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nd  alleviates  allergic  airway  inflammation  and  hyper-responsiveness

e-Min  Choia,b,∗,  Jung-Ho  Sohna,b,c,  Tae-Yoon  Parkd,e,  Jung-Won  Parkc,  Sang-Kyou  Leed,e,∗∗

Department of Life Science, Research Institute for Natural Sciences, Hanyang University, Seoul 133-791, Republic of Korea
Hanyang Biomedical Research Institute, Seoul 133-791, Republic of Korea
Department of Internal Medicine, Division of Allergy and Immunology, Yonsei Medical School, Seoul 120-749, Republic of Korea
Department of Biotechnology, College of Life Science and Biotechnology, Yonsei University, Seoul 120-749, Republic of Korea
National Creative Research Initiatives Center for Inflammatory Response Modulation, Seoul 120-749, Republic of Korea

 r  t  i  c  l  e  i n  f  o

rticle history:
eceived 14 December 2011
eceived in revised form 29 January 2012
ccepted 30 January 2012
vailable online 10 February 2012

a  b  s  t  r  a  c  t

Nuclear  factor  of activated  T  cells  (NFAT)  is  an  important  transcription  factor  for  the  production  of  inter-
leukin (IL)-2  upon  T-cell  receptor  (TcR)  signaling.  Therefore,  inhibition  of  the  NFAT–carcineurin  pathway
is  an  important  target  for inflammatory  disease  inhibition  and  graft  rejection.  A novel  cell  permeable
peptide  (CPP),  Sim-2,  has  been  identified  from  a  human  transcription  factor,  and  Sim-2-CPP  conjugated
to  ˇ-galactosidase  or  EGFP  protein  was  efficiently  delivered  into  cells  in  vitro  and  in vivo.  A cell  per-
eywords:
FAT
IVIT
ell permeable peptide
sthma

meable  form  of  the  NFAT  inhibitory  peptide  VIVIT  (Sim-2-VIVIT)  was  synthesized  and  showed  inhibitory
effects  on  human  CD4  or CD8  T-cell  activation  through  NFAT  transcriptional  activity  suppression  and  IL-2
inhibition.  Intranasal  administration  of  the  Sim-2-VIVIT  peptide  in  an  ovalbumin  (OVA)-induced  murine
asthma  model  alleviated  peribronchial  and  perivascular  infiltration  of  inflammatory  cells  in the  lung  and
caused  airway  remodeling  and  airway  hyper-responsiveness.  These  results  suggest  that  cell  permeable

clinic
Sim-2-VIVIT  peptide  has  

. Introduction

T-cell activation and the induction of cytokine genes are largely
ttributed to a family of transcription factors, including nuclear
actor of activated T cells (NFAT) [1,2]. For example, immuno-
uppressive drugs, such as cyclosporine A and FK506, inhibit the
ctivity of calcineurin phosphatase leading to inhibition of NFAT-
ediated interleukin (IL)-2 gene expression [3].  These drugs are

otently immunosuppressive; however, they have undesired side
ffects, including nephrotoxicity [4] and cancer development. Thus,
he development of novel immunosuppressive drugs is an impor-
ant research field. To this end, the NFAT inhibitor, VIVIT, was
reviously developed based on the conserved calcineurin docking
ite in NFAT family proteins. Importantly, VIVIT peptide interferes

electively with the calcineurin-NFAT interaction without affecting
alcineurin phosphatase activity [5,6].
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al  potential  as  an  immunosuppressive  agent  for  inflammatory  diseases.
© 2012 Elsevier B.V. All rights reserved.

Cell permeable peptides (CPPs), also called protein transduction
domains (PTDs), have been developed to enhance delivery of ther-
apeutic agents into many cell types [7–9]. TAT-CPP from human
immunodeficiency virus (HIV-1) was  firstly introduced to deliver
biologically active molecules such as proteins, peptides, and si-RNA
in vivo and has been of considerable interest as a therapeutic drug
delivery tool [10–12].  Similarly, the third alpha helix of Antennape-
dia homeodomain [13] and the VP22 protein from herpes simplex
virus [14,15] promote the delivery of covalently linked peptides
into cells. Even synthetic tandem sequence of arginine (9R, 11R, etc.)
peptides has potent intracellular penetrating efficiency [16,17]. In
order to identify new CPPs for more clinically applicable drug deliv-
ery tool, more recently, some human-derived CPPs were identified
from human proteins including Lactoferrin, Vectocell®, Hph-1, etc.
[18–20] however identifying new human originated CPP sequences
is still elusive.

