1. INTRODUCTION

1.1 Regulatory T cells

Regulatory T cells (Tregs) are CDZ lymphocytes that suppress other cells of the
immune system such as CDdnd CD8 T lymphocytes. In 1995 Sakaguati al.
demonstrated that these cells expressed the surfaders CD4 and CD25 (the
subunit of the interleukin-2 receptor) allowing itin¢o be studied flow cytometrically
and by adoptive transfer experiments. It has régdmen shown that the gene
responsible for suppressor activity in these Tie®xp3 (forkhead box transcription
factor P3, written “Foxp3” in animals and “FOXP3i humans) (Bennedt al., 2001;

Brunkowet al., 2001; Wilderet al., 2001; reviewed by Ziegler, S.F., 2006)

Tregs exert their suppressor function primarily ¢sll-cell contact mechanisms,
although they may also secrete suppressive cytelsneh as interleukin-10 (IL-10)
and transforming growth fact@{TGF-{3). They are thought to develop in the thymus
and are thus referred to as “naturally occurringgsi' in order to differentiate them
from other suppressor subsets that develop in grghery and are not FOXP3
dependent such as Trl (T-regulatory 1) cells whatt primarily via IL-10
(Interleukin 10) secretion and Th3 (T helper 3)<&lhich act primarily via TGEB

secretion (reviewed by Goleehal., 2005; Taylort al., 2005).

Cell surface molecules postulated to be involvedrieg function include CTLA-4
(cytotoxic T lymphocyte-associated antigen-4) anld'Rs (glucocorticoid-induced
TNF receptor). There are numerous other postulatakers which may be helpful
such as CD44 (Firaet al., 2006) absence of CD127 (Legrasidil., 2006; Liuet al.,

2006) and CD62L (Eggeret al., 2005). Tregs are generally thought to be of mgmor



phenotype expressing CD45R0O (Segttal., 2005; reviewed by Weiss al., 2004;
Levy, 2006) although there have been reports ofen@D45RA Tregs (Valmoret

al., 2005).

In order to act, Tregs need to be stimulated iardigen specific way via their T cell
receptor, although their suppressive effector ¢&fe@re antigen non-specific, that is
Tregs suppress bystander Clahd CD8 T cells (reviewed by Oswald-Richtetral.,
2004). The precise mechanism(s) of action of Treget to be elucidated. Tregs may
act directly on effector cells through binding of IGA-4 to B7 molecules (CD80 and
CD86) on effectors. Alternatively, Tregs may inducereased expression of the
tryptophan-catabolizing enzyme indoleamine deoxggen (IDO) in antigen
presenting cells (reviewed by Golestaal., 2005; Nilssoret al., 2006). Tregs may
also exert their suppressor function by down-mathgacostimulatory signals such as

CD80 and CD86 on dendritic cells (reviewed by Kdutin, 2006).

Tregs have been shown to be involved in suppressingimmune disease and in
inducing transplantation tolerance (Green, 2002atiy 2005; Liuet al., 2005;
Miyara et al., 2005). They have, however, also been shown tpregp the immune
response to tumours, allowing greater risk of niatas (Liyanageet al., 2002;
Ormandyet al., 2005; Wolfet al., 2005; Beyeret al., 2006). The role of Tregs in
infectious disease seems to be double-sided. Tsegen to be responsible for
dampening cytotoxic T cell responses to infectidhis has various effects. On the
one hand it may allow pathogen survival. Alternaltyy it prevents excessive tissue
destruction. For example, in hepatitis C diseadeporac infection is strongly

associated with the presence of virus-specific JielglacDonalcet al., 2002). Suvas



et al. (2003) showed that depleting mice of Tregs (using-CD25 antibodies) prior
to infection with Herpes Simplex Virus (HSV) resdtin an enhanced CDg cell

response.

1.2FOXP3

FOXP3 mutations leading to loss of function of FOXP3 m@ssor activity cause a
disease in humans known as IPEX (immune dysregulagpolyendocrinopathy,
enteropathy, X-linked syndrome) in which patientdfey both from autoimmune
manifestations (type 1 diabetes, thyroiditis, inffaatory bowel disesase, atopic
dermatitis, food allergies) as well as from overilntiag infection and usually die
before the age of 2 years (Chatdiaal., 2000; Wildinet al., 2001; Bennettt al.,
2001; Owenet al., 2003). IPEX corresponds to a similar diseaseiice known as
scurfy and FOXP3 was originally called scurfin (Bebet al., 2001; Brunkowet al.,

2001; Wildinet al., 2001)

FOXP3 is a transcriptional repressor which assesiatith NFAT and NkB and
decreases expression of their target genes (Bettell., 2005). FOXP3 exists as two
isoforms in humans, one of which lacks the secamting exon (FOXPA&2). Both
isoforms appear to be uniformly expressed and botras transcriptional repressors,
decreasing expression of multiple genes includimgrieukin 2. The two isoforms
expressed concurrently appear to have additivetiimcincreasing expression of
Treg associated markers (CD25, CTLA-4, GITR), dasireg cytokine expression and

decreasing proliferation of responder cells (Akaal., 2005).



1.3Tregs in HIV

With regards to HIV, new findings on Tregs haveictinterest, as it is known that
progression to AIDS is correlated with excessivenime activation. Tregs are CD4
T cells and can therefore be infected with the WiNis (Oswald-Richteet al, 2004).

It is plausible that preferential destruction ocadhvation of Tregs over other subsets
of T cells by HIV could lead to excessive immunéwation. This has been suggested
by Oswald-Richteet al. (2004) and Apoikt al. (2005) who showed that HIV positive
subjects had significantly lower expression of FGXARNA than HIV negative
subjects. Kinteret al. (2004) have also asserted that individuals witbng HIV-
specific Treg functionn vitro had lower levels of viraemia and higher COD8" T
cell ratios and that HIV-specific Treg function méyg compromised in certain
individuals before CD25HIV-specific CD4 T cell responses. In 2007 Kinterr al.
found that Treg mediated suppression of HIV speaifisponsesn vitro was more
effective with cells isolated from relatively hdaftHIV-infected patients compared
with later stage AIDS patients, suggesting thatg$réotal or HIV-specific) were

depleted or dysfunctional later in HIV disease.

It has also been suggested by some authors thirgmmial preservation of Tregs
over other subsets of T cells could lead to sugwasof immune responses to viral
infections, leading to a high viral load (Aandadlal., 2004; Weisst al., 2004).
Monteset al. (2006) found increased Tregs in HIV positive patse particularly in
those with low CD4 T cell counts (CD4 counts). Nilssah al. (2006) found high
levels of Tregs in tonsillar biopsies from HIV pregsors but normal levels in non-

progressors.



It is uncertain whether Treg activity in the blocadrrelates with Treg activity in the
tissues, for example the lymph nodes. Andersstaad. (2005) found Tregs at high
levels in tonsils of HIV infected individuals budv levels of FOXP3 mRNA in the
peripheral blood. The high level of Tregs in thedits corresponded with a high viral
load. Estest al. (2006) showed in macaques that the frequency ofRRDpositive

Tregs increased in lymph nodes as early as 7 degrsSiV infection with a dramatic
increase by 28 days and postulate that this may 8iw-specific immune responses.
Kornfeld et al. (2005) however also found increased Treg levelaan-pathogenic

SIV infection in African Green monkeys and suggtstt this anti-inflammatory

response occurs earlier than in pathogenic SlVctidie, limiting aberrant immune

activation.

It has been shown using macaque models that maG&é T cell depletion occurs
in the gut mucosa within the first few weeks ofmpary infection. (Veazey R.S and
Lackner, A.A., 2005). Epplet al. (2006) found accumulation of FOXP3regs
immunohistochemically in the duodenal mucosa of Htifécted patients (unlike in
patients with other viral infections such as norasiinfection) despite depletion of
total gut CD4 T cells. Tregs were increased in absolute numbewels as in
frequency, implying that the increased proportidnToegs was not just due to
depletion of non-Treg CD4T cells. Treg percentages (expressed as a pegeenfa
CD4" T cells) in the blood however were only slighthcieased and absolute values
were within the normal range. In patients on HAARTycosal Tregs returned to the

level seen in controls.



Nilssonet al. (2006) compared Tregs in lymphoid tissue from HiNdgressors with

those of non-progressors. Progressors had 5-fadehiFOXP3 levels than non-
progressors, seemingly due to increased Treg slrvihis supports the hypothesis
that increased Treg levels may be a contributictpfao the immune suppression and
disease susceptibility seen in AIDS patients. Taesative role of Tregs in disease
pathogenesis remains unproven however, as eleviaegs may also be simply a

response to immune activation driven by HIV or ioterent infectious agents.

1.4 Technical and analytical issues

Analytic difficulties in determining Treg numbens humans have been encountered
due to the absence of an ideal Treg marker. CDRBagvn to be an activation marker
on effector T cells and is not a specific markei aegulatory cells. Neither CTLA-4
nor GITR expression is confined to Tregs. Evenapglicability of FOXP3 has been
guestioned, as it has been shown that in humansPBG2&n be induced in CD25
FOXP3 cells by stimulation of cells through the T celteptor, for example using
anti-CD3 monoclonal antibody stimulation. Whetheede new FOXP3cells acquire
suppressive function and act as “induced” Tregstilsunclear (Walkeret al. 2003;
Allan et al., 2005; Walkeret al., 2005; Ziegler, 2005). The level of FOXP3 induced

also seems to be lower than that of natural Tradar( et al., 2005).

