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Rhus Trichocarpa Suppresses IgE-mediated Allergic
Response In Vitro and In Vivo

Hannah Lim and Young Mi Kim*
College of Pharmacy, Duksung Women's University, Seoul 132-714, Korea

Abstract — Mast cells is the key effector cells for IgE-mediated allergic responses. In this study, we investigated whether Rhus
trichocarpa extract (RT) inhibited IgE-mediated allergic responses in mast cells and an allergic animal model. We further tried
to find its mechanism of action in mast cells. We found that RT suppressed antigen-stimulated degranulation and production
of TNF-o and IL-4 in rat basophilic leukemia (RBL)-2H3 mast cells and bone marrow-derived mast cells (BMMC), as well
as IgE-mediated passive cutaneous anaphylaxis (PCA) in mice. As the mechanism of action of RT, it inhibited the activation
of spleen tyrosine kinase (Syk), a pivotal signaling molecule for activation of mast cells and that of LAT, a downstream adaptor
molecule of Syk in FceRI-mediated signal pathways. RT also suppressed the activation of mitogen-activated protein (MAP)
kinases and Akt. The current results demonstrated for the first time that RT has the anti-allergic effect through inhibiting degran-
ulation and secretion of cytokines by suppression of Syk in antigen-stimulated mast cells. Therefore, RT might be useful for

allergic diseases.
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NI (Rhus trichocarpa Miquel)= 153+ Anacar-
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AEME - Minimal Essential Medium(MEM) ¥ RPMI-
1640 B2 GIBCO(Rockville, MD, USAYIA #4311
t}. PP2:= Calbiochem(La Jolla, CA, USAPIA #4502
™, Dinitrophenol(DNP)-specific monoclonal IgE, DNP-
bovine serum albumin(BSA), diphenylhydramine(DPH),
formamide % arabic gum-< Sigma(St. Louis, MO, USA)
X 42Tt Phospho(pY)-Syk, Phospho(pY)-LAT,
LAT ¥ phospho-tyrosine(pY y3&2 918+ &3l= 717} Cell
Signalling Technology(Danvers, MA, USA)A A -3+
t}. 21 o]9]ol] phospho-Akt, phospho-Erk1/2, phospho-JNK,
phospho-p38, Syk % actin 55 7&3F7] 913k IAl= Santa
Cruz Biotechnology(Santa Cruz, CA, USA)| A -] 5}
AHEEFR e M R7FS 913 protein A-agarose= Roche
AbelA] A3 2 Hol] Aloke AldtE= o] 4
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JHEURe| HEHE FEE M= - & A7 AF8H 7l
22U (Rhus trichocarpa Miquel) ™ -2 3=
24-009) A EFEELY 0 ZHE 5] ARSI
ol 2 FEES DMSOo £8A1A A 2 7]
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Hlopd gdlof] Agor A & AHAF=E Fol a1,
4 xRtz Z7be] §ulE ARSsle] Ade] ASS
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H|ZIMIZo| iR} — Z<f-2<] B THA 2 (Bone marrow-
derived mast cells, BMMCs)= ¢ 5 2] 31 Balb/c v}
S22 HE AFHI FF AEES 10% FBS, 100 pg/ml
streptomycin, 100 uM non-essential amino acid solution=-
E3F3 RPMI 164091 10 ng/ml®] murine recombinant IL-
35 71 Mg E ARESte] 45 o vl T 98% ol
°] BMMCZ #3149 215 FACS 2415 38l &<l & 4
3ol ARE-3} T} RBL(rat basophilic leukemia)-2H3= 200
mM L-glutamine, 10,000 units/ml penicillin/streptomycin,
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15% fetal bovine serum(FBS)©| 2% minimum essential
medium(MEM)S I O 2 3lo] CO, incubator(5% CO,,
37°CllA] vl Fatalar 2~-3Y 7HA o2 Al sHiTh.
HIZEMZOIAM SRR S — vkl £2.0 x 107/wel)S
Hj k710l #5313l 20 ng/mle] DNP 5-0]421 IgE7} X35t
¥ MEM HiA]OA 12417 E<F v gate] IgE7F HIRkAI
o] ¥ F8Ael F2FsHA| a1t @3 (B-hexosaminidase
release assay) 5792 RBL-2H3 A= PIPES €5-899(25
mM PIPES, pH 7.2, 159 mM NaCl, 5mM KCI, 0.4 mM
MgCl,, 1mM CaCl,, 5.6mM glucose, 0.1% fatty acid-
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free fraction V from bovine serum) 22|32 BMMCs=
Tyrode $+% -8 <4(20 mM HEPES, pH7.4, 135 mM NaCl,
5mM KCI, 5.6 mM glucose, 1.8 mM CaCl,, 1 mM MgCl,,
0.05% BSA)S AFEslo] ssigiTt. WA S0 A
22 28] AF ¥, 3282 2 FEUE 938 54
AIA ZE wellell 302 A2 E ek the=, 25 ng/ml
] 3 (DNP-BSA)E 7} wellol] H71se] 158 &<t 2=
N F, 582 AL 91 ol AFE BRI Y
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o o] MEyro 2 EH]E B-hexosaminidaseS =731
3 A=AE E-tubedl] 27132, platedl] HolRlE AEE 0.1%

