Therapeutic targeting of T cells in systemic sclerosis

Systemic sclerosis is an autoimmune disorder with an unknown cause. The cardinal features of the disease
are autoimmunity, vasculopathy, inflammation and fibrosis. There appears to be a link between
inflammation and inflammatory cells and the uncontrolled deposition of the extracellular matrix. In
particular, T cells appear to play a prominent role in disease initiation and propagation through the
secretion of a myriad of cytokines and growth factors. These T-cell-dependent products may drive the
proliferation and activation of resident fibroblasts, which ultimately leads to fibrosis. This review
summarizes the current literature of the role of T cells in systemic sclerosis and suggests that therapeutic
targeting of T cells is a promising new avenue.
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Systemic sclerosis (SSc) is a rare, debilitating
autoimmune disease of unknown origin charac-
terized by inflammation and excessive deposition
of extracellular matrix (ECM) components, par-
ticularly collagen [1-3]. SSc is prevalent worldwide,
primarily affecting females, and there is currently
no effective treatment [2,4,5]. Early activation of
the immune system is thought to be involved in
the pathogenesis, as reflected by the increased
level of cytokines in the serum of patients and the
infiltration of mononuclear cells in the dermis
of patients, which is thought to stimulate the
differentiation and proliferation of fibroblasts to
myofibroblasts [(6-8]. The increased expression
of myofibroblasts is a marker of SSc; these cells
express the protein aSMA, which increases the
contractile force of the cells, thus increasing the
deposition of ECM [9]. SSc patients can be clas-
sified into two subsets; limited and diffuse, each
distinguishable by the level of fibrosis and the
autoantibodies present in the serum of patients
(10,11]. Diffuse SSc has a rapid onset with fibrosis
occurring within the skin and in one or more
internal organs, whereas limited SSc is milder,
with fibrosis limited to the skin [11,12].

Despite the unknown etiology of SSc, sev-
eral inflammatory mediators have been identi-
fied in SSc patients [13]. Analysis of the blood of
patients has revealed the presence of autoanti-
bodies, including anticentromere and anti-topoi-
somerase antibodies, an increase in the level of
cytokines, including IL-1, IL-6 and IL-27, and
the presence of activated immune cells, includ-
ing macrophages, mast cells and T cells (Tase 1)
(14,15]. In addition, analysis of the inflammatory
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infiltrate in the affected tissue of SSc patients
shows the presence of activated T cells and the
increase in these cells correlates with the severity
of disease and symptoms including skin thicken-
ing. Furthermore, examination of the peripheral
blood of patients demonstrates a change in the
composition of the T-cell population, with pre-
dominance for Th2 cells and a change in the
phenotype of Tregs [16,17].

This review seeks to examine the role of
T cells in the pathogenesis of SSc by looking into
the origin of T cells and their role in the immune
response; the authors will then review the evi-
dence of an altered T-cell response in SSc patients
and the possible role of the products of T cells in
causing fibrosis. Finally, the authors will examine
the therapeutic potential of targeting T cells in
the treatment of this chronic disease, as there is
currently no therapy to modify disease.

Origin of T cells

In order to generate an appropriate immune
response against injury or infection an efficient
immune system must be developed. There are two
main branches of the immune system; the innate
and the adaptive immune systems. T cells are an
essential component of the adaptive immune sys-
tem [18]. T lymphocytes are bone marrow-derived
cells that mature in the thymus. The thymus is
composed of two separate regions, the cortex and
the medulla, which contain epithelial and mes-
enchymal tissue, providing the lymphocyte pro-
genitor cells with a microenvironment to develop
into a highly selective T-cell repertoire [18,19].
In order to ensure the development of specific
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are two distinct subsets of Tregs: natural regula-
tory cells (CD4*CD25*), which develop in the
thymus, and inducible Treg cells, which develop