Certain discrepant results may be explained by#eeof different markers to identify
Tregs. CD25 does not give clear positive and negatell populations in the human
as it does in the mouse and different investigabange used different definitions of
Tregs (involving CD25 or CD25 ™), many not including flow cytometric analysis of

FOXP3 in their definition. CD25 may also vary irffdient groups of patients, for



example Nilssoret al. (2006) report co-expression of CD25 on FOXP3 pasitells
varies from 19% in HIV progressors to 75% in unatéel donors. They also showed
in anin vitro model that while most HIV exposed FOXP&lls expressed CTLA-4
(75%) and CD25 (71%), most did not express GITRV{}13suggesting that these

molecules are differently regulated.

In the analysis of FOXP3 mRNA by quantitative reetranscriptase PCR there are
also technical issues that may result in discrepesults between studies. Choice of a
suitable reference gene as an internal contraisia to avoid biasing data. Many of
the commonly used reference genes may in fact be mariable than previously
thought, and may vary with cell type and activatstaite. Apoilet al. (2005) obtained
different results using TATA box binding proteinas a reference gene compared
with CD3y or B-actin. Dhedaet al. (2005) have recently shown that the commonly
used geneg-actin and GAPDH (glyceraldehyde-3-phosphate delgeinase) are
more variable (7.5-fold and 3.5-fold, respectivetilan human acidic ribosomal
protein (which varied 3-fold) and can give falssulés. Bast al. (2004) also showed

thatp-actin and GAPDH were more variable than 18sRNA sesference gene.

Due to the unavailability of an ideal Treg marKéreg studies should include more
than one modality of Treg measurement as well astional assays. This manuscript
will report on the immunophenotypic analysis of Jrpercentages as well as the
molecular analysis of FOXP3 mRNA expression uswg teference genes (GAPDH
and 18sRNA). Functional studies including measurégmaf gamma interferon

production and cell proliferation using carboxyflascein succinimidyl ester dye



(CFSE) were conducted on the same samples by aediffmmember of the group and

will be reported separately.

1.5 Aims and Objectives

It is critical to the understanding of HIV pathogsris, as well as for rational vaccine
design, to understand more about this suppressmeoathe immune system. Much
work is therefore needed to elucidate the role reéig$ in HIV, both in susceptibility

to disease as well as in rate of progression toitel AIDS.

The effect of HIV on Treg proportions is likely tie a fundamental factor in HIV

disease pathogenesis and progression. This stotdaio investigate Treg levels in
the blood of treatment-naive HIV-infected patiensing the best available methods
and to compare these with levels of Tregs in hgattntrols. We hypothesized that

there would be a significant difference in Tregdsvbetween these two groups.

We also aimed to correlate Treg levels with marladrgisease progression such as
CD4" T cell count and therefore included patients waitivide range of CD4 counts.
Viral loads were not assessed for the purposesisfstudy and will form part of

future analysis of these samples.

As part of the study we assessed the utility améeagent of two techniques in the
measurement of Tregs - intracellular cytokine stgrfor FOXP3 protein and RT-
PCR forFOXP3 mRNA. We also assessed the utility of the fluoe@sanonoclonal

antibodies anti-CD25, anti-GITR and anti-CTLA-4 fireg analysis.



The findings from this research are particularlyevant in a field where many
previous studies have used outdated methods andnshonflicting results. The
findings also provide important information on tlesels of Tregs in healthy South
Africans as well as in subtype C infected patiete data demonstrate elevated Treg
levels in HIV positive patients, particularly thogeth low CD4 counts, a sample
group that has often been neglected in previoudietu Additionally, the analytical
insights gleaned give direction for future monitgriof Treg levels in a diagnostic

setting.



2. Materials and M ethods

2.1 Sample collection

HIV seropositive patients were recruited from thtiratroviral clinics of the New
Johannesburg hospital and Helen Joseph Hospitalr ga their commencing
antiretroviral therapy. HIV subtyping was not penmed. Most subjects were
expected to be harbouring HIV subtype C, as othktypes are rare in this setting.
Controls were selected from amongst health car&kevserfrom various institutions
and blood donors from the South African Nationabdgl Transfusion Service. All
subjects gave informed consent for the study. Ethigproval was granted by the
University of the Witwatersrand Human Medical Ethi€ommittee as well the Ethics
Committee of the South African National Blood Trarsson Service. The day of

sample collection was regarded as Day O.

The HIV positive sample group comprised 17 Blackigras between age-group 2
(20-29 years) and age-group 4 (40-49 years) (aefyes were not recorded according
to ethics committee wishes in order to protect gnaty, particularly of controls).
Thirteen participants were female and four wereem&D4 counts of the HIV

positive subjects ranged from 17 cellgb 712 cellsil (median 223 cellgd).

Twenty-two healthy controls were recruited from agst healthcare workers and

blood donors. Ten were male, twelve female, eleBack, eight White, two

Coloured and one Indian. Their age groups rangea ft (10-19 years) to 6 (60-69
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years). CD4 counts of controls ranged from 539 %®3L cellsil (median 873

cellspl). For demographics please see Appendix A.

2.2 HIV tests and CD4 counts

The HIV status of controls was confirmed using HRpid testing Determine HIV-
1/2, Abbott Laboratories, Abbot Park, Il 60064,USADL counting was performed
at the Department of Molecular Medicine and Haetoglg National Health

Laboratory Services, using the PanLeucogating ntetGtencros«t al., 2002).

2.3 Isolation of Peripheral Blood Mononuclear cells

Peripheral blood mononuclear cells were isolatedhiwi 3-5 hours of sample
collection using Ficoll Hypaque in LeucoSep tub€ells were washed twice in
Hanks Buffered Salt Solution with 0.1% gentamycid acounted using a Guava
cytometer. Cells (210° cells/ml) were then rested overnight at 37°C 8% CQ
atmosphere in RPMI 1640 medium with GlutaMAX aRmM HEPES (Gibco,
Scotland) supplemented with 20% fetal bovine se(@amini Bio-Products, USA)

and 0.1% gentamycin.

2.4 RNA extraction and RT-PCR

Total RNA was extracted from one million periphebddod mononuclear cells per
sample using QlAamp RNA mini kit (QIAGEN, Germanyfhe mRNA was
immediately converted to cDNA using the Applied 8istems High-Capacity cDNA
Archive Kit (Applied Biosystems, Foster City, CAhéthe GeneAmp PCR System
9700 (Applied Biosystems, Foster City, CA). A blanke was treated similarly with

each run and served as a negative control.
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cDNA was frozen at —20°C until needed. Multiplexedl-time reverse transcriptase
PCR was then performed using TagMan Universal PCastét Mix (Applied
Biosystems, Foster City, CA.) on the 7500 Real TiP€R System (Applied
Biosystems, Foster City, CA). FoxP3 expression assessed using a fluorescently
labelled probe (TagMan Gene expression assaysge prs00203958 m1, Applied
Biosystems, Foster City, CA) and compared with tbatconstitutively expressed
housekeeping genes. Endogenous control probeswesexl 18sRNA and GAPDH
(Pre-Developed TagMan Assay Reagents Control Kgpliéd Biosystems Foster
City, CA). All PCR reactions were run in triplicaite the presence of a blank control

tube.

2.5 Intracellular cytokine staining of unstimulatedells

After sample collection, isolated PBMCs were reste@RPMI with 20% foetal calf
serum overnight (Day 0) and stained the followiray ¢Day 1) for flow cytometric
analysis. Fluorochromes used included CD3 APC; C1@8CP; CD4 PerCP; CD4
FITC; CD25 APC; (BD Biosciences, San Jose, CA), 8 FITC; GITR APC

(R&D Systems, Minneapolis) and FoxP3 PE (eBios@ent/K).

Samples were stained using the FOXP3 stainingegb$ciences, UK) according to
the manufacturer’s instructions. Briefly, surfatairss (CD3, CD4, CD25 and GITR)
were added and cells were incubated in the darkl%ominutes, spun and washed
with commercial wash buffer (FOXP3 staining setjosBiences, UK). They were
then fixed and permeabilised using commercial baffFOXP3 staining set,
eBiosciences, UK). Cells were then incubated witnaicellular stains (FOXP3 and

CTLA-4) for 30 minutes at 4°C after which cells wemwashed again in

12



permeabilisation buffer and resuspended in fixiolgitson (Cell Fix, BD Biosciences,

San Jose, CA)).

Initial titration of fluorescently labelled antibed was conducted on control cells in
order to determine optimum staining volumes (data shown). Propidium iodide
staining was used to determine efficacy of cellnpmabilisation (see Appendix B).
Isotype controls were not used. Fluorescence momes colour experiments were
performed initially (that is three colours addedheut FOXP3) to confirm accuracy

of FOXP3 gating strategy (see Appendix C).

Cells were acquired using the FACScalibur flow oyster (BD Biosciences, San
Jose, CA.) and CellQuest Pro software or the BD USHow cytometer (BD
Biosciences, San Jose, CA.) and FACSDiva SoftwAralysis, including digital
compensation, was performed using FloJo softwale@§F6.4.2 TreeStar, USA). At

least 50 000 and up to 1 000 000 events were redgrdr sample.

2.6 Cell stimulation and culture

After isolation, a portion of the peripheral blowmnonuclear cells ¢L0° cells) were
added to each well of a 24-well culture plate (Nubenmark). RPMI 1640 mediuin
GlutaMAX * 25mM HEPES (Gibco, Scotland) supplemented with T0#han serum
AB (Gemini Bio-Products, USA) and 0.1% gentamyd®i1Q) was added such that the
total volume in the well was 2 ml. Cells were stiated with 0.1 ug/ml anti-CD3
monoclonal antibody (12F6). Plates were incubate87ain a 5% CQ atmosphere

for 4 days. Cells were harvested on day 4, washed®PMI 1640 medium
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GlutaMAX * 25mM HEPES (Gibco, Scotland) supplemented with Tf#han serum

AB (Gemini Bio-Products, USA) and 0.1% gentamyd®iQ) and stained as above

2.7 Statistical Analysis
2.7.1 Statistical tools
Statistics were calculated using Microsoft ExceASSEnterprise Guide 3.0,
SPSS version 14 and GraphPad Prism version 4.QupSravere compared
using non-parametric one-way ANOVA and Dunn’s npléicomparison test
for post-hoc analyses. Correlations were calculateing Spearman’s

correlation coefficient. Significance was choseth&s5% level.

