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IgE-Mediated Allergic Response in Mice
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ABSTRACT - Allergic diseases have increased rapidly over the past decades, affecting an estimated 20~30% of
the population in developed countries. In this study, we investigated whether or not a typical costal sand dune plant
Carex pumila (CPE) suppresses the activation of mast cells and IgE-mediated allergic response in vitro and in vivo.
As the results, the extract of Carex pumila inhibited antigen-stimulated degranulation in RBL-2H3 cells and Bone
marrow-derived mast cells (BMMCs), and IgE-mediated passive cutaneous anaphylaxis (PCA) in mice. CPE also sup-
pressed the production of pro-inflammatory cytokines, TNF-a and IL-4, in antigen-stimulated mast cells. As its mech-
anism of action, CPE inhibited the activation of Syk in FceRI-mediated signalling pathway, and that of LAT, a
downstream adaptor molecule of Syk, in a dose-dependent manner. CPE also suppressed the activation of mitogen-
activated protein (MAP) kinases, p38, ERK1/2, JNK, and Akt. Altogether, CPE inhibited mast cell activation and IgE-
mediated allergic response by antigen through suppressing the activation of Syk. These results suggest that CPE may

be useful for the treatment of allergic diseases.
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B, F7N€] y-subunite 2 A ET} o chaine Al X HHolA
IgEe} &e] Ade #3star, B} y chain A2 ol
A AZAGES v IgE7F A3e FeeRI2 3ol 9
& A3 2SO Z Lyn, Fyn, Fgr 52 Src-family
kinase7} §~8#12] B, y-subunit®] ITAM (immunoreceptor
tyrosine-based activation motif)°ll = EfO| 22 F7]E 2l
ASAZITP. o= FEE7] RE-C] Fa3 AlS 7 = ek
A2l Syk kinase ¢} ITAMS] 23S F=3te, 771 SH2
domain® 2 FAE Syko| ITAM3} Agste] 271 WA
HHA g 27 2 ASP27T €493 "k Syke] &
AslEd 519 215 EAFEQ Linker for activation of T
cells (LAT), SH2 domain containing leukocyte phospho-
protein of 76 kDa (SLP-76), Grb-associated binder 2 (Gab2),
phospholipase(PL)Cy, phospholipase(PL)D 5 ©] ZdtZ
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combinant IL-3E& 7}g v gA & ALE-3le] 55 F= 4|
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7] -r]°ﬂ AZNS Al tubedll &713L, platedl] Holde= Al
= 0.1% triton X-1002.2 &) A7tk 353} )=
LL: 96 well plate®] 1 mM p-nitrophenyl-N-acetyl-B-d-
glucosaminide®} 7—}7—} 30 W 412 o incubatoro| A 1
Al7F B9F WESAIZl 3 0.1 M carbonate $HEENS |
o] Rk FAXX —?— 405 nm g A micro plate reader
L5 A ool AAE o8t

o] B-hexosaminidase®] ¥F& WILEE R

3 (g o) 100%
FREMG R =R )

RT-PCR (Reverse Transcriptase-Polymerase Chain
Reaction)
6well plateo] A Z}=t¥l RBL-2H3 cells®l trizol reagent
Fott) 9o cell lysateE B oS, S2EX
200 ul ¥l St} 15,000 rpm, 4°CollA] 30%7F U4
T e AT FREES S LIE AS 5 e
5% ek wheA17l 515,000 rpmoll A 1087 LA
o] 3 oekgZ A oj=t} RNA pelletS DEPC-water 50
ulel =oAL total RNAE reverse transcriptase}
dNPT, oligo primer, superase, 5x RF-&-$%5d MgCLE ©]
g3to] Ax3|APt Algshe g8 Wl wet 25°C,
5%, 42°C, 603, 72°C, 5%, 4°CE FAAAH cDNAE A
%3t PCR (polymerase chain reaction) 94°C, 30%,
58°C, 30%, 72°C, 4025 303] WH5-8FATh. Primerq] Rat
TNF-o forward= 5'-CACCACGCTCTTCTGT CTACTGA-
AC-3', reverse= 5'-CCGGACTCCGTGATGTCTAAGTACT-
3', IL-4 forward= 5-CCGATATGGTGTAATTTCCTATGCTG-
3", reversex= 5-TTGTGAGCGTGGACTCATTC-3'0] % 3L,
Rat GAPDH forward= 5'-GTGGAGTCTACTGGCGTCTTC-
3", reverse= 5'-CCAAGGCTGTGG GCAAGGTCA-3'S A}
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Immunoblot analysis
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£t} ©] & CO, incubator (5% CO,, 37°C)°llA] 587+ vt
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AA 7z} welloﬂ 308 A= AXEE 9T 250 ng/mle)
DNP-BSAS 7} wellol]l A7F3te] 10827 A=A 7] 2L, 58
St A HoA A=5S AR AEE 27EE PBS
2 F ¥ A5, 27 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, 1 mM Na,VO,, 1 mM

