated inflammatory neuropathies. This prevalence
arises from studies in the West and Asia, with limited or no testing done in the African population or

among HIV-infected patients'®

. With more knowledge and awareness of the above entity, greater
availability of antibody testing and refined laboratory methods the reported statistics and the clinical
spectrum may expand in the future. Understanding of the anatomical and molecular structure of the

node and flanking regions is essential to understanding of this disease entity.

Organisation and function of myelinated axon domains :

During the development of the human peripheral nerve, Schwann cells myelinate peripheral axons
and oligodendrocytes central axons larger than lum in diameter. Both PNS and CNS nodes consist of
three domains: the node, the paranode and the juxtaparanode. Each of these domains has a distinct
molecular architecture. Each internode is flanked by nodes of Ranvier, where the axolemma is most
exposed to extracellular fluid and where saltatory conduction occurs (Fig 1.3.3.1). Complex highly
structured axoglial interactions shape the node and flanking regions. The axonal and glial components
of each domain are distinct, and our understanding of this region, its contribution to disease, and

impact on immune-modulatory therapy has expanded over the last decade'™.

29



Juxtaparanode

S —

O

Ll

GM1 06
5
Extra Cellular Matrix SC Microvilli
~—

L i, i e
—

Myelin Loops

BIV
Z/spectrin

&

Actin

Simplified Structure of the Node :

Figure 1.3.3.1 : Simplified molecular organization at the nodal region, adapted from Uncini, A:
JPNS, 2023 ', Encircled in red are the best studied and clinically relevant target antigens of autoimmune
nodo-paranodopathies and their molecular organisation which includes NF186, NF155,CNTN1 and
CNTN1/CaspR-1 complex '®. Gangliosides such as GM1 may also be present in this region, as

indicated.

Detailed molecular structure of the node and flanking regions:

The node is surrounded by Schwann cell microvilli (PNS), perinodal astrocytes (CNS) and
oligodendrocytes (CNS). The paranode is characterized by the presence of axoglial septate-like
junctions, which attach the terminal myelin loops to the axon. The juxtaparanode is located within the
myelin loops and acts as a boundary between the internodal space and axon. The proteins that are
present at the node can be divided into four main functional categories namely a)ion channels and ion
channel-related proteins, b) cellular adhesion and extracellular matrix molecules, c) signal transduction
proteins, d) and cytoskeletal/structural proteins. Many of the proteins are also found in locations other
than the node of Ranvier, such as the internode and internodal compact myelin. In addition, the axonal
initial segment expresses several molecules that are found at the nodal and juxta-paranodal regions.
This molecular anatomy is highly complex with multiple adhesion molecules and ion channels, not yet
discovered or understood (Fig 1.3.3.2). Multi-structural changes restricted to the node or paranode may
induce significant demyelination'*® '’ Detachment of myelin loops lead to massive leak of current,
and conduction failure.

Adhesion molecules (NF186, Nr-CAM, CNTN-1, NF155, Casprl, Cntn2, Caspr2 and MAG) mediate
axoglial attachment. Ion channels (KV7.2/7.3, KV1.1/1.2 and NaV1.6) mediate action potential
propagation. Both adhesion molecules and ion channels are linked to the cytoskeleton; by proteins,
which include ankyrin-G/B, PSD-95/93, 4.1B, and spectrins. Glm, versican V2, brevican, phosphacan,
neurocan, Brall and tenascin-R are extracellular matrix constituents and stabilize the structure of the

nodal area. Syndecan-3/4, dystroglycan, laminin-2/10 and ADAM 22 are involved in cell signalling.
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Connexins are gap junction proteins, claudins and ZO-1 are tight junction proteins, and cadherin-1 and
catenin B-1 are adherens junction proteins. (Fig 1.3.3. 2)"”*. These various adhesion molecules, ion

channels, gap, adheren and tight junction proteins are potential antigenic targets.
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Figure 1.3.3 2: Molecular Anatomy at the Node of Ranvier: Nat Rev Neurol 2011; 7(5): 250-1
Abbreviations: ADAM 22=disintegrin and metalloproteinase domain-containing protein 22;
Brall=brain link protein 1; Caspr = contactin-associated protein; Cntn = contactin; Cx=connexin; ERM
=ezrin—radixin—moesin; Glm=gliomedin; KV=voltage-gated potassium channel; MAG = myelin-
associated glycoprotein; NaV=voltage-gated sodium channel; NF= neurofascin; Nr-CAM = neuronal

cell adhesion molecule; PSD= postsynaptic density protein
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Structure of Nodal antigen and molecular changes that occur with autoantibody
mediated nodal attack
Neurofascin 186
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Fig 1.3.3.3: Schematic representation of Neurofascin:
Kriebel M, Wuchter J, Trinks S, Volkmer H. Neurofascin: a switch between neuronal plasticity and
stability. Adapted : Int J Biochem Cell Biol 2012, 44(5): 694-7.

Four major NF polypeptides are expressed in nervous tissues namely NF186, NF180, NF140 and
NF155 (Fig 1.3.3.3)'%”. These polypeptides consist of six immunoglobulin-like domains, up to 5
fibronectin type III (FN) domains, transmembrane domains, and a short cytoplasmic domain. NF180
and NF 140 are immature neuronal proteins. In the mature state, neuronal isoform NF186 and glial

isoform NF155 are predominant '%

NF155 and NF186 are distinct in their extracellular domains; NF155 has FN3 while NF186 lacks this
domain, and instead has a mucin domain between FN4 and FN5. Axonal NF186 interacts with
ankyrin-G to cluster sodium channels at the nodes of Ranvier (Fig. 1.3.3.4)''°. In the PNS, NF186
interacts with gliomedin in the matrix and in Schwann cell microvilli to promote axon-Schwann cell
microvilli attachment (Figure 1.3.3.4)'%®, In the CNS, several extracellular matrix proteins may play

108 'Genetic ablation of NF186 results in loss of neuronal cell adhesion

similar roles to gliomedin
molecule (NrCAM), another axonal adhesion molecule that binds to ankyrin, and the Schwann cell
adhesion molecule, gliomedin, leading to unclustering of sodium channels (Nav) and ankyrin-G at
nodes in the CNS and PNS. This is accompanied by invasion of paranodal loops in the nodal region
108 111 "This indicates that NF186-dependent assembly of the nodal complex acts as a molecular

boundary to restrict the migration of paranodal loops into nodal areas'®.
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NF186 and Nodal Organisation:
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Figure 1.3.3.4: Neurofascin 186 (NF186) coordinates nodal organization by recruiting voltage-

gated sodium channels (Nav) and Ankyrin G (AnkG) at node of Ranvier '°

The dense concentration of voltage-gated sodium channels (VGSC) in the nodal region facilitates the
generation of the inward current of the action potential, and the internodal compact myelin sheath
reduces the internodal capacitance, enabling saltatory conduction. Nav1.2 later switches to Nav1.6
during myelination. In the PNS, 2 axoglial interactions are of importance, namely:

1. Gliomedin (GLDN)—a cell adhesion molecule—binds to neurofascin-186 (NF186) in the
axolemma (Fig 1.2.3.4). NF186, recruits ankyrin G, that mediates the binding of NF186,
NrCAM and VGSCs to the nodal cytoskeletal protein IV-spectrin. NF186 null mice
demonstrate disrupted axonal conduction highlights the role of NF186 in supporting the node.
(Fig 1.3.3.3 and Fig 1.3.3.4)

2. Apposition of two adjacent paranodes during development, prevents the lateral diffusion of

NF186, NrCAM and VGSCs from under the myelin sheath. This results in meeting of 2

adjacent internodes, and the two opposing hemi-nodes form one node.
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Figure 1.3.3.5: NF186 deficiency'®
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When NF186 is deficient, Schwann cell (SC) microvilli disappear as indicated in Figure 1.2.3.5.
This results in failure of Nav and AnkG to assemble and paranodal junction components are
dislocated into the nodal gap. Additionally, there is decreased nodal length, with resultant
complete occlusion by extensions of Schwann cell cytoplasm. This can be confirmed and seen
histopathologically, fig 1.2.3.6 (B). Electrophysiological changes of conduction block, prolonged
distal motor latency and conduction slowing occur because of the above, (fig 1.2.3.6 (A)) and
potentially reverses with immunomodulatory treatment, as demonstrated at Day 27 as

demonstrated in the figure below.

Day 98

' Day 270
™~ N
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Figure 1.3.3.6 : Immunological and electrophysiological corelates in NF186 autoimmune nodopathies: adapted
from Uncini et al, JPNS 2023'%.

A: Superimposed compound muscle action potentials (CMAPs) recorded from abductor pollicis brevis muscle after stimulation at wrist, elbow, axilla and Erb's
point showing at serial recordings a partial conduction block (CB) progressing till to a complete CB without temporal dispersion at the clinical nadir (day 98).
Coexisted reduction of distal CMAP amplitudes, increased distal motor latency and slow conduction velocity in the demyelinating range. On day 270, when
patient had almost completely recovered, CB was not present any longer, distal CMAP amplitude had returned to normal, DML and CV were normal.

B: Electron microscopy, longitudinal sections, sural nerve biopsy. Left, normal control: at the node presence of several microvilli (arrows on each side of the
nodal region). Myelin loops (ml) delineate the paranodal region. Bar = 500 nm Right, patient with ab with ab to NF140/186: disappearance of microvilli which
are replaced by extensions of Schwann cell cytoplasm occluding the nodal gap (arrows). Ax, axon; C, collagen; MS, myelin sheath of an adjacent fibre. Bar =
200 nm.

C: Mouse sciatic nerve fibres stained with antibodies to Contactinl (CNTN1) (red) and patient's 1gG3 anti-NF186 (green) binding specifically to the node.



NF155 and NF186, which increases. Nevertheless, NF140, like NF186, results in clustering of
voltage-gated sodium channels (Nav) at the developing node of Ranvier and can restore
electrophysiological function independently of NF155 and NF186. This may suggest that NF140
complements the function of NF155 and NF186 in initial stages of the assembly and stabilization of
the nodal complex. Further, NF140 is re-expressed in demyelinated white matter lesions of post-
mortem brain tissue from human subjects with multiple sclerosis. This expands the critical role of the

NF gene in the function of myelinated axons.
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Fig 1.3.3.7 (A,B,C) : Western blotting of lysates from mouse hindbrains at different ages:
Zhang A et al. J Neuroscience. 2015 Feb 4;35(5):2246-54. doi: 10.1523/JNEUROSCI.3552-14.2015.
PMID: 25653379, PMCID: PMC4315843.

A) Developmental Western blot of hind brain lysates on two separate gels using a pan neurofascin
antibody (NFC) that recognizes the C terminus of the cytoplasmic domain shows abundant but
declining expression of Nfasc140 relative to Nfasc186 in the embryo up until birth (E13-P1), which
declines further postnatally at the onset of myelination (P4-P12) when glial Nfasc155 becomes
prominent

B) The domain structure of the three neurofascin isoforms. Sequencing of the Nfasc140 RT-PCR product
generated from E15 RNA showed that it lacked the mucin and FNIIIS domains characteristic of
neuronal Nfasc186 or the FNIII3 domain unique to Nfasc155.

C) Western blots of hind brain lysates at P45 confirmed that Nfasc140 lacked the FNIII3 and
mucin/FNIII5 domains found in Nfasc155 and Nfasc186 !!2

Western blotting of lysates from mouse hindbrains at different ages showed that a neurofascin band at
140 kDa was expressed in the embryonic mouse hind brain, whereas NF186, although also present,
became more abundant at the onset of myelination when NF140 was downregulated (Fig. 1.3.3.7
(A)). Because the 140kDa band was abundant in mouse embryo , RT-PCR was performed to isolate
full-length cDNA clones of NF140. These clones were sequenced, and the deduced protein domain
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structure was compared with the two well-characterized neurofascin isoforms (Fig. 1.3.3.7). This
confirmed that NF140 lacked the mucin and FNIII5 domains characteristic of neuronal Nfasc186, and
the FNIII3 domain unique to Nfasc155 as found previously by Bennett and co-workers (Davis et al.,

1993) and Zhang et al, figure 1.3.3.7 B ''%,

Cross reactivity and Pan NF disease:

From the experiments above, NF155, NF186, and NF140 share some but not all subunits in their
extracellular domains.''? Patients with antibodies against epitopes involving the third fibronectin-like
domain, recognise NF155 and not NF186 and NF140. However, in Pan NF positivity, patients have
strong IgG reactivity against all 3 neurofascin isoforms, indicating that at least 1 target epitope is in a
domain that is shared by all 3 neurofascin isoforms. Because all the domains of NF140 are also
present in NF155 and NF186, a response to NF140 is sufficient to explain this response to NF155 and

NF186 and hence PanNF disease described later in this section''* ">,

Paranodes: Contactin, Caspr, NF155 and paranodal organisation:

The integrity and function, of paranodes depend on septate-like junctions, comprising (NF155) on
myelin loops and heterodimers of contactinl (CNTNT1) and (Caspr) on the axolemma. Binding of
NF155 antibodies induces detachment of terminal myelin loops, nodal lengthening, increased

periaxonal space and displacement of Kv channels at the paranode.
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Figure 1.3.3 8: (A): Normal paranodal junction: neurofascin 155 (NF155), contactinl (CNTN1), contactin-
associated protein-1 (Casprl). (B) Binding of NF155 antibodies induces detachment of terminal myelin loops,

nodal lengthening, increased periaxonal space and dislocation of Kv channels at paranode.

Adapted from Uncini et al, JPNS 2023'%°,
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Structure of contactin
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Figure 1.3.3.9: Schematic representation of Contactinl

Plasma membrane

Contactins are a group of cell adhesion molecules that are mainly expressed in the brain and play a
pivotal role in the organization of axonal domains. Contactins comprise a family of six members.
Their absence leads to malformed axons and impaired nerve conduction. Contactin mediated protein
complex formation is critical for the organization of the axon in early central nervous system
development

Contactin is indispensable for early interactions between axons and glia. It bolsters the paranodal
junction formation by establishing a complex with the transmembrane protein Casprl. In the
axolemma, it interacts with glial neurofascinl55 to establish the axon-glial contact with NF155. The
role of contactin in paranodal junction formation was shown by knocking out the CNS CNTNI1 gene
in mice. As a result, paranodal junctions were disrupted due to mislocalization of the shaker-type
potassium Kv1.2 channels typically delineating juxtaparanodal regions. (Fig 1.3.3.8). This suggests
that contactin is needed to position Kv1.2 and thus to contribute to the paranodal outward current and
thereby proper action potential repolarization during action potential conduction.

CNTNI1 IgG4 antibodies are detected in a small proportion of patients with CIDP-like clinical
features, who again share a relatively uniform phenotype ''°. They potentially induce their
pathological effects via a comparable mechanism to that proposed for NF155 antibodies, however the
key difference is that CNTN1 IgG4 has a direct blocking effect on the CNTN1/Caspr interactions
with NF155.
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Structure of contactin-associated protein-1 :

NF-155 TAG-1/contactin-2
Contactin 1« Caspr TAG-1/contactin-2
Caspr2
Kv1
axon axon
paranode juxtaparanode

Fig 1.3.3 10: Schematic representation of Contactin-associated protein-1

The formation and stability of myelinated axons depend on members of the contactin-associated
protein (Caspr) family, comprising Casprl—5. The Caspr family are transmembrane proteins with
similar structures, though each exhibits functional specificity. CaspR1 is a 190-kDa neuronal
transmembrane protein encoded on chromosome 1721 and is highly concentrated at paranodes . As a
member of the neurexin superfamily, Casprl contains a large extramembrane domain, a single
transmembrane region, and a short intracellular region.

Casprl, is primarily located at the paranodes. It forms a complex with contactinl and NF155, acts as a
barrier between the nodes of Ranvier and internodes and indirectly involved in the propagation of
action potentials and mediation of signal transport. Caspr2, functions to stabilize resting potential by
forming a complex with K+ channels. The best established clinical syndromes associated with Caspr2
antibodies are Marvans syndrome,neuromyotonia and limbic encephalitis''™''®. Little is known
regarding the precise functions of Caspr3, Caspr4, and Caspr5 proteins. Evidence suggests that
Caspr3 is involved in motor control and learning. A lack of Caspr4 and Caspr5 may be a risk factor

for autism spectrum disorders.

Structure of the Juxta-paranode

Antigenic targets at the juxtaparanode are also now emerging, but their associated peripheral
neuropathies are less well characterised. Normal function depends on the stability of the VGKC
complex, in which VGKCs colocalise with CNTN2 and Caspr2 in myelinated peripheral neurons.
Pathogenic IgG antibodies have now been shown to bind associated proteins such as LGI1 and
Caspr2, rather than the ion channels themselves, example LGI4 recently reported in elderly patients

initially diagnosed with subacute CIDP'"’.
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Table 1.3.3.1: Nodal, juxta-paranodal, and paranodal antibodies associated with clinical

syndromes 108
Nodal Paranodal Juxta-paranodal
Neurofascin 186 Contactinl Contactin-associated protein 2
Gliomedin Contactin associated protein 1 Contactin 2/TAG 1
Gangliosides Gangliosides LG4
. GMla/b, GD1a, GalNac-GDla . GTla, GQl1b
. GM1. GM1b, GDla . GQI1b, GTla
. GD1b and/or
. other disialosyl gangliosides
Neurofascin 155
Ganglioside antibodies

Gangliosides are structurally and functionally polymorphic sialic acid containing glycosphingolipids
that are widely distributed in the human body. Gangliosides are present in all mammalian cells but are
enriched in peripheral neural membranes where they form 10-20% of the membrane lipid
composition'?’. They are targets for autoimmunity and act as receptors for microbes, such as influenza
viruses, and toxins, such as the cholera toxin. Ganglioside antibodies are important especially in
acquired demyelinating immune-mediated neuropathies, like Guillain—Barré syndrome (GBS) and its
variant, Miller—Fisher syndrome (MFS).

Gangliosides interact with external ligands and as a result, affect cell functions dependent on external
cues ! Gangliosides are classified by their synthesis pathways and corresponding chemical
structures. A schematic view of the gangliosides and their synthesis pathway is presented in
figure1.3.3.11. Ganglioside antibodies may also be nodal, paranodal, internodal or axonal and are

associated with various clinical syndromes (table 1.3.3.1 and table 1.3.3.2).
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Figure 1.3.3.11. Gangliosides are composed of a sialylated oligosaccharide chain attached to a
ceramide core. Autoantibodies against are found against the highlighted a and b series. In the
nomenclature, M(ono), D(i), T(ri) and Q(uad) refer to the number of sialic acids.

Adapted from Li & Schnaar 2018 '

Table:1.3.3.2 Clinical Syndromes associated with specific gangliosides 13
Antibody Isotype Clinical Syndrome References
GM1, GD1b, asialo-GM1 IgM>IgG | Multifocal Motor Neuropathy 123,124
SGPG, SGLPG IeM Chronic sensory motor 125

demyelinating neuropathy
GD1b, GD2., GD3,GT1b,GQlb, IgM Chronic sensory ataxic neuropathy | 12124126
GALOP
GQlb, GT1a IgG Miller Fisher Syndrome 126
GMI1, GMI1b, GD1a, GalNAc- IeG Acute motor axonal neuropathy 123,124
GDla
Sulphatide IeM Chronic sensory neuropathy 124

Clinical features of autoimmune nodopathies:

As this is an emerging topic, the clinical phenotypes and treatment responses described are not
absolute as numbers are small and there is lack of widespread antibody testing across varying
population groups. Given more widespread testing and IgG subtyping, the clinical presentation among
different population groups may differ. Current literature is mainly from European and Asian
population groups and is described according to 4 main antibodies and respective IgG subclasses.
NF155 antibodies, specifically of the IgG4 subtype, are associated with a fairly homogenous
phenotype, specifically being more aggressive disease . distal > proximal, motor predominant and
associated with sensory ataxia, tremor. and good response to rituximab but not IVIg "% Further
defining features of NF155 antibody-positive patients noted by Ogata et al are a younger age at onset,
with a significantly higher CSF protein, potentially reflecting prominent spinal root involvement'*°.
There are reports of NF155-positive patients also displaying optic neuritis and CNS demyelination
with a good response to IVIg mainly from the East'*’.

CNTNI1 IgG4 antibodies are detected in a lower proportion of patients, who again share a relatively
uniform clinical phenotype, characterised by older age, aggressive disease onset, motor
predominance, early axonal loss and poor IVIg responsiveness and better response to escalation
therapy example Rituximab'!® CNTNI1 is a common target for autoantibody-mediated peripheral
neuropathy and 1-2% of idiopathic membranous glomerular nephritis (MGN) cases, presenting
typically with nephrotic syndrome.Fehmi et al reported, CNTN1 IgG4 antibodies, in peripheral nerves
and renal glomeruli in 12 biopsy proven MGN "%, Greater awareness of concomitant idiopathic

MGM and peripheral nerve dysfunction in the setting of CNTN1 IgG4 disease should alert the

clinician to earlier diagnosis and implementation of effective treatment for both entities**.
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Neuropathic pain is a prominent feature in patients with Caspr antibodies. The resolution of pain and
functional recovery following rituximab treatment supports an antibody mediated process.
In addition, the observed pathological features are not those of a small fibre neuropathy, implying that

the symptom of neuropathic pain may be a direct consequence of paranodal antibody binding'*.

NF186 is less well characterised. In a recent study patients presented with acute or subacute onset,
asymmetric weakness or numbness, distal weakness '**. Sensory ataxia, tremor and central nervous
system demyelination were rarely observed. Nerve conduction studies revealed demyelination. Most

patients were CST responsive.

More recently a novel juxtparanodal antibody, LGI4 was described by Zhang et al in an elderly cohort
of four patients with a subacute motor sensory neuropathy resembling GBS'"’.
Pan-NF disease is characterised by severe disease of acute onset (resembling AIDP) and high

4 However this has been

mortality and a good response to Rituximab if recognised and treated early
described in a very small cohort of 8 patients, 4 of whom demised'".
Clinical manifestation of disease severity and response to therapy may depend not only on the
immunopathogenic antibody but the subclass as well. [gG4 subclass NF155 and CNTN1 antibodies
are best characterised thus far, and predict for a severe chronic phenotype. IgG4 has a compact
structure due to trans heavy chain CH1eCH2 domain interaction, resulting in no accessibility for
complement to the CH2 domain which fixes complement. Thus, IgG4 cannot activate complement as
it is unable to bind C1q. In addition, IgG4 does not internalize the target antigens '** . Hence avoiding
complement inhibitors such as Eculizumab in this category of IgG4 mediated disease is useful. NF186
IgG1 subtypes are less specific and have been reported in MND, MS, and HIV dementia.

Other subtypes include pan NF IgG 1 and IgG 3 which have been described as severe and acute
disease, resembling GBS or AIDP, despite not being of the IgG4 subtype ''* ',

Table 1.3.3.3 is a summary of the clinical features of autoimmune nodopathies and table 1. 2.3.4: is a

summary of the clinical features of specific nodal-paranodal antibodies
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Table 1.3.3.3 : Summary of the clinical features of Autoimmune Nodopathies *°

Clinical and Electrophysiological features of a Nodal-paranodal Neuropathy

Clinical symptoms and signs Electrophysiological
Respiratory insufficiency Decreased CV
Acute/Subacute Prolonged DML

Severe nadir disability

Prolonged F waves

Predominant distal motor weakness

Conduction blocks

Severe sensory ataxia/neuropathic pain

Temporal dispersion

Tremor

Decreased CMAPS

Cranial Neuropathies

Early axonal loss

ANS Dysfunction

Associated disorders

Nephrotic Syndrome

IgG paraprotein

Lymphoproliferative disorders

Treatment Response

No/transient response to IVIG or PE

Good response to Rituximab /or corticosteroids

Radiology

Histology

Nerve Root/Plexus enhancement and/or

Axonal Degeneration

Root enlargement

Nodal widening, paranodal myelin detachment

No overt inflammation or segmental demyelination

CV=conduction velocity, DML=distal motor latency, CMAP=compound muscle action potentials

42




Table 1.3.3.4: Clinical features of specific Nodal-paranodal antibodies!'*¢

Typical Features of specific Nodal-

paranodal antibodies

Characteristic NF155 PanNF CNTNI1 Caspr 1 or
CNTN1/Caspr
complex

Neuropathy Severe non-length dependent neuropathy

Age 51.5 574 60 57.5

Male: Female 1.6:1 3.5:1 3.3:1 2.3:1

Initial AIDP diagnosis

Ataxia

Tremor

Pain

Cranial nerve palsies

Respiratory Failure

ANS failure

Nerve Root abnormalities

Associated disorders

Nephrotic Syndrome
MGN (CNTN 1)
FSGN(PanNF)

Lymphoproliferative

CCPD

CV=conduction velocity, DML=distal motor latency, CMAP=compound muscle action potentials

Key Absent

<25%

25-50%

50-75%

75%-100%
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1.3.4 Motor Neuron Syndrome in HIV
Epidemiology:

Motor neurone disease affects about two in every 100,000 people each year in the United Kingdom and
about 5000 people are living with the disease at any given time '*”'**, The condition is more common

in males and people of European descent '*

. Limited information is available regarding the
epidemiology of MND among black South Africans. Quansah et al reported that genetic differences
between African and non -African subgroups and among different African populations in SA may
account for the scant prevalence of MND among the black African population **'*!. In 1989, Cosnett
et al retrospectively analysed 86 patients with MND in KZN '*2. The reported incidence of MND per
100 0000 among the different race groups were as follows; 0.88, 1.4, 2.7 among blacks, Indians and
whites respectively. There was a male preponderance amongst all race groups, which accords with
world experience. However, among the black population neurological manifestations occurred 2
decades earlier compared to Indians and whites. Possible explanations for the above is that black
patients have a higher prevalence of polio and post-polio syndrome, HIV and HTLV1, and exposure to

mechanical trauma at an earlier age, which may have played a role '**.

The more recent Western Cape study '+

(2.62; 95% CI 2.49-2.75), the lowest in the African ancestry group (0.56, 95% CI 0.0-1.23), and an

, reported the highest incidence in the European ancestry group

age and sex adjusted incident rate in between these two in the mixed ancestry group (1.09, 95% CI
0.80—1.37). The above findings are most likely related to the complex genetic ancestry among people
of mixed ancestry in the western cape with 17-29% receiving Europe proportional ancestry compared
to those of African descent who have received little or no European genetic admixture. One possible
explanation reported by the authors is that the frequencies of the C9orf72 expansion mutation in the
European and mixed ancestry group (8-9%) were comparable to other populations of European origin,
however the expansion mutation was not found amongst a small sample of African ancestry.'** Other
interesting findings is the earlier peak of the disease and less bulbar presentation among the African
ancestry in this study.

It is uncertain as to whether concomitant HIV infection or HIV-infected MNS was excluded in all the
above studies as HIV infection and therefore HIV-infected MNS is more common among young people
of African ancestry as reported in chapter 3. However, in this subcategory they were more likely to have

a bulbar onset presentation, which was not reported in the above studies.
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Clinical features and spectrum of disease:

The clinical features of MND are those of progressive neurological deterioration involving the motor
neurons in the cerebrum, brainstem and spinal cord. Although the clinical presentation and progression
of MND varies considerably. the course is progressive, and over 70% of patients die within 5 years of
presentation and 10% may survive for more than 10 years *°.

The disease phenotype is often classified by the site of onset. Sixty five percent (65%) of patients
present with limb symptoms, 30% present with bulbar dysfunction and 5% have respiratory-onset
disease. Initial symptoms of weight loss and isolated emotional lability have also been reported. As
motor neurons are affected segmentally in patients with ALS, the initial clinical presentation depends
on which part of the neuro-axis the disease affects. Symptom onset is usually asymmetrical.
Neurological examination generally reveals a combination of upper motor neuron and lower motor
neuron features. Extraocular and sphincter muscles are spared in patients with ALS, although subtle
changes in eye movements have been reported. Sensory examination is usually normal, although 10%

of patients may describe minor sensory symptoms.

Table 1.3.4.1: MND phenotypes *°

Phenotype Clinical features Comments Median survival
Multiple  spinal  segments | Most common phenotype 3-5 years
Amyotrophic Lateral affected with UMN and LMN
Sclerosis .
signs
. 0 . - -, -
Primary Lateral Sclerosis UMN signs only 70% develop ALS in 3-5 | >20yrs for those who do not
(PLS) years progress to ALS
LMN signs only Variable evolution to ALS Typically 8-10 years, subset
Progressive Muscular e > 20 vear
Atrophy (PMA) survive years
Speech  and  swallowing | Aspiration pneumonia is the | 2-3 years
Progressive Bulbar Palsy P 8 P P y
(PBP) initially affected usual cause of death
Symmetric ~ wasting  and | Upper motor neuron signs in | Variant of ALS,
Flail Arm Syndr . .
an At syndrome weakness of the arms lower limbs survival of 5 years

PLS=Primary lateral Sclerosis, PMA=Progressive Muscular Atrophy. PBP=Progressive bulbar Palsy

Electrodiagnostic testing in MIND '*

The World Federation of Neurology (EIl Escorial) criteria classifies MND into mimics, co-existing and
variant disorders. “MND mimics” includes diseases, which secondarily affects the motor neurons, such
as spondylotic myelopathy, exogenous toxins, lymphoma, metastatic and paraneoplastic disease,

monoclonal and dysimmune gammopathies, vasculitis, multifocal motor neuropathy (MMN), CIDP,
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and infections( polio, herpes zoster, HIV and coxsackie viruses). Other degenerative conditions, such
as Friedreich’s ataxia and hereditary spastic paraparesis can also mimic a motor neuron presentation'®.
“Coexisting disorders” occur in patients who have pre-existing neurologic disease superimposed on
ALS, such as diabetic radiculoplexoneuropathy or ulnar neuropathy. “Variant disorders” refer to
diseases that affect another component of the nervous system in addition to the motor system. Therefore,
electro-diagnostic testing, clinical progression of the disease and exclusion of other disease mimics is
particularly important for identifying and distinguishing the coexisting diseases and mimic disorders
from true MND. Electro-diagnostic studies also help to quantify the lower motor neuron damage
making them an integral part of clinical and therapeutic trials.

Specific criteria for the diagnosis of ALS are the principles of the Revised El Escorial criteria combined
with the Awaji modifications '* Nerve conduction study and needle electromyography are the most
important diagnostic testing for MND. The former is used primarily to help rule out other disorders,
and the latter to establish evidence for widespread active denervation and chronic re-innervation. The
above criteria have a high specificity but lower sensitivity especially for atypical ALS example bulbar
onset disease. Therefore, more recently the novel Gold Coast Criteria was introduced which has higher

diagnostic sensitivity especially for atypical phenotypes ¢

. Unfortunately, the above was not available
at the time of the study, and hence some cases may have been missed reflecting a type 2 statistical error.
However, the criteria states that disease mimics must be excluded and this includes HIV. Therefore
MND, meeting the EL Escorial diagnostic criteria, in the setting of HIV was re-termed MNS. Chapter
2 discusses the available literature of HIV-infected MNS in other regions of the world and chapter 10
compares HIV-infected MNS to HIV-uninfected MND in terms of clinical, electro diagnostic,

pathophysiology and response to therapy.

Pathophysiology

MND is familial in 5% of cases, and shows a Mendelian pattern of inheritance.'*” The clinical phenotype
of familial ALS is similar to that of the sporadic form of the disease. At least 15 genes have been
associated with the various types of familial MND, and variants in these genes account for 30% of these
cases'’’. In common with other neurodegenerative diseases, neuronal loss accompanied by insoluble
protein inclusions are core pathological features of ALS. Our knowledge of major aggregate owes much
to proteomics: the identification of TDP-43 and CSF chitinase as the major component of inclusions in
over 95% of ALS cases (except those with genetic ALS due to SOD1 or FUS mutation) and 50% of
FTD cases was achieved using liquid chromatography-tandem mass spectrometry (LC-MS/MS) of
urea-soluble brain fractions'*’. However, sporadic MND is a complex disease, in which genetic and
environmental factors combine to increase the risk of developing the condition.'*® It is speculated that
several environmental factors contribute to neuronal degeneration. This includes neurotoxins such as
sterol glucosides and f-methylamino-l-alanine (BMAA) which are found in cycad flour and agricultural

chemicals such as pyrethroid insecticides and formaldehyde. Excessive physical activity, repeated head
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injury and exposure to viruses have also been implicated in MND ¥+ 3% ¥ The possibility that MND
may be caused by a virus is one that has been entertained for many years. Most of the speculation
originates from the longstanding observation that both MND and poliomyelitis cause selective
destruction of the anterior horn cells in the spinal cord. Both diseases affect motor neurones in the brain
stem and cerebral cortex, and years after an attack of acute paralytic poliomyelitis, a minority of
individuals develop a syndrome of progressive muscular weakness and wasting (Post-Polio Syndrome)
which has similarities to MND. Viruses implicated in MND include retroviruses such as HIV, HTL V1,
endogenous retroviruses (HERV-K) and enterovirus such as polio, coxsackie, and echo virus'®.
Epigenetic modifications provide a plausible link between the environment and alterations in gene

expression that might lead to disease phenotypes'** '*°,

HERY K and MND or MNS

Human endogenous retroviruses (HERVs) constitute approximately 6% of the human genome and are
referred to as “junk DNA”. These retroviral sequences are probably remnants of infections that
occurred millions of years ago, resulting in the integration of provirus genomes into the DNA of

germline cells'™!

. HERYV proviruses may have accumulated nonsense mutations that have rendered
them defective. However, endogenous retroviral sequences may get expressed during select
pathological circumstances such as immunosuppression '*. Involvement of retroviruses in the
pathophysiology of ALS have been suspected due to the consistent finding of reverse transcriptase
viral particles in serum of patients with ALS at levels comparable to those of HIV-infected patients'>"
13 HIV-infected patients may develop MNS which responds to treatment with ART as published in
the current attached article for review and other articles'** '*"'>®, This suggests either HIV itself or

HERV-K maybe implicated in the pathogenesis of HIV associated MNS.

Bowen et al reported that MNS is a rare manifestation of HIV infection. In a prior literature review, 29
cases had been identified '*°. In a study of 1,700 patients with HIV infection, the prevalence of HIV-
associated ALS was estimated at 3.5 cases/1,000 patients in the pre-ART era which is greater than the
prevalence of ALS in the general population (6 cases per 100,000) ."*” The clinical presentation differs
in HIV-infected MNS (see published manuscript 2).The mechanism by which HIV infection results in
MNS is unclear. HIV infects infiltrating macrophages, microglia, and astrocytes and not motor neurons.
Hence the effect is likely indirect or, possibly immune mediated. It has been previously suspected that
patients with sporadic ALS activate HERV-K in cortical neurons and anterior horn cells.** Expression
of HERV-K or its envelope protein in neurons in cell culture experiments causes degeneration of motor
neurons producing a phenotype that is indistinguishable from ALS '**'%2. A postulate is that HIV-tat
protein released extracellularly from HIV-infected cells is taken up by uninfected cells and activates
HERV-K '*_ It is therefore a plausible hypothesis that controlling HIV infection within the CNS would

indirectly control HERV-K activation in neurons and result in clinical improvement. In 2 patients
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reported by Bowen et al in whom HERV-K levels were measured in the plasma, high levels of activation
were detected at the onset of neurologic symptoms, and in one patient in whom HERV-K was measured
repeatedly, the levels gradually fell and became undetectable following ART therapy. This paralleled
clinical recovery. However, it remains unknown whether ART can directly control HERV-K
expression. HIV associated MNS, although rare, may be a treatable complication of HIV infection
especially if there is optimization of ART CNS penetration. Monitoring of HERV-K levels in the CSF
of HIV-infected patients with MNS may be necessary in a future prospective study since optimal control
of HIV alone may not be sufficient for controlling HERV-K replication if the association between

HERV-K and MND is true.

Treatment and management of MND

Currently there is no curative therapy available for MND and no treatment will significantly alter
disease progression. Treatment remains largely supportive'®*. Previously, the only medication licensed
for treatment of MND was Riluzole which is a synthetic benzothiazole with glutamine antagonist
activity '®. A Cochrane review that pooled data from 3 clinical trials, shows that the drug may extend
life by 2-3 months and increases the chance of an additional year of survival by only 9%. Recently the
randomized, double-blind, multicentre, placebo-controlled CENTAUR trial demonstrated the safety
and efficacy of sodium phenylbutyrate-taurursodiol (PB-TURSO) in persons with ALS (PALS), leading
to its conditional approval in Canada in June 2022 and full approval in the USA in September 2022.
Various clinical trial drugs are being tested in new studies which include Tofersen (gene silencing
therapy in SOD 1 mutations), low dose IL2 therapy (MIROCALS Trial), Edaravone (ADORE Trial:
anti-oxidant therapy) , Memantine and trazadone (MND-SMART Trial). Results will be available once
trials are completed.

Whether the above will be effective in HIV-associated MNS is uncertain. In patients with a HIV-
associated motor neurone syndrome, treating the viral infection with ARVs reverses the clinical

scenario as demonstrated in the attached article, arguing for a viral or immune aetiology'®.
1.3.5 : HIV-infected MG:

MG is an autoimmune disorder caused by antibodies targeting the neuromuscular junction. These
antibodies bind to the postsynaptic end plate resulting in destruction of post synaptic protein, impaired
signal transduction and muscle weakness. The weakness maybe focal or generalised and commonly
affects ocular-bulbar and proximal muscles. Respiratory muscles are less commonly affected. In most
populations, the prevalence of MG is 150-300 per 1,000,000 individuals, with an annual incidence of
more than 10 in 1,000,000 people. '
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The most common antibodies detected in MG are antibodies against acetylcholine receptors (AChR)
which account for 85% of antibodies detected. The AChR antibodies belong to the IgG1 and IgG3
subclasses, and can therefore activate complement resulting in AChR loss and destruction of the
architecture of the post synaptic membrane. Additionally they are bivalent and can cross-link
receptors leading to the endocytosis and destruction. The most widely used method for this antibody

detection is radioimmunoprecipitation assay.

MuSK antibodies occur in 6% of patients with MG, and they are primarily of the IgG4 subclass. They
do not activate complement and are functionally monovalent. Their pathogenicity stems from
inhibition of interactions between MuSK, collagen Q or LRP4, thereby reducing AChR clustering.
Heckmann et al described a high percentage of MuSK positive MG patients of African ancestry,
however the HIV status was not reported '*°. Clinical features of MuSK MG include acute onset and
rapidly progressive bulbo-respiratory failure. Most of the patients reported thus far respond well to
maintenance immunotherapy. MuSK is also detected via radioimmunoprecipitation and the titre
corelates with disease severity'®’.

Approximately 10% of patients are AChR and MuSK antibody negative. Some of these patients have
LRP4 antibodies which are IgG1 subclass and hence activate complement. They are also responsible
for AChR clustering. Additional, less common antibodies of interest are directed against agrin, titin,
KV1.4, ryanodine receptors, collagen Q, and cortactin and striational antibodies’ '’ Their

pathogenicity, specificity for MG, diagnostic and prognostic value are less well characterised'®’.
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Figure 1.3.5.1: Neuromuscular Junction, Structural mechanisms of the agrin-LRP4-MuSK signalling
pathway in neuromuscular junction differentiation:
Adapted:Henry J. Kaminski, 2024, Journal of Clinical Investigations
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Treatment of the above condition should be tailored to the individual patient and guided by the MG
severity and IgG subclasses. Treatment includes symptomatic drug therapy, immunosuppressive drug
therapy, IVIG, PLEX , thymectomy and supportive therapy '®. Thus far there is limited literature
regarding immunosuppressive therapy in HIV-associated MG or the role of thymectomy in HIV-

infected MG.

The above background knowledge of HIV immunology and the various neuromuscular disorders,
enabled the broad aims of this project to emerge which included:

1. A scoping review of the available published worldwide literature (Chapter 2)

2. Comparative studies of the clinical, laboratory and treatment outcomes in the respective

subcategories (Chapter 3)

3. To test for known nodal-paranodal antibodies in HIV-infected immune mediated

radiculoneuropathies and in CCPD using live cell based assays (CBA, Chapter 3)

4. To screen for novel antibodies and to establish pathogenicity of the antibodies using myelin

co-culture screens (Chapter 3)

5. To identify novel antibodies using immunoprecipitation followed by Mass Spectrometry

(Chapter 3)
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Chapter 2:
Scoping review of chronic immune mediated HIV-associated neuromuscular

syndromes

Literature regarding neuromuscular disease in HIV is limited. A scoping review of the available
worldwide literature with respect to HIV associated CIDP, MG, MNS, PM LSP and autoimmune
nodopathies was undertaken. This enabled us to systematically identify and synthesize an existing and
emerging body of literature on the above topic with respect to clinical and demographic features of the

diseases, working definitions, treatment protocols, conceptual boundaries and knowledge gaps.

Methods
The study was approved by the UKZN Biomedical Research Ethics Committee. A PRISMA-
ScR format was used by creating a structured format for identifying the research question and

analysing the literature. A comprehensive set of databases and websites were investigated

which included PUBMED, WOS, EBSCOHOST, SCOPUS.

Research question:
The research questions for this scoping review are as follows:
1. What is the incidence of HIV-associated neuromuscular syndromes namely; CIDP, MNS,
MG, PM LSP, nodopathies in other parts of the world?
2. What are the clinical, demographic and laboratory differences between HIV-infected and
HIV-uninfected patients?
3. What treatment was administered in the above conditions in other parts of the world,
especially in those who are immunocompromised or have clinical AIDS?
4. What are the treatment outcomes in terms of clinical response to therapy?
5. What are the documented adverse effects of therapy especially in the immunocompromised
category?
6. What are the drug-drug interactions especially between ARVs and immunotherapy?.
7. Can we define pathophysiology of the disease
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Research objectives:

To review the available current literature for the above diseases especially with respect to 1)
epidemiology 2) response to therapy (immunomodulatory and ARVs) as well as 3) safety and efficacy
of therapy.

Eligibility criteria, data sources and search method:

The eligibility criteria were published articles which included case reports and case series, abstracts
from congresses, poster presentations and chapters published in textbooks. In our first level screening,
all eligible literature regardless of language were assessed. Only human studies and English language
studies were included, unless an available English translated version was available. No limits were set
for the published articles in terms of regions of study, or year of publication. Animal studies, and reports
from social media platforms were excluded.

We searched for evidence using electronic databases which included PubMed, EBSCOhost, Scopus,
and World of science. The following keywords were used singularly and or in combination HIV,
Human immunodeficiency syndrome, AIDS, acquired immunodeficiency syndrome, CIDP, chronic
inflammatory demyelinating polyneuropathy, radiculopathy, ventral root, pure motor lumbosacral
polyradiculopathy, motor neuron disease, motor neuron syndrome, ALS, amyotrophic lateral sclerosis,
myasthenia gravis, myopathy, myositis, polymyositis, dermatomyositis, inclusion body myositis,
autoimmune nodopathies, pan-neurofascin, NF155, NF186, contactin, Caspr nodal-paranodal-

juxtaparanodal.

In our second level of screening, abstracts and/or full text articles that were in English were included.
Articles and abstracts that were not in English or were not translated to English, review articles, HIV-
uninfected patients, neuromuscular disease related to drugs/toxins, infections example TB, and

malignancy were excluded.
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Table 2. 1: Inclusion and Exclusion criteria

Inclusion criteria

Rationale

1 Study type

Articles published to date

Any geographic location

English language translation or abstract in English

2 Publication type

Published articles, case series, case reports, and abstracts from

conferences, poster presentations.

Only Human studies

3 Context

Literature discussing HIV associated CIDP, MND/S/ALS,
myositis, PM LSP and MG

Exclusion criteria

1 Study type

Other non-English translation of the article

2 Publication type

review articles

Social media reports

Non-human studies

3 Context

Studies discussing immune mediated neuromuscular disease in
HIV-uninfected patients, drugs/toxins or other infections or
malignancies causing neuromuscular disease in HIV example drug
induced myopathies, neuropathies in HIV, polyradiculopathies due

to lymphoma
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Fig 2.1: Flow chart of stages of article selection

Database search from 1980 to August 2024
548 articles identified

131 duplicates removed

417 titles screened for eligibility

EBSCOHOST | PUBMED WOS SCOPUS
98 127 72 120

218 articles assessed in detail
EBSCOHOST | PUBMED | WOS | SCOPUS

59 34 48 103
174 excluded:

- Duplicates

- Not immune mediated
CIDP 29 - Infective, drug, toxin- induced
MND/MNS 36 - Abstracts not in English
MG 36
Myositis 107
PM-LSP/PM LSP | 12
Nodopathies 25
Total 245
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Table 2.2: Immune mediated neuromuscular disorders identified in each Database and assessed in detail

EBSCOHOST
(1)

PUBMED
@7

WOS
(44)

SCOPUS
(96)

Total articles
assessed (245)

articles
excluded

Reasons for exclusion

Articles
included in the
study

CIDP

10

29

17

11=review articles
4 =no cases of CIDP documented
2= Spanish/Japanese

12

Nodopathies

25

24

3= Review
21=No HIV infected cases reported

MND/ALS/MNS

11

11

11

36

S5=review articles

4=Letter to editor (Cases already
included)

2= patient was HIV-uninfected
2=HTLVI infection

27

MG

13

12

36

7=review articles
2=No cases of HIV-infected patients with
MG

28

PM LSP

12

11

3=due to infective aetiology
4=AIDP
3=sensory motor CIDP/lymphoma

Myositis/myopathy

21

11

107 19

12=Infection

10= drug induced
5 =review articles
2= German

88
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Table 2.3: Spectrum of Muscle disease described in HIV-infected patients

Number of articles/case reports Number of | Treatment Response to therapy
cases
Inflammatory Myopathies Prednisone, ART.IVIG Good
PM 26 139
DM 12 13
IBM 10 42
Necrotizing 3 12
Non-specific myositis 18 72
Rhabomyolysis 2 4 Self-limiting
AZT induced mitochondrial cytopathy 12 86 withdrawal of drug
Nemaline Rod 4 4 Nil
HIV wasting syndrome 2 8 Nil
Infective 15 42 Antibiotics, antiparasitic Good

The spectrum of muscle disease in the context of HIV is broad. The above topic will be dealt with in a future study, focusing on the clinical features, histological
changes and response to therapy of HIV-infected patients with muscle disease. The available literature, regarding CIDP, MNS, MG, and PM LSP are listed in

the following tables:
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Table 2.4: Charting the data of CIDP patients with HIV

Authors and | Title Journal Authors Research Number | CD4 Treatment Adverse Outcome
year of location Design of cases count Events
Publication
Difini, A et | Neuromuscular Clinical USA, Retrospective 8 ND nil ND ND
al 1 manifestations of HIV- | Neurophysiology Miami case series,
1987 infections- Abstract,
electrophysiological ~ and Congress
clinical features
D Kiprov et al | Antibody: associated | Journal of clinical | USA Retrospective 4 ND PE ND 4 improved
170 peripheral neuropathy, | apheresis case series
1988 successful treatment with
plasmapheresis
Gibbels E, etal | HIV associated CIDP with | Acta Germany Case report 1 normal | ND ND ND
m onion bulbs in the sural | Neuropathologica
nerve  biopsy.  clinical
1988 pathological study
Cruz Martinez, | CIDP as a first | EMG and clinical | USA Retrospective 3 ND Prednisone Nil 2 patients
Jetal 172 manifestation of HIV neurophysiology case series improved
1 deteriorated
1990
F Ghika- | Range of neuromuscular French Med journal | France Retrospective 4 ND Nil ND improved
Schmid et al'” | involvement in case series (Spontaneous
1994 47 patients with HIV improvement)

USA=United States of America, PE=Plasma Exchange, ND=Not documented
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Authors and year | Title Journal Author’s Research Number of | CD4 count | Treatment Adverse Outcome
of Publication location design cases Cells/mm? Events
11. | Listyawan, CIDP in HIV infected Clinical Neurophysiology | Indonesia Case Report 1 ND PE ND Improved
Yudiyanta T et al '™ | patient responding to
2021 plasmapheresis
6. Rajabally Y, etal ™ | CIDP caused by HIV Journal of PNS: France Case report 1 347 IV steroids ND improved
2000 infection in a patient with
asymptomatic CMT la
7. Brew B. et al.!'’® HIV-related neuromuscular | Journal of neurological | USA Abstract of the | 1 ND ND ND ND
2005 disease science 13th world
neurology
congress
8. H.Y Jo, etal "’ CIDP associated with HIV Clinical neurophysiology Asian Retrospective 1 ND Prednisone & | ND Improved
2009 infection case report IVIG
9. Kume K et al Successful treatment of HIV | clinical neurology Japan Retrospective 1 466 ART Not Improved
2013178 associated CIDP by early case report documented
initiation of antiretroviral
therapy
10. | A Mochan, et al'™ CIDP in an HIV endemic Journal of neurological | South Prospective 10 87-747 ND N/A N/A
2016 population, A prospective sciences: Africa case series Mean 364
case series from
Johannesburg SA
12 Cheng et a]'®° IRIS presenting as CIDP Medicine (Kaunas) China Case Report 1 109 PE and IVIG | ND Improved
2022 + ART

USA=United States of America, PE=Plasma Exchange, ND=Not documented, N/A =not available
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Figure 2.2 Summary of CIDP cases:

Study Design

= Retrospective case reports/case series/abstracts

= Prospective case series

Therapy administered in CIDP cases

68.5%
80%

60%
40%

20%

0%

WPE MNWIVIG mPrednisone mMART M Notdocumented

Origin of relevant studies

= United Sates = Europe = Asia = Africa

Outcome

= Improved = Deteriorated = Notdocumented
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Table 2.5: Charting the data of MINS patients with HIV

Authors Title Journal Location | Research | Number | CD4 | Treatment | Adverse Outcome
Design of cases | count Events
1. [ Verma A, etal 181 | HIV related Neurology USA Case 1 ND ART ND Demised
1990 neuromuscular report (Opportunistic
syndrome simulating infection)
motor neuron disease
2. | Gomez, CM et al MND in HIV Rev Spain Case 1 ND ND ND ND
182 Neurology report
1997
3. | Galasso G MND and HIV Clinical Italy Case 1 340 Nil Nil demised
et al 18 infection in a 30-year- | neuropatholo report
1998 old HIV positive heroin | gy
abuser, a causal
relationship
4. | Sastre-Garriga J, et | LMN Disease in an Journal of Spain Case 1 540, NIL ND Demised
al 18 HIV infected woman neurology report 1000
2000
5. | McGowan, DJ, et al | An ALS like syndrome | neurology USA Case 1 44 ART ND improved
185 with new HIV infection report
2001 and complete response
to ARVs
6. | Moulinger A, et Reversible ALS like Neurology: USA Retrospect | 6 Mean | ART ND improved
a]!s6 disorder in HIV ive Case 82
2001 infection series

USA=United States of America, ART=Antiretroviral Therapy, ND=Not documented
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Authors Title Journal Location Research Design | Number | CD4 Treatment | Adverse Outcome
of cases counts Events
7. | Von Giessen, | Reversible ALS- Neurology USA Case report 1 447 ART ND Complete recovery
HJ, etal 187 | like disorder in
2002 HIV.
8. | Zoccolella, et | A case of European Italy Case report 1 360 NIL ND Demised
al 188 concomitant ALS | journal of
2002 and HIV neurology
9. | DPearletal | LMN Syndrome Sexually UK Case report 1 280 NIL ND Demised
189 and HIV transmitted
2003 infections
10. [ Calza, L et al | Transient reversal | Journal of Italy Case report 1 636 Riuzole, ND Improved transiently
. of HIV-associated | chemotherap ART
2004 MND following y
mtroduction of
HAART
11. | Berger,JR et | Brachial Archives of | USA Case report 1 244 ART IVIG Deteriorated
al 11 Amyotrophic neurology
2005 Diplegia in a
patient with HIV
12. [ Alves L, etal | MND and HIV, 3 Neurology Germany Retrospective 3 Mean ART ND ND
192 new cases case report 42

2006

USA=United States of America,UK=United Kingdom, ART=Antiretroviral Therapy, IVIG= Intravenous Immunoglobulin, ND=Not documented
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Authors Title Journal Location | Research | Number | CD4 count Treatment Adverse | Outcome
Design of cases cells/mm3 Events
13. | Anmatti, G A, et | Progressive MND in 2 | Journal of PNS | Italy Abstract 2 250,340 ND ND ND
al 13 patients with HIV-
2006 infection, a causal
relationship
14. [ Verma A, etal | Primary lateral Neuromuscular | India Case report | 2 1 ART ND Improved
194 sclerosis with HIV disorders
2006 infection: report of 2
cases and review of
HIV-associated MND
15. | Henning F, et al | Bibrachial INNP South Case report | 1 382 ART ND Deteriorated
195 amyotrophic diplegia Africa
2008 associated with HIV
16. | Nalini A, et al Flail arm-like Annals of India Case report | 1 142 ART ND stabilised
196 syndrome associated | Indian
2009 with HIV-1 infection | Academy of
neurology
17. | Kulkantrakorn | ALS-like presentation | Clinical Thailand | Case report | 1 98 ND ND ND
K, et al®’ in HIV positive Neurophysiology
2010 patient
18. | V Almeida, et al | Pseudobulbar ALS Portugal Retrospecti | 1 473 ART ND Deteriorated
16 syndrome in 2 patients ve report

2010

with HIV

ART=Antiretroviral Therapy, ND=Not documented

62




Authors Title Journal Location | Research Number | CD4 Treatment | Adverse | Outcome
Design of cases | count Events
19. Cachia D, et | Brachial BMJ USA Case report | 1 377 ART ND Demised
al 198 amyotrophic Riuzole
2012 diplegia in the
setting of HIV
19. Orsini,M et | MND and acquired | Current HIV Brazil Case report | 1 300 ART ND Deteriorated
al 1% axonal neuropathy | Res
2012 association in HIV
infection: case
report and update
20. Anand KS, ALS-like Journal of the India Case report | 1 98 ART ND ND
et al 2% presentation in HIV | international
2014 positive patient association of
AIDS CARE
22. Bowen LN, | HIV-associated Neurology USA Case series | 5 402,4, | ART ND 3 improved
et al 1°? MND: HERV K 889, 2: stabilised
2016 activation and 446, 9
response to ART
23. Lorenzoni,P, | MND in patients Clinical Brazil Case report |2 250,341 | ART ND 1 demised,
et al?! with HIV infection | neurology and 1 improved
2017 neurosurgery

USA=United States of America, ART=Antiretroviral Therapy, ND=Not documented
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Authors Title Journal Location | Research | Number | CD4 Treatment | Adverse Outcome
Design of cases | count Events

24. Suici-VIet | HIV infection Journal of Romania | Case 1 36 ART Nil improved
al?? mimicking ALS, 3 | neurology report
2019 year follow up

25. Quevedo- | ALS after ID Cases Peru Case 1 800 ART Nil demised
Ramiez, Al | combined ARV report
et al 203 treatment
2020

26. Satin ZAet | ALS like d/oin3 | Neurology USA Case 3 42-150, | ART ND 3 improved
al ¥ HIV positive Series normal
2021 patients counts

27 Sodeifian, | Juvenile ALS ina [ Neurology Letters | Iran Case 1 290 ART ND Improved
F 204 HIV Report
2022

USA=United States of America, ART=Antiretroviral Therapy, ND=Not documented
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Fig 2.3 Summary of the literature describing MNS in HIV

Origin of Cases Study design of retrospective cases
‘ 8,60%
= US = Europe = Asia = South America = Single cases = 2 patients = 3 patients = >5 patients
Therapy administered Outcome of MND/MNS patients on
ARVs
80,00%
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20,00% \
\_ L

