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Cytotoxic T lymphocyte antigen-4 (CTLA-4) is an immune
checkpoint molecule that is mainly expressed on activated T
cells and regulatory T (Treg) cells that inhibits T-cell activation
and regulates immune homeostasis. Due to the crucial
functions of CTLA-4 in T-cell biology, CTLA-4-targeted
immunotherapies have been developed for autoimmune
disease as well as cancers. CTLA-4 is known to compete
with CD28 to interact with B7, but some studies have
revealed that its downstream signaling is independent of
its ligand interaction. As a signaling domain of CTLA-4,
the tyrosine motif plays a role in inhibiting T-cell activation.
Recently, the lysine motif has been shown to be required for
the function of Treg cells, emphasizing the importance of
CTLA-4 signaling. In this review, we summarize the current
understanding of CTLA-4 biology and molecular signaling
events and discuss strategies to target CTLA-4 signaling for
immune modulation and disease therapy.
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INTRODUCTION

Cytotoxic T lymphocyte antigen-4 (CTLA-4, CD152) is a 25
kDa molecule composed of a leader peptide, a ligand binding
domain, a transmembrane domain, and a cytoplasmic do-
main. Three isoforms are generated through gene splicing in
humans: full-length CTLA-4, soluble CTLA-4, and exon 1 and
exon 4 forms (Ling et al., 1999; Valk et al., 2008). In mice, li-
gand-independent CTLA-4 is also present with three isoforms
(Ueda et al., 2003). CTLA-4 negatively regulates T-cell acti-
vation and plays an important role in the suppressive func-
tion of regulatory T (Treg) cells (Krummel and Allison, 1995;
Walunas et al., 1994; Wing et al., 2008). T cells are activated
by T-cell receptor (TCR) signaling through antigen recognition
and costimulatory signals such as CD28, which interacts with
CD80 (B7.1) and CD86 (B7.2) expressed on antigen-present-
ing cells (APCs) (Linsley et al., 1990; 1991). CTLA-4 expressed
on the plasma membrane of T cells has higher binding avidity
to B7 molecules than CD28; thus, it competes with CD28 to
regulate costimulation and induce anergy (Fig. 1A) (Linsley et
al., 1994). In addition, CTLA-4 is constitutively expressed on
Treg cells to sustain their suppressive functions and inhibits
other T cells by interacting with B7 molecules (Read et al.,
2000; Takahashi et al., 2000). As the functions of the extra-
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Fig. 1. The role of CTLA-4 in regulating T-cell activation and Treg-cell function. (A) CTLA-4 interacts with CD80/86 on APCs to compete
for ligands with CD28. CTLA-4 has a higher binding affinity for CD80/86 than CD28, thus blocking interaction with CD28. (B) CTLA-
4 on Treg cells binds to CD80/86 on APCs, blocking costimulatory signaling in conventional T cells and depleting CD80/86 by trans-
endocytosis. Therefore, CD28 of conventional T cells cannot interact with CD80/86, resulting in decreased T-cell activation. In addition,
CTLA-4 induces IDO from APCs, leading to T cell inhibition. (C) CTLA-4 interacts with PP2A, SHP-2, and PI3K to transduce downstream
signaling that inhibits TCR signaling to reduce T-cell activation. (D) CTLA-4 interacts with PKC-n to increase the nuclear localization of
SMAD?2/3, leading to FOXP3 expression. CTLA-4 in Treg cells also binds to PKC-n and recruits the GIT2, PIX, and PAK2 complex to deplete
CD80/86. Tconv, conventional T cell; MHCII, major histocompatibility complex; IDO, indoleamine 2,3-dioxygenase; ZAP70, zeta chain
associated protein kinase 70; ERK, extracellular signal-regulated kinase; ctCTLA-4, cytoplasmic domain of CTLA-4; TGF-B, transforming
growth factor-g; GIT2, G protein-coupled receptor kinaseinteracting protein 2; PIX, PAKinteracting exchange factor; PAK2, p21 activated

kinase. Diagram created with BioRender (https://biorender.com/).

cellular domain of CTLA-4 have been elucidated, CTLA-4-im-
munoglobulin (CTLA-4-lg) and anti-CTLA-4 antibodies that
target CTLA-4 and B7 molecular interactions have been de-
veloped. However, while CTLA-4 has been intensively studied
and is well understood as an important immunoregulatory
molecule, CTLA-4 signaling has not received much atten-
tion. This review investigates the role of CTLA-4, its signaling
mechanism, and therapeutic strategies targeting CTLA-4 sig-
naling.