triton X-1002.2 FHAI T FEH 3 € A 5= 96
well plate®] 1 mM p-nitrophenyl-N-acetyl-B-d-glucosaminide
o} 77} 30 pul A 42 the 37°C F2rzellA A7 Bt
HEEAIZL %, 0.1 M carbonate $HE-8-912 Hof W& &
AAZL F 405 nm SHAOlN FHES 2K,
RT-PCR(Reverse Transcriptase-Polymerase Chain
Reaction) — &0l ]3] #=% RBL-2H3 A %6 well
plate)°ll trizol reagents 2]t & TI OS2 cell lysates
Ro UL, FEZXES 200 S ¥olFrTh 15,000 gollA
BLE T o] aZB2IES IR
AL & 220°ColA & AIZE S wHSAIZITE 15,000 gol
Al 108 Bt AAEE § dEEE AojE F, RNA
pelletsS DEPC-water 50 ploll 35994 total RNAS 43}
t}. PCRS 94°C, 30%, 58°C, 30%, 72°C, 40%E 303
25191tk PCRS 913 Primer+= Rat TNF-oi= forward
5'-CACCACGCTCTTCTGTCTACTGAAC-3', reverse= 5'-
CCGGACTCCGTGATGTCTAA GTACT-3', IL-4+= forward
5-CCGATATGGTGTAATTTCCTATGCTG-3!, reverse 5-TT
GTGAGCGTGGACTCATTC-3'0] 32, Rat GAPDH forward
= 5-GTGGAGTCTACTGGCGTCTTC-3!, reverse= 5'-
CCAAGGCTGTGGGCAAGGTCA-3'E AR-31th.
HARIZAIE — HTAHIEE 6 well platesdllA 25 ng/ml &
Ao TR AFAITAL, AEHIeM A=2 AAAZ T
N EE= 27he PBSE 2W A& 313, 2}7+S lysis buffer
(20 mM HEPES, pH 7.5, 150 mM NaCl, 1% Nonidet p-
40, 10% glycerol, 60 mM octyl b-glucoside, 10 mM NaF,
ImM Na3VO4, 1 mM phenylmethylsulphonyl fluoride,
2.5 mM nitrophenylphosphate, 0.7 mg/ml pepstatin, protease-
inhibitor cocktail tablet)= k& 3ttt Ml 2ot A4 2 &
29914 30 minset XA 7], 15,000 g, 4°CoIA 155
&t Aale stk Axak HAZE A AT el
It} sk o] SolZQl FAS H7kste] 4°C
oA 3A17F o] WHSAIZ] T, Protein A-agarose 50 uis 4
3L TA] 4°CollA 3AIZE FE WA ZATE Whgo] Bt &
H| 5o 2l M-S WAIE] flal AlF g os 53]

Mol MH S 98] 2718 THS., immunoblotting
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418 918 2x sample buffers 50 pl ¥o]F=aL 100°CollA]
7 U F dEollA 5E7E ool wheS AXAA
. % agarose’} EFEA] RFEE
ZAZHA FFTAE S0 uE FHAste] 4 dMANE =
immunoblotting #4-& Fale] o] g St

Immunoblotting &4 — ¥ THH 2= 6 well platesol] A]
25 ng/ml TP 2 7HTF AFAT) 2L, G2l A= A
AANZAT. AEE 271 PBSE 23 Al A8, 7R lysis
HEPES, pH 7.5, 150 mM NaCl, 1% Nonidet p-40, 10%
glycerol, 60 mM octyl b-glucoside, 10 mM NaF, 1 mM
Na3VO4, 1 mM phenylmethylsulphonyl fluoride, 2.5 mM
nitrophenylphosphate, 0.7 mg/ml pepstatin, protease-inhibitor
cocktail table)= M= TRA= T A X =2 308 &
ok A3-9lo FL, 15,000 g, 15%, 4°CollA] YAEZ T Al
X3 HA7IE AAFAT AETH &S 95°CollA 2X
Laemmli bufferol| A HAAA 712, WA E @z gpS-
PAGE®|A £28] &, nitrocellulose membrane® =2 transfer™|
AT} membrane-> 5% YA EF7F E£FE TBS-T buffer
(10mM Tris-HCI, pH 7.5, 150mM NaCl, and 0.05%
Tween 20)Z blockingAlZ] F 1x} A2} 74 WESA| AT
12} A= 1:10002-Z 343131, 4°CollA] overnight© =
A)Z13, membrane SE2 3W AlZ3}, 1:2000% 3
horseradish peroxidase(HRP)-coupled 22} A2 4]
b F2o A wkgAIZTE 2 & 584 S TBS-T $4%
A#3}aL, chemoluminescence W O =2 Thi Al ul
SN