A deregulated helper T cell-mediated immune response can
cause asthma symptoms, such as pulmonary inflammation, airway
eosinophilia, mucus hyper-secretion, and airway hyper-reactivity
(AHR), in response to a variety of specific and nonspecific
stimuli [21,22].  Previous studies have shown that the activation
of Th2 CD4+ T helper lymphocytes is important for initiat-

ing allergic asthma and is thought to play an important role
in the production of cytokines, including IL-4, IL-5, and IL-
13, which stimulate and recruit macrophages, mast cells, and
eosinophils [23,24].

dx.doi.org/10.1016/j.imlet.2012.01.016
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In this study, we evaluated the transduction activity of a novel
PP from the human transcription factor Sim-2 in vitro and in vivo.
e also generated Sim-2-CPP-conjugated NFAT inhibitory peptide

Sim-2-VIVIT) and analyzed its functional activity in human T cells
n vitro and in an in vivo OVA-induced asthma model.

. Materials and methods

.1. Generation of Sim-2-CPP-conjugated recombinant proteins

Sim-2-ˇ-galactosidase (gal) or Sim-2-enhanced green fluores-
ent protein (EGFP) DNA was constructed by inserting each PCR
ragment into a pRSET-B vector (Invitrogen). The BL21 (DE3)
tar (Novagen) E. coli strain was used as the protein expression
ystem. Recombinant protein expression was induced by 1 mM
sopropyl-beta-d-thiogalactopyranoside (IPTG) for 5 h, and the bac-
eria were harvested in lysis buffer (20 mM Tris–HCl, pH 8.0 and
00 mM  NaCl). After sonication, the lysates were clarified by cen-
rifugation (6000 rpm for 30 min  at 20 ◦C), adjusted with 10 mM
midazole (Tris–HCl, pH 8.0), and loaded on HisTrap chelating
olumns (Qiagen). Bound proteins were eluted with 50, 100, and
50 mM imidazole in Tris–HCl buffer with >95% purity. The recom-
inant proteins contained in each fraction were desalted on PD-10
ephadex G-25 (Amersham Pharmacia). The purified proteins were
hen supplemented with 10% glycerol, aliquoted, and flash-frozen
t −80 ◦C [20].

.2. Synthesis of the Sim-2-CPP-conjugated VIVIT peptide

Sim-2-VIVT (AKAARQAARGMAGPHPVIVITGPHEE) or control
IVIT peptides (MAGPHPVIVITGPHEE) were synthesized by Any-
en Inc. The peptides were purified by HPLC with 97% purity.

.3. Analysis of the transduction efficiency of Sim-2-CPP in vitro
nd in vivo

After each cell line was incubated with Sim-2-ˇ-gal, the cells
ere washed with phosphate-buffered saline (PBS) and fixed

mmediately. The fixed cells were then incubated with an X-gal
olution for 1–3 h at 37 ◦C for ˇ-gal enzyme activity. The trans-
uction capacity of Sim-2-ˇ-gal was also analyzed by western blot
ith monoclonal antibodies against ˇ-gal (Cell Signaling Technol-

gy). Jurkat T cells were incubated with the Sim-2-ˇ-gal proteins,
nd the cells were analyzed by FACS Calibur (BD Biosciences) flow
ytometry. To determine the localization of the Sim-2-EGFP fusion
rotein, HeLa cells were incubated with 40 �M Sim-2-EGFP fusion
rotein for 2 h, and the cells were fixed and stained with the DAPI
or nuclear identification. EGFP fluorescence was analyzed with a
uorescence microscope (Nikon).

.4. Analysis of T-cell activation

Jurkat cells stably transfected with the NFAT–SEAP plasmid or
he AP-1–SEAP reporter gene were used to analyze NFAT or AP-1
romoter activity, and SEAP activity was measured following the
anufacturer’s suggested protocol (Invitrogen). Primary human

D4+ or CD8+ T cells were purified from healthy donors. Peripheral
lood mononuclear cells (PBMCs) were isolated by density gradi-
nt centrifugation using Histopaque (Sigma), the lymphocyte layer
as collected, and CD4+ or CD8+ T cells were isolated using a MACS

olumn with CD4 or CD8 microbeads (MiltenyiBiotec).
Jurkat cells (1 × 106) and primary human CD4+ or CD8+ T cells
ere pre-treated with Sim-2-VIVIT for 1 h, then washed with PBS,
nd incubated with 0.25 �g of anti-CD28 antibodies (BD Pharmin-
en) for 20 min  at 4 ◦C. The anti-CD28 antibody bound cells were
urther activated on a plate coated with 0.05 �g anti-CD3 antibodies
tters 143 (2012) 170– 176 171

(BD Pharmingen) for 24 h. The culture supernatants were analyzed
by ELISA for the level of IL-2 production (R&D Systems).

