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Cudrania tricuspidata Suppresses Mast Cell-Mediated Allergic Response Iz Vitro and In Vivo

Young Mi Kim*
College of Pharmacy, Duksung Women’s University, Seoul 132-714, Korea

Abstract — Mast cells play an important role in early and late phase allergic reactions through allergen and IgE-dependent
release of histamine, proteases, prostaglandins, and several multifunctional cytokines. In this study, we investigated whether
Cudrania tricuspidata extract (CTE) suppresses IgE-mediated allergic responses in mast cells, an allergic animal model, and
its mechanism of action in mast cells. We found that CTE inhibited IgE-mediated degranulation and cytokine production in
rat basophilic leukemia (RBL)-2H3 mast cells and bone marrow—derived mast cells (BMMC), as well as passive cutaneous
anaphylaxis (PCA) in mice. With regard to its mechanism of action, CTE suppressed the activating phosphorylation of spleen
tyrosine kinase (Syk), a key enzyme in mast cell signaling processes and that of LAT, a downstream adaptor molecule of
Syk in FceRI-mediated signal pathways. CTE also suppressed the activating phosphorylation of mitogen-activated protein
(MAP) kinases and Akt. The present results strongly suggest that the anti-allergic activity of CTE is mediated through
inhibiting degranulation and allergic cytokine secretion by inhibition of Syk kinase in mast cells. Therefore, CTE may be

useful for the treatment of allergic diseases.

Keywords Cudrania tricuspidata extract (CTE), mast cells, allergy, src-family kinases, syk, passive cutaneous anaphylaxis
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Minimal Essential Medium(MEM) ®joFel ¥} RPMI-1640 Hj
ool & GIBCO(Rockville, MD, USA)ellA] 7+¢1&+S1tt. Dini-
trophenol-bovine serum albumin(DNP-BSA), DNP-specific
monoclonal IgE, formamide, arabic gum % diphenylhydramine
(DPH)= Sigma(St. Louis, MO, USA)Y4 3151310, PP2=
Calbiochem(La Jolla, CA, USA)ollA %J3}3It}. Phospho-Syk,
Phospho-LAT, LAT % phospho-tyrosine®]] So]%]¢1 &)= z}
Z} Cell Signalling Technology(Danvers, MA, USA)llA 3]s}t
th. Syk, phospho-Akt, phospho-Erkl/2, phospho-JNK,
phospho-p38 & actin®] 5o]4 <l &A= Santa Cruz Bio-
technology(Santa Cruz, CA, USA)IA F-15ke] AME-35191 o
protein A-agaroset™= RocherlellX] T8It 1 8] A|9R A
== Hael 49 AES Fdste] ARESISIt

%%
e () gt vlel e Fel A5 457 571 BALB/
c HHA% dnto ] ARSI, ot Ak AR =
2 3glom ARl 2uE 22+1°C, S5 55+10%% A
o}oﬂolzq vkl ko] 370 27} 12805ke R a}@c}. RE A
TE 17 B¢ AR A7 Iks 7R Aol AR
S0t SAA e a2 B vk = sl o)
O= silon, FEARE gL = gl ut
ek A= sttt
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X ELF| 01I = FEE M=
%1%1%%4 FES SRAEFEESYORNE Y5l
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ATCC(American Type Culture Collection)ollA] oF+-2-
RBL(rat basophil leukemia)-2H3+= 200 mM L-glutamin,
10,000 units/m/  penicillin/streptomycin, 15% fetal bovine
serum(FBSY| ¥ minimum essential medium(MEM)S- 5l
ooz o] CO, Hi%7](5% CO,, 37°CylA wiksliar 2~3
A 71402 AdiEieF 319tk Bone marrow-derived mast cells
(BMMCs)= 5732 7% Balb/c PRz HE] 3 e =5 Al
¥E 10% FBS, 100 ug/m/ streptomycin, 100 uM non-essential
amino acid solutionS ¥+ RPMI 16401 10 ng/m/°] murine
recombinant IL-35 337}t HljeFdlS A8-3to] 455 o] vl|%k
% 98% ©’d2] BMMCZE 2371 & 3ol ARE3FiTt.

