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Potential of targeting TGF-[3 for organ

transplant patients

TGF-B was originally considered as an immunoregulatory cytokine, but accumulating data demonstrate that it also
plays a critical role in development of effector immunity. Since TGF- 3 has a potent ability to alter immune responses,
modulation of the TGF-f3 pathway for treatment of transplantation patients could be effective if carried out in a
target selective manner. This review will focus on the role of TGF-f in T cell differentiation and discuss the prospect
of TGF-f as the therapeutic target of lung transplantation acceptance.

Solid-organ transplantation has undergone
significant progress in recent years [1]. This is
mainly due to the success of controlling short-
term graft rejection by immunosuppressive
drugs [2]. However, the drugs used to control
rejection have been essentially unchanged over
the past 20 years. Chronic rejection and the
complications of long-term exposure to phar-
macologic control of the alloimmune response,
continue to severely impact long-term survival.
The 10-year median survival of solid-organ
transplant patients is at best 60%, with some
organ specific survivals much less than 50%
(31. A key problem related to transplant failure
is caused by the immunosuppressive regimens.
Medications used for immunosuppression cur-
rently have multiple side effects such as toxicity
to kidneys and bone marrow, and have no effect
leading to the induction of tolerance. Therefore,
transplant recipients need to take the immuno-
suppressive therapy for life, which increases the
risk of opportunistic infections, cancer and dys-
function of other organs [4]. For example, these
medications often directly damage transplanted
organs and significantly increase cardiovascular
morbidity and mortality [5]. Moreover, immuno-
suppressive drugs have serious side effects,
including carcinogenesis (6]. Cyclosporine A,
a prototypic immunosuppressive drug, was
demonstrated to increase the risk of cancer due
to a TGF-B-dependent cell-intrinsic mecha-
nism [7]. TGF- is known to augment fibrosis
development and promote tumor cell invasive-
ness [8]. TGF-B transcription is increased with
cyclosporine, which raises a concern of cancer
recurrence or the emergence of post-transplant
lymphoproliferative disorders.

Furthermore, TGF- has been known to
act as a potent immune-regulatory cytokine,
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which blocks T cell activation [9]. It is consid-
ered as a potential target for more specific and
less toxic immunosuppression and control of
alloimmune responses over the long term. Yet,
recent studies have revealed that TGF-f also has
pro-inflammatory functions.

Clinically, there have been several observa-
tions that indicate that TGF-p is linked to the
failure/success of transplantation [10.11). For
instance, a TGF-f allele was reported to carry
a higher risk of renal dysfunctions among heart
transplant patients [10]. On the other hand,
expression of TGF-f and its receptor was signifi-
cantly higher in peripheral blood mononuclear
cells from transplant patients who maintained
graft function after the complete withdrawal of
immunosuppressive drugs [12]. Together, these
darta indicate the significance of TGF-f in both
positive and negative outcomes of transplanta-
tion. To understand the dichotomy of the effect
of TGF-P on the outcomes of transplantation,
this article will focus on the mechanism by
which TGF-f§ can modulate immune responses
and exploit the potential of TGF-J as the target

of immune-regulation in the future.

Current state of lung transplantation

Solid-organ transplantation is a definitive ther-
apy for end-stage disorders of various organs.
Among all the solid-organ transplantations,
despite advances in surgery and medical man-
agement over the past 20 years, the clinical
outcomes after lung transplantation remain far
below that of other solid-organ transplants [13].
The 5-year survival for lung transplantation is
45%, while the 5-year survival for heart trans-
plantation is 75%. As a primary part of the host
defense, the lung has a unique immunologic
environment. It must continuously respond
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to exposure to environmental factors such as
infectious agents and air contaminants. Lung
disease is the fourth leading cause of death in
the USA and a major cause of disability, short-
ened life expectancy, and social and economic
problems worldwide. Lung transplantation
is the only definitive therapy for end-stage
lung disease, and has therefore become the
accepted standard for relieving symptoms and
prolonging life.

Bronchiolitis obliterans (clinically called
bronchiolitis obliterans syndrome [BOS]) is
the major cause of allograft failure, affecting
at least 60% of recipients within 5 years of
transplant [14). The histopathology of BOS sug-
gests that both inflammation and response to
injury with epithelial and fibroblast prolifera-
tion precede small airway obliteration. Acute
rejection, primarily triggered by donor HLA
proteins, was suggested to predispose recipients
to BOS [15]; yet newer therapeutics that have
reduced the incidence of acute rejection have
not changed the incidence of BOS, suggesting
that acute rejection may not be the only high
risk factor.