Enzyme-linked Immunosorbent Assay(ELISA) —IgE
2 72k RBL-2H3 AlZE 20 ng/ml 02 4A]7F et
A= & AE 9 e A2 E8]E TNF-att IL-45 ELISA
kit(Invitrogen, Carlsbad, CA, USA)E ©]-&3}o] Alo|E7IR]
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=0l 2lgh Bt oM Sab - JiU-e] Y ET] A
T 395 goly] 98 4 gEEr)aaed %k o
Q1 AER] v A 29 Rl o] gy oA A=
£ RBL-2H3 Al 2 BMMCS o]&3le] 23S 33319
o} A2 F55S RBL-2H3(Fig. 1A) 2 BMMC(Fig.
IBelA T= EF oz gl e oAEIlen, Hiss
Q1 100 pg/mlo|A] Aol tii-t GabeS A8kt kA
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Fig. 1. Effect and reversibility of Rhus trichocarpa extract
(RT) on antigen (Ag)-stimulated degranulation in mast cells.
After priming RBL-2H3 cells (A) or BMMCs (B) with 25 ng/
ml dinitrophenol-specific IgE, the cells were stimulated with
25 ng/ml antigen (Ag) for 15 min. The degranulation was
determined by measurement of the activity of [-hexosa-
minidase in whole cells and culture media. (C) Reversibility of
RT’s effect in RBL-2H3 cells. RBL-2H3 cells were washed
out five times with PIPES buffer after incubating with 100 pg/
ml RT for 1h and then stimulated for 15 min with antigen.
The values indicate mean+S.E.M. from three independent
experiments. Significant differences with the Ag-stimulated
controls without RT are indicated, *p<0.05 and **p <0.01.
PP2 is a general Src-family kinase inhibitor.
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ShH o]okEe] 7192 HARE AA T8 SrE
7R EZ fle] MU FEE9 A7} T Z
Ao 71948 vERlI=A] ER1881TE RBL-2H3 Al 2E
SV 225 100 pg/mlE 308 ok AAlg] sFUS o
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MAP kinase’s-¢] 3}9] A3 H2H =S B3} A)71ch " o}
A e U FEE0] old ZAledY v
Aol oH oA FAE /=X E AP MU
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A= 2]k Syke] Q1AslE AISHR 2™ 100 pg/mlolA]
= AAksE Al s JAAH THFig. 3). T H|RE
A Fol A Aol 2] Syke] FH 7 7jdehmA e &
U7 LATS ibsle FrolEd oz JAES U Q)

AUTHFig. 3). WA 7T FE5ES VX 24351
5838k 21 Lyn-Syk-LAT 74=°] &3} A& F3te] 3
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MAP Kinase2| 450l M| 2 - FA=x}=0l o5 &
1S ) BIRbH Eo A Fyn-Gab2-PI3K A &4 2& 7]1&
o] Lyn-LAT-Syk Al &7d 22| Hetd AsHgHdZ2A 1
wEo A Y Wb $-gle o] AlEHgA =
gt JguFe] Al ads Golrr] a8l Akt 43
ZAsict. AR T FEES RSl o3 Akt
o] QikslE w5k oEH o= oJASIth(Fig. 3).
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Fig. 2. Effect of Rhus trichocarpa extract (RT) on the expression and secretion of tumor necrosis factor (TNF)-a and interleukin
(IL)-4 in RBL-2H3 mast cells. (A) IgE-primed RBL-2H3 cells were stimulated with 25 ng/ml antigen (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. The levels of TNF-a (B) and IL-4 (C) 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
RT, *p<0.05 and **p<0.01. PP2 is a general Src-family kinase inhibitor.
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Fig. 3. Effect of Rhus trichocarpa extract (RT) on the
activating phosphorylation of Syk and other downstream
signaling molecules in antigen (Ag)-stimulated mast cells. The
IgE-primed RBL-2H3 cells (upper part) or BMMCs (lower
part) were stimulated with 25 ng/ml antigen, with or without
RT at the indicated doses, for 7 min. The whole cell lysates
were subjected to immunoblot analysis by using specific
antibodies. Representative immunoblot images are shown from
three independent experiments. PP2 is a general Src-family
kinase inhibitor.
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Fig. 4. Effect of Rhus trichocarpa extract (RT) 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 pg antigen (Ag)
containing 4% Evans blue 24 h after intradermal administration
of a DNP-specific IgE antibody (0.5 pg) into a mouse ear. RT
(100-1000 mg/kg) was orally administrated 1h before an
administration of antigen. The dye extravasated by antigen was
extracted from the ear and the amount was measured by
absorbance at 620 nm. The representative photograph of ears
(A) and the mean+S.E.M. of values (B) from three independent
experiments, each with 7 mice, are shown. The asterisks
indicate significant difference from Ag-stimulated controls
without RT (¥p<0.05; **p< 0.01). Cetrizine (CZ, 20 mg/kg)
was used as a typical anti-histamine reference drug.
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