2.7.2 Exclusions
Not all samples were available for analysis of pdtameters, depending on

CD4 count and numbers of PBMCs available for celtur

For PCR data triplicate measurements were avergged to analysis.
Outliers (RQ values above 10) were excluded andaimsmg samples
averaged. 3 samples (2 for GAPDH and a differempda for 18sRNA) were

deemed to be erroneous outliers and disregardéagdamalysis.
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3.RESULTS
3.1. Tregs are elevated in HIV positive patientsrqmared with controls
Treg percentage was measured in the peripheratb@2 healthy controls and 17
HIV-infected patients in order to determine if l&veof circulating Tregs differ
between these two groups. Peripheral blood moneauctells (PBMCs) were
isolated and cells were rested unstimulated ovktnithe cultures were unstimulated
in order to better refleeh vivo Treg levels. The next day (day 1) Tregs were agsks
flow cytometrically by intracellular cytokine stamg using labelled monoclonal
antibodies to CD3, CD4, FOXP3, CD25, CTLA-4 and RI{Bee methods section for
more detail). All flow cytometric panels were runtriplicate to ensure reliability and
results were averaged. Treg percentages were deésfras percentage FOXP8f

CD3'CD4" cells.

After PBMC processing there was sufficient matefaal analysis on 16 patients and
19 controls. Treg percentage was found to be sogmfly elevated in the HIV
positive group (median 6.8% range 2.4-26.3% n=b&)mared with control (median
3.72% range 1.3-7.5%, n=19, P=0.0031) (See Figuig. Mean coefficient of

variation of triplicate FOXP3 measurements was4%.1
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Figure 3.1: Unstimulated FoxP3 expression in the Mland control groups.
Day 1Tregs (%FOXP3of CD3'CD4", averaged from triplicates) are significantly high in the HIV

group than controls.
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Figure 3.2: Representative flow cytometric plots fa control and a HIV-positive sample. (see next

page for full annotation)
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Gating strategy:

Figure 3.2 comprises 6 panels. Each panel compri8eseparate plots.

Top left plot of each panelLymphocytes gated according to forward and sidatser

Top right plot of each panelDual positive CD3CD4" cells gated. Figure represents percentage of

lymphocytes.

Lower large plot of each panelx-axis represents CD25 (top two panels), CTLA-&r{tral two

panels) or GITR (lower two panels); y-axis represei-OXP3 positivity. Two rectangular gates are
shown for each plot in addition to quadrant gates a horizontal FOXP3 gate and a vertical
CD25/CTLA-4/GITR gate. Numerical percentages are given within resipe gates. These
percentages represent the FOXP8vents (left-most percentage within horizontal taegular gate),
the CD25/CTLA-4/GITR+ events (right-most percentagéthin vertical rectangular gate), or the
dual positive events (percentage shown in uppehtigand quadrant), expressed as percentages of
the CD3CD4" gate.

Comparison of control with HIV-positive samples:

Plots show FOXP3, CD25, CTLA4 and GITR positivitprfa control sample (left) and an HIV-
positive sample (right). FOXP3 percentage is notiby elevated in the HIV-positive sample.
FOXP3' cells are seen to lie in the CD25ubset but not in the GITRor CTLA4" subsets in both the

HIV positive and the control sample.

Other markers that have been proposed as Treg manaude CTLA-4, GITR and
CD25. None of these markers is specific for Tregd each can be found on other
subsets (see Introduction). We measured these mafl@v cytometrically and
assessed whether there was a significant differene@y marker between the HIV

and control group.

Cells that co-express FOXP3 with CTLA-4 were fouadbe a much smaller subset

than CTLA-4 expressing cells. Similarly, despitevIGITR expression overall, cells

which co-expressed FOXP3 with GITR were a much Emaubset than GITReells.
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We found no significant difference between groups %CTLA-4"; %CTLA-

4"FOXP3 co-expression; %GITRor %GITR FOXP3 co-expression.

The FOXP3 cells were seen to lie in the CD2&and CD28 subset. Percentage
CD25 positivity is not reported however, due to ithigerent inconsistencies of CD25
gating. (See first panel of Figure 3.2 — cut-offven CD25 CD25 and CD25

subsets is somewhat arbitrary).

control group
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AVE FOX CTLA4+ CTLA4+FOXP: GITR+ GITR+FOXP3

percentage of CD3+CD4+ gate
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% of CD3+CD4+ gate
g

LT
AVE FOX CTLA4+ CTLA4+FOXP: GITR+ GITR+FOXP3

Figure 3.3: Expression of CTLA-4 and GITR as Tregarkers in the control (top) and HIV positive
(bottom) groups. FOXP3 expression is significantigher in the HIV positive group than control.
There is no significant difference between HIV amdntrol groups in the CTLAZ4, CTLA4'FOXP3',

GITR or GITR'FOXP3" expressing subgroups.
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As GITR, CTLA-4 and CD25 were seen to mark differegllular subsets to FOXP3
and to each other, and given that FOXP3 is essefitianot sufficient) in the

suppressor function of Tregs (reviewed by Ziegef:., 2006), for the following
results and discussion the term “Treg percentagik'tenote the FOXP3percentage

of the CD3CD4" subset and will not refer to the other three miaxke

As Tregs have been purported to alter in the efld€éBrusko et.al., 2005;
Trzonkowski et.al., 2006) as well as with the female menstrual cy€elanczyk
et.al., 2004; Arruvitoet.al., 2007) , we assessed the association of Tregip@ges

by age and gender.

3.2. Increased Tregs are negatively correlated witB4 count

In order to determine whether the elevated Tregedchm HIV positive patients was
dependent on CD4 count, we assessed the relagohstween Treg percentage (as a
percentage of the CDBD4" subset) and CD4 count in both the HIV positive and

control groups.

Considering both groups together, there was afggnt negative correlation of Treg
percentage with CD4 count (rho=-0.53; P=0.001) (Sgire 3.4). This correlation
lost significance when each group was analysedraegha which may be due to the
small sample number in each group, although a ttewdrds a negative correlation

was noted in the HIV group only (Figure 3.5)
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Figure 3.4: Correlation between Tregs and CD4 counboth groups analysed simultaneously.

There is a significant negative correlation betwe®ayl FOXP3 Tregs and CD4 count. Trend line

has not been added as relationship visually appearbe curved rather than linear.
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Figure 3.5: Correlation between Tregs and CD4 counboth groups analysed individually.

There is no significant correlation in either theontrol (left) or HIV (right) group, although a treml

to a negative correlation is apparent in the HIV gup.
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The relationship depicted implies that Tregs asvatked in the later stages of HIV
disease when the CD4 count is lower and raisepdssibility that Tregs may be

involved in opportunistic disease susceptibilityelan the course of disease.

3.3 FOXP3 mRNA levels are dependent on choice demence gene and do not
correlate with FOXP3 protein levels

FOXP3 is the best current marker of Tregs (disaisg®ve) but flow cytometric
staining for FOXP3 protein has only recently becoawailable. Many previous
studies have explore#OXP3 mRNA expression using the reverse transcriptase
polymerase chain reaction (RT-PCR). We chose tobosle methods (ie looking at
both mMRNA and protein expression) and to look fgreement between them. We
repeated the PCR in triplicate with each of twdidct reference genes, GAPDH and
18sRNA, due to the unavailability of an ideal refece gene (discussed under

Introduction).

Interestingly, the PCR results using GAPDH as askkeeping gene showed poor
agreement with that using 18sRNA. Agreement was pobigher expression levels,
with results using 18sRNA as a housekeeping gemgy lgenerally lower than those
using GAPDH as a reference gene. This can be sedheoBland-Altman plot for

agreement between methods (Figure 3.6) (Bland, anél Altman, D.G., 1986).

Percentage similarity between the two housekeepamnes was also calculated by

averaging the two PCR results and expressing teeage as a percentage of GAPDH
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value (Scottet al., 2003). The mean percentage similarity betweenvtiaes was

64% (See percentage similarity plot for agreemehwvben methods, Figure3.7).

The poor agreement between the results using GA&mHhose using 18sRNA as a
housekeeping gene illustrate the pitfalls of regyon relative mRNA expression data
to draw conclusions. Any condition affecting theukekeeping gene will heavily
influence results (as discussed in the Introdugtidihich is the most suitable
reference gene to use is not always immediatelaranp and requires intensive study

on its own.

There was no significant correlation noted betwE@XP3 mRNA expression, as
measured by PCR using either reference gene, a{PBQrotein expression as
assessed by flow cytometry (data not shown). Thay tme due both to biological
variation between mMRNA and protein expression, ore do methodological
differences, such as the ability of flow cytometoyassess FOXP3 levels in CD4
cells specifically while RT-PCR was performed onheterogeneous mixture of

peripheral blood mononuclear cells.