0,00%

BMART M Notdocumented M IVIG = Improved = Stabilised = Deteriorated = Demised = Not documented



Table 2.6: Charting the data of MG patients with HIV

Authors Title Journal Location | Research | Number | Antibodies | Treatment | Adverse CD4 count | Outcome Thymectomy
Design of cases Events CT Thymus
Nath A, et al 2 Immune Neurology | USA Case 1 AChR Ab™ | Mestinon ND 371 improved | ND
1990 studies in report CT Thymus
HIV with ART (N)
MG, a case
report
Martini L, et al 2% [ ATDP and Rev France Case 1 AChR AB* | Not ND 1067 ND ND
1991 MG : an Neurogique report documented CT Thymus ( N)
exceptional
associated
Vittecoq D, et al Recovery Clinical France Case 1 Mestinon AChR AB- | ND 960 improved | ND
207 from MG in | infectious report
1992 a patient diseases ART
infected
with HIV
Whullenweber et al | Myasthenia | Nervenarzt | German | Case 1 Mestinon AChR AB™ | ND ND improved | ND
208 Gravis, report ART
1993 AIDS and
neurones
TiabM et al 2® Occurrence | Annals of | France Case 2 Article in Article in Article in Article in Articlein | Article in French
1993 of MG medicine report French French French French French
during HIV
infection, 2
cases
Authier, F, et al > | Transient Muscle and | USA Case 1 AChR AB- | Mestinon ND 340 improved | ND
1995 MG during | nerve Report ART CT Thymus (N)
HIV
infection

USA=United States of America, ART=Antiretroviral Therapy, AChR AB= Acetylcholine receptor antibody, ND=Not documented
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Authors Title Journal Location | Study | Number | Antibodies | Treatment Adverse CD4 count | Outcome Thymectomy
Design | of cases Events CT Thymus
7. Strong J et al 2!! Seronegative Canadian Us Case 1 AChR AB- | IVIG, Mestinon | NIL 250 improved ND
1998 MG and HIV journal of report CT Thymus
infection neurological ART (N)
sciences
8. Sadaat et al Ritonavir Muscle and Us Case 1 AChR AB- | Mestinon NIL 290 improved ND
1998 associated nerve Report ART CT Chest (N)
Myasthenia
Gravis
9. Verma A, et al > | MG associated | Muscle and UsS Case 1 AChR AB- | Mestinon ND 871 improved ND
1995 with dual nerve report Antistriatal | ART CT Thymus (N)
infection of AB-
HIV and
HTLV1
10. Maradona JA, et MG and SLE Clinical Spain Case 1 AChR AB* | Prednisone NIL 369 Improved ND
al 213 in associated infectious report (antifungal CT Thymus (
1995 with HIV virus | diseases cover) N)
infection
ART
11. Mural H, et al?!* MG associated | Japan Japan Case 1 AChR AB- | Article in Article in Article in Article in Article in
2001 with HIV report Japanese, Japanese, Japanese, Japanese, Japanese,
infection Abstract in Abstract in Abstract in Abstract in | Abstract in
English English English English English
12. Chiesa, et al * Efavirenz AIDS Brazil Case |1 AChR AB* | ART ND 54 Cured ND
2003 containing report CT Thymus (N)
ART in an

HIV-infected
patient with
MG

USA=United States of America, ART=Antiretroviral Therapy, AChR AB= Acetylcholine receptor antibody, ND=Not documented
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Authors Title Journal Location | Study Number | Antibodies | Treatment Adverse CD4 count | Outcome Thymectomy/
Design | of cases Events CT Thymus
13. Patel VB, et al | Possible African SA Case 1 AChR Mestinon NIL 854 Mildly ND
. MG and Journal of report Ab* improved | CT Thymus
2004 LEMS in neurological ART (N)
the same sciences
patient:
Case report
and review
of the
literature
14. Gorthi, SP, etal | HIV infection | Journal of the | India Case 1 AChR AB™ | Mestinon Not Not improved ND
17 with MG association of report ART documented | documented CT Thymus
2005 physicians of (N)
India
15. Hayat G etal %' Co-occurrence of Muscle and Nerve | USA Case 1 AChHR AB- Mestinon, ARVs NIL 683 improved ND
2007 MG and HIV report
infection with CT Thynms
normal CD4 (N)
counts
16. Kurokawa T, et al Anti- MUSK Clinical Japan Case 1 AChR AB- | steroids, NIL Not Improved ND
19 antibody neurology and report cyclosporine, documented with CT Thymus
2008 positive MG neurosurgery Mestinon. cyclosporine, | (N)
with HIV worse with
infection ARVs
successfully ART
treated with
Cyclosporin
17. Knopf L, et al 20 I‘HV and MG, case Joumal of clinical USA Case 1 ACHhR AB+ Mestinon Nil 423 Ill'lpro\red ThynlectOIny
2010 report and review neuromuscular report Prednisone (Th mic
of the literature disease AZA Y .
hyperplasia)

USA=United States of America, ART=Antiretroviral Therapy, AChR AB= Acetylcholine receptor antibody, ND=Not documented
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Authors Title Journal Location | Research | Number | Treatment | Antibodies Adverse | CD4 | Outcome | Thymectomy
Design of cases Events
18. Hung WL , et HIV associated Clinical Thailand Case report | 1 AChR AB* Mestinon, Nil 327 Worse on ND
al 2! MG and impacts neurology ARVs ARVS CT: Thymic
2011 of HAART. One and hyperplasia
case report, neurosurgery
review of
literature
19. KuntzerT, etal | Rituximab is Neurology USA Case report | 1 MuSK* RTX, steroids, ND 244- Complete ND
m successful in an MMF, IVIG, 575 recovery
2011 HIV positive pt PLEX
with MUSK ab
20. Ragunathan, K, | MUSK MG as a Journal of USA Case report | 1 Musk + Prednisone and | NIL 520 improved ND
et al 2 manifestation of Neurology AZA & PE
2015 immune
restoration disease
in a HIV-positive
patient
21. Virot E, et al Autoimmune Dx | Medicine France Cross 2 AChR AB- IVIG ., Mestinon | Nil 695,275 | improved ND
24 in HIV sectional CT thymus
2017 study ART normal
22. Sherpa M etal | Comorbid HIV American USA Case report | 1 Musk™ Mestinon, ART, | NIL 383 improved ND
225 and MUSK MG: | Journal of AZA. IVIG (CT thymus N)
2017 Case report and case reports
literature review
23. Suthar, Retal | MG inan HIV Indian India Case report | 1 AChR AB- Prednisone, NIL 1289 improved ND
226 positive girl journal of Mestinon, ART CT Thymus (N)
2018 paediatrics

USA=United States of America, ART=Antiretroviral Therapy, AChR AB= Acetylcholine receptor antibody, ND=Not documented
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Authors Title Journal Location Research | Number | Treatment Antibodies Adverse CD4 Outcome | Thymectomy
Design of cases Events
24. | Aglave, V, | Arare case of | journal of Dubai Case 1 Musk * Prednisone ND 170 Improved | ND
et al*?’ MUSK MG in | neurological report Mestinon, CT Thymus
2019 HIV patient sciences AZA, ARTs (N)
25. | Heckmann | Management Frontiers in South Case 17 11: AChR AZA:9 1 case of See ref 10 : MMS | ND
etal 228 issues in MG | Neurology Africa series Ab* Steroids:11 Herpes 7
2020 patients living 1: Musk Ab * | MTX:4 Zoster improved
with HIV; Cyclosporine:1 with mild
Case series MME: 1 symptoms
and review of Cyclophosphamide:1
the literature RTX: 1
PE/IVIG:4
26. | Wang Y, et | Case report Frontiers in China Case 1 Mestinon, AChR AB- NIL 242 improved | ND
al % orbital Immunology report tacrolimus, RyR* CT thymus
2020 cellulitis and prednisone ™)
MG
27. | Wirtz P, Dysphagia and | Acta UK Case 1 IVIG and AChR AB- NIL 537 improved | ND
et al 20 respiratory Neurologica report prednisone MusK”*
2020 failure in an Belgica
HIV patient:
MUSK MG
28 | Santo, AD | Atypical MG JNS Greece Case 1 IVIG and AChR + Nil 255 Improved | ND
2021 in HIV report prednisone

UK=United Kingdom, ART=Antiretroviral Therapy, AChR AB= Acetylcholine receptor antibody, MuSK= Muscle Specific Tyrosine Kinase, RyR=Ryanodine,
ND=Not documented, AZA=Azathioprine, MTX=Methotrexate, MMF=Mycophenolate Mofetil, RTX=Rituximab, PE=plasma exchange, IVIG=intravenous
immunoglobulin, MM S=minimal manifestation status
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Fig 2.4 Summary of the literature describing MG in HIV

Origin of Cases Study design of retrospective cases

75% 3.7%

\

2.20%2.20%

= Single Case reports = Case report:2 patients = Case series (17 patients)
=US wUK =Asia »Africa = United Arab Emerits = South America

Immunosuppressant Therapy
Antibody Status (in addition to ART)

2.4% 4.7% 23% - 23% 4.7% 2.3%

= Spontaneous recovery » Mestinon only

= Prednisone+ Mestinon ony » Rescue Therapy (VIG/PE)
= Steroid sparng agent+ Prednsone+Mestinon = RTX

= IV Cyclophosphamide » Not documented

= AcHR AB+ = AcHR AB- = MUSK+ = RyR+ = Not documented
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Results:

There were 11 published articles in the literature describing CIDP in HIV-infected patients. Ninety
percent (90%) of the HIV-infected CIDP studies were retrospective case reports, abstracts from
congresses or small case series (Table 2.3, Fig 2.1). There was one prospective case series from SA
consisting of 10 patients. Fifty five percent (6/11) of articles were single case reports and 5 were small
case series. In total there were 35 documented cases in the world describing CIDP in HIV. Thirty six
percent of the cases originate from the US, 27% from the Europe and Asia and 9% from Africa. With
respect to therapy and outcome; 38% of patients received either PE, IVIG, CST or ART, with a positive

outcome in 40% of cases. In the large majority of cases, therapy and outcome was not documented.

There was only one reported case of a possible nodopathy in an HIV-infected patient with GBS
described in a European cohort and another with NF155 antibodies in Japan '***! . Response to IVIG
and CST was documented in this case. There are no reported cases of nodal disease from Africa. There
are also no case reports of CCPD in HIV and only 1 documented case from Tunisia in an HIV-

232

uninfected patient.”~ The majority of the cases of HIV-uninfected nodopathies arise from Europe and

the East.

There is only one case series of HIV associated pure motor lumbosacral polyradiculopathy consisting
of 4 patients from South Africa described by Benatar et al in 2000 °. All 4 patients recovered

spontaneously within two weeks.

Similarly, 69% of HIV-infected MNS cases were retrospective single case reports, and 8.6% were case
series consisting of 2 or 3 cases respectively and 13% consists of >5 patients (Fig 2.2). The largest case
series, reported by Moulinger A et al 7, consisted of 6 patients. Thus far 39 cases of HIV-infected MNS
have been reported in the literature world-wide. Thirty-five percent of cases originate from Europe,
45% from the US and 10% from Asia and 10% from South America. Seventy nine percent of patients
received ART, 2.5% IVIG and in 18% therapy was not documented. Outcome with ART was variable
with 46% showing improvement, 10% stabilised, 7.7% deteriorated, 15.3% demised and 21% not
documented (Fig 2.2)

With regard to HIV-infected MG, there were 42 documented cases, 23 of which were retrospective
single case reports, 2 case series consisting of 2 patients each and a single retrospective case series
consisting of 17 patients. Majority of the cases were from the South Africa, followed by US, Europe,
Asia, United Arab Emirates and South America. Forty two percent were AChR-AB negative, 35.7%
were positive for AChR antibodies,14.3% positive for MuSK antibodies, and 2.4% ryanodine
antibodies. With regard to therapy, in addition to ART, the majority (50%) received combination

72



therapy (CST, Mestinon, steroid sparing agent), 26% rescue therapy with IVIG/PE, 23% mestinon
only and 2.3% IV cyclophosphamide or Rituximab. One patient responded to ART without
immunosuppressive therapy (Fig 2.3).

In majority of case reports of neuromuscular diseases in HIV, adverse effects of therapy was not

documented, except 1 case of Herpes Zoster infection reported by Heckmann et al in the MG cohort™,

Discussion

In summary, available literature in the various categories are restricted to case reports or small case
series. There is little or no comparisons made between the HIV-infected and HIV-uninfected cohorts
in the above cases with respect to demographics, clinical presentation, laboratory investigations and

treatment response.

However by inference and comparing with literature from the HIV-uninfected cohorts we noted the
following potential differences. Forty percent (40 %) of HIV-infected CIDP patients improved on
treatment, whereas in the HIV-uninfected category, 40-45% are refractory to therapy. However, this
figure may change as the outcome was not documented in 40% of patients. Approximately 50% of
HIV-associated MNS patients, improved on ART, whereas in HIV-uninfected MND, there is no cure
and usually no improvement as it is neurodegenerative. MuSK positivity was 14% and 26% required
rescue therapy in the HIV-infected MG cohort, which is slightly higher than the HIV-uninfected
cohorts. Antibody testing was not done in 37.5% of patients. In addition, the above the scoping
review, confirms and highlights the following areas of deficiency in the literature:
a. Articles are limited mainly to case reports and small case series, hence the need for larger case
series or case-controlled studies
b. The lack of comparative studies with HIV-uninfected patients in terms of clinical presentation,
electrophysiology and laboratory investigations and response to therapy
c. The paucity of prospective studies in the pre-ART and post-ART era
d. The paucity of studies from Africa where the HIV burden is high
e. There are no published studies of autoimmune nodopathies from Africa and only 1 limited case
report of nodal disease in HIV from Japan'® This patients clinical characteristics and response
to therapy may be suggestive of anti-NF155 antibody-positive neuropathy or CIDP. HIV-
associated CIDP patients also respond well to corticosteroids and therefore it is possible that
the positive antibody is an epiphenomenal in HIV or a false positive due to prior IVIg
administration, as seen with other neuronal antibodies found in IVIG**

f.  There are no studies or case reports of CCPD in HIV or from Africa
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g. Use of specific and well validated clinical and electrodiagnostic criteria and functional scales
is not mentioned in most case reports, hence not reliable comparisons between studies cannot
be done.

h. The lack of objective documentation of response to therapy by using appropriate functional
assessment scales and temporal response to immunomodulatory therapy and ARVS is not
documented

i. Lack of immediate as well as long term safety and efficacy of immunotherapy in the HIV-
infected patients

j- No long-term follow-up of patients

k. The pathogenesis of disease in HIV which may differ from the HIV-uninfected cohort, is not
defined

In summary the scoping review highlights the rarity of documented cases, both in the pre-ART and in

the post-ART era and from the African continent where the interplay of various genetic and

environmental factors may impact on disease and where the incidence of HIV is the highest
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Chapter 3: PHD thesis outline, thesis aims, broad study design and methods

used for prospective work

Thesis aims and broad study design:

In view of the rarity of the above neuromuscular syndromes and paucity of reported HI'V-associated
cases especially in the post ART era, prospective work from a single neurology centre would require
many years to recruit and follow-up adequate number of patients, possibly spanning a decade. Therefore
retrospective chart reviews were preferred to generate adequate patient numbers. Furthermore the
electronic data capturing system at our hospital facilitated easy data extraction. This included detailed
data at presentation, long term follow-up data and treatment outcomes which enabled us to draw reliable
conclusions with a high number of cases from the pre-ART era.

Prior to being included in the study alternate aetiological possibilities were excluded and established
diagnostic criteria satisfied as detailed in the publications. As SA has a high burden of not only HIV
but concomitant infections such as tuberculosis, viruses, fungal and spirochaetal disease, these
potential mimics, including malignancy and other inflammatory disorders were vigorously excluded.
Additionally known antibodies such as ganglioside antibodies, paraprotein and paraneoplastic
antibodies and connective tissue diseases were excluded. Live cell based assays and myelin co-
cultures for specific nodal-paranodal antibodies were performed on patients CSF and serum with
CIDP, PM LSP, DRG, CCPD and 5 patients with MNS. Lactosylceremide antibodies were tested by
ELISA in all patients with CCPD.

Radiological investigations included MRI spine, orbits and brain and PET imaging(where indicated) to
help exclude inflammatory disorders such as neurosarcoidosis and malignancy .

The protocol overview, and immune and genetic laboratory methods are discussed later in this chapter.

75



Retrospective Studies:
Primary Objectives:
The primary objectives of the 4 retrospective studies were to identify, describe and compare the above
syndromes in HIV-infected patients to the HIV-uninfected category in terms of:
a) Demographic features of the disease ( age, race, gender)
b) Clinical presentation of the disease in each category (motor vs sensory, proximal vs distal, bulbo-
respiratory signs, ocular signs, central involvement)
c) Disease progression or recovery over time as assessed by functional scores at presentation and
follow up at 3,6,12,18, 24 and 36 months respectively. This included the following:
I.  ODSS (Overall Disability Sum Score) and INCAT (Inflammatory Neuropathy Cause and
Treatment Score) for CIDP at presentation and 3,6,12, 24,36 months follow-up
II. mRS (Modified Rankin score) for PM LSP and autoimmune nodopathies
III.  ALSFRS Scores for MNS
IV. MG QoL , MG ADL, MG MMT scale for MG
d) Electrodiagnostic, radiological and laboratory features example CSF protein counts in CIDP, PM
LSP, auto-immune nodopathies and radiology in PM LSP, autoimmune nodopathies, CIDP, CCPD
and MNS

e) Treatment outcomes in terms of death or recovery according to functional scales

Secondary Objectives

a) To report response to immunosuppressive or immunomodulatory therapy. This included the
following categories:
b) Induction Therapy
a. Corticosteroid therapy ( Oral or IVI)
b. Intravenous immunoglobulin
c. Plasma exchange
¢) Maintenance Therapy
a. azathioprine, methotrexate , cyclophosphamide, tacrolimus, mycophenolate mofetil
b. B cell depleting agents : rituximab
d) ART combinations
¢) To document side effects to therapy and drug - drug interactions
f) To evaluate change in functional scores with varying CD4 counts and viral load.

g) To explore and speculate on the pathogenesis of disease in HIV.
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Research Design and study site

This study was a detailed retrospective review of patient records with the initial or later confirmed
diagnosis of MND/S, immune mediated inflammatory neuropathies, polyradiculopathy and MG. A
prospective study was also performed and is discussed briefly in this chapter. All patients attended
IALCH neuromuscular clinic and were identified using the respective ICD10 codes namely (G61.81,
G12.2, G70) .

Context:

The neuromuscular unit at IALCH services the province of KZN which has a population of 19 million
people and is the epicentre of HIV. As such, we diagnose a large number of patients with lower motor
neuron syndromes which may be co-incidental or due to HIV infection itself.

Inclusion Criteria and exclusion criteria are discussed in each article:

Ethical approval:

Research Ethics Committee Reference No: BE272/15 was granted on the 3 November 2017 and ethical
approval for the prospective study was granted in 2023 BE 5861/2023. Patient consent was not required
for a retrospective chart review. Informed consent for blood and CSF extraction was obtained from all
patients for prospective studies and secondary projects arising from the primary study. Informed consent
was also obtained from the surviving sister for the case report to publish histology and radiology, ship
serum and CSF to the University of Oxford, UK and for whole exome sequencing and whole genome
sequencing performed at University College London, UK. A material transfer agreement was signed
between UKZN and University of Oxford and UCL for the current and future studies.

To establish co-cultures consisting of neurons and Schwann cells (SCs), the study used SCs harvested
from rat embryos from pregnant females, which were sacrificed solely for the purpose of obtaining
tissue for research using a schedule 1 method of the UK Home Office Animals (Scientific Procedures)

Act of 1986.

Methods:

Detailed methods for the retrospective studies are described in the 6 articles.

Statistical Planning:
Data was entered in Microsoft Excel and analysed using Intercooled Stata Version 13. Descriptive
statistics such as frequencies, percentages, means, median, IQR and standard deviations were used to

summarise the results. The median and IQR of functional scores were also calculated and compared.
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Value of the Study
This study would help to improve our understanding of the above diseases in the context of HIV
immunology in terms of:

1. Clinical presentation and progression of disease,

2. Pathogenesis of the disease

3. Response to immunosuppressive therapy

4. Impact of ART and immune reconstitution on disease progression and outcome

5. Establishment of protocols for the safe use of immunosuppressant therapy in HIV-infected

patients.

Prospective studies:
The initial project was followed by a subsequent prospective study entitled:
a. Clinical relevance of nodal-paranodal antibodies in chronic HIV-infected immune mediated
radiculoneuropathies.

b. Case report of CCPD in siblings : Immune mediated or genetic.

The detailed study design is discussed in the relevant published manuscripts .
See figure 1.3.1: Algorithm for prospective manuscript

The main aim of this study was to :
1. Determine the prevalence of nodal-paranodal antibodies in the context of HIV immune
mediated radiculoneuropathies
2. Determine the IgG subtypes in the context of HIV infection
3. To explore the potential relevance of these antibodies in the context of HIV.
4. Pathogenicity was assessed via the following laboratory measures :

a. Binding of the relevant antibody to HPSC myelin co-cultures and subsequently
measuring or quantifying antibody mediated myelin damage microscopically.

b. Assessment of complement activation and complement mediated myelin damage by
adding normal human saline (source of complement) to myelin co-cultures with and
without antibodies and assessing for accelerated myelin damage compared to
controls.

5. Explore the immune pathogenesis and genetic basis of CCPD

All patients included in the study tested negative for ganglioside antibodies . Traditional myelin
antibodies example myelin basic protein and MP22 was found not to be pathogenic in peripheral

nerve demyelination in previous studies and hence not screened for in our study cohort.'®
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Figure 3.1: Algorithm for Prospective study
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Laboratory methods for the immune and genetic work

The immune and genetic tests used for experiments in the subsequent prospective work on HIV

immune mediated radiculoneuropathies and CCPD include

a. Live cell based assay which was restricted to 4 clinically well characterised nodal-
paranodal antibodies namely NF155, NF186, Contactinl, and Caspr
b. Myelinating co-cultures screens using human induced pluripotent stem-cells (hiPSC)

derived from sensory neurons and rat Schwann cells and complement activation tests.

c. ELISA for lactosylceremide antibodies in the siblings with CCPD

d. Immunoprecipitation tests using magnetic beading for novel antibody detection
e. Mass Spectrometry to identify the target/novel protein

f.  Whole Exome Sequencing and mitochondrial genetics

Due to a lack of a dedicated neuroscience facility in SA, the above immune and genetic work were

performed in the UK:

1. Live CBA, myelin co-culture screens, LacC ELISA and immunoprecitation experiments were
performed at the Nuffield Department of Clinical Neurosciences, John Radcliffe Hospital,
Oxford, UK. In September and October 2023, I spent some time at the above research and
clinical institute under the direct supervision of Associate Professor Simon Rinaldi. During
this time, I gained experience with clinical assessments of patients with inflammatory
neuropathies in particular autoimmune nodopathies. In addition, under the guidance of
Professor Simon Rinaldi I was able to observe, understand, interpret and analyse the immune
tests performed on our cohort of South African patients.

2. Mass spectrometry was performed at the Target Discovery Institute, Nuffield Department of
Medicine at Oxford, by Georgina Berridge.

3. Genetic testing which included WES and mitochondrial genetics was performed at the
Department of Neuromuscular disorders, University College London(UCL) , Queen Square,

London , UK, by Professor Henry Houlden and his team.

The ELISA for ganglioside antibodies were performed locally in South Africa. This panel includes
antibodies (IgG and/or IgM) to GM1,asialo-GM1,GM1b,GD1a,GD1a, GD2,GD3, GD1b, GT1a,
GTl1b, GQlb, SGPG, SGLPG and sulphatide.
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Antibody Detection:

Various laboratory tests are available for antibody detection. These include:
a. Enzyme-linked immunosorbent assay (ELISA)
b. Radioimmunoassay (RIA)
c. Live and fixed cell based assays (CBA)

o

HiPSC myelin co-culture screens (Novel antibodies)
e. Live and fixed tissue based assays (TBA)
i. Teased nerve fibres
f. Ultrasensitive assay technology
i. Chemiluminescence, electroluminescence, proximity extension

assay(immune-PCR))

Each test has its advantages, disadvantages and differing sensitivity and specificity. Improving
sensitivity and specificity of a test result may possibly be achieved by cross-validation with different
test methods, inter-laboratory validation and the combined testing of serum and CSF samples or
simply repeating the test. However, this may not apply in all cases example live CBA using CSF was
less sensitive for nodal/paranodal antibodies compared to serum and using multiple tests led to worse
sensitivity?®. In general test results should always be interpreted in context with the clinical
presentation. In case of an unexpected positive or negative result, re-testing of the sample or
performing confirmatory tests might be considered as there may be subjectivity interpreting
fluorescent microscopy and end point titres for tests such as live CBA and myelin co-cultures and
poor inter-laboratory and intra-laboratory agreement across certain laboratories, hence impacting on
interpretation of results (discussed in later chapters). ELISA has been used as the gold standard for the
measurement of fluid biomarkers and antibodies. However, a major limitation is it requires large
sample volumes (50-100 pL) per test and millions of analyte molecules to generate a detectable
signal, which limits assay sensitivity®’. The lowest limit of detection is seldom below
nanograms/millilitre (ng/ ml) range, and the multitude of proteins present in blood or cerebrospinal
fluid (CSF) at lower concentrations cannot be detected. Newer, ultrasensitive and multiplexing
technologies are now available to measure disease biomarkers and other molecules. These are based
on a similar mechanism underlying sandwich ELISA which is the formation of immune complexes of
antibodies binding to the analyte(s) of interest’’. However, sensitivity is significantly increased by
novel antigen capture and display methods as well as amplification, imaging, and statistical signal
handling methods. Examples include (single molecular array, chemiluminescence,
electroluminescence, proximity extension assay(immune-PCR))*’. Tests used in this study for
antibody detection include live CBA and hiPSC myelin co-cultures to establish pathogenicity and test

for novel antibodies.
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Methods for Live Cell Based Assay and myelin co-cultures: g

Courtesy of Nuffield Department of Clinical Neurosciences,

University of Oxford, United Kingdom

Fig 3.2 Fehmi J, et al. Pract Neurol 2021;21:284-291. doi:10.1 136/practneurol-2021-002960

(A) Hlustration shows how HEK cells are transfected with plasmid vectors encoding the desired
nodal/paranodal protein target, that is, NF155, or NF186 or CTN1/Caspr which is then expressed
within the cell membrane. Subsequent exposure to patient sera allows paranodal/nodal Abs (green), if
present, to bind to the target antigen. Concurrent exposure to a commercial Ab targeting the same
protein (red) can both be visualised independently using commercial fluorescence markers and should
co-localise if the patient is paranodal-nodal Ab positive (merge). (B) Fluorescence microscopy images
(%63 magnification) taken using either NF155 Ab+ or pan-NF Ab+ patient sera incubated with NF155
or NF186 transfected HEK cells. Human IgG (green) from both patients bind to NF155 transfected
cells and co-localises with the commercial NF Ab (red). However, only IgG from the patient with
pan-NF Abs also binds to NF186 transfected cells, emphasising the importance of testing for
reactivity to both antigens individually. DAPI (blue) identifies the cell nuclei. Abs, antibodies;
CNTNI, contactinl; HEK, human embryonic kidney; IgG, immunoglobulin G; NF, neurofascin.
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Live Nodal/Paranodal Cell-Based Assays

All sera were screened for IgG antibodies to neurofascin-155, neurofascin-186, contatctin-1 and
Casprl using a live, cell-based assay (CBA), following previously described methods with slight
modification *. In brief, HEK293T cells on poly-L-lysine coated 13mm coverslips at 80-90%
confluence was transiently mono-transfected with human neurofascin-155 or human neurofascin-186
mammalian-expression vectors, or co-transfected with both human contactinl and human Casprl at
equimolar concentrations, using Jet-PEI transfection reagent. After 16 h, the cells were washed and
replaced with Dulbecco’s Modified Eagle Medium (DMEM) containing 10% foetal bovine serum
(FBS). 24 hours later, sera and eluates were diluted 1:100 in DMEM + (Bovine serum albumin) BSA
(1%) and incubated with the cells for 1 h at room temperature. Co-incubation with commercial
chicken neurofascin primary antibody, was used to confirm successful transfection and to assess for
co-localisation with any bound human IgG. Following serum incubation, cells were washed 3 times
with DMEM + HEPES (20 mM) and fixed for 5 minutes in 4% PFA. Secondary antibody incubation
was with goat anti-human and goat-anti- chicken IgG. To determine antibody subclass unconjugated
mouse anti-human IgG subclass 1-4 antibodies was used at 1:100 followed by a fluorescently tagged
tertiary antibody (goat-anti-mouse IgG). Positivity was assessed by an observer blinded to the clinical
data using fluorescence microscopy. Considering the intensity of the membrane signal and co-
localisation of the human IgG signal with the commercial antibody, the assay was scored on a 5-point
scale as follows: 4+ very strong positive, 3+ strong positive, 2+ positive, 1+ negative (non-specific

background or faint/poorly co-localised human IgG signal only), 0 no human IgG binding seen.

Myelinating Co-Cultures (Human induced pluripotent stem-cell derived) using AD2 cell line

Human-induced pluripotent stem cell (hiPSC) differentiation, and plating of sensory neurons

Myelinating co-cultures were prepared using human induced pluripotent stem cells (hiPSC)-derived
sensory neurons and primary rat Schwann cells ?*” . HiPSCs from control subjects was obtained via
the StemBANCC consortium at the University of Oxford. In brief, hiPSCs are differentiated to
sensory neurons using a combination of small-molecule mediated dual-SMAD inhibition and wnt
activation. On day 11 of differentiation, sensory neuron precursors are seeded onto 13 mm diameter
glass coverslips (approximately 20,000 cells per coverslip) or 96-well flat, glass-bottom imaging
plates (Sensoplate Microplate, Greiner-Bio) (approximately 5000 neurons per well) previously coated
with poly-D-lysine (PDL) (10 pg/mL) overnight and reduced growth-factor matrigel (Corning).
Neurons were maintained in neurobasal media supplemented with N2, B27, Glutamax and anti-anti
plus recombinant human B-NGF, GDNF and BDNF (all growth factors 25 ng/ml), supplemented with
Rho-associated, coiled-coil containing protein kinase (ROCK) inhibitor on days 11-12, on days 11—
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14 and cytosine arabinoside on days 12—14. Neurons were incubated at 37 °C in 5% CO?2 for 4 weeks

with twice-weekly medium changes prior to addition of Schwann cells for myelination.

Schwann cell harvesting and myelination of sensory neurons with rat Schwann cells

Primary Schwann cells were isolated from the sciatic nerves of rat pups. Mother and pups were killed
by rising concentration of CO2 in accordance with Schedule 1 of the UK Home Office. Animals
(Scientific Procedures) Act 1986. Sciatic nerves were rapidly dissected and digested in a mixture of
collagenase (3mg/ml) (Worthington, Lorne Labs) and dispase II (3.5mg/mL) (Roche) for 1 h at 37 -C
with frequent gentle agitation. Nerves were washed in DMEM + FBS (10%) and gently triturated
using a fire-polished glass Pasteur pipette. Dissociated cells were seeded into tissue culture flasks
overnight and expanded in Schwann cell expansion medium containing charcoal-stripped FBS (10%)
(Sigma), Forskolin (4 uM), recombinant human NRG1-B1 EGF domain (80 ng/mL) (Cat. 396-HB,
R&D Systems) and recombinant murine NGF (10 ng/ml) (Cat. 450-34, Peprotech) in DMEM/F12
(Gibco). Cells were serially treated with 5-10 uM Ara-C to eliminate fibroblasts. Expanded Schwann
cells were added to the neuronal cultures (25,000 cells per coverslip or 5000 cell per 96-well) and
allowed to proliferate and align with the axons for 1 week in basal media containing: (CS-FBS)
(10%), insulin (5 mg/ml) (Sigma), holo-transferrin (100 mg/mL) (Sigma), thNGF (25 ng/mL)
(Peprotech) (Sigma), Selenium (25 ng/mL) (Sigma).

From this point on, cultures were maintained in ‘myelination medium’ containing: 5% CS-FBS,
ascorbic acid (25 pg/mL), phenol-free matrigel (1:300) (Corning) and hrNGF (25 ng/mL) in
‘complete’ neurobasal medium. Myelinating cultures were matured for at least 4 weeks before being

used in subsequent experiments.

Immunoassay for topographical human IgG binding

“Sera were assessed for topographical binding using mature myelinated co-cultures. These were
incubated with patient sera diluted at 1:100 in N2 ‘complete’ neurobasal media with 1% BSA and
human nerve growth factor (NGF) (25 ng/ml) for 1 h at 37°C. If NHS (Source of complement) was
added this was done for a further hour or 24 hours. Cultures were washed with PBS and fixed with 2%
PFA for 30 min at room temperature. After washing sequentially with PBS and DMEM (including 20
mM HEPES) cultures were incubated with goat anti-human IgG AF488 (1:750) (A11013,
ThermoFisher Scientific) in DMEM/HEPES/1% BSA for 1h at room temperature. Cultures were
washed sequentially with DMEM/HEPES and PBS and then permeabilised with ice cold methanol (30-
45 minutes on ice). Cultures were blocked with 5% normal goat serum (NGS) in PBS before incubation
with primary antibodies chicken anti-Neurofilament 200 (1:10,000) (4680; Abcam) and rat anti-myelin
basic protein (1:500) (Ab7349, Abcam) over night at 4°C. Secondary antibody incubation was with
biotinylated goat anti-chicken IgY (1:500) (BA9010, Vector Laboratories), goat anti-rat IgG Alexa
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Fluor 546 (1:1000, 1hr, RT) (A11081, Life Tech) followed by streptavidin pacific blue (1:500,45 mins,
RT) (S11222, Life Technologies). Coverslips were mounted onto glass slides with Vector shield
(H1000, Vector), and fluorescence images of IgG nodal labelling in myelinating cultures were acquired
on a laser scanning confocal microscope (LSM 700, Zeiss) using the x63 or x20 objectives. 10-15 z-
sections at 0.5 pm interval were exported as maximum projection images. Brightness and contrast were

adjusted for presentation.” (Fehmi et a 1., 2023)

Topographical binding of human IgG to myelin co-cultures:

Fig 3.3 : Myelin basic protein (MBP, red) indicates myelin, and neurofilament (NF200, blue)
indicates axons. Human IgG is green. Scale bar, 25um (A and B), Sum ( C)

The myelinating co-cultures used in the experiments contain “folds” of myelin across numerous
internodes, a basal lamina, and normal nodes of Ranvier with the expected molecular architecture.

This has been confirmed microscopically in previous studies®’.

Figure 3.3 (A) depicts the myelin sheath which is stained red with myelin basic protein and axons
stain blue with neurofilament 200 stain. Three pattens of binding are depicted in Figure 8.1.2. Human
IgG (green) from patients sera binds to myelinated co-cultures.

Note (A) is a negative control, (B), diffuse axonal pattern , (arrowheads, C) paranodal localisation and

(‘arrows, C) binding to myelin sheath .
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Lactosyl Ceremide (LacC) detected via ELISA:

Immunolon 2HB plates were used for LacC ELISA. Stock and working LacC solutions were
sonicated for 3 minutes before use. Working solutions for ELISA were made by further dilution of
stock glycolipids in methanol to 2pg/ml.

To create LacC complexes, 2 component LacC in a 1:1 ratio was mixed and sonicated for 3 minutes.
As a negative control, 100ul of methanol only was added to several wells per ELISA plate.

100pl of the LacC solution was added per well and allowed to air dry for overnight in the fume hood.
Plates were kept at 4 °C for at least 1h prior to further use.

Plates were blocked with 200pul/well of 2% BSA/PBS for 1h at 4°C.

Serum samples were diluted as required in 1% BSA/PBS. 100ul of the diluted solution was then
applied to each coated well of the ELISA plate. Incubation was for 2h at 4°C.

The primary solution was tipped and shaken off, and the plates plunged into cold PBS then emptied
five times.

Next, 100ul of the appropriate secondary antibody (HRP conjugated), diluted 1:3000 in 1% BSA, was
applied to the wells and incubated for 1h at 4°C.

The plates then underwent the same wash protocol as for the primary antibody.

Detection was performed with 50ul/well of o-Phenylenediamine dihydrochloride solution.
O-Phenylenediamine (dihydrochloride) is a chromogenic substrate that is suitable for use in ELISA
procedures that utilize horseradish peroxidase (HRP) conjugates. This substrate produces a soluble

end product that is orange-brown in colour and can be read spectrophotometrically at 450 nm)

The reaction was terminated with 25ul of 4M H2S04. Optical density at 492nm was detected by an

automated plate reader.
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Principles of immunoprecipitation using Magnetic Beads to identify neural antigen in myelin

co-culture of patient 1:

Immunoprecipitation (IP) is a widely used method in many different research fields, aimed at isolation
of the target antigen or its binding partner for downstream analysis. As protein—protein binding may
involve transient and weak interactions, it is critical to use a method that offers rapid binding kinetics
with minimal nonspecific binding. Dynabeads are magnetic beads which are nonporous, uniform,
super-paramagnetic, monodispersed polystyrene beads that are widely used for IP. The coating
provides a defined surface area for the adsorption or conjugation of various molecules, in particular
antibodies. Bead uniformity and shape provide consistent physical and chemical properties and are
instrumental in minimizing nonspecific binding (Figure 3.4). In addition, optimal binding kinetics and
high reproducibility allow for rapid and efficient binding to the target. Dynabeads help ensure high
antibody-binding capacity and accessibility, low nonspecific binding, and high yield. The chemical
properties of the beads also eliminate the pre-clearing step and reduce the consumption of antibodies,

making these magnetic beads ideal for IP.

Fig 3.4: Scanning electron micrograph of Dynabead: Non-porous, uniform nature of the beads enable
low non-specific binding, high reproducibility, low antibody consumption and fast binding kinetics.
Ault et al July 2010, Microscopy and Microanalysis 16(S2):630-631
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Step 1:
Preparation of Dynabeads: Covalent coupling of the candidate antibody to the magnetic bead

which is pre-coated with protein G:

Protein G is the preferred coating in this experiment as it has high affinity for human IgG1-1gG4
antibodies. CSF or serum is then incubated with the magnetic dynabead coated with Protein G
overnight. In the above case/s (Patient 1,30,49), patients CSF (patient 30) is preferred to serum, as it is
more likely to contain a higher proportion of disease specific antibodies compared to serum which
may have a multitude of non-specific antibodies especially in the HIV-infected population.
Furthermore, we have already demonstrated moderate to strong pathogenetic binding of these
antibodies in the CSF to myelin co-cultures. Additionally, western blot of patients CSF compared to
controls can be performed prior to IP to demonstrate a significant band in the CSF to potentially
confirm a dominant or high concentration of the candidate antibody in the CSF. However western blot
is not preferred as it will detect all IgG antibodies and not specifically those that are disease relevant.
Assumptions are as follows:
1. CSF contains a pathogenetic monoclonal Ab or a high concentration of the candidate antibody

(CSF OBs +, T2 pattern)
2. The antibody binds strongly to the neural antigen in the myelin co-culture. This has been

established in a previous experiment, figure 8.2.4.
3. The Ab has a high affinity to the Ag.
4. The Ab is likely IgG (IgG1-IgG4) and therefore beads are coated with Protein G, if [gM is the

predominant antibody use goat anti human IgM to coat beads.
5. The Ab is specific to the candidate Ag and will not bind to multiple neural Ag’s in the myelin co-

culture.
The candidate antibody may be cross linked to the bead; however, this is often not required for
magnetic beads as the antibody will bind irreversibly to the bead. This will facilitate easy separation
of the Ag-Ab complex.

Coupling Volume:
5mg beads=500pL coupling
For Scaling
Coupling (uL) =100 x beads (mg)
250 plL C2

+ 250 pL (C1 + Ab)
=500 pL coupling

Steps required:
Wash freeze-dried beads with a C1 buffer, vortex for a few seconds.

a
b. Add beads to patients CSF and incubate 3hours at 4 °C on a rotating mixer.

c. Wash again with C1 buffer to remove unbound antibodies.

&

Extract beads using a magnet and resuspend at 10mg/ml.
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Step 2:

Extract neural antigens from co-culture and suspend in a solution.

Serum and CSF will be added to hiPSC axonal cultures, and independent Schwann cell cultures

to confirm binding to non-myelinating Schwann cells versus axons.

A) M-PER mammalian protein/lipid/CHO extraction.

The complete cell lysis reagent contains a mild, nondenaturing detergent that dissolves cell
membranes to extract and solubilize total protein or lipid or CHO from most cellular compartments.
Extraction is accomplished in 5 minutes and requires little or no additional mechanical disruption.
M-PER reagent is formulated for minimal interference with downstream biological applications. The
reagent has been validated for use with several cell lines, including primary, suspension and
adherent cell types; the resulting cell lysates are compatible with many downstream assays including
immunoassays, enzyme assays and a variety of common reporter assays.
OR
B) Myelin Co-culture Lysate
Myelin co-culture tissue is homogenized in radioimmunoprecipitation lysis and extraction buffer .
Place plates on ice and leave for 15minutes. Detach cells by pipetting/scraping. Incubate for
30minutes at 4 °C with gentle mixing and inversion.
Once fully homogenised centrifuge at 14,000 g for 10minutes at 4°C. Only Ag-Ab fractions of the
supernatant will be collected, add a protease and phosphatase inhibitor (inhibits proteolysis

dephosphorylation and denaturation) and store at —80°C for Step 3.

Step 3:

Incubation of dynabeads with antigenic extracts from myelin co-culture

Add dynabeads containing primary antibody to the solution/lysate in Step 2 containing myelin antigen

and incubate up to 4hrs or overnight (under rotatory agitation).

This is followed by centrifugation of the tubes, remove the supernatant and wash the beads in lysis
buffer three times (each time centrifuging at 4°C and removing the supernatant), to remove unbound

protein

Using a magnet remove dynabeads containing candidate antibody bound to neural /myelin Ag of

interest.
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As antibodies are cross linked to beads, Ag can easily be separated from the Ab by washing them off
using a low pH, iso-osmolar buffer example 0.1M glycine at pH 2.5
Methods to separate beads from Ag-Ab complexes if Ab are not cross linked include:

1. Glycine Buffer

2. SDS buffer

3. Urea buffer

Step 4:
Identification of Candidate antigen:

Western Blot or Mass Spectroscopy of candidate Ag that has been removed from the beads can be
compared to control samples
Proteins are selected as candidate antigens when they fulfilled any of these criteria:

Protein score > 100

peptide sequence coverage >5% or two or more peptides identified with the absence of the

same criteria in the control sample

Step 5:
Confirmation that Ab/Ag detected is disease relevant via the following methods:

1. Generation of an Ag specific assay or pre-adsorption against a commercial antibody

2. Genetic strategy using siRNA

siRNA:

dsRNA EREEEEADBACEEARENENRNESEE.

Hairpin

siRNA
duplex

Formation of
RISC

SsiRNA-mRNA
complex

Sliced mRNA

GENE SILENCING

Fig 3.5 The mechanism by which natural siRNA causes gene silencing through repression of

translation occurs as follows:

90



Long dsRNA (which can come from hairpin, complementary RNAs, and RNA-dependent RNA
polymerases) is cleaved by an endo-ribonuclease called “Dicer” which cuts the long dsRNA to form
short interfering RNA or siRNA; this is what enables the molecules to form the RNA-Induced
Silencing Complex (RISC). Once siRNA enters the cell it gets incorporated into other proteins to
form the RISC. Once the siRNA is part of the RISC complex, the siRNA is unwound to form single
stranded siRNA. The strand that is thermodynamically less stable due to its base pairing at the 5’end
is chosen to remain part of the RISC-complex. The single stranded siRNA which is part of the RISC
complex now can scan and find a complementary mRNA. Once the single stranded siRNA (part of the
RISC complex) binds to its target mRNA, it induces mRNA cleavage. The mRNA is now cut and
recognized as abnormal by the cell. This causes degradation of the mRNA and in turn no translation
of the mRNA into amino acids and then proteins. This results in silencing the gene that encodes for

that mRNA.
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I IMMUNO PRECIPITATION OF CANDIDATE ANTIGEN USING DYNABEADS

STEP 1: CSF is incubated with Protein G coated dynbeads to elute candidate antibody.

\ 8 Y.‘o
b 'y v =
£ . Vs
+ VY = v
% :
Dynabead is / a
coated with g
Protein G . > -
CSF (CIDP 33) containng highconcentrationof
mon oclenal candidate immuncglobulin and
lower concentrations of non-specific
Immunoglobulin is incubated with dynabeads
coated with protein G.
MAGNET

Candidate immunoglebulin binds in high
concentrations to dynabeads compared
tc other immunoglobulins and is cross
linked to the dynabead. The dynabead is
removed using a magnet.

1S “‘_ Dynabead containing candidate antibody
> - cross linked to the magnetic bead.

= Dynabead
v]“ ' = Candidate immunoglobulin {UNKNOWN)

"lf = Other nen- specific immunoglobulins
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EXTRACTION AND IMMUNOPRECIPITATION OF MYELIN ANTIGEN

Step 2: Extract myelin membrane protein from the co-culture and incubate in a solution with dynabeads containing
candidate antibody.

Myelin membrane antigens are extracted from myelin
co-culture.

Myelin antigens bind to candidate antibody
cross-linked to dynabeads.

MAGNET

Dynabeads containing
candidate antibody is
added to the solution
and incubated
overnight.

Myelin antigens that bind to candidate
immunoglobulin is extracted from the solution

using a magnet.

Step 3: Separation of antigen from beads

Dynabeads containing :199 ‘ %8%0 +
@

candidate Ag bound D

n

to immunoglobulin. [N )
@ = Candidate myelin antigen Step 4: Gene Sequencing and Western Blot of candidate
antigen and step 5 confirmation tests.
L . = Other myelin antigens
4

‘OR

Transfer DRY beads to TDI promptly for mass
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Alternate Method used in patient 1:

Bind the serum IgG to live culture cells, then lyse the myelin co-culture with bound Ag-Ab neural
complexes, incubate with dynabeads , and use a magnet to pull down whole complexes. This may

limit IgG binding to intracellular targets.

Culture preparation

Sensory neurons differentiated from IPSCs seeded onto matrigel coated 10cm dishes.
4 dishes created from 1/6 well differentiation.

After 2 weeks, seeded with rat derived primary Schwann cells.

1 week in Schwann cell basal medium

6-8 weeks in myelination medium

1P

Wash cells with PBS x 3 (pre-warmed)

Incubate with patient sera containing candidate antibody (1:100)
Dilute in 4-8ml N2 media + 1% BSA + NGF (1:4000)

Incubate at 37°C for 60mins

Remove (and reserve as control) supernatant

Wash cells — 3x PBS (at 4°C)

Lysate

Lyse by adding 495ul of cold lysis buffer (RIPA) + PIC (5ul)

Put plates on ice, leave 15 minutes

Detach cells by pipetting / scraping

Incubate 30mins at 4°C with gentle mixing / inversion

Ensure fully homogenised by repeat pipetting

Centrifuge Smins 10k, Keep supernatant (Ag+Ab bound fraction) and discard pellet (should not
contain Ab)

Volume at this stage = 500 (+500) = 500-1000ul
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Magnetic beading

Prepare dynabeads by rolling — 10 minutes — and washing x3 in PBS using magnetic rack.
(Protein G for IgG, Protein A for IgM)

Add lysates to beads (volume — try 50ul with 500ul lysate) and incubate 3hr at 4°C on a rotating
mixer.

Wash x3 200 ul RIPA PBS using magnetic rack.
Re-suspend in 100 pl RIPA and transfer supernatant to fresh tube.
Remove dry magnetic beads containing the Ag-Ab complexes.

Elution:

Step 1

Use 40ul 0.1M Glycine (pH 2.6) for elution.

Incubate with rotation for 2 minutes RT. Remove beads with magnet and transfer eluate to fresh tube.

Repeat and collect 4 fractions .

Step 2.
Add 40uL pre-heated glyto 90°C 1% LSB.

Gently pipette to re-suspend the magnetic bead-Ab-Ag complex.

Heat for 10 min at 85°C. (To detach the Ag-Ab complexes from the beads)

Place the tube on the magnet and transfer the supernatant/elute to fresh tube

This will enable one to transfer Ag-Ab complexes detached from the beads to the Target Discovery
Institute for mass spectrometry, beads remain behind attached to magnet. Transfer DRY beads to TDI

promptly for mass spectroscopy
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Principles of Mass Spectrometry

Mass spectrometry is an analytical technique that can provide both qualitative (structure) and
quantitative (molecular mass or concentration) information on analyte molecules after their
conversion to ions. The molecules of interest are first introduced into the ionisation source of the mass

spectrometer, where they are ionised to acquire positive or negative charges.

Principles of Mass Spectrometry:

DETECTOR

Y

HEATER TO VAPOURISE
SAMPLE

CHARGED PARTICLE BEAM ELECTRON BEAM

IONISES SAMPLE

HEAVIEST

g s B
MAGNETIC FIELD SEPARATES b | N\
PARTICLES BASED ON

MASS/CHARGE RATIO ELECTRON SOURCE

INJECT SAMPLE

PARTICLES ACCELERATED

MAGNET INTO MAGNETIC FIELD

Figure 3.6: Mass Spectrometer adapted from webpage https ://byjus.com/chemistry/mass-spectrometry

This ionized beam is then passed through a series of electric or magnetic fields depending on the type
of the sample and its properties. These charged and deflected ions are incident onto a detector which
is capable of distinguishing the charged particles falling onto it. Based on the mass spectrum produced
by the charged ions, one can identify the atoms and molecules constituting the sample by comparing
them with known masses or through a characteristic fragmentation pattern. The computer displays the
signals graphically as a mass spectrum showing the relative abundance of the signals according to

their m/z ratio as depicted in the mass spectrograph below.
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Figure 3.7: Example of a mass spectrograph
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4 main parts of a mass spectrometer

1. Ionizer — The bombarding of the sample is done by the electrons. These electrons move between
cathode and anode. When the sample passes through the electron stream between the cathode and

anode, electrons with high energy displace electrons out of the sample and form ions.
Types of Ionization

These include gas phase methods (electron ionization (EI), chemical ionization (CI), direct
analysis in real time (DART) and inductively coupled plasma (ICP)), desorption methods (matrix
assisted laser desorption ionization (MALDI), fast atom bombardment (FAB), thermal ionization
sources, plasma ionization sources and liquid metal ion sources (LMIS)) and spray methods
(electrospray ionization (ESI) and desorption electrospray ionization (DESI)). MALDI and

electrospray are the 2 soft ionization techniques is often used for peptides, proteins, and DNA

2. Accelerator — The ions placed between a set of charged parallel plates are attracted to one plate
and repel from the other plate. The acceleration speed can be controlled by adjusting the charge

on the plates.

3. Deflector — Magnetic field deflects ions based on its charge and mass. If an ion is heavy or has
two or more positive charges, then it is least deflected. If an ion is light or has one positive charge,

then it is deflected the most.

4. Detector — The ions with correct charge and mass move to the detector. The ratio of mass to

charge is analysed through the ion that hits the detector.

Types of Mass Spectrometers:

1. Quadrupole Mass Spectrometer
Is a stalwart in the field. Ideal for routine high throughput applications. Its name derives from its 4
parallel rods, which, when oscillated at varying voltages, filter ions based on their specific mass-
to-charge ratios. This technique advantageously combines the two different mass analysers. The
combination of rapid analysing speed, high compound fragmentation efficiency, and high mass

resolution capability has made it an important analytical technique.

2. Time-of-flight mass spectrometer : operates on a different principle. TOF in mass spectrometry is
a technique in which the full mass spectrum is acquired as snapshots instead of sequentially
stepping by the series of m/z values while it is acquiring the data. It separates ions based on their
'flight time' through a field-free region after being accelerated by an electric field of known

strength. The time it takes for an ion to reach the detector is dependent on its mass-to-charge ratio,
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allowing for high resolution and accuracy. These attributes make it a favoured choice in complex

applications like proteomics or metabolomics.

TIMS: capture ions within a confined space using electric or magnetic fields. By adjusting the
voltage at a specific rate, ions are ejected based on their mass-to-charge ratio, providing a mass
spectrum. What sets the ion trap apart is its ability to perform multiple rounds of fragmentation,
enabling a detailed examination of complex molecules. This high sensitivity and detailed output
make it an ideal choice for intricate tasks like peptide sequencing and structural elucidation of

organic compounds.

Liquid Chromatography/MS

Liquid chromatography (LC) coupled to tandem mass spectrometry, called LC-MS/MS
(sometimes abbreviated simply as LC-MS), is a powerful technique for the analysis of peptides
and proteins. This methodology combines efficient separations of biological materials and
sensitive identification of the individual components by mass spectrometry. Complicated mixtures
containing hundreds of proteins can be analysed directly even when concentration levels of
different proteins vary by orders of magnitude. LC-MS/MS can be used alone or in combination

with 1-D or 2-D electrophoresis, immunoprecipitation, or other protein purification techniques.

Identification of protein targets using Mass Spectrometry:
Any human protein can now be identified directly from genome databases based on minimal data

derived by mass spectrometry. As in genomics, increased automation of sample handling, analysis,

and the interpretation of results have generated an avalanche of qualitative and quantitative proteomic

data. Protein-protein interactions can be analysed directly by precipitation of a tagged bait followed

by mass spectrometric identification of its binding partners.
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Analysis of proteins and proteomes by Mass Spectrometry:
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Fig 3.8. Conventional MS-based proteomics experiments for peptide and protein identification. a) Overview of MS-based proteomics. A protein
mixture from a biological source is digested into peptides (usually by trypsin). The peptides are separated by one or more steps of high-performance
liquid chromatography (HPLC) column and are ionized by electrospray ionization (ESI) at the end of the column. The resulting peptides enter the
mass spectrometer and the peptides eluting at the time point are recorded in a mass spectrum (MS1). The peptides can also be ionized using matrix-
assisted laser desorption/ionization (MALDI), where the peptides are ionized out of a dry, crystalline matrix via laser pulses. b) Besides a mass list
of peptides in MS1 spectra, some prioritized peptides (precursor ions) are fragmented by energetic collision with gas, and the products are recorded
in the tandem or MS/MS spectrum. (This figure is the conceptual illustration for a single protein. All peptides from a protein mixture shown in a)

are analysed together in single MS run). ¢) Peptides are most commonly identified using a database search approach, where an experimental MS/MS

spectrum is compared with theoretical spectra predicted for peptides from a protein sequence database.
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Peptide sequencing by tandem mass spectroscopy

The sequence of peptides can be determined by interpreting the data resulting from fragmenting the
peptides in tandem mass spectrometers. In this technique, one peptide species out of a mixture is
selected in the first mass spectrometer and is then dissociated by collision with an inert gas, such as
argon or nitrogen. The resulting fragments are separated in the second part of the tandem mass
spectrometer, producing the tandem mass spectrum, or MS/MS spectrum. With newer instruments,
multiple collisions impart energy onto the molecule until it fragments. (This is low-energy
fragmentation, in which any single hit is not sufficient to break the peptide bonds. In high-energy
fragmentation, the molecules have higher velocity, and a single hit can break bonds)

Advanced TIMS-TOF MS technologies such as trapped ion mobility spectrometry (TIMS) and
parallel accumulation serial fragmentation (PASEF) have now allowed for rapid and efficient data
acquisition with higher sensitivity and increased coverage of the proteome.

Protein identification by database searching.

