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Abstract

The integrin a4pB7, which mediates the trafficki
tissue (GALT), a site of rapid HIV replication, has been described as an attadiactor for theHlV

envelope protein gpl120. While differences in binding affinity of early transmitting and chronic
gpl20s f orpredotigly Beenhnatedey others, this has not translated differences in

replication. We aimed to investigate whate this binding interaction has in HIV pathogenesis over
tmeand determine the f act orUsderstdnding thé sulbsétuicn nwiich o 4 3 7
a4 B7 iessed emaypndicate the phenotyfethe first host cells infected by HIVIhe level of
expression of a4p7 Tealswhhaf interestras both subsgts aEeDimportant in

HIV immunity in the GALT and represented in both the GALT and genital mucosa.

All -trans retinoic acidctivated CD4 T cells isolated from whole blood ofiealthy donorswere

incubated with or without HP2/1 (ardi4 monocl onal -la(antta 4PH Yy Ino o c |Aocnta
antibody) prior to adding virusSixty infectious envelope clones werprepared usig matched

envelope genes from iddividuals in the CAPRISA02 Acute Infection cohort repsenting the T/F

virus and variants from-39 months post infection (p.i.). Replication was monitored by p24 ELISA

over 10 daysATRA-stimulated CD4T cells were subjected to intracellular and surface staining for

flow cytometric analysisusing a FACSAriato distinguish Th17 and Treg CDA cells and to

determine the expression of CD45RA, CCR5, p24, o©

The dependence oa 4 Bfar HIV subtype C replication changesver time and varies across
individual s. In three individual s, dependence o
sharply during acute infection 3 months posinfection).a 4 37 dependence showed
trend in chronic infection over time which was slightthe first yearFact or s t hat i nfl u
reactivity i ncl ude -bondingmaifpnglychn density rammd dength rifie M1/M2 4 3 7
regionof gp120. 8veral glycans positioned in conserved regions of gp120 including N234, N332 and

N33dwer e present more ofr |l ess frequdinetelvagsan n vir



association betweeligh dependence am4 37 f or repl i cation at transm
t hat have a S/ PDI/V a4B7 binding motif as well
bacterial vaginosis during acute infection. Several cytokines itg¢hgcovaginal dvage CVL) of

these individuals during early infection (8, IL-7 and I-1 o) positively <correl:
dependence for replicatiofteg CD4T cel |l s expressed slightly highe
Th17 CD4" cells In addition, Thl7cellsin this and other studies were shown to rapidly deptete

vitro following HIV infection while Treg CD4T cell were shown to expand. Despite this, Treg CD4

T cells were significantly more permissive to infection as compared to Th17 T&#ls.

Collectively, these data suggesth a t there is a role for ad4pB7 in
interaction is selected for during transmission by a number of bottleneakspfowhich is the

presence of bacterial vaginosisd elevated expression of-, IL-8 and IL-1 aDue to high leels of

04pB7 expression and the ability to bind gpl120,
regulation by ATRA similar to a4pB7 wupregulation
permissiveness to acute infectidmeg CD4" T cellsmaybe a robust vector from the genital mucosa

to the GALT shortly after transmission. This population of T cells may be more stotethis

function thanTh17 CD4 T cells which are more susceptible to depletitherby HIV or bystander

effects. Asaresslof t he a4pB7 binding motif being in a hi
antibodies directed against this region assted with protection in the onkffective vaccine trial to

date, further understanding of the interaction between the virustrendhtegrin provides an

opportunityfor the development of future vaccine and therapeutic strategies.
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CHAPTER 1
INTRODUCTION



1.1 The shape of the HIV/AIDS epidemic in South Africa and efforts to fight it

HIV/AIDS is the defining pandemiof the 21' century. An estimated 3dillion people werénfected
with HIV at the turn of 2012 globallgnd SukSaharan Africdbears pproximately 69% of the burden
(UNAIDS, 2012. Although a declining trend in new HIV infections both globally and in Southern
Africa was reported by UNAIDS in 2@, an astounding 71%f new infections are accounted for by
this populationdespite the implementation of prevention and awareness steatagsmuth Africa it

is estimated that 5.38 million pe@phreliving with HIV, and with nev infections estimated to total
316900 people in 201{STATSSA, 201}, innovativestrategiedor the development oprevention

methodsare essential

Current HIV behaviourahnd awarenesteachings on abstinence, faithfulness and frequent condom
use have had a limited impact on HIV incidence in South Africa. Several other prevention strategies
have yelded measurable succesgh the most notable including a microbicide efficacy trial using a
1% formulation othe antiretroviralARV) drug,tenofovir (Abdool Karim et al., 2015} medical male
circumcision(Auvert et al., 2005Bailey et al., 2007Gray et al., 2007band treatment of sexually
transmitted diseasd§rosskurth et al., 1995These successes yielded effiescbf 39%, 57% rad

42% respetively in clinical trials with only circumcision and treatment of sexually transmitted
diseases currently used in practi€ecent datérom the HIV Prevention Trials Network Study 052
show ARVs can prevent transmissiorHl discordant coupleaith 96% efficacy(Anglemyer et al.,
2017 andas a direct result of thithe United States Food and Drug Administration (FDA) approved
Truvada an ARV, for preexposure prophylaxis (PrER)r use inhealthy but higkrisk pgulations

Due tothe high cost of thisnterventionand the fact thastable, cohabitig couples are often not the
case it hasbeen extensivelydebatedwhether this strategy could lefficiently implementedn an
underresourcedsetting such asSouthern Africa. Despite this, HIV acquisition risk declined
significantly with increasing ART coverage @ high risk communityn KwaZulu Natal, South
Africa (Tanser etl., 2013. While the introduction of antiretroviral therapy (ART) has had a dramatic

impacton HIV morbidity and mortalityBor et al., 2018 a vaccinds largely consideredo be the



only practical solution to curthe spread of the pandemiespite this viewmany vaccine trials have

been carried out in recent times with little translatable suctisdirst evidencehat vaccination can
preventHIV-1 infectin in humanswas provided by the RV144 phas3 clinical trial in Thailand
(RerksNgarm et al., 2009 a discovery that rejuvenatétk field The level of eficacy was modest at
31.2%and efforts to understand how improve the vaccine regimen ava-going. From progress

made across all echelons of HIV prevention, it is clear that understanding the mechanisms underlying
HIV -1 pathogenesis, with renewed fo@rsmucosatransmission and the immungsgems respnse

to the virus, will allowfor improved rational design.

1.2 HIV structure

The overall structure of HIV is illustrated Figure1.1A. HIV is classified in the famil\Retroviridae
and genud entivirus and containdwo identical copies of single stranded RNA @seld in a virus
capsid, made omultiple copies of the viral protein p24n antigen commonly used to detect HIV
infection There are three structural genes nanpsi, gagand envwhich encoeé thereplication
enzymes (reverse transcriptase, integrase and protease), the structural proteins of the core and matrix
and the viral envelope glycoproteins (gpl20 and gpéspectively. The heterodimeranvelope
glycoproteinthat allows for attachmentaind budding to and frorthe host cell comprises of three
gpl120 subunits and three gp4l subunits to@ norcovalently associatedFigure 1.1B). The
sequence of a gp120 monomer is conventionally divided into five conserved constant regicb3 (C1
with five variable regions (\V\V/5) shown inFigure1.1C (Modrow et al., 198) The crystal structure

of gpl20has been elucidated in complex with a number of soluble @ddptor and coeceptor
binding site directed monoclonal antibodies (mAdnd ligandswhich has allowed for greater
understanding of the interface between the host immesgonse and the virus its¢lfhen et al.,
2009 Zhou et al., 201,0Zhou et al., 200) In the past,d facilitate crystal formation these strucds
lacked the hypetvariable V1N2 domain, and in maninstances portionsf the Nterminal and €
terminal ends and V3 loopgHowever the structure of V1/V2 in complex thi mAb PG9 has been

elucidatedMcLellan et al., 2011
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Figure 1.1: Structure of HIV

(A) Schematic representation of the HIV virienth two copies of viral RNA and viral enzymes
enclosed in a capsid made of numergopies of p24. The entire virion core is enclosed in a matrix
(p17) and lipid membrangith 3 anchored gp44ubunits and 3 a@lently linked gp120 subunitéB)

A schematic representatiof the glycoproteirenvelope spike is shown withl/V2 loops repreented

in red, the CD4 binding sites shown in yellow, gp41 shown in g and gp120 subunits in purple
(Adapted from(Haynes et al., 2012b(C) A linear scheratic of theHIV -1 envelope sequeneeere

the conserved regions €15 are indicged in maroon, andariable sequences W2, V3, V4, and V5

are shown in pink, red, purple, and blue respectivEhe secondary structuref the conserved
regions(in the firg row) and variable loops (second roavg indicated by ribboxliagrams (Adapted
from (Wibmer, 201). The Greekkey motif of V1/V2 is shown in green. Strands are shown as arrows
and dsulphidebonds as yellow boxd®icLellan et al., 2011



In addition, the uncleaved gp120 trimer at 6A resolution reasntlypublished(Mao et al., 2018
The envelope structure has great plasticity, a feature accommodated by the variable loops. Among

these variable regions, the V1/V2 loop is the most relevant to this study.

V1/V2 structure anduhcion: closer to a successfuhiecine

The structure of the V1/V2 gion aselucidated by McLellan et als shown in Figure 1.1.C and
furthermorecryo-electron microscopy illustrated that the V2 poappears at the tip of the etmmer
and is exposed on the enveldgalien et al., 201,3Vhite et al., 201D The correlate of protectian
the RV144 phase 3 trial in Thailan#llV infection was found to be Ig&ntibody binding to
scaffoldedV1/V2 Env proteins (Haynes et al., 2012aleading to the ntion that the design of
vaccines to induce high levels of V1/V2 antibodies may enhance vaccine effitadyl/V2 loopis
one of the first targets of the early immune response:VdMti2 mAbs have strong neutralising
activity against the autologous vir(Gray et al., 2007aMoore et al., 2008 Indeed, V1/V2 has been
described as integral in conformation niagk by partially occluding V3Chen et al., 2005 Two
potent broadly neutralising mAbs, PG9 and PG16 have beentésbidat target the V1/V2 loop
(Walker et al., 2000 There is increasing evidence that sequence variation in the V1/V2 loogtesedi
neutralisation resistan¢®oore et al., 2000 viral tropism and cell entry regulatiqi€hengMayer et
al., 1999 Wyatt et al., 19956 The V1/V2 loop is shortened and has fewelinked glycosylaions in
the case of transmittddunder (T/F) viruses compared to chronic virus@3erdeyn et al., 2004
Combined this evidence suggests that not onlyhis region of gp120 importairt the establishment
of the tansmission bottleneclout is a commontarget of the immune system, one that coudd b
expldted in vaccine desigrkinally, and most applicable for this studye thutative binding site for

the gut homing receptar 4 (b7 gpl120s locatedn the V1/V2 loop(as discussed in Section 1.7)

Potential Nlinked glycangPNGSs)

An unusual feature of HIV is thdense glycarshield that encompassegposed envelope antigens
which accounts fomore than halbf the moleculamass of gp12QLasky et al., 1986 The folding of

viral glycoproteins, viral transmission, viral escape and host immune response are all significantly

5



influened by the presence of these carbohydratdsch are the targets of several potent broadly
neuralising antibodieg¢Scanlan et al., 20Q0Walker et al., 201;1Wang et al., 2002 Two major types

of protein glycosylation are Ninked and Glinked glycosylation. Ninked glycans are attached to the
amide nitroges of asparagine side chains in the concensus sequerXeS/N where X represents
any amino acid residue except proline (Spiro, 2002linked glycans are attached to the hydroxyl
group of serine or threonine (Hang and Bertozzi, 2005), howteee is 1 current algorithm to
predict these site3.here are approximateB0 sites encoded ithe extracellular domain of envelope
with two thirds encoded in conserved regions and the remaining third in variable sregion
(Ochsenbauer et al., 2013alazatGonzalez et al., 2009Interestingly, the HIV genome does not
include any capability to synthesisearbohydrates; the glycanishl is formed by host enzymes

(Scanlan et al., 2007

Since an ideal vaccine would aim to block the interadtiemveen susceptibleost cels and the virus
defining thereceptorsgo-receptorsandattachment factors on the host cells #relgp120 trimeis of

particular interest.

1.3 Mechanism of HIV binding to receptors and co-receptors

HIV-1 must ivade human immune cells to ensure viral spread. Essential to this israttéidb he
host cell membrane involvingpg1 and gpl2@nperativefor the recognition of the virus, binding and
entry into the target cell. The primary binding action between the host cell and the kN vir
involves CD4 and gpl120.nlits physiological role,CD4 functions as areceptor for major
histocompability complex class |l molecules during foreign antigen regnition by T cell

lymphocytegMiceli and Parnes, 1993

During binding the glycoprotein envelope complex undergoes a strlictordormatioral change
rearrangingboth the gp120 ge and the variable loops resulting exposure of the V3 looghat
facilitates binding to chemokine receptors in addition €D4 (Berger et al., 1999 Chemokine
receptorsare involved in the homing and recruitmeof immune cells to the site @afflammation
(Coakley et al., 2005 The most common of these-meceptors for HIVL are CCR5and CXCR4,
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Virus concentration in extracellular fluid

however a vagty of otherdhave been implicated in the bindingsafimeHIV -1 isolateg(Alkhatib and
Berger, 200Y. The necessitpf these chemokine receptors for infection is reflected by tigirigthat
individuals that have a homozygous mutation for CCR5 are resistant to HIV infé8tiorson et al.,

1996.

Following binding of gp120 to the chemaki coreceptor, gp41l is released from its high energy state
and the previously buried fusion peptide springs out towards the host cell meifiGhlaypand Eron,

20@3). At this point, gp120 is thought to disassociate from the host cell membrane and gp4l
transiently becomes an integral component ofceélular membrane of the hodoms and Moore,

2000. Gp41l refoldsallowing for therelease of energy and formation offasion pore which
ultimately allows the capsid to enter the cytoplasm of the hos{([@eihs and Moore, 2000It is
concevable that there are additionaceptorsand attachment factom the host cell that myabind

the virus and offer aelective advantage to pathogenesis; one of which will be explored further in this

dissertation.

1.4 Clinical immunopathology of HIV

Window of opportunity

Symptoms begin

/\
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Limit of detection of
assay for plasma viral RNA
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. Days following HIV-1 transmission
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Figure 1.2: Events during acute HIV infection

The period between the time of initial infection ahd point of possible viral detection is the eclipse
phase. Between 7 and 21 days, the virus disseminatesdodary tissues and reaches peak viremia
between 21 and 28 day¥iral concentrations decrease slightly over time and the individual
progresses to chronic pathogenesis following 100 days of infddtioMichael et al., 2010



The pathogenesis of HIV can be simplified assistimg of two parts: an at phase which lasts
approximately 100 dayds designated into Fiebig stagesd is characterised by unchecked viral
replication and the chronic phase which lasts several years and is characterised ttyveastraune
activation and weak immuneesponsg (Picker and Watkins, 2005Events that occur during the

acute phase of infectionften dictate the kinetics of HIV replication and the rate of disease
progression. The eclipse phase is the initial period between the moment when the first cell is infected
and virus is first detectéand is thoulgt to be between 7 and 21 dgisdback et al., 2000 During

this clinically silent phasevirus is produced in CO4T cells in the mucosa, bmucosa, draining
lymphatics andto a modest extenthe gut associated lymphoid tissu€sALT) and systemic tissues
(Haase, 2010 Following detectable viremia in the blood plasfdasignated TQ)evels exponentibf

increase as a result of the sudden rapid viral expansion in the GALT and peripheral lymphoid tissues
reaching a peak at 228 days(Brenchley et al., 200Ribeiro et al., 2010 By this time, significant

and irreversibledepletion of mucosal CD4T cells has already occurred and some individuals may
becomesymptomatiqMcMichael et al., 2010 As the plasma viral load begitsplateayindividuals
progress from acute infection to early chronitdection at the end of Fiebig stage V, approximately

100 days followng infection Acute infection is the stage of infection in which a vac@nd other

prevention strategigsust bemost effective.

1.5 HIV transmission

HIV-1 transmission results from viral exposure at mucosal surfaces or from percutaneous inoculation.
HIV has been classified phylogeitztly into groups M, N and @nd P (a new putative designatipn)

each of which rpresent a separate introduction of SIV frarfected great apes into humgi@harp

and Hahn, 2011 Of theseggroups, M has manifested into the current pandemithwiral population
bottlenecks causing diversiation into distinct subtype@ aylor et al., 2008 HIV-1 clade C is the

most common subtype in circulation accounting for 48% of all infec{itephens, 20)2the most

prevalent subtype in the South African panderiespitethis level of diversity which coulghrovide



an opportunity for the evolution of alterénsmissibility,group M viruses haveeen remarkably

consistent in transmission over time, geography, behaviour and popsi(@&ylor et al., 2008

Routesf transmissiorand the transmission bottleneck

There are multiple routes oflV transmission includingvaginal, rectal, or§ percutaeous,
intravenous and in utero.dterosexual transmission is responsible for approximately 70% ofLHIV
infections worldwide. This is despite the fact that heterosexual transmission is an inefficient process,
with an average of only Ql0transmgsions per coital aqWawer et al., 20056 This risk factor is
exponentially increased dependent on the presence of sexually transmitted digealses
circumcigon, socieeconomic status, pregnancy, HIV diseastage and route ekposurgEl-Sadr et
al., 2010 Galvin ard Cohen, 2004Powers et al., 2008 During early or acute infection, adlV
infectedindividual in a discordantoupleis far more likely to infect their partnénan during chronic
infection (Brenner et al., 20QMiller et al., 2010 Powers et al., 2008V awer et al., 2005 This may
be as a result of the high viral load, a lack of neutralising antibodies that awivate circulating
virus or clonal expansion of ver§it viruses that areparticulary suitedfor the establishment of

productive infectior{Keele et al., 200&ichman et al., 20Q3Vawer et al., 2003V ei et al., 2008

Current observatianof HIV transmission suggests that two thresholds need to be overcome for
infection to occurfirstly, there may be a threshold of infectious virus needed in genitatses of

the infected partner anskcondly there may be a threshold density of susceptible cell targets in the
mucosa of the uninfected partnéigbal and Kaul, 2008 HIV transmission involves a genetic
bottleneck in which a limited number of variants from a diverse quasispeciég imansmitting
partnerestablishproductive infectiorin the newly infected partn€kVolfs et al., 1992Wolinsky et

al., 1992. This definition implies that there are selective pressures acting on these variants,
corroborated by the fact that in most cases only 1 virus is able to withstand the genetic bottleneck and
productively i nf &wwnas thestransniteed/founddrF)hvirus, cam berinfesed

by using a novel experimental sequencing strategy developkddly and colleagues in 20@fsed

on single genome amplificationt is likely that a number of abortive infections do arise myiri
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transmission but that only one in the case of sexual transmission establishes productive infection
(Figurel.3). It has been determined that approximately 80% of heterosexual subjects are productively
infected by a single viral genoniieespective of geetic subtype(Abrahams et al., 200¥Haaland et

al., 2009 Keele et al., 2008 Approximately 60% and 40% of men who have sex with men and
intravenous drug usgrespectively, aralsoproductively infected by a singlgirus. In onecase ofan
injectiondrug uset up to 16 T/F virusesvere found to cause infdéion (Bar et al., 2010 Rectal
transmission also seems to mitigate the genetic bottleneck that is ewudesgrvicovaginal
transmissior(Li et al., 2010. The fact that multiple viruses initiating infection anere prevalent in

nontheterosexual transmissions is an indicator of the strength of the mucosa as a barrieidi. infect

,?/& i lt Most fit virus [Rge1)

3 >10f virions/ml of plasma

\\’/} | @ . Ja i
4 ! e )
€ T T "

1@ f{ -
i ,
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@ { & ® defective virus
4 _————
| < Less-fit virus
o / o attenuated or
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event [Ry<1)

| | | | |
| | |

3 6 9 12 15 28

Time (days)

Figure 1.3: Model of HIV infection

While a selection of phenotypically variant viruses are present imfbeted fluid and a number of
abortive infection events may occur, in most cases only one virus results in productive infHuison

may be because other viruses are less fit or fail to come into contact with target cells. During the
eclipse phase of infection, viral diversity is thought to be limi@hen et al., 2031
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Transnission signatres

Various studies have focused on the determinationdaffiaing phenotype of T/Firusesin order to
explain why these viruses are preferentially setbdte the transmission bottlenecRhenotypic
identification of transmission signatgréehas been difficult to correlate with genotypic changes
Transmision of HIV-1 in humans selectsr CCR5tropic viruses, angiruses could be distinguished
from CXCR4tropic viruseggenotypically by amino acids locatedthe V3 region of EnyJensen and
van 't Wout, 2003Resch et al., 2001T/F and chronic gpl120save shown similar requirements for
elevatedevels of CD4(Alexander et al., 20t0saacmarBeck et al., 2000but differencesn CCR5
usagehawe been determine@Parker et al., 20)3Most recently, Korber and colleaguéSnanakaran

et al., 201) compared over , 000 SGA derivegnvgpl60 sequences from 275 acutely or chronically
infected subtype B subjects and observed statistically robust signafimesmotif with highest
statistical significance was indtsignal peptide, which may affect Env expression anarjracation

of Env into virions(Asmal et al., 20101 How these changes might affect HIVtransmission is

currently unknown.

T/F virusesfrom subtypes A, C and bave been determined as having more compaev4/1oops
with a reduced number glycans compared to chronic virusas observation less clear in subtype B
viruses(Chohan et al., 200Derdeyn et al., 2004Ping et al., 2018 DC-SIGN, the Gtype lectin
expressed on dendritic cells is able to bind virus via oligomannose regitlishsare expressed &
higher degree on T/F virusé&eijtenbeek et al., 20Q0This process ofirus capture may contribute
to direct infection of dendriti cells (Muratori et al.,, 2009 providing a mechanism of immune
evasion It hasbeen suggested thidie homing integrim 4 (birds more efficiently to T/F viruseand
that this difference is associated with decreadgdogylation of V1/V2 of gpl2QNawaz et al.,
2011). Studies hag shown that these charactgcs provide T/Fviruses withincreased transmission

fitness(Chohan et al., 200%Vu and KewalRamani, 2006

Enwelope proteis from newly transmitted viruses have been shown to retain neutralisation sensitivity
to the transmittaswglapt@&bD4tbindngsitemormaiohalartilbodies &1 and
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VRCO01 (Derdeyn et al., 20Q4Vilen et al., 201}l Recent indingsshowthat T/F virusesvere more
infectious and contained nearlyf@d more Env incorporated per particle than the clraantrols
were recently publishefParrish et al., 20)3 Data suggest that TARruses have enhancedllckee
infectivity, improved dendritic cell interaction and relative Halbha resistance. Given that HIV
transmission is inherently inefficient and likely represents the most vulnerable point in the natural
history of HIV-1 infection, identifying unige properties ah potential vulnerabilities of T/Wiruses

remains an important objecti¥er the development of prevention strategies

1.6 The mucosal immune system: structure and function

The largest component of the mucosal immsys&tem is thgut assoiated lymphoid tissueJALT)
that spans the gastrointestinal tract from the rectum to the oral cavity and servesatioekggiibrium
the essential functienof the absorption of nutrients and protect from potential pathogenesis
(Mowat and Viney, 1997 Several mechanisms exist within the mucosal immys&es to protect
from infilt ration of pathogens such ascontinuous epithelial physical bariwithtight cell junctions,

a covering mucus layeg varigy of antimicrobial substancesd themaintenance of environmental

conditions (for example pH).

Functionally the mucosal immue system can be divided into inductive and effector sites. Inductive

sites are the areas where antigens are collected from the lumemunuhe responses initiated
includingt he mesenteric | ymph nodes, Peyer Ctarsitgsat c hes
are regions where adaptilmmune cells exertheir immune pressure namehe epithelium and the

lamina propria(Brandtzaeg et al., 20p8Anatomically however, lymphocyte populations can be
categorised into those present in the epithelium (CDé&ellsand TYd cel | s) and those
propria (predominantly CO4T helper cells, CD8T cells, natral killer cells and Ecells) (Hein,

1999.
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The nucosal transmissioavent

In contrast to the systemic immune system, tnufsthe CD4 T cells in the mucosal system are
CCR5, activated memory CDA4T cells. These are preferentiardats of HIV and SIV infection
(Brenchley et al.2004 andit is estimated that 60% of all mucosal memory CD4ells are infected

by HIV within the first few days followig transmissiorfMattapallil et &, 2009. HIV-1 traverses
several tissue layers in the female genital tract before coming into contact with the appropriate target
cells (Figure1.4 Panel A)such ad.angerhans cells or CDA cells in squamous epithelium. CD#

cells can also be infezd by viruses bound to submucosal dendritic cells. It is believed that a major
site for HIV transmission in the female genital tract is the cervix; especially the endocervix and
transitional zone which are only covered by a @niglyer of columnar epitliam (Grivel et al.,

20171). This layer is less protective than the died epithelium of the vaginéPudney et al., 2005

The vagina is covered by an exudate whichn effective barrier against many es andhe upper
genital tract is covered in mucuSoluble factors (such as SEFwhich binds to CXCR4; defensins,
complement proteins and surfactant proteins) found in mucus and the ability of mucus tdadrep vir
may decrease infectivigndslow viral transmissioby altering the sudace charge of the gp120 timer

(Lai et al., 200%

In the male genital tract, the mte foreskin and urethra harbour target cdfligigre1.4 Panel B).The
outer foreskin is heavily keratinized and is wmlbtectedagainst pathogenic penetrati@anor et al.,
2010. The inner foreskin and frenulum are covered in a thin layer of keaaiihare siteof
favourable target cells, such as Langerhans,agliich are presumed to be the first point of contact
during penile transmissio(Cohen et al., 2031 Virus-cell interactions in the male Ismnucosa are

likely to be comparablto the female genital tract with similar targets.

The primary site of transmission in the gastrointestinal tract is the@abmucosa and tolasser
extent, the oral mucos@.ackner et al., 2009 The aus is lined by several layers of stratified
squamous epithelium which contains intraepithelial dendritic cells which may facilitate dissemination
of virus (Shdtock and Moore, 2003 The probability of infection through the rectum and colon is far
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higher than the vaginal or penile route. The vulnerability of this tissue lies in the fact that only a single
layer of columnar epithelium separates the lumen fioeninner layers and may be daged during
sexual intercourséNazli et al., 201 Furthermorelymphocytes in this tissue are constitutively
activated; providig a target population of highly susceptible cells. The oral mucosa does not appear
to be a major route dfllV transmission, with the exception of motheschild transmissionDespite

this, he palatine tonsil is a unique mucosal tissue as it has nategdtsbin the barrier to expose

underlyinglymphocytes to thenvironmen{Lackner etal., 2009.

A HiV-1 translocation through female epithelium
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Figure 1.4: HIV transmission through the mucosa

HIV transmission across th@d\) female and(B) male genital tract is shown here. While rectal
transmission across thin columnar epithelium and thick mucus layer is compéetineen sexes
involving dendritic cells, CD4T cells and macrophagesansmission across stratified epithelium of

the vagina and inner side of the foreskin differ in the presence of a mucus layer in the female genital
tract. Dispersed within the stragfl squanous epithelium areangerhas cells(Cohen et al., 2031
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Given the multiple routes of transmission and therdisthistological features ahe different tissues
involved, it is not surprising hat theidentity of the initial cells infected with HIfemains elusive.
Evidenceto datesuggestghatCD4" T cells and Langerhans celisethe primary targetg¢Hladik et
al., 2007 van den Berg and Geijtenbeek, 2p18th an implication that dendritic cells may be the
initial contact for HIV(Lackner and Veazey, 200 Macaque studies suggest that mucosal infection
may be dependentpon the ability of T/F viruses to infect rewii CD4 effector memory T cells
(Haase, 2010 While the virus traverses the mucosal barrier within a matter of hthargime for
disseminatiormay be between 3 and @&ys. Following this initial steghereis rapid dissemination
into the draining lymph nodes and systemic circulation along with theblesttment of viral
reservoirg Emau et al., 2006 The adjunctive damage tbe mucosal tissue fowing HIV infection
causesalteratiors in intestinal structure and leakage or translocatioguif bacterial productsito
sterile tissues, leading to further immune actomtiincreasing HIV replicatior{fBrenchley and

Douek, 2008.

Preferential infection of th&ALT by HIV

While only 0.01-1% of peripheral CD4 T cellsare productively infectedith HIV (Brenchley et al.,
2004, in striking contras60% of mucosal memory CDA cells becoming infeet at the time of
peak viremia(Mattapallil et al.,, 200b Regardless of the route of transmissiblly -1 develops a
rapid and extensive infectiomithin the GALT which has been described as thegple and initial
site of viral replication (Arthos et al., 2008Brenchley et al., 2006Lackner et al., 2009 The
activated state of the GALT is thought to be as a result of constant antigenic exposure in the junction
between the lumen of the gut and the eglith layers, one of the possible reasons that viral
replicaion is so high in this tissu@Ansari et al.,, 20101 The mechanism for this preferential cell
tropiam of HIV-1 for GALT is unknown;however it is hypothesisethat the high frequency of
CCR5CD4 T cells in GALT provides a rich target @ranment for HI\:1 replication(Nawaz et al.,
2017 anda 4 [(EXpression ortheseT cells may facilitate wus infection and replicatiofArthos et

al., 2008 Kader et al., 2009 In addition the GALT tissue harbours in excess of 469l
lymphocytes in the bod{Hein, 1999.
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Homing of T cells to the GALT

As T cells only detect pathogens through direcitact with theMHC-presentedantigen, they must
traffic to the site of pathogenic exposuBendritic cells trap antigens in secondary lymphoid organs
and naive T cells exit the thymus and migrate preferentially to these regimugeas referred to as
homing (Butcher and Picker, 1996The encounter with antigen causes activation and proliferation of
effector memory T cell clones that home to sites of inflammation where they conmitaot with

other cell types tolieit other immune responses. Following antigen clearance, the majority of effector
cells die, some remain for losigrm protection against repted exposures to the antig&allusto et

al., 1999.
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Figure 1.5: Homing of T lymphocytes

Naive T cells home continuously from the blood to lymph soded other secondary lymphoid
tissues. Homing to lymph nodescurs in high endothelial venules (HEV), which express molecules
for the constitutive recruitment of lymphocytes. On stimulation, T cells proliferate by clonal
expansion and differentiate ineffector cel§, which express receptors tlegiable them to rgrate to
sites ofinflammation(von Andrian and Mackay,0®0).
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In order to leavehe circulation and home to various tissues, leukocytes must engage sequential
adhesion pathwayéigure 1.5). This sequence involves lymphocyte rolling, chemokmediated
activation, firm adhesion to the vessel wall and finathnsendothelial migration into the tissues.
Molecules involved in the cascade include selectins, chemokines and their receptors, integrins and
their immuoglobulin superfamily ligand¢Berlin et al., 1995 Kim and Broxmeyer, 1999von

Andrian and Mackay, 2000Specific to the gut, the homing receptdrattare relied upon to maintain

the levels of lymphocytes are largely tBe7containing integrinsd 4 B 7 a nahd theE@BRD
chemokine receptor and iigand CCL25(Berlin et al., 1993 Kunkel et al., 2000Wagner et al.,

1996. Of particular interest in this study is the integrid 3 7

1.7 Integrin a4B7: regulation, structure and function

Integrins are transmembrane cell adhesiceptors that consistofnonoval ently associ at
subunits that mediate cadktracellular matrix (EM) and celicell interactiongPribila et al., 2004

Among the adhesion reptors, integrins are unique tine divesity of their ligands andghechanisms

of attachment. Vertebat es express 18 o iaenaforrB24knosnuritegrms t s t h
(Gorfu et al., 200p Integrirs areresponsible for tw forms of signalling processe§) “ | n ®iud &

signalling involves the transport of proteins to the integrin cytoplasmic domains and multicomplex
formation resulting in clustering of integrins andneased avidity for its ligan@enucci et al., 2009

and (i) “ out-isn "d e s i gheraly tytoplagmic complexes link the integrin with the actin
cytoskeleton and intracellular signalling pathwagllowing for the integrin signallinopto the cell
Conformational changes to integsinan elicit celisignalling events that increase affinity for their

ligands as well as promote cytoskeletal rearrangat and viral internalisatiorfStewart and

Nemerow, 200¥.

Unique amongst the integrinsds4 B3 7. The a4 subunit associates wit
The B7 subunit can also pair with "TdécebsamlED4ds ubuni t

T regulatory ells but not naive CD4T cells(Lehmann et al., 200Masopust et al., 2006
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Functions of U4b7

While selectins are the primary mediators of tethering and rollimgngluhe homing process o 4 3 7
uniquely mediates both rolling and firm adhesion and has a specialised structure to do so; with low
affinity and high affinity formstriggered for different functionéYu et al., 2012 a 4 ph@s been
implicated in the formation of secondarymphoid structuregMebius et al., 1998 protecive
immunity against pathogeriguklin et al., 2001 and in the prgression of gut inflammatiomlaying

a central role in the del@ment of irllammatory bowel disease (IBO¥Y}reagan et al., 20p5graft

versus host disease (GVHiQUJeha et al., 20Q07and diabetefiwata et al., 2004 Certain studies have
shown that there is a compartmentalised usage @saathmoleules along the intestine withtegrin

being of less importance in the large intestine arsgrggl in the smalintestine(Bell and Else,

2008.