HISTORY OF CTLA-4 BIOLOGY

The CTLA-4 gene sequence was discovered in 1987 and is
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present on chromosome 1 in mice and chromosome 2 in
humans (Fig. 2) (Brunet et al., 1987). CTLA-4 is expressed
on the cell surface when T cells are activated and can regu-
late T-cell proliferation (Krummel and Allison, 1995). CTLA-
4 is transiently expressed and recycled, and most CTLA-4 is
present in intracellular vesicles (Linsley et al., 1996). Mem-
brane-expressed CTLA-4 undergoes clathrin-mediated endo-
cytosis for recirculation (Qureshi et al., 2012).

The importance of the immunomodulatory role of CTLA-4
has been highlighted by Ctla-4 knockout (KO) studies. T cells
in Ctla-4 KO mice show increased proliferation and expres-
sion of activation markers such as CD25 and CD44 compared
to wild-type (WT) T cells (Waterhouse et al., 1995), and Ctla-
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Fig. 2. History of CTLA-4 biology. A historical overview of the understanding of CTLA-4 biology from 1987 to 2021 is provided.
ctCTLA-4, Cytoplasmic domain of CTLA-4; GC B, germinal center B cells; Treg cells, regulatory T cells. Diagram created with BioRender

(https://biorender.com/).

4 KO mice die at 3-4 weeks (Khattri et al., 1999). The prolif-
eration of CD4" T cells in Ctla-4 KO mice is suppressed by CT-
LA-4-lg treatment (Chambers et al., 1997). Ctla-4 KO T cells
develop more Th2 cells after CD3/CD28 stimulation than WT
T cells, and CTLA-4-Ig treatment improves the mouse survival
rate by reducing T-cell activation and proliferation (Khattri
et al,, 1999). In humans, patients with autosomal dominant
immune dysregulation syndrome have a mutation in exon 1
of CTLA-4 (Schubert et al., 2014). Thus, CTLA-4 is critical for
regulating T-cell activation and maintaining immune homeo-
stasis in both mice and humans. However, adult mice with
induced depletion of CTLA-4 show a protection against ex-
perimental autoimmune encephalomyelitis (EAE) progression
and expansion of Treg cells, indicating that CTLA-4 may have
different functions in developing T cells and peripheral T cells
(Klocke et al., 2016; Paterson et al., 2015).

As described above, CTLA-4 is constitutively expressed
in Treg cells and plays an important role in the suppressive
function of Treg cells (Read et al., 2000; Takahashi et al.,
2000). Treatment with anti-CTLA-4 antibody (Ab) in severe
combined immunodeficiency (SCID) mice transplanted with
CD45RB" cells and CD25* Treg cells showed exacerbation
of diseases that would be inhibited by Treg cells, indicating
that CTLA-4 is important for the suppressive function of Treg
cells in vivo (Read et al., 2000; 2006; Takahashi et al., 2000).
Regarding the mechanism of CTLA-4 in Treg cells, CTLA-4 de-
pletes CD80/86 on dendritic cells via trans-endocytosis, there-
by reducing CD28 signaling in T cells and regulating T-cell
activation (Fig. 1B) (Qureshi et al., 2011). CTLA-4 expressed

on Treg cells also induces indoleamine 2,3-dioxygenase (IDO)
from APCs, which catabolizes tryptophan and depletes the
tryptophan depletion required for T-cell proliferation (Falla-
rino et al., 2003). In addition, Foxp3-specific Ctla-4 KO mice
show splenomegaly with increased serum antibodies, and
the inhibitory effect of Treg cells on APC CD80/86 depletion
was decreased (Wing et al., 2008). Similar to these results,
in patients with exon 1 mutations in CTLA-4, Treg cells have
a reduced CD80 trans-endocytosis (Schubert et al., 2014).
Therefore, CTLA-4 is highly expressed in Treg cells and is im-
portant for the suppressive function of these cells.