Pharmacologic advances have reduced the
frequency of graft failures due to acute rejection
but have had no impact on the incidence of BOS
or 5 year survival rate. Rejection surveillance
after lung transplantation remains essentially
the same as it was 15 years ago. Chest x-ray,
spirometry and clinical impression remain the
first line tools in assessment. Transbronchial
biopsy with the inherent risks of bleeding and
pneumothorax, limitations of sampling, vari-
ability in quality of tissue obtained, as well as
interpretation by the pathologist, have lead to
continued debate over its value in diagnosing
rejection and risk benefit to the patient [16].

An emerging model explaining the mecha-
nism that underlies BOS is that peptide anti-
gens in the transplanted organ normally rec-
ognized as ‘self’, rather than allogeneic MHC
molecules, begin to provoke an autoimmune
response against the graft by the recipient
antigen-presenting cells (APCs), is presented
to the immune system as nonself by the recipi-
ent APCs [17-20]. In this model, transplantation
is considered as the trigger to provoke auto-
immunity against antigens that are normally
present in self-tissues. This being the current
state of clinical lung transplantation, it is criti-
cal to develop a novel method to promote toler-
ance through regulation of immune injury and
inflammation after lung transplant.

Fufure Med. Chem. (2013) 5(3)

Regulatory T cells & immune
regulation

To address these problems facing transplanta-
tion, various therapies are being explored that
may allow patients to retain a long-term func-
tioning allograft under no immunosuppression
(tolerance), or minimal immunosuppression.
The drugs used for immunosuppression have
many general toxic effects on all populations of
T cells regulating the immune response, and are
limited in their ability to produce a specific inde-
pendent effect. Other, more tailored, strategies
are clearly necessary.

A potential tool for the induction of tolerance
is the use of regulatory T cells, which have potent
long-lasting and antigen-specific immunosup-
pressive functions [21]. To date there are at least
three types of regulatory T cells (Tregs) known.
Two of them express the transcription factor
Foxp3 and are divided into thymus-derived and
periphery-derived Tregs. Another group of Tregs
produce IL-10 in response to stimulation but
does not express Foxp3.

Thymic-derived Foxp3+ Tregs are called
naturally arising regulatory T cells (nTregs)
and were originally defined as a group of cells
that prevent the onset of autoimmune disease
caused by thymectomy of new born mice [22].
Using surface antigens as a marker to identify
the cells that confer suppression effect among
CD4 T cells, Sakaguchi and colleagues discov-
ered that removal of CD4*CD25* T cells sig-
nificantly increased the prevalence and intensity
of autoimmune disease [23]. Conversely, adding
back these CD4*CD25* T cells prevented the
development of autoimmunity [24,:25]. Thus,
CD4*CD25* T cells were identified as a group of
cells that contain immune regulatory functions
and were termed Tregs.

Tregs are mostly CD4*CD25* and constitute
5-10% of peripheral T cells in normal mice
(26]. These T cells suppress cytokine produc-
tion (e.g., IL-2, IL-4, IEN-y) and proliferation
of antigen receptor-stimulated CD4 and CD8
T cells. Although their mode of suppression
is not clearly understood, Tregs require direct
interactions with the responding T cell/APC
complex. IL-2 is a critical growth/survival factor
for Tregs and may be required to maintain their
function [27]. At the same time, the presence of
exogenous IL-2 abrogates the suppressive prop-
erty of Tregs. Although the surface phenotype
of CD4*CD25* was originally used to isolate
these populations, it is not a definitive marker of
nTregs since activated effector T cells also express
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CD25. Currently, the most reliable marker that
distinguishes Tregs from other cells is a tran-
scriptional repressor Foxp3 [28-32]. Mutations of
the Foxp3 gene result in severe autoimmune dis-
orders both in humans and mice [33-36]. Foxp3 is
required for the production and maintenance of
Tregs, and the level of Foxp3 expression in effec-
tor cells is much lower than that in Tregs [37.
Accumulating evidence suggests that the
function of Tregs is not limited to the suppres-
sion of autoimmunity but that Tregs also play
significant roles toward nonself antigens such as
viruses [38]. Other studies documented that the
frequency of Tregs increase under tumor bear-
ing conditions [39], as well as during pregnancy
[40.41). Conversely, decrease of Tregs was reported
in cases of autoimmune disease such as multiple
sclerosis, Type I diabetes and rheumatoid arthri-
tis [42]. Collectively, the data indicate that the
balance between Tregs and non-Tregs may play
an important role in controlling the immune
responses against nonself antigens, tumor anti-
gens, as well as self-antigens. Manipulation of the
balance between regulatory and nonregulatory
T cells may be beneficial for tissue transplanta-
tion, and prevent anti-allogeneic and potential
self-antigen responses provoked by organ trans-
plantation. Indeed, an experimental system that
uses murine Tregs that are expanded by stimula-
tion by allogeneic APCs or self~APCs with allo-
geneic MHCs, successfully induce tolerance and
long-term acceptance of an allograft [43].