A key advance in biological mass spectrometry was the development of algorithms for the
identification of proteins by mass spectrometric data matched to a database, originally using a set of
peptide masses, and now increasingly using the fragmentation spectra of the individual peptides.
Obtaining the complete sequence of a peptide from the tandem mass spectrum was time consuming at
best and often impossible. With the availability of the complete sequence of an increasing number of
model species, the peptide sequencing problem, formerly a holy grail in biological mass spectrometry,
is reduced to a database correlation, enabling automation and the scaling up of proteomics

experiments.

Peptide Mass Fingerprinting

In this method, a “mass fingerprint” is obtained of a protein enzymatically degraded with a sequence-
specific protease such as trypsin. This set of masses, typically obtained by MALDI-TOF, is then
compared to the theoretically expected tryptic peptide masses for each entry in the database.

The proteins can be ranked according, to the number of peptides matches. More sophisticated scoring
algorithms take the mass accuracy, and the percentage of the protein sequence covered into account
and attempt to calculate a level of confidence for the match. Generally, peptide mass fingerprinting is

used for the rapid identification of a single protein component.
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Method for Whole exome sequencing:

(Courtesy of the Henry Houlden Laboratory , UCL, Queens Square , United Kingdom)

Genomic DNA was extracted from peripheral blood samples according to standard procedures of
phenol chloroform extraction. WES on each proband was performed as described elsewhere
(Mencacci et al., 2016) in Macrogen, Korea. Briefly, target enrichment was performed with 2 pg
genomic DNA using the SureSelectXT Human All Exon Kit version 6 (Agilent Technologies, Santa
Clara, CA, USA) to generate barcoded whole-exome sequencing libraries. Libraries were sequenced
on the HiSegX platform (Illumina, San Diego, CA, USA) with 50x coverage. Quality assessment of
the sequence reads was performed by generating QC statistics with FastQC

http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc

The bioinformatics filtering strategy included screening for exonic and donor/acceptor splicing
variants. In accordance with the pedigree and phenotype, priority was given to rare variants (<0.01%
in public databases, including 1,000 Genomes project, NHLBI Exome Variant Server, Complete
Genomics 69, and Exome Aggregation Consortium [ExAC v0.2]) that were fitting a recessive
(homozygous or compound heterozygous) or a de novo model and/or variants in genes previously

linked to central or peripheral demyelination. Mitochondrial genetics was also performed
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Chapter 4

Frontiers in Neurology

A comparative study of MG in a cohort of HIV-infected and HIV-uninfected patients

Kaminie Moodley!, FCN: Pierre LA Bill', FCN; Vinod Bhagu Patel!, PhD

Affiliation

1. Department of Neurology, University of KwaZulu-Natal, Durban, South Africa
Given the intriguing findings of the scoping review, and previous studies describing MuSK
antibodies in the African cohort of MG patients, we retrospectively reviewed MG in HIV-infected

patients'®

with view to detecting the proportion of patients who are AchR negative and prospectively
testing for other antibodies in HIV-infected MG patients. We speculated that these antibodies are
likely influenced by concomitant HIV infection or genetic factors.

Additionally the use of potent immunosuppressant therapy like cyclophosphamide, which is
frequently used in our centre for patients in crisis or refractory disease, is poorly described in HIV,
except for scant literature from haem-oncology units. Additional modalities of treatment such as
IVIG, PE, or B cell depleting therapy is also poorly described in HIV.

The article describes the clinical, electro-diagnostic, serology and treatment outcome differences in
these 2 cohorts of patients with the view of prospective studies. These studies will focus on MuSK,
agrin, LRP4 or novel antibodies and their IgG subclasses to determine whether there is an IgG1
predominance, as in other HIV related autoimmune diseases such as nodopathies discussed in chapter
7. MuSK antibodies are usually of the IgG4 subclass, therefore it is interesting to prospectively test

for antibody subclasses to determine if genetic factors or HIV alone influences IgG subclass switching

during sero-conversion.
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A comparison of clinical, electro-diagnostic, laboratory and treatment outcome

differences in a cohort of HIV-infected and HIV-uninfected patients with Myasthenia

Gravis

Kaminie Moodley!, FCN; Pierre LA Bill!, FCN; Vinod Bhagu Patel', PhD

Introduction and background

Myasthenia Gravis (MG) is an autoimmune disease of the neuromuscular junction, with a reported
global prevalence rates of 150-250 cases per million individuals and an estimated annual incidence of
8-10 cases per million person years *****°. This incidence, including South Africa, is similar
worldwide**,

In South Africa, there are eight million people living with human immunodeficiency virus (HIV)**'.
The coexistence of HIV infection with MG occurs uncommonly. The aetiological association between
MG and HIV is uncertain. HIV may induce MG, MG may occur coincidentally in an HIV-infected
patient or vice versa. However the management of MG in the setting HIV-infection is uncertain. Data
is limited to a small case series from South Africa and case reports® 24>4,

The use of immunosuppressant drugs including azathioprine and corticosteroids in HIV-infected
patients with other neuromuscular diseases has been previously described * . However the use of
rescue therapy, with intravenous immunoglobulin (IVIG), plasma exchange (PLEX) or pulse
IV(intravenous) cyclophosphamide for poorly controlled MG in the setting of HIV has been described

in 3 cases>*

. The use of these agents, especially IV cyclophosphamide, is of concern in patients who
are HIV-infected as they are at risk for opportunistic infections especially those with low CD4 counts.
In South Africa tuberculosis (TB) is endemic and the prevalence has doubled in the HIV era®". Other
opportunistic infections such as candidiasis, aspergillosis, herpes simplex, herpes zoster and
toxoplasmosis are additional infective risks.

We aimed to describe the clinical and demographic features of HIV-infected patients with MG, and
their response to immunosuppressant therapy in particular PE/IVIG and IV cyclophosphamide.
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Methods:

The study was a retrospective chart review of a cohort of patients with MG from the neuromuscular
clinic at Inkosi Albert Luthuli Central Hospital (IALCH) in Durban between 2003 and 2019. The
study was approved by the University of KwaZulu-Natal (UKZN) Biomedical Research Ethics
Committee (ethics number: BE 272/15). This unit provides service to approximately 11 million
people. An estimated 19% of the population is HIV positive in the 15-49 years age category and the
province of Kwa-Zulu Natal (KZN) has 40% of the HIV burden in SA **'.

Patients fulfilling the clinical criteria for MG (fatigable, fluctuating weakness) with one or more
positive confirmatory tests for MG were included in the study. Confirmatory tests included a positive
acetylcholine receptor antibody (AChR-AD) test, repetitive nerve stimulation study (RNS) showing a
decrement of >10% and positive ice pack, neostigmine or edrophonium tests.

Patients were excluded if they did not meet the clinical criteria for MG, or the HIV status was
unknown. Data extracted included demographic features, duration, onset and course of the disease,
clinical presentation, antiretroviral therapy (ART) in the HIV-infected category. Response to therapy
(number of exacerbations and time to minimal manifestation status -MMS), functional recovery
scored as Manual Muscle Testing (MMT), MG quality of life (MG-QOL 15) scale, and MG activity
of daily living (ADL) was recorded pre-treatment and post treatment at 3 to 6 monthly intervals 23'2%3,
Adverse events to treatment including opportunistic infections were extracted. Electrophysiological
data (RNS), blood tests including AChR-Ab, CD4 counts and viral loads where available, CT chest
and histology of the thymus if available were included in the analysis. The tests for MuSK, agrin,

LRP4 antibodies are not routinely available in South Africa.

Our current management protocol for mild to moderate MG (including ocular MG), regardless of HIV
status is anticholinesterase inhibitors (pyridostigmine) combined with corticosteroids and/or
azathioprine as first line therapy. Other immunosuppressant therapy (including IVIG, rituximab, and
cyclophosphamide) are added if patients were refractory to or developed side effects to first line
therapy. Patients with myasthenic crisis received PLEX or IVIG. Cyclophosphamide was reserved for
patients in crisis, refractory to PLEX or IVIG. Four-6 doses of intravenous cyclophosphamide are
given at two weekly or monthly intervals at a dose of 500-1000 mg combined with 2-
mercaptoethane.Patients were adequately counselled regarding side effects of treatment and informed
consent was obtained. The dose and frequency was adjusted at the discretion of the clinician
depending on the clinical response and adverse events such as leukopenia, thrombocytopenia or
anaemia (neutrophil count of < 1000 cells/ul, lymphocyte count < 500 cells/pl, platelet count <
50cells/pl or haemoglobin <8g/dl respectively) or complicating infections. All patients were screened
for existing infection with a full blood count and differential white blood count, urine microscopy and

culture and chest X- ray. They were screened for hepatitis B and C prior to being prescribed
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methotrexate or rituximab. Maintenance therapy, if required, included pyridostigmine, corticosteroids,
used individually or in combination depending on individual patient requirements.

The cohort was divided into two categories of HIV-infected MG and HIV-uninfected MG. Within
each category patients were further classified according to severity at presentation (see consort

diagram). Data at 1 month, 6 months, 1 year, 3 year and 5 year time points were reviewed.

Consort Diagram for MG
Total number of patients diagnosed with MG = 178
HIV-infected =24 HIV-uninfected =154
MGFAclass 1:  MGFA class 2and 3:  MGFA class: 4and 5 MGFAclass 1:  MGFAclass 2and3:  MGFA class: 4and 5
A ; 74 57 3

15

Rescue Therapy +/- IV

Pyridostigmine +/- oral
Cyclophosphamide

corticosteroids/AZA

Pyridostigmine +/- Rescue Therapy +/- IV
oral corticosteroids/AzA  Cyclophosphamide

The definitions as per Myasthenia Gravis Foundation of America (MGFA) post-interventional

classification '6% 234 253

used in this study are a) minimal manifestation status (MMS), b) exacerbation,
¢) crisis and d) refractory '*®. In this article combination rescue therapy refers to PE/IVIG with IV

cyclophosphamide.

Data Availability:

Anonymized data will be shared by request from any qualified investigator.
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Statistics:

Characteristics associated with HIV-infected and HIV-uninfected MG patients were compared using
Chi Square tests for categorical variables. Functional scores of ADL, QOL and MMT were initially
categorized as positive (> 0) and negative (0). Fisher’s exact test was used to compare HIV-infected
and HIV-uninfected patients at each time point. Overall functional scores were summarized by
medians (IQR) and Wilcoxon rank-sum test used for comparisons at each time point. Because of
small numbers geometric means were used for patients receiving combination therapy (PLEX/IVIG +
IVI Cyclophosphamide) and t-tests used for comparison. A random effects model including HIV
status and time point adjustments for repeated measures was then used to examine trends over time
between the two groups. A z-test was used to compare groups and time points. To compare the rate of
change, the model was run separately for each group and the beta coefficient for time compared. A
Kaplan-Meier (KM) curve was subsequently used to determine if time to remission differed between
groups. Follow-up time was used to censor patients not obtaining MMS and truncated at 60 months. A
log rank test was used to compare the MMS curves between groups. Chi-squared tests were used in
order to determine if confounders such as demographic factors and clinical characteristics (age, race,
gender, antibody status, thymic pathology) associated with HIV status influenced outcome. These
factors were examined in the group receiving cyclophosphamide and only race was found to be
significantly different. Medians of MGADL, MGQOL and MMT score were compared between HIV-
infected and HIV-uninfected patients receiving IV Cyclophosphamide at diagnosis, 3 years and 5
years using Wilcoxon rank-sum test. Since all HIV-infected patients receiving cyclophosphamide
were black African, the analysis was repeated for black patients only. Stata/IC V1.5 was used for

statistical analysis.

Results:

One hundred and seventy eight (178) patients fulfilled the clinical criteria for MG of which 116 (65%)
were females. The demographic characteristics of the cohort, including gender, age, and ethnic
distribution are detailed in Table 4.1. Twenty-four (13.4%) were HIV-infected. Notable findings in the
HIV infected myasthenia gravis group of patients was a younger median age, and a predominance of
black females. HIV infection preceded the development of myasthenia gravis in the majority of HIV
infected patients. One patient (4%) became HIV-infected several months after MG was diagnosed.
Viral loads and CD4 counts are listed in table 4.1. Thirteen (54.2%) of the HIV-infected cohort were
on efavirenz, tenofovir, emtricitabine before the diagnosis of MG. Six patients on ART had
undetectable viral loads. Ten (41.8%) patients were diagnosed with HIV-infection at the time of MG
and were later commenced on ART. Six (60%) patients received ART while in ICU and 4 (40%) a

month after discharge.
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Sixty two (40%) HIV-uninfected patients had T2 Diabetes Mellitus (T2 DM) and 10 had other
autoimmune disorders whereas only one HIV-infected patient had Lambert-Eaton myasthenic
syndrome (LEMS). The diagnosis of combined LEMS and MG was based on clinical findings,
positive high frequency repetitive stimulation studies and positive AChR-ADb and voltage gated

calcium channel antibody **°.

Table 4.1: Demographic characteristics of HIV-infected and HIV-uninfected patients with MG

HIV-infected | HIV- P value
(n=24) uninfected
(n=154)
| Age (median, IQR)) 34(27.5-41) 47.11 (32-65) | 0.001

Female 19(79.2) 97(63) 0.12
Race (%) <0.001
Black 23(95.8) 67(43.5)
Indian 1(4.2) 65 (42.2)
White 0 (0) 20 (13)
Mixed Ancestry 0(0) 2(1.3)
Autoimmune disease <0.001
Diabetes Mellitus 62 (40)
RA 2 (1.3)
LEMS 1(4) 0 (0)
Dermatomyositis 2(1.3)
Hashimoto’s thyroiditis 6(3.9)
Time of diagnosis of MG in relation to
HIV infection (%)
After HIV 13 (54.2)
At the same time as HIV 10 (41.6)
Before HIV 1(4.2)
CD4 count at diagnosis (cells/pl) 390 (186-461)
(median, IQR)
Viral Load at diagnosis (copies/ml ) 17222
(median, IQR) (9154-98100))

LEMS=Lambert Eaton Myasthenic Syndrome, RA=Rheumatoid arthritis, HTV=human
immunodeficiency syndrome, MG=myasthenia gravis

Clinical findings at diagnosis are listed in Table 9.2. Bulbar, respiratory, and limb muscle weakness
was more prevalent HIV-infected MG group. Signs of ocular muscle weakness were more common in
the HIV-uninfected MG cohort. The HIV- infected MG cohort were more severely affected, with
12/24 patients (50%) requiring ventilation at presentation and exacerbations, including MG crisis

WEIe COommoner.
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Table 4.2: Clinical Profile of HIV-infected and HIV-uninfected patients with MG

HIV- HIV- P Value
infected uninfected
(n=24) (154)
Clinical Presentation <(0.001
Ocular muscle weakness 20 (83.3) 118 (76.6) 0.306
Bulbar muscle weakness 12 (50) 48 (31.1) <0.001
Respiratory muscle weakness 14 (60.9) 26(16.9) <0.001
Skeletal muscle weakness 21 (87.5) 80 (51%) <0.001
MGFA Grade at presentation
(%)
1 4(16.7) 74(48.1) 0.001
2a/2b 3(12.5) 35(22.7)
3a/3b 2(8.2) 22(14.2)
4b 3(12.5) 9 (5.8)
5 12 (50) 14 (9.1) <0.001
Number of exacerbations 0.02
during follow up
<5 6 (25) 85 (55.6)
5-10 10 (41.7) 65 (42.2)
>10 8(33.3) 4(16.2)
> 1 crises 6 (25) 7 (4.5)

MG=Myasthenia Gravis, MGFA=Myasthenia Gravis foundation of America

Investigations, treatment and outcome are listed in table 6.3. Fifteen (62%) of the HIV-infected cohort
were AChR-AD positive compared to 124 (80.5%) of the HIV-uninfected cohort, p = 0.047. There
were no significant differences between the two cohorts with respect to the radiological and
histological findings of the thymus.

In the HIV-infected MG cohort on PE/IVIG and IV cyclophosphamide, the median CD4 count at
diagnosis was 110 cells/ul (IQR 96-193cells/ ul) and 88 cells/ul (IQR 68-108 cells/ ul) 2 weeks after
cyclophosphamide. The median viral load at diagnosis was 47481 copies/ml (IQR 45545-119292

copies/ml). HIV viral loads were not repeated after cyclophosphamide unless indicated.

With regard to treatment, 13/24 (54%) of the HIV-infected MG group required rescue therapy using
either PE or IVG combined with pulse IV cyclophosphamide compared to 17/154 (11%) in the HIV-
uninfected cohort. Maintenance therapy was not significantly different between the two groups.

At 5 years, after correcting for baseline severity of disease. 8 (33%) of the HIV-infected group
remained refractory to treatment and 16 (64 %) obtained MMS compared to 10 (6.5%) and 144 (93

%) in the HIV-uninfected cohort respectively
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Table 4.3: Investigations, treatment and clinical status at follow up in the HIV-infected and HIV-
uninfected cohort

HIV-infected | HIV-uninfected P Value
(24) (154)
Investigations
Positive AChR Ab Test (%) 15(62) 124 (80.5) 0.047
Positive Ice Pack Test (%) 18 (75) 136 (87) 0.11
Positive Edrophonium Test (%) 24(100) 115 (74.6) 0.12
Decremental response of >10% on 20 (83) 82 (52) 0.005
RNS Test (%)
CT Thymus 0.47
Normal 7 (29) 65 (42)
Hyperplasia 12 (50) 62 (40)
Mass Lesion 521) 27 (18)
Thymectomy 20 (83) 97 (63) 0.27
Histology
Thymic Hyperplasia 15 (75) 73 (75)
Thymoma 3 (15) 23 (23)
Thymolipoma 1(5) 1(1)
Thymic Carcinoma 1(5) 0 (0)
Treatment
Rescue /Induction Therapy
IVIG only 1(4.2) 2(1.2)
PE only 1(4.2) 32
PE or IVIG + IV Cyclophosphamide 13 (54) 17 (11) 0.001
IV Neostigmine 13 (54) 21 (14)
Maintenance Therapy
AZA/Oral Pyridostigmine and 20 (84) 118 (77)
prednisone
Rituximab 0(0) 1(0.6)
Oral Pyridostigmine only 4 (16) 36 (24)
Side effects of Immunosuppressive
Therapy
Opportunistic infections 0(0) 0(0)
Haemorrhagic Cystitis 0 (0) 2(11.7)
Clinical status at 5 years follow up
Minimal manifestation status (0-3) 16 (64) 144 (93) <0.001
Refractory Disease 8 (33) 10 (6.5) <0.001

AChR Ab =Acetylcholine receptor antibodies, RNS=Repetitive nerve stimulation, IVIG=intravenous
immunoglobulin, PE=plasma exchange. IVI=intravenous, AZA=Azathioprine

113



Figure 4.1: Functional scores and time to minimal manifestation status for the HIV-infected and HIV-
uninfected cohort

Fig 4.1A:
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Figure 4.1 shows functional scores and time to MMS over 60 months in the entire HIV-infected and
HIV-uninfected cohort. The median MGADL, MMT, MGQOL (Figure 4.1A) functional scores are
significantly higher in the HIV-infected cohort, p=<0.001 compared to the HIV-uninfected cohort.
The above scores decrease significantly over time with no statistical difference in the rate of decrease
between cohorts. Figure 4.1B shows the KM curve for the entire cohort. One hundred and sixty
(89.8%) of 178 patients obtained MMS over a median of 72 months (IQR 48-126 months). Within a
median time of 9 months (95% CI: 6 — 12 months), 144 of 155 (93.6%) HIV-uninfected patients
obtained remission, while 16/23 (64%) of the HIV-infected group obtained remission in a median
time of 12 months (95% CI 6-15 months). The probability of obtaining remission was significantly
greater in HI'V-uninfected cohort compared to HIV-infected cohort (OR 7.25; 95% CI: 2.5-21.0), p <
0.001. The Kaplan-Meier curves of time to remission differed significantly by HIV status, p = 0.0007,
(log rank test of equality of time to remission). This indicates that the time to obtaining remission was
significantly shorter for HIV-uninfected patients than HIV-infected patients.

Figure 4.2 shows the functional scores and time to MMS in the HIV-infected MG and the HIV-
uninfected MG receiving PLEX/IVIG and cyclophosphamide. The mean MMT, MG-QOL, MGADL
(Fig 4.2A) scores are significantly higher in HIV-infected MG compared to HIV-uninfected MG.
Over 5 years, the scores decrease significantly, the rate of decrease is significantly greater in the HIV-
uninfected MG compared to HIV-infected MG (p = 0.0014, 0.0018, 0.001 respectively). Figure 4.2B
reflects the KM curve for those who received IVIG or PLEX with cyclophosphamide. HI'V-uninfected
patients (median follow-up 72 months, IQR: 48-192 months) had a similar follow up time to HIV-
infected patients (median follow up 60 months, IQR 12-72months), p = 0.08. Of the 30 patients on the
above combination therapy, 13/17 (76.5%) in the HIV-uninfected category obtained MMS compared
to 5/13 (38.7%) in the HIV-infected category (OR 4.3, 95%; CI: 0.7-30.6) but this did not reach
statistical significance, p=0.13. The median time to MMS for the 13 HIV-uninfected patients was 15
months (IQR 12-36 months) and for the 5 HIV-infected patients was 24 months. This was not
statistically significant (p=0.68).
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Figure 4.2: Functional scores and Kaplan-Meier time to minimal manifestation status for the HIV-
infected (13 patients) and HIV-uninfected (17 patients) cohort receiving PLEX/IVIG and IVI
Cyclophosphamide

Fig 4.2A
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Confounding factors such as age, gender, thymic pathology and antibody status were similar in both
cohorts receiving IVI cyclophosphamide except for race. Since all HIV-infected patients receiving
cyclophosphamide were black African, the analysis was restricted to black patients only. However,
there were no significant differences in outcome in the black only groups.

No adverse events were documented in patients receiving combination rescue therapy (PLEX or IVIG
+ IVI cyclophosphamide) in particular there were no opportunistic infections in the HIV-infected

category. In the HIV-uninfected category 2 patients experienced haemorrhagic cystitis.

Discussion

In the above study, significant differences are that a) HIV-infected MG patients were more likely to
be young, black females. This is consistent as MG is commoner among young females and that HIV is
more prevalent among young black South African females, b) HIV-infected MG presented with more
severe generalised disease as evidenced by higher MGFA grades and functional scores (MMT,
MGQOL, MGADL) and were more likely to present with bulbar-respiratory failure requiring
ventilation. This category of patients were managed following the treatment protocol for HIV-
uninfected MG patients which includes, respiratory-bulbar support, rescue therapy using either IVIG
or PLEX and IV cyclophosphamide if required, followed by maintenance therapy. The use of a
neostigmine infusion in patients admitted to ICU or a high care setting was useful for symptomatic
control of the disease, c¢) the rate of functional improvement was significantly lower, time to MMS
was longer and response to therapy (number of exacerbation or crises) higher in the HIV-infected
cohort compared to the HIV-uninfected cohort. Time to MMS and side effect profile for the group on
combination rescue therapy (IVI cyclophosphamide/PLEX/IVIG) was not statistically different in
both categories. Patients with milder disease were managed with oral immunosuppressant therapy

(AZA and corticosteroids and pyridostigmine) with similar outcomes in both categories.

The safe use of IV cyclophosphamide is not well described in the setting of HIV-infected MG.
Clinical guidelines on safe and effective prescription of ARTs with concomitant cytotoxic
immunosuppressive agents is limited, except in the setting of AIDS-related B cell lymphoma "%
Bone marrow reserve, drug-drug interactions with ART, prophylaxis for mycobacterium, fungal and
viral infections and the use of granulocyte-colony stimulating factor when complicated by bone
marrow suppression are all considerations in the management of HIV-infected patients with MG.
Standard treatment protocols from haem-oncology centres treating AIDS related B cell-lymphoma
may lend guidance. This study suggests that using the protocol listed in the methods sections of the
article, regardless of the CD4 count or viral load may be safe, provided patients are carefully
monitored. None of the patients received prophylaxis for opportunistic infections or granulocyte

stimulating factor. As expected, CD4 counts decreased following cyclophosphamide administration

with no documented clinical infection. If severe neutropenia was observed, IV cyclophosphamide was
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withheld until the neutropenia recovered spontaneously. The use of prophylactic drugs for
opportunistic infections or granulocyte stimulating factor may be of value in this setting.
Various autoimmune diseases occur between acquisition of HIV infection and clinical AIDS. These
include systemic lupus erythematosus, rheumatoid arthritis, idiopathic thrombocytopenic purpura and
neurological conditions such as AIDP, CIDP and inflammatory myositis **°. The mechanism
resulting in autoimmune disease in HIV infected individuals are poorly understood, although B
lymphocyte dysfunction and molecular mimicry between HIV proteins and autoantigen may play a
role.
MG, including MuSK related MG, occurring during immune reconstitution has been reported*** 26"
261 Ten patients in our cohort who were commenced on ARTs after the diagnosis of MG showed
transient worsening of their MG in the initial stages of commencing ARVs. This is supported by
similar findings reported by Heckman et al**. This worsening may coincide with the first wave of
immune reconstitution. Several immune factors may act in synergy during immune restoration
resulting in exacerbations. Factors include pathogenic T cell response derived from the memory T cell
pool, a Thl-type CD4 and CD8 response, loss of function of T regulatory cells and overproduction of
IL21 and IL6.This may result in expansion of the autoreactive repertoire and immune aggression 2%*
263 Loss of central tolerance, which is pathognomonic of MG, may occur in HIV. Tropism of HIV to
the thymus and antigenic mimicry between normal thymic components and core p17 and p24 protein
of HIV have been described 2*. McCune reported that the receptors for HIV are present on 90% of all
thymocytes and intrathymic macrophages. Although theoretically thymic atrophy is expected in HIV,
75% of the HIV-infected cohort had thymic hyperplasia, 5% thymoma, thymolipoma and thymic
carcinoma. One may speculate that with HIV infection, chronic peripheral T cell lymphopenia
(median CD4 count 190) may result in thymic rebound and upregulation of thymopoeisis.
In the above cohort, the HIV-infected MG patients with severe bulbar-respiratory failure were more
likely to be AChR-Ab negative or have a very low titre of AChR-Ab. This may support an anti-MuSK
pathogenesis, or an unknown antibody compared to those with antibodies to AChR, agrin or LRP4 2%
267 There are 6 reported cases of HIV-associated MuSK antibody MG, documented in the scoping
review?? 261: 268270 'MyuSK Ab+ve MG in HIV-uninfected patients are treatment refractory with
severe bulbar respiratory failure and are usually of the IgG4 subtype *** %", The association between
MuSK and the low-density lipoprotein receptor-related protein 4 (LRP4) results in a tetrameric
complex on the postsynaptic membrane. This complex is phosphorylated by agrin and is essential for
ACHhR clustering 2’2, African patients with bulbo-respiratory dysfunction are likely to be MuSK
positive'®®. Whether this bulbo-respiratory phenotype is influenced by HIV or genetic factors alone is
unknown as the HIV-status was not reported in this study'®. As in nodopathies (Chapter 8), MuSK
antibodies in HIV are possibly IgG1 due to impaired class switching. However, this requires further

testing with prospective basic science studies and long term follow-up studies screening for the
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above antibodies namely agrin, LRP4 and MuSK and their IgG subclass to draw reliable conclusions
in HIV-infected patients at different stages of HIV*"'. Future testing for MuSK antibodies or

identifying a new antibody will be useful.

Specific antibody testing when using a broad immunosuppressant such as cyclophosphamide is
irrelevant until more specific therapies are available. Future studies, which include antibody panels
and targeted use of monoclonal antibodies like Rituximab in HIV will be useful. One HIV-uninfected
patient with refractory MG received Rituximab with good results. The use of Rituximab in HIV-
infected MG is limited to case reports ****"° The use of B-cell depleting agents, PLEX and other
immunosuppression in HIV MG is not well described. The use of Rituximab in HIV-infected MG is
limited to case reports. 2**?’° Kuntzer described successful use of Rituximab in a patient with immune
reconstitution bulbar onset MuSK MG?”°. Our study is the first to document the safe use of IV
cyclophosphamide in the setting of HIV-infected MG. Clinical guidelines on safe and effective
prescription of ARTs with concomitant cytotoxic immunosuppressive agents is limited, except in the
setting of AIDS-related B cell lymphoma 2°7- 2%

Limitations of the study is that it is a retrospective, hospital based study and therefore patients may
have been missed and results may not be generalizable to the community. One can only draw broad
general conclusions regarding the outcome and side effect profile in the 2 groups due to the
discrepancy in numbers which makes statistical comparison difficult. More symmetrical sample sizes
with randomised controlled studies are needed to measure reliable response to therapy and properly
assess the safety profile of IVI cyclophosphamide in HIV-infected patients with respect to infections
and bone marrow suppression. However, this is not possible due to the low frequency of myasthenia
gravis in the context of HIV. No infections were documented despite regular follow-up and screening.
This may reflect a type 2 statistical error as it is possible that patients with minor infections were not
reported or were managed elsewhere. No confounding factors were found to be significant between
the HIV-infected and HIV-uninfected groups except for race. Hence the analysis of outcome was
adjusted for race only and multivariate analysis was deemed unnecessary.

Conclusion

HIV-infected MG patients present with more severe bulbar-respiratory signs requiring supportive care
in ICU. This study suggests that immunosuppressive drugs, including IV cyclophosphamide, may be
safe and efficacious in HIV-infected MG. Prospective studies of MuSK or new antibodies, immune
function studies, and possibly thymic histology maybe valuable to explain the pathogenesis of MG in
HIV and perhaps segregate alternate therapeutic avenues. This will allow for the establishment of
treatment guidelines of MG in HIV.
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12.1 SUMMARY

Given the encouraging results of the previous publication, we undertook a retrospective study HIV-
associated MNS. To assess the above in a meaningful way we compared MND in HIV-uninfected
patients to HIV-infected patients who met the clinical and electrophysiological El-Escorial criteria for
MND. The viral theory of MND has been rejuvenated in the last 5 years. It is now recognised that
enteroviruses similar to polio viruses can persist and induce immune-mediated diseases which may
occur long after the viral infection has cleared. Human retro-viruses such as HIV and HTLV1 has
been implicated in a number of cases of MNS (see scoping review and background literature). Human
endogenous retroviruses (HERVs) are ancient microbial remnants that are integrated into our
chromosomes during repeated infections that occurred over several million years of our evolution.
They are usually said to be “harmless, junk DNA.” However in 2011, Avindra Nath et al reported that
HERV-K is highly concentrated in the brain tissue of patients who died of ALS '%2. Similarly Bowen
et al speculated that patients with a HIV-infected MNS may also have high levels of CSF HERV-K'?.
This led us to explore the concept of HIV-infected MNS and to speculate on a common viral
pathogenesis in both HIV-associated MNS and MND.

However, an immune mediated pathogenesis, as in PM LSP, which is also a pure motor syndrome
described in the subsequent chapter remains a possibility. This may be related to antibodies targeting
anterior horn cells in the spinal cord or robust CTL responses in advanced HIV. Therefore, a small
cohort of patients with HIV-infected MNS were also tested for nodal/paranodal and ganglioside
antibodies and their serum added to sensory neuron co-cultures to further explore potential immune
mediated causes. The results are included in the prospective studies in chapter 8. The findings of our

study and its limitations are outlined in the published manuscript
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Introduction and background:

Several human immunodeficiency virus (HIV) associated neuromuscular syndromes have been
described namely symmetrical polyneuropathies *, inflammatory demyelinating polyneuropathies **7,
inflammatory myopathies *’*, neuromuscular junction disorders such as myasthenia gravis *** and pure
motor syndromes such as motor neuron syndrome (MNS) and pure motor lumbo-sacral radiculopathy
(PMLR) &%,

In HIV-uninfected patients, motor neuron disease (MND) is a progressive neurodegenerative disease
with mortality exceeding 90% within 5 years *°. The clinical presentation of MND is diverse and
includes amyotrophic lateral sclerosis (ALS), primary lateral sclerosis (PLS), progressive bulbar palsy

(PBP) and progressive muscular atrophy (PMA)'*

. Various genetic mutations have been described in
sporadic and familial MND which include C9orf72, TARDBK, SOD1, TBK1, NEK1 "8 'MND
may be an oligogenic disease and in addition to “causative” genes various “other genes” have been
reported to modify the phenotype'*”- '**. Environmental factors such insecticides, mechanical trauma,
smoking, viruses and epigenetic factors may have a role in MND pathogenesis'*” **. Various viruses
including the human endogenous retrovirus type-K (HERV-K) and other retroviruses have been
implicated in MND!>* 135 137, 138, 160, 274,275,

MNS is an uncommon neurological complication of HIV-infection limited to few reported cases. '*
186.276. 277 HER V-K may have an important aetiological association in both HIV-infected MNS and
MND 134 135, 157-160. 186, 274278 Therefore combined genetic and epidemiological studies are required to
better understand the viral or immune basis of HIV-infected MNS. The combination of environmental
and epigenetic factors may be pivotal in the development of MND. In this article, we describe and
compare the outcomes of 35 HIV-infected patients with MNS and 101 HIV-uninfected patients with
MND.

Methods:

This study is a retrospective chart review, using ICD-10 codes for MND/S from 2003 to 2017. The
study was carried out at the Department of Neurology, Inkosi Albert Luthuli Central Hospital
(IALCH), Durban, South Africa.

Standard Protocol Approvals:

Ethical approval was obtained from the Biomedical Research Ethics Committee at the University of
KwaZulu-Natal (KZN), ethics number BE272/15. Although not required as the study was a
retrospective chart review, telephonic consent was obtained from patients who were alive and
contactable.

Inclusion criteria were patients with pure motor syndromes with known HIV status, who fulfilled
clinical and electrophysiological EL Escorial criteria for motor neuron disease and included those who
had a progressive pure LMN presentation not attributable to any other aetiologies and therefore most

likely represented PMA '*,
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Exclusion criteria were unknown HIV status, pure motor neuropathies attributable to other aetiologies
such as multifocal motor neuropathy with conduction blocks, spinal muscular atrophy, infective or
inflammatory conditions such as viral infections (HTLV1, HSV, CMV, enteroviruses, and echo
viruses), tuberculosis, syphilis, malignancies (myeloma), paraneoplastic radiculopathies, connective
tissue diseases and endocrine disorders such as insulinoma and hyperparathyroidism. Patients with
HIV-associated ventral root radiculopathies,(criteria for PM LSP discussed in chapter 5 and 7) were
excluded from the study. From our local experience and according to Benatar et al HIV associated PM
LSP may represent a distinct clinical entity °. These patients present with ventral root enhancement on
MRI and respond to corticosteroid therapy making MNS/MND less likely °

All patients (MND/S) were screened for the above diseases using blood tests (including ganglioside
antibodies, paraneoplastic antibodies, insulin levels, parathyroid hormone), CSF (CMV, HSV,
HTLV1, enteroviruses, echoviruses PCR, gene expert for TB, FTA) , genetic testing for spinal
muscular atrophy where clinically indicated, electrophysiological tests and appropriate radiological
investigations. The above blood, CSF, electrophysiological and radiological investigations are
standard of care routine investigations done on all patients with suspected MND/S and not done for
research purposes only. This is because our neurology unit has a high burden of HIV and CNS
tuberculosis and exclusion of mimics of MND is imperative especially infective/inflammatory
disorders.

All patients had electrophysiological tests done. This included nerve conduction studies of all four
limbs and EMGs of at least three of the following regions that is lumbo-sacral, thoracic, cervical and
bulbar. All HIV-infected patients had contrast administered during MRI spine and brain to exclude
infective/inflammatory lesions. HIV-uninfected patients had un-contrasted MRI imaging of the brain
and spine. Contrast was administered at the discretion of the radiologist if any suspicious lesion was
identified.

Information was extracted from patient records and longitudinal information was obtained by
contacting surviving patients or their relatives. Information extracted included demographic features,
onset, duration and progression of disease, medical co-morbidities clinical features regarding limb
weakness, fasciculations, bulbar symptoms, sensory symptoms, ALSFRS-R?” at diagnosis and 6
monthly intervals up to 18 months (or longer if available) , CD4 counts, viral load, CSF, blood results
, MRI and response to therapy, which included antiretroviral therapy (ART) or corticosteroids.
HIV-infected patients with MNS were compared to HIV-uninfected patients with MND for
differences in demographic data, onset and progression of disease, CSF findings, electrophysiological
and radiological findings and response to therapy (ART or corticosteroids).

The primary aim of the study was to determine if there is a difference in survival outcomes between
HIV-infected MNS patients and HIV-uninfected MND patients and to determine the effect of ART on
disease progression. This was done by assessing rate of disease progression at six-monthly intervals

up to 18 months using the ALSFRS-R scores and correlating these scores with CD4 counts and viral
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loads at 6 monthly intervals. Secondary aims included demographic, clinical, radiological and CSF
differences between the two categories.

Data Availability:

Anonymized data will be shared by request from any qualified investigator.

Statistical Analysis:

Data was entered in Microsoft Excel and analysed using Prism Software. Descriptive statistics such as
percentages, inter-quartile ranges (IQR), medians and p-values were used to summarise the results in
the HIV-infected and HIV-uninfected categories. A subgroup analysis was also performed among
black patients with MND and MNS. Tests used to calculate the above included: Fisher Exact Test for
categorical variables, Mann-Whitney U Test for continuous variables, Spearman Test for correlation
between CD4 counts, viral loads and functional scores. A p-value of < 0.05 was regarded as being
significant.

Indirect standardization was used to compare the study population to KwaZulu-Natal and adjust for
differing age distributions and race in the HIV-infected and HIV-uninfected population. The age and
race specific MND/S prevalence rates/100 000 were estimated from the mid-year population of
KwaZulu Natal 2017 ** 228! A standardized mortality ratio (SMR) was calculated from the sum of
expected number of deaths in each stratum using the total KZN population. The Kaplan-Meier curve

expressed survival in both categories up to 120 months.

Results:

Demographic features:

One hundred and fifty two patient charts were reviewed. Sixteen patients were excluded from the
study, 14 in the HIV-infected category and 2 in the HIV-uninfected category. In the HIV-infected
category, one patient had HTLV1 infection, two had genetically proven spinal muscular atrophy
(SMA) and 11 patients had steroid responsive ventral root radiculopathies. In the HIV-uninfected
category, one patient had genetically proven spinal muscular atrophy and one patient had multifocal

motor neuropathy with conduction block with positive GM1 antibodies. (figure 5.1).
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Figure 5.1. Consort Diagram describing data analysis

800 patient files were assessed

152 pure motor syndromes

103 HIV-uninfected 49 HIV-infected
pure motor syndromes pure metor syndromes
14 excluded
2 excluded {2 SMA, 1 HTIVI
(1SMA, 1 MMNCB) infection, 11 VRR)
101 HIV-uninfected 35 HIV-infected
MND MNS

HIV= Human Immunodeficiency Virus, SMA=Spinal Muscular atrophy, MMNCB=Multifocal motor neuropathy
with conduction blocks, HTLV1=Human T cell lymphocytic virus type 1, PM LSP=pure motor lumbar-sacral
polyradiculopathy, MND=Motor Neuron Disease, MNS=Motor Neuron Syndrome

category was 66 (IQR 57-74) and in the HIV-infected category 41 (IQR 33-45). Thirty three (94%) of
the HIV-infected patients were less than 50 years of age whereas 91 (91%) of the HIV-uninfected
patients were over 50 years at the time of presentation. Racial categories in the HIV-infected category
included 33 (94%) Black African, 1(3%) White and 1(3%) Indian, whereas in the HIV-uninfected
category 39 (39%) were Black Affrican, 21(21%) White and 41(41%) Indian. This equates to MND
race adjusted prevalence rates/100000 in KZN of 0.44 among Black Africans, 4.1 among Indians and
4.4 among Whites. The MNS race adjusted prevalence rates/100000 in KZN were 2.4, 10 and 40 for
Black Africans, Indians and Whites respectively”®® 8!, Age standardization in the MNS category
showed highest prevalence rates/100 000 between the age groups 40-44 years, 45-49years which was
2.8 and 3.77 respectively whereas in the MND category the age adjusted prevalence rates/100000
over the age of 65yrs ranged from 8-122%2%2_ Similar age categories were compared for the Black
African sub-analysis only. See table 5.3.Comparisons between the other 2 race groups were not done

as numbers were too small for any valuable comparison.

124



Clinical Presentation:

All patients in this study had sporadic MND. The median time from onset of motor symptoms to
presentation was 15 months in the MND group and five months in the MNS group. In 10 HIV-
infected patients, MNS was the presenting illness of HIV. Seventeen (49%) of the HIV-infected
category presented with a combination of quadriparesis and bulbar-respiratory symptoms compared to
18 (18%) of the HIV-uninfected category. This correlated to the lower median ALSFRS-R score
(median 28) in the HIV-infected category compared to HIV-uninfected category (median 44). Twenty
seven patients (78%) in the HIV-infected category presented with ALS, 8(22%) with progressive
bulbar palsy, and 0 (0%) with PLS or PMA. In the HIV-uninfected category 52 patients (52%)
presented with ALS, 36 (36%) with PBP, 23 (23%) with PMA. Nineteen (55%) of HIV-infected MNS
had symmetrical signs at onset, and 16 (16%) in the MND category

Electrophysiology:

The electrophysiological findings are summarised in table 5.2 (Online supplementary data). All
patients had preserved sensory nerve action potentials (SNAPS). Fifteen(15%) of HIV-uninfected
patients and eleven(32%) of HIV- infected patients had sural sensory amplitudes 50%-75% below the
lower limit of normal, adjusted for age normative values. Seventy five percent (76/101) of HIV-
uninfected patients and 100% (35/35) of HIV-infected patients had fasciculations on EMG. Thirty-
nine (89%) HIV-infected patients had thoracic para-spinal denervation and 29(82%) had tongue

fasciculations.
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Table 5.1: Significant demographic, clinical, electrophysiological and CSF differences between Black
African patients with MND and MNS (pV<0.05)

HIV-infected MNS HIV-uninfected MND
(N=33) (N=39)
N (%) N (%)
Age
Median (IQR) 41 (33-44) 63 (54-74)
<50 years 31 (84%) *1.66 6 (15%) * 0.36
50-64 years 2 (12%) *0.89 15 (38%) *1.94
65-90 years 0(0%) *0 18 (46%) *3.9
Sex
Male 18 (31) 21 (54)
Median time from onset of disease to
presentation (months)
Months (IQR) 5 (2-6) 22 (12-25)
Clinical Presentation at Diagnosis
Quadriparesis + Respiratory Bulbar 16 (67) 8 (33)
symptoms
ALS scores at presentation
Median (IQR) 26 (24-28) 43 (41-44)
Symmetry at onset 11 (33) 4(10)
Medical comorbidities
T2 Diabetes Mellitus 1(3) 7 (18%)
Hypertension 1(3) 5(13%)
Electrophysiology
Fasciculations 33 (100) 23 (58)
Thoracic Paraspinal denervation 30 (91) 20 (51)
Tongue fasciculations 27 (81) 10 (25)
CSF
Lymphocytes (cells/ul) 8 (4-12) 0 (0-0)
Polymorphocytes (cells/ul) 0(0-2) 0 (0-0)
Protein (g/dl) 0.78 (0.4-0.9) 0.38 (0.3-0.4)
Glucose (mmol/L) 3.9(3.4-42) 4.1 (3.7-4.8)
Time to death (months)
Median (IQR) 8 (6-11) 20 (22-28)
Alive at 10 years 16 (49) 0(0)
Cause of death
Related to MND/S 15 (45) 28(71)
Unrelated or unknown 2(6) 11(28)

*=Prevalence rates/100000 in KZN adjusted according to race and HIV status

Other categories with PV>0.05 not in the table include: Gender, Subtypes of MND and

Radiology
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Table 5.2: NCS and EMG findings in HIV-infected MINS and HIV-uninfected (For

supplementary file, online publication)

HIV-uninfected HIV-infected | P Value
n=101(%)
N=35(%)
Normal SNAPS in all 4 86 (85) 24 (68)
limbs
Reduced SNAPs in LL 15 (15) 11 (32)
Reduced CMAP 90 (89) 35(100)
(<50% expected value)
fasciculations 76 (75) 35 (100)
Thoracic paraspinal 64 (63) 31(89) <0.05
denervation
Tongue Fasciculations 51 (50) 29 (82) <0.001
Radiology:

Brain MRI imaging changes included Wallerian degeneration in 48% (48/101) of the HIV-uninfected
category and 57% (20/35) of the HIV-infected category. (Figure 5.2, image 1. table 5.1). None of the
MNS patients had root enhancement on MRI spine or signal change on MRI brain or spine to support

a vacuolar myelopathy or HIV associated dementia.
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Figure 5.2. Radiological Features of HIV-infected patients MND (image 1) (Supplementary
online publication)
Image 1: MRI (T2 Flair) of Wallerian degeneration (arrows) in HIV-infected patient with MIND

Image la: Axial Image 1b: Axial Image lc: Coronal

CSF:
CSF lymphocyte counts and protein levels were elevated in the HIV-infected category (P<0.001).
CSF was normal in the HIV-uninfected patients (Table 6.1).

Survival Outcome:

The Kaplan-Meier curve (Figure 5.3) demonstrates survival in both categories of patients where
longitudinal data was available. This included 65% (26/35) in the HIV-infected population and 85%
(86/101) in the HIV-uninfected population. Rapid mortality occurred in both groups within 12
months; 35% (8/26) in the HIV-infected category and 20% (12/86) in the HIV-uninfected category.
Thereafter the HIV-uninfected patients continue to die, with the majority of deaths occurring within 5
years and three patients with progressive muscle atrophy surviving beyond 10 years.

In the HIV-infected category, if patients survived beyond 12 months, the likelihood of long- term
survival is higher compared to the HIV-uninfected category. Seventeen of the ARV treated HIV-
infected MND patients survived more than 10 years. HIV-uninfected patients are more likely to die of
MND than the ARV treated HIV-infected patients (96% vs 39%, P<0.001, OR 37.5, 95% CI: 10.7-
131.5). However, there is also a shorter time to death in the HIV-infected category especially in the
first 12 months when ARV naive or immune reconstitution is still in process (median time 8 months:
IQR 8-10) compared to the HIV-uninfected category (median time 18 months; IQR 12-26). The
standardized mortality ratio was 0.54 (95% CI 0.43-0.65), which implies that mortality is 50% lower
in the HIV-infected category compared to the HIV-uninfected category which was statistically
significant.

The cause of death in 83% (15/18) of the HIV-infected category was due to MNS, 17% (3/18) were

unknown or unrelated. One HIV-infected patient died of an aspiration pneumonia despite immune
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reconstitution. In the HIV-uninfected category 81% (80/101) of deaths were due to MND and 19%
(21/101) were unrelated or unknown.

Kaplan-Meier survival estimates

1.00

0.50

0.25

0 50 100 150 200
Time in months

0.00

HIV -uninfected HIV-infected |

Figure 5. 3: Kaplan —Meier survival estimates in the HIV-infected and HIV-uninfected categories

over Time.

Relationship between CD4 count, viral load and functional scores

Figure 5.4 shows a relationship between CD4 counts, viral loads and ALSFRS-RS scores
respectively. This suggests that there may be a correlation between immune reconstitution and
functional recovery. This may imply a viral or immunological pathogenesis given the benefit of ART.
All HIV-infected patients were initially ARV naive and commenced on ARVs (regimen la:
Stavudine, lamivudine, efavirenz) after the diagnosis of MNS. This resulted in immune reconstitution
(rising CD4 counts and decreasing viral loads), which correlated with clinical recovery reflected by
increasing ALSFRS- RS in all except one HIV-infected patient. Five patients (14%) were treated with
IVI methylprednisone at a dose of 1g daily IVI with no clinical response.
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Figure 5.4: Relationship between Viral Loads, CD4 counts and ALS FRS-R Scores over time.

Significant demographic, clinical, electrophysiological and CSF differences between

Black African patients with MND and MNS.

Table 5.3 shows a subgroup analysis between Black African patients with MND and MNS.
Significant differences are that Black African patients with MNS are younger (median age of 41, IQR
33-44), present earlier (median 5 months, IQR,2-6), have more severe disease and lower ALSFRS
scores (median of 26,IQR 24-28) compared to Black African patients with MND who are older
(median age 63, IQR 54-74), present later (median of 22 months IQR 12-25),and have less severe
disease ( median ALSFRS Score 43 , IQR 41-44). MNS patients were more likely to present with
symmetrical signs and a combination of quadriparesis and respiratory-bulbar symptoms. A greater
number of Black African MNS patients had fasciculations, thoracic paraspinal denervation and tongue
fasciculations compared to Black African MND patients. The CSF also showed higher lymphocyte
and protein counts compared to the black MND subcategory. Sixteen Black African MNS patients
survived with ART and those who did die, died earlier in the disease if not timeously commenced on
ART. Even after indirect age standardization between HIV-infected and HIV-uninfected Black
African patients in KZN, MNS was still more prevalent among younger patients in the MNS category
(1.66/100000 in age category <50yrs) compared to the Black African MND subgroup where
prevalence/100000 was 3.9 in age category 65-90yrs. See comparisons for similar age categories in

table 5.4
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Table 5. 3: Significant (PV<0.05) demographic, clinical, electrophysiological and CSF differences between

Black African patients with MND and MNS

HIV-uninfected MND HIV-infected MNS (N=33)
(N=39)
N (%) N (%)
Age
Median (IQR) 63 (54-74) 41 (33-44)
< 50yrs 6 (15%) * 0.36 31 (84%) *1.66
50-64 years 15 (38%) ¥1.94 2 (12%) *0.89
65-90 years 18 (46%) *3.9 0 (0%) * 0
Median time from onset of disease to
presentation (months)
Months (IQR) 22 (12-25) 5(2-6)
Clinical Presentation at Diagnosis
Quadriparesis + Respiratory Bulbar 8 (33) 16 (67)
symptoms
ALSFRS scores at presentation
Median (IQR) 43 (41-44) 26 (24-28)
Symmetry at onset 4 (10) 11 (33)
Medical comorbidities
T2 Diabetes Mellitus 7 (18%) 1(3)
Hypertension 5(13%) 1(3)
Electrophysiology
fasciculations 23 (58) 33 (100)
Thoracic paraspinal denervation 20 (51) 30 (91)
Tongue fasciculations 10 (25) 27 (81)
CSF
Lymphocytes (cells/ul) 0 (0-0) 8 (4-12)
Polymorphs (cells/ul) 0 (0-0) 0 (0-2)
Protein (g/dl) 0.38 (0.3-0.4) 0.78 (0.4-0.9)
Glucose (mmol/L) 4.1 (3.7-4.8) 3.9(3.4-42)
Time to death (months)
Median (IQR) 20 (22-28) 8 (6-11)
Alive at 10 years 0(0) 16 (49)
Cause of death
Related to MND/S 28(71) 15 (45)
Unrelated or unknown 11(28) 2(6)
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*=Prevalence rates/100000 in KZN adjusted according to race and HIV status, Other
categories with PV>0.05 include: Sex, Subtypes of MND and Radiology

Discussion:

Despite HIV-infected MNS being regarded as a potentially reversible motor neuron syndrome of viral
or immune mediated origin, both MND and MNS meet the clinical and electrophysiological revised
EL-Escorial criteria for MND and were therefore compared in this study. Both MND and MNS may
both potentially have similar reversible aetiopathogeneses, with a possible response to ARTs in both
categories. However, no studies using ART in the HIV-uninfected category has been done to date, as
MND is considered purely neurodegenerative, even though viruses may play a potential role in the
multi-step pathogenesis of the disease. Important differences in the MNS group include the following:
majority were young Black African, greater severity of disease at presentation, recovery with ART,

and reactive CSF.

Younger age and racial predilection may represent an artefact of the study population as most HIV-
infected patients in South Africa are young Black African.*>**"**! Ninety four percent (33/39) of the
HIV-infected MNS and 39% (39/101), of the HIV-uninfected MND patients were Black African,
which equates to prevalence rates among HIV-infected and HIV-uninfected Black Africans in KZN of
2.4/100000 and 0.44/100000 respectively.** 2! Cosnett et al reported a prevalence rate of
0.88/100000 among Black African patients with MND (HIV status unknown) in 1989 in KZN. '** The
peak age of presentation was the 4™ decade compared to Indian and European patients who presented
two decades later. According to Cosnett, the earlier presentation among Black African patients, which
is consistent with the MNS cohort, may suggest a genomic difference between the race groups,
environmental factor exposure or reflect a referral bias when standardized for age and race. Cosnett et
al, reported high rates of poliovirus and HTLV1 and mechanical trauma among Black African patients

which maybe a contributing factor.

In the subgroup analysis of black patients only, MNS occurs in younger black patients, presents
earlier and with more aggressive disease (both clinically and electrophysiologically, table 4.3)
compared to black MND patients, thereby eliminating race as a confounder. This therefore suggests
that HIV infection maybe a key factor in the actiopathogenesis of MNS and not genomic differences

between race groups

Conclusions regarding racial differences in the other race groups would be unreliable given the small
number of Indian and European patients who were HIV-infected. However after age standardization
and adjustment for race the study shows that MND is still more prevalent in elderly Europeans
ranging from 8-12/100000 compared to prevalence rates of 3.9/100000 among black MND patients
between age groups 65-90 years. In the MNS category when adjusted for age, the disease is still more
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prevalent in the 3" and 4™ decade and equates to prevalence rates of 1.66/100000 in black patients
<50 years of age.

Comparisons with other studies from Sub-Saharan Africa was not possible as the results are highly
variable and reliability regarding the diagnosis is questionable. '*'. However the general consensus
was that African patients with MND present earlier than Europeans and progress more rapidly which
may be explained by concomitant viral infections or genetic factors. '*' The age adjusted prevalence
rates/100000 for MND and MNS in KZN was 3 and 1.64 respectively which is compatible with rates
in prospective studies in other parts of the world %** 2! Note that this differs from the age-adjusted
results as this prevalence refers to the entire cohort as opposed to the five-year age segments. The race
adjusted prevalence rates for the Black African patients with MND in KZN was lower (0.44/100000)
which is also consistent with the belief that MND is uncommon among Black African Africans®®.
However when adjusting for age the prevalence rates of MND among black Africans increases to
3.9/100000 in the age category 65-90yrs. The higher prevalence rates of 1.66/100000 among Black
Africans in the MNS group in age <50yrs compared to 0.36/100000 in the same age category in the
black African MND group, supports the hypothesis that HIV-infection is a confounder (table 4.3).

Greater disease severity at presentation is suggested by lower ALSFRS-RS, greater symmetry of signs
at presentation, and greater denervation on EMG, which included the thoracic paraspinal and the
tongue muscles. This “advanced stage of ALS” is consistent with the findings reported by Cosnett et
al among Black African patients who presented with advanced ALS rather than the benign variety.
Many patients in this cohort may have had co-existent HIV-infection or HERV-K infection.
Immunodeficiency, genetic factors and possibly higher CSF HERV-K viral loads may contribute to
faster progression of disease in the MNS category. One may also postulate that HIV promotes the
expression of HERV-K. There have been no studies to correlate CSF HERV-K viral load with clinical

manifestation.

Functional recovery corresponded with immune reconstitution after ART therapy in the MNS
category of patients. If patients survived more than 12 months after ART, they had reversal of disease
with time. Seventeen patients survived longer than 10 years after ART in the MNS category. Reasons
for longer survival comparing those that demised versus those that survived in the MNS category
include early presentation, less disability at presentation, early commencement of ART and quick
immune reconstitution. A multivariate analysis between the two categories was not attempted as the

numbers were too small to draw reliable conclusions.
The inflammatory CSF changes are compatible with changes that occur with HIV **. As in previous

studies, the HIV population had a significant lymphocytosis and raised CSF protein levels compared
with the HIV-uninfected MND group. This is probably due to HIV CSF viral replication or may
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represent replication of other retroviruses not routinely tested for example HERV-K. More studies are
therefore required to study CSF changes in the HIV-infected MNS patients compared with HIV-
infected without MNS.