CTLA-4 has been reported to affect T-cell differentiation as
well as conventional T-cell activation and suppressive func-
tions of Treg cells. Mass cytometry analysis of T cells from WT
mice and Ctla-4 KO mice confirmed that noncanonical CD4"
T cells were increased in Ctla-4 KO T cells, demonstrating
that CTLA-4 regulates T-cell differentiation (Wei et al., 2019).
As one of the mechanisms by which CTLA-4 regulates T-cell
differentiation, it has been suggested that CTLA-4 engage-
ment induces protein phosphorylation involved T-cell differ-
entiation and mediates post-translational modification (Kim
etal, 2021b; Lingel et al., 2017). There are also reports that
CTLA-4 can regulate the response of follicular helper T (Tfh)
cells, follicular regulatory T (Tfr) cells, and germinal center
(GQ) B cells. While Tfh and GC B cells are increased in Ctla-4
KO mice, Tfh and GC B cells are decreased in Cd28 KO mice
(Wang et al., 2015). In another study, mice with Tfh cell-spe-
cific Ctla-4 deficiency showed increased 1gG secretion from
B cells and IgG1"GL7" B cells (Sage et al., 2014). In addition,
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mice with Tfr cell-specific Ctla-4 deficiency showed increased
Tfh cells and B cells upon NP-ovalbumin (OVA) immunization,
confirming that Tfh cells and Tfr cells regulate B cells through
CTLA-4. When Ctla-4 KO mice were infected with murine
cytomegalovirus, Tfr cells were decreased in colonic lymph
nodes (LNs) and mesorectal LNs, worsening disease pro-
gression (Chao et al., 2018). That study showed that CTLA-
4 plays a role in regulating the differentiation of Tfr cells and
is important in preventing viral infection. Recently, it was
revealed that CTLA-4 expressed in B cells plays a role in reg-
ulating B-cell responses. CTLA-4 is highly expressed in B-1a
cells, which are produced early in fetal development, and the
self-replenishment of B-1a cells and autoantibodies are in-
creased in Cd19-specific Ctla-4 KO mice (Yang et al., 2021).
Therefore, CTLA-4 regulates not only T cells but also a certain
subset of B cells.

Although CTLA-4 is well known to be expressed in T cells,
few reports have shown that it is expressed in tumor cell
lines. Human tumor cell lines, such as carcinoma, melano-
ma, and sarcoma cell lines, express CTLA-4 (Contardi et al.,
2005). Treatment with recombinant CD80 and CD86 ligands
in osteosarcoma cell lines led to transduction of CTLA-4
downstream signaling, resulting in caspase activation and
tumor cell apoptosis. In another study, anti-CTLA-4 Ab in-
duced PD-L1 expression in small-cell lung cancer cell lines and
increased tumor cell growth in an in vivo xenograft tumor
model, suggesting a role in promoting tumor proliferation
through the intrinsic signaling pathway (Zhang et al., 2019).
Therefore, CTLA-4 seems to have significant roles in some
other cell types besides T cells, such as tumor cells.

TREATMENT WITH CTLA-4

To inhibit T-cell proliferation by blocking binding to B7 and
interfering with B7 and CD28 interactions, CTLA-4-lg (abata-
cept) was developed (Linsley et al., 1991). Abatacept was the
first drug to receive U.S. Food and Drug Administration (FDA)
approval among costimulatory targeting agents and was
approved for rheumatoid arthritis treatment in 2005 (Geno-
vese et al., 2005). CTLA-4-Ig was also approved by the FDA
in 2017 for the treatment of active psoriatic arthritis (Mease
et al., 2017) and in 2021 for the prevention of acute graft
versus host disease in combination with calcineurin inhibitors
and methotrexate (Watkins et al., 2021). In addition, because
the binding affinity of abatacept was insufficient, belatacept,
in which two amino acids of the CTLA-4 extracellular domain
are mutated (leucin 104-glutamate, alanine 29-tyrosine), was
developed. Belatacept was approved for use in transplan-
tation in 2011, and the ability of belatacept to inhibit T-cell
proliferation was found to be 10 times higher than that of
abatacept (Larsen et al., 2005; Latek et al., 2009). However,
CTLA-4-Ig has no effect in some autoimmune disorders, such
as multiple sclerosis (Khoury et al., 2017), ulcerative colitis
(Sandborn et al., 2012), and airway inflammation (Parulekar
et al,, 2013). In line with these findings, it seems that CTLA-
4-1g not only inhibits T-cell activation but also reduces the
number of Treg cells (Glatigny et al., 2019; Szentpetery et
al., 2017). To overcome this limitation, a phase Il study in
organ transplantation was conducted to study belatacept
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in combination with sirolimus, a drug that induces Treg-cell
activation (NCT00565773). Other studies blocking CTLA-4
as a strategy to increase antitumor immunity have been con-
ducted. The anti-CTLA-4 Ab ipilimumab was approved by the
FDA in 2011 for treatment of patients with melanoma (Hodi
et al,, 2010). Anti-CTLA-4 increases CD28 signaling in T cells
and prevents B7 trans-endocytosis mediated by Treg cells,
allowing T cells to be activated (Qureshi et al., 2011; Seidel et
al., 2018). In addition, exhausted T cells present in the tumor
microenvironment highly express CTLA-4, and anti-CTLA-4
can induce antitumor immunity (Curran et al., 2010; Jiang et
al., 2015). Similar to ipilimumab, tremelimumab is a human
Ab against CTLA-4, but tremelimumab is an 1gG2 isotype Ab,
which minimizes antibody-dependent cellular cytotoxicity.
Tremelimumab is being tested in an ongoing phase Il study
in pediatric cancer in combination with anti-PD-L1 therapy
(NCT03837899, recruiting).

