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Abstract

Introduction

Antiretroviral therapy (ART) during pregnancy may be associated amihcreased risk of
adverse prgnancy outcon® including preterm delivery (PTD) and sméilr-gestationabge
(SGA) butthe underlying biological mechanismmemain umlear.Immune activation as well

as the use of ART have been associated with adverse outcomes during pradieasqyored

the association betweadaptive and innate immune lcattivation markers ex vivo iRV -
infected women initiating ART during or before pregnancy with PTD or SGA.

Materials and methods

Study participants weromen living with HIVdrawnfrom the PIMS cohortbased in Cape
Town South Africa andnitiated ART during pregnancy or conceivecdhile on ART.
Participants werenrolled at median 15 we@k gestationand were analyzed for immune
markers, matched on ART initiation timing (15 women ingthpre and 15 during pregnancy).
There were 30 PTD (delivery <"téntileyeasekand30 30
controls (term, weight for gestational age %2Bentile) as outcomesimmunological
parameters wereomparedTl cell activation, atigen presenting ceBubsets, activation and
function regulatory T cellphenotypes anfiinctions and plasma cytokine profiles

Results

We found thaCD8" T cell, monocyte and dendritic cell activation were lower in PTD women
initiating ART in pregnancywhen compared t&GA cases and AGA controls over time.
Classical (CD142CD16) and intermediate (CD1€D16%) monocyte frequencies were higher
in PTD than inSGA cases and AGA women initiating ART in pregnancy compared to those
stable on ART. There was lower inflammatory monocyte (CI?CD16") frequencies over
time. Monocytes and mDCs but not pDCs slealthigher levels of activation in patients

initiating ART compared to those stable on ART. A lower activation of APCs (monocytes,
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mDCs and pDCs) was associated with the PTD outcome. When APCs were stimulated with
TLR ligands, a lower IFNJ productionby monocytes following TLR4 was associateithw

PTD. Asimilartrend was also observed for TLR9 and TLR7/8 stimulation at some time.points
Some plasma cytokine levels were higher in participants initiating treatment in pregnancy
compared to those stable on ART but there was no link of cytokine levels whtlobicomes.
RegulatoryT cell frequencieslid not differ between ART initiators and those stable on ART,

did not change over the course of pregnancy and were not associated with pregnancy outcomes.

Conclusion

Overall, we notd thatlower levels ofmonocyte activation and reduced functiona{ifyN-"
production)of monocytes in response to TLR stimulatieareassociated with PTDA similar

trend of reduced production tfIP-16 and TNFUby monocytes was noted for PTD cases
This suggests that reduteesponsiveness to antigen stimulation may be an underlying factor
for PTD, especially for women initiating ART in pregnantiie markers of immune activation
described here may be potential biomarkers to identify women at risk for®rDesults also
suggest that PTD and SGA have distinct underlying immunological determinants that warrant

further investigation.
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Chapter 1 Introduction to the history, epidemiology,and immune responses
to HIV type-1 in pregnant women



1.1The global pandemic ofHIV
Thirty-eight yearsatfterits discovery,HIV remainsa public healththreathavingclaimedthe
lives of 32.7 million people (UNAIDS, 2020b) Since the begiming of the epidemic,an
estimated5.7million peoplehavebeeninfectedwith theUNAIDS reportestimatinghatthere
were 38 million peoplethatareliving with HIV in theyear2019,a 0.7% global prevalence
(Figurel.1) (UNAIDS, 2020b) Progress on the prevention of HIV transmission remains slow
as there is an estimated 1.7 million people who acquired HIV worldwide in 2019 which marked
a 23% decline in ive HIV infections since the year 2010, although that was more than three
times higher than the milestone of 500 000 that was set for QOMAIDS, 2020a) Sub
SaharanAfrica (SSA) remainsthe region most affectedby the HIV epidemic (UNAIDS,
2020b) where 20.7 million of the peopleinfected worldwide reside (UNAIDS, 2017b)
Swaziland has the highest adult prevalencerate of 26.2% followed by South Africa,
Mozambiqueand Namibia at 18.6 %, 11.3% and 12.3% respectively(UNAIDS, 2020b)
Womenrepresenhalf (51%) of all adultsliving with HIV worldwide.ConsequentlyHIV has
beenfound to be the leadingcauseof deathamorg womenof reproductiveage (UNAIDS,
2015) Three in five new infections in 2019 were among women, and the incidence of HIV
infections among adolescent girls and young women (aged 15 to 24 years) remains inordinately
high: they are 2.5 times more likely than their male peers to acquire HIV infelctisab
SaharanAfrica, young women betweenagesof 1524 accountfor 24% of all new HIV
infectionsamongadults,eventhoughtheyrepresenonly 10%of theadultpopulationwhereas
women and girls of all ages accounted for 59% of new HIV infectionstiSaharan Africa

(UNAIDS, 2020a)
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Figurel.l Prevalencef HIV amongadultsagesl5to 49 by countryin 2019((UNAIDS, 2020b)

1.1.1 HIV prevalence in South Africa

South Africa has the biggest HIV epidemic in therld, with an estimated 7 fillion people
living with HIV in 2019 (UNAIDS, 2019) It accounts for a tha of all new HIV infections in
southern Africa.ln 2019,therewere200,000new HIV infectionsand 72,000 SouthAfricans

diedfrom AIDS-relatedlinesse$UNAIDS, 2019) Theprevalencef HIV remainshighamorg

thegenerapopulationat20.8%6, butprevalencerariesmarkedlybetweernregions Forexampe,

HIV prevalencas 27% in KwaZulu-Natal comparedvith 12.6%in the WesternCapégAvert,

2020) Thereareseveratargetgroupsthataremostaffectedby HIV infectionin SouthAfrica.

Womenandadolescengirls arethe mostaffected with HIV prevalencemongyoungwomen
in South Africa being nearly four times greaterthan that of men their age (Avert, 2019)

Approximatelyonefifth of SouthAfrican womenin their reproductiveages(15and24 years)
areHIV positiveandmadeup the majority of newinfectionsin 2017 (HSRC,2018) Factors
suchaspoverty,thelow statusof womenandgendetbased violence(GBV) havebeencited

asreasondor thedisparityin HIV prevalencéetweerngendersindeedan estimated20i 25%



of newHIV infectionsin youngwomenhavebeenattributedto GBV (Van Dammeetal., 2008,
Feuchtetal.,2007) In aneffort to reducetheserates,youngwomenandadolescenivho areat
high risk duringtheir high risk seasorarenow beingofferedpre-exposurerophylaxis(PrEP)

(Avert, 2019)

1.2  HIV structure and life cycle
1.2.1 HIV classification

The humanimmunodeficiencyvirus is a lentivirus which is a subgroupof retrovirusfamily
thatleadsto acquiredmmunodeficiencysyndromef left untreatedTheclassificationis based
on the morphology, genetic and biological propertiesof the virus. Paticularly, HIV is
envelopedcontainsreversetranscriptaseand comprisesof two identical copiesof positive
senselinear ribonucleicacid (RNA) genome(Garry, 1989, Levy, 1993) Two typesof HIV
havebeendescribedhusfar; HIV -1 (BarreSinoussietal., 1983,Gallo etal., 1983)andHIV -
2 (Claveletal., 1986) HIV -1 is responsibldor the globalepidemiccompareso HIV -2 which
is mostlygeographicallyestrictedto WestAfrica andis knownto belesspathogeni@andless
transmissibleHIV -2 infectedpatientshavesurvivedlongerwhencomparedo HIV -1 infected
patientswith lowertransmissiomatesandviral loads,andaslowerCD4* T cell declineis seen
in HIV-2 infected patients(Jaffar et al., 1997, Marlink et al., 1994, Whittle et al., 1994,

Esbjornssoretal., 2019,Vidya Vijayanetal.,2017)

1.2.2 HIV structure

HIV is aretrovirus,assuchit is madeup of RNA asits geneticmaterial.Eachvirion contains
two positive strandcopiesof the viral genomecontaininga 5 &ap and a 3 @oly(A) tail
(Steckbecket al., 2013) HIV is an irregular, roughly sphericalvirus with a characteristic

electrondenseconical coresurroundedy a lipid envelopethatis derivedfrom the hostcdl



duringthebuddingprocesgFigurel.2) (Steckbecletal.,2013,Luciw etal.,2002) Theouter
membraneas comprisel of thelipid bilayerwherethe surfaceglycoprotein(gp120)is anchored
throughits interactionwith the transmembranglycoprotein(gp41) (Turner and Summers,
1999,Wangetal., 2000) Hostcellularproteinssuchasthe majorhistocompatibilityantigens,
actinandubiquitin alsocontributeto theformationof theoutermembrandArthur etal., 1992)
Theinnermembranas madeup of the matrix proteins(p17 or MA). While the nucleocapsid
protein (p24 or CA) encompasseshe two RNA moleculeswhich are anchoredin a
ribonucleoproteircompkx formed by severalnuclearcapsidproteins(p7 or NC), integrase
(p13orIN) reversdranscriptas€p66/p51or RT) andproteasdpllor PR)(Freed,1998)
Uponentryinto thehostcell,theRNA undergoeseversdranscriptiorforming compkementary
DNA by theviral reversedranscriptaseyhichis containedn theinfectingvirion. TheDNA is
thentransportednto the nucleuswith hostproteinsforming partof a pre-integrationcomplex
andintegratednto the hostgenomewith the help of anotler viral enzymeintegraseandother
cellularfactors.Theviral DNA is now ableto functionasatemplateto producemanycopies

of thevirusin the hostcell (Freed,1998,SmithandDaniel,2006)
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Figure 1.2 HIV virion structure Schematigepresentationf amatureHIV virion detailingthe localizationof viral

proteinsandthe approximatevirion structure(Steckbecletal., 2013)

1.3  HIV infection

When HIV encounterghe targethostcell, viral replicationwill occurwhereinfection and
furtherproductionof the newvirions takesplace.For viral replicationto successfullyhappen,

a number of steps occur: virus attachment,fusion and entry, uncoating and reverse
trarscription, importing of the preintegration complex into the nucleus, integration,
transcriptionand translation,assemblyand budding and finally maturation(Sakumaet al.,

2012) As shown in figure 1.3, upon cell entry capsid proteins are uncoated, resulting in the
release of RNA genome and vierizymes (RT, IN and PR). The positive sense RNA (green)
is converted by RT into doubktranded DNA (dark pink) in the cytoplasm and imported into
the nucleus followed by integration into the host genome. After transcription, viral mMRNAs are
processed byaeatlular machinery. During the early viral life cycle, only fully spliced viral
MRNAs (i.e.tat, nefandrev) can be exported from the nucleus to the cytoplasm. After Rev is
synthesized, the Rev protein is imported into the nucleus, and singly spliced

(i.e.vif, vpr, vpuandenyv) and unspliced (i.egagandgagpol) mRNA, which contains RRE



as acis-element, are exported from the nucleus through interaction with the Rev protein. Once
the viral MRNAs are synthesized (most viral proteins are synthesized ¢gttds®l and Env
proteins are synthesized through the endoplasmic reticulum), viral genome and proteins are
assembled at the plasma membrane. New HIV particles are then released from the host cell.
Immediately after virus budding, the multimerization ofyGad GagPol activate the viral PR,

which leads to the structural rearrangements and gives rise to the mature infectious virions

(Sakuma et al., 2012)
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Figure 1.3 Schematiadiagramof theHIV -1 life cycle

1.4 HIV transmission

HIV is knownto betransmittedsexually,perinatally,andparenterallyBerkley,1991,Cohen,

2016) Thetransmissiorof HIV -1 resultsfrom virus exposureat mucosakurfacegthegenital



andrectalmucosa)or from percutaneousioculation(ShawandHunter,2012,Mayerandde
Vries, 2018) Transmissioroccursvia directtransferor exchangef bodily fluids. Therelative
percentagef HIV infection causedoy eachof theseroutesdependaiponthe prevalenceof
infection among groups of the population and on their sharedbehaviors.Heterosexual
transmissions responsibldor nearly70% of HIV -1 infectionsworldwide with theremainder
largely attributableto men who have sex with men (MSM), maternalinfant infection, and
injectiondruguse(ShawandHunter,2012) Dueto thefactthatit is difficult to directlyanalyse
suchexposuresn humansstudiesof HIV -1 epidemiology viral andhostgeneticsrisk factor
and behavioranalysesanimal models,humanexplanttissues,andin vitro studiesof virus-
targetcell interactionshaveaidedin betterunderstandingf transmision events(Shawand

Hunter,2012)

1.4.1 Sexual transmission of HIV

Sexualtransmissionis by far the most commonmode of HIV transmissionglobally. The

likelihood of onebeinginfectedwith HIV is primarily dependendn sexualbehavior.Chances
of HIV infectionvary greatlyanddependnanumberof factors.Male to femak penilevaginal

transmissiorappearso be 2i 3 timesmoreefficientthanfemaleto maletransmissiorandthere
is someevidencethatfirst sexualintercoursedor femalesmay be associatedvith particularly
high transmissiorprobabilities(Cariasand Hope, 2019, Boily et al., 2009) Receptiveanal

intercourseappeardo be morerisky thanreceptivevaginalintercoursewith implicationsfor

spreacamongsMSM (Morison,2001)

Transmissiorcanonly occurwhenHIV containedn oneof the bodily fluids entersthe body
of anothempersonThis generallyoccurswhenthevirus encountersheotherp e r snouno8as
membranedpr examplehemembranethatline thevaginaor rectum thoughit canalsooccur

throughbreaksn theskin. Thesexualkransmissiomf HIV from onepersoro anotherequires



four conditions:afluid knownto transnit HIVd in the caseof sexthefluids areblood,semen
(including pre-ejaculate) yvaginalandanalfluids; the fluid makescontactwith anareaof the
bodyd amucosaimembrandining thevagina,rectumor partsof the penis,alesionor abreak
in the skin throughwhich transmissiorcan occur; entry into the body of sufficient virus to
establishinfection;and aninitial infectionwithin immunecells of the mucosaimembraness
establishe@dnda subsequergpreacbf theinfectionto otherimmunecellsin the body (Powers

etal.,2008,Boily etal.,2009)

1.4.2 Parenteral transmission of HIV
Parenteralransmissiommccurswvhenaninfectiousagents acquirednto thebodythroughother
methods besidesthe gastrointestinal(or enteral) route, examplesinclude subcutaneous,
intravenousjntramuscularandvia intrasternalinjections(Berkley, 1991, Cariasand Hope,
2019) Parenteratransmissiorof HIV occursmostcommonlyamongstinjecting drug users
(IDUs)whenneedlesresharedThetransmissions duein partto thefactthatbeforeinjecting,
IDUs drawbackon the syringeplunger,pulling bloodinto thesyringeto verify thattheneedle

isin avein (McCoy etal., 1998)

1.4.3 Perinatal transmission of HIV

Sincethe beginningof the epidemic,an estimated.1 million childrenworld-wide havebeen
infected with HIV (Clark, 2006) Motherto-child transmission(MTCT) is believedto be
responsiblefor more than 90% of theseinfections. Motherto-child transmissionof HIV
infection is defined as transmissionof HIV from an infected motherto her child during
gestation|abour,or pogpartumthroughbreastfeedingll of whichis morelikely to takeplace
if the motherhasa high viral load (Teasdalest al., 2011,Johnand Kreiss, 1996) How and

when transmissionoccursis different dependingon mode; for examplein nonbreastfed
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infants, the late in utero and intrapartumperiod appeardo be the time during which most
verticaltransmissionsccurwhereadransmissiorthatoccursvia breastfeedingpasbeenfound

to berelatedto thedurationof breastfeedingJohnandKreiss,1996)

During the pasttwo decadesremarkableprogresshasbeenmadein the risk reductionof
perinatalHIV-1 transmissionKnowledgeaboutthe timing of HIV -1 transmissiorto infants
hasallowedthe developmentf appropriatanterventions.Therisk of HIV -1 transmissiorto
theinfantis about25%atdeliveryin theabsencef interventionswith mostof therisk arising
after 36 weeksandespeciallyintrapartum(Kourtis et al., 2006) HIV -1 transmissiorhappens
at a rate of 8.9 per 100 child-yearsof breastfeedingfter the fourth week,with higherrates
duringthefirst 4 weeks(Lewin andRouzioux,2011) Mixed feedingroughly doublegthe risk
of HIV -1 transmissiortomparedvith exclusivebreastéeding(Kourtisetal.,2006) Prolonged
breastfeedings thenormin mostresourcepoorsettingswheretherisk of transmittingHIV -1
to childrenreachedabout40% without interventions Recommendedhotherto-child HIV -1
transmissioninterventionshave resuted in a tenfold reductionin this risk, and complete
elimination of motherto-child HIV -1 transmissioris now consideredeasible(Vrazo et al.,

2018)

1.5 Prevention of mother-to-child transmission (PMTCT)

Antiretroviral therapyis the mainstayof preventionof motherto-child HIV -1 transmission.
Antepartumzidovudinemonotherapyaugmentedvith onedoseof nevirapineduring labour,

wasaneffectiveandaffordableintervention butwasthensupercedetly standardcombination
antiretroviraltherapyfor womenwho did not qualify for continuingantiretroviraltherapyat

thetime whenuniversaltreatmentguidelineshadnot beenestablishedlt is now evidentthat
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combinationantiretroviraltherapyis moreeffective atpreventiondeVincenzi,2011) andhas
the additionaladvantage®sf reducingsexualHIV transmissiorandreducingHIV -asseiated
morbidity and mortality andis now recommendedor all HIV infectedpersonsin resource
limited settingsthe reductionin infant HIV transmissiorby formula feedingis offset by a
higherinfant mortality (Thior etal., 2006) which showsthe crucialrole thatbreastfeedindpas
in child health. As of September2015 WHO releasedguidelinesrecommendingthat all
pregnanwvomenliving with HIV beimmediatelyprovidedwith lifelong treatmentyegardless

of CD4 count(WHO, 2013,WHO, 2015,UNAIDS, 2016,UNAIDS, 2017c)

It is importantto notethatART alonewould notreachthegoalof eliminationof preventionof
motherto-child HIV-1 transmissionAccessto antenatalcare,HIV testing,and motherto-
child HIV -1 transmissionnterventionsneededo be substantiallyincreasedin regionswith a
high HIV prevalencgWettsteinetal., 2012) In Africa, the uptalke of motherto-child HIV-1
transmissioninterventionswasimprovedif the male partnerwasinvolved, but this is often
difficult to achieve(Wettsteinet al., 2012). It is commonthat in low and middleincome
countriesmanywomenpresentate for antenatatareor deliverwithout havinghadantenatal
care.Thisthenposesachallengewith regarddo thetimely preventiorandthereforeefficiency
of transmissionA furtherchallengeo theimplementatiorof antiretroviraltherapyfor mothers
to preventtransmissiorirom breastfeedings thatantiretroviraltherapyadherenc@ostpartum
hasbeernfoundto besignificantlylowerthanantepartunasis reportedn arecentmetaanalysis
(Nachegeet al., 2012) The uptakeof ART is working becausdetween2009and2013,the
MTCT ratereducedrom 28to 18%in subSaharamfrica (Endalamawetal., 2018) In 2016,
the rate of vertical transmissiorof HIV is estimatedat 1.4-5.9%, with an averageof 3.5%

(Psarostal., 2015)
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1.5.1 PMTCT in South Africa

In the pastfew years, South Africa has made great progressin reducing motherto-child

transmissionof HIV due to the improvementsin the choice of ART and the widespread
accessibilityof the PMTCT program.In the year 2016, more than 95% of HIV-positive
pregnantwomenreceivedART to reducethe risk of MTCT (UNAIDS, 2017a) As a result
MTCT rateshavefallen from 3.6%to 1.5% between2011and2016,achievingthe national
targetfor 20150f a transmissiomatebelow2% (SANAC, 2016) A studythatwasconducted
with the aim of reviewingthe nationat, provincial anddistrict-level birth HIV testingdata
from routine National Health LaboratoryServices(NHLS) in SouthAfrica recordsbetween
April 2016andMarch2017,foundthatthein uteromotherto-child transmissiofMTCT) rate
was 0.9% (Goga et al., 2018) WHO guidelines,adoptedby South Africa recommend
combinationantiretroviraltherapy(cART) for life for HIV -1-infectedpregnantvomenwith a

CD4 count<350cells/mn?, andcART during pregnancyandbreastfeedingor womenwith a

CD4 count O 3 5célls/mn? (Mutevedziet al., 2010, DOH, 2014) In 2013, the fixed-dose
combinatiorpill (FDC) madeup of theregularthreedrugsusedin thefirst-line regimen(TDF,

FTC/3TCandEFV)wasintroducedo improveadherencandretention(NDOH, 2015) South
Africa is ontrackto eliminateMTCT asthe numberof childrenbornwith HIV hasnow fallen

to below6,000in 2015(SANAC, 2016) Theultimategoalis thatof zerotransmissionandin

orderto succeedtthis,thefocushasto beongettingmotherdo adheredo treatmenthroughout
breastfeedin@swell asduring pregnancyandbirth (SANAC, 2017) Togetherthe PMTCT

and ART programshaveensuredhat nearlyall childrenbornto HIV-1-infectedwomenare
themselvesininfected,althoughthey are all exposedo antiretroviraldrugsduring fetal and
early infant life, animportanttime in their developmentwith little dataasto the potential

consequenceas theshort andmediumtermfor themandtheir families.
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1.6  Antiretroviral therapy

Theearly2000ssawanadvancemerit ART roll outin mostcountriesdueto changenforced
by the World Health Organization(WHO, 2013) Most internationalguidelines,including
those for low-income and middle-income countriesthen increasedthe CD4 criterion for
initiation of antiretroviraltherapyto 500cellspere Lor lower (Sabinetal., 2013) Therewas
increasedaccesdo ART andit wasdemonstratedhat ART could reduceHIV transnission.
In subSahararAfrica, 57% of peoplewere expectedo completeeligibility assessmerfbr
antiretroviraltherapy,andonly 65% of peoplewho starttreatmentemainin careafter3 years

(Kranzeretal.,2012,Dwyer-Lindgrenetal., 2019)

1.6.1 ART program in South Africa

SouthAfrica currentlyhasthelargestART programin theworld. In April 2018,morethan4.4
million peoplewerereceivingART, which equatego 61% of peopleliving with HIV in the
country(UNAIDS, 2018) Early on it wasthe WesternCapethatwasat the forefrontof ART
distributionwith the help of severalprojectsthat had startedin the province.The first such
projectbeganproviding ART in Khayelitshain May 2001 followed by a projectin Gugulethu
in SeptembeR002(Boulle etal., 2008) Theturnaroundor the SouthAfrican ART program
wasseenin 2008,andthedire projectionghathadbeenenvisionedor theHIV positivein the
countrywasturnedaroundasthe numberof peopleon ART increasedrom 366,000in 2007
to 1.72million in 2011.In 2016,in keepingwith the changingWWHO guidelines SouthAfrica
implemented t ansltt r evehichimeantthateveryindividual with a positivediagnosisvas
eligible to startantiretroviraltreatmenincreasinghe numberof peopleeligible for treatment
from 3.39million in 2015to 7.7 million in 2018 (UNAIDS, 2018) In 2018,62% of all HIV
positivepatientswverereceivingART (Figurel1.4), this hasrisento 71%in 2019(Avert, 2020,

UNAIDS, 2020b)
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SOUTH AFRICA  People living with HIV receiving treatment, 2016-2018
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Figure 1.4: Antiretroviral treatmentin SouthAfrica (Avert, 2020)

1.7 Adverse effects associated witART use

To date,thereis no cure or vaccinefor HIV. The aim remainsto treatHIV suchthat viral
replicationis maximally suppresse@nd a plasmaviral load below the level of detectionis
maintainedwith theuseof ART (Ghosnetal.,2018) ART doesnot eliminatenon-replicatirg
provirus;thereforejifelong ART is mandatoryto ensurecompleteviral suppressionrAn ART
regimencanbedeemedssuccessfuf it is ableto suppressiral replicationwithoutresistance,
minusassociatedosts whichmayincludetoxicity, long-termadverseeffects,druginteraction

risk, andimpacton quality of life (Ghosnetal., 2018)

Thereexistlargeknowledgegapsaboutthe safeuseof ART in pregnancyPregnancyspecific
safetydatais not commonin theliterature,giventhe dependencen observationatiata. It is
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knownthatuntreatedHIV infectionin pregnancyis associatedvith increasedisk of various
adversebirth outcomes,including preterm birth, low birthweight, babiesborn small for

gestationalhge,andstillbirth, with the highestrisk seenamongwomenwith advancedHIV

diseaseor immunosuppressiofPowis et al., 2011) It is importantthen to highlight that
althoughART reducegherisk of adversebirth outcomesassociateavith poormaternahealth
or infant HIV infection, CART can simultaneouslyincreasethe risk, particularly of preterm
birth, via mechanismshatarenot completelyunderstoodBailey etal., 2018) Someproposed
mechanismsare known to accountfor these outcomes.Theseinclude an ART-induced
disruptionor reversabf theshift from T-helpertypelto T-helpertype2 cellswhichisanormal
feature of pregnancy,resulting in predispositionto early labour, and an increasein the
inflammatoryresponséollowing ART initiation, possiblyasaresultof immunereconstitution

(ShortandTaylor,2014)

1.8 Gestational age

The accuratedatingof pregnancyis critically importantfor pregnancymanagementrom the
first trimesterto delivery,andis particularlynecessaryor determiningviability in premature
laborandin postdatesdeliveries(Henry,2012) In thepastthecommonmeansf determining
gestationalage relied on estimatesusing clinical dating, particularly basedon menstrual
history. It is worth mentioningthatevenif the menstruahistoryis correct;the exacttime of
ovulation,fertilization, andimplantationcannotbe known (Butt etal., 2014) Anothermethod
is thatof datingbasedon clinical examinationwherethe sizeof the uterus,estimatedhrough
pelvic or abdominalexamination,can be roughly correlatedwith gestationalge;however,
factorsthat affect uterinesize (suchasfibroids) and maternalbody characteristic§suchas
obesity)will affectsuchanestmate(Butt etal.,2014) Thethird methodis thatof gestational

age determinationbased on ultrasound. Ultrasound biometric measurementsietermine
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gestationabge basedon the assumptiorthatthe sizeof the embryoor fetusis consistentvith
its age.Biological variationin sizeis lessduringthefirst trimesterthanin the third trimester.
Ultrasoundestimationof gestationahgein thefirst trimesteris therefore moreaccuratehan
later in pregnancy(Butt et al., 2014) As can be understoodthe accuratedeterminationof
gestationahgeis requiredfor manyaspect®of antenatatare.In the past,it wasprobablyfelt
thatafew daysof inaccuracywasacceptablehowever emergingdatasuggestshatafew days
of inaccuracycan affect factors such as the performanceof maternalserumscreeningthe
assessmerdf postdatespregnancyandthe subsequeninductionof labour.Researchn the
yearshas shownthat the use of ultrasoundderived datesis the best methodto determine

gestationahgefor clinical use.