Although HIV-infected MNS and MND are thought to be separate disease entities, MNS being
infective, inflammatory or autoimmune and MND neurodegenerative, both categories of patients have
similar clinical presentation and there is supporting evidence for a retrovirus contribution to disease in
both categories '>* 27278 285. 286 Therefore the MNS category of patients is an important model to
investigate the retroviral postulate in MND. Supporting literature by Westarp et al suggests that HIV-
uninfected patients with sporadic MND had high circulating immune complexes and antibodies
against the human spuma retrovirus compared to controls. These levels decreased after ART
supporting the contention that sporadic MND maybe retrovirus induced””>?’®. Previous studies have
identified reverse transcriptase in patients with HIV-uninfected MND at levels comparable to HIV-
infected patients further supporting the above contention'>> *7-2™ Post-mortem brain tissue from a
number of patients with ALS had significantly higher expression of HERV-K compared to controls
%6 i W et al also suggested that HERV- K is activated in a subpopulation of patients with sporadic
MND and that its envelope protein may contribute to neurodegeneration'**. The HERV-K virus was
present in cortical and spinal neurons of MND patients but not healthy controls'>* %>, Douville et al
reported high levels of HERV-K pol transcripts with a specific pattern of expression including intact
open reading frames which where highest in the cortical motor neurons and not detected in
Parkinson’s disease or accidental-death controls. The HERV-K expression strongly correlated with
TDP-43, a multifunctional protein known to be dysregulated in MND'®* '62, Transgenic mice
expressing the envelope protein developed progressive motor dysfunction accompanied by selective

loss of volume in the motor cortex ">+ 2%,

Similarly, Bowen et al described five HIV positive patients with MNS'®. Three of these had
detectable levels of plasma HERV-K, which became undetectable with ART therapy and
corresponded to clinical recovery. The remaining two patients showed slow progression of disease.
Alternatively, one may consider an immune pathogenesis for MNS because of T-regulatory cell
reduction, while ART results in restoration of T-regulatory cells inducing immune tolerance and
promoting recovery>®’. More recently HERV protein have become important targets for autoimmune
disease and malignancy due to complex interactions between HERV and the immune system?®®,
Larger prospective studies are required to better understand the role of HERV-K in MND or HIV
MNS and autoimmunity. The above viral hypothesis is consistent with the “multistep hypothesis” of
MND which states that genetic mutations alone cannot fully explain MND and that various
environmental factors are likely to trigger molecular steps '*'*®, The identification of reduced

number of steps in patients with genetic mutations compared to those without mutations strongly
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supports the idea that MND is a multistep process and the viral actiology may provide a clue for
uncovering the pathogenesis of MND'*. The value of ART in HIV-uninfected MND is uncertain.

However, a pilot trial of ART in early HIV-uninfected MND may prove illuminating.

Limitations of the study include comparison of two disease entities with similar clinical manifestation
but possibly different aetiopathogenesis. However, the possibility that MND may have a viral
contribution still exists. Other limitations include retrospective design, referral and race bias,

erroneous coding, exact aetiology of death not obtainable at follow up in some patients.

Conclusion:

This study suggests that HIV-infected patients with MNS are more functionally disabled at
presentation and die within the first year if untreated. ART therapy results in improved functional
recovery with possible reversal of the disease process, which supports a viral or immune
pathogenesis. Future prospective studies are required to evaluate the pathogenesis of HIV-associated
MNS. This may extend clues to the “multi-step” pathogenesis of MND. Lastly active support for

patients with MNS in the long term is warranted as survival and improvement is possible
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CHAPTER 6

Neuroimmunology and Neuroinflammation

A comparison of clinical, electro-diagnostic, laboratory and treatment outcome differences in a

cohort of HIV-infected and HIV-uninfected patients with Chronic Inflammatory Demyelinating

Polyneuropathy

K Moodley', FCN (South Africa), Bill PLA ', FCN VB Patel', PhD (South Africa)
'Department of Neurology, University of KwaZulu-Natal, Durban, South Africa

Among HIV-infected patients, distal sensory peripheral neuropathy is the most frequent and occurs in
the advanced stages of HIV. It accounts for 30% of symptomatic HIV associated peripheral
neuropathies and occurs in 50% of patients living with HIV**. The above may be due to HIV itself or
due to non-nucleoside reverse transcriptase inhibitors such as didanosine, zalcitabine, and stavudine in
15% to 30% of patients receiving each of these drugs®. Other less common peripheral nerve
presentations include diffuse infiltrative lymphocytosis, mononeuritis multiplex, vasculitis of the
peripheral nerve and inflammatory demyelinating polyneuropathy (AIDP and CIDP)*'. Among HIV-
uninfected patients at our clinic with chronic immune mediated neuropathies, CIDP accounts for
majority of patients with peripheral nerve dysfunction. In HIV-infected patients with CIDP, the
clinical presentation appeared benign and patients were CST responsive relative to those who were
HIV-uninfected. This prompted us to further evaluate and compare the clinical presentation,
laboratory findings, electrophysiology, response to therapy and to speculate about the pathogenesis of
CIDP in the HIV-infected cohort relative to the HIV-uninfected cohort and whether this cohort of
patients had humoral related disease or not. For the sake of brevity, and to avoid redundancy,
interesting aspects of the study, comparison with existing published data, and associated limitations

are outlined in the discussion section of the published manuscript.
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Introduction and background:

Chronic Inflammatory Demyelinating Polyneuropathy (CIDP) is an acquired demyelinating immune
mediated neuropathy. It is the most common treatable immune mediated chronic neuropathy
worldwide with a prevalence ranging from 1-9 cases per 100 000. % 777292293

CIDP is considered an autoimmune disorder in which an aberrant immune response is directed
towards components of the myelin sheath. However the exact immunopathogenesis of the disease
remains unknown. The response to immunosuppressive treatment is variable.*”** Presently there is no

biomarker to predict response to therapy.”’

CIDP is known to occur in the setting of HIV, as are other immune mediated neurological disorders
including a wide spectrum of neuropathies™: 2 1243 291.293.295.29 "1 HIV it is commoner than acute
inflammatory demyelinating polyneuropathy (AIDP). % * 227 2% Degpite the above, the clinical
presentation, primary treatment outcomes, electrophysiological and histological findings of CIDP in
the setting of HIV is limited to case series and case reports.”’**%° Treatment recommendations include
intravenous immunoglobulin (IVIG) or plasma exchange to limit the risk of infections with
corticosteroid use. % 277396397 Cost and co-existence of HIV associated renal disease (HIVAN)
limits IVIG use and plasma exchange when treating CIDP.**-*% Locally, we manage HIV-infected
CIDP patients with corticosteroid therapy unless contraindicated.

Our experience suggests that HIV-infected patients with CIDP have a benign course, with few or no
relapses and respond rapidly to corticosteroid monotherapy. This suggests that the immune
mechanisms in HIV-infected patients may aid recovery. The correlation between CD4 counts, viral
load, and recovery is unknown.

We compared CIDP in HIV-infected and HIV-uninfected patients and describe differences between

the two categories.

Methods:

The study was a retrospective chart review of a cohort of patients with idiopathic immune mediated CIDP
from the neuromuscular clinics at Inkosi Albert Luthuli Central Hospital (IALCH) in Durban and Greys
Hospital in Pietermaritzburg from 2003 to 2014. The two units are the only neuromuscular units in the
province and provide a neurological service to approximately 11 million people. South Africa has the
highest prevalence of HIV in the world, with an estimate of 6.3 million people living with HIV in 2014.
Kwa-Zulu Natal (KZN) comprises of 40% of the HIV burden in SA 3!° The study was approved by the
University of KZN Biomedical Research Ethics Committee (Ethics reference number: BE 272/15).

Patients fulfilling the clinical, electro-diagnostic and CSF criteria of the European Federation of
311,

Neurological Sciences/Peripheral nerve society (EFNS/PNS) for CIDP, were included in the study
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312 Ppatients were excluded if they did not meet the diagnostic criteria for CIDP, if their clinical
presentation was suggestive of AIDP, if secondary causes were identified or their HIV status was
unknown. Data extracted included age, sex, race, duration, onset and course of the disease, clinical
presentation, antiretroviral therapy (ART) in HIV-infected patients, response to therapy categorised as
time to respond, number of relapses and time to remission, degree of functional recovery scored as
Overall Disability Sum Score (ODSS) and the Inflammatory Neuropathy Cause and Treatment
(INCAT) scale prior to and after treatment at 3-6 monthly intervals up to 18 months follow up, side

effects to treatment, electrophysiological and CSF results, CD4 counts and viral loads®"3,

The cohort was divided into two categories; namely HIV- infected and HIV-uninfected. Within each
category patients were further classified as being corticosteroid responsive, IVIG responsive or
requiring combination therapy (Figure 6. 1). Definitions for the above terms including remission, lack
of efficacy as well as the management protocol followed by the neurology units at IALCH and Greys

Hospital are included in the web data.

Patients with idiopathic CIDP from 2003-2014 (86)

_| 2 were excluded due to
“| secondary cause

‘ Idiopathic CIDP (84) ’

l l

| HIV-infected (39) l I HIV-uninfected (45)

Initial Therapy ws
v Initial Therapy

Steroid monotherapy (36)

W
Steroid Monotherapy (27)

IVIG Monotherapy (3)

IVIG Monotherapy (8)

After 6 months After 6 months
v
: ] v
Combination ey
Therapy (5) Combination

Therapy (43)

Figure 6.1: CIDP Trial Profile
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Statistical Method:

Data was entered in Microsoft Excel and analysed using Prism Software. Descriptive Statistics such
as percentages, inter-quartile ranges (IQR), medians, P values were used to summarise the results in
the HIV-infected and HIV-uninfected categories. Tests used to calculate the above included Fisher
Exact Test for categorical variables, Mann Whitney U Test for continuous variables, Spearman Test
for correlation between CD4 counts, viral loads and functional scores. A p value of < 0.05 was

regarded as being significant.

Results:

Eighty six patients fulfilled the criteria for definite CIDP; two were excluded due to the presence of
an IgM paraprotein. There were 44 men and 40 females. The median age was 39.5 years, (IQR 27-
66). The ethnic distribution was 56 Black Africans (66.67%), 22 Indians (26%) and six Whites
(7.1%).

The associated aetiologies in table 6.1 show that 10 of the 84 (11.9%) patients had Type 2 Diabetes
Mellitus (T2 DM), two had pulmonary tuberculosis many months after the diagnosis of CIDP
probably due to long term immunosuppression from corticosteroid use and two were known to suffer
from epilepsy. In the remaining patients no secondary cause was identified. There was no difference
in the clinical characteristics between T2 DM patients and the HIV-uninfected patients without T2
DM (Table 6.6). These patients were included in the cohort.

Thirty nine of the 84 patients (46.5%) were HIV-infected and 45 were HIV-uninfected (53.5%). Of
the 39 HIV-infected patients, 38 were Black Africans (97.5%) and 1 was Indian (2.5%). Sixty one
percent were female. Median age was 37 years (IQR 30-42years). Compared to the HIV-uninfected
patients, the HIV- infected patients were younger and had a female preponderance with p values of
0.0033 and 0.028 respectively. The median CD4 count was 384 cells/mm? (IQR 126-423 cells/mm?®),
median viral load (VL) was 440 copies/ml, (IQR 0-34650 copies/ml). Twenty-three (59%) patients
were ART naive at the time of CIDP diagnosis and 16(41%) were on ARTs. Ten (62%) of the patients
who were on ARTs received treatment for a median duration of 6.5 weeks (IQR 4-8). Patient 16 had
treatment failure requiring second line therapy. Five patients (31%) received ARTs for more than five

years (table 6.3)

As shown in table 6.1, 87.2% of the HIV-infected and 46.7% of the HIV-uninfected patients presented
with a monophasic progressive course (p= <0.0001). Median duration of illness among the HIV-
infected and HIV-uninfected patients was 6.7 months (IQR 2-9 months) and 12.5 months (IQR 2-23
months) respectively (P =0.16). Relapses were 12.8% among HIV-infected patients compared to
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53.3% among HIV-uninfected patients (P=<0.0001). Four (10%) HIV-infected patients and nine
(20%) HIV-uninfected patients had an acute presentation (P=0.31). The majority of patients in both
categories (89.7% vs 80%) had a slowly progressive onset over several months (P =0.21). Clinical
signs were symmetrical in 74% and 60% of HIV-infected and HIV-uninfected patients respectively (p
=0.245). Forty two percent of HIV-uninfected patients and 17% of HIV- infected patients had distal
weakness (p =0.001). In both categories the majority of patients presented with a combined sensory
motor presentation (100% vs 93%). There was no difference in other clinical signs such as cranial
nerve involvement, truncal weakness, tremor, or thickened nerves. No patients presented with

respiratory, bulbar or autonomic signs or symptoms.

CSF analysis (table 6.1), revealed a difference in lymphocyte counts between the 2 categories, with a
median cell count of 5.75cells/ul, IQR (0-7.2cells/ul) among HIV-infected patients and a median cell
count of 0 cells/ul IQR (0-2cells/pl) among the HIV-uninfected patients (P =0.0002). Protein levels,
polymorph counts and glucose levels were not different. T2 DM was associated with raised protein
levels in 9/10 patients. Albumino-cytological dissociation was present in 60% of HIV-uninfected

patients and 25% of the HIV-infected patients
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Table 6. 1: Baseline Demographic features of the HIV-infected and HIV-uninfected

CIDP categories
Demographic Features HIV-infected (n=39) | HIV-uninfected (n=45) | P Value
Gender 0.028
Male 15 (38%) 29 (64%)
Female 24(61%) 16(36%)
Race
Black African 38(97%) 18 (40%) <0.0001
White 0 (0%) 6(13.3%) <0.0001
Indian 1(2.6%) 21(46%) <0.0001
Median Age (IQR) 37 (30-42) 53(29-66) 0.0033
Onset of Disease
Slow onset/Progressive 35(89.7%) 36(80%) 0.208
Acute 4 (10.3%) 9(19.5%) 0.301
Tempo of Disease
Slowly progressive 34(87.2%) 21(46.7%) <0.0001
Relapsing remitting 5(12.8%) 24(53.3%) <0.0001
Median duration of Disease
(months)/IQR 6.7 (IQR 2-9) 12.5 (IQR 2-23) <0.161
Distribution of weakness
Symmetrical 29(74.3%) 27 (60%) 0.245
Distal 7 (17%) 19 (42%) 0.001
Denervation on EMG
Proximal Muscles 4 (10%) 15 (33%) <0.0001
Distal Muscles 1(0.02%) 19 (42%) <0.0001
Clinical Presentation
Combined motor and sensory 39 (100%) 42 (93%) NS
Other illnesses
DM 2(5.1%) 8(17.7%) 0.097
Diagnosis
Clinical definite CIDP 39(100%) 45(100%)
First Line Therapy
Corticosteroid 36(92.3%) 35(77.7%) 0.168
IVIG 3(7.7%) 10(22.2%) 0.087
CSF (median)
Protein (mg/dl) 1.38 (0.88-2.2) 1.1(0.21-2.3) 0.45
Lymphocyte (cells/ul) 5.75(0-7.2) 0(0-2) 0.0002
Polymorphs (cells/ul.) 0.28 (0-3) 0.45(0-4) 0.81
Glucose (mmol/L) 3.4(2.3-5.1) 3.8(3.1-6.8) 0.98

IQR=Interquartile range, DM=Diabetes Mellitus, CIDP=Chronic inflammatory

demyelinating polyneuropathy, CSF=cerebrospinal fluid
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Treatment, treatment outcomes and side effects to therapy are described in table 6.2, figure 6.2A and
Figure 6.2B. Three HIV-infected patients (2 with T2 DM, 1 hypertensive) received IVIG as first line

therapy and responded within 3 months. There were no relapses or side effects.

Figure 6.2A and 6.2B: Response to first line therapy (corticosteroids or IVIG) in the HIV-infected and

HIV-uninfected categories

Fig 6.2A: Time to respond to first line
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Figure 6.2B: Time to Remission in the HIV-infected and HIV-uninfected categories

Eighty six percent of the HIV-infected patients were corticosteroid responsive. Fifty six percent
responded within the first three months, 30.7 % in 3-6 months and 12.8% in the 6-12 month period
(Figure 6.2B). All HIV-infected patients showed a corticosteroid response by 12 months. Seventy six
percent of the corticosteroid responsive HIV-infected patients were in remission within the first six
months (Fig 6.2B) and 24% were in remission by 12 months. Seventy-seven percent of the HIV-
infected patients were treatment free at remission, four patients were on less than Smg prednisone
/day and five patients were on azathioprine (AZA) and less than S5Smg prednisone/day. Eight of the
HIV-infected patients developed an increased BMI during corticosteroid therapy compared to

baseline. No other side effects were documented.

The functional assessment scores (INCAT and ODSS) scores improved significantly from high scores
at presentation (patients being quadriplegic) to being almost fully functional by 6-12 months and

normal by 18 months.

Ninety two percent of patients had no relapses in the 18 month follow up period. Only three patients

had less than five relapses during follow up (Table 6.2).

Twenty seven percent of the HIV-uninfected patients were corticosteroid responsive. Of the eight
patients with T2 DM on IVIG, only 25% responded within three months. Ninety five percent of the
HIV-uninfected patients required combination therapy (Table 6.2). Twenty-two percent of patients
responded to first line therapy by six months, 17.8% by 12 months, 28.9 % at 12-18 months and
33.3% showed no response by 18 months (Fig 6.2A).Twenty four percent went into remission by 6-12
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months, 20% by 12-18 months and 11% after 18 months. Forty four percent were not in remission by
18 months follow up (Fig 6.2B). Various combinations of therapy listed in table 6.2 were used to aid

remission in the above patients.

The HIV un-infected patients experienced more side effects to corticosteroids compared to the HIV-
infected patients (p <0.0001). This included an increased BMI, development of a metabolic syndrome,
osteoporosis, avascular necrosis of the hip, skin changes, infection (Pulmonary Tuberculosis) and
gastrointestinal disturbances. Two patients had side effects to IVIG; one patient with T2 DM
developed renal failure and another had a transfusion reaction (table 6.2). Treatment had to be
discontinued. Despite therapy the functional assessment scores in the above category showed minimal

improvement after 18 months.

Among the HIV- infected patients, improving CD4 counts and decreasing HIV viral loads at 18
months did not correlate with functional recovery. Electrophysiological studies showed no significant
difference between, distal motor latencies, conduction velocities, conduction blocks, temporal
dispersion and F-waves between the two categories (Table 6.4). However, there was a significant
difference in the degree and distribution of denervation on EMG in the two categories. Only 12.8% of
HIV-infected patients showed denervation in mainly proximal muscles whereas 75% of HIV-

uninfected patients showed denervation in mainly distal muscles (table 6.1).
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Table 6.2: Response to therapy, relapses, treatment at remission and side effects to therapy in the

HIV-infected and HIV-uninfected category

Response to therapy inlgc‘:; d unil-lg':’c-te d P Value
10/37
Corticosteroid Responsive 31/36 (86%) (27%) <0.0001
8/45
IVIG Responsive 3/3 (100%) (17.7%) 0.2
43/45
Combination therapy after 6 months 5/39(12.8%) | (95.5%) <0.0001
Number of Relapses in 18 months
0 relapses 36(92.3%) | 22(48.9%) | <0.0001
< 5 relapses 3(7.7%) 9(20%)
> 5 relapses 0 14(31%)
Treatment at Remission
No treatment 30 (76.9%) 0.00 <0.0001
< 5mg corticosteroids only 4 (10.25%) 0.00
Corticosteroids + Corticosteroid sparing agent 5(12.8%) 24(53.3%)
Corticosteroid sparing agent only 0 2(4.4%)
3 monthly IVIG 0 4(8.8%)
Combination of corticosteroids, IVIG and corticosteroid
sparing agent 0 13(28.9%)
Rituximab 0 2(4.4%)
Steroid Sparing agents
Azathioprine 5(12.8%) 39(86.7%)
Mycophenolate Mofetil 0 6 (13.3%)
Methotrexate 0 2(4.4%)
Cyclophosphamide 0 2(4.4%)
IVIG 0 19(42.2%)
Rituximab 0 2(4.4%)
Side Effects of corticosteroids <0.0001
Increase in BMI 8(19.1%) 33(73.3%)
Hypertension/Diabetes Mellitus 0 6(13.3%)
Osteoporosis 0 6(13.3%)
Skin changes 0 4(8.9%)
Avascular Necrosis of the hip 0 4(8.9%)
2(4.4%)
Infection 0 PTB
GIT 0 16 (35.6%)
Side Effects of IVIG 0.2
Transfusion reaction 0 1(2.2%)
Renal failure 0 1(2.2%)

IVIG=Intravenous Immunoglobulin, GIT=Gastrointestinal, PTB=Pulmonary Tuberculosis

145




Table 6.3: Relationship between CD4 counts, viral loads and onset of CIDP

Baseline Viral loads | CD4 Viral load at the

Duration on Baseline CD4 a? the tifne of .HIV c.ounts at ti.me of .CIDP

ARVs before | counts (cells/ul) | diagnosis(copies/ml) | time of diagnosis

diagnosis of | at the time of CIDP

CIDP diagnosis of HIV diagnosis

(weeks) (copies/ml) (cells/ul) (copies/ml)
Patient 1 4 5 1820175 50 1001068
Patient 2 12 40 971475 95 150275
Patient 3 8 2 1203860 128 450500
Patient 4 3 90 1004805 179 798560
Patient 5 6 115 703805 260 306780
Patient 6 7 101 98360 299 16040
Patient 7 4 126 58818 363 25428
Patient 8 8 260 690785 520 90320
Patient 9 3 100 499980 188 300350
Patient 10 9 122 981478 420 198239
Patient 11 244 95 1204707 610 undetectable
Patient 12 300 126 75666 960 undetectable
Patient 13 260 235 58560 766 undetectable
Patient 14 336 12 1950276 1226 undetectable
Patient 15 320 187 880765 812 undetectable
Patient 16 24 140 586866 100 1110000

Patient 16: Treatment failure, now on second line ARVs

Table 6.5: Characteristics of patients requiring combination therapy in the HIV-

infected category
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Table 6.6: Characteristics of the 10 CIDP patients with Type 2 Diabetes Mellitus

Race HBAlc HIV status CSFLymphocyte CSF Protein 1Vig Responsive Timetorespond  Number of relapses Treatment on remission

count months in 18 months
I 8.6  uninfected 0 0.73 N >12 >5 3 monthly IVIG
I 6.5 infected 22 1.38 Y <3 0 AZA
| 6.8  uninfected 2 0.64 N >12 >5 3 monthly IVIG
B 5.9 infected 12 0.98 Y 3-6 <5 AZA+1VIG + MMF
| 8.9 uninfected 0 0.32 N >18 >5 AZA+IVIG+ Rituximab
| 6.9  uninfected 0 0.98 N >18 >5 AZAHVIG+ MMF
| 6.5  uninfected 0 3.75 Y 6-12 <5 AZA+1VIG + MMF
| 8.3  uninfected 2 1.9 N >12 >5 3 monthly IVIG
| 6.2  uninfected 0 2.1 N >12 >5 AZA+IVIG
B 5.8  uninfected 0 1.49 Y >12 >5 3 monthly IVIG

M=Male, F=Female, [=Indian=Black,IVIg=intravenous immunoglobulin=azathioprine

Discussion:

In this study HIV-infected patients showed a rapid response to corticosteroid immunotherapy with
minimal relapses. In contrast, the HIV-uninfected patients were refractory to treatment. The largest
study is a prospective case series consisting of 23 patients (10 HIV-infected and 13 HIV-
uninfected).”® This study reported no clinical or electrophysiological differences between the two
categories and no comparisons were made regarding treatment. Currently there are no comparative
studies in the literature regarding treatment outcomes between HIV-infected and HIV-uninfected
patients with CIDP. The current study showed significant differences in treatment outcomes, age,

gender and disease progression.

CIDP usually shows a male predominance ranging from 1.31:1 to 2.8:1 in HIV-uninfected patients.***

315 Among the HIV-infected patients the male: female ratio was reversed. This reversal in the gender

ratio in HIV-infected patients was reported in one other study.*”

The median age of onset among HIV-uninfected patients compares well to previous reported
epidemiological studies.” **-*'® The median age of onset among HIV-infected patients was
significantly younger. The female preponderance and younger age of onset of HIV-infected patients
with CIDP is an artefact of the sample and unlikely related to gender or age susceptibility as 60% of
HIV-infected people in South Africa are young black females (statistics South Africa: 2015).

Many HIV-infected patients presented with a monophasic slowly progressive course, whereas the
HIV-uninfected patients presented with a relapsing remitting course. This may relate to possible but

undefined differences in the underlying immune mechanisms in the two categories.
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The mean CSF protein levels were slightly higher among the HIV-infected patients, although not
significant. This is in contrast to the findings of a recent study, but compatible with a previous case
series consisting of seven patients, six of whom had raised protein levels.”**?*” High CSF protein
levels reflect an immune mediated disruption of the blood nerve barrier at the level of the spinal roots
which correlates with proximal; possibly root involvement among the HIV-infected patients.
However, the difference in protein levels did not reach statistical significance possibly due to the short
duration of the disease, small numbers and unregulated immunity among the HIV-infected patients.
As in previous studies the HIV-infected patients had higher CSF lymphocyte counts which is most
likely due to CSF viraemia rather than immunological changes that occur with CIDP. This CSF
finding is consistent with other studies.>'”-*'® Despite 59% of HIV-infected patients being on ARTS, a
significant number still had ongoing CSF lymphocytosis. Many of these patients had a suppressed
plasma viral load. This may represent inadequate penetration of ART into the CSF space or CSF HIV

resistance resulting in ongoing CSF viral replication. *'’

The response to corticosteroid monotherapy among HIV-infected patients was clearly demonstrated
within three months. Most of the HIV-infected patients were in remission by six months. This short
duration of corticosteroid therapy seems to be a safe and cost-effective option in HIV-infected
patients. Current literature states that [IVIG or plasma exchange is the preferred choice due to the risk
of infection with corticosteroid therapy.*2*** "% However in this study the risk of infection was
negligible mainly due to the prompt response to corticosteroid monotherapy and hence the short
duration of treatment. In this category the risk of infection was zero compared to the HIV-uninfected
group who received longer duration corticosteroid therapy often combined with other
immunosuppressants. In the HIV-uninfected group, 2(4.4%) of patients developed pulmonary
tuberculosis most likely due to prolonged immunosuppression on combination immunosuppressive

therapy.

This category of patients on prolonged high dose immunosuppression, in our unit are given INH for
tuberculosis prophylaxis with pyridoxine cover due to the high risk of pulmonary tuberculosis in our
environment. Nevertheless, breakthrough infections occurred in 4.4% of patients. The HIV-infected
patients were not given prophylaxis. The only significant side effect documented among the HIV-
infected patients was an increase in body mass index (BMI). All patients had BMI documented at
baseline and thereafter three monthly while on corticosteroids. Only HIV-uninfected patients had
bone density scans as they were on long term corticosteroids. This was not necessary among the HIV-

infected patients as their duration of treatment was short.

The varying response to corticosteroid monotherapy in the two categories of patients suggests that the
immunopathogenesis may be different. Autoantibodies targeting non-compact myelin which includes

the node and flanking regions, compact myelin protein such as PO, PMP22 and Schwann cells may
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select for a relatively benign course, and hence one may postulate that the above is a steroid-
responsive antibody mediated neuropathy. The humoral mediated pathogenesis is explored and
discussed in chapter 1. Nodal/paranodal antibodies were positive in <10% of the cohort. Ganglioside
antibodies were negative in the entire cohort of patients including PM LSP and MNS which is in
contrast to other regions of the world where ganglioside antibodies are more frequently reported
example Korea®®. This may be due to inter-laboratory variability of testing, population differences, or
an untested ganglioside antibody **. The positive myelin culture screens in 3 HIV-infected patients
argues for a possible novel antibody mediated process which will be explored in a future study using
novel IP techniques and mass spectrometry as described in chapter 3. Support for antibodies in the
pathogenesis was demonstrated by a good response to plasma exchange.*® A decline in In HIV T-
regulatory CD4 cells potentiates the emergence of autoimmune phenomena.'®*?! ARTs result in
immune reconstitution and up-regulation of the total number of CD4 T-regulatory cells which may
contribute to remission. There is a single case report of CIDP resolving with ARTs alone.*' In our
study ARTs may have expedited recovery by restoring immune function.

In patients diagnosed as HIV-infected at CIDP diagnosis, ARTs and corticosteroids were commenced
simultaneously. No deterioration occurred in this category. Concomitant use of corticosteroids may
have potentially curtailed the immune reconstitution inflammatory syndrome (IRIS). This maybe a
potential avenue for future therapy, in patients being initiated on ARTs.The 10 patients who had low
baseline CD4 counts and high viral loads (Table 6.3, Patients 1-10) may have had CIDP as an IRIS
phenomenon as they were commenced on ARVs for a short period. Patient 16 who, developed
immunological and virological failure may have had an IRIS response when commencing second line

therapy. Presently there are no markers to predict who will develop this complication.

Five patients on long term ARTs (table 6.3, patient 11-patient 15) had complete immune
reconstitution and behaved as HIV-uninfected patients with prolonged refractory disease and poor
response to steroids. Furthermore the long duration of disease prior to presentation and presence of
denervation on EMG indicating axonal damage (Table 6.4 web data, table 6.1) may account for a poor

response to corticosteroids.

Although AIDP was a potential diagnosis this was discounted as all patients met the ENFS/PNS
clinical and electrodiagnostic criteria for CIDP, progressed beyond 12 weeks, had typical
electrodiagnostic findings for demyelination (table 6.4 ), had no prior flu-like illness or diarrheal
illness, had an insidious onset, had no bulbar, respiratory or autonomic symptoms, and none showed
spontaneous recovery during the initial three months of progression. The speculation that recovery
may have occurred despite corticosteroid therapy, can only be answered in a prospective study
comparing placebo with corticosteroids. Nonetheless patients with suspected AIDP and spontaneous

recovery during the initial three months were excluded from the study. Furthermore, the four HIV-
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infected patients who presented acutely, all progressed beyond 12 weeks and responded to
corticosteroid therapy within four weeks making AIDP very unlikely. The 9 HIV-uninfected patients,
who presented acutely, showed a poor response to corticosteroid monotherapy in the first six months

and required combination immunosuppressive therapy.

During the above study period we have seen approximately 100-120 HIV- infected patients with
AIDP at our neurology institute who behaved differently from our HIV-infected CIDP cohort. All
patients presented acutely and 70% had a preceding flu or diarrheal illness. Approximately 30%
patients required ICU admission for bulbar /respiratory involvement or autonomic instability.
Spontaneous recovery was seen in about 5% of these patients. All patients were treated with IVIG and
not steroids. Therefore, we concluded that our cohort of patients had CIDP rather than AIDP and were

steroid responsive rather than manifesting spontaneous recovery.

Isolated case reports of nerve histopathology in HIV-associated CIDP, demonstrates a macrophage
predominant infiltrate and segmental macrophage induced demyelination along the length of the

nerve , similar to HIV-uninfected CIDP patients**2. No viral particles have been reported on light
microscopy **2. However, viral particles may be present intracellularly within CD4+ cells in nerve
tissue example dendritic cells, macrophages and T cells. DNA or RNA isolation, PCR and gene
sequencing may be useful techniques to identify HIV intracellular viral antigens. A novel HIV-
exposed culture system of sensory neurons, macrophages and Schwann cells expressing human CD4
and CCRS5, may be useful to further demonstrate pathogenicity, as demonstrated in a previous study of
HIV distal sensory neuropathy'®. Future prospective studies using hiPSC derived myelin culture
models expressing, CD4 and CCRS and HIV-infected macrophages, may prove useful to explore the

direct neuropathogenic effects of HIV on myelin cultures.

Therefore, although HIV-infected patients satisfy the ENFS criteria for CIDP , the quick response to
CST and the relatively benign monophasic course of CIDP in HIV-infected individuals is different.
Revision of diagnostic criteria for CIDP in HIV-infected individuals may be required in future as the
pathophysiology and histology of the disease in this cohort may differ. Further prospective studies
may help define therapy and possibly refine diagnostic criteria for HIV associated CIDP. These
prospective studies include; clinical confirmation of CST response and effect of ART on disease
progression, PCR to identify HIV viral particles in peripheral nerve myelin, measure of ART
penetration into peripheral nerve tissue and lastly the development of disease specific hiPSC myelin
cultures model to detect novel neural antigen. The above will unravel some of the immune

mechanisms responsible for demyelination in this cohort of patients.
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Limitations of the study are that it is a retrospective study; numbers are small and have tertiary care
setting bias. Other limitations are that many patients may have been missed as a result of not being

referred or misdiagnosed.
Conclusion

This study suggests that treated HIV-infected CIDP patients have a short duration of disease, a benign
course and are highly steroid responsive compared to their HIV-uninfected counterparts. Although we
satisfy the ENFS criteria for CIDP, the quick response to corticosteroids and the relatively benign
monophasic course makes AIDP or a nodopathy a possibility. Perhaps the course and progression of
CIDP in HIV-infected individuals is different and revision of criteria for the diagnosis of CIDP in
HIV-infected individuals is required. This study also shows that steroids are a cost-effective and safe
option in HIV-infected CIDP patients especially in a resource limited setting. Further prospective
studies confirming a rapid corticosteroid response in HIV-infected CIDP patients as well as
unravelling the immune mechanisms responsible for CIDP in these patients is required to define

future therapy.
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Pure motor lumbo-sacral polyradiculopathy in HIV patients
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During our recruitment of HIV-infected CIDP patients, we identified a unique cohort of HIV-infected
patients with a “pure motor” lower motor neuron syndrome who improved following CST.
Considerations included pure motor AIDP or an AIDP variant, pure motor CIDP, multifocal motor
neuropathy, or a lower motor neuron variant of HIV associated MNS which is described in chapter 2.
Pure motor syndromes with a predilection for the lumbo-sacral roots have also been described in
paraneoplastic syndromes, or drug induced syndromes example intrathecal methotrexate in patients
with haematological malignancies, although rare’**#**. Pure motor immune mediated neuropathies
occur with MMN, AMAN, and motor predominant CIDP**3% _ GM1 and NF186 antibodies are
described in pure motor syndromes that are inflammatory or immune mediated in nature **. Although
not included in this published manuscript, subsequent testing for ganglioside antibodies and nodal-
paranodal antibodies were negative in 10/11(91%) patients with PM LSP except for 1 patient who
tested positive for NF186 antibodies. Similarly 5 patients with HIV-infected MNS were also negative
for ganglioside and GM1 antibodies (Chapter 10). The above cases provide an interesting disease
model for exploring the susceptibility or predilection of the ventral root to immune “attack” or due to
HIV itself. PM LSP usually manifests in advanced AIDS ( median CD4 count <200 cells/ul)
suggesting that in addition to immune dysregulation and immune suppression, a high circulating viral
load, inflammatory cytokines, complement activation, or CTL responses may be necessary to unmask
antigenic epitopes.

We undertook a descriptive study of this unusual cohort of HIV-infected patients with PM LSP and in
this published manuscript we discuss the clinical features, electrophysiology, radiological and CSF
findings as well as response to therapy. In Chapter 8 and 10, we investigate possible pathophysiology
of the above disorder by screening for ganglioside and 4 nodal-paranodal antibodies in this cohort.
There is only 1 other case series from SA describing a similar cohort as the prevalence of this disorder

has decreased with ART.®
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Motor lumbosacral radiculopathy in HIV-infected patients

Introduction:

Progressive lumbosacral polyradiculopathy is a well described complication of late HIV infection and
is usually caused by opportunistic infections such as cytomegalovirus (CMV), herpes simplex virus
(HSV), varicella zoster virus (VZV), syphilis, tuberculosis (TB), cryptococcus and less commonly
lymphoma, paraneoplastic polyradiculopathy ,chronic inflammatory demyelinating polyradiculopathy
(CIDP), or diffuse infiltrative lymphocytosis (DILS). *2*>3?7 Infective aetiologies, lymphoma and
paraneoplastic polyradiculopathy are usually subacute and are progressive unless treated.* 32"

In 2000, Benatar et al described 4 HIV-infected patients who presented with acute or subacute
weakness with spontaneous recovery. ® Infective and inflammatory aetiologies were excluded. This
entity was described as a “unique” clinical entity in the setting of HIV or a “variant of Guillain- Barre
Syndrome (GBS) ”.° Since 2000, there were no further documented cases in the literature.

Between 2010 and 2015 we retrospectively identified a similar cohort of 11 HIV-infected patients
who presented with a pure motor lumbosacral radiculopathy. In this article, we add to the current
literature regarding this unusual group of patients by describing the clinical presentation, demographic

features, electro diagnostic, radiological, cerebrospinal fluid (CSF) findings and response to therapy.

Methods:

Patients were identified between 2010 and 2015 in the Department of Neurology at Inkosi Albert
Luthuli Central Hospital, which is a 1000 bed tertiary hospital in Durban, Kwa Zulu Natal, South
Africa. The Department of neurology sees approximately 8000 patients/year.

The inclusion criteria for patient selection were HIV-infected patients older than 18 years with lower
motor neuron weakness involving exclusively the lower limbs, normal sensation, preserved sensory
nerve action potentials (SNAPs) and lumbosacral root enhancement on MRI. Exclusion criteria were:
abnormal sensation on clinical examination, upper limb or truncal involvement, upper motor neuron
signs, sensory nerve action potential on nerve conduction studies which were less than 70% normal
values , compressive or intra-spinal lesions accounting for the weakness, polyradiculopathies due to
infective or malignant aetiology, clinical features of DILS or raised creatinine kinase levels with EMG
or histological features of a myopathy, and electrolyte abnormalities for example hypokalaemia
accounting for weakness and areflexia.

Data extracted from patient records included; clinical findings, laboratory results, electrodiagnostic
findings (nerve conduction and needle electromyography), magnetic resonance imaging (MRI) of the
thoracolumbar and lumbosacral spine, duration of therapy and response to therapy.

Tests to exclude infective causes of a polyradiculopathy included; CSF polymerase chain reaction

(PCR) for VZV, CMV,HSV.EBYV ; CSF Ziehl-Neelson (ZN) stain, culture and gene expert (where
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available) for TB; CSF Venereal Disease Research Laboratory (VDRL), fluorescent treponemal
antibody absorption (FTA-ABS) for syphilis; CSF cytology for malignancy (lymphoma); CSF
cryptococcal antigen, India ink stain and cryptococcal culture; chest radiograph for pulmonary
tuberculosis (TB) ; MRI spine for structural and inflammatory/infective lesions.

Patients were followed up and scored according to the modified Rankin Scale (mRS), to assess for
relapses and response to therapy at 3 monthly intervals for 6 months and thereafter 6 monthly up to 18

months.

Results:
Clinical Features, CSF, Electrophysiological and MRI findings:

Eleven patients met the inclusion criteria. There were 6 females. The median age was 29, IQR (23-41)
years. All patients were of black African ancestry. The mean duration of symptom progression
(continuous and not stepwise) was 6.5, IQR (3-7.5) months. No patients had preceding flu-like illness,
sensory complaints, or upper limb symptoms. On examination they had flaccid, symmetrical areflexic
paraparesis with normal assessment of mental state, cranial nerves and upper limbs. Sensory testing to
all modalities were normal and sphincters were normal.

CD4 counts are listed in table 7.1, median CD4 count of 327 cells/ul, IQR (146-457). None of the
patients were on ART at the time of diagnosis. However, all patients were referred to ART clinics for
monitoring or initiation of ARTs according to the South African ART guidelines applicable during the
study period. Blood investigations which included routine tests such as full blood count, urea and
electrolytes, autoimmune screen (anti-nuclear factor, anti-neutrophil cytoplasmic antibodies),
creatinine kinase, rapid plasma reagin test, vitamin B12 /folate, glucose and serum protein
electrophoresis did not reveal any abnormalities.

The CSF median polymorphocyte count and lymphocyte counts were 0 cells/ul, IQR 0-2 and 16
cells/ul, IQR 1-18 cells/ul respectively. The CSF median glucose and protein was 3.1 mmol/L, IQR
2.8-3.4 mmol/L and 1.02g/dl, IQR 0.98-3.4 g/dl respectively (Table 7.1) The CSF tested negative for
viruses (CMV, HSV, HTLV1, EBV and VZV), TB, syphilis and cryptococcus. CSF cytology was
negative. Five patients had negative ganglioside antibodies; these antibodies were not tested for in the

other 6 patients.
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Table 7.1: Demographic, laboratory, electrophysiological and radiological features of PM LSP

CD4 onuratmn

countat | mRS Scores rogressio Electrophysiological Time to mRS at filasy
No. Age diagnosi | at progt CSF |CClropity g MRI - 18 within 18

. n of Findings recovery
S presentation months months
symptoms
years | cells/ul months P [L |Gl |Protei | Preserve | Para-spinal | RE months
u n d SNAPS | denervation

1. 27 657 4 3 0 |32]32]0098 Y Y Y 3 0 Nil
2. 22 155 4 2 0 |0 |3.7|1.02 Y Y Y 2 0 Nil
3. 42 480 5 4 0 |16 ]23 |3.68 Y Y Y 3 0 Nil
4. 29 149 5 3.5 0 |4 |31 (183 Y Y Y 4 0 Nil
5. 21 265 5 2 2 |17 133 |1.02 Y Y Y 5 0 Nil
6. 24 450 4 4 1 |18 )28 |1.69 Y Y Y 4 0 Nil
7. 18 380 4 4 0 |24 ]3.6 |261 Y Y Y 3 0 Nil
8. 51 140 4 2 0 |0 |341]077 Y Y Y 2 0 Nil
9. 32 124 4 5 1 |12 142 |1.52 Y Y Y 3 0 Nil
10. 40 112 5 4 2 19 |41 ]0.89 Y Y Y 5 0 Nil
11. 43 389 4 2 0 |5 |32 (134 Y Y Y 4 1 Nil

RE= Root enhancement/ P=Polymorphocyte count (cells/ul)/ L=Lymphocyte count (cells/ul) / Glu= glucose (mmol/L)/Prot=Protein (g/dl)/
RE=Root enhancement
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Table 7.2: Electrophysiological findings of patients with Motor lumbosacral radiculopathy in HIV-infected patients: Motor Studies

Pt: 1 Pt: 2 Pt:3 Pt: 4 Pt: 5 Pt: 6 Pt: 7 Pt: 8 Pt:9 Pt: 10 Pt: 11

R/L R/L R/L R/L R/L R/L R/L R/L R/L R/L R/L
Peroneal
Amplitude 2.2/2.4 4.2/3.8 1.9/2.3 4.4/3.8 2.6/1.8 | 1.8/2.6 [4.1/44 |5.2/4.8 0.9/1.1 | 3.4/3.6 5.2/5.1
DML (ms) 5.2/4.8 4.8/5.1 6.2/6.1 5.9/5.8 5.4/56 |16.3/62 |58/5.9 |5.5/49 6.9/7.1 | 4.6/4.2 4.4/4.2
CV (m/s) 44/46 46/48 41/43 40/41 44/46 | 41/43 | 44/45 42/43 38/41 | 42/44 38/40
F Response 58/61 62/68 59/58 73/75 78/68 59/58 | 59.5/61 | abs/64 abs/abs | 62/67 73/75
F Estimate 51/50 49/50 52/53 58/54 51/53 52/53 54/55 48/49 abs/abs | 57/58 61/62
Tibial
Amplitude 3.1/3.5 2.8/2.6 1.8/2.1 4.2/4.4 3.2/38 [2.8/2.6 |3.9/4.1 |6.7/7.2 1.2/2.1 | 2.8/2.6 6.1/6.8
DML (ms) 7/6.6 5.8/5.6 6.8/6.6 4.8/4.9 5.9/6.1 | 5.8/5.6 |43/45 |53/5.5 6.8/6.9 | 6.8/6.6 5.9/6.1
CV (m/s) 48/49 40/41 42/44 44/45 51/48 41/40 | 45/46 43/42 38/39 | 41/40 43/44
F Response 62/65 70/68 64/74 64/62 65/68 69/70 | abs/70 | 65/72 abs/71 | 69/70 64/62
F Estimate 52/52 54/56 48/49 54/55 51/52 54/56 | 55/abs | 53/54 58/abs | 54/56 56/54
Median
Amplitude 8.2/8.5 10.2/10 n/a n/a n/a 12/12.8 | 8.6/8.1 | 10.9/11.8 | n/a 11.1/109 | 6.1/6.2
DML (ms) 3.2/3.3 4.1/4.2 n/a n/a n/a 4.1/3.8 | 3.9/3.8 | 4.4/4.5 n/a 4.1/4.2 3.9/3.8
CV (m/s) 58/52 58/56 n/a n/a n/a 55/56 | 48/45 44/45 n/a 51/50 49/51
F Response 28/29 31/29 n/a n/a n/a 24/28 | 24/26 28/32 n/a 31/33 29/28
F Estimate 31/30 30/31 n/a n/a n/a 28/28 | 32/30 33/34 n/a 35/32 32/34
Ulnar
Amplitude 6.9/6.3 5.8/5.2 n/a n/a n/a 8.8/9.1 [79/6.1 |9.8/9.1 n/a 8.6/9.1 9.4/9.2
DML (ms) 2.6/2.1 3.3/3.1 n/a n/a n/a 2.9/26 |2.6/2.1 |3.1/2.7 n/a 2.9/2.6 3.2/2.8
CV (m/s) 50/48 58/56 n/a n/a n/a 54/56 52/49 46/48 n/a 52/54 52/56
F Response 31/29 26/24 n/a n/a n/a 28/25.5 | 31/29 31/30 n/a 28/25.5 | 31/30
F Estimate 30/30 26/27 n/a n/a n/a 30/31 33/32 34/35 n/a 30/31 34/35
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Table 7.3: Electrophysiological Findings in Patients with Motor lumbosacral radiculopathy in HIV-infected patients: Sensory Studies

SNAP Amplitudes | Patient 1 | Patient 2 | Patient 3 | Patient 4 | Patient 5 | Patient 6 | Patient | Patient | Patient9 | Patient 10 | Patient 11
(uV,R/L) 7 8
Sural 9.8/10.5 |12.5/12.3 |11.2/12.3 [ 10.3/9.5 | 11.5/11.6 | 12.2/12.9 | 14.1/13.9 1 9.5/9.3 | 16/15.8 12.2/13.1 | 15.1/15
Superficial 3.5/4 6.7/6 5.6/5 4.8/5 6.6/6 7.3/7.5 6.5/6.1 7.1/7.4 |6.8/6.5 7.1/7.7 7.8/7
Peroneal
Median 45/58 68/62 not done | not done | not done | 85/76 58/56 115/98 | not done 45/48 85/96
Ulnar 24/28 45/44 not done | not done | not done | 48/53 77/76 65/64 not done 32/38 38/27
Table 7.4: Needle EMG Findings
Spontaneous Activity MUP Recruitment Pattern
Needle EMG IA Fib | PSW | fasciculations | Amplitude | Dur PPP
Findings
Lumbar Paraspinals | 2+ (3+ in patient 11, 1+ | 2+ 0 normal normal | 3+ | Reduced (single unit recruitment in patient
(L4,L5) 7) 11)
Gluteus Medius 1+ 2+ | 1+ 0 normal normal | 2+ Reduced (Single unit in pat 1,9,11)
Quadriceps 1+ 1+ | 1+ 0 normal normal |2+ | Reduced (single unit recruitment in patient
11)
Tibialis Anterior 1+ 1+ |1+ 0 normal normal | 1+ | Reduced
Gastrocnemius 1+ 1+ | 1+ 0 normal normal | 1+ | Reduced

fasciculations /#: Duration/ PPP: Positive Sharp Waves*: Fibrillation Potentials/ **: Positive Sharp Waves/*:
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Motor and sensory electrophysiological tests are listed in table 7. 2 and table 7. 3 respectively. Normal
values for our electrophysiology laboratory are listed in the appendix. The compound muscle action
potential (CMAP) of the tibial and peroneal nerves were reduced in amplitude with median CMAP of
3.6mV. IQR (2.2-4.2) and 3.5mV, IQR (2.6-4.2) respectively. The distal motor latency (DML) and
conduction velocity (CV) were within normal range for both the tibial and peroneal nerves. The F
responses were either absent or prolonged. median 62ms. IQR (59-70.5) and 68ms IQR (64-70) for
the peroneal and tibial nerves respectively compared to the respective F estimates of 53ms, IQR (50-
55) and 54ms, IQR (52-55). There were no conduction blocks or temporal dispersion. The sural and
superficial peroneal sensory nerve action potential (SNAP) amplitudes were present in all patients,
although marginally reduced most likely due to coexistent HIV peripheral neuropathy. The median
sural and superficial peroneal SNAP was 12.5uV, IQR (10-13) and 6.5uV, IQR (5.7-7.1) respectively
which is greater than 80% the expected lower limit of normal (see supplementary data). The peak
sensory latencies for both nerves were normal: median 4.1ms, IQR (3.9-4.2) and 3.1ms, IQR (2.27-
3.3) for the sural and superficial peroneal respectively. The upper limb motor and sensory nerve
conduction tests were done in 7/11 (63%) and were normal (table 7.2 and 7.3).

Needle EMG findings are listed in table 7.5.

Muscles examined included the lumbar paraspinals (lower and mid lumbar), gluteus medius,
quadriceps, tibialis anterior and gastrocnemius. These muscles demonstrated neurogenic changes as
evidenced by increased insertional activity, positive sharp waves, fibrillation potentials, and reduced
or single unit recruitment of polyphasic motor unit potentials with greater involvement of proximal
rather than distal muscles.

All 11 patients had MRI with gadolinium, of the thoracolumbar and lumbosacral spine. Imaging
revealed root enhancement of the lumbosacral ventral roots in all patients (Figure 7.1). There were no

identifiable structural abnormalities and no thoracic root enhancement.

Figure 7.1: Post contrast sagittal and axial Lumbosacral spine images showing ventral root
enhancement (arrows)



All patients were treated with corticosteroids (prednisone) at an initial dose of 1.5mg/kg/day at
diagnosis for 4-6 weeks or longer if needed. Thereafter corticosteroid therapy was tapered and
stopped according to side effects or response to therapy. This was done at the discretion of the
attending neurologist. Sixty three percent (64%), 7/11, showed maximum recovery within the first 4
weeks of treatment and recovered fully by 3 months. In this category corticosteroids were tapered
over 6-8 weeks and stopped by 3 months. Twenty (36 %), 4/11 received initial corticosteroid doses
for periods longer than 4 weeks as they had taken longer to respond. Eighteen percent (2/11)
recovered fully by 4 months and the other eighteen (18%), 2/11 by 5 months respectively. In this
category of “slower responders”, corticosteroid therapy was stopped by 6 months. All patients had no
residual clinical deficit except patient 11 who despite demonstrating a good response to corticosteroid
therapy by 4 months, had minimal residual deficit at 18 months follow up with a mRS of 1. The
median time for recovery in all categories was 3.4 months, IQR (1.8- 5.6).

There were no relapses during the 18 month follow up. Within the period of corticosteroid therapy
there were no documented side effects and no patients required corticosteroid sparing
immunosuppressive agents or long-term corticosteroids therapy. Six patients had CD4 counts <350
cells/pl and qualified for ART according to ART guidelines at that time. HIV titres were not
documented. Three patients were commenced on ART at 4 months after the diagnosis. These 3
patients had recovered prior to ART commencement. The other 3 patients were commenced on ART

6 months after presentation. At 18 months follow up 7 patients were on ART.

Discussion:

The 11 patients presented in this article represent an unusual cohort of HIV-infected patients with a
subacute motor lumbosacral radiculopathy. Sphincter function and upper limbs were normal in all
patients. The MRI showed gadolinium enhancement confined to the lumbar ventral roots. In other
infective aetiologies such as syphilis, TB or viral infections both dorsal and ventral roots are involved,
enhancement maybe nodular and patchy with coexistent myelitis, intramedullary granulomas,
subdural collections, or discitis 32

This clinical scenario of symmetrical ascending weakness, areflexia and high CSF protein is
suggestive of Guillain Barre Syndrome (GBS).***” More recently the boundaries of GBS have
expanded and variations include a paraparetic GBS where the upper limbs and cranial nerves are
spared.*®* A further variant is associated with HIV seroconversion.** *®. These patients typically have
a CSF pleocytosis as seen in our cohort, which may reflect HIV viral replication in the CSF space
rather than immunological changes that occur with the subacute motor lumbosacral radiculopathy **”
338 The axonal variant of GBS, associated with a high rate of preceding Campylobacter jejuni

infection may present as a pure motor axonopathy **°. Our patients may meet some of the criteria for a
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“variant GBS “ **. Benatar et al described 4 patients with similar clinical findings. They described
these patients as a possible variant of GBS or a distinct clinical entity °. However, the unusual features
include duration of progression, limitation of signs to the lower limbs, CSF pleocytosis and response
to corticosteroid therapy, known not to be of benefit in GBS *****! .

The above cohort may therefore be consistent with a proximal motor variant of CIDP involving
demyelination of the ventral roots rather than GBS. Evidence for the above includes progression > 8
weeks in all cases, prolonged or absent F responses with normal DMLs, ventral root gadolinium
enhancement on MRI, raised CSF protein and rapid response to corticosteroid therapy with no
relapses. Denervation on needle EMG suggests secondary axonal loss.

Moodley et al described CIDP in the setting of HIV. In that particular cohort of patients
demyelination was distal rather than proximal, patients had sensory and motor symptoms rather than
exclusively motor manifestations, and both upper and lower limbs were involved **”-**The rapid
response to corticosteroid therapy and the predilection for ventral roots may suggest an antibody
mediated process that targets the ventral roots only. The production of these antibodies may be a
transient phenomenon during HIV infection as none of the patients relapsed during the 18 month
follow up despite stopping corticosteroid therapy by 6 months or less. Alternately, immune
reconstitution with ART may have prevented relapses by re-establishing tolerance, by increasing the
number of functional T-regulatory cells and, hence maintaining remission. Therefore diseases in HIV
may recover with immune reconstitution example HIV associated CIDP, motor neuron syndrome or
even myasthenia gravis despite their being insufficient literature to support the above ** ¥, In HIV
variable or unexpected patterns can occur and therefore some disease may be exacerbated, and others
improve.

The wide range of CD4 counts may also support an immune-mediated process, which is independent
of the stage of HIV. The high CD4 counts in some patients were not explained by concomitant DILS
as the patients had no clinical features of DILS* 2,

The above clinical presentation is also unlikely to be MNS. The response to corticosteroid therapy
differentiates the above disease entity from a lower motor neuron variant of MNS which does not
respond to corticosteroid therapy. Furthermore, none of the PM LSP/PM LSP patients had bulbar-
respiratory failure which was common among the HIV-infected MNS group.

Seven of the 11 patients were on ARTs at 18-month follow-up. However, only 3 patients started ART
at 4 months after presentation. These 3 patients had recovered prior to commencing ART on
corticosteroid therapy alone. By 6 months all patients had recovered. Hence recovery was likely
corticosteroid induced, as no patients showed spontaneous recovery before corticosteroid therapy.
However, it is likely that ART induced immune reconstitution may have prevented relapses as all
patients on ART at 18 months follow up had CD4 counts above 350 cells/ul.

