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ABSTRACT

Background

The mechanism of CD4 -cell decline in Human Immunodeficiency Virus-1I¥H1) infection

is unclear, but the association with plasma HIV-liARoad suggests viral replication is
involved. Viraemic controller patients with low Y1 RNA-loads (<2000 copies/ml) typically
maintain good CD4T-cell counts (>450 CD4T-cells/mn). However, within a cohort of 86
viraemic controllers, a subgroup (18 ‘discord colhgrs’) was identified with low CD4T-cell
counts (<450 CD% T-cells/mni) which present clinical uncertainty. The undetyi
mechanism accounting for CDZ-cell decline in the face of low or undetectaliky/-1 RNA-
loads is unknown. The objective of the work ddsediin this thesis was to investigate the
virological and host immune system dynamics in alidccontrollers compared with typical

controllers.

Method

Epidemiological features, HIV-1 subtype, cellulaniVHL DNA-load, T-cell populations
(CD4'/CDS8' naive/ central-memory/ effector-memory subsets4&8RA/RO + CD62L) and T-
cell activation markers (CD38, HLA-DR) were examini®r discord controllers and typical
controllers as well as progressors with HIV-1 RNo&d >10000 copies/ml, <450 CDZ-

cells/mnd.

Results

Discord controllers and typical controllers wermitar, based on epidemiological features and
viral subtype distribution. They resembled progogs, showing high HIV-1 DNA-load,
depletion of naive CD4T-cells and higher activation in all CDZ-cell subsets. However, the
CD8" T-cell compartment in discord controllers was $amito typical controllers with

preserved naive CDg -cells and low level CD8T-cells activation.

Conclusion

The data presented in this thesis is consistenih witrelationship between CD4T-cell
activation, HIV-1 DNA-load and disease progresdiom not HIV-1 RNA-load. This suggests
that in viraemic controllers, HIV-1 DNA-load may lebetter marker of viral replication and
disease progression than HIV-1 RNA-load. Furtheemdow level CD8 T-cell activation
correlate with low plasma HIV-1 RNA-load but nottiwHIV-1 DNA-load.
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Human Immunodeficiency Virus (HIV) infection, theause of AIDS (Acquired Immune
Deficiency Syndrome), continues to be one of thetrs@nificant infectious diseases globally.
An estimated 34 million people worldwide were thbutp have been living with HIV infection
at the end of 2010 [1]. The advent of antiretralvireatment (ART) has reduced the rate of
AIDS related deaths [2, 3]. However, access toagheis not universal and despite huge strides
having been made in understanding the basic biobdgle virus, progress is slow in terms of
finding curative treatments or an effective vacddie Therefore, it is clear that HIV infection

will continue to be a significant public health pkem for many years to come.

Ever since HIV-1 was first discovered, the reasdms its epidemic spread and severe
pathogenicity have been studied intensively. Hera summary of what is currently known
about the virus with a focus on pathogenesis, ahhistory and clinical monitoring of disease.
In addition, a group of patients termed ‘viraemanirollers’ are described who are infected

with the virus, but in whom only low levels of thigus are found in blood.

1.1 Origin and Classification of HIV-1

In 1983, when Montagnier and colleagues at the eBadhstitute first isolated the virus
responsible for the AIDS epidemic, one of the fiesttures noted about the virus was its reverse
transcriptase (RT) activity [5]. This property gda the new agent in the famiRetroviridae.

The subsequent cloning and sequencing, revealegehetic organisation of the virus, further
placed it in the lentivirus genus, with close hoogyl to non-human primate lentiviruses [6].
As the name suggest®ti - Latin for slow), lentivirus infection gives rige a chronic course

of disease with a long asymptomatic period.

Two types of HIV have since been described: tygdlV-1) and type 2 (HIV-2). HIV-2 is less
virulent, has lower transmission rates and has iredageographically limited to West Africa,
with the highest prevalence rates in Guinea-BissalSenegal [7]. HIV-1 is sub divided into
three distinct lineages: groups M (major), O (aujliand N (non-M, non-O) [8]. It has been
observed that various species of wild primatesfiicA frequently harbour distinct lentiviruses
(Simian Immunodeficiency Viruses, SIV) includingrisfan green monkeys, sooty mangabeys,
mandrills, sykes, chimpanzees and gorillas [9].V 8ifection of these African nonhuman
primates is often referred to as ‘natural infectias it is thought to represent an ancient virus
that has evolved with its primate host and doesypitally give rise to disease [10]. Genetic
analysis of HIV with SIV led to the current belibfat HIV-1 and HIV-2 represent at least three
separate transfers of SIV from nonhuman primatdg. [1A phylogenetic tree of HIV and

various SIV is shown in Figure 1.1, together withdescription of these transfers. More
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recently a fourth subgroup of HIV-1, called groupws detected in two patients originally
from the Cameroon [12, 13]. Like HIV-1 group O, i# thought to originate from an

independent transmission of SIV from gorillas [12].

Group M HIV-1 is further subdivided into subtypeasctades lettered A-D, F-H, J and K on the
basis of phylogenetic analysis of the gene encotliegnvelope glycoproteinen{). The gene
and protein sequences within a subtype are moselgloelated to one another than to the genes
and proteins from other subtypes. Subtypes A aaceFlivided into sub-subtypes Al1-A4, and
F1 and F2, respectively, since each set of subsabtis more closely related to each other
than to other subtypes [14, 15]. Subtypes B aratddalso more closely related to each other
than to other subtypes, but continue to be namesuel to retain consistency with earlier
published work [14]. This categorisation of HIVidto genetic subtypes based on viral

sequencing is a powerful epidemiological tool withich to evaluate the HIV-1 epidemic.

This thesis, including the rest of Chapter 1, Waltus on HIV-1 and will only refer to ‘HIV’
generally if the paper being cited has not spetifidich type.

Infection with differing HIV-1 isolates in an inddual has been documented in small
populations of high-risk individuals [16, 17]. Aduch cases were once thought to be the result
of exposure to different isolates more or less Hemeously, before the immune response had
matured. However, it is now thought that ‘supexition’ also occurs as a result of infection
with the second isolate some time after infectigthvhe initial isolate. This highlights the
insufficiency of the immune response to the fisslate in protecting against superinfection [17,
18].

13
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Figure 1.1 Phylogenetic relationship of primatedntiviruses. Figure taken from Kuikegt

al. [19]. Alignment ofpol gene sequences of HIV-1, HIV-2 and SIV isolajas; sequences
were used as they are relatively conserved amdaggbtiruses even when other regions of th
genome differ widely. Within HIV-1, the subtypesdroup M are phylogenetically equidistan
from one another. HIV-1 group M and N are phylagierally similar to SIV which infects
central chimpanzeePan troglodytes troglodytes (SIV CPZP.t.t.) [20]. HIV-1 group O,which

is phylogenetically closely related but distinatrfr these groups, has been found to be rela
to Gorilla SIV [21]. Each of these appear distifcom SIV CPZ Pan troglodytes
schweinfurthii (SIV CPZP.t.s). HIV-2 is related to SIV which infects sooty mabggs,
Cercocebus atys atys (SIV MM) [22]. These isolates are phylogenetigalistinct from other
SIV isolates including those which infect the At green monkey (SIV AGM), sykes (SIV
SKS) and mandrills (SIV MND).
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In addition to the HIV-1 subtypes described, theme many inter-subtype recombinant isolates,
often restricted to the dually infected individual which they arose. These forms contain
clearly delineated sections from different subtyesl are thought to result from genetic
recombination of viruses of differing subtypes (Ssetion 1.4). If the recombinant virus is
fully sequenced and found in three or more epidiagioally unlinked individuals it can be
classified as a circulating recombinant form (CRigplates are referred to as unique
recombinant forms (URFs) if these criteria are met. The CRFs are labelled with numbers
instead of letters, in the order in which they wigrgt described, followed by letters indicating
the subtypes involved. They must share an iddmmcessaic structure, i.e. they descend from
the same recombination events [8]. For examplds@RAE was the first fully described CRF
and found to contain components of subtype A araltBough no ‘pure’ full-length genome has
been found for subtype E [8]. There are now moes th0 CRFs worldwide [23]. If three or
more subtypes are found to make up a recombinam, fthe isolate is designated as ‘cpx’

rather than a list of subtypes involved.

1.1.1 HIV-1Genomic Diversity

The HIV-1 genome is extraordinarily diverse. Géangariation within a subtype is around 8-
17%, whereas variation between subtypes is usti@hg5% depending on which region of the
genome is examined [24]. The greatest variabiltguos in the region of the genome which
encodes the envelope glycoprotein 120 (gp120) $smtion 1.3) [25]. Even within a single
infected individual huge heterogeneity is obserweith this range of isolates being referred to
as the ‘quasispecies’. Incredibly, the genetiediity of the HIV-1 quasispecies in an infected
individual at the late stages of disease is conipar the global annual genetic variation of
the influenza virus [25]. This is particularly pusing since most infections are thought to arise
from a single ‘founder’ virus [26, 27]. This gemeheterogeneity results from the rapid
replication kinetics of HIV-1, mutations during &irreplication, viral genomic recombination
(see Section 1.4) and immune selection pressuees§ection 1.7) [28, 29]. Such diversity
allows for selection of variants which readily ggeacontrol by host immune responses and
ART, and accounts for much of the difficulty in eawe development and in developing

therapies against HIV-1.

There is some evidence that genetic variation betveeibtypes or CRFs may result in differing
viral properties, such as cellular tropism, kingtif viral replication or differences in viral
pathogenesis. For example, Kaekal. found that female sex workers in Senegal infeetit

a non-A subtype were eight times more likely toaleg AIDS than were those infected with

subtype A over the study period, suggesting possilecreased pathogenicity of subtype A
15



[30]. Anincreased pathogenicity of subtype Dase$ has been reported by several groups [31-
33]. Infection with subtype CRFO01_AE virus, commoseen in Thailand, has been reported to
cause more rapid progression and shorter mediaivalthan that which is described in ART-
naive individuals in high income countries wherbeotsubtypes predominate [34, 35]. The
differing immunological status of the populationTihailand may account for these differences
rather than viral subtype [35]. It has also bebseoved that certain subtypes or CRFs are
associated with specific modes of transmission; [8se observations will be discussed in the

next Section.

1.2 HIV-1 Epidemiology

1.2.1 HIV-1Risk Factorsand Transmission

The AIDS epidemic was first identified in the Undt&tates within the men having sex with
men (MSM) risk group, in men and boys with haembghéxposed to contaminated clotting
factors, in recipients of blood transfusions andintravenous drug users (IVDU) [37].
Transmission as a result of exposure to contamdnaiteod products has virtually disappeared
with the introduction of screening assays. Forngda, current blood transfusion screening
assays mean the risk of transfusion-transmitted idI¥stimated to be 1 case per 1.5 million
transfusions [38]. However, the epidemic has sgrevn at an alarming rate with the major
risk factors being heterosexual and homosexualrdaotese, vertical transmission and
intravenous drug use. Heterosexual intercourdbasprimary mode of transmission in sub-
Saharan Africa, although infections in MSM and IV@té starting to be seen [39]. In Asia, the
epidemic had long been concentrated in high righutagions, including IVDU, sex workers
and their clients and MSM. However, transmissismow increasingly seen in lower risk
populations, with heterosexual transmission nowdpghe predominant mode of spread in Asia
[40]. Mode of transmission varies across Eurofib 40% of transmission occurring in MSM
in Western Europe, 29% due to heterosexual sexalyd% in IVDU. In Central Europe these
figures are 30%, 40% and 13% respectively. IndtasEurope 42% of new infections result
from transmission due to heterosexual sex, onl¢0adnongst MSM, and 57% in IVDU [41].
In Europe overall, the number of HIV reports amd§M increased by 39% between 2003
and 2007 [42]. A large proportion of new diagnoseEurope which were due to heterosexual
transmission acquired the infection in a countryhwa generalised epidemic (mostly sub-
Saharan Africa, the Caribbean, and Asia) [42].
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All studies show that unprotected anal intercoussenore risky than vaginal sex and that
receptive sex is riskier than active sex [43]. tAdy of African HIV-1 serodiscordant couples
(infected partner not treated) showed the unadjysée-act transmission rate to be 0.0019% for
male-to-female transmission and 0.0010% for feradenale transmission during heterosexual
intercourse [44]. The risk of transmission in m@oee anal intercourse appears to bear the
highest risk with per-act transmission rates o#0.3.0% [43]. The fragility of rectal muscoa
compared with the female genital tract may accdanthis. It seems that the stage of the
disease in the infected partner is important, at tHIV-1 transmission per heterosexual coital
act follows a U-shaped curve, being highest dunmmgnary infection, lower during the
asymptomatic phase, and increasing with advanasegpde [45]. This may be due to differing
amounts of the virus in the blood over the courkenarease, which is usually measured as
plasma viral ribonucleic acid (RNA)-load. Inde&@éch log, increase in viral RNA-load has
been shown to increase the per-act risk of trarsamsby 2.9-fold (95% confidence interval,
2.2-3.8) [44]. Other factors influence transmissrates via the various modes; for example,
heterosexual sexual transmission rates in low-irc@ountries are thought to be four to ten
times higher due to as yet undetermined reasorjs [Blée presence of genital herpes simplex
virus (HSV)-2 infection has been shown to be a fator for HIV acquisition [47], as has
active syphilis [48] and gonorrhea [49] amongsteotiexually transmitted infections (STI).
Such STI have been shown to facilitate HIV transinis by increasing both infectivity [50]
and susceptibility to infection [45]. STls whichuse genital ulceration are thought to increase
transmission as a result of disturbing the intggoit the genital mucosa [51]. Pregnancy also

appears to be associated with increased male @danansmission of HIV [52].

Mother-to-child transmission of HIV, which can occuduring pregnancy, delivery or
breastfeeding, accounts for the vast majority oW Hihfection in children worldwide [1].
Current prevention strategies, widely employedexedoped countries (see Section 1.8), reduce
mother-to-child transmission from around 25% tdoas as 1% [53]. However, huge numbers
of children continue to be infected in sub-Sahakfica; UNAIDS (the Joint United Nations
Programme on HIV/AIDS) estimate 330000 (190000 900®) were infected in 2009 alone
[54].

Subtype B isolates appear to be spread mostly Inyobexual contact and in VDU, while
subtype C and CRF01_AE are more closely associgtacheterosexual contact. Some studies
have found decreased perinatal transmission ofygabld compared with other subtypes [55,
56], whereas yet other studies have found no diffee [57, 58] or high rates of subtype C
transmission compared with subtypes A or D [59]hds been shown that subtype C gives rise
to high viral RNA-load and higher levels of vagirsledding than subtype A or D [57]. This
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may be related to the fact subtype C viruses hanee=tNKB sites in comparison to one or two
in other subtypes [60]; during immune activatidmede sites make HIV-1 more responsive to
cytokines such as tissue necrosis factor (Ttlfyat enhance virus production. The high viral
RNA-load and vaginal shedding has been proposds tthe reason for the particularly rapid
epidemic spread of subtype C HIV-1, although ofhetors co-existing in populations affected

by this subtype may alternatively account for &pgid spread.

1.2.2 HIV-1Prevalence and I ncidence

UNAIDS estimate that at the end of 2010 34 millipeople were living with HIV worldwide
[1]. Sub-Saharan Africa is by far the region maffected by HIV with 68% of all people
infected with HIV worldwide living here; prevalenés estimated to be approximately 5%.
Prevalence is similar in East Africa, whilst in Wasd Central Africa prevalence is lower at
around 2% or under. The Caribbean bears the sdighdst prevalence of HIV at 0.9%. Latin
America is also seriously affected with a lower btill significant prevalence of 0.4%. In
South and South-East Asia prevalence is low, 0.83mpared with Africa, but the region’s
significant total population means that a huge nema people are living with HIV. Generally,
prevalence in the Middle East and North Africahsught to be low; however, reliable data in
some of these regions is not available. In Eadteinope and Central Asia prevalence is 0.9%,
in Western and Central Europe it is 0.2% and inttNémerica 0.6% [1].

There were an estimated 2.7 million new HIV infens in 2010with 1.9 million of these
occurring in sub-Saharan Africa [1]Fortunately,gains appear to be being made as new
infections are thought to own 21% overall from the peak of the global epigeim 1997,
with incidence falling in 33 countries includingose in sub-Saharan Africa, the Caribbean and
Asia. Yet UNAIDS report thabetween 2001 and 2010, there has been a 250% seciredhe
total number of HIV infections reported in East&urope and Central Asia, of which 90% are
accounted for by the Russian Federation and thaibkr This increase appears to be due to
infections in IVDU and as a result of heterosexwrahsmission. The incidence in North
America, Western and Central Europe has overajlestastatic since 2004 despite the high

standards of health care in these regions and ateddRT [1].
In the United Kingdom, the Health Protection Agemeports a year on year decline in new

HIV infections with an estimated 6150 new diagndse®011 compared with the peak of 7824

in 2005 [61]. This represents a decreasing incideriénfection in heterosexual individuals but
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an increasing incidence amongst MSM. About 44%eafple newly infected with HIV in 2007
in the U.K. had acquired it abroad, mainly in suth&an Africa [62].

1.2.3 Global digtribution of HIV-1 Subtypes

Whilst groups N and O have remained confined ta parWest Central Africa (Gabon,
Cameroon and Equatorial Guinea), group M is redptandor the worldwide pandemic,
representing more than 95% of global virus isolatéke global distribution of each group M
subtype and CRF has its own distinct geographiepat Worldwide 48% of infections are due
to subtype C, 12% subtype A, 11% subtype B, 8% CRRG, 5% CRFO01_AE, 5% subtype G
and 2% subtype D [24]. Here is a summary of tredpminant subtypes / CRFs (see also
Figure 1.2) [24] :

* Subtype C is almost the exclusive subtype caudiegedpidemic in South Africa,
Ethiopia and India, but is also circulating in EAfica, South and South-East Asia.

e Subtype A is the dominant subtype in East Africd @ also widespread in Eastern
Europe and Central Asia. It is also found in Wastl Central Africa and South and
South-East Asia.

e Subtype B dominates in North America, the Caribbeatin America, Western and
Central Europe and Australia. It also circulate®Nbrth Africa, South and South-East
Asia, Eastern Europe and Central Asia.

e CRF02_AG is a complex mosaic of subtype A and Quereces and circulates widely
in West Africa and to a lesser extent in Centratioaf, the Middle East and North
Africa.

* CRFO1_AE is found mostly in South and South-EasaABast Asia and to a lesser
extent in Central Africa.

e Subtype G is seen mostly in West and Central Africa

e Subtype D causes a large number of infections 8t &ad Central Africa, where it has

been co-circulating with subtypes A and C[24].

As mentioned, in Western and Central Europe subB/pedominant; however, other subtypes
are increasing in prevalence [63]. Indeed, allanaubtypes and many CRFs and URFs are
detected. Inthe U.K. 74.9% of isolates which hawdergone sequence analysis are subtype B,
10.0% are subtype C, 6.4% are subtype A and 1.8/saibtype CRF02_AG together with
many other less frequent subtypes [64]. This appeareflect the high proportion of HIV-1

infected individuals in the U.K. who are MSM sing®wst men are infected with subtype B
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virus, although the proportion infected with norstibtypes is increasing [65]. In contrast, data
from England and Wales show that subtype C wasibet prevalent subtype amongst infected
heterosexuals [66]. London is a particular meltimgt with the above mentioned strains

represented, together with subtypes F, G, H CRAD§ €RF11 cpx, CRF12 BF, CRF14 BG
and many other CRFs and URFs [67].

Western Europe

Eastern Europe

North and Central America A,
South and South-
West Africa India East Asia
i East Africa
Canbaan CRFO2:AG | "7 C  CRFO1_AE,A,
G 7

Central Africa

. Very varied
South America

C Sub-Saharan Africa

e Australia

Figure 1.2 Geographical distribution of HIV-1 suldypes. Genetic forms predominant in an
area are shown in letters of larger size. The gstativersity is found in Central Africa where
all subtypes and many CRFs and URFs are represeDegd taken from Hemelaatral. [24].
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1.3 HIV-1 Genomic Organisation and Structure

The organisation of the HIV-1 genome together witikoded proteins are shown in Figure 1.3.

vl fvpd
[ tat |————tat]
[ gag ] N [red—Arev]

protease cleaves
“ gag-pol protease cleaves env
S;cg%%sljp?oetz\i/r?: polyprotein p160 polyprotein gp160
p55
Enzymes

Structural Surface :

Proteins glycoproteins
Reverse
transcriptase
(p66/p51)

Integrase (p32)

v

Matrix protein (p17

Lipid
Capsid protein (p24 bilayer

Single stranded RNA
Nucleocapsid protein surrounded by
(p6 and p7) Nucleocapsid proteins

Figure 1.3 Genomic organisation and viral structee of HIV-1. Adapted from [68]. This

figure is schematic and simplified for clarity.
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The HIV-1 virion has a diameter of 100-120nm wighherical morphology and is surrounded
by a lipoprotein membrane. The envelope glycojmotgp), Env, is integrated into this
membrane and is composed of a trimer of the extdgpl20) and transmembrane (gp41)
subunits [69]. The matrix protein pl7 is anchotedthe internal face of the lipoprotein
membrane. Inside this is a conical shaped cagsichfosed of protein p24) which contains
two genomic single-stranded positive sense RNAndgadiploid genome), each around 9.7
kilobases and tightly bound to the nucleocapsidgims p6 and p7, and the viral enzymes [70,
71].

As with other retroviruses, the HIV-1 genome encotteee main genegag (group-specific
antigen),pol (polymerase)and env (envelope) arranged as 5’ LTdg&g-pol-env-LTR 3'. The
LTR (long terminal repeat) regions represent the amd parts of the viral genome that are
connected to the deoxyribonucleic acid (DNA) of tiest cell after integration (see the next
Section) and do not encode for any viral proteib3R has a transcription-promoter function
and contains regions important in reverse trangerip72] and genomic RNA dimerisation
(non-covalent joining of the two RNA strands) [73T.he genomic organisation of HIV-1 is
extremely efficient, employing all three readingrfres and multiple splicing to encode 15

proteins from a single mRNA [74].

The env gene codes for the polyprotein gpl60 which submetiy) undergoes proteolytic
cleavage to form gp120 and gp4l. Tag gene codes for the gag polyprotein (p55) which is
cleaved to form the structural proteins pl7, p&Blapd p7. A gag-pol polyprotein (p160) is
cleaved to form the enzymes reverse transcripR$edomposed of two subunits p66 and p51),
integrase (p32) and protease (pl1). In additio®/-Hencodes regulatory proteins ‘trans-
activator of transcription’ (Tat) and ‘regulator e@frion expression’ (Rev) and accessory
proteins ‘negative regulatory factor’ (Nef), viiafectivity factor (Vif), ‘viral proteinR’ (Vpr)
and ‘viral proteinU’ (Vpu) [74].
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1.4 HIV-1 Life Cycle

The HIV-1 life cycle is shown in Figure 1.4.
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Figure 1.4 Life cycle of HIV-1.
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HIV-1 cell entryrequires cognate recognition of gp120 with the sefface CD4 molecule on
the surface of T-cells, monocytes, macrophages damdiritic cells. A co-receptor is also
required for attachment to cells and most virussas ane of two co-receptors, C-C chemokine
receptor type 5 (CCR5) or C-X-C chemokine recepipe 4 (CXCR4) [75, 76]. CCR5 and
CXCR4 are chemokine receptors involved in regugatime inflammatory response. As such,
the expression patterns of CD4 and the co-recegomajor determinants of HIV-1 tropism.
Based on this tropism, HIV-1 strains can be broaihded into two categories, those using the
CCRS5 co-receptor (R5 viruses) and those which liseCXCR4 co-receptor (X4 viruses); also
some isolates may use either [77]. CXCRA4 is peefitally expressed on naive, unactivated T-
cells, whereas CCR5 is expressed on the activdtecka memory T-cell subset, and also on
cells of the dendritic cell and macrophage lineagk. large number of other chemokine
receptors such as CCR3 can also act as a primasgaandary attachment sites but are not

commonly involved in infection [78].

After binding CD4 there is a significant confornuattél change in gp120 which in turn leads to
conformational changes in gp41, resulting in fudietween the viral and cellular membranes

and release of the viral capsid into the cell cigsm [69].

Subsequently, a preintegration complex (PIC) isnfett, which is a nucleoprotein complex of
viral proteins (including Vprpl7 and integrase), host proteins and the two strafdsral
RNA [79]. Within the HIV-1 PIC, viral RNA is reveestranscribed into complementary double-
stranded DNA (dsDNA) by the viral RT (also referréml as the RNA-dependent DNA
polymerase). The viral RT is particularly erroope leading to frequent mutations and thus

contributing to the generation of the viral quasigps [80].

A single susceptible cell may be infected with teifferent HIV-1 isolates (different subtypes
in a dually infected individual, or differing quapecies). Some progeny virions released by the
cell will contain two viral RNA strands which aretndentical (from each isolate), referred to
as a heterozygous virus. When the heterozygouss vinfects a new cell, retroviral
recombination occurs when the RT enzyme switchesdan these co-packaged RNAs during
reverse transcription (‘template switching’) [81]Retroviral recombination thereby enables
beneficial mutations from different viruses to lambined in a single virion and deleterious

mutations may effectively be lost.

The PIC carrying the newly synthesised HIV-1 dsDéi#ers the nucleus. The viral integrase
catalyses the integration of the viral dsDNA irtte tost cell genome; the integrated viral DNA

is referred to as the ‘provirus’. The site was eticought to be entirely random [82], but
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further studies suggest integration may be atrastr@ptionally active area of the chromosome
[83, 84]. Integration at such a site might be intgat for efficient transcription from the viral
genome. Other studies have been able to link ritegiiation site with viral RNA-load; in
patients with low viral RNA-load the provirus wasuhd to be integrated predominantly in GC-
rich regions, while in patients with high viral RN#ad the integration of viral genomes was in
GC-poor regions [85]. The provirus is replicatedoart of mitotic cell division and may persist

in this form for long periods and through many rdsiof division.

A number of unintegrated viral dsDNA species as® @enerated and are considered terminal
products of the reverse transcription process whrehunable to sustain replication themselves
[86, 87]. These unintegrated forms are linearimutarised and arise when the viral dsDNA
fails to integrate into the host genome: a 2-LTiRle is formed when the ends of the linear
dsDNA join; a 1-LTR circle may result from homolagorecombination between the two LTRs
in a 2-LTR circle; or dsDNA may remain unintegratedhe linear form [87]. After integration,
cellular transcription factors activate viral getranscription from the provirus, producing
numerous species of mMRNA by multiple splicing [8&bout half of these are estimated to be
full-length RNA which function as mRNA and genonmiRNA for secreted virions. Other

MRNA transcripts encode Tat, Rev, and Nef (seaéxé Section).

Virions emerge from the infected cell by budding iasmature non-infectious particles
containing uncleaved Gag polyproteins [87, 89].g Gaeventually cleaved by the viral protease,
leading to a further assembly stage forming theumeatone-shaped capsid with generation of
mature infectious virus particles. Release of minons often occurs at the site of contact
between an infected and uninfected cell with threnfdion of a ‘virological synapse’ [90]. In
this way virus may spread directly to the uninfdctell, without exposure to the humoral

immune system [91].

1.4.1 HIV-1Regulatory and Accessory Proteins

Tat is a transcriptional transactivator for the Lpmoter which vastly increases the level of
transcription from the provirus. It does this beyenting premature termination of provirus
transcription through binding to the 5' ends ofceas HIV-1 transcripts (the trans-activating
response element, TAR) enabling the productionutiéngth HIV-1 transcripts [92]. Tat is
also actively secreted by infected cells and isoeybsed by uninfected cells. It strongly
increases the expression of HIV-1 co-receptorss thavouring HIV-1 infection of the

uninfected cell, and also modulates the productibimmunoregulatory cytokines, thereby
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contributing to immunosuppression [93]. ExtradeltuTat is also thought to induce T-cell

apoptosis [94].

Rev has been shown to mediate the nuclear expamcompletely spliced RNA transcripts so
that the structural proteins and RNA genome caprbduced [95]. In the absence of tteg
gene, the host RNA splicing machinery in the nuglguickly splices the RNA so that only Rev,

Tat and Nef can be produced.

Nef is a major virulence factor which contributesmaintaining high viral RNA-loads and
CD4" T-cell depletion by inducing Fas-mediated apoptasi uninfected bystander CDZ-
cells [96]. It also leads to endocytosis and dagfian of cell surface molecules such as CD4
and class | human leukocyte antigen (HLA), with tasult that infected cells might evade the
host cell-mediated immune response [88, 97]. Tihetg@ role of Nef is highlighted by the fact
that SIV with deletion in theef gene is attenuated and can serve as a live atéeshuaus

vaccine [98].

Replication in non-dividing cells such as macromsag promoted by Vpr, whereas its role
appears less essential in other target cells [98]also induces cell cycle arrest in G2 and
apoptosis in proliferating cells and so may sigaifitly contribute to CD4T-cell depletion

[100]. The function of Vif and Vpu are coverediie next Section.

1.4.2 Host Restriction Factorswhich Target HIV-1 Replication

Specific host proteins have evolved to limit retravreplication. Apolipoprotein B mRNA-
editing enzyme-catalytic polypeptide-like 3G (APOBXS) and related family members are
potent retroviral restriction factors. They fulctiby deaminating cytidine to uridine resulting
in hypermutated viral DNA with frequent stop coddf@®1]. Vif acts to inhibit APOBEC3G
activity by connecting the enzyme to a polyubiqugocomplex leading to its proteosomal
degradation [102]. Another intracellular factaipartite motif protein 5 alpha (TRIME in
rhesus macaque monkeys has been shown to caudalisgesembly of the viral capid with the
result that reverse transcription is not completad effect is not seen with human TRIM5
[103]. Tetherin, also produced as part of the tem@mune system, exerts antiviral activity by
opposing the release of progeny virions at theaserbf infected cells and is opposed by Vpu

[104]. Further aspects of the innate immune systee discussed in Section 1.7.4.
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1.5 Natural History of HIV-1 Infection
Figure 1.5 summarises the typical natural histéyntreated HIV-1 infection over time.
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Figure 1.5 The natural history of HIV-1 infection. HIV-1 RNA-load, peripheral blood CD4
T-cell count, HIV-1-specific cytotoxic T lymphocyf€TL) and antibody response over time

following primary infection.

1.5.1 AcuteHIV-1 Infection

The most common mode of HIV-1 infection is sexwahsmission through the genital mucosa.
It is likely that the initial infection by HIV-1 amrs in most patients by a single virus and that
these ‘founder’ viruses tend to use the CCR5 as-eceptor [105]. This would explain why
persons who are homozygous for a deletion in CORBR2A32) are relatively resistant to
infection with the usual HIV-1 R5 strains [106].

Much understanding of the early events during HI\hfection has been obtained by the study
of SIV infection of rhesus macaque monkeys, sinaedapitulates the pathogenic effects of
HIV-1 infection of humans [107]. Some such studsgygest that immunophenotypically
resting CD4 T-cells in the genital mucosa are the predomiraait type infected during

heterosexual transmission, rather than activatdd as had been believed [108]. Dendritic
cells also appear to play a role whereby they captliV-1 at the mucosal surface via C-type
lectins, and then traffic the virus to lymph no@esl present it there to activated T-cells [109].

The virus is then thought to remain localised inig#/rectal mucosa and draining lymph nodes
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for around 10 days [110]. Immune activation inpasse to the infection leads to more
activated CD2 T-cells, in which efficiency of virus productiors igreater, thus enhancing
dissemination of infection [111, 112]. Virus thgpreads via the blood to other lymphoid tissue
[113]. At these sites it replicates profusely ahd level of free virus in the blood rises
exponentially to reach a peak, often exceedirficdpies/ml 21-28 days after infection [114].
A mononucleosis like syndrome may occur during fitiase [115]. Routine laboratory assays
may detect infection with assays which detectianuinus in the blood becoming positive first,

following by serological tests (se Section 1.6.1).

Studies in acute SIV [108, 116, 117] and HIV-1 atfen [118], suggest that during peak viral
RNA-load there is a profound depletion of CD#cells (particularly effector memory CDZ -

cells) in extra-lymphoid effector sites, particlyamn the Gl (gastrointestinal) tract lamina
propria [108, 118-120]. The Gl tract lamina prags particularly rich in CDLZCR5' effector

memory T-cell targets for infection [121, 122]. &€DT-cell populations in blood and
secondary lymphoid tissues (including the gut-aissed lymphoid tissue, GALT) are not as
dramatically affected at this early stage becau3d4'CCR5 effector memory T-cells are only

minor components of the overall CD#-cell compartment in these sites [118].

Virus levels then fall over several months, rapiatyfirst, until a stable level is reached during
the asymptomatic phase preceding progression t&AHDd can vary among individuals by as
much as 4 to 5 logs [123]. The extremely fastidedh viral RNA-load upon initiation of ART
[124] suggests that the vast majority of this ffeem of the virus in plasma is produced by
recently infected cells. The cellular HIV-1 DNAdd, although not routinely measured, is a
marker of viral replication and has been shownolo¥v a similar downward trend following

acute infection as the viral RNA-load [125].

1.5.2 Chronic HIV-1 Infection

After the acute phase of infection and viral RNAdoset point is achieved, an asymptomatic
phase ensues. During this phase, HIV-1 replicdaogely evades immune control due in part
to the presence of latently infected cells [126HIV-1 latency is defined as either pre-
integration or post-integration latency. Pre-iméggn latency occurs where unintegrated HIV-
1 DNA exists in the PIC in the cytoplasm and decaysr time [127]. Post-integration
latency refers to a state whereby the virus hasgmted into the host genome but is
transcriptionally silent; these cells are typicalyng-lived [128]. The majority of cells
exhibiting post-integration latency are resting memCD4 T-cells [129]. It has been

proposed that latently infected cells result frovH DNA integrating into an activated cell
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which subsequently returns to a resting state [130}wever, numerous alternate mechanisms
have also been proposed including mutations in[Tal], absence of cellular transcription
factors [132], gene regulation by microRNAs [133hda proviral integration into

transcriptionally silent sites [134].

Macrophages are thought to play an important moléliv-1 latency. They are long-lived,
terminally-differentiated tissue-resident cells @hiact to assist in clearance of pathogens and
apoptotic cells, and also have a role in antigesqmtation to T-cells [135]. They express the
required cell surface receptors for HIV-1 infectamd are thought to be the primary non T-cell
reservoir for HIV-1 [136], demonstrating long-livgdoductive HIV-1 infection, often without
obvious cytopathic effects [137]. Mature virus tpdes have been shown to remain trapped
within surface invaginations giving the appearan€en intracellular budding compartment
[138, 139]. It is thought that virus at this sigeprotected from the immune clearance. It has
been proposed that virions could be released fh@set invaginations over extended periods of
time [139]. Furthermore, infected macrophagesthaoeight to provide an ongoing source of
infectious virus which is transmitted to suscegiGiD4 T-cells via a virological synapse [140].
Growing evidence indicates an important role oéatéd macrophages in a variety of HIV-1-

associated diseases, including neurocognitive diésef{141].

During the asymptomatic phase there is a graduasétien of circulating CD4T-cells. It has
been documented that in the blood a fast initialide (5.2 cells/mrper week) of CD4T-
cells is seen over the first 5-6 months, followgdabslower rate of decline (1.9 cells/mper
week) [142]. CDZ T-cells play a central role in the adaptive immuesponse to viral
infections most importantly as they are critical fibe maintenance of effective CTL function
[143], but also through their capacity to help Blscenake antibodies, enhance microbicidal
activity of macrophages and recruit cells from ith@ate immune system through production of
cytokines and chemokines. Therefore the ongoingletion of CD4 T-cells over the
asymptomatic phase eventually results in immundudygsion and the development of AIDS.
AIDS is defined as a CD4T-cell count of <200 cells/miror an AIDS defining opportunistic
infection or neoplasm [144]. The average time fiafaction to symptomatic AIDS is around
10 years [145].

As infection progresses, there is an increasedafgaee of X4 viruses with decreasing CO04

cell count [146]. However, X4 viruses emerge ityabout half of the patients who progress
to AIDS [147]. Given the long interval betweendafion and emergence of X4 variants it is
plausible that their emergence is a consequencaa@indause of disease progression. Indeed,

as mentioned in Section 1.1 subtype D has beemiagst with increased pathogenicity, which
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might result from the fact that phenotypic assaggehshown X4 viruses to be particularly
prevalent in subtype D infection [148, 149], thuggesting this subtype may have a greater
propensity to switch to CXCR4 usage.

1.6 Clinical Management of HIV-1 Infection

1.6.1 Laboratory Diagnosisand Monitoring of HIV-1 Infection

The laboratory diagnosis of HIV-1 infection is ubyamade by detection of virus specific
antibodies by enzyme-linked immunosorbent assagtiefts may be tested based on clinical
suspicion or as part of a screening programme,deigng pregnancy. Antibodies to HIV-1
typically become detectable around 4 weeks aftiection [150]. In addition to antibody, the
British HIV Association (BHIVA) recommends that shinitial assay simultaneously detects
p24 antigen (the capsid protein) as these fourtleigtion assays may be positive 1 - 2 weeks

earlier than antibody only assays [144].

If positive, there is a requirement for the tesbconfirmed with two further assays, one of
which should distinguish HIV-1 from HIV-2. The dijaosis of primary HIV-1 infection before
seroconversion depends on detection of either p24 aetectable viral RNA-load in plasma
(positive approximately seven days before p24 a34a$1]. Several commercial HIV-1 RNA-
load assays are available which are highly autodnaigically using real-time polymerase
chain reaction (PCR) methods [152]. They are ablietect all subtypes within group M HIV-
1 (some also detect group O) [152]. However, teegjc diversity of HIV-1 means that viral
RNA-load is occasionally underestimated using @lsimssay [153]. In particular the Cobas
AmpliPrep/Cobas TagMan HIV-1 assays were shown ridetestimate viral RNA-load in
CRFO02_AG subtype infection [154]. HIV-1 subtype® aisually determined by sequence

alignment and phylogenetic analysis with referesicains.

In the U.K. and other Western countries HIV-1 itif@c is usually diagnosed whilst in the
asymptomatic phase. The duration of this phasariable and therefore the patient requires 3-
6 monthly follow-up visits where blood is taken faral RNA-load and CD% T-cell count
monitoring. There remains some debate regardireftven absolute CD4T-cell count or CD4
T-cell percentage (percentage of lymphocytes that@D4) is a more reliable marker of
immune status in HIV-1 infected individuals. Geadaronsensus and most treatment guidelines
tend to use absolute CDZ%-cell count [144].
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During the clinic visit evidence of opportunistioféctions or neoplasm is determined by
thorough history taking and physical examinatioAssessment is made of any non-AlDS-
defining morbidities including cardiovascular, mmihc, renal and bone diseases. The
presence of commonly co-infecting organisms is rdateed using further blood assays:
toxoplasma, syphilis, hepatitis B and C [144]. dalines suggest that once CD&cell counts
fall below 450 cells/mrhthe patient should be seen more frequently inra@enonitor count

drops to 350 cells/mhwhich would necessitate the initiation of treatirjdis5].
1.6.2 Treatment of HIV-1 Infection

Treatment of HIV-1 with ART has significantly preiged the time to both AIDS development
and death in those infected [156], although sigaiit challenges exist regarding toxicity, drug-
drug interactions and patient compliance. Genethire is agreement that there is benefit in
beginning treatment in asymptomatic patients wi4CT-cell counts below 350 cells/nim
[144]. There is debate regarding whether treatnweihieneficial where the count is 350-450
cells/mn?[157].

Many of the newer potent, once-daily regimens awvev mvell tolerated and make durable
suppression of viral RNA-load achievable for moatignts. To be effective, treatment must
suppress viral RNA-load to below the limits of detien of current standard assays (typically
40 -50 copies/ml) [144].

The targets of commonly used ART agents are revesisscription (nucleotide/nucleoside RT
inhibitors, NRTI, and non-nucleoside RT inhibito’NRTI), protein cleavage (protease
inhibitors), entry (fusion inhibitors) and integat (integrase inhibitors). Examples of these
are shown in Table 1.1. The most important facesponsible for failure of ART is drug
resistance and it is this which continues to dthegeneration of new drugs. The development
of the protease inhibitor, ritonavir, was a pafacly significant advance. It can be used in
combination at low dose to significantly boost phaslevels of other protease inhibitors as it is
a potent inhibitor otytochrome P450 3A43YP3A4), thus avoiding the toxicities of usingit a
therapeutic dose and yet providing a much highendyao failure due to resistance [158]. A
new class of drugs is the CCR5 co-receptor antatgmwhich bind to the CCR5 co-receptor of
the susceptible CD4T-cell, preventing viral entry [159]. A furtherayp, called maturation
inhibitors, specifically inhibit the final stage {Bag processing which causes an infected cell to
produce virions which are non-infectious [160]. ghly active ART (HAART) refers to the
combination of drugs which are typically given @ftthree drugs) since combining in this way

enhances efficacy; common combinations are alsersi Table 1.1 [144].
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Table 1.1 Common anti-retrovirals and HAART combimations.