Cytokine Role . the periphery after exposure to cognate anti-
IL-1 Increases fibrosis and fibroblast proliferation (6811 gen [30]. Treg cells usually express the transcrip-
IL-4 Increased in BALF of SSc patients [54-56] |  tion factor FoxP3; however, this is not a reliable
Shown to be profibrotic and antifibrotic marker for Treg cells as some FoxP3 cells are
IL-6 Increased in serum of SSc patients lo-62] | not Tregs [31]. Interestingly, it has recently been
Presence correlates with skin thickness score and internal shown that following exposure to IL-17, Tregs
organ fibrosis can differentiate into Th17 cells [30].
IL-13 Stimulate fibroblasts to produce ECMs (38,39]
. , . . . T cells in SSc
IL-17 IL-17 mRNA increases in SSc patients with lung fibrosis [69,70]

Evidence for the role of T cells in the pathogen-

May induce proliferation of fibroblasts
y P esis of SSc initially comes from the presence of

TNF-a Increased in SSc patients [6]

) o . the inflammatory infiltrate in the dermis, gas-
Presence correlates with skin thickening

tric mucosa and other affected tissue of patients

MCP-1 Chemoattractant 82)] " with SSc, which appears to drive fibrosis [1,32-
BALF: Bronchoalveolar lavage fluid; ECM: Extracellular matrix component; SSc: Systemic sclerosis.
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and nonself-reactive T cells, developing T cells
undergo positive and negative selection in the
thymus; this is termed ‘thymic education’ [18-20].
Upon infection or injury, T cells are recruited to
the site of inflammation and, due to signals in
the environment, it has been shown that CD4*
T cells further differentiate into subtypes. Ficure 1
demonstrates the T-cell subsets. Studies on the
differentiation of CD4* cells in mice first identi-
fied the Thl and Th2 subsets; these subsets can
be identified according to the transcription factor
that is activated and the cytokines that they pro-
duce [21,22]. Th1 cells develop in the presence of
IL-12, which induces the activation of STAT4 and
T-bet and the secretion of IFN-y [21-23]. Whereas
Thl cells are important in the immune response
against intracellular pathogens, Th2 cells develop
owing to the presence of IL-4 and the activation
of STAT6 and GATA-3, leading to the secre-
tion of IL-4, -5, -6 and -13, and are important
in helping B cells produce IgE and in clearing
helminth infections [1,212324]. The presence of
TGF-PB and IL-6 together in the inflammatory
milieu induces the expression of RoRyt and the
differentiation of naive CD4* cells to Th17 cells
124-26]. Th17 cells secrete IL-17, -6, 23 and TNF-
o, and express IL-23 receptor (R) on their surface
(24.26]. IL-23 helps promotes the survival of Th17
cells [24]; however, it has also been shown that
IL-23 can induce the expression of pathogenic
Th17 cells. IL-23 has been shown to be important
in the development of intestine inflammation and
inflammatory bowel disease [27].

CD4* T cells can also differentiate into Tregs,
which are essential in the prevention of autoim-
mune disease and the maintenance of self-toler-
ance [28,29]. It is now well established that there
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34]. Analysis of skin infiltrates shows that there
is an increase in CD3" cells in SSc patients [1].
Another study has shown that the infiltrate
contains a higher proportion of CD4* T cells,
implicating a role of these cells in causing fibrosis
of the skin [33). CD4* T cells have been associ-
ated with the pathogenesis of other autoimmune
diseases, including rheumatoid arthritis [35].
However, in these diseases there is a bias toward
a Thl response, whereas in SSc patients there
appears to be a bias toward a Th2 response, as
shown by the increase in Th2 cytokines, such as
IL-4, -6 and -13 in the serum, skin and lung of
bleomycin-treated mice (a mouse model of fibro-
sis) and in SSc patients [3.17.36-39]. Furthermore,
in radiation-induced fibrosis in rats, there is a
predominance of CD4* T cells at sites of fibro-
sis, which are mainly comprised of Th2 subset
40). The role of Th2 cells in inducing fibrosis is
controversial since a recent study has shown that
these cells block collagen production in healthy
dermal fibroblasts; however, it was also shown
that fibroblasts derived from SSc patients were
less susceptible to Th2 inhibition of collagen pro-
duction [41]. In addition, mice that genetically
lack CD28 on T cells, the molecule required for
full T-cell activation, have much reduced lung
fibrosis compared with wild-type mice after bleo-
mycin challenge. Importantly, adoptive transfer
of CD28* T cells from wild-type mice recov-
ered the blocked fibrosis in the CD28-deficient
mice [42].