Since the SA Government roll-out programme in 2017 which commences all HIV-infected patients on

ART at the time of diagnosis irrespective of CD4 counts, we rarely encounter the above group of
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patients. This may support an immune basis for the disease as tolerance is re-established with ART.
However, a decrease in opportunistic infections and lymphoproliferative disorders may also influence

the outcome.

The interest of the above study was selective involvement of the ventral root and a pure motor
phenotype. Pure ventral root radiculopathies, are uncommon and poorly described. It has been
described, in a small case series and individual case reports in the context of HIV and paraneoplastic
neuropathies *-2*> 33 Currently, there is no antibody panel that predicts for a pure motor phenotype
except antibodies against GM1 and NF186 in multifocal motor neuropathy (MMN) and AMAN
respectively'*® ***, NFI86 and GM1 antibodies, that were tested after publication of this manuscript
were negative in our cohort of patients and the results thereof are in Chapter 10. Others include
GM1b,GD1a, GalNAc-GDla, asialo-GM1 although this clinical- pathological corelation is not
absolute ***. Despite research, the exact mechanism by which GM1 antibodies produce a pure motor
phenotype is not understood. Similar principals discussed in previous MMN studies, may however
apply to the PM LSP disease model as described below . Recent studies using hiPSC-derived motor
and sensory neurons, confirm that both motor and sensory neurons express GM1 antibodies, however
GMI1 is expressed in abundance in motor nerves*****, Other factors include enhancement or
inhibition of epitope availability by cis interacting gangliosides **’, discrepancies in the pathogenicity
of different GM1 antibodies, greater susceptibility of motor nerves to complement mediated
cytotoxicity **%, novel antigens (GM1 was negative in all PM LSP patients) , dual antigenic targets,
co- factors such as HIV itself may be required to enhance or block epitope sites and lastly region
variations in protective mechanisms, or its localised failure may provide explanations for the
predilection of GM1 or an “untested” antibody for the ventral root despite wide expression of the
antigen. Future research is required using various techniques, such as immunohistochemistry, western
blotting, mass spectroscopy, genetic techniques and proteomic analyses, to identify and characterize
these antigens in different experimental models. Prospective work using ventral root or motor neuron
cultures vs sensory neuron cultures may be useful to expand this concept further. An algorithm for a
future protocol defining antigenicity of the ventral root compared to the dorsal root is provided in

chapter 12.
Limitations of this study include its retrospective design, small patient numbers due to rarity of the

disease, lack of a control arm, not controlling for patients on ART and lack of follow-up of patients

with corresponding CD4+ counts and viral loads.
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Conclusion:

Studies are required to understand the pathogenesis of this disease, to identify the possible antigenic
targets. This may help refine therapy in HIV uninfected patients with pure motor radiculopathy

example paraneoplastic PM LSP ¥
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CHAPTER 8

Autoimmune Nodopathies

Acquired neuropathies have a range of causes, some resulting in life threatening neurological deficits,
including paralysis, autonomic dysfunction, and bulbo-respiratory failure. GBS and CIDP are the
commonest immune-mediated neuropathies. Within these 2 groups, diverse subtypes are increasingly
recognised, some with atypical features and poor response to conventional therapies as discussed in
chapter 1. Detection of these subtypes is of clinical significance, as treatment may differ. Intricate
regions of the peripheral nerve, which include the node and flanking regions, are currently topical, as
immune “attack” in this region may result in potentially treatable neuropathies termed ‘autoimmune

nodopathies’ discussed in the background literature in chapter 1.

Despite the entity of nodopathies being uncommon, and our patients not meeting all the described
clinical criteria, we postulated that some of the HIV-infected patients with demyelinating
inflammatory neuropathies may have a possible nodo-paranodopathy, despite the quick response to
CST, which is not uncommon in some autoimmune nodopathies. Clinical features suggestive of a
nodopathy included acute onset, some with distal > proximal involvement, cranial nerve dysfunction,
central signs and marked sensory ataxia. Various authors have reported steroid responsive

nodopathies such as Querol et al and Miura et al relating to contactinl antibodies®****°

and Kadoya et
al to neurofascin 155 antibodies **'. Clearly, not all nodopathies are refractory to conventional
therapy and may differ in different population groups, with different co-morbidities, genetic
constitution and different immunoglobulin subtypes. ****** The rapid recovery of patients following
CST, with no relapses during the follow up period may argue for an antibody mediated nodal block or
may support a cell mediated demyelinating disorder. The selective involvement of the ventral root in
PM LSP or dorsal root also argues for an antibody mediated process. Other factors that may
contribute to rapid recovery is that the immune attack in HIV is transient and lacks strength, or
immune tolerance is restored with ART and hence does not allow for a relapse. Furthermore the
prevalence of nodal disease in the HIV-infected cohorts and among the African population is
unknown (Chapter 2, scoping review). Therefore screening for nodopathies in this prospective cohort
of HIMRN patients consisting of (CIDP, DRG,PM LSP) will fill important knowledge gaps in the
existing literature. The postulate was that HIV IMRN is a transient steroid responsive nodo-

paranodopathy due to autoantibodies generated during HIV infection binding to nodal sites.
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Abstract

Background

Nodal-paranodal antibodies are occasionally found in patients initially diagnosed with chronic
inflammatory demyelinating polyneuropathy (CIDP) or Guillain-Barré syndrome (GBS). The
frequency of nodal-paranodal antibodies in HIV-infected patients with chronic immune mediated

radiculo-neuropathies has not been previously described.
Methods:

HIV-infected patients who met the inclusion criteria for chronic immune-mediated radiculo-
neuropathies (IMRN) were screened for IgG antibodies directed against nodal (neurofascin (NF)186)
and paranodal (NF155, contactinl (CNTN1) and contactin-associated protein, Casprl) cell adhesion

molecules, using a live, cell-based assay.

To delineate pathogenicity, binding of human IgG to myelinated co-cultures, derived from hiPSC
(human induced pluripotent stem cell) sensory neurons and primary rat Schwann cells, was assessed
by incubation with patients’ sera positive for nodal or paranodal antibodies. Normal human serum was

also added as a source of complement to assess for complement activation as a mechanism for myelin

injury.

Results:

Twenty-four HIV-infected patients with IMRN were included in the study, 15 met the EFNS/PNS
clinical and diagnostic criteria for CIDP, 4 had ventral root radiculopathies (PM LSP) and 5 had
dorsal root ganglionopathies (DRG). Five patients with CIDP had combined central and peripheral

demyelination. Three patients (12.7 %) tested positive for Neurofascin IgG1 antibodies in the
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following categories: 1 patient with PM LSP was NF186 positive and 2 patients were NF155 positive

with DRG and mixed sensory motor CIDP with optic neuritis respectively.
Conclusion:

The frequency of the above nodal-paranodal antibodies is similar among IMRN regardless of HIV
status. However, interpretation of the results in the context of HIV is challenging and there is
uncertainty as to whether these antibodies are pathogenetic or not, especially at low titres. Larger
prospective immune studies are required to establish pathogenicity of the antibodies in the context of
HIV, and to establish a panel of antibodies to predict for a particular clinical phenotype, namely pure
motor, pure sensory, combined central and peripheral demyelination, mixed sensory motor CIDP and

CIDP with optic neuritis.

Introduction:

The immunology of chronic inflammatory demyelinating polyneuropathy (CIDP) is poorly defined.
Most neurologists conclude that CIDP is an auto-immune disease mediated by cellular toxicity or
antibodies to neural antigens within compact myelin, Schwann cells, and non-compact myelin at the
nodal-paranodal-juxtaparanodal region "”*** This is supported by the response to immunomodulatory
therapy (intravenous immunoglobulin (IVIg), plasma exchange (PE), corticosteroids (CST) and
monoclonal antibodies (Rituximab)), and peripheral nerve histology.”’ Studies have focused on
cytokines, cellular infiltrates and searches for antibodies without any consistent results except in cases
of nodal- paranodal disease, where antibodies against neurofascin(NF), contactinl (CNTN), Caspr
have been best characterised 2****%*! 33 This has been described mainly in the Western and Asian
literature in HIV-uninfected patients, accounting for less than 10% of CIDP cases either due to the
rarity of the disease, genetic predisposition, lack of widespread testing or due to unidentified antigens
231,350,351, 355,356

NF186 is a cell adhesion molecule which is critical for the formation and maintenance of the node of
Ranvier. Genetic ablation of NF186 results in loss of NrCAM, an axonal adhesion molecule that binds
to ankyrin and gliomedin. This leads to dispersion of sodium channels and conduction failure®*’.
NF155, on myelin loops, and heterodimers of CNTN1 and Caspr on the axolemma form septate like
junctions which maintain the structural integrity of the paranode. These septate like junctions are
absent in mice that lack CNTN1, Caspr or NF155. This results in mislocalisation of juxtaparanodal
voltage-gated potassium (Kv1.2) channels and hence disruption of saltatory conduction due to failure
of repolarization of the action potential.'® There is emerging evidence that nodal-paranodal
neuropathies may be pathologically distinct diseases without the segmental macrophage-induced
demyelination seen in CIDP and instead is characterised by focal paranodal myelin detachment and

lengthening of the node on electron microscopy '3¢!%%3%%
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A previous study describing CIDP and pure motor lumbosacral polyradiculopathy (PM LSP) in HIV-
infected patients, suggested that the above cohorts are highly corticosteroid (CST) responsive with
shorter duration of disease, compared to HIV-uninfected counterparts.?’**° Steroid responsive nodo-
paranodopathies have been reported by Querol et al and Miura et al with CNTN1 antibodies***** and
Kadoya et al with NF155 antibodies **'. Davies et al described one HIV-infected patient with GBS
with a strong binding of IgG to axons on cultures, however no antigenic target was reported 2*'. This
rapid recovery of HIV-infected CIDP and PM LSP patients, with no relapses, may argue for an
antibody mediated nodal block. We postulated that chronic immune mediated radiculo-neuropathies
in HIV-infected patients are a steroid responsive nodo-paranodopathy due to autoantibodies generated
during HIV infection binding to nodal sites. As the term HIV-associated immune mediated radiculo-
neuropathies is rather cumbersome, it will be abbreviated to HIMRN for the rest of the manuscript.
This study tests for nodal and paranodal antibodies targeting NF, CNTN1, Caspr, or CNTN1/Caspr
complex in chronic HIMRN with different phenotypes and speculates about the pathogenesis of
immune mediated demyelination in the setting of HIV. There is currently no available literature
describing nodal-paranodal-juxtaparanodal antibodies in HIMRN, their clinical relevance in the
setting of HIV, or the differences in nodal-paranodal antibody expression across the different

phenotypes.

Methods:

Patient Recruitment:

The study was a prospective descriptive study of a cohort of HIMRN, above 12 years of age, which
included CIDP, ventral root radiculopathies (PM LSP) and dorsal root ganglionopathies (DRG) seen
at Inkosi Albert Luthuli Central Hospital (IALCH), a quaternary referral centre in Durban, South
Africa between January 2015, and December 2020. South Africa has the highest prevalence of HIV in
the world, with an estimate of 7.3 million people living with HIV in 2017. Kwa-Zulu Natal (KZN)
suffers 40% of the HIV burden in South Africa. The study was approved by the University of KZN
Biomedical Research Ethics Committee (Ethics reference number: BE 272/15).

Inclusion Criteria:

HIV-infected patients, older than 12 years, with chronic HIMRN were included in the study. Patients
were diagnosed with HIV prior to or at the time of diagnosis of the HIMRN. All patients were
required to have peripheral nerve dysfunction with or without central disease. Additionally, they
needed to fulfil the clinical, electrodiagnostic, and CSF criteria of the European Federation of
Neurologic Sciences (ENFS)/ Peripheral Nerve Society (PNS) for CIDP, criteria for PM LSP and
DRG. For the purpose of the study, PM LSP was defined as: a) pure motor presentation, b)
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progressive disease beyond 3 months c¢) ventral root enhancement on MRI**’ . DRG was described as
an immune mediated pure sensory non-length dependent clinical presentation of longer than 3
months, absent sensory nerve action potentials on electrophysiology, normal motor studies with or
without abnormal blink responses or dorsal root enhancement on MRI*%.

Exclusion Criteria:

Patients were excluded if they did not meet the diagnostic criteria for CIDP, PM LSP, or DRG, if the
clinical presentation was suggestive of GBS, or if secondary causes were identified such as drugs,
toxins, paraneoplastic antibodies or connective tissue disease or their HIV status was negative or
unknown. Patients with known immune mediated radiculo-neuropathies, who later acquired HIV were
also excluded from the study, as their disease was not related to HIV.

DILS, mononeuritis multiplex were excluded as these were not antibody mediated.

Investigations:

Bloods and CSF:

All patients were screened for HIV with an HIV ELISA test, baseline CD4 counts and HIV viral load.
Other tests included connective tissue screen, ganglioside antibodies (GQ1b, GD1a, GD1b, GT1b,

GM1, GM2, and GM3), paraneoplastic antibodies and serum paraprotein. In addition, CSF IgG index
and oligoclonal bands (OBs) were evaluated in some patients.

Patients with optic nerve involvement, in addition to the above were evaluated for aquaporin
4(AQP4), myelin oligodendrocyte glycoprotein (MOG) antibodies and raised serum angiotensin
converting enzyme levels for neuromyelitis optica and neurosarcoidosis respectively. Further tests
were conducted to exclude infective or neoplastic causes of a polyradiculopathy as highlighted in the

Appendix , Table A. 2.

Immune Tests:

Live CBA:

All patients, prior to commencing therapy, had 10 ml blood and CSF extracted and stored in 1ml
aliquots at -80 degrees. These samples were tested for IgG antibodies directed against nodal (NF186)
and paranodal (NF155, CNTN1 and Casprl) cell adhesion molecules, using a live, cell-based assay,
as previously described ''* ** %! In brief, human embryonic kidney 293T (HEK) cells were
transiently transfected with plasmid constructs containing the human cDNA sequences for either
CNTNI and Casprl, NF155, or NF186. After 24 hours, the cells were washed and incubated with
patient sera for 1 hour at room temperature. Fluorescently tagged secondary and tertiary antibodies
against human IgG or human IgG subclasses 1-4 were used to visualise cell membrane binding by an
investigator blind to the sample identity.

Myelin co-cultures and complement activation:

Sera (heat inactivated to abolish complement activity and diluted to 1:50) from patients positive for

nodal-paranodal antibodies using live CBA, were assessed for topographical IgG binding using
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myelinated co-cultures. Co-cultures were generated using sensory neurons derived from human
induced pluripotent stem cells (hiPSC) and primary rat Schwann cells, according to a previously
published protocol 27,

For immunolabelling, live co-cultures were incubated with patient sera for one and 24 hours
respectively at 37 ° C, with or without the addition of normal human serum (NHS), at a dilution of 1:5,
as a source of complement. They were then fixed prior to labelling with secondary fluorescent
antibodies against human IgG. Subsequent permeabilization allowed immunostaining of the axons
and myelin with primary and secondary antibodies. Serum containing antibodies to known antigens,
as well as normal human serum, were run as positive and negative controls, respectively. Serum
samples were blinded by an independent investigator. Confocal images were acquired with a x20 lens,
and cultures assessed for evidence of focal IgG binding and complement induced injury.

Myelin, axons, human IgG were immunostained to assess for myelin or axonal damage and
topographical binding of human IgG to neural tissue.

Electrophysiology and Radiology:

Standard motor and sensory nerve conduction studies were performed on all patients (eight motor
nerves including f-wave latencies, four sensory nerves). Electromyography was also performed to
assess for axonal loss (Table Al).

Patients with suspected optic neuritis (ON) had optic coherence tomography (OCT), visual evoked
responses (VEP) and MRI brain and orbits performed. Patients with DRG had blink responses, MRI
brain and spine and whole-body positron emission tomography to exclude occult malignancy. Patients
with PM LSP had an MRI spine. All patients had a chest radiograph to exclude pulmonary
tuberculosis.

Treatment Protocols:

Patients were treated with standard therapy for CIDP which included CST and/or IVIG 772,

If they presented acutely and were clinically suspected of having GBS they were initially treated with
IVIG. Patients who had acute onset disease and progressed beyond 4 weeks, were managed as CIDP
with CST.?**” All patients with PM LSP and DRG were treated with steroids, in line with previous
experience **°. Escalation therapy included IVIG, Azathioprine (AZA), plasma exchange (PLEX), and
Rituximab. This was added at the discretion of the physician, guided by adverse events and response
to initial therapy. This is based on standard treatment guidelines used by our unit and international
guidelines®.

Statistical Analysis:

Data was entered in Microsoft Excel and analysed using Prism Software. Descriptive statistics such as
percentages, interquartile ranges (IQR), medians, mean and range were used to summarize the

results.
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Results:

Fifty-eight patients were initially recruited for the study. Of these, 30 were excluded as they were
HIV-uninfected, one had a history of n-hexane use, two declined HIV testing, and one was diagnosed
with tuberculosis polyradiculopathy on CSF polymerase chain reaction (PCR).

Demographics and clinical features at presentation:

Twenty-four HIMRN patients were assessed. Table 8.1 highlights the clinical and demographic
features. All participants were of black African ancestry, 13 (54%) were female, median age of 38.5
years (IQR 22-43 years). The cohort consisted of the following clinical categories; 4 (16,7%) had PM
LSP, 5 (21%) had DRG, and 15 (62.3%) had mixed motor and sensory (MSM) CIDP. Among the
patients with MSM-CIDP, 4 (27%) patients had optic neuropathy (ON), and 1(6.67%) patient had
combined central and peripheral demyelination (CCPD). All patients with ON had poor visual acuity
on the Snellen chart, 3 (75%) had swollen discs and 1(25%) had optic atrophy (figure 8.1). The
patient with CCPD had subclinical central nervous system involvement. She was investigated with
further imaging because of a positive family history of CCPD (figure 8.2). Two (40%) patients with
DRG had clinical trigeminal nerve involvement. Thirteen (54%) of patients presented acutely, 8
(33%) presented with autonomic dysfunction, and 10 (41%) with ataxia, 6 (25%) with pain. The

median Modified Rankin Scale (mRS) scores at presentation were 4.

Relevant blood and CSF findings:
The mean CD4 count was 202 cells/ul, IQR 155-212 cells/pul and viral load was 40313 copies/ml (0-

90666 copies/ml), (Table A3) Sixteen (66%) of patients had a polyclonal gammopathy, three patients
had positive antinuclear antibody (ANA) titres of 1:160, speckled pattern, 2 were positive for Ro
antibodies and Ma2 antibodies respectively (supplementary file, table 2). These patients were still
included in the study as the clinical presentation was not related to positive antibody tests. CSF
analysis revealed an elevated protein in all patients, median of 1.21g/L (IQR: 0.98 g/L-1.67g/L) and a
CSF lymphocytosis, median of 8 cells/ul, IQR (6-16 cells/ul).

Serum and CSF oligoclonal bands were tested for in 11/24 (48%) patients. Six patients with MSM-
CIDP had comparable bands in both serum and CSF, 4 patients (3 PM LSP, 1 CCPD) had bands in the
CSF only and 1 patient with PM LSP had differing bands in the CSF compared to serum (type 3
pattern). The IgG index was elevated in 6/11 (4 PM LSP, 1 CCPD, 1 mixed motor sensory CIDP).
The median IgG index was 0.8, IQR (0.5-0.9), consistent with intrathecal IgG synthesis ( table A3).

Paranodal antibodies:

Twenty-one (87.5%) patients in this cohort tested negative for IgG antibodies against paranodal/glial
isoform Neurofascin (NF)155, and nodal/axonal isoform NF140 and NF186, Contactinl and Caspr-1.
Patient 3 (MSM-CIDP with optic neuritis) and patient 16 (DRG) tested positive for NF155 (IgGl1,
titre 1:100), and patient 21 (PM LSP) tested positive for NF186 (IgG 1, titre: 1:400), (Table A2,
Table 8.1, and figure 8.4)
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Myelin co-cultures and complement activation:

In the above 3 patients who tested positive for nodal-paranodal antibodies using live CBA, there was
no binding of human IgG to myelin or axons at 1 hour and 24 hrs respectively. There was also no
complement activation or accelerated myelin damage after the addition of complement.

Figure 8.5.

Nerve Conduction studies (NCS) and optical coherence tomography (OCT):

All 15 patients with MSM-CIDP met the electrodiagnostic criteria for CIDP.The four patients with
PM LSP, had preserved SNAPs and severe axonal changes including denervation in the lumbar
paraspinal muscles supporting the diagnosis of a radiculopathy. The five patients with DRG had
absent SNAPs and normal motor studies, 2(50%) had abnormal blink responses. Three patients with
ON had abnormal VEP; 1 had absent visual evoked responses, 4 had abnormal OCTs. (Table A4)
Radiology:

The MRI spine showed ventral root enhancement in all 4 patients with PM LSP (figure 8.2). Patient
16 who tested positive for NF155 antibodies showed possible dorsal root enhancement. There was no
enhancement of the trigeminal nerve or ganglion in the 2 patients with clinical trigeminal neuropathy.
Patient 2 had extensive symmetrical cerebral white matter disease, including the splenium and genu of
the corpus callosum (Figure 8.3) and 2 patients had optic nerve enhancement on MRI orbits, one of

whom was patient 3 with NF155 positivity.

Treatment and response to therapy:
Twelve (80%) of patients with MSM-CIDP responded well to CST and 3 (20%) required escalation

therapy (patient 2, 3, 6). All patients with PM LSP responded well to CST monotherapy, including
patient 21 who was NF186 positive. Those with DRG responded poorly and required combination
therapy (CST, AZA, IVIG). Patient 17 had received plasma exchange and patient 16 (NF:155
positivity) has had poor treatment response and is awaiting escalation therapy with Rituximab.
Intravenous methylprednisolone was administered to those with suspected optic neuritis (patients
3,6,11), and responded well to steroid therapy, however patient 3 (NF155 positive) required AZA in
addition to CST due to frequent relapses. The patient with CCPD was treated with IVIG initially as
she was thought to have GBS, and thereafter maintained on CST and AZA with good response. IVIG
was considered in patients 13 and 14 as they had concomitant DM. The mRS scores at 6 months,
highlighted in table 8.1, show significant improvement in most categories except DRG. The impact of
antiretroviral therapy (ART) on recovery was not assessed in this article. Eight (30%) of patients were

on ART at the time of presentation, the rest were ART naive.
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Figure 8.1: Fundal Images (Patient 3, 6 and 11 showed swollen discs and patient 5 optic
atrophy)

Patient: 3 Patient: 5

Patient: 6 Patient: 11
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Table 8.1: Clinical and demographic features of the HIV-infected cohort with immune mediated radiculo-neuropathy

Clinical Investigations and Treatment MRS Scores
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Table 8.1: Clinical and demographic features of the HIV-infected cohort with immune mediated radiculo-neuropathy
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CST=corticosteroid therapy, [VIG=intravenous immunoglobulin, AZA-azathioprine, M&S=motor and sensory, MRS=Modified Rankin Scale, ON=Optic
nerve, TN=Trigeminal nerve, PMLSP=Pure motor lumbar-sacral polyradiculopathy. DRG=Dorsal Root ganglionopathy, NF=Neurofascin, ND=not done
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Fig: 8.2: Patient 21 and 23 : Post contrast sagittal and axial MRI images showing Ventral Root enhancement

Patient 23

Patient 21

Diffuse symmetrical involvement of the white matter including the corpus callosum
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DAPI Commercial Neurofascin Human IgG Merge

Patient 2
g MSM CIDP
NF 155 with ON
Patient 21
VRR
NF 186

Fig 8. 4: Cell-based assay using fluorescence microscopy. HEK cells are transfected with plasmid vectors encoding the different isoforms of
neurofascin, which are expressed as proteins within the cell membrane. Incubation with patient 3 and patient 21 sera allows human neurofascin

antibodies (green), if present, to bind to their target antigen. Co-localization (yellow fluorescence) with a commercial neurofascin antibody (red),
confirms NF155 and NF186 as the target antigen in patient 3 and 21 respectively.
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There is no binding of human IgG to neural structures (myelin and axons) up to 24
hrs after adding sera of patient 3,16 and 21 and 20% normal human serum as a
source of complement. There is also no myelin injury demonstrated during this time
frame.

Green=Human IgG, Red =myelin, Blue=axons

Figure 8.5: Myelinated Co-cultures: Axons derived from Hi PSC and myelin from rat Schwann
cells.
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Discussion:

The main findings of this study are that 3 (12.5%) of chronic HIMRN were positive for
nodal/paranodal antibodies. This is comparable to the frequency of nodal-paranodal antibodies
reported in HIV-uninfected immune mediated neuropathy cohorts **'. The clinical profiles of the
seropositive patients are MSM-CIDP with ON (NF155 positivity), DRG (NF155 positivity) and PM
LSP (NF186 positivity). All 3 patients had purely IgG1 subclass of antibodies. None of the patients
tested positive for antibodies against CNTN1 or contactinl/Casprl.

Thus far, the best characterised clinical profile relates to NF155 IgG4 antibodies '*’. The other well
described category is pan- neurofascin antibodies (cross reactivity with both the nodal/axonal NF186
and NF 140 isoforms, and paranodal/glial NF155 isoform antibodies) reported by Fehmi et al and
more recently Appeltshauser et al ''* ', Clinical features of the NF155 IgG4 category include acute
onset with chronic progression, distal motor predominance, sensory ataxia, tremor, central
involvement, and refractoriness to treatment especially IVIG and steroids. Patients with pan-
neurofascin antibodies differ in that they present with life threatening, acute onset GBS-like
symptoms of bulbar-respiratory failure, autonomic instability, fulminant and progressive quadriparesis
and cranial nerve involvement. They often require prolonged ventilation and are also refractory to
conventional therapy.

Patients with CNTN1 IgG4 (chapter 10, Fig 10.2B) antibodies have a relatively uniform clinical
phenotype, characterised by older age, aggressive disease onset, motor predominance, early axonal
loss, and poor response to IVIg ''***. They may also present with a membranous glomerular nephritis
and nephrotic syndrome due to deposition of CNTN1-containing immune complexes in renal
glomeruli '**. However, these are less common. Patients with Caspr antibodies present with prominent
neuropathic pain'®* .

NF186 antibodies are less well described and currently do not define a clinically distinct cohort.
However, a recent publication by Liu et al, described NF186 nodopathies (IgG subclass not defined)
in a small cohort of 13 patients '**. The main features included acute or subacute onset, progressive or
relapsing course, asymmetrical proximal and distal weakness, and CST or IVIG responsiveness.
Dysautonomia, sensory ataxia and cranial nerve involvement were infrequent. Devaux et al reported
NF186 antibodies in 12 % of GBS patients, the IgG subclass was not specified’®>. Burnor et al
reported 4 patients with NF186 antibodies( IgM ) and 1 patient with idiopathic neuropathy (IgG1) '".
IgG2 neurofascin antibodies have been recently described in a paediatric cohort and majority were
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IVIG responsive™. Cortese et al reported 5 patients with non-IgG4 subtype NF antibodies who
demonstrated clinical features indistinguishable from seronegative CIDP patients, including good
response to IVIG**. NF antibodies have been reported in other diseases such as multiple sclerosis,
HIV encephalopathy, motor neuron disease and paraneoplastic syndromes '** 536 NF antibodies
especially of the IgG1 subtype, therefore, appear to be less specific and less likely to define a clinical

profile of patients*®’.
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The current literature, suggests that predominantly IgG4 subclass of antibodies and pan-NF antibodies
define a distinct population, characterised by acute onset and poor response to conventional therapy
127, 128, 367369 19G4 differs from other IgG subclasses in that it does not activate complement, less
likely to internalize the target antigen, bocks protein-protein interaction and develops later in the
disease '?73°7-3¢! Longitudinal studies suggest that IgG1 and IgG3 occur in acute monophasic disease
and IgG4 in chronic relapsing disease. *’° The IgG3 subclass sequentially switches to IgG1, then 2 and
4. ™" Autoantibodies gain antigen affinity with each switch, with IgG4 showing the highest affinity to
its target >"**. The trigger for IgG switching, may depend on HLA alleles, chronic antigenic
exposure, or a multitude of immunological mechanisms as in HIV 37,

The favourable response to CST in PM LSP and MSM-CIDP with ON and in HIV associated CIDP
reported in previous studies may be consistent with an IgG1 or non-IgG4 subclass**” 35, Many of
these patients especially the PM LSP and HIV-associated CIDP reported in a previous study also
displayed short duration monophasic illness consistent with IgG1 disease. In this study the clinical
significance of the IgG1 antibodies in patient 3,16 and 21 remains uncertain as patients required
additional immunosuppression except for patient 21, with PM LSP who responded well to CST
monotherapy. Patient 16 (DRG) has shown treatment failure requiring Rituximab treatment and
patient 3 (MSM CIDP with ON) required azathioprine in addition to CST. Furthermore, all patients
had chronic progressive disease, except for patient 21 with PM LSP.

The literature is limited regarding nodal-paranodal antibodies in DRG or PM LSP even in the HIV-
uninfected population. Querol et al reported 4 patients with moderate to intense IgG reactivity against
DRG, and 3 patients with mild reactivity against motor neurons **'. However, no target antigen was
identified. Contactinl is highly expressed in the DRG and antibodies to contactinl may therefore
pathophysiologically explain the marked sensory ataxia in these patients *’°. Recent antibodies
described in DRG include anti-AGO1 antibodies associated with Sjogren’s syndrome *7¢ 377,
Antibodies associated with ON are aquaporin-4, MOG, CRMP, glial fibrillary acidic protein (GFAP),
GQ1B, and more recently NF155 antibodies *"***. The IgG4 subclass is usually described in NF155
optic neuritis, therefore relevance of an [gG1 subclass in patient 3, again, is uncertain but may still be
relevant depending on the stage of disease. Screening for novel antibodies using optic nerve cultures
may prove useful in the future. With respect to CCPD (patient 2), targeting antibodies common to
both compartments, which include NF155, MPZ, MBP or novel antibodies maybe a clue to the

immunopathogenesis of this disease.''% %%

Despite most of the cohort testing negative for paranodal antibodies, many factors favour an antibody
mediated attack. This includes CSF-restricted oligoclonal bands, favourable response to PLEX or
IVIG in some patients in this cohort and in other case studies **', and selective involvement of the
ventral root, dorsal root and ON. The node and flanking regions, consists of a multitude of ion

channels and related proteins, that may be pathogenetic targets. '°® Additional targets include antigens
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within central or peripheral compact myelin, for example MBP, MPO, which were not analysed in this
study. Comprehensive panels that include all available antigenic targets are required to elicit the
pathogenetic antigen-antibody combination. The pathogenetic antibody for HIMRN may be an
unidentified or untested target. Newer targets are constantly being identified such as the recently

described, LG14 juxta-nodal antigen in a Japanese cohort '°.

In addition, to constitutive immune responses in CIDP, consideration must be given to the influence
of the HIV pathogenetic process on tolerance. This is rather expansive and beyond the scope of this
article. However, some of the factors in HIV that may influence tolerance include the qualitative or
quantitative dysfunction of subsets of T-reg cells including CD25+ Foxp3 Treg cells '7-*,
downregulation of IL10, TGF- and activation-induced cytidine deaminase (AID) which may
promote IgG class switching **. CD8+ T cell proliferation and secretion of pro-inflammatory
cytokines (IL1, IL6, TNF o, IFN-y)**" leads to premature thymic involution and decrease in
autoimmune regulator gene (AIRE) expression. ’° Other factors include non-specific B cell hyper-
stimulation resulting in low affinity, polyreactive antibodies as in patients 2,6,10,14 who tested
positive for autoimmune antibodies without clinical disease, polyclonal gammopathy in 16 patients
and oligoclonal bands in both serum and CSF. Exclusive oligoclonal bands in the CSF may be seen in
HIV, opportunistic infections, CIDP and PM LSP ***-3*°_ Characterization of the subtypes of
intrathecal IgG synthesis and identifying neural antigen-specific CSF IgG may refine the

immunopathogenesis of HIMRN especially in the PM LSP and CCPD category.

Despite, no comparative studies between Europe and Africa, unpublished data show that low-titre
IgG1 subclass, NF155 and NF186 antibodies, are different in our cohort compared to the rest of the
world. Currently in HIV-uninfected European cohorts, only [gG4 and PanNF antibodies define a
distinct disease entity. I[gGlsubclass NF155 or NF186 monospecific antibodies, as seen in our HIV
cohort are not well understood, and difficult to interpret in the HIV context '273¢737"  The emergence
of an IgG1 subclass clone is likely due to immune dysregulation in HIV, or other undefined genetic or
immune factors which impair immunoglobulin class switching. *** Studies show that in HIV infection
there is early and profound depletion of mucosal memory CD4" Th cells, later T follicular cells, and
dysregulation of cytokines such as I1L4,IL5,IL10,IFN gamma and TGF beta which plays an important
role in the regulation of immunoglobulin class switching®® *!. Other factors, include regulatory
sequences such as super-enhancer, C-alpha gene and T-box transcription factor (T-bet) which is

modified in HIV and other chronic viral infections®*>3%3-%4,

HIV disrupts the ability of the humoral immune response to produce neutralizing antibodies or form

effective immune memory, preventing viral clearance **°. Changes in the microenvironment shifts

production of B cells to short-lived plasma cells early in the response. Polyclonal B cells are recruited
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into both the plasma cell and germinal centre compartments, inhibiting the formation of a targeted,
high-affinity response*. Finally, memory B cells shift toward an “atypical” phenotype, which may
further impair the production of effective high affinity antibodies, in addition to impaired class
switching **’. Low antigenic affinity antibodies may therefore influence binding to myelin co-cultures
resulting in a negative outcome as in most of our cohort. Other reasons for no binding are discussed in

detailed in the manuscript.

Future laboratory experiments are required to understand the profound impact of HIV on T cells,
germinal centre reactions, peripheral and central B cell tolerance checkpoint mechanisms and somatic
hypermutations required for immunoglobulin class switching. Such experiments may offer a possible
explanation for [gG1 antibodies in our cohort and may provide indirect clues to understanding disease
severity, chronicity and risk factors for a relapse even in the HIV-uninfected categories based on IgG

subtypes.

Teasing out the complexity of the immune responses in HIMRN requires a systems approach where
one needs to examine cross-sectionally and longitudinally many and all aspects of the immune
response as immune responses vary with time. Furthermore, cytokine effects vary depending on the
environment in which they function, being different not only in the tissue within which they are
effective, but also the combination in which they exist and the stage of the immune response. This

may be relevant especially in the pro-inflammatory context of HIV.

The lack of binding of human IgG to myelin co-cultures, may support an exclusive cell mediated
response. However, this alone, does not exclude an antibody mediated pathogenesis. Possible
considerations for lack of binding include low antibody titres, low antigenic affinity IgG1 antibodies
which may switch to higher affinity IgG subclass over time, antigenic targets in myelin co-cultures
being structurally different to antigens present in chronic HIV-infected neural tissue, presence of
different tissue cytokine patterns in pathological nerve tissue or lastly, an unknown concomitant co-

factor required to enable binding of circulating antibodies. This is difficult to mimic invitro.

This study has several limitations which includes the following: small sample size, especially in the
subcategories of PM LSP, DRG, ON, CCPD, lack of control patients, limited testing for other known
or unidentified nodal-paranodal antibodies, use of primary rat, hiPSC myelin co-cultures which may
be antigenically different from chronically diseased or HIV-infected nerve tissue, not controlling for
different stages of HIV infection or effects of ART, limited longitudinal follow up of patients and

laboratory error.
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Nevertheless, the above serves as a platform for future larger studies using myelin derived from
hiPSC, incubated with patients’ serum containing ‘live’ HIV virus and other co-factors. This will
create an ‘inflammatory’ environment, which may alter the expression or configuration of antigens
enabling binding. Additionally, human myelin cultures will overcome species differences in antigen

expression and be more reflective of the disease model in its ‘live, native form’.

Other potential studies include use of human VR, DRG, oligodendrocytes, or even ON cultures to
define antigenicity of these sites regardless of HIV status or techniques such as gene sequencing,
PCR, or immunoblot of protein lysates derived from different neural tissue. Ideally, but not always
practical or ethical, is the use of human nerve tissue from HIV-infected patients, to assess for binding
of human IgG to neural antigen as different isoforms of antigens may exist in this cohort due to

chronic viral exposure and chronic inflammation.

Conclusion

The study, although small, is the first study from Africa. It highlights the fact that nodal-paranodal
antibodies occur at a similar frequency in HIV-infected and HIV-uninfected IMRN and is comparable
to European counterparts.

However, interpretation of results in the context of HIV infection, especially with IgG1 subtypes and
low antibody titres is challenging as many antibodies occur as an epiphenomenon in HIV and may
therefore be non-specific and non-pathogenetic.

Larger prospective studies are required to better define the relevance of these antibodies in the context
of HIV and to determine if they define a specific clinical entity.

The study provides direction for future research, in terms of the importance of developing panels of
antibodies or other biomarkers that select for specific phenotypes, that is pure sensory, pure motor,

optic neuritis and CCPD.

It also highlights the importance of testing for IgG subclasses and establishing pathogenicity of the
antibodies by using a myelin culture model that is more reflective of the HIV-infected cohort. This
will ultimately provide direction for the establishment of targeted immunotherapy. Lastly, a
prospective systematic study of the loss of immune tolerance will have relevance, not just to CIDP
and HIV, but across the spectrum of autoimmune disease in general. This study serves as a platform to

further explore these aspects of autoimmune disease.
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CHAPTER 9:

Immune mediated or genetic? Combined central and peripheral demyelination in 2 Siblings of

African Origin

The finding of 2 siblings in the 4™ published manuscript with CCPD prompted us to explore the
immunopathogenesis and genetics of CCPD in greater detail. We also considered the impact or HIV
on pre-exiting autoimmunity as one sibling had contracted HIV during her illness and literature is
scant regarding the impact of HIV on pre-existing autoimmunity.

CCPD is a heterogeneous entity which spans almost the entire spectrum of demyelinating disorders
ranging from MS, ADEM, NMO, MOGAD, CIDP, AIDP and its variants such as MFS. The exact
immunological trigger which results in demyelination in both central and peripheral compartments of
the nervous system is unknown. This may occur due to loss of tolerance occurring simultaneously or
sequentially in the respective compartments, due to breakdown of the blood-brain-barrier or may
reflect disease chronicity and/or severity. CNS and PNS myelin are produced by oligodendrocytes and
Schwann cells respectively. They are embryologically and structurally different in terms of their
quantitative glycolipid, glycoprotein composition and ultrastructural features of the nodal-paranodal-
juxtaparanodal region*’3%. As in CIDP and MS, the exact immunopathogenesis of CCPD is
speculative and both cell mediated and humoral mechanisms may occur synergistically or
independently™”. There are several recognised common antigenic targets to both CNS and PNS
myelin which include MOG, MAG, GQ1B, NF155, MBP, PMP 22, MP-0, lactosylceremide and

those that remain to be identified which may be significant in the humoral arm of CCPD*?*-4%,

Genomic data from the African continent is lacking for most diseases and is virtually non-existent for
rare diseases such as CIDP and its variants which include CCPD. This genomic information is likely
different compared to European countries and is required to fill the gap in the worlds genetic data
bases which consists of predominantly European phenotypes. African populations are likely to be
genetically diverse compared to non-Africans due to extensive population substructure, less linkage
disequilibrium (LD) among loci and several genetic adaptations in response to diverse climates, diet
and exposure to chronic infections such as HIV*’". Large genome wide association studies are
required for CIDP, which should include the African continent. This will enable the discovery of more
mutations and establishment of scoring systems example CADD scores specific for African people.
To date, almost no genes have been described in CCPD. Limited genes have been described in CIDP
across all continents, not just Africa. The limited data that exists arises largely from the West and

Japan. This includes SH2D2A, and the M3 allele of alpha-1 antitrypsin or perforin which may play a
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role in demyelination ****'°, The following HLA associations have been described which include
HLA-DR2, HLA-DR3 ,HLA-DQ?2 and a strong association of HLA-DRBI5 with anti-NF155 CIDP*'"
412413 Blum et al, described several plausible candidate genes in GBS and CIDP mainly in association

with autoimmunity *'*

. Novel inborn errors in both coding and non-coding genes (which act as
regulators for the coding genes) that participate in tolerance include TYK2 gene in SLE, PTPN22 in
diabetes mellitus, CTLA4 gene coding for inhibitory T cell signals **¢**4!*_ Genetic variations in
PRF 1, the promoter region of FCGR2B, and single nucleotide polymorphisms of TAG-1 has been
associated with IVIG responsiveness in a cohort of Japanese patients with CIDP *1¢#

The above novel cases of CCPD among 2 African sisters, provide a platform to explore the
confluence of genetic, immune, and environmental factors in the context of autoimmune disease,
where pregnancy and exposure to other chronic infections such as HIV or toxins are potential triggers.
These cases provide the opportunity to learn and explore the entity of functional genetics and
highlights the importance of genome wide association studies in CIDP which includes patients of
African origin. It also allows one to speculate about the impact that HIV has on pre-existing

autoimmunity.
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Manuscript accepted in Practical Neurology, due to be published alongside an editorial by Prof
Neil Scolding

Immune mediated or genetic? Combined central and peripheral demyelination in 2 Siblings of

African Origin
K Moodley', A.A Moodley', S Efthymiou %, H Houlden * PLA Bill', VB Patel" S Rinaldi *
'Department of Neurology, University of KwaZulu-Natal, Durban, South Africa

?Department of Neuromuscular Disorders, UCL, Queen Square Institute of Neurology, London, UK

3 Nuffield Department of Clinical Neurosciences, University of Oxford, Oxford, UK

Introduction

Chronic inflammatory demyelinating polyneuropathy is the commonest chronic autoimmune
neuropathy, with diverse clinical presentations’’. It is now recognised that in some patients the
demyelinating process may also affect the brain, cranial nerves, and spinal cord. In these cases, the
lesions may be similar to those seen in acute disseminated encephalomyelitis (ADEM), myelin
oligodendrocyte antibody associated disorders (MOGAD), neuromyelitis optica (NMO) and multiple
Sclerosis (MS) “* 48420 However, larger prospective studies are required to better characterize and
compare these lesions. Ogata et. al reported 13 of 150 patients with symptoms related to peripheral
neuropathy in a cohort of MS patients, 4 of whom had a demyelinating neuropathy **2. Similarly,
patients with ADEM and MOGAD may have a concomitant acute inflammatory demyelinating
polyneuropathy (AIDP)*®**!. The above has been described using many terms such as combined
central and peripheral demyelination (CCPD), CIDP with CNS involvement and CIDP with
multifocal CNS demyelination®> %4242 CCPD is an uncommon occurrence, possibly due to
subclinical central involvement or the rarity of the disease****'¥. The unravelling of the
immunopathology of the disease is intriguing and current literature supports an antibody mediated
process targeting myelin antigens common to the CNS and PNS, for example neurofascin (NF)155,
myelin basic protein (MBP), myelin associated glycoprotein (MAG), GQ1b and MOG % 424426,
We report on two sisters who had CCPD. These cases allow us to speculate on the immuno-genetic
pathogenesis of CIDP as well as consider novel antigens and how HIV may impact on pre-existent

autoimmune diseases.
Case 1

The first patient is a female in her late twenties, whose illness began one-month post-partum. She

presented with asymmetrical lower limb weakness and paraesthesia which progressed over 3 weeks to
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include the upper limbs. She was severely disabled being unable to walk, write or hold objects in her
hands, complicated two months later by bilateral poor vision. Her bedside cognition was normal.
Ophthalmological examination confirmed impaired visual acuity (RE: counting fingers LE: 20/100),
bilateral central scotomas, poorly reactive pupils, and bilateral swollen discs (figure 9.2) She
clinically had thickened ulnar, common peroneal and sural nerves. Her distal power was MRC grade
4- at the ankles, fingers, wrists, and knees, 4 at the hips, elbows, and the shoulder joints. She had a
glove and stocking sensory impairment to pin prick and light touch up to the knees and elbows
respectively while joint position sense was impaired at the toes and fingers. Optical coherence
tomography confirmed thickened retinal nerve fibre layer bilaterally, RE:293um, LE:191um, and
prolonged P100 latencies on visual evoked potential testing RE: P138 ms, LE: P128 ms. (Fig A1)
Having excluded other diseases such as infections, paraproteinemia, connective tissue disease,
malignancy, and toxin exposure, and after confirming demyelination on electrophysiology (Table
AS5.1 and A 5.2), she was managed as having CIDP with a 5-day course of intravenous
immunoglobulin (IVIG) combined with intravenous (IV) methylprednisone. Despite her vision
improving to near normal over the following weeks, her quadriparesis improved minimally over the
subsequent 8 months while maintained on azathioprine (AZA) at 150mg daily and 30mg oral
prednisone. She was therefore commenced on mycophenolate mofetil (MMF) at a dose 1.5g BD and
improved over the subsequent 2 years such that she was able to walk with support, hold objects and
feed herself. One year later she relapsed, with progressive quadriparesis and visual loss, having
defaulted treatment for 6 months. Examination confirmed poor visual acuity (RE: nil light perception,
LE: counting fingers), bilateral optic atrophy, paraplegia in the lower limbs, MRC grade 1-2 power in
the UL and marked sensory impairment for joint position sense, light touch and pin prick up to the
knees in the lower limbs and elbows in the upper limbs. An MRI brain was done at this stage (figure
9.1). Despite a repeat course of IVIG and IV methylprednisone she demised from respiratory failure
due to diaphragmatic weakness from a phrenic nerve neuropathy. Post-mortem histology confirmed

demyelination of the cerebral white matter and peripheral nerves (figure 9.3).

Case 2:

The younger sister, in her early twenties, with the same biological parents, presented with sudden
onset facial weakness, two weeks post-partum. The weakness progressed to involve both upper limbs
and lower limbs within two weeks. Clinically she had normal cognition and ophthalmological
examination, bifacial weakness, quadriparesis with distal power of MRC grade 4- in both the upper
and lower limbs, areflexia and glove and stocking sensory impairment for pin prick, light touch, and
joint position sense. Despite normal visual acuity, the visual evoked potential, P100 latencies were

bilaterally prolonged: RE: 118ms, LE: 120ms, and OCT of the RNFL was normal.
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Her NCS were consistent with a demyelinating polyneuropathy (Supplementary file, table 1). Initially
she was managed as having an acute inflammatory demyelinating polyneuropathy (AIDP) with IVIG,
and later commenced on steroids as she continued to progress beyond 8 weeks. She was started on
corticosteroid therapy (CST): 60mg/d which was gradually tapered to 15mg/d as maintenance therapy
combined with AZA 100mg daily for the subsequent 4 months.
Although initially HIV-uninfected, 2 years later, she tested HIV positive with a CD4 count of 333
cells/mm® and an unknown viral load. She was commenced on anti-retroviral therapy (ART). Her
weakness and sensory symptoms improved during the subsequent 2 years while maintained on
10mg/d prednisone and 100mg AZA until September 2022. She made a full recovery allowing
discontinuation of her immunosuppressive therapy. Her current CD4 count is 1348 cells/ul with an
undetectable HIV viral load.

She lived with her sister. Both had no exposure to toxins, or recreational drugs. They were unaware of
similar clinical presentations in the neighbourhood or among family members.

Patient 1 was HIV uninfected. Serological investigations in both sisters were negative for antibodies
against gangliosides,MOG, aquaporin 4, paraneoplastic and paranodal antigens which included
Contactinl,Casprl, neurofascin(NF)-155, NF186 and NF-140. Glycolipid lactosylceramide antibodies
were also negative in patient 1.

Serum angiotension converting enzyme was normal , no paraprotein was identified and the
connective tisue screen was negative.

The cerebralspinal fluid examination in patient 1 had no cells, protein 0.97g/1, glucose 3.5 mmol/l
,(serum glucose of 5,2mmol/l), and patient 2 had 8 lymphocytes per pl, protein of 1.28g/1, glucose
3.8mmol/l (serum glucose of 6.1 mmol/l). Type 2 pattern oligoclonal bands were positive in the CSF
of both patients. Patient 1 and 2 had an IgG index of 0.81 and 0.92 respectively. Tuberculosis,
syphilis, viral infections such as HTLV1 (human T-cell lymphocytic virus), HSV (Herpes simplex
virus), CMV(Cytomegalovirus), HZ (Herpes Zoster), JCV (John Cunningham virus) were excluded,
(Tables A 5.1 and A.5.2)

MRI brain was consistent with demyelination in both patients, figures 9.1A and 9.1B. In patient 2,
repeat NCS showed complete recovery and repeat brain imaging showed almost complete resolution
of the white matter lesions. ( figure 9.1, image 3). A primary, biochemically defined inherited
leukodystrophy was unlikely (Leucocyte arylsulphase A activity and very long chain fatty acids were
within normal range for both patients, (Table A5.1). Whole exome sequencing, carried out as
previously described*”’, revealed 2 potential mutations in the PPFIA4 gene and the CHCHDI0 gene
in the exome SYNS-10336/L.14048 of patient 2. Although not previously linked with the phenotype
present in these patients, both identified variants were predicted to be functionally deleterious by their
corresponding in-silico scores. Further segregation analysis as well as functional assessment would be

necessary to assess their contribution to the patient’s phenotype. No mutations were identified in
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genes linked to leukodystrophy, mitochondrial cytopathy, metabolic disorders or inherited

neuropathy.

Table 9.1

Differential diagnosis of CCPD

Acquired

Immune mediated:
* CIDP and its variants
® GBS and its variants (Bickerstaff’s
encephalitis)
* Neurosarcoidosis
=  “Less commonly: MS, NMO, MOGAD

Malignancy:
=  Paraneoplastic disorders
=  Neurolymphomatosis

Drugs and toxins:
= Toluene, N-hexane
* |mmune checkpoint inhibitors
=  Tacrolimus

Anti-TNF therapy

Vitamin E deficiency (malabsorption syndromes)

Infections:
®* |eprosy
= HTLV-1

*Inherited disorders:

Mitochondrial disorders:

* NARP

* Pyruvate dehydrogenase deficiency
syndromes

= MNGIE

Storage diseases:
* Refsum’s disease
* Sulfatide lipidosis

Neuropathies:
»  CMTIX (GJB1 mutation)

Leukodystrophy:
= Metachromatic leukodystrophy,
= Krabbe leukodystrophy

Others:
= Abetalipoproteinemia
®  Famililial amyloidosis

*Genetic-autoinflammatory disorders

Table 9.2

Associated antibodies

=  Neurofascin-155

= Lactosylceremide

= (Q1B ganglioside

=  Myelin-oligodendrocyte glycoprotein

= Aquaporin-4

= Collapsin-response mediator protein 5
(CV2/CRMPS)

s “Myelin-associated glycoprotein

CCPD = Combined central and peripheral
demyelination, GBS=Guillain-Barré syndrome,
CIDP=chronic inflammatory demyelinating
polyneuropathy, MS=multiple sclerosis,
NMO=necuromyelitis optica. MOGAD= myelin
oligodendrocyte glycoprotein associated disease.
NARP=neuropathy. ataxia, retinitis pigmentosa,
MNGIE=mitochondrial neurogastrointestinal
encephalopathy syndrome

= The association is uncommon and there is
probably a common peripheral or central myelin
antigenic larget

= Progressive signs and symptoms, present early
in life, usually not corticosteroid responsive

" = Signs of systemic discase (fever, skin rash,
polyarthralgia) and multisystem involvement

" = rare association
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Fig 9.1: MRI images: T2 axial, coronal and T2 FLAIR images

N NN

Image 1 (Patient 1 during a relapse) and Image 2 (Patient 2: pre-treatment): Diffuse T2 (A-D) and T2 FLAIR (E, F) symmetrical white matter hyperintensities involving the
bilateral hemispheres and the splenium and genu of the corpus callosum(arrows).Image 3: Post-treatment images of patient 2: T2 (A, B, C) and T2 FLAIR (D, E, F)
demonstrating significant resolution of previous white matter hyperintensities seen in image 2.

Fig 9.2 : Fundal images showing bilateral swollen discs
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Figure 9.3: Postmortem histology of brain and peripheral nerve

A: Brain B: Phrenic nerve C: CD3 and CD68 positivity D: Femoral nerve E: Femoral nerve F: Higher magnification

(Femoral Nerve)

A and B: H&E staining of sections of the brain and phrenic nerve showing patchy spongiosis indicative of demyelination, perivascular lymphocytic infiltrates
(arrow) and evidence of perivascular demyelination. C: Dual immunohistochemical staining demonstrating infiltration of the phrenic nerve by T lymphocytes
(CD3) and macrophages (CD 68). Electron microscopy demonstrating thinning of myelin sheaths relative to axons (Fig D), marked splitting and separation of
myelin lamellae (EE: arrows).

Discussion:
We propose that the above case highlights the following novel features a) combined central and
peripheral demyelination b) genetic predisposition of 2 sisters of African descent to CIDP c) exposure

to foreign antigen as a trigger during pregnancy d) and €) impact of HIV on autoimmune disease.

Acquired and inherited differential diagnoses for CCPD include CIDP,AIDP, drugs and toxins and
inherited metabolic disorders such as metachromatic leukodystrophy, Refsums disease, mitochondrial
disease, and inherited genetic disorders example Charcot Marie Tooth disease with GJB1 mutations
and others listed in table 9. 1.

Evidence for CNS involvement in CIDP was reported in the late 1980s by Mendell et al *®. There has
been one reported case of tumefactive central demyelination in MADSAM **. Kira et al reported

CNS lesions in 8 % of patients positive for NF155 antibodies*”. Cases of CCPD with NF155
antibodies have been reported mainly from Japan and fewer from Europe 38402430431 Hoy et al
reported CCPD with aquaporin 4 and MAG antibodies*?*. More recently, glycolipid lactosylceramide
antibodies were described in 2 patients from Japan, with 10 previous cases documented in the
literature**. Other antibodies described in CCPD include GQ1b antibodies, one case reported in Saudi
Arabia, MOG antibodies and more recently paraneoplastic antibodies *'* > **(table 9. 2).

Subclinical visual pathway involvement has been documented using optical coherence tomography

(OCT) and visual evoked potentials (VEP) in various other cohorts of patients with CIDP #°#36,
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CCPD has also been reported in larger case series from Europe with no identifiable antibodies™’. To
our knowledge, our cases are the first reported from Africa

Unusual findings in our patients were that of extensive symmetrical white matter involvement and
significant involvement of the genu and splenium of the corpus callosum in both patients. This may be
seen with toxins such as benzene or toluene, which was not the case in our patients. Although, genetic

421838 the presence of CSF-restricted

leukodystrophies and mitochondrial disease are possible,
oligoclonal bands, temporal dispersion and conduction blocks on nerve conduction, the dramatic
response to corticosteroids with resolution of the lesions on MRI, normalisation of the nerve
conduction studies (patient 2), relapse of disease when stopping steroids (patient 1), and pregnancy
being the common precipitating factor, makes an acquired immune-mediated aetiology most likely,
although genetic testing will be the gold standard to differentiate acquired disorders from inherited.
Despite negative live cell based assays for known nodal-paranodal antibodies (NF186, NF155,
Contactinl, Casprl) , a nodo-paranodopathy due to a novel or untested antibody, targeting both

peripheral and central myelin, or cell mediated dysfunction remains a possibility**.

CNS and PNS myelin are embryologically and structurally different in terms of their quantitative
glycolipid, glycoprotein composition and ultrastructural features **"**%. As in CIDP and MS, the exact
immunopathogenesis of CCPD is speculative as both cell mediated and humoral mechanisms may
occur synergistically **°. There are several recognised common antigenic targets to both CNS and
PNS myelin (Listed in table 9.2) and those that remain to be identified in prospective studies****%,
Future studies using induced human pluripotent oligodendrocyte myelin stem cell culture screens or

animal models may help identify a yet unidentified or untested target.

