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ABSTRACT

Introduction

Regulatory T cells (Tregs) are increasingly being receghas key immunological

players in immunosuppression and have been seen to bisgeenfor certain infections.

Aim

This study aimed to elucidate the role that Tregs playmptomatic infection with
Mycobacterium tuberculosid@B), both with and without co-infection with human
immunodeficiency virus type 1 (HIV 1) by quantification oésle cells agx vivo It was
then attempted to characterise the behaviour of FoxP8veostlls in culture with

stimulation.

Methods

Peripheral blood mononuclear cells were purified from @aiteld controls, patients with
active TB, patients with HIV infection and patientstwi IV infection and active TB.

The frequencies of Tregs were assessed by flow cytoruetryvivoand again after four
days of culture with stimulation with anti-CD3, Purdigrotein derivative, tetanus toxoid
and HIV peptide superpools (gag and nef). These frequenciecapared between
the four groups of patients. The ability of Tregs and edfettcells to proliferate was
also assessed. Interfergisecretion was used as a measure of effector T splbnse to

stimulation.



Results

Frequencies of Tregs were significantly reduced in patigititisactive TB as compared
with HIV infected patients and uninfected controls. Codted individuals showed a
broad range of frequencies which were not significantfer@nt from controls. These
frequencies remained stable in culture with the exceptidhose individuals infected
with HIV who showed a decline in the frequency of thosks expressing FoxP3 over
the period. Cells expressing FoxP3 were not anergic apdrréed to stimulation. HIV
specific proteins, in addition, resulted in specific effeon the Tregs with a positive
interferon response to gag correlating with increased ffeggencies and FoxP3
expression in CD4T cells correlated with the proliferative respons€b#” T cells to

Nef in HIV infected individuals.

Conclusions

This study shows significant differences of frequencfdsoaP3 positive producing cells
in the peripheral blood @&ix vivoin patients with active TB. The function of theséscim
this population is uncertain and further functional datd long-term clinical follow-up is
required. In addition, the frequencies of these celisaneed constant over time and
showed proliferative response to stimuli (most notablBC&iggesting that these cells

may be generated in the periphery.
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1.0 Introduction:

1.1 Basic Immunology

The immune system is the body’s defence against infestrganisms. It is classically
divided into two distinct systems — the innate immune systeshithe adaptive immune
system. The innate immune system, the first line afmied, is non-specific and responds
to pathogen-associated molecular patterns. Pathogetiaassiomolecular patterns are
distinctly foreign molecular signatures which includeile-stranded RNA and
prokaryoytic structural proteins like flagellin amongst oti{@srdon 2002, Stenger and
Modlin 2002). Some of the receptors which detect these fosgmatures are the toll-
like receptors and the complement protein cascade. it are intimately involved
with the innate response to infection include phagocytesr@phages, neutrophils and
dendritic cells) and innate-like lymphocytes (natural kidells, natural killer T cells and
B1 B lymphocytes). These cells are responsible fonipg the adaptive immune
response and introducing the foreign organism to the lymypés (Bendelac et al 2007,

Kronenberg and Havran 2007)

Lymphocytes are the key effector cells of the adapthraune response. Two distinct
types of lymphocytes are recognized — B cells and T &lt=lls are responsible for the
humoral or antibody-mediated immune response. Antdsodie small protein molecules

which are produced to respond to a small signature callaedtg®en. Once antibodies



bind to an antigen, they can trigger a series of proseglieh include stimulation of
phagocytosis (opsonisation), stimulation of a cytolgatural killer cell response
(antibody dependent cellular cytotoxicity) and activatid the complement cascade
which in itself results in phagocytosis, recruitmehimmune cells to the area and

cytolysis.

T lymphocytes are the central cell population of thgoida immune response. T
lymphocytes are divided into those which express the pra@&d, on their cell surface
and those which express the protein, CD8, on the ceficffigure 1.7). CD4 T cells
are helper T cells — they coordinate the immune regppreiominantly by the secretion
of humoral cellular signals called cytokines. CO4cells are classically divided into Thl
cells which stimulate primarily a cytotoxic responsd @ah2 cells which secrete
cytokines which prime a B cell (antibody) responseddition, regulatory classes of
CD4" T cells have been described including Th3 and Tr1 cells vanbhought to
secrete predominantly immunosuppressive cytokines (tramsfg growth factof and
interleukin 10 respectively). CDd cells are cytotoxic T cells — they recognize cells
with an internal infection through a unique moleculeeththe Major Histocompatibility
Class (MHC) | molecule and cause them to undergo apoptoki them through the
perforin-granzyme pathway. (Lanzavecchia and Sallusto 200&¢nRg a third class of
effector CD4 T cells with proinflammatory properties, has been desdrwhich

develop under the influence of the cytokines IL-6 and IL+&8@roduce the cytokine IL-

17 which has been implicated in the development of autoine disease.



The immune system is necessarily under tight regulati@ll stages of an immune
response. The innate immune system, for examplegugated in its zymogenic
complement cascade through a number of complementtmtsibvhich work in an

analogous way to the anticoagulants in the coagulatiesada. In addition, many of the
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Figure 1.1

T cell ontogeny and T cell subsets. T cells proliferate in the inamew and move to the
thymus where they undergo a process of conditioning which results in nesgéiggon

of self reactive T cells.



immune system cell populations contain regulatory subBetsexample, natural killer
cells expressing no or dim CD56 tend to be regulatory réthercytotoxic (Fan, Yang
and Wu 2008). It is appropriate, therefore that the cell vbaordinates the adaptive

immune response, the helper T cell, receives tightlagguo.

1.2 Characterisation of the Regulatory T cell

The Regulatory T lymphocyte appears to play a promineatimalegulation of the
immune system. Although the existence of suppressoricehge immune system has
long been postulated, it was only in a recent study by Sakagual (2000) that a
method for further characterizing a population of putatagalatory T cells utilizing the
markers CD#(a co-receptor for the T cell receptor utilized imstiation) and high
expression of CD25 (the gamma chain of the IL2 recepi@3,described. Later, a
transcriptional factor was identified, the Forkhead B@xfactor or FoxP3 (a member of
the winged/helix transcription family) which appears ¢ockntral to the activation,
identification and function of the regulatory T cellgitj Nomura and Sakaguchi 2003,
Ramsdell and Ziegler 2003). This factor was first identifrethe Scurfy mouse. The
Scurfy mouse, analogous to humans with the IPEX synd(onmeune dysregulation,
polyendocrinopathy, enteropathy, X-linked syndrome) preseithsa disease complex of
uncontrolled lymphoproliferation, immune paresis and autaime phenomena, which is
generally fatal (Hori, Nomura and Sakaguchi 2003, Hori anddbeka 2004). Some of

the postulated mechanisms of action of this factor inahsd#irect effects on T cell



receptor signalling and its inhibition of other transcaptpathways like the nuclear

factor of activated T cells (NFAT) pathway.

Although FoxP3 has been described as best characterisifigethp@opulation, it has
limitations. FoxP3 measurement, by flow cytometry oRP€2quires permeabilisation of
the cell. In addition, studies have suggested that For3EGD25) may be upregulated
as a marker of activation on human T cells as disfrom mice (Morgan et al 2005)
albeit at lower levels than regulatory T cells andystemporarily (Allan et al 2007). This
has recently been disputed — the suggestion being that coecoftFoxP3+ and FoxP3-T
cells confounds data because the regulatory populatmrersvhelmed by the FoxP3-
population and that these cells which are FoxP3+ ex \awve klear suppressive
functions (Pillai et al 2008). Because of the controverssting regarding the
characterisation of regulatory T cells in humans,cgiate molecules are currently under
evaluation including Cytotoxic T lymphocyte associated fadt@C-TLA-4) and
Glucocorticoid-induced tumour necrosis factor-like receffiR) amongst others

(Wing et al 2008, Yong et al 2006).

1.3 Ontogeny of Regulatory T cells

CD4" CD25 thymocytes display full regulatory T cell activity — thmus hence
appears to be an important nidus for Treg developmenngpson and Powrie, 2004). In

addition, neonatal thymectomy is associated with adaimlinical picture to IPEX as a



result of Treg deficiency (Chatila 2005). The ability o&ds to undergo development

outside the thymus remains controversial (Bachet#h2205).

