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Inhibitory effect of Ulmus davidiana on S-hexosaminidase release and
cytokine production in RBL-2H3 cells

Se-Bong Park - Kyung-Hwa Kaugl) - Hwa-Jung Yoon - Woo-Shin Ko

Objectives : Ulmus davidiana (UD) has been widely used in Korean herbal medicines used for treatment
of acute and chronic inflammatory diseases, such as rhinitis, asthma, and abscess. In this study, To
investigated the protective effect of UD on type 1 allergic response, we determined whether UD inhibits
early and late allergic response.

Methods : The effect of UD was analyzed by ELISA and RT-PCR in RBL-2H3 cells. Levels of #
-hexosaminidase, interleukin (IL)-4 and TNF-a were measured using enzyme-linked immunosorbent assays
(ELISAs). mRNA levels of COX-2 and T-helper type 2(Th2) cytokines were analyzed with RT-PCR.

Results : We found that UD suppressed f-hexosaminidase release in RBL-2H3 not only by the PMA plus
A23187 stimulation, but also by the IgE-DNP-HSA stimulation at the antigen-antibody binding stage and
antibody-receptor binding stage. UD also significantly inhibited COX2 level, along with reduced Th2
cytokine levels, such as IL-3, IL-4, IL-5, IL-13, GM-CSF, and TNF-« in RBL-2H3.

Conclusions : Our results indicate that UD protects against type 1 allergic response and exerts an
anti-inflammatory effect through the inhibition of degranulation and expression of COX2 and Th2 cytokines.

Key words : Ulmus davidiana (UD), type 1 allergic response, f-hexosaminidase, T-helper type 2(Th2)
cytokines, RBL-2H3
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immunoglobulin E (IgE), DNP-HSA¥ Sigma
(USA)ZHE, Dulbecco's
medium (DMEM), fetal bovine serum (FBS),
trypsin-EDTA

modification Eagle

streptomycin 2
BRLERH),
bromide salt (MTT) %  dimethylsulfoxide
(DMSO)x= Amresco2HE, Interleukin (IL)-49}
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(AccuPower RT/PCR PreMix)s= Bioneer25H
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3laL, 0.2 mm
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3. M=ZH{

RBL-2H3 (rat basophilic leukemia cell line)2
A EFLY (Korea Cell Line Bank, KCLB)
oA Eepttol welsict, MG Wgke slatol
10% heat-inactivated FBS (Gibco BRL, USA)3}
1% penicillin % streptomycin (Gibco BRL,
USA)& ¥3% DMEM (Gibco BRL, USA) H]%
oA wjeFstdtt. AlEE 37C, 5% CO, st

o)A wieFalglaL, AEY S we Fd= A
< F&s] 98t 0.05% trypsin-EDTA  solution
(Gibco BRL, USA)S Azt AEE FHA17
o Al st it

4. MTT assay

RBL-2H3 A%< & 2
skl MTTH

£ ofy

>,

=2,
=
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of.
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3 Qo] 4o AMgee”
RBL-2H3 cellsZ 10% FBSE ¥33 DMEMY
HE A7l T 48 well plate (Corning, USA)| 5

x 10° cells/mle] MES7} HEE BF3d 37C
5% CO, incubatoro|A] 24 A7t wjoksl it UD
2 %54 0, 05, 1, 2 2 4 mgm)2 AT

T 1 ARE B AR s AA & F
5 mg/mle] MTTES 7} wello] Y3 2 #o] &
T 4 A7t 37C  incubatoroA] HjYkI &
tetrazolium bromide saltZ AH|A3stal DMSOE
150 pI® BF351o] wello| AAE formazino] &
w8 & g BR8] 50 mE wq F

microplate reader (Molecular Devices, USA)E
AHgsEe] 570 nmolN FBE=E FAste] HAw
9 EE AAE Fo,

