
lable at ScienceDirect

Biochemical and Biophysical Research Communications 460 (2015) 603e608
Contents lists avai
Biochemical and Biophysical Research Communications

journal homepage: www.elsevier .com/locate/ybbrc
Intracellular cytoplasm-specific delivery of SH3 and SH2 domains
of SLAP inhibits TcR-mediated signaling

Jung-Ho Kim a, b, Jae-Seung Moon a, b, JiSang Yu b, Sang-Kyou Lee a, b, *

a Translational Research Center for Protein Function Control, College of Life Science and Biotechnology, Yonsei University, Seoul 120-749, Republic of Korea
b Department of Biotechnology, College of Life Science and Biotechnology, Yonsei University, Seoul 120-749, Republic of Korea
a r t i c l e i n f o

Article history:
Received 3 March 2015
Available online 20 March 2015

Keywords:
T cell activation
Signal transduction pathway
SLAP
Cytoplasm-specific protein delivery
Immunosuppression
* Corresponding author. Translational Research C
Control, College of Life Science and Biotechnology, Yon
Republic of Korea. Fax: þ82 2 362 7265.

E-mail address: sjrlee@yonsei.ac.kr (S.-K. Lee).

http://dx.doi.org/10.1016/j.bbrc.2015.03.076
0006-291X/© 2015 Elsevier Inc. All rights reserved.
a b s t r a c t

Signaling events triggered by T cell receptor (TcR) stimulation are important targets for the development
of common therapeutics for various autoimmune diseases. SLAP is a negative regulator of TcR-mediated
signaling cascade via targeting TcR zeta chain for degradation through recruiting the ubiquitin ligase c-
Cbl. In this study, we generated a transducible form of SH3 and SH2 domains of SLAP (ctSLAPDC) which
can be specifically targeted to the cytoplasm of a cell. ctSLAPDC inhibited tyrosine phosphorylation of
signaling mediators such as ZAP-70 and LAT involved in T cell activation, and effectively suppressed
transcriptional activity of NFAT and NFkB upon TcR stimulation. The transduced ctSLAPDC in T cells
blocked the secretion of T cell-specific cytokines such as IL-2, IFNg, IL-17A, and IL-4 and induced the
expression of CD69 and CD25 on effector T cells without influencing the cell viability. Inhibition of TcR-
mediated signaling via SLAP blocked the differentiation of naïve T cells into Th1, Th2 or Treg cells with
different sensitivity, suggesting that qualitative and quantitative intensity of TcR-mediated signaling in
the context of polarizing cytokines environment may be a critical factor to determine the differentiation
fate of naïve T cells. These results suggest that cytoplasm-specific transduction of the SH3 and SH2
domains of SLAP has a therapeutic potential of being an immunosuppressive reagent for the treatment of
various autoimmune diseases.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Stimulation of the T cell antigen receptor (TcR) is a central event
in the adaptive immune response. TcR engagement leads to phos-
phorylation of tyrosine residues in the TcR-associated CD3 complex
subunits by the Src family protein tyrosine kinase Lck [1,2]. Phos-
phorylation of CD3 zeta chains results in recruitment and activation
of ZAP-70, and then ZAP-70 phosphorylates multiple adaptor and
linker molecules, such as SLP-70 and LAT. LAT plays crucial roles for
activating downstream signaling molecules, including the Ras
pathway and MAP kinase activation [3,4]. These signaling
events eventually lead to IL-2 production, T cell proliferation, and
activation.

Src-like adaptor protein (SLAP) is a negative regulator of TcR
signaling and targets TcR zeta chain for degradation through
enter for Protein Function
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recruiting the ubiquitin ligase c-Cbl [5]. In thymocytes, SLAP is
expressed at the highest level in the CD4þCD8þ double positive T
cells, and SLAP-deficient T cells increase the level of TcR on their
surface and enhance TcR-mediated signaling [6e8]. Similar to the
structure of Lck, SLAP has a unique myristolated N-terminus fol-
lowed by SH3 and SH2 domains, which are 55% and 50% ho-
mologous to the SH3 and SH2 domains of Lck, respectively.
Instead of a kinase domain, SLAP contains a unique COOH ter-
minus of 104 residues responsible for TcR zeta chain degradation
[9].

Chronic and sustained T cell activation is implicated in the
pathogenesis of several autoimmune-associated inflammatory
diseases [10,11]. Therefore, modulation of T cell activation by sup-
pressing TcR signaling with natural and functional specificity can be
an effective treatment strategy for autoimmune diseases.

