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Controlling balance between T-helper type 1 (Th1) and
T-helper type 2 (Th2) plays a pivotal role in maintaining the
biological rhythm of Th1/Th2 and circumventing diseases
caused by Th1/Th2 imbalance. Interleukin 4 (IL-4) is a
Th2-type cytokine and often associated with hyper-
sensitivity-related diseases such as atopic dermatitis and al-
lergies when overexpressed. In this study, we have tried to
elucidate the function of 1-palmitoyl-2-linoleoyl-3-ace-
tyl-rac-glycerol (EC-18) as an essential modulator of Th1/
Th2 balance. EC-18 has showed an inhibitory effect on the
production of IL-4 in a dose-dependent manner. RT-PCR
analysis has proved EC-18 affect the transcription of IL-4. By
analyzing the phosphorylation status of Signal transducer
and activator of transcription 6 (STATB6), which is a transcrip-
tional activator of IL.-4 expression, we discovered that EC-18
induced the decrease of STAT6 activity in several stimulated
cell lines, which was also showed in STAT6 reporter analysis.
Co-treatment of EC-18 significantly weakened atopy-like
phenotypes in mice treated with an allergen. Collectively, our
results suggest that EC-18 is a potent Th2 modulating factor
by regulating the transcription of IL-4 via STAT6 modulation,
and could be developed for immune-modulatory therapeutics.
[Immune Network 2015;15(2):100-109]
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INTRODUCTION

(EC-18)
naturally in a variety of seed oils (1) and in bovine udder

1-palmitoyl-2-linoleoyl-3-acetyl-rac-glycerol occurs
and milk fat (2,3); it has also been isolated from the horns
of the Sika deer (Cervus nippon Temminck) (4). EC-18 that
has been isolated from deer horns has demonstrated meas-
urable biological activity, specifically the stimulation of hema-
topoiesis in vitro (4). Previously, we have chemically synthe-
sized EC-18 from glycerol, palmitic acid, and linoleic acid; this
form of EC-18 is chemically identical to naturally derived
EC-18 (5,6) and has been shown to stimulate the proliferation
of hematopoietic stem cells and bone marrow stromal cells
in vitro and in vivo (4,7). Kim et al. reported that EC-18 had
potent antitumor activity and inhibited the hematogenous
metastasis of biliary cancer cells in an animal model (8).
Hong et al. found that EC-18 markedly improved survival in
a murine model of abdominal sepsis via immunomodulation
(9). It was recently reported that EC-18 effectively suppressed
the allergic asthma response induced by ovalbumin in a mur-
ine model (10), Therefore, EC-18 is considered to be one of
the agents with biological activity, such as cytokine modu-
lation (9), anti-metastatic effects (8), and hematopoiesis (7).
However, the intracellular working mechanism of EC-18 has not
been well verified. In this study, we have tried to shed light
on the role of EC-18 in modulating the signal molecules asso-

Received on February 3, 2015. Revised on March 25, 2015. Accepted on March 30, 2015.

©9 This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribu-
tion, and reproduction in any medium, provided the original work is properly cited.

*Corresponding Author. Jae Wha Kim, Biomedical Translational Research Center, Korea research Institute of Bioscience
and Biotechnology, 125 Gwahak-ro, Yuseong-gu, Daejeon, Korea. Tel: 82-42-860-4238; Fax: 82-42-860-4593; E-mail:

wijkim@kribb.re.kr

Abbreviations: EC-18, 1-palmitic acid-2-linoleic acid-3-acetylglycerol; Th2, T helper type 2

IMMUNE NETWORK Vol. 15, No. 2: 100-109, April, 2015



ciated with T-helper type 2 (Th2)-related immune regulation,
especially the regulation of interleukin 4 (IL-4) expression,