The development of this population appears to be strob8igdépendent as evidenced
by the expression of CD25 and further confirmed by the pratifee response of Tregs
following the administration of IL2 (Ahmadzadeh and Rus¥g 2006). Tregs have
previously been described as an anergic population, whiamatse to proliferate in the
absence of the IL-2 (Hori and Sakaguchi, 20@4)itro. Tregs could thus be a population
that develops in response to an interaction betweeh tiedl receptor and the MHC Il
antigen expressing self-antigens. Tregs cannot developami@nation-activating gene
(RAG) deficient mice (who lack a T-cell receptor) sugmesthat the T cell receptor is
vital for the development of this population of cellscMivith MHC Il expression

limited to the thymic cortical epithelium (K14pA mice) appear to be able to develop a
functional Treg population suggesting that MHCII interatoatside of the thymus plays
no major role in Treg maturation. Other studies have stggésat the thymic medullary
epithelium may also play a role (Maggi et al 2005). @ia& support a high-affinity
TCR-MHC interaction at avidities associated with deletTregs cells appear to be
subjected to positive selection in the thymus selectingraactive cells. They are also
subject to negative selection as the thymus selects agallssivhich are strongly
reactive to self-antigens (Hori and Sakaguchi, 2004, Ci200&). TCR variability in the
population is as marked as in CD@D25 T cells suggesting that the population does not
represent a recently activated set of lymphocytesgimg et al 2005, Bosco et al 2005)

An increased strength of the TCR signal is associatddanecreased suppressive



activity of Tregs Baecher-Allan, Wolf and Haflee005). Although the role of self-antigens
is probably paramount, it is certain that Tregs caageise pathogenic antigens (notably
L. major,an intracellular protozoan) through their T cell receptanvhether these
pathogens are merely cross-reacting with similaraeifyens or play a role in Treg

ontogeny is unclear (Hsieh et al 2004).

Studies in B7 deficient and CD28 deficient mice (NOD miedjich are unable to
present antigen effectively to T cells because of aaradesof co-stimulatory molecules,
showed a marked numerical decrease in the populatioreg§;Twhich suggested that
these stimulatory pathways are necessary in the gevelat of this population. These
mice were prone to the development of diabetes, whahreversed by Treg transfusion
(Salomon 2000). Nevertheless, the strength of the T@Rlsappears to have an inverse
relationship with the development of the Treg poputatigaecher-Allan, Viglietta and
Hafler 2005). Antibodies targeted at CD28 have strongly upregulatsgl groduction and
have shown some promise in the context of animal mazfedutoimmunity (Beyersdorf

et al 2005).

TGH3 appears to have a central role in the developmentegfsT which is now only
beginning to be elucidated. It upregulates the expressioox®f3(Fantini et al 2004, Le
et al 2005) and indirectly recruits the kB-and MAP kinase signalling pathways and in
some cases can attenuate the signalling pathwaystadtiva other molecules e.g.
lipopolysaccharides (LPS). Maintenance of the Treg @tjoul, as well as being

dependent on IL2, requires T@Ewhich appears to maintain the levels of FoxP3



peripherally and plays an important role in their depglent (Fantini et al 2004). Toll-
like Receptor proteins which play a crucial role in tingakte system appear to be
important in the development of Tregs (especially TLRB@gs appear to over-express
some toll-like receptors and the ligation of TLR5 hasb&@®wn to increase the

suppressive activity of the cells (Crellin et al 2005).

Although the Th1l response appears to be the primary (gngetigh the CD4T helper
cell), Tregs also appear to inhibit several other immbitamune responses. The Th2
response may be inhibited through a contact-dependent m&achaniperipheral B
lymphocytes— the Treg may directly inhibit B-cell saim&ypermutation and class-
switch (Lim et al 2005). Studies in mice that overexpFesd3 have also suggested that
the inhibition of the B lymphocytes may also be relatethe inability of CD4 cells

adequately to direct the antibody response in mice (Kesgzeet al 2003)

Tregs appear to affect other antigen-presenting cellsasiofonocytes/macrophages
that appear to downregulate their co-stimulatory maddecin response to Tregs and show
reduced secretion of proinflammatory cytokines (T&NEnd IL-6) in response to
stimulation with lipopolysaccharide (Taams et al 2005¢g$ralso maintain dendritic

cells in an inactive state in the absence of a |pogeilation of activated T cells or large

amounts of antigenic stimulation (Serra et al 2003).



1.4 Function of Regulatory T cells

Regulatory T cells appear to have multiple functios®ested both with the suppression
of the immune response and paradoxically with its adingin the interaction of Tregs
with H. pylori and Leishmania majanfection, these cells appear to play a role in a
memory response recruiting cells to the environment — psomand Powrie 2004). The
function of the Treg population could be characteriseal @sminant tolerance
mechanism — self-reactive T cells can become anergfieithymus owing to the absence
of a survival signal but Tregs actively destroy this poputatiSakaguchi 2000, Graca et

al 2005).

1.4.1 Putative cell-contact mediated mechanisms of suppression.

Stimulation of Treg#n vivoresulted in an increase in granularity and increasedngnd
of antibodies against granzyme but not granzyme B (@Graxs2004). Furthermore,
inhibitors of the perforin pathway (e.g. EGTA and coroaycin A) seem to limit the
cytotoxic capacity of Tregs (Grossman 2004). This argueshéatregs utilise a cell-
mediated cytotoxic process similar to that utilised byNbh&ural Killer Cell population of
the innate immune system. In addition, it has beewstbat Tregs express CD39, an
ATPase, which neutralises the proinflammatory ATP @alonflammatory responses
and generates adenosine which inhibits T effector ¢etlsigh a CAMP mediated
mechanism. This suppression results in decreased produttiof by effector T cells

(Bynoe and Viret 2008)



The role of CTLA-4 is uncertain. It has been suggestatdG@iLA-4, which binds
strongly to B7 molecules (more strongly than CD28)y nessult in competitive inhibition
— effector T cells can no longer access the co-sttay molecules (Sato et al 2005).
CTLA-4 also triggers the induction of indoleamine 2,3-dioxygenahich catalyses
tryptophan conversion into kinurenins, which are immunosggpre (Maggi et al 2005).
Recently, knockout studies in mice suggest that CTLA-4tfan is integral to the
function of Tregs but it is uncertain whether this ttaies to human Treg populations

(Wing et al 2008).

Tregs also appear to inhibit a Th2 response through a talgpendent mechanism on
peripheral B lymphocytes post-activation — this suppressgpears to be linked to an
immunoglobulin class switch (Lim et al 2005). Interegyn mice with a FoxP3 mutation
resulting in a gain of function failed to express an adegunamunoglobulin response
vivo and showed markedly disrupted splenic architecture yettiwidn of the isolated
B cellsin vitro appeared to be normal. This was probably related to alhdiig of the
CD4" T cells to secrete the necessary cytokines requored ¢lass switch to 1gG or IgE
(INF-y and IL4) and a failure to upregulate membrane ligands CD40 @68 C
((Kasprowicz et al 2003). Tregs also affect other antigesgmnting cells —
monocytes/macrophages downregulate their co-stimulatofgcules in response to
Tregs and show reduced secretion of proinflammatory cyeskinNFe and IL-6) in
response to stimulation with LPS (Taams 2004). Tregsnadgntain DCs in an inactive
state in the absence of a large population of CDTE4 CD25 T cells or large

amounts of antigenic stimulation (Serra et al 2003).
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The Glucocorticoid-induced TNF receptor-related protein (GIii&®) a controversial role
in the function of Tregs. Mouse studies suggest thgtrtheuction of GITR ligand
(GITR-L) by antigen presenting cells (by superantigerte.gureug results in the

downregulation of the Treg response (Cardona et al 2006).

A final marker, which is constitutively expressed on Treg§D137 (4-1BB) and
ligation to CD8 T cells may have a role to play in their suppressivigigctin 4-1BB
knock-out mice (a mouse model constitutively lacking CD1B@)vever, Treg function

appears not to be seriously compromised (Maerten et al 2005).

1.4.2 Cytokine secretion

A co-stimulatory pathway may involve secretion of cyteld — especially IL10, which is
a potent downregulator of the immune response. Thikiryas secreted by other
regulatory cells, including Th3 cells and Trl cells; but tiveeit plays a role in the
function of naturally occurring Tregs is uncertain.g€iva et al 2004). It was noted that
FoxP3-transduced cells produced more IL10 mRNA but the esasbn remains unclear
(O’'Garra 2005). Furthermore, Tregs appear to dowregulateetitetion of other
cytokines, particularly IFN-and TNFe (although possibly not in the early stages of the
suppressive response — Khazaie and Von Boehmer 2006). Theedolation of

cytokine expression occurs both with and without suppnessiproliferation of effector

11



T cells (Kelsen et al 2005). These are known functidiis-@0 further highlighting its

possible importance in Tregs.

1.5 The role of Tregs in human disease

A strong Treg response can be beneficial in some huiisaase and detrimental in

others.

Regulatory T cells play a fundamental role in the suggio@ of autoreactive T cells.
They appear to function both in draining lymph nodes (gitea to prevent the
activation of autoreactive cells) and in target orgahgyTmigrate to the target organs as
the disease progresses with eventual acquisition of imdhesrkers. The Tregs are
targeted at specific autoreactive cells — if there isanget effector T cell population
directed at a specific antigen (like the pancrgaiglet cells) then Tregs have no function
(Tonkin et al 2008). In the non-obese diabetic (NODuseomodel of diabetes, for
example, endocrine but not exocrine disease is haitggesting that the initial

stimulation of the Treg is vital for its eventual faino (Bluestone and Tang 2005).