2.5. OVA-induced experimental asthma model

Female BALB/c (Charles River Technology) mice at 6–8 weeks old
were maintained under pathogen-free conditions at Yonsei Medi-
cal School. All animal experiments were performed in accordance
with Institutional Animal Care and Use Committee guidelines. The
experimental asthma model was modified from a previous method
[25]. Mice were sensitized by intraperitoneal injection of 50 �g
OVA (Sigma–Aldrich) absorbed in 2 mg  of aluminum hydroxide
(Thermo) in PBS on days 0 and 14. They were subsequently chal-
lenged three times by intranasal administration of 1% OVA in PBS
every day beginning on day 29. On each day of OVA challenge,
mice were given 200 �g of Sim-2-VIVIT or control VIVIT peptide
2 h before the challenge. The animals were sacrificed on day 32, and
the lungs were washed via tracheal tube with 1 ml  PBS. The differ-
ential cell counts in the bronchoalveolar lavage fluid (BALF) were
determined in cytocentrifuged preparations stained with Leuko-
stat (Fisher Diagnostics). The tissues were subjected to hematoxylin
and eosin (H&E) staining for morphometric analysis and to periodic
acid–Schiff (PAS) staining to measure goblet cells.

Airway hyper-responsiveness was assessed as a change in air-
way  resistance (cm H2O/ml/s) after challenge with aerosolized
methacholine (MCh). Before sacrificing the mice, they were
anesthetized with pentobarbital sodium (70–90 mg/kg, given
intraperitoneal), tracheostomized (stainless steel cannula, 18 G),
and mechanically ventilated. Lung function was  assessed using
methods described previously [25]. Lung resistance (RL) was mea-
sured using the FlexiVent system (Scireq).

2.6. Statistical analysis

Statistical analysis of group differences was  determined by the
Student’s t test. A value of *p < 0.05 was considered significant.

3. Results

3.1. Characterization of a novel cell permeable peptide,
Sim-2-CPP

A novel CPP candidate of nine amino acids (AKAARQAAR) from
the human transcriptional factor Sim-2 was considered from the
BLAST search screening of proteins which has comparable amino
acid sequences with TAT-CPP. To determine the protein transduc-
tion efficiency of Sim-2-CPP, ˇ-galactosidase or EGFP recombinant
DNAs were constructed with or without Sim-2-CPP (Fig. 1A).
The recombinant proteins were purified in bacteria as previ-
ously described [20]. To determine the transduction efficiency,
the intracellular levels of proteins were analyzed after cells were
treated with the proteins. In Jurkat cells, 10 �M Sim-2-ˇ-gal was
readily transduced in a concentration- and time-dependent man-
ner (Fig. 1B). In addition, Sim-2-EGFP or control EGFP proteins were
used to analyze intracellular delivery efficiency and localization.
The Sim-2-EGFP intracellular transduction efficiency was  found to
be concentration (Fig. 1C) and time dependent (Fig. 1D), similar
to Sim-2-ˇ-gal protein (Fig. 1B). Interestingly, levels of intracellu-
lar Sim-2-EGFP gradually reached a maximum over 7 h, suggesting
that the transduction kinetics of Sim-2-CPP is different from other
CPPs such as TAT or Hph-1 [26]. To examine the functional activity
of intracellular ˇ-gal protein, the enzyme activity was analyzed in

HeLa and HepG2 cells. Nearly 100% of the cells became positive
for ˇ-gal enzyme activity (Fig. 1E), suggesting that Sim-2-CPP-
conjugated protein has normal functional activity within the cells.
To examine the intracellular localization of Sim-2-EGFP protein, the
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Fig. 1. Evaluation of Sim-2 as a novel cell permeable peptide. (A) DNA constructs for the Sim-2-CPP conjugated fusion proteins or control proteins. (B) ˇ-gal proteins (0–10 �M)
were  incubated with Jurkat cells for 1 h, or 10 �M proteins were incubated with Jurkat cells for 0–120 min. Intracellular protein levels were analyzed by western blot analysis.
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C)  EGFP proteins with or without Sim-2-CPP were incubated with Jurkat cells at dif
nalyzed  by flow cytometry. (E) ˇ-gal proteins (40 �M)  were pre-incubated with H
olution. (F) After HeLa cells were pre-incubated with EGFP proteins for 2 h, intrace
ere  stained with DAPI.

eLa cells were incubated with 40 �M protein for 2 h and the EGFP
uorescence was analyzed by fluorescence microscopy (Fig. 1F).
GFP fluorescence was visualized in the nucleus and cytoplasm,
ndicating that Sim-2-CPP can be used for the delivery of both cyto-
lasmic and nuclear molecules.