5. B —hexosaminidase inhibition assay
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PMA+A23187 A= 23t f-hexosaminidase
o ®Hle HIAE A7) S5t
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5% CO; incubatorol|A] 24Xt wjFsigict, 7}
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t}, Siraganian buffer2 2 W Mg oL Z
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BSA7} ¥3d Siraganian bufferS 7}l 50
nM PMA ¢} 1 M A23187 & Aeld ¥ 30 &
7t MHSAFIAL ice batholA 10 ¥ B WAG
H3-& FAXNZY. ASd 20 p1E 96 well
27|31 substrate buffer (4-p-Nitrophenyl-
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plate©]|
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200 p1E H7Ksto] wk-& FAAIFTE Microplate
reader (Molecular Devices Co, Ltd,, USA)S A}
83191 405 nmold FHES 243,
G-l AgeAe
o] HAE gL 24
cellsZ 10% FBSE X343t
48 well plate (Corning, USA) 5 X 10
cells/ml9] ANEF7F HEE FF390, 1 %
anti-DNP IgE (0.5 r¢g/mDZ ZH28la 37C 5%

sodium
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CO, incubatoro|A] 24A17F kst och. 2 welld]
HEES Siraganian buffer (119 mM NaCl, 5
mM KCl, 0.4 mM MgCl2, 25 mM PIPES, 40
mM NaOH, pH 7.2) & 2 ¥ A#d g 7
well @ 5.6 mM glucose, 1 mM CaCl2¢} 0.1%
BSA7} ¥34 Siraganian bufferS 7}sta UD
2 F=E (05, 1, 2 2 4 mg/mDZE 1 A7 52
37C 5% CO; incubatoroX] H{%F 3
DNP-HSA (10 #g/m)E Adgste] 1 A7 =
LS A)F|AL ice batho]ld 10 £ FoF ¥Ae =
H3-S FAANZAY. AFA 20 ulE 96 well
plated] &7]3L substrate buffer (4-p-Nitrophenyl-
N-acetyl-b-D-glucosaminide 1 mM, sodium
citrate 0,05 M, pH 4.5) 80 ¢«I1E il 37ColA
30 # WlYAIZl oS Zb welld stop solution
200 p1E 7Kt whe-& FAAIFCE Microplate
reader (Molecular Devices Co, Ltd., USA)S A}
&t 405 nmN FFE=E FAs3AT

GA-4A4 ATAA oA S -hexosaminidase ]
o HAE 9FS SA] dete] UDE &
=9 0, 0.5, 1, 2 2 4 mg/ml)e IgE A&
Aol AlEel|l A=t FEdelAe 42 o
o] wg o] ZA3ch

UD AU thezel FHE HOT oy A
o 2J3] net percent release(%)S AtE3}SiTt,

r$ o rﬂa

net percent release(%) =
[8/(S+P)-Scontro/(Scontrot + Peontra) X100
S @ supernatant, P @ pellet
Scontrol/ (Scontrot + Peontrot) (%) is - spontaneous  release

of mediator without a stimulus

6. IL-4 and TNF—a secretion assay

RBL-2H3 cellsZ 10% FBSE ¥ DMEMY]
HAY A7) 3 24 well plate (Corning, USA)ol| 2.5
X 10’ cells/ml®] M¥F7} He2 23319}, 1
% anti-DNP IgE (0.5 pg/mhD2 ZH3stal 37C

5% CO, incubatoroA] 24A17F wjokstyict, Z
well®] M EEE Siraganian buffer (119 mM
NaCl, 5 mM KCl, 0.4 mM MgCl2, 25 mM
PIPES, 40 mM NaOH, pH 7,2) & 2 ¥ H Al
42 7 well 3 5.6 mM glucose, 1 mM CaCl2
9} 0.1% BSA7]— ¥3H4 Siraganian bufferS 37}
slggt, 2 % UD (0, 0.5, 1, 2 ¥ 4 mg/mhE
Agdte] 1 AIZF Z9F 37C 5% CO, incubator®]]
A wj%d T DNP-HSA (10 pg/mDE A3
T 4 AZF B9 HHSAIIIAL ice bathollA 10
o B F 08 FANA. 4oL ¥
3o 5,000 rpmellA] 10 & FH YL st £
G 4% 70Ce B} L4 TNE-
a ELISA kit (BD Biosciences Pharmingen, USA)
£ Agsle EAsY. Microplate
(Molecular Devices Co, Ltd,, USA)ES A}&3}o
450 omiX FREE FAste] FEE IL4%
TNF-a ¢ %5 AXVetct.

reader

7. RT-PCR

RBL-2H3 cells& 10% FBSE ¥3}3t DMEMY]|
HY A7l & 6 well plate (Corning, USA)9| 1 X
10° cells/ml®] AE57h Hes 25Fao, 1 F
anti-DNP IgE (0.5 #g/mD=E ZH&3Iil 37T 5%
CO, incubatoroA] 24A)17F ujoksich, A2
DMEM #jA2 @3kt & UDE %59 (0, 1, 2
2 4 mg/mh)E AEel| Attt 1 A T
woks % PBSE 2 ¥ AXE TS DNP-HSA
(10 pg/mhE A= F 1 AR 5 wigstlct
A5 AAG F 1 mlo TRizolg YL 2
7t H9X3 & chloroformg YW1 10 Zx7t