Defects in FoxP3 have been discovered in multipleicumone diseases, suggesting that

a primary pathology in Treg function or absolute nuntbhay be playing a role in the

pathogenesis of the autoimmune disorders listed below.
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Studies on mouse colitis as a model for inflammatorydd@igsease demonstrate
mutations in the FoxP3 gene which appear to be respofmitgeor Treg function and

decreased numbers of Tregs in the inflamed mucosa (Ketls#2005)

The link between IPEX (the disease caused by congenital &sétie FoxP3 gene) and
both eczema and food allergies suggests that thesgiedlenay linked to primary Treg
defects that both these diseases individually may beerkto a primary Treg defect.
Atopic dermatitis has been linked to abnormal T celefiom in the presence of a
superantigen (Thompson et al 2004) and the use of cyclophosjehto treat contact
dermatitis resulted in a paradoxical increase in thdiogaowing to the effects on the
Tregs (Ikezawa et al 2005). Mucosal tolerance in micédoean linked to the

development of a specific set of Tregs for the antig@nkler et al 2006)

Experimental autoimmune encephalomyelitis (EAE) isrtimeise model for human
demyelinating multiple sclerosis (anti-myelin basic prgteStudies in EAE mice have
suggested that this disease is also related to poor Tretgpfuand therapies targeting
Treg proliferation rather than purely T cell depletipp@ar to hold promise for the
treatment of this disease in humans (Kelsen et al ZD@3lan et al 2006). These
therapies include the use of oestrogen which has beemgbhdvave a stimulatory effect
on FoxP3 and specific TCR peptides. Another novel theisapk-15-0195, which also
causes the Treg population to expand (Duplan et al 2006). Shadiesuggested that
Tregs may not be responsible for the primary remissidhe disease but that secondary

remissions do not occur in mice with EAE and ablated T{@&gstner et al 2006).
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The pathogenesis of Rheumatoid arthritis appears to bel liokibe inability of Tregs to
control the secretion of inflammatory cytokines by CD4cells. Thus, although the
absolute numbers of Tregs are normal in most subjéetslisease can be markedly
improved by adding a suppressor against cytokine secretionNiken. Higher numbers
of Tregs in joint fluid is linked to an improved prognosisineumatoid Arthritis (Chatila

2005).

Clinical improvement in asthmatics which is associatéd treatment with
glucocorticoids is associated with an increase in ILt@esion, FoxP3 mRNA levels and

with the upregulation of secretion of TgHKaragiannidis et al 2004, Till et al 2004)

Some of the disadvantageous effects of Tregs inclieegiopensity to facilitate
evasion of the immune system. Two primary pathologicatesses, namely malignancy
and infection, have been shown to utilise an expanded tegulacell population to
suppress specific cytotoxic responses. In tumours, agstelhmediated immune
response is associated with improved survival and a lessssggr phenotype. It is
therefore not surprising that many tumours specificallyramdspecifically activate
Tregs as a strategy for immune evasion. Higher le¥dlsegys have been found in many
haemopoietic malignancies. Non-Hodgkin’s Lymphomas appesgdrete chemotactic
factors for Tregs including CD122 so that there is a nilykelevated population
throughout the body (approximately 17% Tregs were found eéadex] nodes and 7% in

non-diseased nodes as opposed to the normal 2-5% - YdriZp86a Certain T cell
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leukaemias express a Treg phenotype, which may be linkedhtre aggressive course
although the exact functional significance in thedls cemains unknown (Chen et al
2006). Gastric and oesophageal carcinomas show an inceezsed the population of
Tregs compared with healthy donors; this correlated pebitwith increased stage of the
tumours and with the risk of tumour recurrence (Perroia¢ 2008). Higher levels of
FoxP3 mRNA expression correlate with a poorer prognogisarian cancer (Wolf et al
2005). Studies in mice have shown that certain tumourpa&ngreatic adenocarcinoma
can induce a regulatory phenotype in previously CER%P3~ CD4' cells. Any
immunomodulatory treatment, for example with dendagls focused at cancers (as is
being considered for melanoma), may have to be asstewtte immunosuppressive
therapy in order to eliminate pre-existing population @&gbr(Lopez et al 2005). An
example would be the administration of IL-2 which iscasated with massive

proliferation of the Treg population (Ahmadzadeh and Ro=@nb006)

Tregs also limit the response of the immune systemféctions. This can result in
infection persistence but may also prevent a neutigli®sponse with loss of antigen-
maintained memory (Gavin and Rudensky 2003, O’Garra 200&gishmania spp.
infections, it has been demonstrated that 50% oftvwved T cell populations are Tregs
with failure of the immune response to eradicate thieguen (Gavin and Rudensky
2003). Certain pathogens are associated with the inductiomzdture dendritic cells
(DCs), which favours the induction of a regulatory T pelbulation.Plasmodium
falciparumscavenges CD36, which prevents the maturation of DCs Byadd studies

have demonstrated that an expanded regulatory T cell pmypuiiassociated with faster
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rates of parasite growth (Good 2005, Walther et al 2005). Matated
lipoarabinomannans (immunogenic glycolipids) friimcobacterium sppalso inhibit
Treg maturation and the secretion of IL-12. Ebstein-Baus (EBV) expressing cells
which over-express the Notch ligand, Jagged-1, have beamgsbanduce the
development of a Treg population that suppresses funahd proliferation of effector

cells with possible effector function in transplantatipiigoroux et al 2003).

1.6 Mycobacterium tuberculosis: the immune response

The estimated prevalence of active infection Witycobacterium tuberculosia 2005
was approximately 14 million infected individuals, of whicl¥3,million cases were
based in Sub-Saharan Africa with 340 000 new cases i 3dnta alone in 2004
(World Health Organisation). Owing to the link betweendrgl HIV, the epidemic of

tuberculosis continues to escalate.
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In high prevalence settings, like Sub-Saharan Africa, nradiyiduals are infected with
Mycobacterium tuberculosidut not all develop active disease. The WHO Global
tuberculosis control - surveillance, planning, financing re(®005) indicates that 1.7
billion people are infected with TB worldwide. Latent tuhdosis is defined by a

positive skin induration to purified protein derivative in tihsence of signs or symptoms
or typical radiological changes (Jasmer et al, 2004gritduberculosis represents a
treatment dilemma. For this reason it is important fomdelistinguish active tuberculous

disease from asymptomatic infection and the corretstpsotection.

The host cell for the mycobacterium is the macrophbgerder to survive within the
phagosome, the bacterium must subvert the host immgtensyThe organism gains
access to the macrophage through the complement reGepthich prevents
proinflammatory activation of this cell (Houyen, Nguyamd Pieters 2006). One of the
key strategies utilized by the bacillus is inhibition ofidusof the phago-lysosome. The
mycobacterium appears to disrupt the essential signadogesce which enables fusion
of the early and late endosome - this includes the ts@ti@f substances which mimic
host signal transduction molecules, in particular pndteiase G (Walburger et al 2004)
and inhibition of calcium signaling by inhibition of the drection of sphingosine-1
phosphate (Thompson et al 2005). Mycobacteria also inhigxpression of proteins
with the FYVE domain (a specific zinc finger pattern)luating early endosome
autoantigen 1 (EAA-1) and hepatocyte growth-factor regulgtedine kinase substrate
(Gruenberg and Stenmark 2004) — these proteins are permississgoof 6f the phago-

lysosome. Other immunoevasive strategies include aesistagainst nitric oxide and its
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toxic intermediaries and prevention of antigen presemtdity attenuating the expression

of HLA class Il molecules (Chan and Flynn 2004).

One of the most important cell populations in the amf tuberculosis infection is the
CD4" T cell population — it is clear that an intact CDcell population correlates with a
better outcome as studies in patients with compromiskxzicell populations have
shown including those with HIV infection (North and J@@4, Kaufmann 2005).
Absent levels of Thl cytokines (interfergrand IL12) are associated with an inability to
control tuberculosis disease (Flynn et al 1993, Cooperl&oa, Cooper et al 1997).
This suggests that the regulatory T cell population mayilgdsave a pivotal role in
determining the outcome of the disease process by imgil@EtTB specific CDAT cell
response. Currently, the role of Tregs is uncertathempathogenesis of tuberculosis. A
small pilot study suggested that the numbers of Tregsiareaised in active tuberculosis
disease (Guyot-Revol et al 2006). These preliminary findiveye confirmed by further
studies (Hougardy et al 2007, Roberts et al 2007). These @llaiththe bacterium (in
addition to the mechanism described above) in immuasi@w. Further investigations
(Chen et al 2007) suggest that regulatory T cells, as defindekipyexpression of CD4,
CD25 and FoxP3 are increased in absolute number and frequeheyblood of patients
with active tuberculosis which compared with uninfectedtiols and patients with latent
tuberculosis. The effects of these cells appear toveesd including secretion of IL-10
and suppression of tuberculosis specific interfersecretion (Chen et al 2007). It seems

unclear as to the role of these cells in suppressianfadtion. Studies in mice that have
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had preferential depletion of the FoxP3-expressingCDeell population showed a log
reduction in the colony forming units Mycobacterium tuberculos{Scott-Browne et al
2007). In addition, adoptive transfer of FoxP3 expressing dDeklls into mice resulted
in suppression of a tuberculosis-specific effector CD4ell response (Kursar et al

2007).