Comparing the RT-PCR results for the control and/ Hjroups, there was no
significant difference detected in expression oXIF3 mMRNA using either reference
gene. Thus the difference detectable by flow-cytoim&OXP3 protein detection was
not detectable by analysis BOXP3 mRNA in PBMCs.FOXP3 mRNA expression
also did not correlate with CD4 count when usirthegi of the reference genes. The
elevated Treg level noted in HIV-positive patiewith low CD4 counts was thus only

detectable using flow-cytometric methods in thislgt
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Figure 3.6: Bland-Altman Plot of agreement betwe®&CR results using different reference genes.
The average of the 18sRNA and GAPDH methods (shawnthe x-axis) is plotted against the
difference between the methods (y-axis). The plodws poor agreement at higher expression levels,

the results using 18sRNA being lower than corresparg results using GAPDH.
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Figure 3.7: Percentage similarity plot between PCBsults using different reference genes. Mean
percentage similarity between GAPDH and 18sRNA suexpressed proportional to GAPDH

results, is 64% over the range of GAPDH values
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3.4 High Treg levels in HIV positive patients drappidly in unstimulated culture
Possible causes of the high Treg levels in HIV4{pasipatients might be due either to
increased proliferation of Tregs or decreased asigtAs preliminary investigation
we explored Treg levels from HIV and control pateeim four-day cell cultures. We
expected to see further elevation of Treg leveltheHIV positive patients at day 4,
and were then planning to explore the factors teadio these high levels.
Surprisingly however, we found that FOXPZxpression (as a percentage of
CD3'CD4 cells) was significantly lower on day 4 than on dayrhis difference was
found to lie in the HIV group primarily (significadifference between day 1 and day
4 P<0.01). This possibly implies that the stimutintaining high Treg levels vivo

was not foundn vitro.

We postulated that the stimulus maintaining thehhigeg levelsin vivo may be a
higher antigen load in HIV positive patients, orymee higher levels of cytokines or
growth factors. In order to ascertain whether skation through the T cell receptor
may be the stimulus maintaining the highvivo levels, we cultured peripheral blood
mononuclear cells in the presence of anti-CD3 datran for four days. We
measured Treg levels flow cytometrically on dayltthe control group anti-CD3
stimulation caused a statistically significant e&se in Treg levels on day 4 compared
with unstimulated day 1 (P=0.031). In the HIV groumwever, stimulated Treg
levels still trended to decreased levels compargl uwnstimulated day 1 samples,
although there was no statistically significant felénce between the day 1

(unstimulated) and day 4 (stimulated) levels.
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Figure 3.8 Comparison between Treg levels on dagntl day 4, with and without stimulation.

In panel A there is a significant decrease in Trégyels in the HIV group (purple) between the first
and fourth day of unstimulated culture. There is nsignificant drop in Treg levels in the control

group (blue). In panel B when stimulated withnti-CD3, the control group exhibits significantly

increased Tregs on day 4 compared with unstimulatiay 1 baseline. The HIV group however still

trends to decreased stimulated Treg levels on daprpared with the unstimulated baseline.

25



4. DISCUSSION

Measurement of Tregs in humans is not standardiselddresults vary according to
choice of technique and choice of markers. FOXPSitpdy is the most widely
accepted marker of Tregs, being responsible fog Ergpressive function as well as
identification (Fontenott al., 2003; Horiet al., 20003; Khattriet al., 2003, Fontenot
t.al., 2005). Detection of FOXP3 by flow cytomeprovides data that is reproducible
and easy to gate in a standardized manner. FOXRBiveo T lymphocytes as
measured immunophenotypically by intracellular kyte staining will therefore be
regarded as “Tregs” for the purposes of this disicusexcept where other markers

are specifically mentioned.

Treg percentage (expressed as percentage FOX&IB of CD3CD4 cells) in
controls was 1.3% to 7.5% of CDZ cells (median 3.72%). This is in keeping with
the ranges quoted in the literature which rangevéen 5-10% of CDZ cells
(CD4'CD25" subset) to 1-2% of CDAT cells (CD4CD25" subset) (O'Garra and

Vieira, 2004; Valmori et al., 2005).

We found a significantly higher percentage of Tragsunstimulated HIV positive
samples compared with controls. Analysing both gsotogether, we also found that
Treg percentage was inversely correlated with CbBdnt The correlation was not
statistically significant in the HIV positive grougnalysed separately, possibly due to
the small sample size, but the same trend was appésee Figure 3.5). This is in
keeping with results of Montes al. (2006) who also reported Tregs to be inversely

correlated with CD4 count and found highest lewelpatients with CD4 counts less
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than 200 cellgl. Our data illustrates that variability in CD4 c¢ds of study

participants should be borne in mind when compadlisiig between studies.

While other authors have reported elevated pergestaf Tregs in various tissues of
HIV infected patients or SIV infected macaques.tipalarly in gut and lymphoid
tissue, (Estest al., 2006; Nilssonet al., 2006) most investigators have not found
elevated levels in peripheral blood (Anderssbal. (2005), only moderate increase
found by Eppleet al.., 2006). The absence of elevated circulating Tregg be due to
the heterogeneous study groups, many of which sedlypatient groups with

relatively preserved CD4 counts or who were alreaupntiretroviral therapy.

The proportion of Tregs to non-regulatory CD#cells may be elevated either due to
upregulated Treg proliferation, conversion of negulatory T cells to Tregs (by
upregulation of FOXP3 expression) (Wallketil., 2003; Oswald-Richtest al. 2004;
Allan et al., 2005); or disproportionate loss of the non-reguia CD4 cells.
Upregulated Treg proliferation may occur in res@ort® generalized immune
activation (Esteset al., 2006) or in response to antigenic stimulationnfreiral
proliferation itself (Weis®t al. 2004). Disproportionate loss of non-regulatoryellsc

is not in keeping with findings by Oswald-Richtetral. (2004) who showed that
Tregs express CCR5 and are more susceptible toimfe¢tion in vitro than other
CD4" T cells, or by Eppleet al. (2006) who showed that there was an absolute
elevation in gut mucosal Tregs in untreated HIV ifpges patients and that this
elevation normalized with antiretroviral treatmeAiso Eggenaet al. (2005) and
Monteset al. (2006) have shown that while Treg percentage®lasated in patients

with lower CD4 T cell counts, the absolute numbers of Tregs ddirtee along with
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other CD4 T cells during HIV progression. Nilssa al. (2006), however, showed
opposing findings, proving that exposure to HIVestively promotes Treg survival
via gpl120 (even from non-infectious virions of botd and R5 strains) binding to
CD4. Nilsson’s group also found decreased levelamdptosis in Tregs of HIV
progressors suggesting increased Treg survivalVhadd not induction of FOXP3 in

non-Tregs as a mechanism for increased Tregs levels

Taken together, these findings suggest a relateeraulation of Tregs in late stage
HIV. Tregs are elevated at a time characterisedydryeralised immune activation
which leads to the question of why the Tregs dosopipress the concomitant immune
activation. This calls into question their functadity, which needs to be further
addressed. It may also be that Tregs are elevadedne additional feature of
generalised immune activation, or possibly as paese to it. It will be interesting to
elucidate how much of the immune activation assediavith active disease is due to
activation markers on activated Tregs themselvpwigh Nilssonet al. (2006)
found no correlation between FOXP3 positivity amhe tactivation marker CD69.
Additionally it raises the possibility that elevdt&evels of functional Tregs may be

responsible for the immune suppression charadtedsthe disease.

The mechanism of action of Tregs in late stage HH\&till speculative as their
physiological mechanisms of action are still digoutlt has been suggested that in
healthy individuals Tregs suppress the ability ehdritic cells to upregulate CD80
and CD86. Stimulated CDA4T cells use CD40 ligand (CD40L) to override this

suppression. HIV Env (even from non-infectious igkes) binding to the CD4
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molecule can suppress CD40L expression on activateglls, leading to an inability

to overcome Treg effects. (Kornbluth, 2006; Zh&2@f)6).

Whether the large proportion of Tregs in HIV (bathlymphoid tissues in early
infection and in circulation in later stages) refaits function, however, is still a
matter of uncertainty. Certain authors have suggeshat late stage Tregs may
become dysfunctional (Oswald Richgtral., 2004; Eggenat al., 2005; Kinteret al.,
2007) while Nilssonet al. (2006) have reported that Tregs in HIV progressors

maintain their suppressive function.

In terms of other immunophenotypic markers of Tragsthis study use of GITR
(singly or dual positive GITRFOXP3) or CTLA-4 (singly or dual CTLA-
4'FOXP3) did not reflect the differences in Treg perceetdgtween groups. For
GITR, this may due to expression on Tregs thaifferéntly regulated to other Treg
markers. This is in keeping with findings by Nilsse al. (2006) who showed that
most HIV-exposed FOXP3cells did not express GITR. For CTLA-4 the reastay

be that differences in intracellular CTLA-4 may mefiect the surface CTLA-4 active
on Tregs. Intracellular staining rather than swefataining was used due to the short
time that CTLA-4 is expressed on the cell surfAdeadet al. (2005) have shown that
CTLA-4 is predominantly localized to intracellulemmpartments and deployed to the
cell surface rapidly when needed, followed by rapiadocytosis. While surface
CTLA-4 may be a vital functional protein for Tregts transient expression on the
surface of the cell makes it a poor surface markaracellular CTLA-4 is not

specific to Tregs however and can be found in atéey T cells (Meaet al, 2005).
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FOXP3 positivity was found to correspond with CE®E lymphocytes (see Figure
3.2) as expected. CD25 however is a suboptimal Tnegker in humans for two
reasons. Firstly, it is also an activation marlamfd on non-regulatory CDA cells
and thus is found on a larger subset than thahekied by FOXP3. Also, there is no
clear separation in many cases between GO525"™ and CD28"" subsets. This
leads to inconsistencies in gating and we thus ehost to report our CD25
frequencies. CD25 in humans should be used priynéoil sorting Tregs, as if one
sorts only CD28'9" cells, these will contain many Tregs. The utility CD25
however in terms of quantitative analysis is selyelenited due to the arbitrary

nature of a negative/positive/high cut-off and amgignal:noise ratio.