There is also evidence of a change in the pro-
portion of Th17 and Treg cells in causing fibrosis
in SSc patients, although this evidence is some-
what controversial. Examination of the skin and
peripheral blood of SSc patients demonstrates an
increase in Th17 cells and a decrease in Tregs
[17.32.36,43-46]. Mathian ef /. demonstrated that
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Treg cells from SSc patients can inhibit anti-
CD3-induced T-cell proliferation, thus suggest-
ing that the immunosuppressive function of Treg
cells is preserved [32]. However, when examining
the total number of Treg cells in patients, it was
shown that there is a decrease in these cells and
FoxP3 expression compared with controls, and
this correlates with diagnosis of disease [32]. This
study also examines the levels of IL-17 and -22
in the serum of patients. Although there is no
change in the concentration of IL-17 in SSc
patients compared with controls, an increase in
IL-22 is observed [32]. This suggests a differen-
tiation of Treg cells to Thl17 cells, resulting in
fibroblast activation and, thus, fibrosis [32]. These
observations have been confirmed [45,47], with an
increase in CD4* cells observed but a decrease in
Treg cell numbers. However, several other stud-
ies have shown an increase or no change in Treg
numbers in the peripheral blood or skin of SSc
patients compared with healthy controls [48.49].
Epigenetic modification (inheritable changes
in gene expression that are not due to modifica-
tion of DNA sequences) of inflammatory genes
in T cells has been shown to have a role in the
pathogenesis of SSc [4.5.50]. Jiang e a/. have shown
a role for the epigenetic modification of the CD70
promoter TNESF7 [50]. CD70 is a costimulatory
molecule expressed by activated immune cells;

Naive CD4 cell
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its expression is tightly regulated by epigenetic
modifications of its promoter region. CD70
interacts with CD27 to induce plasma cell pro-
liferation and antibody production on B cells, it
enhances the survival of antigen-specific T cells,
and hence the interaction has a key role in the
inflammatory process (5,50]. It has been shown
that CD70 expression is increased in SSc patients
and bisulphite sequencing revealed that the over-
expression of CD70 on SSc T cells is due to the
hypomethylation of TNFSF7 promotor region
s0]. Epigenetic modification of the CD40 ligand
promoter region has also been observed in SSc
patients and has been suggested as a reason for
the predominance of SSc in females [4]. CD40
ligand is present on the X chromosome; in order
to prevent overexpression of proteins encoded on
the X chromosome in females, one chromosome
is silenced by epigenetic modifications, such as
DNA methylation [45]. It has also been shown
that in female SSc patients, there is an increase
in CD40 ligand compared with healthy female
controls, owing to the demethylation of the pro-
moter region on the X chromosome. Interest-
ingly, there was no change observed in the levels
of methylation between male SSc patients and
healthy male controls (4].

During infection or injury, leukocytes infil-
trate the affected tissue due to the presence of

IL-12 IL-4 TGF-B TGF-B
IL-6
IL-1
IL-23
Thi Th2 Th17 Treg
Transcription STAT4 STAT6 RoRyt FoxP3
factor activated T-bet GATA-3
Cytokine IFN-y IL-4 IL-17 IL-10
signature IL-5 TNF-a TGF-B
IL-13
Role in Intracellular Clearing helminth Proliferation and  Suppressing
immunity pathogen infections maturation of immune response
clearance Aiding B cells in neutrophils Preventing
IgE production autoimmunity