Although there are many intracellular signal regulators inside
the T cells to inhibit T cell activation, the major limitation of the
usage of these proteins directly for therapeutic purpose is the dif-
ficulty of protein delivery into the cells across the cellular mem-
brane. Protein transduction domains (PTDs) such as Tat, MTS, pep1,
Hph-1 and Antp have been reported to transduce the functional
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biomolecules including proteins, double stranded DNA, antisense
oligonucleotides, and liposomes into cells [12e14]. However, the
biomolecules delivered into the cells by most PTDs are eventually
translocated into the nucleus of the cells within a short period of
time so that the delivered signal regulators cannot exert their
therapeutic functions effectively. Previous study reported that
cytoplasmic transduction peptide (CTP: YGRRARRRRRR) has the
capacity to deliver the biomolecules preferentially into the cyto-
plasm [15].

In this study, we generated the cell-permeable form of SH2 and
SH3 domains of SLAP (SLAPDC) by fusing SLAPDC with CTP, which
can be effectively and specifically delivered into the cytoplasm of
the cells. ctSLAPDC can inhibit TcR-proximal and -distal intracel-
lular signaling events as well as their functional outcomes. Differ-
entiation of naïve T cells into each T cell subset was suppressed by
ctSLAPDC, but with different sensitivity. With these results, our
study demonstrates that ctSLAPDC can be a potential therapeutics
for the treatment of autoimmune diseases.
2. Materials and methods

2.1. Generation and purification of CTP fusion protein

The SH3 and SH2 domains of SLAP (1 -193AA) combined with
cytoplasmic transduction peptide (CTP) were cloned into pET-
28a(þ) plasmid and transformed into Escherichia coli BL21 Codon
plus (DE3) RIPL strain (Invitrogen) for proteins expression. The
protein expression was induced for 4 h at 37 �C with 1 mM of
isopropyl-b-D-thiogalactopyranoside (IPTG; DuchefaBiochemie),
After harvesting, cells were resuspended and sonicated in SP
binding buffer (50 mM NaH2PO4, 300 mM NaCl, pH 7.0). Soluble
fraction of lysates was obtained by centrifugation (13,000 rpm for
10 min at 4 �C), and then mixed with SP sepharose fast flow (GE
healthcare) for 1 h at 4 �C. The mixture was loaded to chroma-
tography columns (Bio-rad) and washed enough to remove the
endotoxins and LPS with SP wash buffer (50 mM NaH2PO4,
200 mM NaCl, pH 7.0), and the target proteins were eluted by SP
elution buffer (50 mM NaH2PO4, 2 M NaCl, pH 8.0). Subsequently,
the eluded proteins were mixed with Ni-NTA Agarose (Qiagen) in
Ni-NTA binding buffer (10 mM imidazole, 50 mM NaH2PO4,
200 mM NaCl, pH 8.0) for 2 h at 4 �C. The proteins were loaded on
HisTrap chromatography columns (Bio-rad), and non-specifically
bound proteins were washed out with wash buffer (30 mM
imidazole, 50 mM NaH2PO4, 200 mM NaCl, pH 8.0), and the re-
combinant proteins of interest were eluted by elution buffer
(500 mM imidazole, 50 mM NaH2PO4, 200 mM NaCl, pH 8.0). The
eluted proteins were desalted by PD-10 Sephadox G-25 supple-
mented with 10% glycerol PBS and the aliquots were to be stored
at �80 �C.
2.2. In vitro intracellular transduction kinetics of ctSLAPDC

Jurkat T cells were treated with proteins in concentration- or
time-dependent manner, washed with PBS, and lysed with RIPA
buffer (Sigma Aldrich). Protein extracts were separated by SDS-
PAGE, and then the separated proteins were transferred to poly
vinylidinedifloride (PVDF) transfer membrane (Millipore Billerica).
The membrane was blocked in 5% Serum Bovine Albumin (BSA;
Amresco), and then incubated with anti-FLAG antibody (1: 3000
dilution) and anti-b actin antibody (1: 5000 dilution) in TTBS for
3 h. After probing with anti-mouse IgG or anti-rabbit IgG antibody
diluted by 1: 10,000, the target protein in the membrane was
detected by WEST-ZOL (iNtRON Biotechnology).
2.3. Immunocytochemistry

HeLa cells seeded on Lab-Tek II chamber slides (Nunc) were
treated with 2 mM of ctSLAPDC for 1 h. The cells were washed twice
with PBS, then fixed with 4% formaldehyde, permeabilized with
0.2% Triton X-100 (Sigma Aldrich), and blocked with blocking so-
lution (0.5% BSA in PBS base). The transduced ctSLAPDCwas stained
with anti-FLAG M2-FITC conjugated antibody (Sigma Aldrich), and
the nucleus was stained with 40, 6-diamino-2-phenylindole (DAPI)
solution. The cells were mildly washed with distilled water and
visualized by confocal micro scope (Carl Zeiss).