Ligandsof U4 b 7

The primary | imuaosatladdriessin celtadiffeZion imslectle(MAdCAM-1); an
addressin that is expressg@dimarily on the high endothelial venl e s of t he Peyer'’
mesenteric lymph nodes and the postcapillary venules of the lgntipga of the gu(Berlin et al.,
1993 Streeter et al., 1988MAdCAM-1 is also expressed in the thyminedulla, tonsils, nasal
associated lymphd tissues, pancreas arurain (Briskin et al., 199Y. MAdCAM-1 is highly
expressed on the processes of folliculardiitic cells present in germinal centensesenteric lymph
modes and Panydanay be inyolatincthe ectivation of B cell§Carrasco and Batista,
2009. MAJCAM-1 displayed varible expression on the genital tragtohansson et al., 1999ts
expression isunregulated in areas of flammation in GALT especially in the casd chronic
inflammatorydiseasegKelly and Rank, 1997 In addition to the GALT, it i@berrantlyexpressed in
the eyes, joints, Wier and skin during active IBQAdams and Eksteen, 200énd upregulated in the
genital mucosa following infection witGhlamydiatrachomatis(Kelly and Rank, 1997 MAdCAM -

1 has also beamplicated inthe homotypialusteringof melanoma cells in malignang¢izeung et al.,

2003 and clearly has an extensive and entrencbkdim immunity extendig beyond the GALT
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MAdCAM-1, vasallar cell adhesion moleculd (VCAM-1l)and f i

bronecti

n

al | bi

structually homologous binding motifdlackson, 2002 The minimal binding epitope for MAdACAM

1 is a tripeptide loop LeAsp-Thr (LDT), while fibronectin binding requires Lefsp-Val (LDV) and

VCAM requires lleAsp-Ser(IDS). In al naturatligand binding motifs, the aspar acid residues are

essentiato binding, the removal of lich abrogates the interacti¢dackson, 2002 Howevera 4 (3 7

binds at a lower affinity t?/ CAM-1 and fibronectircompared to MAdCAML (Andrew et al., 1994

MAdCAM-1 bindsa 4 [y interacting with themetal ion at themetal iordependent adhesion site

(MIDAS) in the B 71 domain(Sun et al., 20)1allowing for integrin activation and clusteriras

shownin Figure1.6. The principal contacs i t e

chain(Zeller et al., 200
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surface (Humphries, 2000 Although the majority of circulating Tel | s express bot h
subunits, they are mogtin an inactive conformation. Aa result of contact with cognate antigen in

the Peyer’'s patches ,aendriticneells grasdntim thecGALTyintyzdrapido d e s
upregulation and induce a higr activation state of gt o mi ng r ecept orbythen 437 ar
action ofall-transretinoic acid(lwata et al., 200 CD103 mucosal dendritic cells the nesenteric

lymph nodes anchithe gut lamina propriaut not in the skin or spleesxpress high levels of retinal
dehydrogenase (RALDH), an enzyme that is essential for retaoiicproduction from Vitamin A

(lwata et al., 2004Jaensson et al., 2008ohanssoiindbom et al., 2006 However, inthe absence

of dendritic cell s, retinoic acid alAdghozetdls abl e
2008. Retinoic acid incwkiakesf tt4a mdnEiiDedleca étss r em
al., 2010. There are high amounts of intracellufar7 (i n e x c e s sas areserw# fort hat s
a4 pp7airing) but not B1 in naive T <cell s; ther ef
without alterda i on i n [ (DeNeckietlrak, 2G0)0 Anather regulation mechanism explains

that theltg-U 4&hain in T cells requires retinoic acid foanscription whereas thgy-b fenesequire

TGFB f or t(Kanagresat,201)p This opregulation has been described on D4, B

cells and natural CD4CD25 FOXP3" T regulatorycells (Johanssothindbom et &, 2005 Mora et

al., 2003 Siewert et al., 2007 In contrast, a vitamin D metabolite supsses ré@boic acid induction

of ad4pB7 and CCR9 whi |l e inhomingracsptorsin T cdiiddoraeeikap,r e s si o
2008. IL-7, a norredundantcytokine essential for homeostasis of the T lymphoichgartment, is

expressed bgtromal cells as well as thymioé intestinal epitheliatells (Watanabe eal., 1999 and

is under clinical trials as an immexneconstitution agent in AID8Mackall et al., 201l Recently,

Cimbro and colleaguedemonstrated thatt7i nduces expression and funct
in vitro andin vivo (Cimbroetal., 201 Whi |l e retinoic acid mediated
TCR stimulation and occurs on naive and memory T cells{ Inediated upregulation does not
require TCR stimulation, refl ecting t diferemhec hani

physiological state@Cimbro et al., 201p
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U 4 signalling

Integrin adhesiveness c e nt r a |-horhimg fuhchiom, isoregaied by intracellular signalling

pathways that are dependent on the cytoplasmic domains of integdnenforce changes in the

integrin conformation, clusterinfrauch et al., 1997 affinity and cellspreadingKrissansen et al.,

2006. Small GTRbindingmolecules nduce bindi ng of o4dphhierarahical t s | i ¢
manner involving changes in receptor avidity beeaat ligandinduced clusteringZhang et al.,

1999. T h e - chadn has three LDV motifs which could support4eil n di n g* cells thus 4 B 7

of fering an driggelecahoraotypicacelggfemtion(Altdvogt et al., 1996

1.8 a4p7 is an attachment factor for HIV

Adhesion molecules were first implicated in HIV pathogenesis withdibeoveryt h a t B2 integ
wereinvolved in HIV-induced syncytium foration in T cells and monocytéslildreth and Orentas,

1989. Since thenArthos and colleagueshowed that the HM envelope protein gp02binds to and
signals via the" G28BTrcells and NKgcells and activateE®% i n an oa4pB7
dependent wayArthos et al., 2008 This is an irportant finding because in the tissue where HIV
prefeent i al | y r e pdnvelope pretain interattsedirectly with a8 homing receptor integral

to CD4 T cells in the tissue. This mechanism naagount, in part, fore GALT being the regioof

rapid and preferential HIV infeath, integral tothe dissemination of the virus.

Me ¢ h ani s agplaXintethdtion7

The principal contact sites for 4-dnan(Zellartetat.,a l l i g
2000). By bl ocBk7ii ngctddavi-t 4, wBT hamdt iad 7 n ephopesnear h at t
MAdCAM-1 (Schifferetal.,, 1996 Ar t hos and col |l eagues asditaswed t h
near thetarget of thenatural ligands of the integrin. Present in the V2 loop of gp120 is a tripeptide
consensus sequence consisting most frequently ofAsptv/al (LDV) at positions182184 (by

HXB2 numbering) In addition the aspartic residiregp120 is conserved in 98of gp120s preseint

the Los Alamos HIV databagArthos et al., 2008Kwong et &, 2002. The binding of th&/2 loop to
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a4pB7 may facilitate viral entry bytionnobemelogeng t he
spikes to CD4Kwong et al., 2002Zhou et al., 200) This interaction is highly conserved across

subtypes of HIV as well as SIV.

o 4 [k&localises with CCR5 and CD4 on both retinoic acid treated peripheral T cells as well as T

cells derived from th gut, with the latter slwing increased CD4 clusterin@rthos et al., 2008

Cicala et al., 2009 The posiion o f ad4pB7 rel ati vieshawo inFgrdl.7.aJairdy CCRS5
acceptofphotobleaching Forster resonance energy transfer (FRET) apdceci pi t ati on st 1
was found to residavithin 1.2 nm of CD4 and considering their relative height and the estimat

diameter of the gp120 trim€éKwong et al., 200)) it is likely that the gp120 trimer will encounter

o 4 [prior to CD4(Cicala et al., 2009 HIV binding toa 4 [is7independent of CD4 bindin unlike

coreceptor CCR5 and CXCR4bpinding(Cicalaetal., 2009 a4 7 e xhar20rdMsfronmtber e t

cell surface(Chigaev et al., 2003 while comparatively CD4extends 7nM from the surfag@Vu et

al., 1997. Unlike the HIV entry receptsrCD4 and CCR5 « 4 (3 7an absoluta eeduiremefdr

viral replicationin vitro. This, coupledvi t h it s position on t hceuldcel | S
serveas an attachment factor for HIV infeam and it is likely that it binds gp120 prior to CD4
engagement. This is in line with a structural analysis that places the V1/V2 region of gp120 (contains
the tripepti de thé apex ofahe fritherib dpikgiliietnaly, 200&Mao et al., 2018

Different alleles of thdTGA4g e n e , encoding for the a4 subunit
naturd ligands antta 4 37 monocl onal antibodies and -1gp120.
acqusition, resistance to diseaserogression, viremia control and CD# cell depletion may be

influenced by' TGA4 polymorphismsn primate species and humgi@sarc et al., 2011
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gp120 trimer
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Figure1.7: Po s i t i relativetofCDAlahcdhCTR5
Thea 4 37 i nt e ghoie the eelksuriace dygproximately 3 foldher than that of CD4. CD4
anda 4 [aré very close and can be-precipitatedV1/V2 loops that contain the 4 [binding motif
are predicted to be on the tip of gp120 and are shown in maroofCheaia et al., 2009
Effects oHIV- U 4 bifdind
Apart from the ability to take advantage of the
of HIV-1 to the GALT, the effects of binding may be extensiMeA-1 is an integn that is linked
directly toa 4Chan et al., 2000and is essentiab immunological synapse formati¢Bromley et al.,
2007). HIV has been found to commandeer L-EAo form virological synapses which fatite celt
to-cell transmissionJolly and Sattentau, 200®iguet and Sattentau, 2Q0#rthos and colleagues
illustrated that LFAL can be activated by gpl120 using a mec
LFA-1 , a4, CD4 and gp1l2O0 infected ant eninfected cel{®\hthes et al.t er f a c
2008. In addition, gp120 is able to drive homotypic clustering elndtering of homing receptors

(Birdsalletal.,199%a 4 37 binding increases aa LAAN @Athoseen as WwWe

al., 2008.
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U4 b7 a-tdanskhission

Evidence suggests that the gpi®@ (nferaction may be especially significant in the earliest stages
of HIV infection. In SIV infected macaques, saptimally activated memory CD4T cells form the
founder airget population for infectiofLi et al., 200%. In humans, noactivated cells in the guhew
evidence for productivenfection (Mehandru et al., 200. In these resting cells LFA is mainly
inactive andrepresents a target for gp1804 B 7  nderderaction€Tardif and Tremblay, 200k
Antigens p e c i f'iCD4" Tucelp are found in the genital mucosa where CD4ells are first
infectad following sexual intercourséHawkins et al., 2000Kelly et al., 2009. o, 4hPoudgh its
homing functionjs functionally linked to each of the sites involved in acute infectidith the aid of

a4 B 7 ,is aHlé t¥ gain rapid access to compartmenisiofunity that have a high number of target

cells and as a result, the probability of irreversible infection is greatly increased.

I't has been r epofrTaoeldare rmoeetsusaeptifiierto pnodugtive irfebtién by-HIV

1 than those expressihgv levels of the integrin, in part because this subset is enriched for activated

CD4' T cells, and in part because they express high lev&<&5 and low levels of CXCR¢icala

et al.,, 2009 This phenotype extends to blood, rectum, colon and genital mucosa of the female
reprodudive tract (cervical cytobrusihCicalaet al., 2009 Kelly et al., 2009. It has been reported

that during the acute phase of Siection,a 4 fhigh CD4T cells are preferentially infected and

t h at " Teealfare depleted in laminagpria and rectal lymphoid nodésader et al., 2009Vajdy

et al., 2000. In humansc i r ¢ u | a'tCD4i § celis &g preferentially depletddllowing acute

HIV infection (Krzysiek et al., 2001 Prior to the onset of viral infection (except in the case of other
inflammatory disease of sexually transmitted disease and other compounding factors), the fully
activated CD4 T cells are in theminority (Zhang et al., 2004band with most of these expressing

ad4pB7, it is likely that a4pB7 plays angehtalport an:
mucosa does not contagrganisedmmunei nduct i ve si t es’ Theell$totraffit i es ur
from organised inductiveites including the Pey&s patchegMestecky and Fultz, 199%nd it is

possible that the initial and mo®levant site forte gp1l26a 4 37 i nt eracti on is the
the initial days following transmission. As a result of sexual transmission being a highly inefficient
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process, any advantage would kebenefit for HIV replication.The i mpact -g@ii20 t he «
interacton varies for different viral isolates, even for clones within the same individuaingédrs

periods of pathogenegjrthos et al., 2008 This suggeststhatite st r onger t he affini
higher the transmissiontfiess of the virus. Three eadyansmitting gp120 monomevgere found to

have hi greativity thdnpteir matched chronic counterparts. To this end, Nawaz and
colleagueshowedhat atthe time of mucosal ansmissiorselectionfor T/F viruses that have reduced
glycosylatonc or r el ates with an increase in a4p7 react
signatureexploitedfor therapiegNawaz et al., 2001 This effectappears to be linked to the change in
conformation of V1/V2 and C3/V4 rather thamerst occlusion(Nawaz et al., 2001 In the case of

Chlamydia infection, antiges p e ¢ i f iTccellsnidcif@ase in number in the female genital tract

homing to the GALTsuggestingthat s ol at es with the ability to eng
into contact with rich target cellgHawkins et al., 2000Kelly et al., 2009 Kelly and Rank, 297).
Therefore,bottlenecks created as a result of sexually transmittédfectionsmay determinax 4 3 7

reactivity at transmission.

In contrast, Parrish and colleagues have describedrthatro antra 4 B 7  mA bosinhilitary

effect on vird replication and therefore no selectvedvant age of fered by a4
pathogenesiwith the exceptin of SF162, a subtype B vir@Rarrish et al., 2032V hile this result is

pertinent, because much of gp@04 B 7 i nt eracti on hypote$ teshrogic i s bas
and T/Fviruses studiedvere not matchednd were of a small numbevith only six T/F and six

chronic viruses examinedrurthermore concentrations of inhibitory mAbs used and determined as
saturating ina 4 fbinding assays increased HIV lieption in many cases as a result of homotypic

clustering triggered by 4 AmAb binding.
Despitethis controversysSlV infected rhesus macaquesatment with antic 4 3 7 mispkaged a
decreased viral load and reductionvifiemia andproviral DNA load in the GALT(Ansari et al.,

2011). This proofof-concept suggests a role far4 @An7/HIV transmission. Dring acuteSIV and
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HIVi nf ecti on a4 ptdbe hpaegulateceom®’ T cells as dvell as NK celllCummins

et al., 2001 Reeves et al., 20)0suggeshg a role for the integrin in dissemination.

1.9 a4B7 defines a subset of T lymphocytes highly permissive to infection

ad4B7 is experTadseds abanowrheadErle et al., 199 It is also expressed on NK
cells, monocytes, dendritic cells, madnages and einophils. The expression of thistegrin is
however enhanced on IgA expressing plasma cells andn@mory guthoming CD4 subsets
(Schweighofer et al., 1998 487 denot e s CR& highunersoeytCDAT fcellsGhat are
strongly reactive for Ki67, a marker of cellutaetabolism and activatigiCicala et al., 200Revident
and presenin peripheral bloodas well as in rectuprcolon female reproductive tra¢Cicala et al.,

2009 and cerebrospinal flui(Kivisakk et al., 2005

't has been r eporTecelsare maoaetsusceptiple togudctice infecidh by HIV

than those expressing low levels of the integrin, in part because this subset is enriched for activated
CD4' T cells, and in part because they express lighls of CCR5 and low levelsf CXCR4(Cicala

et al., 2009. Highly a 4 Bexpressing CD4T cells with a resting memory phenotype serve as the

dominant targetfoSIV infection during acute infectiofKader et al., 2009

A delicate balance exists in the intestinal tract to maintain protection of the tissues withumingn
autoimmune inflammation. This balance is disruptethe GALT during HIV infectionAt least two

CD4' T cell subsets have been found to maintain this balance and their disruption may be the cause of
microbial translocation during HI\pathogenesisThese subsets, Th1l7 (pidlammatory) and T
regulatory cells (aniinflammatory) shown in Figurel.8, are present in the GALT and genital
mucosa, are regulated byet i noi ¢ ac i d and asda resdaperokirgtesestroctd@ria

understand thiitial dissemination of the virus to sites distal to the genital mucosa
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Pro-inflammatory

Th17
Defense against pathogens,
/\GQS? IL-17A, IL-17F, Autoimmunity,
IL-21, IL-22 Transplantation rejection
and Cancer
—>
Thymus Naive CD4* \Q{g I
T cell
Treg Anti-inflammatory
ATRA TGFB, Immune homeostasis,
IL-10 Maintains tolerance

Figure 1.8: Development of Th17 and Treg CD4T cells

Polarisation of naive T cells to Th17 CDBcells occurs via stimulation by T@F a n@land Treg

CD4" T cells by TGFB. Tregcells can also bénduced by ATRA. Treg and Thil@ells exist in
equilibrium with antiinflammatory Treg cells supressing Thl7 pidflammatory ability. Adapted

from (Sethi et al., 2013

Thl7and T regulatory cellin HIV and immunity

A) T helper 17 cells

Th17 cells areCD4" T cells that play a critical role in the maintenance of mucosal surfaces including
enterocyte homeostasis andfelse against extracellular bacteria and funguunctioning inthe
mediation of inflammatior{Bettelli et al., 2006 and the development of autoimmunity, skecells

have also been linked with the recruitment of neutrophils and macrophages to the infected tissues and
have been found in peripheral circulat@smwell as the genital muco@dcKinnon et al., 201)1l Th17
cellsproduce 1:17 (a marker that typically identifies them in most phenotypic studie1 land IL-

22, but not interferorgamma or 14 (Steinman, 2007Theyexpress the lineage specific transcription
factor RORYt (lvanov et al., 2006andmostIL-17" T cells are CCRB(BrucklachesWaldert et al.,

2009 Singh et al., 2008 CCR6 is a markemecessary foc e | | mi gr at i opatchesrot o t
the small intestindWang et al., 2009aA number of other markers foine Th17 subsethave been
identified but are not weltharacterisedincluding CD161 (Cosmi et al., 2008 and CD152
(BrucklacherWaldert et al., 2000 Th1l7 cells differentiate in the presence of FEF an-@ | L

(Mangan et al.,, 2006Yang et al., 2008and theimpact of retinoic acid on their phenotype is

controversial and requires further investigation
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Th17 cells are enriched in the lamina pramf the GALT(lvanovet al., 2008. Interestingly, CCR5

and oa4pB7 expression is substanti alcédmparedtothoseased
in the blood(McKinnon et al.,, 2011l The high expression of HL7 has been shown in multiple

sclerosis, rheumatoid arthritis and IBDs, most of which are durtey t r eat ed by bl ocl
(Tzatos et al., 2008 Currently little is known about the homing of Thl7 =lo sites of

infl ammation in the intestinal tissues and the
conditionsthat favour the Th17 phenotyp@orfu et al., 200P Indeed cells that express-1I7 but not

B7 exhi bi tasedn tré&fficking td the GARTGorfu et al., 200p Th17 CD4 T cells require

IL-7 for survival and expansigfiiu et al., 2010, an interleukin that has recently begescibed to

upr egul Etmbro et 4l 2012 It has been reported that mostI?ThCD4 T cells express

a 4 BAnsari et al.,, 20landanot her study, "aremogty IHIEDS Tt delst a4d4pB7

(Kader et al., 2009

Multipl e susceptibility factors for HIV are expressedamdem on Th17 cervical T cells. These cells
are depleted preferentially in cervical tissue and bind gpl20aasdch, this population has been
suggested as a founder target group for Hivismissior{McKinnon et al., 2011 Evidence suggest
that Th17 cells are the most prominently depleted ‘CD4ell subset following HIV/SIVinfection
(Brenchley et al., 2008Besides being highly susceptible to infectidre toss of ThlZells provides

a direct link between CD4lepletion and immune dysfunction, as the majmcfion for IL-17 is the
strengthening of mucosal epithelial tigiinctions (Blaschitz ad Raffatellu, 201D In nonhuman
primates, depletion of Th1l7 cells following SIV infection was associated with loSalofonella
typhimuriumcontrol leading to systenedkage of bacterial componefRaffatellu et al., 2008 Th17
cells are lostn the gastrointestinal tract of HIV dividuals(Brenchley and Douek, 20p8ut another
study hasshown that HIV infected individuals have higher-1L levels than healthy individuals
(Maek et al., 200iZ The loss ofTh17 cells has been found to be predictive of systendcsastained

T cell activation(Favre et al., 2009

28



Th17 cells themselves are higtdusceptibleo HIV infection and gpress high levels of CCREI

Hed et al., 2010 It has ben shown that SIV replication in the infected rhesus macaque is limited by

the size of the prexisting Th1l7 cell compartment: those that had a higher representation pre
infection (higher Treg: Th17 rafj had a lower viral sgtoint (HartigarO'Connor et al., 2032and

are therefore correlated with protection agareplication acutely anfbr months following infection.

In chronically infected HIV individuals the frequency of T cellsrapidly decreasednd a higher

frequency of viral DNA is found in Thl€ells (Gosselin et al., 20)0Indeed these cells may be

restored via antiretroviral treatment if therapy ert&td at the time of infectiofAlvarez et al., 2012

Macal etal., 2008 Since a4pB7 i s an peetererdial tepletiontof Th1d cetlsor f o
during HIV infection has higkeexpressibeandhese beffcadderats a r e
al., 2009. However, CCR6 being a marker of Th17 cells and critical for migration into the small
intestine has been fad to denote a subset that is highly permissive to HIV infection riegaraf the

expr essi Montewofet alr, ZR)TA recent study showed that Th17 CCRbcellsexpressed

higher levels ofo 4 fai bound gp120 more extewsly (Alvarez et al., 2013 Understanding the
mechanism ©DTh17 cell depletion during HIV and the phenotype of those that expresesilslity

mar ker s s,usdnperative footdetiévelopment of future therapies for restoration of immune

function in HIV infected individuals

B) T regulatory T cells

T regulatory cell{Tregs)serve to attenuate immunesponses and remain iorheostais with proe
inflammatory Th17 celldby efficiently suppresag thar effector functions(Crome et al., 2010
While the phenotypic markers expressed by 7Thkells arevell defined, those of Tregellsare not.
The most comprehensivdefinition of the phenotype currently used is CD25 high FOXP3
CD12Mheg/low CD4 T cells, although thearrelation between CD25 and FOXBh humans is far
less prominent than imice (Liu et al., 2006 Valmori et al., 200h Recent findinghowever indicate
that some Tregeells can poduce I-17 and 1-:17 regative Tregcells can conert into IL-17
producing cellfAuvert et al., 2005Deknuyd et al., 2009 FOXP3" T cellsthat are produceih the
thymus from T cell progenitorareknown as natural Treg celHowever FOXP3+ T cells known as
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inducible Tregs are alstound in the GALT, the development of which isiediated by ATRA

secreted by GLT-dendritic cellsin synergy withTGF3 (Sun et al., 2007 The phenotypic marker

used tadifferentiatethe latter from the famer is the presence bfelios (Thornton et al., 2000 but it

is controversial and therefore these two groups are not really differentiated in humans but rather in
mice for passive immunothegpy of inflammatory diseaseghis peipheral inductions accompanied

by an increase in a4d4B7 expression to nmatotyi ci t e
homeostasis is requirg@enson et al., 20071t is urknown whether Tregells use conventional
homing receptors such tdike eftectop Gells(Gmfu enbl.g200ptGat t o t h
homing deficienfTregcells are still able to elicisuppressive functionality in ¢iGALT (Denning et

al., 2009, this suggests thathere are alternate routes of trafficking Tiegdls to this egion. About

50% of FOXR" Treg cells express-kdectin which can bind MAdACAML (Huehn et al., 2005As a

result the mesenteric | y-deficient celschecsmulat@and imhilie a si t e

initial priming of pathogenic T helper cells.

A significant drop in FOR3" Treg cells has been noted during\Bland HIV infected individuals
(Andersson et al., 200Estes et al., 2006 However,a number of more recent studieported an
increase in feg T cell number following HIV infection has also been described in lymph nodes and
duodenal tissuéLi et al., 2011aShaw et al., 20D1as wellas a slight elevation in blod&inter et al.,
2004. Stage of infection isnimportantfactoras well with studies reponty ether a lower or higher
Treg proportion during acute infection and the majority of studies showing an increase in Treg
frequencies in chronic infection regardiesf phenotyping strategy us@@hevalier and Weiss, 2013
Reports indicate thdtequencies offiregcellsin the GALT are significantly higher than in the blood
following HIV infection suggestinghoming of these cellRios et al., 2012 While agreement on the
correct phenotypic markers for Tregllsis controversig studies have shown that F@X alone is
increagd and is a madt for HIV disease progressidiRallon et al., 2009Suchard et al., 2010
Zhang et al., 20081t is also possibl¢hat it is the relative balance of Treg and Th17 subsets, rather
than either aloe that drive HIV pathogenegiKanwar et al., 2020 Treg cellsin HIV and SIV may
decrease chronic immune activation which may dliisease progressiqKinter et al., 2004 or they
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may inhibit antiviral responses, thereimgreasing disease progressiitilsson et al., 2006 While
the latter is more widely acceptén the literature, idcriminating clearly between which of these is

occurringin vivo has been frauglhtith contradictios.

Several studies have shownvitro that Treg cells are highlsusceptible to HIV infectiofChase et
al., 2008 MorencFernandez et al., 200@swaldRichter et al.2004). Moreover, HIV-1 infection n
Treg cells has been describecsa i ncr easi ng (Juxdn@ Tloys 2009 ands ssirvivaln
(Nilsson et al., 2006 Studies have shown that antiretroviral therapy can restore cBielpvels to

that of a heahy control, similarly to Thltells(Epple et al.2006 Montes et al., 2071

Taken together, these data suggest that Thi7 and Tre§ Tlls may have a role in viral

dissemination to secondary tissues following transmission.

1.10 a4B7 as a therapeutic and vaccine target

Integrins areattractive drug targets for interfering with cell proliferation, ratggn and tissue
localisation.By modulating essential elements of the homing of naive T cells or dendritic cells,
clinicians mightprevent, attenuate, or enhance immune responses to new antigens, such as allografts
or vaccines. Because this treatment would not interfere with the responses of memory T cells, it
should not be globally immunosuppressamd therefore may be a suitablgpeoach(von Andrian

and Mackay, 2000

One therapeutic option to prevent inflammatory disease is perturbing-t@hedsion of integrins by

mutation, shown to decrease migrationeafkocytes to inflamed tissyPark et al., 2007Semmrich

et al., 200%. Natalizumab i s a humanized antibody that
and has shown efficacy for the treatment of multiple | er osi s an dGhGsh ethaln’ s di s
2003 von Andrian and Engelhardt, 2003nterestingly, Natalizumab was removed from the market

for a period because several patients who haxkived additional immunosuppressive therapy
developed progressive multifocal leukoencephalopathy as a result of the reactivationJohrthe

Cunningham(JC) virus (LangerGould et al., 2006 bringing into question the validity of this
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treatment for other diseaseSuch therapeutic targeting should take into account that there are
multiple roles of adhesion molecules in the immune system and blocking ithékely to be a
doubleedged sword that may have effects ranging from lymphocyte costimulation, polarisation and
survival.Humanised Actl (Vedolizumab) demonstratexdficacy in clinical trials for ulcerative colitis
and CdisehsdFeagan et al., 200%nd is the first antagonist showing a reduction of viral load

in SIV infected macaque@nsari et al., 201)1 Interestingly, novel vaccine targets are also being
investigated such as a strategy that targets ALDH1a2, a retinoic acid producing enzyme in GALT
dendritic cells. Silencing the enzyme resulted in a deekaxpression af 4 [afd redirected gp140
specific immune responses from the gut to the genital tract, allowiray JoBowv immune response

(Zhu et al., 2018

a 4 BT cells havebeen implicated in a number of therapeutic and vaccine strat¢iggdsvel of

a 4 BT7cell expression in the blood has been investigated as a marker for tracking C&Hloss in

the intestie as a result of SIV infectiofWang et al., 2009b The failure of the STEP trigla

randomised vaccine trialf a T cell based vaccine aimed at limiting HIV replicaliaas attributed in

part © theexpansioro f & @OBI7T cells as a result of the use of Adenovityse 5 vector for
vaccination(Chakupurakal et al., 201.0The only HIV vaccine to show some level of protectitimg

RV144 Thai trial, showed antibodies to V1/V2 as a correlate of proteetibre gp120 region in

which a 4 pbihding motif is presentFurthermore,Rolland and colleagueshowed thatvaccine
efficacy directed at the tripeptide a4pB7 bindin
vaccine at positiori81(Rolland et al., 2012 Indeed there are naturally occurring V2 antibodies

HIV infectiont hat have been found to target theDadB7 ej
of which the epitope includes twosiglues of the LDV/I moti{Gorny et al., 1994Gorny et al., 2012

Nakamura et al., 20)2A recent publication also showed that a mutation inothe [binding motif

dramatically increased the binding séveral mAbs directed at V1/V@Mayr et al., 2018 It is

becoming clear that blocking 4 Bi% gpl20 binding site or inducing antibodies specific for this

region in a vaccine may be a viable optaana meant® fight the scourge of HIV.
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Aims and objectives

Overall aim of this study

The aim @ this study is to investigatdie roleofinte gr i n a4 7 at various stage
to define a 4 BexpressingCD4™ T lymphocyteswith focus on Thl7 and Treg Ilssets and to

determine hovet 4 [Expression affects permissiveness of these subsets to acute HIV infection

Rationale for this study

The role of integrin a4f7 in HIV pathogenesi s
proteins derived from early trans mi(Nawazregal.,vi r use
2017 . However,in a study by Parriskt alusinginfectious replicative virusthis observation could

not be repeated. Usirgunmatched T/F and chronic IMGxirs they found no difference their

affinity for a 4 [{Parrish et al., 2092While the bindirg of whole virions to the integriis far more

bi ologically relevant, det er mi ni nagnnemwitrematched e of
viruses longitudinally over timefrom several individualss neededto adequately address this

guestion.

I n addition, although o4B7 has beedcelishtmvware t o de
highly activatedCicala et al., 2009 the relevance of this subset in the genital muabsle point of
transmissiorand the GALT and the link between these two regions has not been fuliglagtat

Two subsets that exist in equilibrium in these regiah mucosa have been determinedoad B 7
expressing; Th17 and TregD4" T cells (Ji and Cloyd, 2009Kader et al., 2009McKinnon et al.,

2017). While theTh17 subsethas been extensively linked with the integnina preinflammatory

role, Treg CD4T cellshave not been asigely investigated in this manndespite the fact that these

cells ae regulatedby ATRA produced by GALTdendritic cellssimilar tothe upregulatiom f a4 B 7

(Kang et al., 200y Establishing expression leva§the integrin on these subsets and how permissive

they are to acute HIV infectiomay provide gpossible route of viral dissemination frorhe site of

transmissionThe el uci dati on of a clear role for a4pB7
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dissemination may allow for the integrin to be exploited either as a preventative target or as a therapy

for HIV-infected patients to reduce the damaging effects of immune activation.

Specific Aim 1:
To examine the nature of the binding interactiore t w e e nand infeddive HIV virus, the
dependence on oa4pB7 for vir al -lrpatipgenesiand ifaotors at di

responsible for differences between time points and individuals

Specific Aim 2:
To determine the phenotsubgets under GABdifionEmirprecevias i ng C
ATRA treatmentwith specific focus on the Th17 afideg subsets anekaminehow permissive they

are to acute HIV infectian
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CHAPTER 2
THE DEPENDENCE ON o,f3; FOR VIRAL REPLICATION
CHANGES OVER THE COURSE OF HIV SUBTYPE C
INFECTION
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2.1 Introduction

Regardless of the route of tsamission HIV establishes a rapithfection in the GALT (Arthos et al.,

2008. In the case of sexual transmission, ganital mucosa does not contairganizedimmune

inductive sites but relies updnn t e g r io mraffia #lofh brganised inductive sites including the

Peyets pathes and mesenteric lymph nod@destecky and &tz, 1999. a 4 (vas identifiedas an

attachment factor for thenvelope protein of HIV, gpl2@rthos et al., 2008 Thusit is possible that

the initial and met relevantsite for the gp12@ 4 37 i nteraction i s the geni

days following transmission.