.2. The cell permeable NFAT inhibitory peptide Sim-2-VIVIT
electively inhibits NFAT activity

By taking advantage of the capacity of Sim-2-CPP to deliver
 cargo molecule into cells, the Sim-2-CPP fusion peptide, NFAT
nhibitor Sim2-VIVIT, was synthesized and used to evaluate their
nhibitory effects on NFAT activity upon T-cell receptor (TcR)
timulation. After pre-incubation of 500 �M Sim-2-VIVIT or VIVIT
eptide with stable Jurkat cell lines transfected with NFAT–SEAP
r AP-1-SEAP DNA, the cells were activated with plate-bound anti-
D3 and soluble anti-CD28 antibodies for 24 h. Promoter activity
as measured by a SEAP activity assay, and Sim-2 VIVIT was found
o inhibit NFAT promoter activity significantly compared to control
IVIT peptide at 500 �M (Fig. 2A). However, it could not affect the
ctivity of the AP-1 promoter (Fig. 2B) suggesting that Sim-2-VIVIT
pecifically inhibits NFAT promoter activity.
 concentrations and (D) for different time periods. Intracellular protein levels were
d HepG2 cells for 1 h. Intracellular ˇ-gal enzyme activity was determined by X-gal
localization of EGFP proteins was analyzed by fluorescence microscopy. The nuclei

3.3. Sim-2-VIVIT inhibits IL-2 production in activated human T
cells

To examine the inhibitory effects of Sim-2-VIVIT peptide on IL-2
production from activated T cells, Jurkat T cells were pre-incubated
with Sim-2-VIVIT and activated with plate-bound anti-CD3 and sol-
uble anti-CD28 antibodies for 24 h (Fig. 3A). The production of IL-2
in the culture supernatant was inhibited by Sim-2-VIVIT, but not
by control VIVIT peptide, suggesting that the inhibition of NFAT by
Sim-2-VIVIT leads to the alterations in IL-2 production capacity.
MACS-purified human CD4+ or CD8+ T cells from PBMCs were also
used to determine the functional activity of the peptides (Fig. 3B
and C). The cells without Sim-2-VIVIT or with control VIVIT pep-
tides readily produced substantial quantities of IL-2 in response to
TcR stimulation, whereas the intracellular delivery of VIVIT pep-
tide inhibited the production of IL-2 in both primary CD4+ and
CD8+ T cells. The results showed that the delivery of the VIVIT pep-
tide into human T cells by Sim-2-CPP effectively suppressed IL-2
production by inhibiting NFAT activation. In addition, Jurkat T cell
growth or survival was  not affected by 500 �M of Sim-2-VIVIT pep-
tide (Supplementary Fig. 1A)  and cell surface expression of early

activation marker of CD69 was not significantly affected either by
Sim-2-VIVIT and VIVIT peptide (Supplementary Fig. 1B)  suggests
reduction of NFAT promoter activity or inhibition of IL-2 is not due
to non-specific toxic effect.
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Fig. 2. A cell permeable NFAT inhibitory peptide Sim-2-VIVIT selectively inhibits NFAT activity. Sim-2-VIVIT or VIVIT peptides at 50–500 �M were pre-incubated with Jurkat
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4  h, and SEAP activity was  measured. Each bar represents the mean ± SEM from th

.4. Intranasal administration of Sim-2-VIVIT peptide inhibits
irway inflammation and hyper-responsiveness