5,000 rpmolA] 10 £7F YAE
g &, AFAE FHsto] FF9 isopropanolE &
vl—}oq EEo] Ft}, 13,000 rpmoA 25 E7H
ANBelste] A=A AASL pellete DEPC
(diethyl pyrocarbonate)-DW 20 #1o] =¢] RT-

I‘i+r-lﬂi

vortexingd}il
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PCRel| AH8-5}3ict.

RT-PCR kit (Bioneer, Korea)Z AFg-35}o] 45T
oA 30 &, 94CelM 5 £ WA F 94T
A 30 27} denaturationA]7]2L, 55CoA 30 %
7t annealingX|7l TS, 72CoA] 1 E7)
extensionA] 7| cycleS 32 3] whE3 H, npA|
72CoA 5 #7F PCR machine
(GeneAmp, PCR system 9700, USA)o|A <33}
¥tt. Z+ PCR productst 2% agarose gelol
loading®te] 100 V 2764 30 #3F A7 95S
Eajo] B 27te] primers] WA

33 ZtH(Table 1),

—_

extension<

8. Az

AL SPSS 17.0K for Windows B/ T2
A W7IAE AHEete] HEA £ FEAXE g
Wl frolgEe P.0SE 3kt 4 2A8E
vl EAsH EAL one way-ANOVAS} Dunett

test AAS AT

Table 1, Primers for RT-PCR Analysis

1. MZYZ 2 Ao 0jxlz Jet

RBL-2H3 A9 A& 9 FA9 v JF
S YolE A} UDE AFsA & AXE
0.58£0.029 F3=5 YeilaL, UDE =8

N
=~

0.5, 1, 2, and 4 mg/mh)E AZg A|EA Z
Zr 0.57£0,02 (98%), 0.8110,04 (140%),
1.18+0,03 (203%), 1.3510.04 (233%)2] F3=E
Uehjlo] 55 o&Fog AIYE 9 F4o] F

7k Aog UehsithFg, 1).

2. B —Hexosaminidase £H|0f OJx|= F&

PMA+A23187A429] 93t 3 -hexosaminidase
wHlo] mAE UDY JAERE AHE 4 0.5
mg/ml FENA 61,82+3.81%, 1 mg/ml FE
A 95.10+14.34%, 2 mg/ml FEoJA 105,60+
3.84%, 4 mg/ml LA 121,70£22,43%%

Target gene 5' to 3' direction size
13 F GTATGCTGCTCCCGCTCCTGATG 73
R CATTCCACGGTCATAGGGCGAAAG
L4 F ACCTTGCTGTCACCCTICTTC 351
R TTGTGAGCGTGGACTCATTC K
L5 F CTCTGTTGACGAGCAATGAG 239
K R CTCTTGCAGGTAATCCAGGA
113 F GCTCTCGCTTGCCTTGGTGGTC 276
R CATCCGAGGCC GGTTACAG
F GCATGTAGATGCCATCAAAGAAGC
GM-CSF 342
R CATTTCTGGACCGGCTTCCAGC
F CAAGGAGGAGAAGTTCCCAA .
TNF-« 501
R CGGACTCCGTGATGTCTAAG
COX.2 F ACTTGCTCACTTTGTTGAGTCATTC 583
R TTTGATTAGTACTGTAGGGTTAATG ?
F CCACAGTCCATGCCATCAC .
GAPDH 5608
R TCCACCACCCTGTTGCTGTA

F; forward, R; reverse
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CHFig. 2A).

g a-3A4 AstdA o)A B-hexosaminidase
Hlo| uX& UDY JAa#hs AsHE A 05
mg/ml FEA 14.4113.89%, 1 mg/ml FEI
A 224619 T 4, 2 mg/ml FZoJA 3881+
11.73%, 4 mg/ml SEoIA 44,4814,00%= e}
U sEEHos foXgle aRE et
(Fig, 2B),

GA-EA AZA A
oo vXlE UDY AAads AuE 4% 0.5
mg/ml FEO)A 28.79£8.61%, 1 mg/ml T
A 20,12£5,09%, 2 mg/ml FEOIA 4752+
9.05%, 4 mg/ml FZoA 88.40+3.96%% LIEl
U 2E TR FoE%e 2HE vEi
(Fig, 20).