TGF-f & inducible Tregs

Foxp3+ Tregs generated in the periphery are
called inducible Tregs (iTregs). When naive
T cells are activated by the antigen in the pres-
ence of TGF-B and IL-2, naive CD4 T cells
differentiate into Foxp3+ Tregs in an antigen-
specific manner [44]. These cells have immuno-
suppressive functions comparable with nTregs
and share the same surface antigen phenotype.
Induction of iTregs can be enhanced by retinoic
acid, and CD103* dendritic cells from the intesti-
nal mucosa have been shown as a potent inducer
of iTregs [45].

Since iTregs are generated in the periphery in
response to antigen stimulation, their repertoire
can be controlled by ex vivo or in vive antigenic
stimulation. Most importantly for transplanta-
tion, iTregs can be generated toward allogeneic
antigens [46]. Induction of these iTregs against
transplanted organs can be an effective tool for
therapeutic applications in amelioration of graft
rejection.

fsg

future science group

Although these data indicate TGF-f plays
a significant role in the induction of Tregs
and immune suppression, now it is clear that
TGE-P also plays a role in the development of
the effector wing of adaptive immunity [47]. For
example, when IL-6 is present along with TGF-
B, naive CD4 T cells stimulated with antigen
preferentially differentiate into pro-inflamma-
tory effector T cells that produce IL-17 (Th17
cells). Other cytokines such as IL-13 and IL-23
are also known to enhance the development of
Th17 (48]. IL-17 is a cytokine that promotes the
recruitment and proliferation of neutrophils [49).
IL-17 also activates fibroblasts and endothelial
cells. Th17 cells are well known as a major caus-
ative cell subset for autoimmune disorders [50].
Importantly, Th17 cells develop in response to
organ transplantation and these cells are con-
sidered to be significant effector cells for tis-
sue rejection [51]. Thus, TGF-B can promote
the development of T cells that accelerate the
rejection process.

Recently, effector T cells that produce IL-9
were also found to be induced by TGF- [s2].
In this case, the presence of IL-4 was needed
for induction. IL-9 plays a critical role in IgE
induction, the recruitment and activation of
mast cells, the pathogenesis of asthma and other
allergic responses. It should be noted that IL-9
has been considered immunoregulatory against
transplanted organs via mast cells, which can
activate Tregs [53]. Moreover, IL-9 was implicated
in preventing fibrosis [s4]. Therefore, although
Th9 is another group of effector type T cells,
they might be helpful for transplantation.

Overall, these data demonstrate that TGEF-f3
plays a role of catalysis in decision making pro-
cess of naive T cell differentiation but does not
dictate the direction by itself. The differentia-
tion of naive T cells into iTregs, Th17 or ThY is
determined by the presence of certain cytokines
or molecules in the environment, such as IL-2 or
retinoic acid for iTregs, IL-6, IL-1 and/or IL-21
for Th17, and IL- 4 for Th9.

New function of TGF-J in survival

of Tregs against p53-induced
CD28-dependent T cell apoptosis

It is well established that antigen-activated
T cells undergo apoptosis after continuous
stimulation (termed activation-induced cell
death [AICD]) fs5]. In contrast, Tregs must sur-
vive continuous stimulation from their antigens
since a substantial number of Tregs are reactive
to self-antigens. Our recent studies revealed that,
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in addition to catalyzing differentiation of naive
T cells, TGF-f plays a critical role in the survival/
maintenance of Tregs against antigen-receptor
stimulation [56].

When primary T cells were stimulated by
anti-CD3 and anti-CD28 antibodies coated on
a solid flat surface, T cells underwent massive
apoptosis. However, Tregs were completely resis-
tant to the stimulation. As a consequence, after
2 weeks of ex vivo culture in the plates coated
with anti-CD3 and anti-CD28 antibodies,
T cells that survived and expanded in the culture
were predominantly constituted from Foxp3+
Tregs. These Tregs were functional both i vitro
and in vivo for their suppression.