1.9 Fetal growth monitoring

Fetal growth is the primary methodof assessmerf fetal well-being and is an important
determinanbf healthlaterin life. The monitoringof fetal growthis particularlyimportantas
the early detectionof growth abnormalitiesmayhelp to preventfetal demiseand manage
perinatalcomplications.Abnormalitiesin fetal growth are diagnosedusing criteria which
includes low birth weight, macrosomia,s mal | f or agg (6A) artdi amn g le
gestationalage (LGA) (Mayer and Joseph,2013) To measuregrowth restriction, a few

methodshavebeenproposedandwill bediscussedbelow.

1.9.1 Symphysis fundal height

Usedmorein the surveillanceof uncomplicatedporegnanciesthe symphysisfundal height
(SFH) measuremernis performedusing a nonelastictapeto measurehe top of the uterine

fundusto the upperboarderof the symphysigoubis(Henry,2012) This methodis commonly
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usedandis inexpensive(Neilson, 1998) The measuremens then plotted on a customised
growth chartto aid in estimationof the growth of the fetus. Thereare opposingviews asto
whetherthemethods usefulandrevelantvhencomparedo for exampleabdominapalpitation

(Neilson,1998)

1.9.2 Ultrasound estimate of gestational age

To evaluatefetal growth, weight tablesare usedalong with sonographicallyestimatedfetal
weightprenataly It is importantthatthe gestationahgeusedis asaccurateaspossiblethere
hasto be preciseweight measurementanda weight curvethatis a true representationf the
population(Curran,2019) The useof ultrasoundmaginghasthereforebecomeessentiafor
assuringcorrect gestationalage and for fetal size assessmentEvidenceis emerging at
populationlevel thatuseof ultrasoundcbiometryincreasesherateof detecton of fetal growth
restrictionandtheidentificationof thoseatincreasedisk of neonatamorbidity (Kiserud etal.,

2017)

1.9.3 Estimated Fetal Weight Percentile (EFW)

After obtainingareliable gestationabhgeandbestestimateof the fetal weight, a growth chart

or weighttablemaybeusedto assignan EFW growth percentileasshownin Figure1.5.
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Figure 1.5: Gestationakhge andfetal growth abnormalities Classificationof size, SGA-Small for GestationalAge
with aweightbelow 10" percentile AGA-Appropriatefor gestationahgecharacterizethy weightbetweeri0 and9o"
percentiles(between2.5 kg and 4kg). LGA-Large for gestationalage with a weight above the 90" percentile.
Classificationby gestationabge:wherePretermbirth is <37 weeks,full termis 37-40 weeksand posttermis >42
weeks

1.10 Association ofcART with an increased risk of premature delivery
CombinationART wasfirst associatedvith pretermbirth in Europein 1998.In subsequent
studies,results have beendifferent dependingon ART regimen,timing of initiation, and
setting.Proteasenhibitors (PI) (particularlywhenboostedwith ritonavir) havebeenwidely
implicatedin observationaktudies.This was also seenin the MmaBanatrial in Botswana,
which showeda pretermbirth rateof 21-4%amongwomenrandomisedo receivezidovudine,

lamivudine ritonavir-boostedopinavirat26i 34w e e kestationyersusll1-8%amongthose
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randomisedo receivezidovudine Jamivudine,andabacavirln astudyconductedn afacility-
basedpublic health programin Botswana HIV -1-infected women, on either HAART or
PMTCT, wereatincreasedisk of adversgregnancyutcomesincluding stillbirth, premature
delivery, smallfor-gestationahgeinfantsandearly neonatadeath(Powiset al., 2011) This
effectwasdrivenby maternaHAART, which wasfoundto beassociateavith anindependent

1.2to 1.8fold increasan adwersepregnancyutcomegChenetal., 2012)

AlthoughmaternaHIV, or shorttermZDV PMTCT prophylaxis hasnotbeenassociateavith
significantly increasedisk of pretermdelivery (Ndiranguet al., 2012) therehavehowever
beenreportsfrom Europeandthe USA of anincreasedisk of pretermdeliverywith HAART
(Thorne,2004b,ThorneandNewell,2005,Townsencetal.,2010a) Reportsfrom studiessuch
asthe MmaBanatrial in Botswanaand earlierwork from the Ivory Coastalso suggestedn
associatiorbetweenHAART andrisk of pretermdelivery/low birth weight (Ekoueviet al.,

2011,Powisetal., 2011)

1.11 Immune activation and other possible PTD causes

The processf laboris identified by severalclinical events.Theseincludeincreasediterine
contractility, cervicaldilation, and raptureof the chorioamnioticmembranegRomeroet al.,
2014c,Romerocetal.,2006) Pretermbirth is thoughtto occurwhenaswitchin themyometrium
goesfrom aninactiveto a contractilestate.This processs thoughtto be accompaniedy a
shift in signaling,from an antrinflammatoryto pro-inflammatorypathway.A procesghatis
inclusiveof chemokinegIL -8), cytokines(IL -1 andIL -6) andcontractiorassociategroteins
(oxytocin receptor,connexion43, prostaglandirreceptors) Progesterongnaintainsuterine

quiescencdy repressinghe expressiorof thesegenesin preparatiorfor dilation, the cervix
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ripens;this processs mediatedoy changesn extracellulamatrix proteins.Includingalossin
in collagen crosslinking, an increasein glycosaminoglycansas well as changesin the
epithelialbarrierandimmunesurveillancepropertiegMahendroo,2012) All theseactivities
decreasén the tensilestrengthof the cervix which is key for cervicaldilation. An increased
expressiorof inflammatory cytokines(TNF-U |L-1) and chemokinesjncreasedactivity of
proteasegmatrix metalproteas®MP 8 and9), dissolutionof extracellulamatrix components
suchasfibronectin,andapoptosishavebeenimplicatedin this procesgFigure1.6) (Romero
et al., 2014b) The commonassumptiorwhen treating preterm labor is that it is a single
condition. Thereis howeveraccumulatingevidencethatit is rathera syndromicoccurrence,
which hasmultiple aetiologiesnsteadof the latter. Examplesof the possiblemechanismas
suggestedby work by Romeroet al are illustratedin Figure 1.6, worth highlightingis intra-
uterine infection which hasbeenlinked to spontaneougretermdelivery. The ideais that
pretermlaboris a syndromethatis associateavith multiple mechanismef diseaseThereare
a few other possible aetiologiesof inflammationwhich is then thoughtto inducethe labor
processOne of the mostdefinedis microbially inducedinflammation.Studieshaveproven
thatthe genitaltractis ableto be a conduitfor infection. Inflammationis a key markerduring
the processwheremicrobesandtheir productsare sensedy pathogerrecognitionreceptors
such as toll-like receptors(TLRs). These then induce the production of chemokines,
prostaglandinsandproteasedgeadingto the activationof the commonpathwayof parturition.
Other causesare decidual hemorhageand vasculardisease decidual senescenceand the
declinein progesteronection. In summary,the fetusis a semtallograft, and toleranceis
neededo maintainthe pregnancyandthe breakdownof this structureleadsto a pathological

stateasshownin thefigure below.
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Figure 1.6 Proposed mechanisms of disease implicated in spontaneous preterm laboGenetic an@nvironmental

factors are likely contributors to each mechanism.

1.12 Association of ART with an increased risk of SGA delivery

Thereexistssome althoughnotmuch,datathataddressesr describes potentiallink between
SGAandHIV infection,ART andPl-basedegimengBriandetal., 2009b,Chenetal., 2012,
Ndiranguet al., 2012, Phiri et al., 2015, Parekhet al., 2011) Of the studieswhich exist, the
datademonstratenixedassociationgAaronetal., 2012 Briandetal.,2009b,Chenetal.,2012,
Phirietal.,2015) Onestudyfoundanincreasedisk of SGAin HIV -positivewomenwhowere
not receivingcART (Ndiranguet al., 2012) In a studyconductedoy Arron et al, (2013),the
authorsfound that amonga cohort of 183 pregnantHIV -positive women,comprising117
womenreceivingPls and39 receivingNNRTIs, therewerehigh ratesof SGA. In this cohort,
SGA was found to be associatedvith HIV diseaseseverity,as well as with high ratesof

cigarettesmoking(38%)andillicit druguse(35%).WomentakingNNRTIswerelesslikely to
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hawe SGA infantsbelowboththe 10thandthe 3rd percentile(Aaronetal., 2012) Most of the

womenreceivingNNRTIs (74.9%)initiated CART during pregnancy

Chenet al found that SGA occurred at an overall rate of I@¥%R, 1.8; 95% CI, 1.6, 2)1
among their population of 9,504 pregnant Higsitive women from Botswana. From this
samecohort, SGA occurred at a raie26.1% among those women who had begun cART prior
to pregnhancy and continued with it during pregnancy (n = 2,851 on NNRTIs andZien31
PIs) (Chen et al., 2012 They also found a higher rate of SGA in Hbdsitive women. A
French study comprising 2,630 women on Pls and 508 on NNRTIs found no significant
association between the type and duration of CART and the proportion of SGA (Bfisantsl

et al., 2009a)This study however did not compare cART that was initiated either before or
during pregnancwhilst Phiriet al. concluded that exposure to a Pl during the first trimester
of pregnancyoweredthe risk of SGA in comparison to ndtl-exposure throughout pregnancy

(Phiri et al., 2015)

The studies outlined above have involved NNR#@ked and Phased regimens, and most
found an association between initiation of NNRTI prior to conception and risk of(86&n
et al., 2012)In another study, most women, whether they were receiving NNRRPlkbased
regimens, had viral suppression, and only 4.3% of all women had a CD4+ celbetaw 200

c e | I(Snijdewind et al., 2018)

One hypothesis for reduced fetal growth, resulting in SGA, may be placental insufficiency due
to vascular damage caused by HIV infection or cARJgered endothelial injurgRonsholt

et al., 2013)Whether a specific CART regimen reduces endothelial injury associated with HIV
infection or actually contributes to further endditdecell activation is still unknowr(de

Gaetano Donati et al., 2004)
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Overall, the possible cause of adverse pregnancy outcomes on growth may be changes in the
HIV-positive motherds cytokine (Chea ttial,2012lue t o
Chenet al further comments that successful pregnancy maintenand HIV infection are

both associated with Th2 cytokine predominance and as CART acts to reverse Th2 to Thl
cytokine predominance, this conversion could result in the modification of cytokine levels and

immune milieu that may influence pregnancy outcome

1.13 Immunological changes during pregnancy associated with differential birth
outcomes

Significant progresshas been made in the understandingof the mechanismsunderlying
immunologicalchangeguring pregnancyandtheir consequence®r pregnancyoutcome.lt
hasbeenshownthatmammalshaveevolvedthe ability to specificallyexpandthe extrathymic
differentiation of regulatory T lymphocytes(Tregs) to enforce maternalfetal tolerance
(Samsein et al., 2012) and adoptivetransferof regulatoryT cells can reducespontaneous
abortionin mice (Yin et al., 2012) It hasalso beendemonstratedhat sexhormonescan
modulatetheresponsesf dendriticcellsto stimulation,in particularin responseo stimulation
with Toll-like receptorligands (TLRs), and furthermorechangesn TLR signaling during
pregnancyhavea significantimpacton pre-eclampsiaPandaet al., 2012, Berghdoferet al.,
2006, Meier et al., 2009) However, little is known about the immunerelated changes
necessaryfor a successfulpregnancyin women whoseimmune statusis alteredby HIV
infection,andhow HAART initiated during pregnancyaffectsthesemmuneresponsesSome
reportssuggestncreaseddversgregnancyutcomesn HIV -1-infectedwomencomparedo
uninfectedcontrols, but whetherthat is an effect of HIV per se or of associatedlisease
progressions unclear;a separatestudy found this effectto be largely explainedoy HAART
usein theinfectedwomen(Chenetal., 2012,Rollins etal., 2007)
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It could thus be hypothesizedhat reconstitutionof immune responsesinder HAART in
pregnantwomenwill also resultin enhancedmmunity againstthe fetus and increasesn
pretermbirth (mostlikely of a child appropriatefor gestationalge).If HAART in African
populationswas shownto be associatedvith increasedoretermdelivery risk, implications
would beconsiderabléor themotherstheirchildrenandthehealthcaresystengiventhelarge
numbersof infected women receiving HIV treatment.Overall, the complex relationship
betweerpregnancyHIV, hostimmunity, antiretroviraltreatmentjmmunereconstitutionand

pretermbirth is poorly understoodandneedsurgentclarification.

1.14 Immune tolerance in term and preterm labor

As mentionecdearlier,pregnancydemonstratethe capabilitiesof the humanimmunesystem.
Thefetus,a semtallogeneiograft, growsanddevelopswithin the motherwithout succumbing
to immunologicalrejection,aprocesthatdepend®ntheproperestablishmenf fetomaternal
toleranceThistolerancds saidto beinitiated by the presentatiomf the paternail fetal antigen
from semerandis facilitatedby seminalplasmdaactors.Antigenis processethy dendritc cells
(DCs)andthenpresentedo T cellsin the uterinedraininglymph nodes As aresult,antigen
specificregulatoryT cells (Tregs)proliferatein orderto createperipheraltolerancetowards

fetal antigensandallow conceptusmplantation.

Duringlatepregnancyit is proposedhatcirculatingmaternaleukocyteginnateandadaptive)
are recruitedinto reproductivetissues(cervix and myometrium)and to the maternal/fetal
interface (decidualtissues)by chemotacticprocesses(GomezLopez et al., 2009, Gomez
Lopezetal., 2010,GomezLopezet al., 2012) wherea pro-inflammatorystatedevelopsand
leadsto laboranddeliveryof thebaby(Romeroetal., 1989,Romeroetal.,2006,Gotschetal.,

2009) It is thoughtthatthe prematureactivationof this pro-inflammatorypathwaycanleadto
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a breakdownof fetomaternaltoleranceand play a role in the induction of labor, which

subsequentlganresultin pretermbirth (Tornblometal., 2005)

1.15 Monocytes during pregnancy

During normal pregnancythe circulationof peripheralblood throughthe placentaresultsin
contaciof maternaimmunecellswith theplacentaThis mayactivatecirculatingimmunecells,
especially monocytes(MellembakkenJan et al.,, 2002) In casessuch as pre-eclampsia
monocytesare highly activatedtogetherwith otherinflammatorycells suchas granulocytes
andendothelialcells (Faaset al., 2014) At the beginningof a healthypregnancythereis an
increaseof innate immune cells such as macrophagesnd NK cells at the maternail fetal
interface(Wallaceet al., 2012) ThesemaaophagesandNK cells may havea local immune
function; however they alsoappearto be importantfor placentaldevelopmenby promoting
trophoblast recruitment, spiral artery remodeling and angiogenesis.Monocytes and
macrophagegnay thus play an importart role in healthy pregnancyas well as in the
pathophysiologyof adverseoutcomes.Furtherinsight into the role of thesecells in these
conditionsmayleadto abetterunderstatingf theinflammatoryresponsé normalpregnancy

aswell asin adversgregnancyutcomes.

Monocytesarise from precursorsin the bone marrow and compriseabout 5i 10% of the
circulatingbloodleukocytesTheycirculatein the bloodfor a few daysbeforemigratinginto
tissuesto becomemacrophage®r dendritic cells (Gordon and Taylor, 2005) They have
importantrolesin homeostasigissuerepair,andinflammationandit hasbecomeclearthat
circulating monocytesare a heterogeneoupopulation(Gordonand Taylor, 2005, Sahaand
Geissmanrn2010) In humansmonocytesubsetsanbedistinguishedasedntheexpression
of CD14,thelipopolysaccharidéLPS)receptor.The main subsef{comprisingabout90i 95%

of the monocytes)s a subsetexpressinghigh levelsof CD14, but lackingCD16 ( F c-l)R
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expressionSincethis is the main subsetanduntil recentlythoughtto bethe only subsetthis
subsets usuallycalledii ¢ | a s 8 b sTadserondsubsebf monocytess characterizethy
low expressionof CD14 togetherwith CD16. This subsetis often called the non-classical
subsetMore recently,a third, intermediatesubsetof monocyteshasbeendefined,calledthe

intermediatesubse(ZieglerHeitbrock,2015)

Classicalmonocytesare professionalphagocyteghat can geneate reactive oxygenspecies
(ROS)andproducecytokinesin responseo toll-like receptor(TLR) dependenactivationby
LPS. Non-classicalmonocytesare weak phagocytesand do not generateROS, but are more
efficientproducer®f pro-inflammatorycytokinesafterTLR dependenactivation(Gordonand
Taylor, 2005, Mukherjeeet al., 2015) This subsethasbeenshownto havea longerhalf-life
andlocalizeto bothrestingandinflamedtissue(Gordonand Taylor, 2005) Thesecells crawl
ontheluminal sideof theendotheliumandsurveyendotheliacellsandtissuedor damageand
infection (ZieglerHeitbrock,2015) Upon damageor infection, they may rapidly invadethe
tissueandinitiate the inflammatoryresponsd€Auffray et al., 2007) Non-classicalmonocytes
havebeenshownto be increasedn variousinflammatorydiseasegZieglerHeitbrock,2015,

Zimmermanretal., 2010)

In a normal pregnancythe femaleimmune systemmust adaptto the presenceof the semt
allogeneicfetus.Many changesn the peripheralcirculationhavebeenobservedpothin the
specificandinnateimmuneresponseln the specificimmuneresponsea decreasedh1/Th2
ratio hasbeenobservedn both T cells aswell asin NK cells (Borzychowskiet al., 2005,
Veenstravan Nieuwenhoveret al., 2002) Thesechangesnay be associatedavith changesn
regulatory T cells and Th17 cells (Ernerudhet al., 2011, Saito et al., 2010) It has been

suggestedhat the innate immune responsealso has to adaptto pregnancyin order to
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compensatéor suchchangesn the specificimmuneresponseThis adaptatiorhasmostoften
beenshownby anincreasechumbersof circulatingmonocytesandgranulocytesresultingin
increasechumberof total leukocytesduring pregnancy(Veenstravan Nieuwenhoveret al.,
2003) Someof thesechangesncludeanincreasen leukocytenumbersasasignof generalised

inflammationanda phenotypicahctivationin thesemonocytegNaccabaetal., 2001)

In relation to monocytessubsets,data has been contradictory. Some studieshave found
decreasedumbersf classicamonocytesandanincreaseciumberof intermediatanonocytes
in healthypregnancyFaaset al., 2014). Thesefindings werein line with the suggestiorthat
pregnancys aninflammatorycondition,sincein otherinflammatorydiseaseghisintermediate
subsethasalso beenshownto be increasedMoniuszkoet al., 2009, Rossolet al., 2012).
Another study however found increasednumbersof classicalmonocytesand decreased

numberf non-classicamonocytesn pregnanvs. nonpregnantvomen(Al-ofi etal.,2012)

1.16 Dendritic Cells (DCs) in term and preterm labor

DCsarespecializedn antigerrecognitionandpresentationDCsexhibitpropertieghatinclude
induction of antigenspecific T-cell activation, T-cell suppression,Treg generationand
peripheraltolerancg(Banchereaand Steinman, 1998, Steinmaret al., 2000) DCs contribute
to fetomaternatoleranceduringearlypregnancyPlaksetal.,2008) In mice,uterineDCshave
aDC2 phenotypeat 15 dayspostconceptionywhich suggststhatthesecells contributeto the
tolerogenicstateby inducinga local antrinflammatory(Th2) responseluring late gestation.
The fact thatimmatureDCs expressthe antrinflammatorycytokine IL-10, a potentialearly
biomarkerof pretermbirth, suggeststhatthesecells may participatein the etiology of preterm
labor (Blois et al., 2004,Ruiz et al., 2012) Furtherresearchis neededo establisha role for

DCsduringlate gestationJaborandpretermlabor.
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The adaptiveimmune systemcreatesmemory and respondsto specific antigens.During
pregnancytheadaptivemmunelimbs of boththemotherandthefetusmusttolerateeachother
to maintain pregnancyuntil term. A breakdownof this fetomaternakolerancemay lead to
labor.In termpregnancylack of thetolerogenicstateresultsin physiologiclabor,however,a
prematureretreatof this tolerogenicstatemight leadto pretermlabor (GomezLopezet al.,

2014)

1.17 Tcells

During pregnancy, maternal T cells recognize fatdigens through interactions with antigen
presenting cell¢Bytautiene et al., 2004fetal antigerspecific T cells maintain fetomaternal
immune tolerance across pregnaRgwe et al., 2012t is proposed that maternal circulating

T cells infiltrate into the maternal/fetal interface prior to delivery and during labor at term
(GomezLopez et al., 2009, Gomédapez et al., 2011)t has also been noted that decidual T
cells are activated and have both a regulatory and an effector phe(®itygp@amTrujillo et

al., 2003, Tilburgs et al., 2009a, Tilburgs et al., 2009b, Tilburgs et al.,. 20b8@akdown of

this fetomaternal tolerance may lead to labor. In term pregnancy, lack of the tolerogenic state
results in physiologic labor but a premature retreat of this tolerogenic state might lead to

preterm labor.

1.17.1 Effector T cells

There is evidence thdecidual CDAT cells are involved in term parturitig@omezLopez et

al., 2013) Specifically, decidual CD4T cells are more abundant in term than in preterm
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gestations without labor. These T cells express CD45RO, but not CD45RA, which suggests
that they are memory cells that wegenerated early in pregnancy when fieakigen
presentation occur&GomezLopez et al., 2013, Rowe et al., 201Phese decidual CD4T

cells express 1 b, -0 Nd&n d -9 MM spontaneous labor at tef@omezLopez et

al., 2013) Decidwal T cells have been shown to express activation markers such aaD25
labor mediators implicated in both term and preterm labor. This suggests that the adaptive arm
of the immune system is active during lalfGomezLopez et al., 2014, Sindraffrujillo et

al., 2004) During term labor T cells are preferentially recruited into the rupture zone of the
fetal membranes by chemotactic processes facilitated by CXCL10 and (@Qoh%ezLopez

et al., 2011, Gomekopez et al., 2012However, Fcell attraction to the rupture zone is
significantly diminished in prematet ROM casesThese data suggest that@ll recruitment

into the maternal/fetal interface is required for term pregnancy, and the dysregulation of this

recruitment may lead to pathological rupture of membranes.

FetalT cells might also play a role during preterm labor. Memory fetal T cells (CDASR)
are present in higher proportions in cord blood from cases of preterm labor compared to term
labor. These fetal T cells are also activated (COE®9S) during pretermdbor (Luciano et
al., 2011) These results suggest that fetal T cells; in some cases, can contribute to the

pathophysiology of preterm labor.

Cytotoxc T cells (CTLs) are present at the maternal/fetal interface in term gestations in the
absence of labor, where they express perforin and granzy(fiéhBrgs et al., 2006, Tilburgs

et al., 2009a)n placenta, CTLs are abundant in cases with villitis of unknown etiology and
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express cell chemokine receptors (CXCR3 and CCRK)m et al., 2009)In peripheral
circulaion, CD300aCTLs have an effector memory phenotype, and their proportion is higher
in women with chronic chorioamnionitis than in women without this legdn et al.,
2012)Taken together, these data suggest that CTLs may participate in pathological
inflammation associated with preterm birth, but their role during spontaneous labor at term and

preterm requires further exploration.