Distinguishing acute onset CIDP (A-CIDP) from AIDP is often challenging especially at the onset of
clinical presentation . Sixteen percent of initially diagnosed CIDP patients present acutely and are
often distinguished from AIDP by not having autonomic dysregulation, bifacial weakness or requiring
mechanical ventilation and other factors discussed in chapter 1 ***2. However, there is emerging
evidence that patients initially diagnosed with A-CIDP and some patients with AIDP are nodo-
paranodopathies which is a pathologically distinct entity '°'°* 3% Examples of the above include

nodo-paranodopathies associated with NF-155 (IgG4 subtype) and pan-neurofascin disease''* '?’.

Whole exome sequencing revealed 2 potential mutations in the PPFIA4 gene and the CHCHD10 gene
in the exome SYNS-10336/L14048 of patient 2. The first mutation is a close interactor of KIF1A
which is linked to mutations in neuronal microtubule (MT) motor protein. KIF1A is associated with a
recessive axonal neuropathy and KIF1A neurological disorder (KAND)*?. The PPFIA4 gene, despite
a high combined annotation dependent depletion (CADD) score of 32 (based on European data), is

usually not linked to neurological disease**'. The CHCHD10 mutation is associated with amyotrophic
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lateral sclerosis and less frequently, mitochondrial disorders **>***. The CCPD in the 2 patients may
be consistent with a mitochondrial disorder. Central and peripheral demyelination is a described
feature in mitochondrial disease such as NARP (mitochondrial disorder associated with neuropathy,
ataxia, retinitis pigmentosa or LHON (Leber’s hereditary optic neuropathy)*** *>. However, the
steroid responsive nature of the disease in patient 2 is an unusual feature for mitochondrial
dysfunction, although episodic relapses and improvement has been described. Known mutations for
mitochondrial diseases, demyelinating CMT and inherited leukodystrophies have been excluded in

this patient. The 2 described mutations are likely incidental.

Genomic data from the African continent is lacking for most diseases and is virtually non-existent for
rare diseases such as CIDP and CCPD. Wild type genomic information is possibly different from
European populations and is required to fill the gap in the worlds genetic data bases. Large genome
wide association studies are required for CIDP, which should include the African continent. This will
enable the discovery of more mutations and establishment of CADD scores specific for African

people.

To date, almost no genes have been described in CCPD. Limited genes have been described in CIDP
across all continents, not just Africa. The limited data that exists arises largely from the West and
Japan. This includes SH2D2A, and the M3 allele of alpha-1 antitrypsin or perforin which may play a
role in demyelination ****'°, The following HLA associations have been described which include
HLA-DR2, HLA-DR3 ,HLA-DQ?2 and a strong association of HLA-DRB15 with anti-NF155
autoimmune nodopathies*'"*'? 41>, Blum et al, described several plausible candidate genes in GBS and

414 Novel inborn errors in both coding and non-

CIDP mainly in association with autoimmunity
coding genes (which act as regulators for the coding genes) that participate in tolerance include TYK2
gene in SLE, PTPN22 in diabetes mellitus, CTLA4 gene coding for inhibitory T cell signals ¢ 44415,
Genetic variations in PRFI, the promoter region of FCGR2B, and single nucleotide polymorphisms of

TAG-1 has been associated with IVIG responsiveness in a cohort of Japanese patients with CIDP *'¢

417

Whole genome sequencing, which includes the non-coding introns may be useful in our patients to
identify candidate genes that may be implicated in tolerance and autoimmunity. The genetic
confirmation of Lawrence Moon Biedl syndrome in the son of patient 2, was most likely co-
incidental. We are awaiting WES in the second sister and later WGS in both patients which may lend

clues to genetic mutations that have been missed or not identified.

There are case reports of genetic neuropathies such as CMT 14, HNPP, CMT 1B, CMT X, CMT 4C,

co-existent with CIDP or have a CIDP-like presentation. These have been associated with pathogenic
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variants in genes such as SH3TC2 in CMT 4C, MPZ in CMT 1B, PMP 22 in HNPP, MARS 1 in CMT
2U and with other inherited disorders such as metachromatic leukodystrophy and mitochondrial
disorders such as mitochondrial neurogastrointestinal encephalopathy (MNGIE)****!, Munch et al
reported a case of severe AIDP with a duplication at chromosome 17p11.2-12, a known genetic cause
of CMT1A*?. The postulate is that environmental triggers may initiate an immune attack in
genetically defective myelin, or the putative capacity of the Schwann cell to act as a myelin antigen
presenting cell, as shown in mutant mice models with chronic myelin damage, which may trigger
inflammation®* ***, Comparing defects in myelin protein from CIDP patients to wild type myelin may
provide clues to latent inherited myelin defect. Differentiating CIDP-like hereditary neuropathy from
true inflammatory CIDP is often challenging and genetic testing remains the gold standard, although
acute onset, response to immunotherapy, and temporal dispersion and conduction blocks may lend

clues.

Pregnancy was the precipitating event in both patients. It is well known that maternal T-cell responses
are specifically altered during pregnancy to accommodate the developing foetus. These maternal T
cells acquire a transient state of tolerance for foetal H2 antigens that may lead to autoimmunity *> ¢,
Other factors that may result in autoimmunity during and post pregnancy is microchimerism, where
there is persistence of a small population of cells or DNA in the mother that is derived from a
genetically distinct foetus. This bidirectional trafficking of maternal and foetal cells can persist for

decades **’

. McCombe et al reported worsening of CIDP in 5 pregnant women and the onset of the
disease in 4 patients during post-partum, due to cross reactivity between foetal and maternal neural
antigens ***. Immune changes post-partum, may have also resulted in potential immune reconstitution

inflammatory syndrome similar to HIV-infected patients commencing ART*’.

The co-existence of HIV infection in case 2 may have resulted in a dampened immune response,
possible switching of IgG4 to IgG1, and hence a better response to therapy and less aggressive
disease. Previous studies show that CIDP in the setting of HIV is less aggressive and more steroid
responsive compared to HIV-uninfected counterparts **’. Furthermore in the chapter 7, antibodies
were commonly IgG1 in HIV-infected patients.

The above 2 cases add to the current literature as they are the first cases of 2 siblings with CCPD from
Africa, with a common precipitating factor namely pregnancy. The above cases highlight the
possibility that genetic factors may predispose to demyelination and autoimmunity, the role of
pregnancy in autoimmunity and the importance of identifying antigens common to both the CNS and
PNS. Limitations include not performing whole genome sequencing and not using a human derived
myelin culture model of oligodendrocytes and Schwann cells in their native environment to screen
for novel antigens. Identification of the causative genes in autoimmunity and tolerance may require

whole genome sequencing or long-read sequencing technologies to cover for non-coding and
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structural genetic variations. Moreover, screening additional family members , for example the elder
sister which was not done in the above cases, as well as carrying our Sanger validation studies in the
whole family is important for shedding more genetic information on the identified variants.

Nevertheless, prospective studies with larger patient numbers will include genome wide association

studies in CIDP and screening for “novel” or “untested” antibodies.

Conclusion:

The above novel cases of CCPD among 2 African sisters, provide a platform to explore the
confluence of genetic, immune, and environmental factors in the context of autoimmune disease,
where pregnancy and exposure to other infections or toxins are potential triggers.

The cases highlight the need for building patient cohorts with similar clinical manifestations and
carrying out multicentre genome wide association studies. This will allow for better understanding of
single nucleotide polymorphisms in different populations, and in complex diseases such as immune
mediated demyelination which is likely due to an interplay between multiple genes and various
environmental factors such as pregnancy.

However, in the context of this uncommon disorder, antibodies against NF155, lactosylceremide,
AQP-4, GQIB, MAG, MOG, CV2/CRMP5 should be excluded, despite majority of reported cases
being antibody negative. Future discovery of novel pathogenetic antibodies will direct therapy

example BCDT if anti-NF155 positive.

Contributorship: KM wrote the original draft of the manuscript. SR,VBP,PLAB,AAM contributed
to subsequent drafts and revisions. SR contributed with the live CBA and hiPSC myelin co-culture

screens. SE and HH contributed with WES analysis. All authors approved the final version
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CHAPTER 10:

Relevant unpublished results of live CBA, myelin co-cultures and mass spectrometry performed

on the patients from published manuscripts 2,3,4,5 after publication:

In total 76 HIV-infected patients were screened for nodal/paranodal and ganglioside antibodies using
live CBA and ELISA respectively. This cohort included 5 patients with HIV-infected MNS
(manuscript 2) and 11 patients with HIV associated PM LSP (manuscript 4) and 10 patients with
DRG, 8 (CCPD + ON) and 24 (MSM DN) patients (manuscript 5) + 18 additional patients recruited

after publication of the 4™ published manuscript) as testing was done in stages.

A summary of these results and clinical features are included in table 10.1:

Six serum samples (6/76 (9.2%)) were positive for the nodal/paranodal antibodies.

Three (3/6 (50%)) were of the NF155 IgG1 subtype, with low antibody titres.

Two patients ( 2/6 (33%)) were of the NF186 IgG1 subtype

One patient (1/6 (17 %)) was CNTN1 IgG4 positive (IgG1,2,4).

None of the patients were PAN NF positive.

Four (4/6 (66%)) of antibody positive patients had a mixed sensory motor demyelinating neuropathy
(2 was NF155 positive, 1 was NF 186 positive and 1 was CNTNI1 positive), 1 (16.6%) patient had a
PM LSP was NF186 positive, and 1(16.6%) patient with DRG was NF155 positive. Fifteen patients
with pure motor syndromes (PM LSP+MNS) were negative for both NF186 and GM1 antibodies.
All patients were negative for ganglioside antibodies, paraneoplastic antibodies and other antibodies

included in table Al.
Patients with CCPD (includes CIDP with ON ) tested negative for ganglioside, lactosylceramide and
nodal/paranodal antibodies. One patient with the initial diagnosis of CIDP with ON was NF155

positive.

Three (4%) of the above patients (Fig 10.4), showed moderate to strong binding to myelin co-
cultures. All 3 patients had the initial diagnosis of MSM CIDP
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Table 10.1 Summary of positive results of Live CBA and myelin co-culture screens not included in published manuscript.

MSM DN PM LSP MNS DRG CCPD CIDP

Total number of patients tested (76) 42 11 5 10 4 4
Total number of nodal/paranodal +ve 3 1 0 1 0 1
Positive myelin co-culture screens (3) 3

Clinical Phenotype NF186 NF155 CNTN-1 CNTN/CaspR | IgG subtype CD4 count (cells/mm’)
Patient 0 MSM DN -ve 1:400 -ve -ve IeG 1 148
Patient 3 MSM DN +ON -ve 1:200 -ve -ve IgGl 189
Patient 16 DRG -ve 1:200 -ve -ve IgGl 277
Patient 21 PM LSP 1:400 -ve -ve -ve IgGl 210
Patient 66 MSM DN + NS -ve -ve 1:6400 -ve I1gGl.2.4 105
Patient 71 MSM DN 1:400 -ve -ve -ve IgGl1 236

PM LSP=ventral root radiculopathy, DRG=Dorsal root ganglionopathy, MSM=mixed sensory motor . DN=demyelinating neuropathy, NS=nephrotic
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Figure: 10.1 Live CBA for patient O0: NF 155 IgG1 positive (1:400) Fig 10.3: Live CBA for patient 71: NF 186 IgG1 positive (1:400)
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Figure 10.2: Live CBA for patient 66: CNTN1 (1gG1,2,4) positive (1:6400)

DAPI 1gG NFASC DAPI 1gG NFASC

Cell-based assay using fluorescence microscopy. HEK cells are transfected with plasmid
vectors encoding the different isoforms of neurofascin, CNTN1, Caspr and CNTN1/Caspr
complex which are expressed as proteins within the cell membrane. Incubation with patient
0,66 & 71 serum allows human anti-NF155(green), CNTN1(green) and NF 186 (green)
antibodies, to bind to their target antigen. Co-localization (yellow/green fluorescence) with
a commercial NF155 (red), NF186 (red) and CNTNI1 (green) stain confirms NF155,
CNTNI1 and NF 186 as the target antigen respectively (Fig 10.1, fig 10.2 and fig 10.3).
Note: In fig 10.2 Caspr,(green),CNTN1/Caspr complex are negative . IgG subtyping
demonstrates positive [gG4=1gG2=IgG1l. Background HEK reactivity in Fig 10.2 is
commonly seen in CNTN 1+ cases due to endogenous CNTNI1 expression by HEK cells.
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Figure 10.4 Positive myelinating co-cultures (Patient 1,30, and 49):

A: Serum (Patient 1) B: Serum (Patient 30) CSF (Patient 30) C: Serum (Patient 49)

Figure A and B shows human IgG from serum of patient 1 and serum and CSF of patient 30, binding to non-myelinating Schwann cells in
myelin-co cultures (arrow-heads). In figure C, human IgG from serum of patient 49 binds to occasional axons. Fig A and B show moderate to
intense binding along non myelinating Schwann cells as it wraps itself around the axon. Microscopically this may appear similar to axonal
binding. To differentiate the binding site ( axon vs Schwann cell) serum will be added to cultures containing axons only or Schwann cells only.
The antigenic target is unknown in all 4 cultures and immunoprecipitation experiments using magnetic beads will be carried out in prospective
study to identify this unknown Ab-Ag complex using the method described in chapter 3. Results of mass spectrometry for Patient 1 is

described below.
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Results of IP using Magnetic beads (see methods section) and Mass spectrometry for patient 1/
CIDP-1
Aim
To identify the target of neuronal binding of human IgG found in sera of CIDP 1 (Patient 1, Fig
10.4A).
Hypothesis and a brief description of the experiment:
The mixed sensory motor demyelinating peripheral neuropathy in CIDP-1 is caused by human IgG
antibodies binding to a single or possibly more than one Schwann cell antigenic target.
This is based on the binding pattern seen on myelin co- cultures ( Figure : 10.4 A) . It is presumed
that there is a single antigenic target which explains the Schwann cell IgG binding pattern in the
cultures, and that antibodies binding this target are the cause of the associated demyelinating
peripheral neuropathy. The relevant Ag-Ab complex from the myelin co-culture screen incubated with
serum of CIDP 1 was immunoprecipitated using magnetic beading immunoprecipitation protocol in
chapter 3.
The relevant peptides/proteins were identified on mass spectrometry using the following criteria

1. Most or highly enriched protein detected on mass spectrograph and not necessarily a unique

hit.
2. The target antigen should be a potential neuronal or glial membrane protein , in the case of
CIDP 1, more specifically a Schwann cell target in the neural tissue data base

Relative enrichment, measured as fold change, was identified by plotting relative enrichment and p
values for significance compared to comparators (target positive control or blank) on scatter
plots/volcano plots and Venn diagram (Fig 10.5,fig 10.6,fig 10.7) for unique hits.
Results of CIDP 1 was primarily compared against positive and negative controls using the 2 sample
student —test combined with permutation FDR set at 5 % (Bio 046 vs CIDP 1, Blank vs CIDP1).
Pairwise comparisons against other samples (SR1192, IMA) was performed secondarily to identify
potential unique hits.
Confirmation of the target will be done prospectively using an antigen specific assay (generally
transient transfection to produce over-expression of the protein of interest in HEK cells) or other

techniques such as gene silencing techniques discussed in section chapter 3.

Patients:
CIDP1: binds to non-myelinating Schwann cells.

Controls:

1. Positive Control: Bio-146 (binds human CNTNI1 on paranodes)
2. Negative control: Blank 1,2,3 -no sera added, consists of cells only
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Cultures:
Myelin co-cultures were prepared according to established controls described in chapter 3.
Table 10.2: Description of CIDP-1 vs Positive and Negative controls

Sample name Medium volume Cells Treatment — human patient serum Binding
diluted 1:100 in cell medium

(N2Complate* + 1% BSA + human NGF
(nerve growth factos), 25 ng/ mL)

Blank 1 Dry beads Human iPSC-derived No - just medium added to cells Non-specific binding to beads
neurons and rat Schwann
Blank 2
cells
Blank 3
Bio146_1 Dry beads Human iPSC-derived Yes (positive control = CNTN1 expected ~ Axon
Bi neurons and rat Schwann to be detected)
i0146_2
cells
Bio146_3
Dry beads Human iPSC-derived Yes (unknown) Non-myelinating rat Schwann
neurons and rat Schwann cells
cells

N2Complete — Neurobasal medium (Life Technologies, 12348017) supplemented with B27 (Life Technologies, 12587010),
N2 (Life Technologies, 17502048), Glutamax (Invitrogen, 35050038) and Antibiotic-Antimycotic (Invitrogen, Cat 15240062)
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Results of the mass spectrometry analysis for CIDP1 vs control
(Using TIMS-TOF mass spectrometry, electrospray ionization)

8(9”4_

MYOS5A

NSF

Ubap1l
ENSRNOG00000070662

Produced using:
https://bioinformatics.psb.ugent. be/webtools/Venn

49
59‘\91

Figure 10.5: Venn diagram shows proteins exclusively in at least 2 of the 3 biological triplicates of each
condition. The 5 proteins unique to CIDP-1 are listed in the table above. Tgfbr3 is the only protein reported to be
present on Schwann cells.

Volcano plot comparing B10046 (positive control) vs CIDP 1

NSF=Snare, C1QB=complement
Ubap1=ubiquitin associated
protein

Target antigen
inthe positive

e -~ control

signaling molecule
Immunoglobulins
Tefbr3

& complement

Figure 10.6: Volcano plot showing relative enrichment of various proteins in CIDP-1 compared to Bio046. Majority of
the relevant proteins identified are complement, immunoglobulins, signaling molecules and intracellular molecules. The
only protein that may have relevance to neural tissue is Tgfbr3.
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Volcano plot comparing Blank (negative control) vs CIDP 1

Figure 10.7: Similarly, among the relatively most enriched proteins, comparing CIDP-1 to blank, Tgfbr3

appears to be the only protein of relevance.
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Relevance of Tgbr in peripheral nerve function*’
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Figure 10.8: Demonstrates the diverse role of Tgfbr in neural regeneration which includes recruitment of
macrophages, enhancing capacity of the SC (Schwann cell) to clear myelin debri, iniates programming of the
Schwann cell, modulates BNB permeability and sustains Treg and Th2 cells to create a supportive environment for
nerve growth and repair.

Tgfbr has multiple functions (demonstrated above) and is upregulated in various neuropathies
including diabetic neuropathy*®'. This experiment shows that Tgfbr3 is more likely enriched in the
immunoprecipate of CIDP1 sera. This may be as a consequence of nerve injury or inflammation and
not necessarily pathogenetic. Despite the above there still remains a possibility that antibodies
targeting Tgfr3 may impair Schwann cell function. However, more studies are required to explore its
relevance and pathogenicity in inflammatory demyelinating polyneuropathies. Future tests will
include: confirmation of the target using an antigen specific assay ( transient transfection to produce
over-expression of the protein of interest in HEK cells) or other techniques such as gene silencing

techniques discussed chapter 3.
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Limitations of this experiment using mass spectrometry:

L.

Mass spectrometry is useful for protein antigens and, thus, lipid or carbohydrate antigens cannot
be identified without modifications to the processing and analysis

Sensitivity for large molecules is poorer than for peptide analysis because the signal is distributed
over many charge states. Furthermore, the molecular weight of a protein cannot be predicted
precisely from its database entry, because of N- and C-terminal processing, posttranslational
modifications, and chemical modifications introduced during sample purification.

More filtering out of immunoglobulins, complement, intracellular components is required to
better interpret results in the above experiment

Tgfbr3 antigen is a potential candidate antigen targeting Schwann cells, however this needs to be
confirmed and pathogenicity explored in future experiments, as its distribution and function is
widespread

Target antigen may not be present in the data base.

Although rodent and human protein databases cover a very significant proportion of the proteome,
their completeness, accuracy and detail may be insufficient for novel antigens that may have not
been studied in any other disease or model, and thus it is difficult to assign relevance to the
identified antigens.

In HIV, multiple antibodies are produced and non-specific binding to multiple neural antigenic
targets maybe possible without actually producing disease

In this experiment one may require additional controls who are HIV-infected without
inflammatory neuropathy or HIV-infected controls with autoimmune disease ( not neuropathy) to

improve interpretation of results in future studies
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Non- antibody mediated demyelination (Patient 3 and 21):

Despite the absence of visible binding of antibodies to myelin co-cultures at 1hr and 24hrs
respectively, there was axonal degeneration/fragmentation and myelin blebbing in patient 3 and 21 at
1hr and 24hrs respectively and not in controls. There are clumps of degenerated axons and no intact
axon between These findings prompted us to consider non-antibody mediated demyelination and
axonal degeneration as a plausible explanation in these 2 patients and in the other patients in this
cohort who despite having clinical demyelinating neuropathies with secondary axonal loss tested

negative for various antibodies described in the respective manuscripts.

) Patient 3 (24hrs)
Patient 3 (1hrs)

CIDP 21 (1 hr) CIDP 21 (24hrs)

Figure 10.9: Patient 3 showing myelin blebbing (arrows) and clumps of NF200 within myelin
fragments indicating axonal degeneration (arrowheads) and patient 21 showing less myelin blebbing
and axonal fragmentation (arrow) at 24hrs. Note there is minimal neural injury at lhour.
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However various factors including laboratory factors may account for the axonal degeneration and
demyelination without visible antibody binding. These are as follows:

1. Low antibody binding (low affinity [gG1 antibodies, or low antigen expression in the myelin
co-culture system) resulting in no visible binding on fluorescent confocal light microscopy.

2. Myelin and axonal injury can occur in normal sera (<0.5%) and therefore requires objective
quantification to decide if pathological or within normal limits. The use of automated imaging
to capture multiple and consistent images/locations within each well, which is then analysed
by computer software to objectively quantify fragmentation of axons and myelin as a marker
of injury, avoids observer bias. Furthermore, quantifying what is regarded as
normal/acceptable myelin damage in controls is important to establish normative data in
future studies.

3. Repeating the experiment with duplicate/triplicate wells of control (NHS) vs patient sera will
be useful in order to control for culture variability.

4. Other factors, other than antibodies in the sera may account for neural injury if objectively
quantified and reproducible. These include non-antibody induced demyelination due to
factors listed below discussed briefly in this chapter:

a. TNF-alpha
b. cytokines
c. macrophages

d. complement
Theories of non-humoral factors that may result in demyelination or neural injury:

TNF alphat> 463

Several observations suggest that tumour necrosis factor (TNF) plays a role in demyelination,
although direct evidence for the above is lacking. Studies have examined ultra-structurally rat sciatic
nerve injected with TNF- alpha **. Initially, occasional myelinated axons associated with
macrophages showed signs of mild myelin damage. By day 3 there were features of demyelination.
By 6-7 days, the vascular changes had resolved, and the endoneurium contained significant numbers
of demyelinating and degenerating axons. Control nerves, which received injections of placebo
(saline), showed no vascular changes or demyelination.

Recombinant human tumor necrosis factor (thTNF) has been tested for its effect on myelinated
cultures of mouse spinal cord tissue. As controls, recombinant human interferon gamma (rhIFN) and
interleukin-2 (rhIG2) were tested, as well as T-cell supernatants, anti-galactocerebroside serum, and

normal culture medium. It was found that rhTNF induced delayed-onset (18-24 hr) oligodendrocyte
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necrosis and demyelination. Some nerve fibres progressed to demyelination by 72 hours. In contrast,
thIFN, rhIL2, T-cell supernatants, and normal medium had little or no effect on myelin cultures.
Whether TNF alone induces demyelination remains uncertain. Macrophages may remain an essential
component of the immune attack and further studies are required to determine the role of TNF alpha
WITHOUT macrophages in the demyelinating process .

The above is a plausible consideration in HIV, where there are high levels of TNF due to chronic
immune activation, however demyelination has been described in the presence of macrophages

(many of which contain HIV and may therefore not be functional)

Fig 10.10: Selmaj KW, Raine CS. Tumor necrosis
factor mediates myelin and oligodendrocyte damage in
vitro. Ann Neurol 1988:; 23:339-346
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Figure: 10.11: Complement pathways: Classical. Lectin and alternative (Kuhn et al: Cells, 2003 72(6),
887)
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Complement activation occurs via 3 pathways: namely the classical pathway, lectin pathway,
alternative pathway. Complement involvement in peripheral nerve disease is evidenced by the
demonstration of complement deposition in sural nerve biopsies from CIDP patients.
In a previous study, sural nerve biopsy specimens from seven CIDP patients showed deposition of
IgM in intraneural blood vessels in all seven patients and deposition of C3 in 6 patients. Deposits of
C3, were also noted on the Schwann cell plasmalemma of even non-demyelinated nerve fibres in
CIDP patients. Complement may contribute to nerve injury by inducing vascular permeability
changes, thereby increasing BNB permeability, and enhance the access of antibodies to nerve fibres.
In another study, the presence of C3d as a part of the immune complex on myelin sheaths suggests a
role of the complement system in the development of neuropathy.
A recent single case report of a patient with CIDP demonstrated the presence of a circulating IgG
antibody to LM1. but not to NF155, CNTN1. GM1. and GD1b. Immunohistochemical analysis
revealed deposition of C9 neoepitope, a component of MAC, on compact myelin. Macrophage
infiltration was evident with the presence of several CD68- positive cells in each fascicle. Furthermore,
deposition of complement was noted at the internodes, which comprise most of the length of
myelinated fibres. This case highlights the possible role of complement-dependent cytotoxicity in the
pathogenesis of CIDP with LM1 antibodies.
However, whether alternate complement pathway or lectin pathway activation occurs in CIDP
(bacterial or viral induced) in the absence of the formation of Ag-Ab complexes is uncertain and
requires further investigation. Current literature supports Ag-Ab complex formation to activate the
classical pathway which did not occur in our patients. However, staining for complement deposition in
culture models maybe useful in a future experiments, as complement deposition independent of Ag-Ab

complex formation remains a possibility.

Fig 10.12: Complement deposition in
sural nerve biopsy from CIDP patients
(A) and (B) agarose gel electrophoresis
patterns of complement in CSF of CIDP
patients: Adapted from Dalakas MC
and Engel WK

Viral Induced: 6 46

Several viruses can initiate CNS and PNS diseases that include demyelination as a major feature of
neuropathology. In humans, the most prominent demyelinating diseases are progressive multifocal

leukoencephalopathy, caused by JC virus which directly infects oligodendrocytes, and the measles
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virus which causes subacute sclerosing panencephalitis. More recently the Zika virus and the
coronavirus has also been implicated as causing GBS, CIDP and central demyelination **"%,
Studies with neurotropic strains of mouse hepatitis virus, Theiler’s virus, and Semliki Forest virus
have been at the forefront of this research. These models demonstrate how viruses enter the brain,
spread, persist, and interact with immune responses. Common features are an ability to infect and
persist in glial cells and generation of predominantly CD8+ responses resulting in inflammatory
demyelination. In most cases demyelination is to a limited extent the result of direct virus destruction
of oligodendrocytes, but for the most part is the consequence of immune and inflammatory responses.

HIV gene sequences has been identified in HIV associated distal sensory neuropathy and has been

implicated in axonal degeneration, but has not yet been described in demyelinating neuropathies. '

Fig 10.13: Demyelination and axonal
loss in an infected mouse spinal cord,
arrow demonstrates a large

demyelinating plaque.

(a) (b)

Cytokines:

Various combinations exist and differ in a disease model and/or tissue in which they function. Studies
show that TNF-0, HGF, MIP-1f and IL-1 levels were significantly higher in total CIDP patients than
in normal controls. Of these, HGF levels were elevated in typical CIDP patients, but not in MADSAM
patients. Patients with high HGF levels showed good responses to steroid treatment. Different
cytokine profiles among the CIDP subtypes presumably reflect differences in pathophysiology, stage
of disease and differing microenvironments*’".

Other studies show that IL-12 may be involved as potential marker of immune activation in CIDP.
The increase in its levels in CSF may be a marker of initiation of Th-1 cell-mediated immunity.*”*
However, whether cytokines alone or in specific combinations can cause nerve damage is unclear.

Macrophages and/or antibodies may be required to induce or maintain demyelination.

Macrophage-induced demyelination

The above is the best described in CIDP, independent of the humoral arm.

Immunologic mechanisms underlying macrophage-induced demyelination remain to be elucidated,
despite early reports having stressed the significance of this phenomenon. Macrophages play an
important role in inflammatory demyelinating neuropathies, such as Guillain-Barre syndrome

(GBS)/AIDP and CIDP. In HIV, M Trophic viruses infect macrophages early in the disease. These
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macrophages may express viral antigenic components that cross react with the patients peripheral

nerve antigens.

A concept of molecular mimicry of foreign epitopes in infectious agents to self-epitopes in the
peripheral nervous system has been established in GBS. A similar mechanism may constitute the
initial step in the immunologic cascade in a subpopulation of patients with CIDP, particularly those
manifesting an acute progression mimicking GBS. Another possible first step may be initiated by
resident macrophages in the peripheral nervous system that may act as antigen-presenting cells.
Abnormal recognition of some myelin epitopes by these macrophages may act as the initial trigger for
the pathogenesis in CIDP. Following the initial trigger of the inflammatory cascade, blood monocytes
enter the endoneurium, guided by adhesion molecules, such as selectins or ICAM-1,35,36 and matrix
metalloproteinases. They then differentiate into macrophages. Hence, both resident and blood-derived
macrophages may contribute to inflammation in the peripheral nervous system. In addition to the
production of proinflammatory cytokines that modulate the inflammatory process by macrophages in
peripheral nerve tissue, direct damage to myelin leads to demyelination. Previous animal studies have
suggested that proteases secreted by macrophages and TNF may also be involved in demyelination.
Electron microscopic studies of nerve biopsy specimens obtained from patients with CIDP revealed
that macrophages seem to actively destroy myelin that otherwise appears to be normal.

An antibody-mediated pathway is one of the putative mechanisms for macrophage-induced
demyelination. This finding may suggest that the attachment of putative autoantibodies to myelin
components provokes complement cascades and subsequent phagocytosis by macrophages.

Other cells: NK Cells, CD8>CD4 T cells

In Conclusion:

The inducing factor for demyelination is possibly viral, bacterial, trauma induced or exposure to
neural antigens (pregnancy, surgery). This may sensitize the adaptive arm of immunity resulting in
demyelination mediated by B cells, T cells and macrophages with the aid of cytokines. Cytokine and
complement activation may vary depending on the environment in which they function and may
require external co-factors example a virus or bacteria. Cytokines may differ not only in the tissue
within which they are effective, but also the combination in which they exist and the stage of the
immune response.

useful prospective experiment will be independent addition, or addition of different combinations of
complement, cytokines, viruses, followed by immune cells and antibodies in a stepwise fashion or
randomly to myelin co-cultures to determine which of the above independently or in combination
induces demyelination. The HIV virus has shown to induce neural injury without the binding of

antibodies in previous studies.
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Chapter 11:
Discussion and synthesis

Despite, South Africa’s effective ART rollout having decreased immunodeficiency syndromes,
opportunistic infections and AIDS related neoplasms, autoimmunity still occurs. Chronic autoimmune
disease occurs as a consequence of chronic immune activation, which includes the humoral arm and
CTL responses. Additionally acute or subacute autoimmune diseases may occur during immune
reconstitution and sero-conversion. Possible reasons for chronic immune activation, includes ongoing
viral replication and incomplete immune restoration due to “immunological failure” or poor
penetration of ART into the CNS compartment **. In addition, ongoing viral replication and
emergence of circulating recombinant forms and “unique” recombinant forms, may occur due to poor
compliance to ART *. In 2019, an estimated 15%—20% of patients on first-line ART and 30% on

474, 475

second-line ART in SA experienced virological failure and 19% on non-nucleotide reverse

transcriptase inhibitor (NNRTI)-based ART, had failed virologically and immunologically. >’

The main aim of the thesis was to describe the clinical, electrophysiological, laboratory and
radiological findings of immune mediated peripheral nervous system disease in the setting of HIV, to
compare these findings to an HIV-uninfected cohort, and to explore the immunopathogenesis of these
unique disorders. This was achieved by assessing clinical response to immunotherapy, testing sera and
CSF for potential pathogenetic peripheral nerve antibodies and screening for novel antibodies using
myelin co-culture screens. Immunoprecipitation and mass spectrometry, although described in a
single patient in chapter 10, will be explored further in prospective studies. The novel findings of each

published manuscript are summarized below.

A comparison of clinical, electro-diagnostic, laboratory and treatment outcome differences in a

cohort of HIV-infected and HIV-uninfected patients with Myasthenia Gravis

In the above study, significant differences are that a) HIV-infected MG patients were more likely to
be young, black females. b) HIV-infected MG presented with more severe generalised disease as
evidenced by higher MGFA grades and functional scores (MMT, MGQOL, and MGADL) and were
more likely to present with bulbar-respiratory failure requiring ventilation. c¢) The majority of the
patients were AcHR antibody negative compared to the HIV-uninfected category. HIV-infected
patients often required rescue therapy with IVIG/PLEX or IVI Cyclophosphamide. Prospective
studies of MuSK, the IgG subclass, novel antibodies, immune function studies, and possibly thymic
histology may be valuable to explain the pathogenesis of MG in HIV and perhaps segregate alternate
therapeutic avenues. MuSK a likely antibody, which accurately predicts for their phenotype has

previously been described in the African ancestary'®, and may possibly be related to genetic factors
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or HIV itself. Screening for the above will allow for the establishment of treatment guidelines of MG

in HIV.

A comparative study of HIV-infected and HIV un-infected patients with motor neuron

syndrome
HIV-infected patients with MNS are more functionally disabled at presentation and die within the first

year if untreated. ART therapy results in improved functional recovery with possible reversal of the
disease process, which supports a viral or immune pathogenesis. Future prospective studies are
required to evaluate the pathogenesis of HIV-associated MNS, especially with respect to endogenous
retroviruses'*’. This may extend clues to the “multi-step” pathogenesis of MND. Lastly, and most
importantly, active support for patients with MNS in the long term is warranted as survival and
improvement with ART is highly likely and the clinician should be aware of the reversible nature of

this disease as it is not neurodegenerative.

A comparison of clinical, electro-diagnostic, laboratory and treatment outcome differences in a

cohort of HIV-infected and HIV-uninfected patients with Chronic Inflammatory Demyelinating

Polyneuropathy

This study suggests that treated HIV-infected CIDP patients have a short duration of disease, a benign
course and are highly steroid responsive compared to their HIV-uninfected counterparts. Although the
cohort satisfied the ENFS criteria for CIDP, the quick response to corticosteroids and the relatively
benign monophasic course makes AIDP a possibility and argues for a possible steroid responsive
nodo-paranodopathy. Perhaps the course and progression of CIDP in HIV-infected individuals is
different and revision of criteria for the diagnosis of CIDP in HIV-infected individuals is required.
This study also shows that steroids are a cost-effective and safe option in HIV-infected CIDP patients
especially in a resource limited setting. Further prospective studies confirming a rapid corticosteroid
response in HIV-infected CIDP patients as well as unravelling the immune mechanisms responsible

for CIDP in these patients is required to define future therapy.

Pure motor lumbo-sacral radiculopathy in HIV:

The HIV pure motor lumbosacral radiculopathy cohort, is the largest cohort of the above condition
and the second reported case series in the world. The above is an unusual presentation of PM LSP
affecting the lumber-sacral roots only. Presentation is subacute and patients often respond to
corticosteroid therapy suggesting that the above condition is possibly a variant of CIDP and not
AIDP. Another postulate is that it is antibody mediated, a possible nodo-paranodopathy with ventral
root predilection. Future studies are required to better understand the pathogenesis of the above

disease.
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Nodal-paranodal antibodies in HIV-immune mediated radiculo-neuropathies: Clinical

phenotypes and relevance:

The study, although small, is the first such study in an HIV infected cohort. The study suggests that
nodal-paranodal antibodies occur at a similar frequency in HIV-infected and HIV-uninfected IMRN.
However, interpretation of results in the context of HIV infection, especially with IgG1 subtypes and
low antibody titres is challenging as many antibodies occur as an epiphenomenon in HIV and may
therefore be non-specific and non-pathogenetic. Larger prospective studies are required to better
define the relevance of these antibodies in the context of HIV and to determine if they define a
specific clinical entity. Potential novel antibodies may exist in this cohort as evidenced by the
positive myelin co-cultures and results of the mass spectrometry described in chapter 10. These will
by defined by larger prospective studies and confirmatory tests. The study provides direction for
future research, in terms of the importance of developing panels of antibodies or other biomarkers that
select for specific phenotypes, namely pure motor, pure sensory, CCPD and CIDP with optic neuritis.

This will ultimately provide direction for the establishment of targeted immunotherapy.

Case Report: Immune mediated or genetic? Combined central and peripheral demyelination in

2 Siblings of African Origin

The novel cases of CCPD among two sisters, provide a platform to explore the confluence of genetic,
immune, and environmental factors in the context of autoimmune disease, where pregnancy and
exposure to other infections such as HIV or toxins are potential triggers.

Future studies using a human derived myelin culture model of oligodendrocytes and Schwann cells in
their native environment to screen for common novel antigens is potentially useful. Identification of
the causative genes in autoimmunity and tolerance may require whole-genome sequencing or long-
read sequencing technologies or genome mapping to cover for non-coding and structural genetic
variations. The cases highlight the need for multicentre genome-wide association studies. This will
allow better understanding of single nucleotide polymorphisms in different populations, and in
complex diseases such as immune mediated demyelination, which is likely due to an interplay
between multiple genes and various environmental factors such as pregnancy. However, in the context
of this uncommon disorder, antibodies against NF155, lactosylceremide, AQP-4, GQ1B, MOG,
CV2/CRMPS should be excluded, despite most reported cases being antibody negative. Future
discovery of novel pathogenetic antibodies will direct therapy, for example B cell-depleting therapy,
if anti-NF155 positive.

Relevant questions that arise from this project, in addition to the disease specific discussions in each

chapter, includes the following:
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What is the relationship between CD4 counts and emergence of CIDP, MINS ,PM LSP,
Nodopathies and MG?

CD4 counts for CIDP, MNS,VRR, MG and nodopathies
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Figure 11.1: CD4 counts for CIDP, MNS,PM LSP, MG and nodopathies

The above graph indicates that HIV-infected CIDP (median CD4 count: 384, IQR 126-423) and MG
(median CD4 count: 390, IQR 186-461) are more likely to occur at higher CD4 counts compared to
MNS (median CD4 count: 161, IQR 84-210), nodopathies ( median: 210, IQR 195-229) and PM LSP
(327, IQR 146-457), PV <0.003. MNS and nodopathies are likely to occur during
immunosuppression, CD4 counts < 250cells/mm? and PM LSP at CD4 counts less than 400

cells/mm’, although not absolute.

As documented in previous articles, CIDP and MG may occur during immune reconstitution or
seroconversion when the immune system is preserved '8*2%! whereas MNS occurs during CD4
lymphopenia and therefore possibly viral, humoral or CD8 mediated™® %%, Literature regarding
nodopathies and PM LSP in HIV is limited and numbers are small to draw reliable conclusions.
However, one needs to exercise caution when interpreting CD4 counts as there are many confounding
factors that need consideration which include circadian cycle, concomitant nicotine and recreational

drug use, infections such as viruses and tuberculosis and ART*"®.

Is CIDP and MG an immune reconstitution inflammatory syndrome (IRIS) ?

IRIS is a potential complication in 30% of HIV-infected patients initiated on ART. It is a state of
hyper-inflammatory response against latent infections or antigens after a rise in CD4 cell count.
Infections such as cytomegalovirus, mycobacterium, cryptococcus, Epstein-Barr virus, pneumocystis,
JC virus, hepatitis B, and C infection and malignancies such as Kaposi sarcoma and non-Hodgkin’s

lymphoma has been described as an IRIS phenomenon **°.

In the case of HIV patients receiving HAART the following risk factors have been described **
1. Young Age, male gender
2. CD4+T cell count less than 100 cells/mm’at the time of initiating ART.
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3. An accelerated rise in CD4 count following treatment with ART.

4. Rapid HIV RNA viral suppression within ninety days of ART

5. Genetic factors example (HLA-A, -B44, -DR4 associated with herpes virus IRIS).
Applying criteria 2, 3 and 4 to our cohorts of patients who received ART, 41% (10/24) patients with
MG and 41% (16/39) patients with CIDP met the criteria for IRIS, showing either emergence of
disease or clinical deterioration with rising CD4 counts. This has been reported in previous studies'®"
233261 Similarly other autoimmune diseases may also occur as an IRIS phenomenon in HIV such as
Graves’ disease and sarcoidosis. This is therefore a plausible explanation for the prompt response of
HIV-infected CIDP patients to CST with no relapses, in contrast to HIV-uninfected CIDP. Future

studies with larger numbers are required to explore this concept further.
Is immunomodulatory therapy safe in HIV?

This studies demonstrates safe and effective use of CST, IVIG,PLEX and even cyclophosphamide in
HIV-infected patients. Various studies have also reported safe use of the above and additional agents
such as B cell depleting therapy in HIV?"°. High frequency PLEX without the use of
immunosuppressive therapy has been successfully used in HIV glomerular nephritis*”’. This
theoretically may be a “safer” treatment option in advanced immunosuppression. Prospective studies
are required to design clinical protocols to monitor the safe and effective administration of

immunotherapy in HIV.

Interpreting results for live CBA and pathogenetic antibody assessment in myelinating co-
cultures

Live CBA:

Unpublished data of an inter-laboratory validation of nodal/paranodal antibody testing study, across
four different laboratories in Europe, which includes the Nuffield Department of Clinical
Neurosciences laboratory, demonstrated an interlaboratory agreement in the overall results with high
concordance for 142/159 (89.3%) of samples®> *’®. Overall sensitivity ranged from 80%-87.3% and
specificity from 98.3% to 100% with accuracy between 96.9-99% among different tests. Live cell-
based assays was most accurate ( 98.9- 99.2%) followed by other CBA (96.6%-98.8%) and ELISA
(91-99%).This data demonstrates that live CBA are accurate and reliable methods to determine the
presence or absence of nodal/paranodal antibodies as depicted in figure 11.2. CBAs were also shown
to be more sensitive than ELISA, particularly for the detection of pan-neurofascin antibodies, where

ELISA misses 25-30% of CBA seropositive cases®> *’,
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However factors such as end-point titre (EPT) for NF155 antibodies and non-IgG4 subclass testing
are variable among laboratories which may be due to differing laboratory methods and variations in

the subclass specific secondary antibodies used by the different centres respectively, figure 11.3

Fig 11.3: Spearman's correlation matrices for antibody titre and subclass
determination between laboratories:

Although absolute titres varied, relative end-point titres were highly correlated
for CNTNI1 and Casprl, but less well correlated for NF155. There was also
generally lower correlation in the detection of specific IgG subclasses.

(Rinaldi, S ; Poster Presentation, Annual PNS Meeting Miami,2022)?%

Therefore the detection of IgG1 monospecific antibodies, especially NF 186, although variable among
laboratories in Europe, are likely related to our cohort of black- African -HIV-infected patients or due
to differing laboratory methods and variations in subclass specific secondary antibodies. NF186
monospecific antibodies are also described as uncommon among the centres testing for paranodal
antibodies in Europe and are more likely to be detected by centres using live CBA than fixed CBA or
ELISA. Larger prospective studies may be useful to confirm or exclude laboratory factors that may
influence results, confirm population specificity and to harmonise EPT and IgG subclass detection

among laboratories and different population groups.
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Myelinating co-cultures:

The myelinating co-cultures used in the experiments are contemporary and novel techniques to detect
antibodies. Hence testing across different population groups is limited, there are no clear guidelines
regarding parameters such as sensitivity (proportion of positive results in the diseased population,
correctly identified by the test), specificity (proportion of patients in the control population, excluded
by the test), non-specific binding, binding in controls and comparative studies with other methods
example teased nerve fibres.

However, data from small studies suggest that for known antibodies the sensitivity varies between 50-
90% and is different for different antibodies for example 50% for NF155 and 80-90%
(CNTN1/Caspr). Figure 11.4 shows results of 56 patients with positive NF155 and CNTN1

antibodies detected on live CBA and how they compare to a myelin co-culture system*”
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This study shows that with blinded repeat evaluation of 56 samples, overall agreement of sample
reactivity using Fleiss' Kappa statistic was 0.737 (z = 31.6) across 8 different rater combinations. This
small study demonstrated that false positive antibody binding is rare in controls (0.5%), blinded, inter-
rater agreement is high, and similar results are obtained across multiple experimental runs using
different hiPSC clones *”°.

For unknown or novel antibodies, it is not possible to determine a sensitivity or specificity as we do
not know if the antibody is present in the sample tested and if the antigen of interest is expressed in
the culture system myelinated by rat Schwann cells and not human Schwann cells.

False negative (a negative result in the diseased population who have neural antibodies, type 2 error)
may occur with low binding, that is below the positivity threshold, or the antigen of interest is not

expressed in the myelin co-culture system that leads to undetectable binding. Technical errors and
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poor-quality myelin co-cultures are possible but avoided by using control samples and quantifying the

ratio of myelin to axonal coverage as discussed in other studies®’.

False positives (positive result in the control population, type 1 error) is rare (<0.5%) and the pattern
of binding often lacks specificity. Myelin and axonal injury can uncommonly occur in normal sera
and therefore requires objective quantification to decide if pathological or within normal limits as in
(patient 3 and 21 in chapter 10). As already mentioned, quantifying what is regarded as
normal/acceptable myelin damage in controls is important to establish normative data in future
studies. The degree of myelin destruction by pathogenetic antibodies can be quantified as discussed in
the methods section by Davies et al**. Factors other than known antibodies in the sera may also
account for neural injury if objectively quantified and reproducible. These confounding factors, may

include TNF-alpha, cytokines, macrophages , complement discussed briefly in chapter 10.

The above highlights the challenges of calculating sensitivity, specificity, false negatives and false
positives for a novel and contemporary assay like myelin co-culture assay. Presumably, the assay has
a lower than expected true positive rate (proportion of patients who have neural antibodies that are
detected by the assay). However, this is not possible to calculate, as there isn’t a more definitive or

accurate “gold standard test” to confirm this.

The above studies, although small, show that live CBA and myelin co-culture systems are useful tests
to detect antibodies in inflammatory neuropathies with a high degree of accuracy for live CBA and a
variable sensitivity and specificity for different known or unknown antibodies using the myelin co-
culture system. The myelin culture system which expresses antigen in its “live native form, not altered
by fixative or freeze artefact” is theoretically an attractive system for the detection of novel or
unknown, peripheral nerve reactive antibodies, in addition to known nodal, paranodal and ganglioside
antibodies not detected by other tests. The cultures systems described have also been used to
demonstrate conduction block, axonal degeneration and demyelination induced by both IgM human

monoclonal disialosyl/ganglioside antibodies and neuropathy-associated serum IgG*’.

These assays are therefore valuable with respect to further prospective research to detect pathogenic
peripheral nerve reactive antibodies in inflammatory conditions such as CIDP, AIDP, PM LSP, DRG.
However, cost, skill, category 4 laboratory facilities, and time required for testing are limiting factors
especially in a resource deficient country like SA. The use of fixed CBA will be explored in a future

study and is possibly useful in resource deficient countries such as SA.
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CHAPTER 12 :

Recommendations for future research

Despite the changing landscape with ART, the above diseases, although uncommon in the global
arena, remain relevant to our future clinical practise in Africa, where the HIV prevalence remains
relatively high. This is due to the complexities that surround the clinical diagnosis, challenges with
interpretation of laboratory tests and use of immunotherapy in the setting of HIV induced immune

dysregulation, and concomitant infections.

It therefore remains necessary to pedantically tease out and document these cases as treatment
avenues may differ due to differing pathogenesis. These diseases, therefore, deserve our current focus
of attention and it is not merely “stamp collecting” for journals that they are published in.

There is little doubt that unless a vaccine or cure for HIV is discovered, these immune mediated
diseases will continue to exist. Hopefully, an explanatory mechanism will emerge for cases such as
pure motor lumbosacral polyradiculopathy, combined peripheral and central inflammatory
demyelination, HIV associated MNS, MG, and CIDP, just as explanations ultimately emerged for
other unexplained disorders in the past. An obvious guess for the current cases would be an
unexpected or novel antibody, unmasked by chronic inflammation and viraemia such as HIV or
HERV-K.

Appropriately designed clinical and laboratory research studies will provide a future foundation for
investigating the cellular and molecular pathogenesis of CIDP, MG, PM LSP, MNS and nodopathies
in patients with HIV infection. Simultaneously, these findings may be applied to those patients who
do not have HIV infection. In both situations, further research will provide opportunities to improve
clinical diagnostic algorithms, laboratory testing, therapeutic options and patient outcomes. Our
recommendations for future research focuses on rapidly evolving and growing fields of neurogenetics

and neuroimmunology documented below:

A: CIDP,PM LSP, Autoimmune nodopathies:

Identification of a “NOVEL” antibody which resulted in a demyelinating neuropathy in patient
1, 30, 49.

In our study 3/76 (4%) of patients with inflammatory neuropathies were positive against neural
antigens on myelin co-culture screens. Future experiments to discover this novel antibody, targeting
specific neural antigen, example non-myelinating Schwann cells as in CIDP 1, will be undertaken.

These experiments will include IP using magnetic beading and mass spectroscopy, gene silencing
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techniques and recreating disease in animal models which is discussed in Chapter 10. Tgfr3 may be a

potential Schwann cell target that requires further investigations and exploration as in CIDP-1.

Categorizing inflammatory neuropathies into 2 broad serological groups, namely IgG1 and

IgG4 related disease

The above concept has emerged from the IgG1 monospecific antibodies in HIV autoimmune
nodopathies from our SA cohort versus IgG4 nodopathies seen in Europe. Theoretically, patients with
IgGl1 disease had a more benign disease course relative to those with IgG4 disease from Europe. The
above categorization is likely generalizable to HIV-uninfected cohorts with inflammatory neuropathy
and other autoimmune diseases. This classification will help to define abnormalities of B cell
tolerance, antibody production by plasma cells, and somatic hypermutations of immune cells (chapter
1) . Identifying these abnormalities, systematically and longitudinally, may help explain the
differences in clinical presentation, temporal progression of disease (acute vs chronic, progressive vs
relapsing remitting), risk of relapse and treatment response in IgG1 vs IgG4 disease. Studying B cell
populations and exposing B cells to the different conditions required to produce varying IgG
antibodies, example HIV may lend relevance to IgG class switching. Studies documenting changes in
IgG subtypes during treatment or spontaneous remissions and relapses may also provide clues. Above

concept may apply to all immune mediated disorders including MG (MUSK vs AChR MQG)

Defining the antigenicity of the DRG/pure sensory nerve vs PM LSP/pure motor nerve/motor
neuron. Flow chart 10.1.1
The following categories of patients from previous studies in chapter 8 and 9 (PM LSP, MNS, CIDP,
DRG) will be included as well as prospective patients from other centres will be recruited to increase
the number of patients in each subcategory as these phenotypes are rare :

a. Motor phenotypes: pure motor neuropathy, PM LSP, MNS

b. Sensory phenotype: pure sensory neuropathy, DRG, pure sensory polyradiculopathy

The following flow chart reflects the various steps that will be undertaken in a prospective study to
define pure sensory vs pure motor antigenic targets. Patients who test positive for known antibodies
will be excluded from the study. Those who are negative will undergo the following screening tests
using:
a. Ventral root and sensory neuron cultures derived from hiPSC or rodent tissue
b. Genetic Techniques
Western Blot and

d. Indirect evidence from tumour tissue as in paraneoplastic syndromes
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Figure 12.1: Algorithm for determining antigenicity of the DRG vs VR or AHC
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Subtypes of CIDP: Optic Neuritis:
Similarly, defining antigenic targets in the subcategory of patients with CIDP and ON published in
chapter 8 is an exciting new project. This will be undertaken following exclusion of alternate immune
mediated diagnoses of ON such as MS, MOGAD, NMO , GFAP, Miller Fischer syndrome and
autoimmune nodopathies. Defining antigenic targets of the optic nerve using hiPSC optic nerve or
oligodendrocyte culture screens or human/ rodent optic nerve tissue in the following categories will
assist with future diagnosis of disease and therapy. Potential categories of patients include :

a. CIDP with optic Neuritis

b. Idiopathic ON
Thus far studies include cultures of astrocytes from the retina and optic nerve as well as optic nerve
demyelination induced by intraneural injection of antibodies example galactocerebroside antibodies
481482 A yseful future clinical study, in addition to novel antibody detection, will include comparing
clinical presentation, MRI findings, response to therapy, and serology in idiopathic ON versus MS,
NMO, MOG associated ON to identify bedside and radiological features that will predict for each
phenotype.

Defining antigens common to PNS and CNS in CCPD:
Antibodies common to both the central and peripheral nervous system currently include antibodies

against the following :

a. NF155

b. MAG,

c. MOG,

d AQ4

e. GQlb,

f. lactosylceremide

The above antibodies were negative in our patients with CCPD. Future studies to identify new myelin
antigenic targets common to both the CNS and PNS may be possible using myelin cultures from rat or
human oligodendrocytes, in addition to Schwann cells. Other techniques may include immunoblot of
lysates of rat brain or genetic techniques such as PCR comparing antigens common to both central
and peripheral myelin antigens An in-vitro myelination model for the central nervous system remains

to be established*®>.
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Creating a myelin culture model that is species, environment and disease specific for HIV
inflammatory neuropathy:

The ideal model to overcome species differences will be myelin derived from human Schwann cells
(not rat Schwann cells), exposed to HIV and/or co-factors that result in chronic inflammation. This
may alter the antigenic expression and will be most reflective of myelin antigens in their “live, native
conformation”. An inflammatory environment could possibly be achieved by attempting to grow
myelin cultures in patients serum, after filtering out antibodies. Assessment of cell mediated
demyelination induced by HIV-itself, can be achieved by adding HIV-infected macrophage’s to the
culture system. Alternatively, a novel dorsal root ganglion culture system comprising of sensory
neurons, macrophages and Schwann cells from transgenic rats expressing human CD4 and CCRS can

be used as described in other studies '°.

Use of HIV-infected Simian nerve tissue for immunohistochemistry

The above has closest similarity to HIV-infected human nerve tissue and will therefore be useful to
assess for binding of antibodies. However storage, ethical issues and distortion of antigenic expression
due to fixation may be prohibitive. Comparing and contrasting immune responses and modification of
the CD4 receptors over time in natural and unnatural Simian hosts may also provide clues to

autoimmunity in HIV.

Immune cell profiling in the following categories:
I.  Acute onset CIDP vs AIDP

Immune cell profiling of CSF and serum for CD4 + cells, CD 8+ cells , NKT cells, NK cells,
intermediate, classical monocytes using flow cytometry in patients with HIV-associated AIDP vs
CIDP. Previous studies have observed an expansion of specific cell types such as the NKT and
monocytes cell clones in CIDP and not in AIDP ***,

11. Subtypes of CIDP

Immune cell profiling will help determine if the CIDP subtypes differ in their T helper response
against specific antigens, example Thl response against NF155 may be used as a biomarker for

MADSAM or Th2 response against GM1 is a marker for MMN #3
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Biomarkers in HIV-infected vs HIV-uninfected inflammatory neuropathies®

Periaxin, has recently been described as a potential novel biomarker for peripheral nerve
demyelination®’. Measuring periaxin levels in the serum and CSF using novel techniques such as
ultrasensitive immunoassays example single molecule arrays (Simoa) or ECL pre-treatment and post
treatment as described in other publications, in HIV-infected and uninfected patients with
inflammatory neuropathies may be useful. Biomarkers may be used to herald a relapse or monitor
response to therapy . This may also provide an indirect assessment of disease severity in the 2 cohorts

of patients.