Drug Group Common drugs within group
Nucleotide/nucleoside RT inhibitors  Abacavir )
Emtricitabine
Zidovudine >
Lamivudine
Tenofovir )
Non-nucleoside RT inhibitors Efavirenz
Nevirapine }
Protease inhibitors Darunavir (boosted with ritdnav
Atazanavir (boosted with ritonavir) }
Fusion inhibitors Enfuvirtide
Integrase inhibitors Raltegravir
CCRS5 antagonists Maraviroc

BHIVA currently recommends HAART containing two reacs(t)ide reverse
transcriptase inhibitor plus one of the following: ritonavir-boosted protease
inhibitor, an NNRTI or an integrase inhibitor [144fhese combinations are shown
with the coloured lines on the right.

New approaches to drug treatment include the inoliechaintenance approach whereby
HAART (induction), may be followed by a maintenarg®ase using one or two drugs [161]
and intermittent therapy [162] but have been shtawlve inferior to continuous HAART.

A sharp decrease in viral RNA-load is usually sgqeitkly after starting treatment, with most
patients achieving undetectable viral RNA-load l®ek 12 to 24 [144]. If this does not happen
concern is usually raised about treatment adherencéral resistance to treatment [163].
Despite this rapid decrease in viral RNA-load, whguggests suppressed viral replication,
some studies have shown tleat sequences continue to evolve suggesting thategln is in
fact ongoing [164]. In keeping with this, someigats with sustained undetectable viral RNA-
load occasionally experience intermittent episcafedetectable viral RNA-load (blips) [165].
Following the suppression of viral RNA-load HIV-INA is also seen to decline [86].

An increase in total peripheral CDZ -cell counts follows the decrease in viral RN/Ado
following ART initiation. An initial increase of %100 cells/mmmay be seen followed by a

more gradual increase [166]. The initial increiasthought to be due to redistribution of CD4
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T-cells from lymphoid tissues into the circulatiff67]. The subsequent gradual increase is
thought to be due to an increased production of @& T-cells [164]. Treatment is also seen
to reduce levels of immune activation which is thiauto be important in disease pathogenesis
(see Section 1.9.1) [166].

1.7 Immune Response to HIV-1 Infection

As with other viral infections, infection with HI\t-elicits both cellular and humoral adaptive

immuneresponses together with the innate immune system.

1.7.1 Cél-Mediated | mmunity

Focusing first on cell-mediated immunity, HIV-spieziT-helper cells (CD4 T-cells) assist
cytotoxic T lymphocytes (CTLs, specialised CDB-cells) to kill HIV-infected cells, which
present viral peptides associated with class | hthdlecules [168]. CTLs are the effector arm
of the cell-mediated immune system for which theémfanction is to detect and destroy cells
infected by intracellular pathogens. CTLs targe¢se pathogens by two main effector
mechanisms: lysis of the target cela Fas—FasL interaction or lysis by the delivery of
granzymes and perforin to the target cell. Of théselatter mechanism is the most rapid and is
usually the most important in anti-viral defenc&§lL. Most HIV-1 infected individuals have
very high numbers of virus-specific CTLs comparathwhe number of antigen-specific CTL
produced during other viral infections [169]; it it completely understood why viral
replication continues in spite of this strong CTdsponse. Nevertheless, HIV-specific CTL
appear to play a crucial part in control of HIV-dsed on several observations. During primary
infection, there is a temporal relationship betwe#¥-1 and the virus-specific CTL response
since these CTL appear in the blood just beforal WNA-load peaks. This population then
expands and contracts as viral RNA-load falls [1¥D]1]. Work with SIV-infected rhesus
macaques demonstrated that during primary infectiinal RNA-load was not controlled in
monkeys depleted of CD8ymphocytes (including T-cells and natural killgdK) cells but
predominantly CTLs) using anti-CD8 monoclonal aotip [172]. Therefore, HIV-specific

CTLs appear crucial in bringing the high level eimngia during primary infection under control.

Whilst in an acute viral infection, the efficienof the CTL response is in general correlated
with the frequency of virus-specific CTL, this askion is less clear for chronic viral
infections [173]. CTL proliferate in response tatigen, so therefore the frequency of CTL
may be both a cause and an effect of the viral RNA-[173, 174]. Indeed, work with SIV-
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infected rhesus macaques shows that in chronictiofe CTL frequency is the cause of low
viral RNA-loads, since depleting these cells durihgonic infection led to a significant rise in
viral RNA-load that was again suppressed when $&t#ic CD8 lymphocytes were
reinstated [172]. However, interpretation of tlaetfthat there is an inverse relationship
between frequency of HIV-specific CTL activity anital RNA-load [175, 176] is more
difficult. Two competing explanations are thatheg CTL frequency leads to control of viral
RNA-load or higher viral RNA-load leads to greatl/-induced immunosuppression leading
to CTL loss. The former rather than the latteregpp to be the case, since when HIV-infected
patients with high viral RNA-load are treated WRRT, thus decreasing viral RNA-load, HIV-
specific CTLs are also seen to decrease [177-1A@lwever, the situation is likely to be more
complicated than this given positive and negatimeatations may be found at the same time in
the same individual between viral RNA-load and C3pecific to different HIV-1 epitopes
[180]. A potential explanation might be that ‘drrv CTL specific to certain epitopes control
the viral replication and hence viral RNA-load, \wes ‘passenger’ CTL specific to other
epitopes proliferate in response to viral antigdtheut themselves having an effect on viral
RNA-load [181].

Further to the size of the CTL pool is the effiagror ‘quality’ of the CTL response. It has
been demonstrated that HIV-specific CDg-cells from viraemic patients are often
dysfunctional. This is demonstrated by low levalperforin expression [182, 183], limitexst
vivo killing capacity [184] and restricted cytokine drmtion [180]. Polyfunctionality of HIV-
specific CD8 T-cells (perform multiple effector functions sirtarieously, including the
secretion of several cytokines and chemokines dk agedegranulation) is associated with
control of viral RNA-load [185]. Furthermore, patis without progressive infection exhibit
increased frequencies of polyfunctional HIV-specificells compared with those with disease
progression [186]. A greater breadth of virus #ge€TL by analysis of their T-cell receptor
(TCR) repertoire has also been shown to be assdciaith better clinical status [187]. In
addition, atigen sensitivity (functional avidity) of epitoppecific CD8 T-cells is associated

with an effective HIV-specific T-cell response [186

CTL determinant selection appears to be importawgbintrol of viral replication. A number of
studies have found a positive association betwesponses targeted to Gag and viral control
[188, 189]. One explanation which has been prapdse this is that changes in the Gag
protein which facilitate viral escape may only actol a certain extent before the associated
change in structural or functional aspects of thetgin leads to a compromise in replicative
fitness [190].
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Further evidence that CTLs have a significant inlengoing containment of the virus comes
from studies demonstrating that they select viseape mutations as early as 30-54 days after
the peak viral RNA-load of acute infection [83, 19nd continue to select mutations
throughout chronic infection [192-194]. Correlatibas been demonstrated between certain
escape mutants and the prevalence of particulanictery class | HLA alleles in different
cohorts [195].

Since viral escape from effective CTL is often assed with a cost in terms of replicative

fitness [190], it could be predicted that specdfiass | HLA alleles would influence the rate of
disease progression. This has indeed been showe the case as class | HLA alleles B57,
B5801 and B27 are associated with slower progregsidAIDS than individuals without these

alleles [196-198].

The CD4 T-helper cell response is essential in maintaimifigctive CD8 T-cell responses to
HIV-1. The ‘help’ provided by the CD4T-cells enables CD8 T-cells to undergo secondary
expansion upon re-stimulation [199]. They are vatiid when they bind a viral epitope
presented on class Il HLA molecules. Upon actbratiney secrete interleukin-2 (IL-2) and
other cytokines that enhance the CTL and humosgdamses [200]. Levels of these cells are
likely to be affected since CD4 -cells are the main target population for HIV-However, the
fact that CD4 T-cell proliferative responses to p24 antigen (battto cytomegalovirus antigen)
in HIV-infected individuals were increased by adisiration of CD40 ligand and IL-12 (both
agents which enhance responsiveness to antigeggstsgthat qualitative differences, rather

than merely depletion, may contribute to unresp@msiss in this compartment [201].

1.7.2 Host-derived Suppression of the CTL Response

As chronic infection ensues, HIV-specific CTLs tyglly begin to lose function [182, 184, 202].
This may be a result of persistent antigenic statoih, leading to chronic immune activation
which can lead to immune exhaustion [203]. Regual-cells (T.) and T helper (Th) 17
cells are two recently described lymphocyte subs#@tsopposing actions which appear critical
to regulation of the CTL response. (glregulate chronic inflammation by suppressing the
activation and proliferation of effector lymphocgtand therefore maintain tolerance to self-
antigens, but may also limit the vigor of the amtimbial immune response [204]. Jare
CD4" T-cells which constitutively express CD25 and CTF#AiIn addition to the transcription
factor Foxp3 [205]. The effect of {4 in HIV-1 infection is unclear since they may aot t
reduce activation (immune activation may drive Hi\pathogenesis, see Section 1.9.1) but

may also limit HIV-specific adaptive responses [ROBlany studies report an expansion of this
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population in the peripheral blood in HIV-1 and Shfection [207, 208] and yet others find a
decrease [209]. The differing methods used totifjethese cells may account for these
conflicting reports. Detection ofcfin lymphoid tissue has been reported to be assutisith
viral RNA-load [209] and disease progression [21@urther evidence for a role in chronic
HIV-1 infection comes from the fact that depletioh CD4'CD25 T-cells from peripheral
blood mononuclear cells (PBMCs) from HIV-1 infectéddnors results in increased virus
specific T-cell responses [211, 212]. Th1l7 celpear to enhance host defences against
infection and consequently appear to drive inflatiome[213]. Further to this, it appears that it
is an imbalance of Jy cells and Th17 cells which drives the pathogenesishronic viral
infections such as hepatitis B [214]. Progresdill¢’-1 infection has been shown to be
associated with a decreased proportion of memody’ Tdells and a reciprocal increase g, T
cells [215].

Several studies have examined the role of progratvaeath 1 (PD-1), an inhibitory molecule
upregulated on T-cells during HIV-1 infection [216%tudies have been conflicting in terms of
whether PD-1 expression (and the associated decé€zi38 proliferative capacity seen) is an
effect of high viral RNA-load [217] or whether ixpression and associated T-cell dysfunction
causes higher viral RNA-load [218]. Recent workgaests PD-1 is not merely a marker of
viral RNA-load and exhaustion, since PD-1 blockadeitro restores HIV-specific T helper

responses [219].

1.7.3 Humoral Immunity

Following primary infection with HIV-1 and the sudzpient development of specific CD#-
cells a HIV-1 specific antibody response is detaletaalthough most of these antibodies are
directed against virion debris [220]. Subsequeatifibodies which bind to epitopes critical to
viral entry are formed; these antibodies are termedtralising antibodies’ (nAb) due to their
ability to block infection of susceptible cells [2 For many years, it was thought that nAbs
played little or no role in control of viral RNA-4a during acute infection as these antibodies
were found to be largely absent during this pef#zP-224]. Studies are likely to have been
hampered by the fact that nAb responses to autofogmuses are difficult to measure because
of the technical challenges associated with thpgregion of autologous virus stocks. However,
subsequent studies show that these antibodiesesatogh within weeks of infection and so may

contribute to early control of viral RNA-load [22526].

Most often the nAb response is highly isolate-dipecii.e. efficient responses against

heterologous isolates are rare. However, in sowligiduals the response matures and becomes
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cross-neutralising, with prevention of infection thiyergent strains (broadly nAbs) [227, 228].
nAbs are typically directed against functionallypiontant receptor and co-receptor binding sites
in the gpl20 subunit, and antibodies against thedemain of gp41l subunit have been
identified. In general, it appears that nAbs diedcagainst gp120 are more potent but not as
broad as nAbs against gp41 [229, 230].

Longitudinal studies show that HIV-1 rapidly escayplee nAb [226, 231, 232], which drives a
continual evolution of envelope proteins. Thisageeis so rapid it is considered to be the
reason many studies show weak or no neutralisatiGrutologous virus by contemporaneous
Abs [225, 226].

The binding of antibody to the virion or infecte@lls may trigger downstream effector
functions through its Fc portion. Effector funetminclude activating the complement cascade
or opsonisation by binding Fc receptors and cai betluce and enhance virus replication

through different mechanisms [233].

The HIV-1 virus employs a wide range of mechanidipsvhich it evades immune antibody
recognition. The Env spikes on the virion surface largely protected through occlusion of
epitopes within the trimeric structure [234], steaind conformational blocking of the receptor

binding sites [235] and extensive glycosylationd2236].

1.7.4 Innate Immunity

NK cells, a central component of the innate immwystem, have been found to play a
significant role in the control of HIV-1 replicahd237-239]. This effect is found to occur as a
result of cell-mediated cytotoxicity as well as ogiolytic suppression of viral replication
through the production of chemokines [240]. Iniadd, HIV-binding antibodies allow NK
cells to mediate antibody-dependent cellular cyicity (ADCC), which probably also
contributes to control of virus [241]. Given thentral role of NK cells in HIV-1 control, it is
not surprising the virus has developed mechanismasaid killing by these cells. For example,
there is evidence for HIV-1 Vpu-mediated down madioh of NTB-A [242], which is

important since NTB-A is a co-activating receptecessary for NK cytolysis.
The result of the interplay between host immun@aase and viral replication during the acute

phase is the establishment of a viral RNA-loadpeétt a few months after infection. This is an

important value since the higher it is the fadterrate of disease progression [243, 244].
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1.8 Prevention of HIV-1 Infection

Education about routes of transmission remainsraemd the prevention of infection and
curbing the epidemic. Numerous other interventimngrevent HIV-1 infection have also been
studied. Mother-to-child transmission may be redufrom around 25% to as low as 1% by
starting the mother on ART during pregnancy, Caasasection, post-exposure prophylaxis
with ART for the neonate when born and avoidancereést-feeding [53]. A body of evidence
has accumulated suggesting male circumcision mae fza protective effect against HIV
acquisition. This observation may be explainedthy large number of HIV-susceptible
dendritic cells in the foreskin [245]. Whilst tlleechanism is not completely understood, it

may be that this becomes part of effective HIV-praion programmes [246].

Other prevention strategies which employ the us@&RT include post-exposure prophylaxis
following needle-stick accidents, where an 81% otida in the risk of infection is seen [247].
Topical antiretrovirals such as tenofovir gel apglito the vaginal vault have been used to
prevent transmission, with one study finding anralte€39% reduction in HIV-1 acquisition
[248]. Trials using polyanionic microbicides hafeled and may even have led to increased
transmission [249]. The use of CCR5 antagonistipigal agents has a particularly strong
rationale, and has been shown in rhesus macaquestaxt against infection with CCR5-using
virus [250]. Pre-exposure prophylaxis with oral RRas been studied in a large randomised
double blind placebo controlled trial using oncealydéenofovir with emtricitabine; a 75%

reduction in HIV-1 transmission in serodiscordagtenosexual couples was observed [251].

It is widely believed the development of an effeetvaccine is the most cost-effective and
globally applicable public health approach to coltitrg the epidemic. The major difficulty in

development is the marked heterogeneity of thes\ji2g6]. Work in nonhuman primate models
have demonstrated the protective effect of nAbg&J2%urthermore, in humans the lack of nAb

response to HIV-1 predisposes to superinfectioB]25

Unfortunately, most vaccine trials have not dematst efficacy [254]. However, one trial
using a prime/boost vaccine (RV144), which induesetibodies which bound but do not
neutralise the virus, demonstrated a modest 31Uctieth in the acquisition of infection [255].
No effect on post-infection viral RNA-load or CD#-cell count was seen in vaccinees who did
acquire the virus. In addition, numerous T-celtaines have been developed which were
hoped to protect from disease progression ratlar ffrom infection itself. As yet these have
been unsuccessful, with one trial which used ambdoant adenoviral vector containing viral

proteins reporting an increased likelihood of asijigin in those receiving the active vaccine
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[256]. This finding highlights the extreme comptgxof immune protection and response to

infection, and the fact that understanding of thes®t yet complete.

1.9 Mechanism of CD24 T-cell Depletion in HIV-1 Infection

The mechanisms leading to progressive decline of'Qicells in HIV-1 infection are still not
yet fully understood. The fact that higher viraNRload appears to predict CD4 -cell
decline and that HIV-1 is cytopathic for T-cells vitro initially suggested that progressive
decline of these celis vivo may be due to the direct effects of ongoing inéecof these cells
(over and above supply of new cells from the thymublowever, subsequent studies have
shown that during chronic HIV-1 infection more CDR-cells die than can be accounted for by
direct infection [257] and an increased death imt@bserved even in non-target cells, such as
CD8" T-cells [258], suggesting an alternate mechanisurthermore, it appears that the extent
of viral replication as measured by viral RNA-loagy explain less than half of the variability
in the rates of CD4T-cell decline [259, 260]. Consequently, deathuninfected bystander
cells via apoptosis has been proposed to play armalg in CD4 T-cell death [261].

1.9.1 Generalised Immune Activation in HI V-1 | nfection

One process by which HIV-1 might lead to apoptadisininfected T-cells is as a result of
immune activation [262]. Chronic HIV-1 infectioa characterised by high levels of activation
of both CD4 and CD8 T-cells [263]. Other studies which support tmislide that by Giorgi
et al. which demonstrated that immune activation of CBdd CD8 T-cells (upregulated CD38
expression) was strongly associated with shortésemuent survival [264]. Soush al.
demonstrated that in HIV-1 infection CDZ-cell depletion was associated with higher levels
of CD4" (upregulated HLA-DR and CD69 expression) and CD&ell activation (upregulated
HLA-DR and CD38 expression) [265]. This group algport similar immune activation levels
in HIV-1 and HIV-2 for a given CD4T-cell count, despite the much lower viral RNAdoia
HIV-2 infection [265]. Other investigators havemdarly reported a correlation between
immune activation and disease progression in Hikfdction [263], with a stronger correlation
of CD4" T-cell decline with immune activation than withraliRNA-load [266, 267].

Compelling evidence for the importance of T-celtiation in the pathogenicity of HIV-1
comes from the study of natural and non-natural BPfction. As discussed in Section 1.1,
wild primates in Africa frequently harbour natur@lVv infection. SIV infection of Asian
primates, such as rhesus macaques, is not sebe iniltd [268]. Silvestriet al. showed that

although SIV MM infected sooty mangabeys (i.e. tlagural host of the virus) develop high
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viral RNA-loads, they do not experience CDBcell depletion or simian AIDS and increased
T-cell activation is not seen (CDZ -cell activation as demonstrated by HLA-DR expies,
CD8" T-cell activation as demonstrated by CD69 expoedsi By contrast when rhesus
macaques are infected with SIV MM (i.e. not theurathost of this virus) chronic activation is
seen with progression to simian AIDS [269]. Othmestigators have since published similar
findings implicating immune activation in pathogeaty of non-natural SIV infection [270, 271].
The exact mechanisms underlying this phenomenorstadr@ot completely understood, but it
has been proposed that hosts of natural SIV dogulage the immune responses to SIV via

immune regulatory pathways [272].

The process leading to HIV-induced immune activai® not well understood. A potential
mechanism which has been proposed is that HIV-1idveérs the threshold required for T-cell
activation viaTCR stimulation[273]. Defective virions [274] and altered cyto&i spectra
[275] during HIV-1 infection have also been suggdshs potential mechanisms leading to
immune activation. It has also been suggestedgaltrfrom breakdown of the mucosal barrier
due to the massive depletion of CDB-cells at this site. This may lead to the tranation of
microbial products, such as bacterial lipo-poly$aeitie (LPS), from the intestinal lumen to the

systemic circulation, causing generalised immurtization [276].

It is clear that immune activation is likely to beneficial for HIV/SIV since the virus replicates
far more efficiently in activated CD4T-cells compared with resting CDZ -cells [111, 277].
Furthermore, bystander activation of uninfected CD4cells increases susceptibility to
infection and subsequent virus productionvivo [112]. In this way it is likely the virus
maintains the supply of target activated CDO%cells despite overall declining numbers of
CD4' T-cells [112].
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1.9.2 Specific Targeting of CD4" T-cellsby HIV-1

Although there is significant evidence implicatimgmune activation in the mechanisms
leading to CD4 T-cell destruction, it is not fully understood wthere is selective depletion of
CD4" T-cells when HIV-1 activates both Cb4nd CD8 T-cells [265]. One proposed
mechanism which may account for the specific detiom of CD4 T-cells involves interferon
(IFN)-a, a cytokine commonly produced directly in respotwseiral infection. HIV-1 gp120
induces monocyte and dendritic cell IleNproductionin vitro [278]. Theséan vitro models
demonstrate that IFM-may drive CD2 T-cell apoptosis and death by upregulating TdNF-
related apoptosis inducing ligand (TRAIL) expressio CD4 cells [278, 279]. However, this
proposal is far from clear since IFiNRas been shown to inhibit HIV-1 replicationvitro [280,
281] andin vivo, albeit to a modest extent [282, 283]. In additirere is evidence suggesting
IFN-o0 may protect T-cells from apoptosis [284], hightighy further the complexity of its

action in this setting.

Another mechanism which might account for apoptosisninfected CD4T-cells results from
interaction with the HIV-1 surface Env. Env haaddeen suspected to be a likely candidate
for inducing bystander cell death, since it is egged on the surface of infected cells and is
therefore readily available for interaction withanigy uninfected cells. As it binds CD4 and co-
receptors, this might account for specific depletdd CD4 expressing T-cells [285]. Env may
lead to bystander death through gp41-mediated heioif. Hemifusion is a process whereby
the outer membrane of the Env-expressing infectdidand bystander cells interact transiently
without fusion causing membrane destabilisation @majptosis in the uninfected cell [286]. In
keeping with this, am vitro study showed that a mutation in the fusion doméigpd 1 results

in a fusion-defective Env unable to induce apopt¢2B6]. Whatever the balance of these
alternate mechanisms, it is likely that the acestst apoptosis of CD4T-cells in HIV-1

infection is multifactorial [287].

A further process by which Env may result in sgedifepletion of uninfected CD4T-cells in
HIV-1 infection is NK cell-mediated killing of thescells. This is thought to be a result of
recognition of cellular ligand of NKp44 on CDZ-cells [288]. NKp44L expression on CD4
T-cells is thought to be induced by a portion of/HI gp41 [288].
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1.9.3 Sequestration or Impaired Production of CD4" T-cellsin HIV-1 I nfection

Sequestration of CD4T-cells to secondary lymphoid tissues or othessis another possible
mechanism leading to apparent depletion of cirmda€D4 T-cells. Circulating CD4T-cells
represent onlt—2% of the body's total reservoir, with large mndipns in muscoal sites and
secondary lymphoid tissue [289]. Enhanced secatestrto secondary lymphoid tissues during
chronic HIV-1 infection is supported by the obsé¢ivathat ART leads to increased circulating
CD4" T-cells due to redistribution from these sitesOR9The ability of lymphocytes to migrate
to specific areas of the body, such as the skin orgtite ismediated in part by cell-surface
molecules that tether cetts molecular partners expressed on the vasculatleelibm at those
sites [291]. For example, migration of lymphocytesGl tract is mediated by integromf3;
[292].

The reduction in CD4T-cell count over time also appears to resultleast in part, from
impaired production of T-cells. Evidence of supsien of multi-lineage haematopoiesis has
been demonstrated in HIV-1 infection [293, 294]urtRermore, HIV-1 infection has been
shown to lead to a decline of both CDand CD8 naive T-cells in the peripheral blood as
disease progresses [265, 295, 296] which may taefeareased thymic production.

These mechanisms are not mutually exclusive. Kamele, the thymus (which may be

defective to some degree) may replenish the ineteésss of T-cells resulting from chronic

activation for some time until a threshold is reatland supply cannot meet demand.
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1.10 HIV-1 Viraemic Controllers

Patients who remain healthy or achieve viral cdnimothe absence of ART are crucial to
understanding of HIV-1 pathogenesis. Initial woficused on so-called long-term
nonprogressors (LTNPs) who are HIV-1 infected ammhain asymptomatic with CDZ -cell
count >500 cells/mffor more than 10 years without treatment. Most hat all of these
patients have low viral RNA-loads [297]. Attentiahifted somewhat since then to those
patients who maintain low viral RNA-load withouteétment, termed viraemic controllers
(typically defined as <2000 copies/ml but definisovary between investigators). A rare
subgroup of these controllers are termed ‘elitetmdiers’ since viral RNA-loads are
consistently below the limit of detection of curtetandard assays (typically 40 - 50 copies/ml)
[298].

The mechanism by which this apparent control octaunsot fully characterised. Studies on
elite controllers using co-culture assays and @i@home sequencing of virus have revealed
replication—competent virus without any gross dsfd299]. More recent studies in which
chimeric viruses containing gene segments fromsviram elite controllers have shown that
changes imgag andpol genes from these patients contribute to a virusiwhas low replicative
fitness [300]. Whether this reduced replicativimdss is due to escape from effective CTL
response, or elite controllers are infected witviras with impaired replicative capacity, or a

combination of these factors, is the matter of amgoebate [190, 301].

The fact that it has been observed that an eli¢ralter maintained control when superinfected
with a second HIV-1 isolate would argue that thesthonmune response is most important
[302]. Further support for this comes from theeshation that virus has been transmitted from
a patient who subsequently progressed to AIDS tmdimidual who became an elite controller

demonstrating control of the fully pathogenic HIVisblate [303].

The critical importance of the cell-mediated immumsponse in contributing to control in
viraemic controllers has been well documented. dxample, the protective class | HLA alleles
B57 and B27 discussed in Section 1.7.1 are oveesepted amongst viraemic controllers
[304]. Further sites in the class | HLA-C allelavlk also been identified as being associated
with viral control in this cohort using whole-generassociation analysis [305]. CD8-cell
polyfunctionality, as measured by secretion of ipldt cytokines, has been shown to be
stronger in elite controllers than in those with ARediated viral suppression [185].
Interestingly, nonhuman primates achieving elitentam of SIV (SIVmac239 infected

macaques), in which there is an over-representatiatass | HLA allelesMamu-B08 or B17,
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bind similar peptides to HLA B57 and HLA B27 [306]This suggests that determinant
selection is important in control of virus [306lh line with this, it has been demonstrated that
viraemic controllers show preferential CDB-cell targeting of the HIV-1 Gag protein [304A
further study has also shown selection of rare @atants in HLA B57/B5801 elite controllers
(compared with viraemic individuals) which have id&sed replicative capacity and are a result
of strong CTL responses [307]. Given the key G@8" T-cells play in maintaining viral
control, it is likely that CD4 T-cell help is also important. HIV-specific CDZ-cells have
been shown to demonstrate higher functional aviiitglite controllers than in patients with
high viral RNA-load [200].

Since the Gl tract has been shown to be a sitersigtent HIV-1 replication and CDZ -cell
depletion [308], CD4 T-cells populations and mucosal CD8-cell responses have been
studied in elite controllers, viraemic controlleggtients with uncontrolled viraemia (‘non
controllers’, here defined as viral RNA-load >100fpies/ml) and individuals on ART [309].
Mucosal CD4 T-cells were found to be significantly higher ilitee and viraemic controllers
compared with those in non controllers suggestieggrvation of this compartment. Mucosal
CD8" T-cell responses in controllers (elite and viraztogether) were found to be significantly
stronger and more complex than in those patient8Rh. In addition, there was an increased
frequency of rectal polyfunctional CD8T-cell response in controllers compared with non
controllers and individuals on ART [309]. This ggts that CD8T-cell responses in the gut

mucosa play an important role in viral control liteeand viraemic controller cohorts.

In keeping with observations described in progresdillV-1 disease, elite controllers have
been shown to have lower levels qfgjicells compared with non controllers (here defiasd
viral RNA-load > 4000 copies/ml) [310]. This gmalso demonstrated a Th17/jTatio that
was similar in elite controllers compared with dagted individuals and that this was lower
than in non controllers and patients on ART [31Dhus it appears that control of viraemia may

be dependent on maintaining a normal balance betwe&7 and L

The fact that nAbs select for HIV-1 escape mutargsld suggest that these antibodies provide
a significant contribution to viral control durirgronic infection [226, 231, 232]. However,
studies suggest that elite controllers do not harboroadly nAbs as frequently as non
controllers [228, 311]. It was therefore inveatgd whether nAbs in elite controllers might be
directed specifically to autologous virus ratheartha broad range. A study by Baileyal.
showed that this was not the case since elite @bens had similarly low levels of nAbs to
autologous, contemporaneous plasma virus compaitadovogressors [312]. Low levels of

nAbs in elite controllers may result from lack oftigenic stimulation, as suggested by low
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plasma viral RNA-load. Based on these observatibisscurrently unclear what contribution

nAbs make to the elite or viraemic controller phgpe.

Since HIV-1 DNA-load is associated with diseasegpession [313], this would predict that
elite and viraemic controllers would have lowerdsvsince rates of progression are slower in
these groups. In keeping with this Lambettel. studied 15 viraemic controllers from a cohort
in France and found very low and stable HIV-1 DNvadis in PBMC in all patients [314].

It is likely that control of viral RNA-load is mutfactorial; the specific complexities of that

control are the subject of much ongoing research.

Whilst low HIV-1 RNA-loads tend to be associatedhainore stable CO4T-cell counts [243,
315] this is not the case for all patients. Maetea . identified 145 viraemic controllers (viral
RNA-load <500 copies/ml) and found five experien@id4” T-cell decline [316]. Pereyret

al. examined 90 elite controllers (<50 copies/ml) fouhd that six patients had a median CD4
T-cell counts of <500 cells/mirand two patients had a median of <300 cells/nfBd7].
Okulicz et al. compared CD4T-cell counts in 25 elite controllers with thoseli3 viraemic
controllers (viral RNA-load <2000 copies/ml). [Elitontrollers experienced prolonged stability
of their CD4 T-cell count, whereas viraemic controllers demistl gradual decrease in
CD4" T-cell over time [318]. Boufasse al. studied a group of 106 viraemic controllers
(unconventional definition of viral RNA-load <40Mmmies/ml) and found that CD4T-cell

counts fell in subgroups which experienced trarisimareases in viral RNA-load [319].
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1.11 The Aims of this Thesis

Prior to starting the work described in this thesisnotable number of patients were being
identified in the HIV clinics in East London witloitrol of viraemia (viraemic controllers) and
yet low CD4 T-cell counts. At that time only one of the papéescribed in the last section on

this patient group was published [316].

For this reason work described in this thesis wesgihed to define this population of viraemic
controllers with low CD24 T-cell counts, referred to here as ‘discord cdilers, and to
determine what features might distinguish them fridypical controllers’, those viraemic

controllers with normal CD4T-cell counts.

The specific aims of the work submitted were to:

« Determine whether there are epidemiological or legwal factors that distinguish
discord controllers from typical controllers (Chap2).

» Establish whether ART in discord controllers resiift recovery of CD4T-cell counts
(Chapter 2).

« Determine whether changes in the T-cell compartngpitally associated with HIV-1
disease progression (naive T-cell depletion anelTactivation) are more marked in
discord controllers compared with typical contrdléChapter 3).

« Determine whether HIV-1 DNA-loads are higher inadisd controllers compared with
typical controllers (Chapter 4).

* Determine whether HIV-1 DNA-load in viraemic coriteos predicts subsequent HIV-1
RNA-load peak values or change in CO4cell counts (Chapter 5).

 Investigate whether there are higher levels of atign of CD4 T-cells to the Gl tract in

discord controllers (Chapter 5).
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CHAPTER 2

Epidemiological and Virological Characteristics of Discord
Controllers and Typical Controllers, and Response d

Antiretroviral Treatment of Discord Controllers
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2.1 Introduction

Viraemic controllers are rare patients with theazay to control viral RNA-load in the absence
of ART [298]. The reasons why control of viral RN#ad is possible in these patients is
incompletely understood. This cohort is compoddabth viraemic controllers defined as those
patients whose viral RNA-loads are below 2000 ce/pi¢ and elite controllers in whom viral
RNA-load is consistently below the limit of detextiof current standard assays (typically 40 -
50 copies/m)|[298, 304]. Whilst these patients usually mamtaormal CD4 T-cell counts, a
subset have low or declining CDZ-cells counts as described previously [320, 3#iése

patients are referred to here as ‘discord contisille

The first aim of work described in this Chapter was determine whether there are
epidemiological features or viral factors whichtisiguish discord controllers (low CD& -cell
count) from typical controllers (normal CD4r-cell count). To do this a local cohort of
viraemic controllers was identified, with ident#ion of the subset within them with low CD4
T-cell counts (<45@ells/mm); this group was then compared with those patiwitts normal
CD4" T-cell counts (>45@ells/mnf). Whilst other groups have recorded age, sexettmuicity

of viraemic and elite controllers [304, 318], thegeups did not examine how epidemiological
characteristics were represented in viraemic ctatso with normal CD% T-cell counts

compared with those with lo®D4" T-cell counts as is presented here.

The second aim of work described in this Chaptes t@adetermine CD4T-cell count change
over time in discord controllers started on ARTucher determine whether their low CD#-
cell counts were normal for the particular patienta result of HIV-1 driven depletion; this
latter possibility would be supported by CDZ-cell gains whilst on ART. It was also
considered of clinical interest to record wheth&4CT-cell counts recover in the same way
that they do in non controllers started on ART.isWas reported on during the course of this
work by another group [322]. Findings presentedeh&e compared and contrasted with
findings by that group.
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2.2 Methods

The research protocol for work described in thid smbsequent Chapters was approved by East
London and The City Local Research Ethics Commitiége 06/Q0603/59).

2.2.1 Study Groups

Patients were recruited, after obtaining informedsent, from outpatient clinics at Barts and
The London NHS Trust and Homerton University Haalpitrust.  All patients were shown to
be HIV-1 seropositive and HIV-2 seronegative witle texception of one patient. For this
patient, on whom serology was not available, seggieanalysis of virus from blood
demonstrated HIV-1 infection. Elite controllerene defined as those with undetectable viral
RNA-load, although occasional non-consecutive hiipgiral RNA-load up to 1000 copies/mi
were permitted. Viraemic controllers were defimsdhose viraemic controllers who did not fit
within the elite controller definition but have &irRNA-load below 2000 copies/ml. Both
definitions are based on at least three viral RN&dl measurements over at least 12 months
without ART. Patients were permitted to have bweated with ART previously (e.g. during
pregnancy), as long as control based on three RiX#A-load over at least 12 months could be
demonstrated. These definitions are in line wittse used by the International HIV Controller
Consortium [298]. The viraemic controller cohog @ whole was divided into two groups
based on the geometric mean of the last three" @Bl counts: typical controllers with >450

cells/mnt and discord controllers with <450 cells cells/fnm
Epidemiological data was recorded including age, s¢hnicity, country of birth, and blood
borne virus risk behaviour. Date of first positidé/-1 test was also recorded. Co-morbid and

intercurrent illnesses during follow-up were reamdor each patient.

Patients followed up in the clinic were seen at 42 monthly intervals and had blood taken for

routine laboratory evaluation including CDB-cell count and viral RNA-load.
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2.2.2 RoutineHIV-1 RNA-load and CD4" T-cell Measurements

For patients recruited from Barts and the LondonSNFust, routine laboratory CD4 -cell
counts and percentages were analysed by Bartsha@ntlandon NHS Trust Department of
Immunology. The blood samples were processed thithBD FACS Sample Prep Assistant
with Trucount beads and were then acquired on a BILSCanto Il flow-cytometer.
FACSCanto clinical software was used for data amslySamples from patients recruited from
Homerton University NHS Trust were processed bye‘Thoctors Laboratory’ using the

Beckman Coulter Navios Flow cytometer.

HIV-1 RNA-load was measured using Roche AmpliprépBAS Tagman HIV-1 Test v1.0

(Roche Molecular Systems, Inc., Blanchburg, Newelerdetection limit of 40 copies/ml). At
least one sample from each patient was also tesied a different assay to confirm the low
viral RNA-load and thus ensure that the initialufesvas not simply due to underquantification
by a single platform. These assays were carrigdbguBarts and the London NHS Trust

Diagnostic Virology Laboratory.

Individual patient viral RNA-load and CD4 -cell counts are reported as the geometric mean
of the last three measurements. In addition terdeéhing mean absolute CDZ-cell counts in
each controller cohort, mean CDZ-cell percentage was calculated. This was dope b
calculating the mean of the last three CD'4cell percentage values. If a patient had actlev
viraemic control (viral RNA-load <2000 copies/mlutbsubsequently viral RNA-load rose
above this, the last date of viraemic control weiednined to be the last date a viral RNA-load
measurement would still contribute to a geometreamof <2000 copies/ml. The three viral
RNA-load and CD4 T-cell values prior to this date were used to walke the mean for that
patient. Similarly, for patients who started ARUricg follow-up the three viral RNA-load and

CD4' T-cell values prior to starting ART were used atcalate the mean.

Those discord controllers who were started on ARFenfollowed: viral RNA-load, absolute

CD4" T-cell count and CD4T-cell percentage were recorded.
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2.2.3 HIV-1Subtype Analysis

Some HIV-1 subtype data was available as part ef dhti-retroviral resistance testing
(sequence obtained fropol: whole of protease and amino acid 1-335 of reveesescriptase).
This was carried out by Barts and the London NH&TDiagnostic Virology Laboratory. The
assay has demonstrated efficacy in identifying@ewiariety of subtypes including recombinant
subtypes [67]. Other papers have demonstrategiloletermination (including recombinant
subtypes) using assays which amplify this regiopabf[323, 324]. This laboratory provides
HIV-1 anti-retroviral testing widely for North-Eaand East London; the population of patients
for which the laboratory provides HIV-1 assays W#l referred to from here as the East London

HIV-1 population.

For patients on whom anti-retroviral resistancdingswas unavailable, previously described
env [325] andgag [323] nested PCRs were used in parallel to acelyrdetermine recombinant

subtypes. DNA for this was extracted from cryopreed PBMCs, prepared by Ficoll-Hypaque
separation oéthylenediaminetetraacetic acElXTA) anticoagulated blood (see Appendix I),
using the Qiagen EZ1 biorobot and DNA Tissue pnogng according to the manufacturer’s

instructions into a 2Q0 eluate.

For theenv PCR a final 25ul PCR mixture containing 5ul of A extracted from PBMC,
10x Hotstar PCR buffer (Qiagen, containing 15mM MgiCGadditional 0.5mM MgCl, 0.2mM
dNTPs, 0.5uM of each primer (F1 5-TCT TAG GAG CABG GAA GCA CTA TGG G-3
R1 5-AAC GAC AAA GGT GAG TAT CCC TGC CTA A-3) and.25 units of Taq.
Thermocycling conditions; 95°C for 15 minutes; 4@les of 95°C for 30 seconds, 50°C for 30
seconds, 72°C for 1 minute; and 72°C for 5 minutesl pl of the first-round PCR product
taken for second-round PCR in which the final coticgion of reagents were the same as for
the first except the primers which were used anhal fconcentration of 0.25uM (F2 5'-ACA
ATT ATT GTC TGG TAT AGT GCA ACA GCA-3'; 5'- TCC TAQAT CAT TAT GAA TAT
TTT TAT ATA-3"). PCR cycling conditions were asettirst round and produced a 445
kilobase fragment. For thgag PCR a final 25ul PCR mixture containing 5ul of PBNDNA,
10x Hotstar PCR buffer, additional 1mM MgCl, 0.2nrdMTPs, 0.5uM of each primer (F1 5'-
TCACCTAGAACTTTGAATGCATGGG-3"; R1 5-CTAATACTGTATCATTGCTCCTGT-
3") and 1.25 units of Tag. Thermocycling condisip@5°C for 15 minutes; 40 cycles of 95°C
for 30 seconds, 48°C for 30 seconds, 68°C for lrtutes; and 68°C for 5 minutes. 1 pl of the
first-round PCR product was used in each secondeddd®CR in which final concentration of
reagents was the same as for the first round (FRABGATGGATAATCCTGGG-3'; 5'-
TCCACATTTCCAACAGCCCTTTTT-3"). Cycling conditions ave 95°C for 15 minutes; 40
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cycles of 95°C for 30 seconds, 55°C for 30 secona¥; for 1 minute; and 72°C for 5 minutes,
producing a 470 kilobase fragment. Amplified prauvere detected on a 2% agarose gel and
visualised using ethidium bromide. The PCR produas cleaned using Qiagen QIAquick
PCR purification kit and sequenced using the AB§Bie Terminator V1.1, Perkin Elmer,
Foster City, CA and an automated sequencer (ABD3&6netic Analyser, used according to
the manufacturer’s instructions). Both stranddhaf PCR products were sequenced directly
using the second round forward and reverse prigedsthen cleaned for processing using the
Sodium Acetate Ethanol protocol advised by ABI. eTkequences were analysed using
SeqScape V2.11 software. Manual corrections wergento ensure that gaps did not alter the
reading frame. These were submitted to the REGAnertlyping tool (Stanford University,
2006) for genotype allocation, thereby allowingtgple prediction. All nested PCR work and
sequencing reactions were carried out as parteofvbrk presented in this thesis. Sequences
generated were analysed by Dr David Bibby, in thert8 and the London NHS Trust
Diagnostic Virology Laboratory.

224 Statistical Analysis

Statistical analysis and graphical presentationsewmerformed using Prism (version 4.0,
Graphpad) and results were considered significhnp<i0.05. To determine significant

differences in age, time since first positive testween each cohort, a Mann-Whitney U test (2-
tailed) was applied. Fisher’'s exact test (2-tgileds used when comparing sex distribution,

ethnicity, country of birth, risk behaviour and syge.