phenylmethylsulphonyl fluoride, 2.5 mM nitrophenyl phos-
phate, 0.7 mg/ml pepstatin, protease-inhibitor cocktail tablet)
E Hriste] AEE £ &, A I ES 308 5
oF A2-9oll T3, 13,000 rppmOE 4°Col A 587 AR
gate] Alxsa HAZE A AT /\0%—_1,401] 3x sample
buffers 4101 100°Cel|A] 57 TS WA AT WA
H SAAFEE 10%9] poly acryl amlde gel (poly acryl-
amide: bisacrylamide =29: 1)& AF&3le] 80 B-Eo|A 30
£, 120 E2E04 147 59 SDS-PAGE (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis)& %133+
PVDF membrane (Schleicher & Schuell, BA85)Z transfer
A Z k. TBS-T (10 mM Tris-HCI, pH7.5, 150 mM NaCl,
0.05% Tween-20)2 5% BSAS THE9] 1 Al7F &<t blocking
AR T, Z42be] 5ol Rl @Alek 4°CollA overnight?]
ATk (12F A ¥1-3-). 28] 3L horseradish peroxidase (HRP)
7F B8 A EE A = UEE A E 3 A7 =9t
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3|4 5te] 250 wE g T3t 3 A7 &
25 QFEARSIAL IgEE FYe AE ZEhA 700 plel
Folute| =] Wi 63°CollA] 12417F o] FAlokS &

F AuRelele] A5AS AL F, 620mme] Tl
5
=]

B2

EAoHH BN
o 71 =1

Ae] BAE HAa 3 W RHESE JAAAE o8 mean+
SEM.Z A3 one-way ANOVA 2 Dunnet's testE
o]-& FAA Fede AAATH

2 o

ZEY2AtX FZ52] RBL-2H3 M2} BMMCL] o]

Tt o) 13} 2 JjeiN wa}

B-hexosaminidase:= ©3geo| fad uf o}
S5 g7 BulEE Agnudolt. ey
o8 ez ByshE fEHE Y

A% A 24 B-hexosaminidaseS =4 0}011:}

o
O

ﬂJlO ol
_|1N. o o

aw—?i—ﬁi
'JLIU:E

ob

2 r 2 o

o

EI [¢]
=



Carex pumila Extract Supresses Mast Cell Activation and IgE-Mediated Allergic Response in Mice 359

A 40
- RBL-2H3 cells
"~
23 304
E @

E3 20-

B = &%

5=

.d;" 104 *%

= *%
0...

Ag(25ngiml) - + + + + +
PP2(10pM) - - - - - +
CPE (pg/ml) 0 0 10 30 100 0

B 60
@

E 50 4
E®»  40-
Eo

% 2 307
55 20-
=

- 10 1

0-

Ag (25 ng/ml) +
PP2(10pM) - - - - - +
CPE (pg/ml) 0 0 10 30 100 0

0

140
120 4
100 +
80 4
60 4
40 1
20 4
0-
Ag (25 ng/ml) + + +
CPE (100 pg/ml) - + +
Wash - - +

p-hexosaminidase
(% of control)

Fig. 1. CPE has a reversible inhibitory effect on degranulation in
mast cells. (A-B) Mast cells (1.8 x 10° cells/well) were sensitized
by DNP-specific IgE (20 ng/ml) and treated with or without CPE
as shown. After stimulating mast cells with antigen (25 ng/ml),
the level of B-hexosaminidase release was measured. (C) To
observe the reversibility of the effect of CPE, CPE-treated RBL-
2H3 cells were washed five times by PIPES buffer and stimulated
by antigen. The degranulation of mast cells was measured as de-
scribed in the “Materials and Methods”. The values are expressed
as mean = S.E.M. from three or more independent experiments.
*p <0.05 and **p < 0.01. PP2, a typical src-family kinase inhibitor.

Zo] g3y Al CPE A= 13 JAaHE 4] <
3] CPEZ 10, 30, 100 pg/mle] s=2 2|3ttt 243 24
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Fig. 2. CPE inhibits the release of inflammatory cytokines by
antigen in mast cells. (A) IgE-primed RBL-2H3 cells (1 x 10°
cells/well) were stimulated with antigen (25 ng/ml) for 15 mins,
with or without CPE. Total RNA was subjected to RT-PCR as
described in the “Materials and Methods”. (A) Representative
images were shown. (B) The band density was measured by using
Multi gauge V3.1 software (FUJIFILM, Inc., Japan). *p <0.05
and **p <0.01.
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35 RT-PCRE 5314 218 th Fig. 2A0A Hole
Z2AAY &l 93k RBL-2H3 cellso|A1 2] TNF-a 2 IL-
49] FH o] F7HE CPEVl & o&X o2 AAES &
A& 5 AATHFig. 2).
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@
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[x]
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2
pY-PLCy1 --
.- - .
Actin | e e e s c——

