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Extract of Malus sieboldii Suppresses IgE-mediated Mast Cell
Activation through Inhibition of Syk Kinase

So Young Jo and Young Mi Kim*
College of Pharmacy, Duksung Women's University, Seoul 01369, Korea

Abstract — Malus sieboldii is a dicotyledonous plant that grows widely in Jeju Island and Ganghwa Island in Korea. Malus
sieboldii has been known as a detoxifying and antioxidant plant, but study on allergic diseases is not known. In this study, we
investigated the effect of Malus sieboldii extract (MSE) on the activation of mast cells, which is well known to be a critical
causative cell to induce allergic diseases. As a result of our experiments, MSE inhibited the degranulation and inflammatory
cytokine secretion from mast cells by antigen stimulation. As the mechanism of MSE in mast cells, it inhibited the activation
of Syk kinase, a essential signaling protein activated by antigen, and further inhibited activation of PLCy and MAP kinase(P38,
ERK1/2, and JNK). Furthermore, in vivo animal studies showed that MSE significantly inhibited IgE-mediated passive cuta-
neous anaphylaxis and passive systemic anaphylaxis in a dose-dependent manner. Taken together, the results of this study
showed for the first time that MSE inhibited IgE-mediated allergic responses by suppressing Syk kinase in mast cells. There-
fore, it could be considered that MSE is worth developing as an anti-allergic material.
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Ht} y-subunit®] ITAMo] {14FS}E™  Sre-homology 2
(SH2) domaing ZH= Syk kinase®] ZATHE9S A F-38lo]
Syk kinaseE 43} Al7|2L 2 3 linker for activation of T
cells(LAT), phospholipase(PL) Cy 5¢] staladgs &
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of| A1 Phosphatidylinositol 4,5-bisphosphate(PIP,)E diacyl-
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st M A o] AEEes S7M71AL, o2 Qlgh Al
X ZAFzol| HelE HR o] Yafgo] XErt, Bgh
ERK1/2(Extracellular signal-regulated kinase), JNK(c-Jun
N-terminal kinase), p38(p38 mitogen activated protein
kinase)yS ¥315= MAPK(mitogen-activated protein kinases)
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ABMZ - Dinitrophenol(DNP)-specific IgE, DNP-bovine
serum albumin(BSA)= Sigma-Aldrich Co.(St. Louis, MO,
USAPIA +Y431%Tt. 4-Amino-5-(4-chlorophenyl)-7-(dime-
thylethyl)pyrazolo[3,4-d]pyrimidine(PP2):= Calbiochemol| 4]
T4 5t thLa Jolla, CA, USA). HI A X vl S ]3]
RPMI-1640 2 minimal essential medium(MEM) Hjj %<4 o]
H7bE e glutamines} T 9] Al EZEjF A2k GIBCO
Technologies Inc.(Rockville, MD, USA) A %3} T}
Western  blot®] AF&-%] =  phospho-Syk, phospho-LAT,
phospho-Erk1/2, phospho-JNK, Phospho-p38el Tt Z}2}<]
A= Cell signalling technology(Danvers, MA, USA)IA]
THsReH acting AE3H7] 913 &A= Millipore
(Billerica, MA, USA)IIA 3t AR&-s15ith.
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Z7] 100 g2 50°C Wlgr 1 LA 223 FE27|8 o]&
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A 24X 7y AZxEA In vio 3PS $138] dimethyl
sulfoxide(DMSO)° 10000 2 F=31e] &3l & A 5
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4 IZMZEMMCKE] E2| % B - 47 2
oA fEl g v ThH X (BMMC, bone marrow-derived
mast cellsyi= 6782 31 C57BL PR-220] F25E 1
% Whel wet AjFsiich Y vk EE RPMIRA] (RPMI
1640, 10% FBS, 0.1 mM non-essesntial amino acid % 2
mM L-glutamine)*l] IL-3(10 ng/ml)°] XE&-d vfglS- AR
&to] 45 o] Mg F- ARE-SISH