CTLA-4 SIGNALING

Although studies on the roles of the extracellular domain of
CTLA-4 have been conducted, the downstream signals of
CTLA-4 induced by the cytoplasmic domain remain relatively
understudied. The CTLA-4 cytoplasmic domain consists of 36
amino acids and has four functional motifs: lysine, tyrosine
201, proline, and tyrosine 218 (Fig. 3). CTLA-4 agonistic Ab
engagement in mouse CD4" T cells inhibits nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-«xB), ac-
tivator protein-1 (AP-1) (Olsson et al., 1999) and cluster for-
mation of zeta chain associated protein kinase 70 (ZAP-70)
(Schneider et al., 2008), which are downstream molecules
of TCR signaling. In addition, CD28 and CTLA-4 interact with
protein phosphatase 2A (PP2A) under different conditions,
suggesting that they have distinct PP2A-mediated effects
(Chuang et al., 2000). Moreover, CTLA-4 interferes with in-
teractions with APCs by increasing T-cell motility (Schneider
et al.,, 2006). Thus, CTLA-4 can modulate T-cell activation by
regulating TCR signaling and T-cell motility.

Compared to other motifs in the CTLA-4 signaling domain,
the tyrosine motifs have been studies most (Fig. 1C). Both
tyrosine motifs in CTLA-4 are phosphorylated by SRC family
tyrosine kinases, such as tyrosine-protein kinase Fyn (FYN),
tyrosine-protein kinase Lyn (LYN) and lymphocyte specific
protein tyrosine kinase (LCK), which recruits src homology
2 domain-containing protein tyrosine phosphatase-2 (SHP-
2) to CTLA-4 in a FYN-dependent manner (Chuang et al,,
1999; Miyatake et al., 1998). Tyrosine 201 of CTLA-4 and the
src homology 2 (SH2) domains of SHP-2 interact to dephos-
phorylate SRC homology/collagen, which is a Ras activator
(Marengere et al., 1996). These results indicate that recruit-
ment of SHP-2 is induced by phosphorylation of tyrosines in
the CTLA-4 signaling domain and that CTLA-4 regulates TCR
signaling through SHP-2. Phosphoinositide 3 kinase (PI3K)
interacts with the phosphorylated YNMN motif on CD28
and tyrosine 201 on CTLA-4, confirming that PI3K is a shared
downstream molecule of CTLA-4 and CD28 signaling (Hu et
al., 2001; Schneider et al., 1995). Moreover, tyrosine 201 of
CTLA-4 is important for TCR regulation in vivo and in human
T cells. Tyrosine 201 mutant transgenic (Tg) Ctla-4 KO mice
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Fig. 3. Signaling motifs and interacting proteins of CTLA-4. The cytoplasmic domain of CTLA-4 has four motifs: lysine, tyrosine 201,
tyrosine 218, and proline. The two tyrosine motifs are phosphorylated by FYN, LYN, and LCK. The proteins interacting with each motif
are summarized. LCK, lymphocyte specific protein tyrosine kinase; JAK2, Janus kinase 2; AP-1, activator protein-1; TRIM, T-cell receptor-
interacting molecule; RAX, retina and anterior neural fold homeobox; LRBA, LPS responsive beige-like anchor protein. Diagram created

with BioRender (www.biorender.com).