1.17.2 Tregs

There are two main Treg subsets: thymregs (tTregs) and extrathymic or peripheral Tregs
(pTregs). During pregnancy, COpffregs have been categorized into four subsets:
DRM"I"CD45RA, DR CD45RA, DR CD45RA and naive DRCD45RA’ (Steinborn et

al., 2012) The proportion of each subset seems to be relevant in the pathophysiology of
pregnacy complications such as preterm labor. Women with preterm labor have a reduced
proportion of naive DRCD45RA" Tregs, accompanied by higher proportions of
DR'CD45RA and DRP"*CD45RA Tregs within their total pTreg podSteinborn et al.,

2012, Schober et al., 2012Hpdeed, the qapressive activity of pTregs is strongly reduced in
term and preterm labdSchober et al., 2012b)hich is correlated with a reduction in the
expression of HLADR in preterm casdgisielewicz et al., 2010a) his suggests that the lack

of suppressive function during late pregnancy could trigger the onset of parturition at term and
preterm gestation€GomezLopez and Laresgoibervitje, 2012) At term pregnancy, Tregs

are found at the maternal/fetal nterface, have a unique phenotype
(CD4'CD25"9"FoxP3CD69"HLA-DR*CTLA-4%), and exhibit suppressive functionvitro

(Tilburgs et al., 2006, Tilburgs et al., 2008jowever, the role of decidual Tregs remains
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undetermined. Currently, we are investigating the function and phenotypic characteristics of

these cells during term and preterm labor

Several mechanisms of Treg suppression have been sug@estadian et al., 2013)hey do

this by the secretion of inhibitory cytokines {0, TGFR or IL-35), induction of apoptosis

by IL-2 deprivation, perforin/Granzyme B or by CTt#Aand GITR interactions pathways
(Sakaguchi et al., 2010Jreg cells also use CD39 (nucleoside triphosphate diphospherylase
1) and CD73 (ectd -Nijicleotidase) for their suppressive activity. These -entymes
hydrolyse extracellular pools of inflarmatory ATP into adenosine diphosphate (ADP) and/or
adenosine monophosphate (AMP) to adeno@tigure 1.7)Fausther et al., 2012, Pulteas.,
2007) Another knownimportant physiological regulator of the immune respassatracellular
adenosineknown to be an by inhibiting T cell proliferation and H&N/ -B production and
these effects are mediated through the adenestoeptor A2A (A2AR) by stimulating the
generation of intracellular cyclic AMP (cCAMRDhta et al., 2009)t has been recently shown
that Treg inhibit HIV replication in conventional T cells through cAkEpendat
mechanismgMorenoFernandez et al., 20114 study Nikolova (2011) evaluated the impact
of CD39/adenosine pathway in HIV pathogenesis mported that expanded Treg/CD&9
infected patients correlate with immune activation and Gi24l depletionThey showed that
these Treg exerted a strong suppressive effect on effector CD8 T cell functions and these
inhibitory effects were relievedylusing an antCD39 monoclonaéntibody(Nikolova et al.,

2011)
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Figure 1.7: Proposed mechanism for Treg function.Tregs may mediate their inhibitory function throug
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1.18 Immune activation

HIV infectionis alsocharacterizethy a markedincreasen immuneactivation whichincludes
both the adaptiveandinnateimmunesystemsandabnormalitiesn coagulation(Lichtfusset
al., 2011) Thedriversfor immuneactivationincludethe directe  eof HIV asaligand for
the Toll-like receptor(TLR-7 and TLR-8) expressedn plasmacytoiddendriticcells, leading
to production of interferonU (Meier et al., 2009) microbial translocation, with
lipopolysaccharideas a potent activator or TLR-4 leading to the production of pro-
i n p a mncgtokimessychasinterleukiné andtumornecrosigactorU(TNF-U )cg-infection
with viruses such as cytomegalovirusthat induce profound expansion of activated
cytomegaloviruss p e cTicgllg anda reducedratio of T-helperl7 andregulatoryT cells,
especiallyin the gastrointestinairact(Prendergasttal., 2010,Brenchleyetal., 2006,Hsueet

al., 2006) Evidenceof residuali n p a m mo increasedmmuneactivationexists,evenin
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HIV infectedpatientswith adequateCD4 T-cell restorationon antiretroviraltherapy(Figure

1.8). Although many studieshavei d e n tassgciatibndetweend i e bicenarkes of
n p a mmeadadverseclinical events,causationin studiesin peoplehasbeend i ctau | t
establish.
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Figure 1.8: Natural history of untreated HIV infection and changesafter antiretroviral therapy. (A) In
untreatedHIV infection,CD4 T cellsareprogressiveljostin bloodbut CD4 T cellsin the gastrointestinatract
arerapidly depletedearly on. (B) Theacuteresponsédo HIV infectionincludesa dramaticincreasen markersof
immuneactivationand productionof non-neutralizingantibodiesandHIV-s p e «CD4a0dCD8T cellsthatare
associatedemporally with a decreasen HIV RNA in blood. (C) After antiretroviral therapy, HIV RNA
si gni yecreasdllowedbyrecoveryof CD4T cells,whichvariesbetweerindividuals(panel) By contrast,
recoveryof CD4T cellsin thegastrointestinatractis reduced(D) With reductionof HIV RNA andviral antigen,
HIV-s p e cTi cglls decreaseafter antiretroviral therapy, whereasantibody persistsin all patients.Immune
activationdecreaseafterantiretroviraltherapybutin mostpatientsemainss i g n i yncreasettdmparedvith
healthycontrols.GIT=gastrointestinaract. LPS=lipopolysaccharidéMaartens2014)
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1.19 Immune reconstitution disease

Immunereconstitutiondiseasealsocalledimmunereconstitutioninflammatorysyndromejs
an immunopathologicaresponseresulting from the rapid restorationof pathogerspecific
immune responsedo pre-existing antigenscombinedwith immune dysregulation which
happensshortly after initiation of antiretroviral therapy (Lawn and Meintjes, 2011) Most
commonly, the antigenstriggering immune reconstitutiondiseaseare from opportunistic
infections,notablytuberculosis¢ryptococcameningitisandcytomegalovirusetinitis (Muller
etal., 2010) Immunereconstitutiondiseasas common,with an overallincidenceof 16-1%
reportedin a systematiaeview (Muller etal., 2010) The diseasecauseshigh morbidity, but
mortality is low (4-5%), exceptwith cryptococcaimeningitisimmunereconsitution disease
whereupto 20-8% mortality hasbeenreported(Muller et al., 2010) Immunereconstitution
diseasehappenanore commonlywhen antiretroviraltherapyis startedin patientswith low
CD4 countsor soonafter startingtreatmentor the oppotunisticinfection.Strategieso reduce
immunereconstitutiondiseasancludeinitiation of antiretroviraltherapyat high CD4 counts,
delayednitiation of antiretroviraltherapyin patientswith aninfection (especiallyif infection
includesthe centralnervoussystem(CNS),andscreeningor andpreventionof opportunistic

infectionsbeforeinitiation of antiretroviraltherapy(Muller etal., 2010)

Overall,collaboratiorbetweertheinnateandadaptivdimbs of theimmunesystemis required
to sustainpregnancyuntil term. A disruptionof eitherlimb attermmayleadto physiological
labor,andanuntimelydisruptioncouldresultin pathologicapretermiabor.Researchargeting
the immune cells involved in the processof labor might reveal new strategiesto prevent

pretermlaborandconsequentlypretermbirth.
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1.20 Study rationale and gaps in knowledge

SouthAfrica is a countryin aregionhighly burdenedvith HIV infections.Of thoseinfected,
womenarein theleadandthe majority of thoseareof childbearingage.Vertical transmissions
of HIV to infantswasa major concernin the past.The massiveroll out of ARTs hasgreatly
reducedHIV mortality. Consequentlythe useof lifelong combinationART during pregnancy
hasseenthe ratesof motherto-child-transmissiordwindle to impressivelyilow numberssuch
thatinfantsbornto HIV positivemothersarefreeof infection. This haschangedhefaceof the

pandemicandhasbeena positivesignin thefight againstHIV.

Previousresearcthasshownthatthe useof ART during pregnancyresultedin consequences
resultingin adversgregnancyutcomesin particularpretermandSGA delivery,althoughthe
datais conflicting with somestudiesnot finding theseoutcomeswhilst othersattributedthe
differencegto the regimenused.However,thereis no clearassociatiorandthereis a lack of
understandingf the underlyingmechanismsThis is of significantpublic healthconcernin
subSaharanAfrica, consideringthe large numbe of HIV infectedwomen,the majority of
whom arenow on ART. So far, mostof the availableexplorativeresearcton the impact of
HIV or ART on detrimentalpregnancyoutcomeshasbeenconductedn Europearcountries
andyet the bulk of the pandemids in Africa, specifically southernAfrica wherethe HIV -1
subtypeC strainpredominatesLittle is known aboutthe underlyingmechanisms$eadingto
detrimentabregnancyutcomesndno predictivebiomarkersexist,thuscomplicatingclinical

interventiondo curb this problem.
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1.21 Innovation

This work not only addressesa researchquestionof high scientific and public health
significance but is alsovery innovative.With anincreasan cART use during pregnagy in

HIV-1-infectedwomen, thereis an increasein the possibility of consequencefr adverse
pregnancyoutcomes In particular that of pretermand SGA delivery whose underlying
mechanismsnustbebetterunderstoodo optimizetheir clinical managemerandto maximize
the PMTCT impact. The proposedstudywill providecritical newinsightsby quantifyingthe
extentto which cART usedto reduceMTCT impactsdifferential birth outcomesandwill also
testthe hypothesighatimmunedysregulatioroccurringduring immunereconstitutionunder

ART leadsto pretermdelivery.

) Testing the hypothesisthat immune dysregulationoccurring during immune

reconstitutiorunderART leadsto pretermdelivery.

The findings from this will contributeimportantly to the understandingf the biological

mechanisméeadingto pretermbirth, will inform policy, andeventuallysavelives.

1.22 Study aims and objectives

To quantify the associationbetweencART use in pregnancyand pregnancyoutcomes,

specificallypretermandsmallfor gestationahge(SGA), thefollowing aimsareaddressed:

Aim 1: Assessmenbf antigenpresentingcells (APCs) function upon TLR stimulation

following initiation of ART during pregnancyandpretermdelivery.

36



Hypothesis:We hypothesizethat antigen presentingcell function will be alteredin HIV
infected women who initiate ART during pregnancy,contributing to differential birth
outcomes.

Aim 2: Assessmentf regulatoryT cells(Tregs)functionalchangesssociateavith initiation

of ART duringpregnancyandpre-termdelivery.

HypothesisReconstitutiorof immuneresponsesanderART in pregnantvomenwill resultin

enhancedmmunity againsthe fetusandincreasegretermbirth drivenby Tregresponses

Aim 3: Quantificationof plasmacytokineprofilesassociatedvith theinitiation of ART during

pregnancyandtheirimpacton pretermbirth.

HypothesisWe hypothesizehatan ART mediateccytokineshiftin HIV infectedwomenwho

initiate ART couldberesponsibldor anincreasen pretermdeliveries.
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Chapter 2 Cohort characteristics, materials and methods
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2.1 Study participants and cohort characteristics

The Prematurity Immunology and HiMfected Mothers and their infants Stu@®IMS) is a
prospective cohort study that was conducted amongihftted women seeking antenatal

care (ANC) at a communitigased public sector primary care facility in Cape To®wouth

Africa. Participants were enrolled between April 2015 and October 2016. Between this time,
pregnant women who were 018 years old at the
Midwife Obstetric Unit (MOU) whichis in a low-income high HIfprevalence sualistrict of

Cape Town, South Africa. The facility serves a catchment population of approximately
350,000, with an estimated antenatal HIV seroprevalence of 30% and ANC uptake of 95% in
2014 gpecimendor the study were collectedduring this period) All women in this setting

routinely have gestational age estimated based on last menstrual period and syfuptigbkis

height (SFH) at the first ANC visit.

Ultrasound assessments were available for PIMS participants enrolling at less thakf0 wee
of pregnancyMalaba et al., 2017)Nomen were enrolled into PIMS and those already stable
on ART had 3 study visits dtweek intervals whereas those initiating made four study visits
(the extra study visit, two weeks after enrolment was for ART initiation). At each visit, a blood
sample was drawn into sodium heparin tubes (BD Biosciences, New Jersey, USA) and
transportedo the lab where peripheral blood mononuclear cells (PBMCs) were isolated within

4 hours of collection, frozen and stored into liquid nitrogen.
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2.1.1 Routine care services

As part of routine ANC services, gestational age (GA) was estimated based on date of last
menstrual period (LMP) and symphy$isidal height (SFH). All women without a previous

HIV diagnosis underwent HIV testing, with universal ART eligibility. HiMected women
conceiving while on ART continued their current regimen throughout pregnancy; regimens
included NNRTIs such as efavirenz (EFV) or a protease inhibitor (PI, predominantly used after
failure of firstline therapy). For women initiating ART in pregy, the fixeddose

combination of tenofovir (TDF) + emtricitabine (FTC) + efavirenz (EFV) was used throughout.

2.1.2 Recruitment

Foll owing screening of all women attending t
and approached to participatdtive study. Women who agreed to participate had their routinely
collected LMRbased GA and SFHased GA reviewed by the counsellor; women estimated to

be 024 weeks were referred for a research ul
by a researchonographer blinded to the midwife assessment-iHi&tcted women who were

024 weeksd gestation on US were then recruit

had initiated lifelong ART prior to conception and half initiated ART during pregnancy.

Women in Group 2 participated in up to eight scheduled study visits, from the start of ANC
through to 12 months postpartum. Women on ART from before pregnancy had three antenatal
visits at <24 weeks, 28 and 34 weeks; women who initiated ART during pghad an
additional study visit two weeks after the ART initiation (which in most women took place on
the same day, or close to, the first study vigit)all study visits, data wamllected on maternal

health (HIV care and ART use, clinical care anémturrent clinical history).
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2.1.3 Definition of groups and subgroups

To investigate the proposed hypothesis that immunological changes resulting from maternal
ART exposure are associated with adverse birth outcomes, women enrolled into the cohort
were intesively sampled, with repeated phlebotomy throughout pregnancy for immunological
investigations. These investigations comgrevomerwho delivered preterm (30 PTD cases)

or had smalifor-gestational age infants (30 SGA cases) and those from appropmatel<o

(30 term AGA). PTD was defined as delivery < 37 weeks, SGA as weight for gestational age
O1"centil e, AGA controls wer e t®centle Confrolsh wei ¢
and cases were matched on timing of ARTiation andanalysed linded. Investigations

included longitudinal quantification of plasma cytokine profiles, phenotypic and functional
characterisation of T celiscludingregulatory T cells (Tregsds well asantigenpresenting

cells (APCs)

2.1.4 Specimencollection

A total of 90 patients were chosen for the investigations described in this thesis. Baseline
characteristics at first ANC visit are shown in Table 2.1 Median age was 32 years (IQR: 26
36). It was the first pregnancy for 15% of women (n=14), and 26% (n=28) maiparous,

with no significant difference by timing of ART initiatiof©f the 90 women, 47 initiated ART
before pregnancy (stable on ART), and 43 initiated ART at their first ANC (initiators). Most
women (n=79, 88%) were on TEBTC-EFV, one (1%) wasn TDF-3TC-NVP and three (3%)

on other NNRT4based regimensix (6%) women were on a Pl regimen, one of whom started
during pregnancy and the other five were stable on ART. Mediarm T@4ll count overall

was 436 cells/ul (IQR: 39873); 371IQR: 251537) for women stable on ART and 46844

612) for initiators Viral load (VL) information was measured for all women at baseline.
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HIV mnfected
Clinically estimated <24 weeks GA

n=90
Stable on ART ART initiation
before during
pregnancy pregnancy

n=47 n=43
AGA SGA PTD AGA SGA PTD
n=15 n=15 n=17 n=15 n=15 n=13

(1) <24 weeks (2) 2 weeks post (3) 28 weeks (4) 34 weeks

ART initiation

Figure 2.1: Definition of subgroups and time points for sample collection for PIMS patients throughout the
study.
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Table 2.1Demographic and clinical characteristics of women who initiated ART during or befoe pregnany

Maternal characteristics

Age, yearsmedian (IQR)

Education (finished high school)
Employments statu€mployed (%)
Socioeconomic status (SES)*

Lowest

Medium

Highest

Missing
Obstetric characteristics
Gravidity:median (IQR)
Parity:median (IQR)

Previous Preterm*: Yes

Gestational age at booking/enrolment:

median week$lQR)

Height, (cm)median (IQR)

Total

N=90

32 (2636)

32 (35)
33 (36)

28(31)
30(33)
29(29)

3(3)

3(23)
1(02)
9 (10)

15 (1118)

158 (155.5
162.5)

AGA

N=15

33 (2835)

5(33)
5 (33)

3 (20)
6 (40)
6 (40)

0 (0)

3 (24)
1(12)
0 (0)

13 (915)

162 (156166)

Initiation before pregnancy

PTD

N=17

36(32-38)

5 (29)

7 (41)

6 (35)
5 (30)
6 (35)

0 (0)

3 (23.5)
1 (12)
2 (12)

16 (917)

158 (155.5161)

N=47
SGA

N=15

36 (2839)

5(33)
6 (40)

5(33)
5 (33)
4 (27)

1(7)

4 (34)
2 (1-2)
5 (33)

15 (918)

157 (150.5163)

P-value

0.205

0.962

0.889

0.741

0.420

0.244

0.034

0.343

AGA n=15

28 (2434)

7 (47)

6 (40)

4(28)
5(35)
6(46)

0 (0)

2 (23)
1(0-1)
1(7)

14 (1217)

160 (156.5169.5)

Initiation during pregnancy

PTD n=13

26 (2531)

6 (46)
3(23)

4(30)
5(38)
3(23)

1(7)

2 (23)
1(02)
0 (0)

19 (1421)

158 (155.5160)

SGA n=15

31 (2537)

4 (27)

6 (40)

6(40)
4(26)
4(26)

2(13)

2 (1-2)
1(02)
1(7)

16 (1218)

159 (152.5161.1)

P-value

0.768

0.450

0.565

0.860

0.347

0.315

0.635

0.161
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Haemoglobin (g/dl)median (IQR)

Weight (kg) median (IQR)

HI\associated parameters
Current ART regimen, sedfport

TDF3TCGEFV

TDF3TGNVP

OtherNNRT-based regimen

Plbased regimen

Missing

CD4 cell count, (cells/pL)fedian (IQR)
Missing

Viral load, copies/ml (baseline Addian
(IQR)

Viral load, copies/ml (Al1.5)median (IQR)

11,4 (163-12.4)

70.15 (59.4
83.9)

79 (88)
1(1)
3(3)
6 (6)

1(1)

436 (392573)
14 (16)

281 (2680000)

198 (37431)

11 (11.312)

74.9 (64,3085,95

13 (86)
0 (0)

0 (0)

2 (14)

0(0)

416(353566)
2 (13)

20 (2027)

11.8 (1112.7)

76 (67,3885,45)

13
0
3
1

0(0)

529 (309638)
2 (11)

25 (20-528)

11.6(10.612.9) 0.283

61.7 (52,5074,70) 0.126

0.199
13 (86)

0 (0)

0 (0)

2 (14)

0(0)

485 (333584) 0.509
0(0)

20 (2065) 0.342

10.5 (1612)

80,10 (61,7698,40)

14 (93)
1(7)
0 (0)
0(0)
0 (0)

368.5 (247535)
3 (20)

21900 (612669900)

431 (275512)

11.3 (10.211.7)

61,35 (58,287,48)

11 (84)
0 (0)
0 (0)
1(8)
1(8)

314 (219457)
4 (30)

4730 (13067950)

99 (20137)

10.9 (10.111.6)

64,00(56,7692,00)

15 (100)
0 (0)
0 (0)
0 (0)
0 (0)

493 (283.5926.5)
3 (20)

2120 (74118800)

89 (25307)

0.697

0.413

0.353

0.724

0.681

0.172
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*CD4 results abstracted from routine records and are nearest in time to the first ANC visit

*14 patients who did not have CDhvere excluded from the analys
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2.2  Preparation of peripheral blood mononuclear cells for the analysis aintigen
presenting cells

Leukocytes are routinely isolated from whole blood and comprise monocytes (macrophage
precursors), lymphocytes (natural killer cells, B and T cells), and a small percentage of other
immune cells, such as dendritic cells. Thesés@are isolated from freshly drawn blood, using
Ficoll density gradient centrifugatidifanda and Ravindran, 2013hese cells can then be
cryopreserved at ultrfiow temperatures in liquid nitrogellowing themto remain viable for

long periods of time with no significant changes to their Vilgbor functionality. After a

careful thawing procedure, cryopreserved peripheral blood mononuclear cells (PBMCs) can be
stimulated or treated with various immunomodulatory agents or drugs intwitaed in

immunological research.

2.3 Isolation of PBMCs from whole blood

In brief, PBMCs were isolated as follows: Whole blood samples were collected from donors
using sodium heparin (BD Vacutainer, USA) and were processed within 6 hours of collection.
Blood samples were poured into 50ml conical tubes for PBMCgsising. A 50ml tube of

whole blood was then centrifuged at 500xg for 10 minutes at room temperature. After spinning

for 10 minutes, the supernatant (plasma), was carefully removed and ste88d°@t ultra

freezer. The remaining whole blood was diluled t h e qu all amount of Dul
Buffered Saline (DPBS) (Life Technologies, UK) that contained 1% of penistilaptomycin

solution and gently mixed by inverting. Diluted blood was overlaid into a 50ml conical tube
separation medium (15ml of HigtaquelO077, Sigma Aldrich) at room temperature.The tube

was centrifuged for 30 minutes at 500xg at room temperature. At this point, the whole blood

had divided into different cell layers (Figure 2.2).
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Plasma

Whole Centrifugation
Blood "N Buffy Coat

v (white blood cells
and platelets)

Red Blood
Cells

Figure 2.2 PBMC Ficoll densitygradientseparation

The lymphocyteswhich are in the buffy coatlayer, were thenremovedfrom the interfaceand
transferredo anothersterile50ml conicaltube,whereDPBSwasaddedo washthelymphocytes.
The cells were centrifugedat 500xg for 10 minutesat room temperatte, this wash stepwas
repeatedwice. After thesecondvash the supernatanivasdecante@ndthelymphocytepelletwas
suspendeth 20mL of R10(RPMI 1640supplementedith 10% heatinactivatedfetal calf serum,
100 U/ml penicillin, 1.7Mm sodiumglutamde and 1% of Hepesbuffer). IsolatedPBMCswere
countedusinga trypanblue solution (Life TechnologieslUSA). The dye waspreparedata 1:10
dilution by mixing 20e PBMCsand180¢ krypanblue.Themixturewasvortexedandincubated
for 5 minutesbeforecounting.Then10¢ Ibf the mixture wasloadedontoa haemocytometeslide
andcountingwasdonemanuallyusingalight microscopebeforeresuspensionf the cellsat final

concentratiorof 10X¢/per millilitre of R10 medium.PBMCswerekeptat -80°C overnightbefore

beingtrnsferedo liquid nitrogenfor longtermstorage.
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2.4  Thawing of cryopreservedPBMCs

PBMCs that had been previously been cryopreserved in freezing medium (10% dimethyl
sulfoxide (DMSO) in fitered heat inactivated fetal calf serum (FCS) (Gibco, NY, USA)) were
thawed quickly using a water bath set at °€7 (LabFix, Durban, SA) and immediately
transferred into a 15 ml falcon tube containing 9ml of R10 medium (RPMI 1640 medium
(Sigma, St. LouisMO, USA)) supplemented with 10% FCS (Gibco), 1%Glutamine
(Sigma), and 1% penicillin/streptomycin (Gibco)). This was followed by centrifugation
(Eppendorf centrifuge 5810R, Merck, Germany) at 1800 rpm for 10 minutes after which the
supernatant was discked into a waste bucket containing 2% Virkon (DuPont de Nemours,
South Africa). The cells were then washed twice with 2% FCS in phosphate buffered saline
(PBS) and an aliquot was taken for immediate surface staining and the remainder left to rest

for 2 haurs in R10 medium at 3C with 5% CQ.

2.5 Cell counting

A haemocytometer was used to manually carry out cell counts in a ratio of 1:9 with trypan blue
(Sigma) staining solution. Trypan blue works by penetrating the cell membranes of dead cells
which can then be seen under the microscope with live cells bamgjucent. Briefly, 10 pl

of the cells suspended in 10 ml of R10 were added to an Eppendorf tube containing 90 ul of
trypan blue and resuspended thoroughly. The cells and trypan blue (10 pl) mixture was then
loaded onto a haemocytometer and cells weretedwmder an electron microscope (Olympus
CH20 upright microscope). A ten times (x10) magnification was suitable for the identification
of PBMCs. To determine cell viability, all the cells within five squares of the haemocytometer

were counted to give arstmate of the total number of cells in the suspension. Viability was
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. . Number of live cells
II"\'
then determined using the form*"l‘\l‘ﬂmber of live cells+number of dead cells

%X 100. Only cells

with a viability of 80% were assessed.

2.6 Characterization of the APCsand T cells usingflow cytometry

Flow cytometryin principleis the passagef cellsin asinglefile in front of alasersotheycan
bedetectedcountedandsortedwith theaid of aligh source Cell componentsirefluorescently
labelledandthenexcitedby thelaserto emitlight at varying wavelengthsasshownin figure
2.3(Adanetal.,2017) Size,granularity andfluorescenteaturesf thecellswhich arederived
from eitherantibodiesor dyes,arethe parametersisedto analyzeanddifferentiatecells. The
underlyingprincipleof flow cytometryis relatedto light scatteringandfluorescencemission,
which occursas light from the excitationsource(commonly a laserbeam)that strikesthe
moving particles.This analysiswasperformed following thawing and counting of PBMCs as

mentioned above.
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(A) Fluorescence Bi-dimensional data representation
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Figure 2.3: Schematicrepresentationof flow cytometry (FC) data generation Individual cellsfrom a single
cell suspensiomrepushedo passalignedandoneby-onethrougha flow chambeiin front of threelaserbeams;
aforwardlight scatte(FSC)detectoris placedin front of thelaserbeamsandcollectslight atlow anglesg(<1(),
whereaghe sidewardlight scatter(SSC)detectorandthe fluorescencaletectorscollect light scateredandthe
fluorescencemissionsatanangleof 9° with respecto theintersectiorbetweerthecell flow andthelaserbeams
(A). Thedigital signalgeneratedby theamountof light reachinghedifferentdetectorss processethy acomputer
equippedvith FC dataanalysisdevotedsoftware Representativ2D dot plot representationsf thedatagenerated
areshownin PanelBi D: FSCversusSSC(B), SSCversusCD45(C) andSSCversusCD38(D) (Pedreireetal.,
2013)

2.7  Surface staining of cells for flow cytometry analysis

After counting, 1 x1Bcells/well were added into a 9@ell roundbottomed plate. A surface
stain was performed for each of the samples with antibodies directed against the following
antigens: CD3 (Clone: OKT3, BioLegend (BL)), CD4 (Clone: RPA BL), CD11c (Clone:

3.9, BL), D123 (Clone: 6H6, BL), CD8 (Clone: RPE8, BD), CD56 (Clone:HCD56, BL),

CD19 (Clone: HIB19, BL) (used to exclude natural killer (NK) and B cells respectively), CD14
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(Clone: HCD14, BL), CD16 (Clone: 3G8, BD) (for the identification of monocytes), {DIERA
(Clone: G466, BD), CD38 (Clone: HE, BL), CD69 (Clone: FN50, BL), CD86 (Clone: 2331,

BL) (markers of activation). For each experiment, a fluorescence minus one (FMO), which is
the control that contains all fluorochromes of interest except the one beingretkasas
included for each marker to allow subsequent gating. Aqua (Life Technologies, USA) viability
dye was included for all samples. The cells were incubated for 20 minutes in the dark at room
temperature. After this incubation, cells were then wastigd2% FCS/PBS. The plate was

then centrifuged at 2000rpm for 6 minutes at room temperature and the supernatant was
decanted thereafter. A fixative, 40 ul (Perm A, Merck), was added to the cells and incubated
for 20 minutes in the dark at room temperatdiee cells were washed again, the supernatant
decanted and cells resuspended in 200ul of 2% FCS/PBS before acquisition on a multicolour
BD LSRFortessa flow cytometer (BD). Between 500 000 to 1 000 000 events were acquired
and the data was analysed usingwjo software version 9.8.5 (FlowJo LLC, Ashland,
Oregone). A flow diagram depicting the experimental design can be found in Figure 2.4. For
analysisjnitial gatingwason lymphocytedollowed by gatingfor singlecells, excludingof B
cells,NK cells(whichwereall on onemarker),alongwith deadcells. ThereafterCD3" T cells
weregatedon followed by gatingon CD4* andCD8' T cells. The subsequergatesdonewere

to showthatactivationwasmeasuredy the expressiorof HLA-DR andCD380on CD4" and

CD8' T cellsrespectively.