Due to the rarity of viraemic controllers even ifdaage total HIV-1 infected cohort, power
calculations were not undertaken to determine sarsizes; instead, all patients fulfilling the
controller inclusion criteria and available to censto the study were included. Because small
sample sizes increase the likelihood of Type lloeria lack of statistical significance in

comparison between groups should be interpretddcation.
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2.3 Results

2.3.1 HIV-1RNA-load and CD4" T-cell Valuesfor Discord Controllers and Typical

Controllers

A cohort of 82 viraemic controllers was establishe@4 typical controllers and 18 discord
controllers. Approximately 3000 patients attend thinics, thus controllers represent 2.7%
(discord controllers 0.6%, typical controllers 2)186 all infected patients. Figure 2.1 shows
viraemic controllers with low viral RNA-load (<200fbpies/ml over at least 1 year), divided
into typical controllers and discord controllerssed on CD4 T-cells count, together with non

controllers for comparison.
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Figure 2.1 Mean Plasma HIV-1 RNA-load (copies/miand CD4 T-cell Counts in Patients in
HIV-1 Positive Cohorts. Non controllers shown in green circles with a rangeCD4" T-cell
counts are used as controls for HIV-1 DNA load d&taapter 4), and progressors (green triangles,
a subgroup of non controllers with low CDZ%-cell counts) are a control group for T-cell data
(Chapter 3). Mean CD4T-cell count (cells/mr) and mean HIV-1 RNA-load (copies/ml) were

calculated by determining the geometric mean ofitbst recent three values for each patient.
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Mean \ral RNA-loads in discord controllers and typicadntrollers were all below 2000

copies/ml, but were compared further in order ttedrine whether levels were equivalent
below this threshold. Viral RNA-loads were fourdoe indistinguishable (p=0.144, see Figure
4.2 b). Most patients in both cohorts had det#etairal RNA-loads below the 2000 copies/ml
cut-off. However, a few patients were found to ddige controllers (viral RNA-load < 40

copies/ml, occasional non-consecutive blips): t&/b.1%) of the discord controllers could be
classed as elite controllers, and 10 (15.6%) otypeal controllers. There was no significant

difference of frequency of elite controller in eahort using Fisher’s exact test.

Viral RNA-loads remained stable for the majority wfaemic controllers; however, for a

minority control was lost during follow-up. Caréfassessment of the pattern of viral control
prior to the point at which it was lost was impaoittin order to determine to which cohort the
controller belonged. For a minority of patientssification was complicated by the fact that
on occasion viral RNA-load was not requested dudrginic visit despite blood being tested

for CD4" T-cell count. These groups of patients are deedrimore fully in Appendix II.

Typical controllers had normal CHZ -cell counts (median 699 cells/Mninterquartile range
[IQR] 550-843) similar to findings in viraemic caaliers cohorts [304]. The discord
controllers had low CD4T-cell counts (median 347 cells/MniQR 298-407).

Thirteen patients (3 discord controllers and 1Qdgfcontrollers) had been previously treated
with ART during pregnancy, but had demonstrabletrabrof viral RNA-load over at least 12

months subsequently.

CD4" T-cell percentagevas also recorded in discord controllers and coetpavith typical
controllers in order to help determine whether B@R4" T-cell counts were a result of specific
depletion of this cell type or due to a lower nunsbef all T-cell subsets which is seen in some
ethnic groups.The geometric mean of the three most recent ‘CDédell percentages for each

patient in each cohort was calculated and residfgdayed in Figure 2.2.
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Data presented in Figure 2.2 demonstrate that ismantrollers not only have lower absolute
CD4" T-cell count, they also have significantly loweD& T-cell percentage (p <0.0001),
suggesting a specific depletion of CDR-cells.
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Figure 2.2 Mean CD4 T-cell Percentageor Discord Controllers and Typical Controllers.
Horizontal line depicts median of these values bitve represents the IQR and the whiskers the
range of values. Median (IQR): typical controdte 33.7% (23.8 — 40.0), discord controllers:
22.3% (17.6 — 26.0).

2.3.2 Epidemiological and Clinical Features of Discord Controllersand Typical Controllers

Epidemiological characteristics were recorded ffigr discord controllers and typical controller
cohorts in order to determine whether there wewrgufes that could distinguish discord
controllers from typical controllers. Data as doged in Table 2.1 shows there was no
difference in median age (p=0.44), sex distributjpn0.79), ethnicity, region of birth or risk

behaviour. Co-morbid and intercurrent illness dach patient, including those which may be

related to immunosuppression due to HIV infectime, recorded in Appendix 111 .

There was no significant difference comparing tisiece first positive test (best available
surrogate for time since seroconversion) betweentwo controller cohorts (p=0.25). This,
together with the similar age distribution, suggesiat it is likely that the discord controller

patients did not have a longer duration of HIV-feation than typical controllers.
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Table 2.1 Epidemiological Characteristics of Disard Controllers and Typical

Controllers
Typical Controllers Discord Controllers
(CD4" T-cell count (CD4" T-cell count
>450 cells/mrﬁ) n==64 <450 ceIIs/mrﬁ) n=18
Age, years 37.5(32.0-43.0) 38.5 (32.5-49.0)
Female sex 35 (54.7%) 11 (61.1%)
CD4" T-cell count, cells/mfh?® 699.3 (550.4 - 843.1) 347.2 (298.0 - 406.6)
HIV-1 RNA-load, log, copies/mP 408.5 (160.7 - 1000.0) 428.6 (100.3 - 1043.0)
Birth Place Europe 25 (39.1%) 7 (38.9%)
Africa (Sub-Sahara) 28 (43.7%) 10 (55.6%)
Caribbean 6 (9.4%) 0 (0%)
South Asia 3 (4.7%) 0 (0%)
Other 2 (3.1%) (Australia. 1 (5.5%) (New Zealand)
Ecuador)
Ethnicity ~ White British 12 (18.8%) 3 (16.7%)
White other 8 (12.5%) 2 (11.1%)
Black African (Sub Saharamg (43.7%) 11 (61.1%)
Black Caribbean 11 (17.2%) 2 (11.1%)
South Asian 3 (4.7%) 0 (0%)
Other 2 (3.1%) (Mixed White and 0 (0%)
Black African; South
American)
Time since first positive test, years 4.5 (2.55)6. 4.6 (3.3-9.3)
Risk behaviour Heterosexual 42 (65.6%) 11 (61.1%)
[Specified abroad] [26 (40.6%)] [5 (27.8%)]
Homosexual 20 (31.3%) 6 (33.3%)
Blood Products 1 (1.6%) 1 (5.6%)
VDU 1 (1.6%) 0 (0%)

Data presented in this table are median (IQRh ). “median (IQR) of geometric mean
calculated for each subject using the three maminteCD4 T-cell counts and HIV-1 RNA-
loads.
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2.3.3 HIV-1 Subtypesin Discord Controllers and Typical Controllers

Analysis of HIV-1 subtype in viraemic controllersasv undertaken in order to determine
whether discord controllers were different fromitgbd controllers based on the frequency of
subtypes isolated. This was compared with theypegbdlistribution in the East London HIV-1
population based on assays over a five year p€?io@4-9, 3010 patients, data was adjusted to

remove patients with repeat testing).

For those patients on whom anti-retroviral resis¢atesting was not available, five discord
controllers and 13 typical controllers, a nestedRR@s used to amplify regions énv andgag

for sequencing and subtype prediction (Table 2&)art from two samples (mean viral RNA-
load of <40 and 111 copies/ml; HIV-1 DNA loads of.& and O copies/f([:D4+ T-cells,
respectively; see Figure 4.2), virus was succdgsfumplified and sequenced from all samples
tested using the nested PCRs. For four patiertisedroviral testing was carried out after
subtype prediction was obtained &yw/gag nested PCRs. Subtype prediction was found to be
the same for four patients on whom both methodewesed (one subtype C, one subtype B,
and two subtype CRF02_AG).

The subtype distribution in the controller cohagshown in Table 2.2, and is also displayed

and compared with the total East London HIV-1 itdegopulation in Figure 2.3.

There was a non-significant trend towards an irsgddrequency of subtype C in the discord
controllers compared with typical controllers arek tEast London HIV-1 population. In
addition, there was a non-significant trend towaats increased frequency of subtype

CRF02_AG in all viraemic controllers compared wite East London HIV-1 population.
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Table 2.2 HIV-1 Subtypes in Discord Controllers ad Typical Controllers

Typical Controllers Discord Controllers
(CD4" T-cell count (CD4" T-cell count
HIV-1 subtype > 450 cells/mm) n= 41 < 450 cells/mM) n=15
B 14 (34.1%) 6 (40.0%)
C 7 (17.1%) 6 (40.0%)
CRF02_AG 8 (19.5%) ?320.0%)
A 4 (9.7%) 0 (0%)
F 2 (4.9%) 0 (0%)
CRF14 BG 2 (4.9%) 0 (0%)
Other 1 each of: D; A/C; A/D; B/ID 0 (0%)

¥or one sample, sequence analysis of nested PQGRigmindicated either CRF02_AG
or CRF09_cpx.



a) East London HIV-1 population, b) All Viraemic Controllersn = 56
over a 5 year period n= 3010
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c¢) Typical Controllersn= 41 d) Discord Controllersn= 15

Figure 2.3 HIV-1 subtypes in Discord Controllers,Typical Controllers and the East London

HIV-1 population. Percentages displayed for tBast London HIV-1 population ita) is for thos:

patient in whom HIV-1 subtype was available as phgnti-retroviral resistance assay.
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2.3.4 Response of Discord Controllersto ART

A number of patients in the discord controller aalveere started on ART during the course of
this study. None of these patients had AIDS apthiat of starting ART (i.e. CD4T-cell count
was not below 200 cells/mirfor any of these patients, and neither did thexehsIDS defining
conditions). Follow-up of these patients was dévance in order to further determine whether
their low CD4 T-cell counts were suboptimal as would be suggebte CD4 T-cell gains
whilst on ART. It was also of clear clinical inést to clinicians to record whether CDR-cell
counts recover in the same way that they do ingumtrollers started on ART. Patient 2 was
the only elite controller amongst these patiengstesti on ART. For the remaining patients,

viral RNA-load was quickly suppressed to undetdetébvels.

Figure 2.4 demonstrates CD#-cell counts where available over 24 months feifm start of

ART for these patients (follow-up extended past thi Patient 4, see Table 2.3).

It can be seen that several of these patients mdspoto ART treatment with a slow and
progressive recovery in CDZ -cell counts over many months, rather than adrape over 4-6
weeks. A rapid rise after only 1 month of ART aeed for Patient 3; CD4T-cell count rose
from 249 cells/mr1 month before treatment to 411 cells/firmonth after treatment started.
Whilst the most significant rise in absolute CD&cell count after 1 month of ART was seen
for Patient 3, CD4T-cell percentage gain by that point was greatePftients 2, 4 and 5 than
for Patient 3. This is due to the fact that ab®otD8 T-cell counts dropped significantly after
1 month ART for Patients 2, 4 and 5 (Patient 2: @6636, Patient 4: 1429 to 1005, Patient 5:
892 to 421 cells/mfi.

By the end of the observation period, a signifiactease in absolute CDZ-cell count and
percentage was seen for Patients 3, 4 and 5. &@nis 1 and 2 the increase in absolute TD4
T-cell count was minimal, but Patient 2 experienae@covery of CD4T-cell percentage due
to a decrease in total CD8-cell count. Longer follow-up of these patientay show further
CD4" T-cell gains.
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Table 2.3 CD4 T-cell values in five Discord Controllers followirg starting ART

Change in CD4 Change in Change in CD4 Change in  Total time

T-cell count CD4 T-cell count CD4 observed

(cells/mn?) T-cell % (cells/mn?) T-cell % on ART

1 month ART Total increase during time

observed on ART

Patient 1 +16 0 +45 +4 12 months
Patient 2 -23 +6 +50 +10 18 months
Patient3  +162 +3 +165 +13 19 months
Patient 4 -6 +4 +244 +12 42 months
Patient 5 -1 +12 +157 +19 22 months

In summary, a cohort of 82 viraemic controllers westablished comprising 64 typical

controllers and 18 discord controllers with equévelviral RNA-loads.

The lower absolute

CD4" T-cell count in discord controllers also represent lower CD4 T-cell percentage

suggesting specific depletion of these cells iis tohort.

each cohort were similar.

Epidemiological characteristics in

No evidence was foundidoger duration of HIV-1 infection in

discord controllers as time since diagnosis andvegye also indistinguishable comparing the

groups. HIV-1 subtype distribution was similar qmaring the controller cohorts, with a non-

significant trend towards increased frequency dtype C in discord controllers. Three of five

discord controllers started on ART experienced shaw progressive CO4T-cell recovery,

with recovery of CD4 T-cell percentage but not absolute count in ah&ripatient due to a

decrease in total CDg -cell count.
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starting ART.
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2.4 Discussion

The purpose of work described in this Chapter wasdétermine whether there were
epidemiological or viral factors such as HIV-1 sydg which could distinguish discord
controllers from typical controllers. Additionallyollow-up of discord controllers started on
ART was undertaken to determine whether CD4cell counts recovered on ART (which
would further suggest initial low counts resultrfr€D4 T-cell loss rather than a normal low

level due to ethnic variation).

The cut-off of 450 CD4T-cells/mni, used to distinguish typical from discord coneadl, was
selected based on the fact that many laboratoeifaiseda normal CD4T-cell count to be above
this value [326]. In addition, the ‘When to stadnsortium’ [157] have found decreased
mortality is derived from starting ART in the rang81-450 cells/mrhrather than waiting for
counts to drop below 350 cells/MimThis further supports the notion that CD#cell counts

below 450 cells/mrhare suboptimal.

All of the patients studied here have viral RNAdeawhich are much lower than is usual
without ART treatment for HIV-1. In the majorityf these patients their immune system does
not appear to be affected by this low level repi@g as far as can be determined with routine
laboratory surveillance: absolute CD®-cell counts and CO4T-cell percentage. As a result
these patients typically remain clinically well amol not require treatment with ART. This is in
keeping with the fact that low viral RNA-loads ullygredict more stable CD4T-cell counts
[243, 244]. However, it is clear from this studhat a significant subset do suffer significant
CD4" T-cell losses; indeed, 22% of the viraemic coterolcohort were found to have
suboptimal CD# T-cell counts and therefore were categorised atstudy outset as being

discord controllers.
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2.4.1 HIV-1RNA-load and CD4" T-cell Valuesin Discord Controllers and Typical

Controllers

Viral RNA-load set-point is associated with theeratf disease progression [243, 244, 327].
Whilst both discord controllers and typical conead have controlled viral RNA-loads, it was
important to determine whether viral RNA-loads weremparatively lower in typical
controllers, which could be viewed as an explamafmr higher CD2 T-cell counts. There
were elite controllers in both groups, with a namgicant trend towards more in the typical
controller cohort. This is in keeping with the tféltat elite controllers have more stable overall
CD4" T-cell count trends than do viraemic controlle3§]. Viral RNA-loads were found to
be similar comparing the two groups (see Figureb),Xsuggesting that a relative difference

here cannot to be proposed to account for lower'aBeell counts in discord controllers.

To eliminate the effect of the possibility of vamgi efficiencies of different viral RNA-load
assays on HIV-1 isolates of differing subtype, grat§ were not classed as viraemic controllers
unless their viral RNA-load had been tested orastl two different assay platforms and found
to have a viral RNA-load of <2000 copies/ml ortlea PCRs designed to quantify HIV-1,
including those used in this study, rely on nucletid-based amplification with detection of
specific target sequences. Consequently, mismataherimer and probe sites due to the
genetic variability of HIV-1 have the potential teduce the efficiency of hybridisation,
resulting in the inability to detect viral RNA-loatcurately [328]. Any single viral RNA-load
assay platform will underquantitate a small peraget of the time given the inherent
heterogeneity of HIV-1 species, hence the needotdiren an atypically low result using a

second assay.

For three viraemic controllers, control of viral RNbad was lost during follow-up. It is
possible that this was a result of super-infectioth another virus; this has previously been
shown to be a cause of loss of control of viral RMAd [329]. Sequential analysis of infecting
virus during viraemic control and after control wast would therefore have been of interest in
these patients. It may also be ttase that viral rebound was due to the developmieviral
escape mutations or loss of effective immune resgo@as has been described previously [330,
331]. This, together with the varying patternsHi¥/-1 RNA-load control and CD4T-cell
homeostasis as shown in Appendix Il, further higits the fact that alternate, as yet undefined,

factors play a significant role in control of vilANA-load and CD4T-cell homeostasis.

As discussed in Section 1.6.1, there remains s@batd regarding whether absolute C4

cell count or CD2 T-cell percentage is a more reliable marker of ime status in HIV-1
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infected individuals. Since there is some ethraciation in normal CD4 T-cell and total
lymphocyte counts [332, 333] it could be argued Hume patients may have a lower CD4

cell count on account of their ethnic group. logh patients one might expect to see low
absolute CD4T-cell counts but normal CD4 -cell percentage given total lymphocyte count is
also lower. In order to exclude this as a faceading to spurious inclusion in the discord
controller cohort, CD4T-cell percentage was also assessed in each bentrehort. The fact
that CD4 T-cell percentage was significantly lower in thiscdrd controller group compared
with typical controllers, together with the factathethnicity isn’t significantly different
comparing the two controller groups, suggeststtiatower absolute CD4T-cell counts in the
discord controller group are not merely a featuretonic differences and a lower normal CD4

T-cell range, and that thek®v counts are a result of specific depletion a dell type.

2.4.2 Epidemiological and Clinical Features of Discord Controllersand Typical Controllers

Epidemiological factors (age, sex, place of bigthnicity or risk behaviour) were found to be
similar when comparing discord controllers and d¢gpicontrollers. Therefore, this study did
not identify a factor other than CDZ-cell count which distinguished discord controslérom
typical controllers. A higher proportion of the @ viraemic controller cohort were women
than men as has been reported previously amongatmic controllers (definition used viral
RNA-load <400 copies/ml) [319]. The reason for rerepresentation of women is not fully
understood [319].

No association was found between the discord plpaoand time since first positive test
(surrogate for time since seroconversion) sugggstiat the discord controllers are not simply
those viraemic controllers which have been infedteda longer time period when compared
with typical controllers. This supposition is als@pported by the fact there was no association
between discord controller phenotype and age. &Whine since diagnosis is not a perfect
surrogate for time since seroconversion, this dhtes suggest that the discord controller
phenotype is not associated with a longer duratibninfection compared with typical

controllers.

There was no evidence of increased opportunisieadie in discord controllers compared to

typical controllers (Appendix Ill), despite theavier CD4 T-cell counts.
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2.4.3 HIV-1 Subtypesin Discord Controllers and Typical Controllers

The HIV-1 subtype distribution found in the Eashidon HIV-1 cohort studied here is far more
diverse than is reported for the U.K. A study lbse5,675pol gene sequences recorded in

the United Kingdom Drug Resistance Databtasmd 74.9% sequences to be subtype B,
10.0% were subtype C, 6.4% subtype A and 1.8% CRA&G2amongst other less frequent
subtypeg64]. In the East London HIV-1 population, as showrFigure 2.3, only 35.7% are
subtype B demonstrating that there is a far highpresentation of non-B subtypes in the East
London HIV-1 population compared with the U.K. iargral. This is likely to be at least in
part due to the high proportion of Black Africaropke in the East London HIV-1 population; a
study based in South London showed that non-B pebigolates account for 96.8% of

infections among Black Africans compared with obdy2% in Caucasians [334].

There was a non-significant trend towards incredsequency of HIV-1 subtype C in the

discord controllers compared with the typical colr cohort. Whilst studies have suggested
increased pathogenicity of subtype D isolates [&lkimilar rate of disease progression is
observed in patients infected with subtype C inéectvhen compared with subtypes A, B and
CRFO02_AG [31]. Therefore, relative pathogenicifysabtype C isolates does not appear to

explain to any degree the increased frequencyi®ttibtype in discord controllers.

A product for sequencing and subtype prediction was obtained using either subtyping
method for two viraemic controllers patients. ®irstibtype was not determined in all patients

tested, it is possible that the subtype data magkbeed slightly by this.

2.4.4 Response of Discord Controllersto ART

In three out of five discord controllers who wereated with ART a clear gain in CDZ-cell
count was observed in keeping with those descrilpedkulicz et al.[322]. This further
supports the notion that CDZ-cell counts in the discord controller populativare low as a
result of depletion rather than a lower normal eirgthese patients. It is also of relevance to
the clinician treating these patients to know weefiD4 T-cells recover in the same way that
they do in non controllers. It is notable thatkeeping with the study by Okulicz et al., work
here shows that CD4T-cell gains were seen in these patients overobopged period, with
gains continuing to be seen past 12 months of AR@leed, a significant early rise in CD®-

cell count was seen only in one patient (PatiefitaBle 2.3, Figure 2.4). Where early increases

in CD4" T-cell count after starting ART are seen, this he®en proposed to be due to
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redistribution of T-cells resulting from ART-medéak resolution of the immune activation that
had sequestered CDZ -cells within lymphoid tissues [167, 290], sugies this may have

been a significant factor for Patient 3.

Even though a significant early rise in absolutedCID-cell count was seen only in Patient 3,
CD4" T-cell percentage increases were seen in thrakefupatients after 1 month of ART
because total CD8T-cell counts had decreased significantly duringt time. This has been
demonstrated previously, with other studies repgré decrease in either memory CDO@8cells
[335], activated CD8T-cells [336] or HIV-1 specific CD8T-cells [178] within the first few
weeks of ART. It is thought that the reason fastis that suppression of viral RNA-load
results in reduced antigen driven expansion ofGB8" T-cell compartment. Therefore, the
early CD4 T-cell percentage increases in these three patisrikely to represent restoration
of a more normal CD8T-cell profile given the suppressed viral replicat rather than
reconstitution of the CD4T-cell pool. The fact that ART leads to restaatdf a normal CD8
T-cell pool in discord controllers, suggests ARTpesses antigen driven expansion of the
CD8" T-cell compartment in this cohort too. This sugigethat there is high level HIV-1
replication in discord controllers which is notlegted in significant viral RNA-loads. This

proposal is further supported by HIV-1 DNA loadalathich is presented in Chapter 4.

Four of the five patients started on ART were rlité €ontrollers and thus had detectable viral
RNA-loads. Viral RNA-load for all four patients wefrom being detectable to undetectable
using current standard assays. It may be thatdhisction in viral RNA-load, albeit from an
already low level, is key to CD4T-cell reconstitution. The fact that CD%-cell count gains
were seen here, despite already low pre-treatmeadtRNA-loads, supports current treatment
guidelines which emphasise the need to initiate ARThe basis of CD4T-cell count rather
than viral RNA-load [337].

One study reported that an elite controller witloguessive CD4 T-cell depletion did not
experience CD4T-cell reconstitution on ART [338]. This is indq@ng with the fact that CD4
T-cell gains were minimal in the one elite coneol(Patient 2) put on ART in this study. This
same study reported a decrease in viral RNA-loamnfr7 to <1 copies/ml (using an
ultrasensitive research assay) in the elite cdetrput on ART [338]. This might suggest there
is a point at which viral RNA-load is so low, degsing it further does not lead to CDB-cell
reconstitution. It must also be noted that thigigtexamined only one elite controller put on

ART, and it also relies on accurate quantificatibextremely low level viral RNA-load.
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These results taken together suggest that althsugpression of viral RNA-load is important
in reconstitution of CD4 T-cell count in many patients (even where viral Riads are
already relatively low as in viraemic controllerstiwdetectable viral RNA-load), there are

additional factors involved in CD4T-cell count reconstitution.

In summary, data presented here demonstrates gighificant subset of viraemic controllers
have a low CD4T-cell count, and suggests that it is low as altesf CD4 T-cell depletion
rather than a low count which is normal for thasa@ividuals. These discord controllers appear
epidemiologically similar to typical controllers érhis study finds no evidence that discord
controllers have been infected for a longer durati@an typical controllers. This study found a
trend towards a higher representation of the s@btymmongst discord controllers compared
with typical controllers. Most discord controlleexperience slow recovery of CDZ -cell
counts when put on ART, with early recovery of CO4cell percentage due to a decrease in

total CD8 T-cell counts.
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CHAPTER 3

Characterisation of T-cell Populations in Discord @ntrollers

and Typical Controllers
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3.1 Introduction

In HIV-1 infection the mechanisms leading to depletbf peripheral CD4T-cells are not fully
defined. Mechanisms which have been proposed sndha mutually exclusive include: 1)
apoptosis of uninfected CD4T-cells as a result of chronic immune activatidis&rved in
progressive disease [263-265, 267, 339-341]; 2)aired production of CD4T-cells as
suggested by the preferential depletion of naiveells in progressive disease [265, 295, 296];

and 3) sequestration to another site within theybod

Work described in this Chapter was designed torohéte the contribution of these first two
factors to CD2Z T-cell decline in discord controllers. Therefotbe hypothesis was that
changes typically associated with disease prognessiigh level CD4 and CD8 T-cells
activation and depleted naive CDdnd CD8 T-cells, would be more marked in discord
controllers as compared with typical controlle@omparison of discord controllers with typical
controllers provides the opportunity to distinguishmunological changes associated with
disease progression from those which result frogh kiral RNA-load. This distinction is not
possible with analysis of patients with the typipattern of progression (high viral RNA-load,
low CD4" T-cell count).
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3.2 Methods

T-cell work was carried out on blood from sevencdrsl controllers with a geometric mean
CD4" T-cell count 0f<400 cells/mm, and from 12 typical controllers with a mean COH4cell
count of>500 cells/mm, in order to avoid those patients too near the d8B/mn cut-off
which distinguishes these two cohorts. For compar blood was also taken from five
progressors (viral RNA-load > 10000 copies/ml, COi4cell <400 cells/mm (see Figure 2.1)

and five uninfected patients.
3.2.1 T-cel Immunophenotyping using Flow Cytometry

Seven colour flow cytometry was used to quantify4dCD-cell and CD8 T-cell populations
and their naive (CD45RED62L"), central memory (CD45R@D62L") and effector memory
(CD45ROCD62L) subsets in freshly EDTA-anticoagulated blood. tivation level of a
particular T-cell subset was defined as percengaggation where an activated cell expressed
both CD38 and HLA-DR [342]. The following monockirantibodies and fluorochromes were
used: CD3-Pacific Blue, CD4- allophycocyanin(APC)J;HCD45RA-phycoerythrin (PE)-Cy7,
CD45R0O-phycoerythrin (PE)-Cy7, CD62L-PE, HLA-DR-i#nin chlorophyll protein (PerCP),
CD38-PerCP-Cy5.5, CLA-FIT@7 —APC (BD Biosciences, San Jose, CA).

The staining matrix allowing colour compensation sabsequent analysis is shown in
Appendix |. Saturating amounts of monoclonal adibs or their respective isotype controls
accord to this matrix were incubated with 100uiabiole blood (within 4 hours of collection)

for 15 minutes at room temperature. 500ul Optilgsémmunotech, Marseilles, France) was
added and incubated at room temperature for agudtd minutes. Blood aliquots with single
colour staining were processed with each run fanmensation. After two washes with
phosphate-buffered saline containing 2% FCS, 0.08%k and 1mM EDTA, stained cells

were re-suspended and fixed in 300ul phosphatetadf saline 4% paraformaldehyde. A
constant volume of Flow-count Fluorospheres (Beck@aulter, USA) was added to enable
absolute quantification of cells. The cells wergured within 12 hours of fixing on a BD LSR

Il cell analyser with a minimum of 50000 (usual@0DO00) events acquired per sample.

Efforts taken to preserve expression of surfaceemudés in T-cells include the use of only
fresh blood samples which were processed withihd4s of collection and the use of NaN
the wash buffer which inhibits the potential redimition of cell surface markers by either

endocytosis or shedding.
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Figure 3.1 Gating strategy for flow cytometric amlysis of T-cell subsets.Example given
here for activated naive CDZ-cells. a) Forward and side scatter to defiable cell gate;

b) Double staining of viable cells with anti-CD3deanti-CD4. CD4T-cells are in the top right
guadrant; CD2 T-cells (predominately CO8T-cells) are in the bottom right quadrant; c)
Double staining of CD4T-cells with anti-CD45RA and anti-CD62L, naive CID6CD45RA"
T-cells, defined with reference to staining witbtigoe-matched control antibodies, are in the
top right quadrant; d) Double staining of naive CD«ells with anti-CD38 and anti-HLA-
DR, activated CD38HLA-DR" T-cells, defined with reference to staining witbotype-
matched control antibodies, are in the upper riglatdrant. The gating procedure was carried
out to identify central memory CD4T-cells (CD3CD4 CD45ROCD62L") and effector

memory CD4 T-cells (CD3CD4'CD45ROCD62L7), naive CD8 T-cells
(CD3'CD4 CD45RA'CD62LY), central memory CD8 T-cells
(CD3'CD4 CD45ROCD62L"),  effector memory CD8 T-cells (CD3CD4

CD45ROCD62L7). Within each population activated cells were wedi as CD38HLA-DR".
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Winlist 6.0 software (Verity Software House, Maingps used for analyses and colour
compensation. The gating strategy is shown infgi@ul. CD2 T-cells were identified within

a viable cell gate, set on the basis of light scatis cells that were CDBD4". CD8 T cells
were identified as mononuclear cells that were TDBF. Two-dimensional dot plots, in
which quadrant gates were set on the isotype dsntwere used to define naive, central
memory and effector memory populations in both C&dd CD8 populations. In turn, each of
these populations were viewed on further 2-dimaradiplots to determine the percentage of
cell with an activated phenotype (co-expressio€bB8 and HLA-DR). The number of flow-
count spheres acquired allowed a precise detenmmat sample volume acquired allowing

expression of number of cells per volume of blood.

3.2.2 Statigtical Analysis

Statistical analysis and graphical presentationsewmerformed using Prism (version 4.0,
Graphpad). Differences in T-cell numbers and peegges in each cohort were assessed using
a 2-tailed Mann-Whitney U test and results weresatered significant if p<0.05. A correction
for multiple comparisons was employed using thedaliscovery rate calculation. Given the

small sample numbers, non-significant results vrergted with caution.
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3.3 Results

3.3.1 Patient Demographics and Laboratory Parameters

Demographics together with CDZ -cell count and HIV-1 RNA-load distributions inlW1

infected patient groups included in T-cell charasties experiments are shown in Table 3.1.

Table 3.1 Demographics, HIV-1 RNA-loadsandCD4" T-cell counts in patients tested for

T-cell characteristics.

Discord Controllers ~ Typical Controllers Progressors

(n=7) (n=12) (n=5)
Age, years 37 (21 - 63) 43.5 (30 - 53) 35 (30 - 48)
Female 86% 42% 40%
CD4' cells/mnd 337 815 309
(267 - 400) (691 - 971) (296 - 339)
HIV-1 RNA-load 675 268 60,682
copies/ml (128 - 1320) (116 - 926) (28 603 — 15 5518)

Age, CD4 T-cell counts and HIV-1 RNA-loads are expressethadian (range).

3.3.2 CD4" T-cell Subsets

As expected, the total cell numbers were reducedlf€€CD4 T-cell populations in progressors
and discord controllers compared with typical coltérs (Figures 3.2 I, a,b,c). Similar to
progressors, discord controllers had preferenggleation of naive CD4T-cells compared with
typical controllers as shown by a reduction in gercentage of total T-cells with a naive
phenotype (Figures 3.2 |, d,e,f). The higher patiage of effector memory cells (Figure 3.2 1,
f) in discord controllers and progressors is apeaial change due to preferential loss of naive
cells (as shown by lower absolute numbers; Figuzd, ). The percentage of central memory

cells in blood was similar in all three patientgps (Figure 3.2 1, e).
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3.3.3 CD4" T-cell Activation

Progressors showed increased levels of activatiomaive, central memory and effector
memory CD4 T-cell subsets (Figures 3.2 I, g,h,in the discord controllers, all subsets of
CD4' T-cells tended towards higher levels of activatimilar to that seen in progressors. In
contrast, typical controllers had low activatiorvdks, indistinguishable from that seen in
uninfected subjects, apart from a small but sigaiit increase in the frequency of activated
CD4' effector T-cells.

In summary of the CD4T-cell compartment, discord controllers show changet seen in
typical controllers but which are similar to thasgen in progressors: preferential depletion of

naive CD4T-cells and increased CD#-cell activation in all subsets.

3.3.4 CDS8' T-cell Subsets

Unlike progressors but similar to uninfected indivéls, typical and discord controllers both
maintain high levels of naive CD&-cells (Figures 3.2 Il, a,d). Progressors have a
preferentially depleted naive CD8-cell compartment (reduced numbers and percenthge
total) and have expanded numbers of effector mer@@§’ T-cells compared with all other

patient groups (Figure 3.2 II, f).

3.3.5 CD8'T-cdl Activation

Higher activation levels were seen in all CO8cell subsets in all HIV-1 infected groups
compared with uninfected controls (Figures 3.2glh,)). CD8 T-cell activation levels in
discord controllers were most similar to those sigetypical controllers in all CD8T-cells
populations (Figures 3.2 Il, g,h,i). Thus, destlite fact that discord controllers share low total
CD4" T-cell counts with the progressors, their COBcell activation pattern more closely

resembles that of typical controllers.
In summary of the CD8T-cell compartment, discord controllers appear Isimto typical

controllers and dissimilar to progressors, dematisty preserved naive CD&8nd only low

level CD8 T-cell activation.
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Absolute number of CD8 T-cells in each Subset

No. cells /mm

% of total CDS8 cells

% Activation CD38HLA-DR*

700

600

500 -

400

300 -

200 A

100 -

707

607

507

407

307

207

10

0

707

607

507

40

307

207

107

i —

a) Naive b) Central Memory c)  Effector Memory
p=0.032
p=0.472 p=0.032
.
ot i -
— . -
Percentage of Total CD8T-cells
d) Naive €) Central Memory ) Effector Memory
p=0.349 p=0.042 —
Y
p=0.083
= . :
- = ’ =
i ! T | j m
Percentage Activation
9) Naive h Central Memor ) Effector Memory
- p=0.048
p=0.267 p=0.048 ! ' i
p=0.032 1 i !
—
p=0.117 ﬁ | E
: ‘ ]
T ‘ T
ﬁ i 1 p=0.199

77




Figure 3.2 Representation of CD4T-cell subsets and percentage activation in Discord
Controllers and Typical Controllers in, I, CD4" T-cells and, Il, CD8 T-cells. Patients
analysed included discord controllers and typicattmllers, together with progressors and
uninfected subjects for comparison. Absolute nusog cells in each of CD4and CD8 T-
cell subsets are shown in a) Naive (CD45@B62L"), b) central memory (CD45RGD62L"),
and c) effector memory (CD45ROD62L). Percentage of cells in each of CDehd CD8 T-
cell subsets compared with total CDdr CD8 T-cell pool are shown for d) Naive, e) central
memory, and f) effector memaryPercentage activation of cells in CDBcell subsets (as
percentage of total cells in that subset) by patigoup is shown in g) - i). Each central bar
represents the median value, each box represeatsQR and the whiskers represent the

minimum and maximum values. Relevant p valuesim@ayed.

3.3.6 T-cel Characterigticsin a Patient Subsequently Started on ART

Although not a specific aim of this work, it wasioferest to observe T-cell parameters in one
discord controller patient (Patient 3) who subsetjyestarted on ART to see if there were any
suggestions of parameters that might distinguighitidividual from those who did not need to

start ART.

In this patient naive CD4T-cell count was 120.3 cells/minwhich was 40.4% of total CDA -
cells. The percentage of activated naive CD<4ells was 20.5%, in central memory 12.2%
and in effector memory 21.6%. Naive CDB-cell count was 273.4 cells/mimwhich was
36.8% of total CD8 T-cells. The percentage activation was 18.8% diven CD8 T-cells,

26.3% in central memory CDd -cells and 48.0% in effector memory.
Comparing these results to those seen in Figure v@aRies look typical for the discord

controller group, except that central and effech@mory CD4 T-cell activation levels appear

to be at the lower end of the spectrum.
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3.4 Discussion

Both chronic immune activation of CD4nd CD8 T-cells [263-265, 267, 339-341] and
preferential depletion of CD4and CD8naive T-cells have been reported to be associatad w
progressive disease [265, 295, 296]. Viraemic rodlets typically experience significantly
longer times to progression than non controlled]3 In keeping with this, immune activation
has been reported to be lower in elite controllees in non controllers [320, 343]. However,
as described here, there is a population of viraerontrollers who do experience disease
progression with depletion of CD4T-cell counts, discord controllers, and as suctalvi
replication and progression appear dissociatediadt therefore of interest to determine whether
discord controllers displayed those features tWlyi@ssociated with disease progression. The
hypothesis for this part of the work was that imwlogical features typically associated with
disease progression (selective depletion of naie CT-cells, CD4 and CD8 T-cell
activation) would be more marked in discord comtrsl than in typical controllers, and may

therefore account for their CDZ -cell depletion.

The results described here demonstrate that foCté T-cell compartment the hypothesis
may be accepted since discord controllers demdadteselective depletion of naive CD#4
cells and increased numbers of activated CD4ells compared with typical controllers.
These CD4 T-cell features in discord controllers were simtlathose found in the progressors.
It therefore appears that these immunological featare associated with CD#-cell decline
in viraemic controllers and may account for theleg CD4 T-cell counts seen in discord

controllers.

In contrast, the discord controllers were simitatypical controllers when observing the CD8
T-cell compartment with a preserved naive CD&ell pool and relatively low levels of CD8
T-cell activation. Progressors displayed a defletve CD8 T-cell pool and higher levels of
CD8' T-cells activation compared with both controlleogps. So here the hypothesis must be
rejected since depletion of the naive COBcell subset and/or high levels of CDB-cells
activation were not seen in discord controllerggasting that these immunological features are

not associated with CD4-cell decline in viraemic controllers.

The fact that the hypothesis regarding the C&@npartment was refuted is at odds with other
studies which suggest that CD8-cell activation is a predictor of CD4T-cell decline,
independent of CD4T-cell count and HIV-1 RNA-load [267, 340, 344]instead, results
presented here support alternate studies in whiglmeh viral RNA-load positively correlates
with increased CD8but not with CDZ4 T-cell activation [264, 345], and that this coatén
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holds regardless of CD4r-cell counts [345]. This would predict, as wasirid in this study,
low CD8" T-cell activation levels in discord controllersspée their low CD4T- cell counts.
Results described here show HIV-1 infected grouipluding typical controllers, to
demonstrate significantly higher CD8-cell activation in all compartments than in (eited
subjects. By contrast, CD4T-cell activation was found to be similar in tygiccontrollers
compared with uninfected subjects. Huhtal. report results which differ in respect to the
CD4" T-cell compartment in that 30 elite controllergfided as viral RNA load <75 copies/ml)
were found to have higher CD4nd CD8 T-cell activation than uninfected subjects [320].
The reason for the difference in this result maypbeause the elite controller group described
by Huntet al. were not defined by their CD4-cell counts, thereby having a range of counts
(350-642 cell/mm)y; results in their elite controller group may tbkare have been skewed by
high CD4 T-cell activation in those elite controllers widw CD4" T-cell counts. Indeed, they
do additionally report a negative correlation beswd -cell activation and CD4T-cell counts

in elite controllers; whilst this correlation isesefor both CD4 and CD8 T-cell populations,
the correlation appeared stronger (Spearmars- 0.52 and more significant for CD4
activation (p = 0.009) than for CD&ctivation (Spearmans= - 0.37,p = 0.047), where the
correlation was weak and only just reached sigamifae. These findings do appear in keeping
with results reported in this thesis, since in emic controllers CD4T-cell decline appears

more closely associated with CDB-cell activation than with CD8T-cell activation.

Since work described in this thesis began, a felerotnvestigators have examined T-cell
populations in small numbers of viraemic contraler Andradeet al. describe a single HIV-1
elite controller (<50 copies/ml) who experiencegragressive CD4 T-cell decline despite
maintaining undetectable viral RNA-load. This patiwas HLA B5801 positive and thought to
be infected with a subtype B virus. The level @4Cand CD8 T cell activation in this patient
was found to be much higher than that seen inif@®@ntrollers who maintained normal CD4
T-cell counts [321]. Sedaghat al. observed CD4T-cells counts in 8 elite controllers, and
found that 3 experienced CDZ-cell depletion. They found no relationship be¢n the level
of activation of CD4 or CD8 T-cells and CD4 T-cell depletion, but stated this might be due
to small patient numbers [338]. Kamstaal. studied the slope of CDA -cell counts over time
in 25 elite controllers (<50 copies/ml). The slapgs not significantly different from 0 in 15 of
these patients, but was positive in 3 and negativé of them. Those with increasing and
decreasing slopes were found not to differ basedCD8" T-cell activation levels, with the
authors concluding that CDg -cell activation was not the cause of CO4cell decline [346].
So in summary Hungt al. found both CD4 and CD8 T-cell activation to be associated with

CD4" T-cell decline in elite controllers (although thesociation was weak for CDg-cell
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activation), Andradest al. found both CD4 and CD8 T-cell activation to be associated,
Sedaghatt al. found neither to be associated and Kamayal. found CD8 T-cell activation
not to be associated with CDZ -cell decline in elite controllers. The publisheesults are
hence not in agreement highlighting the need fahér studies on larger cohorts.