Infection of a patient with HIV and active tuberculodisease further complicates studies
of immune regulation in South African populations. ksimated by the 2005 report by
UNAIDS that 60% of patients with tuberculosis infectame co-infected with the virus
(www.unaids.ordt HIV infection itself has been associated with riplgt effects on the
Treg population. Depletion of CD28ells from a PBMC population results in massive
upregulation of IFNy secretion by the remaining T cells suggesting that this|atxpuo,
even in HIV positive individuals, is directly responsiblide suppressing function of HIV
specific CD4 and CD8 T cells(Nixon Aandahl and Michaelssof005). This may be
beneficial in downregulating the immune activation whigdly be partially responsible
for CD4+ T cell apoptosis and depletion (Oswald-Richted 2004, Eggena et al 2005).
Nevertheless, because this subset expresses the ptera€€R5 and the CD4 molecule,
they are highly susceptible to infection and are also subteepithe cytotoxic effects
vitro (Chase et al 2007, Oswald-Richter et al 2004). In additiem, effect on HIV

pathogenesis vivo remains to be elucidated.
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2.0 Aim

2.1 Primary Aim

The primary aim of this study was to quantify the nundfélfrregs, expressing CD25 and
intracellular FoxP3 in patients with active tubercidppatients with HIV infection alone
or patients with HIV infection and active TB and to conepthese to healthy controls, in
order to determine whether this population of cells coulddmributing to the
pathogenesis of HIV infection or tuberculosis diseassuppressing the immune

response to these infections.

2.2 Secondary aims

The secondary aims of the study included elucidating theyabiliTregs to proliferate in
response to both antigen specific and non-specific sttmulin patients with infections
mentioned above. It has been suggested that only demradluced regulatory T cells
express FoxP3 and that these cells are anergic. palidints with depletion of CD4 T

cells would therefore be unable to regenerate theiraegyl T cell population.

This was compared with the ability of CDdand CD8 T cells which did not express
FoxP3 to secrete interferon gamma (IfN\and to proliferate in response to the same
stimulation in culture in order to demonstrate a gmesiegulatory phenotype in co-

culture in the absence of formal depletion studies.
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The study also aimed to explore the use of additionaksaiimmunophenotypic markers
of regulatory T cells including CTLA-4 and GITR and to conapidniem to FoxP3 in

order to evaluate their utility as possible surrogate marfeerthis population.
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3.0 Methods

3.1 Patient selection

Patients were sourced from the Johannesburg Hospitiakaw Primary Health Clinic
and the Alexandra Primary Health Care Clinics. Eaclepiagave full informed consent
and the study was approved by the Ethics Committee afnhersity of the
Witwatersrand (Ethics number M060313). Up to 60 ml of blood wésated from a
peripheral vein using the vacutainer system and anticoagu&uow citrate dextrose

(ACD) and Ethylenediamine tetra-acetic acid (EDTA3ljle 3.1)

HIV infected group

The patients with documented HIV infection (n=10) werersed from the Hillorow
Wellness Clinic and the Johannesburg Hospital (both theetraviral clinic and the
wards). The diagnosis had been made by the managing phgsisiag a Determine
HIV-1/2 rapid tests (Abbott Laboratories, USA) and conéichin the majority of patients
by a fourth generation ELISA (Abbott Laboratories, USF)e patients were
antiretroviral drug naive at time of enrolment and wertetaking anti-tuberculous
chemotherapy. They had no obvious clinical symptoms igmg sf active tuberculosis.
A small subpopulation (N=3) had bone marrow trephine bispsiech were negative

for the presence of TB granulomata.
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Active tuberculosis group

The patients with activislycobacterium tuberculosiafection (n=14) were diagnosed
microbiologically by the presence of acid-fast baaillthe sputum. These patients were
sourced primarily from the Johannesburg Hospital. Themiatigith HIV co-infection
(n=9) were anti-retroviral drug naive at enrolment. Tiagmbsis of HIV infection was
made in a similar manner to that described above. Nonp&igel taken more than 2 doses

of anti- tuberculous chemotherapy at the time ofectibn of the samples.

Uninfected group

The uninfected controls (n=10) were sourced from clinicatyl hospital and laboratory
staff. The samples were tested anonymously aftezatadh for HIV infection using the
Abbott determine HIV rapid test. No results of the testvere revealed to the

participants.

Table 3.1: Demographic characteristics of patient sub- populations

Patient group | Ethnic group (B=black, | Age group (1<20yrs,| Gender (M=male; | CD4 count
C=coloured, I=Indian, 2 =20-29yrs; 3=30- | F=female) (x10°/1)
W=white) 39yrs; 4=>40yrs)
Uninfected B 3 F 831
population
B 3 F 973
B 3 F 1503
B 1 M 671
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1231

694

950

1332

818

915

HIV infected

population

523

223

118

432

40

169

712

191

219

452

Active TB

1503
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population

743

859

494

801

HIV infected
population

with active TB

131

563

43

59

655

68

258
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3.2 Isolation of Peripheral Blood Mononuclear Cells (PBMCs)

Peripheral blood mononuclear cells were isolated bgradsrd Ficoll-Hypaque technique
(Amersham Biosciences, UK). The blood was centrifuge@280rpm for 15 minutes
using a Ficoll density gradient. The buffy coat was nesdoand washed twice with
HBSS (Hank's Balanced Saline Solution — Gibco, Scotlarnt.cells were then counted
using a Guava Viacount (Guava Technologies, Californiapraing to manufacturer’s
instructions. Those PBMCs which were not stained wittSERvere resuspended in
RPMI 1640 medium with added GlutaMAX and 25mM HEPES (Gibcogtl&nd),

supplemented with 10% human serum AB (HuAB) (Gemini Bioducts, USA) and

0.1% gentamycin (R10) at a concentration of 2 milliomst®l.

3.3 Cell cultures and stimulations

The PBMCs were cultured for 96 hours in 24 well round-bottates using appropriate
aseptic techniques. Approximately 2 million cells wereurelt in every well. The
culture medium utilized was RPMI 1640 with glutaMAX and 25ndEpes with 10%

HUAB.

Appropriate stimuli were added to each well. The followitignsli were added:

1. Anti-CD3 (0.1ug/ml) monoclonal antibody — positive control
2. Tetanus toxoid (2ug/ml) — an antigen to which most Soutlca#is have been

exposed in the form of vaccination

26



3. Purified protein derivative (0.01ug/ml — Statens Serum Institatonstruct of
peptides derived from mycobacterial species

4. Gag clade C peptide superpool (2ug/ml — NMI Peptides, Netherlanotides
of 15 amino acids in length derived from the p55 protein

5. Nef clade C peptide superpool (2ug/ml — NMI Peptides, Netlas)anpeptides
of 15 amino acids in length derived from the negative eg¢guy factor of HIV

clade C virus

An unstimulated culture was utilized as a negative obantr

A separate culture was established in tubes for inttdaettytokine staining for
interferony. An hour after the culture was established, 10ug of Brieféldvas added.
These samples were incubated with the above-mentgimadli and in the culture

medium overnight at a slight angle af&ih 5% CQ.

3.4 Intracellular cytokine staining for interferon-y

Intracellular cytokine staining was performed using a protadapted from BD

Biosciencelttp://www.bdbiosciences.com/pharmingen/protocols/Igliaar Cytoking

The samples were centrifuged in the culture tubes at 800ar 5 min. EDTA was then
added to the samples which were then incubated for 15t idark at room
temperature. Contaminating red blood cells were lysedapitinopriate FACS lysing
solution for 10 minutes and then samples were centrifugedeandpended. The cells

were then washed with 2ml of FACS wash buffer. Tdma@e was centrifuged and 0.5ml
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FACS Perm solution was added. The sample was inculateddrther 10 minutes in

the dark and then washed with FACS wash buffer.