Fortheidentificationof bloodmonocytesubsetdy flow cytometry,gatingwasdonefor single
cellsandsuccessivexclusionof NK cellsandB cellsaswell asgatingonlive cells. Thiswas
followed by gating for CD3 negativeand positive cells. HLA-DR expressionwvas gatedon
from the CD3 negativecells followed by CD14 vs CD16 to differentiatethree (classical,
intermediateandinflammatory)monocytesubsets.
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Fortheidentification of bulk CD14", mDC andpDC subseandmeasuremertf activationby
flow cytometry,forward versussidescatterandall cellswasgatedon. This wasfollowed by
the exclusionof NK andB cells,alongwith deadcells. HLA-DR expressiorwasgatedfrom
CD3 negativecells followed by CD14 expressionThe subsequenplots were basedon the
expressiorof CD86andCD69on CD14" cellsfor monocyteactivationandon CD14negative
for CD11candCD123.Fluorescenceninusone (FMO) controlswereusedto determne the
respectivegates.Activation in eachof the cell populationswas basedon the expressiorof

CD86andCD69markers.
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2.8 Intracellular cytokine staining (ICS) measurement ofAPCs

Cytokine production following tollike receptor (TLR) ligand stimulation on a single cell level

was assessed using flow cytometry as described in section 2.5 dloogle. this, thawed

PBMCs were left to rest for 2hrs at 32 in 5% CQ prior to use. Afte2 hours incubation,

cells were counted armhe and a half millionvere stimulated under each conditidn: € g / ml
LPS(TLR4)Merck , 1C¢P®ml (TLR 7/ 8) (Il nvivogen) or 5
9)(Invivoge) . Unsti mul ated cel | s s e rbrefeldin Ag%gma)egat i \
(inhibitor of protein transpoytwas immediately added to each well following the addition of

TLR ligandsto inhibit cellular cytokine release. The second experimental gonditimulated

cells without the addition of the protein transport inhibitor for all the conditions. Intracellular
cytokine content of APCs was determined after 18 hours of incubation with the respective TLR
ligands.Following overnight stimulation, the gtie was centrifuged at 2000 rpm for 8 minutes

and the supernatant was discarded for the BFA condition. For the wells without the inhibitor,
supernatant wasollected,and the pellet resuspended in 1 ml Trizol (Sigma) and immediately

stored at80 °C for further analysis (Figure 2.4). Cells were then washed with 100 pl of wash

buffer (2% FCS in DPBS (Life Technologies, UK)) and centrifuged at 2000 rpm for 8 minutes.

A cocktail ofaqua dyedo ascertain viabilitf100ul) (Life Technologies, UK) andurface &in
markers:CD3 (Clone: OKT3, BL), CD4 (Clone: RRA4, BL), CD11c (Clone: 3.9, (BL),
CD123 (Clone: 6H6, BL), CD8 (Clone RPP8, BD), CD56 (Clone: HCD56, BL), CD19
(Clone: HIB19, BL) (used to exclude natural killer (NK) and B cells respectively), CD14
(Clone: HCD14, BL), CD16 (Clone: 3G8, BD) (for the identification of monocyte populations
depending on the expression of these markers) andPRRAClone: G465, BD), a marker of

activation (Table 2.2). This was incubated for 20 min in the dark at room rtatwm@eand this
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was followed by a wash step, then fixed with Perm A (Sigma) for 20 minutes in the dark and

washed.

Following a wash step, the cells were permeabilized with 100 pl of Perm B (Sigma) and stained

with antitumornecrosis factor (TNFY) Per CPy 5. 5 ( Cl ointerleukiMi)p 11, Bl
12 (Clone: C11.5, BL), antnterferon (IFNJU ( C| o nle BL) anitl 4nacrophage
inflammatory protein (MIPL b ( C| 0185,:BD)Bo2 2D minutes in the dark followed by

a washstep. Afterincubation,the cells were washed with 2% FCS/PBS buffer and the cell

pellet resuspended in 200ul of wash buffer for acquisition on the multicolour BD LSRFortessa

flow cytometer (BD). At least 500 000 events were acquired, and the data wasednading

Flowjo software version 9.8.5 (FlowJo LLC, Ashland, Oregon). A flow diagram depicting the
experimental design can be found in Figure Zable 2.2 below summarizesll antibodies

usedin phenotypicandfunctionalexperiments.
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| Surface Phenotyping |
Cllopes Marker
CD3 CD38
CD4 (TH) HLA-DR
CD8 (CTL) CD69
CD11c (mDC) CD86
CD14 (cMono)
CD16 (iMono)
CD123 (pDC)
CD56 (NK)
CD19 (B)

PBMCs

Cytokine Phenotype

+BFA

1. w/o

2. LPS (100 ng/ml) (TLR4)
3. CL097 (1 pg/ml) (TLR7/8)
4. CpG (1 pg/ml) (TLRY)

ICS

CD3
CD4 (TH)

CD8 (CTL)

CD11c¢ (mDC)
CD14 (Mono)
CD123 (pDC)

IFNa

MIP-1b

IL-12

Figure 2.4: Experimentabesignusedfor theantigenpresenting:ell panel.
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Table 2.2 Antibody panel for APC analysis

Antigen | Flourochrome | Clone Isotype Company | Volume
used (ul)
CD3 BV650 OKT3 Mouse IgG1 | BioLegend 2.5
CD4 APC RPA-T4 | Mouse IgG1 | BioLegend 1
CD8 FITC RPA-T8 | Mouse IgG1 | BD 1
CDllc |PECy5 3.9 Mouse IgG1 | BioLegend 1
CD14 APC-Cy7 HCD14 | Mouse IgG1 | BioLegend 1
CD1i6 BV786 3G8 Mouse IgG1 | BD 1
CD19/56| Bv421 HIB19 Mouse IgG1 | BioLegend 2.5
CD38 PE HB-7 Mouse IgG1 | BioLegend 2
CD69 PerCP-Cy5.5 | FN50 Mouse IgG1 | BioLegend 2.5
CD86 PECy7 2331 Mouse IgG1 | BioLegend 1
CD123 | BUV395 6H6 Mouse IgG1 | BioLegend 1
HLA- PETexas Red| G466 Mouse IgG1 | BD 1
DR
MIP-1 b | FITC D21- Mouse IgG1 | BD 1
1351
| FNU|PE 7N4-1 Mouse IgG1 | BD 2
IL-12 APC C115 Mouse IgG1 | BioLegend 1
TNF-U | BV605 Mabll | Mouse IgG1 | BioLegend 1
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2.9  Treg cell isolation and staining
2.9.1 Thawing of cells for use in regulatory T cell experiments

To prepare for thawing the cells, R1 (1% FBS in RPMI (Sigma, Germany)) media was warmed
in a 37°C water bath. The cells were then thawed in th&C3water bath until only a speck of

ice crystal remains. Upon removal, the vial was wiped with ethanolcdllsewere transferred

to a clean 50 ml Falcon tube where 10 ml of warm R1 was added drop wise while swirling.
This was then topped up to 25 ml with R1 and the cells centrifuged at 1200 rpm for 10 minutes.
The supernatant was théacantedand the pelletesuspend in 500 ul of DNAse (Roche, Basel)
solution and incubated for 3 minutes at room temperature. The cells were then washed with 25
ml of R1 and centrifuged at 1200 rpm for 10 minutes. The supernatant was then discarded, and
the pellet resuspendedsmml R10 (10% FBS in RPMI). The cells were then rested for 2 hours

at 37°C in a CQ incubator with the lid loosely fit.

2.9.2 Surface staining for regulatory T cells using flow cytometry

After resting, the cells were centrifuged at 1200 rpm for 10 mintitessupernatant was then
discarded, and the cell pellet gently resuspend. After counting, approximately 1 million cells
per well were transferred into alwttom plate. The cells were centrifuged at 2100 rpm for 3
minutes, the supernatant was then disedy@nd the cells washed with 200 pl PBS. The cells
were then centrifuged at 2100 rpm for 3 minutes and the wash step was repeated. The next step
was to make up the VIVID (ThermoFisher) working stock (1 pl stock + 39 pl PBS); this was
always kept on icand covered in foil from light. An aliquot of 4 ul of VIVID (LifeTech) was
added into each well and resuspend thoroughly, followed by incubation in the dark for 20
minutes at RT. PBS (150 pl) was added into each well and the cells were centrifuged at 2100
rpm for 3 minutes. The supernatant was discarded, and the pellet washed with 200 pl PBS, and

centrifuged at 2100 rpm for 3 minutes. An antibody cocktail was then prepared as follows:
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CDS8 (Clone: SK1, BioLegend (BL)), CD39 (Clone: Al, BL), CD25 (Clone: 2A3),EED127
(Clone: A019D5, BL),CD14 (Clone: MHCD1417, Life Technologies}D4 (Clone: SK3,

BL), CD3 (Clone:UCHT1, BL), TIGIT (Clone: MBSA43, eBioscience§)P45 (Clone: HI30,

BD), CD28 (Clone: CD28.2, BL), CD45RA (Clone: H100, BPD-1 (Clone: EH12.1, BD)
(Table 2.3). Fifty $0) ul of the antibody mix was then added to the cells, resuspended
thoroughly,andincubated for 30 minutes at RT in the darkereafter150 pl FACS wash wa

added and centrifuged at 2100 rpm for 3 minutes. The cells were washed again with 200 pl
FACS wash and centrifuged at 2100 rpm for 3 minuté® cell mixture was then ready for

intracellular staining.

2.9.3 Intracellular staining of regulatory T cells with FoxP3 and CTLA4

After the final wash, the supernatant was discarded. The pellet was then resuspended
thoroughly in 200 ul of Fixation/Perm (BD buffer and incubated for 40 minutes at RT in the
dark. The cells were then centrifuged at 1800 rpm for 3 mirattéSl, and the supernatant
discarded. Then 200 ul of 1x Perm buffer was added, the cells were then centrifuged at 1800
rpm for 3 minutes at RT. The pellet was resuspended thoroughly in 50 ul of FoxP3 + CTLA4
prepared in perm buffer and incubated for 4Butes at RT in the dark. Thereafter 150 pl of

1x perm buffer was added, and the cells centrifuged at 1800 rpm for 3 minutes at RT, and the
supernatant was then discarded. The pellet was then resuspended in 200 ul of 1X perm buffer,
centrifuged at 1800 rprfor 3 minutes and the supernatant discarded. The cells were then
resuspended in 100 pl of cell fix and transferred to FACS tubes and were kéft anhdl it

was ready for acquisition on the LSRFortea) within 24 hours. Compensation tubes were
prepared for each experimeifiable2.3 below summarizesll antibodiesusedin phenotypic

andfunctionalexperimentdor regulatoryT cell assays
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For analysisfrequencief T cells wereenumeratedby stainingPBMCs that werethawed,

stainedandanalyzedon a LSRIl. Whenlooking solely at antigenexpressionTregsareoften

definedasCD3+,CD4+,CD25hi,FOXP3+,andCD127lo.

Table 2.3: Treg antibody panel.

Antigen

CD8

CD39

CD25

CD127

CD14

CD4

CD3

TIGIT

CD45

CD28

CD45RA

PD-1

VIVID

Flourochrome

PerCRCy5.5

FITC

PECy7

PECy5

PETexas Red

APC-H7

AF-700

APC

BV786

BV711

BV650

BV510

PacBlue

Clone

SK1

Al

2A3

A019D5

MHCD1417

SK3

UCHT1

MBSA43

HI30

CD28.2

H100

EH12.1

Company

BioLegend

BioLegend

BD

BioLegend

Life Tech.

BioLegend

BioLegend

eBio

BD

BioLegend

BioLegend

BD

Life Tech.

Volume

used (l)

0.3ul

1l

3ul

1.25ul

1.25ul

0.3ul

1.25ul
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2.10 Multiplex serum cytokine and chemokine analysis usingguminex technology.

Cytokinefunctionsare complex,andthe understandingf cytokine profiles is importantfor
understandingmmuneresponsedt thereforebecomesritical to possestheability to analyze
thefunctionof acompletesetof cytokinesexpresseavithin microenvironmentge.g.,a site of
inflammation) Althoughtherehavebeentechnologieshathaveaidedusin thisregard oneof
the major limitations suchasthe needfor a large samplevolume or detectionof precursor
proteinsratherthannativesecretegroteins(de Jageretal., 2003) Luminexhassofar broken
thesebarriersasit allowsthe analysisof a multiple numberof cytokineswithin a singlewell.
Luminex uses proprietary techniquesto internally color-code microsphereswith two
fluorescentdyes.Throughpreciseconcentrationsf thesedyes,distinctly coloredbeadsetsof
5005.6 um polystyrenemicrospheresr 80 6.45 um magneticmicrospheresanbe created,
eachof whichis coatedwith a specificcaptureantibody.After ananalytefrom atestsamples
capturedby the bead,a biotinylateddetectionantibodyis introduced.The reactionmixtureis
thenincubatedvith StreptavidinRPE conjugatethereportemolecule to completethereaction
onthesurfaceof eachmicrosphereEachindividual microspheres identifiedandthe resultof
its bioassayis quantifiedbasedon fluorescenteportersignals(Figure 2.5) (HarrisandChen,
2019) EMD Millipore combinesthe streamlineddata acquisition power of Luminex
XPONENT® acquisition software with sophisticatedanalysis capabilities of the new
MILLIPLEX® Analyst 5.1, integrating data acquisition and analysisseamlesslywith all

Luminexinstument(Merck, Burlington, Massachusett)nited States).
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Streptavidin -

633 nm " Phycoerythrin

Q 532nm
\ Luminex Beads Aty /

N PMT
N Biotinylated
Capture lotinyla
A Detection
Antibody Antibody

Figure 2.5: Luminexassayprinciple.

The Milliplex® Map human cytokine/chemokine system (Merck Millipore), based on a
Luminexbead array platform as described above, was used to measure the concentrations of

15 analytes. Levels of interleukin (H1) U,-16 L-2,dILE4, IL-5, IL-6, IL-7, IL-10, IL-12

(p40), IL-12 (p70), inducible protein (IP)O, macrophage inflammatory protgiMIP)-1 b |,

tumour necrosis factor (TNFY , inter-Uemomdo .| FIRIN9t es were rea
Bi oRad Lumi ne x E andlgséith iptegtatechBioplex Manag&oftwarevé.1

(BioRad Corp., USA). Values above or below the concentration rangadbranalyte (3.2 to

10,000 pg/ml) were derived from anahgpecific standard curves by extrapolation. Below the

lowest extrapolate@alue,a concentration of zero was recordédl. samples and standards

were measured iduplicate,and measurements wemermalized to quality controls for each

plate run.
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2.11 Data analysis and statistics

For the analysis of flow cytometry data, Flowjo software version 9.8.5 (FlowJo LLC, Ashland,
Oregone) was used. GraphPad Prism software version 5.01 (GraphPad softwaes insgd

for the graphical representation and #fpawametric univariate analyses of the data. To
determine the associations of different immune markers and PTD, allowing for baseline CD4
count, a regression model was developed in Stata version 15 (Grapbfdadre Inc);
frequencies of classical and intermediate monocytes were summed because they were all
significant univariately. MariwWhitney U test, Wilcoxon paired test and student t test were
used as appropriate and are detailed in the results for palysia. The p value of below or

equal to 0.05 was considered significant
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Chapter 3Low immune activation in early pregnancy is associated with
preterm delivery but not small-for-gestational age outcome in HIV infected
women initiating antiretroviral therapy in pregnancy: a PIMS casecontrol
study in Cape Town, South Africa

(This chapterhasbeenpublishedin the Clinical InfectiousDiseasegCID) journalasa major
article Mdletshe et al, Clinical Infectious Diseases2021 Feb 19:.ciab151. doi:
10.1093/cid/ciabh51. Online ahead of prirRMID: 33606024
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3.1 Introduction

Antiretroviral therapy (ART) improves survival, and prevents motherto-child HIV
transmission{AbramsandMyer, 2013) UntreatedadvanceIV diseasas associatedvith
adversebirth outcomes(Rollins et al., 2007) ART in preghancyhas beenassociatedvith
pretermdelivery (PTD), low birth weight (LBW) and/or smallfor-gestationalage (SGA)
infantsin some(Chenetal.,2012,Bytautieneetal., 2004, Thorneetal., 2004, Thorne,2004b,
Townsendet al., 2010a,Ekoueviet al., 2008a,Fowleret al., 2016) but not all (de Vincenzi,
2011) studies,possiblydriven by specific ART regimen(Powiset al., 2011, Sebikariet al.,
2019) HIV infectedpeople,ncluding pregnanivomen,areofferedART immediatelyat HIV
diagnosis(WHO, 2015, SANAC, 2017) Researchis neededto inform understandingof
potential biological mechanismsunderlying any associationbetweenHIV or ART and

pregnancyutcome(WattsandMofenson,2012)

Increasedmmune activationis requiredfor the maintenane of pregnancyto term, with a
physiological shift towards increasedperipheralimmune cells activation over pregnancy
(Mikyas et al., 1997, Yuan et al., 2009, Shahet al., 2017, Loewendorfet al., 2014). ART
reducesystemidmmuneactivation(Giorgi etal., 1998,Giorgi etal., 1993,Huntetal.,2014)
which although demonstratedo be overall clinically beneficial may also alter immune
regulatory pathwayslinked to immune activation that are essentialfor normal pregnancy.
However it hasalsobeensuggestethatexcessivesystemidmmuneactivation,inflammation
at the maternaffetal interfaceandotherimmunedysfunctionmay be linked to PTD andother
adversepregnancyoutcomegArenasHernandezt al., 2019, GomezLopezet al., 2017, St.
Louis et al., 2016) Overall, associationsbetveen PTD, SGA and immunological and
infectionrelatedeventsaarecomplex,with theexactmechanismsaotfully understoodRomero

etal.,2014aBonneyandJohnson2019,Manningetal., 2019,AmabebeandAnumba,2018)
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. We established therematurity Immunology inl1V -infectedMothers and theinfants Study

(PIMS) in Cape Town, South Africa, to investigate the association between timing of ART
initiation (preconception or during pregnancy), immunological parameters and PTD or SGA
(Malaba et al., 2020Y hiswork wasaimedatinvestigatinghe consequenceas increasegro-
inflammatoryimmuneresponsdollowing initiation of CART in pregnantwwomenat baseline.

We hypothesized that HIV or ART modulation of immune cell activation status or alteration
of immune cells subsets during pregnancy would be associated with PTD or SGA. We focused
on T cells, monocytes and dendritic cells because these cells play a central immune effector or
immunoregulatory role and alterations in their activation status or othenrlpeions have

been reported in HIV infection and pregnancy

3.2 Methods

PIMS is aprospective cohort studyf HIV -infected womern antenatal care (ANC) at a public
sector facility in Cape Town, South Afri¢Malaba et al., 2020HIVi nf ect ed women
weeks gestation, as assessed by ultrasaugrgenrolled and followed with three study visits

for those on ART preonception gtable @ ART) at <20 weeks (baseline), 28 and 34 weeks

of pregnancy, plus an additional study visit tweeks after ART initiation for women newly
identified as HIV infected and initiated on ART at their first ANC vigit each visit, blood
wasdrawn intosodium heparitubes(BD VacutainerNew Jerseyt\JSA) and peripheral blood
mononuclear cells (PBMCs)dkted within 4 hours of blood collection lofensity gradient
centrifugation counted by the trypan blue method and stored in liquid nitrdgmrthe study
presented here, 30 cases of PTD, 30 SGA cases and 30 apptioprggstation age
(AGA)/term contpls as outcomes were selected. Controls and cases were matched on timing
of ART initiation andanalysed blinded. The median gestational age at enrolment was 15 weeks

both for women initiating and stable on ART. PTD was defined as delivery <37 weeks, SGA
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aswei ght f or g ¥entike AGAconrdls wargterm,@ithQveight for gestational
a g e " centle (Malaba et al., 2020)Baseline information was collected by trained study
nurses. CD4 cell counts were closest to the wisiwhich the sample was taken. Viral loads

were determined for the first two study visits.

Ethical clearance wasbtained from the Human Research Ethics Committee of the University
of Cape Town reference number39/2014),the University of Southamptofaculty of
Medicine Ethics Committeerdferencel2542 PIMS)and theBiomedical Research Ethics
Committee of the University of KwaZulMatal (reference BE429/15)All participants

provided witten informed consent.

3.2.1 Cellular immunophenotyping and intracellular cytokine staining

Flow cytometry was performed following thawing and counting of PBMCsurface stain
was performed with antibodies directed against the following antigens: CIoB8e{OKT3,
BioLegend(BL)), CD4 (Clone:RPATA4, BL), CD11c(Clone:3.9,(BL), CD123(Clone:6H6,
BL), CD8 (Clone RPA-T8 BD Biosciences (BD)), CD56Clone:HCD56)CD19 (Clone:
HIB19, BL) (used to exclude natural killéNK) and B cells respectively), CD1Llpne:
HCD14BL), CD16 (Clone:3G8) (BD) (for the identification of monocyte populations
depending on the expressiaf these markers), HLAR (Clone:G466) (BD), CD38
(Clone:HB7) (BL), CD69 (Clone:FN50) (B, CD86 (Clone 2331, Bl (markers of
activation). Ajua (Life Technologgs) viability dye was included for all sampleBhis was
followed by fixation using Perm A (Merck) for 20 minutes in the dark at room temperature.
Cell populations were enumerated, and markers of activation were me&samgoles were
acquired on the LSR (BD Biosciences). depopulations were defined as: CD7¥ cells:

CD3'CD4", activated CD4T cells;: CD3CD4" CD38'HLA-DR*, CD8 T cells: CD3CDS§',
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activated CD8T cells: CD3CD8" CD38'HLA-DR" (Figure3.1), monocytes (lineagelLA -
DR'CD123CD14") (Figure 3.2), monocytic dendritic cells nfDCg (lineageHLA-

DR'CD11¢CD123CD14), plasmacytoid dendritic cellpDC9 (lineageHLA-DR*CD11c¢

CD123CD14) (Figure3.3).
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Figure 3.1 Representative gating strategy for the identification of C&ad CD8 T cell subset activation by
flow cytometry. Initial gating was on lymphocytes followed by singlets, exclusion of B cells, NK cells, along
with dead cells. Thereafter, CDJ cells were gated on followed by gating on Cl2shd CD8 T cells. The
subsequenplots show activation was measured the by expression ofBIRAand CD38 on CD4and CD8 T

cells respectively.
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Figure 3.2: Identification of blood monocyte subsets by flow cytometryGating strategy for identification of

monocyte subsets showifigstly gating for single cells and successive exclusion of NK cells and B cells as well

as gating on live cells. This was followed by gating for CD3 negative and positive cellsDRL&xpression

was gated on from the CD3 negative cells followed by CEI@D16 to differentiate three (classical, intermediate

and inflammatory) monocyte subsets.
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Figure 3.3 Representative gating strategy for the identification of bulk CD14, mDC and pDC subset and
measurement of activation by flow cytometifhe first dot plot shows forward versus side scatter and all cells
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were gated on followed by exclusion of NK and B cells, along with dead cells:[DRA&xpression was gated
from CD3 negative cells followed by CD14 expression. The subsequent plots wereobakedexpression of

CD86 and CD69 on CD1I4cells for monocyte activation and on CD14 negative for CD11c and CD123.
Fluorescence minus one (FMO) controls were used to determine the respective gates. Activation in each of the

cell populations was based thre expresion of CD86 and CD69 markers.
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Cytokine production following tollike receptor ligand stimulation was determined by flow
cytometryOne and a half million PBMIMdercler el stgi/ md |
CLO97 (Invivogen)o 500 &M ODN2216 (Il nvivogen). Unsti
cont r ol sbrefeldin As(8igma) was immediately added to each tube following the
addition of TLR ligands to inhibit cellular cytokine release. Intracellular cytokine content of
cellswas determined after 18 hours of incubation with the respective TLR ligands. All samples

were acquired on the LSR Il. The percentage of cytegneelucing monocytes, mDCs and

pDCs was determined by FlowJo (Treestar [hbg gating strategy is showhigure 3.4)
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Figure 3.4: Representative gating strategy for determining thg@ercentage of cytokineproducing monocytes, mDCs

and pDCs The first dot plot shows forward versus side scatter and all cells were gated on followetlbipmxf NK and

B cells, along with dead cells. HEBR and CD14 expression was gated from CD3. Monocytes were CD14 positive and from
these we determined cytokine expression. From the-BRApositivepopulation we further gated on expression ofCD11c

(mDC$ and CD123 (pDCs) and also determined cytokine expression. The representative plots below arélfer TNFr e s si o n
when unstimulated, stimulated with LPS, CpG and CL097.
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3.2.2 Statistical analysis

For the analysis of flow cytometry data, Flimwersion 10.5.2andGraphPad Prism version
5.01(GraphPad Incyvere usedor the graphical representatiand nonparametric univariate
analyses.Comparisons of paired samples between time points within the same @froup
individuals were assessed usilglcoxon matched pairs signed rank teSbmparisons
between different groups afdividuals were assessed usMicoxon ranksum test (Mann
Whitney U test)To determine thassociations of different immune markers and PTD, allowing
for baseline viral loadregression models were developedSitata version 1§Stata Corp);
frequencies of classical and intermediate monooyt® summedbecause the significant
associations with PTD in univariate analyses had similar directionality. To explore the potential
use of monocyte activation as a biomarker for PT®egtimated the sensitivity and specificity

of bulk CD14'CD86" cells thresholds and used the receiver operating characteristic (ROC)
curves to assests ability to discriminate between PTD a#d>A in the logistic regression
models. The optimatutoff for the bulk monocytes expressinGD86 was descriptively
determined as the intersection between sensitivity and specificity estimated at various

predefined cubff values.

3.3 Results
Medianagewas 32 years(IQR: 26-36) (Table1). Of the 90 women,47 initiated ART pre
pregnancy(stableon ART), and43 atfirst ANC (initiators); most(n=79,88%)wereon TDF-

3TC-EFV.
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Table 3.1.Demographicand clinical characteristics of womenwho initiated ART during or before pregnancy.