IL-4 has been intensively studied and is still one of the
most interesting and biologically significant cytokines (11),
IL4 is mainly expressed in Th2 cells and has diverse bio-
logical activities (12). Recent studies have shown an en-
hanced expression of the IL-4 cytokine in the region with hy-
persensitive immune responses, such as atopic dermatitis
(13-16), asthma (17-19), and allergies (20,21). An imbalance
between Th1l and Th2 was easily detected in these diseases;
the most commonly observed phenomenon was enhanced
Th2-type cytokines like IL-4 and IL-13. The signal transducer
and activator of transcription 6 (STATO) is required for media-
ting responses to IL-4 and for the development of Th2 cells
(22). Interferon-gamma (IFN-7) is the main cytokine released
from Th1 cells and also controls the differentiation of naive
CD4 T cells into CD4" effector T cells, which promotes
cell-mediated immune responses and is required for host de-
fense against intracellular viral and bacterial pathogens (23).
Canonically, the IFN- 7/JAK/STAT1 signaling pathway is well
known (24). Therefore, it was assumed that IFN-7 ex-
pression and STAT1 activation are a major response of a
Thl-biased immune response.

In this study, we focused on EC-18’s ability to modulate
the Th1/Th2 equilibrium. The phosphorylation and transcrip-
tional activity of STAT1/STAT6 and the expression of IFN-
/IL-4 via treatment with EC-18 were investigated in in vitro
and in vivo assays. In particular, the possibility of EC-18 having
a therapeutic effect on Th2-associated diseases was tested via
its ability to downregulate 1L-4 and dephosphorylate STATG,

MATERIALS AND METHODS

Synthesis of EC-18

EC-18 is synthetic component that is composed of 1-palmitic
acid-2-linoleic acid-3-acetylglycerol (Fig, 1). In this study,
EC-18 was synthesized using a patented process (Korean

Figure 1. Structure of EC-18.
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Patent Application No, 10-2005-0065792) from 1-palmitoyl-
rac-glycerol as a starting material (5). We recently developed
a patented method for the large-scale synthesis of EC-18 with-
out column purification (Korean Patent No KR 10-1278874;
PCT/KR2012/007644).

Cell lines and culture

The A549, HEK293, Jurkat, NK-92, RBL-2H3, and U937 cell
lines were purchased from the American Type Culture
Collection (ATCC; Rockville, MD, USA), The cells were cul-
tured at 37°C in a 5% CO, humidified atmosphere, The A549
and HEK293 cells were cultured in Dulbecco’s Modified Eagle
Medium (DMEM; GIBCO-BRL, Invitrogen, Carlsbad, CA,
USA). The Jurkat and U937 cells were cultured in the
RPMI-1640 medium (GIBCO-BRL) supplemented with 2 mM
glutamine and 10% fetal bovine serum (FBS; Hyclon, Logan,
UT, USA). The IL-2-dependent NK-92 cells (human NK lym-
phoma) were maintained in @-MEM (Life Technologies,
Karlsruhe, Germany) containing 20% FCS (HyClone), 2 mM
L-glutamate, 100 xg/ml penicillin, and 100 xg/ml streptomy-
cin (Life Technologies) and supplemented with 100 U/ml IL-2
(Chiron, Emeryville, CA, USA).

Stimulators and inhibitors

A chemical inhibitor of STAT1 (Fludarabine) was purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA), a
STATG6 inhibitor (AS1517499) was purchased from Axon
Medchem BV (Groningen, The Netherlands), and human re-
combinant IL-4 and IFN-7 were obtained from BioSource
(Camarillo, CA, USA), Phorbol 12-myristate 13-acetate (PMA)
and dinitrophenyl-human serum albumin (DNP-HSA) were
purchased from Sigma-Aldrich (St. Louis, MO, USA).