To utilize the functional effect of Sim-2-VIVITas an efficient
mmunosuppressant in vivo, we administered the peptide into
n animal model of asthma intranasally. First, to determine the
n vivo delivery efficiency, Sim-2-EGFP protein was  administered
ntranasally, and the bronchoalveolar lavage (BAL) cells were ana-
yzed by flow cytometry (Supplementary Fig. 2) and the frozen lung
issue was analyzed by fluorescence microscope (Fig. 4A). The flu-
rescent intensity in BAL cells was dose dependently increased
t 20–200 �g and 200 �g was considered as an optimal dose
or Sim-2-VIVIT in the asthma model (Supplementary Fig. 2). In

he lung tissue, green fluorescence was detected in the vessel of

icrobronchial and endothelial area in the lung and penetrated
he bronchial basement membrane. It was also localized in epithe-
ial cells and in the tracheal basement membrane in tissue from

ig. 3. A cell permeable NFAT inhibitory peptide Sim-2-VIVIT inhibits IL-2 production 

re-incubated with: (A) Jurkat T cells, MACS-purified primary human; (B) CD4+ T cells, or
ntibodies for 24 h. The level of IL-2 cytokine in the culture supernatant was  determined 

tudent’s t tests were used with *p ≤ 0.05.
mids for 2 h. The cells were activated with anti-CD3 and anti-CD28 antibodies for
dependent experiments. Student’s t tests were used with *p ≤ 0.05.

Sim-2-EGFP-treated mice, but was not found in control EGFP
protein-treated mice (Fig. 4A). These results suggest that nasal
administration of Sim-2-CPP efficiently delivers protein into the
trachea and lung tissue.

To investigate the inhibitory effects of Sim-2-VIVIT peptide in
allergic airway inflammation, we  used the OVA-induced experi-
mental asthma model. Before OVA challenge, 200 �g of Sim-2-VIVIT
or control VIVIT peptide was administered intranasally, and the
OVA solution was nebulized to induce airway inflammation. The
histological examination by H&E and PAS staining showed that
OVA challenge induced the infiltration of inflammatory cells into
the peribronchial tissues around the airways and pulmonary
blood vessels. It also induced thickening of the airway, including

increases in mucus-containing goblet cells around the bronchial
airways (Fig. 4B). Remarkably, pre-treatment of Sim-2-VIVIT pep-
tide prevented the infiltration of inflammatory cells into the
peribronchial tissues, and very few goblet cells were detected

from activated human T cells. Sim-2-VIVIT or VIVIT peptides at 50–500 �M were
 (C) CD8+ T cells for 2 h, and then cells were activated with anti-CD3 and anti-CD28
by ELISA. Each bar represents the mean ± SEM for three independent experiments.
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Fig. 4. Intranasal administration of Sim-2-VIVIT peptide inhibits airway inflammation and hyper-responsiveness. (A) Sim-2-EGFP or control EGFP proteins at 200 �g were
intranasally administered for 2 h. The trachea and lung tissue were then prepared for fluorescence microscopy. For airway inflammation model, the mice were sensitized
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nd  challenged as described in Section 2. (B) Lung tissue was  prepared for histologi
y  H&E and PAS staining. (C) BAL cells were prepared, and the number of lymphocy
f  lung resistance (RL) in anesthetized ventilated mice. The data represent the mean

round the bronchial airways. However, significant inflamma-
ory cell infiltration and severe mucus hyperplasia remained in
he control VIVIT peptide-treated mice. The recruitment of lym-
hocytes and eosinophils was reduced among bronchoalveolar

avage (BAL) cells, indicating that Sim-2-VIVIT peptide signifi-
antly inhibited these inflammatory cells (Fig. 4C). These results
uggest that airway inflammation was significantly inhibited by
ntranasal administration of the Sim-2-VIVIT peptide. In addition,
irway hyper-responsiveness was evaluated by lung resistance
RL) (Fig. 4D). The level of OVA-induced hyper-responsiveness to

ethacholine was substantially attenuated by Sim-2-VIVIT pep-
ide, but not by control VIVIT peptide, suggesting that the intranasal
dministration of Sim2-VIVIT peptide strongly suppressed aller-
ic airway inflammation and airway hyper-responsiveness. These
ffects were likely mediated by the inhibition of T-cell activation
n vivo.

. Discussion

In this study, we characterized a novel cell permeable pep-
ide, Sim-2-CPP with nine amino acids, which was  designed after

 human transcription factor. This peptide was  administered

n a murine allergic asthma model with NFAT inhibitory pep-
ide (VIVIT). In vitro, Sim-2-CPP efficiently delivered conjugated
roteins, and it was detected in the cytoplasm and the nucleus.

ntranasal administration of Sim-2-CPP conjugated to EGFP
lysis, including morphology, goblet cells, and the infiltration of inflammatory cells
d eosinophils were counted. (D) Airway responsiveness was measured as the value

. Student’s t tests were used with *p < 0.05.

resulted in efficient delivery into the lung tissue, suggesting the
potential use of Sim-2-CPP as a safe delivery tool for therapeutic
applications.