The natural ligands ai 4 (MAdCAM-1, VCAM-1 and fibronectinarranged in ordesf preference

for a 4 Ball bind through structurally homologous bindingptifs (Jackson,2002. The minimal
binding epitope for MAJCAML is a tripeptide loop LeAsp-Thr (LDT), while fibronectin binding
requires LetAsp-Val (LDV) and VCAM, lle-Asp-Ser (IDS). In all naturdigand binding motifs, the
aspartic acid residues are essential iteding, the removal of hich abrogates the interaction
(Jackson, 2002 The importance ofi 4 @An7HIV transmission and pathogenesis is reflected in the
ability of a 4 fombind HIV and that the aspartic admdperative fora 4 [biddingonV1/V2 of gp120

is conserved in 98% of HAL isolates present in the §&lamos HIV sequence databg#ethos et

al., 2008. Of all the sequences in this databag% havea LDI/V motif however, this motif i¢ess
conserved in subpe C at42% than in other subtypes:(B6%, D. 7%6, AE: 74%, A: 86%, AG:
58%). Sequences from South Africa also show a decreased conservation of/thenofif (47%) as
compared t@5% of sequences from Malawi aBti% of sequences from Zamb#dthough a highly
resolved HIV trimer structurbas not yet ben elucidated, V1/Vappearsn a position that would
allow for adequate binding in line with the trimstructure from Joseph Sodroski and colleagues as
well as the V1/V2 structure dhegpl20 monomeas determined by McKellan etial 2011(Mao et

al., 2013 McLellan et al., 2011

The ability ofa 4 BT7cells to home to secondagmphoid tissues and the GAL(Berlin et al., 1993

von Andrian and Mckay, 200Dcoupled with their presence &ketsite of sexual transmissi@kelly
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et al., 2009McKinnonet al., 201}, and their ceexpression witimultiple HIV susceptibility markers
(Cicala et al.,, 2009suggests a level of selective advantage offered by ritegrin for viral
replication. Data fronSIV infectedrhesus macaqueshow that following treatment with artt 4 3 7
mADs there isa decreased viral loadnd proviral DNA load in the GALT(Ansari et al., 2011

corroboratinga role fora 4 fn#the facilitation of replication.

In a study by Nawaz, et ajp12@ representative of eardyansmittingviruses werdound to have a

higher affinity for a 4 Bttyan thoseof chronic viruseswith fewer glycans in V1/V2 and C3/V4

associated with higher 4 Feactivity. Howeversample size were very small (3 in tota{Nawaz et

al., 201). Contrary to observations by Nawaz and colleagues, the effectdofoi@ replication has

been deemed to remain unaffected by shorter glycosylated V1/V2 loops in matched &arly (1
months) and chronic (ranging between4&4months)yiruses from eight indiduals (Etemad et al.,

2013. Although intriguing, these data generalise early viral time points, do not consider T/F viruses

and defined chronic viruses at different time points across individuals. Furthermstadyaby

Parrish and deagues investigatedxsT/F and four chronidnfectious molecular clongs determine

dependence oa 4 [or viral replicationwith the finding that there was no preferential affinity of the

T/F replicative virusfor the integrin(Parrish et al., 2092 Once again, sample sizes were small and

were unmatchedUnmatched samples are not ideal for this comparison as they allow for the
contribution of possible confmding factors As such, the role ot 4 Blohgitudinally during the
course of HI'V infection an deactivityehavenatchteemalearly t h at n
elucidated. Wietherthe affinity fora 437 can be de fsiom&ghature semains t r an s

controversial

In this study, weusel infectiousviruses from 11 participants frothe CAPRISA cohort, matched
over a range of time points (T/F, 1& 12 and 39 months post infection) to determine a role #%rp3 7
in HIV pathogenesis/Ne postulatedhat theimmune environment at the arebHIV transmissiorand
tripeptide binding motithangesnay influence the affinity of the T/F viruses fwr4 BThese factors,

as wellas length and glycan density the variable loops in gp120, distance of glycans from the
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conserved aspartic acid fhe tipeptidea 4 finding motif and position of glycans were taken into
consideration while assessing the effectaofi Bon HIV replication and more specificallghe

importance ofr 4 finthe transmission event.

2.2. Materials and Methods

2.2.1. Ethical Considerations and Study Population

Human samplesvere previouslyobtained from HIV women enrolled into the CAPRISA 002 Acute
HIV Infection Cohort, established in 20Q4an Loggerenberg et al., 200®articipantsvere derived
from a prospective cohort of 245 higlkk HIV negative Africanwomen of which62 became HIV
infected and from whom stored material is available. Clinical sample collection was atlone
enrolment, weekly for 3 weeks, fortnightly until 3 months, monthly until 12thsy and quarterly
thereafterlt is a well characterised cohort covering a large demograpbacand despite timeobility

of this sex worker cohorthe retentio rate afér 2 years was 86.1%an Loggerenberg et al., 2008
Data including CD4 count, viral load arf8iT| status weresupplied byCAPRISA having been
obtainal as described prenisly (Mlisana et al., 2013;2van Loggerenberg et al., 2008Vritten and
informed consent was obtained from all participants tliedparent studyeceived ethical approval
from the University of KwaZultNatal (Ethics number: E013/04), University of Cape Town and
University of Witwatersrand (Ethics Number: M040202) which is remeamnually Ethics for my
study was obtained from the Human Research Ethics Committee (HREC) of the University of the

WitwatersrandV120221, the certificateof whichfollows in Appendix A

2.2.2. Isolation and stimulation of CD4" T lymphocytes from whole blood

CD4' T cells were isolated from whole bloofl healthydonorsto a purity of 99%obtained from the
South AfricaNational Blood Service (SANBS)sing RosetteSep Human CDZ cell Enrichment
Cocktail (Stem Cell Technologies, Canade per the manafc t u pretaocol. ATRA (Sigma

Aldrich, Missouri) was used to induce a duiming phenotype othe isolated CD4T cellsin culture

with the most physiologically relevant and optimum concentration determiriedl8d following the
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titration of ATRA in line with various studiegArthos et al., 2008lwata et al., 2004Kang et al.,
2017). In addition, 50 ng/ml OKT3 (anCD3 antibaly) (eBioscience, Californicdnd20 U/ml IL-2
(Roche AppliedScienes, Germany) were added to the CBgnphocytes in RPMI media with 20%
FBS and cultured for six daysat7 ° C aQ2 (A&Huds eCal., 2008 A control for upregulation of

o 4 [wds performed under the samedland OKT3conditions but nAATRA was added

2.2.3. Flow cytometry surface staining

The purity of the CD4T c e |l | i solation and the upregulation
cytometry by staining with optimally titrated amounts of GBGD (Beckham Coulter, France), CD4

Qdot 605 (Invitrogen, Carlsbad, CA), Atfiuman CD49d (Integrin alpha 4) PE (eBioscience, CA)

and Antt Human/ Mouse I ntegrin pB7 FITC (eBioscience,
(Invitrogen, Molecular Probes, Carlsbad) was used to define cell viability. Fluorochromes were
diluted in a 1% B&/ PBS buffer up to a staining volume of 50 pl. 50 pl of cells were then added to

the staining mixture and incubated in the dark f
staining buffer, live/dead staining with Aqua Fluorescent Reactiwevias done as above. Following

staining, cells were fixed in 0.1% paraformalydehydPBS. Figure2.1 showshe gating strategy for

a 4 BGD4" T lymphocytes. Fluorescence minus one controls (FM@syvn in theAppendix (Figure

B4) were used to define gatand compensation contrdts multicolour staining were made fresh for

each experimentvere made usgg beadsAny direct comparisons were carried out on the same day,

with voltages and resulting MFIs monitored over time by the use of peak 3 beads¥Bmjts were

designated responders and #ieaponders to the ATRA treatment based on the increase or no effect,
respectivel vy, of t he TApbpulationt of lgnaphonyes®5% obthe donbre a4 B 7
respondedo ATRA treatment and only these donors were used in further experirAeqtsring of

all samples was performed on a FACSAria (BD Biosciences). Al alalysis was done on FlowJo

X software (TreeStar Ashland, OR).
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‘CD4-Qdot 605

Panel A shows gating of the lymphocyte population based on size and scatter. Panel B shows the
eliminate doublets while Panel C shows the viability of this lymphocyte population (Aqua Vital neg:
Panel D indicates percentage of CD3+ cells oflitrecells, while Panel E indicates those CD3+ cells that
CDA4+.Panel F shows 4 4BGD4+ T lymphocytes as denoted by the red ith responders exhibiting 4
CDA4+ T cell expression at a mean of 50.43 + 3.48%.




2.2.4 Production of infectious envelope clones and infectious molecular clones

Replication competentiruses,defined here as inttious envelope closeor IECs,were constructed
usingenvgenes froml1l CAPRISA 002 participantslesignated as rapid or intermediate progressors
and whether the participants go on to produce broadly cross neutralising antibathlesB1 in the
Appendi®. These IECs include@F viruses acute (13 months) and chronic infectio8-89 months)
virus clonesshown inTable2.1. A detailed description of all IECs in this studyiriglicated inTable
B2 of the Appendix Theseenv genes were generatdy single genome anifitation (SGA) for
previous studiesindwereligated into a pcDNAR) vectorby others in the laboratorfKeele et al.,
2008. The envgene sequences were amplified by Pi@#n these plasmidsin this studywith the
reaction mixture as perable B3and Figure Bl of the AppendiXThe presence of the correct size
band wasthen confirmed by electrophoresiss shown in Figur@.2B, following which the PCR
products were purifiedybmeans of the Qiagen QlAquick PCR Purification {Qtiagen, Valencia,

CA) as per thenanufacturéis protocol.

Table 2.1: IECs from 11 CAPRISA 002 participants used in this study

Acute Chronic Chronic Chronic

T/F 1-3 mo 6 mo 12 mo 39 mo

CAP 8 1
CAP 88

CAP 177
CAP 200
CAP 206
CAP 210
CAP 225
CAP 239
CAP 244
CAP 255
CAP 256
TOTAL 8

=
=

NI RN
N W|[WwW| o |k

RPlRr|r|rRr| R

(¥, I I B

6 15 24
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Figure 2.2: Confirmation of components for nfectious envelope lones

A: Confirmation o f -hipCH plagnic cleaBget by IBstElleviith lane A DNA
Molecular Weight Marker X; lane B: uncut plasmid (> 12.2 kbp), with C and D exhibiting a
linearilised plasmid (12 kbp) by EcoRI (positive control) &stEIl respectivelyB: Confirmation of
envgene PCR with lane A: DNA Molecular Weight Marker X; lane B: shows the negative PCR
control and GE show theenvgenes of clones X, y and z from 39 montstpinfection of individual
CAP255 (3.5 kbp).

Replicathg viruses werg@repared from speciienvelope clones as describjgd et al., 2004 The
vector pHI V-hisDn(a @fsfriork DriKoriezkes), was comacted as described elsewhere

(Lu et al., 2003 The plasmidvas linearisedn this studyby means of the restriction enzyme BstEll

with the reaction mixture as indicated Table B4 in the Apperid. The reacti on mixtur

was then reacted at 60°C for 1 hour and compar e

positive control in gel electrophoregghown in Figure 2A) as it, in addition to BstEIl, only cleaves
the plasmid onceThe PCR product was purified by means of the Qiagen Qidaal Extraction Kit
as per the manufacturer’
CA). The digested backbone (750 ng) and the amplé@dDNA (300 ng) wee co-transfected with
X-tremeGENETransfectiorReagent (Roche, Basel) into HES3T ells seeded at 3 x 2@ells/mlin

12 well plates

In addition o infectious molecular clones dMCs, matched to théEC T/Fs from participants

s protocol for desalti

CAP210 and CAR39 andgifted to us byProfCar ol yn Wil |l iamson’s | abor

transfected in the same mannelEESsin our laboratory Theycomprised a singlplasmid and were
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transfected at a concentrati oand®FCOBfOrd2 huggythe Fol | o\
media was changed to fresh DMEM with 10% FB&er a week ofncubation in HEK293T cells, 1

ml of the viral supernatantvas spmoculatedfor 60 minutes at 12@p, 3nxh aCtivated CD8

depleted PBMCst a concentration dix10° cells/ml. The folowing day, this cemifugation step was
repeatedIMCs were grown in the same way, taseire high titer of virusA week later, ann-house

p24 antigen ELISAvas used to determine if there was viral growth over this time period. Viruses that
displayed grath were then expanded into T25 flas&sntaining freshly isolate€CD8 depeted

PBMCs at 2 £0° cells/ml anl following several more days of incubation harvested 3 times. During
harvesting the viral supernatant wasmoved from the flask and filtered wi&h0.45 nm micropore

filter and alquoted for freezingafZ 0 ° C.

In-house p24 ELISA

The ELISAwas performed as pearotocol in(Moore et al., 1990involving a chemiluminescent
readout on the Wallac Victor Il luminometer (PerkinElmer,[theam, MA). The assay is a twin
sandwich enzyméinked immunosorbent assay (ELISA) whereby the p24 antigen is captured from a
detergent lysate of virions onto a polyclonal antibody absorbed to a solid phase. Bound p24 is
detected with an alkaline phospaseconjugaed antip24 monoclonal antibody while the primary
coating mAb wasD7320 Sheep antllV p24 gag, affinity purified antibody (Aalto Bio reagents,
Dubl i n) at 4pg/ ml i n a c aAldiicb, isantDéegob CAY. ®T73B00IiNa t e b u
mixture of three sheep polyclonal antibodies raised ag&liétpeptides (specifically amino acids
173188; 226237; 283297). The p24 standard (Recombinant HN\$24, Aalto Bio reagents) was
diluted 1:31.25 in 1% Empigen/TBS and serially diluted 1:4 in 1% BemglTBS and along with the
harvestedviruseswere incubated in the blocked plate for 3 hours. A negative control well was

included (1% Empigen/TBS) as well as p24 positive controls.

TCID50 Assay

Both IECs and IMCsvere titrated in luciferaseeporter ch line JC53bt13 (also known as TZMbl)
obtained from the NIH AIDS Research and Reference Reagent Program. Luciferase activity was
measured imrelative luminescence units (RLU) which directly proportional to the number of
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infectious virus particles psent in the initial inoculum over amge ofvalues.The TCID60 (50%
tissue culture infectious dose) of each virus stock was determined in acsiolgénfection assay {2
day incubatia) in TZM-bl cells as developed Hyavid Montefiori in 2004 This endmint dilution
assay quantifies the amount of virus required to infect 50% of host Th#sassay was read by a

Wallac Victor Il luminometer (PerkinElmer, Waltham, MA).

2.2.5 Flow cytometry based a4B7-virus binding assays

HEK293T cells were transfected with andf3 &ncoding plasmids (Origene, Rockville, MBih X-
tremeGENEa nd i n c u b anitheS8lo C8& for tBo7day€. The transfected cells weeenoved
gently with 1mM EDTA/PBS, following which the cexpression ofi 4 [vas determined by flow
cytometry bystaining withantrhuman CD49d (Integrin alpha 4) PEBfescience, CA) and ri-
human/mousenit egr i n B 7 F I T CThégatiBg strategy wadore as skovirigure
2.3. Two forms of the binding assay were used{Ad competition based assay andB direct

binding assay.

HEK293T cells Single cells Live cells ad4B7-transfected

260K 250K 5 Jo a2
70783 . 183

200K 9 200K 7]

Single Cells

80.0

180K =]

8 150K ]
[N
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0

Figure 2.3: Gating strategy for anU 4 B dependent virus binding competition assay

HEK293T cells transfected witb 4 fvére gatedo diminate doublets, dead cells and distinguish

a 4 Bcells outlined by the red box (second, third and fourth panels from the left respectively), gating
for which was determined ByMO controls

(A) CompetitionU 4 fiffding assay

Based on the gp12®inding assaygerformed by Nawaz and colleagues in 20MBK293Ta 4 B 7
transfectedcells were incubateth the presence or absenweéth Act-1 (targets thea 4 [diner)

obtained from the NIH AIDRResearch anBeference Reagent ProgramHP2/1(Beckman Coulter,
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France) which t ar geford5 nminutes awodvth o withowthEICg for 25nminytes.
CAP88.1.00.17.5a (T/F) and C88.12.2F (12 month p.)ECs were used irthis assay as were
matched CAP210 and CRB9 T/F IECs and IMC<ells were then stainadi t HPE and3 #ITC
mADbs (eBioscience, CA)and a live/dead viability stain nameAqua Fluorescent Reactive Dye
(Invitrogen, Molecular Probes, Carlsba®ercentage binding ta 4 [is7/defined ashe percentage
difference between theadian fluorescencatensity(MFI) of PE and FIT®f a 4 Bra@nsfectedtells
without an inhibitorymAb or virus and the MF& 4 fr&nsfected cells witlan inhibitory mAb or

virusrepresented in a formula below:

% bi ndi nxg MFd-FIGCOBUNtrated sample} ( MF |-FITE'HP2/1 OR Actl OR virussamples)
( MF I-FITE ®f untreated sample

B)Direct U4b7 binding assay

o 4 BexpressingHEK293T cells were incubated with or without HP2r Actl for 15 minutes at

4 C and i n owithout\eras fowd5 mimutes whout washing followingnAb incubation.
Viruses used wer€AP88.1.00.17.5a (T/F) and C88.12.2F (12 month p.i) IECs were usedhis
assay as were matched CAP210 and Z3%PT/F IECs and IMC$24 FITC (KC57, Beckman
Coulter) was incubated with the vigell complexf o r 30 mi G astwellsas thdase cdlls °
without any virus added. Percentage p24 positive cells gated on tHR93E cells were compared

to those incubated with virus and those without as a representation of affittiey virus fora 4 3 7

2.2.6 a4B7 mediated virus capture inhibition assay

In order to observe the effect,that adfF7 meas abd
captureinhibition assay was performetihe assay was designed on the principle that the masking of
t he a4 [nby a manaelgnal antibody has been shown to have an imyikgféect on viral

replication(Cicala et al., 2009

Ti tr at i dnhibitingfmAlks$HB271 andct-1
Both HP2/1 and Aefl mAb concentrations were optimised by titration in thé Amédiated virus

capture inhibition assay, noting the concentration at whidtefeness of blocking viral replication
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was highest. In additiona flow cytometry basedocmp et i ti on assay was desig
ATRA treated CDAT cells seededt 1xX10° cells/ml were incubatefbr 1 hour with the mAb using

range of concentratior(®.2 pM- 30nM for Actl and 2.2 pM- 30nM for HP2/1). Ao 4PE labelled
antibodywas the used to stain the cells % BSA/PBSThe di ff erence bREE ween t
on CD4 T lymphocyteswithout Act1 or HP2/1 and the MFI of CDA lymphocytes incubated with

HP2/1 and Actl was used to represent the effect of the inhibitory snébchangia MFI.

U 4 Bnhibition assay

2 5 AjTRA-treated CD4T lymphocytesrom a responder individual at 4 x ®1€ells/ml were either

i ncubated wi t hirug &ntrai)l 10 pg/ml amED4i naono¢lonal antibody?275 pM
inhibiting monoclonal antibodyP2/1( t a r g e tbunit)gor 224pM Actl (targetsa 4 Bf@r an
hour at 3710 0aftfitlaleddEGS @nd IMC$25 TCID50) wereincubated for 2 hours
with the cells i a 96well plate, followed by twavasteswith fresh IL-2 media (5% IL2 at 20 U/ml,

20% FBS andRPMI media) at 1200gofr 5 mi n u Cutwe sapernatait Was hastedinto
1.25% Empigen/ TBS s ¢withoutdistunbingacelld forsa pesiod efdlO degeseryd ° C
2 dayswith replacement of fresh I media P24 levels were assessed by the pRUISA as

previously described hese experiments were repeated in triplicate.

2.2.7 Statistics

Paired data with only two groups were assessed by paired t téstcoxon matched pairs signed

rank test and in groups with tbe or more sets bihe repeated measures one way ANOVA with

pairwise comparisons adjusted for multipiemp ar i sons usi nUppaifed dtalaweéres met h
assessed for significance by the Mafthitney test or the one way ANOVA and the Fisher exact test

was used to determine the significance of categorical groupivigsi | e Spear man’ s corr
use to assess linear correlations, multiple regression analysis was performed to assess the significance
multiple factors (STATA 12).Observations op < 0.05were defined as significanbtatistics and

graphs were dongith GraphPad Prism 5 and STATA 12.
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2.3 Results

2.3.1 Titration of a4B7 inhibitory mAbs HP2/1 and Act-1

In order to assess the saturating concentratidrtbe inhibitory mAbsAct-1 and HP2/1to block

o 4 Paflow-based competition assay Wwet e nPEantl Actl or HPZ1 (Figure2.4A andB i and ii)
wasused.The basis of a competition assayhat by binding to the same epitope or epitopes in very
close proximity, the initial antibody will block the binding of tisecond fluoresently labelled
antibody; resulting im diminished signdin this case PBFI) which is expressed as a change in PE
MF1 ( A oMFE. A range of concentrations were testéd®(pM 30nM for Actl and 2.2 pM-
30nM for HP2/} , The highest concentratidested forboth HP2/1 and Aetwasthe most effective

at competing with thex 4CD49d)—PE mAb and decreasénitheirc apaci ty t o bl ock a4
dependent manner (Figu2et A and B).It was necessary to determine if geturatingconcentration

of the inhibitory mAbsdetermined in a binding assay translatedatdecrease in ral replication.
ATRA responder PBMCs were incubated with a range of HP2/1 of AcAb concentrations (0.2
pM- 30nM for Actl and 2.2 pM- 30nM for HP2/1) andhe CAP88.1.00.17.5A T/FEC. Monitoring
replication over 10 days by p24 ELISA revealed thia ability of Act-1 and HP2/1 to block
replicationb y bl o ¢ kai 30 gM doet Aot correlate with the level of satura®mM of Act-1

and HP2/1 enhanced infectioAct-1 has been found to decrease heterotypic binding but increase
homotypic binding at higher concentratidizeller et al., 200Llwhich may explain why it facilitates
increased replicationnstead,a reproducible concentration at which replicatiam be inhibited was
determined as 275 pkér HP2/1 and 2.2 pM for Aet (shown in Figur€.4 C | and ii respectively)
CAP88 T/F virus was use@s a control virus as a result of showing a high affinityofet @n7a
previous study(Nawaz, et al., 2091 The dfect of HP2/1 and Actl on viral replication is only
partial, while complete inhibition of viral replication results from treatment with arCiddi mAD,
corroborating thato 4 (is7 not essential for rdipation but rather offera means for enhanced
infection. In this studythe titration of the inhibiting mA$® wascrucial to adequately determine the

range of dependencen  afer feflicationin further experiments.
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Figure24: Ti tration of U4b7 inhibitors for maxi mal

(A) A decreasing shift in PE florescence relative to the experimental control (ATRA treatédrCD4
cells alone shown inblack); is indicated in a dosdependent manner between 0.0322nM (i)

HP2/1 and(ii) Act-1concentrations (red and blue graduations respectively). All samples were gated
on single live CDAT lymphocytes(B) Change in median fluorescent intensity (MFI) witk 80 nM

being the most saturating concentration for blocking of the integrin by both mAbs. These results are
representative of four repeated experiments, with the bars showing the mean and error bars, the SEM.
(C) The same ATRA activated responders avanfected with a T/F virus CA88.1.00.175A and
incubated with(i) HP2/1and(ii) Act-1 betweerD.002230 nM (red and blue graduations respectively)

and monitored over 10 days by pE&ISA. The virus control (nanhibitory mAb) is shown in black

and the infegvity control shown in grey. The optimum concentration for viral inhibition by HP2/1 is
0.275 nM and Actl is 2.2 pM, while the viral replication is significantly upregulated at 30 nM in both
cases. These results are representative of five independentregsusing 3 donorsyith error bars
indicating the SEM and points, the mean of three replicates.

48



2.3.2. a4B7 binds functional virus

To verify that theinfectious envelope viruses in this study ball o tv@binding assay were set

up: a direct bindig assayand a competition based assagilar to that describedy Nawaz and
colleaguesin both casegansfectionot he HEK2 9 3 T andg Iplasmidswastconfirrmetl

by coe x pr e s s i-PErmand® FITCaid the experimental contrdkransfected wwh a 4 37 as
compared to the transfection contfaias not transfected witth 4 Bshown inred and black in Figure

25. A negative virus control (was not transfected t h a4 pB7 but was wasncubat
included in both assays #@scertain whethervius  bound HEK293T cells in it
integrin and to assess whether virus incubation increasedpaaific florescencef the sample

indicated in blue (Figurg.5).

5 o Q2
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w 104'
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Figure25:Ex pression of U4b7 on the HEK293T cell line

Gatingwasdetermned by both FMO controls anging a transfection contrdHEK293T cells alone)
indicated in black and a negativirus control (HEK293T cellscubated with virus) shown in blue.
A positive experimental controti(4 Bra@nsfectedHEK293T cellsincubated with virus) is shown in
red.

The direct binding assayas performedby incubatingn 4 Rra@nsected and untransfected HEK293Ts
with CAP88 T/F and CAP88 12M IECand visualisingthe virionsthat werebound following
multiple washes by stainingith p24-FITC (Figure2.6A). Both CAP88 T/F and CAP88 12M IECs
bound ‘tHE KR4R7T c el | s-cdls Furthermoreht mopartibro? p2Z4HEK293T

cells was significantly decreased by treatment with 3 7 s p e c i tliand HRZlmisthe A c t

CAP88 TF virus as shown idrigure 2.6B. Concentrations used for Adtand HP2/1 were those
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optimal for blocking HIV replication, as these are most relevant for this stindyproportin of p24
cellswas significantly highewhen incubated witl@AP88 T/F and 12nonth IEC was also significant
shown inFigure2.6C; this finding mirrors binding observaginggp120 monomerfom these same

virusesin a previous study (Nawaz, et al., 2011)
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Figure26: Binding of | ECs to U4b7 in a direct virus

(A) p24 HEK293T cells were distinguished in the negative control (HEK293T cells untransfected
with a4pfp7 and incubated with virus) and HEK293T
resgectively), matched for the virus of intere¢B) This increase is abrogated significantly by
inhibition controls Actl and HP2/1 (blue and red bars), indicated by a decrease in the proportion of

p24" HEK293T cells Repeated measures one way ANOVA withefukultiple comparisons post

tesd. (C) The difference in proportion of p24ells between the CAP88 T/F and its 12 month clone is
significant £=0.0017;paired t te3t These experiments consist of four replicates with bars indicating

the mean of these atige error bar, the SEM.
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Thesecondbindingassaywas per f or med B KEK298Tccelldwiht GARSG T/l ahd@ 7

12M I ECs foll owed -PoEy a nRiEC M&hs Feroemtagaibdindt oo 4onvasg3 7
represeted by percentage difference betwéaaMFI| of the experimental contrdnot incubated with

virus or i nhi bi"HBKRIBT celkitcsbated avithdsirusirdnBilitory mAbs HP2/1

and Actl (Figure2.7 B), Results recapitulated observations made in the direct biadsay: CAP88

TIFand CAB8 12 mont h | E,QGvh significantlg mareobinding gf The CAP88 T/F

| EC to o04B7 as compar ed -PE.oPsi@/A ¢oBtr8ls Act? andhieP2/taleko | EC f ¢

bound to a4p7

100°] Blank
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Figure 2.7: Binding of IECs to U 4 fin7a competition flow assay

(A) HEK293T <cel |8 bdunddECs feesdntatide ofvearly {orange) and chronic
(blue) infection as—FI3Ofluorescercerreldtive o thd experinecata eontroln 3
(transfected 293s with no boed virus, red). HP2/1 and Adt binding were used as positive controls

(light and dark green respectively) while the negative comesla 4 [uitransfected cells incubated

with virus. All populations were gae d o hliveasih@e7293s(B) The percentag difference

bet ween the MEI aolTCI§dédtand gedn respectively) and the experimental

control were used calculate an inferred binding capacity. Difference between CAP88 T/F and CAP88
12M binding was signi frFiTCaphp=by0o@2 mpet )BT onPavi t &d
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% Binding to a4b7

804

40-

20+

lthas been

suggest ed is@am atachment sactort, is fikeha that thesintegridh 3 7

would play agreater rolen facilitating viral replicationwhen viral input is low(Parrish, et al., 2012).

To this end, we sought to determiwbether IECs CAP88 T/F and C&8 12 months preferentially

bound toa 4 pa¥ lower viral inputs. This was not the case in either virus with all concentrations

yielding

S i

(Figure2.8 A and B).
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n

means whe error bas indicate SEM.

i APtEe nosFITCRepeated maadurieseANOVA avidh Tukey multiple
comparison post testThese data are representative of two independent experiments and bars indicate

2.3.3. Influence of a4B7 on HIV replication changes longitudinally over time

Following the finding that IECs were able to bimd! [Ri7d appear toalso dfferentially, similar to a

rangegpl120 monomerthathave been testdflawaz, et al., 2011; Arthos, et al., 2008¢ sought to

determine whethem 4 ) has a role ifIV replicationand b) if so, whether the role changes over

time.

An a 4 Bnhibition assay involving the incubation of ATRA treated CO4cells with HP2/1ImAb

(targets

a4

subuni t

onl vy;

| e v e lPsE oaf RRIECI Mithdniamagge ofdB-Remgent e d

by

t H emAbp (taigetst theodfpwaso nt ac t

performed. The cells were infected with viruéesn 11 different individuals inclusivef time points

from the point of transmission, 1 or 2 months postdtibn (p.i.) and chronic infection (6, 12 and 39

monthsp.i.) andviral kinetic growth was monitoredoy p24 ELISAover 10 daysAs described in
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Chapter 2Section2. 3.1, itration of the inhibiting mAb wasrucial to accurately determine the effect
of a 47fon HIV replication. Viral replicationn the presencef 275 pM HP2/1 ad 2.2 pMAct-1
treated cells isimilar at the point of exponential growth of the virus contihis is illustrated in
Figure2.9, usinga T/F virus from participan€AP225. The usef HP2/1 and Actl mAbs heado-
head is a control that confirnise inhibitoryeffecton viral growth is as a result of the advantage that
o 4 [ffers to replicationln addition, the effect of these inhibitory mAba virus replicatioris only

partialwhile blocking the CD4 receptamompletely abrogatesral replication.

225.1.C.2.E11T/F

[6)]
1

Virus Control

44 -~ HP2/1 mAb
:E~ -o- CD4 control
> 34 -e~ Act-1 mAb
£
NEa
o

1-

0+ T g . g 9

0 2 4 6 8 10
Time (Days)

Figure 2.9 Act-1 mAb and HP2/ 1 -degebdet replicatidniwith sithitabeificacy

Virus kineticgrowth curves of a T/F from CAP2 5 wi t hout (green) or with
Act-1 (blue) and HP2/1 (red) and an infectivity control in the form of an@b# mAb (grey)
measured as p24 (ng/pl) ovéd days. Inhibition by Ael and HP2/1 at the point of exponential
growth of the virus control was not significantly differeepresented by n.s at day(®/ilcoxon
matched pairs signed rank test n ¥ Jhis is representative of three independent exmarimwith

dots representing the mean of three replicates and error bars representative of SEM.

Comparison betweenh e U4 b 7of IE@sawdiMCs i t vy

It has been suggestélaat viruses generated using a standard HIV backbone, as in this dudot
allow the effectof gene products other than Env to the T/F phenotype to be assessed dhd that
potential for the overexpression of Env in this model compared to naturally occurring viruses
prohibits a meaningful assessmeitvirus-host cell interactiongParrish et al., 2(8). As a result it

was necessary wompare the dependence of our unique IEC virus constructitwe iependence of

matchingIMCs ona 4 BAs IMCs consist of a proviral genome completely representative of the virus

from a particular individuaind IECs are only representative of a particular virus in terms @nhe
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gene. 1 is possible that a variety of factors purely related to tuesen virus expressi@ystemmay
influencethe dependence am 4 [ntluding opportunistic recombination and higher expression the
env glycoprotein compared to IMCAs shown in Figure2.10 both binding to and dependence for
replication ona 4 PBwere not ginificantly different between matche&Cs and IMCs for two
participants (CAP210 T/F and CAB2 T/F viruses). This suggests that the IEC system is comparable

to that of IMCsand is a suitable model for viral replication in this study
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Figure 2.1Q IMCs and IECs have similar bindingandr epl i cati ve dependenci es

(A) Direct p24 binding assaghows no significant difference between IEC and IMQlhinng t o a4 B 7
(B) This is mirrored by theompetition binding assawnwh en compeP &d ( wietdFliC o4 [ 7

for replicat i embeiwsenE@standdMCgni f i ¢

(green. (C) Dependenceoa 4 (3 7
(CAP210 and 239) in the case oftbhoHP2/1 (red) and A€t (blue). All comparisons were non
significant by the paired t test where each experiment is representative of 3 indepgpdentents.

Longitudinaldependenceof i r uses on U4b7 for replication
Of the IECs available in this studihree individualfCAP88, CAP200, CARO6) have a completely
representativedata setnamelya T/F virus, a clone within 1 year of infection (Ii®onths or 6

months), a clone at 12 months &fimonths (those datatsén the black box in Figur2.11). These
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data shwv a similarpatternwhereby the T/F virus has a higher dependenca dnf¥or replication
which decreases after transmission and isitaaied at these levels in the figgar of infection and
increases at 3 year pAs a result of the viruses in these three individuals beiatzhed, this pattern
is of particular relevance&inetic growthcurves of virus clones @il individuals are lsown inTable

B2 of the Appendiand results are summarised in Figure 2.11

In order to determine why the dependencies of T/F viruses from CAP88, CAP200 and CAP206 on
o 4 [iffer the mosdramatically from their next available viral clones (2 months p.i. in the cases of
CAP88 and CAP206 and 6 months in CAP200 indicated in Figure 2.11) | aligned their gp160
sequencesgavailable from previous studies from our laboratdry)HBX2 (shown in Figure 2.12).