RT-PCR analysis

RBL-2H3 and NK-92 cells were seeded in a 48-well plate at
2x10° cells/ml, The RBL-2H3 cell was pretreated with an-
ti-DNP-IgE (50 ng/ml) for 12 h, stimulated with DNP-HAS (25
ng/ml) for 2 h, and then treated with EC-18 (0,001 —10 rg/ml)
for 2 h, On the other hand, the NK-92 cell was activated with
PMA (500 ng/ml) for 24 h and then treated with EC-18 (0,001
—10 wug/ml) for 2 h before the cells were harvested. Total
the TRIzol
(Invitrogen). The cDNAs were synthesized from total cellular

cellular RNA was extracted using reagent
RNA using oligo-dT primers (Promega, Madison, WI, USA)
with the Moloney murine leukemia virus reverse transcriptase

(M-MLV RT, Promega) at 42°C for 1 h following the manu-
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facturer’s instructions. One microliter of the synthesized
¢DNA was used per 20 gl PCR reaction, which was com-
prised of 0.5 U ExTaq DNA polymerase, 1xbuffer, and 1 mM
dNTP mix (Takara Korea Biomedical, Inc,, Seoul, Korea) with
specific primer pairs, It was amplified as follows: 94°C for
5 min; then 25 to 40 cycles at 94°C for 45 s, 56°C for 45
s, and 72°C for 1 min; followed by a final extension of 7
min at 72°C using the GeneAmp PCR system 2700 (Applied
Biosystems, Foster City, CA, USA). The PCR primers were de-
signed using the Primer3 program and were purchased from
Bioneer (Daejeon, Korea). The PCR products were separated
in 1,5% agarose gel, stained with ethidium bromide, vi-
sualized using the Gel Doc 2000 UV trans-illuminator
(Bio-Rad Laboratories, Hercules, CA, USA), and analyzed us-
ing Quantity One software (Bio-Rad Laboratories). Each sam-
ple was tested more than three times, and representative data
are shown, For IL-4, we used the primer pairs of
5'-AATGGGTCTCACCTCCCAAC-3' (F) and
5'-TTCAGCTCGAACACTTTGAA-3' (R); for IFN-7, we used
the primer pairs of 5-TGGCTGAACTGTCGCCAGCA-3' (F)
and 5-TGGCTGCCTAGTTGGCCCCT-3' (R); and for GAPDH,
we used the primer pairs of 5'-CCATCACCATCTTCCAGGAG-3'
(F) and 5-ACAGTCTTCTGGGTGGCAGT-3" (R).

Cytokine assay

We seeded RBL-2H3 and NK-92 cells in a 48-well plate at
2x10 cells/ml, The RBL-2H3 cells were pretreated with an-
ti-DNP-IgE (50 ng/ml) for 12 h, stimulated with DNP-HAS (20
ng/ml) for 6 h, and then treated with EC-18 (0,001 —10 zg/ml)
for 2 h, On the other hand, the NK-92 cells were activated
with PMA (500 ng/ml) for 24 h and then treated with EC-18
(0.001—10 #g/ml) for 2 h before the cells were harvested.
The inhibitory effects of STAT1 inhibitor (Fludarabine) and
STATG inhibitor (AS 1517499) on IFN-7 and IL-4 production
were confirmed in NK-92 and RBL-2H3 cells, respectively.
The levels of cytokine secretion in the cell supernatants or
plasma were analyzed using an enzyme- linked im-
munosorbent assay (ELISA) set specifically for cytokines from
BD Bioscience (San Diego, CA, USA) according to the manu-
facturer's protocol, The absorbance was measured at 450 nm
using an EMax Endpoint ELISA microplate reader (Molecular
Devices Corporation, Sunnyvale, CA, USA) and then recalculated
as a concentration (pg/ml) using a standard curve with the
SOFTmax curve-fitting program (Molecular Devices Corpora-

tion).