2.4. Cytotoxicity assay

C57BL/6mouse splenocytes in 96-well plate were incubated
with varying concentration (0.01e5 mM) for 16 h. Then,CCK-8 so-
lution was added to each well of plate, and then the samples were
incubated for 4 h. The cell viability was determined by measuring
the absorbance at 450 nm using a microplate reader (Bio-rad).

2.5. Phosphorylation of intracellular signaling proteins

Jurkat T cells were treated with 2 mM of ctSLAPDC or 2 mM of
SLAPDC for 1 h followed by addition of anti-CD3 and anti-CD28 for
30min at 4 �C, and then activated for 10min at 37 �C. The cells were
lysed with cell lysis buffer and the lysates were immuno
blotted with anti-Phospho-ZAP70 (Tyr493) mAb (1: 1000; Cell
Signaling), anti-Phospho-LAT (Tyr171) mAb (1: 1000; Cell
Signaling), anti-Phospho-SAPK/JNK (Thr183/Tyr185) mAb (1: 2000;
Cell Signaling), anti-Phospho-p38 MAP kinase (Tyr182) mAb
(1:2000; Cell Signaling) and anti-b-actin mAb (1: 3000; Cell
Signaling), and the target protein was detected by WEST-ZOL
(iNtRON Biotechnology).

2.6. Luciferase assay

Jurkat T cells were transiently transfected with 10 mg of NFATe
or NFkB-luciferase reporter gene by electroporation (270 V/950 mF).
After 24 h incubation, cells were harvested and treated with
ctSLAPDC, SLAPDC or CsA in 12-well plate (5 � 105/well) for one
additional hour. Then, the cells were stimulated with plate bound
anti-CD3 (0.25 mg/ml) and anti-CD28 (0.5 mg/ml) monoclonal
antibody for 24 h. Assays for luciferase activity were performed
according to the manufacturer's instructions (Promega).

2.7. ELISA

After C57BL/6mouse splenocytes were stimulated with plate
bound anti-CD3 (0.25 mg/ml) and anti-CD28 (0.5 mg/ml) mono-
clonal antibody for 24 h or 72 h, the cytokine level of IL-2, IFNg, IL-
17A,or IL-4 in the supernatant was measured by ELISA according to
the manufacturer's directions (IL-2: R&D), (IFNg, IL-17A, IL-4:
eBioscience).

2.8. Analysis of T cell activation

Naïve CD4þ T cells were purified from C57BL/6mouse spleen by
using magnetic-activated cell sorting to >95% purity (MiltenyiBio-
tec). Naïve CD4þ T cells were incubated with SLAPDC, tEGFP, CsA or
ctSLAPDC and were activated by plate bound anti-CD3 (0.25 mg/ml)
and anti-CD28 (0.5 mg/ml) monoclonal antibody for 12 h or 48 h.
The cells were stained with FITC-conjugated anti-mouse CD69
(BD pharmingen) or PE-conjugated anti-mouse CD25 antibody
(BD pharmingen), and then were analyzed by FACSCalibur (BD
Biosciences).
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2.9. T helper subtype cells differentiation

For T cell subset differentiation, purified CD4þ T cells were
activated with plate bound anti-CD3 (0.25 mg/ml) and anti-CD28
(0.5 mg/ml) monoclonal antibody in 96 flat-bottom plate for 5
days with various combination of antibodies and cytokines: for Th1
differentiation, 25 ng/ml of IL-12 (Pepro Tech) and 2 mg/ml of anti-
IL-4mAb (11B11, eBioscience); for Th2 differentiation, 200 ng/ml of
IL-4 (Pepro Tech) and 2 mg/ml of anti-IFNgmAb (XMG1.2, eBio-
science); for inducible Treg cells generation, 5 ng/ml of TGFb (R&D)
and 100 U/ml IL-2.
2.10. Intracellular staining and flow cytometry analysis