Figure 1. Following an antigen encounter, CD4* cells can differentiate into further subtypes

according to the cytokines present.
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adhesion molecules at the inflammatory site and
on the surface of lymphocytes. The importance
of the adhesion molecules L-selectin (expressed
on leukocytes) and ICAM-1 (expressed by endo-
thelial cells and fibroblasts) in causing fibrosis
has been demonstrated in a bleomycin mouse
model [3¢]. Yoshizaki et al. showed in ICAM-1
and L-selectin-knockout bleomycin mice that
ICAM-1 and L-selectin are essential for: T-cell
infileration to skin and the lungs; differentiation
of T-helper cells to their Th17 and Th2 subtypes;
and the increase in proinflammatory cytokine
expression, which is usually observed in the
bleomycin mouse model [36]. The cell-adhesion
molecule DNAX-1 (CD226) is increased in SSc
patients’ skin and in a majority of cells and, using
bleomycin DNAX’ mice, DNAX-1 has shown
to be involved in the development of dermal
thickness and T-cell infiltration into the skin [s1].

T-cell products that drive fibrosis

Clearly, the presence of these T cells at the site
of fibrosis in patients with SSc implicates a role
for the T-cell repertoire in the pathogenesis of
the disease. The distorted T-cell population is
reflected in the polarized cytokine milieu pres-
ent in SSc patients. The increase in Th2 and
Th17 cells, plus the apparently nonresponsive
Treg population, results in an increase in Th2
and Th17 cytokines including IL-4, -6, -13, -17
and TNF-a in the serum of SSc patients, which
may induce fibrosis, directly or indirectly.

IL-4 is a pleiotropic cytokine involved in
the differentiation of T cells that can induce
the expression of MHC class II molecules and
IgE secretion on B cells [52.53]. IL-4 signals via
its receptor, which consists of the II-4Rat chain,
that binds IL-4 with high affinity, and the y com-
mon chain, which contains the signaling domain.
Binding of IL-4 to IL-4R can result in activa-
tion of the Janus kinase (JAK) and the STAT
signaling cascades [52). It has been shown that
there is an increase in IL-4-producing T cells in
the bronchoalveolar lavage fluid of SSc patients
(s4]. However, the role of IL-4 in causing fibrosis
is controversial, since opposing studies suggest
either an antifibrotic or a profibrotic role for IL-4.
Izbicki et al. used an IL-4 knockout and IL-4
transgenic bleomycin mouse model to demon-
strate the effect that the presence or absence of
IL-4 has in causing fibrosis [ss]. In bleomycin-
treated IL-4"" mice, an increase in lung fibrosis
was observed, whereas in mice overexpressing
IL-4 lung fibrosis was decreased, suggesting an
antifibrotic function of IL-4 [s5]. Huaux et al.
demonstrated the pleiotropic characteristics of
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IL-4 using an IL-4" bleomycin-treated mouse
model and examining the extent of pulmonary
fibrosis [56]. In this model, an increase in lympho-
cytes was observed in the bronchoalveolar lavage
fluid but pulmonary fibrosis was decreased [s6].
However, Huaux et a/. also showed that stimula-
tion of pulmonary fibroblasts with IL-4 did not
induce proliferation of these cells [56]. In con-
trast to these observations, it has been shown that
stimulation of healthy dermal fibroblasts with
IL-4 results in an increase in collagen produc-
tion by these cells due to an activation of the ERK
pathway [57]. In addition, Postlethwaite et al.
demonstrated that stimulation of dermal fibro-
blasts with recombinant IL-4 induces collagen
production, which is inhibited by the addition of
IL-4 antibody [53]. Furthermore, use of the tight
skin model of SSc implicates a role for IL-4 in
causing dermal fibrosis [58,59]. In IL-4" tight skin
models, a decrease in skin fibrosis is observed [59].
Further to this, it was found that the stimulation
of tight skin dermal fibroblasts with IL-4 induced
collagen production, which was attenuated with
the addition of anti-IL-4 antibody [s].