Antibodies and Western blot analysis

The cells were washed with phosphate-buffered saline (PBS)
and lysed with cell lysis buffer (20 mM Tris-HCl, pH 7.5, 150
mM NaCl, 1 mM EGTA, 1 mM EDTA, 1% NP-40, 2.5 mM so-
dium pyrophosphate, 1 mM NazVO;, 1 mM NaF, and
Complete Protease Inhibitor Cocktail; Roche, Indianapolis, IN,
USA) on ice for 30 min. Thirty to fifty micrograms of the cell
lysate was resolved by SDS-PAGE on 10% or 12% gels and
transferred to PVDF membranes (Millipore, Billerica, MA,
USA). The membranes were incubated with primary anti-
bodies followed by peroxidase-conjugated anti-rabbit or an-
ti-mouse IgG secondary antibodies (Calbiochem, EMD
Chemicals Inc,, San Diego, CA, USA) and the ECL reagent
(Millipore) for band visualization, To verify equal loading and
adequate transfer, the membranes were probed with anti- @
-GAPDH antibodies (Santa Cruz Biotechnology)., The primary
antibodies were anti-STAT1, anti-phospho-STAT1, anti-STATG6,
and anti-phospho-STAT6 (Cell Signaling Technology, Beverly,
MA, USA).

Luciferase reporter assay

Cells at 40% to 50% confluence in the 12-well plates were
transfected with a reporter luciferase plasmid containing the
interferon stimulated response element (ISRE) (pGL4.45[luc2P/
ISRE/Hygrol; Promega) and containing four tandem copies of
the STAT6 binding site (p4xSTATG- Luc2P; Addgene,
Cambridge, MA, USA). The reporter vector was then trans-
fected into the cell lines with Lipofectamine plus reagent
(Lifetechnology) according to the manufacturer’s instructions,
The total amount of plasmid DNA per well was adjusted to
be the same by adding suitable amounts of empty vector., To
activate the STAT1 and STAT6 reporter vectors, IL-4 (10
ng/ml) and IFN-7 (10 ng/ml) were used to treat to the cells
for 6 h, Cells were harvested 48 h after transfection, and luci-
ferase activity was measured using a commercial luciferase as-
say kit (Promega) on the TD20/20 Turner luminometer
(Turner Design Instruments, Sunnyvale, CA, USA), The luci-
ferase activity of each sample was normalized to that of the
corresponding sample transfected with pGL4. All experimental
and control groups contained at least three wells, and the results
were reported as mean absorption=Estandard error.

Animals and chemical sensitization and challenge
Six-week-old male BALB/c mice were purchased from
CoreTech (Pyeongtaek, South Korea) and randomly assigned
to one of two experimental groups (17=4 mice/group). The
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groups were either treated with EC-18 or olive oil. The ani-
mals were maintained under specific pathogen-free con-
ditions and used for the experiment after 7 days of
acclimation, Experimental procedures were carried out in ac-
cordance with guidelines and under the approval of the
Institutional Review Committee for Animal Care and Use of
the Korea Research Institute of Bioscience and Biotechnology
(KRIBB-AEC-13107). The mice were anesthetized, and their
backs were shaved. They were then exposed to dini-
tro-1-chlorobenzene (DNCB; Sigma-Aldrich), The chemicals
were dissolved in a vehicle with a 1:4 ratio of ethyl acetate
to olive oil. The mice were sensitized with 0.2% DNCB 6
times and with 1% DNCB on last time over 7 days and then
challenged with 0.2% DNCB every 2 days for a total of 5
times. EC-18 was dissolved in olive oil at a concentration of
2 mg/100 xl and orally administrated at a dose of 100 mg/kg
body weight every day for 18 days. Blood samples were col-
lected on Day 0, Day 4, Day 14, and Day 18 from each
mouse by eye bleeding. Plasma was prepared by cen-
trifugation and stored at —80°C for the ELISA assay.

Statistical analysis

Statistical significance was evaluated using the student un-
paired #test, A confidence level of p<0.05 was considered
to be significant, Values were reported as the mean£standard
deviation (SD).