The following antibody panel was utilized for staining usingaentrations established

during the project by formal antibody titration:

1. CD3 PerCP (15ul) — T cell receptor co-signalling chain

2. CD4 FITC (10ul) — co-receptor for the T cell receptor inelper cells, acting to
recruit downstream signalling molecules

3. CD8 PE (5ul) — co-receptor for the T cell receptor imotytic T cells, acting to
recruit downstream signalling molecules

4. IFN-y APC (5ul) — T helper 1 cytokine associated with a pro-nffetory response

3.5 Intracellular staining for FoxP3

The protocol utilized for FoxP3 staining was that recomradndy the manufacturer
(eBiosciences, UK). The samples were stained at 2gondgs i.e. after resting overnight
and at 96 hours. Briefly, samples rested overnigheveentrifuged within their tubes.
Those samples which had been cultured were harvested thy ggetting up and down
and then decanting into standard tubes. The samples wasieed with FACS wash
solution, centrifuged at 1800 rpm for 5 minutes and the superwvasardiscarded. 1ml of
Fix/Perm Solution (eBiosciences, UK) was then added lamdample was vortexed and

then incubated at°€ for 30 minutes. Samples were washed with wash bufidr a
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washed a further two times with 2 ml permeabilisatiorfdsufeBiosciences, UK) with

centrifugation and discard of supernatant after each.was

Antibodies were then added in the following panels:

1. Panel 1 — CD4 FITC and CD3 PerCP(BD Biosciences, USAxPB PE
(eBiosciences, UK) and GITR APC (R&D Systems, USA)

2. Panel 2 — CD4 FITC, CD3 PerCP and CD25 APC(BD Bioscierid8#,) and
FoxP3 PE (eBiosciences, UK)

3. Panel 3 — CTLA-4 FITC (R&D Systems, USA), CD3 APC, CD&r®P (BD

Biosciences, USA) and FoxP3 PE (eBiosciences, UK)

The samples were incubated for 30 minutes in the darkCat2ml of Permeabilisation
buffer were then added and the sample centrifuged. Tash wtep was repeated. The

sample was then resuspended in 200ul of cell fixative (4&fqranaldehyde in PBS).

3.6 Carboxyfluorescein succinimidyl ester (CFSE) staining

The samples to be stained for CFSE were harvestedcédllsewere placed in a 15ml
Falcon tube and wrapped in foil to avoid light contamerat2ml of CFSE was added
and the samples were incubated in the dark for 7 minlitesreaction was then stopped
by adding 4ml ice-cold Fetal Bovine Serum (Gibco, Scotlaftdg samples were then

washed twice with R10 to remove excess CFSE. PBMCes &idined with CFSE were
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transferred to a 15 ml falcon tube wrapped in foil. Addil markers were then added
including FoxP3 PE (eBioscience, UK) and CD3 APC and CDZP¢BD Biosciences,

USA).

3.7 Acquisition

Samples stained with CFSE were acquired solely on acaldtur LSR Il (BD
Biosciences, USA) utilizing FacsDiva acquisition softavélBD Biosciences, San Jose).
The IFNy and remaining FoxP3 panels were acquired both on the L&RIlbn the
FacsCalibur which utilizes CellQuest acquisition softw@&® Bioscience, San Jose).
Both the LSR Il and the FacsCalibur underwent daily catibn utilising Rainbow
Calibration Beads and FacsComp beads (BD Biosciebi®4) as advised by the
manufacturer. Separate samples were analysed as conmensatrols utilizing CD8
FITC, PE, PerCP and APC stained cells which were prépeith the samples.
Compensation was done digitally utilising the computer pragra FlowJo (Tree Star,
Stanford USA). A Propodium lodide control was analyseassess adequacy of cellular
permeabilisation. Monoclonal antibody controls wetiksed to exclude non-specific

binding of fluorescent antibodies.
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3.8 Analysis and Gating strategies

Analysis was accomplished utilizing FlowJo 6.4.2 softwate samples were analysed
utilizing the negative control to exclude non-specific bagdiln the case of the CFSE
analysis, the Mississippi Gating strategy (developed bk Mannors, of the NIH

Immune Regulatory Laboratory) was utilized to exclude tlesgce of dead cells.
CD4'T cells were identified initially by separating the lympiies on the basis of their
low intracellular complexity (low side scatter), dhsize (low forward scatter) and then
on the basis of their expression initially of CD3 arehticD4. Gates were established on

the unstimulated and negative (unstained) controls

3.9 Statistical Analysis

The data were analysed utilizing the following statistieats on the STATA statistical
programme (STATACORP 200STATA Statistical Software: releaseCbllege Station:
STATCORP LP):
1. Testing of the samples for normality and homoskedagtiequal variances)
using a Shapiro-Wilk (Shapiro and Wilk 1965)
2. A paired t-test for comparison of means
3. Sidak adjustment for multiple comparisons

4. Linear regression and pairwise correlation for thealdess of interest.
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4.0 Results

4.1 Ex vivo Regulatory T cell frequencies

An immediateex-vivoanalysis was performed on samples from all four patyesups to
analyse Treg frequencies. Although previous data (GuyotiReat2005, Chen et al
2007) has suggested that the frequencies of Tregs are incireastiénts with active
tuberculosis, these data show a reduced frequengivoin patients with confirmed
tuberculosis disease (p<0.006) compared with uninfected ¢mntro

FREQUENCY OF FOXP3 POSITIVE CELLS

Comparison by group at baselin
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Control HIV infected TB diseae HIV infected with TB

Figure 4.1

A comparison of Regulatory T cell frequencies ex vivo in the 4 grwitipso exogenous

stimulation (significantly increased in HIV infected individuals p<0.p01

The frequencies of Tre@x vivowere increased in patients with HIV (p<0.001)

compared with uninfected controls, in keeping with the preshodescribed
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immunoevasive strategy of the virus. There was a braxagerof Treg frequencies in the

group infected with HIV with active TB, but the overakduency was not significantly

different from the controlsHigures 4.1 and 4.2)

Uninfected control (a)

FoxP:
Expression 3
CD25/FoxP3 co-
expressing
population
(20.7%)
" CD2E Expressio
Individual with TB disease (
FoxP: CD25/FoxP3 co-
Expression -4 expressing
] population
(14.8%)
CD2E Expressio
HIV infected individual ¢)
FOXP:Z of Jue 8.19
Expression
CD25/FoxP3 co-
expressing
population
(8.19%)
CD2E Expressio
Figure 4.2

Comparison of FoxP3 expression (y axis) against CD25 expression in CD3+ TD

lymphocytes ex vivo in uninfected (a), TB disease (b) and Hidtadféc) individuals
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4.2 Alterations in Treg frequencies after culture

The samples were cultured for four days in order to asgksther these populations

were anergic in culture. In addition, if, as has begggested, FoxP3 merely represents
an activation marker, it would be likely that the celigpressing FoxP3 would undergo
apoptosis. There was indeed a significant decline ifréloggiency of CDAT cells
expressing FoxP3 after 4 days of culture in the HIV-inf¢atdividuals suggesting that
these cells may have undergone apoptosis although hkenmsaf apoptosis were utilised
to measure this directly. The frequencies with cultureaneed stable (compared with
frequencies immediatelx vivg in all other population groups suggesting that there was

no significant proliferation or apoptosis in the afxseof stimulation(Figure 4.3)

FREQUENCY OF FOXP3 POSITIVE CELLS
Comparison by group at day 4
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Figure 4.3
Frequencies of Tregs after 4 days of culture with no stimulatiosigmificant change

was noted in frequency except in the group infected with HIV only)
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Anti-CD3, which engages the T cell receptor signalling chaia potent T cell stimulant.
In most groups, stimulation with anti-CD3 resulte isignificant proliferative response
and a significant increase in the frequency of Tregened with frequenciesx vivo

The exception was the group of patients who were irdddt® and had active TB
disease who failed to show a proliferative responsa &véhis stimulant. Tetanus
(against which, many of the South African population Haa&n immunised), which was
used as a second positive control, failed to produce a smmifproliferative response in

any of the four population groupBigure 4.4)

FREQUENCY OF FOXP3 POSITIVE CELLS
Comparison by group on day 4 with anti-CD3 stimulation
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Figure 4.4
Comparison of the effect of anti-CD3 stimulation on Treg frequenayattays of
culture (significant differences compared with ex vivo for control pojumiaHIV

infected population and patients with TB disease p<0.01, p<0.006 and p<0.001

respectively)
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PPD (Staten Serum Institute, Denmark) is a tuberculousiprd¢rivative and was used
in all 4 groups to try to stimulate an antigen-spec#gponse, particularly in the groups
with active tuberculosis. There was, however, naicant response in any population
group. A single HIV positive patient showed a significeesponse to PPD stimulation at
day 4 (103% increase between PPD stimulation and no §oasitteugh the overall

effect on the class as a whole was not significBigiufe 4.5.