This sequence is one that is used to standardise the numbesiEguehce positions in an alignment.

The alignment also shows the designation of the variable loop¥%Y&nd one constant region (C3)
mentionedthroughout his study. In addition, the position of Mnked glycans (indicated in red) was
predicted by Nglycosite, a tool available on the Los Alamos National Datafdsang, et al., 2004).

While no common themes can be drawn from this analysis it is intriguatghth only changes in
sequence in the case of the CAP88 T/F (88.2.08AY and the 2 month clone, CAP88 2.00.B5 are 3
amino acid changes in gp41, one of which (Leu 568 Arg) is highly conserved inttapt&tl repeat

of gp41. Not only has the conservatiof this residue beerssociated with membrane fusi¢Dwyer

et al., 2008 but it is a mutation thalisrups the very hydrophobic nature of this regi¢turthemore,

it has been associated with a reduction in the ability of gp120 expressing cells to fuse and form
syncytia with target cells that epgss the appropriate recept@Bar and Alizon, 2004 As a result of

a 4 BT7cells being hle to homotypically aggregaf&eller et al., 200)land he ability of the ability

of the integrin to activate LFAL virologi ¢ a | synapse formati on, t he
dependence on a4B7 apthechydropghyllit mature ef Arg 568 gresers mu | t

CAP88.2.00.B5).
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Viral clones over time

Figure2.1r The role of U4b7 changes over ti me

Virus clonesderived from eight individualgicluding T/F viruses and 139 months posinfection (p.i.) time points were teske f or t hei r dferp
viral replication calculated as percentage iitlab by HP2/1 (red) and A€t (blue) expressed as percentage difference of p24 concentration between H
Act-1 treated and untreated virus in exponential growth phase. Thdehotes individuals CAP88, CAP200 and Q@AB with a complete data set ndyné/F, 2
months (absentinCA2,00) , 6, 12 and 39 months p.i. which feockslindepersienceiagadss ahtane pomt
each of these three individuals were significant by a repeated measures ANOVAfécbbtand HP2/1(*** p<0.0001) as well as between @8F/F and 2
months p, (***p<0.0001 for HP2/1 and **p<0.001 for Aet) CAP200 TF and 6 months p.i. (***p<0.0001 for HP2/1 and *p<0.01 for-Agtnd CAP206 T
and 2 months p.i (**p<0.0001 for HP2&Nd **p<0.001 for Actl), Pairwise comparisons were adjusted by the Tukey meBwd.represe means of betweel
two and threendependent experiments with the error bars indicating SEM.
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Figure 2.12: Sequence alignrant of CAP88, CAP200 ad CAP206 gp160s

The T/Fand 2 or 6 month p.gp160 sequences of CA8 CAP200 and CAPO6 alignedto HBX2.

Glycans are indicated in uppercase and highlighted in redaThgbinding motif and CD4 binding

sites are highligted in grey and the nesynonymas sequence changes between CAP88 T/F and 2
month, CAP200 T/F and 6 month and T/F and 2 monthighlightedin blue yellow and green
respectively. Different structural regions of gp120 are denoted by coloured blocks and dots represent
identities.
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Three amino acid differences exist between CAP206 T/F and the 2 month clone, one of which is a
glycan at position N461 in the 2 month clone. Situated in V5, a region linked tebiDD#hg this

forms part of the coformational epitope for the CBdinding site mAb VRCO1 (Li et al., 2011h.

This change may result in a reduced affinity of the virusofer fb&cause CD4 is close enough to

o 4 Poid the cell surface for themo be ceprecipitated (Cicala, et al., 2009Vhile differences in
sequence between CAP200 T/F the 6 month clone arendae extensive (39 nesynonymous
changes consistent with the longer duration of infecdioit is likely that the change of the 4 B 7
binding motif from SDV to PDI at 6 months is significant ab@P200is the only indvidual that has

a nonsynonymougnotif change over time. All motif sequences are shown in the Appemdbig

B2).

Although these changes are intriguing, many are uniquindividuals and as a result it was necessary

to determine factorimclusive ofall individualst hat may c¢ ont rdependenee forviral hi gh
replication.The remaining five individuals depicted kigure 2.11, which had matched T/ECAP8

and CAR56) or enrolment clones (CAP244 and C295) and chronic clones, with the exception of

CAP177 whid due to availabilityhad no very early cloneere used to assess overall patterns of

o 4 Rl&pendencas shown irFigure2.13. WhetherAct-1 (Figure2.13 A) or HP2/1(Figure2.13 B)

is used as the defining parameter, T/F virusage a significantly highed e pendence on a4/
replication and significantly lower thahat of 39 month viruses. Strikinglyhere is no significant

differencei n a4 (37 detweenn/id wdraseseand chronic clones at 6 and 12 mor@werall,

this mirrors the finding thatere is no difference between Wikuses and chronic viruses in the first

year of infection (Parrish, et al., 2012). Despite this, the pattern of depersdéncel | suggests t
may play an important role in transmission which diminishes shortly aftection. Thesedata

suggestthab ver ti me, the dependence on a4B7 for viral
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Figure2.13 Pattern of U4b7 usage hang i

c es during diff
T/F viruses (n=8) had a significantly higher depemden on a4pB7 for replicatio
(n=5) (%3 months p.i.) as determined by bdis) Act-1 (***p<0.0001) and (B) HP2/1 mAb

(** p<0.001), no significant difference compars&alviruses from the first year including bothré=g)

and 12 months p.of chronic infection 1§ = 15) and a significant decrease congzhito viruses 3

years p.i. ( n24, p<0.0001 for both Ael and HP2/1)Both data sets were analysed for significance

by a one way ANOVA and pairwise comparisons adju

2.3.4. Factors associated with high a4B7 dependence

In orderto determine why certain viruses have a higher dependemce a 4 37 f or vi r al r
number ofadditional viralfactors were investigated. Theducedlength and glycan density of the

V1/V2 loopas well as C3/V4 hdseenassci at ed with increased ®¥4pB7 bi
although a recent study bkterad, et al., 2013 suggests thaniatche samples this is not the case

at least for th&/1/V2 loop. We sought to determine what the association of length and glgnaityd

in all variable loops as well as C3/V4 was with dependemoe 4 (or viral replication as seen in

Figure 2.14 A and B.Sequence$rom previous studies in our laboratory correspondinghto énv

proteins of the virusegsed in this studywere analged for number of glycares predicted by the N

glycosite tool from te Los Alamos National Databagghang et al., 2004a Severallinear Spearman
correlationswere significanshown in grey blockg Figure2.14 including the glycan densibf V2,

V1/V2, V4 and C3/V4and the length in amino acids ¥i/V2 and C3/V4 However because of the
interrelatedness of these regions, it wasessary to use a multiple regsion to assesghich of these
associations are significant when others are kept constant. To limit multicolingadiyndant

variables were excludefdom the data set (namely V1, V2 and V4 with only V1/V2, C3/V4 and V5
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regions includedpand glycan desity and variable loop lengths were analysed separbtzlgus of

their causal relationshifOverall V1/V2 length and glycan density were positively associéied
coefficient= 1.23 and 3.81 respectivelwjth the dependence an4 (For viral replication forAct-1
inhibitory mAb. A complete data set of all lengthsd glycan densities are showntire Appendix

(Table B2) but the sequences have not be includedhis data set, the region on whithhe a4 7
binding site is present wamost significantly associated with dependence on the integrilar to

what has been hypothesised previously (Nawaz, et al.)2011

Owing to glycan density and length of the V1/K®gjion having an association with the effectiod B 7

on replication, we sought to determine whether the linear distance of the glycans fron# tRe7
binding motif in V1/V2 has an impact on the eff
this end each individual viral clone was designated as exhibiting either high (green) or low (blue)

o 4 [dependence for viral replication. This was done by comparing percentage dependence of each
individual clone to the mean dependenceioh {51.02 % with eference to HP2/1 mAb and 51992

with reference to Ael mAb) witht hose above the mean designated
“1l ow” . A full i st of designati ons 27csaquende®e hnot e

determined as having low 4 Ri€pendace and 33 designated as having high iépendence.

The frequency of sequences (as a proportion of those viruses with a high erddl&pendence
respectively) expressing a glycan at a particular linear distance from the tripeptide minimal binding
eptope fora 4 fn7the V1/V2loop is shown in Figure 2.1F his reflectsthe great variability of this

region of gp120, in that only a small number of sequences (reflected by small percentages) have
glycans at different linear distances from the motif whiehy few displaying common positions
across a number of individualSlycans present 5 amino acids downstream and those 41 amino acids
upstream from the motif are more frequent in viruses that have high affinity 40g87versus 2 and

9 versus 3 sequees respectively) while glycans 8 amino acid downstream are more frequent in
viruses with lowa 4 [&ffinity (7 versus 2 sequences) with the numbers of sequences indicated above

the respective bars.
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These differenceare notsignificant using the Fisher exact test, nor is there a definite trend for
positions closer to the motif to affeat 4 Pré&activity either positively or negatively. While these
numbers are small, the isolated cases where there are differencesrbeimuses with high and low

o 4 [de&pendence for replication suggest that glycans in specific positions within the gp120 protein
might be of importance ta 4 [Feactivity and perhaps in terms of their position in the trimer rather

than their linear distare from thea 4 biriding motif.

High U4b7 depend
-LowU4b7 dependencce

LOMNMNOVOOOANML © 0
L I I I

Distance of glycan in V1/V2 from a4b7-binding motif (a.a)

Figure 2.15: Distances of glycangrom the U 4 fhifding site in the V1/V2 loop of gp120

The frequency of distaees of different glycans across 60 viruses from 11 individuals from the3 7
binding motif is represented as a proportion of those viruses with high ara o@&pendence for
viral replication (shown as green and blue bars respectivélymbers abovehe bars indicate the
guantitysequences repsented for each case.
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While the observatigmadein terms of density of glycarare of importancet is possible thathe
presence or absence of particular glycans within gpl160 may influentg3dépemierce for
replicationand that these appear largely unrelated to linear distance from 4hgbihding motif
Using a similar stratification ai 4 Ri&pendence for viral replication, the frequencgeduences that
have glycanst positions in gp160 as alignedH®X2 were expressed as a proportion of either high
or low a 4 &pendent sequences as showFRigure2.16. While the whole of the gp160 sequence
was investigatedFigure B3Appendix only those that appeared different between the two groups
across at lest three individuals were deemed as relevahese 12 glycan positions arelude 130

150 (V1), B5 (V2), 234 (C2), 332, 334,33955, 362 (C3)409 (V4), 448 (C4) and 462/5) shown

in Table 2.2while the location othese positions in the trimerssown in Figure2.17.

Hi gh U4bp7 depend

- LowU4b7 dependenc

100~ Fx

754

504

*%
25+ —
332 H 339 I H ]

130 234 334 355 362 448

% Frequency
o

* b<0.05

*

low > high| 501
_ * b <0.001

754

100- *

Figure 2.16: Frequency ofglycansin conserved regions of gp128howing differences between
high and | ow U4b7 dependence
Frequency of glycans relative to the number of

green and blue respectively, with those positions that show difference whegeh a4 37 depen
viruses have a higher frequencwthlow above the x axis and vis versa, below the &kgmificance
was determined by the Fisher exact t test.
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Table 2.2: Glycans associated withJ 4 b 7 d e pfer mirdl eeplication
Glycan numbers highlighted in green indicitese which are more preeailt in viruses with a high

dependenceon 4 37 f or replication while those in blue
dependence. Theumber of sequences with the respective glycan across individshlevi in bold

and the frequency as a percentagéigh and low dependent viruses indicated in italics. The number

of individuals in which the glycan appears is also represented.

Number of sequences Number of
Glycan Region of gp120 individuals

Hi gh U4t Low U4p  represented by
dependence dependence sequences

130 Vi 26(79) 17(63) 11

150 V1 12(36) 6(22) 7

185 V2 8(24) 2(7) 4

234 c2 31(949 18(67) 10

332 c3 22(67) 25(93) 11

334 c3 8 (24) 0(0) 3

339 c3 17 (52) 19(70) 9

355 cs3 22(67) 13(49) 8

362 c3 13(39) 5(19) 4

409 va 14(42) 4(15) 5

448 C4 17(52) 10(37) 8

462 V5 15(45) 19(70) 7

a4B7 binding

VIRAL SURFACE

Figure 2.17: Position of glycand hat i mpact o mthedgpb2Dtrimeeact i vi ty

Here the most recently available trimer structure (Mao, et al., 2013) was used to model the positions

of those glycans that are more frequently prese
those with low dependengeb | ue) . The a4pB7 binding motif s in
CD4 binding site indicated in purple. Positions of 130, 185 and 409 are not necessauriigte as

they are in the variable loops which are different lengitdifferent virusesThe V1/V2 structure is

modelled on that mposed by McLellan, et al., 2011 The model was created usinget PyMOL

Molecular Graphics System, Version 1.5.0.4 Schrodinger, LLC.
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Of the 12 notable glycan positions, only thedmwed ginificant differencedetween the two groups

in the conserved regions of gpl120 including N234, N332 4884 (Figure 2.16). In addition,

position N409 was also found be significant and other differences were also noted in the variable
regions of gp120N150, N185 and N462). However the importance of tliese4 [Feactivityis less

clear because of the extreme range of variable loop length and it is difficult to accurately determine
the position of the glycan in gp120nly two of the glycans in the cogrwed regiondiave a higher
frequency in viruses winanmely B332 andi33U(ang Hab2retimec e o n
variable loops)while the remaining 9 are present in a higher frequency in viruses with a high
dependenc((dl3@ N18% M2AB4 N33AN355,N362,N409, N448) Only threeof the latter

are present in the V1/V2 loop (N150 and NA8Bh N130 present in the V1/VB shee} and are

situated near the 4 Pbihding site.Several of these are in close proximity to CD4 contact sites
including N130N362 and N35%Zhou et al., 2010which may allow for conformational stabilisation
oftheCD4g p 1 2 0 a-gpti20 intdrfkfions as a result of the close proximify CD4 and oa4p7
the surface of the target cell; so close in fact that these receptors were able tpréeipitated

(Cicala, et al., 2009).

N462 is a target for VRCO1, a CD4 binding mAb, and is also located right next to a CD4 contact site
inV5.However unli ke the other glycans, this was fo
dependence. As such, it is possible that the presence of a glycan at this position may sterically impede
thed finity of tNR2&4isvaihighunmnnbgdycan, asédtidted with DSIGN binding

(Alexandre et al., 2032and its removal has been found to have a significant reducing effect on
infectivity and Env mcarporation(Wang et al., 201)3 possble reasons for its selection in viruses with

a high af f iThis dlygan is also incthe Begion where gpl2@ ap4l are thought to
interact(Yang et al., 2008 N448 is a conserved Higmannose gcan (similarly to N234). These
glycansare required for protein folding and stakdltion of protein conformatiofwyss et al., 1995

and have been found to be more extensively reprasemteé consered in T/F viruse§Go et al.,

2011 suggesting a link between #eeglycansand 4 7 i n transmi ssi on.
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The observation that N332 is more frequent i n v
was found to benderrepresented in T/F virus@doore et al., 201Pand N332 knockouts have been

found in our laboratory to have higher viral fithess than those with the glycan (Moore, unpublished).

Thi s suggest s t hat t his gl ycan may mitigate t
replication. I n addition, N334 is exclusive to |
shift in glycan not only confers resistance to
affinity. Glycans 339 and 33Zeclustered together on gflgScanlan et al., 2002nd may be the
reason for N339 being expressed predomN38%Esnt | y or
positioned in the?2 helix of C3.0verallthese data suggesiatglycansthroughout gp120 and not just

within V1/V2 are important in determining how dependent viruses ace 4rffor replication.

Of course it is possible that many other factors determideeactivity andits influence on viral
replication Dependencena 4 [For replication is significantly different betwedime various minimal
tripeptidea 4 oinding motifs found across individuals in the figgar ofinfection Figure 2.18).
Viruses expressing PDI/L @&DI/V motifs are significantly more dependent @t [¥or replication
than those expressing LDI/T/[The difference is not significant between these three grioutise
third year of infection (not shown). The tripeptide motif is highly conserved withindgividualand

as such differences do natplain changes in dependence longitudinalndividuals. Despite this, it
is the first report of the sequence of thel pmbtif affecting the dependence on the integrin for

replication.
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a4b7-binding motif
Figure 2.18 Di f f e rripaptide mibdf$ affect dependence orlJ 4 Bf6f replication in the
first year of infection
Tripeptide loops PDI/L (n = 18) and SDI/V (n = 8) are expressed on viruses with higher dependence
on a 4 pfat viral replication than those exssing LDI/T/L (n = 8) {* p<0.001 and *p< 0.01
respetively; one way ANOVA, pairwise adjustments by Tukey methoor bars represent the SEM
and the lines represent the means.

It was possible to correlate tlee pendence on o4 [ 1seabecoutcomes pdludicgat i o n
CD4 count and viral load (Figur219A and B respectivelyinatched for each time poirRaw data

arein TableB2 in the AppendixNo significant correlation with viral load (represented as log RNA
copies/ml) was evident however significant negative correlationvas shown betweem 4 3 7
dependence and CD4 count (represented asiceéllBhis suggests that as the disease progresses and

CD4 counts decl i nefor replecgiennintreases eorraating on H&rt7with the

obse vati on that 3 years ©post infection, ThEndi vid
correlation may alseoeflect that in vivo at time points post infectiowhere viruses that have high

a4 B7 depende nsystemzalle CO#Jd wdllsnnzay in@se in their capacitio home to

the GALT diminishing their presence in the blood. CD4 counts undertaken in the gut may reveal a
positive correlation with o4B7 dependence of sy
analysis.This model does nanhclude all T/F viruses as at the correlating time poi@f34 count was

not performed.

As shown in Table Bin the appendix, the individuals in this study have been stratified into rapid
and intermediate progressors as well as those individuals thaingm develop broadigross
neutralising (BCN) antibodies. No significant difference in dependenae 4rfb&tween rapid and

intermediate progressors was noted at any time point examined (data not shown).
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Figure219: Corr el ati on of HIV disease outcomes with
(A) There is no significant correlationbetve n a4 7 dependence and | og vi
for either HP2/1(red, n= 60) or Adt (blue n=57) while there is a significant negative correlat&)n

bet ween a4pB7 dependence andan@BRR/lcount (cell s/ pl)
However, T/F virusesfrom individuals that go on to develop BCN antibodies showsijaificantly

lower dependence amn 4 or replication than those that dot (Figure2.20). Differenceswithin the

other time points were not significant. While this is not conclusive andresgfurther investigation,

it is possible that the transmission event in individubkt go on to produce BCN antibodies is

different to those that do not. These data suggest that BCN individuals do not make: us§ofas

great an etent as notBCN individuals. As viral load has been associated with neutralishreadth

in BCN individuals (Doria-Rose et al., 2010Gray et al., 2011and a 4 Bdépendence does not

correlate with viral load it is possible that4 Feactivity may bean additional factoresponsible for

initial differences in immunityWhat does cause the difference is not known as very little is known

about differences betweeBCN and nBCN individuals. This would need to be explored further but

does suggest that BCN individuals have fundamentally different pressures at transmission that result

68



in viruses that have a decreased detanetadiseennc e on

these pressures so we can improve the elicitation of effective BCN antibodiesin individuals.
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Figure 2.20 T/Fs of nonbroadly cross neutralising (nBCN) individuals display higher
dependence on U4b7 forviduaepl i cation than BCN indi
Individuals that produce broadly cross neutralising antibodies two years post infection display

significantly | ower dependence than nBCN indiuvi
stage (BCN TF n=4; nBCN n=4; ***p<0.0001, one way AN@A, pairwise corrections by Tukey
method . Dependence on o4 7 andHP2ilanhilgition. her e based on

2.3.5. The effect of STI status and cytokine milieu in the genital tract on the

role of a4f7 in transmission

When the dependence on4 [(¥df replication is compared across all the T/F viruses the range is
broadas shownin Figure2.21 (22-68.8% for HP2/1 and 15:66.9% for Actl). While overall T/F
viruses displayed e gphght todirfyestigateeifptiee nvile rawcge eosld be

expained by factors that would be relevant at the point of transmission

Foll owing sequence analysis, the tripeptide a4
Figure 2.22A) could be used to stratify viruses with highér 3 7 d e p e npticationc(greerf) asr r e
compared to those with lower dependence (blue) (Figure 2.22 B). Thoséiglthaffinity had

P/SDI/V binding motifs while those with low affinity had LDI/L motifs. While these differences may

explain the variation it 4 [fl&pendencet is important to consider the context in which transmission

OCcCurs.
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Figure 2.21: T/F viruses have a wide range of) 4 fd&pendencies for viral replication
TIFviruses exhibited a wide range CAP38 @®,MPéandenci es

225 showing higho 4 pd@pendencégreen) and the remaining four showing low4

[fd&pendence

(blue). Dependence was determined by-BAathile bars represent the mean of four independent

experiments, with error bars indicating SEM.
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Figure 2222 U467 dependence variation of T/UMbBViruse
binding motif differences in the V1/V2 loop of gp120
(A) Sequence alignment of the V1/V2 | odpdngf gp1l?2

motif based on high (orange=#4) or low dependence (green, n=6) on the integrin for replication
graphicallyrepresented in BLDI/L T/Fs have lower dependence on the integrin compared to those

with P/SDI/V motifs (p9.0286, ManANhitneytest)
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STls have been identified asmajor causof inflammatory cytokine upregulation and immune cell
reaquitment to the genital mucos@.evine et al., 1998 In addition to STIs and associated
inflammation bacterial vaginosis (BV)a syndrome characterised by a shii vaginal flora
composition(Fredricks et al., 2005has been determined as a risk factoftf acquisition(Cohen

et al., 2012Nwadioha et al., 20)1as well as ira univariant analysis using tiBAPRISA cohort but

was hot significant in anultivariant model(Mlisana et al., 2012 The homing function ofx 4 B 7

whereby cell subsets are able to trafficthe GALT and other extdgmphoid tissues such as the

genital mucosaallows for cells predominantly of effector function to infiltrate inflantisgue.Given

this function and the integrin’ s demoamdsbleat ed r
that the STI status of the individual at the time of transmission as well as the cytokinepnaient

at the site of sexual transmission may influence whethérp 7 has a | arge or di mi
establishment of infectioff.o this end we obtained clinical data from the CAPRISA 002 cohort on the
presence of various STIETrichomonas vaginalis, Chlamydia trachomatidSV-2, Treponema

pallidum Neisseria goarrhoea and Mycoplasma genitaliuijnas well as BVat the time of
transmission in the 8 individuals with T/F virus@slle2.3). While noHSV-2, Treponema pallidum,

Neisseria gonorrhoea and Mycoplasma genitalium was detected in these individvalginals, C.
trachomatisand BV were present. Strikihgthose individuals that tested positive for BYthe time

of HIV transmissiorhad a significanthhigher dependenae 4 ffhanthose that did ndtFigure2.23).

Thesedata suggestthat BV creates a transmission bottleneck whereby viruses thatahaigh

dependence on a4pB7 for replication are selected

71



Table 2.3: STI status of individuals at the point of HIV transmission’
Gr een

shadi

ng indi

cates

a group

of

liTatidh belowr us es
50%, while greenshows those with high dependence. BV= Bacterial vagindsis/aginalis =
Trichomonas vagilis, C. trachomatiss Chlamydia trachomatis.

THSV-Z, Treponema palliduniSyphilis), Neisseria gonorrhoeavlycoplasma genitaliurwere negative for all samples and
therefore not included in the table

BV T. vaginalis| C. trachomatis| a4p7-dep (Act-1) | a4B7-dep (HP2/1)
CAP 225 T/F X 60.08 68.61
CAP 88 T/F X X 66.85 64.08
CAP 200 T/F X 55.43 63.12
CAP 206 T/F X 48.76 50.55
CAP 210 T/F 39.28 47.10
CAP 239 T/F 29.73 31.34
CAP 8 T/F X 33.34 24.50
CAP256 T/F 15.72 22.00
80~ ) * p= 0.0286 }
'\ L] 1
Sl
"U -
s20 ——
o<
[«]
o O
c = 404 L]
23 -
2 .=
%)- @' 20
T 5 u
o\o e
C L] L]
BV+ BV-

Figure 2.23: Bacterial vaginosis(BV) at the time of HIV transmission is associated with a high
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Individuals that were BV positive (n=4) at the time of infection have a significantly higher

dependence on

o 4 B 7 ngatieert = 8) fpo=900286 1 MamAiVhitwegtest.

BV

While it is not clear howBV may impact orthe properties of viruses that establish infecteaypert

from an i

ncrease

n

t

he

number

of

cel

S

expressi

inflammation a possible explanation is the cytokine miliaua particular individuaht the point of

transmissionthat is present in the genital tradtives either expression af 4 for its ligand

MAdCAM-1. We investigated the association between 3lammfhatory cytokinegpresent in the

cervicovaginal lavage (CVL) at the time of transmission of seven individuals with the matching T/F

\Y

r

us'’

d e @ 4 [odreplicatien. The cytokine levels of the corresponding individuals were
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measured by lumineand the data obtained for another studiaéson, in review)The panel of

cytokines tested included pioflammatory cytokinesi(-1 aIL-1 B , -6, IL-012P40, 11-:12P70, TNF

a) ; chemoki nes ( E@&xIR18,MCRL, MIFIToa, c t443 Fk i3, RANTES);

innate cytokines (IFMx ) ; h a e ma-C8Fp GMASFK, dL-7){ geowth factors (EGF,TGFa ,

VEGF); adaptive cytokines (¥, IL-4, IL-5, IL-13, IL-15, IL-17, sCD40L) and antnflammatory

cytokines (IL-10, IL-1 Ra ) . of t hese o n lfigant positive eorretiospwitta y e d s
dependence on 4 or replication IL-1 a , -8 dndlL-7 (Figure2.24). IL-7 has been found to induce
expression and acti vat i owhiledLf8 hasbded linkedCwitmtransient e t a
upregulation ofx 4 fSadhu etal., 199&ndI-la i s a potent inducer of i nf
in endothelial cells, which may be responsible for the recruitmeat4ihigh cells to the region of

initial infection.
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Figure 2.24: Levels of IL-1 U, -8 &nd IL-7 in the CVL correlate wthdependence on U4b
replication at time of HIV transmission

Correlations and significance were calculated using Spearmansizogfind each dot represents an
individual.

Taken together, these data suggest that the environment in which transmission occurs is itmportant

determine whethex 4 [plays a definitive role in transmission.
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2.4. Discussion

In this studywe investgated the role ait 4 BnMHIV pathogenesis and the factors taterminex 4 3 7
reactivity. We show thatinfectious virus bindsa 4 Band that there is a role fax 4 Biry viral

replication thatchange over the course of infection. The dedenceon a 4 (¥of replication was
associated with/1/V2 glycan density and loop length and glycans N332, N234 and N334 and in
addition CD4 count was negatively associated weitd Br&activity. We also found a striking
association between tlee4 ihding motif sequenc/DI/V on the virus and dependence on the

integrin for replication as well as diagnosis of bacterial vaginosis in acute HIV infection. Furthermore
elevated levels of W7, IL-8 and Ikl 0 i n the female genitalBpPpiTract

reactivity.

While thea 4 pnteractionwith HIV has beeinvestigated using primarily different gpl18tbnomers
as opposed to infectious and replicative virusieis study shows that infective viruses bondt by
both a competition as we#ls a flow cytometry basednrding assay Nawaz and colleaguassed
CAP88 1.00.15A (T/F) and CAR8.12M.2.2F (12 mon#) to illustrate thatgpl20s of early
transmitting viruses have a higher affinity fmrd fhanthe gp120s o€hronic virusesin this study
using infectious virusefrom the same individuaCAP88) a similar observation was made. This
supports the hypothesis put forwadrda recent studyhat although functional trimersn infectious
virusesare likely tobe differentinc onf or mat i on t o mo n ogreatly dfferentidt 3 7 bi r
either case (Etemad, et al., 2018)s important to note that a larger number of trimers on thacur
of HIV are nonrfunctional(Moore etal., 200§ and while they may not participasetively in virus
entry theyare able to elicit potent immune responses and may play a roletifibihding should
V1/V2 be exposed optimallyn a recent studya number of V2 directed mAbs were found to bind
epitopes overlapping the 4 [binding motif and mutations at this site dramatically altebinding
affinity of these mAbgMayr, et al., etal., 2013).This indicates that this region on tharter is
optimally exposed in order to birad 4 BI7 addition, others haveubmittedthat being arattachment

factor, the selectivadvantage f  dmMHBV7replication would be most prominent at low Vitiéers
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(Parrish, et al., 2032 however we found no difference m 4 pbinding within a range of virus

concentrations

While a recent study investigated differencesiid [Feactivity anddependence on the integrin for
replication between T/F and unaétd chronic subtype C infectious viruses (Parrish, et al., 2012) and
another used matched eafhot T/F)and chronic infectiousubtype Aviruses(Etemad, et al., 2013)

this is the first study that examines thependencena 4 [For viral repication longitudinallywithin

the same individualA previous study hapointed out that viruses generated using a standard HIV
backbone, as in this study, do not alldwe contribution of gene products otherrttanv to the T/F

phenotype to be assessed and tharexpression of Enin this modelcompared to naturally

occurring viruses prohibita meaningful assessment of virhest cell interactiongParrish, et al.,

2013) While they discuss that these differences may skew biological findings and that fulbprovir

IMCs are more relevant, we observed no differenca #h fbinding or replication dependence on

a 4 Bn/matched IMCs and IECauggesting that our model was adequiatehis studyln the case of

individuds with complete data sets (CAP88, CAP200 and ZX&9, a change io 4 [fl&pendence for
replicationwascleasver time. The T/ F vi r uistheschree chsesgMtl v dep
a notdle drop in dependence two months pastnsmissionWhile a comparative analysizetween

the T/F gpl60 andhe mached 2 or 6 month clone of C8B, 200 and 206 sequences revealed
changedhat may explairthese differences (a change in the highly conserved region of gp41 which

may i mpact on Env glycoprotein expr eofasglyaamin a od4[

V5, close to CD4 contact sites respectively), none of these changes were common across participants.

Neverthelessgonsidering all 11 individuals and all 60 virust® shift in importance af 4 [s&ems

to correlate with the hypothesikat the integrin is necessary for initial viral dissemination to the
GALT (Arthos, et al., 2008and perhaps selected for during transmissitire T/F viruses were
significantly more dependemin a 4 fc@mpared to clones frod months post infection, by wth
time the virus has migrated to the target tis®&merichley and Douek, 20p@&nd perhaps 4 fhigh
affinity viruses are no longer selected for or that many of theysiécative competent CD4T cells
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(Cicala, et al., 2009are severely and selectivelyminished in humberin other studiesa small

sample of acute sulig A and C virus Envs boured4 fwith high affinity, and in some cases, later

virus strains showed significantly reducbkthding (Nawaz et al. 2011konsistent with an early
requirement foinfection ofa 4 Bexpressing cells that is dispensable once infection in the gut mucosa

has been establishestrikingly, therewasno si gni fi cant difference in a
viruses and chronic clas at 6 and2 monthsandthis mirrors tke finding that there is no difference

between T/F viruses and chronic viruses in the first yemfection (Parrish, et al., 2012).

A number of studies have investigated the density of glycans and the variable loopténgM2 as

a determining factr of a 4 Beactivity with conflicting outcomes. One study showleat the removal

of glycans in this region by mutagenesis was as
(Nawaz, et al., 20)1and another illustrated that shorter, less glycosylat&8/%/ loops do not
preferentially bind ResdlffomthE stedysumport the tatteain that f 20 1 3 ) .
dependenceras associated with higher glycan density in V1/V2 and longer V1/V2 loop léntite

glycans may offer stabilisation the flexible V1/V2 loop perhaps enhanciagd [dntact with the

region, it is possible that density and length are not as impatattte loation of the glycans on
gpl160.This is reflected by the finding that glycans positioned 5 amino acids distaltfiem 4 (3 7

binding motif are pesent in a higher frequency inruses that are highly dependent ord (fof

replication. Although this observation was not statistically significahis evidencecorroborates the

hypothesis that glycans may play a roleig 7nteraction with gp120.