5

H|SEM|ZOIM Bt &3
RBL-2H3 MZZ 24 well-plateol] welld 2.0x10°71% &5
3lod, 20 ng/m/2] DNP £0]491 IgE 7} ¥3k¥l MEM HiX] ]|
A 12A13F F<tb viekste] A FTE. 22k (B-hexosaminidase
release assay) 8-> PIPES 9589425 mM PIPES, pH 7.2,
159mM NaCl, 5mM KCl, 04mM MgCl,, 1mM CaCl,
5.6 mM glucose, 0.1% fatty acid-free fraction V from bovine
serum)S AREdto] 2184&1IT). WA PIPES 958907 A
£ 13 A1H F, %‘g‘%—% 7} SR PIPES 5890 314
AA 2+ wellel] 30 FHEE SIATE a2, 25 ng/mie]
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B A5 flell ol whe-S AAFTE AT NS E-tubedl] &
7)1, platee]] BolQlE AEE 0.1% triton X-10002 sRfA1Z1
th A=dat gad A FEAZE 96 well plateo] 1mM p-

nitrophenyl-N-acetyl-B-d-glucosaminide®} 242} 30 w2 412 o}
+ 37°C 273 oA 1A13F B3F iAo, 01 M

carbonate &F & NS Yol W-5& FTZHAIZ] §F microplate

readerE ©|&35t0] 405 nm oA FHEE SH ISl
BMMC A|¥5 AF-3F 73-$= 5ml round bottom tubeol] A&

5 747F 2.0x100% £3 F, 50 ng/m/e] DNPe|| 50| %41
IgE7} ¥3]0] 9li= RPMI-1640 wiX|9} §] 4A1%F <t vk
sto] AxE ZAAZT A8 Tyrode $% 89120 mM
HEPES, pH7.4, 135mM NaCl, 5mM KCl, 56 mM glucose,
1.8mM CaCl,, 1 mM MgCl,, 0.05% BSA)atolA] Zaa3ic,

RT-PCR(Reverse
Reaction)

6 well plate °l4] A= RBL-2H3 A3 trizol reagent=
B3, Jlo R cell lysates B2 th, S22EES 200 W
£ dojZr}, 13,000 rpmellA 105 ow‘ﬂa?‘z}
I} o] AR ES 1: 12 412> & -20°CollA &t ]t
13k}, 13,000 rpmefl A 10%- %OP ey F oﬂEP 2 o]
% RNA pelletss DEPC-water 50 w/oll %934 total
A9lt}. PCRS 94°C, 30%, 58°C, 30%, 72°C, 40%% 303]
HEE33IY). Primeri= Rat TNF-oi= forward 5-CACCACGCT-
CTTCTGTCTACTGAAC-3', reverse= 5-CCGGACTCCGTG-
ATGTCTAAGTACT-3, IL-4+ forward 5-CCGATATGGTGT-
AATTTCCTATGCTG-3,, reverse 5-TTGTGAGC GTGGACT-
CATTC-3'0] 37, Rat GAPDH forward:= 5-GTGGAGTCTACT
GGCGTCTTC-3, reverse= 5-CCAAGGCTGTGGGCAAGGT-
CA-35 AHE3iSict.