IL-6 is another pleiotropic cytokine that is
increased in the serum of SSc patients [60-62].
IL-6 signaling requires the expression of two
receptors: IL-6R and gp130 [16]. IL-6R is only
expressed on hepatocytes, neutrophils, mono-
cytes and leukocytes, whereas gp130 is ubiqui-
tously expressed [63]. gpl130 is a critical shared
component of IL-6-related cytokine ligands. A
soluble form of the receptor (sIL-6R) also exists,
owing to the cleaving of IL-6R from activated
lymphocytes or hepatocytes by the enzyme
ADAM17 [16]. IL-6 signaling can occur via
classical signaling, in which two IL-6 molecules
bind two IL-6R chains, this in turn recruits
two gp130 molecules; or via trans-signaling, in
which two IL-6 molecules bind to two sIL-6R
molecules. This IL-6—sIL-6R complex then
binds to gp130, which contains the phosphory-
lation domains, resulting in signaling via the
JAK-STAT and RAS-MAPK pathways [16,61,63].
Thus, trans-signaling enables IL-6 to signal to
cells that do not usually express IL-6R. As previ-
ously stated, IL-6 is increased in the serum of
SSc patients and correlates with modified skin
thickness score and internal organ fibrosis in dif-
fuse SSc [60,62]. The same study demonstrated
that IL-6 induction of collagen production was
dependent on the JAK2-STAT3 signaling cas-
cades and that inhibiting these pathways attenu-
ates collagen production [60]. It has also been
shown that stimulated T cells from SSc patients,

incubated with TNF-a., produced higher levels
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of IL-6 and sIL-6R. These T cells also induced
an increase in collagen production by healthy
dermal fibroblasts, which can be inhibited
with the addition of anti-IL-6 antibody, thus
implicating trans-signaling in causing fibrosis
(6. Duncan et al. demonstrated that addition
of recombinant IL-6 to healthy dermal fibro-
blasts results in an increase in collagen produc-
tion, which can be inhibited by the addition of
an anti-IL-6 antibody [64]. A bleomycin mouse
model of fibrosis shows that there is an increase
in IL-6 in the serum and IL-6 mRNA in these
mice [37]. Treatment of bleomycin mice with
MRI16-1 (an anti-IL-6R antibody) results in a
decrease in dermal thickening, myofibroblast
proliferation and aSMA production [37]. In
addition, in an IL-6" bleomycin mouse model,
a decrease in dermal sclerosis and aSMA was
observed (Ficure 2) [37].

IL-13 is a 33 amino acid-long cytokine that
has similar properties to IL-4 and shares a
common receptor subunit [65]. IL-13 binds the
IL-13R and signals via JAK kinases to activate
STATG signaling (38.65.66]. IL-13 can stimulate
fibroblasts to increase ECM production; how-
ever, conflicting studies have suggested that
IL-13 stimulated fibrosis may be TGF-f depen-
dent or independent. Fichtner-Feigl ez /. demon-
strated that IL-13 and TNF-a induced TGF-3
production via IL-13Ra., which resulted in fibro-
sis [38]. However, Kaviratne ez a/. suggested that
liver fibrosis caused by IL-13 was independent
of TGF-B (39]. This study used IL-13"* mice and
showed a decrease in fibrosis of the liver after
infection with Schistosoma mansoni 39). Fuschio-
tti et al. implicated a role of CD8* T cells in the
production of IL-13, as CD8" IL-13-secreting
cells were found elevated in the skin of patients
with SSc [67]. Culturing these CD8* T cells with
fibroblasts resulted in an increase in ECM pro-
duction, which correlated with 1L-13 levels. In
addition, inhibition of IL-13 with an IL-13 anti-
body decreased the collagen mRNA production
by these cells [67]. Although CD8* T cells are best
known for their ability to lyse virally infected
cells, it is now known that they have a much
broader role in the immune system.

TNF-a is another pleiotropic cytokine
involved in the pathogenesis of SSc 6.68]. TNF-a
has two forms; a membrane-bound (mTNF-a)
form and a soluble (STNF-a) form. TNF-a. can
signal via two receptors. TNFRI is a ubiqui-
tously expressed receptor, which both sSTNF-a
and mTNF-a can bind to, whereas TNFR2
only binds mTNF-a and is only expressed by
immune cells. TNF-a is increased in patients
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Figure 2. In systemic sclerosis patients, there is a skewed T-cell repertoire,
with an increase in Th2 and Th17 cells observed. Cytokines, including IL-4, -6,
-13 and -17, are secreted by T cells and can interact with fibroblasts, resulting in
activation of the cell and its differentiation into a myofibroblast. This results in an
increase in extracellular matrix components disposition, resulting in the
characteristic fibrosis that is observed in systemic sclerosis patients. gp130 is the
common cytokine shared subunit for IL-6 and associates with IL-6R to form a
functional receptor complex. The box indicates downstream effects of T-cell

products in dermal fibroblasts.
R: Receptor.