While others have investigated the role of glycans in V1/Vaieh [binding (Nawaz, et al., 2011,

Etemad, et al., 2013), this is the first study to examine the importance of glycans throughout gp160 in

this interaction9 notalbe glycans situated throughout gpl120 were fountbdopresent at a higher

frequency in viruses that have a higher replicative dependencetopCf these only 2 werpresent

in the V1/V2 region(N150 and N185whi ch i s wher e t he tfisilopateght i de a
and as previouslghown (Figure?.15), lineardistance from the motif may impact on affinity of gp120

for the integrin.Interestingly,glycans outside of V1/V2 showed the greatest differences between low
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and high dependence on4 [¥or repication. While Nawaz and colleagues showed that removal of
N139, N145, and N184 increased a4pB7 binding in &
reflected in freqguency of these . Gleyatatharglgaisn vi r u.
are located near points 6D4 contact with gp120 (N130, N355, N362, N462) which may influence

a4pB7 binding as CD4 and a4pB7 ar-mecipitated ®rutcehcellc | o s e
surface (Cicala, et al., 2009). Indeed the underrepresantsHtiN332 and a closely positioned N339

in viruses with a high a4p7 dependence is intr
(Moore, et al., 2012) and decreases the fitness of the virus (Moore, unpublished) correlating with the
selective advaatge a4pB7 off er s t heOver all these fiddingsisuggest thatp | i ¢ a
differences in sequences and glycan occupan¥®/1/V2 alone canot explaina 4 [Feactivity and its

changingrole in replication and should not be used indtioh as a ginature

Although viral load was not associatedth a 4 pdépendence for rephtion, CD4 countwas

negatively correlated. his is probably an artefact ¢iie data that weravailablefor specific tine

points. As can be noted the Appendix Table B2a number of transmission time points were not
available as the CD4 count was not recorded. As such, the negative correlation reflects the increase in

o 4 (dépendencat 3years post infection as previously mentionkderestingly while rapid and
intermediae progressors show no differencesiid eactivity, viruses isolated frormdividualsthat

go on to produce BCN antibodisekowa decreased dependence for a4p7
to those that do not. While tlomly clinical outcome that broadtross neutralising capacibhas been
associated with is viral load (DofRose, et al., 2010), ard 4 M&pendence is independent of viral

load it is possible that BCN individuals select againgt faf/transmission as a result of their unique

immune prdile. While intriguing, this requires ftler investigation

This study is also the first to illustrate the effect of different minion@ inding motifs ona 4 3 7
reactivity during replication. As stated previously4 (h&s three known natural liganddAdCAM -

1, fibronectin and VCAML arranged in mler of strongest affinityfor the integrin to weakest
(Jackson, 2002). In all of these there is a minimal binding tripeptide (h@if, LDV and IDS
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respectively)of which the core aspartic acidpgssotal to function Arthos, et al., 2008Differences in

t he dependtmrepkcationrbetveedn3@ent motifs were evident in viruses isolated from
thefirst year of infectionIntriguingly, theviruses withmatifs most closely resembling those of the
natural ligand MAdCAML (LDI/L/T) exhibit thelowest dependence an4 (or replication a 4 [Is7
unusualamongst integringor its ability to mediate both rolling and firm adhesi@argatze et al.,
1995. The high resolution structure of MAdCAl#recently reported suggests that it is the unusual
flexibility of the integrin binding loop of this ligandhat allows for these functiori¥'u et al., 2013

not unlike the highly flexible V1/V2loop of gpl20 (McK#an, et al., 201l The MAdCAM-1
sequence of the integrlsinding CD loop is as follows SVQWR®T SLGAVQSDT with the
minimal binding die fora 4 BhRown in bold(Yu, et al., 2013)Within the binding loop downstream
is another motif that is responsible for stabilisation of the interaction SDT (Yu, et al., Rt 3nly
this, but using random peptidigbraries to generate potent inhibitors d¢he a 4 Bintegrin for
treatment of gastrointestinal disease disulphidebridged cyclic peptide containinthe SDTF
tripeptide demonstrateal 10 fold selectivity favouring 4 & e r o 4 Bahd itcieaset ipaiegc
compared to other inhibitoréDubree et al., 2002 The antagonists inhibit biding of a 4 pBt@
MAdCAM-1 in vitro and lymphocyte accumulatian vivo. In addition, a SDV containing antagonist
was 4so highly potent and interestingly more so than an LDT antago(iBibree, et al., 2002)
mirrored by the observation in this study that viruses with SDI/V motifs have a higher reactivity with
o 4 (S compared taDI/T/V motifs. Viruses with PDI/L motifsvere also more dependent ard 3 7
for replication than LDT like motifs and this may be as a result of proline bringing the virus into
closer contact wittu 4 [b&cause of its hydphobic andcompact nature. Theskata suggests that
possible reason for the dé range of reactivities across individuédsthat several viruses have
selected for binding motifs that are preferential dod [Feactivity. It must be noted that within an
individual over time, thex 4 pbihding motif is highly conservedt is rarefor motif switching to
occur and if it does, it appears to be largdiiiyen by ceinfection orsuperinfection. This suggests

that the motif is selected for during transmission.
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It has been hypothesised that4 nTfay have a role in transmission, as a Itesfi observed
preferentialbinding of gp120 monomersepresentative of early infectioms compared to chronic

infection (Nawaz, et al., 2012yVhile no difference in dependence on the integrin for reptinatias

shown between T/Bndchronic viruses at ®r 12 months in this and other studies (Parrish, et al.,

2012; Etemad, et al., 2013ye showed that the effect thmt4 (h&s on replication decreases shortly

after transmission. Despite this observatithere was a wide range @f4 [Feactivity for T/F viruses

(22- 68.8% for HP2/1 and 15.766.9% for Actl). It is possible thathe environmentduring

transmissia detemineshowg r eat a r ol e os4ifie7 suggéstng that thewermiaysbg t h i
selective advant ag eA résoltrof thislpNMposed bottienactidis tfidb virses 7 .
expressingP/SDV/l a 4 B 7 b natifd havegsignificantly higher depeedceon a4 pB7 f or Vi

replication as compared to thomepressind.DI/L as previously discussed.

Inflammaion in the genital tract haseen implicatedisk factors for HIV and as such contribute to a

distinct ottleneck during transmissiqihaga et al., 1993Mlisana et al., 201;2Stamm et al., 1998

Intriguingly we noted that individualsith T/F viruses witrhigha 4 B 7 r ewvare assosiatet! with

BV diagnosis at the time of transmissi®V has been associat@dth changes in the genital cytokine
environment that are distinct from that induced in STI infection inclusiveroixad inflammatory

profile with upreailated preinflammatory cytokinegIlL-1 a ,-1 3 Lan ) Tdihd downr egul
chemokines (IPLO, GRO, MDC and MIPL &(Ryckman et al., 20Q8Masson, et al., imeview), The

difference in inflammatory profiles from those elicit@dSTIs is not cleaand more importantly the
disturbanceof vaginal flora characteristic of BV has been associated with HIV acquig¢ieima et

al., 1998. Our datamay suggestthat BV is associatedvith the transmission of viruses that have a
higher dependence bynea4mzrf @m hrae gl Thaglks ih theearea mo u n t
of transmission or wupregul at mayexplaidnfdrt wayxBylise s si o n
associated with ermced acquisition anchay suggesthata 4 [bffers a selective advantage during

transmission.
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IL-1 a ,-8 dnd.IL-7 in the CVL at the time of transmissierere found to correlate significantly with

the dependence of T/ F v brrinuosiresystenolln8 hasdbpen astociated v i r a |
with transient upregulation of 4 {Sadhu, et al., 1998) atid-7 has been found to induce expression

and activation of 04da@ -1 ¢ Cii mbrao,podtenal .i,nd2@k2 o
activatoninendot hel i al cell s, which may be reshponsi bl
region of initial infection.While thisremains to beonfirmed in these datdhe spontaneous rise in
endogenous W7 during the progression to ftblown AIDSandhe consequent upregul
may explain the increase in viral replication dependence orinthgrin 3 years post infection

(Cimbro, et al., 2012 Owing tothe small numbers available for analysis it is possible that there are

many other cytokines hat may be associated with ao4B7 reacti
of significance As such, it will be important to expand this analysis with the inclusion of more T/F
viruses. Cumulativelythis confirmsthat the environment in which transsiisn takes plee has a big

impact on the transmission bottleneskich appears to determine 4 pr&activity including BV

diagnosis and elevated levels of7l.1L-8 and IL-1q.

While the importance oft 4 fir7v HIV transmission and pathogenesis remains roentsialin the

literature usinga laige panel of viruses we determined that the oble 4 [fangs over the course

of infection in that shortly after transmission, dependencex @hfat replication declinesThis

correlates with HIV pathology; thervius woul d have a greater depend
wide-spread dissemination during transmission and acute infection, with the need for spread greatly
decreased thereaftaf/e showed that multiple factors may determine ligh feactivitythroughot
pathogenesitcluding but not limited to V1/V2 loop length and glycan density, distafiggycans

from thea 4 fbinding motif, glycan occupancy at positiohd234, N334and N332 low CD4 count

anda 4 poinding motif sequencéNe also showed that the émmnment at the site of transmission

such as the diagnosi¢ BV and upregulation of cytokinesdL a , -7 dnd. I.-8 was associated with

o 4 [Feactivity.
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Collectively, these data suggesth a t t her e i sn HiV pattiogepsis arml rthat ahé (3 7
interaction may beselected for dting transmissiomossibly as a result ofraumber 6 factors, one of

which appears to bthe presence of BVAs a result of thex 4 Pbihding motif being in a highly
immunogenic region of gp120 and antibodies directed aghisstegion associated with protection in

the most effective vaccine trial to date, further understanding of the interaction between the virus and

the integrin provides an arsenal for the development of fwageine and therapeutitrategies.
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CHAPTER 3

EXPRESSION OF a4f7" ON TH17 AND TREG CD4" T
LYMPHOCYTE SUBSETS AND PERMISSIBILITY FOR HIV
INFECTION
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3.1 Introduction

Regardless of the route of transmission, HIV replicates rapidly in GALT several days after

transmissiona 4 B QD4 T cells have been dedoed as highly permissive tacuteHIV and SIV
infection as a result of their high activation level axgression of CCRECicala et al., 200%Kader
et al., 2009 Zhu et al., 200 Not only are these cells readiigfected by HIVand a 4 fisran
attachment factor for gp12@rthos, et al., 2008)uttheyare able to home to sites distal from the site
of transmissiorsuch as the GALT Peyer’' s patches, mesenteric
(Gorfu, et al., 2009Berlin et al., 1993Kunkel et al., 2000; Wagner et al., 199 support of this
route of viral disseminatiory 4 BT cells as well asells expressinghe integrins putdive ligand,

MAdCAM-1, arefound in the genitanucosa (McKinnon, et al., 201Kglly, et al., 2001)

While a number ofdifferent T helper subsets have been defined, divdahesefunction in the
homeostasis of inflammatiohis balance is disrupted in the GALT during HIV infectiand this
may be the cause of microbial translocation during HIV pathegjsnThese subsets,hElper 17
(pro-inflammatory) and T regulatory cells (aimiflammatory), are present in the GALT and genital
mucosa, are regulated by retinoic aiitlias et al., 2008Uematsu et al., 2008nd expresst 4 B 7
(Kader, et al., 2009 Th17 cells are involved in thmaintenancef mucosal barriers and have been
found to be preferentially depésl in acuteHIV infection, compromising théntegrity of the gut

lining and allowing for leaking of lipopolysaccharides and consequent damaging inactivagion

Iy m

(Brenchley, et al., 2008A recent study indicated that Thtéllse x pr ess hi g, | €Ddl s

and CXCR4 but low levels of CCRiandswhich makes them susceptible to H{XIvarez, et al.,
2013. Conversely, Treg CD4T cells function to attenuate immune responsesuding Th17
inflammatory effects (Crome, et al., 2000and have been fountb increasdn frequency following
HIV infection(Chevailer, et al., 2013FurthermoreFOXP3 the definng transcription factor of Treg
cells, has been suggested as a marker of disgaggession (Suchard, et al., 201Bpth Treg and
Th17 phenotypeof CD4" T cellshave been found to support Hiéplication(El Hed, et al., 2010;

MorenoFernandez, et al., 2009).
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The founder target cell population of HIV has not been conclusigetgrmined; however it is
possible that the virus commandeers tla¢ural loming mechanism to the gut by bindingao4 3 7
after which itreaches a highly perissive target populatiorChapter 2discusses evidence for a role
for a 4 BnMIV pathogenesis and suggests that shortly after transmissibrid@pendent infectivity
decreases. At this point the virus has already disseminated to the GRielphenotype of the 4 B 7
expressing cells that may suppdisseminatiorand their suitability to such a functidras not been

investigated in the context of HIV.

In this study we sougho determine the effect @fll-trans retinoic acigATRA) on the frequency of
Th17 and Treg CD4T subsets irthe peripheral bloodrom healthy donorsn orde to mimic the
GALT environment where denitic cells secrete ATRA0 upregulate homingeceptos (Ilwata, et al.,
2004).We also sought talirectly compare theusceptibilityof Th17 and TregCD4" T subsets to
harbour HIV infection as well as their relative expression tbé homing receptora 4 (3 The

comparison between Treg and Thillsin this respect is a novel ariEhese findingalong with the
natural functions of these subsetay allow for theelucidation of new routes of viral dmsination
which can be targeted to prevent thestenic spread of the virusrom the genital tract anthe

establishment of latent reservoirs
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3.2 Materials and Methods

3.2.1 Isolation and stimulation of CD4" T lymphocytes from whole blood

CD4" T cells were isolateas described in Chapterf@om healthy donors from the South African

National Blood Bankusing the RosetteSep Human CDA cell Enrichment Cocktail (Stem Cell
Technol ogi es, Canada) a s Cplls weretcultared rmathre upfesernceé orr er ' s
absence oATRA (SigmaAldrich, Missouri) to upregulate the expression af4 (& guthoming

molecule) and to mimic the GALT environmentvitro on the isolated CD4T cells in culture The

most physiologically relevant and optimum concentratidnATRA was determined as 10 uM

following titration. 50 ng/ml OKT3 (antCD3 antibody) (eBioscience, California) and 20 U/mi2L

(Roche Applied Sciences, Germany) were added to the Bhocytes in RPMI media with 20%

FBS and cul tur ed athi €Q. She purity af thes CDAT cell3isplatiGn and té

upr egul at i oconfiomed by #o@ Tytometristaining with optimally titrated amounts of
CD3-ECD (Beckham Coulter, France), Ciptot 605 (Invitrogen, G&sbad, CA), AntiHuman

CD49d (ntegrin alpha 4)PE (eBioscience, CA) &n antrhuman/mousenit egr i n B7 F
(eBioscience, CA) and Aqua Fluorescent Reactive Dye (Invitrogen, Moleculaes?1©@arIsbad) was

used to monitocell viability. The gating strategy was as indicated in Figure 2.1 in Chapiere2.

samples from the don®rwere designated responders and-msponders to the ATRA treatment
based on the increase or no effect "popuatopefcti vel

lymphocytes.

3.2.2 Th17 and Treg phenotyping of CD4" T cells by flow cytometry

In orde to determine the nature of the subset whi ch o4 ( Thl7 and Tpegsubsetsn e nt
were investigated. Surface staining was performed as des@iim@ while cells forintracellular

staining for FOXB and IL-17 wasinitially activated with phorboll2-myristate 13acetate (PMA) at

10 ng/ ml , lonomycin (500 ng/ ml) and Umstimulatedl di n A

cells were used to determine the level of background staiBoth. PMA and ionomycin were used to
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activate the T cells in der to stimulate the production of the chemokinel . Fluorochromes were

diluted in a 1% BSA/ PBS buffer up to a staining volume of 50 pl. 50 pl of cells were then added to

the staining mixture and incubated in the dark for 30 minutds afStaining vas then completed as

per the manuf ac tstep grotocos for pntracdlluac (ouclearfof@im,eeBioscience)

and the FOX3 Staining Buffer Set (eBioscience, San D)eg@as usedto providethe optimum

buffering system for staining of the FOXPBanscription factar For cell surface staining,
CD195/CCR5 PECy5 (BD Pharmingen, San Diego, CA), GBED (Beckham Coulter, France),

CD4-Qdot @5 (Invitrogen, Carlsbad, CA), aftuman CD49d (Integrin alpha HE (eBioscience,

CA) and anthuman/mousente gr i n B7 FI TC ( eBi 0-BumaneCDLOECR6CA) , m
PerCRCy5.5, mouse anthuman CD45RA APEH7, CD25AF700 (BD Biosciences), CD1HE

Cy7 (BD Biosciences) were usddtracellular markers included FORR/450 (BD Horizon) and IE

17-AF642 (BD Bios@nces) Following staining, cells were fixed in 0.1% paraformalydehyde in PBS.

Th17 CD4 T cellsweredelineatedas CCR6 IL-17° CD4" T lymphocytes as shown in Figure 3.1.

Treg CD4 T cellsalsoshown in Figure8.1wereof CD25"" (gatedon the highes2% of the CD25

CD4' population) FOXB* CD127 CD4" T lymphocytes. Both defined populations were analysed for
expressi on of S5RA4IB &lditiorClIEIR Bnd FOXEB4populations were analysed for

the expressi on of asa dofiséquence ©fRhe contO\R%i&l Rafure of defining the
Thl7and Treg Tsubsets. 4 37+ CD4+ T cell s were alld/BOXRE sessec
expression indicated by the dashed arrows in FigureA8duiring of all samples was performed on a

FACSAria (BD Biosciences). All data analysis was done on Flow3ofXvare (TreeStar Ashland,

OR). 100000 events were acquiredeach experiment.

3.2.3 Flow sorting of CD4" T lymphocytes

In order to test tpdpaatigngorinfectiensATRAItréatedCp4” D dells wete 7
stained as previouslygescriled (Chapter 2 Section 2.2.8pd sorted o the FACSAriainto four
populations (i 8 7(ii) o B 7(iii)) a 43 7and (iv)a 43 7CD3" CD4 T cells. These populations (at
4 x 10 cells/ml) were then imfcted with aransmitted/founderT{F) infectious enviepe clone(IEC)

(CAP88.2.00.1/5A) produced as discussg€hapter 2 Section 2.2.4dnd following a 2 hour
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i ncubati on at , the7cell€ weaenashedstdice @it 1% BSA/PBS. The cells were
harvested over 10 days into 1.25% egem, and a p24 ELISAas done as discussed in Chapter 2

Section 2.2.4 to measure HIV infection.
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3.2.4 Permissiveness of a4B7" Treg and Th17 CD4" subsets to HIV infection

Following the isolation of CD4T cells from healthy donors and culturing WATRA as previosly

described (Chapter 2 Section 2.2k lymphocytes were infected witiTéd= IEC (CAP88. 2.00.17

5A) as previously describdhapter 2 Section 2.2.63ubsequentlyafter three days of incubation at
37°C, the cells were wS8APBS dnd staindd ta dermte Shi7ZeandiTeed i n
subsets and their ao4p7beeé inaddition viralreplicatiowaspnotedby ous | y
intracellular p24 staining (following the same intracellular staining protocol as penahefacturer

of eBicsciences FORS intracellular staining kit), with Aet, HP2/1, CD4 and uninfected controls.

This extensive panel enabled us to confirm how
are affected on HIV infected cell populations as well as the comngtavel of p24in these cells.

This enabled us to investigate the impact of HIV infection on Treg and Th17 Tbdlls and the

effect ofa 4 [Expression in these subsets.

3.2.5 Statistics

The Wilcoxon matcheepairs signed rank t tesir paired t teswvas performed orpaired sample
comparisons while independent sample comparisons were uking the ManfWhitney test of

Fr i edmam>095 wae usdd to define a significant observation.
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3.3 Results

3.3.1 ATRA changes the phenotypic profile of CD4" T cells

CD4" T lymphocytesfrom healthy donors were incubated with ATRA at varying concentrations (1
UM, 100 nM, 10 nM)to optimise upregulation ahe a 4 [integrin, a markeof the guthoming
phenotype. In line with previoustudies (Arthos, et al., 2008; Kang, et al., 201130 nM, a
concentratiorsimilar to that found aphysiologicalconditionsin the GALT, wasthe most effective at
upr egul aexpressipn repteented in Figur2 By the greatesshift in 3 #ITC fluorescence

(yellow) compared to ATRA untreated cells (grey).

100
U A 1 uM ATRA

100 nM ATRA

10 nM ATRA

ATRA untreated
—— B7-FITC unstained

% of Max

Figure 3.2: Determination of optimal ATRA concentration for activation of CD4" T

lymphocytes

ATRA concentratios of 1 uM, 100 nM and 10 nMare indicated in yellow, orange and red
respectively with the untreated control displayed in grey and the staiairtgpkcin black. 10 nM

showedt he greatest upr eddulvaet iTonl yonip ho&Bt.esChivere g
increases in ad4B7 r efpICéudressenced by i ncreases in B7

Interestingly approximately 25% of donors responded to ATRA treatment in terms of the
upregulation ofa 4 [a§shown inFigure 3.3in line with findings from others (Arthos, et al., )0

Only thoseindividuals that responded in this way were included in this stubhtreated non
respndersand responders exhibited a mean expression of 33.19 + 2.91 % and 31.33 + 2.94 %
respectivel y. ATRA treat ment @ignificarglys(Paged dtesats i ncr
95% confidence interval (c.iy 20% to a mean of 50.43 *+ 3.48%Results show that in response to

ATRA treatment, there was an upregulationaidt PeXpressioron CD4 T cells (number per cell
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represented by median fluseence intensityand an increase in frequencyo4 37 expr’essi ng

T cells (Figure 3.4A and B This is not the only receptor that comes into contact with tHAL is

affected by ATRA treatment. CCR5 expression is also increased signifi¢aiglyre 34C) on the

surface of CD4Tcells Thi s, along with a4pB7 whyCD& Geellsat i on

that are treated with ATRAhow higher levels of infectivity over ten days than those that are not

(Figure 3.4D).
/ ATRA - ATRA +
100 - ol Unactivated . al RA activated
A 10 76.01% 25.6% 10 7235% 46.0%
0 - {f\f‘.‘
N |
3 o
L.E_ 0 c'/ \
o |
O\O 204 ‘(J I\
0 S et o
0 10 1n? it 105 ':
L
B7- FITC 5
B 100 - B
80 |
c>é 60 :‘-,I
G \
X 204 ‘.\
0 RN
0 10 10 104 10
S
B7- FITC -
a4-PE

Figure 3.3: Characterisation of a Responder and NotResponder to ATRA Treatment

CD4 cells were treated with ATRA for 6 days and stained3f@Red lines represent ATRA treated
samples, blue lines represent untreated controls with an-kiisained control displayed in greyn
example of a responder is shown im&aA and a nomespondein Panel B.

Treg CD4 T cells (defined in this study as CD?% FOXP3 CD127 were increased in frequency
following treatment with ATRA represented in termisabsolutenumbersof the toal lymphocyte
population (Figure 3.5A).To corroborate our gating strategye also investigated the level of
expression of FOXP3 (the master transcription regulator of this subset) and the number of FOXP3
CD4' T cells and foundhat this marker is alsopvegulated by ATRAConversely, Th17defined by
CCR6 IL-17" expression as in Singh, et al., 20@nd IL-17° CD4" T cells were not significantly
affected by ATRA treatmer{Eigure 3.5C)lonomycin/PMA treatment is required to stimulate cells to
releasdarge amounts oflL-17 while very low background levels were noted in unstimulated cells

(Figure 3.5B).
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Figure34: ATRA upregul ates U4b7 "a0OD4 T BRAderanpes e Ssi 0T
permissibility to HIV infection

ATRA significantly upregulateéd) a 4 B 7 e x p r e §Tscells (p=0.01%6, Wilkekon matched

pairs signed rank test; n=7) aB and C) CCRS x pr e s si o'nCD4 i celis4(=0.008,

Wilcoxon matchegpairs signed rank test; n=7). Replication of HIV is enhanced by ATRA treatment

of CD4' T cells(D) Detection of p24 antigen occurs more rapidly and to higher levels in the ATRA

treated cultures (teline) compared to untreated cultures (blue liaeyl CD4 inhibition control

(purple) over 10 days of culture. The difference in infection is significant at day 6 (p = 0.004, paired t

test). This figurds representative of four independent experimenth #iree replicates at each time

point.
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Figure 3.5: ATRA upregulates FOXP3 expression and Treg frequency but has little effect on the
Th17 phenotype

(A) ATRA significantly upregulateBOXP3(MFI determined on FOR3+ CD4+ populationandthe
Treg phenotypeGD25"" FOXP3" CD127 CD4' T celly as gated oitD4" T cellsas indicated by
absolute numbers of cell$B) Representative plot of HLI7 and FOXP3 gated on CDZ& cells
showing cells unstimulated with PMA angshiomycin and stimulated cells untreated and treated with
ATRA respectively.(C) Th17 cells defined as CCR6L17" CD4" T lymphocytesand IL-17" T
lymphocytes were not significantly affected by ATRA treat®@RA treated and untreated matched
individuals wee compared bWilcoxon matcheepairs signed rank t tegin=7) with n.s. referring to
nonsignificant where p>0.05.
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3.3.2 Treg and Th17 CD4" T cells express high levels of a4p7

p >0.05
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Figure 3.6: Phenotypic characteristico f ~ U@DE'7T cell subsets from healthy donors

(A) T he “oCDS 7T subset, shown in the first pie chart consists of other CD4 subsets (black), and a
small percentage comprising Treg (blue) and Th17 (green)” GDdells. In this population, the
proportian of TregCD4' T cellsis significantly higher than Th1ZD4" T cells (p=0.012, Paired t test
n=12) . a4B7 is expressed t oTseellsmasshavnbylthgreerdnd o n
blue portions of the second artdird pie charts (p>0.05,p&d t test n=12 respectively. The grey

portions represent the proportion of Treg or Th17 CDO4 cel | s not Bxp4@Bsing

expression was gated on naive or memory Treg or Th17 CD4+T cell populations and was highest on
the naive Treg CD4+ T celbpulation (p=0.006; repeated measures one way ANOVA; n=12).

In a number of defined responddreated with ATRA (mimicry of the GALT environment)he
expression ot 4 (BT Th17 and Treg subsets was determined to agsegstential homing ability of

these cells to the gut. Sixty percent of Treg CO4cells were found to express4 Paiid form a

larger proportion oft 4 ECD4" T cells axcompared to Thi@ells(Figure 3.6A) This further suggests
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that ATRA favours a Treg phenotypend that both Thl7 and g subsetsare able to home to the

GALT. When the memory marker CD45RA was used to discriminate between naive and memory T

cells, theTreg naive CD4T c el | popul ation was found to expr e:
populations (Figure 3.6B). Thisuggestghat this phenotype maybe particularly well suited to home

to and attach to HIV preferentially allowing for widpread dissemination shortly after transmission.

3.3.3 a4B7’ CD4' T cells are highly permissive to infection

While manyhave describd thata 4 pBd&fines a subset of cells that is highly permissive to HIV

infection, it has been based arfection in culture (Cicala, et al., 2009\/e sought to determine

wh et h'@ Tsortedisubsets were more permissive to infection in pure populatensorted CD4

T cells into(i) o 2B 7(ii) o 2B 7 (iii) a B 7and (iv) a 8 7populatons and infected them with

CAPS88 T/F IEC and monitored p24 over 10 days (Figure 3.7Nat only was the 43 7population

(shown in redmore permissive to infectidman t he ot her a4pB7 popul ati ons
to infection than the unsorted CD#® cell population (shown in blackFigure 3.7B) CCR5has often

been used to define HIV permissive subsets of cells as it is an dssmrdjator for HIV replicaon

(Samson et al., 19961 4 BGD4" T cells also express significayphigher levels of CCR5 tham 4 B 7

CD4' T cells Figure 3.7C) whichmay explain why thisubset is highly permissive to HIV infection.
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Figure 3.7. U'aChb4 T lymphocytes are significantly more permissive to HIV infection than

U 4 bstbsets

A a7/ "B8# "mAandP alD4 T lymphocytes were satl by flow cytometry ad

following infection with CAB 8 T/ F7 (a4 d) shows hi ¢ghlubsetblpe2 4 t han
(significant at dayé *p <0.0LFr i edman t est adjusted for Mul tipl e
with a CD4 control indicating blocking afhfection (grey. p24 levels were determined byhouse

p24 ELISA. This is representative of 3 independent experiments with 4 replicates inAgach

unsorted population of CD4T cells was also infected (black) and its permissiveness to infection
comparedo sorted populations as {B). Percentage difference in infectivity was calculated as the
difference in p24 between the sorted population and*Giddorted population as a proportion of the

latter. (C) CCR5 expression was s'iagsnidad npanrf €04 Thellgd4e 7 on
(p<0.0001,repeated measures one way ANOVA with Tukey multiple comparisons post1€3t
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3.3.4 Treg and Th17 CD4" T cells are highly permissive to acute infection

In order to determine thpermissibility of Treg and Th17 subsdts HIV infection under GALT
conditions CD4" T cells isolated from healthy donors that responded to ATRA by upregulation of
o 4 Pwére nfected with CAB8 T/F and subjected to p24 intracellufaining (Figure 3.8B)and
Th17/Treg CD2 phenotypingafter 3days. As CD4 was rapidly downregulafetlowing infection as
noted in Parrish, et al., 20H2d in Figure 3.8 A, populationgere not gated on this markeut were
gated on CD3T cellsas a epresentation of CD4ymphocytes. As these cells were-98% pure for

CD4 lymphocytesafter CD4 enrichmenfdata not shown), this gating strategy is unlikely to affect

results.
CD3’ live single T lymphocytes
A ;
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Figure 3.8 Alteration in gating strategy to define infeded Th17 and Treg T lymphocytes

(A) CD4 is downregulated on the surface of purified CD4 T lymphocytes following infection with
HIV and as a result all subsets were gatethei€D3" T cell subsetlone. The blue population shows

the CD3 T lymphocytes inchatedwith ant-CD4 mAb, while red is the infected cells and green the
uninfected cells. (B) p24 was stained for and was clearly enhanced in the infected samples (right
panel) as compared to the uninfected samples (left panel).
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The gating strategy was asrpFigure 3.1 for Th17 and Treg subsets with p24+ cells serving as the
third possible parent gate (shown Figure 3.10B). In some cases where specified, p24+ cells were gated
from Treg or Th1l7 parent population (&Afdre 3.

populations (Figure 3.10 E).
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Figure 3.9: Effect of HIV infection on Treg and Th17 phenotypes

(A) FOXP3' CD4' T cells(p = 0.02)and TregCD4' T cells (CD259" FOXP3 CD127) (p =0.008)in
the first and last panel resgizely were significantly increased in number following infection.
FOXP3 expressionfMFI determined on FOXP3+ CD4+ T cells urchanged following infection
(middle panel) HIV infection decrease) Th17 marker 117 expressior(p = 0.03) the frequency
of IL-17 expressing cell@ = 0.002) and Th17 (CCR6L-17") T cells (p = 0.02)were decreased
following infection All statistical comparisons were done with a Wilcoxon matgbesds signed rank

t test where n=5

Five individualswere used to examinedteffectof HIV infection on the frequencyf Th17 and Treg
subsets Treg CD4 T cells wereupregulated ah we also confirmed that FOXP3the master
regulator of Treg subsets) CDZ cells were also increased in number. The median fluorescence
intensity d the FOXP3 markedid not change during HIV infectiom vitro, an indication that
expression itself was not affecteBiqure 3.94). Interestingly, thefrequency of Thi7 and 17

CD4" T cells decreased 3 days post infection aslidid7 expression pecell (Figure 3.98. This
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suggests that not only are these cells depleted, but thoserttaih havelecreased 17 expression.
This rapid decline has beemoted in vivo, with data suggesting that Th1l7 cells are the most
prominently depleted CD4T cell subset following HIV/SIV infection (Brenchley, et al., 2Q08n
addition, Tregcells have shown to be increased in number following HIV infection (Li, et al., 2011;
Shaw, et al., 2011)The observation that FOXP3, a regulator of Treg function, is unchaaftgd
three days of incubation with usis in line with other studies that show that suppresfimction of

Treg cellss maintainedollowing infection(Angin et al., 2012Kared et al., 2008

In addition, Treg (CD2%"FOXP3 CD127 CD4" T cells) were found to beighly permissive to HIV
infection with 71.15% of this population found to be gd%itive (Figure 3.10C)with a significantly
higher proportion of pZ4CD4" T cells beingTreg cellsas compared to Th17 cells (Figure 38)0
Despite the significardifferences in infectivity, Th17 and Treg CD# cellsexpress similar levels of
CCRS5 (Figure 3.0D) but as describe@Chapter 3 Section 3.3.2), Treg CDR cells expressslightly

hi gher | evel s C04 T aelsplthoughhhss nvasdt ighificant There may bether
susceptibility markers that were not investigated that may explain these differbrieesstingly

a 4 BTreg anda 4 BThl7 CD4 T cells show similar levsl of infectivity 3 days post infection
(Figure 3.10[ despite the fact that ThiGD4" T cells express significantly higher levels of CCR5
compared to Treg CD4T cells (Figure 3.10F). Aet and HP2/1 mAd t hat t aintggent t he ¢
were able to partisy inhibit HIV infection of CARB8 T/F as shown in Chapter 2 and CD4 abrogated

HIV replication (Figure 3.10Aronfirmingthe dependence on the integrin for viral replication
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Figure 3.1Q p24 levels in Tregand Th17 CD4

T lymphocytes

(A) CD4" T lymphocyteswere incubated with
CAPS88 T/F virus andHP2/1, Actl and antiCD4

mAbs and p24 levelssompared to virus contro
Infectivity is expressed as % p2€D4" T cells
(Repeated mwasures one way ANOVA, pairwis
compari sons adjust e(B)

Of the total p24 CD4" population both Treg anc
a4 B Treg T lymphocytes make up a larg
proportion of cells compared to Thills and
a 4 B Thi7 cells respectively *{*p<0.0001,
paired t tegt (C) Treg CD4 T cells express
significantly higher p24 levels than Thl7 cel
three days p.i. (p=0.014; paired t tediut (E)

show similar levels of infection when gate
rel ative t o aod4dyificant pe>r
0.05;paired tes) and n = 5(D) CCR5 expressior
was similar on Treg and Th17 CD4 cells
(p>0.05, paired t testn=16) and (F) CCR5

expression is si ghnilég
CD4 T cell s confpral7 €04 Tt

cells (p=0.022, paired t test=9).