A B
RBL-2H3
Antigen: - + + + + + Antigen:
EC-18(ug/ml): - - 001 01 1 10 STATSG Inhibitor
(uM):
C D
NK-92
PMA: - + + + + + PMA:
EC-18(ug/ml): - - 001 01 1 10 STAT1 Inhibitor

(uM):
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RESULTS

EC-18 reduced IL-4 mRNA expression but did not
affect IFN- 7 expression

We first tried to elucidate the function of EC-18 for controlling
the Th1/Th2 balance in immune cells, Therefore, we checked
the modulation of IL-4 and IFN- 7 expression in EC-18-treated
cells using RT-PCR (Fig. 2) and ELISA (Fig. 3). The transcript
for IL-4 was induced via FceR1 stimulation of the mast cell,
RBL-2H3, as shown in Fig, 2A, DNP-HSA antigen (25 ng/ml)
—stimulated RBL-2H3 cells showed an effective IL-4 mRNA
expression within 2 h of treatment. EC-18 significantly inter-
rupted an induction of IL-4 mRNA transcripts by antigen in
a dose-dependent manner (Fig. 2A). On the other hand, the
PMA-induced IFN-7 expression in NK-92 cells was not af-
fected by EC-18 treatment in a dose-dependent manner (Fig,
2C). We also found that antigen-induced IL-4 transcripts were
decreased by the STAT6 inhibitor (AS 1517499) in RBL-2H3
cells (Fig. 2B) and that the STAT1 inhibitor (Fludarabine) was
capable of reducing PMA-modulating IFN-y expression in
NK-92 cells (Fig. 2D). These results show that EC-18 has an
effect on modulating of IL-4 expression dependent on STAT6
activation but has no effect on IFN-7 expression related to
STAT1 activation,

EC-18 decreased antigen-induced IL-4 production
but did not affect IFN-y production

As a biological process, IL-4 secretion was evaluated via the
ELISA system in the IgE-stimulated RBL-2H3 mast cells,

RBL-2H3 Figure 2. EC-18 reduced antigen-

induced IL-4 mRNA transcripts in
RBL-2H3 cells. RBL-2H3 cells were
treated with anti-DNP-IgE (50 ng/ml)
for 12 h followed by stimulation
with DNP-HSA antigen (25 ng/ml)
for 2 h, and NK-92 cells were treated
with PMA (10 ng/ml) for 24 h,
respectively. EC-18 was pretreated
from 0.01 to 10 xg/ml both in
RBL-2H3 (A) and NK-92 (O). As
positive controls, STAT6 inhibitor
(AS 1517499) and STAT1 inhibitor
IFN-y (Fludarabine) was pretreated in
RBL-2H3 (B) and NK-92 (D), respec-
tively. After incubation for 2 h,
mRNA was isolated from each group
of cells and RT-PCR was carried out.
As an internal control, GAPDH was
used.
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Figure 3. EC-18 decreased the levels
of IL-4. Secreted IL-4 and IFN-7
were evaluated using ELISA. IL-4
and IFN-7 were produced using the
DNP-HSA antigen (25 ng/ml) and
PMA (10 ng/ml) in RBL-2H3 (A, B)
and NK-92 (C, D) cells, respecti-
vely. EC-18 was pretreated from
0.001 to 10 xg/ml in RBL-2H3 (A)
and from 0.001 to 10 xg/ml in
NK-92 (O). As positive controls, the
STAT6 inhibitor (AS 1517499) and
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Anti-DNP-IgE-treated cells were stimulated by DNP-HAS (25
ng/ml) for 6 h and treated with 10, 1, 0.1, 0.01, and 0,001
ng/ml of EC-18 for 2 h. After being cultured, secreted IL-4
in the culture supernatant was calculated using the ELISA kit,
As shown in Fig, 3A, secreted IL-4 by antigen stimulation was
effectively blocked by EC-18 treatment (p<0,001). However,
EC-18 was unable to inhibit IFN- 7 production in PMA-stimu-
lated NK-92 cells as shown in Fig, 3C. The STAT6 inhibitor
(AS 1517499) was used as a relevant control for the down-
regulation of IL-4 secretion from the cells, As shown in Fig,
3B, IL-4 expression was apparently blocked by the dose-de-
pendent manner of the STAT6 inhibitor, On the other hand,
the STAT1 inhibitor had a distinct role in the suppression of
IFN-7 expression in a dose-dependent manner (Fig, 3D).
These results confirm that EC-18 has a modulating effect on
the downregulation of IL-4 expression and protein secretion
that is associated with Th2-related immune regulation. This
suggests that the functional role of EC-18 as an IL-4 regulator
might be utilized for recovering from the alternatively acti-
vated immune microenvironments,