Reverse Transcription-Polymerase Chain Reaction
(RT-PCR) — &<l A}=ell eJaff Al 2ol A 7o)zl TNF-
as} IL-42] mRNA 2 S4387] ¢l RT-PCRS X1 s}
ATt Igiol 7H&3E BMMCE Tyrode buffer(20 mM
HEPES, pH 74, 135mM NaCl, 5mM KCI, 1.8mM
CaCl,, ImM MgCl,, 5.6 mM glucose, and 0.05% BSA)=
Aol & F ok FEES FEEE 3007 A
T JPoF AF3AT Trizol Reagent(Invitro gen,
Carlsbad, CA)Z AXE 3¢t & Z2EFS e} mRNA
£ AUtk PCRE 94°CollA] 45%, 55°CollA] 45% 18]l
72°ColA 6025 303] WEESITE PCRE $17)F Primer=
rat TNF-o forward= 5'-CTCCCAGGTTCTCTTCAAGG-
3", reverse= 5-TGGAAGACTCCTCCCAGGTA-3', rat IL-
4 forward= 5'-TCACTGACGGCACAGAGCTA-3', reverse
= 5-AGTGTTCTCATGGAGCTGCA-3' rat GAPDH
forward= 5-ACTTTGTCAAGCTCATTTCC-3', reverse=
5-TGCAGCGAACTTTATTGATG-3'¢ A5 th.
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HESAIZTE 2§ CCK-82 22t A2sto] 1417F F<t vt
SAZTE Al ES3E FRIs] flel E3E=AE 450 nm
N FHEE S0t
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t}. Lysis buffer0 mM HEPES, pH7.5, 150 mM NaCl,
1% Nonidet P-40, 10% glycerol, 60mM octyl B-glucoside,
10 mM NaF, 1 mM Na;VO,, 1 mM phenyl-methyl-sulfonyl
fluoride(PMSF), 2.5 mM nitro-phenyl-phosphate, 0.7 pg/mL
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T TR TS o]gsle] 95°ColA 3xLaemmli
buffer® °oF 5%7F 2o T AS HAAAZTE 2 F SDS-
PAGE(sodium dodecyl suMSate-polyacrylamide gel electro-
phoresis) ‘oA 2] ¥ polyvinylidene fluoride(PVDF)
membrane® 2 transferd}$13L 5% BSAS *x3$FsH TBS-T(10
mM Tris-HCl, pH 7.5, 150 mM NaCl, 0.05% Tween 20)
AFNOZ A7} blockingS FY3I L. o] F FAIslarx}
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Z W=+ Fluor Chem E(San Jose, CA, USA)S ©]-8-3}o]
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HEAET gollo) 8|48k 100 pg FEE 250 s 2egH
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=¥ 20mgkg A EZN S AFFA gk A7 &
100 pg &S PBS 200 plol] 343t nrg] Al FARSHA
o 2 % 107 PR AR Fell Al WilkE 54
sttt
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Fig. 1. Effect of MSE on cell viability of BMMC. BMMC
cell were incubated with 100 pg/ml in complete medium for
4hr or 12 hr. It was measured by cell-counting kit solution.
The optical density was measured at 450 nm wave length using
microplate reader.

S A7F T2 1247 B9 AAE F, CCK-8 assays 2
ATt Fig. 1914 o] A= npe} 7ho] oy 5+
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WA %= A I F ¢

&l X= E H[2tMZe| EElN| St - o s A}
F BT EE histamine 2 serotoninz} 7S g ol #]
155 03T ojst BAES deE7]
Qo2 2 dA AokHO vk Eol| A
-hexosaminidase TFYeH M2 U] &
aaEN "9RgS S8 g ©
a2 e] gt o) g 24
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o] Mz wf STt ol FEES 3
OS2 A= HTH R g93g S T FEX O A
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Al g 8110)) ©J8)) FeeRI 58417} $9=9, B, y-chain
o] ITAM= Lynol|l o3l <14ks} =™ <14+t ¥ ITAM2
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Fig. 2. Effect of MSE on antigen-induced degranulation in
BMMC. BMMCs were incubated overnight in 24-well plates
(3.0x10° cells per well) with 20 ng/ml DNP-specific IgE in a
complete growth medium. The media was replaced with
Tyrode buffer that contained the indicated concentration
(20 pg/ml, 50 pg/ml, 100 pg/ml) of MSE. The cell were stim-
ulated with 25 ng/ml antigen for 15 min and assayed for the
release of P-hexosaminidase (granule marker). PP2 is a gen-
eral Src-family kinase inhibitor. Data represents mean =+
S.E.M. from three independent experiments. Significant differ-
ence between MSE treated response and the non-treated
response: **p<0.01
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st2l X2 = H|QHM|EZZ2EE] TNF-o L |L-4 MAF
M =2 - 3 A=E ¥R 2= TNF-o, IL-49F 22
=4 a}o]iﬂ_o]p_ /\3/\4 2 By g]_q_ 18) EE}E}H B
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4).