Transcriptase-Polymerase = Chain
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C{oIR|ZIAE
100 mm HieFEAlel 5x10%71e] MEE 2535 5 20 ng/mi)

DNP Eo]#<l IgE7} 3¢ MEM iAol 12417} 5ok vljok
shm 7F2AlZ Tk PIPES $5891 0= 3 Aol § ohA
PIPES €89 4mis golFtt. CO, Wi¥71(5% CO,, 37°C)
oM 5EZF WESAR] B PRELE 2255 7F wHE PIPES
A5l SMAA 7 wellell 303 F&= A E AT
25 ng/mie] LS Asto] 7t Bt A=A F 577 A
el Fo vEg-& A AIHATE 271 PBS 4 miZ 3W AolF
% lysis buffer 500 W= 718k AEE LA AA E-tubeZ

27 g3kt 13,000 rpm O 2 1027 YAEe] slo] 98 Ak
Aof] FRI3tarA}; sh= Wizl o)l A5 3718k 4°C

oA 3AIZF o WESAJFATE. Protein A-agarose 50 wis il ok
Al 4°CollA AT &3 HEGAIZATE HEgo] B - AH el
o7 5H RT3 AHdeAs eds] AAS the, 2x sample
buffers 50 W 21531 100°CollA 1027F BES- & d3ollA 5
1 gobro] Whg-E A AZITh. 13,000 rpm 1 diee &
agarose”} SEGEA] QP 2 Sikig
ojglA 9L WA E= immunoblotting A% 7 E o]-&af

of A9 slsgict,

Immunoblotting £41

RBL-2H3 —ii,% BMMC A XE 6 well-plate®] welld 1.0x
105718 B33k 3 20 ng/m/¢] DNP Eo]&Ql IgE7} Z3te
MEM Hlj%| W 12717F g3t wjeFst 22zt PIPES €5
SN 2miE 3 HojFE 5 thA] PIPES &89 1mis Yol

Tt CO, HIFZ1(5% CO,, 37°C)olA 537t RESAIZ & &=

FES 7} FHE PIPES &89 S4A1A 7} wellell 30
B Ae [Ax2)2 519}, 25 ng/mie) DNP-BSA% 7} wellell %
7¥ste] Adef WA AZWEE AFAIZ]L ) 533 A 2ol

WS AXAFTH M|EE ice-cold PBSE F ¥ Hoj=

ol
T lysis buffer(20 mM HEES, pH 7.5, 150mM NaCl, 1%
Nonidet p-40, 10% glycerol, 60 mM octyl-B-glucoside, 10 mM
NaF 1mM Na;VO,, 1mM phenylmethylsulfonyl fluoride,
2.5 mM nitrophenylphosphate, 0.7 ug/m/ pepstatin, and a
protease-inhibitor tablet)s 715l A|xE La|AAA E-tube
2§71 99kt 13,000 rpm o2 577 3R] slo] G2 A}
= 2x sample buffer?} 41©] 100°Col|A] 583t w2l A
eyl o] g A AL W HA| S E SDS-PAGE
(sodium dodecyl sulfate-polyacrylamide gel electrophoresis)E
ZA&s = PVDF membrane(Schleicher & Schuell, BA85)E
transfer At} TBS-T(10mM Tris-HCl, pH 7.5, 150 mM
NaCl, 0.05% Tween-20) buffers ©]% 5% BSAS Tt 8k A
7 =<t blocking }\]7 1;]__0_ 7]—71—_0/] Eo]x%o zskzﬂﬂ_ 1/\]7]_ =
¢k WE2-A1Z ). 1231 HRP(horseradish perox1dase)7]- 2o 2
A FAE ARE 53 vEEAIR vy TBSTE A% 5 ECL
detection kit(Amersham Pharmacia Biotech)E AR-5}¢] X-ray
Agel Az

RS
=
o

&

x

Enzyme-linked immunosorbent assay(ELISA)
ZJZ}EJ RBL-2H3 A|¥E 20 ng/ml L0 2 4A17F 5o A=
F AIRE g w2 2418 TNF-oib IL-45 ELISA kit(Invitrogen,