show lymphadenopathy and increased IL-4 production in LN
cells (Yi et al., 2004). Costimulation of CTLA-4 with TCR in
human CD4" T cells inhibits ERK (extracellular signal-regulat-
ed kinase) activation and reduces the interaction between
TCR-zeta and ZAP70 (Guntermann and Alexander, 2002).
Furthermore, the tyrosine motif of CTLA-4 is required for
regulation of the suppressive function of Treg cells as well as
downstream TCR signaling. The induction of EAE in tyrosine
201 mutant Kl (knock-in) mice results in a decreased percent-
age of Treg cells in the CNS (central nervous system) and a
decrease in their inhibitory functions (Stumpf et al., 2014).
When WT Treg cells or tyrosine 201 mutant Treg cells were
transferred into recombination-activating gene (Rag) KO
mice and EAE was induced, the mutant Treg cell-transferred
group was unable to prevent the development of EAE com-
pared to the WT Treg cell-transferred group (Stumpf et al.,
2014). Therefore, the tyrosine motif of CTLA-4 and its signal-
ing are involved in T-cell activation and Treg-cell functions.
The tyrosine motif of CTLA-4 is mainly involved in its re-

cycling in T cells (Kozik et al., 2010). When tyrosine 201 is
not phosphorylated, it interacts with the p2 subunit of AP-2,
and tyrosine 201 is phosphorylated by LCK and binds to PI3K
(Bradshaw et al., 1997; Zhang and Allison, 1997). The AP-2
and CTLA-4 interaction results in internalization of CTLA-4 by
clathrin-mediated endocytosis (Chuang et al., 1997; Shiratori
et al,, 1997). On the other hand, TRIM (T-cell receptor-inter-
acting molecule), LAX (linker for activation of X cell), RAB8
and CTLA-4 form a complex in the trans-Golgi network
(TGN) and traffic to the membrane (Banton et al., 2014),
and exocytosis occurs in an ARF-1 (ADP-ribosylation factor
1)- and PLD (phospholipase D)-dependent manner (Mead et
al., 2005). CTLA-4 interacts with AP-1 in the TGN, resulting
in lysosomal degradation of CTLA-4 (Schneider and Rudd,
2014, Schneider et al., 1999). LPS-responsive beige-like an-
chor protein (LRBA) interacts with tyrosine 201 of CTLA-4 in
the recycling endosome, preventing lysosomal degradation
and increasing recycling (Lo et al., 2015). LRBA-deficient pa-
tients have the characteristics of lung inflammation and auto-
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immune disease, suggesting that LRBA-mediated control of
CTLA-4 localization is important. A recent study revealed that
FDCP6 homolog (DEF6) and RAB11 also affect the recycling
of CTLA-4 (Serwas et al., 2019). T cells from DEF6 mutant
patients show impaired RAB11-dependent CTLA-4 cycling
and trans-endocytosis of B7 in APCs. Thus, dysregulation of
CTLA-4 recycling causes autoimmune diseases, and targeting
proteins involved in CTLA-4 trafficking could be an effective
therapeutic strategy.

Classically, the role of tyrosines in the CTLA-4 cytoplas-
mic domain has been emphasized, but the importance of a
lysine-containing motif has recently been highlighted (Fig.
1D). PP2A interacts with the lysine and tyrosine 218 motifs
of CTLA-4 in human T cells, and this binding does not affect
T-cell inhibition but is required for the inverse agonist re-
sponse of CTLA-4 (Teft et al., 2009). Additionally, the lysine
motif of CTLA-4 is required for the suppressive function of
Treg cells because it interacts with protein kinase C-n (PKC-n)
(Kong et al., 2014). This interaction between CTLA-4 and
PKC-n leads to trans-endocytosis of B7 expressed on APCs by
recruiting the G protein-coupled receptor kinase-interacting
protein 2 (GIT2)-PAK-interacting exchange factor (aPIX)-p21
activated kinase (PAK) complex. Similarly, when Prkch KO
Treg cells are transferred into B16F10 melanoma model mice,
the resulting tumor size is decreased (Pedros et al., 2017). In
addition, studies have shown that CTLA-4 is also involved in
Treg-cell differentiation. Ctla-4-deficient mouse T cells do not
express Foxp3 in the presence of TGF-p (transforming growth
factor-p) (Zheng et al., 2006), a cytokine that induces Foxp3
expression. Another report showed that Ctla-4 KO naive T
cells had reduced Treg-cell differentiation compared with WT
T cells (Verhagen et al., 2014). A peptide in the signaling mo-
tif of CTLA-4 increased Treg-cell differentiation in vitro and
in EAE mice, whereas a lysine motif mutant peptide did not
increase the differentiation of Treg cells (Kim et al., 2021a).
This peptide induces nuclear translocation of mothers against
decapentaplegic homolog 2/3 (SMAD2/3) by inhibiting phos-
phorylation of the SMAD2/3 linker region through binding to
PKC-n, leading to FOXP3 induction. Moreover, CTLA-4 not
only increases Treg-cell differentiation in vitro but also pro-
motes Treg-cell accumulation in the lamina propria in a colitis
model (Barnes et al., 2013). These results collectively demon-
strate the importance of CTLA-4 lysine motif signaling for the
differentiation and function of Treg cells.