For intracellular cytokine staining, differentiated T cells (Th1,
Th2) were stimulated with cell stimulation cocktail (plus protein
transporter inhibitor; eBioscience) for 4 h. At the end of the stim-
ulation, the cells were harvested and washed twice in PBS, stained
with APC-conjugated anti mouse CD4 (eBioscience), and subse-
quently fixed and permeabilized using Fixation/permeabilization
buffer (eBioscience). For intracellular cytokines, the cells were
stained with fluorescence-conjugated antibodies for IFNg or IL-4
(eBioscience) diluted in permeabilization buffer (eBioscience) for
30 min. The stained cells were examined by FACSCalibur (BD
Bioscience), and the results were analyzed using FlowJo software
(Tree Star). Staining of the transcription factor was carried out with
Foxp3 staining buffer set (eBioscience) according to the manufac-
turer's instructions. Anti-Foxp3 (FJK-16s) were purchased from
eBioscience.
Fig. 1. Generation of cytoplasm-transducible protein of SLAPDC (ctSLAPDC). (A) Construct of
purified under native condition, and its identity was confirmed by SDS-PAGE. (C, D) Concentr
of transduced ctSLAPDC (2 mM) was examined by western blot with anti-FLAG mAb. (F) Cyto
conjugated-FLAG mAb at 1 h of post-transduction followed by analysis using confocal micro
ctSLAPDC, and cell viability was measured by CCK-8 assay. Error bars represent S.D..
2.11. Statistical analysis

Data from at least five sets of samples were used for statistical
analysis. Statistical significance was calculated by Student's t test. A
p value less than 0.05 was considered significant.
3. Results

3.1. Generation of cell-permeable form of SH3-SH2 domain of SLAP
specifically targeting the intracellular cytoplasm

The SH3 and SH2 domains and unique COOH terminus of 104
residues of SLAP have been known to play an important role for the
inhibition of downstream signaling pathway of the TcR complex
and TcR degradation, respectively. To modulate TcR-mediated
signaling events without TcR down-regulation, we took the novel
strategy to deliver SLAPDC protein directly to the cytoplasm using
CTP. The cell-permeable form of SLAPDC specifically targeting the
intracellular cytoplasm was generated in which SLAPDC was fused
with CTP, facilitating the efficient cytoplasmic delivery of CTP-fused
protein [15]. We also generated the SLAPDC protein without CTP as
a control (Fig. 1A). The fusion proteins were made in the E. coli
expression system, purified under native condition, and its
biochemical identity was verified by SDS-PAGE (Fig. 1B).

Next, the transduction kinetics of ctSLAPDC was examined in
Jurkat T cells or HeLa cells. ctSLAPDC was effectively delivered into
the cytoplasm of the cells in a concentration-dependent manner
while SLAP subdomain without CTP (SLAPDC) was not delivered
(Fig.1C). Time course analysis of ctSLAPDC delivery showed that the
SH3 and SH2 domains of SLAP with or without CTP. (B) The recombinant proteins were
ation- and time-dependent delivery of ctSLAPDC into the cells (E) Intracellular stability
plasm-specific localization of ctSLAPDC was analyzed by intracellular staining with FITC
scopy. (G) Mouse splenocytes were treated with various concentrations (0.01e5 mM) of



Fig. 2. ctSLAPDC inhibited TcR-mediated activation signaling events. (A) After ctSLAPDC (2 mM) or SLAPDC (2 mM) was incubated with Jurkat T cells for 1 h, cells were activated with
anti-CD3 and anti-CD28 Abs for 10 min at 37 �C, and then cell lysates were immuno blotted with anti-Phospho-ZAP70, -LAT, -JNK or -p38 Abs, and anti-b actin Ab was used as a
lysate control. (B, C) Jurkat T cells transfected with NFAT- or NFkB- luciferase construct were incubated with ctSLAPDC (1, 2 mM), SLAPDC (1 mM) or CsA (1 mM) for 1 h, and then
stimulated with plate bound anti-CD3/CD28 mAbs for 24 h. Luciferase activity was measured by luminometer. Error bars represent S.D. *P < 0.05 was considered to be significant.
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transduced ctSLAPDC reached its maximal concentration in the
cytoplasmat 1 h after transduction, and then started to decrease as
time passed (Fig. 1D). Once ctSLAPDC was transduced into the cells,
it was detectable in the cells until 12 h after transduction at which
point it slowly degraded (Fig 1E).