EC-18 disrupted phosphorylation of STAT6

It is well known that STAT6 activation is generally mediated
by IL-4 receptor stimulation, Activated STAT6 has been found
to translocate from the cytoplasm to the nucleus and to in-
duce target genes including IL-4, IL-5, and IL-13 (25). To de-

STAT1 inhibitor (Fludarabine) were
pretreated in RBL-2H3 (B) and
NK-92 (D), respectively. After 12
hours of cell culture, culture supe-
rnatants were harvested and the
produced IL-4 and IFN-7 were
quantitated by ELISA. Each bar
represents the mean+SD. Signifi-
cance (p<0.001), indicated by **,
is the EC-18-treated cells versus the
antigen only-treated cells.

termine whether EC-18 directly modulates activated STAT6
phosphorylation, we investigated the effect of EC-18 on the
modulation of IL-4 induced STAT6 phosphorylation. The
treatment of 10 ng/ml of IL-4 activated STAT6 in U937 (a hu-
man monoblast cell line), A549 (a human lung carcinoma epi-
thelial cell line), and Jurkat (a human T lymphocyte cell line).
IL-4 induced phosphorylation of STAT6 was effectively
blocked in the EC-18-treated cells in a dose-dependent man-
ner, as shown in Fig. 4A, 4C, and 4D, The quantity of loaded
protein was normalized with the STAT6 protein, As a com-
parative control, the phosphorylation of STAT1 was examined
in the EC-18-treated cells’ lysate with EC-18 concentrations
ranging from 0.01 to 10 wxg/ml. Phosphorylation of STAT1
was induced by 10 ng of IFN-7 treatment. As shown in
Figure 4B, dephosphorylation of STAT1 was not found in the
EC-18-treated cells. These data show that EC-18 has a potent
ability to block the phosphorylation of STAT6 but not STATI,

Transcriptional activity of STAT6 was inhibited in the
EC-18-treated cells

Next, we confirmed whether EC-18 modulates the transcrip-
tional activity of STAT6 by promoter analysis, A STAT6 re-
porter gene, pGL4-STATG6-Luc-hygro vector, containing
STAT6-binding DNA elements was transfected into HEK293
and A549. The EC-18-treated cells showed that STATG tran-
scriptional activity was significantly reduced in a dose-de-
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pendent manner as shown in Fig. 4A and 4C. An inhibitory
effect of STAT6 transcriptional activity by EC-18 was more
in the A549 cells,
pGL4-STAT1-Luc-hygro vector was also transfected into
HEK293 and A549 using the same protocols as those of
STAT6. STAT1 transcriptional activity was induced by 10
ng/ml of IFN- 7 treatment. As shown in Figures 4B and 4D,
EC-18 did not have an inhibitory effect on STAT1 transcrip-
tional activity in the HEK293 and A549 cells. Also, we
checked that STATS dephosphorylation was not affected by
EC-18 (these data are not shown). These data suggest that
EC-18 has an effect on the inhibition of STAT6 transcriptional
activity with specificity.

sensitive As a comparative group,

EC-18 reduced the IL-4 and IgE levels on
DNCB-induced atopy-like dermatitis in the mouse
model

To determine whether EC-18 affects the modulation of signal
molecules associated with the Th2-related immune regulation,
such as the regulation of IL-4 plasma levels, 100 mg/kg EC-18
was orally administrated to DNCB-induced atopy-like dermati-
tis mice every day for 18 days. The plasma levels of IL-4 and
IgE were significantly reduced in the EC-18 treated group at
3 weeks after DNCB sensitization compared with the control
group (Fig. 6A), Plasma levels of total IgE in the DNCB-chal-
lenged mice were markedly elevated at 3 weeks in both the
EC-18 treated and control groups, However, the EC-18 treated
group showed a significant reduction in their plasma IgE lev-
els compared to the control group (Fig. 6B). When we visu-