There was no difference detected between the HBitige and control groups using
RT-PCR for FOXP3 mRNA expression. This may be due either to biaalgior
technical reasons. Biologically, kinetics of FOX&dression may play a role. After
activating non-regulatory CDA4T cells, Allanet al. (2005) found thaFOXP3 mRNA
was increased within 24 hours while FOXP3 proteaswnly detectable by Western
blot after 3 days. It is possible that some adiwvabccurred during PBMC isolation

leading toex vivo induction ofFOXP3 mRNA.

Technically, it is possible that neither GAPDH rBsRNA is an ideal reference
“housekeeping gene” with which to compare FoxP3resgion. Any differential
expression of the housekeeping gene in differefit stbsets or between HiV
patients and controls could skew the results. Aise, did not separate CDA4T
lymphocytes from other peripheral blood mononuclemils prior to mMRNA

extraction. While FOXP3 expression has not beenorted in monocytes,
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granulocytes or B lymphocytes, some expression besn noted in CD8 T
lymphocytes, possibly marking a CD8uppressor subset (Singhal. 2007). Thus
our mRNA findings may be affected by the mix of CC¥hd CD8 T lymphocytes
present while the flow cytometric data analysedyd@D4 lymphocytes. Relative
proportions of the non-FOXP3 expressing cells (saglgranulocytes, monocytes and
B lymphocytes) that also express the housekee@nggmay be reflected in results.
Thus quantitativdcOXP3 mRNA expression data is difficult to interpret asttbuld
ideally only be applied to a sorted population mterest. Flow cytometry alleviates

this problem by analysing FOXP3 expression at glsioell level.

The elevated Treg levels in the HIV group were seedecline rapidly in culture
conditions, differing significantly on day 4 froravels on day 1. There was no similar
decrease noted in the control group. This implies the factors maintaining high
Treg levelsin vivo are not presennh vitro. In order to ascertain if this may be due to
prevalence of antigem vivo, peripheral blood mononuclear cells were stimadlate
with anti-CD3 prior to culture. After stimulatioeVels on day 4 were not significantly
different from day 1 levels, there was in fact anisagnificant decrease. The control
group on the other hand manifested a significaatease in levels after anti-CD3
stimulation as expected. This may imply that oneahef differences in Tregs from
HIV infected individuals compared with those froongrols lies in their response to T
cell receptor stimulation. What drives the highvivo Treg levels is still unclear,
however. Other humoral factors such as the prevpitiytokine milieu in the blood
stream of HIV infected patients may be playing la.ralternatively Tregs in the HIV
group may be prone to apoptosis under specifiz@itonditions or due to the virus

itself. This however is not in keeping with theisésnce to apoptosis proposed by
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Nilssonet al. (2006) as a mechanism of Treg elevation. Apoptassays would be of

value in future studies.

One also needs to bear in mind that FOXP3 is notpérfect Treg marker and its
expression may be increased in activated T celts-{iregs) (see introduction,
section 1.4 page 6). The raised FOXP3 expressitedna the HIV group on day 1
may relate to the immune activation found in HiVeiction (Brenchley et.al. 2006). It
is not clear however why FOXP3 expression would inotease in the HIV group

after aCD3 stimulation if it is merely acting asautivation marker.

The culture data also have implications for futexperiments exploring the role of
antigen specificity of Tregs — in future experinaimn with antigen-specific
stimulation of Treg cultures (eg with HIV peptideytomegalovirus peptides, BCG
etc) it should be borne in mind that Tregs from Hidsitive patients will be expected
to decrease in number even after stimulation, asettstimuli are weaker and will

stimulate fewer cells than anti-CD3.

These data illustrate the importance of monitorimggs as close to thie vivo

situation as possible and demonstrate the neeshtdron when interpreting data from

culture-based experiments.
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5. CONCLUSION

In conclusion we have shown that Treg percentages, measured
immunophenotypically by the best available mark&XP3, are significantly higher
in the peripheral blood of HIV patients comparedhwtontrols. Levels of Tregs
correlate negatively with CD4T cell count. CTLA-4 and GITR were not expressed

on the majority of FOXP3 positive cells in thisdyu

FOXP3 mRNA expression did not correlate with immpimenotypic results of
FOXP3 protein expression. Caution is therefore s&mgy in interpreting results from
MRNA data which may be confounded by post-transongl processing as well as

analytical factors.

The finding of increased levels of Tregs in lategst disease contributes to a better
understanding of the pathogenesis of the immuniidety state seen in AIDS and
may have therapeutic and prognostic implicationgeriention in Treg function may
prove to be a therapeutic strategy. This has bRewrs in a macaque model where
CTLA-4 blockade by monoclonal antibody decreased \RNA levels and increased
effector function of CD4 and CD8 T cells (Hryniewiczet al., 2006). In humans,
depletion of CD4CD25" Tregs and IL-10 neutralization dramatically incea the
ability of a-IFN matured dendritic cells to induce p24-spec@id4” T cell responses
in vitro, suggesting potential application in therapeutic cuzation strategies
(Carbonneilet al. 2004). Legrandtt al. (2006) have also reported augmentatiomof
vitro HIV-specific CD4 and CD8 T cells responses in HIV exposed uninfected

neonates by depletion of Tregs from cord blood.gRostically, it remains to be
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shown in longitudinal studies whether Tregs maypra better marker of disease

progression than total CD4 count or immune actovatharkers.

This study differs from previous published obsenrzd where lower Treg or FOXP3
levels were found in HIV-infected patients compavath controls (Oswald-Richter
et al. 2004; Apoil et al. 2005) as well as from those studies which showed edelvat
Treg levels in mucosal sites but not peripheraloBloof HIV-infected patients
(Anderssoret al. (2005) Epplest al.., 2006). This study draws attention to the effect
of disease stage on peripheral blood Treg level expdains why studies including
only patients with higher CD4 counts or patients AART may not detect any

significant elevation in Treg levels.

Further directions for study include identificatiohthe factors driving elevated Treg
percentagesn vivo in order to elucidate whether elevated Tregs aoawse or an
effect of HIV-related diseasd-urther characterisation of factors affectimgvitro
survival and proliferation of Tregs may shed ligint this issue as well as explaining
the drop noted in Treg levels in unstimulated agelttAdditionally, the functionality
of the Tregs needs evaluation, as it is plaustde the elevated levels of Tregs seen
may be compensating for a loss in Treg functiopaliihe relationship of HIV viral
load, as well as immune activation markers (suclCB88 positivity, CD8 T cell
proliferation, CD4 T cell proliferation and serum immunoglobulin I&s)ewith Treg

levels also needs exploration.

The significant difference between HIV and conggmups noted in this study, as well

as the negative correlation with CD4 count, indecdiat Tregs may prove a valuable
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monitoring tool for laboratory follow-up of HIV-imfcted patients. Additionally Treg
levels pre-and post vaccination should be monitaread! future HIV vaccine trials in

order to assess the impact of Tregs on HIV sudumépti The value of Tregs as a
therapeutic target to prevent disease acquisitroprogression is an exciting future

prospect.
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APPENDI X A: Demoqgraphics of sample group

RACE | SEX | AGEGROUP | CD4COUNT
Control Group
B F 3 831
B F 3 973
B F 3 1503
B M 1 671
B M 3 1231
B F 2 694
C M 3 950
I M 3 1332
B M 3 818
B M 3 915
W F 3 708
C F 3 984
W M 4 539
W F 3 1204
W F 5 798
W M 4 1459
W F 6 755
W M 6 744
B F 3 1240
W F 5 657
B F 2 1221
B M 2 593
HIV group
B F 3 523
B F 2 223
B F 4 118
B F 2 432
B M 3 40
B F 3 169
B M 3 712
B F 3 191
B F 2 219
B F 2 452
B F 3 626
B F 4 329
B F 2 525
B F 3 17
B M 3 54
B F 4 216
B M 2 683

Table 1. Demographics of sample group.
B Black, W White, C coloured, | indian

AGE GROUPS:
110 to 19
20-29

30-39

40-49

50-59

60-69

[ RIGEETN LS
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APPENDI X B: Propidium lodide staining to assess efficacy of cell
per meabilisation

1000

800 =

600

400

SSC-H: SSC-Height

2009

0

T T T T T
0 200 400 600 800 1000
FSC-H: FSC-Height

1000
800 -
b
k=)
s i
T 600
Q 4
)]
(7]
j:' -
O 400 -
(/) -
(7]
200
E "63.7‘- :
O -—v—v-v-rwwl—v—v—v-rﬂ-v‘—v—v-v-rwwl—v—v-v-rwwl

10° 10t 102 10° 10*
<FL2-H>: Propidium lodide

First plot shows lymphocytes gated according twvéod and side scatter. Second plot
shows 98.7% success of permeabilisation, allowrgyeof propidium iodide into
cells.
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APPENDI X C: Fluorescence Minus One Control for FOXP3 staining

0.072 1.15e-3

<FL2-H>: FoxP3 PE 5ul

10° 10* 10° 10° 10* 100 10t 102 103 104
<FL4-H>: GITR APC 15ul <FL4-H>: GITR APC 15ul

Fluorochromes added to cells in left hand pandl:@DB3 PerCP, anti-CD4 FITC,
anti-GITR APC and anti-FOXP3 PE. Right hand pasaine fluorochromes without
anti-FOXP3 PE
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APPENDI X D: Approval of Change of Title