A study earlier this year reported naive CDB-cell assessment in a group of 20 elite
controllers with high CD4T-cells counts and 5 with low CD4'-cell counts, and compared
them to non controllers with progressive disea$bey demonstrated reduced proportions of
naive CD4 T-cells in elite controllers, even in those maimtzg normal total CD4 T-cells
counts; this depletion resembled that seen in ramtrallers. Those elite controllers with
normal total CDZ T-cells counts were found to differ from those hwlbw counts due to
preserved thymic function [347]. This conflictsthvidata presented here where viraemic
controllers with normal CD4T-cell counts had a preserved naive CD4cell compartment,

again highlighting the need for further studies.

It was not possible to thoroughly examine CO4cell response to treatment as predicted by
baseline CD4T-cell activation as it was not often possibleotitain blood samples leading up
to ART initiation. Consequently T-cell data wasadable for only one patient (Patient 3 from
Table 2.3and Figure 2.4) who subsequently started ART. hla patient a significant early
increase in CD4T-cell count was seen on ART. This early increlaae been proposed to be
due to redistribution of CO4T-cell into the blood from the lymphoid tissuesulting from
ART-mediated resolution of the immune activatio6q1290]. Contrary to findings here this
might predict high CD4T-cell activation in this patient. However, adflby Mildvanet al.,
showed that baseline CDA& -cell activation itself did not predict CD4T-cell recovery in
response to treatment [348], potentially explainivity CD4 T-cell activation was not higher
in this patient. It should be noted that ART-meéelibresolution of immune activation might act
at the lymphocyte effector site (e.g. Gl tract lampropria) which might explain why levels of
activation in circulating lymphocytes might not gie response. Similar studies on a greater

number of patients would be needed to make any imgfah interpretation.

A potential limiting factor is the small numbersai$cord controllers studied. This was in part
due to the infrequent nature of the patients théraseand also due to the complexity of the
experiments. Another limitation is that that ordysingle snapshot for each patient was
obtained; changes in these T-cell parameters awver in relation to HIV-1 RNA-loads and
CD4" T-cells counts would be of interest. In additismpset delineation using one or two
surface markers is not perfect: for example notCalM5RA positive T-cells are naive (since
there is some reversion of CD45R0 to CD45RA) [349].
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In summary, this study demonstrates that compartdtypical controllers, discord controllers
demonstrate preferential depletion of naive CD4ells and increased activation of all CD4
T-cell subsets probably accounting for CO4cell loss. CD8 T-cell parameters in discord
controllers are indistinguishable from those inig¢gpcontrollers. In contrast, progressors have
marked naive CD8T-cell depletion and CD8-cell activation. It appears that maintenance of
the CD8 T-cell compartment is associated with low viral RIMads. In conclusion, the CD4
T-cell compartment but not the CD8-cell compartment of discord controllers is typica

patients with progressive disease.
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CHAPTER 4

Quantitative HIV-1 DNA-Loads in Discord Controllers and

Typical Controllers
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4.1 Introduction

The HIV-1 burden in the blood of infected patiecém be measured as viral RNA contained in
virions free in the plasma (viral RNA-load) or cgdlr viral DNA (viral DNA-load). In HIV-1
infection, cellular viral DNA-load is composed offfdrent forms reflecting different stages
during viral replication in the cell: the linear mintegrated form, the circular non-integrated

form and the integrated provirus; the latter isfdren from which transcription occurs [88].

Quantification of the viral RNA-load form in plasmbg PCR has long been the chosen method
used to monitor viral replication and predict pexgion both in the research setting and in the
clinic [244, 315]. In viraemic controllers viralN&-load is persistently low and most patients
maintain normal CD% T-cell counts [304]. However, as is describedthis thesis, some
viraemic controllers have low CDA4T-cell counts (discord controllers) and so demaust
disease progression despite their low viral RNAdladhese low viral RNA-loads are similar to
those found in typical controllers in whom CDB-cell counts are normal (see Table 2.1). The
results in Chapter 3 suggest that the CD<ell depletion is associated with activationCid4"
T-cells, even when there is lack of obvious vigglication in the blood as reflected in the viral
RNA-load, as seen in discord controllers. It was alear, however, based on viral RNA-load
measurement alone, whether there are in fact higlkets of HIV-1 replication in a concealed
or cryptic site which does not give rise to highrali RNA-load. This concealed or
compartmentalised replication may play a direce il CD4 T-cell depletion or may drive
immune activation which leads to CD#-cell depletion. Thus the hypothesis for thisapter

is that, despite the lack of evidence of viral iegtlon as suggested by low viral RNA-load,

viral replication continues to be associated wilPdCT-cell depletion in viraemic controllers.

In order to address this hypothesis it was necgstarexamine another marker of viral
replication. HIV-1 DNA-load has been proposed mslernate marker for ongoing replication
in vivo, based on findings such as the fact that it isagker for disease progression independent
of viral RNA-load [350, 351]. Other studies demwate that viral DNA-loads are maintained
by viral replication because they are suppressedRY [352, 353] and that a significant
correlation was observed between HIV-1 DNA load anspliced RNA transcripts in patients
on ART with undetectable viral RNA-loads [354]. ik HIV-1 DNA load as an alternate
marker for viral replication, the stated hypothesmuld predict that discord controllers have
higher viral DNA-loads than typical controllers. u@ntitative HIV-1 DNA-load assays have
been reported previously, but before analysis dfepa samples, a number of these were

selected to evaluate further and determine the apgsbpriate method for the study.

84



The first part of this work is therefore the deywtent and validation of a quantification HIV-1
DNA-load assay for use on PBMC samples from viraeoaintrollers (Sections 4.2 and 4.3).
Subsequent Sections describe the use of the asdalpad from discord controllers and typical
controllers (together with HIV-1 non controllersr foomparison) to determine whether viral
DNA-load correlates with CO4T-cell decline.
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4.2 Development of a Quantitative HIV-1 DNA-LoadAssay

Since sensitive quantification of HIV-1 DNA was cial, it was decided to design a Tagman
real-time quantitative PCR assay (QPCR) as witkfahassay design it provides sensitive and

reproducible results with a wide dynamic range.

Given the worldwide increasing spread of HIV-1 geneariants, it is mandatory that nucleic
acid assays detect all HIV-1 subtypes. This isi@darly important for this study because of
the high prevalence of non-B subtypes in the Eastdbn HIV-1 cohort. Two primer-probes
sets targeting HIV-1 LTR and HIV-1 Integrase wemdested for assessment using qPCR
following work which had previously been carriedt dBarts and the London NHS Trust
Diagnostic Virology Laboratory). Primers and prsli@nding highly conserved regions of the
HIV-1 genome were assessed using conventional P@Baas which demonstrated their

efficacy on a wide variety of HIV-1 subtypes.

It was anticipated that viral DNA-loads could berwdow in viraemic controllers [314].
Therefore, a method based on initial recovery amttentration of PBMCs was used, as used

by other groups [313, 353, 355], to enhance seitgivf the assay.

Since most HIV-1 in the blood is associated withrdCID-cells, and because CD#-cell counts
are inherently variable in this population groupwas decided to report results as viral DNA
copies/16 CD4" T-cells rather than viral DNA copiesLPBMCs (composed of both
lymphocytes and monocytes). The assay was designgdantify total HIV-1 DNA-load (as
opposed to integrated proviral DNA or unintegratedl DNA) since in HIV-1 infection there
is good evidence to suggest total HIV-1 DNA-load aisgood marker of on-going viral
replication [313, 350, 352, 353, 356].

Therefore, the aim of this part of the work waslevelop a gPCR for quantification of total

viral DNA-load in PBMCs, which would then be repaxttas HIV-1 DNA copies/foCD4" T-

cells.
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4.2.1 Congtruction of a Standard Curve for HIV-1 LTR and HIV-1 I ntegrase g°PCR
The HIV-1 primer and probe sequences used for dpuatnt of the viral DNA-load assay are
shown in Table 4.1. Both probes were labelled witRAM (6-carboxy-fluorescein) reporter

dye.

Table 4.1. Primer and probe sequences for HIV-1 LR and HIV-1 Integrase gPCR

HIV-1LTR Forward Primer 5' - GCCTCAATAAAGCTTGCCTTGA
[357]
Reverse Primer 5 - GGCGCCACTGCTAGAGATTTT
[358]
Probe 5 - AAGTAGTGTGTGCCCGTCTGT
[359]
HIV-1 Integrase Forward Primer 5 - GGTTTATTACAGGGACAGCAGAGA
[360] Reverse Primer 5’ - ACCTGCCATCTGTTTTCCATA
Probe 5 - ACTACTGCCCCTTCACCTTTCCAGAG

A plasmid dilation series was needed in order tostroct a standard curve for target copy
quantification. Products from conventional PCRHY¥-1 LTR and HIV-1 Integrase were TA-

cloned, screened with subsequent purification ghhtopy number plasmid containing the
relevant insert. (see Appendix I). One of eachvsas selected, and their concentrations
established by spectrophotometry (NanoDrop speotitmmeter, used according to

manufacturer’s instructions). Using the DNA cortcation determined using the Nanospot and
the molarity of the plasmid with insert an expectegy number was calculated. From this a
10-fold dilution series was created, (1 = neat,2ir 10 dilution, etc.), and dilutions 5 -12 were

tested using the assays under development.

The HIV-1 LTR assay was assessed initially. Timalf25ul PCR mixture contained 2xPCR
QuantiTect Multiplex RT-PCR No Rox Mix (Qiagen)2(AM of each primer and O probe.
Thermocycling on the ABI 7500 Realtime PCR machmere 95C for 15 minutes for
activation of the Taq DNA polymerase; then 40 cyadé 95C for 15 seconds and B2 for 1
minutes. @l of plasmid dilution were added to duplicate weitg dilutions 5 to 11. 17
reactions of the I2dilution were prepared. Amplification reaching tieeshold was seen in
dilutions 5 to 11; for dilution 11, which contained expected 4 copies per reactiopy&lues
of 36.07 & 40.01 were obtained. For thd"Hution with a predicted 0.4 copies per reactién,
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of 17 signalled, which is in keeping with the pitdd copy number. This PCR was further
optimised by increasing the anneal-elongation teatpee from 52°C, as suggested by lato

al. [359], to 60°C. This improved PCR efficiency gigia standard curve slope of -3.39.

The HIV-1 Integrase assay was analysed in a sinfdahion with 10-fold dilutions. PCR
mixture and conditions were as described for th¥-HILTR assay. The final dilution to
amplify was the 18" dilution, for which it was expected there would2® copies per reaction
based on molarity calculations. Twenty replicatéshe 12" dilution were then tested, and

seven were found to signal again in keeping withgfedicted 0.29 copies per reaction.

Dilutions 7 to 11 were selected for routine use $tandard curve construction. This was
because the copy number these dilutions represergdn the region of expected HIV-1 viral
DNA-loads based on reports in the literature anchbse these dilutions also gave @hich

were in the middle of the range (15-30).

The five plasmid dilutions for construction of thiandard curve for the HIV-1 LTR and HIV-1
Integrase assays were run in duplicate. The ABhp7500 SDS 1.2 programme was then used
to construct a standard curve for each assay. pisalyexample of a standard curve generated

for the HIV-1 LTR assay is shown in Figure 4.1.

Standard Curve
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3e

HIV-1 LTR
34 =

Slope: -3.36
. r*: 0.9922
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Figure 4.1 Example standard curve for HIV-1 LTR assay.
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The efficiency of the assay was calculated usiegohmula:

efficiency = (10"°P®-1) x100

Hence the standard curve shown in Figure 4.1 fat garticular HIV-1 LTR assay has an
efficiency of 98.4%.

For all subsequent assays, as is recommended fORgBtandard curve’ rvalues were

maintained at0.99 ensuring good linearity and efficiency wasntained at 90-110% .

4.2.2 Sensitivity of the HIV-1 LTR and HIV-1 I ntegrase gPCRs on Patient Samples

Five blood samples from HIV-1 infected individualgre selected for testing with the HIV-1
LTR and HIV-1 Integrase gPCRs. So that viral DNgpg number could be expressed as per
cell equivalent, a gPCR for the cellular house-kegmenep-globin was run in parallel (this
gene was selected since it is known there are ahiwagy copies per cell). This gPCR, which
was adapted [361] from a previously published ad8®?], used 0.4M of each primer
(Forward, 5 - GTGCACCTGACTCCTGAGGAGA, Reverse, 5 -
CCTTGATACCAACCTGCCCAG) and 0lM FAM reporter dye G-carboxy-fluorescein)
labelled probe (5° —AAGGTGAACGTGGATGAAGTTGGTGG). Atandard curve was
developed as part of the work described here batiagea dilution series of high copy number
plasmid with the PCR product insert in the same asyor HIV-1 LTR and HIV-1 Integrase
assays (agairf values were0.99 and efficiency 90-110%).

Since the sensitivity of the assay was importaBtMEs were first isolated from the blood
samples. EDTA blood samples from five HIV-1 infstttpatients were centrifuged at 200g for
10 minutes at room temperaturPastettes were used to aspirate the buffy coat é&ach and
DNA was extracted using the Qiagen EZ1 biorobot BMNA Tissue programme according to
the manufacturer’'s instructions into a g0@luate (6 water samples were also included as
negative extraction controls). An internal inhidyit control is important when employing PCR
for use on blood due to the frequent presence d® R@ibitors. For this purpose a fixed
concentration of phocine herpes virus (PhHV) wadeddto each sample before extraction so
that its subsequent detection using a parallel gi@RId provide an internal amplification

control.

5ul of the extracted DNA was analysed in duplicatetfe four separate qPCRs: HIV-1 LTR,
HIV-1 Integrase,-globin and PhHV. In addition, six test wells weused for negative

extraction controls (NEC) and two wells for waterre template controls (NTC); these controls
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were used in all subsequent experiments too. ThiidVPgPCR run in parallel used the
following primers: Forward, 5° — CGTTCCAACAACACAACTACTG, Reverse, 5 -
CTCTCATATCATCATTCAACTCAGTGT; and probe : 5-
ACCACCAATTACTCCTAGTCCACCACCG. The probe was lateell with a JOE reporter
dye (6-carboxy-4', 5’-dichloro-2’, 7’-dimethoxy-farescein).

Mean G values obtained from test wells were then compavéd the standard curve to
determine copy number. The results of the gPCRHherfive patient samples are presented in
Table 4.2 and show good correlation between HI\Gftycnumber as assessed by the HIV-1
LTR and HIV-1 Integrase qPCRs. The PhHYv&lues were found to be within range for all
samples (acceptable range 33.5 — 35 5@gesting no significant gPCR inhibition.

Table 4.2. Target copy number in blood from five ptients using HIV-1 LTR and HIV-1
Integrase andp-globin gPCRs

Sample HIV-1LTR HIV-1 Integrase B-globin
1 4.4 8.12 3.19xfo
2 58.67 46.41 3.85x10
3 114.31 122.2 6.76x10
4 34.16 11.18 6.66x10
5 62.79 26.5 4.07x%0
NTC & NEC ND ND ND

NTC — no template control. NEC — negative extactontrol. ND — not detected.

A further experiment designed to assess relativsitety of the two HIV-1 gPCRs used a
sample with a very high viral RNA-load (1782250 exml). The buffy coat layer was
removed and from this a 5-fold dilution series BSPwas prepared. The neat buffy coat with
four dilutions and a negative control underwent Dédraction using the Qiagen EZ1 biorobot
as described in Section 4.2.2. The result ofékjgeriment, as shown in Table 4.3, showed that
the HIV-1 LTR qPCR appeared to have superior seitgit For this reason, the LTR set was
selected for use for all subsequent experimengether with the gPCR fdg¥-globin and PhHV.
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Table 4.3. Target copy number in dilution series foPBMCs from blood of patient with
high HIV-1 RNA-load using HIV-1 LTR, HIV-1 Integras e andp-globin gPCRs

Sample HIV-1LTR HIV-1 Integrase B-globin
Neat Blood 9.4 2.8 2.3xf0
5t 05&0 0.88 5.8x10
52 05&0 ND 8.6x10
53 ND ND 9.6x10
54 ND ND 3.4x16
NTC & NEC ND ND ND

NTC — no template control. NEC — negative extactontrol. ND — not detected.

4.2.3 Validation of HIV-1 DNA-load Assay on Patients | nfected with Varying HI V-1
Subtypes

Ten samples of differing HIV-1 subtypes were s@dcthe buffy coat layer removed and DNA
extracted using the EZ-1 extraction procedure.ami@es were tested as described previously
using the HIV-1 LTRB-globin, PhHV gPCRs.

HIV-1 LTR copies/16 PBMC were calculated using the following formuthefe are 2 LTR

copies per HIV-1 virus, and alsd32globin copies in every human cell) :

HIV-1 DNA copies/1I6 PBMC = _ LTR copies x 10

B-globin copies

CD4" T-cell percentage was obtained from routine latooyadata available on the day (or near
to the day) the sample was taken which was subsdguesed for viral DNA-load assessment.
Since this value gives what percentage of lymprescgre CD%it was used to estimate HIV-1
LTR copies /16 CD4" T-cells (since the majority of PBMCs are lymph@s)t using this

formula:

HIV-1 DNA copies /16 CD4' T-cells = HIV-1 LTR copies/i®BMC x 100
% CDZ -cells
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The experiment demonstrated amplification fromsalinples, with viral DNA-loads ranging

from 10-545 copies/FPBMC prior to conversion to copiesfl0D4" T-cells.

It was noted, however, the internal PhHV contrdisveed evidence of PCR inhibition (2.5
cycle right shift of the §. HIV-1 copy humber would not be reliable in vi@f/this. After
several experiments designed to determine the f@teause of this it was found to be due to
metal beads present in the extraction eluate whiere used as part of the EZ1 biorobot
extraction process. Centrifuging the eluate ahligeed and applying a magnet to the tube in

order to pipette off the sample without the me&dds resolved this inhibition problem.

4.2.4 Inter-Assay and I ntra-Assay Reproducibility of HIV-1 LTR and £-globin gPCRs

Separate HIV-1 LTR anfi-globin qPCR results were obtained for eight patgsamples. As
demonstrated by the duplicate copy number valueBlifié-1 LTR in run 1 and 2 (Table 4.4),
intra-assay variability was found to be minimahter-assay variability was also minimal as
shown by the values obtained for HIV-1 LTR copid€/ PBMCs in each run for each sample.

This demonstrates that the assay has good intrantardassay reproducibility.

Table 4.4 Inter-assay and intra-assay variabilityfor HIV-1 LTR and B-globin gPCRs.

HIV-1LTR B-globin HIV-1 LTR copies/16
copies copies PBMC
1 2 1 2 1 2
1 143.4 110.7 95.4 97.4 350236 422072 362.8 228.4
2 310 7.1 23.4 32.7 889404 813633 21.4 34.5
3 ND ND ND ND 672812 530451 0 0
4 1.3 0.4 0.2 0.6 616095 485927 1.4 0.8
5 ND ND ND ND 705341 476486 0 0
6 20.0 132.0 99.0 911 716092 860252 106.1 110.5
7 88.5 113.7 77.7 895 1064632 699953 95.0 119.4
8 31.0 410 229 153 953261 1297324 37.8 14.7

1 and 2 denote different gPCR runs, with dupliedituots tested on each run.
HIV-1 LTR copies/16 PBMC for each run (1 and 2) calculated using nfeah TR copies.
ND — not detected.
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4.3 Discussion of Quantitative HIV-1 DNA-Load Asay

Previous studies have used various methods oftiegdilV-1 DNA-load in blood: copies/f0
PBMC [313, 353, 355], copies / 1GD4" T-cells [363, 364] or copies/uL of whole blood §36
Most methods use Ficoll-Hypaque separation of whied to purify the PBMCs as described
in the method here.  We expected viral DNA-loadsbe particularly low in viraemic
controllers [314]. The advantages and disadvastafe¢he various ways of reporting HIV-1
DNA-load in blood are reviewed by Avettand-Féneél. [366].

Reporting viral DNA-load as copies/ml of whole bibis susceptible to inconsistencies in the
Ficoll-Hypaque separation procedure between samplgis may eliminate the influence of
variation in cell counts in blood. The use of agfial -globin gPCR allowed normalisation of
the HIV-1 DNA copies for 1Dcells. Normalising the results minimises the tigfice of
variations in the steps preceding quantificatioat thre essentially linked to the yield of the
DNA extraction step. Reporting viral DNA-load aspies/16 PBMCs means that the
denominator cells include all those which might HB/-1 target cells (CD2 T-cells and
monocytes). Expressing results as copiésflD4" T-cells disregards monocytes, less often
infected than circulating CD4T-cells, but has the advantage of not being imfbeel by the
variation in circulating CD4T-cell pool (the main reservoir in blood). Givtéhe fact that the
purpose of this study was to compare two groupmeefby their different CD4T-cell counts,

it was crucial that the results should not be ogehbias introduced by differing CD4T-cell
counts; thus it was decided to report results esgae as copies/A@D4" T-cells rather than
copies/16 PBMCs. However, a potential problem with this aygmh is that all HIV-1 DNA is
attributed to a CD4T-cell reservoir, whereas in fact some may be dwamdd by circulating
monocytes. Although this is typically a minor Viraservoir, in certain populations the amount
of HIV-1 DNA in monocytes can be higher, such asHIV-1 associated dementia [136].
Another issue with the method used is that copléslD4" T-cells was estimated from
copies/16 PBMCs using percentage CD&-cells; this is only an approximation since
nucleated cells in PBMC suspensions are composdgngihcotyes, monocytes and natural
killer cells [367]. However, lymphocytes are thegominant cell type (around 85%) [367] and
so this calculation should give a reasonable ptiediof copies/10CD4" T-cells. Whilst small
errors may persist, since this calculation methad wsed for all samples it should still provide
a reliable method for comparing viral DNA-load beem the groups which is the main aim of
the study. Another approach would have been tifyptire CD4 T-cells from the PBMCs
before DNA extraction. However, this could leadatsevere loss of cells and compromise

sensitivity. In addition, the PBMC samples fromnyaf the patients had been accumulated
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over time and therefore were frozen, which is kel have led to clumping on thawing thereby

affecting the efficiency and reproducibility of CD#-cell sorting [368].

Tagman real-time gPCR allows simultaneous amptificeand quantification, which eliminates
the need for further manipulation of PCR productis limits the risk of contamination. The
gPCRs were thoroughly validated and optimised. dSspecificity was ensured by the
inclusion of multiple no template controls. Furtlspecificity assurance was provided by using
an assay which used a specific probe (unlike SYBRe® based amplicon). In terms of
sensitivity of the HIV-1 LTR gPCR, the dynamic rangf the assay was shown to be wide,
covering at least five orders of magnitude (seeiféigt.1). The limit of detection of the HIV-1
LTR gPCR as suggested using molarity calculatioas wl copies per reaction. It was not
possible to further define sensitivity since théseno agreed standard and there are no
commercial assays for HIV-1 DNA-load quantificationThe inclusion of an internal PCR
inhibition control (PhHV) ensured inhibition wasteeted readily and the problem addressed.
The assay demonstrated good intra (all samplesihplicate HIV-1 LTR qPCR on each run)
and inter assay (several samples were repeateiffereat runs for verification) reproducibility.
The exponential amplification phase of the gPCRsv&lll a strong linear relationship between
the threshold cycles (Chumber of amplification cycles required to reacket threshold) and
the logo of the input copy number?value was consistently0.99). The qgPCRs were also
quick and easy to perform, minimising the chancesfror. Crucially in this setting the assay
was both designed (choice of primers and probeg)vatidated for use on a wide range of
HIV-1 subtypes including the various non-B subtypesountered when testing samples from

the East London HIV-1 population.

HIV-1 DNA-loads obtained here were compared withsthin the literature. Using this assay
viral DNA-loads ranged from 10-545 copies! BBMC (prior to conversion to copiesf10D4"
T-cells); this is comparable to values found by Roux et al. in untreated HIV-1 infected
subjects: 2.45 - 3.32, median 2.86,lpgopies/16 PBMCs (which is 282 — 1622, median 724
copies/16 PBMCs). However, values obtained here were apmately a log, lower than
those reported by Gibellirét al.: 2063 + 2144 (mean +/- 1SD), range 126-9736, cipi®
cells [369]. It is difficult to compare the resulof these studies as different quantitative

techniques were used and on differing populations.

In summary, this work describes a novel real-tilfRCR that allows quantification of HIV-1
DNA-load over a wide dynamic range with good iné&d intra assay reproducibility. This
assay has excellent sensitivity and can be use#ilférl DNA-load quantification of a wide

range of HIV-1 subtypes and has been validatedderon PBMC samples.
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4.4 Methods

4.4.1 Summary Method for Quantitative HIV-1 DNA-load Assay

Samples were tested using the HIV-1 DNA-load adsamn a range of discord controllers,
typical controllers and non controllers. Non coliérs were selected on the basis of being
ART-naive HIV-1 infected persons, infected >12 nhmsntwvith a viral RNA-load >10000
copies/ml and a range of CDZ-cell counts (see Figure 2.1, non controllers sftewn in
green). Age, sex and routine laboratory resuke (Section 2.2.2) were recorded for each
patient. A geometric mean was calculated of tis¢ taree CD2 T-cell counts and HIV-1
RNA-loads prior to the date of the sample usedHiM-1 DNA-load was taken. Following on
from assay development, here is the summarisedqubtised for viraemic controller patient

samples:

PBMCs had been previously cryopreserved from pesidriood, prepared by Ficoll-Hypaque
separation of EDTA anticoagulated blood (see Appefl)d DNA was extracted from these
cells after thawing using the EZ1 Qiagen biorolyat BNA Tissue programme according to the
manufacturer’s instructions into a 20®@luate. A fixed concentration of PhHV was added
each sample before extraction as an internal aicgtiibn control. A final 25ul gPCR mixture
contained 5ul of DNA extracted from PBMC, 2xPCR @tileect Multiplex RT-PCR No Rox
Mix (Qiagen), 0.2M of each HIV-1 LTR primer (F1 5'-
AGCCTCAATAAAGCTTGCCTTGA-3; R1 5-GGCGCCACTGCTAGAGAITT-3") and
0.2uM probe (AAGTAGTGTGTGCCCGTCTGT, fluorescent Ilabel). Thermocycling
conditions (ABI 7500) were 95°C for 15 minutes; i) cycles of 95°C for 15 seconds and
60°C for 1 minute. Duplicate HIV-1 LTR arfitglobin gqPCRs were run in parallel for each
sample and mean value calculated. An externahythslilution series was run in order to
construct a standard curve for both HIV-1 LTR dhdlobin, so that copy number could be
determined in the test samples. This data allovired DNA-loads to be expressed as per cell
(PBMC) equivalent. This was run each time to alkow differing efficiencies of a particular

gPCR run, thus allowing robust comparison of valiasined on different runs.
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4.4.2 Statigtical Analysis

Statistical analysis and graphical presentationsewserformed using Prism (version 4.0,
Graphpad) and results were considered significhnp<i0.05. To determine significant
differences in viral DNA-loads between cohorts,-&@iked Mann-Whitney U test was applied.
Spearman's test was used to determine correlatietwebn viral DNA-load and

contemporaneous CDZ -cell count.
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4.5 Results

45.1 Patient Demographics and Laboratory Parameters

Demographics together with CDZ-cell count and HIV-1 RNA-load distributions iraent
groups tested using the HIV-1 DNA load assay aosvehin Table 4.5.

Table 4.5 Demographics, HIV-1 RNA-loads and CD4T-cell counts in patients tested for
HIV-1 DNA-load.

Discord Controllers  Typical Controllers  Non Controllers

(n=11) (n=16) (n=10)
Age, years 38 (22 — 64) 425 (31-171) 42 (28 - 66)
Female 63% 8% 10%
CD4' T-cells/mni 339 775 399

(251 — 424) (499 — 1326) (258 — 716)
HIV-1 RNA-load 412 391 15,809
(copies/ml) (49 — 1296) (40-1745) (10,041 — 169049)

Age, CD4 T-cell counts and HIV-1 RNA-loads are expressethadian (range).

4.5.2 HIV-1DNA-load in Discord Controllersand Typical Controllers

Using the HIV-1 DNA-load assay developed in Secdd?, viral DNA-loads were measured in
discord controllers, typical controllers and nomtrollers. This generated a value for viral
DNA copies/16 PBMCs for each patient. This was then used tegetlith the CD4 T-cell
percentage obtained from a contemporaneous rasut the routine laboratory testing (see
Section 2.2.2) to calculate a value for the virdlMload (copies/1D CD4" T-cells) The

results are shown in Table 4.6.

Viral RNA-load (copies/ml) and viral DNA-load (cas/16 CD4" T-cell) for each cohort

tested are shown in Figure 4.2. Viral RNA-loadthe discord controller cohort is similar to
that found in typical controllers (Figure 4.2 b)n contrast, the discord controllers have
significantly higher levels of viral DNA-load thappical controllers; these levels were found to

be comparable to those in non controllers (FiguPead.
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Table 4.6. HIV-1 DNA-load /16 PBMCs, CD4 T-cell percentage and HIV-1 DNA-load

/10° CD4" T-cells for each patient tested.

Patient HIV-1 DNA-load CD4 T-cell %
copies / 10PBMCs  (of lymphocytes)

HIV-1 DNA-load
copies / 16CD4' T-cells

Discord Controllers

1 1.33 10 13.27
2 70.32 4.6 1528.68
3 62.30 9.6 648.92
4 24.98 10.5 237.87
5 22.44 10.2 220.02
6 78.70 10.32 762.59
7 47.37 8.53 555.35
8 44.98 5.83 771.47
9 53.21 7.59 701.04
10 33.20 5.52 601.44
11 23.52 9.1 258.44
Typical Controllers

1 2.74 9.2 29.74
2 7.80 7.5 103.99
3 0 19.2 0.00
4 1.91 4.0 47.83
5 33.26 11.7 284.26
6 14.04 8.0 175.50
7 31.26 14.3 219.28
8 25.02 11.2 223.43
9 0 16.8 0.00
10 0.33 8.4 3.90
11 19.82 14.2 203.26
12 14.79 11.5 128.53
13 80.72 10.7 755.25
14 2.12 10.2 20.77
15 7.99 114 69.86
16 1.21 19.7 6.16
Non Controllers

1 110.43 12.6 876.45
2 78.15 10.5 744.25
3 97.91 6.9 1419.04
4 119.06 13.8 862.74
5 52.62 54 974.53
6 1.46 5.5 26.56
7 34.41 4.3 800.32
8 124.74 5.7 2188.41
9 131.66 111 1186.09
10 174.97 6.7 2611.52
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Figure 4.2 HIV-1 DNA-loads and RNA-loads in Disord Controllers, Typical Controllers

and Non Controllers. HIV-1 RNA-load (copies/ml), a, and HIV-1 DNA-loaddpies/16
CD4' T-cells), b, are both displayed on alggcale. Each central bar represents the median
value, each box represents the IQR. Whiskers sth@vminimum and maximum values.
Median (range) copies/i0CD4" T-cells for each group: typical controllers, 87 {(0755):;
discord controllers, 601 (13 — 1529); non contrsli&52 (27 — 2188).

99



Figure 4.3 shows lag HIV-1 DNA-load plotted against mean CD& -cells/mni for all
viraemic controller patients (discord controllensdatypical controllers). A strong inverse
relationship between viral DNA-load and CDB-cell count was demonstrated.

HIV-1 DNA load

0 200 400 600 800 1000 1200 0Q4

Mean CD4 T-cell count
Figure 4.3 HIV-1 DNA-load Plotted Against Mean CI" T-cells/mn? for all Viraemic
Controllers. HIV-1 DNA-load (copies/10 CD4" T-cells) displayed on a lggscale Mean

CD4" T-cell count is the geometric mean of the laste¢hrounts prior to the date of the sample
used for HIV-1 DNA-load.
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4.6 Discussion

Discord controllers have lower CDZ-cell counts but equivalent HIV-1 RNA-loads comgx
with their typical controller counterparts; one Exmtion would be that discord controllers
have higher levels of HIV-1 replication despite thet this is not reflected in the viral RNA-
load. In order to determine whether HIV-1 replicatis higher in discord controllers than
typical controllers, HIV-1 DNA-load was measured agurther marker of viral replication.
HIV-1 DNA-load has been shown to be a marker oélieplication and disease progression.
For example, it has been shown that the HIV-1 DNad in PBMCs from untreated patients
provides an estimate of the cellular viral resarvaihich is established soon after infection
[350, 370] and independently predicts disease pssyon [313, 350, 351]. HIV-1 DNA-load
decreases over time in patients on ART [369]. Heaurhore, higher HIV-1 DNA-loads are
associated with suboptimal recovery of CDO4cell count in patients on ART [371, 372]. A
negative correlation between viral DNA-load and CDO4cell count is also seen in HIV-2
infected patients, where viral RNA-load is ofterdatectable [373-375].

HIV-1 DNA-loads may be determined by measuringltotlular viral DNA, which includes
both integrated provirus and unintegrated virusniegrated linear DNA, as well as 1-LTR and
2-LTR circles) (see Section 1.4). It could be aduhat measuring integrated HIV-1 DNA-
load would be a more appropriate measurement stnie from this integrated form that
transcription leading to progeny virions occurs ][88A method has been described for
quantification of integrated HIV-1 DNA using @&hu-LTR PCR technique whereby one primer
anneals to the HIV-1 LTR and a second in the higapeated chromosomalu element [376].
However, integrated HIV-1 DNA appears remarkabgbkt, with one study showing that after
48 weeks ART a 5-fold reduction in the total HIVEINA-load was seen without a parallel
decrease in integrated viral DNA [352%ince ART is well documented to lead to a decraase
viral replication, it follows that integrated HIV-DNA may not be an accurate marker of
current replication. Further studies confirm timigrated HIV-1 DNA forms have a very long
half-life [377] and as such are likely to represtra fundamental latent viral reservoir [86]. In
contrast, unintegrated HIV-1 DNA, the more unstdiolen, has been proposed to be a good
marker for ongoing replicatioimn vivo [356]. Work from several groups has shown the
persistence of 2-LTR circular forms in PBMCs of HIMnfected individuals in the absence of
detectable viral RNA-loads, and has been correlaiddresidual cryptic viral replication [356,
378]. As such, many of the papers which have tedahat HIV-1 DNA-load is a marker of
progression or of high viral replication have enygld assays measuring total cellular HIV-1
DNA-load (including the unstable unintegrated foyf@L3, 350, 352, 353]. For this reason, an
assay which determined total cellular HIV-1 DNAdobaas developed.
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Of note, the range of HIV-1 DNA loads obtained dgrthis work were more narrow that was
seen for HIV-1 RNA loads; this more restricted rarg values for HIV-1 DNA loads has been

reported previously [379].

Work described here found low HIV-1 DNA-loads irpityal controllers: median 87 (range 0 —
755) copies/10CD4" T-cells; when expressed as copie$/P8MCs values are median 7.90,
(range 0 - 80.72). This is in keeping with findsng other studies for example, Lambatel .
found in elite controllers a mean total HIV-1 DN@ald of 32 (range 0 — 251) copies f 10
PBMCs [314]. Julget al. found HIV-1 DNA-loads to be 12.79 + 20.92 DNA cegsil(

PBMC:s in elite controllers and 94.80 + 95.47 iraemic controllers [380].

A literature search suggests that HIV-1 DNA-loads/éh not previously been reported in
viraemic controllers with low CD4T-cell counts, i.e. discord controllers. Work oejed here
shows that HIV-1 DNA-loads in discord controllensedian 601 (range 13 — 1529) copie8/10
CD4" T-cells, are significantly higher than in typicaintrollers, and that they are equivalent to
levels found in HIV-1 non controllers, median 85&nge 27 — 2188) copiesfI0D4" T-cells.

Thus it is possible to accept the hypothesis thatet is higher HIV-1 replication in discord
controllers compared with typical controllers asaswed by HIV-1 DNA load, which is not

apparent by observation of viral RNA-load alone.

In summary, using a qPCR to measure cellular HNDIlA-load in blood, work here
demonstrates that discord controllers with low CD#cell counts (<450cells/min have
significantly higher HIV-1 DNA-loads than typicabutrollers who have normal CDA -cell

counts (>450cellssmM  HIV-1 DNA-loads in discord controllers are élent to those
found in HIV-1 non controllers. An inverse cortada between HIV-1 DNA -load and CD4

T-cell count is seen in the viraemic controller adlas a whole.
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CHAPTER 5

Gut-Tropic CD4" T-cells in Discord Controllers and Typical
Controllers, and the Relationship between HIV-1 DNAload
and subsequent HIV-1 RNA-load blips and CD% T-cell

decline
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5.1 Introduction

It was reported in the last Chapter that celluldv#i DNA-loads were high in discord
controllers despite the lack of cell free plasmeusi This raises the possibility that viral
replication may be compartmentalised. The Gl friactuding both GALT (Peyer's patches and
solitary lymphoid follicles) and lymphocyte effectsites (lamina propria and intraepithelial
sites), has been proposed to be a major viralvesdn HIV-1 disease [108, 381]. Study of
SIV infection of rhesus macacques demonstratesahdy on infected cells are seen in the
lamina propria as well as in GALT, but that later infected cells appear more restricted to
GALT [382]. CD4 T-cells in the GI tract have been shown to beit®¢ more frequently
infected than those in peripheral blood in early/Hl infection, highlighting the potential for
compartmentalised viral replication at this site83B8  Further evidence for such
compartmentalised viral replication at this sitemes from the finding that productively
infected CD4 T-cells in GALT and the lamina propria are obsdrveany years after the
initiation of ART and long after suppression ofaliRNA-load in the blood [384, 385]. In
addition, distinct HIV-1 populations have been itfeed in the Gl tract as a result of local
genetic evolution, indicating that viral replicatiat this site may occur independently from the
blood [386].

In order to study the possibility of compartmers@dl viral replication in the Gl tract most
rigorously mucosal tissue samples would be takesxémnine viral replication levels at this site
in discord controllers and typical controllers. wWver, the invasiveness of such a procedure
and the ethical constraints therefore surroundiig means such specimens are not commonly
obtained.  Consequently, two possible consequerafesuch compartmentalised viral
replication in discord controllers were examinedidence for enhanced migration of
lymphocytes to the Gl tract, potentially also agwing for depleted CD4 T-cells; and
secondly the possibility that high viral DNA-loaahd the compartmentalised viral replication it
may represent, manifests itself as subsequentRNal-load blips. These two possibilities will

now be discussed in more detail.

In HIV-1 infection the degree of inflammation withithe Gl tract correlates with viral
replication levels [387, 388], this inflammationlilsely to lead to migration of lymphocytes to
this site. Migration of effector memory T-cellsitdgestinal mucosa and in the entry of naive T-
cells to GALT is facilitated by the interaction ixeen integrinadf3; on T-cells and mucosal
addressin cell adhesion molecule (MAdCAM-1) in trescular endothelium [389-392]. The

a4f}; integrin is expressed on naive T-cell in respdogfe vitamin A metabolite retinoic acid
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[393]. In inflammatory bowel disease (IBD) and liae disease there is an enhanced level of
lymphocyte migration to inflamed sites in the gntdaonsequently the level of T-cells in the
blood expressing the gut homing integuif; are decreased [394, 395]. Furthermore, early
during HIV-1 infection when viral replication andD@" T-cell depletion in the GI tract is
known to be very high, a significant depletion tfddl CD4 T-cells expressing4f; integrin is
also seen [396]. Thesdp, expressing CD4T-cells are found abundantly in the GI tract and
have been shown to be more susceptible to HIV-dctidn than cells not expressing the integin
[397]. The integrin, which appears in a complexhwtD4, may act in such a way to capture
the virus thus enhancing infection rates sinceag heen shown to bind the HIV-1 envelope
protein gp120 prior to engagement with CD4 and C{RR2, 398].

Therefore, the first specific hypothesis for therkvalescribed here was that inflammation
arising from compartmentalised viral replicationtime Gl tract of discord controllers leads to
increased T-cell migration to this site, which denmeasured as depletionegi;" 'gut tropic'
CD4" T-cells from the circulation in this group compareith typical controllers. It would
follow that such enhanced migration @B, CD4 T-cells to the Gl tract would also result in
enrichment of cells highly susceptible to infectiainthis site, thus enhancing infection even
further. Therefore, an experiment was designedetermine whether there were fevedifi;”

CD4" T-cells in blood from discord controllers compareith typical controllers.

If viral replication is compartmentalised in disdocontrollers at a site such as the gut, the
ongoing concealed replication might result in vigo intermittently ‘spilling’ into the
circulation. This would result in a spike or ‘Blim HIV-1 RNA-load. Indeed, higher HIV-1
DNA-loads in patients on ART have been shown talistdailure of treatment with viral RNA-
load increases or blips [355, 399-401] thus sugggshe high viral DNA-loads represent high
albeit concealed viral replication.  Further tasthsince HIV-1 DNA-load is a prognostic
marker for disease progression in non controll8i8[ 350, 351] it may be that this is also the
case in viraemic controllers. Therefore, a sedoypbthesis was formulated whereby HIV-1
DNA-loads in viraemic controllers would predict selqguent HIV-1 RNA-load blips, CD4T-

cell decline and the need for ART initiation.
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5.2 Methods

5.2.1 Identification of Gut-tropic T-cellsusing Flow Cytometry

The same patient groups were analysed as desdrib€Hapter 3: discord controllers with a
CD4' T-cell geometric mean @400 cells/mm and typical controllers with mean Cb&-cells
>500 cells/mm, avoiding those patients too near the 450 cell$/ront-off together with
progressors and uninfected controllers. The metbiodtaining T-cells and for flow cytometry

is described in Section 3.2.1.