A C
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IL4(10ng/ml): . + + + + + IL-4(10ng/ml):
EC-18(pg/ml): - - 001 01 1 10 EC-18(ug/ml):
B D
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STAT1 STAT6
IFN-y(10ng/ml): . + + + + + IL-4(10ng/ml):
ECA8(ug - - 001 01 1 10 EC-18(pg/ml):
Iml):
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ally observed the skin condition of the DNCB-challenged mice,
the EC-18 diet was found to have an effect on improving
DNCB-induced dermatitis compared with the control (Fig, 6C).
These results suggest that EC-18 has a possible role as an IL-4
regulator, which could be utilized in recovering from alter-
natively activated immune microenvironments,

DISCUSSION

Deer antler, from which EC-18 has been isolated, is a major
component of Asian traditional medicine, It has been used
as a biological activator and dieted preferentially as a valid
remedy over 20 centuries (26,27). EC-18 has been identified
as a main component of an extract that has a biological effect
on immune modulation (4,7,9,10), and it has been synthe-
sized as a compound substance to produce new drug (5,6).
In this study, the scientific evidence for evaluating EC-18’s
efficacy in immune modulation was considered,

In this study, EC-18 has been found to effectively block
STATG activation through its dephosphorylation with specific-
ity (Fig. 4). STAT1 activation induced by its phosphorylation
was observed in the IFN- 7-treated U937 cells; we also found
that treatment with EC-18 does not disturb STAT1 phosphor-
ylation (Fig. 4 and 5). The role of EC-18 in inhibiting STAT6
activated with IL-4 means that it has a target molecule that
is associated with STATG inactivation, Therefore, selective
blocking of EC-18 against IL-4 signaling has a meaningful bio-
logical significance for controlling the immune response to-
ward Th1 polarity, EC-18 could serve as one of several prom-

Figure 4. EC-18 dephosphorylated
activated STAT6. Phosphorylation of
STAT6 was examined using anti-
phospho STAT6 in the U937 (A),
A549 (C), and Jurkat (D) cell lysates
treated with EC-18 with concen-
trations from 0.01 to 10 xg/ml.
Phosphorylation of STAT6 was
induced by 10 ng/ml of the IL-4
treatment. (B) STAT1 phosphoryl-
ation was checked out in the cell
lysate treated EC-18 with concent-
rations from 0.01 to 10 xg/ml. The
activation of STAT1 was induced by
10 ng of the IFN-7 treatment in the
U937 cells. Dephosphorylation of
STAT1 and STAT6 was examined at
15 min after stimulation with IFN-
y and IL-4, respectively, in the
EC-18 pretreated cells.
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001 01 1 10

Jurkat

+ + + o+ +
001 01 1 10
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Figure 6. EC-18 decreased the plasma levels of IL-4
and IgE in DNCB-induced atopy-like dermatitis
mice. EC-18 was administrated orally to the mice
every day for 18 days and then sensitized with 0.2%
DNCB 6 times and 1% DNCB 1 time over 7 days
and then challenged with 0.2% DNCB for 5 times
every 2 days. After the collection of serum from
mice at Day 0, Day 4, Day 14, and Day 18, the
plasma IL-4 and IgE levels were analyzed. Each bar
represents the mean+SD. Significance (p<0.05),
indicated by *, is in the EC-18 -treated group versus
the control group treated with olive oil.
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inent extrinsic factors that alter the immune response and
lead to a recovery from degenerative diseases; for example,
it could be used as a therapeutic tool for atopic dermatitis
and for the improvement of tumor microenvironments,

In a previous report, we showed that EC-18 significantly
suppressed the allergic asthma response induced by alumi-
num hydroxide/ovalbumin in mice and also reduced elevated
Th2 cytokines, IgE, IgG, and eotaxin-1 levels (10). It is well
known Th2 cytokines, such as IL-4, IL-5, and IL-13, play an
important role in the initiation and progression of atopic der-
matitis (28), Of the Th2 cytokines, IL-4 induces B-cell activa-
tion and differentiation into immunoglobulin E (IgE)-producing
plasma cells (29) and subsequently activates mast cells with
the high-affinity IgE receptor (FceR1). The activated mast cell
undergoes degranulation and releases the mediator for the re-
cruitment of immune cells (30). Similar to previous data, we
have found that EC-18 effectively reduces overexpressed IL-4
mRNA and protein in several immune cell lines (Fig. 2 and
3). However, to date, we do not have finalized data related
to the functional role that EC-18 may play in Th1/Th2 balance
and the intracellular signaling mechanism of EC-18.