Unstimulated control HIV infected patient
FoxP3 ; FoxP3
expression | expression ;

<PE-A>: FoxP3

CD25 Expression CD25 Expression
Figure 4.5

Response to PPD stimulation at day four by Treg frequency in an Hitedfmdividual

compared with unstimulated control (12.7% versus 8.18%)

Two HIV peptide pools were utilised for stimulation — a Gagerpool composed of 70
peptides and a Nef superpool composed of 50 peptides (NMI ppiteh superpools
comprised peptides 15 amino acids in length, with an 11 aacidooverlap. Gag
proteins include the structural proteins of the viral coag$id, matrix, and nucleocapsid
proteins). Nef (negative replication factor) protein appéa be important in viral
replication and immunomodulation (Pennington et al 1997, Mowé al 2007, Schindler

et al 2007) although the extent to which the peptide supergteateethis function is
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FREQUENCY OF FOXP3 POSITIVE CELLS
Comparison at Day 4 with Gag stimulation
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Figure 4.6

A comparison of the effect of stimulation with Gag superpool on Teggéncy in the 4
patient populations after 4 days of culture— Gag stimulation resultedigndisant
increase in frequency in the HIV infected patients compared withtliee patient

populations (p<0.05)

FREQUENCY OF FOXP3 POSITIVE CELLS
Comparison by group at day 4 with Nef stimulation
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Figure 4.7

A comparison of the effect of stimulation with Nef superpool onfi@ggency in the 4
patient populations after 4 days of culture — Nef stimulation appeareztitae the
frequency of cells expressing FoxP3 in the uninfected controls butehd failed to

reach significance
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uncertain. Gag stimulation resulted in a significantaase in Tregs in the patients
infected with HIV alone (p<0.05Figure 4.9. A trend was noted in the uninfected
controls for a decrease in Treg frequencies comparecewifvofrequencies in response
to Nef stimulation but this failed to reach significatiEgure 4.7). No trend was noted

for a positive or a negative change in Treg frequenni@sy other population group.

4.3 Correlation of GITR, CTLA-4 and CD25 high expression as

markers of Tregs

Staining for FoxP3 necessitates permeabilisation of gehigh kills them) — this
makes it difficult to assess function in FoxP3 positigisc In addition, additional
markers which may be associated with suppressive funicéiem been described on
cells with a regulatory function. For this reasdris study assessed three markers
which have been associated with Tregs and correlatedkeipression with FoxP3.
Bright expression of CD25 has traditionally been usesl @grogate marker in cases
where the Treg population was needed intact. Thesealketd fo show a significant
correlation between CD25 and FoxP3 eithexxativoor after culture in any patient
population. Two other putative markers were also ass@sses study — CTLA-4
which is the regulatory ligand for B7 (a costimulatorylecule expressed by
professional antigen presenting cells) and GITR whiehgkicocorticoid induced

receptor. CTLA-4 blockade has previously been utilised to pr®mo
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proinflammatory response (for example in malignancyakéd et al 2005). Only
GITR showed a significant correlation with FoxP3 and/amithe uninfected control
group atex vivo(a trend was noted after 4 days of culture but thisddp reach
significance). GITR and CD25 expression levels corrdlatell at baseline and after
4 days of culture in the uninfected control group, but this med reproducible in the

other groups.Kigure 4.8 and Figure 4)9

4 10
107 3 E
E I PRTSE 0.44 1.44

FoxP3 FoxP3
expression expression

0.038

" CcD25 population

0.04
=004

GITR population

J1.32 0.53

FoxP3
expression |

CTLA population

Figure 4.8
A comparison of CD25 high staining, CTLA-4 staining and GITR staining in a
tuberculosis infected individual at ex vivo — the correlation amongse timarkers and

between these markers individually and FoxP3 was unreliable
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Figure 4. 9
Regression of CD25hi (a), CTLA-4 (b) and GITR (c) expression or3HaXEd to show
a statistically significant correlation with FoxP3 for any of the patigroups (p<0.22,

p<0.91, p<0.26 respectively)
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4.4 CFSE staining

CFSE is an intracellular dye which binds DNA and is sharmaong daughter cells in a
predictable manner allowing for assessment of cell praliion. It was utilised in this
study to assess the proliferative response of cells vexptessed FoxP3 and CD4 to the
exogenous stimuli and to assess whether these aelisargic in culture. As expected,
the positive control, anti-CD3, stimulated a strongifewdtive response in CDA cells
expressing FoxP3 and CDZ cells which did not express FoxP3 after 4 days in most
patients Figure 4.10. The exception was the cohort of patients with Hiféction and
active TB who showed a significant decrease in freqesrai CD4 T cells and no CD4
T cell proliferation in response to anti-CD3. This wasxpected and suggested that
strong stimulation in this population group may have tedugither in anergy or in
apoptosis in this T cell subset. The possibility theg may have been a result of the
toxicity of the CFSE dye was excluded — there was no tieduio T cell frequency when
these cells were exposed to the dye in the absera@igfD3 stimulation. It was noted,
however, that the presence of the dye itself redulte significant loss of Tregs in both

the healthy controls and HIV infected individuals.
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Figure 4.10

CFSE dye dilution showing significant proliferation of Clz4" FoxP3 cells in

response to anti-CD3 stimulation

Proliferation of the non-Treg CDA cells was also assessed to see whether there was a
response to stimuli. IFNsecretion by CD4FoxP3 T cells and CD8T cells was also

measured and compared with proliferation.

As expected, there was a significant proliferative respam CD4 T cells in all

populations to anti-CD3 stimulation (except in co-infectedjects as discussed above)
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which correlated well with IFXproduction by both CD4 and CD8 T cells. There was no
significant difference in proliferative response to otstenuli, although individual

patients did show responses to PPD and tetanus, whicHated with their ability to
upregulate production of IERN Gag and Nef produced weak proliferative responses and

expression of IFdwith some exceptions in individual patienEsgure 4.13.

Interestingly, the proportion of FoxP@D4" CFSElow T cells correlated positively with
capability of CD4 cells to express IFNand negatively with the ability of CD8 cells to

express IFN¢ when stimulated with Gag in uninfected individudg(re 4.13.

The ability of CD8 T cells to express IFNcorrelated negatively with the frequency of
cells expressing FoxP3 in HIV infected individuals in respdnsanti-CD3 (p<0.03).
FoxP3 expression in CDA cells correlated with the proliferative respons€bé” T

cells to Nef in HIV infected individuald=(gure 4.13.
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Figure 4.11:
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Anti-CD3 Stimulation

IFNy expression

Gag Stimulation

4353
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IFN-y expression

Interferon- gamma expression at day 1 by CD4sells in an individual with HIV and

active TB in response to no stimulation, anti-CD3, Gag superpool and Negasaper

(CD4" T cells on the y-axis and IFjNen x-axis). A significant response is shown to the

HIV specific peptides and to anti-CD3 by the non- CD4ells (defined by their

expression of CD3)
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LINEAR REGRESSION - IFNy EXPRESSION ON
FOXP3 EXPRESSION IN CD4+ T CELLS
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Figure 4.12
A regression of change in FoxP3 on change inylExpression in CD4+ T cells in

uninfected individuals with Gag stimulation showing a significant correlgj©.001)

LINEAR REGRESSION - CFSE MEASURED CD4" T
CELL PROLIFERATION ON FOXP3 IN HIV
~ 4 INFECTED INDIVIDUALS

-4 -2 0 2

Change in % CD4+ T cell expressing FoxP3 with N&h8lation
95 % CI R"2 = 0.802 Regression coefficient p<0.016
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Figure 4.13
A linear regression of change in CFSE low on change in FoxP3 irf Tdlls in HIV
infected individuals showing a significant correlation between prolifenséind Treg

frequencies with Nef stimulation after 4 days of culture (p<0.016)
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5.0 Discussion

5.1Ex vivo regulatory T cell frequencies are markedly lower in
patients with tuberculous disease than in normal contral and in

patients with HIV infection.

In contrast to recent findings suggesting that elevateg ffegquencies may be
responsible for the pathogenesis of symptomatic TB iofe¢Hougardy et al 2007,
Guyot-Revel et al 2006) , this study showed significamtiuced levels of Tregs as a
proportion of the CD3CD4’ T cells compared with uninfected controls. This may
suggest that symptomatic infection in the patient populatmaer investigation may be
related to a failure to suppress an overactive immusporese. Since the primary site of
infection of the tubercle bacillus is the macrophabis, possible that suppression of the
immune response by the bacterium is counterproductiks sarvival. Although Tregs
appear to be increased in frequency in HIV infected indiNsjuhlis effect is largely
ablated when these patients develop active TB diseaseeX vivoreduction in
frequency was maintained with culture in the patienth wiberculosis showing that the
proportion may be sustained with time. There wadiattrin the frequencies of Tregs in
HIV infected individuals with culture compared with frequiesex vivo This effect has
been previously described although it is uncertain whetierepresents effects of HIV

proteins or susceptibility of these cells to culture.
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5.2 Regulatory T cells are not anergic in culture

It has previously been suggested that naturally occurriegsTare anergic (Hori, 2004)
and that there is no response to stimulation in thpaijadion in the periphery. This is
important in patients who have lost a high number o#CDcells as is the case in
advanced HIV infection because it suggests that a furattibpmus will be required to
replenish the population. The stimulated Treg populdenerated in the periphery)
must therefore consist predominantly of IL-10 or T&ecreting cells. This study
showed significantly higher frequencies of CDHcells expressing FoxP3 with anti-CD3
stimulation. With CFSE dye dilution, it was cleartthias represents in part proliferation
to this stimulus. In addition, there was significantlifgoation of CD4 T cells

expressing FoxP3 to tetanus in the uninfected control group.