Faculty of Health Sciences

Medical School, 7 York Road, Parktown, 2193
Fax: (011) 717-2119

Tel: (011) 717-2075/6

Reference: Mrs Alison Mclean
E-mail: mcleanam @health.wits.ac.za

16 July 2007
Dr MS Suchard Persan No: 8400721V
67 Kerkira TAA
131 Katherine Street
Sandown
2198

Sandown, South Adrica

Dear Dr Suchard

Master of Medicine in the specialty of Clinical Patholagy: Change of title of research

| am pleased to inform you that the following change in the title of your Research Report for the degree of
has been approved:
From: Characterisation of regulatory T cells in HIV-infected or exposed infants and
HIV-infected adults in South Africa
To Characterization of regulatory T celis in HIV-infected adults in South Africa

Yours sincerely

LB enn

Mrs Sandra Benn
Faculty Registrar
Faculty of Health Sciences
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APPENDI X E: Ethics Approval from Human Ethics Committee of the
University of the Witwater srand

UNIVERSITY OF THE WITWATERSRAND, JOHANNESHURCG

Bivision of the Deputy Registrar (Research)

HUMAN RESEARCI ETITICS COMMITTEE (MEDICAL)
R14/49  Suchard

CLEARANCE CERTIFICATE PROTOCOL NUMBER M060138

PROJECT Characterisation of Regulatory T Cells in
HIV-Infected Adults in South Afiica

. INVESTHGATORS Dr M Suchard
DEPARTMENT Clinical Pathology (Microbivlogy)
DATE CONSIDERED 06.01.27
DECISION OF THE COMMITTEE* Approved unconditionally

06.04.28

*Guidelines for written “intormed congent” artached where applicable

. cer Supervisor Prof C Tiemessen

DECLARATION OF INVESTIGATOR(S

To be completed in duplicate and ONE COPY retumed to the Secretary at Room 10003, 10th Floor,
Semale House, University,

17We (ully understand the conditions under which I am/we are authorized to carry out the abovementioned
research and 1/we guaraniee 1o ensure compliance with these conditions, Should any departure to be
contemplated from the rescarch procedure as approved I/we undertake to resubmit the protocol to the

Committee. | agree to a comptetion of 4 vearly progress report,

PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES
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APPENDI X F: Patient | nformation sheet

You are invited to participate in a research stdde aim of the study is to learn
more about how the body fights against HIV. Westtelying the function of a type
of T cell known as a Regulatory T cell (Treg) inHlI

If you agree to be part of the study, we will dré8ml (6 tubes or about 10
teaspoons) of blood from your arm. This blood wélused to study the cells involved
in fighting HIV such as T cells and Tregs usingehnique called flow cytometry.

We will also study the genes (DNA) involved in htive body reacts to HIV. All
results will be anonymous, that is we will not retgour name. We will record some
of your personal details such as your age, seg, @D4 count, viral load, other
illnesses and medications etc. Your confidentiatitprotected at all times and no-one
will know your results. Neither you nor your docteitl receive the results of these
tests. The results will be used for research p@posly.

You may choose to participate or not to participdteere is no benefit to you in
being part of the study, except for helping reseers to know more about HIV. If
you choose not to participate it will not disad\zge you in any way. The only
disadvantage to you in participating in the stuglthe discomfort of having blood
drawn from your arm and the possibility of bruismgnfection (very unlikely) that
may result, as for any blood test.

During our study we are going to use different rodthin the laboratory to try to
learn more about HIV. One area in which we arer@sieed is how a person’s genes
(DNA) help them to fight HIV. If you give conserstpme of the blood you give for
the study will be used to study the gene cdibe®3, which we believe is important
for fighting HIV.

The results of the tests will be anonymous. Neitfwer, nor your doctor, nor anyone
else will ever know your results. The results arée used for research purposes only.

Some blood will also be frozen in case we neestoecback and do further tests at a
later stage. The blood will be stored without aagord of your name, so that any
further tests done will also be strictly confidahti

Please help us to learn more about this diseaseppteciate your contribution.
If you have any questions, please do not hesitadsk.

Thank you
Dr Melinda Suchard

AIDS Research Unit

National Institute of Communicable Diseases

1 Modderfontein Rd

Sandringham

Johannesburg Tel: Office: (011) 83G0
2192 Cell:30871 3909
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APPENDI X G: Patient Consent Form

Consent to participatein the Treg Study

| understand the information | have read in thetié®d Information Sheet”. | have
asked all questions | wanted to about the studytlamdtudy has been fully explained
to me.

| give consent for my blood to be taken for laboratests for the Treg Study. These

tests may include CD4 counting and immunologicstistel understand that | will not
find out the results of these tests.

Consent to genetic testing

| understand that some of the tests to be doneyoblood for the Treg Study include
tests of my genes (DNA). | understand that no-otlefimd out the results of these
tests. | agree to this testing.

Consent to storage of blood

| understand that some of my blood or DNA may loeest for future research tests. |
understand that no-one will find out the resultshefse tests. | agree to the storage of
my blood.

Date......oooveeiiiii Place....................

Person conducting Informed consent............cccovvii i

NS S . .. e e e e e e
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APPENDI X H: Ethics Approval from the Ethics Committee of the South

SANBS

African National Blood Transfustion Service

South African National Blood Service

RESEARCH AND MEDICAL ETHICS COMMITTEE

20% July 2006

Dr M Suchard
AIDS Research Unit
National Institute for Communicable Diseasse

Dear Melinda

Protecol; Characterization of regulatory T cells in HIV-infected or exposed
infants and HIV-Infected adults in South Africa.

A review, by the SANBS Ethics Conumittee, of the ethical implications of the collections
of donor samples as described in the above proposal was favorable with the following
provisos;
1. The supply of blood will be dependant on blood availabilily.
2. $ix monthly reports on the number of units provided by SANBS, including the
unit numbers and collection dates, wre to be submitéed to the Committee
Subject to the above your application is approved.

A charge of R647-00 (inclusive of VAT) will be levied to cover expenses incurred in the
collection and testing ot the bicod

Could you please let me have details of the method of payment thar will be employed?

Cou.d you please make the appropriate logistical and billing arrangements with Mr. Peter
Nortman on 011-761-9005 ot by e-mail st pnortimen@inl.sanbs.org.za,

Please [cel free to contact me telephontcally on 082 449 2243 or by ¢ mail at
tscanes @inl.sanbs,ore zy should you require assistance with any aspect of the project.

Your;éél fely
e

%

T Scanes {Committee Secretary)
Dr B Naidoo
CHAIRPERSON: RESEARCH & MEDICAL ETHICS COMMITTEE

SOUTH AFRICAN NATIONAL BLOOD SERVICE

Censtantia Boulevard Private Bag X14 Tel.: +27 11-761-9211

Constanlia Kloof Ext 22 Weltevreden Park Fax. +27 11-761-927%

1709 1715 Email: tscanes@inl.sanbs.org.za
Members / Lede

Dr B Niadoua (Chairman), Prof T Jenkins, A Kleinsmidt, N Makitshi, A Ngobese,
T Scanes (Secretary )
Page 1 of

43



APPENDI X |: Patient information form for Blood Donor s at Blood Bank

You are invited to participate in research agatisf/AIDS conducted by the
National Institute of Communicable Diseases (NI@IDS Research Unit. We are
looking for blood from healthy blood donors to us@ur ongoing research.

If you choose to participate, a sample of your ti¢ar the whole unit in certain
cases, provided the National Blood Service is nohing short of blood of your type)
will be sent to the NICD where it will be storeddamsed in current and future
research projects. Use of blood will be done ananysty, meaning no researchers
will know your name, although they will know somendographic information about
you including your age, sex and race.

Tests to be done include HIV testing and other imahogical and/or genetic tests.
You will not find out the results of these testesRBIts will be used for research
purposes only and will not be given to the Southcah Blood Transfusion Service
or to your doctor.

There is no advantage for you from participatinghis study except for advancing
scientific knowledge about HIV/AIDS. The only disahtage of participating the risk
of bruising and/or discomfort during blood donatidou may refuse to participate, in
which case your blood will be used by the Southoafn National Blood Transfusion
Service in the routine way.

We are aware that your blood is a precious resaamdevery valuable to patients who
are in need of blood transfusion. We feel that i#§earch is an equally important
and urgent endeavor. We are desperately seekigg Vaumes of blood for our
research which we are struggling to obtain. Wedtoee ask for your help. This is a
once-off commitment. The next time you donate, yaaod will not be used for
research purposes but will be processed by thendutan National Blood
Transfusion Service as usual.

If you have any questions, please contact

Dr Melinda Suchard (011) 386-6369
AIDS Research Unit 083.8P09
NICD

Greg Khoury (011) 386-6399
AIDS Research Unit 082 467 8732
NICD
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APPENDI X J: Consent Form for Blood Donor s at Blood Bank

| understand the above information. | give consena sample of my blood, or the
unit of blood | donate, to be stored and useddbotatory testing. These tests may
include HIV and genetic tests. | understand thaillinot find out the results of these
tests.

Name:

Signed:

Person conducting Informed consent:

Name:

Signed:..........oooiiiiiiiinns

Date......ooovvviiiiie i

Place......ccovveiiiiii .