We observed IL-4 downregulation by EC-18 treatment
through an analysis of reduced mRNA transcripts and secreted
IL-4, which convincingly demonstrated that EC-18 suppresses
IL-4 expression via its inhibition of the STAT6 signaling path-
way (Fig. 2B and 3B). Inactivation of STAT6 transcriptional
activity by its dephosphorylation subsequently resulted in re-
duced 114 transcripts, In line with the reduced mRNA of IL-4,
a diminished IL-4 secretion was verified by ELISA, It is well
known that, IL-4 overexpression skews the immune response
toward Th2 (31,32), which means that the arbitrary regulation
of exaggerated IL-4 using extrinsic factors could be an effec-
from  Th2-driven

Phosphorylation of STAT6 is generally mediated by IL-4 re-

tive tool for recovery diseases.
ceptor stimulation, Activated STATG translocates from the cy-
toplasm to the nucleus and induce target genes, including
IL-4, IL-5, and IL-13 (25). SOCS proteins have been found to
negatively regulate STATG activation and reduce the suscepti-
bility of allergies and asthma, and a deficiency to these pro-
teins enhanced differentiation into the Th2 of helper T cells
(33,34). M2 or M2-like macrophage polarization is facilitated
by cytokines that signal via STAT3 and STATG, such as IL-10
or IL-4 and IL-13 (35). Modification of STAT6 activity has dis-
tinct biological activity in the activation of humoral immunity,
and STATG activation is pivotal for the generation of IL-4
transcripts, Inhibiting STAT6 phosphorylation is a potent ap-

EC-18 as a Th2 Modulating Factor
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proach for attenuating IL-4 expression, Effective interruption
of STAT6 phosphorylation could be useful in skewing the im-
mune response from Th2 to Thl. In this paper, we reveal
that EC-18 is a potential converter from Th2 to Thl via the
effective modulation of IL-4 cytokines by blocking STATG,

IFN- 7 controls the differentiation of naive CD4 T cells into
Th1 effectors, which mediate cellular immunity against viral
and intracellular bacterial infections (23), IFN is a typical Thl
cytokine, and its expression effects on Th2-type cytokines like
IL-4 and IL-13, 1L-4 and IFN-7 do not directly inhibit differ-
entiated Thl or Th2 cells, instead, they are inhibitory by
blocking the differentiation of those subsets from naive pre-
cursors (30). IFN deficiency has been observed in asthmatic
patients and was associated with airway hyperresponsiveness
(37). In addition, total serum IgE levels have been found to
correlate negatively with IFN levels (38), These findings sug-
gest that Thl polarity and a high level of IFN-y has potential
as a promising therapy for atopy and asthma (39). Canonical
IEN- 7-JAK-STAT1 signaling is a well-known pathway for tran-
scriptional activity of STAT1 (24). Ligand engagement of the
IFN- 7 receptor leads to activation of Jakl and Jak2 phosphor-
ylation and leads to the phosphorylation of STATI, Thus,
IFN- 7 expression and STAT1 phosphorylation are a typical
phenomenon of a Thl-biased immune response. In the cur-
rent study, we found that the modulation of inducible IFN- 7y
expression and STAT1 activation was not changed by EC-18
(Fig. 2C, 3C, 4B, 5B, and 5D).

Therefore, when taken together, the verified EC-18 efficacy
in the modulation of immune balance could be utilized as
a therapeutic tool for hypersensitivity-related diseases, such
as allergies and atopic dermatitis.
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