Ol FEEo| FAIEXF 2af=7| Hh2e| o
H 22t - ol 289 in vivodoll X & Ll
A EAE ERIs] Y3l IgE-mivl FAuR A5 dy=
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Fig. 3. Effect of MSE on activations of Syk and its down-
stream signaling proteins in BMMCs. IgE-primed BMMCs
were incubated in 6-well plates (3.0x10° cells per well) with
DNP-specific IgE. The cells were incubated for 30 minutes
with or without MSE. And then BMMC cells were stimulated
with 25 ng/ml of antigen for 15 min. Phosphorylated forms of
Syk, PLCy, and MAPK (ERK1/3, JNK, P38) were detected by
western blotting analysis. (-actin was used as a control pro-
tein. PP2, a Src-family kinase inhibitor.

MSE (pg/ml) 0 0 20 50 100 0
PP2 (10 uM) - - - = - +
Ag (25 ng/ml) = + + + + +

TNF-a
IL-4

GAPDH

Fig. 4. MSE inhibits the expression of TNF-o and IL-4.
BMMC cells were incubated overnight in 6-well plates with
DNP-specific IgE. Then, the cells were stimulated by 25 ng/
ml antigen with or without MSE for 15 min. TNF-o. and IL-4
mRNA were analyzed by using RT-PCR. Polymerase chain
reaction was executed by using primers specific for TNF-a.,
IL-4, or GAPDH. Images are shown from three independent
experiments. PP2, a Src-family kinase inhibitor.

OITiLR FEEo| =5 T & etg=27| Hi39
oM S3t - H4lH o
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IgE-i7l A4l 22 | 27] w2 BdS ARSIt of
TR FEE(1000 mg/kg)yS ol 98 A-9] s
A3 tH(Fig. 6).
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Fig. 5. Effect of MSE on IgE-mediated Passive Cutaneous
Anaphylaxis. (A) BALB/c Female mice were injected intra-
dermal with 50 ng of anti-DNP-IgE in 10ul PBS on the
mouse dorsal skin. 16-24 hour later, the mice were injected
orally with 100, 300, 1000 mg/kg MSE or 20 mg/kg Cetrizine.
One hour later, the mice were injected iv with 100 ug DNP-
BSA in evans blue dye. (B) Measurement of the amounts of
Evans blue dye extracted from IgE-injected mice dorsal skin
was done at 620 nm with a spectrometer. Data represents the
mean + S.EM. from three independent experiments. Signifi-
cant difference between MSE treated group and the non-
treated control: *p<0.05, **p<0.01. Cetrizine was used as a
typical anti-histamine reference drug.
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Fig. 6. Effect of MSE on IgE-mediated Passive Systemic Ana-
phylaxis (PSA). C57BL/6 (6w Female) mice were injected ip
with 3 pg of anti-DNP IgE in 100 pL PBS. 16-24 hour later,
the mice were injected po with 1000 mg/kg MSE or 20 mg/kg
Cetrizine. One hour later, the mice were injected iv with 100
pg DNP-BSA in 200 pL PBS. Rectal temperatures were mea-
sured every 10 minutes for 1 hour. Significant differences
between MSE treated group and the non-treated group were
presented: *p<0.05, **p<0.01. Cetrizine was used as a typical
anti-histamine reference drug.
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