with SSc and T cells from SSc patients have
increased expression of TNFR1 and 2 on their
surface and this correlates with skin thickening.
In addition, activation of these T cells prior to
stimulation of TNF-a increases IL-6 and 1L-13
secretion, resulting in an increase in collagen
production by dermal fibroblasts [6]. In addi-
tion, as previously stated, DNAX-1 has been
shown to be involved in the development of
dermal thickness and T-cell infiltration into the
skin. DNAX-1 knockout mice have decreased
TNF-a expression, which is thought to decrease
T-cell infiltration and dermal thickening [51].
IL-17 is a proinflammatory cytokine pro-
duced by Th17 cells that has been found to be
increased in the serum, bronchoalveolar lavage
fluid, skin lesions and lungs of patients with SSc
(17.44,69-71]. IL-17 expression correlates with inter-
stitial lung disease in SSc patients (17]. Kurasawa
et al. showed that IL-17 mRNA is increased in
SSc patients with lung fibrosis and when IL-17
is incubated with dermal fibroblasts from both
healthy controls and SSc patients, proliferation
of these cells is observed [69]. However, it was not
shown that IL-17 increases collagen production
by these cells. More recently it has been shown
that the presence of IL-17-expressing T cells and
mast cells, in SSc patients, colocalizes with areas
of myofibroblast proliferation [70]. However,
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Truchetet et al. also confirmed that IL-17 does
not induce collagen production, rather IL-17
seems to inhibit myofibroblast generation [70].

Therapeutic targeting of T cells

The increased presence of T cells in the affected
tissue of SSc patients and the increased levels of
Th2 cytokines in the serum of patients with SSc
suggests that that the targeting of T cells in the
treatment of SSc is a promising avenue in this
chronic disease. Targeting of T cells has been used
in the treatment of other inflammatory diseases.
First, alemtuzumab (Campath-1H; Genzyme,
MA, USA), a humanized antibody that targets
CD52 resulting in depletion of B and T cells, has
previously been used in the treatment of theuma-
toid arthritis (RA) patients refractory to standard
treatment. Administration of alemtuzumab to
RA patients resulted in improvements; however,
trials were cut short owing to therapy-induced
lymphopenia [72,73]. Importantly, a 12-year fol-
low-up of patients revealed no excess mortality
after treatment [73]. Indeed, a case report showed
that a patient with diffuse cutaneous SSc treated
with alemtuzumab had a rapid and sustained
improvement in skin fibrosis [74].

The administration of abatacept could also
be used in the treatment of SSc. Abatacept is a
soluble, fully humanized fusion protein com-
prised of the extracellular domain of human
CTLA4 and the Fc domain of IgGl. Its mecha-
nism of action involves competing with CD28
to bind to CD80/CD86. CD28 is required for
the full activation of T cells through binding of
CD80/86 on the antigen-presenting cell; this sig-
nal is called ‘costimulation’. Abatacept is licensed
for RA and may actually be most useful in early
undifferentiated RA, where the T cell is bind-
ing to its putative autoantigen presented by an
antigen-presenting cell in the joint.

An alternative approach may be to target
T-cell-derived cytokines, such as IL-13 and -6,
using targeted antibodies. Tocilizumab is an
anti-IL-6R monoclonal antibody that inhibits
IL-6 signaling. This antibody has been used to
treat patients with juvenile idiopathic arthritis
and RA to good effect [75,76]. A case report of two
patients with diffuse SSc who were administered
tocilizumab at 8 mg/kg for 6 months demon-
strated clinical improvement and a reduction
in skin thickness [76]. Thus, the blockade of
IL-6 signaling is a possible therapeutic option,
although a randomized clinical trial is necessary.