B -hexosaminidase
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uD (mg/ml} - 05 1 2 4

Fig. 1. Effect of UD on RBL-2H3 Cells by MTT Assay.
The Cells (5x104 cells/ml) were incubated with UD at
37¢C for 1 h in 5% CO2,

The absorbance was measured at 570 nm using ELISA
reader, Results represent as the mean=®SD. *p{0.05 vs
untreated group.
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I 1
*
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.
g T
] .'_U“ sk
5SS 30
= E E 1
_9 3 20-
=]
53 o
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o0
0
UD{rmg/ml) 0.5 1 2 4
. anti DNP-IgE+DNP-HSA ,
C I 1
100+ %
" —
= _g 754
SE .
Eg 50+ " =p=
= u
c 2 *
= 3 -
= - 25+ J—
s
0
UD{mg/ml} - 05 1 2 4

Fig. 2. Effect of UD on the f —Hexosaminidase release

from RBL-2H3,

(A) The cells (5x10° cells/ml) were preincubated with
UD (05, 1, 2, and 4 mg/ml) for 30 min prior to
their PMA plus A23187 stimulation.

(B) The cells (5x10° cells/ml) were sensitized with IgE
(05 pg/ml) overnight and treated with UD (0.5,
1, 2, and 4 mg/ml) for 1 h prior to their
DNP-HSA stimulation,

(C) The cells (5x10° cells/ml) were preincubated with
UD (05, 1, 2, and 4 mg/ml) for 1 h prior to
their IgE sensitization, and then preincubated with
UD (0.5, 1, 2, and 4 mg/ml) for 24 prior to their
DNP-HSA stimulation.

The absorbance was measured with a microplate

reader at 405 nm. Results represent as the mean®SD,

*p0.05 vs stimulated group.
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3. IL—42t TNF-a cytokine AAto| OJX|&= F&

RBL-2H3 cellso|4] HH]H I1-42] %2 o}Fd
A2 g A B2 MEA 2.0510.49 pg/mlo|l
on, oz A AMEA  352716,84
pg/mlZ o Mg kA ¥ AEel vl
A& (p€0.05 F7+S Uehfgltt. e UDE %
4 (0.5, 1, 2, and 4 mg/mD=E Agd AT
N 747k 28.57+1.74 pg/ml, 24.35£1.00 pg/ml,
16,00£0.35 pg/ml, 11,74%3,07 pg/ml2 FLo&
A= AE Hls fro3 (p€0.05) FAE HA
tHFig. 3A).

A . anti DNP-IgE+DNP-HSA
45+ 2 |

— 36+ "

E #

g 274

%

j 18+ #
9 ‘ \ | |
0d

UD(mg/ml ) 05 1 2 4
B : anti DMP-IgE+DNP-HSA i
26+ Vg '

z 201 £ . *

S 154

=

7 10- ‘ \

L

=

— 5a
0-

UD(mg/ml) - - 05 1 2 4

Fig. 3. Effects of UD on the production of IL-4 and
TNF-a cytoking in the anti~DNP IgE- sensitized
RBL-2H3,

IL-4 (A) and TNF-¢ (B) concentration was measured

from cell supernatant using ELISA method. Results

represent as the mean=SD. *p<0.05 vs stimulated

group.
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anti-DNP IgE+DNP-HSA | - + + + +

UD(mg/mh| - - 1 2 4
11-3 A "= 473bp

Fig. 4. Effects of UD on the expression of IL=3, IL—4,
IL-5, TNF-z, and COX-2 mRNA in the
anti-DNP IgE-sensitized RBL—2H3,

Detection of cytokines secretion was examined by
RT-PCR analysis, GAPDH was used as internal control
genes,

3 RBL-2H3 cellsol|A] #4]¥ TNF-« 9 <%
< ot AE oA &2 AEeA 5351072
pg/mlojgler], oz 233 AEoM 21,58+
2,38 pg/ml2 o A& kA ¢F AT H|
3 ol (p€0.05) S7H YEiRITE ¥hE UD
= &4 (0.5, 1, 2, and 4 mg/mDE A3 A
ol Z4Z} 14,84%1.68 pg/ml, 14,92+ 1,72
pg/ml, 1435+1,59 pg/ml, 15.46%2,04 pg/mlE
ghoz AFe Axzef HaEl frofst (p(0.05) 7t
&E HIKFig. 3B).