5.3 Neither GITR nor CTLA4 are reliable markers for assessent of

Tregs

CTLA-4 (Cytotoxic T-lymphocyte associated protein 4) hasrbassociated with Treg
populations (Ramsdell and Ziegler 2003, Thompson and Powrie 3@mon et al
2000). This molecule is postulated to have a suppressive faratemmplished by
binding to the B7 antigens on the antigen-presenting calis,ablating the co-
stimulatory pathways for T cell activation. Never#dss, its function in the Treg
population still remains controversial as monoclonabaulies directed against this
marker do not appear to impact the progression of autoimaigease in mice (in this

case NOD mice or non-obese diabetic mice — Salomah2©€00). In addition, it does not
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appear to inhibit CD4CD25hi T cellsuppressive function in humars’vivo or in vitro
culture,even though CTLA-4 polymorphisms have been associatechuithmmune

disorders in humans.

Glucocorticoid-induced tumour-necrosis factor receptotedlarotein or GITR has been
linked to the regulatory activities of Tregs (Hisaedd 2085, Cardona et al 2006). A
transfer of T cells, which are depleted for GITR, intearlacking a thymus results in
more aggressive autoimmunity than if only CD25 depleted[$ aed transferred into

these mice (Uraushihara et al 2003)

In this study, CTLA-4 and GITR were correlated with F8xdhd CD25high expression.
Both FoxP3 and CD25 have been used to define the regulatory fi@putamice and
humans, but certain authors have suggested that FoxP3enugydgulated in response to
activation (Morgan et al 2005). An attempt was made tcachanise these 2 markers,
with established regulatory functions, on the cell popariatin this study to attempt to
establish a regulatory phenotype in the absence oftdepstudies. Neither of these
markers correlated consistently with FoxP3 expressiahis study and could thus not be
considered useful as a surrogate marker of this populdtidinis study, both molecules
were assessed by flow cytometric analysis followirggrttanufacturer’s instructions for
the monoclonal antibody staining. Because CTLA-4 andPBaxere assessed by
intracellular staining, compensation was suboptimaltbedlata regarding this marker
were treated with reserve. It is possible that it wdn@lgoreferable to assess these

molecules by quantitative reverse transcriptase PCR.
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Other molecules are currently being explored as surfagkers for Tregs. Tregs express
the other 2 chains of the IL2 receptor, CD122 (IL2-R lobtan) and CD132 (IL2-R
gamma chain). In addition they express the interceladhesion molecule, LFA3 or
CD58. Recent studies have also demonstrated that downregwéthe IL-#% chain
(CD127) may have utility in characterizing this populatioargigan-O’Connor et al

2007).

5.4 Tregs can respond to specific stimuli

In HIV infected individuals, stimulation with an HIV sgéc peptide resulted in an
increase in the frequency of FoxP3-expressing cells aspafion of CD3 CD4 T cells.
This may represent apoptosis in the non-Treg populatiter than active proliferation
of the Gag specific Tregs. Gag specific proliferatios wat significantly different in the
HIV infected population compared with either unstimulatets @l with uninfected
individuals. It is also interesting to note that Ilgroduction in CD4 cells in uninfected
individuals stimulated with Gag correlated strongly wita frequency of cellex vivoin
individuals with active TB disease compared with uninféctentrols, no similar
response was noted in response to stimulation with RBIBh contains mycobacterial
antigens. It must be noted that the concentration Bf W&s suboptimal and that at

higher concentrations, a response might have beed.note
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5.5 CD4 T cell proliferation correlates with interferon-gamma

production in CD4" T cells

As expected, there was a significant correlation batv@ig4+ proliferation and IFN
production by CDAT cells in response to all stimuli in uninfected comstrél significant
correlation was not present in individuals with acfii for any stimulation apart from
with PPD. The response to HIV specific peptides withiN lhfected individuals with

and without active TB was broadly divergent from pdtterpatient. This probably
suggests that there is no clear uniform pattern and thagjer sample size will be needed

for greater clarification of the response.

5.6 HIV specific peptides exert an immunomodulatory rolen Tregs

with prolonged exposure

The frequency of CD4T cells expressing FoxP3 in uninfected controls coeelat
positively with the response of these cells byFR&cretion at day 1 in response to Gag
stimulation . In conjunction with the response ofscébm an HIV infected individual to
Gag at day 4, this suggests that this peptide may have #fuircselecting out CD4T

cells which respond to this HIV peptide.

There was a highly significant correlation between Boaioression after 4 days of
culture and CD4 T cell proliferation in HIV patientsresponse to Nef stimulation. There
was no significant proliferation of FoxP3 positive sall increase in the proportion of

cells which expressed FoxP3 in these individuals althdughst also be noted that there
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was a trend for Nef to reduce FoxP3 expression in ungdemintrols. These data
suggest that Nef may not influence FoxP3 expression gir@sthn immunosuppressive
strategy although Nef stimulation also resulted in ais@ant negative correlation
between IFN secretion by CD8+ T cells and the frequency of FoxP3 gellininfected
controls. Some of the previously described immunologitfatts of Nef expression
include CD4 molecule down-regulation and impaired thymocyaéf@ration in vivo
(Pennington et al 1997) and MHC class | and Il down-regula8chiQdler et al, 2007,
Noviello et al 2007) which are all associated with an atmabrmmunological synapse
formation. Polymorphisms in the Nef gene have beercadsd with differential
progression of HIV infection to AIDS (Walker et al 200These results were obtained
with a Nef peptide pool, rather than a complete Nefgancand it is unclear what effects

would be obtained with the full protein structure.
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6.0 Conclusion

Tregs have been described as a population of cells wigakate the adaptive immune
response. Clearly, these cells will be of vital impade in diseases which affect the
immune system as profoundly as HIV and tuberculosis Jtuidy contains preliminary
work using flow cytometric assays to assess the fregqueitiese cells in patients
affected with these two diseases and attempts to amgsieer questions regarding the

behaviour of this population in culture and under conditafr&imulation.

The data are subject to some important limitations. Allssample was investigated and
thus generalization of these results to the patient ptipnlas a whole not feasible and
requires confirmation in a larger study. In additiomtoaversy exists as to whether
FoxP3 is the best marker to characterise human regylatcells. Certain studies
(Morgan et al 2005, Allan et al 2007) suggest that effectotl3 may upregulate FoxP3
transiently in response to activation. It is unclebether the increased frequency of
FoxP3-expressing cells in HIV-infected patients in this stegyesent T cells which are
subject to chronic activation. Depletion studies using C@3solate regulatory T cells,
followed by co-culture with CD2%cells would have been useful to confirm that théscel
expressing FoxP3 in this study had regulatory properties. Taeddas, nevertheless,
support the findings of other groups that the Treg popul&iopregulated in HIV
infected individuals. As the data regarding the role efy§rin tuberculosis are more
controversial, the meaning of the reduced frequency of FexPressing cells in this

population of patients is uncertain. The data do showlagsimely, however, that this
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population is not anergia vitro and this may indicate that FoxP3 expressing Tregs can

be induced by specific stimuh vivo.

Studies of proliferation of antigen-specific T cellsldBNy production were performed
to assess the function of FoxP3 expressing cells on aglisrin culture — it has been
suggested that FoxP3 may be an activation marker (Motgdr2@05). These did not
show consistent results although some observatiohgling the significant negative
correlation between FoxP3 expression andylphduction by CD8+ T cells in response
to Nef stimulation suggest that there may have beereatduppressive function from
this population. Future studies using co-cultures of Tregs r@igea-specific cells from
HIV infected individuals and individuals with active tubeéasis may be of value,
particularly if it can be shown that Tregs can beaitadl and cultured. These data
guestion whether bright CD25 expression is a good surrogakemiar FoxP3 and it is
still unclear how these cells would best be separatadviable state. The data showing
the correlation of CD4 proliferation after 4 days ofterd with stimulation with Nef and
the frequency of FoxP3 positive cells at this time p@irnteresting and the role of Nef

in this population may be worth exploring further.