This form of apoptosis is distinctive from clas-
sical AICD, which occurs after re-stimulation
of T cells in the presence of IL-2. While clas-
sical AICD is p53-independent and is blocked
by anti-CD28 stimulation, this new form of
T cell apoptosis required expression of p53.
CD28 stimulation was also required to induce
apoptosis. T cells that lacked p53 were com-
pletely resistant to the stimulation, underwent
robust expansion and outgrew Foxp3 Tregs.
Based on genetic evidence, this form of apop-
tosis was named p53-induced CD28-dependent
T cell apoptosis (PICA). Similar to plate-bound

Plate-bound
aCD3+0CD28

No TGF-B With TGF-B

+IL-4 +IL-6

Apoptosis

Figure1l. Effect of TGF-3 on p53-induced
CD28-dependent T cell apoptosis. When
naive CD4 T cells are stimulated by plate-
bound anti-CD3/anti-CD28 antibodies to
induce apoptosis, the presence of TGF-$
inhibits apoptosis. If IL-4 is present, naive
CDA4 T cells differentiate into Th9 cells,
while presence of IL.-6 promotes
development of Th17 cells.

Fufure Med. Chem. (2013) 5(3)

antibody simulation, continuous stimulation
from allogeneic dendritic cells led to cell death
of p53-sufficient primary Foxp3~ T cells. Yet,
p53-deficicent T cells resisted apoptosis and
continued to expand, suggesting that PICA can
occur 77 vivo in response to allogeneic stimuli
such as transplant-associated antigens.

Since Tregs are resistant to PICA and selec-
tively expand, PICA can be beneficial for the
induction of tolerance against transplanted
organs. To understand the mechanism by which
Tregs withstand PICA, we have determined the
molecular responses that underlie the PICA
resistance by Tregs. One of the known charac-
teristics of Tregs are their expression of TGF-f3
when activated by antigens. Indeed, TGF-f has
been implicated for the homeostasis of Tregs [57).
Thus, we examined if TGF-f plays any role in
PICA [s8]. When TGEF-f signaling was inhib-
ited in PICA inducing conditions, nTregs were
no longer resistant to PICA. Conversely, when
exogenous TGF-f (active form) was added to the
culture, effector T cells underwent robust expan-
sion instead of apoptosis. Thus, the data showed
that Tregs are resistant to PICA in a TGF-§-
dependent manner and that TGF-f3 can convert
PICA-inducing stimuli into effector T cell gen-
erating signal. Resistance to apoptosis by T cells
was associated with reduced expression of pro-
apoptotic molecules such as Bim and FoxO3a,
suggesting that TGF-3 suppresses apoptosis by
controlling the expression of these apoptosis
related genes.

A surprising outcome of the effect of TGF-f
was that a significant fraction of cells stimulated
with TGF-f differentiated into Th9 cells, instead
of Foxp3+ iTregs. Indeed, with PICA-inducing
conditions, the Foxp3+ Treg percentage did not
increase even in the presence of TGF-f and
IL-2. Moreover, the presence of IL-6 induced
expansion of Th17 cells. These data suggest that
TGEF-B signaling plays another role in control-
ling the numbers of conventional and regulatory
CD4* T cells during antigen stimulation. For
induction of Th9 and Th17 cells, anti-CD3 and
anti-CD28 antibodies were both coated on the
flat surface. When anti-CD28 was provided as a
soluble form, T cells differentiated into Foxp3+
iTregs. Therefore, 3D information of how CD28
is engaged appears to dictate the cell fate. The
data suggest that TGF-f promotes either regula-
tory or effector T cell responses depending on the
presence of cytokines and the way co-stimulation
is provided (Ficure 1). It should be noted that
though Tregs can activate TGF-f by themselves,
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mouse effector T cells do not. Therefore, for the
induction of effector cells, TGF- derived from
paracrine sources would play a critical role.

Currently, the molecular mechanism underly-
ing these phenomena is unknown. TGF-f may be
simply providing signaling required for the sur-
vival of T cells, and IL-4/IL-6 is providing dif-
ferentiation signaling for T ;9/Th17 respectively.
Alternatively, TGF-B might be providing signal-
ing required for the initiation/establishment of
differentiation.

Crosstalk of TGF-f3 signaling process
with other signaling pathways

Based on the complex effect of TGF-B on T cell
responses, it is essential to find the target that
is specific for one type of response, such as the
induction of Tregs or Th17.