Total
N=90
Maternalcharacteristics
Age, yearsnedian (IQR) 32 (2636)

Education (finished high school) 32 (35)

Employments statug&€mployed 33 (36)
(%)

Socioeconomic status (SES)*

Lowest 28(31)
Medium 30(33)
Highest 29(29)
Missing 3(3)

Obstetric characteristics

Gravidity:median (IQR) 3(23)
Parity:median (IQR) 1(06-2)
Previous Preterm*: Yes 9 (10)

AGA

N=15

33 (2835)

5 (33)
5 (33)

3 (20)
6 (40)
6 (40)
0(0)

3 (24)
1(+2)
0 (0)

Initiation before pregnancy

N=47

PTD SGA

N=17 N=15
36 (3238) 36 (2839)
5 (29) 5 (33)
7 (41) 6 (40)
6 (35) 5 (33)
5 (30) 5 (33)
6 (35) 4 (27)
0(0) 1(7)
3(235) 4(34)
1 (1-2) 2 (12)
2 (12) 5 (33)

P-value

0.205

0.962

0.889

0.741

0.420
0.244

0.034

AGA n=15

28 (2434)

7 (47)
6 (40)

4(28)
5(35)
6(46)
0(0)

2 (23)
1(01)
1(7)

Initiation during preghancy
N=43

PTD n=13 SGA n=15

26 (2531) 31 (2537)

6 (46) 4 (27)
3 (23) 6 (40)
4(30) 6(40)
5(38) 4(26)
3(23) 4(26)
1(7) 2(13)
2 (23) 2 (12)
1(02) 1(02)
0(0) 1(7)

P-value

0.768

0.450

0.565

0.860

0.347
0.315

0.635
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Gestational age at
booking/enrolmentmedian
weeks(IQR)

Height, (cm)median (IQR)

Haemoglobin (g/di)median
(IQR)

Weight (kg) median (IQR)

HI\tassociated parameters
Current ART regimen, sedfport

TDF3TGEFV

TDF3TCGNVP

Other NNRHbased regimen

Plbased regimen

Missing

CD4 cell count, (cells/pL)*
median (IQR)

Missing

Viral load, copies/ml (baseline
Al),median (IQR)

15 (1118) 13(9-15) 16 (917)
158 162 (156 158 (155.5
(155.5 166) 161)
162.5)
11,4 (163- 11 (11.12 11.8 (11
12.4) 12) 12.7)
70.15 74.9 76 (67,30
(59.483.9) (64,30 85,45)
85,95
79 (88) 13 (86) 13
1 (1) 0 (0) 0
33 0(0) 3
6 (6) 2 (14) 1
1(1) 0 (0) 0(0)
436 (392 416 (353 529 (309
573) 566) 638)
14 (16) 2 (13) 2 (11)
281 (20 20 (2027) 25 (20528)
80000)

15 (918)

157 (150.5
163)

11.6 (10.6
12.9)

61.7 (52,50
74,70)

13 (86)
0 (0)

0 (0)

2 (14)

0 (0)

485 (333
584)

0 (0)

20 (2065)

0.343

0.283

0.126

0.199

0.509

0.342

14 (1217)

160 (156.5
169.5)

10.5 (1612)

80,10(61,76
98,40)

14 (93)
1(7)
0 (0)
0 (0)
0(0)

368.5 (247535)

3 (20)

21900 (6120
59900)

19 (1421)

158 (155.5
160)

11.3 (10.2
11.7)

61,35 (58,28
67,48)

11 (84)
0 (0)
0 (0)
1(8)
1(8)

314 (219
457)

4 (30)

4730 (1300
7950)

16 (1218)

159 (152.5161.1)

10.9 (10.111.6)

64,00 (56,70
92,00)

15 (100)
0 (0)
0 (0)
0 (0)
0(0)

493 (283.5926.5)

3 (20)

2120 (74118800)

0.161

0.697

0.413

0.353

0.724

0.681
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Viral load, copies/ml (A1.5), 198 (37431) 431 (275512) 99(20-137) 89 (25307) 0.172
median (IQR)

* Study participants are denoted by number with percentages in brackets

*SES was measured using a composite socioeconomic status score, based on current employment, housing type and aboddassétsusieat wased to categorize
women as O6highd, 6émidodéb or o6l owd SES. A median of these is shown above.

*CD4 results abstracted from routine records and are the nearest in time to the first ANC visit.
*All study participants were normotensive. Data was missing forati@mts initiating therapy during pregnancy and 4 patients stable on ART.

*P values denote tthe comparison across the three groups (AGA, SGA and PTD).
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3.3.1 CDS8+ but not CD4+ T cell activation at baseline is associated with PTD

The co-expressiornf CD38 and HLA-DR on CD4+ T cells declinedsignificantly between
baselineandthe last time point for patientsinitiating ART but not in the ART-stablegroup
(Figure3.5A). In initiators at both baselinglART-naive)andtwo weekspostART initiation,
CD4+T cell activationlevelsweresimilar for womenwith AGA, SGAor PTD (Figure3.5B);
likewise,therewasno significantdifferenceby pregnancyoutcomein womenstableon ART
(Figure3.5C). Therewasadecreas@& CD8+T cell activationfor patientgnitiating ART, with
a lower magnitudebut significant decline for partidpants stableon ART (Figure 3.5D).
Activation levelswerelowestfor the PTD casesn theinitiating groupbothat baselingd ART-
naive)and2-weeksthereaftef ART-expose) comparedo the AGA controlsandSGA cases
(Figure 3.5E). Therewas no significantdifferencein CD8" T cell activationby outcomefor
womenstableon ART; thiswastruealsofor latertime points(Figure3.5F anddatanotshown).
Interestingly,in theinitiators, PTD and SGA caseshadsignificantly lower medianviral load
comparedo controls;lower viral loadswerenotedfor thosestableon ART buttherewereno
significantdifferencesy pregnancyoutcome(5). Overall,thesedatashowreducedactivaton
in CD8" butnotCD4* T cellsfor womeninitiating ART duringpregnancyfurther,PTD cases
whoinitiate ART in pregnancyhavelow activationof CD8" T cellsandthisis partly explained

by lower viremiain the PTD group.
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Figure 3.5 CD4 and CD8 activation. A) CD4" T cell activationlevelsfor womeninitiating (red circles)and
stableon ART (blue circles)overtime andnot stratified by birth outcome.B) CD4* T cell activationlevelsby
birth outcomedor womeninitiating ART (in red)atbaseling/ A1) andtwo weekspostART initiation (A1.5) (C)
CD4* T cell activationlevelsby birth outcomedor womenstableon ART (blue)atbaselingAl). D) CD8* T cell
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(AL).
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3.3.2 Monocyte subsets are asgiated with PTD

Classicamonocytg(CD14°CD16) frequenciesncreasedaignificantly overtime for initiators,

but not for womenstableon ART (Figure 3.6A). Stratified by ART timing and pregnancy
outcome classicalmonocytedrequenciesvere consistentlyhigherfor PTD casegshan SGA

caseandAGA controls,initiating ART with nosignificantdifferenceobservedor thosestable
on ART (Figure 3.6B & C). We observedsignificant changesin intermediatemonocyte
frequenciesn womeninitiating and stableon ART when looking at patientsover time

(Figure3.6D). Notably,intermediatenonocytefrequenciesverehigherin PTD thanin SGA

casesand AGA controlsfor initiators, both at baselineand 2 weekspostART initiation

(Figure 3.6E), but no differenceswere observedin those stableon ART (Figure 3.6F).

Inflammatory monocyte frequenciesdid not significantly changeover time in either
initiators or stableon ART (Figure 3.6G). Among initiators, inflammatory monocytes
frequenciesverelower in PTD than SGA casesand AGA controls(Figure 3.6H), with no

significantdifferencedfor thosestableon ART (Figure 3.6l). In summary thesedatashow
anincreasen theclassicabhndintermediatanonocytepopulationsn womeninitiating ART,

with areducton in theinflammatorysubset.
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by birth outcomesfor women stable on ART (blue) at baseline (Al). G) Inflammatory monocyte
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3.3.3 Lower frequencies of bulk monocyte, mDC and pDGctivation (CD86+ and
CD69+) are associated with PTD

Therewasno significantdifferencein levelsof CD86andCD69expressionn bulk monocytes
overtimefor bothinitiatorsandthosestableon ART (Figure3.7A & D). Stratifiedby outcome,

expressionof both CD86 (Figure3.7B & C) or CD69 (Figure3.7E & F) on monocytesvas

significantlylowerin PTD casesn bothART groups.
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Figure 3.7: Monocyte activation. A) CD86'HLA-DR* expressiorin bulk monocytesn womeninitiating (red
circles)andstable(blue circles)on ART overtime, not stratified by outcome.B) CD86'HLA-DR* expression
outcomesin bulk monocytesfor womeninitiating ART (in red) at baseline(A1) and two weekspost ART
initiation (A1.5).C) CD86'HLA-DR* expressiorby birth outcomesn bulk monocytesor womenstableon ART
(blue)atbaselingAl). (D) CD69'HLA-DR" expressionn bulk monocytesn womeninitiating (red circles)and
stable(blue circles)on ART overtime. E) CD69"HLA-DR" expressioroutcomesn bulk monocytedor women
initiating ART (in red)baseling A1) andtwo weekspostART initiation (A1.5). (F) CD69'HLA-DR* expression
outcomesn bulk monocytedor womenstableon ART (blue) atbaseling/Al).
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Levelsof CD86andCD69expressioron mDCswasnotsignificantlydifferentin initiatorsand
thosestableon ART; althoughexpressiorwashigherin initiatorswhenART-naivethanthose
stableon ART (Figure3.8A & D). CD86levelsweresignificantlylowerin PTD caseghanin

AGA or SGAfor both ART timing groups(Figure 3.8B andC); resultsweresimilarfor CD69

expressiorbut for womeninitiating ART only (Figure3.8E & F).
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Figure 3.8 mDC activation. A) CD86'HLA-DR" expressiorin mDCsin womeninitiating (red circles) and
stable(blue circles)on ART overtime andnot stratified by birth outcome.B) CD86'HLA -DR* expressiorby

birth outcomesn mDCsfor womeninitiating ART (in red) at baseling/Al) andtwo weekspostART initiation

(A1.5).C) CD86'HLA-DR" expressiorby birth outcomesn mDCsfor womenstableon ART (blue) atbaseline
(Al). (D) CD69'HLA-DR* expressiorin mDCsin womeninitiating (redcircles)andstable(bluecircles)on ART

over time and not stratified by birth outcome.E) CD69'HLA-DR* expressiorby birth outcomesn mDCsfor

womeninitiating ART (in red) baseling(A1) and two weekspostART initiation (A1.5). (F) CD69'HLA-DR*

expressiorby birth outcomesn mDCsfor womenstableon ART (blue) at baseling/Al).
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Expressionof both CD86 and CD69 on pDCsdid not differ over time (Figure 3.9A & D).
Expressiorof CD86andCD69waslowestfor PTD casesn initiators;for the ART stablegroup
therewereno significantdifferencesn expressiorby pregnancyoutcome(Figure 3.98, C, E
andF). Overall,thesedatademonstratéow activationin APCsin PTD casexomparedo AGA

andSGA, especiallytrue for womeninitiating ART in pregnancyat baseline.
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Figure 3.9 pDC activation. A) CD86'HLA-DR* expressiorin pDCsin womeninitiating (redcircles)andstable
(blue circles) on ART over time and not stratified by birth outcome.B) CD86'HLA-DR* expressiorby birth
outcomesdn pDCsfor womeninitiating ART (in red) baseling(Al) andtwo weekspostART initiation (A1.5).
C) CD86'HLA-DR* expressiorby birth outcomesn pDCsfor womenstableon ART (blue)atbaselingAl). (D)
CD69'HLA-DR* expressiorin pDCsin womeninitiating (redcircles)andstable(bluecircles)on ART overtime
and not stratifies by birth outcome.E) CD69'HLA-DR* expressionby birth outcomesin pDCs for women
initiating ART (in red) baseling A1) andtwo weekspostART initiation (A1.5). (F) CD69'HLA-DR" expression
by birth outcomesn pDCsfor womenstableon ART (blue)at baselire (A1).
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We next exploredwhethera differencein baselineCD4 countconfoundedthe associations
betweenmmuneactivationlevelsandPTD (Table2). SGA casesverenotincludedgiventhe
smallandinsignificantunivariatedifferencesdbetweemGA controlsand SGA caseqdatanot
shown).Forwomeninitiating ART in pregnancylower monocyteactivationandhigherlevels
of classicabhndintermediatenonocytegsemainedsignificantlyassociateaith PTD atbaseline
(ART-naive)(Table 3.2), but not for thosestableon ART. Thus,we wereableto studythe

confoundingeffectsof CD4 onimmunestatusof thewomen.
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Table 3.2: Logistic regressioranalysisadjustingfor baselineviral load (VL): association
betweenmmuneactivationmarkersandPTD in womeninitiating ART atfirst ANC

Univariable analysis Analysis allowing for VL
Odds Ratio (95% CI) P value Odds Ratio (95% CI) P value
1 Bulk CD14* 0.89 0.003 0.89 0.006
monocyte activation (0.830.96) (0.820.97)
(HLA -DR/CD86)
Baseline Log VL 0.29 0.291
(0.03-2.9)
2 mDC activation 0.92 0.013 0.93 0.028
(HLA -DR/CD86) (0.87-0.98) (0.87-0.99)
Baseline Log VL 0.67 0.502
(0.21:2.14)
3 CD8' T cell 0.86 0.026 0.87 0.045
activation (0.76:0.98) (0.76:1.00)
(HLA -DR/CD38)
Baseline Log VL 0.66 0.486
(0.21:2.11)
4 Classical and 1.22 0.021 1.20 0.031
intermediate (1.031.44) (1.021.42)
monocytes
Baseline Log VL 0.62 0.526
(0.14 2.74)

*The modelsincludedPTD casesand AGA controls
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We nextexploredwhethemonocyteactivationwasapotentialbiomarkerin earlypregnancy
to identify womenat increasedisk of PTD. For womeninitiating ART in pregnancythe
areaunderthe ROC curveassociatedvith PTD was0.905and0.931at andtwo weeks after
ART initiation, respectively. Further, the optimal predictive cut-off for the bulk
CD14°'CD86" cellsthat optimizeson both sensitivityand specificity was approximately20%
both at ART initiation and 2 weekslater (Figure 3.10. Overall, thesedata suggestthat
monocyteactivationis a potentialbiomarkerto identify thoseat risk of PTD amongHIV

infectedwomencommencing ART in pregnancy.
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3.3.4 Monocyte TLR ligand induced production of some cytokines itower in PTD
women initiating ART in pregnancy.

| & n aliynsvioslaVcien gmalr &koefr cst | vaantdd b 0 s wtbhesbeuthsb,bnocyt e
act i vaantdioonno csyutbesaert®es s o cwiatPlE DWe hy pot htesh zwel r

mo n o @ytte vatyiednb escéserepteact®ti meBpndmi ¢eam obi al
expodwoadckdrtehgpss s i wapleir tf yoimtracelldlarcytokine staining (ICS) to
quantify the percentagef monocytegproducinglFN-U TNF-U or MIP-1 fafter stimulation

with TLR4 ligand(LPS), TLR7/8ligand (CL097)or TLR9 ligand ODN2216(CpG).

The percentag®f monocytegproducinglFN-Uin responséo all TLR ligandsovertime did
not differ for boththoseinitiating ART andstableon ART (datanot shown).Whenstratified
by outcomepatientswith the PTD outcomehadlower IFN-UexpressioramongART initiators
comparedo AGA or SGA (Figure3.11A), with no significantdifferencenotedfor thosestable
on ART (Figure3.11B). Monocytesfrom PTD womenproducedsignificantly lower levelsof
MIP-1 bn responseo all threeTLR ligandsin womeninitiating ART, with no suchdifferences

notedfor womenstableon ART (Figure3.11C & D).
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Although as expectedmonocytesgenerallyexpressedigher levels of TNF-U comparedto

othercytokinesin responséo TLR ligandstimulation therewereno significantdifferencesy

outcome(Figure3.12A & B).
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3.4  Summary

We hypothesisedthat immune activation status, innate immune cell subsetsand their
phenotypesor functionality modulatedby ART status(initiated pre- or during pregnancy)
would be associatedvith PTD or SGA. In our casecontrol study, lower CD8" T cell,
monocytemDC andpDC activation(particularlyasdefinedby CD86butnot CD69expression
for theantigenpresentingcells) wereall stronglyassociateavith subgquentPTD for women
initiating ART in pregnancybut not thosewho startedART beforepregnancyafterallowing
for baselineviral load.Theassociatiorof lowerimmuneactivationwith PTDin ART initiators
was observedbeforeinitiation of ART, and at two weekspostART initiation. Further,our
findings suggestifferencesin monocytesubsetdy pregnancyoutcomewith inflammatory
monocytesrequenciesower (andvice-versafor classicabndintermediatenonocytespmong
ART initiators with subsequenPTD. For mostof theimmuneparameterswyomenwith SGA
had similar profiles to control women. ROC curve analysissuggesteanonocyteactivation
(CD86expressionbelow20%atapproximatelyl 5 weeksof gestatiorasapotentialbiomarker
to identify womenatrisk for PTD. Interestingly,TLR4-inducedmonocyteexpressiorof IFN-
U ,and TLR4/TLR-7/8/9 induced expressionof MIP-1 bwas decreasedn PTD casesin
initiators, suggestingthat the reducedimmune activation may be indicative of reduced
responsivenest antigen stimulation (immune senescenceas an underlying mechanism.
Overall,ourfindingsstronglyimplicatereducedmmuneactivationasanunderlyingbiomarker

for PTD but not SGA.

Notably,lower immuneactivationwasassociateavith PTD mostlyin ART-initiatingwomen
andnot thosestableon ART, suggestinghatlong-term ART may be leadingto correctionof

theunderlyingimmunologicaldysfunction.Thisresultfurthersuggestshatimmuneactivation
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is likely only a surrogatefor a yet undeterminedmmunologcal dysfunctionsince women
stableon ART with overallreducedmmuneactivationdid not havehigherincidenceof PTD.
As expectedinitiation of ART rapidly loweredimmuneactivation,with noticeablereduction
at 2 weeksfollowing ART initiation butloweredimmuneactivationremainedassociateavith
PTD evenatthatstage suggestinghattheimmunedefectin ART-naiveindividualsassociated

with PTDis notimmediatelycorrectecby ART.

Our study could not definitively identify the immunologicaldysfuncton underlying PTD.
However, it has also beensuggestedhat increasedinflammation may potentiateadverse
pregnancy outcomesincluding PTD (Romero et al., 2006, Cappelletti et al., 2015)
Inflammationasan underlyingfactor for PTD may be indicativeof underlyinginfectionasa
causativdactorfor PTD, with thereducedmmuneactivationobservedn our studya possible
surrogateof reducedpotentialof immunecells to becomeactivatedandrespondo infection.
A recenttranscriptomicstudyidentified adaptiveandinnateimmunegenesasrisk factorsfor
PTD, althoughresultscontrastedvhen maternalperipheralblood and cord blood, with data
from the latter samplegdownregulationof innateimmune genes)more consistentwith our
results(Voraetal.,2018) Ourfindingsareconsistentvith previousreportsthatPTD infants
displayareducedability to respondo pathogenx vivo (GoedickeFritz etal., 2017,Lavoie
et al., 2010) which would be expectedif they expresslower levels of the costimulatory
molecule CD86 on monocytesas we observed.Overall, our findings suggestthat reduced
immuneactivation whichmaybelinkedto reducedmmuneresponsiveneds pathogennsult,
could prece@ PTD andindicatean underlyingmechanismparticularlyin womeninitiating

ART during pregnancy.
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Chapter 4 Evaluation of phenotype and function of immune cell subsets in
late pregnancy and association with smalflor-gestational age and preterm
birth outcomes.
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41 Introduction

During late pregnancygirculatingmaternaleukocyteginnateandadaptive)arerecruitedinto
reproductivetissues(cervix and myometrium)and to the maternal/fetalinterface (decidual
tissues)by chemotacticprocessegGomezLopez et al., 2009, GomezLopez et al., 2010,
GomezLopezetal., 2012,Sivarajasinganetal., 2016,FaasandDe Vos, 2018) wherea pro-
inflammatorystatedevelopsandleadsto laboranddelivery of the baby(Romeroetal., 1989,
Romercetal.,2006,Gotschetal.,2009,Berghdferetal.,2006) It is thoughtthatthepremature
activationof this pro-inflammatorypathwaycanleadto abreakdowrof fetomaternatolerance
and play a role in the induction of labor, which subsequentlycan resultin pretermbirth

(Térnblometal., 2005)

Thefirst line of defenseagainstpathogenss the innateimmunesystemandconsistsof innate
immune cells which are able to respondto infectionsin a timeous mannerthrough the

recognitionof pathogerassociatednolecularpatterng PAMPSs)by receptorsuchastoll-like

receptorg TLRs) (Changet al., 2012) Studieshaveshownthat HIV-1 ssRNA encodedor

multiple PAMPsthat canbe recognizedby TLR7 expressedn plasmacytoiddendritic cells

(pDC)andTLR8 expresseth bothmonocytesandmyeloiddendriticcells(mDC). As outlined
in chapter1, the level of immune activation in HIV-1-infected individuals is a strong
independenpredictorfor HIV -1 diseasg@rogressionPreviously PBMCsderivedfrom women
havebeenshownto producesignificantly more IFN-Uin responseo syntheticTLR7 ligand
thanPBMCsderivedfrom men(Berghdferetal., 2006,ZieglerandAltfeld, 2017)

HIV -1 infects severalimmune cells including dendritic cells (DCs) and monocyteswhich

contributesto both disseminationof HIV -1 infection and induction of antiviral immunity.

Thesecells producehigh amountsof type | IFN andproinflammatorycytokinesupontoll-like

recepto(TLR) stimulation.During HIV -1 infection,analteredproductionof proinflammatory
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cytokineshasbeenreported(McKennaet al., 2005) However,the mechanisms&nd specific

immunesubsetainderlyingcytokinemodulationhavenot beenwell described.

Little is known aboutthe immunerelatedchangesecessaryor a successfupregnancyin
womenwhoseimmune statusis alteredby HIV infection, and how cART initiated during
pregnancyaffects theseimmune responsesReportssuggestincreasedadversepregnancy
outcanesin HIV-1-infectedwomencomparedo uninfectedcontrols,but whetherthatis an
effect of HIV per se or of associatedliseaseprogressions unclear.Previousstudieshave
lookedat pregnantvomenthathadeithernotbeenon cART or hadtakenit for an averageof
18 weeks. Thesestudieshad not investigatedthe impact of the exposureto cART on the
immunologicalstatusfor the entire durationof the pregnanciegHurst et al., 2015) These
studieswere ableto indicatethat HIV infectionis associatedvith pretermdelivery andlow
birth weight (Powisetal., 2011,Shapiroetal.,2010)Thefetus,asemtallogeneigyraft, grows
anddevelopswithin themotherwithout succumbingo immunologicalrejection,aprocesshat
depend®nthe properestablishmendf feto-maternakolerancg GomezLopezetal., 2014)
This work aimedto investigae the consequencesf a suddendeaeasein pro-inflammatory
immuneresponse following initiation of ART in pregnantwomen comparedo thosewho
initiated treatmenbeforepregnancyandthereforehavealreadyreducedmmuneacivation.
We hypothesizedhatHIV or ART modulationof immunecell activationstatusor alteration
of immunecellssubsetsluringpregnancyparticularlytherapidimmunerecoveryexperienced
following suppressioonf viremiaby ART would beassociateevith detrimentabirth outcomes
(PTDor SGA). Wefocusedon T cells,monocytesanddendriticcellsovertime becausehese
cellsplayacentralimmuneeffectororimmunoregulatoryole andalterationsn theiractivation

statusor othe perturbationdavebeenreportedn HIV infectionandpregnancy.
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In this chapterwe assessemnmunecell surfacephenotypiacchange®vertime andfunctional
alterationg(cytokine secretion)following stimulationof TLR7/8 (which havebeenshownto
reagnize HIV-1 encodedssRNA, TLR9 (which utilizes the samepathwayas TLR7 in
inducingl F Nbfdduction), andTLR4 (which respondso lipopolysaccharidé.PS,abacterial
component) Intracellularcytokine staining (ICS) using multiparametefflow cytometrywas
performedto quantify the percentagef APCs producinglFN-U TNF-U MIP-1 fandIL-12
after stimulationwith HIV-1-derivedTLR7/8 ligand CL097, TLR9 ligand ODN2216(CpG),
or TLR-4 ligandLPS.Theseresponsewereexaminedverseveralweeksin latepreghancyin
women who conceivedon ART versusthose who initiated ART during pregnancy.The

differencesarealsodelineatedaccordingo birth outcome.

4.2  Methods

The Prematurityimmunologyin HIV -infected Mothersandtheir Infants Study (PIMS) was
establislkedin CapeTown, SouthAfrica, to investigateaheassociatiorbetweertiming of ART
initiation (pre-conceptioror duringpregnancy)immunologicalparameterandbirth outcomes
(Malabaetal., 2020) For the analysis of celurface activatiomnd intracellular cell staining
(ICS); flow cytometric quantification of CD4and CD8 T cells monocyts, and dendritic cell

activationwas performed usingozen PBMCausing methodgreviously describe@Mdletshe

et al.,, 2021) The time points studied were as follows: baseline (Al), two weeks post ART

initiation (A1.5), & 28 weeks (A2) and finally at birth (A3). The median weeks for gestational

age was 15 (118).

4.3 Results
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The nmedian ageof study participantsvas 32 years (IQR: 286) (Table 1).Socioeconomic
status $ES was measured using a composite socioeconomic status score, based on current
employment, housing type and access to household amséteas ugd to categorize women

as 0,hiognni 6do Therewdas a total of 28 (31%) women who categorised undemwhe |
classification of SES, 30 (33%) under medium and 29 under high accounting for 29% of the
total number of women in the study population. Thereavasal of 3 women who had missing
data for this paramete@f the 90 women, 47 initiated ART ppgegnancy(stable on ART),

and 43 at first ANC (initiatorsMost (n=79, 88%pf pregnant womewere on TDF3TC-EFV
regimen The median weight was 70.15 (kg) (IG@R:483.9. Median CD4 count was 436
(IQR: 392573, at baseline, viral load (VL) median was 21 cofoiédor those stable on ART

and 9583copiesml for those initiating ART during pregnancy. We measured VL after ART

initiation and found a median VL of 198 (IQR:331)/copiesml.
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Table 4.1 Demographicand clinical characteristicsof womenwho initiated ART during or before pregnancy.