Autologous hematopoietic stem cell trans-
plantation is a promising new treatment in SSc.
During autologous hematopoietic stem cell
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transplantation, the patient’s CD34" cells are iso-
lated before their lymphocytes are depleted using
cyclophosphamide and antithymocyte globulin.
After depletion of lymphocytes, the patient’s stem
cells are transplanted, resulting in the repopula-
tion of the lymphocytes 77]. The mechanism may
be a restoration of the patients’ immune system
that is now ‘toleregenic’. Indeed, clinical data
suggest that autologous hematopoietic stem cell
transplantation is effective in improving patient
mortality, decreasing the skin thickness score and
improving pulmonary function [77-79]. Extra-
corporeal photochemotherapy (ECP) is another
possible therapeutic option in the treatment of SSc.
ECP uses apheresis to separate leukocytes from the
blood before treatment of leukocytes with psorlen
8-methoxypsoralan and ultraviolet light A. In the
presence of ultraviolet light A, 8-methoxypsoralan
crosslinks to DNA preventing the proliferation
of cells. The treated cells are then reinfused into
the patient. In patients with SSc, ECP treatment
has been shown to improve dermal thickness,
modified Rodman skin thickness score and joint
involvement. In addition, ECP treatment of SSc
resulted in a decrease in the number of Th17 cells
and an increase in Treg cell numbers [10,80,81].

Conclusion

SScis an autoimmune disease in which activated
T cells from the adaptive immune system play a
prominent role. Accumulating evidence points
toward T cells playing a role in the initiation and
progression of the disease. T cells, once activated,
produce a myriad of cytokines that either directly
or indirectly influences the deposition of ECM; a
hallmark of SSc. The therapeutic targeting of T
cells may hold promise as a future therapy of SSc,
as there are currently no treatments that modify
the disease outcome. However, it must be borne
in mind that any therapeutic depletion of T cells,
while beneficial to reduce the role of these cells
in driving the pathogenesis in SSc, may result
in greater risk of infection. The relative risk of
infection versus progression of disease must be
carefully considered.

Future perspective

Over the next 5-10 years, research will further
investigate the precise contribution of T cells to
SSc pathogenesis. The use of novel animal mod-
els that faithfully recapitulate the disease will aid
in investigations of the role of T cells and their
products and will help evaluate the use of agents
that specifically target T cells and/or their prod-
ucts. T-cell-targeted therapies may be useful in
other autoimmune diseases, not only SSc.
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Background
Systemic sclerosis (S5¢) is an autoimmune disease characterized by inflammation and fibrosis.
T cells are thought to contribute to disease initiation and progression.

Origin of T cells

T cells develop in the thymus, where they undergo positive and negative selection to produce a nonself-binding T-cell antigen receptor,
and emerge as naive, single, positive T cells.

After encountering antigen in the periphery and under the influence of the cytokine milieu present, CD4+ T cells can further
differentiate into subtypes, including Th1, Th2 and Th17.

T cells in SSc

T cells seem to be involved in the pathogenesis of SSc due to their infiltration to the affected skin in patients and the increased

concentration of T-cell cytokines in SSc patients.

There is an altered T-cell population in SSc patients, with an increased expression of Th2 and Th17 T cells and an altered phenotype in

Treg cells.

Epigenetic modification of the CD70 and CD40 ligand promoters is observed in SSc patients.
Adhesion molecules, including L-selectin, ICAM-1 and DNAX-1, are thought to be important in T-cell infiltration and differentiation into

the different T-cell subtypes.

T-cell products that drive fibrosis

Th2 and Th17 cytokines, including IL-4, -6, -13 and -17, appear to be important in driving fibrosis.

Therapeutic targeting of T cells

Therapeutic targeting of T cells and their products in the treatment of SSc is a promising avenue.
Administration of alemtuzumab, a humanized antibody to target CD52, to a patient with diffuse cutaneous SSc resulted in sustained

improvement in the skin.

Tocilizumab, an anti-IL-6 receptor monoclonal antibody, administered to two SSc patients, resulted in a reduction in skin thickness.
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