Because the amino acid composition of Sim-2-CPP is different
from that of TAT-CPP, the transduction mechanism may  not same
with arginine or lysine-rich sequences. The transduction kinetics
of Sim-2-CPP showed a gradual increase until 7 h after adminis-
tration; however, TAT or Hph-1-CPP showed rapid transduction
within 15 or 30 min  and reached the maximum transduction within
60–120 min  [20,26]. We  will further investigate the half-life of
Sim-2-CPP in vivo compared with other CPPs. In previous reports,
the cell-penetrating mechanism of TAT-CPP was suggested to be
macropinocytosis [27], a type of endocytosis, and release from
the endosome was  indicated to be important for the functional
activity of cargo molecules in the cytoplasm or nucleus. However,
Sim-2-CPP seems to have different mechanism. In our prelimi-
nary experiments, intracellular localization of Sim-2-EGFP was not
affected by an endosome disrupting reagent, whereas the amount
of Hph-1-EGFP nuclear localization was increased by cloroquine
treatment (data not shown). From these preliminary data, we sus-
pect that Sim-2-CPP is likely transduced by a mechanism separate
from macropinocytosis. Moreover, delivery efficiency of Sim-2-

EGFP was not also affected by existence of 10% serum whereas that
of arginine rich CPPs were inhibited by serum containing media
(data now shown) suggesting Sim-2-CPP has different penetrating
mechanism of cell membrane from other arginine rich CPPs.
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J.-M. Choi et al. / Immunol

Upon TcR stimulation, the TcR signaling pathway activates the
uclear localization of transcription factors, such as NFAT, AP-
, and NK-�B. The immunosuppressive drugs cyclosporine A and
K506 inhibit the activity of calcineurin phosphatase, which is

 substrate for NFAT. Previous reports showed that inhibition of
FAT in islet transplantation successfully inhibited graft rejection

n vivo [16], suggesting that NFAT inhibition is an important and
otent target for immunosuppression in T cell-mediated inflamma-
ory situations. Whereas cyclosporine A and FK506 are associated
ith toxic side effects such as progressive loss of renal function,
ypertension, hyperglycemia, neurotoxicity and increased risk of
alignancy [28,29],  the VIVIT peptides specifically binds with

alcineurine without affecting its enzyme activity and may  repre-
ent an improved calcinurine inhibitor to prevent NFAT-mediated
nflammatory gene expression [16]. Previously developed drugs
ave harmful side effects due to their inhibitory effects on cal-
ineurin phosphatase activity; however, VIVIT peptide interferes
ith the interaction between calcineurin and NFAT without affect-

ng phosphatase activity. Thus, cell permeable VIVIT might be
ore advantageous and therapeutically more applicable for topi-

al administration such as intranasal or trans-dermal delivery than
urrent chemical immunosuppressive drugs.

In allergic airway inflammation, abnormal activation and differ-
ntiation of T cells toward the Th2 subtype is important for B-cell
ctivation and the production of IgE and IL-4 for eosinophil recruit-
ent [30]. Th2 cell secretes IL-13 contributes to mucus hyperplasia

nd the airway remodeling process [24]. Therefore, regulation
f T cells to inhibit allergic inflammation has been an impor-
ant research topic. Here, we demonstrated NFAT inhibition by
ntranasal delivery of a cell permeable form of VIVIT peptide, which
ramatically prevented allergic airway inflammation and airway
yper-responsiveness in widely accepted experimental asthma
odel. As opposed to NF-�B, which is associated with various sig-

aling pathways, the NFAT transcription factor is relatively specific
or the TcR signaling pathway [31]. Thus, the pathologic symptoms
lleviated by Sim2-VIVIT treatment in the murine asthma model
ight be caused by the inhibition of T-cell activation. Multiple

njection of Sim-2-VIVIT peptide for three days before OVA chal-
enge would presumably increase the inhibitory effect on recruited

 cell activation in inflammatory region. The intranasal admin-
stration of Sim-2-VIVIT is also thought to minimize potentially
nexpected systemic effects.

Moreover, according to our results, Sim-2-VIVIT not only inhib-
ted CD4+ T cells, but also inhibited CD8+ T cells, implying that this
eptide may  be useful for CD8+ T cell-mediated autoimmune or
raft rejection responses. We  will investigate further the function
f NFAT inhibitor in CD8+ T cells in future studies. The current work
ill be expanded to novel CPPs for the delivery of other functional

gents and to apply Sim-2-VIVIT to other inflammatory disease or
raft rejection studies.
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