Total

N=90

Maternal characteristics

Age, years:median (IQR) 32 (2636)

Education (finished high 32 (35)
school)

Employments status: 33 (36)
Employed (%)

Socioeconomic status

(SES)*
Lowest 28(31)
Medium 30(33)
Highest 29(29)
Missing 33

Obstetric characteristics
Gravidity: median (IQR) 3(23)
Parity: median (IQR) 1(0-2)

AGA
N=15

33 (2835)

5 (33)

5 (33)

3 (20)
6 (40)
6 (40)
0(0)

3 (24)
1(12)

Initiation before pregnancy

N=47
PTD SGA
N=17 N=15

36(32-38) 36 (2839)

5 (29) 5 (33)

7 (41) 6 (40)

6 (35) 5 (33)

5 (30) 5 (33)

6 (35) 4 (27)

0 (0) 1(7)

3(235) 4(34)

1(1-2) 2 (1-2)

P-value

0.205

0.962

0.889

0.741

0.420
0.244

AGA n=15

28 (2434)

7 (47)

6 (40)

4(28)
5(35)
6(46)
0(0)

2 (2:3)
1(0-1)

Initiation during pregnancy
N=43
PTD n=13 SGA n=15

26 (2531) 31 (2537)

6 (46) 4 (27)
3(23) 6 (40)
4(30) 6(40)
5(38) 4(26)
3(23) 4(26)
1(7) 2(13)
2 (2-3) 2 (1-2)
1(0-2) 1(0-2)

P-value

0.768

0.450

0.565

0.860

0.347
0.315
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Previous Preterm*: Yes

Gestational age at
booking/enrolment; median
weeks(IQR)

Height, (cm): median

(IQR)

Haemoglobin (g/dly median
(IQR)

Weight (kg): median (IQR)

HIV -associated
parameters

Current ART regimen, self
report

TDF-3TCG-EFV
TDF-3TC-NVP

OtherNNRTI-based
regimen

Pl-based regimen

Missing

CD4 cell count, (cells/pL)*
median (IQR)

9 (10)
15 (1118)

158
(155.5
162.5)

11,4 (103-
12.4)

70.15
(59.483.9)

79 (88)
1(1)
3(3)

6 (6)
1 (1)

436 (392
573)

0 (0)
13 (915)

162 (156
166)

11 (11.%
12)

74.9
(64,30
85,95

13 (86)
0(0)
0(0)

2 (14)
0(0)

416(353
566)

2 (12)
16 (917)

158 (155.5
161)

11.8 (1%
12.7)

76 (67,30
85,45)

13

1
0 (0)

529 (309
638)

5 (33)
15 (918)

157 (150.5
163)

11.6(10.6
12.9)

61.7 (52,50
74,70)

13 (86)
0(0)
0(0)

2 (14)
0(0)

485 (333
584)

0.034

0.343

0.283

0.126

0.199

0.509

1(7)
14 (1217)

160 (156.5
169.5)

10.5 (1012)

80,10 (61,70
98,40)

14 (93)
1(7)
0(0)

0 (0)
0 (0)

368.5 (247535)

0 (0)
19 (1421)

158 (155.5
160)

11.3 (10.2
11.7)

61,35 (58,28
67,48)

11 (84)
0(0)
0(0)

1 (8)
1 (8)

314 (219
457)

1(7)
16 (1218)

159 (152.5161.1)

10.9 (10.111.6)

64,00(56,70
92,00)

15 (100)
0 (0)
0 (0)

0 (0)
0 (0)

493 (283.5926.5)

0.635

0.161

0.697

0.413

0.353

0.724
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Missing data 14 (16) 2 (13) 2 (11) 0 (0) 3 (20) 4 (30) 3 (20)

Viral load, copies/ml 281 (20 20 (20627) 25(20-528) 20 (2065) 0.342 21900 (6120 4730 (1300 2120 (74118800) 0.681
(baseline Al)median (IQR) 80000) 59900) 7950)

Viral load, copies/ml (A1.5), 198 (37 431 (275512) 99 (26137) 89 (25307) 0.172
median (IQR) 431)

* Studyparticipantsaredenotecby numberwith percentagem brackets

*SESwasmeasuredisinga compositesocioeconomistatusscore basedon currentemploymenthousingtype andaccesso householdassetsthatwasusedto categorize
womenaso h i ¢ mibodddl oSED.A medianof theseis shownabove.

*CD4 resultsabstractedrom routinerecordsandarethe nearestn time to thefirst ANC visit.

*All studyparticipantsverenormotensiveDatawasmissingfor 10 patientsnitiating therapyduring pregnancyand4 patientsstableon ART.

*P valuesdenoteto the comparisoracrosghethreegroups(AGA, SGAandPTD
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4.4 T cell Immune activation
441 CD4+ and CD8+ T cell activation over time

The activation level of CD4" T cells was measuredn ART initiators over time, and a
significantreductionin activationlevelsovertime wasnotedfor womeninitiating ART, with
no significantchangan CD4" T activationfor patientsstableon ART (Fig 4.1A). In orderto
determinethe effed of ART initiation on pregnancyoutcome activationlevelswere further
stratified betweenpatientsinitiating or stableon ART accordingto pregnancyoutcome.The
levels of expressiorof CD38 andHLA-DR on CD4* T cells was not different accordingto
preghancyoutcomecategoryin patientsinitiating or stableon ART overtime (Fig 4.1B and
C). CD8' T cell activationwas higherin initiators prior to ART initiation and progressively
decreasedvertime. No significantdifferencesverenotedovertimein womenstableon ART
(Figure 4.1D). Activation levels were further stratified betweenpatientsinitiating ART or
stableon ART accordingto pregnancyoutcome.CD8 activationlevels were lowestfor the
PTD casesn theinitiating groupbothat baseling ART-naive) and2-weeksthereafte(ART-
exposedjollowedthroughto birthwhencomparedo theAGA controlsandSGA casegFigure
4.2E).For womenstableon ART, CD8" T cell activationlevelsdid not differ by pregnancy

outcomevertime (Figure4.2F).
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4.5  Antigen presenting cell activation and intracellular staining
4.5.1 Monocytes

Measurementf classicaimonocytdrequencie®vertimein patientdnitiating ART compared
to thosestableon ART showeda significantincreasen frequenciesover time for both the
initiators and for womenstableon ART (Figure 4.2A). Stratified by ART timing and birth
outcomefrequencie®f classicaimonocytesvereconsistenthyhigherfor PTD casesompared
to SGA casesaand AGA controls,bothfor initiators andthosestableon ART (Figure4.2B &

C).

Intermediatemonocytefrequenciesincreasedsignificantly 2 weekspost ART initiation,

with thesignificancesubsequentiostin thefollowing time points.Frequencie$or patients
stableon ART were significantly higher at all time points after baseline(Figure 4.2D).
Stratifiedby birth outcomeandART timing, intermediatanonocytefrequenciesverehigher
in PTD thanin SGA casesandAGA controlsfor initiators overtime (Figure4.2E),with no

significantdifferencesotedfor thosestableon ART (Figure4.2F).

Accountingfor 5-10% of thetotal circulatingmonocytepopulation,inflammatorymonocytes
havea pro-inflammatory phenotypeand expressmarkerswhich allow themto migrateinto
tissuesn responséo CX3CL1. Thesecellsarealsoknownto expresgro-inflammatoryTNF-
a. Inflammatory monocyte frequenciessignificantly decreasedover time for patients
initiating ART with no differencefor thosestableon ART overtime (Figure4.2G. Among
initiators, inflammatorymonocytedrequencywaslowerin PTD thanSGA casesandAGA
controlsat the time point whenpatientswere ART naiveand2 weekspostinitiation only,
with no significant differencesin subsequentime points (Figure 4.2H). No significant

differencesverenotedfor thosestableon ART (Figure4.2l).
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Figure 4.2: Classical (CD14+CD16), intermediate (CD14+CD16+)and inflammatory (CD14dimCD16+)
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4.5.2 Monocyte activation

Expressionof CD86 in bulk monocyteswas not significanty different over time for both
patientsinitiating, aswell asthosestableon ART (Figure4.3A). Stratified by outcomeand
treatmenigroup, expressiorof CD86 on monocytesvassignificantly lower in PTD casesn
bothART groupsovertime (Figure4.3B& C). Levelsof CD69expressionn bulk monocytes
were not different over time for both initiators and those stableon ART (Figure 4.3D).
Stratifiedby outcome gxpressiorf CD69on monocytesvassignificantlylowerin PTD cases

in bothART groupsovertime (Figure4.3E& F).
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4.5.3 Stimulation of monocytes with TLR ligands in HIV positive patients initiating
and stable on ART.

We first assessetFN-Uproductionin monocytesn responséo LPS,CpGandCL097 andwe
noteda significantdifferencebetweerbaselineandA3 for patientsnitiating ART in response
to TLR9 (CpG). However, no significant differencesin responsesvere seenover time in
patientsinitiating andthosestableon ART for all otherstimulations(Figure 4.4A). We next
examinednly patientsnitiating ART andgroupedhemaccordingo outcome(Figure4.4B).
Therewasa significanty higherresponseo LPS stimulationovertime with PTD havingthe
leastexpressiorof IFN-Uin initiators. At 28 weeksof gegation (A3) therewasa significant
differencein outcomesfor both TLR7/8 and TLR9 agonists(CpG and CL097) in women
initiating ART. Therewereno significantdifferencesn response patientswho conceived
on ART in responséo TLR4 andTLR9. Therewas however a significantly lower amountof
IFN-Uproducedy patientswith thePTD outcomecomparedo SGAandAGA butonly during

the28 (A2) and34 (A3) weeksgestatiortime points(Figure4.4C).
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Figure 4.4 Monocyte IFN-U expressionupon TLR stimulation. A) IFN-U expressiorover time following

stimulaton with LPS,CpGandCL097 for patientsnitiating ART (redcircles)andstableon ART (bluecircles).
B) IFN-Uexpressiorior eachoutcome(AGA, SGA, PTD)after stimulaion with LPS,CpGandCL097for patients
initiating ART (redcircles).C) IFN-Uexpressiorior eachoutcomegAGA, SGA, PTD)following stimulaion with

LPS,CpGandCL097 for patientsstableon ART (bluecircles).
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Analysis of monocytesor MIP-1b productionin responsedo LPS, CpG and CL097 did not
showany significantresponsesvertime in patientsinitiating andthosestableon ART for all
stimulations.(Figure 4.5A). We assesseanly patientsinitiating ART and groupedthem
accordingo birth outcome(Figure4.5B), we hereshowsignificantresponséo LPS,CpGand
CL097 stimulationover time, althoughtherewas no consistenfatternon the expressiorof

MIP-1 bTherewerenosignificantresponses patientsvho conceiven ART (Figure4.5C).
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Figure 4.5: Monocyte MIP -1 bexpressionupon TLR stimulation. A) MIP-1 bexpressionover time when
stimulatedwith LPS, CpG andCL097 for patientsinitiating ART (red circles)andstableon ART (bluecircles).
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with LPS,CpGandCL097 for patientsstableon ART (bluecircles).
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TNF-U expressionin monocytesin responseto LPS, CpG and CL097 did not show any
significant differencesin responsever time when comparingpatientsinitiating ART; a
significant increasein TNF-U at time point 2 was noted for women stableon ART upon
stimulaton with LPS (Figure4.6A). LPS stimulationdid not havea significanteffect on the
expressiorof TNF-U expressiorin womeninitiating ART regardlesf their birth outcome
over time (Figure 4.6B). Monocytesshowedsignificantly lower expressionof TNF-Uin the
PTD outcomeat 28 weekswhenstimulatedwith CpG andCL097 (Figure4.6B). Analysisof
patientsstableon ART andgroupedaccordingto outcomeshowedno significantresponsgto

stimulationovertime for LPS,CpGandCL097 (Figure4.6C).
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Figure 4.6. Monocyte TNF-U expressionupon TLR stimulation. A) TNF-U expressionover time when
stimulatedwith LPS,CpGandCL097 for patientsinitiating ART (red circles)andstableon ART (bluecircles).
B) TNF-U expressiorfor eachoutcome(AGA, SGA, PTD) when stimulatedwith LPS, CpG and CL097 for
patientsnitiating ART (redcircles).C) TNF-Uexpressiorior eachoutcome(AGA, SGA, PTD) whenstimulated
with LPS,CpGandCL097 for patientsstableon ART (bluecircles).
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4.5.4 Dendritic cell surface activation analysis in HIV positive patients initiating and
stable on ART.

4.5.4.1Myeloid dendritic cells

Whenlevelsof activationweremeasuredn mDCs asmeasuredby co-expressiorof CD86and
HLA-DR, no significantsignificart difference werefound in patientsinitiating or stableon
ART overtime (Figure4.7A). Whenstratifiedaccordingto birth outcomethe PTD grouphad
a significantly lower expressiorof CD86 whencomparedo AGA andSGA for theinitiators
(Figure 4.7B). No significantdifferencewasnotedfor patientsstableon ART whenstratified
by outcome(Figure4.7C).Whenassessingxpressiorof CD69;no significantdifferencewas
notedin thetreatmengroupsovertime (Figure4.7D).CD69expressionvasconsistentilower
in thePTD groupovertime for patientsnitiating ART with no significantdifferencenotedfor

womenstableon ART (Figure4.7EandF).
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4.5.4.2Stimulation of mDCswith TLR ligandsin HIV positive patientsinitiating and
stableon ART

Assessmendf IFN-U productionin mDCsdid not showany significantresponsesver time
when comparingpatientsinitiating andthosestableon ART for all stimulations(LPS, CpG
andCL097) (Figure4.8A). A significantresponsavasobserveduponLPS at baselineCpG
andCL097 at latertime pointsin patientsinitiating ART uponstratificationby birth outcome
(Figure 4.8B). In all instanceghe PTD group had lower responsesicrossall stimuléions.
mDC IFN- U were consistentlylower in patientsstableon ART acrossall stimulationsand

acrossall time points(Figure4.8C).
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Figure 4.8mDC IFN-Uexpressionupon TLR stimulation. A) IFN-Uexpressiorovertime whenstimulated
with LPS,CpGandCL097 for patientsinitiating ART (red circles)andstableon ART (bluecircles).B) IFN-U
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Uponanalysisof MIP-1 fproductionin mDCsin responséo LPS,CpGandCL097, we noted
a significantdecreasén IFN-U expressior2 weekspostART initiation andthis significance
waslost over subsequentime points. Therewas no significantdifferencein responsesver
time for all other stimulationswhencomparingpatientsinitiating andthosestableon ART.
(Figure4.9A). We nextexaminecdonly patientsnitiating ART andgroupedthemaccordingto
outcome(Figure 4.9B). Therewasno significantresponsdo LPS and CL097 stimulationin
patientsnitiating ART. MIP-1 fexpressionwaslowerfor the PTD outcomefor all time points
postART initiation whenstimulatedwith CpG. Therewasalsono significantdifferencesover

time for stimulationwith CLO97 for patientsstableon ART (Figure4.9C).
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We investigatedhe expressiorof TNF-Uby mDCsin responsé¢o LPS,CpGandCL097,0ver

time. Therewas no significant differencein response®ver time when comparingpatients

initiating andthosestableon ART for all stimulationgFigure4.10A). Whenpatientsnitiating

ART weregroupedaccordingto birth outcome we notedno significantresponse¢o LPS and

CL097 stimulation(Figure4.10B). TNF-Uexpressiorwaslower for the PTD outcomefor the

first threetime pointswhenstimulatedwith CpG. No significantdifferences overtime were

notedfor patientsstableon ART (Figure4.10C).
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4.5.4.3Plasmacytoiddendritic cells

Therewasa significantdecreasén the expressiorof CD86 levelson pDCsovertime among
patientsinitiating and no changeto thosestableon ART (Figure 4.11A). When stratified

accordingto outcome therewere significantly lower CD86 expressingpatientswith a PTD

outcomethanin AGA or SGA for ART initiators (Figure4.11B). Therewere no significant
differencedn the expressiorof CD86 on pDCswhenstratifiedby pregnancyoutcomefor the

ART stablegroup(Figure4.11C).Theexpressiorof CD69on pDCswasnotdifferentfor both

patientsinitiating andthosestableon ART (Figure 4.11D)andthis wasthe caseirrespective

of treatmengroupwhenthe patientswerestratifiedby outcome(Figure4.11E&F).
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4.5.5 Stimulation of pDCs with TLR ligands in HIV positive patients initiating and
stableon ART

Whenwe assessetFN-Uproductionby pDCsin responsé¢o LPS,CpGandCL097;therewas
a significanty lower differencein pDCsfrom patientsinitiating ART underLPS stimulation
only. We did not find any significant differencesin responsesver time acrossall other
stimulationswhenpatientsinitiating andthosestableon ART werecomparedFigure4.12A).
We next studiedonly patientsinitiating ART groupedaccordingto outcomeandwe noteda
significantresponseo LPS and CL097 stimulation (Figure 4.12 B). IFN-U expressiorwas
lower for the PTD groupat differenttime pointsovertime but not consistently. Therewasa
significantly lower expressiorof IFN-Uin patientsstableon ART over time for CL097 and
this wasspecificallyfor the PTD outcome No changewvasseenfor LPSandCpG stimulation

overtime (Figure4.12C).
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Figure 4.12: pDC IFN-U expressionupon TLR stimulation. A) IFN-U expressiorover time whenstimulated
with LPS, CpG and CL097 for patientsinitiating ART (red circles)andstableon ART (blue circles).B) IFN-U
expressiotior eachoutcomg AGA, SGA, PTD)whenstimulatedvith LPS,CpGandCL097for patientdnitiating
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andCLO097for patientsstableon ART (bluecircles).
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MIP-16 productionin pDCsdid not change overtime in responsdo LPS, CpG and CL097
whencomparingpatientdnitiating andthosestableon ART (Figure4.13A).We nextexamined
only patientsinitiating ART and groupedthemaccordingto outcome(Figure4.13B). There
wasno significantMIP-1 fresponséo LPS,CpGandCL097 stimulationovertime, regardless
of outcome We found no expressiorof MIP-1 fin responsdo stimulationover time andby

outcomein patientswho conceivecon ART (Figure4.13C).
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Therewasno significantTNF-Uexpressionin respons¢o LPS,CpGandCL097in pDCsover
time whencomparingpatientsinitiating andthosestableon ART (Figure4.14A). Therewas
anexpressiorof TNF-Uin responseo TLR9 (CpG)attime point A.15 (two weeks postART
initiation) andthe time point after (A2). Herewe found thatthe expressiorwaslower in the
PTD outcome at 2 weeks postinitiation followed by a significantly higherexpressiorior this
outcome. This was maintainedeven to the last timepoint (A3) although not statistically
significant. No significant differences were notedin responseo TLR4 and 7/8 in women
initiating ART by outcomeovettime (Figure4.14B). Therewerealsono differencesseenin

womenstableon ART for all stimulationsg(Figure4.14C).

1004 | 100
3]
80 80
A 2
+ 60 &0
3
w 40 0
=
oo »
=
0 0
Al A15 A2 A3 A1 A2 A3 A1 A15 AZ A3 A1 A2 A3 Al A5 A2 A3 A1 A2 A3
Initiators Stable Initiators Stable Initiators Stable
1 —_ F 0.0 0.0ZE!
3 m . 100
B 0 a0 &0 .
o - : - " .
+5 30 & . H
; : * .oz
S “ . * H ' ., *
E [ - L} L} -
n [ ]
= [N .
' '
[
AGA 5GAPTDAGA SGAPTDAGA SGA PTDAGA SGAPTD 34 PTD AGA 3GA PTD AGA 384 PTD AGA $6A PTDAGA 3GA PTD AGASGA PTD AGA 3GA PTD
Al AlLS AZ A3 A2 Al Al AlS AZ A
Initiators Initiators. Infiators
— = = P ; " -
w100|_&|:|$|.|&| 100+ e e ) iJ : :':J ;R
(S “ . ! :' " i l} .y = 1. ®
[m] - [} ' . 80 ! ) ..l L N
o &0 ! ' 1 * ' . s ! by
& 1 -
3 : : HMERINEEE : '
1
C w4 ‘ . an i s ! :
1 1 I d
-F:zo— . :I.. 20 : §| ::.'.: « &
= ] ' ' ! . .
1 L)
0- 0- - —
AGA SGA PTD AGA SGA PTD'AGA SGA PTD AGA SGA PTD AGA 5GA PTD AGA 5GA PTD AGA S5GA PTD AGA SGA PTD RGA 5GA PTD
Al AZ A3 Al A2 A Al A2 A3

Siable Stable Stable

Figure 4.14 pDC TNF-Uexpressionupon TLR stimulation. A) TNF-Uexpressiorovertime whenstimulated
with LPS,CpG andCL097 for patientsinitiating ART (red circles)andstableon ART (blue circles).B) TNF-U
expressiotior eachoutcomgAGA, SGA, PTD)whenstimulatedwvith LPS,CpGandCL097for patientdnitiating

ART (redcircles).C) TNF-U expressiorfor eachoutcome(AGA, SGA, PTD) whenstimulatedwith LPS, CpG
andCL097for patientsstableon ART (bluecircles).
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4.6 Summary

Therole of TLRsduringHIV infectionis still notclearlydefined.Reportshavesuggestedhat
microbial productsactivateHIV -1 replicationthroughthe stimulationof TLRs (Scagnolaret
al., 2009) Such stimulation inducesthe activation of NF-a Band the productionof pro-
inflammatory cytokines involved in HIV-1 replication through transactivationof viral
promotergEquilsetal.,2003) Onereportshowedan increasef TLR expressioimn monocytes
from HIV -1-infectedpatients which favorsboth anincreasean viral replicationandsecretion
of TNF-U(Giraldo et al., 2015) Markers of immune activatigrparticularly inCD8" (HLA-
DR andCD38") areindicative of HIV disease progression. Cla8llular activation, as opposed
to CD4" activation, has been said to be a more predicfileng-term immunologic responses
and this is because CDdells are infected by HIV and are mditeely to be removed through
apoptosigZhang. Z et al., 2011puring pregnancy, sties have found that infection activates
CDS8 T cells resulting in their expansion and expression of BIEAantigengMusyoki et al.,
2014) We lookedat activationmarkerCD86 as well which is aostimulatory molecules used
as molecularmarkers for activation/maturation of antigpresentingcells. (Giraldo et al.,

2015)

We hypothesizedhat the immuneactivationstatuson innateimmunecell subsetsandtheir
phenotypesor functionality would be modulatedby ART status(initiated pre- or during
pregnancypndassociatedvith PTD or SGA. We anticipatedantigenpresentingcell function
would be alteredin HIV infectedwomenwho initiate ART during pregnancycontributingto

differentialbirth outcomes.

We previouslyperformedabaselineanalysisandreportedower CD8' T cell, monocytemmDC

andpDC activation(particularlyasdefinedby CD86 but not CD69 expressiorfor the antigen
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presentingcells)wereall stronglyassociateavith subsequer®TD for womeninitiating ART

in pregnancyputnotthosewho startedART beforepregnancyafterallowing for baselineviral

load (Mdletsheet al., 2021) There wasan associatiorof lower immuneadivation with PTD
in ART initiatorsbeforeinitiation of ART, andat two weekspostART initiation. Further,our
findings suggestd differencesn monocytesubsetdy pregnancyutcomewith inflammatory
monocytegrequenciesower (andvice-versafor classcal andintermediatanonocytespmong
ART initiatorswith subsequenPTD at baseline For mostof theimmuneparametersyomen

with SGA hadsimilar profilesto controlwomen

As previouslymentionedwe next wantedto interrogatethis dataseover time. In our case
controlstudyovertime,lower CD8* T cell, monocytemDC andpDC activationasdefinedby
CD86 and CD69 expressionwere strongly associatedwith subsequenPTD for women
initiating ART in pregnancyandin somecaseghosewho startedART beforepregnancyafter
adjustingfor baselineviral load. Theassociatiorf lowerimmuneactivationwith PTDin ART
initiatorswasobservedeforeinitiation of ART, attwo weekspostART initiation up until the

lasttime point, at birth.

Next, we studed monocytepopulationsover time and notedthat there was an increasein
frequenciesof classicalmonocytesirrespectiveof treatmentstatus.The CD16" subsetare
expandedn numerouwiral infectionslike HIV (Hanetal.,2009) In a studyperformedn HIV
positive men, monocyte subsets were not significantly altered in individuals witkl HIV
infection receiving antetroviral therapy but the proportion of CD16+ monocytes was
increased in therapyaive patient¢Jaworowski et al., 2007)This result wagonsistent with

our findings thamonocyte subsets in HIV positive women initiating therapy had an increase

in the frequencyf the CD16 population(Figure 4.2F)In a previous study,he researchers
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conducted a study ddlV* or HIV- pregnait women in Malawandfound higher proportions
of CD16+ monocytes in the peripheral blood of healthy pregnant and postpartum Malawian
women which suggested that the monocyte subset was expanded irrespective of pregnancy

status(Jaworowski et al., 2007)

In our study,we simulatedanHIV environmenby usingTLR stimulantsonantigenpresenting
cells.APC stimulationwith TLR agonistd. PS,CpGandCL097wasperformedor monocytes.
Thesecell typesreacteddifferently to stimulusandthe datashowsa reducedexpressionn
inflammatorycytokinesIFN-U TNF-UandMIP-1 fmostlyin patientsinitiating ART. There
wassomeexpressiormf cytokinesin patientsstableon ART aswell. Specifically,theinduction
of IFN-Uexpressiorin monocytesvasTLR-4 inducedandwasprominentn theinitiatorswith
the PTD outcomedisplayingthe lowestexpressionin the samecells,amongthosestableon
ART, we found differential cytokineexpressiorwhencellswerestimulatedwith TLR 7/8.1n
themDCsall stimulationgesultedn lowestcytokineexpressiorfior thosewith PTD, however,
the differenceswere only significant for patientsinitiating ART. For the pDCs TLR4
stimulationwasresultedn significantlylower cytokineproductionfor thePTD casesTLR7/8
stimulationwas associateavith the expressiorof IFN-U at later pregnancytime points with
the PTD outcomedisplayirg the lowestexpressiorboth for initiators andfor thosestableon
ART. Overall, our findings strongly implicate reducedimmuneactivationas an underlying

biomarkerfor PTD but not SGA.