The transduced ctSLAPDC was specifically present in the cyto-
plasmwhen intracellular localization of ctSLAPDC in HeLa cells was
visualized by confocal microscopy (Fig 1F). Importantly, ctSLAPDC
treatment did not induce any cellular cytotoxicity (Fig. 1G). These
results suggest that ctSLAPDC is efficiently and specifically deliv-
ered into the cytoplasm of the cells without any adverse effects.
Fig. 3. Inhibition of TcR-induced activation markers by ctSLAPDC. Mouse splenocytes were
stimulation with plate bound anti-CD3/28 mAbs for 24 h (for IL-2) or 72 h (for IFN, IL-17A
measured by ELISA. (E,F) Mouse naïve CD4þ T cells (CD4þCD25�CD62Lhigh) were purified by
2 mM) for 1 h. Then, the cells were activated with plate bound anti-CD3/28 mAbs for 12 h (fo
(E) or PE-conjugated anti-mouse CD25 Ab (F).Error bars represent S.D. *P < 0.05, **P < 0.0
3.2. ctSLAPDC inhibits the T cell activation at the level of TCR
proximal signaling events

To prove whether the transduced ctSLAPDC can inhibit tyrosine
phosphorylation of various intracellular signaling proteins prox-
imal to TcR complex, Jurkat T cells were treated with ctSLAPDC or
SLAPDC, activated by anti-CD3 and anti-CD28 antibody for 10 min.
Then the tyrosine phosphorylation of ZAP-70, LAT, JNK and
p38 were analyzed by phospho tyrosine immunoblot (Fig. 2A).
Tyrosine phosphorylation induction of these signal mediators was
incubated with SLAPDC (1 mM) or ctSLAPDC (1 and 0.1 mM) for 1 h followed by TcR
or IL-4). The level of IL-2 (A), IFNg (B), IL-17A (C) or IL-4 (D) in the culture media was
MACS, and incubated with SLAPDC (1 mM),tEGFP(1 mM), CsA(1 mM) or ctSLAPDC (1 and
r CD69), or for 48 h (for CD25), and stained with FITC-conjugated anti-mouse CD69 Ab
1 was considered to be significant.
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substantially inhibited by 2 mM of ctSLAPDC while SLAPDC without
CTP did not affect their tyrosine phosphorylation.

Next, the influence of ctSLAPDC on the transcriptional activities
of Nuclear Factor Activated T-cells (NFAT) and Nuclear Factor kappa-
light-chain-enhancer of activated B cells (NFkB), both ofwhich play a
key role in the expression of activation-induced cytokines in T cells,
were investigated. We transiently transfected Jurkat T cells with
NFAT- or NFkB- promoter luciferase reporter gene in which the
expression of luciferase gene is induced by T cell stimulation.
ctSLAPDC or SLAPDC was transduced into the transfected Jurkat T
cells, followed by the activation with anti-CD3 and anti-CD28 anti-
bodies, and then the luciferase activity was measured. Treatment of
ctSLAPDC significantly reduced the transcriptional activity of NFAT
or NFkB in a concentration-dependent manner, and the level of in-
hibition of the transcriptional activity by 1 mM of ctSLAPDC was
equivalent to that by 1 mM of Cyclosporin A (CsA). However, the
luciferase activity was not affected by SLAPDC (Fig. 2B and C). With
these results, we suggest that ctSLAPDC strongly inhibits the
signaling events for Tcell activation at TcR proximal and distal levels.