Genome Wide association studies for CIDP:

We have joined a multicentre study being conducted by Professor Henry Houlden at University
College London focusing on genetic mutations in CIDP, including mutations that predispose to
autoimmunity. We have thus far recruited 76 patients from South Africa and will continue to increase
our patient numbers. This cohort includes HIV-infected patients. Future studies can explore the

influence of HIV on genetic mutations.

B: MNS:

The following prospective studies will be considered:

HERV-K:

Identification and measurement of CSF HERV-K titres in HIV-infected MNS compared to HIV
uninfected MND patients using PCR or other techniques such as a CSF or blood bioinformatic
pipeline that identifies microbial sequences in mammalian RNA-sequence data, including sequences

with no significant nucleotide similarity hits in GenBank**

. This may also be useful in other
inflammatory diseases such as PM LSP and CIDP to identify viral or microbial co-factors that
precipitate autoimmunity. This study will also allow us to assess the effect of ART on CSF HERV-K

levels and on the disease evolution.

CSF Proteomics in HIV-infected MNS:

Proteomic analysis, using techniques such as liquid chromatography mass spectroscopy, has
contributed significantly to the study of the neurodegenerative disease '*’.

It has helped to define the pathological change common to nearly all cases of MND/ALS, namely
intracellular aggregates of phosphorylated TDP-43 and chitinase, shifting the focus of pathogenesis in
ALS toward RNA biology. Measuring the above in the CSF of MND and MNS will help define and
possibly contrast pathogenesis in the 2 cohorts of patients.

Similarly proteomics, using liquid chromatography mass spectroscopy may be useful in inflammatory

diseases such as CIDP patients to identify novel biomarkers in serum or CSF.
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C) MG:
The following prospective studies will enable us to better understand the immunopathological
differences between HIV-infected MG and HIV-uninfected MG.
a. Identification of antibodies example MUSK, agrin, LRP4 or an unknown antibody in HIV-
infected AChR-ve MG and IgG subtypes of these antibodies
b. Evaluating differences in thymic histology in HIV-infected and HIV-uninfected patients with
MG and understanding the role of the thymus and value of thymectomy in the 2 subcategories
c. Possible identification of an immune marker that heralds a clinical relapse, such as CD27 B

cells may herald a relapse in MUSK-MG patients treated with rituximab **’

D) Myositis in HIV
A retrospective chart review of myositis in HIV infection focusing on the following:
a. Clinical differences in myositis in the HIV-infected category compared to HIV-uninfected
patients with focus on polymyositis, necrotising myopathy and IBM.
b. Differences in myositis specific antibodies: example Ro, La, Ku, RNP, AMA, M2, NTC51a,
SRP,HMGCR in the 2 subcategories
c. Response and adverse events of HIV-infected patients with myositis to corticosteroids, IVIG,
Rituximab, ART compared to the HIV-uninfected counterparts.
d. Histological differences between HIV-infected and uninfected categories

e. CD4 counts and VL over time and effects on clinical progression of disease .

E) Clinical trials to establish protocols for the safe use of immunomodulatory therapy in HIV-
infected patients:
In addition to investigating the cellular and molecular basis of neuromuscular condition in patients
with HIV infection, clinical research studies need to be done to establish safety protocols for the use
of immunomodulatory therapy in this cohort . Careful selection of patients and monitoring the
clinical, laboratory and radiological parameters listed below are important to prevent complications of
therapy example opportunistic infections in patients with grade 3 or 4 lymphopenia or neutropenia.
Screening and monitoring for opportunistic infection such as TB, cryptococcal meningitis, herpes
zoster and PML prior to initiating therapy and during the course of therapy is essential as these
infections may resurge with the use of immunomodulatory therapy. Administration of prophylactic
therapy and vaccines are useful to prevent infections. Careful monitoring of the following clinical and
laboratory parameters are therefore important to design future protocols for the following :
a. Monitoring of laboratory parameters which include: CD4 counts and VL,
white cell counts, platelets, haemoglobin levels, immunoglobulin levels, CD19 levels, T and
B cell subsets using flow cytometry.

b. Lumbar punctures for JC virus index in CSF if using drugs that can potentially cause PML
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Routine CXR to monitor for PTB
Use of prophylactic drugs for opportunistic infections in patients with moderate - severe
lymphopenia which includes

a. Antivirals: Acyclovir, valacyclovir

b. Bactrim prophylaxis
Pre-treatment vaccinations : haemophilus influenza, Zoster, Covid, pneumococcal
Clinical trials assessing the safety and efficacy of novel therapies such as B cell depleting
therapies (Rituximab), complement inhibitors, BAFF inhibitors and AHSCT, CAR T cell
therapy in HIV
Identification and management of IRIS.
Selecting ARVs with optimal CNS, peripheral nerve and muscle penetration.

Monitoring drug-drug interactions with ARVs
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Figure 12.2: Summary of the thesis and potential prospective studies

Summary of the thesis and potential prospective studies.
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Conclusion

In conclusion, our work, highlights the need for more focused collaborative basic science work in
immunology, genetics and virology. It provides a platform for a variety of neuroscience studies. This
can be achieved using contemporary techniques in each of the conditions discussed to unravel the
pathogenesis of these rare and intriguing disorders and to ultimately develop targeted and safe
immune therapy for patients with HIV-immune mediated neuromuscular syndromes.

In years to come fewer difficult or rare neurological cases will remain cryptic. Whole genome
sequencing, long read sequencing, genome mapping, metagenomic sequencing of CSF, sophisticated
imaging, exposure to enigmatic infections such as HERV-K, which may potentially unmask
autoimmunity, development of disease specific culture models exposed to HIV, CSF and serum
proteomics, and liquid biopsies will plug remaining diagnostic gaps. This will provide clues to
autoimmune disease in general and not confined to HIV-infected patients. Newer future immune
therapies such as more humanised and targeted monoclonal antibodies or targeted complement
inhibitors will allow for safe use even in the immunocompromised HIV-infected patient. Therefore,
until then, as mentioned by Prof Neil Scolding (in his recent editorial on our published manuscript on
“CCPD in 2 siblings, immune mediated or genetic? ) there will always be a place for the careful
clinical description, painstaking analysis, succinct and accurate case reporting and publication -

Anorakish or not.

230



References:

1. Evzelman MA, Snimschikova IA, Koroleva LY, Kamchatnov PR. [Neurological disorders
associated with HIV-infection]. Zh Nevrol Psikhiatr Im S S Korsakova 2015;115:89-93.

2. Robinson-Papp J, Simpson DM. Neuromuscular diseases associated with HIV-1 infection.
Muscle Nerve 2009;40:1043-1053.

3. Maritz J, Benatar M, Dave JA, et al. HIV neuropathy in South Africans: frequency,
characteristics, and risk factors. Muscle Nerve 2010;41:599-606.

4, Centner CM, Bateman KJ, Heckmann JM. Manifestations of HIV infection in the peripheral
nervous system. Lancet Neurol 2013;12:295-309.

5. Pardo CA, McArthur JC, Griffin JW. HIV neuropathy: insights in the pathology of HIV
peripheral nerve disease. J Peripher Nerv Syst 2001;6:21-27.

6. Benatar MG, Eastman RW. Human immunodeficiency virus-associated pure motor
lumbosacral polyradiculopathy. Arch Neurol 2000;57:1034-1039.

7. Authier FJ, Chariot P, Gherardi RK. Skeletal muscle involvement in human immunodeficiency
virus (HIV)-infected patients in the era of highly active antiretroviral therapy (HAART). Muscle Nerve
2005;32:247-260.

8. Gherardi RK. Skeletal muscle involvement in HIV-infected patients. Neuropathol Appl
Neurobiol 1994;20:232-237.
9. Knopf L, Menkes DL. Comorbid HIV and myasthenia gravis: case report and review of the

literature. J Clin Neuromuscul Dis 2010;12:80-84.

10. Jones G, Zhu Y, Silva C, et al. Peripheral nerve-derived HIV-1 is predominantly CCR5-
dependent and causes neuronal degeneration and neuroinflammation. Virology 2005;334:178-193.
11. Wrzolek MA, Sher JH, Kozlowski PB, Rao C. Skeletal muscle pathology in AIDS: an autopsy
study. Muscle Nerve 1990;13:508-515.

12. Petratos S, Turnbull VJ, Papadopoulos R, Ayers M, Gonzales MF. Peripheral nerve binding
patterns of anti-sulphatide antibodies in HIV-infected individuals. Neuroreport 1999;10:1659-1664.
13. Okubo S, Mano T, Sudo A, et al. Anti-neurofascin 155 Antibody-positive Neuropathy in a
Human Immunodeficiency Virus-infected Patient. Intern Med 2023.

14. Lewis DE, Giorgi JV. Immunology of HIV infection. Int Rev Immunol 1990;7:1-13.

15. Rosenberg ZF, Fauci AS. Immunology of AIDS: approaches to understanding the
immunopathogenesis of HIV infection. Ric Clin Lab 1989;19:189-209.

16. Zandman-Goddard G, Shoenfeld Y. HIV and autoimmunity. Autoimmun Rev 2002;1:329-337.

17. Vega LE, Espinoza LR. HIV infection and its effects on the development of autoimmune
disorders. Pharmacological Research 2018;129:1-9.
18. Murdoch DM, Venter WD, Van Rie A, Feldman C. Immune reconstitution inflammatory

syndrome (IRIS): review of common infectious manifestations and treatment options. AIDS Res Ther
2007;4:9.

19. Elias Junior E, Gubert VT, Bonin-Jacob CM, et al. CD57 T cells associated with
immunosenescence in adults living with HIV or AIDS. Immunology 2024;171:146-153.

20. Sharp PM, Hahn BH. Origins of HIV and the AIDS pandemic. Cold Spring Harb Perspect Med
2011;1:a006841.

21. Simpson J, Kozak CA, Boso G. Cross-species transmission of an ancient endogenous
retrovirus and convergent co-option of its envelope gene in two mammalian orders. PLoS Genet
2022;18:€1010458.

22. Villinger F, Folks TM, Lauro S, et al. Immunological and virological studies of natural SIV
infection of disease-resistant nonhuman primates. Immunol Lett 1996;51:59-68.

23. Ansari AA, Pattanapanyasat K, Pereira LE. Autoimmunity and HIV/simian immunodeficiency
virus infection: A two edged sword. Hepatol Res 2007;37 Suppl 3:5389-395.

24, Russell RM, Bibollet-Ruche F, Liu W, et al. CD4 receptor diversity represents an ancient
protection mechanism against primate lentiviruses. Proc Natl Acad Sci U S A 2021;118.

231



25. Carugati M, Franzetti M, Torre A, et al. Systemic lupus erythematosus and HIV infection: a
whimsical relationship. Reports of two cases and review of the literature. Clin Rheumatol
2013;32:1399-1405.

26. Dalakas MC, Pezeshkpour GH, Gravell M, Sever JL. Polymyositis associated with AIDS
retrovirus. JAMA 1986;256:2381-2383.

27. Stein CM, Davis P. Arthritis associated with HIV infection in Zimbabwe. J Rheumatol
1996;23:506-511.

28. Stein M, Davis P. HIV and arthritis--causal or casual acquaintances? J Rheumatol
1989;16:1287-1290.
29. Nath A, Kerman RH, Novak IS, Wolinsky JS. Immune studies in human immunodeficiency

virus infection with myasthenia gravis: a case report. Neurology 1990;40:581-583.

30. Sukthankar AD, Bowman CA, Carey M, Radcliffe KW. HIV infection with haemolytic anaemia.
Genitourin Med 1997;73:66-69.

31. Lopez Dupla JM, Rodriguez Perez A, Martinez Martinez P, de Castro Carpeno J, Lavilla Uriol P,
Gil Aguado A. [Hemolytic anemia due to cold-reacting antibodies: association with human
immunodeficiency virus infection and non-Hodgkin's lymphoma). Med Clin (Barc) 1992;98:502-504.
32. Gilquin J, Viard JP, Jubault V, Sert C, Kazatchkine MD. Delayed occurrence of Graves' disease
after immune restoration with HAART. Highly active antiretroviral therapy. Lancet 1998;352:1907-
1908.

33. Mirmirani P, Maurer TA, Herndier B, McGrath M, Weinstein MD, Berger TG. Sarcoidosis in a
patient with AIDS: a manifestation of immune restoration syndrome. J Am Acad Dermatol
1999;41:285-286.

34. Scaradavou A. HIV-related thrombocytopenia. Blood Rev 2002;16:73-76.

35. Piliero PJ, Fish DG, Preston S, et al. Guillain-Barre syndrome associated with immune
reconstitution. Clin Infect Dis 2003;36:e111-114.
36. Brannagan TH, 3rd, Zhou Y. HIV-associated Guillain-Barre syndrome. J Neurol Sci

2003;208:39-42.

37. Puius YA, Dove LM, Brust DG, Shah DP, Lefkowitch JH. Three cases of autoimmune hepatitis
in HIV-infected patients. J Clin Gastroenterol 2008;42:425-429.

38. Otedo AE, Oyoo GO, Obondi JO, Otieno CF. Vasculitis in HIV: report of eight cases. East Afr
Med J 2005;82:656-659.

39. Global HIV and AIDS statistics/Avert [online]. Available at: https://www.avert.org. Accessed
24 May 2021.

40. Elflein J. Countries with the highest prevalence of HIV in 2000 and 2019 [online]. Available
at: https://www.statistica.com. Accessed 24 May 2021.

41. Bekker LG, Beyrer C, Mgodi N, et al. HIV infection. Nat Rev Dis Primers 2023;9:42.

42. Mid Term HIV Population Statistics SA [online]. Available at:
http://www.statssa.gov.za/publications/P0302/P03022017.pdf. Accessed 13 November

43. Mid-year population estimates

2022. 2023:18.

44, Butler AL, Fischinger S, Alter G. The Antibodiome-Mapping the Humoral Immune Response
to HIV. Curr HIV/AIDS Rep 2019;16:169-179.

45. Korencak M, Byrne M, Richter E, et al. Effect of HIV infection and antiretroviral therapy on
immune cellular functions. JCI Insight 2019;4.

46. Dufloo J, Planchais C, Fremont S, et al. Broadly neutralizing anti-HIV-1 antibodies tether viral
particles at the surface of infected cells. Nat Commun 2022;13:630.

47. Engelman A, Cherepanov P. The structural biology of HIV-1: mechanistic and therapeutic
insights. Nat Rev Microbiol 2012;10:279-290.

48. Cadogan M, Dalgleish AG. HIV immunopathogenesis and strategies for intervention. Lancet

Infect Dis 2008;8:675-684.
49. GUATELLI JC. Human Immunodeficiency Virus. Clinical Virology 2022;3rd edition:737-783.

232



50. Sato H, Ode H, Motomura K, Yokoyama M. [Structure and molecular mechanisms of
infection and replication of HIV]. Nihon Rinsho 2009;67:37-42.

51. Kaufmann DE, Kavanagh DG, Pereyra F, et al. Upregulation of CTLA-4 by HIV-specific CD4+ T
cells correlates with disease progression and defines a reversible immune dysfunction. Nat Immunol
2007;8:1246-1254.

52. Shepherd SJ, Black H, Thomson EC, Gunson RN. HIV positive patient with GBS-like syndrome.
JMM Case Rep 2017;4:e005107.

53. Moretti S, Schietroma |, Sberna G, et al. HIV-1-Host Interaction in Gut-Associated Lymphoid
Tissue (GALT): Effects on Local Environment and Comorbidities. Int J Mol Sci 2023;24.
54, Dhurve SA, Dhurve AS. Bone Marrow Abnormalities in HIV Disease. Mediterr ] Hematol

Infect Dis 2013;5:e2013033.

55. Ljunggren K, Broliden PA, Morfeldt-Manson L, Jondal M, Wahren B. IgG subclass response to
HIV in relation to antibody-dependent cellular cytotoxicity at different clinical stages. Clin Exp
Immunol 1988;73:343-347.

56. Becker Y. The changes in the T helper 1 (Th1) and T helper 2 (Th2) cytokine balance during
HIV-1 infection are indicative of an allergic response to viral proteins that may be reversed by Th2
cytokine inhibitors and immune response modifiers--a review and hypothesis. Virus Genes
2004;28:5-18.

57. Lenz J, Su M, Mizrachi Y, Burke M, Rubinstein A. V3 variation in HIV-seropositive patients
receiving a V3- targeted vaccine. AIDS 2001;15:577-581.

58. Wei X, Decker JM, Wang S, et al. Antibody neutralization and escape by HIV-1. Nature
2003;422:307-312.

59. Kwong PD, Doyle ML, Casper DJ, et al. HIV-1 evades antibody-mediated neutralization
through conformational masking of receptor-binding sites. Nature 2002;420:678-682.

60. Cohen GB, Gandhi RT, Davis DM, et al. The selective downregulation of class | major
histocompatibility complex proteins by HIV-1 protects HIV-infected cells from NK cells. Immunity
1999;10:661-671.

61. Zhu T, Corey L, Hwangbo Y, et al. Persistence of extraordinarily low levels of genetically
homogeneous human immunodeficiency virus type 1 in exposed seronegative individuals. J Virol
2003;77:6108-6116.

62. Phillips DM. The role of cell-to-cell transmission in HIV infection. AIDS 1994;8:719-731.
63. Douek DC, Brenchley JM, Betts MR, et al. HIV preferentially infects HIV-specific CD4+ T cells.
Nature 2002;417:95-98.

64. Montefiori DC, Cornell RJ, Zhou JY, Zhou JT, Hirsch VM, Johnson PR. Complement control
proteins, CD46, CD55, and CD59, as common surface constituents of human and simian
immunodeficiency viruses and possible targets for vaccine protection. Virology 1994;205:82-92.
65. Theofilopoulos AN, Kono DH, Baccala R. The multiple pathways to autoimmunity. Nat
Immunol 2017;18:716-724.

66. Carter CJ. Extensive viral mimicry of 22 AIDS-related autoantigens by HIV-1 proteins and
pathway analysis of 561 viral/human homologues suggest an initial treatable autoimmune
component of AIDS. FEMS Immunol Med Microbiol 2011;63:254-268.

67. Nemazee D. Mechanisms of central tolerance for B cells. Nat Rev Immunol 2017;17:281-294.
68. Borhis G, Trovato M, Chaoul N, Ibrahim HM, Richard Y. B-Cell-Activating Factor and the B-
Cell Compartment in HIV/SIV Infection. Front Immunol 2017;8:1338.

69. Ye P, Kirschner DE, Kourtis AP. The thymus during HIV disease: role in pathogenesis and in
immune recovery. Curr HIV Res 2004;2:177-183.

70. Wolbert J, Cheng MI, Meyer zu Horste G, Su MA. Deciphering immune mechanisms in
chronic inflammatory demyelinating polyneuropathies. JCI Insight 2020;5.

71. Kamradt T, Mitchison NA. Tolerance and autoimmunity. N Engl J Med 2001;344:655-664.
72. Strazza M, Pirrone V, Wigdahl B, Nonnemacher MR. Breaking down the barrier: the effects of
HIV-1 on the blood-brain barrier. Brain Res 2011;1399:96-115.

233



73. Badley AD, McElhinny JA, Leibson PJ, Lynch DH, Alderson MR, Paya CV. Upregulation of Fas
ligand expression by human immunodeficiency virus in human macrophages mediates apoptosis of
uninfected T lymphocytes. J Virol 1996;70:199-206.

74. Hegde HR, Robbins SM. Anergy and human immunodeficiency virus infection. Med
Hypotheses 2001;56:376-380.

75. McLeod JG, Pollard JD, Macaskill P, Mohamed A, Spring P, Khurana V. Prevalence of chronic
inflammatory demyelinating polyneuropathy in New South Wales, Australia. Ann Neurol
1999;46:910-913.

76. Mahdi-Rogers M, Hughes RA. Epidemiology of chronic inflammatory neuropathies in
southeast England. Eur J Neurol 2014;21:28-33.

77. Mathey EK, Park SB, Hughes RA, et al. Chronic inflammatory demyelinating
polyradiculoneuropathy: from pathology to phenotype. J Neurol Neurosurg Psychiatry 2015;86:973-
985.

78. Navarasala AM, Stambolis V. Poster 353 Acute Onset Chronic Inflammatory Demyelinating
Polyneuropathy (A-CIDP) with CNS Involvement Initially Diagnosed as Guillain-Barre Syndrome (GBS):
A Case Report. PM R 2016;8:5276.

79. Ormerod IE, Waddy HM, Kermode AG, Murray NM, Thomas PK. Involvement of the central
nervous system in chronic inflammatory demyelinating polyneuropathy: a clinical,
electrophysiological and magnetic resonance imaging study. ] Neurol Neurosurg Psychiatry
1990;53:789-793.

80. Kanbayashi T, Sonoo M. [Acute-Onset Chronic Inflammatory Demyelinating
Polyradiculoneuropathy]. Brain Nerve 2015;67:1388-1396.

81. Suri V, Pandey S, Singh J, Jena A. Acute-onset chronic inflammatory demyelinating
polyneuropathy after COVID-19 infection and subsequent ChAdOx1 nCoV-19 vaccination. BMJ Case
Rep 2021;14.

82. Ruts L, Drenthen J, Jacobs BC, van Doorn PA, Dutch GBSSG. Distinguishing acute-onset CIDP
from fluctuating Guillain-Barre syndrome: a prospective study. Neurology 2010;74:1680-1686.

83. Dimachkie MM, Barohn RJ. Chronic inflammatory demyelinating polyneuropathy. Curr Treat
Options Neurol 2013;15:350-366.

84. Mathey EK, Pollard JD, Armati PJ. TNF alpha, IFN gamma and IL-2 mRNA expression in CIDP
sural nerve biopsies. J Neurol Sci 1999;163:47-52.

85. Moulignier A, Lascoux C, Bourgarit A. HIV type 2 demyelinating encephalomyelitis. Clin Infect
Dis 2006;42:e89-91.

86. Mangus LM, Dorsey JL, Laast VA, et al. Unraveling the pathogenesis of HIV peripheral
neuropathy: insights from a simian immunodeficiency virus macaque model. ILAR J 2014;54:296-303.

87. Bellanti R, Keddie S, Lunn MP, Rinaldi S. Ultrasensitive assay technology and fluid biomarkers
for the evaluation of peripheral nerve disease. J Neurol Neurosurg Psychiatry 2023.
88. Joint Task Force of the E, the PNS. European Federation of Neurological Societies/Peripheral

Nerve Society Guideline on management of chronic inflammatory demyelinating
polyradiculoneuropathy. Report of a joint task force of the European Federation of Neurological
Societies and the Peripheral Nerve Society. J Peripher Nerv Syst 2005;10:220-228.

89. Bright RJ, Wilkinson J, Coventry BJ. Therapeutic options for chronic inflammatory
demyelinating polyradiculoneuropathy: a systematic review. BMC Neurol 2014;14:26.

90. Dalakas MC, Medscape. Advances in the diagnosis, pathogenesis and treatment of CIDP. Nat
Rev Neurol 2011;7:507-517.

91. Muley SA, Jacobsen B, Parry G, et al. Rituximab in refractory chronic inflammatory
demyelinating polyneuropathy. Muscle Nerve 2020;61:575-579.

92. Fehmi J, Bellanti R, Misbah SA, Bhattacharjee A, Rinaldi S. Treatment of CIDP. Pract Neurol
2023;23:46-53.

234



93. Eftimov F, Winer JB, Vermeulen M, de Haan R, van Schaik IN. Intravenous immunoglobulin
for chronic inflammatory demyelinating polyradiculoneuropathy. Cochrane Database Syst Rev
2013:CD001797.

94. Hughes RA. Intravenous immunoglobulin for chronic inflammatory demyelinating
polyradiculoneuropathy: the ICE trial. Expert Rev Neurother 2009;9:789-795.
95. Lanska DJ, Lanska MJ. Lumbosacral polyradiculopathy associated with HIV infection. J Neurol

1993;240:259-260.

96. Lanska MJ, Lanska DJ, Schmidley JW. Syphilitic polyradiculopathy in an HIV-positive man.
Neurology 1988;38:1297-1301.

97. Meier PA, Stephan KT, Blatt SP. Cytomegalovirus polyradiculopathy in HIV-infected patients.
J Gen Intern Med 1996;11:47-49.

98. Naidoo A. GBS in HIV positive women [MMED]: UKZN, 2017.

99. Devaux JJ, Odaka M, Yuki N. Nodal proteins are target antigens in Guillain-Barre syndrome. J
Peripher Nerv Syst 2012;17:62-71.

100.  Susuki K, Yuki N, Schafer DP, et al. Dysfunction of nodes of Ranvier: a mechanism for anti-
ganglioside antibody-mediated neuropathies. Exp Neurol 2012;233:534-542.

101.  Uncini A. Acommon mechanism and a new categorization for anti-ganglioside antibody-
mediated neuropathies. Exp Neurol 2012;235:513-516.

102.  Uncini A, Vallat JM. Autoimmune nodo-paranodopathies of peripheral nerve: the concept is
gaining ground. J Neurol Neurosurg Psychiatry 2018;89:627-635.

103.  Uncini A, Kuwabara S. Nodopathies of the peripheral nerve: an emerging concept. J Neurol
Neurosurg Psychiatry 2015;86:1186-1195.

104.  FehmiJ, Scherer SS, Willison HJ, Rinaldi S. Nodes, paranodes and neuropathies. J Neurol
Neurosurg Psychiatry 2018;89:61-71.

105.  Uncini A. Autoimmune nodo-paranodopathies 10 years later: Clinical features,
pathophysiology and treatment. J Peripher Nerv Syst 2023;28 Suppl 3:523-S35.

106.  Allen D, Giannopoulos K, Gray |, et al. Antibodies to peripheral nerve myelin proteins in
chronic inflammatory demyelinating polyradiculoneuropathy. J Peripher Nerv Syst 2005;10:174-180.
107.  Sozzani S, Abbracchio MP, Annese V, et al. Chronic inflammatory diseases: do immunological
patterns drive the choice of biotechnology drugs? A critical review. Autoimmunity 2014;47:287-306.
108.  Stathopoulos P, Alexopoulos H, Dalakas MC. Autoimmune antigenic targets at the node of
Ranvier in demyelinating disorders. Nat Rev Neurol 2015;11:143-156.

109.  Kriebel M, Wuchter J, Trinks S, Volkmer H. Neurofascin: a switch between neuronal plasticity
and stability. Int J Biochem Cell Biol 2012;44:694-697.

110. Davis JQ, Lambert S, Bennett V. Molecular composition of the node of Ranvier: identification
of ankyrin-binding cell adhesion molecules neurofascin (mucin+/third FNIIIl domain-) and NrCAM at
nodal axon segments. J Cell Biol 1996;135:1355-1367.

111.  Thaxton C, Pillai AM, Pribisko AL, Dupree JL, Bhat MA. Nodes of Ranvier act as barriers to
restrict invasion of flanking paranodal domains in myelinated axons. Neuron 2011;69:244-257.

112.  Zhang A, Desmazieres A, Zonta B, et al. Neurofascin 140 is an embryonic neuronal
neurofascin isoform that promotes the assembly of the node of Ranvier. J Neurosci 2015;35:2246-
2254,

113.  Burnor E, Yang L, Zhou H, et al. Neurofascin antibodies in autoimmune, genetic, and
idiopathic neuropathies. Neurology 2018;90:E31-E38.

114.  FehmiJ, Davies AJ, Walters J, et al. IgG<sub>1</sub> pan-neurofascin antibodies identify a
severe yet treatable neuropathy with a high mortality. Journal of Neurology, Neurosurgery &amp;
Psychiatry 2021;92:1089-1095.

115.  Appeltshauser L, Junghof H, Messinger J, et al. Anti-pan-neurofascin antibodies induce
subclass-related complement activation and nodo-paranodal damage. Brain 2023;146:1932-1949.

235



116. Doppler K, Appeltshauser L, Wilhelmi K, et al. Destruction of paranodal architecture in
inflammatory neuropathy with anti-contactin-1 autoantibodies. J Neurol Neurosurg Psychiatry
2015;86:720-728.

117.  Di Giacomo R, Rossi Sebastiano D, Cazzato D, et al. Expanding clinical spectrum of Caspr2
antibody-associated disease: warning on brainstem involvement and respiratory failure. J Neurol Sci
2020;413:116865.

118. van Sonderen A, Arino H, Petit-Pedrol M, et al. The clinical spectrum of Caspr2 antibody-
associated disease. Neurology 2016;87:521-528.

119. Zhang X, Kira JI, Ogata H, et al. Anti-LGI4 Antibody Is a Novel Juxtaparanodal Autoantibody
for Chronic Inflammatory Demyelinating Polyneuropathy. Neurol Neuroimmunol Neuroinflamm
2023;10.

120. Tettamanti G. Ganglioside/glycosphingolipid turnover: new concepts. Glycoconj J
2004;20:301-317.

121.  Hakomori S. Glycosphingolipids in cellular interaction, differentiation, and oncogenesis.
Annu Rev Biochem 1981;50:733-764.

122. LI TA, Schnaar RL. Congenital Disorders of Ganglioside Biosynthesis. Prog Mol Biol Transl Sci
2018;156:63-82.

123.  Willison HJ, Yuki N. Peripheral neuropathies and anti-glycolipid antibodies. Brain
2002;125:2591-2625.

124.  Vernino S, Wolfe Gl. Antibody testing in peripheral neuropathies. Neurol Clin 2007;25:29-46.
125. Tagawa Y, Yuki N, Hirata K. Anti-SGPG antibody in CIDP: nosological position of IgM anti-
MAG/SGPG antibody-associated neuropathy. Muscle Nerve 2000;23:895-899.

126.  Steck AJ. Auto-antibody tests in peripheral neuropathies: pros and cons. J Neurol
2000;247:423-428.

127. DevauxlJ, Miura Y, Fukami Y, et al. Neurofascin-155 IgG4 in chronic inflammatory
demyelinating polyneuropathy. Neurology 2016;86:800-807.

128. Kuwahara M, Oka N, Ogata H, et al. Clinical and Pathological Features in Four Patients with
Anti-Neurofascin 155 Igg4 Antibody-Positive Chronic Inflammatory Demyelinating Polyneuropathy. J
Peripher Nerv Syst 2017;22:324-324.

129. Querol L, Nogales-Gadea G, Rojas-Garcia R, et al. Neurofascin 1gG4 antibodies in CIDP
associate with disabling tremor and poor response to IVIg. Neurology 2014;82:879-886.

130. Ogata H, Yamasaki R, Hiwatashi A, et al. Characterization of 1gG4 anti-neurofascin 155
antibody-positive polyneuropathy. Ann Clin Transl Neurol 2015;2:960-971.

131.  NgJK, Malotka J, Kawakami N, et al. Neurofascin as a target for autoantibodies in peripheral
neuropathies. Neurology 2012;79:2241-2248.

132.  Fehmil, Davies AJ, Antonelou M, et al. Contactin-1 links autoimmune neuropathy and
membranous glomerulonephritis. PLoS One 2023;18:e0281156.

133.  Doppler K, Appeltshauser L, Villmann C, et al. Auto-antibodies to contactin-associated
protein 1 (Caspr) in two patients with painful inflammatory neuropathy. Brain 2016;139:2617-2630.
134.  LiuB, Zhou L, Sun C, et al. Clinical profile of autoimmune nodopathy with anti-neurofascin
186 antibody. Ann Clin Transl Neurol 2023.

135.  Huijbers MG, Plomp JJ, van der Maarel SM, Verschuuren JJ. IgG4-mediated autoimmune
diseases: a niche of antibody-mediated disorders. Ann N'Y Acad Sci 2018;1413:92-103.

136. Fehmil, Vale T, Keddie S, Rinaldi S. Nodal and paranodal antibody-associated neuropathies.
Practical Neurology 2021;21:284-291.

137.  Al-Chalabi A, Hardiman O. The epidemiology of ALS: a conspiracy of genes, environment and
time. Nat Rev Neurol 2013;9:617-628.

138.  Chio A, Mazzini L, D'Alfonso S, et al. The multistep hypothesis of ALS revisited: The role of
genetic mutations. Neurology 2018;91:e635-e642.

139. Donohoe DJ, Brady B. Motor neuron disease: etiology, pathogenesis and treatment--a
review. Ir J Med Sci 1996;165:200-209.

236



140.  Swash M. Motor neuron disease. Postgrad Med J 1992;68:533-537.

141. Quansah E, Karikari TK. Motor Neuron Diseases in Sub-Saharan Africa: The Need for More
Population-Based Studies. Biomed Res Int 2015;2015:298409.

142.  Cosnett JE, Bill PL, Bhigjee Al. Motor neuron disease in blacks. Epidemiological observations
in Natal. S Afr Med J 1989;76:155-157.

143. Henning F, Heckmann JM, Naidu K, Vlok L, Cross HM, Marin B. Incidence of motor neuron
disease/amyotrophic lateral sclerosis in South Africa: a 4-year prospective study. Eur J Neurol
2021;28:81-89.

144.  Ludolph A, Drory V, Hardiman O, et al. A revision of the El Escorial criteria - 2015. Amyotroph
Lateral Scler Frontotemporal Degener 2015;16:291-292.

145. Turner MR, Talbot K. Mimics and chameleons in motor neurone disease. Pract Neurol
2013;13:153-164.

146.  Turner MR, Group UMCS. Diagnosing ALS: the Gold Coast criteria and the role of EMG. Pract
Neurol 2022;22:176-178.

147. Thompson AG, Oeckl P, Feneberg E, et al. Advancing mechanistic understanding and
biomarker development in amyotrophic lateral sclerosis. Expert Rev Proteomics 2021;18:977-994.
148. Dion PA, Daoud H, Rouleau GA. Genetics of motor neuron disorders: new insights into
pathogenic mechanisms. Nat Rev Genet 2009;10:769-782.

149.  Jubelt B. Viruses and motor neuron diseases. Adv Neurol 1991;56:463-472.

150. Jubelt B. Motor neuron diseases and viruses: poliovirus, retroviruses, and lymphomas. Curr
Opin Neurol Neurosurg 1992;5:655-658.

151.  Grandi N, Tramontano E. Human Endogenous Retroviruses Are Ancient Acquired Elements
Still Shaping Innate Immune Responses. Front Immunol 2018;9:2039.

152.  Manghera M, Ferguson J, Douville R. Endogenous retrovirus-K and nervous system diseases.
Curr Neurol Neurosci Rep 2014;14:488.

153.  Groger V, Emmer A, Staege MS, Cynis H. Endogenous Retroviruses in Nervous System
Disorders. Pharmaceuticals (Basel) 2021;14.

154. LiW, Lee MH, Henderson L, et al. Human endogenous retrovirus-K contributes to motor
neuron disease. Sci Transl Med 2015;7:307ra153.

155. MacGowan DJ, Scelsa SN, Imperato TE, Liu KN, Baron P, Polsky B. A controlled study of
reverse transcriptase in serum and CSF of HIV-negative patients with ALS. Neurology 2007;68:1944-
1946.

156. MacGowan DJ, Scelsa SN, Waldron M. An ALS-like syndrome with new HIV infection and
complete response to antiretroviral therapy. Neurology 2001;57:1094-1097.

157. Steele AJ, Al-Chalabi A, Ferrante K, Cudkowicz ME, Brown RH, Jr., Garson JA. Detection of
serum reverse transcriptase activity in patients with ALS and unaffected blood relatives. Neurology
2005;64:454-458.

158.  Westarp ME, Ferrante P, Perron H, Bartmann P, Kornhuber HH. Sporadic ALS/MND: a global
neurodegeneration with retroviral involvement? J Neurol Sci 1995;129 Suppl:145-147.

159. Bowen LN, Tyagi R, Li W, et al. HIV-associated motor neuron disease: HERV-K activation and
response to antiretroviral therapy. Neurology 2016;87:1756-1762.

160. Douville R, Liu J, Rothstein J, Nath A. Identification of active loci of a human endogenous
retrovirus in neurons of patients with amyotrophic lateral sclerosis. Ann Neurol 2011;69:141-151.
161.  Douville RN, Nath A. Human endogenous retroviruses and the nervous system. Handb Clin
Neurol 2014;123:465-485.

162.  Douville RN, Nath A. Human Endogenous Retrovirus-K and TDP-43 Expression Bridges ALS
and HIV Neuropathology. Front Microbiol 2017;8:1986.

163.  Martin JE, Swash M, Schwartz MS. New insights in motor neuron disease. Neuropathol Appl
Neurobiol 1990;16:97-110.

164. Dharmadasa T, Kiernan MC. Riluzole, disease stage and survival in ALS. Lancet Neurol
2018;17:385-386.

237



165. Romi F, Hong Y, Gilhus NE. Pathophysiology and immunological profile of myasthenia gravis
and its subgroups. Curr Opin Immunol 2017;49:9-13.

166. HudaS, Woodhall MR, Vincent A, Heckmann JM. Characteristics Of acetylcholine-receptor-
antibody-negative myasthenia gravis in a South African cohort. Muscle Nerve 2016;54:1023-1029.
167.  Lazaridis K, Tzartos SJ. Autoantibody Specificities in Myasthenia Gravis; Implications for
Improved Diagnostics and Therapeutics. Front Immunol 2020;11:212.

168.  Schneider-Gold C, Hagenacker T, Melzer N, Ruck T. Understanding the burden of refractory
myasthenia gravis. Ther Adv Neurol Disord 2019;12:1756286419832242.

169. Neuromuscular manifestations of human immunodeficiency virus (HIV) infections —
electrophysiologic and clinical features: J.A. Difini, M.A. Swerdloff, J.R. Berger and D.R. Ayyar (Dept.
of Neurology D4-5, P.0O. Box 016960, Miami, FL 33101, U.S.A.). Electroencephalography and Clinical
Neurophysiology 1987;66:527-S28.

170.  Kiprov D, Pfaeffl W, Parry G, Lippert R, Lang W, Miller R. Antibody-mediated peripheral
neuropathies associated with ARC and AIDS: Successful treatment with plasmapheresis. Journal of
Clinical Apheresis 1988;4:3-7.

171.  Gibbels E, Diederich N. Human immunodeficiency virus (HIV)-related chronic relapsing
inflammatory demyelinating polyneuropathy with multifocal unusual onion bulbs in sural nerve
biopsy. A clinicomorphological study with qualitative and quantitative light and electron microscopy.
Acta neuropathologica 1988;75:529-534.

172.  Cruz Martinez A, Rabano J, Villoslada C, Cabello A. Chronic inflammatory demyelinating
polyneuropathy as first manifestation of human immunodeficiency virus infection.
Electromyography and clinical neurophysiology 1990;30:379-383.

173.  Ghika-Schmid F, Kuntzer T, Chave JP, Miklossy J, Regli F. [Range of neuromuscular
involvement in 47 patients infected with the human immunodeficiency virus]. Schweiz Med
Wochenschr 1994;124:791-800.

174.  Listyawan R, Yudiyanta, Rachmat T, Anggraini R. P-PN033. Chronic inflammatory
demyelinating polyneuropathy in HIV infected patient responding to plasmapheresis: A case report.
Clinical Neurophysiology 2021;132:e115-e116.

175. Rajabally Y, Vital A, Ferrer X, et al. Chronic inflammatory demyelinating polyneuropathy
caused by HIV infection in a patient with asymptomatic CMT 1A. Journal of the peripheral nervous
system : JPNS 2000;5:158-162.

176.  Brew B. HIV related neuromuscular disease. Journal of the Neurological Sciences
2005;238:53-S3.

177.  Jo HY, Ahn B-y, Oh SJ, Kim D-S. PO5.35 Chronic Inflammatory Demyelinating Polyneuropathy
Associated with HIV-Infection. Clinical Neurophysiology 2009;120:555-S55.

178. Kume K, lkeda K, Kamada M, Touge T, Deguchi K, Masaki T. [Successful treatment of HIV-
associated chronic inflammatory demyelinating polyneuropathy by early initiation of highly active
anti-retroviral therapy]. Rinsho shinkeigaku = Clinical neurology 2013;53:362-366.

179.  Mochan A, Anderson D, Modi G. CIDP in a HIV endemic population: A prospective case series
from Johannesburg, South Africa. Journal of the Neurological Sciences 2016;363:39-42.

180. Cheng AC, Lin TY, Wang NC. Immune Reconstitution Inflammatory Syndrome Induced by
Mycobacterium avium Complex Infection Presenting as Chronic Inflammatory Demyelinating
Polyneuropathy in a Young AIDS Patient. Medicina (Kaunas) 2022;58.

181. Verma RK, Ziegler DK, Kepes JJ. HIV-related neuromuscular syndrome simulating motor
neuron disease. Neurology 1990;40:544-546.

182. Casado |, Gomez M, Carmona C, Garcia-Castanon I, Martin C, Sanchez JF. [Motor neuron
disease and HIV]. Rev Neurol 1997;25:552-554.

183.  Galassi G, Gentilini M, Ferrari S, et al. Motor neuron disease and HIV-1 infection in a 30-year-
old HIV-positive heroin abuser: a causal relationship? Clinical Neuropathology 1998;17:131-135.
184.  Sastre-Garriga J, Tintore M, Raguer N, Ruiz |, Montalban X, Codina A. Lower motor neuron
disease in a HIV-2 infected woman. Journal of Neurology 2000;247:718-719.

238



185. MacGowan DJ, Scelsa SN, Waldron M. An ALS-like syndrome with new HIV infection and
complete response to antiretroviral therapy. Neurology 2001;57:1094-1097.

186.  Moulignier A, Moulonguet A, Pialoux G, Rozenbaum W. Reversible ALS-like disorder in HIV
infection. Neurology 2001;57:995-1001.

187. von Giesen HJ, Kaiser R, Kbller H, Wetzel K, Arendt G. Reversible ALS-like disorder in HIV
infection. An ALS-like syndrome with new HIV infection and complete response to antiretroviral
therapy. Neurology 2002;59:474.

188.  Zoccolella S, Carbonara S, Minerva D, et al. A case of concomitant amyotrophic lateral
sclerosis and HIV infection. European journal of neurology 2002;9:180-182.

189. Pearl D, Noursadeghi M, Manji H, Edwards S, Miller R. Lower motor neuron syndrome and
HIV infection [11]. Sexually Transmitted Infections 2003;79:351.

190. Calza L, Manfredi R, Freo E, et al. Transient reversal of HIV-associated motor neuron disease
following the introduction of highly active antiretroviral therapy. Journal of Chemotherapy
2004;16:98-101.

191. Berger JR, Espinosa PS, Kissel J. Brachial amyotrophic diplegia in a patient with human
immunodeficiency virus infection: widening the spectrum of motor neuron diseases occurring with
the human immunodeficiency virus. Archives of neurology 2005;62:817-823.

192.  Alves L, Viana-Baptista M, Martins J, Santos L, Medeiros E. Motor neuron disease and HIV
infection: three new cases. Journal of Neurology 2006;253:43-44.

193. Ariatti A, Tassone G, Girolami F, Galassi G. Progressive motor neuron disease in two patients
with human immunodeficiency virus (HIV-1) infection: A causal relationship? Journal of the
Peripheral Nervous System 2006;11:180-180.

194. Verma A, Berger J. Primary Lateral Sclerosis with HIV-1 infection: report of two cases and
review of HIV-associated motor neuron diseases. Neuromuscular Disorders 2006;16:580-581.

195. Henning F, Hewlett RH. Brachial amyotrophic diplegia (segmental proximal spinal muscular
atrophy) associated with HIV infection. J Neurol Neurosurg Psychiatry 2008;79:1392-1394.

196. Nalini A, Desai A, Mahato S. Flail arm-like syndrome associated with HIV-1 infection. Annals
of Indian Academy of Neurology 2009;12:127-130.

197.  Kulkantrakorn K. P22-11 ALS-like syndrome in a patient with HIV infection. Clinical
Neurophysiology 2010;121:5235-S235.

198.  Cachia D, Izzy S, lonete C, Salameh J. Brachial amyotrophic diplegia in the setting of
complete HIV viral load suppression. BMJ Case Rep 2012;2012.

199.  Orsini M, de Freitas MR, Silva JG, et al. Motor neuron disease and acquired axonal
neuropathy association in HIV infection: case report and update. Curr HIV Res 2012;10:694-699.
200. Anand KS, Wadhwa A, Garg J, Mahajan RK. Amyotrophic lateral sclerosis-like presentation in
a HIV-positive patient. Journal of the International Association of Providers of AIDS Care
2014;13:515-518.

201.  Lorenzoni PJ, Ducci RDP, Dalledone GO, et al. Motor neuron disease in patients with HIV
infection: Report of two cases and brief review of the literature. Clinical Neurology and
Neurosurgery 2018;171:139-142.

202.  Suciu V-I, Suciu C-I, Mutu CC. HIV INFECTION MIMIKING AMYOTROPHIC LATERAL SCLEROSIS -
A THREE-YEAR FOLLOW-UP. Romanian Journal of Neurology 2019;18:145-149.

203. Quevedo-Ramirez A, Montenegro-ldrogo JJ, Resurreccion-Delgado C, et al. Lateral
amyotrophic sclerosis-like onset after combined antiretroviral treatment initiation. IDCases 2020;22.
204.  Sodeifian F. Juvenile amyotrophic lateral sclerosis in 16 years old girl with HIV. Neurology
Letters 2022;1:44-46.

205. Nath A, Kerman RH, Novak IS, Wolinsky JS. Immune studies in human immunodeficiency
virus infection with myasthenia gravis: a case report. Neurology 1990;40:581-583.

206. Martini L, Vion P, Le Gangneux E, Grandpierre G, Becquet D. AIDS and myasthenia gravis: An
exceptional association. Revue Neurologique 1991;147:395-397.

239



207. Vittecoq D, Morel C, Eymard B, Bach JF. RECOVERY FROM MYASTHENIA-GRAVIS OF A
PATIENT INFECTED WITH HUMAN-IMMUNODEFICIENCY-VIRUS. Clinical Infectious Diseases
1992;15:379-380.

208.  Wullenweber M, Schneider U, Hagenah R. MYASTHENIA-GRAVIS ASSOCIATED WITH AIDS
AND NEUROSYPHILIS. Nervenarzt 1993;64:273-277.

209. Tiab M, Letortorec S, Michelet C, Camus C, Cartier F, Grolleau JY. OCCURRENCE OF
MYASTHENIA DURING HIV-INFECTION - 2 CASES. Annales De Medecine Interne 1993;144:456-457.
210.  Authier FJ, De Grissac N, Degos JD, Gherardi RK. Transient myasthenia gravis during HIV
infection. Muscle & nerve 1995;18:914-916.

211.  StrongJ, Zochodne DW. Seronegative myasthenia gravis and human immunodeficiency virus
infection: Response to intravenous gamma globulin and prednisone. Canadian Journal of
Neurological Sciences 1998;25:254-256.

212. Verma A, Berger J. Myasthenia gravis associated with dual infection of HIV and HTLV-I.
Muscle & nerve 1995;18:1355-1356.

213. Maradona JA, Carton JA, Asensi V. MYASTHENIA-GRAVIS AND SYSTEMIC LUPUS-
ERYTHEMATOSUS IN ASSOCIATION WITH HUMAN-IMMUNODEFICIENCY-VIRUS INFECTION. Clinical
Infectious Diseases 1995;20:1577-1578.

214.  Murai H, Kira J. [Myasthenia gravis associated with HIV infection]. Ryoikibetsu shokogun
shirizu 2001:192-195.

215.  Chiesa E, Bongiovanni M, Melzi S, Bini T, d'Arminio Monforte A. Efavirenz-containing highly
active antiretroviral therapy in an HIV-infected patient with myasthenia gravis. AIDS (London,
England) 2003;17:2544-2545.

216.  Patel VB, Bell PLA, Bhigjee Al. Possible myasthenia and lems in the same patient: Case report
and review of the literature. African Journal of Neurological Sciences 2004;23.

217.  Gorthi SP, Shankar S, Johri S, Mishra A, Chaudhary NR. HIV infection with myasthenia gravis.
The Journal of the Association of Physicians of India 2005;53:995-996.

218. Hayat G, Thomas FP, Beltran D, Selhorst JB, Sokol-Anderson M. Co-occurrence of myasthenia
gravis and HIV infection with normal CD4 counts. Muscle & Nerve 2007;36:594-594.

219. Kurokawa T, Nishiyama T, Yamamoto R, Kishida H, Hakii Y, Kuroiwa Y. [Anti-MuSK antibody
positive myasthenia gravis with HIV infection successfully treated with cyclosporin: a case report].
Rinsho shinkeigaku = Clinical neurology 2008;48:666-669.

220.  Knopf L, Menkes DL. Comorbid HIV and myasthenia gravis: case report and review of the
literature. Journal of clinical neuromuscular disease 2010;12:80-84.

221.  Hung WL, Lin YH, Wang PY, Chang MH. HIV-associated myasthenia gravis and impacts of
HAART: One case report and a brief review. Clinical Neurology and Neurosurgery 2011;113:672-674.
222. Kuntzer T, Carota A, Novy J, Cavassini M, Du Pasquier RA. RITUXIMAB IS SUCCESSFUL IN AN
HIV-POSITIVE PATIENT WITH MuSK MYASTHENIA GRAVIS. Neurology 2011;76:757-758.

223.  Ragunathan K, Pathak B, Dahal K. MuSK myasthenia gravis as a manifestation of immune
restoration disease in an HIV-positive patient. Journal of Neurology 2015;262:777-778.

224.  \Virot E, Duclos A, Adelaide L, et al. Autoimmune diseases and HIV infection A cross-sectional
study. Medicine 2017;96.

225.  Sherpa M, Metai RK, Kumar V, Hirachan T, Ahmed KU, Atkinson SJ. Comorbid Human
Immunodeficiency Virus (HIV) and Muscle-Specific Kinase (MuSK) Myasthenia Gravis: A Case Report
and Literature Review. American Journal of Case Reports 2017;18.

226.  Suthar R, Sankhyan N, Goswami JN, Suri D, Gupta A, Singhi P. Myasthenia Gravis in HIV
Positive Girl. Indian Journal of Pediatrics 2018;85:578-579.

227. Aglave V, Ojha P, Faldu H, Ansari R, Barvalia P, Ansari A. A rare case of musk myasthenia
gravis in a HIV patient. Journal of the Neurological Sciences 2019;405.

228. Heckmann JM, Marais S. Management Issues in Myasthenia Gravis Patients Living With HIV:
A Case Series and Literature Review. Frontiers in Neurology 2020;11.

240



229. WangY, Zhao N, Yang J, Wen Y. Case Report: Orbital Myositis and Myasthenia Gravis as
Symptoms of Immune Reconstitution Inflammatory Syndrome in a Patient With Human
Immunodeficiency Virus Infection. Frontiers in immunology 2020;11:595068.

230.  Wirtz PW. Dysphagia and respiratory failure in an HIV patient: MuSK myasthenia gravis. Acta
Neurologica Belgica 2020;120:1483-1484.

231. Davies AJ, Fehmi J, Senel M, Tumani H, Dorst J, Rinaldi S. Immunoadsorption and Plasma
Exchange in Seropositive and Seronegative Immune-Mediated Neuropathies. J Clin Med 2020;9.
232. Nouha H, Olfa H, Nouha F, et al. Combined central and peripheral demyelination: A case
report and literature review. Iran J Neurol 2019;18:35-37.

233.  Heckmann JM, Marais S. Management Issues in Myasthenia Gravis Patients Living With HIV:
A Case Series and Literature Review. Front Neurol 2020;11:775.

234. Dimitriadou MM, Alexopoulos H, Akrivou S, Gola E, Dalakas MC. Anti-Neuronal Antibodies
Within the IVIg Preparations: Importance in Clinical Practice. Neurotherapeutics 2020;17:235-242.
235.  RinaldiS. Interlaboratory validation of nodal paranodal antibody testing. Peripheral Nerve
Society Intercontinental, Miami2022.

236. Delmont E, Manso C, Querol L, et al. Autoantibodies to nodal isoforms of neurofascin in
chronic inflammatory demyelinating polyneuropathy. Brain 2017;140:1851-1858.

237.  Clark AJ, Kaller MS, Galino J, Willison HJ, Rinaldi S, Bennett DLH. Co-cultures with stem cell-
derived human sensory neurons reveal regulators of peripheral myelination. Brain 2017;140:898-
913.

238.  Carr AS, Cardwell CR, McCarron PO, McConville J. A systematic review of population based
epidemiological studies in Myasthenia Gravis. BMC Neurol 2010;10:46.

239. Zieda A, Ravina K, Glazere |, et al. A nationwide epidemiological study of myasthenia gravis
in Latvia. Eur J Neurol 2018;25:519-526.

240. Heckmann JM, Owen EP, Little F. Myasthenia gravis in South Africans: racial differences in
clinical manifestations. Neuromuscul Disord 2007;17:929-934.

241.  Mid Term HIV Population Statistics SA [online]. Available at:
http://www.statssa.gov.za/publications/P0302/P03022018.pdf. Accessed 30 September

242.  Gorthi SP, Shankar S, Johri S, Mishra A, Chaudhary NR. HIV infection with myasthenia gravis.
J Assoc Physicians India 2005;53:995-996.

243.  Hung WL, Lin YH, Wang PY, Chang MH. HIV-associated myasthenia gravis and impacts of
HAART: one case report and a brief review. Clin Neurol Neurosurg 2011;113:672-674.

244.  Kurokawa T, Nishiyama T, Yamamoto R, Kishida H, Hakii Y, Kuroiwa Y. [Anti-MuSK antibody
positive myasthenia gravis with HIV infection successfully treated with cyclosporin: a case report].
Rinsho Shinkeigaku 2008;48:666-669.

245.  Strong J, Zochodne DW. Seronegative myasthenia gravis and human immunodeficiency virus
infection: response to intravenous gamma globulin and prednisone. Can J Neurol Sci 1998;25:254-
256.

246. Heckmann JM. Manangement Issues in Myastenia Gravis Patients Living with HIV: A Case
series and Literature Review. Frontiers in Neurology 2020;11:1-8.

247.  Moodley K, Bill PL, Patel VB. A comparative study of CIDP in a cohort of HIV-infected and
HIV-uninfected patients. Neurol Neuroimmunol Neuroinflamm 2017;4:e315.

248.  Moodley K, Bill PLA, Bhigjee Al, Patel VB. A comparative study of motor neuron disease in
HIV-infected and HIV-uninfected patients. J Neurol Sci 2019;397:96-102.

249.  Moodley K, Bill PLA, Patel VB. Motor lumbosacral radiculopathy in HIV-infected patients.
South Afr J HIV Med 2019;20:992.

250. Loveday LVaM. South African National AIDS Council. Enhanced progress report:National
Strategic Plan on HIV and TB. 2016.

251. de Meel RHP, Raadsheer WF, van Zwet EW, Verschuuren J, Tannemaat MR. Sensitivity of
MG-ADL for generalized weakness in myasthenia gravis. Eur J Neurol 2019;26:947-950.

241



252.  Muppidi S, Silvestri NJ, Tan R, Riggs K, Leighton T, Phillips GA. Utilization of MG-ADL in
myasthenia gravis clinical research and care. Muscle Nerve 2022;65:630-639.

253.  Sanghani N. Utilization of Myasthenia Gravis Quality of Life Revised 15 (MGQOL15r) Scale in
India. Ann Indian Acad Neurol 2023;26:370-371.

254.  Jaretzki A, 3rd, Barohn RJ, Ernstoff RM, et al. Myasthenia gravis: recommendations for
clinical research standards. Task Force of the Medical Scientific Advisory Board of the Myasthenia
Gravis Foundation of America. Neurology 2000;55:16-23.