Lowerimmuneactivationwasassociatedvith PTD mostlyin ART-initiating womenandnot
thosestableon ART, suggestingthat long-term ART may be leadingto correctionof the
underlyingimmunologicaldysfunction(Mdletsheetal.,2021) Thisresultfurthersuggestshat

immuneactivationis likely only asurrogatdor ayetundeterminedmmunologicaldysfunction
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sincewomen stableon ART with overall reducedimmune activationdid not have higher
incidenceof PTD. As expectedjnitiation of ART rapidly loweredimmuneactivation,with
noticeablereductionat 2 weeksfollowing ART initiation but lowered immune activation
remainedassociateavith PTD evenat that stage suggestinghatthe immunedefectin ART-

naiveindividualsassociateavith PTD is notimmediatelycorrectecoy ART.

Our study could not definitively identify the immunologicaldysfunctionunderlying PTD.
However, it has also beensuggestedhat increasedinflammation may potentiateadverse
pregnancy outcomesincluding PTD (Romero et al., 2006, Cappelletti et al., 2015)
Inflammationasan underlyingfactor for PTD may be indicative of underlyinginfectionasa
causativdactorfor PTD, with thereducedmmuneactivationobservedn our studya possible
surrogateof reducedpotentialof immunecells to becomeactivatedand respondo infection.
A recenttranscriptomicstudyidentified adaptiveandinnateimmunegenesasrisk factorsfor
PTD, althoughresultscontrastedvhen maternalperipheralblood and cord blood, with data
from the latter samplegdownregulationof innate immune genes)more consistentwith our
results(Voraetal., 2018) Our findings areconsistenwith previousreportsthatPTD infants
displayareducedability to respondo pathogenx vivo (GoedickeFritz etal., 2017,Lavoie
et al., 2010) which would be expectedif they expresslower levels of the costimulatory
molecule CD86 on monocytesas we observed.Overall, our findings suggestthat reduced
immuneactivation whichmaybelinkedto reducedmmuneresponsiveneds pathogennsult,
could precedePTD andindicatean underlyingmechanismparticularlyin womeninitiating

ART duringpregnancy.
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Chapter 5 Investigation of regulatory T cell frequenciesduring pregnancy
and associatiorwith preterm birth and small for gestational age births.
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51 Introduction

The adoption of th&lobal Plantowards elimination of new HIV infections among children
has had a transformative impact on the reduction of new HIV infections among children in sub
Saharan Afric§UNAIDS, 2012, WHO, 2012)Under the Global Plan, there has been increased
advocacy for the increased roll out and uptake of Option B+ in which allifééted
individuals including pregnant womemitiate lifelong antiretroviral therapy (ART), regardless

of CD4 count(Chersich et al., 2018 onsequently, theigas been a significant decline in the
number of AlDSrelated deaths among women of reproductive age and in the number of new
infections among HIVexposed uninfected childréraroz et al., 2017, Slogrove et al., 2020)
Despite the successes there is limited data on the effect of ART use during pregnancy especially
when comparing ART stiad before conception and continued during pregnancy versus ART
started during pregnancy. In this regard, reegittence suggests thabmen who initiate ART
before pregnancy are more likely to have vergterm, preterm, or low birth weight deliveries

in comparison to women who initiate ART during pregnafiéghman et al., 2017However,

the limitation d these findings is that very few studies included pregnant women on Option

B+ regimens, which is what has now been widely implemented since 2013.

Taking into consideration that pregnancy represents a unique immunological paradox, where a
mother has to tolerate her seatliogeneic fetus, it is clear that immunological pathways are
involved in the regulation of pregnancy. HIV and antiretroviral therage also important
modulators of immune responses, and it is therefore important to elucidate immune pathways
that may be altered in cases of pregnancy, HIV infection and antiretroviral use and whether
these pathways play a role in HIV or ART associatdderse birth outcomes. In this regard,

regulatory T cells (Tregs), have been shown to play a key role in the establishment and
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maintenance of fetahaternal (FM) tolerancéGuerin et al., 2009, Jgrgensen et al., 2019)
Evidence from animal models, demonstrating insufficient production of pregnancy induced
Tregs in abortion prone mice, and data from human placentas demonstrating higher proportions
of Tregs in the maternal decidua all support the important role of fr@gegnancySalvany
Celades et al., 2019, Woidacki et al., 2015, Zenclussen et al., 2005, Mjosberg et alQ8a609)

of the aspects mentioned is the clonal expansion of Tregs if‘thed3" trimester for normal
pregnancy and how this expansion is decreased tagiaenptic patient§Tsuda et al., 2019)

In addition, women with spomaous preterm delivery have been reported to have diminished
Tregs in their systemic circulation and studies on the depletion of Tregs at various time points
demonstrate that the prand perimplantation phase is the most vulnerable; impairment of
Treg suppressive function shortly after mating causes complete implantation failure
(Zenclussen et al., 2005, Shima et al., 2010, Koucky et al., 2014, Schober2&12h,

Kisielewicz et al., 2010b)

It is likely that adverse birth outcomes in Hinfected women may be associated with altered
Tregs frequency and functioning in maternal circulation, resulting ieraunpance of FM
tolerance. HIV infection has been shown to impair Treg act{LifpezAbente et b, 2016)
During chronic HIV infection, Treg numbers in peripheral blood decline and direct HIV
infection of Tregs has been shown to impair Treg suppressive cafduporn et al., 2010,
Pion et al., 2013)In addition, immune reconstitution disease after ART initiation has been
associated with Tregs with reduced immunosuppressiyaaity (Seddiki et al., 2009)
Working within a large birth cohorthe Prematurity Immunology in H\infected Mothers
and their infantStudy (PIMS) in Cape Town, South Afriflslalaba et al., 2020)e report on
Treg subsets in the maternal circulation of HiWected women initiating ART before or
during pregnancy, in a casentrol studyincludingwomen with preterm deliveries (PTD),
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small for gestational age deliveries (SGA) as cases and appedprigestational age (AGA)

as controls.

We aimed to assess frequeraydcharacterise the phenotype and functioagllatory T cells
(Tregs) changes associated with initiation of ART during pregnancy astdrprelelivery We
hypothesised that there wdubereconstitution of immune responses under ART in pregnant

women which would enhance immunity against the fetus and increased preterm birth.
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5.2 Methods
5.2.1 Study participants

HI'V infected women 024 weeks g e senralediaod , as
followed with two study visits for those on ART pieanception (stable on ART) at <20 weeks
(baseline), 28 weeks of pregnancy, plus an additional study visit two weeks after ART initiation

for women newly identified as HIV infected and iniédton ART at their first ANC visit. At

each visit, blood was drawn into sodium heparin tubes (BD Vacutainer, New Jersey, USA) and
peripheral blood mononuclear cells (PBMCs) isolated within 4 hours of blood collection by
density gradient centrifugation, auted by the trypan blue method and stored in liquid

nitrogen.

For the section of the study presented here, 25 cases of PTD, 25 SGA cases and 25 appropriate
for-gestation age (AGA)/term controls were seled@danalysis Controls and cases were
matched a timing of ART initiation and analysed blinded. The median gestational age at
enrolment was 15 weeks both for women initiating and stable on ART. PTD was defined as
delivery <37 weeks, SGA '"centileyAGAgdntrolsiveratar,ge st at
with weight f orhcenptde$Malaba et@ln 20P0Basegliee inf@@nation was

collected by trained study nurses. CD4 cell counts and viral load were closest to the visit on

which the sample was taken.

5.2.2 Flow cytometry analysis

For this analysissurface staining ankCS of regulatory T cells using flow cytometry method

is outlined in detail in in chapter 2.6. Briefly, for the quantification of percentages of Tregs,
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cryopreserved PBMCS cells were thawed, prepared and stained for surface markers using a
cocktail containingCD8 (Clone: SK1, BioLegend (BL)), CD39 (Clone: Al, BL), CD25
(Clone: 2A3, BD), CD127 (Clone: A019D5, BL), CD14 (Clone: MHCD1417, Life
Technologies), CD4 (Clone: SK3, BL), CD3 (Clone: UCHT1, BL), TIGIT (Clone: MBSA43,
eBiosciences), CD45 (Clone: HI30, B@P28 (Clone: CD28.2, BL), CD45RA (Clone: H100,

BL), PD-1 (Clone: EH12.1, BD). The cells were then incubated in the dark, washed and fixed
and permeabilised preparing them for intracellular staining labelling of FoxP3 and CTLAA4.
Stained cells were fixed img BD Stabilizing Fixative (BD Biosciences) and stored at 4°C until

flow cytometry recording (within 24 hours). Data on Tregs was acquired on an LSRFortessa
(BD), using BD FACSDiva software (BD Biosciences) and analyzed with FlowJo software

Version 9.8.4TreeStar).

5.2.3 Statistical analysis

Boolean ganhg, which is useful when sorting cells stained with multiple fluorescent probes

was used to analyse multifunctionality in TreWge did coupled analysis in Pestle/simplified
presentation of incredibly complexea | uati ons ( SPI CE) which provi
manipulations and readable output, evaluating molecules expressed byl hesgssoftwares

are fromMario Roederer, Chief, ImmunoTechnology Section, Vaccine Resdzecle,

National Institutes of Halth / NIAID.

5.3 Results
5.3.1 Gating strategy

To begin the analysis, wist defined the Treg cell populatiorss shown irFigure 5.1. Using

forward scatter height and area, single cells were identified. This was followed by gating on T
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cells that are CD45+. We then gated for live cells using vivid dye as a viability marker. We
excluded monocytes by gating on a CDddpulaton. Lymphocytes were identified based on
their forward and sidescatter properties. We further identified T cells by gating on CD3
among the previously selected viable lymphocytes. CD4 T cells and CD8 T cells were
identified as uniquely expressing CD4@D8 antigens. Conventional Tregs were defined as
CD4" T cells ceexpressing CD25, dim CD127 expression and expressing transcription factor

forkhead box P3 (FOXP3).

Singlets CD45+ Live cells Monocyte exclusion Lymphocytes
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CD3+CD8+ CD3+
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cD8
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Figure 5.1: Identification of CD4+CD25brightCD127dimFOXP3+ Treg cells along with the cénhibitory
markers. Representative gating strategy for the identification of Tregs by flow cytomigiitial gating was on
singlets, followed by gating on CD45+ cells, this was tfedlowed by exclusion of dead cellgsingvivid dye
Thereafter, monocytes were excluded, followed by gating on lymphocytes. This was followed by gating on CD3
cells and subsequently CDdnd CD8 T cells. The next gate measured CD25 and CD127 expression which then
led to the identification of FoxP3 expréss. The subsequent plots show expression of thaldbitory markers

CD39, CTLA4 and Tigit respectively. Included are the FMO plot for these markers.
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5.3.2 CDA4+ T cell frequencies

CD4" and CD8 T cell subsets were gated from a parent population of GCI254CD3" using

the gathg strategy shown in Figure 5The frequency of systemic CD7 cells stratified by

ART exposure and birth outcomes is shown in Figure 5.2. Overall, there was a median CD4
T cell frequency of 41.3% (IQR: 30.99%63.9%) in the stable group at baseline 45.5% (IQR:
35.2%- 54.9%)andat follow up compared to 36.4% (R 27.2%- 46.9%) at baseline (ART
naive) in the initiating group and 45.4% (IQR: 37.4%d.8%) at follow up (Figuré.2A). We

did not find any significant differenca@s CD4" T cells at follow up (A2) in both the initiating

and stable groups (Figure B2 When we looked at CDA cell proportions according to birth
outcomes in the initiating and stable groups over tiweobservedo significant differences

in the patients initiating ART (Figure 5.2B) and those stable on ART (Figure 5.2C). An inverse
association was found for the CD8 cells, also gated from a parent population of
CD45'CD14CD3" (Figure5.1). There was a median CD8 T cell frequency of 50.2% (IQR:
40.6%- 61.5%) in the stable group at baseline and 46.4% (IQR: 39%2P#&%) at follow up
compared to 54.4% (IQR: 44.4960.7%) at baseline in the initiating group and 46.5% (IQR:
40.2%- 55.7%) at follow up (A2]p=0.0068)Figure 5.2D). There were lower proportions of
CD8 T cells at A2 in the initiating group. The same trend was seen stahke group, this
association was however not significant. There were no differences in the proportions of CD8
T cells, over time when stratified by birth outcomes for those initiating ART (Figure 5.2E) and
those stale on ART (Figure 5.2F). The stahlécome for patients initiating ART had lower
CD8' T cell frequencies at both time points, although not signifidarsummary, these data
show a decreased CDB cell frequency after RT initiation with no differences by outcome

with no notable differences seen for CD4cell frequencies.
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Figure 5.2: CD4" and CD8" T cell frequencies.(A) CD4" T cell frequencies for women initiating (red circles)

and stable on ART (blue circles) over time and not stratified by birth outcome. B) TB&l frequencies by

birth outcomes for women initiating ART (in red) at baseline (Al), 28 weeks gestation(A2xD4" T cell
activation levels by birth outcomes for women stable on ART (blue) baseline (A1) and 28 weeks gestation (A2).
D) CD8" T cell frequencies for women initiating (red circles) and stable on ART (blue circles) over time and not
stratified by bith outcome. B) CD8T cell frequencies by birth outcomes for women initiating ART (in red) at
baseline (Al), 28 weeks gestation (A2). (C) CD8+ T cell activation levels by birth outcomes for women stable on
ART (blue) baseline (A1) and 28 weeks gestatihd)(

131



5.3.3 Treg frequencies are increased ipatientsinitiating ART .

The median FoxP3Treg cell frequencyas4,2% (IQR 3,6% 5,44%), in the initiating group

at baseline an&,26 (IQR: 3,4% - 6,6%) at follow up compared to 4,8 (IQR;2-5,7) at
baseline in the stable group and 4,4 (IQR:5,1) at follow up (Figure 5.3Ratients initiating

ART had significantlyhigher proportios of Tregs at the A2 time pdin(Figure 5.3A
p=0.0003, no significant differencesvere observedn Treg frequenciesby birth outcome
(Figure 5.3Band5.3C). There was also no correlation with viral load data at baseline (data not
shown). Overall, treatment initiation increased Treg frequencies although this difference was

not translated to birth outcomes.
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Figure 5.3: Treg frequencies defined asCD4*CD25"9"CD127™FoxP3'Tregs. A) Treg frequencies of
women initiating and stable on ART at each time point over time. (B) Treg cell frequencies by birth outcomes for
women initiating ART (in red) at baseline (Al), 28 weeks gestation (A2).(C) Treg cell frequencies by birth

outcomes for wmen stable on ART (blue) baseline (A1) and 28 weeks gestation (A2).
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5.3.4 Expression ofTreg co-inhibitory receptorsover time.

Previous research has shown teatfacereceptorsplay a critical role in controlling the
adaptive arm of immune responses and are critical for Treg function. These include two
members of the CD28 family of receptors, the cytotoxigriiphocyteassociated antigen 4
(CTLA-4) as well as the inducible castilator (ICOS), and CD39, a member of the E
NTPDases (ectonucleoside triphosphate diphosphohydroléSelsyilze zur Wiesch et al.,
2011, Rocco et al., 2018, Takahashi et al., 2000, Borsellino et al., 2007, Mandapathil et al.,
2009, Mandapathil et al., 2010A\nother ceinhibitory receptorthat we explored is TIGIT

which is known to be highly expressed on Treg cells. TIGIT expression defines a functionally

distinct Treg cell subset with an activated phenotypéer et al., 2014)

Thesethree receptorswere measureaver two time pointsexploring the difference in
expression between women who conceived on ART and those stable on ART. We then further
delineated expression to look at differences within birth outcomes. The purpose of this analysis
was to ascertain ihere would be any differences associated with treatment initiation as well

as birth outcomes.

Firstly, CD39 expression on Tregs was meadgamd no significant differences were found in
women who initiated ART during pregnancy or those who conceived on ART at both time
points (Figure 5.4A). Upon stratification by birth outcome, initiators showed no differences in
CD39 expression (Figure 5.4Bhereas a significantly higher CD39 expression was observed
in the SGA and AGA outcomes at baseline and follgmtimepoints in women stable on ART

(Figure 5.4C). There were no associations with the PTD outcome.
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Analysek of CTLA-4 expressiomlemonstrated significantly higher expression of CTEAIN

patients stable on ART at the second time point with no differences over time for patients

initiating ART (Figure 5.5A). There were no notable differences in the express©nLA-4

by birth outcomes for both those initiating (Figure 5.5B) and those stable on ART (Figure

5.5C).
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Figure 5.5: CTL-A expression on TregsA) CTLA-4" Treg frequencies of women initiating and stable on ART
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Lastly, Tigit showed significantly lower expression levels in women initiating and stable on

ART at time point A2 (Figure 5.6A). There were no differences in birth outcomes for both

initiators (Figure 5.6B) and those stable on ART (Figure 5.8@kentogeher, these data

show usthat therds differential expression of the molecules on Tregs but there is no distinct

pattern of expressiomhen strafiied by birth outcome.
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Figure 5.6: Tigit expression on TregsA) Tigit* Treg frequencies of women initiag and stable on ART at each
time point over time. (B) TigitTreg frequencies by birth outcomes for women initiating ART (in red) at baseline

(Al), 28 weeks gestation (A2). (C) Tiyitreg frequencies by birth outcomes for women stable on ART (blue)
basline (A1) and 28 weeks gestation (A2).
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5.4  Assessment ofarrelati on of co-inhibitory receptorson Tregs

Next, we assessed whether theo3nhibitory receptorgorrelated witheach otheat baseline
(Al) and followrup (A2) timepoints We noteda significant negative correlationin the
expression of Tigit and CD3@ patients initiating ARTat baseline visi{Figure 5.7A). No
relationship was found betwe@&igit and CD39 in patientgitiating ART at follow up (Figure
5.7B). There were no significantorrelationsobserved in patients stable on ART both at
baseline and at follow up (Figure 5.7C and This could mean these -@ohibitory molecules

are cedependent in these patientsdref ART initiation.
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Figure 5.7: Scatter plots of correlations between Treg emhibitory recptors Tigit and CD39. Scatter plots
showing the relationship at baselimed follow upbetween (A) Tigit vs CD39 Tregexpressiorfrequengesfor
patients initiating ART(red circles)yat Al (B) Tigit* vs CD39 Treg expression frequencies and CD39 expression
for patients initiating ART (red circlesat A2(C) Tigit* vs CD39 Treg expression frequencies for patients stable
on ART (luecircles)at Al (D) Tigit* vs CD39 Treg expression frequencies for patients stable ART (blue circles)

A2.
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Assessment ofligit and CTLA4 expressionshowed anegative correlation irpatients
initiating (Figure 58A) andstable on ART(Figure 58C) at baselineThis was also seen at

follow up (A2) for both thosenitiating (Figure 58B) and stable on AR{Figure 58D).
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Figure 5.8: Scatter plots of correlations between Treg emhibitory receptors Tigit and CTLA -4. Scatter
plots showing theelationship at baselinand follow upbetween (A) Tigit vs CTLA-4* Treg expression
frequenciedor patients initiating ART(red circles)at Al (B)) Tigit" vs CTLA-4* Treg expression frequencies
for patients initiating ART (red circles) at AZ) Tigit* vs CTLA-4" Treg expression frequencies for patients
stable on ART (blue circles) at AD) Tigit* vs CTLA-4* Treg expression frequencies for patients stable on ART
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For CTLA-4 and CD39 expression in Tregs, we found no significant correlation in patients
initiating ART both at baseline (Figure 5.9A) and follow up (Figure 5.9Bjere was a
negativecorrelation in the patients stable on ART for both time points respeciivegyre

5.9C and D).Taken together these resulksggested a negative correlation between the

measuredo-stimulatory moleculesyhich was specific to those stable on ART.
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Figure 5.9: Scatter plots of correlations between Treg emhibitory receptors CTLA -4 and CD39. Scatter
plots showing the relationship at baselimed follow upbetween (A) CTLA4* vsCD39" Treg expression
frequenciedor patients initiating ART(red circles)at A1 (B) CTLA-4* vs CD39" Treg expression frequencies
for patientsinitiating ART (red circles)at A2(C) CTLA-4* vsCD39" Treg expression frequenciésr patients
stable on ART(blue circles)at Al (D) CTLA-4* vs CD39" Treg expression frequenciés patients stable on
ART (blue circles)at A2.

5.5  Assessment ofo-expressiom of TIGIT, CTLA -4 and CD39 byTregs

Co-inhibitory or immune checkpoint receptors have a critical role in the maintenance of
immunehomeostasisand their expression on regulatory T (Treg) cells guarantegsdper
function of Tregcells in their role to control efé@or T cells(Anderson et al., 2016WWe next
measured cexpression of the threeceptorausing Boolean gating and SPICEL baseline
(Figure 510), our data shows that the majority of the Tregsnaoaofunctionalas shown by

the expression afne of the threeecepbrs, followed bya subset thatgresse® receptorsn
different combinationsinda minority subset thaxpress all 3eceptordCD39, CTLA4 and

TIGIT). The patients stable on ART as indicated by the red barssigagficantly lower
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combined expression of Tigit and CTEA(p<0.0001)at this time pointvhen canpared to
those initiating ART during pregnancy (yellow barBjis could suggst that ART maaffect

theexpression of thesm-inhobitory factors.
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Figure 5.10: Treg expresson of co-inhibitory receptors at baseline (Al1).The cytokines studied are CD39,
CTLA4 and Tigit. On the pie chartahite represents 3 functionpjnk 2 andblack 1 function Boolean gating
was performed in order to allow for the creation of possible combinaifaesponsgatterns. Positive responses
were reported after background subtraction and the percentage oEXpegssing the markerBestle (V2.0) and
SPICE 6.0 (wre used to were used to analyse the polyfunctional Tag¢detted denotesnitiators anahe letter

Sdenotes thosestableon ART.

140



At follow up (A2), no significant associati@were found asvas obsrved at baseline (Figure
5.11). In summary our all the possible response combinatidnegs ceexpressing Tigit and

CTLA-4 were mostly significant and lower in patiestable on ART at both timepoints.
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Figure 5.11: Treg expression of ceinhibitory receptors at follow up. (A2). The cytokines studied are CD39,
CTLA4 and Tigit. On the pie chartshite represents 3 functionpjnk 2 andblack 1 function. Boolean gating

was performed in order to allow for the creatiopo$sible combinationsf response patternBositive responses

were reported after background subtraction and the percentage of cytokine producing Tregs. Pestle (V2.0) and
SPICE 6.0 were used to were used to analyse the polyfunctional batketter | @notes initiators and the letter

S denotes those stable on ART
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The next analysis was to delineate these resptiysautcome for both timepoints i.easeline
(Al) and at follow up (A2)in those initiating ARTHere we found naignificantdifferences
in the ceexpression of the emhibitory moleculs for any of the outcomes baselingFigure
5.12A) and at follow up visit (Figure 5.12BPatients withPAGA and PTD outcomelsad high
proportion ofTigit only expressing cells where&&A patients had high levels @D39 and
Tigit co-expressing Tregat baseline. At followp, there was expression of Tigit in PTD and
SGA and AGA had a higher expression of either one moleaitlgough not significant,he
initiation of ART mayhave changed these expression pattasnshown bylifferences in the

proportionson cells expressing two moleculs at follaw visit compared to baseline.
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Figure 5.12 Treg expression of ceinhibitory receptors by outcomeat at baseline (A1) and follow up( A2)

for patientsinitiating ART. A) Data for baseline (Al) and B) results for and follow up (A2) time goifite

cytokines studied are CD39, CTLA4 and Tigit. On the pie charts, white represents 3 fumitikrzisand black

1 function. Boolean gating was performed in order to allow for the creation of possible combinations of response
patterns. Positive responses were reported after background subtraction and the percentage of cytokine producing
Tregs. Pestlév2.0) and SPICE 6.0 were used to were used to analyse the polyfunctional data.
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Lastly, assessment of patiestable on ARShoweda significantly higher expression of CD39
(p=0.0346)n the SGA outcomeompared to AGA and PTFigure 5.13A)In general, AGA

and PTD outcomes expressed more Tigit, while the SGA outcome expressed a combination of
Tigit and CD39. Affollow up (A2), Figure 5.3B, there were no significant differences in the
outcomesOverallfor all three outcomes, Tigit was mostly expres3edgs ceexpresedTigit

with either CTLA4 or CD39n this cohort.
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5.13: Treg expression of cenhibitory receptors by outcome at baseline (A1) and follow up ( A2) for patients

stable on ART. A) Data forbaseling A1) and B) results foand follow up (A2)time point.Thecytokines studied

are CD39, CTLA4 and TigitOn the pie chartsyhite represents 3 functiongink 2 andblack1 function Boolean

gating was performed in order to allow for the creation of possible combinations of response patterns. Positive
responses were reported after background subtractiothangercentage of cytokine producing Tregs. Pestle
(V2.0) and SPICE 6.0 were used to were used to analyse the polyfunctional data.
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5.6  Summary

The aim of thisvork was toasses3regs at baseline; analyze them in relation to birth outcome
and to identify whether the initiatioof ART would have an impact on th@geg balance and
determinethe rektion to birthoutcome. To carry out this aim, samples from Hikfected
women who were eithekRT naive or conceived oART were usedOur findings showhat
there are naignificant differences in CD4T cell frequencies in treatment groups as well as
outcomes. There was a decrease€D8" T cell frequencies in patients initiating ARAt the
time point postART initiation, but this was noseen bybirth outcomeTreg frequencies this
cohort were expanded in patients initiating ARfich was not seen at folleup time points.
There was differential expression oficinibitory molecules on Tregs, however these were not
detected when assessed by birth outcdrastly, co-expression data showed that Tregs mostly

expressedigit with either CTLA4 or CD39espectively

During pregnacy, CD4+CD28FOXP3+ regulatory T cells (Tregs) are found at high levels in
decidual tissue and have the ability to suppress -Bgasific and nonspecific responses
(SalvanyCelades et al., 2019, Aluvihare et al., 200/@egs have been confirmed to play a
major role in preventing autoimmunity and tolerating allogenic organ grafts even outside the
context of pregnancy. Normadregnancy has also been associated with increased inflammatory
biomarkers along with the higher Treg proportid@enclussen, 2005)Studies done on
abortion prone mice were the first indicators of an insufficient generation of Tregs during
pregnancy(Zenclussen et al., 20Q5pata from human studies also found that Tregs have
reduced functional abilities in patients experiencing miscarrigdgesaki et al., 2004ptudies
assessing the impact of ART on Treg function have have been contro\gwsia havedund

that whenprevening viral replication for example in the case of HBNRfection Treg
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frequencies dimirshed(Nan et al., 2012)A study that was looking at HIV specifically found
that the cell population was normalised upon treatment initiffogsicce. P et al., 2011p
contrast,otherstudies reported Treg frequeni®velsremained significantly highan ART-
treated HIV patientsompared to those in healthy subjg®golova et al., 2011, Schze zur

Wiesch et al., 2011)

The datehereshowedthat SGA outcomen patients stable on AR@xpressed higher levels on
CD39 at both time poiswhile no correlations could be made in patients initiating ART during
pregnancy.Previous research has shownttlfae expansion of the CD39Tregs subset
correlates positively with the level of immune activation and negatively with G&4l Tounts

in HIV-infected subjectéNikolova et al., 2011)The datgurthersuggests that ART initiation
may disrupt the function of these Tregss ceexpressiorof these molecules is indicative of
Treg effector functiofAnderson et al., 2016jhis is at least true for CTLA and CD39

whereas Tigitmay be minimallyaffected.