Future directions include mapping the pathways of the stitsjlase of other techniques
to demonstrate the upregulation of FoxP3 in the populatigpefitcular, reverse-
transcription PCR) and exploration of other markerghisfpopulation. In addition, a

longitudinal study to assess whether FoxP3 expressioalatas with clinical outcome
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may be of use in individuals with active tuberculosi$itV infection. It is possible that
Treg frequency may be an important clinical marker ogpgssion or response to

therapy but this will still need to be determined.
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APPENDIX

Statistical results for experimental data

Table 4.1:

Treg frequencies following stimulation compared with unstimulated cedlayad in all

four classes (ND= no statistical difference, I=increased compai#daentrol,

D=decreased compared with controls)

TB diseased Co-infected
Uninfected controls | subjects HIV infected subjects | subjects
Anti-CD3 (0.1ug/ml) | (p<0.011) | (p<0.006) | (p<0.001) ND (p<0.148)

PPD (0.0Zug/ml)

ND (p<0.138)

ND (p<0.154)

ND (p<0.123)

ND (p<0.194)

Tetanus toxoid (2 ug/ml)

ND (p<0.071)

ND (p<0.125)

ND (p<0.051)

ND (p<0.304)

Gag superpool (2ug/ml)

ND (p< 0.497)

ND (p<0.367)

| (p<0.05)

ND (p<0.406)

Nef superpool (2ug/ml)

ND (p<0.065)

ND (p<0.422)

ND (p<0.341)

ND (p<0.340)
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Table 4.2

CFSE measured proliferation of Tregs to stimulation compared with no atiotubn

day 4 (ND=no statistical difference, I=increased, D=decreased)

TB diseased HIV infected Co-infected
Uninfected controls | subjects subjects subjects
Anti-CD3 (0.1ug/ml) | (p<0.020) | (p<0.008) | (p<0.002) D(p<0.05)

PPD (0.0Zug/ml)

ND (p<0.194)

ND (p<0.184)

ND (p<0.098)

ND (p<0.278)

Tetanus toxoid (2 ug/ml)

ND (p<0.372)

ND (p<0.474)

ND (p<0.258)

ND (p<0.427)

Gag superpool (2ug/ml)

ND (p<0.310)

ND (p<0.269)

ND (p<0.356)

ND (p<0.400)

Nef superpool (2ug/ml)

ND (p<0.215)

ND (p<0.269)

ND (p<0.404)

ND (p<0.384)

Table 4.3

Comparison of CFSE measured regulatory T cell proliferation in T, &iid coinfected

subjects compared with uninfected controls (ND=no statistical differepesuppressed

with respect to controls, I=increased with respect to controls

TB diseased

subjects

HIV infected subjects

Co-infected subjects

Unstimulated

ND (p<0.261)

ND (p<0.156)

ND (p<0.352)

Anti-CD3 (0.1ug/ml)

ND (p<0.325)

ND (p<0.105)

S (p<0.012)

PPD (0.0Zug/ml)

ND (p<0.283)

ND (p<0.234)

ND (p<0.366)

Tetanus toxoid (2 ug/ml)

ND (p<0.357)

S (p<0.031)

ND (p<0.354)

Gag superpool (2ug/ml)

ND (p<0.232)

ND (p<0.251)

ND (p<0.372)

Nef superpool (2ug/ml)

ND (p<0.358)

ND (p<0.430)

ND (p<0.256)

56




Table 4.4

Correlation between COA cell proliferation and gamma interferon expression by

CD4'T cells
Uninfected HIV infected TB diseased Coinfected
controls subjects subjects subjects
Correlation Correlation Correlation Correlation
coefficient=0.767, | coefficient=0.451, | coefficient=-0.906, coefficient=-0.108,
Anti-CD3 (p<0.047) (p<0.671) p<0.622 (p<0.9987)
Correlation Correlation Correlation Correlation

PPD

coefficient=0.960,

(p<0.000)

coefficient=0.678,

(p<0.094)

coefficient=-0.999,

(p<0.035)

coefficient=-0.989,

(p<0.031)

Tetanus toxoid

Correlation
coefficient=0.929,

(p<0.003)

Correlation
coefficient=0.631,

(p<0.448)

Correlation
coefficient=-0.136,

p<0.999

Correlation
coefficient=-0.220,

(p<0.997)

Correlation

coefficient=0.892,

Correlation

coefficient=0.213,

Correlation

coefficient=0.650,

Correlation

coefficient=0.621,

Gag (p<0.042) (p<0.956) (p<0.909) (p<0.761)
Correlation Correlation Correlation Correlation
coefficient=0.965, | coefficient=0.405, | coefficient=0.993, coefficient=0.734,

Nef (p<0.001) (p<0.746) (p<0.07) (p<0.605)
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Table 4.5

Proliferation of FoxP3 CD4" T cells correlated with interferonproduction by CD8T

cells

coefficient=0.544,

coefficient=-0.854,

coefficient=-0.970,

TB infected
Uninfected controls HIV infected subjects | subjects Coinfected subjects
Correlation Correlation Correlation Correlation

coefficient=-0.982,

Anti-CD3 (p<0.342) (p<0.030) (p<0.365) (p<0.094)

PPD c=-0.178, p<0.956 c=-0.022, p<1.00 c=-0.985, p<0.460 c=-1, p<0.017
Tetanus c=0.284, p<0.874 c=-0.032, p<1.00 c=-0.414, p<0.980 c=-1, p<0.09

Gag c=-0.323, p<0.934 c=-0.393, p<0.825 ¢=0.972, p<0.386 c=-0.906, p<0.623
Nef c=-0.881, p<0.026 c=-0.484, p<0.700 c=-0.403, p<0.982 c=-0.403, p<0.982
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Table 4.6

FoxP3 frequency correlated against CFSE measured proliferation and secoéti

interferon gamma by CD4T cells

HIV infected TB infected
Uninfected controls individuals individuals Coinfected individuals
Anti-CD3 (2ug/ml)
FoxP3 frequency Correlation Correlation

compared with CD4

proliferation

coefficient t=0.68,

(p<0.872)

Correlation coefficient

=252, p<0.995

coefficient=-0.895,

(p<0.357)

Correlation coefficient=

-0.744, p<0.852

FoxP3 frequency
compared with Interferon

secretion

Correlation
coefficient =-0.259,

(p<0.1128)

Correlation coefficient

=0.252, (p<0.995)

Correlation coefficient

=-0.969, (p<0.404)

Correlation coefficient=-

0.529, p<0.852

PPD (0.01ug/ml)

FoxP3 frequency
compared with CD4

proliferation

Correlation
coefficient= 0.400,

(p<0.615)

Correlation

coefficient = 0.021,

(P=1)

Correlation
coefficient =-0.972,

(p<0.387)

Correlation coefficient

=-0.760, (p<0.834)

FoxP3 frequency
compared with Interferon

secretion

Correlation
coefficient =0.5,

(p<0.444)

Correlation

coefficient=0.021,

(P=1)

Correlation
coefficient =-0.185,

( p<0.998)

Correlation
coefficient=-0.784,

(p<0.519)

Tetanus toxoid (2ug/ml)

FoxP3 frequency
compared with CD4

proliferation

Correlation
coefficient =0.605,

(p<0.232)

Correlation
coefficient=0.500,

(p<0.671)

Correlation
coefficient=0.757,

(p<0.838)

Correlation coefficient

=0.124, (p<1)

FoxP3 frequency
compared with Interferon

secretion

Correlation
coefficient=0.59,

(p<0.260)

Correlation
coefficient =0.149,

(p<0.984)

Correlation
coefficient=0.537,

(p<0.988)

Correlation
coefficient=0.231,

(p<0.988)

Gag superpool (2ug/ml)
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FoxP3 frequency
compared with CD4

proliferation

Correlation
coefficient=0.576,

(p<0.298)

Correlation
coefficient=-0.256,

(p<0.947)

Correlation
coefficient=0.791,

(p<0.804)

Correlation
coefficient=-0.731,

(p<0.858)

FoxP3 frequency
compared with Interferon

secretion

Correlation
coefficient=0.921,

(p<0.001)

Correlation
coefficient=-0.173,

(p<0.98)

Correlation
coefficient=-0.186,

(p<0.99)

Correlation
coefficient=0.806,

(p<0.476)

Nef superpool (2ug/ml)

FoxP3 frequency
compared with CD4

proliferation

Correlation
coefficient=0.364,

(p<0.707)

Correlation
coefficient=0.896,

(p<0.046)

Correlation
coefficient=-0.473,

(p<0.969)

Correlation
coefficient=0.863,

(p<0.709)

FoxP3 frequency
compared with Interferon

secretion

Correlation
coefficient=0.421,

(p<0.594)

Correlation
coefficient =-0.274,

(p<0.910)

Correlation
coefficient=-0.981,

(p<0.329)

Correlation
coefficient=-0.151,

(p<0.997)
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