Unlike the tyrosine and lysine motifs, other motifs have not
been well studied. In 293T cells, JAK2 (Janus kinase 2) binds
to the proline motif of CTLA-4 and phosphorylates tyrosine
218 of CTLA-4 (Chikuma et al., 2000). STATS5 also interacts
with CTLA-4 independently of tyrosines 201 and 218. CT-
LA-4-transfected Jurkat cells exhibit reduced STATS transcrip-
tional activity; thus, CTLA-4 negatively regulates STATS, but
the detailed mechanism has not been elucidated (Srahna et
al., 2006).

The short cytoplasmic domain of CTLA-4 has multiple sig-
naling motifs and physically interacts with various molecules,
and some previous studies have revealed its importance in
ligand-independent effects. Transfection of ligand-indepen-
dent CTLA-4 (li-CTLA-4) into Ctla-4, Cd80, and Cd86 TKO
(triple knockout) T cells resulted in reduced IFN-y (interfer-
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on-y) production and T-cell proliferation (Vijayakrishnan et al.,
2004). Another study demonstrated that ligand-nonbinding
mutant CTLA-4 Tg mice show partially rescue the sublethal
phenotype of Ctla-4 KO mice (Chikuma et al., 2005). In addi-
tion, li-Ctla-4 Tg nonobese diabetic (NOD) mice show protec-
tion against autoimmune diabetes and insulitis (Stumpf et al.,
2013). Therefore, CTLA-4 can transduce signals and regulate
T-cell activation independent of its ligand interaction. In ad-
dition, transduction of a recombinant protein containing the
CTLA-4 cytoplasmic domain conjugated to a cell-penetrating
peptide inhibited T-cell activation and alleviated allergic air-
way inflammation (Choi et al., 2006; Lim et al., 2017), colla-
gen-induced arthritis (Choi et al., 2008), and EAE (Lim et al.,
2015). It also inhibited human T-cell activation and controlled
human skin graft rejection in SCID mice (Lim et al., 2018).
Moreover, a synthetic peptide containing the CTLA-4 cyto-
plasmic domain conjugated to a cell-penetrating peptide in-
creased the differentiation of Treg cells and prevented disease
relapse in EAE (Kim et al., 2021a). Regarding the differences
between CTLA-4-Ig and the cytoplasmic domain of CTLA-4,
in terms of effects on Treg-cell numbers and functions, CTLA-
4-|g has the disadvantage of sustaining immune tolerance in
disease due to its reduction of Treg-cell numbers; however,
CTLA-4 signaling peptide increases Treg-cell numbers, reveal-
ing a distinct mechanism for disease modulation.

CONCLUSION

The important immune checkpoint molecule CTLA-4 regu-
lates the costimulation of T cells and is required for Treg-cell
functions. Surprisingly, its signaling does not require ligand
interactions, emphasizing that there are multiple mechanisms
of CTLA-4 in T-cell biology. As CTLA-4 is often referred to as
a “moving target” due to its recycling and transient localiza-
tion in the membrane of activated T cells, the cytoplasmic
domain of CTLA-4 might be more important for the intrinsic
regulation of cellular signaling. In addition, due to constitu-
tive expression of CTLA-4 in Treg cells, CTLA-4 signaling can
sustain or control Treg-cell functions to cause them to func-
tion as “suppressor cells”. As a potential drug, unlike CTLA-4-
lg, strategies targeting the cytoplasmic domain function of
CTLA-4 have the advantage of increasing the number of Treg
cells in vivo, revealing that novel strategies are required to de-
velop immune modulatory drugs based on CTLA-4 biology.
The current understanding of CTLA-4 biology suggests that
developing immune-modulatory drugs targeting CTLA-4 will
be useful for disease therapy.
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