There was a negative correlation between Tigit vs CRB8%aseline (Al) before the
commencement of treatmemhich was lost upon followap. This resultcould suggest that the
expressiomnf these receptomn Tregs might be calependanand that ART may irience this
expressionCo-expression analysshowedthat the Tregs produced are suppressive because
they express either one of the surface molecules that aid the cells in their f¢&chalze zur

Wiesch et al., 2011)
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Tregs significantly ceexpress CTLA4 and Tigit at baseline i.e., time point before ART and
not at follow up with no significant differences in the stadeART patientagainsuggeshg

that ARTmay havean effect of expression of these recep{érsderson et al., 2016)

The SGA outcome of patients stable on ART had significantly higher levels of CDig®
expression ofCD39 could indicatean immune checkpoint mediator which can be used to
identify naive Tregs that are prone to apoptosis. GALA a molecule expressed on T
lymphocytes capable to downegulate cytotoxic T cellandis known to be constitutively
expressed on Tred®sinska et al., 2015)t was alsointeresting thamost Tregs expressed
Tigit indicating that te cellsform part & the distinct Treg cell subset that specifically
suppresses primflammatory T helper 1 (Th1) and Th17 sgbut not Th2 cell responsgkller

et al., 2014)

The studywas limited in that it failed t@nalysemajor differences in the frequencies of
circulating Treg cells. It would be worthwhile to further reliably distinguish Tregs from
activated effector CD4T cells. To do this additional quantification of the overall frequency of
functional Tregs will neetb be performed based on the methylation status of thespagfic
demethylated region (TSDR) of the FOXP3 gene using gRAMRyin et al., 2012)Another
limitation of the study is the lack identification of Trpgenotypicpopuldionsas the datin
these cellsvould have complemented the-stimulatory receptodata and comfmed the type

of Tregs tlat are expressed in this coh@@hevyrev and Tereshchenko, 2020)

In conclusion, w had hypothesised that the reconstitution of immune responses under ART in

pregnant women would result in enhanced immunity against the fetus resulting in increased
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rates of preterm birthOur data suggedhat that the Tregs produced drigh in patients
initiating ART andsubsequentlaltered by ART however this alteration did not predict birth
outcome It is highly plausible that Tregs measured hare naiveand mmunesuppressive
Foxp3 regulatory T (Treg) cellswing to their expression of CD3Borsellino et al., 2007,
Zhaoet al., 2017)however furtheresearchs required as #hdirect functiorality of Tregswas
notmeasured in this studilonethelesshie modulation of canhibitory molecules and Tregs
function is undoubtedly importaas atherapeutic potential for treatment of a wide variety of
inflammatory disorders, including ceer, chronic infection, autoimmune disease, and

pregnancy complications.
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Chapter 6 Plasma cytokine profiles in HIV positive pregnant women
initiating and stable on ART
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6.1 Introduction

The homeostasis of the immune system is mediated by cytokines and infection with Human
Immunodeficiency virus (HIV) haseenshown to lead to a deregulation in the production of

both pre and antiinflammatory cytokinegOsuiji et al., 2018, Kedzierska and Crowe, 2001)

T cells play a role in the regulation and st
are classified into Th1l cell s, whi ch produce
involved in cellular i mmunity, and Th2 cel | s

in humoral immunity(Byrnes et al., 2008, Saito et al., 201Tphe success or failure of
pregnancy can be attributed to a cytokine shift. Maternal tolerance téetatdlloantigens

has historically been explained by a predominantfyp2 immunity during pregnancy, which
overrules Thitype immunity, therefore protecting the fetus from maternal-déill attack

(Saito et al., 2010, Sykes et al., 2Q1R)egnancy is further defined as a process that is both
pro and antinflammatory depending on the stage of gestatiaming the progression of HIV
infection, a Thl (pranflammatory) to Th2 (eosinophilic/arAtflammatory) cytokine shift has

been obsemd. This change has also been associated with HIV diggaggession bubhas

been associated with unsuccessful pregnancy outcome and preterm d&iviton et al.,

2004, Osuiji et al., 2018, Kedzierska and Crp2@01) It has also been described that ART
causes a shift and counteracts this bal@iricge et al., 2006, Maharaj et al., 20llThas been
shown that these two cell types play critical roles in defensive immune responses and in
immunopathological disorders such as allergic reactions and autoimmune diseases, and the
methods of detecting Thl and Th2 cells have become more impovanttherefore
hypothesized that aART mediated cytokine shift in HIV infected women who initiate ART
could be responsible for an increase in preterm deliveries. To carry this out we quantified
plasma cytokine profiles associated with the initiation of ARIFing pregnancy and assed

their impact on pregnancy outcomes.
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6.2 Methods
6.2.1 Study participants and study design

HIV infectedwomen O 2 weeksgestation,as assessedy ultrasound,were enrolled, and
followedwith threestudyvisitsfor thoseon ART pre-conception (stableon ART) at<20weeks
(baseline) 28 and34 weeksof pregnancyplusanadditionalstudyvisit two weeksafter ART
initiation for womennewly identifiedasHIV infectedandinitiatedon ART attheir first ANC
visit. At eachvisit, bloodwasdrawninto sodiumheparintubes(BD Vacutainer New Jersey,
USA) andperipherabloodmononucleacells(PBMCs)andplasmaisolatedwithin 4 hoursof

blood collectionby densitygradientcentrifugation.

Forthe datapresentedhere,30 casef PTD, 30 SGA casesand 30 appropriatefor-gestation
age (AGA)/term controls were selected(Figure 6.1). Controls and caseswere matchedon
timing of ART initiation, and analysiscarried out blinded. The mediangestationalage at
enrolmentwas 15 weeksboth for womeninitiating andstableon ART. PTD wasdefinedas
delivery<37weeks SGA asweightfor gestationahgeO 1"@entile, AGA controlswereterm,

with weightfor gestationabhgeO 2"centile(Malabaetal., 2020)

As previously shown in chapter 2, patientds
initiating therapy and three for patients stable on ART. We first looked at the expression levels

of each cytokine irthe initiating and the stable groups and further examined the outcome for
each longitudinally over the time points. To understand the pathways induced during ART
initiation in HIV infected pregnant women, we assessed systemic levels of 15 soluble
biomarkes (IFN-o , -1IUL G2, IL-4, LL-5, IL-6, IL-7, IL-10, IL-12 (p40 and p70), IFNU ,
TNFU, MI P 4L@® longitudirdilly In Ihdividuals who initiated ART during pregnancy
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compared to those who conceived on ART. These biomarkers were measured at l2aseline,

weeks post ART initiation, at 28 weeks and atg&eks of gestation.

6.2.2 Statistical analysis

Univariate analyses were performed using GraphPad Prism 5 (GraphPad Software, San Diego,
CA, USA). MannWhitney U and Wilcoxon Signed Rank tests were usedriaraiched and

matched comparisons, respectively. Spearman Rank tests were used to test for correlations. P
values<0.05 were considered significakt.e a t maps wer e gener at ed
(StataCorp, Texas, USA cutoff of +0.5 and-0.5 for a significant positive and negative

correlation respectively.
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HIV infected
Clinically estimated <24 weeks GA
n=90

Stable on ART ART mitiation
before during
pregnancy pregnancy
n=47 n=43
AGA SGA PTD AGA SGA PTD
n=15 n=15 n=17 n=15 n=15 n=13
(1) <24 weeks (2) 2 weeks post (3) 28 weeks 4) 34 weeksr

Figure 6.1: Patient layout.

ART initiation
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6.3 Results

Median age of study participants was 32 years (IQR3&gTable 6.1)Socio economic stasu

(SES) was measured using a composite socioeconomic status score, based on current
employment, housing type and access to household assets, that was used to categorize women
as O6higho, O6mi dé or 61 owd . calepoeseccunderal®v, 3@ t ot ¢
medium and 29 under high accounting for 29% of the total number of women in the study
population. Of the 90 women, 47 initiated ART qmregnancy (stable on ART), and 43 at first

ANC (initiators). Most (n=79, 88%) of pregnant womeere on TDF3TC-EFV regimen. The

median weight was 70.15 (kg) (IQR:5383.9). Median CD4 count is 436 (IQB92-573), at

baseline, viral load median is 281 copies/ml.
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Table 6.1 Demographic and clinical characteristics of women who initiated ART durig or before pregnancy.

Total
N=90
Maternal characteristics
Age, yearsmnedian (IQR) 32(26-36)

Education (finished high school) 32 (35)

Employments statug€mployed 33 (36)
(%)

Socioeconomic status (SES)*

Lowest 28(31)
Medium 30(33)
Highest 29(29)
Missing 3(3)

Obstetric characteristics

Gravidity:median (IQR) 3(23)
Parity:median (IQR) 1(06-2)
Previous Preterm*: Yes 9 (10)

AGA

N=15

33 (2835)

5 (33)
5 (33)

3 (20)
6 (40)
6 (40)
0(0)

3 (24)
1(+2)
0 (0)

Initiation before pregnancy

N=47

PTD SGA

N=17 N=15
36 (3238) 36 (2839)
5 (29) 5 (33)
7 (41) 6 (40)
6 (35) 5 (33)
5 (30) 5 (33)
6 (35) 4 (27)
0(0) 1(7)
3(235)  4(34)
1 (1-2) 2 (12)
2 (12) 5 (33)

P-value

0.205

0.962

0.889

0.741

0.420
0.244

0.034

AGA n=15

28 (2434)

7 (47)
6 (40)

4(28)
5(35)
6(46)
0 (0)

2 (23)
1(01)

1()

Initiation during preghancy
N=43

PTD n=13 SGA n=15

26 (2531) 31 (2537)

6 (46) 4 (27)
3 (23) 6 (40)
4(30) 6(40)
5(38) 4(26)
3(23) 4(26)
1(7) 2(13)
2 (23) 2 (1-2)
1(02) 1(02)
0 (0) 1(7)

P-value

0.768

0.450

0.565

0.860

0.347
0.315

0.635
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Gestational age at
booking/enrolmentmedian
weeks(IQR)

Height, (cm)median (IQR)

Haemoglobin (g/di)median
(IQR)

Weight (kg) median (IQR)

HI\tassociated parameters
Current ART regimen, sedfport

TDF3TGEFV

TDF3TCGNVP

OtherNNRT-based regimen

Plbased regimen

Missing

CD4 cell count, (cells/pL)*
median (IQR)

Missing

Viral load, copies/ml (baseline
Al),median (IQR)

15 (1118) 13 (915) 16 (917)
158 162 (156 158 (155.5
(155.5 166) 161)
162.5)
11,4 (163- 11 (11.12 11.8 (11
12.4) 12) 12.7)
70.15 74.9 76 (67,30
(59.483.9) (64,30 85,45)
85,95
79 (88) 13 (86) 13
1 (1) 0 (0) 0
33 0(0) 3
6 (6) 2 (14) 1
1(1) 0 (0) 0(0)
436 (392 416(353 529 (309
573) 566) 638)
14 (16) 2 (13) 2 (11)
281 (20 20 (2027) 25(20-528)
80000)

15 (918)

157 (150.5
163)

11.6(10.6
12.9)

61.7 (52,50
74,70)

13 (86)
0 (0)

0 (0)

2 (14)

0 (0)

485 (333
584)

0 (0)

20 (2065)

0.343

0.283

0.126

0.199

0.509

0.342

14 (1217)

160 (156.5
169.5)

10.5 (1612)

80,10 (61,70
98,40)

14 (93)
1(7)
0 (0)
0 (0)
0(0)

368.5 (247535)

3 (20)

21900 (6120
59900)

19 (1421)

158 (155.5
160)

11.3 (10.2
11.7)

61,35 (58,28
67,48)

11 (84)
0 (0)
0 (0)
1(8)
1(8)

314 (219
457)

4 (30)

4730 (1300
7950)

16 (12-18)

159 (152.5161.1)

10.9 (10.111.6)

64,00(56,76
92,00)

15 (100)
0 (0)
0 (0)
0 (0)
0(0)

493 (283.5926.5)

3 (20)

2120 (74118800)

0.161

0.697

0.413

0.353

0.724

0.681
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Viral load, copies/ml (A1.5), 198 (37431) 431 (275512) 99 (20137) 89 (25307) 0.172
median (IQR)

* Study participants are denoted by number with percentages in brackets

*SES was measured using a composite socioeconomic status score, based on current employment, housing type and abcessw hoase s et s, t hat was uédmiddbdoorcabdtlegwdi SESwomM
of these is shown above.

*CD4 results abstracted from routine records and are the nearest in time to the first ANC visit.
*All study participants were normotensive. Data was missing for 10 patients initiating therapy dagngmay and 4 patients stable on ART.

*P values denote to the comparison across the three groups (AGA, SGA and PTD
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6.4  Cytokine quantification

TH1-relatedcytokines are involved in cell mediated immunity, and typically comprise of
cytokines Interleukin (ILXL, IL-2, IL-6, IL-12, IFNo , DUNFinter-berand(t BEMDuU
necrosis factor (TNFU , 1 b P  al@. The ThR cells secrete aitflammatorycytokines

such as interleukin 4 (H4), IL-10, and 11-13.

6.41 IFN-U expression profile over ti me.

Upon analysis, we found no significant differences in the expression ddIFdb ver ti me w
looking at patients initiating and those stable on ART as shawkigure 6.2A. When we

compared patients initiating and stable on ART at each time point, not having delineated them
according to outcome, there was a significantly higher expressionddIFNN n pat i ent s i
ART than those stable on ART at baselmal at week 34 (Figure 6.2B). When we looked at

the outcome in patients initiating ART and those stable; we found no significant differences

over time (Figure 6.2C and D).
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6.4.2

We did not find any significant difference in the expression of-3FN o v e r

IFN -2

expression p

rofil e

over ti

me

ti me

Figure 6.3A. When we compared patients ititigq and stable on ART over time, not having

delineated them according to outcome, there was a significantly higher expressioroof IFNn

patients initiating ART than those stable on ART over time (Figure 6.3B). When we looked at

the outcome in patientsitiating ART and those stable we found no significant differences in

expression over time (Figure 6.3C and D).
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6.4.3 Expression profile of interleukin 12 (p40) and p70

There was no significant expression oflR (p40) regardless of the comparisons made (Figure
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Figure 6.4: 1L -12 (p40) expression profile over timeA) IL-12 (p40) expression levels for women initiating

(red circles) and stable on ART (blue ¢&%) over time. B) IE12 (p40) expression levels comparing women
initiating (red circles) and stable on ART (blue circles) at each time point. C) Outcomes for each time point for
women initiating ART (in red) and (D) women stable on ART (blue).
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6.4.4 Expression profile of interleukin 12 (p70)

There was no significant expression oflR (p70) regardless of the comparisons made

(Figure 6.5AD).
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Figure 6.5:IL-12 (p70) expression profile over timeA) IL-12 (p70) expression levels for women initiating
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6.4.5 Expression profile of IP-10

We found high amounts of {lPO and these did not differ over time, irrespective of the treatment
status (Figure 6.6A). When we comparedlP levels at each time point between those
initiating and those stad] the was a significantly lower expression at baseline and two weeks
post ART initiation in those stable compared to patients initiating (Figure 6.6Bijffiliiences

were seen in patients when they were delineated by treatment and outcome for both those

initiating (Figure 6.6C) and those stable on ART (Figure 6.6D).
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stable on ART (blue circles) over time. B}1P expression levels comparing women initiating (red circles) and
stable on ART (blue circles) at each time point. C) Outcomes for eaclpdimiefor women initiating ART (in
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6.4.6 Expression profiles of interleukinl U and b

There was no significant difference in the expression of both . arnldh liln pati er
initiating or those stable on ART over time (Figure 6.7A and 6.8A). When we compared
patients initiating and those stable, we found thatfat IU t h er e anthylowerlevelg ni f i ¢
of the cytokine in patients who were stable on ART compared to those who were ART naive

at baseline (Figure 6.7B). WhereasfoflIlb t her e was consi stentl vy,
for patients stable on ART compared to those initg@ART during pregnancy (Figure 6.8B).

No dereferences were seen in patients when they were delineated by treatment and outcome
for both those initiating (Figure 6.7C and 6.8C) and those stable on ART (Figure 6.7D and

6.8D).
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6.4.7 Expression profile of MIP-1 b

Macrophage inflammatory protehU (-MU)P andb MgIPay an I mporta
modulating immune responses. Upon analysis, we did not find any significant difference in
MIP-1b expression over t stableoniART (Piqute 6.@A\h Wethenni t i &
compared patients initiating and stable on ART at each time point and found a significantly
higher expression at 2 weeks post initiation versus stable on ART (Figure 6.9B). There were

no differences in outcomes over &nm patients initiating ART (Figure 6.9C). We found a

higher expressionof MR b i n SGA compared to AGA at the

stable on ART (Figure 6.9D).
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6.4.8 Expression profile of interleukin-4

We did not see any differences in the expression @f dver time when comparing patients
initiating and those stable on ART (Figure 6.10A). We also did not see any differences when
comparing patients initiating and stable on ART at each time point &U0B). Again, no
differences were seen in patients initiating (Figure 6.10C) and those stable on ART (Figure

6.10D) when differentiated by outcome.
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6.4.9 Expression profile of interleukin-10

There were no significant differences in the expression-a0lbver time in patients initiating
and stable on ART (Figure 6.11A). In line of what was reported in literature, we saw lewer IL
10 levels in patients stable on ART when compared to thosatimgi(Osuji et al., 2018)
(Figure 6.11B). We found no sigméant differences in outcomes when we looked at on

patients initiating ART during pregnancy (Figure 6.11C) and those stable on ART (Figure
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Figure 6.11:1L -10 expression profile over timeA) IL-10 expression levels for women initiating (red circles)
and stable on ART (blue circles) over time. B)1Q expression levels comparing women initiating (red circles)
and stable on ART (blue circles) at each time point. C) Outcomes for each tithopavomen initiating ART

(in red) and (D) women stable on ART (blue).
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6.4.10 Expression profile of interleukin-6

We did not see any differences in the expression @ dver time when comparing patients

initiating and those stable &RT (Figure 6.12A). We saw a difference at one time point with

a higher expression in patients initiating ART compared to those stable on ART (Figure 6.12B).

No differences were seen in patients initiating (Figure 6.12C) and those stable on ART (Figure

6.12D) when differentiated by outcome.
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6.4.11 Expression profile of interleukin-5

Upon analysis, we did not find any significant difference irbllexpression over time in
patients initiating and stable on ART (Figure 6.13A). We then compared patients initiating and
stable on ART at each time point and found a significantly higher ssipreat baseline and
weeks 28 and 34 of gestation in patients initiating versus stable on ART (Figure 6.13B). There
was significantly lower levels of H5 for the PTD outcome at 28 weeks of gestation in patients
initiating ART (Figure 6.13C). We found lexed expression of b in PTD compared to AGA

at the baseline patients stable on ART (Figure 6.13D).
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Figure 6.13 IL -5 expression profile over timeA) IL-5 expression levels for women initiating (red circles) and
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6.4.12 Expressionprofile of interleukin -2

Upon analysis, we did not find any significant difference ir2llexpression over time in
patients initiating and stable on ART (Figure 6.14A). We then compared patients initiating and
stable we found no significadifferences in the expression in patients initiating versus those
stable on ART (Figure 6.14B). There were no differences in outcomes over time in patients
initiating ART (Figure 6.14C). We found a lower expression e2lin PTD compared to AGA

at the seand time point in patients stable on ART (Figure 6.14D).
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Figure 6.14 IL -2 expression profile over timeA) IL-2 expression levels for women initiating (red circles) and
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6.4.13 Expression profile of interleukin-7

IL-7, a key factor in the generation, activation, and homeostasis of the T cell compartment of
the immune systenfVassena et al., 2007We found no significant difference in 4L
expression over time in patients initiating and stable on ART (Figure 6.15A). We then
compared patients initiating and stable on ART at each time point and found a significantly
higher expression when patientdiating ART were naive versus those stable on ART (Figure
6.15B). There were no differences in outcomes over time in patients initiating ART (Figure

6.15C) or stable on ART (Figure 6.15D).
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6.4.14 Expression profile of TNFU

No significant differencesin TNEE expr essi on over time in pat.
ART were found (Figure 6.16A). in line with previous studi@suji et al., 2018)We then

compared patients initiating and stable on ART at each time point and found a significantly
higher expression at baseline (ART naiire}hose initiating versus stable on ART (Figure

6.16B). There were no differences in outcomes over time in patients initiating ART (Figure

6.16C) and those stable on ART (Figure 6.16D).
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6.5 Cumulative cytokine responses

Upon analysis of the plasma samples using the lunptaform, over time, IPLO was highly
expressed in all patients regardless of ART timing or outcome (Figure-®&)L7Fe second
most expressed cytokine was MIPb  f o | | o wig da rsely ThEBENCKtokines fall into

the Thl cytokine profile.
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Figure 6.17: Cytokine profile over time.15 cytokines were measured from HIV infected women (n=90) over
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Although we found high levels of PO, these did not differ over time, irrespective of the
treatment status (Figure 6.18A). There were also no differences seen in patients when they were
delineated by t@ment and outcome for both initiators (red circles) and those stable on ART

(blue circles)Whenwe lookedatMi2 b expr essi on, we did not fir
over time in patients initiating and stable on ART (Figure 6.18B). There werdfaredces

in outcomes over time in patients initiating ART. However, we noted a higher expression of
MIP-1b in SGA compared to AGA at the 3%hereond t i
wereno significant differencesin TNB e x pr e s s i 0 rtients inidating and stable i N p a
on ART (Figure 6.18C) in line with previous studi@suji et al., 2018)There were no
differences in the expression of-B_over time when comparing patients initiating and those

stable on ART (Figure 6.18D) and when stratified by outcome.
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6.6  Correlation of cytokine concentrations with treatment status

Levels of biomarkers were then assessed for correlations between one another (mutual
correlation was determinagking the cubff of +0.5 and-0.5 for a significant positive and

negative correlation respectively). At baseline (Figure 6.19), we obseresdiagcorrelation

between the following cytokines; LU was positi vellph awdoltld at ed
with IL-2, IL-7 and IFNU . -2lpdsitively correlated with MIR b an-d. | ©Nher posi
correlations were between-& with Mip-1 b ; -12(p4D) with IL-12(p70); IL-10 with IP-10;

IP-10 with TNFU a n dl bMiwi t-th alsNFwedl | At FNhi s ti me poi nt

distinct Th1 or Th2 cytokine clusters seen.
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Figure 6.19: The correlation matrix of peripheral blood cytokine levels at baseline for patients initiating
and stable on ART.Biomarkers present in HIV infected pregnant women were assessed (n =90) and analyzed
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STATA. A cutoff of +0.5 and-0.5 for a significant positer and negative correlation respectively. Additionally,
positive associations are indicated by the shaded squares.
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Using the same cut offsye next looked at the correlations over time, not distinguishing
treatment status (Figure 6.20), here we foundtipescorrelations for IkL b wi tUh -2Il EN

and IL-5 both positively correlated with MiP b a n-d 1 & dlp e €l (pAD)enithyl: | L

12 (p70) an association that was seen at baselifl@ WthMIP-1 b and), TMF4/H MI P
associatingwith TNRJ afNdJ. Lastly we found a pdJsi minde c

IFN-U .
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Figure 6.20: The correlation matrix of peripheral blood cytokine lexmler timefor patients initiating and stable

on ART.Biomarkers present in HIV infected pregnant women were assessed (n =90piystcdb y Spear mand s
correlation. The correlogram shown was cansted using unsupervised hierarchical clustering in STATA. A cut

off of +0.5 and-0.5 for a significant positive and negative correlation respectively. Additionally, positive
associations are indicated by the shaded squares.
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For those initiating ART (lgure 6.21), the correlation was positive forllb wi-Zand | L
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Figure 6.21: The correlation matrix of peripheral blood cytokine levalgr timefor patients initiating ART.

Biomarkers present in HIV infected pregnant women were assessed (n =9@nalpsedb y

Spear manods

correlation. The correlogram shown was constructed using unsupervised hierarchical clustering in STATA. A cut
off of +0.5 and-0.5 for a significant positiveand negativecorrelation,respectively. Additionally, positive
associations are indicated by the shaded squares.
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For those stable ART (Figure 6.22);1Lb posi ti vely cor #dlt5alt-ed wit
7, IL-10, 1L-12(p40), 11-12(p70) andFN-U. IL-2 positively correlated with_-4, IL-10, 1L-
12(p40),MIP-1 b, -Uas mell asIFN-U. -4lhad positive correlations with 410, IL-

12(p40) and IFNJ . -5Ipasitively correlated with H7, IL-10 and IFNU . -6 Ipdsitively

correlated with IFNU . -7 lcdrrdated withIL-10, 1L-12(p70),MIP-1 fas well adFN-U. - | L

10 had positive correlations with MiPb , -Tas Rvell aslIFN-U IL-12(p40) positively

correlated withIFN-U 1L-12(p70) positively correlated witiFN-U and IFN-2 ; -10 ifth

TNF-U MIP-1 fwith TNF-U and TNF-Uwith IFN-U. This group also demonstrated the most

TH1 associations.

Figure 6.22: The correlation matrix of peripheral blood cytokine level®r timefor patients stable ART.

Biomarkers present in HIV infected pregnant women wassessed (n =90) armhalysedby Spear manods
correlation. The correlogram shown was constructed using unsupervised hierarchical clustering in STATA. A cut

off of +0.5 and-0.5 for a significant positive and negatieerrelation,respectively. Additionally, positive
associations are indicated by the shaded squares.

187





































