== T

Carlsbad, CA, USAE o]gslo] =431t

EAEE 2N

Z}ze] AE ttest & &3l p wke 545kl p<0.05 91 A
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Fig. 1 - Effect and reversibility of Cudrania tricuspidata extract
(CTE) on Ag-stimulated degranulation in mast cells. (A)
After priming RBL-2H3 cells or BMMCs with 50 ng/m/
DNP specific IgE, the cells were stimulated with 25 ng/m/
antigen for 10 min. The degranulation was determined by
measurement of the activity of 3-hexosaminidase in culture
media. (B) Reversibility of CTE’s effect in RBL-2H3 cells.
The RBL-2H3 cells were washed out five times with
PIPES buffer after incubating with 100 ug/m/ CTE for 1 h
and then stimulated for 10 min with antigen. The values
indicate mean+S.E.M. from three independent experiments.
Significant differences with the Ag-stimulated controls
without CTE are indicated, *<0.05 and **p<0.01. PP2 is
a general Src-family kinase inhibitor.
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Fig. 2 — Effect of Cudrania tricuspidata extract (CTE) on the
expression and secretion of tumor necrosis factor (TNF)-ou
and interleukin (IL)-4 in RBL-2H3 mast cells. (A) IgE-
primed RBL-2H3 cells were stimulated with 25 ng/m/ Ag,
or not stimulated. Total RNA was isolated and then
reversely transcribed. Polymerase chain reaction using IL-4-
or TNF-a specific primers was performed as described in
the section for "Materials and Methods". The representative
images and band density from three independent experiments
are shown. (B) The levels of TNF-o and IL-4 in the culture
supernatant were determined by using Enzyme-linked
immunosorbent assay (ELISA) kits. Asterisks indicate
significant differences from Ag-stimulated controls, which
are not treated with CTE, *$<0.05 and **p<0.01. PP2 is
a general Src-family kinase inhibitor.
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Fig. 3 — Effect of Cudrania tricuspidata extract (CTE) on IgE-mediated passive cutaneous anaphylaxis (PCA). (A) The anti-allergic effect was
assessed using PCA mouse model. Balb/c mice were intravenously injected with a 250-mg antigen (DNP-BSA) containing 4% Evans
blue 24 h after intradermal administration of a dinitrophenol (DNP)-specific IgE antibody (0.5 mg) into a mouse ear. CTE
(100~1000 mg/kg) was orally administrated 1 h before an administration of antigen. The dye extravasated by antigen was extracted
from the ear and the amount was measured by absorbance. The representative photograph of ears (A) and the mean=+S.E.M. of values
(B) from three independent experiments, each with 10 mice, are shown. The asterisks indicate significant difference from Ag-
stimulated controls without CTE (¥<0.05; **p<0.01). Diphenylhydramine (DPH, 50 mg/kg) was used as a typical anti-histamine

reference drug.
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Fig. 4 - Effect of Cudrania tricuspidata extract (CTE) on the
activating phosphorylation of Syk in Ag-stimulated RBL-
2H3 mast cells. The IgE-primed RBL-2H3 cells were
stimulated with 25 ng/m/ Ag (DNP-BSA), with or without
CTE at the indicated doses, for 7 min. Syk kinase was
immunoprecipitated with specific antibody and then
subjected to immunoblot analysis. Representative immunoblot
images (A) and band density (B) are shown from three
independent experiments. Asterisks indicate significant
differences from Ag-stimulated controls, which are not
treated with CTE, *$<0.05 and **p<0.01. PP2 is a general
Src-family kinase inhibitor.
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Fig. 5 — Effect of Cudrania tricuspidata extract (CTE) on the
activating phosphorylation of Syk and LAT in Ag-stimulated
mast cells. The IgE-primed BMMCs were stimulated with
25ng/m/ Ag (DNP-BSA), with or without CTE at the
indicated doses, for 7 min. The whole cell lysates were
subjected to immunoblot analysis to detect the phosphorylated
forms of Syk and LAT. Representative immunoblot images
(A) and band density (B) are shown from three independent
experiments. Asterisks indicate significant differences from
Ag-stimulated controls, which are not treated with CTE,
*»<0.05 and **p<0.01. PP2 is a general Src-family kinase
inhibitor.
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inhibitor.
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