45



6. REFERENCES

Aandahl, E.M., Michaelsson, J., Moretto, W.J., He€hM. and Nixon, D.F.
(2004) Human CD4CD25' regulatory T cells control T-cell responses to
Human Immunodeficiency Virus and Cytomegalovirusgans. Journal of
Virology 78(5):2454-2459

Allan, S.E., Passerini, L., Baccheta, R., CrelNn, Dai, M., Orban, P.C.,
Ziegler, S.F., Grazia Roncarolo, M. and LevingsKkM2005) The role of 2
FOXP3 isoforms in the generation of human CDregs. Journal of Clinical
Investigation 115:3276-3284

Andersson, J., Boasso, A., Nilsson, J., ZhangSRire, N.J., Lindback, S.,
Shearer, G.M. and Chougnet, C.A. (2005) The precal®f regulatory T cells
in lymphoid tissue is correlated with viral loadHitV-infected patients.
Journal of Immunology 174:3143-3147

Apoil, P.A., Puissant, B., Roubinet, F., Abbal, Massip, P. and Blancher, A.
(2005) FOXP3 mRNA levels are decreased in peripldoad CD4
lymphocytes from HIV-positive patients. Journattoé Acquired Immune
Deficiency Syndrome 39(4):381-385

Arruvito, L., Sanz, M, Banham, A.H. and Fainboim,(2007) Expansion of
CD4+CD25 and FOXP3 Regulatory T cells during the follicular phasetioé
menstrual cycle: implications for human reproductidournal of Immunology
178:2572-2578

Bas, A., Forsberg, G., Hammarstrom, S. and HamndanstM.L. (2004)

Utility of the housekeeping genes 18sRNy¥actin and glyceraldehyde-3-
phosphate dehydrogenase for normalization in read-fuantitative reverse
transcriptase-polymerase chain reaction analysigné expression in human
T lymphocytes. Scandinavian Journal of Immunolo§yb66-573

Bennett, C.L., Christie, J., Ransdell, F., BrunkdE., Ferguson, P.J.,
Whitesell, L. Kelly, T.E., Saulsbury, F.T., Chan&el-. and Ochs, H.D. (2001)
The immune dysregulation, polyendocrinopathy, emathy, X-linked
syndrome (IPEX) is caused by mutations of FOXP3uMNaGenetics
27(1):20-21

Bettelli, E., Dastrange, M. and Oukka, M. Foxp&nmatts with nuclear factor
of activated T cells and NB to repress cytokine gene expression and effector
functions of T helper cells. PNAS 102(14):5138-5143

Beyer, M., Kochanek, M., Giese, T., End|, E., Wailoh, M.R., Knolle, P.A.,
Classen, S. and Schultze, J.L. (2006Y)ivo peripheral expansion of naive
CD4'CD25"" Foxp3 regulatory T cells in patients with multiple myeia.
Blood 107:3940-3949

46



Bland, J.M. and Altman, D.G. (1986) Statistical hoets for assessing
agreement between two methods of clinical measurerhancet 1(8476):
307-310

Brenchley, J.M., Price, D.A. and Douek D.C. (20B6Y disease: fallout from
a mucosal catastrophe? Nature Immunology 7(3): 3#b-2

Brunkow, M.E., Jeffery, E.W., Hjerrild, K.A., Paap®., Clark, L.B.,
Yasayko, S.A., Wilkinson, J.E., Galas, D, Zieglei:. and Ramsdell, F.
(2001) Disruption of a new forkhead/winged-helmotein, scurfin, results in
the fatal lymphoproliferative disorder of the sguniouse. Nature Genetics
27(1):68-73

Brusko, T.M., Wasserfall, C.H., Clare-Salzler, MSchatz, D.A. and
Atkinson, M.A. (2005) Functional defects and thituence of age on the
frequency of CD4+CD25+ T-cells in type 1 diabef@mbetes 54:1407-1414

Carbonneil, C., Donkova-etrini, V., Aouba, A. anctMs, L. (2004).
Defective dendritic cell function in HIV-infectedapents receiving Highly
Active Antiretroviral Therapy: Neutralization of1l0 production and
depletion of CDACD25" T cells restore high levels of HIV-specific CD#
cells responses induced by dendritic cells gengiiatéhe presence of IFN-
Journal of Immunology 172:7832-7840

Chatila, T.A., Blaeser, F., Ho, N., Lederman, H.Moulgaropoulos, C.,
Helms, C. and Bowcock, A.M. (2000) JM2, encodirfglahead-related
protein, is mutated in X-linked autoimmunity-allgrdisregulation syndrome.
Journal of Clinical Investigation 106:R75-81

Chatila, T.A. (2005) Role of regulatory T cellshoman diseases. Journal of
Allergy and Clinical Immunology 116:949-959

Dheda, K., Huggett, J.F., Chang, J.S., Kim, LRustin, SA., Johnson, M.A.,
Rook, G.A.W. and Zumla, A. (2005) The implicatiasfausing an
inappropriate reference gene for real-time revaesescription PCR data
normalization. Analytical Biochemistry 344:141-143

Eggena, M.P., Barugahare, B., Jones, N., OkellpMatalya, S., Kityo, C.,
Mugyenyi, P and Cao, H. (2005) Depletion of Regariail cells in HIV
infection is associated with immune activation.rdaiiof Immunology
174:4407-4414

Epple, H.J., Loddenkemper,C., Kunkel, D., Troget,Maul, ., Moos, V.,
Berg, E., Ulrich, R., Schulzke, J, Stein, H., Duemm, R., Zeitz, M.and
Schneider, T. (2006) Mucosal but not peripheral P@Xregulatory T cells
are highly increased in untreated HIV infection aodmalize after
suppressive HAART. Blood 108:3072-3078

a7



Estes, J.D., Qingsheng, L., Reynolds, M.R., Wid&gr8., Duan, L., Schacker,
T., Picker, L.J., Watkinds, D.I., Lifson, J.D., RgiC., Carlis, J. and Haase,
A.T. (2006) Premature induction of an immunosupgikesregulatory T cell
response during acute simian immunodeficiency vimtexction. Journal of
Infectious Diseases 193(5):703-712

Firan, M., Dhillon, S., Estess,P. and Siegelmari M2006) Suppressor
activity and potency among regulatory T cells scdminated by functionally
active CD44. Blood 107:619-627

Fontenot, J.D., Gavin, M.A., Rudensky A.Y. (2008xP3 programs the
development and function of CD@D25" regulatory T cells. Nature
Immunology 4:330-336

Fontenot, J.D., Rasmusen, J.P., Williams, L.M., IBpal.L., Farr, A.G and
Rudensky, A.Y. (2005) Regulatory T cell lineageafieation b the forkhead
transcription factor foxp3. Immunity 22:329-341

Glencross, D., Scott, L.E., Jani, .V, Barnetiadd Janossy, G. (2002) CD45-
assisted PanLeucogating for accurate, cost-eftediival-platform CD4 T-
cell enumerationCytometry 50(2):69-77

Grant, C., Oh, U., Fugo, K., Takenouchi, N.,, Gififf C., Yao, K., Newhook,
T.E., Ratner, L. and Jacobson, S. (2006) Foxp3ssgs retroviral
transcription by targeting both NB and CREB pathways. PloS Pathogens
2(4):e33.

Green, E.A., Choli, Y. and Flavell, R.A. (2002) Paatic lymph node-derived
CD4'CD25" Treg Cells: Highly potent regulators of diabetest require
TRANCE-RANK signals. Immunity 16:183-191

Goleva, E., Cardona, I.D., Liang-Shiou, O., andrigD.Y.M. (2005) Factors
that regulate naturally occurring T regulatory eeidiated suppression.
Journal of Allergy and Clinical Immunology 116:1092400

Hryniewicz, A., Boasso, A, Edghill-Smith, Y., VaecaM., Fuchs, D.,
Venzon, D, Nacsa, J., Betts, M.R., Wen-Po, T., tiérd., Beer, B., Blanset,
D., Chougnet, C., Lowy, I., Shearer, G. and Framcl@ (2006) CTLA-4
blockade decreases TGFDO, and viral RNA expression in tissues of
SIVmacz2srinfected macaques.

Khattri, R., Cox, T. Yasayko, S.A. and Ramsdell(Z03) An essential role
for Scurfin in CD4CD25" T regulatory cells. Nature Immunology 4:337-342

Kinter, A.L., Hennessey, M., Bell, A., Kern, S.nLiY., Daucher, M., Planta,
M., McGlaughlin, M., Jackson, R., Ziegler, S.F. &alci, A.S. (2004)
CD25 CD4" Regulatory T Cells from the Peripheral Blood ofraptomatic
HIV-infected individuals regulate CD4nd CD8 HIV-specific T cell

48



immune responsen vitro and are associated with favourable clinical marker
of disease status. Journal of Experimental Medi2D®(3):331-343

Kinter, A.L., Horak, R., Sion, M., Riggin, L., McNg, J., Lin, Y., Jackson,
R., O’'Shea, A., Roby, G., Kovacs, C., Connors, Migueles, S.A. and Fauci,
A.S. (2007) CD25Regulatory T cells isolated from HIV-infected inidiuals
suppress the cytolytic and nonlytic antiviral aityivof HIV-specific CD8 T
cellsinvitro. AIDS Research and Human Retroviruses 23(3):43B-45

Kornbluth, R.S. (2006) HIV creates an immunologiaiaick hole. (Comment
on Zhangget al., 2006). Blood 107(5)1743-1744

Kornfeld, C., Ploquin, M.J., Pandrea |., Faye,@nanga, R., Apetrei, C.,
Poaty-Mavoungou, V., Rouquet, P., Estaquier, Jrtda, L., Desoutter, J.F.,
Butor, C., Le Grand, R., Roques, P., Simon, F.r&8&inoussi, F., Diop, O.M.
and Muller-Trutwin, M.C. (2005) Antiinflammatory gfiles during primary
SIV infection in African green monkeys are assamawith protection against
AIDS. Journal of Clinical Investigation 114(4):108291