3.3. Inhibition of TcR-induced activation markers and T cell subset
differentiation by ctSLAPDC

To investigate whether ctSLAPDC suppresses secretion of T cell
activation-associated cytokines, splenocytes were isolated from
Fig. 4. Differentiation capacity of naïve T cells into each T cell subset is differentially sensitiv
were transduced with SLAPDC (1 mM),tEGFP(1 mM), CsA(1 mM) or ctSLAPDC (1 mM,10 nM and
presence of recombinant IL-12 and anti-IL-4 antibody, (B)in the presence of recombinant IL
representative of five independent experiments with similar results. (D) Quantification of da
bars represent S.D. *P < 0.05, **P < 0.01 were considered to be significant.
C57BL/6 mice, incubated with ctSLAPDC, and activated with plate
bound anti-CD3 and anti-CD28 antibodies for 24 h. Then the level
of T cell proliferation cytokine (IL-2)or inflammatory cytokines such
as IFNg, IL-17A and IL-4 in culturemedia was analyzed. As shown in
Fig. 3AeD, ctSLAPDC significantly reduced production of these cy-
tokines from the splenocytes in concentration dependent manner,
while SLAPDC lacking CTP did not show any inhibitory effects.
Additionally, we examined whether ctSLAPDC can block the
induced expression of activation markers on a T cell surface. Naïve
CD4þCD25�CD62Lhigh T cells were purified from mouse spleens
using a magnetic-activated cell sorting (MACS), then incubated
with ctSLAPDC, SLAPDC, CsA, or tEGFP (transducible EGFP), fol-
lowed by TcR stimulation with anti-CD3 and anti-CD28 antibodies.
The induced expression of CD69 and CD25 on the surface of acti-
vated effector T cell was analyzed by flow cytometry. Induction of
CD69 and CD25 expression was markedly inhibited by ctSLAPDC in
dose-dependent manner, but non-transducible SLAPDC or tEGFP
did not affect its induction (Fig. 3E and F). Inhibitory potential of
ctSLAPDC was almost equivalent to that of CsA.

Stimulation through TcR complex in the proper cytokine milieu
is important for T cell subset differentiation. To test whether the
complete or partial blockage of TcR signaling via SLAP can
distinctively influence the differentiation of naïve T cells into each T
cell, differentiation of naïve CD4þCD25�CD62Lhigh T cells into Th1,
Th2 or Treg cells was induced under the specific polarizing
e to inhibition of TcR stimulation. The mouse naïve CD4þ T cells (CD4þCD25�CD62Lhigh)
100 pM) for 1 h, and activated with plate bound anti-CD3/28 mAbs for 5 days, (A)in the
-4 and anti-IFNg antibody, (C) in the presence of recombinant IL-2 and TGFb. Data are
ta in AeC, presents the percentage of suppression of T cell subset differentiation. Error
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condition for each T cell subset in the presence of ctSLAPDC. As
shown in Fig. 4AeD, iTreg and Th2 differentiation was more sen-
sitive to inhibition of TcR signaling via SLAP than Th1 cell differ-
entiation. Therefore, in addition to different context of cytokine
signaling, qualitative and quantitative intensity of TcR-mediated
signaling determines the differentiation fate of naïve T cells.
4. Discussion

The autoimmune diseases were associated with excessive T cell
activation and pathogenic T cell response. T cell activation is initi-
ated by the interaction of the TcRwith self or foreign antigen loaded
onMHC-II molecules. Therefore, the high level of specific inhibition
of TcR signaling without using virus-mediated delivery is important
to treat various autoimmune diseases.

Several molecular and cellular methods have been used to
inhibit TcR-mediated signaling, such as using small molecules to
inhibit the functions of signal mediators, utilizing antagonistic mAb
specific to surface molecules, or delivering the genes encoding
inhibitory protein. However, lack of specificity associated with
small molecules, complete turn-off of all signaling pathways
downstream of the surface molecule bymAb, or unwanted immune
and genetic outcome by viral vector may cause significant side ef-
fects or cellular toxicity.

In this study, to modulate TcR-mediated intracellular activation
events while avoiding the problems listed above, we used the novel
strategies: (1) cytoplasm-specific intracellular delivery of negative
regulator protein (SLAP) involved in TcR signaling using CTP, (2)
usage of only SH3 and SH2 domains of SLAP to inhibit T cell acti-
vation without down-regulation of TcR level. Cytoplasmic trans-
ducible SLAPDC (ctSLAPDC) effectively suppressed the signaling
events proximal to TcR complex, resulting in inhibition of tran-
scriptional activity of NFkB and NFAT, secretion of cytokines, and
surface expression of markers induced by TcR stimulation without
any cellular cytotoxicity. Interestingly, the partial inhibition of TcR-
signaling via SLAP in naïve T cells using ctSLAPDC enabled us to find
that differentiation potential of naïve Tcells into Th2 or iTreg cells is
more sensitive to inhibition of T cell activation than that to Th1
cells. Therefore, qualitative and quantitative intensity of TcR-
mediated signaling in the context of polarizing cytokines environ-
mentmay be a critical factor to determine the differentiation fate of
naïve T cells.

From these results, we conclude that cytoplasm-specific de-
livery of SH3 and SH2 domains of SLAP protein using CTP may be a
novel therapeutic strategy for the treatment of various autoim-
mune diseases.
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