Since noo4p; monoclonal antibody was available, faspecific antibody was used as a
surrogate. Whilsf3; is also found to form the heterodimer recepi&f; (also known as

CD1033,) there are very few T-cell in the blood expresding heterodimer; it is more often a
characteristic of Gl tract intra-epithelial lymplypes facilitating retention of lymphocytes at
this site via interactions with E-cadherin [392,210 Therefore, those T-cells in blood

expressing, can be assumed to bép;".

Central memory (CDTD45ROCD62L") and effector memory (CD@D45ROCD62L)
CD4" and CD8 T-cells were stained with—APC and appropriate isotype control in order to
determine those expressifig Data was again analysed using Winlist softwar@riher to

determine the percentage of cells expresgiramongst each CD4 -cell population.

In order to determine whether HIV-1 DNA-load pradisubsequently HIV-1 RNA increases or
CD4" T-cell decline, subsequent routine laboratory &al(see Section 2.2.2) were recorded for
those patients in whom HIV-1 DNA-load was determing-or HIV-1 RNA the highest viral
load over 1 year subsequent to HIV-1 DNA-load deteation was recorded, together with the
highest value obtained throughout all follow-upD4C T-cell count change from baseline (date
of viral DNA-load) to the very next CD4T-cell count (typically at 2-3 months), between
baseline and last CD4T-cell count obtained during the first year follmp and between
baseline and the last value obtained during follpwwere recorded. Which of these patients
were subsequently started on ART was also recoadtrthugh HIV-1 RNA-loads and CD4A -

cell counts whilst on treatment are not includethimfollow-up analysis.
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5.2.2 Statistical Analysis

Statistical analysis and graphical presentationsewmerformed using Prism (version 4.0,
Graphpad). Differences in percenta@ieexpression were assessed using a 2-tailed Mann-
Whitney U test and results were considered siganifiéf p < 0.05. A spearman test was used to
determine correlation between HIV-1 DNA-load andbseguent HIV-1 RNA-load peaks and

change in CD4T-cell count.
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5.3 Results

Patients analysed for all T-cell homing work weseadascribed earlier in Table 3.1.

5.3.1 Percentage a4ff; Expression in CD4" T-cellsin Discord Controllers and Typical
Controllers

As is shown in Figure 5.1, no differenceddp; expression in effector memory CDZ-cells
was observed between discord controllers and typaratrollers. Neither were any significant

differences im4p; expression observed in naive or central memory'aDéell subsets.

a) Naive b) Central Memory ) Effector Mery
75] p=0.396
- p=0.008
707 —
6o p=0.969  p=0.018
- —

501 p=0.298 1
1

40 L

30

i - = —
- _ IS -

10-

% 04p; expression within subset CDdells

B Discord controllers
B Typical Controllers
B Progressors

[1 Uninfected

Figure 5.1 Percentagen4p; expression in CD4 T-cells in Discord Controllers and Typical
Controllers. Patients analysed included discord controllers tgpital controllers, together with
progressors and uninfected subjects for comparistercentage of CD4T-cells expressing; in

a) naive, b) central memory, and c) effector mensuigsets. Each central bar represents the
median value, each box represents the IQR and hirskers represent the minimum and maximum

values. Relevant p values are displayed.
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5.3.2 Ability of HIV-1 DNA-load to Predict Change in HIV-1 RNA or CD4" T-cdl in
Viraemic Controllers.

HIV-1 DNA-load and subsequent HIV-1 RNA peaks ahdrige in CDAT-cell count in

Viraemic Controllers is shown in Table 5.1.

No significant correlation was seen between HIVHAload with either subsequent HIV-1
RNA or subsequent CD4T-cell change (Spearman tests). High HIV-1 DNAdowas not
associated with subsequent loss of control of WigA-load. This was further exemplified by
the loss of HIV-1 RNA-load control in patients wittw HIV-1 DNA-load (patients 9 and 10).
Also, HIV-1 RNA continued to be controlled in somatients with very high HIV-1 DNA-load
(patients 18, 19, 23 and 26). Neither was high HIIDNA-load associated with subsequent
CD4" T-cell loss. For example, patient 10 showed ssjve loss despite low level HIV-1
DNA-load, yet others, such as patient 19, expedgdrasignificant CD4T-cell gain by the end
of follow-up despite high level HIV-1 DNA-load. lime with this, high HIV-1 DNA-load was
not associated with the subsequent initiation ofTARPatients 10, 18, 20, 24, 26 and 27 were
started on ART, with many with equivalently highVHL DNA-loads (13, 19, 22, 23, 25) not
requiring ART during the follow-up period.

109



Table 5.1 Viraemic Controller HIV-1 DNA-loads andsubsequent HIV-1 RNA-load peaks

and CD4 T-cell change.

Patient HIV-1 DNA- HIV-1 RNA HIV-1 RNA CD4" CD4" CD4*
load highest value  highest value change at change 1 change all
(copies/16 1 year all follow-up  next test year follow-up
CD4" T-cells) (copies/ml) (copies/ml) (cells/mn?)  (cells/mn?)  (cells/mnT)

Typical Controllers

1 29.74 NDA NDA NDA NDA NDA

2 103.99 697 1118 -28 -86 -168

3 0.00 161 161 -368 -368 -118

4 47.83 <40 <40 -187 -75 -4

5 284.26 1403 1403 +125 +125 -41

6 175.50 NDA 17213 NDA NDA -209

7 219.28 443 39669 +192 +156 -224

8 223.43 135 10069 -313 -313 -661

9 0.00 2973 102902 +193 +193 -254

10 3.90 1643 19837 -106 -82 -246

11 203.26 NDA 2318 +108 -105 -105

12 128.53 NDA NDA NDA NDA NDA

13 755.25 NDA NDA -140 -140 -188

14 20.77 NDA NDA -127 -138 -138

15 69.86 NDA 435 NDA NDA -235

16 6.16 117 6166 +84 +259 +208

Discord Controllers

17 13.27 125 991 -6 -86 -66

18 1528.68 240 240 -20 -20 -20

19 648.92 NDA 825 NDA NDA +170

20 237.87 1132 1320 +7 +11 -141

21 220.02 NDA NDA NDA NDA NDA

22 762.59 14584 28614 NDA NDA NDA

23 555.35 986 1160 +39 +49 -34

24 771.47 85 18755 -25 0 0

25 701.04 3015 281642 +31 -20 41

26 601.44 NDA 273 +40 -34 -147

27 258.44 46 286 +55 -47 -214

NDA — no data available.
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5.4 Discussion

The majority of CD4 T-cells lost during early HIV-1 infection are frosites within the Gl
tract [108, 118-120]. HIV-1 infection of CD4 -cells at this site appears key to this dramatic
loss since there is a preferential depletion of 6TR4" T-cells (i.e. those cells bearing HIV-1
receptors) which are present in high numbers inGhéract lamina propria [121, 122]. This
feature, as well as evidence of enhanced or inalerviral replication [383, 386] and the
presence of immune activation at this site despitecessful treatment with ART [383],
suggests that the GI tract may present a uniqueumofogical environment which is
particularly permissive to HIV-1 replication. Thims led to the hypothesis that HIV-1 may
‘hide’ at this site, for example during ART [38503]. It is therefore also plausible that the
virus might ‘hide’ from the immune system at thigesn discord controllers in whom viral

RNA-load levels are also suppressed, whilst desstruof CD4 T-cells at this site continues.

Migration of lymphocytes to GALT and to diffuse eftor sites in the epithelium and lamina
propria is mediated by a cell surface marker caitgegrin a,f3; [292, 404]. This integrin is
present on the cell surface of a small populatiociroulating T-cells. The major ligand foxf-,
MAdCAM-1 [389], is selectively expressed on the ethelium of the intestinal vasculature
[405] and is present in increased concentratiorigflamed tissue from patients with Crohn’s
disease and ulcerative colitis [406, 407]. Antipodediated inhibition of integrin,f; reduces
inflammation in animal models of colitis [408], amdegrin3; knockout mice have small Peyer

patches and have lower densities of lamina prapbd” T-cells [409].

Studies on patients with Crohn’s disease and uigeraolitis, which are characterised by
inflamed bowel mucosa, show that the proportiosystemic gut homing T-cells (expressing
a4p,) are decreased compared with controls [395]. rhér study found that in patients with
active coeliac disease MAdCAM-1 expression in duadldiopsies was significantly higher
than in normal mucosa, and that percentage of [§-delblood expressin¢,-positive was
significantly lower in untreated coeliac diseasepared with controls, but normalised after a
gluten-free diet [394]. This led to the hypothdbkt there is enhanced migration to the Gl tract
of CD4" T-cells in discord controllers compared with tydicontrollers accounting for their
lower peripheral CD4T-cell counts; if this were the case it could bgexted that a lower

proportion of circulating CD4T-cells would express4f; in discord controllers.

The Gl mucosa in HIV-1 infected patients is typigahflamed [384] and so lymphocyte
recruitment to this site would be likely to be ented. In keeping with this, all HIV-1 infected

subjects demonstrated a trend towards lower pexgenif; expression in effector memory
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CD4" T-cells compared with uninfected controls. Theref the data presented here supports
the concept underlying this work that differenaegiit inflammation due to viral replication at
this site are reflected in the level of gut-trofiecells in blood. In contrast to the results
presented here, Mavinget al. have recently demonstrated an excess of circgla@in4 T-
cells expressingup; in HIV-1 positive individuals compared with unicfed controls [410].
They hypothesise that this is due to defective hgmieading to accumulation of T-cells
expressingosB; in the blood. They further hypothesise that d&fechoming leads to
inadequate gut mucosal immune defence leading dceased microbial translocation and
therefore increased T-cell activation. It mighpear that these results conflict with data shown
here, however, Mavingest al. did not differentiate the different T-cell subselgpressingi4p;
and so it is possible that this excess in HIV-1lip@s subjects were naive T-cells. Further
studies are needed to define lymphocyte traffickimgHIV-1 infection and whether HIV-1

infection leads to accumulation or depletion o€glating gut-tropic CD4T-cells.

However, results presented here do not supportyhethesis that there is enhanced CD4
cell migration to the Gl tract in discord controfiesince the percentage of peripheral CID4
cells expressingB; were found to be equivalent comparing discord ratliers with typical
controllers. Thus these experiments demonstravitence of enhanced recruitment to the Gl

tract in discord controllers compared with typicahtrollers.

Of note is there high percentage of naive T-cel&chv expressuf;, since if these cells have
yet to encounter antigen they would not be expetezkpressing a homing marker. This is a
curious result, but might be at least in part eixgd by the fact that some of the CD45RA
expressing T-cells may in fact be effector T-cellsvhich CD45R0O has reverted to CD45RA.

Another possible feature of compartmentalised veplication is that it could give rise to either
subsequent loss of control of viral RNA-load, ifplieation ceased to be restricted to the
compartment, or disease progression as demonstrgtediculating CD4 T-cell loss.  Since
high HIV-1 DNA-load in viraemic controllers mightebdue to such compartmentalised
replication it might predict loss of control of alrRNA-load or CD4 T-cell loss in these
patients; this would be useful in the clinic toetetine which viraemic controllers are most at
risk of progressive disease and might thereforeefietftom ART. Indeed, it has previously
been reported that all three markers (viral RNAdloBD4 T-cell count and viral DNA-load)
should be combined to obtain a better picture efdymnamics of HIV-1 disease for each patient
[313]. The data presented here on a small numbeatients found no association between
viral DNA-load and loss of RNA-load control or CD#-cell depletion in viraemic controllers.

However, this study is limited and was not desigttedetermine this rigorously, since a small
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group was studied and CbZ-cell counts and HIV-1 RNA-loads were taken atoinmsistent

and irregular times during follow-up.

In conclusion to this Chapter, although there weaislemce of reduced gut tropic effector
memory CD4 T-cells in all HIV-1 infected groups there was significant difference between
discord controllers and typical controllers. THere, if there is an enhanced level of
compartmentalised viral replication in the Gl tratdiscord controllers this does not impact T-
cell homing to the Gl tract that can be measurdaland. Furthermore, no evidence is found to
suggest that HIV-1 DNA-load predicts HIV-1 RNA iease or CD4T-cell decline during

follow-up, which is a possible outcome of such camimentalised viral replication.
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CHAPTER 6

General Discussion and Future Work
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6.1 Introduction

Viraemic controllers are rare patients with theamfy to control HIV-1 RNA-load in the
absence of therapy. Whilst the reasons for thigrobare not completely understood, there is
irrefutable evidence that untreated individualshwidw viral RNA-load tend to demonstrate
slower rates of CD4T-cell decline in the blood and clinical progressthan those with high
viral RNA-load [304, 315, 316]. However, viral RNAad by itself does not fully explain the
variability in the rate of CD4T-cell decline [259, 260]. Indeed, it has beguoréed previously
that maintenance of a low viral RNA-load does nmtfer absolute protection against disease
progression; for example, an individual in the SgiBlood Bank Cohort who was infected
with a partially attenuated HIV-1 isolate eventyalleveloped immune deficiency despite a
persistently low viral RNA-load [411]. Furthermoi@D4 T-cell declines are seen in HIV-2-

infected individuals despite very low or undetetgaliraemia [265].

In line with this, several patients were observeithiw the East London HIV-1 infected
population with low viral RNA-load and counter iittuely they had low CD2 T-cell counts.
The work described in this thesis developed frora t@bservation and the clinical uncertainty
that often accompanies these patients. Work here @ study those patients with controlled
viral RNA-load, but who demonstrated low CDB-cell counts and hence progression to AIDS,
termed here ‘discord controllers’. Specificallggetaims were to determine whether this cohort
differed from typical controllers with maintained D& T-cell counts, in terms of
epidemiological factors, virological characteristior immunological factors. We also
hypothesised that analysis of discord controllets womparison to typical controllers would
allow immunological changes associated with disgaegression and those due to high viral
RNA-load to be distinguished; this is not possiblgh analysis of patients with the typical
pattern of progression (high viral RNA-load, low €07-cells).

Very few papers describe such ‘discord controlleiespite the considerable uncertainly in the
clinic since markers of progression are discord@nfew such papers describe these patients in
terms of routine laboratory parameters [316-31%ereas others looked at a limited number of
T-cell characteristics of these patients in annateto understand why there is disease
progression [320, 321, 338, 346, 347] and have bemmssed in light of the data presented in
Chapter 3, which presents a comprehensive assessimértell populations in these patients.
The work described here involves a cohort of 18alid controllers, which is larger than those
previously described. None of the papers alreadbfighed examined epidemiological features

or viral subtype of the discord controller cohastpared with typical controllers, which is of
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interest in terms of understanding genetic or viedtures which might predispose to this
disease phenotype. No study examined HIV-1 DNA}wathese patients which is of interest
in terms of understanding if the phenotype is drity viral replication. Only one team of
investigators (not published at the time of stagrtihis work) have described the response to
ART in discord controllers [318, 322]; determinitigs response is of interest both clinically

and in terms of understanding the mechanism ofopegly in this cohort.

6.2 Epidemiological Features of Discord Controlles and Typical Controllers

Since none of these previous studies describedempadogical characteristics of discord
controllers, it was important to determine whethey factor was over-represented in this
group. However, median age, sex distribution, iettyn region of birth and risk behaviour

were all found to be similar comparing the two colér groups.

It is important to note that there is variationlymphocyte reference ranges comparing people
of different ethnicities, and that there have besports of lower CD4T-cell counts in people
of Afrocarribean background [333]. However, it mseunlikely that this has confounded the
results since no difference in ethnicity was fouden comparing discord controllers and
typical controllers. Other data collected durihg tourse of this work confirm this notion since
discord controllers were found to have higher HNDNA-loads and a distinct T-cell subset
distribution compared with typical controllers. rihermore, of the five patients observed on
ART three had significant increase in CDZ%-cell count after starting ART, suggesting
inhibition of replication had stalled CDZ -cell loss. Similar findings are also descriliedhe
recent paper by Okulioz al. who show that CD4T-cell gains in viraemic controllers starting
ART were only slightly lower than those observedon controllers. Gains were found to be
more significant in those with CD4 -cell counts of <500 cells/mhthan in those with CD4
T-cell >500 cells/mmat ART initiation [322]. The assertion that tiesviCD4" T-cell counts in
discord controllers is not merely a variation in £007-cell nadir is also further supported by
the fact that percentage CD#-cells was significantly lower in discord contess compared
with typical controllers (suggesting that there vaasore marked absence of CDB-cells in
comparison with other lymphocytes subsets in tiseatd controllers). The suggestion is also
strengthened by the finding of significantly high#iiv-1 DNA-loads in the discord controllers

compared with typical controllers, as will be dissed further in Section 6.6.

A crucial question was whether discord controllare in fact a continuum of the typical
controllers resulting from CD4T-cell decline over time and as such have beeeciatl for

longer. It is not often possible to obtain datgareling date of seroconversion, so time since
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first positive HIV-1 test was recorded as a surtedar this. There is no significant difference
comparing the two controller cohorts, suggesting tfiscord controllers are a distinct

phenotype. The fact that age distribution is ssmilomparing cohorts also supports this.

6.3 HIV-1 Subtypes in Discord Controllers and Typcal Controllers

Given the fact that some HIV-1 clades appear t@abeldifferently in terms of transmission and
pathogenicity, for example clade D may be more ggehic [32], it was logical to argue that a
specific HIV-1 clade might predispose to the discphenotype. There was a trend towards
increased frequency of subtype C in the discordbdotompared with typical controllers, but
there are no reports of increased pathogenicithisfsubtype. Larger studies would be needed
to determine whether there is a true associatiawdm subtype C HIV-1 and the discord
controller phenotype. If confirmed, a theoretipatsibility explaining this association might be
that subtype C virus leads to significant levelscompartmentalised replication and as such

viral RNA-load might not be an accurate reflectaHIV-1 replication levels.

6.4 Summary of HIV-1 RNA-loads, HIV-1 DNA-loads ad T-cell Characteristics

in Discord Controllers and Typical Controllers

A summary of HIV-1 RNA-loads, HIV-1 DNA-loads and-CEll Characteristics in discord

controllers and typical controllers is shown in Teab.1.

These results show that the CD@cell compartment in discord controllers diffeorh that in
typical controllers and is indistinguishable frommat seen in progressors. Both discord
controllers and progressors exhibit low total pegiml CD4 T-cell counts, high HIV-1 DNA-
loads, depleted naive CDZ&-cell and increased CD4T-cell activation. In contrast, when
observing the CD8T-cell compartment discord controllers do not Idiske progressors (CD8
T-cell subset distribution and activation levelshdaare indistinguishable from typical

controllers.

117



Table 6.1. Summary of HIV-1 RNA-loads, HIV-1 DNA-loads and T-cell

characteristics in Discord Controllers and TypicalControllers.

Discord Typical Progressors Uninfected

Controllers Controllers

HIV-1 RNA-load Low Low High Negative
HIV-1 DNA-load High Low High Negative
CD4'T-cell counts Low Normal Low Normal
Naive CD4 T-cells Low Normal Low Normal
CD4" T-cell % Activation High Normal High Normal
Naive CD8 T-cells Normal Normal Low Normal
Effector CD8 T-cells Normal Normal High Normal
CD8" T-cell % Activation Low Low High Normal
Effector CD4 T-cell %04B;  High High Highest Normal

6.5 Why do CD4 T-cells Decline Despite HIV-1 RNA-load Control inDiscord

Controllers?

The observation that elevated CD#-cell activation is common to both progressorsl an
discords suggests that it may be the main mechalgiading to CD24 T-cell decline in both
groups. Since data was obtained at a single tivivd pnly, it is not possible to determine using
only the data obtained here whether the CD4ell activation is a cause or consequence of
CD4" T-cell depletion; it could be argued, for examplgt CD4 T-cell depletion might lead to
activation as a homeostatic response to low numbidosvever, the fact that numerous studies
have demonstrated that T-cell activation predicdeabke progression [263-265, 267, 339-341]
and conversely that initiation of ART leads to @idadecline in T-cell activation which is
followed by CD4 T-cell count restoration [120], means that itéasonable to assume that in
discord controllers, like progressors, CDRcell activation is a driving factor in CD& -cell
depletion. As well as leading to clonal exhaustaomd activation-induced cell death [203],
immune activation is thought to accelerate progoesby constantly generating new CDB-

cell targets since HIV-1 favours infection of aetied CD4 T-cells [112].

The fact that CD% T-cell activation occurs in discord controllerstiaut the presence of
significant viral RNA-load might seem unexpected/hilst many patients with significant T-

cell activation and consequent disease progresfig@ase do have high viral RNA-loads, the
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uncoupling of activation and viral RNA-load has bekescribed previously: in SIV infection of
sooty mangabeys (the natural hostal RNA-load is high and yet T-cell activatios low
[412]; furthermore, in a study of ART naive childrgpercentage CD4T-cell activation was
seen to be associated with viral DNA-load and nioh wiral RNA-load [413] similar to the

findings here in discord controllers.

Lower numbers and percentages of naive CD4ells were observed in both discord
controllers and progressors compared with typicahtollers and uninfected subjects.
Therefore, a deficiency in CD4T-cell regeneration capacity may be a contribufiagfor as

suggested by other studies [295]. The decreasia@ 1€D4 T-cell numbers might also be
related to the increased activation level of thesdks in discord controllers, since it known that

activation can drive these cells into an effectoenotype [414].

Another possibility is that circulating CD4 -cells are sequestrated to another site. Adtimat
has also been shown to induce display of adhesidrchemoattractant receptors which lead to
sequestration of T-cells to exit the lymphoid clation to non-lymphoid sites [415].
Therefore, a model could be proposed whereby imnaatigation not only drives peripheral
CD4" T-cell depletion through direct cytopathic effectpnal exhaustion and apoptosis, but
also through driving naive cells into an effectbepotype which then exit to a non-lymphoid
site. Whilst an increase in the effector memorgrmatype was not seen in discord controllers
compared with typical controllers (just a recipidoarease in percentage due to naive CD4
cell loss), only the blood compartment was studsedthe possibility that naive cells have been
driven into this phenotype and moved out of theutation to their effector site cannot be

excluded.

Based on findings that the Gl tract is a major siteHIV-1 replication and CD4 T-cells
depletion [113, 120], work described here inveséidahe possibility of enhanced sequestration
to this site in discord controllers. The percgetafo,B; expressing effector memory CD%-
cells tended to be lower in HIV-1 positive subjectsmpared with uninfected subjects,
suggesting enhanced migration of these cells ta@h&act in all infected groups due to Gl
inflammation and/or viral replication at this siteThis was not more marked in discord
controllers compared with typical controllers, segfing no evidence of enhanced sequestration

to the Gl tract in discord controllers comparedwtitpical controllers.
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6.6 Why Doesn’t High HIV-1 DNA-load Give Rise toHigh HIV-1 RNA-load in

Discord Controllers?

Transcription from integrated HIV-1 DNA gives rise progeny HIV-1 virions and HIV-1
DNA integration results from infection of suscefilzells [88]. Therefore it is not clear why
high HIV-1 DNA-loads seen in discord controllerguevalent to those in non controllers, does
not result in higher viral RNA-load. It could begaed that the high HIV-1 DNA-load in
discord controllers mostly represents provirus-animg cells in latently infected resting
memory cells rather than virus-producing cells. wideer, this seems an unlikely scenario
based on several observations regarding total HIBNA (including unintegrated and
integrated forms): total HIV-1 DNA-load decreasaspiatients put on ART as replication is
suppressed [352, 353]; high total HIV-1 DNA loadoatients on ART predicts viral RNA-load
blips which suggests that higher viral DNA-loadresents residual replication [355, 399-401];
total HIV-1 DNA-load predicts disease progressiotieipendently of viral RNA-load [313, 350].
Therefore, it seems likely that higher viral DNAafts in discord controllers represent high viral
replication level, particularly in view of their pleted circulating CD4T-cell counts. This
raises the important question of why this replmatiloes not result in higher viral RNA-load in

discord controllers.

It is a theoretical possibility that high level lieption might lead to high HIV-1 DNA-load and
yet low viral RNA-load if this replication is in lge part compartmentalised. The central
nervous system [416, 417] and the genital trac8[4119] are well described candidate sites
amongst others based on work demonstrating theragme of local viral variants or
persistence of the virus during ART. The work dibsd in Chapter 5 of this thesis focused on
the possibility of compartmentalised replicatiorthie Gl tract based on observations suggesting
enhanced or independent viral replication may oetuhis site [383, 386] and because of the
huge loss of CD4T-cells at this site suggesting its particular aripnce in disease progression
[120]. Whatever the site of such compartmentatisateplication at this site could give rise to
infected cells which contain HIV-1 DNA and re-entke circulation (accounting for high viral
DNA-load), and yet the free virus remains restdcte the site of replication (e.g. due to a
physiological barrier such the blood-brain barriefere it degrades either over time or as a

result of the immune system.
Observation of the pattern of disease in HIV-2 dtifitn might provide further clues to

understand the uncoupled viral DNA- and RNA-loadliscord controllers. For a given CD4

T-cell count viral DNA-load is similar when compagi HIV-1 with HIV-2 infection, although
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viral RNA-load is much lower in HIV-2 infection [B. The picture in HIV-2 infection
therefore bears some resemblance to that seepigakyand discord controllers, where disease
progression appears correlated with HIV-1 DNA-Idad not viral RNA-load which remains
low. In HIV-2 infection, virus-specific CO8T cells maintain a polyfunctional profile similar
to that in HIV-1 LTNPs [420]. Indeed, it could beat CTL mediated killing of productively
infected cells might control viral RNA-loadithout having a significant effect on resting
memory CD4" T-cells in which the HIV-1provirus is integrated quiescently; hence HIV-1

DNA-load would be preserved in these long-livedscahd yet viral RNA-load would be low

A further explanation that can be offered is tH&¥-1 replication may be occurring in discord
controllers in low-level bursts which may or mayt igive rise to transient viraemiaThis
transient burst of replication might therefore ntaim and even increase numbers of infected
cells over time, thereby leading to high cellulalvii DNA loads and alsdhe immune
response to antigen, but only reflected in thelviRBlA-load so transiently that it is easily
missed by the infrequent laboratory tests. Sueahsient viraemia has been described in
patients on ART and has been proposed to resutt frorsts of replication originating from
infected resting memory cells [421-423) further possibility that could account for high\H

1 DNA-load despite low RNA-load is that replicatimnpredominantly occurring by cell to cell
transmission as has been described previously [#0may also be that there is a defect in
virion release from infected cells; intracellculdlV-1 RNA levels would be expected in be

elevated in discord controllers if this were theeca

On the other hand virions may be being produceectffely in discord controllers but cleared
rapidly from the blood by humoral immune mechanism&his may be due to enhanced
efficiency of this arm of the immune system in dist controllers, or might be due to a
virological feature. Indeed, in HIV-2 infectionethvirus has been shown to expose epitopes
inducing nAbs in a way that does not occur in HIVafection, which might explain the low
plasma viral RNA-load in HIV-2 infection [424, 425] These possibilities can be readily

explored.
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6.7 Why is the CD8 T-cell Compartment Different in Discord Controllers

Compared with Progressors?

Whilst not a specific aim of this work, is it wortliscussing why the CD8T-cell compartment

is markedly different comparing discord controll@ish progressors, despite the fact CD4
cellsdepletion is a feature of both. Progressors wanad to have a depleted najwepulation,

an expanded effector memory population and enhaactidation within the CD8 T-cell
compartment. It is possible that the CD&ell compartment changes seen in progressors may
be a feature of high viral RNA-load rather thardisfease progression. One explanation is that
the high viral RNA-load might drive the proliferati of ‘passenger’ HIV-1 specific CTLs
(those CTL which proliferate in response to viratigen without themselves having effect on
control of virus) [181]. This might account foretthigh numbers of effector memory CDB-
cells in progressors, and is also supported byitiging that HIV-1 specific CD8T-cell have
been shown in decay following ART-mediated supposssof viral RNA-load [178].
Functional analysis or specificity of effector memm&D8" T-cells was not undertaken, but if it
were it may show that these cells are specifidHiM-1 variants no longer present in the viral
population, accounting for the fact viral RNA-loeduncontrolled in progressors. In terms of
T-cell activation the findings described here anpported by a study by Giorgt al., who
found higher viral RNA-load to be correlated witB& but not CD4 T-cell activation [264].

Whilst the CD8 T-cell compartment appears similar in the discoomtrollers and typical

controllers it may be that there are qualitativéfedénces of this compartment between
controller groups. For example, the typical coligre may produce large numbers of HIV-1
specific ‘driver’ CTL which rapidly locate to tisea and control infection at these sites by
targeting infected cells, hence reducing CD4cell destruction. Functional studies would be

needed in order to ascertain whether such quattdifferences exist.
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6.8 What Implications Have These Findings Got fothe Wider HIV-1 Infected

Population?

This study enabled immunological changes assocwitiddisease progression and those due to
high viral RNA-load to be distinguished, and suggeisat CD4 T-cell activation is not merely
an effect of significant viral RNA-load, which itééeads to CD24 T-cell loss via some other
mechanism. The observation that HIV-1 DNA-loacssociated with CO4T-cell activation
and CD4 T-cell decline even in the absence of significant viral ARNad supports a
mechanistic link between viral replication (even dbmpartmentalised), chronic immune

activation (CD4 compartment only) and progressive immunodeficiency

The proposal that T-cell activation might be armsper predictor than viral RNA-load of disease
progression is most clearly supported by the faat T-cell activation distinguishes pathogenic
from non-pathogenic SIV infection in which viral RNoads are equivalent in each, but it is
activation which is associated with progressiomam-natural hosts (see Section 1.9.1) [412].
Silvestri et al. describe activation in the T-cell compartment awhmle in pathogenic SIV
infection in non-natural hosts, but it appears tha activation is more sustained in CD&
cells than in CD8T-cells. This might explain findings describedéehich suggest that CD4
T-cell activation may be more strongly associatét wogression than CD& -cell activation.
Further studies are required to delineate moreifspely whether immune activation leading to
disease progression affects both T-cell compartsnentvhether it is restricted to the CDB-

cell compartment.
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6.9 Future Work

One significant limitation of this study is its esssectional nature, since establishing cause and
effect in such studies is difficult. Longitudinsiudies on individual patients could examine
differences in patients’ immune systems and viefete and after loss of control of viral RNA-

load control, or before and after CDB-cell depletion.

This thesis looked primarily at enumerating T-cefis a certain phenotype. However,
evaluation of T-cell functional assays and effamtsviral function in HIV-1 controllers would
be helpful in elucidating further the mechanisnvio@l control. Further questions are yet to be
answered here, including the specificity of theivateéd T-cells and whether this differs
between controllers who do and don’t maintain CD<4ell counts. Whole-genome association
analysis, as has been described in viraemic céetso]305], may also be used to delineate
specific features of the immune system in viraeoaictrollers which might predispose them to

the discord controllers phenotype.

It would be of interest to determine whether theemss HIV-1 DNA levels in discord controllers
compared with typical controllers represents umgjrdted HIV-1 DNA as expected given its
close relationship with viral replication [356]t would also be useful to determine which CD4
T-cell population is the main reservoir for HIV-1INBA in discord controllers, with resting
memory CD4 T-cells [370] and macrophages [426] both potertéslervoirs. Intracellular
CD4" T-cell HIV-1 RNA levels could be measured in figustudies in order to determine
whether a defect in release of virus from infeatetls might account for high HIV-1 DNA-

loads and yet low RNA-load in discord controllers.

Further work on examining the potential factorsitigy excess immune activation seen in some
HIV-1 infected groups including discord controllersuld be undertaken. This would include
HIV-1 antigens, non-HIV-1 antigens such as trareied microbial products, cytokines,
stimulation through toll-like receptors or some tmation of these or other factors. Several
papers have determined levels of translocation fitwengut by examining bacterial LPS levels
in blood [320] or by employing bacterial ribosom&bS quantitative DNA PCR [427].
Determining whether this might account for increaseD4 T-cell activation in discord

controllers would help to determine why these pasi@xperience disease progression.

The work presented here did not show that HIV-1 DINAd predicts disease progression in
viraemic controllers. However, a larger study grand sequential HIV-1 DNA-loads would

be needed to examine this more thoroughly.
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6.10 Conclusions

Study of the discord controller cohort provides rique opportunity to understand the
relationships between low level viraemia, adaptmenune responses and disease progression
in HIV-1 infected individuals. This understandioguld have a bearing on the development of
therapeutic vaccine approaches and in understatigéngiechanisms underpinni@®4" T-cell

count decline.

The results presented in this thesis are consistighta model whereby cellular HIV-1 DNA
proviral load predicts naive CDA-cell depletion and CD4T-cell activation, whereas viral
RNA-load is associated with naive CD8-cell depletion, effector CD8T-cell compartment

expansion and CD8r-cell activation.

How do these findings help clinicians? They remeuvee of the mystery surrounding why
some patients with low viral RNA-load also have |@@4" T-cell counts. They confirm the

relationship between ongoing viral replication aliskase progression as shown by high HIV-1
DNA-load in discord controllers. In addition, thpyovide strong support for emerging efforts
to manipulate the immune system, in particular éh@sgeting immune activation and highlight
the fact that immune activation levels could be seful measure in assessing potential

therapeutic vaccines.
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APPENDIX |

a) Recovery of PBMCs from EDTA Anti-coaglulated Blo@d using Ficoll-Hypaque

Separation

1. Centrifuge to separate plasma and remove plasm&@ml tube.

2. Dilute remaining blood with approximately equalwale phosphate buffered saline (PBS).

3. Add 15 ml Lymphoprep (Axis-Shield) to fresh 50mbéu

4. Carefully layer 30 ml of the blood/PBS solutiontop of the Lymphoprep (do not mix).

5. Centrifuge at 800 x g for 25 minutes at room terapee.

6. Pipette off the white ‘buffy’ layer between the typbases into a 50ml tube — these are
PBMCs.

7. Fill up the tube with PBS to 50 ml.

8. Centrifuge at 800 x g for 5 minutes plus brakpeatiet PBMCs.

9. Repeat wash step to obtain clear, clean lookinigtel

10. Resuspend pelleted PBMCs in 90% fetal calf seru@8jrand 10% dimethyl sulfoxide

(DMSO) and freeze slowly.

11. Store in liquid nitrogen.
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b) Production of High Copy Number Plasmids with PCR Irserts for g°PCR Standard

Curves

1. The appropriately sized (bp) band was excised fteragarose gel with a scalpel.
Gel extraction and PCR purification using the QlisguGel Extraction Kit (Qiagen).
3. ‘A-tailing’ of purified PCR fragments -
a. Template 10l , 10x buffer 21l ,Taq polymerase 0.8 (2 U/ul) , dNTPs 0.2l (1
mM final concentration).
b. Incubate for 10 minutes at 72°C, then inactivatigrperase by freezing.
4. A-tailed PCR fragments were ligated into TOPO TActee (Invitrogen) according to
instructions for chemically competeascherichia coli.
5. Transform Bacteria -
a. 50ul of a heavy culture suspension of DHEscherichia coli was added to 2l
TOPO ligation reaction.
b. It was then heat shocked by putting the eppendordd°C water bath for 30
seconds, following by moving to ice for 2 minutes.
c. 200ul soc medium was then added, and incubated at f9°80 minute.
6. Blue White screening -
a. 50ul from each transformation was spread on agar gat¢aining ampicillin and
incubated overnight at 37°C.
b. Of the hundreds of colonies 10 white colonies wgieked off into 45ml LB
medium (with ampicillin) and incubated at 30°C avight.
c. This was then centrifuged to pellet the bacteria.
7. Purification of Plasmid DNA according to manufaetts instructions for the QIAprep Spin
Miniprep Kit.
8. In order to verify ligation of the PCR product @et with eco R1 was performed -
a. Buffer H 2ul, ecoR1 1ul, plasmid Gu, water 12ul.

b. Run on 2% agarose gel with ethidium bromide to khke appropriate sized insert.
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¢) Monoclonal Antibody Staining Matrix for Immunoph enotpying using Flow Cytometry

Tube FITC PE PerCP PerCP- PC7 APC APC- Pacific Blue
Cy5.5 H7

1 - - - - - - - -
2 CD8 - - - - - - -

- CD8 - - - - - -
4 - - CD4 - - - - -
5 - - - CD8 - - - -
6 - - - - CD45RA - - -
7 - - - - - Beta7 - -
8 - - - - - - CD4 -
9 - - - - - - - CD3
10 CLA CD62L HLA-DR CD38 CD45RA Beta7 CD4 CD3
11 CLA CD62L HLA-DR CD38 CD45RO Beta7 CD4 CD3
12 CCR4 CD62L HLA-DR CD38 CD45RA Beta7 CD4 CD3
13 CCR4 CD62L HLA-DR CD38 CD45RO Beta7 CD4 CD3
14 - - - - - - migGl CD3
15 - migG1l - - migG1 - CD4 CD3
16 - migGl - - mlgG2a - CD4 CD3
17 rigMm CD62L migG2a migGl CD45RA rlgG2a CD4 CD3
18 migG2b CD62L migG2a migG1l CD45RA rlgG2a CD4 CD3
19 rigm CD62L migG2a migGl CD45RO rlgG2a CD4 CD3
20 migG2b CD62L migG2a migG1l CD45RO rlgG2a CD4 CD3

Single colour tubes 1-9 are for colour compensatioring analysis of data. Isotype controls
are labelled as either mouse 1gG (mlgG) or rat (dGG).
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APPENDIX 1

a) Loss of HIV-1 RNA-load Control in some HIV-1 Cortrollers

To describe this cohort fully, it was importantdetermine whether viral RNA-load and CD4
T-cell counts remained relatively stable for thejority of patients over time. This was
particularly important when determining to whichhoot the controller belonged. Whilst for
most patients, viral RNA-load was stable, for a onity these values changed over time

atypically (see Figure A.1).

= Loss of viral control 1: For one patient, overeaxipd of over three years, viral RNA-
load remained low with stable CDZ-cell counts. After this viral RNA-load increake

dramatically, with a concomitant fall in CDZ-cell counts.

= Loss of viral control 2: In the typical-controlleohort two patients who fulfilled the
controller inclusion criteria based on laboratostad available at our centre for 3.7
years (values prior to this not available; timecsifirst positive test until loss of control
of 6.4 years) and 3.5 years (i.e. for all valuesrfithe point of the first positive HIV-1
test), lost their controller status with a sigraiit rise in viral RNA-load (latest values
of 36411 and 4357 copies/ml) but maintained noi@" T-cell counts (732 and 708

cells/mn? respectively).
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Figure A.1 CD4 T-cell count and viral RNA-load over time for two patients in whom

viral control was lost.
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b) Incomplete HIV-1 RNA-load Measurements for Somé&/iraemic Controllers

For a minority of patients, classification was cdicgied by the fact that on occasion viral
RNA-load was not requested during a clinic visispige blood being tested for CDZ -cell
count. For example, one patient showed consigtémtt with normal CD2 T-cell counts for
2.3 years following first positive test (last virRNA-load was 95 copies/ml at which point
CD4" T-cell count was 510 ceIIs/n?yn However, viral RNA-load was not checked for@ 1
month period following this, during which time CDZ-cell counts dropped (310 & 326
cells/mnd) prompting initiation of ART (see Figure A.2). iStpatient was classed as a typical
controller since the CD4T-cell count was > 450 cells/ninat the last point viral RNA-load

was known to be suppressed.
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Figure A.2 Patient with incomplete values for HIV1 RNA-load.
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APPENDIX 1l

Table A.1 Co-morbid and Intercurrent illness for each Viraemic Controller

Patient Clinical Condition

Typical Controllers

1 Raynauds disease, seizure (unknown cause), depressi
2 Neurosyphilis, genital HSV infection spondylosis, gallstones
3 Nil

4 Nil

5 Genital HSV

6 Hepatitis C virus infection, asthma, hypogonadism
7 Syphilis

8 Cervical intraepithelial neoplasia 2 sickle cell trait
9 Nil

1C Hepatitis C virus infection

11 Depression

12 Nil

13 Nil

14 Genital HSV

15 Nil

16 Nil

17 Nil

18 Nil

19 Nil

2C Nil

21 Nil

22 Tuberculous (TB) adenitis, syphilis

23 Psoriasis, Hypertension

24 Nil

25 Nil

26 Psychiatric problems, ischaemic heart disegsnital HSV, herpes zoste
27 Nil

28 Nil

29 Nil

3C Nil

31 Nil

32 Syphilis

33 Syphilis

34 Repeated urinary tract infections

35 Nil

36 Nil

37 Nil

38 Nil

39 Depression

40 Nil
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41

type 2 diabetes with retinopathy, haemophhtiepatitis C virus infection,
ulcerative colitis

42 Depression

43 Irritable bowel syndrome

44 Nil

45 Dermatitis

46 Pulmonary TB, renal failure unknown cause
47 Glucose-6-phosphatase dehydrogenase deficiency
48 Nil

49 Nil

50 Gall bladder polyps

51 Latent TB

52 Nil

53 Nil

54 Latent TB, schizoaffective disorder
55 TB adenitis

56 Nil

57 TV

58 Depression

59 Nil

6C Nil

61 Genital warts

62 Nil

63 Nil

64 Oral and anogenital candidiasis

Discord Controllers

1 Haemophiliahepatitis C virus infection

2 Herpes zoster, oral HSV infection, genital warts

3 Nil

4 Nil

5 Syphilis, scabies gonococcal infection, shingles

6 Nil

7 Nil

8 Supra-ventricular tachycardia, peripheral neuropdtie to ART

9 Nil

1C Sickle cell trait

11 Nil

12 Sinusitis,syphilis

13 Nil

14 Hepatitis C virus infection, syphilis, Gilbert’s syndrome, dyspepsia
(biopsy helicobacter pylori positive)

15 Mitral valve stenosis, tricuspid valve regurgitatio

16 Syphilis, genital warts

17 Nil

18 Nil

Those conditions which could be considered to mdpnistic (infections and neoplastic
conditions) are shown in bold.
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APPENDIX IV

Abstract of Paper Describing this Work, Accepted for Publication in Journal of

Acquired Immune Deficiency Syndrome

Full article included at the back of the thesis.