TGEF-f exists in three isoforms (31, B2 and
B3) with TGF-B1 being most common in the
immune system. TGF-f is secreted in a complex
with LAP.

LAP is an inhibitory domain generated when
pro-TGF-B is processed intracellularly by prote-
olysis. LAP forms a noncovalent complex with
the active TGF-P [59]. When exported to the
extracellular environment, LAP-TGF-f complex
is tethered to the plasma membrane. LTBP1~4 is
a well-identified family of proteins that bind the
LAP/TGF-f complex and anchor the complex to
the plasma membrane by interactions with the
extra cellular matrix. Recently, glycoprotein A
repetitions predominant (GARP) has been iden-
tified as another molecule that plays a critical
role in membrane attachment of the TGF-B-LAP
complex on the cell surface of Tregs [60]. TGF-3
complex must be removed from LTBP to become
active. LTBP is degraded by a series of proteo-
lytic processes involving metalloproteases such
as astacin family members [61]. Precisely how
TGEF-B is activated and removed from GARP is
not understood. After removal of LTBPs, non-
covalent binding between LAP and TGF- is
replaced by proteins such as TSP1.

After activation, TGF-B binds its specific
receptors. There are three types of receptors for
TGEF-B, Type 1, 2 and 3. Type 2, expressed as
a homodimer on the cell surface [62]. TGF-f3
binding to Type 2 receptor induces heteromeric
complex of Type 1 and Type 2 receptors. Type 2
receptor has a constitutively active kinase domain
and association with Type 1 receptor leads to
phosphorylation and activation of the Type 1
receptor kinase domain. Activated Type 1 recep-
tor phosphorylates receptor regulated SMAD

future science group

TGF-B IL-2
ON
SMAD complex STAT5 FoxP3
TGF-B IL-6
SMAD complex
RORyt STAT3 IL-17
TGF-B IL-4
SMAD complex STAT6 IL-9

Figure 2. Transcriptional control of naive T cell differentiation by TGF-[3
and other cytokines. In naive CD4 T cells activated by antigens, TGF-B and

IL-2 promote the expression of Foxp3, an essential transcription factor for
iTregs development. When IL-6 is present along with TGF-B, pro-inflammatory
IL-17 production is induced via activation of RORyt and STAT3. The

combination of TGF-B with IL-4 leads to the expression of IL.-9 by SMAD

complex and STAT®6.

proteins SMAD2 and SMAD3. Phosphory-
lated SMAD proteins will heterodimerize with
co-SMAD (SMAD 4) and translocate into the
nucleus. SMAD heterodimers accumulate in the
nucleus due to a decrease in the rate of nuclear
export. The SMAD complex has DNA-binding
capability in concert with other transcription
factors. For example, an enhancer element in
the Foxp3 locus has been identified to interact
with SMAD3 and NFAT for the induction of
Foxp3 expression [63]. For IL-17 activation, it is
shown that TGF-f upregulates RORyt, a tran-
scription factor required for Th17 development,
which in turn promotes IL-17 expression along
with STAT 3 [64]. Similarly, STATG appears to
function cooperatively with the TGF-f} signaling
process to induce IL-9 (FiGure 2) [65.66].

Conclusion: application of TGF-f3

signal alterations

Given the evidence of the function of TGF-f in
immune regulation, modification of TGF-f3 and
its signaling process in transplant patients could
have various outcomes dependent on the state
of the patient (Fiure 3). Inhibition of TGF-8

could block the generation of pro-inflammatory
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Immunoregulatory Immunogenic
effect effect

ThO Th9
TGF-B
Tregs Th17

Figure 3. Summary of TGF-[3 effect on
CDA4 T cells. TGF-B has both
immunoregulatory and immunogenic effect
on CD4 T cells. In the regulatory wing,
TGF-B can directly suppress ThO activation
and block cytokine production while
promoting the development of inducible
Tregs. In the effector wing, TGF-B can
promote the differentiation of Th9 and
Th17 cells. For transplantation, it is essential
to develop the method to enhance the
immunoregulatory functions of TGF-B while
blocking immunogenic effect.

Treg: Regulatory T cell.

effector T cells (e.g., Th17) and promote PICA of
allo-reactive T cells. On the other hand, inhibi-
tion of TGF-f signaling could inhibit the genera-
tion of iTregs that can block antigraft rejection
and suppress potentially protective Th9 devel-
opment. Therefore, simple inhibition of the
TGF-P axis in a systemic manner is not an ideal
approach for the treatment of organ transplant
recipients.