3.4 Discussion

In this study we describthe phenotypic properties dfreg and Th17TD4" T subsetghat express

high levels ofo 4 BStudies have shown that dendritic cells in the GALT secrete all trans retinoic acid
(ATRA) which upregulatest 4 PrvCD4 T cells (Iwata, et al., 2004). In this studye wescribe how

ATRA and therefore the GALT environment magfluence the phenotyp of these subsst

irrespective ofx 4 fupregulation; with the number of Treg and FOXE®4 T cells increasing with

ATRA treatment and Th17 and 417" CD4" T cell number remaining unchanged. Expression of

FOXP3, a 4 Band CCR5 were upregulated by ATRA atement as was the permissiveness

infection. In addition, Treg CO4T cellse x pr ess sl ightly nidrcells adB8pB7t har

and TregCD4" T cellswere highly permissive timfectionby a T/F virus

Understandinghe effect that ATRA has on Tgeand Th17 subsetnd the markers CCR5 and4 3 7
may elucidatetheir role in the GALT and their possible involvement in HIV infectidrhe
upregul ation of ordcBpiors bka GCR®O byhretimoic acil mprioduaed by GALT
dendritic cells has beemell documented (lwata, et al., 2004; Arthos, et al., 2008awiconfirme

in this study usingATRA. CCR5 was also upregulated on CO4cells as a whole as well as on Treg
and Thi7subsets (data not shown), an observation previously only noted on' @8&@&ot CCR®
CD4" T cells (Monterio, et al., 2031 Strikingly, we found that grmissiveness téilV infection
increases Wit ATRA treatment an observation that togetherwéghl evat ed | evel s of o <
may explain the rapid HIV replicatioand depletion of CD4T cells that is characteristic of acute
infection in the GALT (Brenchley and Douek, 2008 ATRA has been found to supess he
differentiation of naive CD4T cells into TH7 T cells, and enhances theirfeliEntiation into
inducible FOXB" regulatory T cells(Johanssoiindbom, et al., 2005 Elias, et al., 2008). Our
resultsreflect this, showing an increase in fhequencyof both Treg and FOXP3CD4 T cells with

little effect on the Thl1phenotypeThe fact that FOXP3 expression and frequency is also upregulated
suggest that the increase in frequency of Treg'CDdellsis not as a result of the upregulation of
activation markers.In addition the ARA induced upregulation of Treg cellsnproves the

suppressive functioaf Tregcellsin acute inflammatioifMenning et al., 2010 The differentiatiorof

100



naive T cells into Treg cellsy retinoic acid has the same mechanism as the retio@activation of

a4pB7 by binding to -d hen rRARd) [{Hl et¢@l., 2009. Eurthermaree pt o r
ATRA can increase the expression of-guiming moleculed i ke a4p37 and CCR9 on
and natural T regulatory cells (Siewert, et al., 2007, Sun, et al., 200&)estingly, thelamina

propria of the small intestine exhibits a higher proportion of Treg cethpared to other tissues (Sun,

et al., 2007. Despite retinoic acid inhibitory signal®wever Th17 cells ardound in the intestinal
mucosa(Mucida et al., 200){ A recent study suggestdldat a low concentration of retinoic acid is
required for Th17 celdlifferentiation (Uematsu, et al., 2008t is not reflected in our datBespite

the blocking of Thl7 differentiatioty ATRA, o437 an-domingt réceptors gretil
upregulatedon these cell¢Cha et al., 2010lkeda et al., 2010 It is possibletherefore thatetinoic

acid may be required to induce duiming reeptors but nopro-inflammatory Th1l7 responses
Alternatively, antigenpresenting cells that induce Th17 cetfiay bedifferent from those that induce

gut homing receprs in Treg cells

As one of the mechanisms of Treg induction overlaps with thaté4ffugregulation in the GALT, it

is not surprising that we fourm 4 forbe present on Tre@D4" T cells. The level of expression of

a 4 Boh Treg CDZ4 T cells however was slightly higher than on ThCD4" T cells a subset
previously described as mostlypessingn 4 {Ahsari, et al., 2011 Whether increased expression
of thea 4 fniegrin on one subset gives the population a higher propensigme to the target tissue
isunknownAnot her study, *€D4gTgcells arerdostly Thadells (Kati, %t al.,
2009) however this was not examined in cells under GALT conditions and our results demonstrate
that a significantly largebut still very small proportion af 4 BGD4 T cells are Tre@D4" T cells

as compared to Th1€D4' T cells This reveals a significant caveat ihis, and many other studies
where cells from peripheral blood are used to adsmssng capabilities anflinctional propertiesf

cells. Although this study does mimic the GALT environment in terms of the effect of ATRA, the
ideal samples would be from gut tissilteis interesting that CD45RA(Naive) Treg CDA T cells
expressed the highest levelsoo# [in/this study. Naive Tregell countshave been reported to be

significantly reduced in HIMnfected patientsa reductiorexclusively restricted to the acute infection
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phase, while no difference is observedchronically infected patienté&Simonetta et al., 20)2lt is
possible thathis subset may be important in the dissemination of HIV from the genital mucosa to the
GALT as a result of its higlt 4 [Expression and its depletion in peripheral blood only during acute

infection.

o 4 phds been described as defining a highly permissive subset of T lymph{Cidals, et al.,
2009)and this was confirmed in this stuly sortinga 4 [pdpulations and emining, in the absence

of contaminating populationsherelative levels of p24 over 10 days. Not otilis, buta 4 BGD4'T

cells expressed higher levels of CCR5 tliaA Bsiibsets. Thisuggests that this integrin does offer
someselective advantage tdlV infection. Moreover, a recent study in rhesus macaques has shown
that the number oft 4 BGD4" T cells at the site dfransnission isa risk facto for productive HIV

infection(Martinelli et al., 2013

We also examined hopwermissiveTh17 and Tregubsets are to HIV infectiooy incubating these

cell populations witha T/F virusin anin vitro culture systema novel comparison not present in the
literature Several studies have shownvitro that Treg cells are highly sweatible to HIV infection
(OswaldRichter, et al., 2004Chase, et al., 2008JorencFernandez, et al., 200®ther studies have
demonstrated that Th17 celise depleted prefereniiain cervicaltissue andchave been identified as

a founder target cell subsktr HIV transmission (McKinnon, et al., 2011). Evidence suggests that
Th17 cells are the most prominently depleted CD4cell subset following HIV/SIV infection
(Brenchley, etl., 2008).It is unclearin the literature whether Th17 cells are preferentially infected
by virus (Kader, et al., 200%El Hed, et al., 2010or indirectly destroyed by bystander effects
(Brenchley, et al., 2008)0Our results seem to reflect the latier that Treg CD4 T cells were
substantially more permissive to acute infection by a T/F \amisompared to Th17 CDZ cells

even though these cells expressed similar levels of CEBRBerential infection ofTh17 cellsis not
always found in viremicndividuals (Brenchley, et al., 2008) and it has been hypothesised that the
loss of Th17 cells is due to the fact that they are more susceptible to cell death caused by activation

than Treg cell{Kanwar, et al., 2010)Treg and FOXP3 CD4T cells andwere not found to be
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depletedas was the case with Th17 celowever in culture, this observation may reflectitheivo
scenario where Treg cells have been found to increase in number foliové@agon (Li, et al., 2011,
Shaw, et al., 2011lilsson, et al 2006). It has been shown thareg suppressive capacity does not
seem to be affected by HIV infection as Teals isolated from acutelynfected HIV individuals
suppress effector T cells proliferation as efficientiyfesg cellsisolated from healthdonors (Kared,

et al., 2008). Thisnay bemirroredin the observation that FOXR&pressiorper cellis unchanged
following infection in this study as FOXP3 is essential for Treg immunosuppressive function. The
rapid depletion of Th1ZD4' T cells reflets the pathalgy of the HIV as noteih vivo. Besides being
highly susceptible to infectioms previously mentionedthe loss of Thl7cells in the GALT
environmentprovides a direct link between CDdepletion and immune dysfunctionh&e cells
function n themaintenancef the GALT mucosa, primarily through the functionlbf17 which is
responsible forthe strengthening of musal epithelial tight junctiongBlaschitz and Raffatellu,
2010. The expressionf IL-17 per cell downregulateafter infection may suggest a reduceddton

of these cells in maintenanogé mucosa integrityDespte a higher level oinfectivity noted in Treg
CD4 T cellsas compared to Th17 CDZ cells after 3 days, it was clear that slightly elevated levels
of a 4 fn7the former is not the reason for this observation @B Treg anda 4 BThl7 CD4 T
cells showed high and similar levels of infectiéithough this study uses vitro culture, it mimics
thein vivoscenario closely and may give valuable insigta the role ofa 4 Bniisseminationn the

first few days of infection, providing details of a tarfmtprevention of chronic HIV.

The effect of ATRA on Th17 and Trezglls as well as the role of Treg subsets in HIV has been
conflicting. These conifits exist largely as a result of the lack of a clear phenotypic prafile a
homogenous markers for Treglls. Treg cellsare often identified as expressinigh levels of CD25
(Dieckmann et al., 200Tonuleit et al., 200lwhichis unreliableas CD25 expression is not unique to
Treg cells but isalso a marker of immune activation. The most reliable a&idkly published
phenotypealsoused in this studyis acombination ofCD25 highFOXP3 (atranscription factor was
identified as an essential and specific factor for Teely development and functiprand CD127

(Simonetta, et al., 2013Jhis phenotyp is unlikely to be all encompassing as CD127 is found to be
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downregulated on activated cells (Simonetta, et al., 20133@me studies describe a distinct lack of
correlationbetween CD25 and FOXP3 in human cells and elect t&03@3 alone to representeg
cells (Suchard, et al., 201®As a result of this we elected to use both the classical phenotypic profile

and FOXP3 exclusively in our analyses to control for effects of activation on the markers.

Although many studies have examined the importarfc€nl7 cells in HIV as a possible founder
target population of cells for HIV, as a result of their preferential depletion in genital tissue, their high
expressiomf a4pB7 (all owi ng f o rapihHiVhiifectign), thigh expressiongofit , a
CCRS5 and presence in the GALT tissue (McKinnon, et al., 2011), few have examined Treg CD4
cells as conduits for viral dissemination. \Wave shown evidence ihis study to suggest that this
may be the casand thatduring HIV acute infection Treg cell®ay be uniquely sted to fulfil this

niche. Tregcelle x press high | evels of ad4pB7, whi ch not
GALT but binds gpl2@sdf (Arthos, et al., 2008). They are induced by ATRAvitro as shown in

this study and in the GALT (Hill, et al., 2008; Siewert, et al., 200eahanism that also controls

o 4 fupregulation(lwata, et al., 2004) but did not affect Th17 expressioninstudy.These cells are
highly permissive to HIV infection and express similar levels of CC&8paredo Th17 cells but
appeared to be panded following infection while Th17 cells were depldteditro in this study and

in vivo in others(Brenchley, & al., 2008; Suchard et al., 201Mterestingly it has beersuggested

that Tregcells could represent a preferential cellul@servoir of viral infectionbecauseof their
apparent survival following HIV infectiofiTran et al., 2008 As a reslt, Treg cellsmay be better
suited to disseminating virusecause they may survive long enough to do so while in contrast, Th17
cellsdeplete rapidly in at least 3 three daygerestingly, the lamina propria of the small intestinel

part of the GALTexhibits a higher proportion of Treg celiompared twther tissues (Sun, et al.,
2007) and have been found in the genital muc@dang and Kelly, 200), the site of sexual
transmission.Therefore infection of Treg cellsshortly following transmission may provide an
effective mechanism of HIV dissemination by exploitingd phoming to the GALT Further
exploration of this mechanisim vivo and in tissue explants may ultimately contribute to the

exploitation of certain targets for prevention and treatment strategies.
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CHAPTER 4: DISCUSSION
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The role ofintegrina 4 An7HIV transmission and pathegesis iscontroversial. Not only caa 4 (3 7
bind gp120(Arthos, et al., 2008and defines a subset oélls highly permissiveto HIV infection
(Cicala, et al., 2009put it mayallow for viral disseminatiorio the GALT, the site of initial and rapid
replication, by the natural homing of T lymphocyteghis region(Berlin et al., 1993; Kunkel et al.,
2000. Gp120 is likely to also signal through4 fai@d LFA1 and may increase viral transmission
from cell to cellby homotypic clustering and formation of virological synapggethos, et al., 2008;
Birdsall, et al., 1997)Moreover antibodies directed the V1/V2 region, epitopes of which overlap
the a 4 [ripeptide binding motif have been described ascorrelateof protection fo the RvV144
vaccine Thai trial(Haynes, et al., 2012dnd blockade of thex 4 firitegrin in rhesus macaques
reduced SIV viral loa¢Ansari, et al., 2011)A recent studyhowevershowedvery little effect ofa 4 B 7
onHIV viral replication andho differencebetweern 4 fugage betweel/F and chroniwirusesusing

a very small sample afnmatchedviruses for compariso(Parrish, et al., 2012)n this dissertation
we aimed to use a laggpanel of viruses from 11 individualstime CAPRISA 002 @hort to examine
the dependence om 4 [fof HIV replication and to determine the factors that may influence this
reactivity. We also aimed to determine whitElsubsetghat have been previously found toibehe
GALT and genital tract express the highlestels ofa 4 Bwvich may allude to a novel route of viral

dissemination from the site of transmissionhte GALT.

In Chapter 2ve describa role fora 4 gBnHIV subtype C infetion that changes over time and varies
acrossindividuals. Inthree individals, dependence oa 4 Pwas higher using T/F viruses and
decreasegharply during acute inféon (1-3 months posinfection). This seems to reflect tirevivo

observation that T lymphocytes downregulatd [biTce the cells have migratedth® target tisue in

the GALT (Menning et al., 201;0Wang et al., 2009ba 4 F&pendence showed an increasing trend

in chronic infection over time which was slight in the first yeare Bpontaneous rise in endogenous

IL-7 during the progressiontoftbll own Al DS and t he conmayewlamt upr e
the increasedependence on thietegrin 3 years post inféon (Cimbro, et al., 2012)We show that

factors that influence 4 feactivity include glycan distance from4 foinding notif, glycan density

and variable loopgength in the V1/V2 regionin addition,several glycans positioned in conserved
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regions of @120 induding N234, N332 and N334howed significant differences in frequency
between viruses with high and law4 [Feactivity. Differences infrequency ofglycans in the variable
loops including V1/V2, V4 and Vivere also found between the two groupsisTis the first study to
examine the effect of position of glycans in the whole of gp16@ dnfeactivity. Although reduced
glycosylation in V1/V2 has previously been shown to increase gpl2@binding (Nawaz, et al.,
2011) and another study showekat a 4 Pbihding does not select for shorter less glycosylated
V1/V2 loops (Etemad, et al., 2013) wbserved a positive correlation between glycan density and
o 4 [&pendence for replication. We therefore hypothesise that it may be more pertinent aeto wh

the glycans are and less about how many there are thata#le@Eactivity.

Strikingly therewas an association between hidgpendence ai 4 [¥or replicationat transmission

and those T/F viruses that have a S/PRI/M biding motif as well T¥ viruses found in individuals
diagnosed with bacterial vaginosis during acute infection. Not only this, but several cytokines in the
CVL of these individuals during early infection (8, IL-7 and IL-10) positively correlated witlx 4 3 7
dependence for rephtion. These data suggest that the affinitydof may be determined by the
transmission environment and that BV may create a bottleneck which selects for viruses that have a
high a 4 Bréactivity perhaps by increasing the numberco#t B @D4" T cells in the transmission
tissueeither by expression of particular cytokines or upregulatioa df figand MAdCAM-1. BV

has shown to increase riskldlV acquisition in several cohor{€ohen, et al., 2012; Nwadioha, et al.,
2011) butwas onlysignificantly as®ciatedwith risk by univariant analysis in the CAPRISA 002
cohort Mlisana, et al.,, 2012)This, along with the observation that/F viruses have higher

dependence om 4 [fhan acute virusesuggests that 4 nay have a role in transmission

In orderfor a 4 3orhave any effect on transmissi@md todisseminate virus to regions with cells
highly permissive to HIV infection such as the GAlaT 4 B T cells would need to be present at the
site of transmissionThe ligand fora 4 BMAdCAM-1 has been foud to be expressed in the female
genital tract and upregulated in the case of chlamydia and vaginal candidiggiswould recruit
a 4 BTrcells to vaginal siteelly et al., 2001 Wormley et al., 200land a number of 4 BTrcells
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have been described in this region including Th17 expressite cervical tissue (McKinngret al.,
2011) Moreover, a read in vivo study using rhesus macaques showed that susceptibiiiy/tavas
directly correlated with the number af4 B 17 cells present in the rectum (Martinelli, et al., 2013).
Before the discovery ofi 4 ByF120 interaction, it was unclear hdiae T/Fvirus could bypass the
unactivated cells anidfect those that allow for robuptoductive infection, this interaction allows for

a possible mechanis(®icala, et al., 2009)

In Chapter 3ve sought to describe the subsets of CDD4ells on whicha 4 Asimost prominently
expressedTreg and Th1l7 subsets were examinedahse they are both presenttie GALT and
genital tract and both have important roles in Hidthogenesis. In addition ATRi& necessary for
Treg induction aswellas 4 B 7 u p r (8ug,etlal, RO0H Blias, et al., 2Q0@/ata, et al., 2004)
as reflected in our study, with little effect @in17 phenotype. Treg CDA cells expressed slightly
higher levels ofx 4 [a§ comparetb Thl7cells. In addition, Thl1%ellsin this and other stlies were
shown to rapidly deplete following HIV infectidiBrenchley, et al., 2008while Treg CD4 T cell
were shown to expan(Li, et al., 2011; Shaw, et al., 2011; Nilsson, et al., 20D&spitethis, Treg
CD4" T cells were significantly more permigs to infection as compared to Th17 CDRB cells
which may be as a result of Tregllsbeing more resistant @poptosiqKader, et al., 200%I| Hed,

et al., 201Kanwar, et al., 201pasit has been suggested that Treg ceilsy form part of a latent
reservoirduring latentinfection (Tran, et al., 2008)Due to high levels obi 4 [eXpressiorand the
ability to bind gpl20presence in both the genital tract and the GALT, regulation by ATRA similar to
o 4 [ugregulationexpansion following HIV infectiorand elevateghermissveness to acute infection
Treg cellsmay be a robustector from the genital mucosa to the GAkortly after transmission.
This subset may be better suited for this role as compar@t1d CD4 T cells which are more
susceptible to ither depletion by HIV or bystander effect¥here are other mechanisms of
dissemination; one such example is the conserved trafficking siggpkl (711714) which in SIV

contributes to targeting mucosal tissu@reed et al., 20)3Jout this has not been extensively studied.
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Pitfalls of the study and further recommendations

While this study is the largesissessment ai 4 dépendence on HIV replicatido dag, only a
limited number of time points within individuals were available for analysis and as such not all
individuals had complete data sets. In addition, analyses involving T/F viruses were limitexl by th
number that have been produded other studiesvith several individuals not being sampled early
erough to infer the T/F viruses. Future directions may include expanding the data set to lirimgskew
by the increased numbers of chronic time points availdiblerder to prove that the 4 foinding

motif may impact ort 4 [eactivity we are currently mutating the tripeptide motif sequémessess
whether higher binding can be conferred to tow [ifding viruses by changing the motif sequence
(e.g. LDI mutated to PDI)We will assesbinding capability as well as how the motif affeatst 3 7
dependence on virus replicatioie are currently investigating the association between the P/SDI/V
motif and BV diagnosis as well as cytokine expression inGWe in the CAPRISA 002 and 004
cohortin order to make use of larger sample sizéarge caveat to the study is using periphbtabd

cells and treating them with ATRA to mimic the GALT environment. Multiple studies have shown
that intrinsicdifferences exist within tissues compared to gezipl blood KcKinnon, et al., 2012;
Cohen, et al., 2010) and it is possible that expression levels of homing receptor would be different
gut tissue compared to ATRA treated peripheral céhe ideal sample tissue would therefore be gut
tissue. In adion, because thimfection of cells was doni@ vitro culture, an artificiakituation where

cells are dying and not recirculating, the ideal model for infection would loe\amo modelsuch as
infecting mucosal tissue explants or rhesus macaque iofecalthough findings from this study
mirror thein vivo situation.As a result of the phenotypd cells changing over time in a culture, it
would be necessary to confirm the result from this study in HIV infected individuals to reduce the
influence of he artifacts of culture conditionEinally, the analysis of Treg cells a whole has been
controversiah result of the lack of a clear phenotypic profilel liomogenous markers for Treglls

but until another reliable marker is determined, this sughs the best available definition as CD25

high FOXP3 CD127 CD4' T cells
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Future avenues of research may include how much of aofeBsignalling plays in celtell
transmission and the determination of frequency of highér®inding motifs in unbiased and large
population sequencegVith improved studies and expansion of our sample size, it is possible that
o 4 Bmay be a good taeg for the prevention of HIV transmission or reduction of the severity of

inflammation.

Conclusion

In conclusion, trs dissertation describes a dependence on integdnor HIV replication which
changes over timé n addi ti on t & homhg seceptdr that dst responsibla fre
trafficking of lymphocytes into the GALT and also servesasttachment factor fgpl20a 4 37 i s
not essential to establish HIV infection but
and that therera factors that correlate with this change suggests that HIV obtains a selective
advantage from the utilisation of the integriractors that influence this interaction include glycan
position, glycan density, variable loop length &1&DV/I sequence offea 4 finding motif. The
transmission bottleneck that seemasselect for viruseshat have higho 4 [Féactivity may inclde
bacterial vaginosiand elevated levels of 48, IL-7 and IL-1a in the genital tracta 4 BTdeg CD4 T

cells may be one of the irat populations to be infected follow HIV transmission and are-sugted

to a function ofviral dissemination to the GALT. This dissertation suggests that the roledofin7

HIV pathogenesis and perhaps more importantly transmission could be tdoggitathish the risk of

HIV infection either by blockade of the integrin itself, already licensed for multiple sclerosis

therapies, or by directing responses toahg (biiding motif in future vaccine trials.
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contemplated from the research procedure as approved l/we undertake to resubmit the protocol to the

Commiitee. Iagree to a completion of a vearly progress report,

PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES...
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Appendix B: Supplementary data

Table B1: Characteristics of the HIV infection of individuals in this study

Individual Disease progression* BCN/nBCN'
CAP8 Rapid BCN
CAP88 Intermediate nBCN
CAP177 Rapid BCN
CAP200 Rapid nBCN
CAP206 Rapid BCN
CAP210 Rapid nBCN
CAP225 Intermediate nBCN
CAP239 Intermediate BCN
CAP244 Rapid nBCN
CAP255 Rapid BCN
CAP256 Rapid BCN

* Rapid progressors were defined as having two consecutive CD4 counts &ll840 within the first
2 years of infection

f Individuals that produce broadbross neutralising antibodies were defined by the ability of patient
sera to neutralize 40% of viruses from different subtypes
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Table B2: Properties of IECs used in this study High U4b7 dep[ll LowU4b7 dependenc

Timepoint  V1GD Vilength V2GD  V2lengh VIN2GD VIN2length V3 GD V3length V4 GD V4 length C3/V4GD C3MNV4length V5GD V5length gpl60GD a4 B 7 - bi nd iLogy/irathoats CD4 countt HP2/1 mAb Act-1 mAb

[43)}

8.2.00.6F TF 4 28 1 39 5 67 1 35 4 29 7 80 1 4 30 LDI 5.32 n.d. 24.50 33.34
8.3.16.1 56 WK/ 12M 4 28 2 39 6 67 1 35 3 23 6 74 1 4 31 LDT 4.59 332 40.53 35.48
8.4.25.T25  171WK/39M 6 37 2 39 8 76 1 35 2 24 5 75 1 5 32 LDI 5.33 201 63.30 58.40
8.4.25.C10  171WK/39M 5 37 2 39 7 76 1 35 6 30 9 81 1 4 34 LDI 5.33 201 69.00 76.70
88.2.00.17-5A TF 4 28 0 39 4 67 1 35 3 22 5) 75 2 7 28 PDI 4.47 963 64.08 66.85
88.2.00.B5 5WK/1M 4 28 0 39 4 67 1 35 3 22 5) 75 2 7 28 PDI 4.47 963 23.30 22.90
88.3.44.4C 30WK/ 6M 4 28 0 39 4 67 1 35 3 22 6 75 2 7 28 PDI 4.66 686 42.96 38.16
88.12.23.7A  57WK/12M 4 28 0 37 4 65 1 35 3 23 6 76 2 7 29 PDI 5 520 30.33 48.01
88.12.17.7F  57WK/12M 4 28 0 37 4 55 1 35 3 22 6 74 2 7 29 PDI 5 520 33.55 43.42
88.12.46.4B  57WK/12M 4 26 1 39 5 65 1 35 3 24 6 76 2 7 30 PDI 5 520 36.14 43.32
88.12.2F 57WK/12M 4 26 1 39 5 66 1 35 3 22 6 74 2 7 29 PDI 5 520 52.00 43.39
88.12.45.10B 57WK/12M 4 26 1 39 5 65 1 35 3 22 6 74 2 7 30 PDI 5 520 43.41 51.31
88.12.21.10D 57WK/12M 4 28 1 38 5 66 1 35 3 24 6 76 2 7 30 PDI 5 520 54.72 43.48
88.4.25.D05.4 173WK/39M 3 27 2 37 5 64 1 35 4 25 7 75 1 5 29 PDI B25 633 74.80 63.51
88.4.25.G3  173WK/39M 5 39 2 37 7 76 1 35 4 27 6 7 1 5 31 PDI 5.25 633 73.23 87.69
88.4.25.A3.3 173WK/39M 5 32 2 39 7 71 1 35 3 22 6 72 1 5 29 PDI 5.25 633 71.95 55.77
177.3.7AS 28WK/6M 3 18 2 39 5 57 1 35 3 20 5) 72 2 7 24 PDI 5.18 444 48.38 40.87
177.3.7F.1 28WK/6M 3 18 2 42 5 60 1 35 3 20 5) 71 2 5] 25 PDI 5.18 444 31.03 37.07
177.12.11.3A 54WK/12M 3 26 2 42 5 62 1 35 3 17 5] 69 2 7 25 PDI 4.62 370 31.77 49.81
177.12.47.6F 54WK/12M 4 25 2 42 6 67 1 35 3 20 4 71 2 5 27 PDI 4.62 370 53.32 46.52
177.12M0.1.10D 54WK/12M 5 26 2 42 7 68 1 35 3 20 5 71 2 5 28 PDI 4.62 370 44.13 48.79
177.4.25.1.11E 172WK/39M 4 27 3 42 7 69 1 35 4 23 6 75 2 7 33 PDL 4.62 293 73.45 66.43
177.4.25.28.7A 172WK/39M 6 33 3 42 9 75 1 35 3 20 5) 72 2 7 33 PDI 4.62 293 63.81 65.94
200.1.06.B8A TF 3 27 2 42 5 89 1 35 3 28 5) 80 1 6 26 SDV 5.6 nd 63.12 55.43
200.3.08.1H  21WK/5M 4 27 2 39 6 66 1 35 3 28 5 80 1 6 28 PDI 5.13 414 29.64 31.32
200.3.16.10 54WK/12M 4 27 2 39 6 66 1 35 4 28 7 80 2 6 31 PDI 4.86 367 47.45 43.37
200.3.16.13  54WK/12M 4 27 2 39 6 66 1 35 4 28 5 80 1 5 28 PDI 4.86 367 50.51 48.88
200.3.16.4 54WK/12M 4 27 2 39 6 66 1 35 4 28 7 80 1 5 30 PDI 4.86 367 53.82 48.60
200.4.25.C2.1 176WK/39M 3 24 3 39 6 63 1 35 5 28 8 80 2 6 33 PDI 5.55 193 67.83 76.62
200.4.25.E1 176WK/39M 3 24 2 39 5 63 1 35 3 23 6 75 2 8 30 PDI 5.55 193 69.84 85.57
206.1.02.B5 TF 3 25 2 40 5 65 1 35 4 25 6 77 0 7 25 SDhV 5.29 nd 50.55 48.76
206.8W.24 8WK/2M 3 25 2 40 5 65 1 35 4 25 6 7 1 7 26 SDV 5.57 365 25.23 22.99
206.6M.B4 33WK/8M 3 25 2 38 5 63 1 35 4 25 6 7 1 4 26 SDV 5.14 325 27.96 39.89
206.6M.B14 33 WK/8M 3 25 2 38 5 63 1 35 4 25 6 77 1 4 27 SDV 5.14 325 36.78 29.54
206.12M.13  56WK/ 12M 3 25 8 48 6 73 1 35 3 25 5 77 1 8] 28 SDV 5.32 297 29.39 34.75
206.12M. 18 56WK/12M 3 25 2 37 5 62 1 35 4 25 6 77 1 4 27 SDV 5.32 297 25.39 35.96
206.39M.A4  173WK/39M 3 25 1 45 4 70 1 35 4 27 6 77 1 5] 27 SDV 5.76 469 68.80 78.05
206.39M.F4  173WK/39M 3 25 1 45 4 70 1 35 3 22 5 74 1 5 26 SDV 5.76 469 61.30 70.70
206.39M.C10 173WK/39M 3 25 2 45 5 70 1 35 4 24 6 76 1 5 29 SDV 5.76 469 71.10 nd.
206.39M.E3  173WK/39M 3 25 2 45 5 70 1 35 3 27 5 79 1 6 27 SDV 5.76 469 60.45 55.11
206.39M.E12  173WK/39M 3 25 2 45 5 70 1 35 4 28 6 80 1 ] 28 SDV 5.76 469 69.80 nd.
210.1.00.E8 TF 2 19 3 44 5 64 1 35 6 39 9 91 2 8 33 LDI 5.67 332 41.10 39.28
239.2.00.G3 TF 2 18 2 41 4 59 1 35 5 31 8 83 1 9 29 LDI 4.98 845 31.34 29.73
244.2.00.D3 8WK/2M 6 42 2 39 8 81 1 35 5 29 7 81 1 7 29 LDI 4.28 557 24.30 23.63
244.4.25.B34A 178WK/42M 3 27 2 39 5 66 1 35 5 31 7 83 1 6 29 LDI 3.73 335 61.35 63.81
244.4.25.A36A 178WK/42M 4 27 2 39 3 66 1 35 5 36 8 88 2 7 32 LDI 3.73 335 54.75 72.12
255.2.00.5 8WK/2M 3 24 8] 43 6 67 1 35 4 27 7 79 1 5 29 LDI 5.29 693 15.70 22.31
255.4.25.3D 176WK/39M 7 35 3 41 10 76 1 35 5 31 7 83 1 5] 34 LDI 3.95 226 74.95 82.34
255.4.25.26 176WK/39M 6 38 2 41 8 79 1 35 5 35 9 87 1 6 33 LDI 3.95 226 60.80 49.96
255.4.25.34.7D 176WK/39M 7 38 3 43 10 81 1 35 4 31 8 83 1 7 33 LDI 3.95 226 73.60 69.85
225.1.C.2.E11 TF 4 34 2 41 6 75 1 35 4 23 7 75 2 7 30 SDI 7.8 nd 68.61 60.08
256.2.00.7C 6WK/2M 3 26 2 50 5 76 1 35 3 31 5 83 1 6 27 LDL 4.75 689 22.00 15.72
256.2.06.C7  15WK/3M 3 22 2 42 5 64 1 35 4 31 7 82 2 6 30 LDI 6.38 555 27.52 21.59
256.4.25.10 176WK/39M 3 20 3 49 6 69 1 35 5 31 8 82 1 6 31 LDL 5.01 275 65.85 75.64
256.4.25.11 176WK/39M 3 20 3 49 6 69 1 35 5 30 8 81 0 5] 29 LDL 5.01 275 75.73 85.87
256.4.25.4E  176WK/39M 4 28 3 49 7 7 1 35 5 30 8 81 1 7 31 LDL 5.01 275 75.90 61.47
256.4.25.F10 176WK/39M 3 24 1 47 4 71 1 35 5 30 8 81 0 5 27 LDL 5.01 275 65.35 70.49
256.4.25.E1 176WK/39M 3 24 1 47 4 71 1 35 5 30 7 81 1 5 28 LDL 5.01 275 52.30 75.13
256.4.25.H1 176WK/39M 3 24 2 47 5 71 1 35 4 31 6 82 2 7 29 LDL 5.01 275 57.15 67.63
256.4.25.F1 176WK/39M 4 28 3 7 77 1 35 5 30 8 81 0 ) 30 LDL 5.01 275 60.20 nd.
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Table B3: PCR Reaction nixture for envgene amplification from pcDNA3.0 vector

COMPONENT AMOUNT (ul)
Sterile Water (Sigm&ldrich, San Diego) 39.75
50 mM MgSQ (Invitrogen, Carlsbad) 2
20 pmol Env M primer (Rev) 0.5
TAGCCCTTCCAGTCCCCCCTTTTCTTTTA
20 pmol Env A primer 0.5
TGCTGCTCCCAAGAACCCAA
5 U/ul PlatinumTagDNA Polymerase High Fidelity 0.25
(Invitrogen, Carlsbad)
10x High Fidelity PCR Buffer (Invitrogen, Carlsbac 5

600 mM TrisSO4 (pH 8.9)
180 mM Ammonium Sulfate
Env DNA 1
0.2 mM dTNPs (Invitrogen, Carlsbdd) 1

'Formed by 1Qul of each of the dTNPs in G4 of sterile water

35 Cvcles

Figure B1: PCR cycle for the amplification ofenvgenes from pcDNA 3.0 vector

TableB4: Reaction mixtur e feoBstHInefdishbacgberet i on of pHI V

COMPONENT AMOUNT (pl)
10x Buffer D (Promega, Madison,WI) 10
10 mg/ul Acetylated BSA 1
(Promega, Madison,WI
10 U/uL BstEll (Promega, Madison,WI) 5
Sterile water (Sigm&\ldrich, San Diego) 44
p HI1 &iBstElnefhisD vector 40
TOTAL 100
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Feedback to applicant

Title: The role of integrin alpha4 beta7 binding in HIV-1 subtype C pathogenesis in phenotypically
variant CD4 T cell subsets

Overali comments

On the whole this was a well-developed and well-presented research report on an interesting and highly
relevant topic. The candidate is to be congratulated on a large body of work and on a comprehensive
write-up with in depth analysis of data.