Fig. 3. CPE inhibits activation of Syk and Syk-dependent signaling
pathway. IgE-primed Mast cells ( 1x 10° cells/well) were stimulated
by antigen (25 ng/ml) with or without CPE for 10 min. The
whole cell lysates for Syk, LAT, Akt, and three MAP kinases
were then measured by Western blot analysis using specific anti-
bodies for phosphorylated tyrosine residues. Representative images
from three independent experiments are shown. Ag, antigen; PP2,
a Src-family kinase inhibitor.
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Fig. 4. CPE inhibits PCA reaction in mice. (A) Balb/c mice were intravenously injected with a 250 pg antigen containing 4% Evans blue 24
h after intradermal administration of IgE (0.5 pg) into a mouse ear. CPE 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 at 620 nm. The representative
images of ears (upper panel) and the mean + S.E.M. of values for amount of dye (lower panel) from three independent experiments
(n=15) are shown. (B) The ear skins were prepared for histological examination as described in “Materials and Methods”. Representative
histological images are shown (upper panel). The histograms show the percentage of degranulated mast cells in the given number of mast
cells in ear skin sections (lower panel). Values for degranulated mast cells are expressed as percent of total number of mast cells and are the
means + the S.E.M. of values from three independent experiments. *p < 0.05 and **p <0.01. Cetrizine (CZ, 20 mg/kg) was used as a
typical anti-histamine reference drug.

AZE S8 2oz A AEaAh el HYe Z FEEAA F94Q dul2r] 9A 237t gRlste]
ofsf) o] HIwAIE FHe] VFISHY IgE 8A(FeeRl) 2 71 88ttt
oF At e IgE7t U3 Agshd HvkA27F & dutH o ® njkA| o] FHE AAlsle WHeE A ¥
dstEo] vefet delEr] f =2 @ElaE, sk, /& Al FeeRIOl AR Igeoll &4lo] o529 38 %= A
FEZ, ZE2AEFEHY, ol mYAt Y Abe] BRI , 7 1A, $A @4 o] F /MAIE= FeeRI w7 Al
HHIE fr=ste] 95, _/-\_%k T, @R, VIR £F, sHAgEdS v ol dledl, & dys T A
T FHEY] WS doTA Ak Wl 245 o Y-S askith @lol FeeRIgt
SHo H| 23 Bo opxo} ZrEL AW EE 95 A F AsHGA A7 293} == FEZE Lyn-Syk-LAT
At FxE Ed FEES AREE fon, ol59] 73 &9t Fyn-Gab2-PI3-K7A & F 7HA7F A3t} o= ot
AB71H4E gel7] s A7 FUeF ez dits 7Hd &9lo] FeeRIgH 33 ¥ Lyn, Fyn 59| Src-family

8 Folrh, f-2vete] S EE T EHIZIVE,  kinaseZ} FEA19] B, y-subunit®] ITAMS: <14Fststed Syk
ALF, A7NEUE 5= U Z AME=lo] $a1, 2 kinase®} ITAMO| Zdsle] F71¢] SH2 domainlE 4
BHE Holg ZtHol=v} H Syke] Fx7F HAEHWA dHEr] 2 AsAH=RT}
= Ao el siabAE . @AskEY syke] S5kE §he] A5 EQ LAT, SLP-76,
FEE9 LY E7] &5 A5 AHske T FEREA} Gab2, phospholipase(PL)Cy, PLD 5-2] A& g} 2 o]
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HEZL A2 EAstE o, A dHE7] vhe-S
ste AESAA 7 S4stE T Y, CPE= Lyn-Syk-LAT
Eoﬂ/ﬂ 5_7]&@;(1%1—1;}1114110] Syk9] 3?:1-/H§jr§j l(-)—_l,:_
Hoz AA 3N, I Ty HAlERAR] LATE
A3k Ago= O*Xﬂo} ATHFig. 3). oldgt A= wt
2 CPEx BIVHH % &A3}o] F Q23 Lyn-Syk-LAT
a4 S AgAste] vTA 2] 4315 A=
i AQZ]'%]_E}‘”’]S).

MAP Kinase (ERK1/2, INK, p38)% H]ThA] Eof| A
E7RRIe] & 9 Fulof] 53] Ao BRI T,
= gl 9Jsl A== TNF-a Y IL-49] A= T%
ojEA o2 At THFig. 2). ol Aol dX|EH
CPE= Al £579 MAP kinaseE EF TE o&Fo=Z
AA &k THFig. 3). ©l# s A= CPE7F H]RhA| oA
ol ofgk Ato] BRI A A &= MAP kinase &
gl el 7kl RS & F AU

Z3sha, A&l CPEE &A=l 93 nigt
Alzze] MEzd 35 ¢ Al B Tof dEE7] fE<
Zke] #HE Al FEEEE7] APCAE CPE
= YHE7] g AT 2 A8 71H SR CPE
= AT 9% Syk kinase?] E/43tE <lAlst &
H27] ¥hg A4 235 Jepd S & F AT mEkA
F7139 A¥S 53] CPEE LEl=7] A8AZA 9 7]
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