These complexities are well depicted by animal
models. In experimental allergic encephalomyeli-
tis (EAE), an animal model for multiple sclerosis,
systemic administration of TGF-f inhibited the
onset of EAE but administration of antibody
against TGF-B caused worsening of disease
progression [67.68]. On the other hand, inhibition
of TGF-B signaling in T cells prevented Th17
cell generation and promoted resistance to EAE
[69]. Local, but not systemic, administration of
neutralizing TGF-f1 antibody inhibited Th17
cell generation. Moreover, deletion of the 7GF-
B1 gene in activated T cells protected mice from
EAE and blocked Th17 generation [70].

It is worth noting that, TGF- is a key fac-
tor of inducing fibrosis [71]. Mounting evidence
points the pathological role played by TGF-$3
in pulmonary fibrosis [72]. Overexpression of
TGF-B in the lung by adenoviral transduction
caused severe fibrosis in a rat model [73]. Trans-
genic mice that express active TGF- in airway

Fufure Med. Chem. (2013) 5(3)

cells suffered from peribronchial fibrosis with
extension to the adjacent lung parenchyma [74].
In a bleomycin-induced lung fibrosis model,
TGEF-B and IL-17 were indicated to operate
cooperatively in fibrosis [75].

Recently, regulatory B cells have emerged
as another regulatory component of immune
responses and have been extensively reviewed
by others [76,77]. One of the known functions
provided by regulatory B cells is the production
of TGF-, which helps maintenance and/or gen-
eration of Tregs [78,79]. How TGEF-f from B cells
affects in vivo T cell responses against trans-
plant is of a critical significance and needs to be
analyzed in the future.

Taken together, systemic administration of
activators or inhibitors of the TGF-f axis could
cause detrimental effect on transplant patients.
Instead, manipulation of the axis in a more
specific manner with temporal/spatial control
will be necessary. For example, to inhibit Th17
development, targeting the molecular processes
underlying the crosstalk between TGF-f and
other cytokines such as IL-6 would be much
more specific and effective. Similarly, to pro-
mote PICA and remove graft-reactive T cells,
it is necessary to inhibit TGF-f and induce
apoptosis of effector T cells. Our data demon-
strated that under PICA-inducing conditions,
the pro-apoptotic molecules FoxO3a and Bim
are suppressed by TGF-f. Hence, inhibition of
the specific pathway that connects TGF-f3 and
Bim/FoxO3a will help in maintaining T cells
susceptible to PICA and removing graft-reactive
effector T cells. It is now necessary to decipher
the mechanism by which TGF-f} induces these
diversified biological processes. After delineation
of the signal crosstalk between TGF-f and other
cytokines/co-stimulators, pharmacological inhi-
bition/activation of the target will become fea-
sible. For example, TGF-f is known to suppress
FoxO3a via interactions with the PI3-K path-
way [80]. Would such inhibition also take place
in T cells during PICA? Inhibition of the process
could render graftreactive T cells susceptible to
PICA. Moreover, TGF-§ was shown to induce
expression of RORYT but also inhibits its func-
tion [64]. What will be effective in maintaining

the inhibitory effect of TGF-f3 on RORyT?

Future perspective

It is thought that TGF-B could act as a poten-
tial target for immune modulation of transplant
recipients. Yet, because of TGF-f’s multifaced
functions, it is essential to determine how each

future science group
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specific biological process is induced by TGF-f3
signaling. Such information will provide critical
molecular interactions that can dictate the cel-
lular responses that lead to immune suppression
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Executive summary

= The long-term survival rate of some transplanted organs (e.g., lung) is very poor.

= Current immunosuppressive drugs are not effective enough for the long-term success of transplantation.

Regulatory T cells (Tregs) are potent inducers of immunological tolerance and are effective in achieving long-term acceptance of allograft

in animal models.

Two types of regulatory T cells exist: thymus-derived (natural Tregs) and peripheral-derived (inducible Tregs).
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TGF-B plays a critical role in the generation of inducible Tregs in the periphery.
Under different conditions, TGF-B induces effector T cell (Th9/Th17) differentiation.

TGF-B converts the signal that provokes p53-dependent apoptosis into the effector T cell (Th9/Th17) differentiation signals.
TGF-B downstream signaling crosstalks with other signaling pathways such as cytokine receptors (IL-6R, IL-4R) and induces distinctive

cellular responses.
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