Aspects particularly well done include:

Excellent grammar and attention to detail in formatting — there were very few typographical or
grammatical errors for a manuscript of this length. Manuscript is well-referenced., .

The candidate demonstrates her ability to read and interpret the literature, putting together findings
from diverse authors to affirm her data or commenting on areas of difference.

The candidate demonstrates experience and knowledge of two broad fields instead of only one -
namely, structural biology of HIV and T cell biology. These are highly complementary fields and the
merge is commendable. There was broad scope and depth of work performed for this manuscript.

There are aspects of the manuscript that | felt could have been strengthened. Particularly, there are
some flow cytometry gating issues and statistical issues that are critical to clarify if publication of this
work isintended. | have indicated below my feedback in 2 sections: some general comments, which
may be of value for future work by the candidate but which are not expected to be changed in the
current manuscript and then criticisms of the current manuscript, which should be addressed by the

candidate to the satisfaction of the head of department.

A. General comments — these do not need any action by the candidate:

Style: The writing style of the candidate demonstrates that she is au fait with the literature, reads widely
and can easily structure arguments. She has good tone and easily flows through descriptions of
referenced findings, linking them to her work. | did, however, find the manuscript bulky and repetitive.
In such a long manuscript, the repetition emphasized key points. However had the manuscript been
consolidated into a shorter version, the repetition would not have been necessary. It felt like the
candidate attempted purposely to flesh out the manuscript. The quality of a manuscript is independent
of length and perhaps the same data could have been presented more concisely.

Study design: The topic of HIV pathogenesis is needless to say complex, and not an easy question to
address. My major criticism of this study design is that there are in fact too many unknown variables to
allow a conclusive answer, making the study descriptive only. By this | mean that there was not a study
design where all variables were known except for the one under study. Rather there were multiple
unknowns. For example: the phenotype of the founder virus in terms of alpha 4 beta 7 binding capacity



was unknown and a major question was to assess whether the founding viruses were tropic or not for
the alphad beta7 integrin. Also the phenotype of founding cell lines infected were unknown — it is not
known if these are necessarily alpha 4 beta 7 expressing or not. Then the candidate assessed whether
alpha 4 beta 7 is found on Tregs and Th17 cells, but it is not known if these are founding cell types
infacted with HIV or not, The question would have been easier to answer if at least one of these
answers were clear, ie if it was known that transmitting founder viruses are tropic for alpha 4 beta 7, it
would lead one to ask if first infected cell types express the integrin, and if so, which subsets. If the first
infected cells were alpha 4 beta 7 positive, it would make sense to assess the phenotype of transmitted
early virus. Considering none are known = the answer of ‘some viruses are alpha 4 beta 7 tropic’ and
“some possible responding cell types express the integrin” does not provide a strong conclusive answer
of whether the integrin is necessary or permissive for early infection or for distributing early infection.
Prior to embarking on the study — which potential results would have convinced the investigator that
the integrin had no role in transmission?

Further, whether Th17 or Treg cells express maore or less alpha 4 beta 7 integrin that other T cell subsets
(Th1, Th2, NKT and non CD4 expressing cells) was not investigated. If the results of the study were to
find that indeed Th17 and Tregs express alpha 4 beta 7, the inferred hypothesis that this would imply
preferential HIV binding to these cell types at time of entry is an indication of pre-existing investigator
hias. Other possible cell targets of early infection may also express the integrin and may be just as
plausible targets as the cell types investigated.

Specific aim 2: To determine the phenotype of alpha 4 beta 7 expressing CD4 subsets.... The candidate
aims to start with alpha 4 beta 7 expressing cells and look to see whether they include Tregs or Th17
cells, A different strategy could have been chosen — namely starting with Th17 or Treg subsets and
investigating what proportion of each subset expresses alpha 4 beta 7. As alpha 4 beta 7 expression can
be up or downregulated on multiple cell types, one could argue for and against either approach.

On page 39 and 85, the candidate mentions that donors were designated responders and non-
responders to ATRA and has selected responders for further experiments. | think the candidate should
be wary of describing a continuous spectrum as a binary result. This is often done for convenience, eg
for selection of individuals for further experiments, but may skew interpretation. Non-responders are as
interesting and physiologically relevant as responders. In fact if 25% of the group are responders, then
non-responders are in fact the more predominant group and should warrant two thirds representation
of a sample chosen for further experiments. The group results could also be taken as a whole for
statistical analysis. In section 3.3.4 it may have been helpful to compare HIV infection in the responders
versus non-responders. Why pick a responder only?

Similarly the division of viruses into high and low dependencies (eg figure 2.21) — this again has been
done by definition, by defining high and low responders as those above and below the mean. This can
be done with any continuous data set but does not imply any binary functional difference. le if boysin a
class have a mean height of 1m but range from 0.8-1.2 meters, one can always discuss 2 groups —taller
boys and shorter boys — even if there is no functional difference between them. They are drawn from
one sample. This type of analysis may vield insights but should be done with caution.



B. Criticisms of the manuscript which should be specifically addressed by the candidate

1. Flow cytometry plots:

Figure 3.1 — parent population labelled as CD3+CD4+ live single lymphocytes but Treg plot on right hand
side clearly shows CD4 positive and negative cells. CD4 should be removed from the parent block if the
plots shown were not gated on CD4+ events.

Figure 3.1 Treg gating. Treg gating is controversial, as elucidated by the candidate. The chosen gating
strategy for Tregs starts with CD25 plotted against CD4 and selection of the CD25hi subset. This gating
strategy means that all subsequent data on Tregs is based first on where the CD25 gate is placed, which
is a completely arbitrary decision at the whim of the gater. The candidate has ignored the other markers
she had available to assist her with where to place the gate (such as C0D127). Instead she has plotted
CD25 against CD4 on the y-axis. CD4 positive cells could have {(should have, according to the gating
strategy described} have already been selected in the parent population , allowing plotting of CD25
against a more helpful second marker, such as FOXP3 or CD127 BEFORE the CD25 gate was set (here it is
plotted against FOXP3 only after arbitrary selection of the gate, limiting the population that will appear
in subsequent plots). Similarly the CD25 gate is then set a second time in an arbitrary position on the
plot of FOXP3 versus CD25 (ignoring the quadrant gates) and only that smaller miscellaneous few cells is
analysed for CD127 expression. The y axis of the CD127 plot is Forward Scatter — again a duplicate gate
which has already heen used in the parent gating strategy. The candidate is advised to regate — starting
with the CD3, CD4, live single lymphocytes — then selecting the alpha 4 beta 7+ —then plotting CD25
against CD127 for enumeration of the CD254CD12710o cells.

Figure 3.1 Why is I-17 expression in the left hand plot labelled “Th17” clarly less than that of the lowest
plot labelled “FOXP3/11-17"? They are both plots of the same parent gate with the same x axis. It isthe y
axis alone (CCR6 or FOXP3) that should have different data. Are all these plots from the same sample?

Figure 3.1 flow gating of Th17 and Tregs: Legend: last line - “1117 and FOXP3 expression alone on CD4 T
cells....." should be “on alpha 4 beta 7 expressing CD4 T cells”

For publication purposes the candidate has sufficient data to answer another pertinent question -
namely of the Treg and Th17 subsets, how many are alpha 4 beta 7 positive? And is this the same or
different with and without HIV infection in the culture? This could be a new section and would require a
new gating strategy, keeping in mind the points mentioned above. For example, Figure 3.5 middle panel
- the candidate shows that ATRA treatment does not affect the 1I-17 expression of the alpha 4 beta 7
subset. Whether ATRA treatment has increased 1117 expression by the total CD4 T cells (ie increased the
proportion of CD4 T cells that are Th17s) or increased alpha 4 beta 7 expression on the il-17 expressing
cells has not been addressed. The figure legend for figure 3.5 C should therefor say “Th17 cells defined
as CCRe+1117+CD4+alphadBbeta7+" and "II-17+alphadbeta7+" werenot significantly affected...”

Figure 3.6 on page 93 and section heading 3.3.2."Treg and Th17 CD4 T cells express high levels of alpha 4
beta 7” This heading is not correct, as alpha 4 beta 7 was the parent gate. The candidate assessed what
proportion of alpha 4 beta 7 expressing cells were Th17 or Treg. The figure legend “alpha 4 beta 7 is



exprassed to similar levels on Th17 and Treg CD4 T cells” is also therefor incorrect as is “the grey
portions represent the proportions of Treg or Th17 not expressing alpha 4 beta 7. According to gating -
strategy shown in Figure 3.1, | am not sure if this should be “the proportion of alpha 4 beta 7 expressing
cells that are not Tregs or Th17” or the proportion of CD3CD4+ cells that are alpha 4 beta 7 negative.
Similarly ‘naive Treg CD4 T cells express the highest level of alpha 4 beta 7” — this gating has not been
shown. Confirm which is parent gate — the naive Tregs or the alpha 4 beta 7 positives. Same criticism
applies to page 93 last paragraph “sixty percent of Treg cells were found to express alpha 4 beta 7.."”

Figure 3.7 C. Why are the two other subsets not shown? Alphad-+beta7- and alphad-beta7+?
Figure 3.7 A, Please specify method of measurement of p24 in legend.

Figure 3.9 and text, page 97 — how was median fluorescence intensity of FOXP3 measured? On which
subset and from which plot? Discuss when discuss gating strategy. Also for figure 3.5 page 92.

Figure 3.10 page 99 labels: On Page 98 candidate correctly explains her findings as a “ significantly
higher proportion of p24+ CD4 T cells being Treg cells as compared to Th17 cells”. The corresponding
figure heading however is "p24 levels in Treg and Th17 CD4 T lymphocytes” This is misleading, as is the
y-axis title of figure 3.10B “% p24 CD4 T cells” and the pie charts in 3.10C and 3.10E. The y-axis title in
3.10 B should be “% of p24 expressing CD4 T cells” to indicate that the parent is the p24 positive
population. For figure 3.10C: The total is labeled Treg as if the p24 pos and p24 negative subsets add up
to 100% of the Tregs. This flow cytometric gating strategy has not been shown nor described in the text.
Similarly for Th17. Representative flow plots should be shown, not only p24 on total CD4 T cells as
shown in figure 3.8.

Page 101 discussion of CD45RA+ naive Tregs — gating not shown. Not sure it adds anything to
manuscript or that there are sufficient CD45RA+ and CD45RA- events to discuss.

Regarding section 3.3.4 on page 96 —assessment of permissibility of Treg and Th17 subsets to infection.
These questions were addressed by comparing frequencies of Tregs and Th17 cells before and after
viral infection of an unsorted culture. This however does not take into account that phenotype of the
cells may change in response to the culture conditions with virus, particularly as regards induced Tregs.
Up or downregulation of markers, apoptosis or proliferation may have occurred in response to antigenic
stsimulation. Therefore this approach asks the question as to how the CD4 T cells as a group respand to
culture with 2 additional variables, HIV and ATRA in the culture medium. The response cbserved may be
due to the ATRA as well as to the HIV itself. Gating (Figure 3.8) seems to have started by choosing the
p'2'4+' cells, which presumably were then divided up into pre-set gates for Tregs and Th17 cells. An
alternate gating strategy may have been preferable — namely first gating on the Tregs and Th17 cells and
then asking how many of them are p24 positive. Alternatively, for Tregs at least, the cells could have
been sorted first using surface markers only (by CD25+CD127l0) and then incubated with virus. ATRA
treatment was an additional variable. The response without ATRA could also have been informative {as
even without ATRA there is expression of alpha 4 beta 7 according to Figure 3.2).



Page 50 and 51, figure 2.7. “binding of IECs to alpha 4 beta 7 in a competition flow assay”. | have two
critisisms of this experiment. What is the read-out? It is not p24 that has been measured on the v axis,
but % binding to alpha 4 beta 7. How was this percentage binding assessed? If by the formula on page
45 —this formula assesses the percentage binding of the blocking antibody to the integrin. So the plot is
measuring the amount of alpha 4 beta 7 expressing cells remaining after blacking. How is this related to
viral infection of the culture? Would virus “compete” with the blocking antibody for the integrin? If so,
would it change the fluorescent staining of the integrin? Both the virus and the blocking antibody are
unlabeled. So if the virus competes with the blocking antibody — what is the expected readout?
Considering that in the titration experiment, increasing amounts of blocking antibody did not
correlate linearly with decreasing fluorescence of the integrin on the cells. (fig 2.4C). Why should
increasing amounts of virus therefore be expected to result in decreasing fluorescence of the integrin? If
the readout depends on MF| of alpha 4 and beta 7 -why would the gating be on the the alpha 4 beta 7
positive cells only? This first gating step seems to be based on figure 2.5 — in which case the alpha 4
beta 7 cells are being selected according to their MFI of alpha 4 and beta 7 BY DEFINITION). Surely the
whole population should be assessed.

Page 52 figure 2.8. This figure is a viral titration experiment, with the readout being fluorescence
intensity of alpha 4 or beta 7. Would viral binding throughout the 10 day culture period necessarily
affect binding of the fluorescent monoclonal on the day of staining? This would only be the case if the
virus was associated with up or downregulated expression of the integrin, or interfered directly with
binding of the fluorescent antibody. If virus simply uses the integrin as a transient attachment factor,
then it may not affect the fluorescence intensity of the integrin per cell on the final staining day. Also -
similar concerns apply regarding the gating — which if similar to figure 2.5, is limiting any change
observable in fluorescence by pre-selecting (gating on} certain fluorescence intensity by definition, and
excluding cells that may have shifted out of the pre-set gate.

{Similar concerns regarding the % binding to alpha 4 beta 7 would apply to all experiments using this
measurement, often labelled "% dependence on alpha 4 beta 7 for replication eg figure 2.10. figure
2.11, figure 2,21, figure 2.22, figure 2.23. )

On page 39 the candidate mentions having done fluorescence minus one controls, but has not shown
those flow plots. They would be good to see, perhaps in the appendix. It appears there may be issues
with compensation, but it is difficult to asses without seeing the FMO data. For example — plots 2.3 last
plot — diagonal “comet” shape, figure 2.5 diagonal comet shape, figure 3.3 ATRA non-reposnder
diagonal comet shape (was this sample run on the same day with the same compensation matrix as the
responder above?)

Was any effort made to standardize MFI's of the instrument and assay setup over time? In some
sections eg figure 2.11, figure 3.2, figure 3.3 the shift in MF! is critical to the results. However it is not
mentioned if all samples were run on the same day, or if they may have been run weeks apart with eg
instrument services inbetween. If MFI's were compared between samples run on separate days, there
should have been standardization of MFI's eg using control beads and setting gates that can be
compared on various days or use of quantibrite beads or similar.



2. Statistics:

On page 46 — throughout the manuscript the candidate refers to the Mann-Whitney t-test. This should
just be the Mann-Whitney test. Similarly the Fisher exact test is not a Fisher exact t-test. Similarly
Wilcoxin matched pairs signed rank test on page 88

Page 50 figure 2.6 — the candidate has used a Mann Whitney test to compare before and after
treatment of samples with blocking antibodies. The before and after type of analysis requires matched
statistics, as the before and after groups are not two independent samples. Similarly, Kruskal Wallis
would not be appropriate for figure 2.8 to compare infection of the same cells with differing
concentration of virus. Further on page 89, “ATRA treatment of responders increased alpha 4 Beta 7
significantly”. Incorrect choice of test. Also for figure 3.4 on page 91. Similarly on page 93 figure 3.6 pie
charts —a Mann Whitney should not be used to compare two proportions of the same whaole.

The same applies to figure 2.11. The viruses were from the same individual at different time points ~The
different time points should not be compared using a Mann Whitney test, which intended to compare
medians of randomly selected sample groups.

Page 67, Figure 2,18 - 3 groups therefore candidate should use a Kruskal Wallace test, not 2 Mann
Whitney tests.

For figure 3.6 on page 93 - pie charts represent the total, where the division of the pie necessarily add
up to 100% of the pie. Their use with flow cytometry data can be confusing. The candidate shows two
pie charts of alpha 4 beta 7 negative cells — the first which shows that Th17s comprise 50.1% of the
alpha 4 beta 7 negatives, and the second which shows that Tregs comprise 60.1% of the alpha 4 beta 7
negatives. However, the two subsets should be exclusive, according to the literature. Criticisms of the
gating strategy and figure legend have been addressed in comments under “flow cytometry”.

Figure 3.10 B — the pale green and purple bars are proportions of the dark green and purple bars — they
should not be on the same set of axes (y axis should define % of which parent)

3. General comments

Limitations of sample group: in order to assess differences between acute and chronic viruses, to try to
understand the bottleneck at virus transmission, the candidate compared acute and chronic virus from
the same individual. The most desirable sample group would in fact be chronic virus of the person
transmitting the virus (virus "donor”) to the early virus of the person receiving the virus. Thisis not a
readily achievable sample group, alth0ugh'the re are a few such studies, but the chronic virus studied
here is in fact being used as a surrogate of the chronic virus from the virus donor. The candidate should
acknowledge this limitation in the discussion. Also, on page 75 “the T/F virus was highly dependent...
with a notable drop in dependence following transmission” — the T/F virus is also “after transmission” as
it is a virus from the “recipient” - specify time period after transmission at which there was a notable
drop.



Page 33 last sentence "establishing expression levels of the integrin on these subsets and how
permissive they are to acute HIV infection may provide evidence for a route of viral dissemination from
the site of transmission” — this is overstated. Just because the cells are "infectible” does not provide
“evidence for a route of dissemination”. It would be just as easy to hypothesize that the infectible cell
types provide a route of transmission from GALT to distal sites or from lymph nodes to circulation or
from genital tract to lymph nodes or that they contain virus until it is disseminated by ancther cell type
or any other possible direction of circulation. Suggest replace with “may provide a possible route of viral
dissemination from the site of transmission”. Similarly regarding overstatements -i think insufficient
data has been presented to draw conclusions like that on page 79 2™ paragraph “suggesting that there
is a selective advantage for HIV to bind to alpha 4 beta 7" and on page B0 “suggests that alpha 4 beta 7
offers a selective advantage during transmission” . Page 79 2" paragraph “it is possible that the
bottleneck created during transmission determines how ...........suggesting that there is a selective
advantage for HIV to bind alpha 4 beta 7" — on what basis is this statement made?

The headings in chapter 2 methods section could be simplified. 2.2.5 “flow cytometry alpha 4 beta 7
virus binding assay” — this large heading starts with : “two forms of the binding assay were used, a
competition based and a direct binding assay”. The next heading is “Competition alpha 4 beta 7 binding
assay” — which includes the index for % binding to alpha 4 beta 7. Then section 2.2.6 (page 45) is
labelled “alpha 4 beta 7 mediated virus capture inhibition assay” - why has this been given a different
name to the “competition” assay? (perhaps as it depends on subtraction of MFIs and not the “index” -
in which case it should be described before the description of the “index”). Further on page 46 there is
a small subheading “alpha 4 beta 7 inhibition assay” —The differences in the sections seems to relate to
which virus was used and which culture conditions (ATRA, 1I-2, length of culture} and the method by
which p24 was measured. The difference in the experiments should be reflected in the title of each
section. The readouts of most graphs in the corresponding results section seem to be the same index “%
binding to alpha 4 beta 7” described on page 45 however they are labelled on the y-axis of graphs as “%
dependence on alpha 4 beta 7 for replication”. Also Figure 2.7 however is labelled “% binding to alpha 4

beta 7 by competition”. The graph results and axes should be easy to link back to the corresponding
method -ie the tigure legends should correspond directly to the method descriptions, in the same

order.

The difference between data included in figure 2.18 and 2.22B regarding the alpha 4 beta 7 binding
matifs was not clear to me.

Page 41 section 2.2.4 until page 43 first paragraph — The second half of the paragraph under 2.2.4
mentions “for previous studies’ and 2 IMCs were gifts from another laboratory— Please clarify which
aspects were the candidate’s work and which were previous work. Also — the TCIDS0 Assay — was this
done by the candidate or by others? No data has been shown.

~ Page 52 —section 2.3.3 This section is titled “influence of alpha 4 beta 7 on HIV replication changes
longitudinally over time. The data from this section are only presented in the appendix, and is difficult to
absorb at a glance as there is a large amount of data {4 curves per graph, multiple timepaoints per
individual, different axes scales over time). Perhaps an index for % change in p24 expression, in presence



or absence of antibody {similarly to the index for alpha 4 beta 7 expression) on day 10 of culture would
be an informative way to to summarize the data.

HXB2 — no introduction given to reader about consensus sequence. Should be explained. Also not on
abbreviation list. First mentioned on page 21. Also page 55.

Page 57 Figure 2.12 — glycans have been highlighted in red. Are these known or potential glycans? Is
there a reference or a method used by the candidate for this determination? Also on page 60 - glycan
density was discussed in first paragraph. Where was glycan density data from? (reader is referred to
table B2 in appendix, but | am also unclear as to where this data is from — prior experimental data from
same lab or referenced data?)

Page 5 — introduction to N linked glycans. Candidate should give more introduction to the nomenclature
eg difference between "N linked” and "0 linked”.

Page 75 “...may have a highly individual specific signature and is highly dependent on the immunea
system” — what is the basis for the statement regarding the immune system? Too vague

Page 79 last paragraph “our data suggest that BV creates a bottleneck that favours the transmission of
viruses...” . This sentence implies causation. All data are correlative. BV may be associated with other
causative factors for the bottleneck rather than the cause.

Page 88 section 3.2.4 ~ first half of paragraph says “viral replication was noted by intracellular p24
staining”. Last half says "comparative level of p24 (ng/ml} in these cells” which infers ELISA
methodology. Please clarify.

Page 90 “Tregs ..were increased in frequency .... In terms of absolute numbers” - were absolute
numbers measured? If so in what unit and by what method? As a frequency of total lymphocyte count?
Or of CD4 count from a diagnostic laboratory? Similar for figure 3.9.

4, Unclear separation of viral and host phenotypes
While the meaning of the investigator comes through, sometimes her phrasing should be clarified as
host and viral “phenotypes” are often referred to collectively and not explained simply to the reader,

For example:

- Abstract first paragraph: "understanding the subsets on which alpha 4 beta 7 is expressed” (this refers to
host cells) “may indicate the founding phenotype for HIV infection” {is this the cellular phenotype or viral
phenotype?)

N page of abstract — “Th17 cells in this and other studies were shown to rapidly deplete following HIV
infection while Treg CD4 T cells were shown to expand” — should add “in vitro” or “under cell culture
conditions” — otherwise sounds like the levels were measured in the patients.



Specific aim 1 on page 34: “the role of alpha 4 beta 7 at different stages of HIV-1 pathogenesis” — this is
unclear. It could refer to the role of alpha 4 beta 7 for binding viruses from different time points of
infection (as performed by the candidate) or to the role of alpha 4 beta 7 expression by the host at
different time points of disease progression [not performed by the candidate), Suggest narrow down to
“the role of alpha 4 heta 7 hinding by HIV from different stages of pathogenesis” or similar

Chapter 2 heading " the role of alpha 4 beta 7 changes over the course of HIV subtype Cinfection “ —this
chapter focuses on virus binding and entry characteristics, not host expression of the integrin. The title
could apply to either. Suggest make title more focused on virus.

Page 37 middle paragraph “whether alpha 4 beta 7 can be defined as a transmission signature remains
controversial” — a transmission “signature” should be viral. Alpha 4 beta 7 expression is host. Should
rather say “alpha 4 beta 7 binding affinity/capacity”

Discussion page 74, 2™ sentence: “the dependence on .... was associated with V1/V2 glycan density and
loop length and glycans (viral factors).....and in addition CD4 count (host)..... “ Followed by second last
sentence of paragraph...”binding motif sequence... on the virus and dependence on the integrin for
replication (virus) as well as diagnosis of bacterial vaginosis ..(host)”

Page 76 first sentence” — The T/F viruses were significantly more dependent on alpha 4 beta 7 compared
to clones from 2 months post infection, (this summarizes with the candidate’s data), by which time the
virus has migrated to the target tissue (this is literature regarding the host) and perhaps alpha 4 beta 7
high affinity viruses are no longer selected for (this agrees with candidate’s data) or that many of these
replicative competent CD4 T cells are severely and selectively diminished in number (this is literature
regarding host = why would low CD4 T cells in vivo at this time-point have resulted in the experimental
findings of the candidate in a controlled culture setting where there are no differences in CD4 T cell
numbers?)

Page 77 last paragraph — “increase in alpha 4 beta 7" at 3 years post infection — this is viral -add
“dependence” after alpa 4 beta 7” . “interestingly, .....individuals that go on to produce BCN (this sounds
like host) showed a decreased dependence for alpha 4 beta 7 at transmission” — the data on alpha 4
beta 7 dependence is from in vitro culture in healthy cells, not celis from the individual with BCN. This
point should be phrased so that it is clear that it is virus isolated from individuals who go on to produce
BCN antibodies that show a decreased dependence for alpha 4 beta 7 reactivity in viral clones with
genes isolated from transmission timepoints compared to vire! clones from individuals who do not
produce BCN antibodies.

Page 78 line 5 "in the first year of infection” — sounds like host. Should be “in viruses from the first year
of infection”

Page 79 last paragraph “our data suggest that BV (host) creates a bottleneck that favours transmission
of viruses that have a higher dependence on alpha 4 beta 7 for replication (viral property) by either



enhancing the amount of alpha 4 beta 7 T cells in the area of transmission (host = how would this cause
the experimental data in culture conditions with standard numbers of T cells? would this be a result of
the viral affinity for alpha 4 beta 77} or upregulating alpha 4 beta 7 expression on these cells (no cells
from patients with bacterial vaginosis were assessed).

Page 80 2™ paragraph: Il-1alpah, II-8 and 1I-7 (levels in CVL in host) were found to correlate significantly
with the dependence of T/F viruses on alpha 4 beta 7 {in culture, this is a viral property) for viral
replication in the CVL at the time of transmission (this sounds like there is data on the amount of alpha 4
beta 7 dependence by virus in CVL — misleading).

Page 84 2" paragraph “ we sought to determine the effect of ATRA on the frequency of Th17 and Treg
subsets in the peripheral blood of health donors..” —this should be “from healthy donors” (ATRA was
not given to the patients)

Page 100 first paragraph of discussion — “...cells were highly permissive to acute infection” — infection in
vitro in a culture system should not be described as “acute infection”

Page 106 discussion — “we also aimed to determine which subsets present in the GALT and genital tract
express the highest levels of alpha 4 beta 7..." This was in vitro work off peripheral blood. It would be
clearer to say “we also aimed to determine which subsets of T cells on newly discovered T cell
subsets....” or similar.

Page 110 conclusion — “this dissertation describes a role which changes over time for integrin...” should
be for “attachment to integrin...”

The chapter heading for chapter 3 "the role of ... subsets in early viral dissemination” is an
overstatement. This chapter was in vitro stimulation work from healthy controls, albeit with viral clones
from early infections. The heading could have been descriptive eg alpha 4 beta 7 expression on Treg
and Th17 subtypes and permissibility for HIV infection

5. Minor errors

Abstract - bottom paragraph of first page — “Factors that influence....including N234, N332 and N334
were present more or less frequently.... Sentence too long. Remove “and” before “several glycans”. in
following sentence, top line of 2™ page - should read dependence on alpha 4 beta 7 not “dependence
of alpha 4 beta 7 for replication at transmission”

“CVL" — first paragraph on page 2 of abstract — avoid abbreviation in abstract. CVL also not in
abbreviation list and should be added

Abstract last paragraph — “which are more susceptible to either depletion by HIV or bystander effects” —
“gither” should come after “depletion,”

10



Page 3 line b — efforts to understand how 10 improve the vaccing regimen are ongoing, rather than "i1s”.
2 lines later: add apostrophe in immune system’s (not “systems”)

Page 16, first line “ T cells only detect pathogens though direct contact with the antigen, they must
traffic to the site of pathogenic exposure” — misleading sentence. Should be “T cells detect pathogens
through direct contact with MHC-presented antigen”. They can therefore become activated in sites
other than sites of pathogenic exposure by antigen presenting cells that have migrated there eg
inductive sites. Presumably this also occurs in the inductive site.

Figure 1.8 on page 27 — not referenced.

Page 28 first paragraph “ multiple sclerosis, rheumatoid arthritis, IBDs treated by blockade..” requires a
reference

Page 29 Regulatory T cells — sentence beginning “FOXP3 T cells that are produced in the thymus....[Kang
et al 2007) is too long and merges natural with inducible Tregs.

Page 30 Sentence starting “A significant drop in FOXP3+ Treg cells has been noted ........blood{Kinter et
al 2004) Sentence is too long.

Page 32 2" paragraph — “alpha 4 beta 7 T cells have {not has) been implicated.....Wang et al 2009b)
sentence is too long.

Page 33 Rationale — abbreviation IMC is not in abbreviation list
Page 45 2™ line - p.i is not in abbreviation list
Page 52 top line — should be full stop not comma (sentence too long)

Pay attention to units. On page 48 — figure legend, 3™ last line — “pM" but graphs are “nM". On page 52
first paragraph last line - range of 0.5-25 ng — should be “ng/ul of virus”.

Page 83 — low levels of CCRS ligands — remove “ligands”

Page 91 figure 3.4 CD4 inhibition control is maroon, not grey



Comments on Simone’'s thesis:

Overall, the thesis is quite well put-together, has several strengths, and represents
an important contribution to the HIV pathogenesis literature.

A few questions/ comments/ possible improvements:

1) The use of the term botllensck in the Results is sometimes confusing. It is defined
quite well in the intro, but then later seems to be used as ‘infecting strain(s)’. Was
there any impact of adb7 dependence on the nature of the bottleneck? This is an
important question, as many think infection is a stochastic process. In your work one
possible conclusion might be that HIV uses a4b7 when it's available, but can still
establish infection when it isn't. Of course the denominator isn’t known in your case,
since you are looking at cases where infection occurs, and not the many many more
when it doesn't.

2) The term Mann Whitney “t test” is confusing. Also it seems that some instances
where this test is used, it should probably be an actual parametric student's t test.

3) The CD4 decline analysis might need to be re-considered using repeated
measures stats like a linear mixed model. This allows comparison of the rate of
decline in a given person, controlling for the fact that each CD4 measure within a
person will be highly correlated. Putting all of the data from multiple time
points/individual in a univariate analysis is likely incorrect. For Fig2.13 this may be
more appropriate since here different participants are represented in the different
groups (although a Mann Whitney shouldn't be used when there are more than 2
groups). Similar comments pertain to Fig 2.11 and Fig 2.14 — the changes over time
most definitely look significant, but should be subjected to repeated measures stats.
This will likely be important for writing this up for publication. With respect to the CD4

decline: is a4b7 dependence result likely to result in more gut homing / more gut cd4
depletion. s this the difference in CD4 decline a cause or effect?

4) The word data should always be plural.

5) How many of the a4b7 changes over time could be driven by neutralizing antibody
escape? Are these likely to be “a4b7 escape?” The BCN correlation in fig 2.20 not
well explained.

6) In a few places there are too many concepts packed into 1 paragraph, and more
explanation of one particular concept /paragraph would be useful. Examples of this
are on p15 P25, p65, and p68.

7) Were Mg and Ca++ used in buffers? This should insure integrins are in their
activated forms.