Legrand, F.A., Nixon, D.F., Loo, C.P., Ono, E., @man, J.M., Miyamoto,
M., Diaz, R.S., Santos, A.M.N., Succi, R.C.M., Ahald, Rosenber, M.G, de
Moraes-Pinto, M.l. and Kallas, E.G. (2006) StronyH-Specific T cell
responses in HIV-1-exposed uninfected infants aahates revealed after
regulatory T cell removal. PLoS ONE 1(1):e102.
doi:10.1371/journal.pone.0000102

Levy, Y. (2006) Cytokine-based modulation of immduaection in HIV
infection. Current Opinion in HIV and AIDS. 1:69-73

Liu, R., La Cava, A., Bai, X.F., Jee, Y., Price, l@ampagnolo, D.I,
Christadoss, P., Vollmer, T.L., Van Kaer, L. and, $D. (2005) Cooperation
of invariant NKT cells and COL£D25" T regulatory cells in the prevention of
autoimmune myasthenia. Journal of Immunology 176{B®8-7904

Liu, W., Putnam, A.L., Xu-yu, Z., Szot, G.G., Léd,R., Zhu, S., Gaoittlieb,
P.A., Kapranov, P., Gingeras, T.R., Fazekas d&&ith, B., Clayberger, C.,
Sooper, D.M., Ziegler, S.F., Bluestone. J.A. (20D&)rnal of experimental
Mediicne 203:1701-1711

Liyanage, U.K., Moore, T.T, Joo, H.G., Tanaka, Nerrmann, V., Doherty,
G., Drebin, J.A., Strasberg, S.M., Eberlein, TGbedegebuure, P.S. and
Linehan, D.C. (2002) Prevalence of regulatory Tsaslincreased in
peripheral blood and tumour microenvironment ofgrds with pancreas or
breast adenocarcinoma. Journal of Immunology 1&&27761

MacDonald, A.J., Duffy, M.,Brady, T., McKiernan,Ball, W., Hegarty,
J.,Curry M. and Mills, K.H. (2002) CD4 T helper &yp and regulatory T cells
induced against the same epitopes on the coreipintbepatitis C virus
infected persons. Journal of Infectious Diseasés/P®-727

49



Mead, K.l., Zheng, Y., Manzotti, C.N., Perry, L.C,Aiu, M.K.P., Burke, F.,
Powner, D.J., Wakelam, M.J.O. and Sansom, D.M.gp@Xocytosis of
CTLA-4 is dependent on Phospholipase D and ADP &ijlasion Factor-1 and
stimulated during activation of regulatory T cellsurnal of Immunology
174:4803-4811

Miyara, M., Amoura, Z, Parizot, C., Badoual, C. Bleam, K., Trad, S.,
Nochy, D., Debre, P., Piette, J.C., Gorochov, G08) Global natural
regulatory t cell depletion in active systemic lamrythematosis. Journal of
Immunolog 175(12):8392-8400

Montes, M., Lewis, D.E., Sanchez, C. de Castilld,.DGraviss, E.A., Seas,
C., Gotuzzo, E. and White, A.C.Jr (2006) Fokp&gulatory T cells in
antiretroviral naive HIV patients. AIDS 20(12):168%2

Nilsson, J., Boasso, A., Velilla, P.A., Zhang, Raccari, M., Franchini, G.,
Shearer, G.M., Andersson, J. and Chougnet, C. {20061 driven
regulatory T cell accumulation in lymphoid tissugassociated with disease
progression in HIV/AIDS. Blood 108(12):3808-3817

O’Garra, A. and Vieira, P. (2004) Regulatory T selhd mechanisms of
immune system control. Nature Medicine 10(8):802-80

Ormandy, L.A. Hillemann, T., Wedemeyer, H., MankisP., Greten, T.F. and
Korangy, F. (2005) Increased populations of regual cells in peripheral
blood of patients with hepatocellular carcinoman€za Research 65(6):2457-
2464

Oi, S., Nomura, T. and Sakaguchi, S. (2003) Comtfoégulatory T cell
development by the transcription factor FOxP3. 1$me299:1057-1061

Oswald-Richter, K., Grill, S.M., Shariat, N., Lealang, M., Sundrud., M.S.,

Haas, D.W. and Unutmaz, D. (2004) HIV infectiomaturally occurring and
genetically reprogrammed human regulatory T-c@IloS Biology 2(7):0955-
0966

Owen, C.J., Jennings, C.E., Imrie, H., Lachaux BAidges, N.A., Cheetham,
T.D. and Pearce, H.S. (2003) Mutational AnalysithefFOXP3 gene and
evidence for genetic heterogeneity in the Immunoetyglation,
Polyendocrinopathy, Enteropathy Syndrome. Jourh@liaical
Endocrinology and Metabolism 88(12):6034-6039

Polanczyk, M.J., Carson, B.D., Subramanian, S.n#kdis, M., Vandenbark,
A.A., Ziegler, S.F. and Offner, H. (2004) Estroghives expansion of the
CD4'CD25 regulatory T cell compartment. Journal of Immumgio
173:2227-2230

Sakaguchi,S., Sakaguchi, N., Asano, M., Itoh,M. &ada,M. (1995)
Immunologic self-tolerance maintained by activatecklls expressing II-2

50



receptora-chains (CD25):breakdown of a single mechanisnetfftslerance
causes various autoimmune diseases. Journal of ooy 155:1151

Sakaguchi, S. (2005) Naturally arising Foxp3 exgiresCD25CD4"
regulatory T cells inn immunological tolerance &if &nd non-self. Nature
Immunology 6(4):345-352

Scott, L.E., Galpin, J.S. and Glencross, D.K (20@8])tiple method
comparion: statistical method using percentagelaiity. Cytometry B
Clinical Cytometry 54(1):46-53

Sereti, I., Imamichi, H., Natarajan, V., Imamichi, Ramchandani, M.S.
Badralmaa, Y., Berg, S.C., Metcalf, J.A., Hahn, B8hen, J.M., Powers, A.,
Davey, R.T., Kovas, J.A., Shevach, E.M. and Lan€&,. KR0O05)In vivo
expansion of CDACD45ROCD25" T cells expressing foxP3 in Il-2-treated
HIV-infected patients. Journal of Clinical Invesitgon 115:1839-1847

Singh, R.P., La Cava, A, Wong, M., Ebling, F. arahH, B.H. (2007) CD8T
cell mediated suppression of autoimmunity in a maifupus model of
peptide-induced immune tolerance depends of foxp8ession. Journal of
Immunology 178(12):7649-7657

Suvas, S., Kumaraguru,U., Pack, C.D., Lee, S. angs& B.T. (2003)
CD4'CD25 T cells regulate virus-specific primary and memé®8" T cell
responses. Journal of Experimental Medicine 19888901

Taylor, A., Verhagen, J., Akdis, C.A. and Akdis, {2005) T regulatory cells
and allergy. Microbes and Infection 7:1049-1055

Trzonkowski, P, Szmit, E, Mysliwska, J and Mysliwsk (2006)
CD4+CD25+ T regulatory cells inhibit cytotoxic adty of CTL and NK cells
in humans — impact of immunosenescence. Clinicatdmology 119(3):307-
316

Veazey, R.S. and Lackner, A. (2005) HIV swiftly gjtthe immune system.
Nature Medicine 11(5):469-470

Valmori, D., Merlo, A., Souleimanian, N.E., Hesderf C.S. and Ayyoubb,
M. (2005) A peripheral circulating compartment etural naive CD4 Tregs.
Journal of Clinical Investigation 115:1953-1962

Walker, M.R., Kasprowicz, D.J., Gersuk, V.H., BahaA., Van Landeghen,
M., Buckner, J.H. and Ziegler, S.F. (2003) Inducta FoxP3 and acquisition
of T regulatory activity by stimulated human CIXD25- T cells. Journal of
Clinical Investigation 112(9):1437-1443

Walker, M.R., Carson, B.D., Nepom, G.T., Ziegles. and Buckner, J.H.

(2005) De novo generation of antigen specific CDB25 regulatory T cells
from CD4' D25- cells. Proc Natl Acad Sci USA 102(11):4103-810

51



Weiss, L., Donkova-Petrini, V., Caccavelli, L., Bal M., Carbonneil, C and
Levy, Y. (2004) Human Immunodeficiency virus-drivexpansion of
CD4'CD25' regulatory T cells which suppress HIV-specific CD4ell
responses in HIV-infected patients. Blood 10412383256

Wilden, R.S., Ramsdell, F., Peake, J., FaravellG&sanova, J.L., Buist, N.
Levy-Lahad, E., Mazzella, M., Goulet, O., Perrdnj,Bricarelli, F.D., Byrne,
G., McEuen, M., Proll, S., Appleby, M. and Brunkdw,E. (2001) X-linked
neonatal diabetes mellitus, enteropathy and enumgaithy syndrome is the
human equivalent of mouse scurfy. Nature Genefi€$)28-20

Wolf, D, Wolf, A.M., Rumpold, H., Fiegl, H., Zeime#.G, Muller-Holzner,

E., Deibl, M., Gastl, G., Gunsilius, E., and Marth,(2005) The expression of
the regulatory T cell-specific forkhead box tramsiion factor FOxP3 is
associated with poor prognosis in ovarian canckmidal Cancer Research
11(23):8226-8229

Ziegler, S.F. (2006) FOXP3: Of Mice and Men. AnnRalv. Immunology
24:209-226

Zhang, R., Lifson, J.D. and Chougnet, C. (2006)uraiof HIV-exposed
CD4'T cells to activate dendritic cells is reverseddstoration of
CD40/CD154 interactions. Blood 107(5): 1989-19986ntinent by Kornbluth,
R.S. Blood 107(5): 1743-1744.

52



53