Journal of Acquired Immune Deficiency Syndrome.261:407-416. PMID: 22902723

Disease Progression in Human Immunodeficiency Viriisfected Viremic Controllers.

Groves KC, Bibby DF, Clark DA, Isaksen A, DeaytdR, Anderson J, Orkin C, Stagg AJ,
McKnight A.

Abstract

BACKGROUND:

The mechanism of CD4 T-cell decline in Human Immief@iency Virus-1 (HIV-1) infection
is unclear, but the association with plasma virdlARoad suggests viral replication is
involved. Indeed, viremic controller patients withw RNA-loads typically maintain high CD4
T-cell counts. Within a local cohort of 86 viremiontrollers, we identify a subgroup (18
'discord controllers’) with low CD4 T-cell countshish present clinical uncertainty. The
underlying mechanism accounting for CD4 T-cell dexlin the face of low or undetectable
plasma (RNA) viral load remains unresolved. Theeotiye of this study was to investigate the
viral and host immune system dynamics in discomtraiers by measuring cellular HIV-1

DNA-load, T-cell populations and T-cell activatiorarkers.

METHODS:

We compared discord controllers (RNA-load <2000iesfnl, <450 CD4 T-cells/mm) with
typical controllers (RNA-load <2000 copies/ml, >4604 T-cells/mm) and progressors (RNA-
load >10,000 copies/ml, <450 CD4 T-cellsi/mm). Weamjified CD4/CD8 naive/ central-
memory/ effector-memory subsets (CD45RA/RO + CD62ic}ivation levels (CD38HLA-DR)
and HIV-1 DNA-load.
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RESULTS:
Discord controllers resembled progressors showigly BNA-load, depletion of naive CD4 T-
cells and higher activation in all CD4 T-cell sutsseeompared with typical controllers. They

were similar to typical controllers with lower COBcell activation compared with progressors.

CONCLUSIONS:

Our data are consistent with a relationship betw&M T-cell activation and disease
progression. HIV-1 DNA-load may be a better markdr viral replication and disease
progression than RNA-load. Lower level CD8 T-catieation correlates with low RNA-load,

but not with disease progression or DNA-load.

136



REFERENCES

1. UNAIDS. World AIDS Day report 2011. Available at

http://www.unaids.org/en/media/unaids/contentagsetsiments/unaidspublication/2011/3C2216_World
AIDSday report 2011 _en.pdf. Accessed 21 July 2012.

2. Jahn A, Floyd S, Crampin AC, et al. Populatievel effect of HIV on adult mortality and early
evidence of reversal after introduction of antweiral therapy in Malawi. Lanc&008 371:1603-11.

3. Reniers G, Araya T, Davey G, et al. Steep deslin population-level AIDS mortality following the
introduction of antiretroviral therapy in Addis At Ethiopia. AIDS2009 23:511-8.

4. Richman DD, Margolis DM, Delaney M, Greene WQzdda D, Pomerantz RJ. The challenge of
finding a cure for HIV infection. Scien@909 323:1304-7.

5. Barré-Sinoussi F, Chermann JC, Rey F, et adlatiso of a T-lymphotropic retrovirus from a patieat
risk for acquired immune deficiency syndrome (AIDSgiencel983 220:868-71.

6. Wain-Hobson S, Alizon M, Montagnier L. Relatibis of AIDS to other retroviruses. Natut®85
313:743.

7. de Silva TI, Cotten M, Rowland-Jones SL. HIVH2e forgotten AIDS virus. Trends Microbi@D08
16:588-95.

8. Robertson DL, Anderson JP, Bradac JA, et al.-#Hidomenclature proposal. Scieri@)Q 288:55-6.

9. Aghokeng AF, Ayouba A, Mpoudi-Ngole E, et al.témsive survey on the prevalence and genetic
diversity of SIVs in primate bushmeat provides gis into risks for potential new cross-species
transmissions. Infect Genet Ex201Q 10:386-96.

10. Apetrei C, Robertson DL, Marx PA. The histofyS}VS and AIDS: epidemiology, phylogeny and
biology of isolates from naturally SIV infected rhoman primates (NHP) in Africa. Front Biog004
9:225-54.

11. Sharp PM, Hahn BH. The evolution of HIV-1 aheé brigin of AIDS. Philos Trans R Soc Lond B
Biol Sci201Q 365:2487-94.

12. Vallari A, Holzmayer V, Harris B, et al. Confiation of putative HIV-1 group P in Cameroon. J
Virol 2011, 85:1403-7.

13. Plantier JC, Leoz M, Dickerson JE, et al. A rewnan immunodeficiency virus derived from gorillas
Nat Med2009 15:871-2.

14. CL K, T L. HIV-1 Subtyping. In Computational and Evolutionary Analysis of HIV Molecular
Sequences. Jr. Kluwer Academic Publisher2001

15. Lihana RW, Ssemwanga D, Abimiku A, Ndembi N.ddfe on HIV-1 diversity in Africa: a decade in
review. AIDS Rev2012 14:83-100.

16. Herbinger KH, Gerhardt M, Piyasirisilp S, et Btequency of HIV type 1 dual infection and HIV
diversity: analysis of low- and high-risk populat®in Mbeya Region, Tanzania. AIDS Res Hum
Retroviruse2006 22:599-606.

17. Piantadosi A, Chohan B, Chohan V, McClelland, R¥erbaugh J. Chronic HIV-1 infection
frequently fails to protect against superinfectiBhoS Patho@007 3:e177.

137



18. Ramos A, Hu DJ, Nguyen L, et al. Intersubtypman immunodeficiency virus type 1 superinfection
following seroconversion to primary infection indwnjection drug users. J Vir@002 76:7444-52.

19. Kuiken C, Foley B, Hahn B, et al. A compilatiamd analysis of nucleic acid and amino acid
sequences. In Human Retroviruses and AIDS. Los #&anNew Mexico: Los Alamos National
Laboratory. 1999 Theoretical Biology and Biophysics Group).

20. Keele BF, Van Heuverswyn F, Li Y, et al. Chimpae reservoirs of pandemic and nonpandemic
HIV-1. Science2006 313:523-6.

21. Takehisa J, Kraus MH, Ayouba A, et al. Origid&biology of simian immunodeficiency virus in
wild-living western gorillas. J ViroR009 83:1635-48.

22. Hahn BH, Shaw GM, De Cock KM, Sharp PM. AlIDSaagoonosis: scientific and public health
implications. Scienc200Q 287:607-14.

23. HIV Circulating Recombinant Forms (CRFs). Aaaike at:
http://www.hiv.lanl.gov/content/sequence/HIV/CRFRIES.html.  Accessed 25 July 2012.

24. Hemelaar J, Gouws E, Ghys PD, Osmanov S, Clesisation W-UNfHIa. Global trends in
molecular epidemiology of HIV-1 during 2000-2007D% 2011; 25:679-89.

25. Korber B, Gaschen B, Yusim K, Thakallapally Resmir C, Detours V. Evolutionary and
immunological implications of contemporary HIV-1riaion. Br Med Bull200%, 58:19-42.

26. Abrahams MR, Anderson JA, Giorgi EE, et al. Qitating the multiplicity of infection with human
immunodeficiency virus type 1 subtype C revealsoa-poisson distribution of transmitted variants. J
Virol 2009 83:3556-67.

27. Salazar-Gonzalez JF, Salazar MG, Keele BF,.eGenetic identity, biological phenotype, and
evolutionary pathways of transmitted/founder viuse acute and early HIV-1 infection. J Exp Med
2009 206:1273-89.

28. Thomson MM, Pérez-Alvarez L, N§jera R. Molecwdpidemiology of HIV-1 genetic forms and its
significance for vaccine development and therapyndet Infect Di2002 2:461-71.

29. Peeters M, Sharp PM. Genetic diversity of Hi\Mtie moving target. AIDR200Q 14 Suppl 3:5129-
40.

30. Kanki PJ, Hamel DJ, Sankalé JL, et al. Humamumodeficiency virus type 1 subtypes differ in
disease progression. J Infect DB99 179:68-73.

31. Easterbrook PJ, Smith M, Mullen J, et al. ImpeEdHIV-1 viral subtype on disease progression and
response to antiretroviral therapy. J Int AIDS 36&Q 13:4.

32. Baeten JM, Chohan B, Lavreys L, et al. HIV-btgpe D infection is associated with faster disease
progression than subtype A in spite of similar plaHIV-1 loads. J Infect Di2007 195:1177-80.

33. Kiwanuka N, Robb M, Laeyendecker O, et al. HIViral subtype differences in the rate of CD4+ T-
cell decline among HIV seroincident antiretroviraive persons in Rakai district, Uganda. J Acquir
Immune Defic Synd201Q 54:180-4.

34. Nelson KE, Costello C, Suriyanon V, Sennun & A. Survival of blood donors and their spouses

with HIV-1 subtype E (CRFO01 A _E) infection in nogtim Thailand, 1992-2007. AID3007 21 Suppl
6:547-54.

138



35. Rangsin R, Piyaraj P, Sirisanthana T, SirisagdnShort O, Nelson KE. The natural history of HIV
1 subtype E infection in young men in Thailand wighto 14 years of follow-up. AID3007 21 Suppl
6:S39-46.

36. Taylor BS, Sobieszczyk ME, McCutchan FE, Ham8idr The challenge of HIV-1 subtype diversity.
N Engl J Med2008 358:1590-602.

37. Current trends update on Acquired Immune Deficy Syndrome (AIDS) - United States. MMWR
Weekly. Vol. 31(37)1982507-8, 13-14.

38. Zou S, Dorsey KA, Notari EP, et al. Prevalenggidence, and residual risk of human
immunodeficiency virus and hepatitis C virus infens among United States blood donors since the
introduction of nucleic acid testing. TransfusROLQ 50:1495-504.

39. UNAIDS. AIDS Epidemic Update December 2009. ifalzle at:

http://www.unaids.org/en/media/unaids/contentagsatsimport/pub/report/2009/jc1700_epi_update_20
09 _en.pdf. Accessed 30 June 2012.

40. Wang L, Wang N, Li D, et al. The 2007 EstimdmsPeople at Risk for and Living With HIV in
China: Progress and Challenges. J Acquir Immuné33dr2009 50:414-8.

41. van de Laar MJ, Likatavicius G, Stengaard ARn&ghoe MC. HIV/AIDS surveillance in Europe:
update 2007. Euro SurvefD0§ 13.

42. van de Laar MJ, Likatavicius G. HIV and AIDStire European Union, 2008. Euro Surv2diog 14.

43. Dosekun O, Fox J. An overview of the relativgsks of different sexual behaviours on HIV
transmission. Curr Opin HIV AID801Q 5:291-7.

44. Hughes JP, Baeten JM, Lingappa JR, et al. Détants of per-coital-act HIV-1 infectivity among
African HIV-1-serodiscordant couples. J Infect R&12 205:358-65.

45. Wawer MJ, Gray RH, Sewankambo NK, et al. RafddlV-1 transmission per coital act, by stage of
HIV-1 infection, in Rakai, Uganda. J Infect 31605 191:1403-9.

46. Boily MC, Baggaley RF, Wang L, et al. Heterasaxrisk of HIV-1 infection per sexual act:
systematic review and meta-analysis of observaltistmaies. Lancet Infect D009 9:118-29.

47. Freeman EE, Weiss HA, Glynn JR, Cross PL, Winitiv JA, Hayes RJ. Herpes simplex virus 2
infection increases HIV acquisition in men and womeaystematic review and meta-analysis of
longitudinal studies. AID2006 20:73-83.

48. Reynolds SJ, Risbud AR, Shepherd ME, et alhHigtes of syphilis among STI patients are
contributing to the spread of HIV-1 in India. Serafism InfecR006G 82:121-6.

49. Macdonald N, Elam G, Hickson F, et al. Factssociated with HIV seroconversion in gay men in
England at the start of the 21st century. Sex Traimsect2008 84:8-13.

50. Korenromp EL, White RG, Orroth KK, et al. Deténants of the impact of sexually transmitted
infection treatment on prevention of HIV infecticmsynthesis of evidence from the Mwanza, Rakal, an
Masaka intervention trials. J Infect 605 191 Suppl 1:5168-78.

51. Fox J, Fidler S. Sexual transmission of H\Ativiral Res201Q 85:276-85.

52. Gray RH, Li X, Kigozi G, et al. Increased rizkincident HIV during pregnancy in Rakai, Uganda:
prospective study. Lanc2005 366:1182-8.

139



53. Coovadia H. Antiretroviral agents--how besptotect infants from HIV and save their mothersrfro
AIDS. N Engl J Med2004 351:289-92.

54. UNAIDS. Global summary of the AIDS epidemic.aNable at:
http://www.unaids.org/documents/20101123_epislidese_en.pdf. Accessed 4 July 2012.

55. Renjifo B, Fawzi W, Mwakagile D, et al. Differees in perinatal transmission among human
immunodeficiency virus type 1 genotypes. J Hum V2@01; 4:16-25.

56. Yang C, Li M, Newman RD, et al. Genetic diversif HIV-1 in western Kenya: subtype-specific
differences in mother-to-child transmission. AIR@3 17:1667-74.

57. John-Stewart GC, Nduati RW, Rousseau CM, esuabtype C Is associated with increased vaginal
shedding of HIV-1. J Infect Di2005 192:492-6.

58. Eshleman SH, Becker-Pergola G, Deseyve M,. étrglact of human immunodeficiency virus type 1
(hiv-1) subtype on women receiving single-dose rapine prophylaxis to prevent hiv-1 vertical
transmission (hiv network for prevention trials Gst@dy). J Infect Di2001; 184:914-7.

59. Renijifo B, Gilbert P, Chaplin B, et al. Prefatial in-utero transmission of HIV-1 subtype C as
compared to HIV-1 subtype A or D. AIDED04 18:1629-36.

60. Jeeninga RE, Hoogenkamp M, Armand-Ugon M, darB4, Verhoef K, Berkhout B. Functional
differences between the long terminal repeat trgptsznal promoters of human immunodeficiency virus
type 1 subtypes A through G. J Vi200Q 74:3740-51.

61. HPA. Health Protection Agency - United Kingddaw HIV Diagnoses to end of December 2011:
HPA, 2011

62. Lattimore S, Yin Z, Logan L, et al. SituatiohhlV infections and STIs in the United Kingdom in
2007. Euro Surveil2008 13.

63. Madeddu G, Rezza G, Mura MS. Trends in the gaan HIV/AIDS epidemic: a perspective from
Italy. Expert Rev Anti Infect The2009 7:25-36.

64. Gifford RJ, de Oliveira T, Rambaut A, et alyRigenetic surveillance of viral genetic diversitgd
the evolving molecular epidemiology of human immdeficiency virus type 1. J Vird007 81:13050-6.

65. Fox J, Castro H, Kaye S, et al. Epidemiologynaoin-B clade forms of HIV-1 in men who have sex
with men in the UK. AIDS201Q 24:2397-401.

66. Tatt ID, Barlow KL, Clewley JP, Gill ON, ParrdV. Surveillance of HIV-1 subtypes among
heterosexuals in England and Wales, 1997-2000gdiAtmmune Defic Synd2004 36:1092-9.

67. Dreja H, O'Sullivan E, Pade C, et al. Neutrdlan activity in a geographically diverse East don
cohort of human immunodeficiency virus type 1-inéetpatients: clade C infection results in a stesng
and broader humoral immune response than cladéBtion. J Gen ViroR01Q 91:2794-803.

68. Costin JM. Cytopathic mechanisms of HIV-1. Vi’@007, 4:100.

69. Wyatt R, Sodroski J. The HIV-1 envelope glyaipins: fusogens, antigens, and immunogens.
Sciencel998 280:1884-8.

70. Arnold E, Arnold GF. Human immunodeficiencyusrstructure: implications for antiviral design.
Adv Virus Resl991; 39:1-87.

71. Gelderblom HR, Ozel M, Pauli G. Morphogenesisl anorphology of HIV. Structure-function
relations. Arch Viroll989 106:1-13.

140



72. Pereira LA, Bentley K, Peeters A, Churchill NDkacon NJ. A compilation of cellular transcription
factor interactions with the HIV-1 LTR promoter. &leic Acids Re00Q 28:663-8.

73. Paillart JC, Shehu-Xhilaga M, Marquet R, MakDimerization of retroviral RNA genomes: an
inseparable pair. Nat Rev Microbi2004 2:461-72.

74. Frankel AD, Young JA. HIV-1: fifteen proteinechan RNA. Annu Rev BiochefiP98 67:1-25.

75. Simmons G, Reeves JD, McKnight A, et al. CXC& a functional coreceptor for human
immunodeficiency virus type 1 infection of primanacrophages. J Virdl998 72:8453-7.

76. Deng H, Liu R, Elimeier W, et al. Identificati@f a major co-receptor for primary isolates o¥Hl.
Nature1996 381:661-6.

77. Gorry PR, Ancuta P. Coreceptors and HIV-1 pge¢inesis. Curr HIV/AIDS Rep011 8:45-53.

78. Doranz BJ, Rucker J, Yi Y, et al. A dual-tropidmary HIV-1 isolate that uses fusin and the beta
chemokine receptors CKR-5, CKR-3, and CKR-2b amfusofactors. Cell996 85:1149-58.

79. Bukrinsky M. A hard way to the nucleus. Mol M2@04 10:1-5.
80. Katz RA, Skalka AM. Generation of diversityrgtroviruses. Annu Rev Gen#99Q 24:409-45.

81. Jetzt AE, Yu H, Klarmann GJ, Ron Y, Preston BImugherty JP. High rate of recombination
throughout the human immunodeficiency virus tyggehome. J ViroR00Q 74:1234-40.

82. Holmes-Son ML, Appa RS, Chow SA. Molecular gEiseand target site specificity of retroviral
integration. Adv Gene2001;, 43:33-69.

83. Liu H, Dow EC, Arora R, et al. Integration afirhan immunodeficiency virus type 1 in untreated
infection occurs preferentially within genes. Jofi2006 80:7765-8.

84. Han Y, Lassen K, Monie D, et al. Resting CD4¢ells from human immunodeficiency virus type 1
(HIV-1)-infected individuals carry integrated HIV-denomes within actively transcribed host genes. J
Virol 2004 78:6122-33.

85. Tsyba L, Rynditch AV, Boeri E, Jabbari K, BemtiaG. Distribution of HIV-1 in the genomes of
AIDS patients. Cell Mol Life Sc2004 61:721-6.

86. Koelsch KK, Liu L, Haubrich R, et al. Dynamigétotal, linear nonintegrated, and integrated HIV-
DNA in vivo and in vitro. J Infect Di2008 197:411-9.

87. Sloan RD, Wainberg MA. The role of unintegradA in HIV infection. Retrovirology2011; 8:52.

88. Purcell DF, Martin MA. Alternative splicing diuman immunodeficiency virus type 1 mRNA
modulates viral protein expression, replicatiord arfectivity. J Virol1993 67:6365-78.

89. Briggs JA, Johnson MC, Simon MN, Fuller SD, VagM. Cryo-electron microscopy reveals
conserved and divergent features of gag packingmature particles of Rous sarcoma virus and human
immunodeficiency virus. J Mol Bi&®006 355:157-68.

90. Felts RL, Narayan K, Estes JD, et al. 3D vigatibn of HIV transfer at the virological synapse
between dendritic cells and T cells. Proc Natl ABadU S A201Q 107:13336-41.

91. Chen P, Hubner W, Spinelli MA, Chen BK. Predeamt mode of human immunodeficiency virus

transfer between T cells is mediated by sustained-dependent neutralization-resistant virological
synapses. J Vird007, 81:12582-95.

141



92. Sobhian B, Laguette N, Yatim A, et al. HIV-1tTassembles a multifunctional transcription
elongation complex and stably associates with 8t€ ShRNP. Mol CelR01Q 38:439-51.

93. Huigen MC, Kamp W, Nottet HS. Multiple effectd HIV-1 trans-activator protein on the
pathogenesis of HIV-1 infection. Eur J Clin Inve804 34:57-66.

94. Campbell GR, Pasquier E, Watkins J, et al. @lnéamine-rich region of the HIV-1 Tat protein is
involved in T-cell apoptosis. J Biol Che2®04 279:48197-204.

95. Fischer U, Huber J, Boelens WC, Mattaj IW, lihnn R. The HIV-1 Rev activation domain is a
nuclear export signal that accesses an export pgtiiaed by specific cellular RNAs. C&B95 82:475-
83.

96. Lenassi M, Cagney G, Liao M, et al. HIV Nefsiscreted in exosomes and triggers apoptosis in
bystander CD4+ T cells. Traff@01Q 11:110-22.

97. Alexander M, Bor YC, Ravichandran KS, HammaikkjML, Rekosh D. Human immunodeficiency
virus type 1 Nef associates with lipid rafts to dwmodulate cell surface CD4 and class | major
histocompatibility complex expression and to inseeairal infectivity. J Viro2004 78:1685-96.

98. Koff WC, Johnson PR, Watkins DI, et al. HIV eaw® design: insights from live attenuated SIV
vaccines. Nat Immund00§ 7:19-23.

99. Tungaturthi PK, Sawaya BE, Singh SP, et aleRdIHIV-1 Vpr in AIDS pathogenesis: relevance
and implications of intravirion, intracellular afrée Vpr. Biomed Pharmacoth2f03 57:20-4.

100. Muthumani K, Choo AY, Hwang DS, et al. Meclsamiof HIV-1 viral protein R-induced apoptosis.
Biochem Biophys Res Comm@003 304:583-92.

101. zhang H, Yang B, Pomerantz RJ, Zhang C, Arualacn SC, Gao L. The cytidine deaminase
CEM15 induces hypermutation in newly synthesized-HIIDNA. Nature2003 424:94-8.

102. Donahue JP, Vetter ML, Mukhtar NA, D'Aquila RThe HIV-1 Vif PPLP motif is necessary for
human APOBECS3G binding and degradation. Virol@g®8 377:49-53.

103. Battivelli E, Lecossier D, Matsuoka S, Migeih Clavel F, Hance AJ. Strain-specific differenie
the impact of human TRIM5alpha, different TRIM5adpdileles, and the inhibition of capsid-cyclophilin
A interactions on the infectivity of HIV-1. J Vir@01Q 84(21): 11010-9.

104. Neil SJ, Zang T, Bieniasz PD. Tetherin inlsilbétrovirus release and is antagonized by HIV-1.Vp
Nature2008 451:425-30.

105. Keele BF, Giorgi EE, Salazar-Gonzalez JF).edantification and characterization of transeitt
and early founder virus envelopes in primary HIMrfection. Proc Natl Acad Sci U S 2008
105:7552-7.

106. Huang Y, Paxton WA, Wolinsky SM, et al. Théerof a mutant CCR5 allele in HIV-1 transmission
and disease progression. Nat Me&96 2:1240-3.

107. Morgan C, Marthas M, Miller C, et al. The usenonhuman primate models in HIV vaccine
development. PLoS Me2D08 5:e173.

108. Li Q, Duan L, Estes JD, et al. Peak SIV repian in resting memory CD4+ T cells depletes gut
lamina propria CD4+ T cells. Natup®05 434:1148-52.

109. Lekkerkerker AN, van Kooyk Y, Geijtenbeek T®iral piracy: HIV-1 targets dendritic cells for
transmission. Curr HIV Re2006 4:169-76.

142



110. Gasper-Smith N, Crossman DM, Whitesides JiJ.dhduction of plasma (TRAIL), TNFR-2, Fas
ligand, and plasma microparticles after human imoeleficiency virus type 1 (HIV-1) transmission:
implications for HIV-1 vaccine design. J Vird008 82:7700-10.

111. Zhang ZQ, Wietgrefe SW, Li Q, et al. Rolessubstrate availability and infection of resting and
activated CD4+ T cells in transmission and acuteiaggi immunodeficiency virus infection. Proc Natl
Acad Sci U S 22004 101:5640-5.

112. Biancotto A, Iglehart SJ, Vanpouille C, ettllV-1 induced activation of CD4+ T cells createsan
targets for HIV-1 infection in human lymphoid tigsex vivo. Blood200§ 111:699-704.

113. Brenchley JM, Schacker TW, Ruff LE, et al. GDAcell depletion during all stages of HIV disease
occurs predominantly in the gastrointestinal tradixp Med2004 200:749-59.

114. Piatak M, Saag MS, Yang LC, et al. High lewal$11V-1 in plasma during all stages of infection
determined by competitive PCR. Scied®&93 259:1749-54.

115. Kaufmann GR, Duncombe C, Zaunders J, CunningBaCooper D. Primary HIV-1 infection: a
review of clinical manifestations, immunologic amdologic changes. AIDS Patient Care STD$98
12:759-67.

116. Mattapallil JJ, Douek DC, Hill B, Nishimura ¥lartin M, Roederer M. Massive infection and loss
of memory CD4+ T cells in multiple tissues durirguge SIV infection. Natur2005 434:1093-7.

117. Picker LJ, Hagen SI, Lum R, et al. Insuffitipnoduction and tissue delivery of CD4+ memory T
cells in rapidly progressive simian immunodeficignrus infection. J Exp Me@004 200:1299-314.

118. Mehandru S, Poles MA, Tenner-Racz K, et alm&y HIV-1 infection is associated with
preferential depletion of CD4+ T lymphocytes froffeetor sites in the gastrointestinal tract. J B4ed
2004 200:761-70.

119. Haase AT. Perils at mucosal front lines fo¥ lind SIV and their hosts. Nat Rev Immu26i05
5:783-92.

120. Guadalupe M, Reay E, Sankaran S, et al. Se&vBre+r T-cell depletion in gut lymphoid tissue
during primary human immunodeficiency virus typeinfection and substantial delay in restoration
following highly active antiretroviral therapy. Jrgl 2003 77:11708-17.

121. Anton PA, Elliott J, Poles MA, et al. Enhandedels of functional HIV-1 co-receptors on human
mucosal T cells demonstrated using intestinal higissue. AIDS200Q 14:1761-5.

122. Poles MA, Elliott J, Taing P, Anton PA, Che8. IA preponderance of CCR5(+) CXCR4(+)
mononuclear cells enhances gastrointestinal mucasadeptibility to human immunodeficiency virus
type 1 infection. J ViroR001, 75:8390-9.

123. Fellay J, Shianna KV, Ge D, et al. A whole-g@e association study of major determinants fot hos
control of HIV-1. Scienc007, 317:944-7.

124. Ho DD, Neumann AU, Perelson AS, Chen W, Ledida, Markowitz M. Rapid turnover of plasma
virions and CD4 lymphocytes in HIV-1 infection. Na¢ 1995 373:123-6.

125. Lillo F, Grasso M, Lodini S, Capiluppi B, Lazin A, Tambussi G. HIV-1 DNA and RNA kinetics
in primary HIV infection. J Biol Regul Homeost Ags2002 16:49-52.

126. Blankson JN. Viral reservoirs and HIV-specifianunity. Curr Opin HIV AIDS2006 1:147-51.

127. Zamborlini A, Lehmann-Che J, Clave E, et anttosomal pre-integration latency of HIV-1 in
quiescent cells. Retrovirolo@3007, 4:63.

143



128. Pierson T, McArthur J, Siliciano RF. Resersdor HIV-1: mechanisms for viral persistence ip th
presence of antiviral immune responses and amtiiedd therapy. Annu Rev Immun@00Q 18:665-708.

129. Finzi D, Blankson J, Siliciano JD, et al. Lattenfection of CD4+ T cells provides a mechanigm f
lifelong persistence of HIV-1, even in patientsaffective combination therapy. Nat M&899 5:512-7.

130. Han Y, Wind-Rotolo M, Yang HC, Siliciano JOliGano RF. Experimental approaches to the study
of HIV-1 latency. Nat Rev Microbid?007 5:95-106.

131. Yukl S, Pillai S, Li P, et al. Latently-infect CD4+ T cells are enriched for HIV-1 Tat variawith
impaired transactivation activity. Virolog3009 387:98-108.

132. van der Sluis RM, Pollakis G, van Gerven MieriBhout B, Jeeninga RE. Latency profiles of full
length HIV-1 molecular clone variants with a sulgygpecific promoter. Retrovirolo@011; 8:73.

133. Triboulet R, Mari B, Lin YL, et al. Suppressiof microRNA-silencing pathway by HIV-1 during
virus replication. Scienc2007 315:1579-82.

134. Jordan A, Defechereux P, Verdin E. The sitElIdf-1 integration in the human genome determines
basal transcriptional activity and response totfiatsactivation. EMBO 2001 20:1726-38.

135. Murray PJ, Wynn TA. Protective and pathogeftioctions of macrophage subsets. Nat Rev
Immunol2012; 11:723-37.

136. Redel L, Le Douce V, Cherrier T, et al. HItegulation of latency in the monocyte-macrophage
lineage and in CD4+ T lymphocytes. J Leukoc Bi01Q 87:575-88.

137. Coiras M, Lépez-Huertas MR, Pérez-Olmeda Ma#ali J. Understanding HIV-1 latency provides
clues for the eradication of long-term reservditat Rev Microbiol2009 7:798-812.

138. Deneka M, Pelchen-Matthews A, Byland R, Ruiatdbs E, Marsh M. In macrophages, HIV-1
assembles into an intracellular plasma membraneagfogontaining the tetraspanins CD81, CD9, and
CD53. J Cell BioR007 177:329-41.

139. Welsch S, Keppler OT, Habermann A, AllespacKrijnse-Locker J, Krausslich HG. HIV-1 buds
predominantly at the plasma membrane of primarydrumacrophages. PLoS Pati&iip)7 3:e36.

140. Groot F, Welsch S, Sattentau QJ. Efficient HIYfansmission from macrophages to T cells across
transient virological synapses. Bloa@0§ 111:4660-3.

141. Gras G, Kaul M. Molecular mechanisms of newasion by monocytes-macrophages in HIV-1
infection. Retrovirology201Q 7:30.

142. Schacker TW, Hughes JP, Shea T, Coombs RVeyQomBiological and virologic characteristics of
primary HIV infection. Ann Intern Med998 128:613-20.

143. Altfeld M, Rosenberg ES. The role of CD4(+hdlper cells in the cytotoxic T lymphocyte response
to HIV-1. Curr Opin ImmunoR00Q 12:375-80.

144. Williams |, Churchill D, Anderson J, et al.itsh HIV Association guidelines for the treatmaeft
HIV-1-positive adults with antiretroviral therap@22. HIV Med2012 13 Suppl 2:1-6.

145. Pantaleo G, Graziosi C, Fauci AS. New conceaptsthe immunopathogenesis of human
immunodeficiency virus infection. N Engl J M&893 328:327-35.

146. Moyle GJ, Wildfire A, Mandalia S, et al. Epimdi®logy and predictive factors for chemokine
receptor use in HIV-1 infection. J Infect 1805 191:866-72.

144



147. Berger EA, Murphy PM, Farber JM. Chemokineepors as HIV-1 coreceptors: roles in viral entry,
tropism, and disease. Annu Rev Immub®99 17:657-700.

148. Huang W, Eshleman SH, Toma J, et al. Corecéyqpism in human immunodeficiency virus type
1 subtype D: high prevalence of CXCR4 tropism aatbfogeneous composition of viral populations. J
Virol 2007 81:7885-93.

149. Kaleebu P, Nankya IL, Yirrell DL, et al. Rétat between chemokine receptor use, disease stage,
and HIV-1 subtypes A and D: results from a rurabbdan cohort. J Acquir Immune Defic Syr2fi07,
45:28-33.

150. Lackritz EM, Satten GA, Aberle-Grasse J, etEdtimated risk of transmission of the human
immunodeficiency virus by screened blood in thetebhiStates. N Engl J Mel®95 333:1721-5.

151. Fiebig EW, Wright DJ, Rawal BD, et al. Dynamaf HIV viremia and antibody seroconversion in
plasma donors: implications for diagnosis and siggif primary HIV infection. AIDS003 17:1871-9.

152. Sire JM, Vray M, Merzouk M, et al. ComparatRBA quantification of HIV-1 group M and non-M
with the Roche Cobas AmpliPrep/Cobas TagMan HI\V2I0wand Abbott Real-Time HIV-1 PCR assays.
J Acquir Immune Defic Synd2011; 56:239-43.

153. De Bel A, Marissens D, Debaisieux L, et al.rr€ction of underquantification of human
immunodeficiency virus type 1 load with the secorasion of the Roche Cobas AmpliPrep/Cobas
TagMan assay. J Clin Microbi@D1Q 48:1337-42.

154. Gueudin M, Plantier JC, Lemée V, et al. Evi@umof the Roche Cobas TagMan and Abbott
RealTime extraction-quantification systems for HI\VGubtypes. J Acquir Immune Defic Syr2d07,
44:500-5.

155. Aberg JA, Kaplan JE, Libman H, et al. Primagye guidelines for the management of persons
infected with human immunodeficiency virus: 2009dafe by the HIV medicine Association of the
Infectious Diseases Society of America. Clin Infoc 2009 49:651-81.

156. Detels R, Mufioz A, McFarlane G, et al. Effeetiess of potent antiretroviral therapy on time to
AIDS and death in men with known HIV infection dtiom. Multicenter AIDS Cohort Study
Investigators. JAMAL998 280:1497-503.

157. Sterne JA, May M, Costagliola D, et al. Timwiginitiation of antiretroviral therapy in AIDS-de
HIV-1-infected patients: a collaborative analysid8 HIV cohort studies. Lanc@0D09 373:1352-63.

158. Hill A, van der Lugt J, Sawyer W, Boffito M.o# much ritonavir is needed to boost protease
inhibitors? Systematic review of 17 dose-rangingrptacokinetic trials. AIDR009 23:2237-45.

159. Mehellou Y, De Clercq E. Twenty-six years afiddlV drug discovery: where do we stand and
where do we go? J Med Ch&ilQ 53:521-38.

160. Nguyen AT, Feasley CL, Jackson KW, et al. pratotype HIV-1 maturation inhibitor, bevirimat,
binds to the CA-SP1 cleavage site in immature Gatigles. Retrovirologp011 8:101.

161. Bierman WF, van Agtmael MA, Nijhuis M, Dann8A, Boucher CA. HIV monotherapy with
ritonavir-boosted protease inhibitors: a systematidew. AIDS2009 23:279-91.

162. El-Sadr WM, Lundgren JD, Neaton JD, et al. €@dunt-guided interruption of antiretroviral
treatment. N Engl J Me2i00§ 355:2283-96.

163. Smith CJ, Staszewski S, Sabin CA, et al. Uséral load measured after 4 weeks of highly aetiv

antiretroviral therapy to predict virologic outcorae24 weeks for HIV-1-positive individuals. J Aéqu
Immune Defic Synd2004 37:1155-9.

145



164. Zhang L, Ramratnam B, Tenner-Racz K, et ahr@ifying residual HIV-1 replication in patients
receiving combination antiretroviral therapy. N Eddgvled1999 340:1605-13.

165. Di Mascio M, Markowitz M, Louie M, et al. Virdlip dynamics during highly active antiretroviral
therapy. J ViroR003 77:12165-72.

166. Lederman MM, Connick E, Landay A, et al. Immlagic responses associated with 12 weeks of
combination antiretroviral therapy consisting ad@udine, lamivudine, and ritonavir: results of AD
Clinical Trials Group Protocol 315. J Infect [1i898 178:70-9.

167. Pakker NG, Notermans DW, de Boer RJ, et gih&8ic kinetics of peripheral blood T cells after
triple combination therapy in HIV-1 infection: aroposite of redistribution and proliferation. Nat e
1998 4:208-14.

168. Kaufmann SH. Cell-mediated immunity: dealingjr&ct blow to pathogens. Curr Bib999 9:R97-
9.

169. Dalod M, Dupuis M, Deschemin JC, et al. Braatgnse anti-human immunodeficiency virus (HIV)
ex vivo CD8(+) responses in HIV type l-infectedigails: comparison with anti-Epstein-Barr virus
responses and changes during antiretroviral thethpyrol 1999 73:7108-16.

170. Koup RA, Safrit JT, Cao Y, et al. Temporaloasation of cellular immune responses with theidhit
control of viremia in primary human immunodeficigngrus type 1 syndrome. J Vir@éB94 68:4650-5.

171. Borrow P, Lewicki H, Hahn BH, Shaw GM, OldstoiB. Virus-specific CD8+ cytotoxic T-
lymphocyte activity associated with control of viria in primary human immunodeficiency virus type 1
infection. J Virol1994 68:6103-10.

172. Schmitz JE, Kuroda MJ, Santra S, et al. Cbrdfoviremia in simian immunodeficiency virus
infection by CD8+ lymphocytes. Scient899 283:857-60.

173. Bangham CR. CTL quality and the control of Aanmetroviral infections. Eur J Immun@bD09
39:1700-12.

174. Klein MR, van Baalen CA, Holwerda AM, et alinktics of Gag-specific cytotoxic T lymphocyte
responses during the clinical course of HIV-1 itifat. a longitudinal analysis of rapid progressans|
long-term asymptomatics. J Exp M&#895 181:1365-72.

175. Ogg GS, Jin X, Bonhoeffer S, et al. Quantitatdf HIV-1-specific cytotoxic T lymphocytes and
plasma load of viral RNA. Sciend®98 279:2103-6.

176. Greenough TC, Brettler DB, Somasundaran MicdaaL, Sullivan JL. Human immunodeficiency
virus type 1-specific cytotoxic T lymphocytes (CTLYirus load, and CD4 T cell loss: evidence
supporting a protective role for CTL in vivo. Jéof Dis1997 176:118-25.

177. Cao J, McNevin J, Malhotra U, McElrath MJ. Enion of CD8+ T cell immunity and viral escape
following acute HIV-1 infection. J Immun@O003 171:3837-46.

178. Casazza JP, Betts MR, Picker LJ, Koup RA. Pddaetics of human immunodeficiency virus-
specific CD8+ T cells in peripheral blood aftertiaiion of highly active antiretroviral therapy.\drol
2001 75:6508-16.

179. Kalams SA, Goulder PJ, Shea AK, et al. Leeéleuman immunodeficiency virus type 1-specific
cytotoxic T-lymphocyte effector and memory respandecline after suppression of viremia with highly
active antiretroviral therapy. J ViraéB99 73:6721-8.

180. Betts MR, Ambrozak DR, Douek DC, et al. Anaysf total human immunodeficiency virus (HIV)-

specific CD4(+) and CD8(+) T-cell responses: relaship to viral load in untreated HIV infection. J
Virol 2002, 75:11983-91.

146



181. Zafiropoulos A, Barnes E, Piggott C, KlenernRarAnalysis of 'driver’ and 'passenger’' CD8+ T-cel
responses against variable viruses. Proc BioR8@# 271 Suppl 3:553-6.

182. Appay V, Nixon DF, Donahoe SM, et al. HIV-sifiecCD8(+) T cells produce antiviral cytokines
but are impaired in cytolytic function. J Exp M2d0Q 192:63-75.

183. Ellefsen K, Harari A, Champagne P, Bart PAaB¢RP, Pantaleo G. Distribution and functional
analysis of memory antiviral CD8 T cell responsesHilV-1 and cytomegalovirus infections. Eur J
Immunol2002 32:3756-64.

184. Shankar P, Russo M, Harnisch B, Patterson kéJni P, Lieberman J. Impaired function of
circulating HIV-specific CD8(+) T cells in chronibuman immunodeficiency virus infection. Blood
2000 96:3094-101.

185. Betts MR, Nason MC, West SM, et al. HIV nongressors preferentially maintain highly functional
HIV-specific CD8+ T cells. Bloo@006 107:4781-9.

186. Almeida JR, Price DA, Papagno L, et al. Superontrol of HIV-1 replication by CD8+ T cells is
reflected by their avidity, polyfunctionality, amtbnal turnover. J Exp Me2007 204:2473-85.

187. Pantaleo G, Demarest JF, Schacker T, et alqUhlitative nature of the primary immune response
to HIV infection is a prognosticator of disease gression independent of the initial level of plasma
viremia. Proc Natl Acad Sci U S 2997 94:254-8.

188. Kiepiela P, Ngumbela K, Thobakgale C, et &8€& T-cell responses to different HIV proteins have
discordant associations with viral load. Nat M20D7 13:46-53.

189. Zufiga R, Lucchetti A, Galvan P, et al. Refatdominance of Gag p24-specific cytotoxic T
lymphocytes is associated with human immunodefayenrus control. J ViroR006 80:3122-5.

190. Schneidewind A, Brockman MA, Yang R, et alc&® from the dominant HLA-B27-restricted
cytotoxic T-lymphocyte response in Gag is assodiateith a dramatic reduction in human
immunodeficiency virus type 1 replication. J Vigl07, 81:12382-93.

191. Borrow P, Lewicki H, Wei X, et al. Antiviralressure exerted by HIV-1-specific cytotoxic T
lymphocytes (CTLs) during primary infection demaagtd by rapid selection of CTL escape virus. Nat
Med 1997 3:205-11.