255.  Lee |, Kaminski HJ, Xin H, Cutter G. Gender and quality of life in myasthenia gravis patients
from the myasthenia gravis foundation of America registry. Muscle Nerve 2018.

256.  Patel V. Possible Myasthenia and LEMS in the same patient. African Journal of Neurological
Sciences 2005;23.

257.  van den Berg-Wolf MG, Pietersz RN, Reesink HW, ten Veen JH, Brutel de la Riviere G.
Complete remission of an AIDS-related B-cell lymphoma with one course of chemotherapy followed
by zidovudine treatment. AIDS 1988;2:319-320.

258.  de Witt P, Maartens DJ, Uldrick TS, Sissolak G. Treatment outcomes in AIDS-related diffuse
large B-cell lymphoma in the setting roll out of combination antiretroviral therapy in South Africa. J
Acquir Immune Defic Syndr 2013;64:66-73.

259.  Virot E, Duclos A, Adelaide L, et al. Autoimmune diseases and HIV infection: A cross-sectional
study. Medicine (Baltimore) 2017;96:e5769.

260.  French MA. HIV/AIDS: immune reconstitution inflammatory syndrome: a reappraisal. Clin
Infect Dis 2009;48:101-107.

261. Ragunathan K, Pathak B, Dahal K. MuSK myasthenia gravis as a manifestation of immune
restoration disease in an HIV-positive patient. J Neurol 2015;262:777-778.

262.  Martin-Blondel G, Delobel P, Blancher A, et al. Pathogenesis of the immune reconstitution
inflammatory syndrome affecting the central nervous system in patients infected with HIV. Brain
2011;134:928-946.

263.  Zheng YH, Zhou HY, He Y, Chen Z, He B, He M. The Immune Pathogenesis of Immune
Reconstitution Inflammatory Syndrome Associated with Highly Active Antiretroviral Therapy in AIDS.
Aids Res Hum Retrov 2014;30:1197-1202.

264.  Schuurman HJ, Krone WJ, Broekhuizen R, et al. The thymus in acquired immune deficiency
syndrome. Comparison with other types of immunodeficiency diseases, and presence of
components of human immunodeficiency virus type 1. Am J Pathol 1989;134:1329-1338.

265. Le Panse R, Berrih-Aknin S. Autoimmune myasthenia gravis: autoantibody mechanisms and
new developments on immune regulation. Curr Opin Neurol 2013;26:569-576.

266. Rodolico C, Bonanno C, Toscano A, Vita G. MuSK-Associated Myasthenia Gravis: Clinical
Features and Management. Front Neurol 2020;11:660.

267.  Rivner MH, Quarles BM, Pan JX, et al. Clinical features of LRP4/agrin-antibody-positive
myasthenia gravis: A multicenter study. Muscle Nerve 2020;62:333-343.

268.  Sherpa M, Metai RK, Kumar V, Hirachan T, Ahmed KU, Atkinson SJ. Comorbid Human
Immunodeficiency Virus (HIV) and Muscle-Specific Kinase (MuSK) Myasthenia Gravis: A Case Report
and Literature Review. Am J Case Rep 2017;18:427-430.

269.  Wirtz PW. Dysphagia and respiratory failure in an HIV patient: MuSK myasthenia gravis. Acta
Neurol Belg 2020;120:1483-1484.

270. Kuntzer T, Carota A, Novy J, Cavassini M, Du Pasquier RA. Rituximab is successful in an HIV-
positive patient with MuSK myasthenia gravis. Neurology 2011;76:757-758.

271.  Niks EH, van Leeuwen Y, Leite M, et al. Clinical fluctuations in MuSK myasthenia gravis are
related to antigen-specific IgG4 instead of IgG1. ) Neuroimmunol 2008;195:151-156.

272.  ZongY, Jin R. Structural mechanisms of the agrin-LRP4-MuSK signaling pathway in
neuromuscular junction differentiation. Cell Mol Life Sci 2013;70:3077-3088.

273.  Freitas MR, Neves MA, Nascimento OJ, de Mello MP, Botelho JP, Chimelli L. Inclusion body
myositis and HIV infection. Arq Neuropsiquiatr 2008;66:428-430.

242



274.  McCormick AL, Brown RH, Jr., Cudkowicz ME, Al-Chalabi A, Garson JA. Quantification of
reverse transcriptase in ALS and elimination of a novel retroviral candidate. Neurology 2008;70:278-
283.

275.  Westarp ME, Fuchs D, Bartmann P, et al. Amyotrophic lateral sclerosis an enigmatic disease
with B-cellular and anti-retroviral immune responses. Eur J Med 1993;2:327-332.

276. Verma A, Berger JR. ALS syndrome in patients with HIV-1 infection. J Neurol Sci 2006;240:59-
64.

277. von Giesen HJ, Kaiser R, Koller H, Wetzel K, Arendt G. Reversible ALS-like disorder in HIV
infection. An ALS-like syndrome with new HIV infection and complete response to antiretroviral
therapy. Neurology 2002;59:474; author reply 474-475.

278.  Westarp ME, Bartmann P, Rossler J, et al. Antiretroviral therapy in sporadic adult
amyotrophic lateral sclerosis. Neuroreport 1993;4:819-822.

279. Rooney J, Burke T, Vajda A, Heverin M, Hardiman O. What does the ALSFRS-R really
measure? A longitudinal and survival analysis of functional dimension subscores in amyotrophic
lateral sclerosis. J Neurol Neurosurg Psychiatry 2017;88:381-385.

280. Kenyon C, Buyze J, Colebunders R. HIV prevalence by race co-varies closely with concurrency
and number of sex partners in South Africa. PLoS One 2013;8:e64080.

281. Kharsany ABM, Cawood C, Khanyile D, et al. Community-based HIV prevalence in KwaZulu-
Natal, South Africa: results of a cross-sectional household survey. Lancet HIV 2018;5:e427-e437.
282.  Wallrauch C, Barnighausen T, Newell ML. HIV prevalence and incidence in people 50 years
and older in rural South Africa. S Afr Med J 2010;100:812-814.

283.  Chio A, Logroscino G, Traynor BJ, et al. Global epidemiology of amyotrophic lateral sclerosis:
a systematic review of the published literature. Neuroepidemiology 2013;41:118-130.

284.  Peterson J, Gisslen M, Zetterberg H, et al. Cerebrospinal fluid (CSF) neuronal biomarkers
across the spectrum of HIV infection: hierarchy of injury and detection. PLoS One 2014;9:e116081.
285.  Westarp ME, Westphal KP, Clausen J, et al. Retroviral interference with neuronotrophic
signaling in human motor neuron disease? Clin Physiol Biochem 1993;10:1-7.

286.  Alfahad T, Nath A. Retroviruses and amyotrophic lateral sclerosis. Antiviral Res 2013;99:180-
187.

287.  Chevalier MF, Weiss L. The split personality of regulatory T cells in HIV infection. Blood
2013;121:29-37.

288.  Groger V, Cynis H. Human Endogenous Retroviruses and Their Putative Role in the
Development of Autoimmune Disorders Such as Multiple Sclerosis. Front Microbiol 2018;9:265.
289.  Anastasi JK, Pakhomova AM. Assessment and Management of HIV Distal Sensory Peripheral
Neuropathy: Understanding the Symptoms. J Nurse Pract 2020;16:276-280.

290.  Vecchio AC, Marra CM, Schouten J, et al. Distal Sensory Peripheral Neuropathy in Human
Immunodeficiency Virus Type 1-Positive Individuals Before and After Antiretroviral Therapy Initiation
in Diverse Resource-Limited Settings. Clin Infect Dis 2020;71:158-165.

291.  Schutz SG, Robinson-Papp J. HIV-related neuropathy: current perspectives. HIV AIDS (Auckl)
2013;5:243-251.

292.  Rajabally Y, Vital A, Ferrer X, et al. Chronic inflammatory demyelinating polyneuropathy
caused by HIV infection in a patient with asymptomatic CMT 1A. J Peripher Nerv Syst 2000;5:158-
162.

293.  Maniji H. Neuropathy in HIV infection. Curr Opin Neurol 2000;13:589-592.

294.  Blanche P, Diaz E, Gombert B, Sicard D, Rivoal O, Brezin A. Devic's neuromyelitis optica and
HIV-1 infection. J Neurol Neurosurg Psychiatry 2000;68:795-796.

295.  Ferrari S, Vento S, Monaco S, et al. Human immunodeficiency virus-associated peripheral
neuropathies. Mayo Clin Proc 2006;81:213-219.

296. Cornblath DR, Hoke A. Recent advances in HIV neuropathy. Curr Opin Neurol 2006;19:446-
450.

243



297. Hahn K, Husstedt IW, Arendt GfFdDN-A-A. [HIV-associated neuropathies]. Der Nervenarzt
2010;81:409-417.

298.  Miller RG, Parry GJ, Pfaeffl W, Lang W, Lippert R, Kiprov D. The spectrum of peripheral
neuropathy associated with ARC and AIDS. Muscle Nerve 1988;11:857-863.

299. Mochan A, Anderson D, Modi G. CIDP in a HIV endemic population: A prospective case series
from Johannesburg, South Africa. J Neurol Sci 2016;363:39-42.

300. Cornblath DR, McArthur JC, Kennedy PG, Witte AS, Griffin JW. Inflammatory demyelinating
peripheral neuropathies associated with human T-cell lymphotropic virus type Il infection. Ann
Neurol 1987;21:32-40.

301. KumeK, Ikeda K, Kamada M, Touge T, Deguchi K, Masaki T. [Successful treatment of HIV-
associated chronic inflammatory demyelinating polyneuropathy by early initiation of highly active
anti-retroviral therapy]. Rinsho Shinkeigaku 2013;53:362-366.

302. Vital A, Beylot M, Vital C, Delors B, Bloch B, Julien J. Morphological findings on peripheral
nerve biopsies in 15 patients with human immunodeficiency virus infection. Acta Neuropathol
1992;83:618-623.

303. Przedborski S, Liesnard C, Voordecker P, et al. Inflammatory demyelinating
polyradiculoneuropathy associated with human immunodeficiency virus infection. J Neurol
1988;235:359-361.

304. Chaunu MP, Ratinahirana H, Raphael M, et al. The spectrum of changes on 20 nerve biopsies
in patients with HIV infection. Muscle Nerve 1989;12:452-459.

305. Kiprov D, Pfaeffl W, Parry G, Lippert R, Lang W, Miller R. Antibody-mediated peripheral
neuropathies associated with ARC and AIDS: successful treatment with plasmapheresis. J Clin Apher
1988;4:3-7.

306. Abstracts of the Joint Meeting of the Italian Peripheral Nerve Study Group and the British
Peripheral Nerve Society. Trieste, Italy. April 8-10, 2010. J Peripher Nerv Syst 2010;15 Suppl 1:1-40.
307. Chimowitz MI, Audet AM, Hallet A, Kelly JJ, Jr. HIV-associated CIDP. Muscle Nerve
1989;12:695-696.

308. Ross MJ, Klotman PE. HIV-associated nephropathy. Aids 2004;18:1089-1099.

309. LuTC, Ross M. HIV-associated nephropathy: a brief review. The Mount Sinai journal of
medicine, New York 2005;72:193-199.

310.  Statistics SA. Statistical release P0302: Mid-year population estimates 2015 [online].
Available at: https://www.statssa.gov.za/publications/P0302/P03022015.pdf. Accessed July 1st
311. Athanasopoulos D, Motte J, Gruter T, et al. Evaluation of the EFNS/PNS diagnostic criteria in
a cohort of CIDP patients. Ann Clin Transl Neurol 2021;8:1110-1121.

312. Kanbayashi T, Hokkoku K, Tachiyama K, Hatanaka Y, Sonoo M. Evaluation of diagnostic yield
of the 2021 European Academy of Neurology/Peripheral Nerve Society diagnostic criteria for CIDP.
Muscle Nerve 2023.

313. Graham RC, Hughes RA. A modified peripheral neuropathy scale: the Overall Neuropathy
Limitations Scale. J Neurol Neurosurg Psychiatry 2006;77:973-976.

314. Breiner A, Barnett C, Bril V. INCAT disability score: a critical analysis of its measurement
properties. Muscle Nerve 2014;50:164-169.

315. Barohn RJ, Kissel JT, Warmolts JR, Mendell JR. Chronic inflammatory demyelinating
polyradiculoneuropathy. Clinical characteristics, course, and recommendations for diagnostic
criteria. Arch Neurol 1989;46:878-884.

316. McCombe PA, Pollard JD, McLeod JG. Chronic inflammatory demyelinating
polyradiculoneuropathy. A clinical and electrophysiological study of 92 cases. Brain 1987;110 ( Pt
6):1617-1630.

317. Gisslen M, Fuchs D, Svennerholm B, Hagberg L. Cerebrospinal fluid viral load, intrathecal
immunoactivation, and cerebrospinal fluid monocytic cell count in HIV-1 infection. Journal of
acquired immune deficiency syndromes 1999;21:271-276.

244



318. Marshall DW, Brey RL, Cahill WT, Houk RW, Zajac RA, Boswell RN. Spectrum of cerebrospinal
fluid findings in various stages of human immunodeficiency virus infection. Arch Neurol
1988;45:954-958.

319. Canestri A, Lescure FX, Jaureguiberry S, et al. Discordance between cerebral spinal fluid and
plasma HIV replication in patients with neurological symptoms who are receiving suppressive
antiretroviral therapy. Clinical infectious diseases : an official publication of the Infectious Diseases
Society of America 2010;50:773-778.

320. Kim JK, Bae JS, Kim DS, et al. Prevalence of anti-ganglioside antibodies and their clinical
correlates with guillain-barre syndrome in Korea: a nationwide multicenter study. J Clin Neurol
2014;10:94-100.

321. Eggena MP, Barugahare B, Jones N, et al. Depletion of regulatory T cells in HIV infection is
associated with immune activation. Journal of immunology 2005;174:4407-4414.

322. Gibbels E, Diederich N. Human immunodeficiency virus (HIV)-related chronic relapsing
inflammatory demyelinating polyneuropathy with multifocal unusual onion bulbs in sural nerve
biopsy. A clinicomorphological study with qualitative and quantitative light and electron microscopy.
Acta Neuropathol 1988;75:529-534.

323. Alsaeed M, Lim CAR, Plecash A, Chen T. Paraneoplastic sensorimotor neuropathy and ventral
cauda equina nerve root enhancement as initial presentation of small cell lung carcinoma: a case
study. BMC Neurol 2021;21:374.

324. Landolfi A, Vinciguerra C, Diana F, et al. Anterior lumbosacral polyradiculoneuropathy
following intrathecal methotrexate administration: a case report and literature update. Neurol Sci
2023;44:715-718.

325.  Verschueren A. Motor neuropathies and lower motor neuron syndromes. Rev Neurol (Paris)
2017;173:320-325.

326. Lamb NL, Patten BM. Clinical correlations of anti-GM1 antibodies in amyotrophic lateral
sclerosis and neuropathies. Muscle Nerve 1991;14:1021-1027.

327. Miller RF, Fox JD, Thomas P, et al. Acute lumbosacral polyradiculopathy due to
cytomegalovirus in advanced HIV disease: CSF findings in 17 patients. J Neurol Neurosurg Psychiatry
1996;61:456-460.

328. Ingber S, Buckstein R. Paraneoplastic lumbosacral axonal polyradiculopathy preceding the
diagnosis of nodular lymphocyte predominant Hodgkin lymphoma: a case report. Leuk Lymphoma
2008;49:2009-2011.

329. Murphy SM, Khan U, Alifrangis C, et al. Anti Ma2-associated myeloradiculopathy: expanding
the phenotype of anti-Ma2 associated paraneoplastic syndromes. J Neurol Neurosurg Psychiatry
2012;83:232-233.

330. Rees ). Paraneoplastic syndromes. Curr Opin Neurol 1998;11:633-637.

331. Rees JH. Paraneoplastic syndromes: when to suspect, how to confirm, and how to manage.
Neurol Neurosurg Psychiatry 2004;75 Suppl 2:ii43-50.

332.  Brisset M, Chadenat ML, Cordoliani Y, Kamga-Tallom R, D'Anglejean J, Pico F. [MRI features
of neurosyphilis]. Rev Neurol (Paris) 2011;167:337-342.

333. Marais S, Roos I, Mitha A, Mabusha SJ, Patel V, Bhigjee Al. Spinal Tuberculosis:
Clinicoradiological Findings in 274 Patients. Clin Infect Dis 2018;67:89-98.

334.  Lipkin WI, Parry G, Abrams D, Kiprov D. Polyradiculoneuropathy, polyradiculitis, and CMV in
AIDS and ARC. Neurology 1987;37:888.

335. vanden Berg B, Fokke C, Drenthen J, van Doorn PA, Jacobs BC. Paraparetic Guillain-Barre
syndrome. Neurology 2014;82:1984-1989.

336. Pontali E, Feasi M, Crisalli MP, Cassola G. Guillain-Barre Syndrome with Fatal Outcome
during HIV-1-Seroconversion: A Case Report. Case Rep Infect Dis 2011;2011:972096.

337. Ropper AH. The Guillain-Barre syndrome. N Engl J Med 1992;326:1130-1136.

245



338. Abdulle S, Hagberg L, Svennerholm B, Fuchs D, Gisslen M. Cerebrospinal fluid viral load and
intrathecal immune activation in individuals infected with different HIV-1 genetic subtypes. PLoS
One 2008;3:e1971.

339. Zhang HL, Wu J, Ni FM, et al. Axonal variant of Guillain-Barre syndrome associated with
campylobacter infection in Bangladesh. Neurology 2010;75:194-195.

340. Hughes RA, Brassington R, Gunn AA, van Doorn PA. Corticosteroids for Guillain-Barre
syndrome. Cochrane Database Syst Rev 2016;10:CD001446.

341. WangYZ, Lv H, Shi QG, et al. Action mechanism of corticosteroids to aggravate Guillain-Barre
syndrome. Sci Rep 2015;5:13931.

342. Harrison TB, Smith B. Neuromuscular manifestations of HIV/AIDS. J Clin Neuromuscul Dis
2011;13:68-84.

343. Mohan A, Tarras S, Eckardt PA. HIV Neuropathy-Associated Foot Drop, a Presenting Sign of
HIV Infection, Resolving after Initiation of Antiretroviral Therapy: A Clinical Vignette. American
Journal of Physical Medicine and Rehabilitation 2021;100:e94-e97.

344.  Willison HJ. Anti-ganglioside Antibodies in Peripheral Nerve Pathology. Methods Mol Biol
2018;1804:173-188.

345.  Harschnitz O, Jongbloed BA, Franssen H, Straver DC, van der Pol WL, van den Berg LH. MMN:
from immunological cross-talk to conduction block. J Clin Immunol 2014;34 Suppl 1:5112-119.

346. Leger JM, Guimaraes-Costa R, lancu Ferfoglia R. The pathogenesis of multifocal motor
neuropathy and an update on current management options. Ther Adv Neurol Disord 2015;8:109-
122.

347. Greenshields KN, Halstead SK, Zitman FM, et al. The neuropathic potential of anti-GM1
autoantibodies is regulated by the local glycolipid environment in mice. J Clin Invest 2009;119:595-
610.

348. Harschnitz O, van den Berg LH, Johansen LE, et al. Autoantibody pathogenicity in a multifocal
motor neuropathy induced pluripotent stem cell-derived model. Ann Neurol 2016;80:71-88.

349. Querol L, Nogales-Gadea G, Rojas-Garcia R, et al. Antibodies to contactin-1 in chronic
inflammatory demyelinating polyneuropathy. Ann Neurol 2013;73:370-380.

350. MiuraY, Devaux JJ, Fukami, et al. Contactin 1 1gG4 associates to chronic inflammatory
demyelinating polyneuropathy with sensory ataxia. Brain 2015;138:1484-1491.

351. Kadoya M, Kaida K, Koike H, et al. IgG4 anti-neurofascin155 antibodies in chronic
inflammatory demyelinating polyradiculoneuropathy: Clinical significance and diagnostic utility of a
conventional assay. J Neuroimmunol 2016;301:16-22.

352.  Vural A, Doppler K, Meinl E. Autoantibodies Against the Node of Ranvier in Seropositive
Chronic Inflammatory Demyelinating Polyneuropathy: Diagnostic, Pathogenic, and Therapeutic
Relevance. Front Immunol 2018;9:1029.

353. Dziadkowiak E, Waliszewska-Prosol M, Nowakowska-Kotas M, Budrewicz S, Koszewicz Z,
Koszewicz M. Pathophysiology of the Different Clinical Phenotypes of Chronic Inflammatory
Demyelinating Polyradiculoneuropathy (CIDP). Int J Mol Sci 2021;23.

354. FehmiJ, Davies AJ, Walters J, et al. IgG(1) pan-neurofascin antibodies identify a severe yet
treatable neuropathy with a high mortality. ] Neurol Neurosurg Psychiatry 2021;92:1089-1095.
355.  Devaux JJ, Miura Y, Fukami Y, et al. Neurofascin-155 IgG4 in chronic inflammatory
demyelinating polyneuropathy. Neurology 2016;86:800-807.

356.  Vallat JM, Yuki N, Sekiguchi K, et al. Paranodal lesions in chronic inflammatory demyelinating
polyneuropathy associated with anti-Neurofascin 155 antibodies. Neuromuscul Disord 2017;27:290-
293.

357. KiraJ, Yamasaki R, Ogata H. Anti-neurofascin autoantibody and demyelination. Neurochem
Int 2019;130.

358. Koike H, Kadoya M, Kaida Kl, et al. Paranodal dissection in chronic inflammatory
demyelinating polyneuropathy with anti-neurofascin-155 and anti-contactin-1 antibodies. J Neurol
Neurosurg Psychiatry 2017;88:465-473.

246



359. Moodley K, Bill PLA, Patel VB. Motor lumbosacral radiculopathy in HIV-infected patients.
2019 2019;20.

360. Camdessanche JP, Jousserand G, Ferraud K, et al. The pattern and diagnostic criteria of
sensory neuronopathy: a case-control study. Brain 2009;132:1723-1733.

361. Querol L, Siles AM, Alba-Rovira R, et al. Antibodies against peripheral nerve antigens in
chronic inflammatory demyelinating polyradiculoneuropathy. Sci Rep-Uk 2017;7.

362. Devaux ], Odaka M, Yuki N. Nodal proteins are target antigens in Guillain-Barre syndrome. J
Peripher Nerv Syst 2012;17:62-71.

363. Harris RE, Atherton M, Naude JTW, et al. Antineurofascin IgG2-associated paediatric
autoimmune nodopathy. Dev Med Child Neurol 2023.

364. Cortese A, Lombardi R, Briani C, et al. Antibodies to neurofascin, contactin-1, and contactin-
associated protein 1 in CIDP. Clinical relevance of IgG isotype 2020;7:e639.

365. Gupta N, Shirani A, Arcot Jayagopal L, Piccione E, Hartman E, Zabad RK. Anti-Neurofascin
Antibodies Associated with White Matter Diseases of the Central Nervous System: A Red Flag or a
Red Herring? Brain Sciences 2022;12:1124.

366. Zabad R, Gupta N, Shirani A. Anti-Neurofascin Antibodies, White Matter Abnormalities and
Cancer: Caught in the Act or Innocent By-Stander? (P13-4.005). Neurology 2022;98:2583.

367. Cortese A, Lombardi R, Briani C, et al. Antibodies to neurofascin, contactin-1, and contactin-
associated protein 1 in CIDP: Clinical relevance of IgG isotype. Neurol-Neuroimmunol 2020;7.

368. Querol L, Nogales-Gadea G, Rojas-Garcia R, et al. Neurofascin IgG4 antibodies in CIDP
associate with disabling tremor and poor response to IVIg. Neurology 2014;82:879-886.

369. Stengel H, Vural A, Brunder AM, et al. Anti-pan-neurofascin 1gG3 as a marker of fulminant
autoimmune neuropathy. Neurol-Neuroimmunol 2019;6.

370. Appeltshauser L, Brunder AM, Heinius A, et al. Antiparanodal antibodies and IgG subclasses
in acute autoimmune neuropathy. Neurol-Neuroimmunol 2020;7.

371. Valenzuela NM, Schaub S. The Biology of IgG Subclasses and Their Clinical Relevance to
Transplantation. Transplantation 2018;102:57-S13.

372. Vidarsson G, Dekkers G, Rispens T. IgG subclasses and allotypes: from structure to effector
functions. Frontiers in Immunology 2014;5.

373. Bruhns P, lannascoli B, England P, et al. Specificity and affinity of human Fc gamma receptors
and their polymorphic variants for human IgG subclasses. Blood 2009;113:3716-3725.

374. Ogata H, Isobe N, Zhang X, et al. Unique HLA haplotype associations in IgG4 anti-neurofascin
155 antibody-positive chronic inflammatory demyelinating polyneuropathy. Journal of
Neuroimmunology 2020;339.

375.  Gruner J, Stengel H, Werner C, et al. Anti-contactin-1 Antibodies Affect Surface Expression
and Sodium Currents in Dorsal Root Ganglia. Neurol-Neuroimmunol 2021;8.

376.  Fargeot G, Echaniz-Laguna A. Sensory neuronopathies: new genes, new antibodies and new
concepts. J Neurol Neurosurg Psychiatry 2021.

377.  Moritz CP, Tholance Y, Vallayer PB, et al. Anti-AGO1 Antibodies Identify a Subset of
Autoimmune Sensory Neuronopathy. Neurol Neuroimmunol Neuroinflamm 2023;10.

378.  Kunchok A, Zekeridou A, McKeon A. Autoimmune glial fibrillary acidic protein
astrocytopathy. Curr Opin Neurol 2019;32:452-458.

379. Verghese A, Krishnan D, Chia YK, Querol L, Hiew FL. Optic Nerve Demyelination in IgG4 Anti-
Neurofascin 155 Antibody-Positive Combined Central and Peripheral Demyelination Syndrome. J
Cent Nerv Syst Dis 2021;13:11795735211039913.

380. Truong-Le M, Chwalisz B. Antibody Testing in Atypical Optic Neuritis. Semin Ophthalmol
2020;35:287-295.

381. Kawamura N. [Anti-neurofascin antibody in combined central and peripheral demyelination].
Nihon Rinsho 2015;73 Suppl 7:347-351.

382. Ogata H, Matsuse D, Yamasaki R, et al. A nationwide survey of combined central and
peripheral demyelination in Japan. J Neurol Neurosurg Psychiatry 2016;87:29-36.

247



383. Martinsen V, Kursula P. Multiple sclerosis and myelin basic protein: insights into protein
disorder and disease. Amino Acids 2022;54:99-109.

384. Wang YQ, Chen H, Zhuang WP, Li HL. The clinical features of combined central and
peripheral demyelination in Chinese patients. J Neuroimmunol 2018;317:32-36.

385. Ruperto LR, Arenzana CB, Marhuenda AR, Bernardino JI. Chapter 7 - Autoimmunity and HIV
infection. In: Rezaei N, ed. Translational Autoimmunity: Academic Press, 2022: 141-167.

386. Stavnezer J, Schrader CE. IgH chain class switch recombination: mechanism and regulation. J
Immunol 2014;193:5370-5378.

387. Romagnani S. Immunological tolerance and autoimmunity. Internal and Emergency
Medicine 2006;1:187-196.

388. Kaiser R, Dorries R, Luer W, et al. Analysis of Oligoclonal Antibody Bands against Individual
Hiv Structural Proteins in the Csf of Patients Infected with Hiv. J Neurol 1989;236:157-160.

389. Skotzek B, Sander T, Zimmermann J, Kolmel HW. Oligoclonal Bands in Serum and
Cerebrospinal-Fluid of Patients with Hiv Infection. Journal of Neuroimmunology 1988;20:151-152.
390. Hel Zz, Xu J, Denning WL, et al. Dysregulation of Systemic and Mucosal Humoral Responses to
Microbial and Food Antigens as a Factor Contributing to Microbial Translocation and Chronic
Inflammation in HIV-1 Infection. PLoS Pathog 2017;13:e1006087.

391. ChenY, Dale BL, Alexander MR, et al. Class switching and high-affinity immunoglobulin G
production by B cells is dispensable for the development of hypertension in mice. Cardiovasc Res
2021;117:1217-1228.

392. Aga M, Kondo S, Yamada K, et al. Immunoglobulin class switching to IgG4 in Warthin tumor
and analysis of serum IgG4 levels and IgG4-positive plasma cells in the tumor. Hum Pathol
2014,;45:793-801.

393.  PengSL, Szabo SJ, Glimcher LH. T-bet regulates IgG class switching and pathogenic
autoantibody production. Proc Natl Acad Sci U S A 2002;99:5545-5550.

394.  Kuroki A, lyoda M, Shibata T, Sugisaki T. Th2 cytokines increase and stimulate B cells to
produce IgG4 in idiopathic membranous nephropathy. Kidney Int 2005;68:302-310.

395. Moir S, Fauci AS. B cells in HIV infection and disease. Nat Rev Immunol 2009;9:235-245.
396. Kumars$§, Singh S, Luthra K. An Overview of Human Anti-HIV-1 Neutralizing Antibodies
against Diverse Epitopes of HIV-1. ACS Omega 2023;8:7252-7261.

397. Stadelmann C, Timmler S, Barrantes-Freer A, Simons M. Myelin in the Central Nervous
System: Structure, Function, and Pathology. Physiol Rev 2019;99:1381-1431.

398. Garbay B, Heape AM, Sargueil F, Cassagne C. Myelin synthesis in the peripheral nervous
system. Prog Neurobiol 2000;61:267-304.

399. Mahdi-Rogers M, Rajabally YA. Overview of the pathogenesis and treatment of chronic
inflammatory demyelinating polyneuropathy with intravenous immunoglobulins. Biologics
2010;4:45-49.

400. Rinaldi S, Davies A, Fehmi J, et al. Overlapping central and peripheral nervous system
syndromes in MOG antibody-associated disorders. Neurol Neuroimmunol Neuroinflamm 2021;8.
401. Chanson JB, Echaniz-Laguna A, Blanc F, et al. Central nervous system abnormalities in
patients with PMP22 gene mutations: a prospective study. J Neurol Neurosurg Psychiatry
2013;84:392-397.

402. Kawamura N. [Neurofascin: a novel target for combined central and peripheral
demyelination]. Rinsho Shinkeigaku 2014;54:978-980.

403.  Seil FJ. Myelin Antigens and Antimyelin Antibodies. Antibodies (Basel) 2018;7.

404. Martini R, Mohajeri MH, Kasper S, Giese KP, Schachner M. Mice doubly deficient in the
genes for PO and myelin basic protein show that both proteins contribute to the formation of the
major dense line in peripheral nerve myelin. J Neurosci 1995;15:4488-4495.

405.  Biotti D, Boucher S, Ong E, Tilikete C, Vighetto A. Optic neuritis as a possible phenotype of
anti-GQ1b/GT1a antibody syndrome. J Neurol 2013;260:2890-2891.

248



406.  Chan JW. Optic neuritis in anti-GQ1b positive recurrent Miller Fisher syndrome. Br J
Ophthalmol 2003;87:1185-1186.

407. Campbell MC, Tishkoff SA. African genetic diversity: implications for human demographic
history, modern human origins, and complex disease mapping. Annu Rev Genomics Hum Genet
2008;9:403-433.

408. McCombe PA, Clark P, Frith JA, et al. Alpha-1 antitrypsin phenotypes in demyelinating
disease: an association between demyelinating disease and the allele PiM3. Ann Neurol
1985;18:514-516.

409. Notturno F, Pace M, De Angelis MV, Caporale CM, Giovannini A, Uncini A. Susceptibility to
chronic inflammatory demyelinating polyradiculoneuropathy is associated to polymorphic GA repeat
in the SH2D2A gene. J Neuroimmunol 2008;197:124-127.

410. Buttini S, Cappellano G, Ripellino P, et al. Variations of the perforin gene in patients with
chronic inflammatory demyelinating polyradiculoneuropathy. Genes Immun 2015;16:99-102.

411. McCombe PA, Csurhes PA, Greer JM. Studies of HLA associations in male and female patients
with Guillain-Barre syndrome (GBS) and chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP). J Neuroimmunol 2006;180:172-177.

412.  Cotti Piccinelli S, Carella G, Frassi M, et al. Human leukocyte antigens class Il in CIDP
spectrum neuropathies. J Neurol Sci 2019;407:116533.

413.  Martinez-Martinez L, Lleixa MC, Boera-Carnicero G, et al. Anti-NF155 chronic inflammatory
demyelinating polyradiculoneuropathy strongly associates to HLA-DRB15. J Neuroinflammation
2017;14:224.

414. Blum 'S, McCombe PA. Genetics of Guillain-Barre syndrome (GBS) and chronic inflammatory
demyelinating polyradiculoneuropathy (CIDP): current knowledge and future directions. J Peripher
Nerv Syst 2014;19:88-103.

415.  Stavnezer J, Guikema JE, Schrader CE. Mechanism and regulation of class switch
recombination. Annu Rev Immunol 2008;26:261-292.

416.  lijima M, Tomita M, Morozumi S, et al. Single nucleotide polymorphism of TAG-1 influences
IVlg responsiveness of Japanese patients with CIDP. Neurology 2009;73:1348-1352.

417.  Kuitwaard K, van Doorn PA, Bengrine T, et al. Genetic biomarkers for intravenous
immunoglobulin response in chronic inflammatory demyelinating polyradiculoneuropathy. Eur J
Neurol 2021;28:1677-1683.

418. Vazquez Do Campo R, Stephens A, Marin Collazo IV, Rubin DI. MOG antibodies in combined
central and peripheral demyelination syndromes. Neurol Neuroimmunol Neuroinflamm
2018;5:e503.

419. Cordier F, Velthof L, Creytens D, Van Dorpe J. Acute Disseminated Encephalomyelitis
(ADEM): A Demyelinating Disease with Specific Morphological Features. Int J Surg Pathol
2021;29:392-394.

420. Shah A, Panchal V, Patel K, et al. Pathogenesis and management of multiple sclerosis
revisited. Dis Mon 2022:101497.

421. Aimoto Y, Moriwaka F, Matsumoto A, Tashiro K, Abe K. [A case of acute disseminated
encephalomyelitis (ADEM) associated with demyelinating peripheral neuropathy]. No To Shinkei
1996;48:857-860.

422.  Elterefi AE, Elbashari MY, Alzaabi A, Abouelnaga ME, Eissa H. Combined Central and
Peripheral Demyelination in a Patient of Multifocal Motor Neuropathy and Positive Anti-myelin
Oligodendrocyte Glycoprotein (MOG) Antibodies. Cureus 2022;14:e32143.

423. Hou X, Liang Y, Cui P, Hao J. The clinical features of combined central and peripheral
demyelination and antibodies against the node of Ranvier. Mult Scler 2022;28:453-462.

424.  Pegat A, Delmont E, Svahn J, et al. Combined Central and Peripheral Demyelination With IgM
Anti-Neurofascin 155 Antibodies: Case Report. Neurol Neuroimmunol Neuroinflamm 2022;9.

249



425.  Kira JI. Anti-Neurofascin 155 Antibody-Positive Chronic Inflammatory Demyelinating
Polyneuropathy/Combined Central and Peripheral Demyelination: Strategies for Diagnosis and
Treatment Based on the Disease Mechanism. Front Neurol 2021;12:665136.

426. Nakamura T, Kaneko K, Watanabe G, et al. Myelin oligodendrocyte glycoprotein-lgG-
positive, steroid-responsive combined central and peripheral demyelination with recurrent
peripheral neuropathy. Neurol Sci 2021;42:1135-1138.

427. Efthymiou S, Salpietro V, Malintan N, et al. Biallelic mutations in neurofascin cause
neurodevelopmental impairment and peripheral demyelination. Brain 2019;142:2948-2964.

428. Mendell JR, Kolkin S, Kissel JT, Weiss KL, Chakeres DW, Rammohan KW. Evidence for central
nervous system demyelination in chronic inflammatory demyelinating polyradiculoneuropathy.
Neurology 1987;37:1291-1294.

429. Erdener SE, Temucin C, Soylemezoglu F, Gocmen R, Kurne A. Tumefactive Brain
Demyelination Accompanying MADSAM Neuropathy. Tlrk Noroloi Dergisi 2015;21:98-101.

430. Lambrianides S, Kinnis E, Cleanthous M, Myrianthopoulou P, Leonidou E, Kyriakides T. A Case
of Combined Central and Peripheral Demyelination Associated With Antineurofascin 155 Antibodies
and Paternal History of Multiple Sclerosis. Neurologist 2021;26:156-159.

431. Matteo E, Romoli M, Calabro C, et al. Combined Central and Peripheral Demyelination with
Anti-Neurofascin155 IgG Following COVID-19 Vaccination. Can J Neurol Sci 2023;50:141-143.

432.  Takegami N, Sakuishi K, Yamaguchi-Takegami N, et al. Anti-Lactosylceramide antibody
positive combined central peripheral demyelination emerging from long-standing juvenile-onset
chronic inflammatory polyradiculoneuropathy; a report of two cases. J Neuroimmunol
2023;378:578086.

433.  Alshamrani F, Alyami R, Alghanimi I, Alajaji R, Alkhaldi M, Alamri A. A New Report of
Combined Central and Peripheral Demyelination: A Case Report. Front Neurol 2021;12:730129.
434.  Liu B, Zhou L, Zheng Y, Sun C, Lin J. Paraneoplastic Syndrome Presenting Combined Central
and Peripheral Demyelination Associated with Anti-CV2/CRMP5 and Anti-NF186 Antibodies: A Case
Report. Brain Sci 2023;13.

435.  Stojkovic T, de Seze J, Hurtevent JF, et al. Visual evoked potentials study in chronic idiopathic
inflammatory demyelinating polyneuropathy. Clin Neurophysiol 2000;111:2285-2291.

436. Ingwersen J, Graf J, Kluge J, et al. CNS Involvement in Chronic Inflammatory Demyelinating
Polyneuropathy: Subtle Retinal Changes in Optical Coherence Tomography. Neurol Neuroimmunol
Neuroinflamm 2022;9.

437.  Cortese A, Franciotta D, Alfonsi E, et al. Combined central and peripheral demyelination:
Clinical features, diagnostic findings, and treatment. J Neurol Sci 2016;363:182-187.

438. HuJ, YuE, Liao Z. Changes in cognitive function and related brain regions in chronic benzene
poisoning: a case report. Ann Transl Med 2021;9:81.

439. Querol L, Siles AM, Alba-Rovira R, et al. Antibodies against peripheral nerve antigens in
chronic inflammatory demyelinating polyradiculoneuropathy. Sci Rep 2017;7:14411.

440. Boyle L, Rao L, Kaur S, et al. Genotype and defects in microtubule-based motility correlate
with clinical severity in KIF1A-associated neurological disorder. HGG Adv 2021;2.

441. Sourbron J, Jansen K, Aerts N, Lagae L. PPFIA4 mutation: A second hit in POLG related
disease? Epilepsy Behav Rep 2021;16:100455.

442.  Project Min EALSSC. CHCHD10 variants in amyotrophic lateral sclerosis: Where is the
evidence? Ann Neurol 2018;84:110-116.

443,  Genin EC, Plutino M, Bannwarth S, et al. CHCHD10 mutations promote loss of mitochondrial
cristae junctions with impaired mitochondrial genome maintenance and inhibition of apoptosis.
EMBO Mol Med 2016;8:58-72.

444. Hage R, Vignal-Clermont C. Leber Hereditary Optic Neuropathy: Review of Treatment and
Management. Front Neurol 2021;12:651639.

445.  Tuck RR, McLeod JG. Retinitis pigmentosa, ataxia, and peripheral neuropathy. J Neurol
Neurosurg Psychiatry 1983;46:206-213.

250



446. Fernandez-Garcia MA, Stettner GM, Kinali M, et al. Genetic neuropathies presenting with
CIDP-like features in childhood. Neuromuscul Disord 2021;31:113-122.

447. Houlden H, Laura M, Ginsberg L, et al. The phenotype of Charcot-Marie-Tooth disease type
4C due to SH3TC2 mutations and possible predisposition to an inflammatory neuropathy.
Neuromuscul Disord 2009;19:264-269.

448. Donaghy M, Sisodiya SM, Kennett R, McDonald B, Haites N, Bell C. Steroid responsive
polyneuropathy in a family with a novel myelin protein zero mutation. J Neurol Neurosurg Psychiatry
2000;69:799-805.

449.  Rajabally YA, Adams D, Latour P, Attarian S. Hereditary and inflammatory neuropathies: a
review of reported associations, mimics and misdiagnoses. J Neurol Neurosurg Psychiatry
2016;87:1051-1060.

450. Vital A, Vital C, Julien J, Fontan D. Occurrence of active demyelinating lesions in children with
hereditary motor and sensory neuropathy (HMSN) type I. Acta Neuropathol 1992;84:433-436.

451. Moshe-Lilie O, Ensrud E, Ragole T, Nizar C, Dimitrova D, Karam C. CIDP mimics: a case series.
BMC Neurol 2021;21:94.

452.  Munch C, Epplen JT, Meins M, Meyer R, Weber JR, Meyer T. Severe Guillain-Barre syndrome
associated with chromosome 17p11.2-12 duplication. Muscle Nerve 2008;37:256-258.

453.  Martini R, Toyka KV. Immune-mediated components of hereditary demyelinating
neuropathies: lessons from animal models and patients. Lancet Neurol 2004;3:457-465.

454, Llilje O. The processing and presentation of endogenous and exogenous antigen by Schwann
cells in vitro. Cell Mol Life Sci 2002;59:2191-2198.

455.  Piccinni MP, Lombardelli L, Logiodice F, Kullolli O, Romagnani S, Le Bouteiller P. T helper cell
mediated-tolerance towards fetal allograft in successful pregnancy. Clin Mol Allergy 2015;13:9.

456.  Piccinni MP, Robertson SA, Saito S. Editorial: Adaptive Immunity in Pregnancy. Front
Immunol 2021;12:770242.

457.  Fjeldstad HE, Johnsen GM, Staff AC. Fetal microchimerism and implications for maternal
health. Obstet Med 2020;13:112-119.

458. McCombe PA, McManis PG, Frith JA, Pollard JD, McLeod JG. Chronic inflammatory
demyelinating polyradiculoneuropathy associated with pregnancy. Ann Neurol 1987;21:102-104.
459. Thapa S, Shrestha U. Immune Reconstitution Inflammatory Syndrome. StatPearls. Treasure
Island (FL)2023.

460. YeZ, WeiJ, Zhan C, Hou J. Role of Transforming Growth Factor Beta in Peripheral Nerve
Regeneration: Cellular and Molecular Mechanisms. Front Neurosci 2022;16:917587.

461. Anjaneyulu M, Berent-Spillson A, Inoue T, Choi J, Cherian K, Russell JW. Transforming growth
factor-beta induces cellular injury in experimental diabetic neuropathy. Exp Neurol 2008;211:469-
479.

462. Selmaj KW, Raine CS. Tumor necrosis factor mediates myelin and oligodendrocyte damage in
vitro. Ann Neurol 1988;23:339-346.

463. Redford EJ, Hall SM, Smith KJ. Vascular changes and demyelination induced by the
intraneural injection of tumour necrosis factor. Brain 1995;118 ( Pt 4):869-878.

464. Querol LA, Hartung HP, Lewis RA, et al. The Role of the Complement System in Chronic
Inflammatory Demyelinating Polyneuropathy: Implications for Complement-Targeted Therapies.
Neurotherapeutics 2022;19:864-873.

465.  Das Sarma J. A mechanism of virus-induced demyelination. Interdiscip Perspect Infect Dis
2010;2010:109239.

466. Rosenthal A, Fujinami RS, Lampert PW. Mechanism of Theiler's virus-induced demyelination
in nude mice. Lab Invest 1986;54:515-522.

467. OhY, Zhang F, Wang Y, et al. Zika virus directly infects peripheral neurons and induces cell
death. Nat Neurosci 2017;20:1209-1212.

468. Ismail, Il, Salama S. Association of CNS demyelination and COVID-19 infection: an updated
systematic review. J Neurol 2022;269:541-576.

251



469.  Guerrero JI, Barragan LA, Martinez JD, et al. Central and peripheral nervous system
involvement by COVID-19: a systematic review of the pathophysiology, clinical manifestations,
neuropathology, neuroimaging, electrophysiology, and cerebrospinal fluid findings. BMC Infect Dis
2021;21:515.

470. Beppu M, Sawai S, Misawa S, et al. Serum cytokine and chemokine profiles in patients with
chronic inflammatory demyelinating polyneuropathy. J Neuroimmunol 2015;279:7-10.

471. Rentzos M, Angeli AV, Rombos A, et al. Proinflammatory cytokines in serum and
cerebrospinal fluid of CIDP patients. Neurol Res 2012;34:842-846.

472. Raffi F, Le Moing V, Assuied A, et al. Failure to achieve immunological recovery in HIV-
infected patients with clinical and virological success after 10 years of combined ART: role of
treatment course. J Antimicrob Chemother 2017;72:240-245.

473.  Wagner T, Zuckerman NS, Wax M, et al. HIV-1 Circulating Recombinant Forms (CRFs) and
Unique Recombinant Forms (URFs) in Israel, 2010-2018. Viruses 2022;14.

474. Gumede SB, Venter F, de Wit J, Wensing A, Lalla-Edward ST. Antiretroviral therapy uptake
and predictors of virological failure in patients with HIV receiving first-line and second-line regimens
in Johannesburg, South Africa: a retrospective cohort data analysis. BMJ Open 2022;12:e054019.
475. Gumede SB, Wensing AMJ, Lalla-Edward ST, et al. Predictors of Treatment Adherence and
Virological Failure Among People Living with HIV Receiving Antiretroviral Therapy in a South African
Rural Community: A Sub-study of the ITREMA Randomised Clinical Trial. AIDS Behav 2023;27:3863-
3885.

476.  Montarroyos UR, Miranda-Filho DB, Cesar CC, et al. Factors related to changes in CD4+ T-cell
counts over time in patients living with HIV/AIDS: a multilevel analysis. PLoS One 2014;9:e84276.
477. ChenH, Jin J, Cheng MJ, et al. High-frequency plasma exchange therapy for
immunocompromised, type | crescentic glomerulonephritis complicated with IgA nephropathy: A
case report and literature review. Medicine (Baltimore) 2023;102:32698.

478. Lleixa C. Inter-laboratory validation of nodal/paranodal antibody testing. Manuscript in
preparation 2024.

479.  Fehmil. Myelinating co-cultures and detection of nodal/paranodal antibodies. Manuscript in
preparation 2024.

480. Davies AJ, Lleixa C, Siles AM, et al. Guillain-Barre Syndrome Following Zika Virus Infection Is
Associated With a Diverse Spectrum of Peripheral Nerve Reactive Antibodies. Neurol Neuroimmunol
Neuroinflamm 2023;10.

481. Lukas TJ, Wang AL. Isolation and culture of astrocytes from the retina and optic nerve.
Methods Mol Biol 2012;814:105-115.

482.  Carroll WM, Jennings AR, Mastaglia FL. Experimental demyelinating optic neuropathy
induced by intra-neural injection of galactocerebroside antiserum. J Neurol Sci 1984;65:125-135.
483. Pang, Zheng B, Kimberly SL, Cai Z, Rhodes PG, Lin RC. Neuron-oligodendrocyte myelination
co-culture derived from embryonic rat spinal cord and cerebral cortex. Brain Behav 2012;2:53-67.
484. Heming M, Schulte-Mecklenbeck A, Brix T, et al. Immune Cell Profiling of the Cerebrospinal
Fluid Provides Pathogenetic Insights Into Inflammatory Neuropathies. Front Immunol 2019;10:515.
485. Diederich JM, Staudt M, Meisel C, et al. Neurofascin and Compact Myelin Antigen-Specific T
Cell Response Pattern in Chronic Inflammatory Demyelinating Polyneuropathy Subtypes. Front
Neurol 2018;9:171.

486. Melnick M, Gonzales P, LaRocca TJ, et al. Application of a bioinformatic pipeline to RNA-seq
data identifies novel virus-like sequence in human blood. G3 (Bethesda) 2021;11.

487.  Marino M, Basile U, Spagni G, et al. Long-Lasting Rituximab-Induced Reduction of Specific-
But Not Total-IgG4 in MuSK-Positive Myasthenia Gravis. Front Immunol 2020;11:613.

252



APPENDIX

Table Al: Detailed NCS in patients with HIV-infected IMRN
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DML=Distal motor latency, CV=Conduction velocity, SNAP=Sensory nerve acuon potential. CMAP=Compound muscle acuon potential. VRR=ventral root
radiculopathy. Numbers refer to how many mdividual nerves met the criteria stated
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DML=Distal motor latency. CV=Conduction velocity. SNAP=Sensory nerve action potential. CMAP=Compound muscle action potential. VRR=ventral root
radiculopathy. Numbers refer to how many individual nerves met the criteria stated
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Table A2: Antibodies in HIV-infected Patients

Patient Connective SPEP Paraneoplastic Ganglioside Aquaporin/ NF -155 NF186 NF-140 Contactin] CasPr
P1 P - - - - - -
P2 1:160 P - - - - - -
P3 2 - - 1:100(IgG1) - - - -
P4 P - - - - - -
P5 - - - - - g
Pe 1:160 P - - - - - 2
P7 P s = 3 - : -
P8 Ro P - - - 3 g 2
P9 - - - - - - -
P10 1:160 P - - - - - 2
P1l - - - - - -
P12 P - - - - - 3
P13 - - - - - -
Pl4 P +Ma2 - - - - - s
P15 - - - - - -
P16 - 1:100 (IgG1 - - : -
P17 P - - - - - - 4
P1g - - - - o E
P19 P - - - - - - 2
20 - - - - - -
P21 P - z 1:400 (1gGI) - - -
2 P - - - - - - :
P23 P - - - - - -
P4 P - - - - - - =

P= Polyclonal, -ve +Negative
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Table A3: ART, VL and CSF findings of HIV-infected IMRN

CSF | CSF CSF | Auamine s, yplocostal
ARTL | Py SRRt | R “15‘?\ Ne;l‘r’r“?ﬁml LyI:g‘l:ztcwe TB“;IE;?} e | AL jg;':fc‘z o Hsv oz | CSFCology
culture

Pl Nil ND 122 1.24¢gL T4 042 0 10 - - - - -
P Nil M2 | 33 | 128l | T2 | 082 0 5 g . p : -

3 Yes | 2688 | 18 | 122l 2 16 ; : : . 5
P4 Yes <20 288 1.06gL | ND 0 22 - = = : &
P Yes | <20 | 3% | l4lgL | T4 | 057 0 18 : 3 : 5 :
P Nl | ND | 1B | LigL |} 0 28 ? : = 3 g
P7 Ye | <0 | 366 | L76gL | ND 3 2 A 3 2 . .
PS Nil | 8842 | 168 | 099L | 3 N 7 : : : X :
P NI | 312 | 42 | OsseL | T4 | o7 0 16 3 g . - :
PO | NI | 145963 | 132 | L72gL | ? 0 6 x r 3 : p
PLI | Ye | <0 | 312 | LisgL | ND ) 18 : . : T :
P12 Nil 88745 196 0.77¢g'L T4 0.56 0 - - - & = *
P13 Nil ND 122 1.08gL 1 7 - = e Y 5
Pl4 Nil 76542 166 133gL | ) 0 4 - = = = .
PIS | NI | 9287 | 19 |07l | T4 | 063 0 10 3 i : . E
PI6 | Yes | 1247 | 277 | 0sgL | ? 0 3 ] : 3 : p
PI7 | NI | ND | 180 |O8seL | ND 0 5 : 3 3 : :
PIS | Yes | <0 | 23 |o06lgL| T4 | 038 0 3 D = . ” .
P9 | Yes | <0 | 214 | 203¢L| ND 2 5 : : 2 2 p
P0 | N | ND | 12 |12gL| N 0 3 h . . . .
P NI | 45214 | 200 | 234gL | T2 | 091 0 1 : : : - :
P22 Nil 117458 112 223g/L T3 096 4 8 - - = a4 3
P23 Nil 102004 208 1.66gL T2 1.06 0 5 - - = & s
P4 | NI | 923 | 212 |236gL | T2 | LIS 0 6 . . a : .

ND=not done.CSF=cerebrospinal fluid. ART=antiretroviral therapy, OBs=oligoclonal bands. TB=tuberculosis, VDRL=venereal disease research laboratory. FTA=Fluorescent
Treponemal antibody absorption test. HSV=Herpes Simplex virus HZ= Herpes zoster, CMV=cytomegalovirus EV=enterovirus. PCR=polvmerase chain reaction
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Table A4: Visual Acuity, VEPs and OCT in patients with Optic Neuritis

Snellen’s chart Visual Evoked OCT
Patient Visual Acuity VEP-P100 (msec) RNFL thickness (um) GCL thickness MRI Orbits Fundal Photos
Number | RE LE RE LE RE LE RE LE Optic disc swelling | Optic Atrophy
3 CF 20/100 160 144 154 148 92 98 X X
5 20/70 20/50 142 138 128 125 64 60 ND X
6 20/50 20770 144 152 133 141 84 86 X X
11 CF 20/100 Abs Abs 146 138 72 78 X X

RE=Right eye, LE=Left eye, RNFL=retinal nerve fibre layer, OCT=optical coherence tomography, GCL=ganglionic cell layer, VEP=visual evoked potentials
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Table AS: Blood and CSF Investigations

Table A5.1 Serological Blood Investigations

Connective Tissue SPEP Paraneoplastic Aquaponn 4 | Paranodal Very Long cham | Leucocyte arvl
Screen (ANA. antibodies & antibodies fatty acids sulphatase A
Ro/SSA/La/SSB/ANCA) MOG (NF155. NF186. Enzyme activity
antibodies NF140. Caspr.
CNTNI)
Patient | Negative No Negative Negative Negative No abnormality | 1214 umts
paraprotein detected
Patient 2 ANA [:160 No Negative Negauve Negative No abnormality | 105.2 umts
paraprotein detected

Full Blood count. Liver function tests .urea and electrolytes .calcium. magnesium and phosphate and serum angiotensin converting enzyme levels were
normal in both patnents

Table A5.2 CSF Investigations

HIV CD4cct | VL CSF CSF CSF | CSF CSF CSF Auramine stam. Gene expert | CSF
Status cells'ul. | (copies/ml) | Protem | OBs IgG | Neutrophils | Lymphocyte | Glucose Culture VDRLFTA abs. Cytology
(g'L) mdex | (cells/ul) (cellsul) (mmolL) | cryptococcal antigen. cultre,
HSV PCR.CMV PCRHZ
PCR. JCV PCR.
Patient | Negative | Not Notdone |0.97 +(T2 081 |0 0 35 Negalive No
done pattern) malignant
cells
Patient 2 Posilive | 333 94712 1.28 + (12 092 [0 8 38 Negalive No
pattern) m:l\llign:ml
cells

VDRL=Venereal Disease Research Laboratory. TB=Tu

CMV=cytomegalovirus. HZ=Herpes Zoster. JCV=John Cunnimgham
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berculosis, FTA abs= Fluorescent Treponemal anubody absorption Test, HSV=Herpes Simplex Virus,




Figure Al: OCT and Fundal Images

Patient 1: OCT RNFL thickness, GCL at presentation and fundal photos 2 months after treatment

Above findings are consistent with bilateral swollen discs: RNFL OD: 293um, OS 191um.

Patient 1: OCT RNFL and GCL after a relapse

RNFL Thickness

R T, T s T

TEMP SUP NAS INF TEMP

Above findings are consistent with optic atrophy on the R: RNFL OD: 65um, OS 93um
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