4. IL-3, IL-4, IL-5, IL-13, GM-CSF, TNF-
a , COX-2 mRNA 30| 0|kl I&

RBL-2H3 cellso|4¢] IL-3, IL-4, IL-5, IL-13,
GM-CSF, TNF-a ¢} COX-2 mRNA¢] @3] oj
3 Akt AR, olFd AEE A B2 Alx
Hl3 Yoz =3 HZo|A mRNAQ| Wl
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o] #AsA Zkslgen, UD (1, 2, and 4
mg/ml)E A2g MEAA mRNAY| Wo| 7+Aa
st Ao Jehgt, 53| IL-5, IL-13, GM-CSF
¢} COX2 mRNA9 W& UD (1, 2, and 4
mg/ml) BE FEA A FaATE Ao
2 YESITHFEig, 4.

V. 1

3k

e CGRETUR) X “dZo] Hsta
gk, 255 & WM st B
< Qlolr], o AL skt sgrt”,

24 Ao #g AT ot
44 o] wEg”, B o
ToAE RBL-2H3 H[THAIEE o]83te] A 17
deA] gholA 27wk T oA &
& zAketgit.

B AgeA UD (0.5, 1, 2, and 4 mg/ml)
To| wE RBL-2H3 H[WHHE] ozt 54
TTHS AHgsted Ak 2 23 UD
RE FEAN AEsde #FEHA 4%, 2,
nd 4 mg/mlo] FEN AMEAFE X7
A0z VelETtHFig. 1).

HRAEE Al 13 g8 45 HeelM $8
gt ALE o, AEEH| FeceR1 FEAE T
dala glot. FdSo] F8A Agd IgEs
AAFHE A3 AAEL s g

ol

ng, do
ool &g
=
(it
s
iy
ol
117
ot
oft
fr o off

=

1N

$49 welste] QS ASAL,
B -hexosaminidase= H|%FA|E2] EH|FF o] A7
=o] glthzt, HTHAEZL WYstHon dAdsid
o histamine?} A FFHoZ FHjHFHmZ p

-hexosaminidase?] A= HvhE 29
FAAAZA AR,

£ A3 UDe HHEAsHA A= dis] B
-hexosaminidase?] HH|Z @A}z oT A=
202 Ve (Fig, 2A). &3 UDE IgE w7l
A=A -3 28 FA-7&A 2
S 2% AojdozEHW L-hexosaminidased] EH]|
2 dAlskE Zog YeythFig, 2B, 20).

L4 A 18 geA -89 wizfiziel IgEe}
HITHA|Z wj7iad Houhg-o 2R 149 A
7k gAY B FF3A Aor A
det. w @RS WA Ee] o8] B gl
TNF-« 5°] Eu|Hed, 97 HTAE FHE
el A4d AS2TE fefsid, e 4%
AstE HITEAIEE 2o <3 AlZ A" A
2 YAEES 2Aslste FAEA T
TFeER AFA WEFd FZTY £
sk Ao® A gtk MR A
B TNE- i F40 FaUEATe 2850
o g FF8 FEshe AoZH 53
4R 229 GENel 78 4TS

15,16)

£ Agex UDe IgE w7l gejA] wkg-elA
IL-49} TNF-e o] A4S dAlsts 2& gelstal
tHFig. 3A, 3B).

et HTHAIE7E SASEE, AR wvlE

=
A2 AET ARSI weRt d7EEd oft

7

52
a2

]

¥ Jo 2
o 1= M oo ofN i el

o —

FlEato 20E] ghEojAEt, A cyclooxygenase
4L AA prostaglanding A= A=)

lipoxygenase &% AA leukotriened Aot
ARE rolAn, 2 Yox dFHES A
A7) Wl F83 9EE e AeE 4
A o’ me AR diER F7 The
S-S AEAI|E L3, 114, IL-5, IL-13 %
GM-CSF9} 2 F71H4Ql A|ETRIER AjRo]

gl B Ec?,
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£ Agelx UD7t IgE w7 dEA] uhg-elA
cyclooxygenase AL Alsl=A AR A
COX2 mRNAY| W& aHAHozn AAlsh= A
S oyl 53] 2 mg/mld} 4 mg/mle] FE
X dAsHA dAlstirt, =g UD7F Th2 §H3:
= ASATIE AolE7RIY A dAlskeAl
ZALsE A} IL-3, IL4, IL-5, IL-13, GM-CSF 2
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