192. Allen TM, Altfeld M, Geer SC, et al. Selectiescape from CD8+ T-cell responses represents a
major driving force of human immunodeficiency virtype 1 (HIV-1) sequence diversity and reveals
constraints on HIV-1 evolution. J Vir@005 79:13239-49.

193. Brumme ZL, Brumme CJ, Carlson J, et al. Mareitbope- and allele-specific differences in raies
mutation in human immunodeficiency type 1 (HIV-1ag; Pol, and Nef cytotoxic T-lymphocyte
epitopes in acute/early HIV-1 infection. J Vi2008 82:9216-27.

194. Crawford H, Prado JG, Leslie A, et al. Compémy mutation partially restores fitness and delay
reversion of escape mutation within the immunoda@amirHLA-B*5703-restricted Gag epitope in chronic
human immunodeficiency virus type 1 infection. JoVR2007, 81:8346-51.

195. Kawashima Y, Pfafferott K, Frater J, et alafthtion of HIV-1 to human leukocyte antigen class
Nature2009 458:641-5.

196. Carrington M, O'Brien SJ. The influence of Hh&notype on AIDS. Annu Rev M&D03 54:535-
51.

197. Chopera DR, Woodman Z, Mlisana K, et al. Tmgission of HIV-1 CTL escape variants provides
HLA-mismatched recipients with a survival advantageoS Patho@008 4:e1000033.

147



198. Goulder PJ, Bunce M, Krausa P, et al. Novalssrestricted, conserved, and immunodominant
cytotoxic T lymphocyte epitopes in slow progressams HIV type 1 infection. AIDS Res Hum
Retroviruse4996 12:1691-8.

199. Feau S, Garcia Z, Arens R, Yagita H, Borsschoenberger SP. The CDZ-cell help signal is
transmitted from APC to CD8T-cells via CD27-CD70 interactions. Nat Comn2012 3:948.

200. Porichis F, Kaufmann DE. HIV-specific CD4 Tllseand immune control of viral replication. Curr
Opin HIV AIDS 2011, 6:174-80.

201. Dybul M, Mercier G, Belson M, et al. CD40 lightrimer and IL-12 enhance peripheral blood
mononuclear cells and CD4+ T cell proliferation goduction of IFN-gamma in response to p24
antigen in HIV-infected individuals: potential cabution of anergy to HIV-specific unresponsiveneks
Immunol200Q 165:1685-91.

202. Kostense S, Vandenberghe K, Joling J, etakiflent numbers of tetramer+ CD8(+) T cells, but
loss of interferon-gamma+ HIV-specific T cells digiprogression to AIDS. Bloa2002 99:2505-11.

203. Seder RA, Ahmed R. Similarities and differenge CD4+ and CD8+ effector and memory T cell
generation. Nat Immun@003 4:835-42.

204. Vignali DA, Collison LW, Workman CJ. How regtbry T cells work. Nat Rev Immun@008
8:523-32.

205. Gavin M, Rudensky A. Control of immune homasit by naturally arising regulatory CD4+ T cells.
Curr Opin ImmunoR003 15:690-6.

206. Seddiki N, Kelleher AD. Regulatory T cells iV infection: who's suppressing what? Curr
HIV/AIDS Rep2008 5:20-6.

207. Montes M, Lewis DE, Sanchez C, et al. Foxp8gulatory T cells in antiretroviral-naive HIV
patients. AIDS2006 20:1669-71.

208. Lim A, Tan D, Price P, et al. Proportions atalating T cells with a regulatory cell phenotype
increase with HIV-associated immune activation egmain high on antiretroviral therapy. AI®O07,
21:1525-34.

209. Andersson J, Boasso A, Nilsson J, et al. Thegtence of regulatory T cells in lymphoid tisssie
correlated with viral load in HIV-infected patientsimmunolR005 174:3143-7.

210. Nilsson J, Boasso A, Velilla PA, et al. HI\dliven regulatory T-cell accumulation in lymphoid
tissues is associated with disease progressiotMMHDS. Blood 2006 108:3808-17.

211. Aandahl EM, Michaélsson J, Moretto WJ, Hedtit Nixon DF. Human CD4+ CD25+ regulatory T
cells control T-cell responses to human immunodgiicy virus and cytomegalovirus antigens. J Virol
2004 78:2454-9.

212. Weiss L, Donkova-Petrini V, Caccavelli L, BalbM, Carbonneil C, Levy Y. Human
immunodeficiency virus-driven expansion of CD4+CB2Egulatory T cells, which suppress HIV-
specific CD4 T-cell responses in HIV-infected patie Blood2004 104:3249-56.

213. Louten J, Boniface K, de Waal Malefyt R. Deygghent and function of TH17 cells in health and
disease. J Allergy Clin Immun@009 123:1004-11.

214. Niu Y, Liu H, Yin D, et al. The balance betwemtrahepatic IL-17(+) T cells and Foxp3(+)

regulatory T cells plays an important role in HB&ated end-stage liver disease. BMC Immu2@11;
12:47.

148



215. Favre D, Mold J, Hunt PW, et al. Tryptophatabalism by indoleamine 2,3-dioxygenase 1 alters
the balance of TH17 to regulatory T cells in H\éekse. Sci Transl M&D1Q 2:32ra6.

216. Kaufmann DE, Walker BD. Programmed death-a &&tor in immune exhaustion and activation in
HIV infection. Curr Opin HIV AIDS2008 3:362-7.

217. Day CL, Kaufmann DE, Kiepiela P, et al. PDxpression on HIV-specific T cells is associated
with T-cell exhaustion and disease progressionuie¢®006 443:350-4.

218. Velu V, Titanji K, Zhu B, et al. Enhancing SBpecific immunity in vivo by PD-1 blockade. Nature
2009 458:206-10.

219. Porichis F, Kwon DS, Zupkosky J, et al. Respaness of HIV-specific CD4 T cells to PD-1
blockade. Blood®?011; 118:965-74.

220. Poignard P, Sabbe R, Picchio GR, et al. Nizitrg antibodies have limited effects on the cohtr
of established HIV-1 infection in vivo. Immunify©99 10:431-8.

221. Aasa-Chapman MM, Hayman A, Newton P, et akelpment of the antibody response in acute
HIV-1 infection. AIDS2004 18:371-81.

222. Pilgrim AK, Pantaleo G, Cohen O0J, et al. Naigting antibody responses to human
immunodeficiency virus type 1 in primary infectiand long-term-nonprogressive infection. J Infect Di
1997 176:924-32.

223. Moog C, Fleury HJ, Pellegrin I, Kirn A, AubiertAM. Autologous and heterologous neutralizing
antibody responses following initial seroconversiorhuman immunodeficiency virus type 1l-infected
individuals. J Virol1997 71:3734-41.

224. Pellegrin |, Legrand E, Neau D, et al. Kingtmf appearance of neutralizing antibodies in 12
patients with primary or recent HIV-1 infection arelationship with plasma and cellular viral loads.
Acquir Immune Defic Syndr Hum RetrovirtP96 11:438-47.

225. Richman DD, Wrin T, Little SJ, Petropoulos ®hpid evolution of the neutralizing antibody
response to HIV type 1 infection. Proc Natl Acad3S A 2003 100:4144-9.

226. Wei X, Decker JM, Wang S, et al. Antibody malization and escape by HIV-1. Natu?2€03
422:307-12.

227. Zolla-Pazner S. Identifying epitopes of HIMkht induce protective antibodies. Nat Rev Immunol
2004 4:199-210.

228. Li Y, Migueles SA, Welcher B, et al. Broad HIVneutralization mediated by CD4-binding site
antibodies. Nat Me@007, 13:1032-4.

229. Dimitrov DS. Virus entry: molecular mechanisargl biomedical applications. Nat Rev Microbiol
2004 2:109-22.

230. Binley JM, Wrin T, Korber B, et al. Comprehescross-clade neutralization analysis of a pafiel
anti-human immunodeficiency virus type 1 monoclaatibodies. J ViroR004 78:13232-52.

231. Geffin R, Hutto C, Andrew C, Scott GB. A longlinal assessment of autologous neutralizing
antibodies in children perinatally infected withnhan immunodeficiency virus type 1. Virolo@p03
310:207-15.

232. Deeks SG, Schweighardt B, Wrin T, et al. Naizting antibody responses against autologous and
heterologous viruses in acute versus chronic huimamunodeficiency virus (HIV) infection: evidence
for a constraint on the ability of HIV to completedvade neutralizing antibody responses. J \A4f1§
80:6155-64.

149



233. Willey S, Aasa-Chapman MM. Humoral immunityHéV-1: neutralisation and antibody effector
functions. Trends Microbid2008 16:596-604.

234. Lu M, Blacklow SC, Kim PS. A trimeric structirdomain of the HIV-1 transmembrane
glycoprotein. Nat Struct Bidl995 2:1075-82.

235. Kwong PD, Doyle ML, Casper DJ, et al. HIV-lades antibody-mediated neutralization through
conformational masking of receptor-binding siteatite2002 420:678-82.

236. Reitter JN, Means RE, Desrosiers RC. A rotecrbohydrates in immune evasion in AIDS. Nat
Med 1998 4:679-84.

237. Kaottilil S, Shin K, Planta M, et al. Expressiof chemokine and inhibitory receptors on natural
killer cells: effect of immune activation and HI\t@mia. J Infect Di2004 189:1193-8.

238. Borrow P, Bhardwaj N. Innate immune respomsgsimary HIV-1 infection. Curr Opin HIV AIDS
2008 3:36-44.

239. Fogli M, Mavilio D, Brunetta E, et al. Lysi$ endogenously infected CD4+ T cell blasts by rIL-2
activated autologous natural killer cells from Hivected viremic individuals. PLoS Path@&p08
4:€1000101.

240. d'Ettorre G, Andreotti M, Carnevalini M, et hiterleukin-15 enhances the secretion of IFN-gamm
and CC chemokines by natural killer cells from Hivemic and aviremic patients. Immunol L2006
103:192-5.

241. Lambotte O, Ferrari G, Moog C, et al. Hetermgeis neutralizing antibody and antibody-dependent
cell cytotoxicity responses in HIV-1 elite conteat. AIDS2009 23:897-906.

242. Shah AH, Sowrirajan B, Davis ZB, et al. Degiation of natural killer cells following interactn
with HIV-1-infected cells is hindered by downmodida of NTB-A by Vpu. Cell Host Microb01Q
8:397-409.

243. Lyles RH, Mufioz A, Yamashita TE, et al. Nakdniatory of human immunodeficiency virus type 1
viremia after seroconversion and proximal to AlDSai large cohort of homosexual men. Multicenter
AIDS Cohort Study. J Infect D200Q 181:872-80.

244. Mellors JW, Rinaldo CR, Gupta P, White RM, @dd\, Kingsley LA. Prognosis in HIV-1 infection
predicted by the quantity of virus in plasma. Scet996 272:1167-70.

245. Coombs RW, Reichelderfer PS, Landay AL. Reodservations on HIV type-1 infection in the
genital tract of men and women. AI2B03 17:455-80.

246. Weiss HA, Halperin D, Bailey RC, Hayes RJ, 8ithG, Hankins CA. Male circumcision for HIV
prevention: from evidence to action? AIR2808 22:567-74.

247. Cardo DM, Culver DH, Ciesielski CA, et al. Ase-control study of HIV seroconversion in health
care workers after percutaneous exposure. Centerditease Control and Prevention Needlestick
Surveillance Group. N Engl J Md®97, 337:1485-90.

248. Abdool Karim Q, Abdool Karim SS, Frohlich Jé,al. Effectiveness and safety of tenofovir gal, a
antiretroviral microbicide, for the prevention of\Hinfection in women. Scienc201Q 329:1168-74.

249. Grant RM, Hamer D, Hope T, et al. Whither dther microbicides? Scien@908 321:532-4.
250. Veazey RS, Ketas TJ, Dufour J, et al. Praiactif rhesus macaques from vaginal infection by

vaginally delivered maraviroc, an inhibitor of HWentry via the CCR5 co-receptor. J Infect R&LQ
202:739-44.

150



251. Baeten JM, Donnell D, Ndase P, et al. Antingtal prophylaxis for HIV prevention in heterosexu
men and women. N Engl J M@®12 367:399-410.

252. Poignard P, Moldt B, Maloveste K, et al. Pctis against High-Dose Highly Pathogenic Mucosal
SIV Challenge at Very Low Serum Neutralizing Titefshe Antibody-Like Molecule CD4-1gG2. PLoS
One2012 7:e422009.

253. Smith DM, Strain MC, Frost SD, et al. Lacknglutralizing antibody response to HIV-1 predisposes
to superinfection. Virologp006 355:1-5.

254. Pitisuttithum P, Gilbert P, Gurwith M, et Blandomized, double-blind, placebo-controlled effica
trial of a bivalent recombinant glycoprotein 120l vaccine among injection drug users in Bangkok,
Thailand. J Infect Di2006 194:1661-71.

255. Rerks-Ngarm S, Pitisuttithum P, NitayaphametSal. Vaccination with ALVAC and AIDSVAX to
prevent HIV-1 infection in Thailand. N Engl J M2609 361:2209-20.

256. Buchbinder SP, Mehrotra DV, Duerr A, et alfidaty assessment of a cell-mediated immunity
HIV-1 vaccine (the Step Study): a double-blind,damised, placebo-controlled, test-of-concept trial.
Lancet2008 372:1881-93.

257. Haase AT. Population biology of HIV-1 infectioviral and CD4+ T cell demographics and
dynamics in lymphatic tissues. Annu Rev Immuh®99 17:625-56.

258. Hellerstein M, Hanley MB, Cesar D, et al. Bthg measured kinetics of circulating T lymphocytes
in normal and HIV-1-infected humans. Nat ME@B9 5:83-9.

259. Rodriguez B, Sethi AK, Cheruvu VK, et al. Retigle value of plasma HIV RNA level on rate of
CD4 T-cell decline in untreated HIV infection. JAM0G 296:1498-506.

260. Mellors JW, Margolick JB, Phair JP, et al. ghostic value of HIV-1 RNA, CD4 cell count, and
CD4 Cell count slope for progression to AIDS anditbein untreated HIV-1 infection. JAMAR0O7,
297:2349-50.

261. Gougeon ML, Montagnier L. Apoptosis in AIDSi&1cel993 260:1269-70.

262. Gougeon ML, Lecoeur H, Dulioust A, et al. Reogmed cell death in peripheral lymphocytes from
HIV-infected persons: increased susceptibility ppptosis of CD4 and CD8 T cells correlates with
lymphocyte activation and with disease progressidmmunol1996 156:3509-20.

263. Hazenberg MD, Otto SA, van Benthem BHB, ePaksistent immune activation in HIV-1 infection
is associated with progression to AIDS. AIRG03 17:1881-8.

264. Giorgi JV, Hultin LE, McKeating JA, et al. Ster survival in advanced human immunodeficiency
virus type 1 infection is more closely associateéthw lymphocyte activation than with plasma virus
burden or virus chemokine coreceptor usage. Jiifiexc1999 179:859-70.

265. Sousa AE, Carneiro J, Meier-Schellersheim kbhs&man Z, Victorino RMM. CD4 T cell depletion
is linked directly to immune activation in the pagienesis of HIV-1 and HIV-2 but only indirectly tioe
viral load. J Immuno2002 169:3400-6.

266. Leng Q, Borkow G, Weisman Z, Stein M, KalinkawA, Bentwich Z. Immune activation correlates
better than HIV plasma viral load with CD4 T-cedidine during HIV infection. J Acquir Immune Defic
Syndr2001, 27:389-97.

267. Deeks SG, Kitchen CMR, Liu L, et al. Immunéiation set point during early HIV infection
predicts subsequent CD4+ T-cell changes indeperadestal load. Blood?2004 104:942-7.

151



268. Hirsch VM. What can natural infection of Afaiic monkeys with simian immunodeficiency virus tell
us about the pathogenesis of AIDS? AIDS R604 6:40-53.

269. Silvestri G, Sodora DL, Koup RA, et al. Norpmmenic SIV infection of sooty mangabeys is
characterized by limited bystander immunopatholdgspite chronic high-level viremia. Immun2@03
18:441-52.

270. Sumpter B, Dunham R, Gordon S, et al. Coeslaf preserved CD4(+) T cell homeostasis during
natural, nonpathogenic simian immunodeficiency wimfection of sooty mangabeys: implications for
AIDS pathogenesis. J Immuna007 178:1680-91.

271. Pandrea I, Silvestri G, Onanga R, et al. Sinmamunodeficiency viruses replication dynamics in
African non-human primate hosts: common patterrs species-specific differences. J Med Primatol
2006 35:194-201.

272. Chahroudi A, Bosinger SE, Vanderford TH, RdirarM, Silvestri G. Natural SIV hosts: showing
AIDS the door. Scienc2012 335:1188-93.

273. Olivieri KC, Mukerji J, Gabuzda D. Nef-medidtenhancement of cellular activation and human
immunodeficiency virus type 1 replication in primaf cells is dependent on association with p21-
activated kinase 2. Retrovirolo@p11 8:64.

274. Finzi D, Plaeger SF, Dieffenbach CW. Defectiirus drives human immunodeficiency virus
infection, persistence, and pathogenesis. Clin Macenmunol2006 13:715-21.

275. Biancotto A, Grivel JC, Iglehart SJ, et al.nbmal activation and cytokine spectra in lymph emd
of people chronically infected with HIV-1. Blo®007 109:4272-9.

276. Brenchley JM, Price DA, Schacker TW, et alctdbial translocation is a cause of systemic immune
activation in chronic HIV infection. Nat Me2006G 12:1365-71.

277. Zhang Z, Schuler T, Zupancic M, et al. Sexumahsmission and propagation of SIV and HIV in
resting and activated CD4+ T cells. Scieh®89 286:1353-7.

278. Herbeuval JP, Grivel JC, Boasso A, et al. CD@tell death induced by infectious and
noninfectious HIV-1: role of type 1 interferon-deyent, TRAIL/DR5-mediated apoptosis. Blodd05
106:3524-31.

279. Herbeuval JP, Shearer GM. HIV-1 immunopathegsn how good interferon turns bad. Clin
Immunol2007 123:121-8.

280. Gendelman HE, Baca L, Turpin JA, et al. Restm of HIV replication in infected T cells and
monocytes by interferon-alpha. AIDS Res Hum Retusgs199Q 6:1045-9.

281. Goujon C, Malim MH. Characterization of th@ta interferon-induced postentry block to HIV-1
infection in primary human macrophages and T céliirol 2010 84:9254-66.

282. Lane HC, Davey V, Kovacs JA, et al. Interfeadpha in patients with asymptomatic human
immunodeficiency virus (HIV) infection. A randomiteplacebo-controlled trial. Ann Intern Md®9Q
112:805-11.

283. Rivero J, Limonta M, Aguilera A, Fraga M, La@p8aura P. Use of recombinant interferon-alpha in
human immunodeficiency virus (HIV)-infected indivials. Biotherapy994 8:23-31.

284. Marrack P, Kappler J, Mitchell T. Type | irfesons keep activated T cells alive. J Exp M&99
189:521-30.

285. Perfettini JL, Castedo M, Roumier T, et al.chiEnisms of apoptosis induction by the HIV-1
envelope. Cell Death Diffe2005 12 Suppl 1:916-23.

152



286. Garg H, Joshi A, Freed EO, Blumenthal R. Sgeeific mutations in HIV-1 gp4l reveal a
correlation between HIV-1-mediated bystander apsiptand fusion/hemifusion. J Biol Che2®07,
282:16899-906.

287. Cummins NW, Badley AD. Mechanisms of HIV-asated lymphocyte apoptosis: 2010. Cell Death
Dis 201Q 1:e99.

288. Vieillard V, Strominger JL, Debré P. NK cytritity against CD4+ T cells during HIV-1 infection:
a gp41 peptide induces the expression of an NKigéhd. Proc Natl Acad Sci U S2005 102:10981-6.

289. Mowat AM, Viney JL. The anatomical basis d&stinal immunity. Immunol Re¥997, 156:145-66.

290. Bucy RP, Hockett RD, Derdeyn CA, et al. Initiecrease in blood CD4(+) lymphocytes after HIV
antiretroviral therapy reflects redistribution frdgmphoid tissues. J Clin Inve$899 103:1391-8.

291. Sigmundsdottir H, Butcher EC. Environmentasgudendritic cells and the programming of tissue-
selective lymphocyte trafficking. Nat Immun2008 9:981-7.

292. Arthos J, Cicala C, Martinelli E, et al. HIVehvelope protein binds to and signals throughghire
alphadbeta?, the gut mucosal homing receptor faplperal T cells. Nat Immund008 9:301-9.

293. Jenkins M, Hanley MB, Moreno MB, Wieder E, Mo@ JM. Human immunodeficiency virus-1
infection interrupts thymopoiesis and multilinedgamatopoiesis in vivo. Bloot998 91:2672-8.

294. Marandin A, Katz A, Oksenhendler E, et al. 40§ primitive hematopoietic progenitors in patgent
with human immunodeficiency virus infection. Blob896 88:4568-78.

295. Roederer M, Dubs JG, Anderson MT, Raju PAzEelberg LA. CD8 naive T cell counts decrease
progressively in HIV-infected adults. J Clin Inva$&95 95:2061-6.

296. Rabin RL, Roederer M, Maldonado Y, Petru Aradaberg LA. Altered representation of naive and
memory CD8 T cell subsets in HIV-infected childr@rClin Investl995 95:2054-60.

297. Poropatich K, Sullivan DJ. Human immunodeficig virus type 1 long-term non-progressors: the
viral, genetic and immunological basis for disease-progression. J Gen ViraD11, 92:247-68.

298. Deeks SG, Walker BD. Human immunodeficienayssicontrollers: mechanisms of durable virus
control in the absence of antiretroviral therapymunity2007 27:406-16.

299. Blankson JN, Bailey JR, Thayil S, et al. Isola and characterization of replication-competent
human immunodeficiency virus type 1 from a sub$etite suppressors. J Vir@d07 81:2508-18.

300. Miura T, Brockman MA, Brumme ZL, et al. HLAsaiated alterations in replication capacity of
chimeric NL4-3 viruses carrying gag-protease frdite eontrollers of human immunodeficiency virus
type 1. J Virol2009 83:140-9.

301. Lobritz MA, Lassen KG, Arts EJ. HIV-1 replioat fitness in elite controllers. Curr Opin HIV A
2011 6:214-20.

302. Rachinger A, Navis M, van Assen S, Groenefld Schuitemaker H. Recovery of viremic control
after superinfection with pathogenic HIV type larong-term elite controller of HIV type 1 infectio
Clin Infect Dis2008 47:e86-9.

303. Bailey JR, O'Connell K, Yang HC, et al. Tramsion of human immunodeficiency virus type 1
from a patient who developed AIDS to an elite segpor. J ViroR008 82:7395-410.

304. Pereyra F, Addo MM, Kaufmann DE, et al. Genatid immunologic heterogeneity among persons
who control HIV infection in the absence of therapynfect Di2008 197:563-71.

153



305. Pereyra F, Jia X, McLaren PJ, et al. The mggoretic determinants of HIV-1 control affect HLA
class | peptide presentation. Scie@®4Q 330:1551-7.

306. Hickman-Miller HD, Bardet W, Gilb A, et al. Bbus macaque MHC class | molecules present
HLA-B-like peptides. J Immun&005 175:367-75.

307. Miura T, Brockman MA, Schneidewind A, et aLAB57/B*5801 human immunodeficiency virus
type 1 elite controllers select for rare gag vasassociated with reduced viral replication cayaand
strong cytotoxic T-lymphocyte [corrected] recogmiti J Virol2009 83:2743-55.

308. Chun TW, Nickle DC, Justement JS, et al. Bemsce of HIV in gut-associated lymphoid tissue
despite long-term antiretroviral therapy. J InfBct 2008 197:714-20.

309. Ferre AL, Hunt PW, Critchfield JW, et al. Mgab immune responses to HIV-1 in elite controllers:
a potential correlate of immune control. Bla2@D9 113:3978-89.

310. Brandt L, Benfield T, Mens H, et al. Low lewal regulatory T cells and maintenance of balance
between regulatory T cells and TH17 cells in HIVhiected elite controllers. J Acquir Immune Defic
Syndr201% 57:101-8.

311. Doria-Rose NA, Klein RM, Manion MM, et al. Eency and phenotype of human
immunodeficiency virus envelope-specific B cellonfr patients with broadly cross-neutralizing
antibodies. J ViroP009 83:188-99.

312. Bailey JR, Lassen KG, Yang HC, et al. Neutnadj antibodies do not mediate suppression of
human immunodeficiency virus type 1 in elite sugges or selection of plasma virus variants in
patients on highly active antiretroviral therapyidl 2006 80:4758-70.

313. Rouzioux C, Hubert J-B, Burgard M, et al. Faevels of HIV-1 DNA in peripheral blood
mononuclear cells are predictive of disease pregrasndependently of HIV-1 RNA levels and CD4+ T
cell counts. J Infect Di2005 192:46-55.

314. Lambotte O, Boufassa F, Madec Y, et al. HIvitaallers: a homogeneous group of HIV-1-infected
patients with spontaneous control of viral repili@at Clin Infect Dis2005 41:1053-6.

315. Mellors JW, Mufioz A, Giorgi JV, et al. Plaswiaal load and CD4+ lymphocytes as prognostic
markers of HIV-1 infection. Ann Intern MetP97 126:946-54.

316. Madec Y, Boufassa F, Porter K, Meyer L, Call@ion C. Spontaneous control of viral load and
CD4 cell count progression among HIV-1 seroconvertalDS2005 19:2001-7.

317. Pereyra F, Palmer S, Miura T, et al. Perdidtmm-level viremia in HIV-1 elite controllers and
relationship to immunologic parameters. J Infe@ 2009 200:984-90.

318. Okulicz JF, Marconi VC, Landrum ML, et al. fital outcomes of elite controllers, viremic
controllers, and long-term nonprogressors in theDgPartment of Defense HIV natural history study. J
Infect Dis2009 200:1714-23.

319. Boufassa F, Saez-Cirion A, Lechenadec J,. &4l dynamics over a 15 year-period among HIV
controllers enrolled in the ANRS French observat®iyoS One2011; 6:e18726.

320. Hunt PW, Brenchley J, Sinclair E, et al. Relahip between T cell activation and CD4+ T cell
count in HIV-seropositive individuals with undetebte plasma HIV RNA levels in the absence of
therapy. J Infect Di2008 197:126-33.

321. Andrade A, Bailey JR, Xu J, et al. CD4+ T dalpletion in an untreated HIV type 1-infected hama

leukocyte antigen-B*5801-positive patient with amdatectable viral load. Clin Infect DZ)08§ 46:e78-
82.

154



322. Okulicz JF, Grandits GA, Weintrob AC, et aDL£T cell count reconstitution in HIV controllers
after highly active antiretroviral therapy. Clinféiet Dis201Q 50:1187-91.

323. Ndembi N, Takehisa J, Zekeng L, et al. Gerditiersity of HIV type 1 in rural eastern Camerodn.
Acquir Immune Defic Synd2004 37:1641-50.

324. Brennan CA, Bodelle P, Coffey R, et al. Thevaience of diverse HIV-1 strains was stable in
Cameroonian blood donors from 1996 to 2004. J Adguinune Defic Synd2008 49:432-9.

325. Yang C, Dash BC, Simon F, et al. Detectiodieérse variants of human immunodeficiency virus-1
groups M, N, and O and simian immunodeficiency sé&sifrom chimpanzees by using generic pol and
env primer pairs. J Infect D00Q 181:1791-5.

326. Mandalia S, Westrop SJ, Beck EJ, Nelson Mz&akzBG, Imami N. Are long-term non-progressors
very slow progressors? Insights from the Chelsah\&estminster HIV cohort, 1988-2010. PLoS One
2012 7:29844.

327. Mellors JW, Kingsley LA, Rinaldo CR, et al. &uitation of HIV-1 RNA in plasma predicts
outcome after seroconversion. Ann Intern M&85 122:573-9.

328. Swanson P, de Mendoza C, Joshi Y, et al. Imgfdmuman immunodeficiency virus type 1 (HIV-1)
genetic diversity on performance of four commeraimbl load assays: LCx HIV RNA Quantitative,
AMPLICOR HIV-1 MONITOR v1.5, VERSANT HIV-1 RNA 3.0and NucliSens HIV-1 QT. J Clin
Microbiol 2005 43:3860-8.

329. Yang OO, Daar ES, Jamieson BD, et al. Humamunodeficiency virus type 1 clade B
superinfection: evidence for differential immunentainment of distinct clade B strains. J Vi2005
79:860-8.

330. Bailey JR, Zhang H, Wegweiser BW, et al. Etioluof HIV-1 in an HLA-B*57-positive patient
during virologic escape. J Infect (2907 196:50-5.

331. Kemal KS, Beattie T, Dong T, et al. Transitioom long-term nonprogression to HIV-1 disease
associated with escape from cellular immune condrélcquir Immune Defic Synd@008 48:119-26.

332. Lugada ES, Mermin J, Kaharuza F, et al. Populbased hematologic and immunologic reference
values for a healthy Ugandan population. Clin Diagh Immunol2004 11:29-34.

333. Tsegaye A, Messele T, Tilahun T, et al. Imningmatological reference ranges for adult Ethiopians
Clin Diagn Lab Immunol 999 6:410-4.

334. Aggarwal I, Smith M, Tatt ID, et al. Evidenfm onward transmission of HIV-1 non-B subtype
strains in the United Kingdom. J Acquir Immune ReSiyndr2006 41:201-9.

335. Dyrhol-Riise AM, Voltersvik P, Rgsok Bl, Olsfsn J, Asj6 B. Normalization of CD4+ cell
numbers and reduced levels of memory CD8+ cellbladnd and tonsillar tissue after highly active
antiretroviral therapy in early HIV type-1 infecticAIDS Res Hum Retrovirus@90Q 16:191-201.

336. Tilling R, Kinloch S, Goh LE, et al. Paralléécline of CD8+/CD38++ T cells and viraemia in
response to quadruple highly active antiretrovingrapy in primary HIV infection. AID2002 16:589-
96.

337. Gazzard BG, Anderson J, Babiker A, et al.iBriHIV Association Guidelines for the treatment of
HIV-1-infected adults with antiretroviral therap9@8. HIV Med2008 9:563-608.

338. Sedaghat AR, Rastegar DA, O'Connell KA, DindBo Wilke CO, Blankson JN. T cell dynamics

and the response to HAART in a cohort of HIV-1-otfd elite suppressors. Clin Infect 09
49:1763-6.

155



339. Mocroft A, Bofill M, Lipman M, et al. CD8+,C83 lymphocyte percent: a useful immunological
marker for monitoring HIV-1-infected patients. Jqdir Immune Defic Syndr Hum Retrovirdl997,
14:158-62.

340. Liu Z, Cumberland WG, Hultin LE, Prince HE, tBls R, Giorgi JV. Elevated CD38 antigen
expression on CD8+ T cells is a stronger marketHerrisk of chronic HIV disease progression to AID
and death in the Multicenter AIDS Cohort Study thab4+ cell count, soluble immune activation
markers, or combinations of HLA-DR and CD38 expi@ssJ Acquir Immune Defic Syndr Hum
Retrovirol1997 16:83-92.

341. Bofill M, Mocroft A, Lipman M, et al. Increade numbers of primed activated
CD8+CD38+CD45R0O+ T cells predict the decline of GDB cells in HIV-1-infected patients. AIDS
1996 10:827-34.

342. Kaufmann GR, Zaunders JJ, Cunningham P, eRagbid restoration of CD4 T cell subsets in
subjects receiving antiretroviral therapy duringmary HIV-1 infection. AIDS200Q 14:2643-51.

343. Bello G, Velasco-de-Castro CA, Bongertz Vaktimmune activation and antibody responses in
non-progressing elite controller individuals infedttwith HIV-1. J Med ViroR009 81:1681-90.

344. Liu Z, Cumberland WG, Hultin LE, Kaplan AH, @8k R, Giorgi JV. CD8+ T-lymphocyte
activation in HIV-1 disease reflects an aspect @thpgenesis distinct from viral burden and
immunodeficiency. J Acquir Immune Defic Syndr HuratR®virol 1998 18:332-40.

345. Lopez M, Soriano V, Peris-Pertusa A, RallonRéstrepo C, Benito JM. Elite controllers display
higher activation on central memory CD8 T cellsitii#lV patients successfully on HAART. AIDS Res
Hum Retroviruse011 27:157-65.

346. Kamya P, Tsoukas CM, Boulet S, et al. T cetitivation does not drive CD4 decline in
longitudinally followed HIV-infected Elite Contradls. AIDS Res The2011; 8:20.

347. Yang Y, Al-Mozaini M, Buzon MJ, et al. CD4 Eitregeneration in HIV-1 elite controllers. AIDS
2012 26:701-6.

348. Mildvan D, Bosch RJ, Kim RS, et al. Immunopttypic markers and antiretroviral therapy
(IMART): T cell activation and maturation help pretdtireatment response. J Infect 2i304 189:1811-
20.

349. Michie CA, McLean A, Alcock C, Beverley PCféspan of human lymphocyte subsets defined by
CD45 isoforms. Natur@992 360:264-5.

350. Kostrikis LG, Touloumi G, Karanicolas R, et @uantitation of human immunodeficiency virus
type 1 DNA forms with the second template switclp@mipheral blood cells predicts disease progressio
independently of plasma RNA load. J Vigf)02 76:10099-108.

351. Goujard C, Bonarek M, Meyer L, et al. CD4 cadlunt and HIV DNA level are independent
predictors of disease progression after primary B3¢ 1 infection in untreated patients. Clin Infeis
2006 42:709-15.

352. Ibanez A, Puig T, Elias J, Clotet B, Ruiz Laminez MA. Quantification of integrated and total
HIV-1 DNA after long-term highly active antiretraai therapy in HIV-1-infected patients. AIDE299
13:1045-9.

353. Viard J-P, Burgard M, Hubert J-B, et al. Intpat5 years of maximally successful highly active
antiretroviral therapy on CD4 cell count and HNDNA level. AIDS 2004 18:45-9.

354. Debiaggi M, Zara F, Pistorio A, et al. Qudnéfion of HIV-1 proviral DNA in patients with

undetectable plasma viremia over long-term higldiive antiretroviral therapy. Int J Infect D290Q
4:187-93.

156



355. Pellegrin I, Caumont A, Garrigue |1, et al. dicdéve value of provirus load and DNA human
immunodeficiency virus genotype for successful abaebased simplified therapy. J Infect 603
187:38-46.

356. Cara A, Vargas J, Keller M, et al. CircularaViDNA and anomalous junction sequence in PBMC of
HIV-infected individuals with no detectable plasiB/ RNA. Virology 2002 292:1-5.

357. Drosten C, Panning M, Drexler JF, et al. Wikrasitive monitoring of HIV-1 viral load by a lovest
real-time reverse transcription-PCR assay withrirgkcontrol for the 5' long terminal repeat domain
Clin Chem2006 52:1258-66.

358. Rouet F, Ekouevi DK, Chaix ML, et al. Transfed evaluation of an automated, low-cost real-time
reverse transcription-PCR test for diagnosis anditoong of human immunodeficiency virus type 1
infection in a West African resource-limited sedtid Clin Microbiol2005 43:2709-17.

359. Luo W, Yang H, Rathbun K, Pau C-P, Ou C-Y.da&bn of human immunodeficiency virus type 1
DNA in dried blood spots by a duplex real-time P&Ray. J Clin Microbia2005 43:1851-7.

360. Mdller J, Eis-HUbinger AM, Daumer M, et al. Wovel internally controlled real-time reverse
transcription-PCR assay for HIV-1 RNA targeting the integrase genomic region. J Virol Methods
2007 142:127-35.

361. Ward KN, Leong HN, Nacheva EP, et al. Humampégvirus 6 chromosomal integration in
immunocompetent patients results in high levelsicdl DNA in blood, sera, and hair follicles. J &l
Microbiol 2006 44:1571-4.

362. Lo YM, Tein MS, Lau TK, et al. Quantitativeadysis of fetal DNA in maternal plasma and serum:
implications for noninvasive prenatal diagnosis. Atdum Genel1998 62:768-75.

363. Yerly S, Perneger TV, Vora S, Hirschel B, iPelr Decay of cell-associated HIV-1 DNA correlates
with residual replication in patients treated dgratute HIV-1 infection. AIDR00Q 14:2805-12.

364. Wada K, Nagai H, Hagiwara T, Ibe S, Utsumikdneda T. Delayed HIV-1 infection of CD4+ T
lymphocytes from therapy-naive patients demonstrbtequantification of HIV-1 DNA copy numbers.
Microbiol Immunol2004 48:767-72.

365. Cone RW, Gowland P, Opravil M, Grob P, LeddsgeB. Levels of HIV-infected peripheral blood
cells remain stable throughout the natural hismwfryHIV-1 infection. Swiss HIV Cohort Study. AIDS
1998 12:2253-60.

366. Avettand-Fenoel V, Boufassa F, Galimand J, éflely, Rouzioux C. HIV-1 DNA for the
measurement of the HIV reservoir is predictive @fedse progression in seroconverters whatever the
mode of result expression is. J Clin Vigl08 42:399-404.

367. Abbas AK, Lichtman AH. Cellular and moleculanmunology. 5th edition. ed. Philadelphia:
Elsevier Science2003

368. Garcia-Pifieres AJ, Hildesheim A, Williams Mijvétt M, Strobl S, Pinto LA. DNAse treatment
following thawing of cryopreserved PBMC is a progessuitable for lymphocyte functional studies. J
Immunol Method2006 313:209-13.

369. Gibellini D, Borderi M, De Crignis E, et al.I¥#1 DNA load analysis in peripheral blood
lymphocytes and monocytes from naive and HAARTta@dndividuals. J Infec2008 56:219-25.

370. Chun TW, Carruth L, Finzi D, et al. Quantifioa of latent tissue reservoirs and total bodlir
load in HIV-1 infection. Natur&997 387:183-8.

157



371. Avettand-Fenoel V, Bouteloup V, Mélard A, etkigher HIV-1 DNA associated with lower gains
in CD4 cell count among patients with advanced apeutic failure receiving optimized treatment
(ANRS 123--ETOILE). J Antimicrob Chemoth201Q 65:2212-4.

372. Ostrowski SR, Katzenstein TL, Thim PT, PedeBK, Gerstoft J, Ullum H. Low-level viremia and
proviral DNA impede immune reconstitution in HIViifected patients receiving highly active
antiretroviral therapy. J Infect D005 191:348-57.

373. Berry N, Ariyoshi K, Jobe O, et al. HIV typepPoviral load measured by quantitative polymerase
chain reaction correlates with CD4+ lymphopenigHiv type 2-infected individuals. AIDS Res Hum
Retrovirused4994 10:1031-7.

374. Sarr AD, Popper S, Thior I, et al. Relatiotwsen HIV-2 proviral load and CD4+ lymphocyte
count differs in monotypic and dual HIV infectiodsHum Virol1999 2:45-51.

375. Gottlieb GS, Sow PS, Hawes SE, et al. Equadph viral loads predict a similar rate of CD4+ T
cell decline in human immunodeficiency virus (HI¥jpe 1- and HIV-2-infected individuals from
Senegal, West Africa. J Infect 02§02 185:905-14.

376. Carr JM, Cheney KM, Coolen C, et al. Developtod methods for coordinate measurement of total
cell-associated and integrated human immunodefigiarnrus type 1 (HIV-1) DNA forms in routine
clinical samples: levels are not associated withiadl parameters, but low levels of integrated HIV
DNA may be prognostic for continued successfulapgr J Clin MicrobioR007 45:1288-97.

377. Siliciano JD, Kajdas J, Finzi D, et al. Lomgrh follow-up studies confirm the stability of ttetent
reservoir for HIV-1 in resting CD4+ T cells. Nat B2003 9:727-8.

378. Morlese J, Teo IA, Choi JW, Gazzard B, Shauaklentification of two mutually exclusive groups
after long-term monitoring of HIV DNA 2-LTR circleopy number in patients on HAART. AIDZE03
17:679-83.

379. Gueudin M, Damond F, Braun J, et al. Diffeemnim proviral DNA load between HIV-1- and HIV-
2-infected patients. AIDS008 22:211-5.

380. Julg B, Pereyra F, Buzén MJ, et al. Infrequenbvery of HIV from but robust exogenous infentio
of activated CD4(+) T cells in HIV elite controlierClin Infect Dis201Q 51:233-8.

381. al-Mulla W, Church D, Gill MJ. Phenotypic vaibns and switches in HIV isolated from the blood
and the gastrointestinal tissues of patients wit¥i-H infection. HIV/GI Research Study Group. J Med
Virol 1997 52:31-4.

382. Veazey RS, DeMaria M, Chalifoux LV, et al. @amtestinal tract as a major site of CD4+ T cell
depletion and viral replication in SIV infectionci8nce1998 280:427-31.

383. Mehandru S, Poles MA, Tenner-Racz K, et al.cihdaisms of gastrointestinal CD4+ T-cell
depletion during acute and early human immunodsiicy virus type 1 infection. J Vir@007 81:599-
612.

384. Mehandru S, Poles MA, Tenner-Racz K, et atkLaf mucosal immune reconstitution during
prolonged treatment of acute and early HIV-1 infettPLoS Med2006 3:e484.

385. Guadalupe M, Sankaran S, George MD, et akl\duppression and immune restoration in the
gastrointestinal mucosa of human immunodeficienoysvtype 1-infected patients initiating therapy
during primary or chronic infection. J Vir@D06 80:8236-47.