8) The a4b7 motif itself seems de-emphasized in the analysis, even though changes
in it seem to have a profound effect on a4b7 reactivity (as one might expect). It's
certainly intriguing that other parts of gp160 seem important, but perhaps in a paper
Fig. 2.18 should likely be more up front in the results, and then the glycan v1//v2 etc
stuff.



9) Is one hypothesis that emerges from this work that HIV will use a4b7 if it's there,
but that it's not required? Seems to be supported by Fig.2.22 and the BV data.

10) Is there any relation between viral fitness and a4b7 dependence?

11) The sorting approach used for the different a4b7 combinations seems best for
showing differences in HIV infectivity, since many markers change over time and
with stimulation/culture. What is the impact of infection/ stimulation on Th17 and Treg
markers at 3 days? It seems these analysis should be approached with caution, as
the conclusion that Th17 are depleted while Treg might be apoptosis-resistant —
while entirely reasonable to assume — is not directly supported by the data.

12) In Fig. 3.3.2 — what are these ‘other’ subsets (95% of cells)?

13) For CD25, were the highest 2% gated on for each individual? If so this will not be
consistent across donors, where the level of CD25 high cells should likely vary from
donor to donor (with a gate set a consistent level for a set of experiments).

14) Do you think HIV drives expansion of the Treg phenotype, as has been
suggested recently for T follicular helper cells?

15) How do your methods compared to Parrish, Nawaz and Etemad et al., given the
differences in your gp120-a4b7 data?

16) Do Treg and Th17 levels and a4b7 expression change over the course of HIV
infection in the donors where you looked at a4b7-dependence?



List of Corrections

Internal examiner
A: Flow cytometric plots

1.

Figure 3.1-parent population labelled as CD3CD4" live single lymphocytes but Treg
plot on right hand side clearly shows positive and negative cells. CD4 should be
removed from the parent block if the plots were not gated on CD4events.

The flow plot referred to here does show only positive CD4+ T cells because the PBMCs
usedin this study were enriched for CD4 expression with a purity of 99%, as mentioned on
page 38paragraph 3. These PBMCs were gated on CD4 initially to exclude dligrou

and we confirmed the purity of this singleCD4 population via various gating analyses. This
gating strategy is showon page 4@anel E.

Figure 3.1 Treg gating.

The gating strategy that was used in this study was optimised to demonstrate tvéhcells
the highest FOXP3 MFI, as this is currently the most specific marker for suppressive
Tregs. Using CD127 instead of CD25 to set the gate is far more difficult. CD127
expression is downregulated extensively when T cells are activated, especiallynfpllow
HIV infection, making it difficult to discern a distinct population. As a result, most studies
still choose to use the highest 2% of the CD@bpulation using the whole CD4T
population as a reference. The CD25 gate was not set on theGII2% plot but rather

this plot was used only as a frame of reference to work out CD25 high positioning. This
gate was then imposed and set on the FOXP3 C2Bameter. To avoid confusidhe

arrow between the CD4/CD25 plot and the CD25/FOXP3 gate hagdmernedon page

87 as theselots do not follow on from one another (i.e the CD25 high gate set on the
CD4/CD25 plot is not the parent population for the FOXP3/CD25 plot). Rather these gates
were simultaneous and the FOXP3/CD25 plot is representative of allGCB4ive T

cells.

Figure 3.1 WhyisIL-17 expression in the |l eft hand pl ot
AFOXP3/

than that of the | owelstdo®P!l ot | abell ed
This figure has been replaced with the corieeige orpage 87.

Figure 3.1 How gating of Th17and Tregs: Legend: last line

Many of the comments that follow on from this one appear to stem from the inaccurate
representation of the gating strategy of Treg and Th17 cells in Figure 3.1. Many comments
address the fact that4 [vd@s the parent gate. Thiss only true in some cases. The gating
strategy included the Treg, Th17 and FOXP3ll_gated offa 4 BGD4" T lymphocytes

(now shown in the Figure 3.1 as dashed arrdws)also included CD4T lymphocytes

gated for Th17, Treg and 1L7/FOXP3 which wer¢hen assessed for 4 [xpression as
illustrated by the solidines. The previous figure only made the prior gating strategy
apparent. The corrected figure ispage 87.

For publication purposes the candidate has sufficient data to answer another

pertinent questionn a me | y of the Treg and Th17 subset
positive?

This question has already beemestigated and on page 98Figure 3.6 pie chart two and

three).

And is this the same or different with or without HIV infection in the culture?

This has been investigated (Figure Bae 97)and the misunderstanding stems from the
inaccuracy of communicating the gating strategy as mentioned in the previous point. The
example used to illustrate this by the examiner has therefore not beersaddresause



10.

11.

12.

the effect of ATRA on the 117 expressing phenotype has been investigated and on total
CD4 Tecellsandnoon the oa4B7 subset as subpamsted
92).

Figure 3.6onpage93andecti on Heading 3.3.2¢..

This heading and legend is correct, once again a misunderstanding evolving from the
incorrect communication of the gating strategfich has now been clarified. 4 Bvas

not the parent gate when determining whethet Bvas expressed on Thl7 and Treg T
cells (Figure 3.6 second and third pie chart). However when determining what proportion
of a 4 [expressing cells are Th17 and Tregg(Fe 3.6 first pie chartly 4 fw@s the parent
gate. This applies to the comment on this

Similarly napuve Treg CD4 T c ethislgatingehaspmote s s
been shown. Confirm which parent gate.

The gating staitegyused to generate the data shown in Figure 3.6 B (page 93) has been
added in Figure 3.1 on page 87 and it now has been specified in the legend of Figure 3.6
that the parent population naive TI€B4' T cells.

The final comment for page 93 last paeggr has been addressed previously.

Figure 3.7C. Why are the other two subsets not shown?
The other two subsets were not shown for simplicity but have now been addegd&ageon
95

Figure 3.7A: Please specify method of measurement of p24 in legend
Correcedon page 95 Figurg.7 legendas being performed by-imouse p24 ELISA.

Figure 3.9 and text, page 97how was median florescence intensity of FOXP3
measured? On which subset and from which plot? Also for Figure 3.5 page 92

Both figure legends have beearected to say that MFIs were done on FOXEB4' T
cells.

Figure 3.10 legend

As mentioned in correction 4, the gating strategy has been amended in Figure 3.1 to
indicate that Th17 and Treg subsets were either the parent populations or were gated from
thea 4 Pp@pulation The gating strategy was as per Figure 3.1 for Th17 and Treg subsets
with p24 cells serving as the third possible parent gate (shown Figure 3.10B). In some
cases where specified, g2¢ells were gated from Treg or Th17 parent populatfégure
3.10 ©C) or fromr t W&l 7popaldifnd @Fifure 3.10 E)This
explanation has been inseria page 97irst paragraph

Page 101discussion of CD45RA naive Treggating not shown.
This has been corrected as per correction nugber

Section 3.3.%n page 96

The examiner expresses concern about the methodology of assessing the susceptibility of
Treg and Thl7 subsets to HIV infection as a result of changing phenotype following
culture. While this is certainly valid, the incubatithme was only 3 days and was not an
extended culture. In addition this study sought to mimic the environment of the GALT as
gut samples were unavailable. While the response without ATRA could have been of
value, this was not the scope of the project ang Imacovered in work going forward. The
sorting of Tregs was in the original protocol but was removed after extensive literature
review revealed that the reliability of such sorts is highly questionable. In addition many
Treg cells with the markers thaitlexaminer alludes to (CD25 and CD127) expresk/L

therefore sorting using these markers woul dn

by

fi

he

(



cells. In addition, sorting both these populations based on surface markers is very
imprecise as a result ofiling intracellular markers as their defining characteristics. These
concerns were also addressed in the final discussion of this study.

Page 50 and 51: Binding of I ECs to U4b7 in a
The readout of this exiprediimentto isd e pbyesenmmpe
either virus or a4p7 inhibitory mAb. This cal
correctly determined by the examiner. As mentioned in the text in the first paragraph on

p a g e PedcBntage binding t 4 [s7/defined as the percentage difference between the

median fluorescence intensity (MFI) of PE and FITCaofd [r@nsfected cells with and
inhibitory mMAbOR VIRUSas represented in the formula bel
as being an example of one of thesenseios (i.e measuring the competition between Act

1 and HP2/1 and the fluorescent antib@dy1TC). However to make this point clear, the
formula has been corrected to include “Vviruse

It should be noted that the text does not state thatt thefinhibitory mAbs, fluorescent

a 4 [mMAbs AND the virus are incubated all together as alluded to by the examiner, but
rather the Actl or HP2/1 mAbs and the fluorescent mARR the virus and the fluorescent
mAbs were incubated together. The HP2/1 andlAotAbswere simply used as controls

to illustrate that they were competing with the4”E andf #ITC antibodies to a
saturating degree. If virus bound to4 (Bi7 this assay and then was treated with
fluorescently labelledi and "mAbs and compared to a contwghich had no virus, one
woul d expect a dREcandg #§e€ relative toMHe lcontolf as thiedvirus

has already occupied the sites where the fluorescent mAbs would bind. These unbound
fluorescent mAbs were then washed away and the readativeeb a control diminished.

Considering that in the titration experiment (Figure 2.4C), increasing amounts of
blocking antibody did not correlate linearly with decreasing fluorescence of the
integrin on the cells, why should increasing amounts of vir result in decreasing
fluorescence of the integrin?

Figure 2.4B onpage48 shows that increasing amounts of the blocking antibodies did
correlate linearly with decreasing fluorescence of the integrin, with the readout being
represented as change in MFigle 2.4 C to which the examiner refers, is unrelated to
flow cytometry. This, as described in the legend is an alternate approach to achieve the
same goal of antibody titration. While the effect was linear in the flow cytometry assay, it
was not in the @lular assay. This is likely to be because of flow cytometry measuring
binding capacity and the replication assay taking into account all signalling pathways.
Even though the concentration is saturating for binding it is not saturating to diminish
replicaion.

Why would the gating be on U4b7 positive cell
It should be remembered that the cells used for this assay were HEK293T cells which do

not naturally expresa 4 BAssessing the whole population is not valid as the rest of the

cells do not eveexpress the receptor of interest. Assessing the whole population does not

change the result and will introduce errors because of incomplete transfection (i.e. only the

a4 subunit being transfected).

. Page 52 Figure 2.8. Would viral binding throughout thel0 day culture period

necessarily affect binding of the fluorescent monoclonal on the day of staining?

This titration experiment, as mentioned in this chapter, was not based over a 10 day period.

This was binding done with a 15 minute incubation time wh#h virus and an additional

half an hour with fluorescent mAbs as detailed on page 45. The questions that are posed by

the examiner that follow this assumption of a 10 day assay are therefore not relevant here.

Any assays with a readdftv? o6br“ wepgbkpeatennt a
assay as detailed on page 53.



15. Fluorescence minus one controls.
The FMO controls have now been included as Figure B4 in the appemdage 138As
a 4 3s7an integrin and is present as a dimer, the exprepsitern of the integrin on flow
cytometry plots therefore appears as a diagonal as the subunits are expressed
simultaneously. Although the diagonal is often a sign of poor compensation, this is how the
data looks. Samples that were directly compared (idfgcted versus HIV uninfected or
ATRA- and ATRA+ samples) were always run head to head. In addition fresh
compensation was done with each new experiment and compensation matrixes were not
reused on different days. This point has been added in S@cidrpage 39.

16. Was any effort made to standardise MFIs of the instrument and assays over time?
A standard positive control across experiments was not used but any experiments where
head to head comparisons were required were run on the same day, limitmegpdht®
stringent standardisation. The flow cytometer is however stringently monitored for change
in voltage over time by peak fluorescence beads.

B: Statistics

1. Al i nst anWhist mdy “tMatnenst” hawhilleery dleasnde d st
the Fisher exact test and Wilcoxon matched pairs sign rank test.

2. All statistics has been revisited and changed as follows:
Figure 2.6B:Repeated measures one way ANOVA with Tukey multiple comparisons post
test
Figure 2.6C: Paired t test
Figure 2.7B: Pairetltest
Figure 2.8A and B: Repeated measwnae wayANOVA with Tukey multiple comparison
post test
Figure 2.9 Wilcoxon matched pairs signed rank test
Figure 2.10 AC Paired t tests
Figure 2.11Repeated measurese wayANOVA with Tukey multiple comparisopost test
Figure 2.13: One way ANOVA witliukey multiple comparison post test
Figure 2.18: One way ANOVA witliukey multiple comparison post test
Figure 2.20: One way ANOVA witfiukey multiple comparison post test
Page 89 last paragraph: Paired t test
Figure 3.4: Pairedtest
Figure 3.6 A Paired t test
Figure 3.6 B Repeated measures one way ANOVA
Figure 3.7 A: Friedman’'s test adjusted for mu
Figure 3.7 C: Repeated measures one way ANOVA with Tukey multiple compapissins
test
Figure 3.10 A: Repeated measures one way ANOVA, pairwise comparisons adjusted for by
Tukey’ s met hod
Figure 3.10 BF: Paired t test

3. Figure 3.6— concern about the gating strategy has been addressed in the previous section
4. Figure 3.10B the palegreen and purple bars are proportions of the dark green and
purple bars and shouldndét be on the same set

Both of these population subsets were gated initially ofi P24 T cells.

C: General comments



Limitations of sample group

The aim of thisstudy was to understand longitudinally what occurs in an individual with
regards too 4 [ufflisation and not to access intricacies of transmission. In addition, the
CAPRISA cohort does not have the donor matched pairs available and as a result this
would have been an impossible study.

Page 75 The T/ F virus was highly dependent éwith
foll owing transmissiono. Specify the time af
notable drop.

This has been correc2 etiormtshs wp o ht pagerdn sarbil s id
second paragraph.

. Overstatements

The several overstatements as defined by the examiner have been comguagd 33ast
paragraphpage 79 first paragraph, page 79 second paragraph, page 79 s@@greph.
Alhave been edited to contain the words

may,

. Headings in Chapter 2.25

The heading opage 44dhas been changed to “ @4pinus. FI ow
binding assays"”. I n addition t hesAcandtheet i ti on
direct binding assay as B. These assays are both flow based assays, hence the heading. The
competition assay is based on competition between virus or HP2/1 dr &atl the
fl uor es c e fPE ancAFITC, with binding represented as any @ese in
fluorescence relative to the sample untreated with virus. The direct binding assay was done
using virus that is labelled with a fluorescently labelled p24 mAb and binding there is
represented as an increase in number of f24ells. Thea 4 Brédiated virus capture
inhibition assay isiota flow based assay but is cellular in nature hence a new section title.

The difference between data included in Fig
binding motifs was not clear to me

The first figure includesliviruses isolated within the first year of infection as stated in the

legend and the second figure is only inclusive of T/F viruses and is also described in the

legend.

Page 41 section 2.24. until page 4i8st paragraph for previous studies specify which

work was done by the candidate

Single genome amplification and cloning of the env gene into the vector was done by
others in the laboratory. Thenvgenes were amplified by PCR from these in this study by
the candidate. The backbone for IEC constamctas gifted to the laboratory by Dr
Kuritzkes but the digestion and consequent transfection was done by the candidate. The
CAP210 and CAP239 IMC plasmids were gifted to the laboratory by Dr Carolyn
Williamson but were transfected by the candidate. Tagsbeen made clear in the text.

The TCID50 assays were all done by the candidate but as they were only used to titrate the
input of virus to a TCID50 of 25 for assays, showing these data does not add anything to
the manuscript.

Page 52Section 2.3.3. Tle data from this section is only present in the appendix and is
difficult to absorb at a glance.

Data from this section is not only presented in the Appendix as suggested by the examiner
but is rather summarised in Figure 2.11 and 2.12 with an index a&p#ndence oa 4 3 7

for replication.

HXB2 i No introduction given to reader about consensus sequence. Should be
explained. Also not on abbreviation list



HXB2 is not a consensus sequence but rather an HIV sequence that is used to standardise
numbering in sequences.islhis explained on page 55 in paragraph 2.

In addition there is no abbreviation for HXB2.
This is a strain name.

9. Page 57Figure 2.12 Glycans have been highlighted in red. Is there eeference for a
method used for its determination?
The determinatiorof potential Nlinked glycans was done using a tool from the Los
Alamos National Database,-Gllycosite. This is detailecbn page 55 inthe second
paragraph.

Page 60Glycan density is discussed in the first paragraphWhere is the glycan data
from?
How the glycan density was determined has been added in the first paraypajgies9.

10. Page 5 Introduction to N-linked glycans. Candidate should give more of an
introduction to the nomenclature.
The two major types of glycosylation are now described itfitbigparagraph of page 6

11. Page 77-Afé may have a highly individual speci fic
on the immune system i What is the basis for the statement regarding the immune
system? Too vague.
This sentence has been omitted.

12.Page 7971 last paragraph A our data suggest t hat
causation, but all data are correlative.
Changed to “BV is associated with the transmi

13. Page 88 section 3.2.4 The measurement ng/ml was omitted.

14. Absolute numbers for Figure 3.9 and Figure 3.5
Absolute numbers were taken as the frequency of a particular cell population represented
by cell number as opposed to a percentage. This has beenoaidokege 90 last paragraph.

D: Unclear separation of viral and hoston phenotypes

1. Abstract first paragraph: “ may i ndi cate the founding phenc
changed to “ may indicate the phenotype of ¢t

2. 2" page of the abstract paragraph 1filn addition, Th17 cells in this another studies
were shown to rapidly deplete following HIV infection while Treg CD# cell were
shown to expand” wmviroocorrected to include

3. Specific aim1 page 34.Changedt e omol“e of ad4pB7 atrt differ
pat hogentledepentdente on a4p7 for vofHNE-L repl i c:
pat hogenesi s”

4. Chapter 2 heading page 35c hangedh & r o sl Bchandes awet fBe course of
HIV subtype Cinfectio t o “ The dedfferrnvicaereplicationamanges over
the course of HIV subtype C infection”



10.

11.

12.

Page 37middle paragraphc h a n g e &hdthero 4n[£dah be defined as a transmission
signature remains cont r oforeord4spcda be defined as“awh et her
transmission signature remains controversial

Discussion page 72"sentence.There are a mixture of host and viral factors that are
associated witlx 4 fiépendence and as a result this sentence was not edited.

Page 772" paragraph* As such, the negative adfaBel ati on
years post infection as previously mentione:
correlation reflectsthe ncr ease i n ao4pB7 dmfpcdomdsepredoaslyat 3 ye
menti oned” .

The CD4 query is addressed in the external examiners responses.

Page 772"paragraph“ | nt er esti ngl y, while rapid and 1in
differences ina 4 (Féactivity, individuals that go on to produce BCN antibodies show a
dcreased dependence fsorcoanp@E® edt t or a&rhsomies stihoan
changed to “ I nterestingly, while rapid and i
a 4 fedctivity, viruses isolated from individuatkat go on to produce BCN antities

show a decreased dependemmp afrerd dHP T hats et 1t drac

Page 78line 2 “Differencesin the dependence an 4 [of replication between different

motifs were evident i n the Diiferescts inyhear of [
dependence o 4 Bfar replication between different motifs were evident in viruses
i solated from the first year of infection.?”

Page 79ast paragraph: The association between BV and [Hé&pendence is likely to be

as a result of host environmesihaping the viral affinity. This may be because BV is
increasing the expression @f4 i the T cells during inflammation and this provides an
advantage to the viral replication of HIV and the virus adapts accordingly. This is however
only a theory as B\cells were not investigated in this study as pointed out by the
examiner.

Page 8Qparagraph 1.  “1 la L, -8 and.1L-7 were found to correlate significantly with the
dependence of T/F viruses an4 Bfar viral replication in the CVL at the time of
transmg si on” was -t & adadgdllds intthe CVLIatlthe time of transmission
were found to correlate significantly with the dependence of T/F viruses4ffor viral
replication in our system."”

Page 84paragraph 22 “ 1 n t hi s st unine theveffecsobaltrgnbk tetindico det e
acid (ATRA) on the frequency of Th17 and Treg CD4subsets in the peripheral blood of

healthy donors in order to mimic the GALT environment where dendritic cells secrete

ATRA to upregulate homingeceptors (vata, ¢ al . , 2004)” was correc:
study we sought to determine the effect ofti@hs retinoic acid (ATRA) on the frequency

of Th17 and Treg CD4T subsets in theeripheral blood from healthyonors in order to

mimic the GALT environment whereeddritic cells secrete ATRA to upregulate homing

receptors (lwata, et al., 2004).

Page 100paragraph .  “ I n addi tT oelis exprdss dightly @@t 4 Rhan

Thl7 CD4 T cells.a 4 B dand Treg CD4 T cells were highly permissive to acute
inffecion” was changed t oT tellsrexpeess dlightlyinoe 4 3héim e g CD4
Th17 CD4 T cells.a 4 Bahd Treg CDAT cells were highly permissive to infection by a

T/ F virus. "W



13.

14.

15.

Page 106 paragraptL: “ We also aimed to determine which subsets prasghe GALT

and genital tract express the highest levela d@f fviich may allude to a novel route of

viral di ssemination from the site of transmi
aimed to determine which T subsets that have been previously folrelin the GALT

and genital tract express the highest levela d@f fviich may allude to a novel route of

viral di ssemination from the site of transmi s

Page 11Qonclusion In‘tonclusion, this dissertation describes a vahich chages over
time for integrin a 4 B & homing receptor that is responsible for the trafficking of

|l ymphocytes into the GALT and also serves a
¢ h a n g dndcontlusion; this dissertation describes a dependence on intdgfrior
HI'V replication which changes over time in a

that is responsible for the trafficking of lymphocytes into the GALT and also serves as an
attachment factor for gp120°

Chapter heading for chapter Sonpggye 82 has been changed from
CD4+ Tlymphocyte subsets in early viral disseminationt o “ Expr essi on of o/
and Treg T lymphocytes and permissibility for

E. Minor errors

Abstract bottom paragraph of first page
Smtence has been shortened and in the foll owi

CVL
Has been added to abbreviation list and written in full in the abstract.

Page 2 of abstract last paragraph

“This population of T cell shanfildly COfd ceflsor e s ui t
which are more susceptible to either dépletn by HI V or bystander ef
“This population of T cells mnmalyCMeTcelor e suit
which are more susceptible to depletion either by HIV stdnyder effects.

Page 3ine 5
“The level of efficacy was modest at 31.2% and efforts to understand how to improve the
vaccine regimeniseg oi ng” wa s The lewlrogeffichcy was mbdest at 31.2%

and efforts to understand how to improve thecuze regimen are egoing "

Page 3 line3
“i mmune systems

" changed to “i mmune system’s

Page 16 firstline

“As T cells only detect pathogens through direct contact with the antigen, they must traffic

tot he site of pat hogeAsT eellsenypeectpattofenschnoagnge d t o
direct contact with thtMHC-presentedantigen, they must traffic to the site of pathogenic

exposuré.

Figure 1.8 not referencedpage 27
Adapted from Sethi, et al., 2013

Page 281* paragraph

The high expression of #L7 has been shown in multiple sclerosis, rheumatoid arthritis and

| BDs , most of which are currently treated by
reference Tzartos, et al., 2008.



8.

10.

11.

12.

13.

14.

15.

16.

Page 29 last paragraph

“FOXP3 T cellsthat are produceih the thynusfrom T cell progenitors are known as
natural Treg cellas well as in the GALT mediated by ATRs&creted by GALIdendritic
cells in synergy with TGIB (Sun et al., Q07) from naive CD4 T cells known as inducible
Treg cells(Kang et al.,, 2007”7 wa's ¢ hROXRBeTcelldthmt ate producebh the
thymus from T cell prognitors are known as natural Treg cell. However FOXP38ells
known as inducible Tregs are also foumdthe GALT, the development of which is
mediated by ATRAsecreted by GALIdendritic cells in synergy with TGE (Sun et al.,
2007).”

Page 30 last paragraph

“A significant drop in FOXP3Jreg cellshas been noted during\&and HIV infected
individuals(Andersson et al., 200&stes et al., 2006but a number of more recestudies
reported an increase in Treg cell number following HIV infection has also been
described in lymph nodes and duodenal tigtuet al., 2011aShaw et al., 20)1as well

as a slight elevation in blog&Kinter et al., 200 was changed to “A sign
FOXP3Treg cells has been noted during SIV and HIV infected individi#aislersson et

al., 2005 Estes et aJ 200§. However, a number of more recent studies reported an
increase in Treg T cell number following HIV infection has also been described in lymph
nodes and duodenal tiss(ig et al., 2011aShaw et al., 20J)las well as a slight elevation

in blood(Kinter et al., D04). ”

Page 322" paragraph

“0a4BT7 cells has been implicated in a number
c hanged BT cells‘have been implicated in a number ofrapeutic and vaccine
strategies”

Page 33Rationale- IMC has been addead abbreviation list

Page 45 2 paragraph —p.i. has been added to the abbreviation list

Page 53 todine, the line does not make sense with the suggested correction.
Units have been corrected on figure legend op2ge 48

The study referred to heweas referring to CCR5 ligands and not the receptor as suggested
by the examiner. This has remained uncorrected.

The colour of the CD4 control in Figure 3pdge 91has been changed in the legend from
grey to purple

External Examiner

1.

The examiner expresss confusion at how the term bottleneck is used in the texas a
result several sentences have been changed to ensure that the meaning of bottleneck refers
to the selection of virus strains and not the infecting strains themselves:

“While it is not cleathow this bottleneck arisegart from an increase in the number of
cells expressing a04pB7 attracted toonpagee geni t ¢
72 lastparagraphas been changed to “While it is not
properties of viruses that establisffeiction, apart from an increase in the number of cells
expressingg 4 Bt t racted to the genital mucosa in res



It is possible that the bottleneck created
ad4pB7 pl ays dsuggestingthat theie smay thésateetive advantage for HIV to

bind to a4pB7” has changed to “1t i s possi bl
determines how great a rsodgestingitdaftierepnbyabe s d ur i n
selective advantagefo HI V 't o bRagetd pdaragrapnd 7 . "

“Coll ectively, this datoad Hi\gppthopenssisandthdt t her e
the interaction is selected for during transmission by a number of bottlenecks, one of which

i s the pr esse ncchea nogbedBvety ahig/@ata suggests that there is a role

for a4pB7 i n HI'V pathogenesi s and that t he
transmission possibly as a result of a number of factors, one of which appears to be the
presence of BY. ade 81

Was t her e any depengeace an the fature df h@ bottleneck?

As the examiner points out, this study only looked at cases where successful transmission
has occurred. Of the viruses that have successfully established infection, there ar
differences imx 4 i&pendence. These differences are associated with the padictlgr7
binding motifs, the presence of BV at the time of transmission and the cytokine
environment . I don’ t believe that tthise findin
guestion. The fact that T/F viruses appear to have a higher dependemct [@ar viral
replication as compared to viruses isolated from the first year of infection suggests that
o 4 [M&pendence may have an impact on the bottleneck. However sbipadsible, and

more likely in my opinion, that other correlative factors are the cause obi the3 7
dependence and not that tke4 Bdépendence is the cause of the bottleneck. 3 7
dependence appears to be a selective advantage because it does allapidfor r
dissemination throughout the body amd [is7present on many different cell types, but
based on the evidence shown in this study, these outcomes are likely to be an effect of
random factors. As the examiner points out, many people do believe tisahigaion is a
stochastic process and as the body of work here suggedt§isimost certainly not the
determining factor for transmission to occur.

The term Mann-Whitney t test is confusing

This was addressed in comments from the internal examinef, seeat i st i cs” . Wh e
term MannWhitney t test has been used in the text, it has been replaced with Mann

Whitney test as this test should not be referred to as a t test.

Also it seems that in some instances where this test is used, it should be arualct
parametric studentbés t test.

Al | statistics have been reassessed and col
comments from the internal examiner.

CD4 decline analysis and Figure 2.11 and Figure 2.14 -smalysis with repeated
measure statistics

This has been done as specified previously in the internal examiner comments under
statistics

With respect t o t hlependddee redudt likélytaresult inimsre it b 7

homing or more gut CD4 depletion? Is this the difference in CD4 decline eause or

effect?

This corelation may also reflect that vivoat time points post infection where viruses that

have high o4pf7 dependence are dominant syste
capacity to home to the GALT diminishing their preseirtehe blood. CD4 counts
undertaken in the gut may reveal a positive
viruses. These data were not available for analysis. It is likelythisgssociations an



effect of a4B7 dependdependence isarottthe causehof ntasse ar | vy
CD4 depletion over the course of infection. This explanation has been addeaber67
first paragraph.

The word data should always be plural
Instances where data was not plural has been corrected.
page 71 last paragh

page 77 second paragraph

page 78 last paragraph

page 80 paragraph 1

page 81

Figure B2 legend

Abstract last page

page 37 paragraph 1

page 38 paragraph 2

page 66 paragraph 1

page 67 paragraph 1

How many of the U4b7 change sutralising antbodyme coul c
escape? Are these likely to be AU4b7 escape?
well explained.

While this an important question to answer, this is beyond the scope of this project and is

likely to be the subject of further studie our laboratory. As neutralising antibody escape

is evident in the V2 region of gp120 (the regionwil i ¢ h  @rds@ni), itis plausible

that some differencesi o ddgpehdence may be as a result of escape. The V2/V3 region

is often referredtodsei ng t he shield for HIV's inner corl
target of antibodies. This hypothesis cannot be corroborated however by the correlation as

shown in Figure 2.20. This result simply shows that viruselated at transmission from

indi vi dual s that go on to develop BCN anti bo
replicate.As a result of broadly neutralising antibodies only appearing on average two

years after infection and a difference only noted at the stage of transmission Jikal/un

that this is as a result of broadly neutralisation pressure. What does cause the difference is

not known as very little is known about differences between BCN andB@bh

individuals. This would need to be explored further but does suggest thaind®Nuals

have fundamentally different pressures at transmission that result in viruses that have a
decreasedl e pendence on a4pB7 for replication. |t
pressures so we can improve #ieitation of effective BCN antibodiein individuals.

This additional point has been included in the last paragrapagsf 68.

In few places there areoo many concepts packed into 1 paragraph
The one paragrapbn page 65has been split into separate paragraphs and additional
explanatiorhas been added to the paragraph on page 68.

. Were Mg and Ca++ used in buffers? This should insure integrins are in their

activated forms.

Yes, all physiological buffers used in this study contained Mg and Ca++, however were not
included during the proce®f flow cytometric staining as they were found to interfere with
staining and decrease the viability of the cells.

The examiner expresses concern that the anal
emphasised in the text and should be bought to therifront in a publication.

The examiner’s comment has been noted and in
rectified as were have found additional evidence for this.



9.

10.

11.

12.

13.

14.

15.

16.

I s one hypothesis from this study hoat HIV w
required?
This has been addressed in point 1 above and also added in the conclusion on.page 110

Il s there any relation between viral fitness &
This question is a very significant one, but no assays were done in this studyuatelyeq
assess this question. This is likely to be done in future studies.

The examiner expresses concern about the effect of stimulation and culture conditions
when investigating Treg and Th17 HIV infection.

This concern has already been addressed imtimal examiner comments, however an
additional statement of this pitfall has been included for claritpage 109.

In Figure 3.3.2 what are the other subsets?

This was not investigated as we were only concerned with Thl7 and Treg subsets. It is
likely there will be varying proportions of Thl and Th2 subsets but this would have had to
be done with a different staining panel as the panel used for Th17 and Treg phenotyping
contained the maximum number of colours for flow cytometry.

For CD25, were thehighest 2% gated for each individual?
Yes, this was done in order to uphold the definition of what cells were CD25 high

Do you think HIV drives expansion of the Treg phenotype?

While this has been suggested by other studies, it is also possible thatd semply more
resistant to depletion by HIV infection. | think it also depends what tissue is being
considered as completely different patterns have been noted for blood as compared to
lymph, GALT or genital tissue.

How do your methods compare to Paish, Nawaz and Etemad giva the differences

in your data?

Parrish and colleagues did not take signalling of the integrin into consideration and did not
titrate the inhibitory mAb Actl, but rather worked with what was a saturating
concentration used intiling assays. In addition, they used unmatched IMCs as compared

to matched longitudinal IECs, a different virus expression system. Nawaz used a very
limited pairing of viruses (3) to investigate the role of glycans and these were mutated to
exclude glycansvhile this study uses 60 viruses occuring in natural HIV infection. In the
pair of viruses that are common to both studies, the same dependences were observed
(CAP 88 T/F and 12m viruses) with T/F having a higher binding tb 2§ compared to

the 12 mort virus. This, despite the fact that the Nawaz study used monomeric gp120
while our study used replicative viruSontrary to observations by Nawaz and colleagues,
the effect of a4B7 on replication has been
glycosylaed V1/V2 loops in matched early-@lmonths) and chronic (ranging between 24

47 months) viruses from eightdividuals Although intriguing, these daftaom Etemad

and colleaguegeneralise early viral time points, do not consider T/F viruses and defined
chronic viruses at differeritme points across individuals and are only subtype A where as
this study is subtype C only.

Do Treg and Th 1&xpréssion ehange omen tte chudsé of HIV infection

in the donors where yo@ | ooked at U4b7 depenc
This hashot been assessed in this study, as only healthy donors were assessed for Th17 and

Treg expresssion and then assessed following HIV infeaiioiiro. This would be a very

interesting question and is planned for further study.
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