386. van Marle G, Gill MJ, Kolodka D, McManus L, &t T, Church DL. Compartmentalization of the
gut viral reservoir in HIV-1 infected patients. Retirology 2007, 4:87.

158



387. McGowan I, Elliott J, Fuerst M, et al. IncredsHIV-1 mucosal replication is associated with
generalized mucosal cytokine activation. J Acgoimune Defic Synd2004 37:1228-36.

388. Clayton F, Reka S, Cronin WJ, Torlakovic EjabiSH, Kotler DP. Rectal mucosal pathology varies
with human immunodeficiency virus antigen contemd disease stage. Gastroenterol@§92 103:919-
33.

389. Berlin C, Berg EL, Briskin MJ, et al. Alphabéta 7 integrin mediates lymphocyte binding to the
mucosal vascular addressin MADCAM-1. CE#93 74:185-95.

390. Butcher EC, Picker LJ. Lymphocyte homing aathbostasis. Sciend®96 272:60-6.
391. Salmi M, Jalkanen S. Molecules controlling pimocyte migration to the gut. G999 45:148-53.

392. Gorfu G, Rivera-Nieves J, Ley K. Role of betafegrins in intestinal lymphocyte homing and
retention. Curr Mol Me@®009 9:836-50.

393. Mann ER, Bernardo D, Al-Hassi HO, et al. Huntan-specific homeostatic dendritic cells are
generated from blood precursors by the gut micrwenmnent. Inflamm Bowel Di012 18:1275-86.

394. Di Sabatino A, Rovedatti L, Rosado MM, CaisBit Corazza GR, MacDonald TT. Increased
expression of mucosal addressin cell adhesion migekcin the duodenum of patients with active eelia
disease is associated with depletion of integnihadibeta7-positive T cells in blood. Hum Patha09
40:699-704.

395. Meenan J, Spaans J, Grool TA, Pals ST, T@@atvan Deventer SJ. Altered expression of alpha 4
beta 7, a gut homing integrin, by circulating andcosal T cells in colonic mucosal inflammation. Gut
1997 40:241-6.

396. Krzysiek R, Rudent A, Bouchet-Delbos L, etRreferential and persistent depletion of CCR5+ T-
helper lymphocytes with nonlymphoid homing poterdiespite early treatment of primary HIV infection.
Blood 2001, 98:3169-71.

397. Cicala C, Martinelli E, McNally JP, et al. Thaegrin alphadbeta7 forms a complex with cell-
surface CD4 and defines a T-cell subset that iklfigusceptible to infection by HIV-1. Proc Natl &t
Sci U S A2009 106:20877-82.

398. Cicala C, Arthos J, Fauci AS. HIV-1 envelopetegrins and co-receptor use in mucosal
transmission of HIV. J Transl M&2D11; 9 Suppl 1:S2.

399. Sarmati L, Parisi SG, Nicastri E, et al. dalluHIV-1 DNA quantitation in patients during
simplification therapy with protease inhibitor-sipay regimens. J Med Vird007, 79:880-6.

400. Hatzakis AE, Touloumi G, Pantazis N, et alla HIV-1 DNA load predicts HIV-RNA rebound
and the outcome of highly active antiretroviralrdpy. AIDS2004 18:2261-7.

401. Tierney C, Lathey JL, Christopherson C, et Blognostic value of baseline human
immunodeficiency virus type 1 DNA measurement fasedse progression in patients receiving
nucleoside therapy. J Infect 1903 187:144-8.

402. Parker CM, Cepek KL, Russell GJ, et al. A fgnof beta 7 integrins on human mucosal
lymphocytes. Proc Natl Acad Sci U S1892 89:1924-8.

403. Poles MA, Boscardin WJ, Elliott J, et al. Laaflkdecay of HIV-1 in gut-associated lymphoid tissu
reservoirs in maximally suppressed individuals cgir Immune Defic Synd2006 43:65-8.

404. Erle DJ, Briskin MJ, Butcher EC, Garcia-ParloLazarovits Al, Tidswell M. Expression and

function of the MAdCAM-1 receptor, integrin alphabéta 7, on human leukocytes. J Immuh894
153:517-28.

159



405. Briskin M, Winsor-Hines D, Shyjan A, et al. tdan mucosal addressin cell adhesion molecule-1 is
preferentially expressed in intestinal tract ansbamted lymphoid tissue. Am J PatiiéB7, 151:97-110.

406. Arihiro S, Ohtani H, Suzuki M, et al. Diffettéal expression of mucosal addressin cell adhesion
molecule-1 (MAdCAM-1) in ulcerative colitis and Gna's disease. Pathol 12002 52:367-74.

407. Souza HS, Elia CC, Spencer J, MacDonald TTré&ssion of lymphocyte-endothelial receptor-
ligand pairs, alpha4beta7/MAdCAM-1 and OX40/OX4gald in the colon and jejunum of patients with
inflammatory bowel disease. G1899 45:856-63.

408. Picarella D, Hurlbut P, Rottman J, Shi X, BgtcE, Ringler DJ. Monoclonal antibodies specific f
beta 7 integrin and mucosal addressin cell adhasiolecule-1 (MAdCAM-1) reduce inflammation in
the colon of scid mice reconstituted with CD45RBhi{gD4+ T cells. J Immundl997 158:2099-106.

409. Wagner N, Loéhler J, Kunkel EJ, et al. Criticale for beta7 integrins in formation of the gut-
associated lymphoid tissue. Natdi@96 382:366-70.

410. Mavigner M, Cazabat M, Dubois M, et al. Al@it€D4+ T cell homing to the gut impairs mucosal
immune reconstitution in treated HIV-infected indivals. J Clin Inves?012 122:62-9.

411. Greenough TC, Sullivan JL, Desrosiers RC. iDieg) CD4 T-cell counts in a person infected with
nef-deleted HIV-1. N Engl J Met999 340:236-7.

412. Silvestri G, Fedanov A, Germon S, et al. Djest host responses during primary simian
immunodeficiency virus SIVsm infection of naturaloty mangabey and nonnatural rhesus macaque
hosts. J ViroR005 79:4043-54.

413. Scott-Algara D, Rouzioux C, Blanche S, etlal.untreated HIV-1-infected children, PBMC-
associated HIV DNA levels and cell-free HIV RNA &s are correlated to distinct T-lymphocyte
populations. J Acquir Immune Defic Syr2ld1Q 53:553-63.

414. Jelley-Gibbs DM, Lepak NM, Yen M, Swain SL. dwlistinct stages in the transition from naive
CD4 T cells to effectors, early antigen-dependewt late cytokine-driven expansion and differentiati
J Immunol200Q 165:5017-26.

415. Campbell DJ, Butcher EC. Rapid acquisitiortisgue-specific homing phenotypes by CD4(+) T
cells activated in cutaneous or mucosal lymphaisutes. J Exp Me2002 195:135-41.

416. Harrington PR, Haas DW, Ritola K, Swanstromd@mpartmentalized human immunodeficiency
virus type 1 present in cerebrospinal fluid is proed by short-lived cells. J Vir@005 79:7959-66.

417. Bingham R, Ahmed N, Rangi P, Johnson M, TiMeGreen J. HIV encephalitis despite suppressed
viraemia: a case of compartmentalized viral eschpe. STD AIDS2011; 22:608-9.

418. Bull M, Learn G, Genowalti I, et al. Compartriadization of HIV-1 within the female genital traist
due to monotypic and low-diversity variants notidist viral populations. PLoS Org009 4:e7122.

419. Diem K, Nickle DC, Motoshige A, et al. Male nial tract compartmentalization of human
immunodeficiency virus type 1 (HIV). AIDS Res HunetRoviruse2008 24:561-71.

420. Duvall MG, Precopio ML, Ambrozak DA, et al.liffanctional T cell responses are a hallmark of
HIV-2 infection. Eur J Immuna2008 38:350-63.

421. Grossman Z, Polis M, Feinberg MB, et al. OngadHlV dissemination during HAART. Nat Med
1999 5:1099-104.

422. Jones LE, Perelson AS. Transient viremia,npdasiral load, and reservoir replenishment in HIV-
infected patients on antiretroviral therapy. J Acgimmune Defic Synd2007, 45:483-93.

160



423. Rong L, Perelson AS. Modeling HIV persistertbe, latent reservoir, and viral blips. J TheorIBio
2009 260:308-31.

424. Ozkaya Sahin G, Holmgren B, da Silva Z, ePakent intratype neutralizing activity distingush
human immunodeficiency virus type 2 (HIV-2) from\HL. J Virol 2012 86:961-71.

425. Kong R, Li H, Bibollet-Ruche F, et al. Broaddgpotent neutralizing antibody responses elicited
natural HIV-2 infection. J ViroR012 86:947-60.

426. Bailey J, Blankson JN, Wind-Rotolo M, SilictaRF. Mechanisms of HIV-1 escape from immune
responses and antiretroviral drugs. Curr Opin Imoh@2004 16:470-6.

427. Jiang W, Lederman MM, Hunt P, et al. Plasmeel& of bacterial DNA correlate with immune

activation and the magnitude of immune restoraitiopersons with antiretroviral-treated HIV infeatial
Infect Dis2009 199:1177-85.

161



BaAsic AND TRANSLATIONAL SCIENCE

Disease Progression in HIV-1-Infected Viremic Controllers
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Background: The mechanism of CD4" T-cell decline in HIV-1
infection is unclear, but the association with plasma viral RNA load
suggests viral replication is involved. Indeed, viremic controller
patients with low viral RNA loads typically maintain high CD4"
T-cell counts. Within a local cohort of 86 viremic controllers, we
identify a subgroup (18 “discord controllers”) with low CD4" T-cell
counts that present clinical uncertainty. The underlying mechanism
accounting for CD4" T-cell decline in the face of low or undetectable
plasma (RNA) viral load remains unresolved. The objective of this
study was to investigate the viral and host immune system dynamics
in discord controllers by measuring cellular HIV-1 DNA load, T-cell
populations, and T-cell activation markers.

Methods: We compared discord controllers (viral RNA load
<2000 copies/mL, <450 CD4" T-cells/mm?) with typical control-
lers (viral RNA load <2000 copies/mL, >450 CD4" T-cells/mm?)
and progressors (viral RNA load >10,000 copies/mL, <450 CD4*
T-cells/mm?). We quantified CD4*/CD8" naive/central memory/
effector memory subsets (CD45RA/RO * CD62L), activation levels
(CD38"HLA-DR*), and HIV-1 DNA load.

Results: Discord controllers resembled progressors showing high
viral DNA load, depletion of naive CD4" T-cells, and higher acti-
vation in all CD4" T-cell subsets, compared with typical controllers.
They were similar to typical controllers with lower CD8" T-cell
activation compared with progressors.

Conclusions: Our data are consistent with a relationship between
CD4* T-cell activation and disease progression. HIV-1 DNA load
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may be a better marker of viral replication and disease progression than
viral RNA load. Lower level CD8" T-cell activation correlates with low
viral RNA load but not with disease progression or viral DNA load.

Key Words: HIV-1, viremic controller, HIV-1 DNA, plasma RNA
load, activation

(J Acquir Immune Defic Syndr 2012;61:407-416)

INTRODUCTION

After HIV-1 seroconversion, CD4" T-cells, the main
target cell population, decline over the asymptomatic phase
leading to progressive immunodeficiency. Although it
is known that HIV-1 is cytopathic for CD4" T-cells, the
mechanisms leading to CD4" T-cell depletion are not fully
understood. It is suggested that the proportion of infected
CD4" T-cells is too small to fully account for the extent of
CD4* T-cell decline,' and an increased death rate is observed
in nontarget cells, such as CD8" T-cells.? In keeping with this,
Rodriguez et al®* showed that in untreated individuals, plasma
HIV-1 RNA load only minimally predicts CD4* T-cell
decline, with current evidence suggesting that immune acti-
vation is the major predictor of disease progression.*! Stud-
ies also suggest that naive T-cell compartments are
preferentially depleted in progressive disease'®'*'%; it is not
known whether this is due to impaired production, sequestra-
tion to another site or phenotype, or destruction of naive
T-cells. In addition, HIV-1 DNA load has been shown to
predict disease progression.'* ¢

Some patients, viremic controllers, maintain low plasma
viral RNA loads without antiviral medications. The vast ma-
jority of these patients are infected with replication-competent
virus, and yet typically maintain high CD4* T-cell counts."
However, cases of progressive CD4* T-cell depletion despite
continued control of viral RNA load have been described.'®°
We term these patients “discord controllers” to reflect the dis-
crepancy in viral RNA load and CD4* T-cell counts. This
patient subset presents uncertainty in clinical management
because parameters that are normally associated with progres-
sion (viral RNA load and CD4" T-cell count) are uncoupled.
The mechanism leading to this discrepancy is unclear, although
aberrant immune activation causing T-cell decline in the face of
low plasma viral RNA load is one potential explanation.

We hypothesized that those changes typically associ-
ated with disease progression, depleted naive CD4" and CD8"
T-cells, high level CD4* and CD8" T-cell activation, and high
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HIV-1 DNA loads, would be more marked in discord
controllers as compared with typical controllers (low viral
RNA load, high CD4" T-cells). Furthermore, we hypothe-
sized that analysis of discord controllers with comparison to
typical controllers would allow immunologic changes associ-
ated with disease progression and those due to high plasma
viral RNA load to be distinguished; this is not possible with
analysis of patients with the typical pattern of progression
(high HIV-1 RNA load, low CD4" T-cells). Our aims based
on these hypotheses were to analyze these factors typically
associated with disease progression in discord controllers as
compared with typical controllers and patients with a typical
progression pattern.

METHODS
Study Groups

Patients were recruited, with informed written consent,
from outpatient clinics at Barts and The London and Homer-
ton University Hospital Trusts. All patients were HIV-1
seropositive and HIV-2 seronegative. Serology was not
available for 1 patient, but sequence analysis as part of
antiretroviral resistance testing demonstrated HIV-1 infection.
Viremic controllers were defined as having plasma HIV-1
RNA loads below 2000 copies per milliliter [=3 measure-
ments over 12 months without antiretroviral therapy (ART)],
definition in line with that used by the International HIV
Controller Consortium. The controller cohort was divided into
2 groups based on the geometric mean of the last 3 CD4"
T-cell counts: typical controllers >450 cells/uL. (mm?), dis-
cord controllers <450 cells/mm?3. The reason 450 cells/mm?
was used as the cutoff was based on the fact many laboratories
define a normal CD4" T-cell count to be above this value.*!
In addition, the “When to start consortium”?? have found
decreased mortality when ART is started in the range 351—
450 cells/mm? instead of waiting until they are below
350 cells/mm?, further supporting the suggestion that this range
is abnormally low. The geometric mean of the 3 most recent %
CD4* T-cells for each controller cohort was calculated to deter-
mine whether the lower absolute CD4" T-cell count in the
discord controllers was reflected in a lower % CD4" T-cells.
Epidemiological data were collected including age, sex, time
since first positive test, ethnicity, country of birth, and blood-
borne virus risk behavior.

Controls were (1) Viremic noncontrollers, for viral DNA
load studies: ART-naive HIV-1-infected persons, infected >12
months with a viral RNA load >10,000 copies per milliliter; for
T-cell studies controls comprised (2) HIV-1 progressors, defini-
tion as for viremic noncontrollers but with CD4" T-cell counts
<450 cells/mm?, and (3) uninfected subjects.

Plasma HIV-1 RNA loads and CD4" T-cell counts were
stable for most controller patients. Two typical controllers,
however, with low viral RNA load for 3.7 and 3.5 years
subsequently showed a significant rise in viral RNA load
while maintaining good CD4" T-cell counts (geometric
means of 732 and 708 cells/mm?3, respectively). Another
patient with low viral RNA loads and good CD4* T-cell
counts for 2.3 years subsequently experienced a fall in
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CD4" T-cell count, but without an viral RNA load measure-
ment, prompting initiation of ART. Thirteen patients (3 dis-
cord controllers and 10 typical controllers) were treated with
ART during pregnancy but controlled plasma viral RNA load
for at least 12 months both before and after ART. Controllers
mentioned in this paragraph are included in the analysis of
patient characteristics and clade analysis but were not used for
viral DNA load and T-cell analysis. In addition, T-cell work
was carried out only on those discord controllers with CD4*
T-cell geometric mean of =410 cells/mm?, and those typical
controllers with a mean of =500 cells/mm?, to avoid those
patients too near the cutoff.

CD4* T-Cell Counts and Viral RNA Loads

Routine laboratory CD4* T-cell counts were performed
using BD FACS Sample Prep Assistant with Trucount beads,
acquiring samples on a BD FACSCanto II flow cytometer.
FACSCanto clinical software was used for data analysis.
Plasma viral RNA load was measured using Roche Ampli-
prep/COBAS Tagman HIV-1 Test v1.0 (Roche Molecular Sys-
tems, Inc, Pleasanton, CA; detection limit of 40 copies/mL). At
least 1 sample from each patient was also tested using a different
assay to confirm the low viral RNA load. Individual patient
viral RNA loads and CD4" T-cell counts are reported as the
geometric mean of last 3 measurements or last 3 before ART.
If a patient had achieved viremic control (<2000 copies/mL,
>12 months), but subsequently viral RNA load rose above
2000 copies per milliliter, the last date of viremic control was
determined to be the last date an viral RNA load measurement
would still contribute to a geometric mean of <2000 copies per
milliliter.

Rate of change of CD4" T-cell count was calculated
using the geometric mean of the 3 most recent values (x)
and the mean of the oldest recorded values (y), and the time
between them (z): [(y — x)/z]. Patients were only included in
this calculation if the values spanned at least 3 years.

Clade Analysis

Some patients’ clades were obtained during routine
genotypic antiretroviral resistance testing (RNA sequence
from protease and AA 1-335 of reverse transcriptase). This
assay has demonstrated efficacy in picking up a wide variety
of subtypes including recombinant subtypes.>* For patients on
whom genotypic antiretroviral resistance testing was unavail-
able, previously described env** and gag®® polymerase chain
reactions (PCRs) were used in parallel to accurately determine
recombinant subtypes. Amplified products were sequenced
using the second round forward and reverse primers from
each PCR on an ABI 3100 Genetic Analyzer (Applied Bio-
systems Inc., Foster City, CA). Sequences were analyzed
using SeqScape V2.1.1 software and subtyped using the RE-
GA online typing tool (Stanford University, 2006).

HIV-1 DNA Load Determination

DNA was extracted from cryopreserved peripheral blood
mononuclear cells using Qiagen EZ1 DNA Blood Kit on the
Qiagen BioRobot EZ1. A fixed concentration of phocine
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herpes virus was added to each sample before extraction as an
internal amplification control. A quantitative HIV-1 PCR,
amplifying the long-terminal repeat (LTR) region, was designed
based on previously described reverse transcriptase—polymerase
chain reaction.’**’ A final 25 uL PCR mixture contained 5 pL of
peripheral blood mononuclear cells DNA, 2x PCR QuantiTect
Multiplex RT-PCR No Rox Mix (Qiagen), 0.2 uM of each
primer (F1 5'-AGCCTCAATAAAGCTTGCCTTGA-3"; RI1
5'-GGCGCCACTGCTAGAGATTTT-3'), and 0.2 uM probe
(AAGTAGTGTGTGCCCGTCTGT, fluorescent label). Thermo-
cycling conditions (ABI 7500) were 95°C for 15 minutes, then
45 cycles of 95°C for 15 seconds, 60°C for 1 minute, and 72°C
for 5 minutes. Mean values were calculated from duplicate
PCRs. Quantitative PCR for B-globin (adapted from Lo et al*®)
was run in parallel. An external plasmid dilution series was run
to construct a standard curve allowing viral DNA loads to be
expressed as per cell equivalent.

T-cell Immunophenotyping Using
Flow Cytometry

Seven-color flow cytometry was used to quantify
CD4* and CD8" T-cell populations and their naive
(CD45RATCD62L"), central memory (CD45RO'CD62L"),
and effector memory (CD45RO"CD62L ) subsets in EDTA-
anticoagulated blood. Activation levels were determined by
measuring the percentage of T-cells coexpressing CD38 and
HLA-DR. The following monoclonal antibodies and fluoro-
chromes were used: CD3-Pacific Blue, CD4-allophycocyanin
(APC)-H7, CD45-RA-phycoerythrin(PE)-Cy7, CD45-RO-PE-
Cy7, CD62L-PE, HLA-DR-peridinin chlorophyll protein
(PerCP), CD38-PerCP-Cy5.5 (BD Biosciences, San Jose, CA).

Saturating amounts of monoclonal antibodies/isotype
controls were incubated with 100 uL of whole blood (within
4 hours of collection) for 15 minutes at room temperature.
Optilyse C (Immunotech, Marseilles, France) was added for
15 minutes at room temperature. Blood aliquots with single-
color staining were processed with each sample for compen-
sation. After 2 washes with phosphate-buffered saline
containing 2% fetal calf serum, 0.02% NaN3, and 1 mM
EDTA, stained cells were resuspended and fixed in 300 pL
phosphate-buffered saline 4% paraformaldehyde. A constant
volume of Flow-count Fluorospheres (Beckman Coulter,
Brea, CA) was added to enable absolute quantification of
cells. The fixed stained cells were acquired within 12 hours
of fixing on a BD LSR II cell analyzer (BD Biosciences) with
a minimum of 50,000 (usually 100,000) events acquired per
sample.

Winlist 6.0 software (Verity Software House, Topsham,
ME) was used for analyses and color compensation (gating
strategy shown in Fig. 1). CD4" T-cells were identified within
a viable cell gate, set on the basis of light scatter, as cells that
were CD3"CD4". CD8" T-cells were identified as mononu-
clear cells that were CD3*CD4~. Two-dimensional dot plots,
in which quadrant gates were set on the isotype controls, were
used to define naive, central memory, and effector memory
populations in both CD4* and CD8" T-cell populations. In
turn, each of these populations were viewed on further
2-dimensional plots to determine activation level (percentage
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of cells coexpressing CD38 and HLA-DR). The number of
flow-count spheres acquired allowed a precise determination
of sample volume acquired, allowing expression of number of
cells per volume of blood.

Statistical Analysis

Due to the rarity of these patients even in a large total
HIV-1—-infected cohort, power calculations were not under-
taken to determine sample sizes; instead, all patients fulfilling
the controller inclusion criteria and available to consent to the
study were included. Therefore, it is necessary to interpret
non-statistically different results with caution.

Analysis was performed using Prism (version 4.0;
Graphpad Software, San Diego, CA) and results considered
significant if P < 0.05. Viral RNA and DNA loads were log;
transformed before statistical analysis. To determine differen-
ces in HIV-1 RNA/DNA loads, age, time since first positive
test and T-cell flow data, a 2-tailed Mann—Whitney U test was
applied. Fisher’s exact test (2-tailed) was used when comparing
sex distribution, ethnicity, country of birth, risk behavior, and
clade in each cohort. A correction for multiple comparisons
was employed using the false discovery rate calculation.

RESULTS

Controller Phenotype

A cohort of 82 HIV-1 viremic controllers was estab-
lished: 64 typical controllers and 18 discord controllers
(Table 1). Approximately 3000 patients attend the clinics,
thus viremic controllers represent 2.7% (discord controllers
0.6%, typical controllers 2.1%) of all infected patients.
Comparing the 2 controller cohorts, plasma viral RNA loads
were indistinguishable (P = 0.71). Nine typical controllers
and 1 discord controller were elite controllers (viral RNA load
below 50 copies/mL, occasional nonconsecutive blips). There
was no difference in median age (P = 0.44), sex distribution
(P = 0.79), ethnicity, region of birth, or risk behavior. No
significant difference was found comparing time since first
positive test (best available surrogate for time since serocon-
version) between the 2 controller cohorts (P = 0.25), but
a larger cohort may reveal a difference. The %CD4" T-cells
in the discord controllers [median 22.3, interquartile ratio
(IQR) 17.6-26.0] was significantly lower than that seen in
the typical controllers (median 33.7, IQR 23.8-40.0, P <
0.0001). The rate of change of CD4" T-cell count was not
significantly different comparing the 2 cohorts (discord con-
trollers, median —2.9, IQR —26.4 to —1.0; typical control-
lers, median 2.1, IQR —16.5 to —34.6, P =0.2174); however,
again, a larger study could reveal a difference here.

Clade Distribution in Controller Cohorts

The clade distribution in the East London HIV-1-infected
population is diverse,>® with around 64% of isolates being non-
clade B (D. A. Clark, PhD, and D.F. Bibby, PhD, unpublished
data). We investigated whether there was a skew regarding
infecting viral clade in discord controllers. It was not possible
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to obtain a product for 2 samples tested (plasma viral RNA load
<50 and 111 copies/mL). As shown in Table 1, there was
a non-significant trend towards an increased frequency of clade
C in the discord controllers (40.0%) compared with typical
controllers (17.1%) and also compared with the total tested
HIV-1 population (25.1%) (D. A. Clark, PhD, and D.F. Bibby,
PhD, unpublished data over 5 years at Department of Virology,
Barts and the London NHS Trust).

Depleted Naive CD4* T-Cell Compartment in
Discord Controllers

HIV-1 infection, as it progresses, leads to decline of
CD4" naive T-cells.'™'? We measured the number and per-
centage of these naive cells (CD45RATCD62L"), central
memory T-cells (CD45RO*CD62L"), and effector memory
T-cells (CD45RO*CD62L7) in blood from participants in
each cohort.

As expected, lower CD4" T-cell numbers were seen in
each subset in progressors and discord controllers compared
with typical controllers and uninfected patients (Figs. 2A—C).
A more marked depletion of the naive subset was seen in both
discord controllers and progressors compared with the other
patient groups (percentage of total CD4* T-cells, Fig. 2D).
The higher percentage of effector memory cells in progressors
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and discord controllers compared with typical controllers
(Figs. 2C, F) represents a reciprocal change due to marked
loss of naive cells. The percentage of central memory T-cells
was similar in all 3 patient groups (Fig. 2E).

Increased CD4* T-Cell Activation in
Discord Controllers

High-level CD4" T-cell activation is associated with
disease progression.>® We, therefore, measured T-cell
activation level (percentage of cells coexpressing CD38"
and HLA-DR™) in blood. Progressors and discord controllers
had comparably increased levels of activation in naive, central
memory, and effector memory CD4* T-cell subsets
(Figs. 2G-I) compared with typical controllers and uninfected
subjects. Typical controllers demonstrated a trend toward
increased activated effector memory CD4" T-cells as previ-
ously reported.”

Naive CD8* T-Cell Levels Are Not Depleted
Compared With Typical Controllers

So far, our results suggest that the CD4" T-cell
compartment is similar in discord controllers and progres-
sors. We next characterized the CD8" T-cell population.
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TABLE 1. Patient Characteristics and Clade of Infecting Virus in Controller Cohorts

Typical Controllers
(CD4* Count >450 cells/mm?),

Discord Controllers
(CD4" Count <450 cells/mm?),

n =64 n = 18*
Age, yrs 37.5 (32.0-43.0) 38.5 (32.5-49.0)
Female sex, n (%) 35 (54.7) 11 (61.1)

CD4* T-cell count, cells/mm?3}
Plasma viral RNA load, log;, copies/mLt
Place of birth, n (%):

699.3 (550.4-843.1)
408.5 (160.7-1000.0)

347.2 (298.0-406.6)
428.6 (100.3-1043.0)

Europe 25 (39.1) 7 (38.9)
Africa (Sub-Sahara) 28 (43.7) 10 (55.6)
Caribbean 6(9.4) 0 (0)
South Asia 3(4.7) 0 (0)
Other 2 (3.1) (Australia, Ecuador) 1 (5.5) (New Zealand)
Ethnicity, n (%)
White British 12 (18.8) 3 (16.7)
White other 8 (12.5) 2 (11.1)
Black African (Sub Saharan) 28 (43.7) 11 (61.1)
Black Caribbean 11 (17.2) 2 (11.1)
South Asian 3(4.7) 0 (0)
Other 2 (3.1) (Mixed white and black African; 0 (0)
South American)
Time since first positive test, yrs 4.5 (2.5-6.5) 4.6 (3.3-9.3)
Risk behavior
Heterosexual 42 (65.6) 11 (61.1)
Specified abroad 26 (40.6) 5(27.8)
Homosexual 20 (31.3) 6 (33.3)
Blood Products 1(1.6) 1(5.6)
IVDU 1(1.6) 0 (0)
Clade, ni (%) n =41 n=15
B 14 (34.1) 6 (40.0)
CRF02_AG 8 (19.5) 3 (20.0)§
C 7 (17.1) 6 (40.0)
A 4(9.7) 0 (0)
F 2 (4.9) 0 (0)
CRF14_BG 2 (4.9) 0 (0)
Other D; A/C; A/D; B/D 0 (0)

Data presented in this table, when not stated to be n (%) are median (IQR).

*Three patients in this cohort started ART due to their low CD4" T-cell count (viral RNA load/CD4" values before starting ART were used).

FMedian (IQR) of geometric mean calculated for each subject using 3 most recent CD4* T-cell count and plasma viral RNA load values.

fData obtained using genotypic antiretroviral resistance testing for 28 typical controllers and 10 discord controllers, and using nested PCR for 13 typical controllers and 5 discord
controllers; a product was not amplified for 2 samples tested using the nested PCRs (plasma viral RNA load <50 and 111 copies/mL).

§For 1 sample, sequence analysis of nested PCR products indicated either CRF02_AG or CRF09_CPX. Statistical analysis employed a Mann-Whitney U test for plasma viral
RNA load, age, time since first positive test, and a Fisher’s exact test for sex distribution, ethnicity, country of birth, and clade in each cohort. IVDU indicates intravenous drug use.

Controller groups had similar numbers and percentages of
CD8" naive T-cells compared with uninfected controls,
whereas the progressors had a marked depletion of this cell
type (Figs. 3A, D). Progressors had an expanded number of
effector memory CD8" T-cells compared with all other
groups (Fig. 3F).

CD8* T-Cell Activation Is Not Higher in
Discord Controllers Compared With
Typical Controllers
CD8" T-cell activation (CD38" HLA-DR") was
increased in all T-cell subsets of all HIV-positive patients,

© 2012 Lippincott Williams & Wilkins

even in typical controllers, compared with uninfected controls
as has been demonstrated by Lopez et al.>* This is in keeping
with the proposition that CD8" T-cell subset alterations are
a highly sensitive marker of HIV-1 infection. This increased
activation was more marked in progressors in all subsets,
especially in the memory compartments (Figs. 3G-I); in
keeping with a previous report showing increased memory
CDB8" T-cell activation in noncontrollers compared with con-
trollers.’' In comparison, activation was equivalently low in
both controller cohorts (Figs. 3G-I). Thus, despite the fact
that discord controllers have low CD4* T-cell counts (like
progressors), their CD8" T-cell activation pattern more
closely resembles that of typical controllers.
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FIGURE 2. Representation of CD4*+
T-cell subsets by patient group.
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copies/mL, CD4* T-cells/mm?3 815
(691-971)], 5 progressors [viral RNA
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ies/mL, CD4* T-cells/mm?3 309 (296—
339)], and 5 uninfected subjects.
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female 40%, CD4* T-cell count 309
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per milliliter, all reported as median
(range). Absolute numbers of cells in
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effector memory (CD45RO+*CD62L 7).
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Higher HIV-1 DNA Load in the Discord
Controller Cohort Compared With
Typical Controllers

Viremic controllers typically have low HIV-1 DNA
loads in addition to low viral RNA loads.** Because discord
controllers have low CD4" T-cell counts, we hypothesized
that high levels of viral replication were nevertheless ongoing
and that this may be reflected in higher viral DNA loads.
Plasma viral RNA load and cellular viral DNA load were
determined for controllers and a group of noncontrollers
(Fig. 4). We found discord controllers to have significantly
higher viral DNA loads (median 601, range 13—-1529 copies
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per 10° CD4" T-cells) than typical controllers (median
87, range 0-755 copies per 10° CD4" T-cells) and that
viral DNA loads were as high as those seen in noncontrol-
lers (high viral RNA loads) (median 852, range 27-2188
copies per 10° CD4" T-cells), suggesting significant ongoing
viral replication.

ART in Discord Controllers Leads to Modest
Recovery of CD4* T-Cell Counts

Typically, after initiation of ART in a patient, plasma
viral RNA load becomes undetectable and CD4" T-cell count

© 2012 Lippincott Williams & Wilkins
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increases.™ During this study, 5 patients in the discord con-
troller group started ART. This resulted in an increase from
308 to 353 CD4" cells/mm? over 12 months of ART, 269 to
319 CD4" cells/mm? over 19 months, 249 to 414 CD4" cells/
mm?3 over 19 months, 269 to 460 CD4* cells/mm? over
23 months, and 284 to 441 CD4" cells/mm?> over 22 months
of ART. An early rise was seen for only 1 patient where CD4"
T-cell count rose from 249 to 411 cells/mm?3 after just 1 month
of ART; CD4" T-cell recovery occurred over many months
for the other patients, and indeed counts continued to increase
past 12 months of ART for 2 of the patients.

It was observed that although absolute CD4" T-cell
counts rose early for only 1 patient, %CD4" T-cells did rise
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early for 3 patients due to the fact that absolute CD8" T-cell
count dropped markedly after 1 month of ART (760-536,
1429-1005, and 892-421 cells/mm?). Other studies have
described a decrease in either memory CD8" T-cells,** acti-
vated CD8* T-cells,”® or HIV-1-specific CD8* T-cells*®
within the first few weeks of ART that may account for the
decrease we see in total CD8" T-cells.

In summary, discord controllers share many character-
istics with progressors, namely high HIV-1 DNA loads,
a depleted naive CD4" T-cell population with increased
CD4* T-cell activation levels; in contrast, the CD8" T-cell
compartment in discord controllers is more similar to that
seen in typical controllers.

www.jaids.com | 413



Groves et al

] Acquir Immune Defic Syndr ¢ Volume 61, Number 4, December 1, 2012

P=0.113
104 < >
EP =0.002 S
103 |
=l
]
S 102
>
@)
10 |
1
Discord Typical Viremic
A controller controller noncontroller
n=11 n=16 n=10
106 —
P < 0.0001
< N~
N P
5 _|
= 10
S
= 104 P=0.144
<ZC N >
A0
<
=)
3 10? ]
9
10!
B 1

FIGURE 4. HIV-1 DNA load compared with HIV-1 RNA load in
patient groups. A, viral DNA load (DNA copies per 106 CD4*
T-cells; logyo scale) as compared with B, Plasma viral RNA load
(copies/mL; logo scale) by patient group. Each central bar
represents the median value, each box represents the IQR, and
the whiskers represent the minimum and maximum values.
Viremic noncontrollers: age 42 (28-66) years, female 10%,
CD4+ T-cell count 399 (258-716) cells/mm?3, HIV-1 RNA load
15,809 (10,041-169,049) copies per milliliter, all reported as
median (range). Median (range) of CD4+ T-cell count values
(cells/mm3) within 12 months before the sample tested for
plasma HIV-T DNA load were 339 (251-424) for discord
controllers; 775 (499-1326) for typical controllers; 399 (258-
716) for viremic noncontrollers. Statistical analysis employed
a Mann-Whitney U test.

DISCUSSION

In HIV-1 infection, low viral RNA loads usually predict
good CD4" T-cell counts.’” We describe a cohort of HIV-1—
infected patients, who, despite maintaining low viral RNA
loads (similar to typical controllers), have low CD4" T-cell
counts (similar to typical progressors) indicating disease pro-
gression. We show that these patients, termed discord control-
lers, in addition to having low CD4" T-cell counts have high
viral DNA loads, preferentially depleted naive CD4" T-cells
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and increased CD4* T-cell activation, similar to typical pro-
gressors. This finding supports Hunt et al'® who show that
lower CD4" T-cell counts correlate with higher CD4* T-cell
activation even among controllers. Of note, the increased CD4"
T-cell activation was similar in discord controllers and progres-
sors, despite progressors having much higher plasma viral
RNA loads of the latter groups, suggesting that factors inde-
pendent of viral RNA load are driving CD4* T-cell activation.

With regard to the CD8" T-cell compartment, discord
controllers were more similar to typical controllers. Both
controller cohorts have higher numbers of naive CD8" T-cells
and lower levels of CD8" T-cell activation compared
with progressors. These observations suggest that a more
preserved CD8* T-cell compartment is associated with control
of plasma viremia but not necessarily with lack of disease pro-
gression as is shown in discord controllers. Some studies sug-
gest that CD8" T-cell activation is a predictor of disease
progression, independent of CD4" T-cell count and HIV-1
RNA.**3 However, we do not find this to be the case in our
controller population. Indeed, our observations are more in
keeping with alternate studies, which show that higher plasma
viral RNA load positively correlates with increased CD8" T-cell
activation,>*® and that this correlation holds regardless of CD4*
T-cell counts.*® Functional analysis of the CD8" T-cells present
in these patient cohorts may highlight differences in cellular
response to HIV-1, which confer protection against disease
progression.

There was no association between the discord pheno-
type and age or time since first positive test (best available
surrogate for time since seroconversion). Although time since
diagnosis is not a perfect surrogate for time since serocon-
version, this data suggests that the discord controller pheno-
type is not associated with a longer duration of infection
compared with typical controllers. However, this study was
not powered or designed to determine this fully. The fact that
there is a trend toward lower %CD4" T-cells in the discord
controller cohort argues against suggestions that lower abso-
lute CD4" T-cell counts in the discord controller group are
merely a feature of lower total lymphocyte counts associated
with ethnic variation. The finding that the rate of change of
CD4" T-cell count was indistinguishable comparing the 2
controller cohorts might also support this premise. There
was a trend toward an over-representation of clade C in the
discord cohort; however, larger studies are required to con-
firm this association and determine whether this clade predis-
poses to the discord controller phenotype.

Initiation of ART in 5 patients achieved a modest gain
in CD4" T-cell numbers similar to those described recently by
Okulicz et al* further supporting the notion that low CD4*
T-cell counts in the discord controller population are not
merely due to a lower “normal” CD4* T-cell count, for exam-
ple, due to ethnic variation. An increase over the first 10
weeks of ART has been suggested to be due to “redistribu-
tion” of CD4" T-cells trapped in lymphoid.*° The fact that this
type of early rise occurred for only 1 of the 5 patients suggests
that redistribution was not the predominant mechanism lead-
ing to CD4" T-cell recovery in these patients.

Unintegrated HIV-1 DNA is less stable than integrated
“proviral” DNA, and as such has been proposed, together
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with total HIV-1 DNA, to be a marker for ongoing replication
in vivo.*! This notion is further supported by observations that
DNA reservoirs are maintained by viral replication that may be
suppressed by ART*** and that total HIV-1 DNA correlates
inversely with CD4" T-cell counts and predicts disease pro-
gression.'>!'® Compared with typical controllers, we found sig-
nificantly higher viral DNA loads in the discord controllers,
which was equivalent to that seen in progressors suggesting
high levels of ongoing replication in vivo. It is unclear why this
high cellular viral DNA load does not result in a higher-level
plasma viral RNA load in the discord controllers. Given the
crucial role of the CD8"* compartment in control of plasma viral
RNA load,***¢ the low plasma viral RNA load in the discord
controllers may be contingent on a CD8" T-cell compartment
that is maintained in a subset distribution and activation pattern
similar to typical controllers. Another possibility is that viral
replication is strictly compartmentalized; the gastrointestinal
tract (lamina propria and organized lymphoid tissue) is a poten-
tial candidate because it has been shown to be an important site
of HIV-1 replication and of CD4" T-cell sequestration and
depletion.*’ Alternatively, discord controllers may be infected
with a virus that predominantly spreads directly from cell to
cell. Another scenario is that virus may be released efficiently
into the blood but cleared by humoral immune mechanisms.
These possible scenarios that may not be mutually exclusive
are currently under investigation.

With respect to the mechanism of CD4" T-cell loss in
discord controllers, our observations favor a model where
CD4" T-cell depletion is driven, at least partly, by CD4"
T-cell activation. This activation seems to be associated with
high-level viral replication as suggested by high total HIV-1
DNA loads. This is in keeping with a large body of evidence,
which suggests that immune activation is associated with
more rapid clinical progression and CD4* T-cell decline.*™"!
This may result from clonal exhaustion and drainage of mem-
ory T-cell pools. Concomitantly, naive CD4" T-cell depletion
may result from this high immune activation driving cells into
another phenotype but may also be due to a deficiency of CD4"
T-cell regeneration or sequestration to another site. Sequential
studies in individual patients are required to further elucidate
this, given the dynamic nature of HIV-1 infection.

In summary, we have identified a subset of HIV-
l-infected patients, discord controllers, who despite
maintaining low plasma viral RNA loads experience disease
progression. With the exception of CD8* T-cell subset distri-
bution and activation, we show that discord controllers are
similar to progressors, based on the CD4* T-cell compartment
and HIV-1 DNA load, further supporting data that plasma
viral RNA load alone does not lead to CD4" T-cell decline.
Rather, we have demonstrated increased CD4" T-cell activa-
tion in discord controllers, which may relate to the higher viral
DNA load in this group. This higher viral DNA load suggests
comparatively higher levels of virus turnover in the discord
controllers, despite controlled plasma viral RNA loads, possi-
bly explaining disease progression. Moreover, the fact that
spontaneous control of viral replication does not necessarily
confer protection against disease progression highlights the
need to intensify the search for new therapies aimed at normal-
izing perturbations of the T-cell compartment.
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