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Antagonism of licorice on selectin-mediated eosinophil
and neutrophil adhesion

Mi-Kyeong Kim

Depatment of Internal Medicine, College of Medicine,
Chungbuk National University, Cheongju, Korea

Background and Objective : Early in inflammation, adhesion occurs between leukocytes
and endothelium where selectins bind to sialyl Lewis x(SLe,) and related oligosaccharides. We
tested glycerrhetinic acid(GA), major anti-inflammmatory component of licorice, for its ability
to inhibit selectin-mediated adhesion of human eosinophils and neutrophils in vitro.

Material and Method . Neutrophils and eosinophils were isolated by density gradient cen-
trifugation and eosinophils were further purified by immunomagnetic negative selection.
Adhesion to unstimulated or IL-18-stimulated(5ug/ml, 4-6hr, 37°C) umbilical vein endothelial
monolayers was tested under static or rotating conditions, where adhesion is E- or L-selectin
dependent, respectively. P-selectin-dependent adhesion was tested on immobilized platelets
treated with or without TPA (10-7M, 10mins, RT). Stimulus-induced adhesion was always at
least four-fold higher than without stimulus, and selectin dependence was confirmed with spe-
cific blocking monoclonal antibody

Result : All three kinds of selectin-mediated eosinophil and neutrophil adhesion were inhib-
ited by GA and they were reversible without affecting viability.

Conclusion : The ability of GA to interfere with the selectin mediated adhesion may con-
tribute the one of the mechanism of the anti-inflammatory effects by licorice.

Key words : Licorice, selectin, adhesion, antagonism
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AL v RS SAPAA IFANEIT B
712 o] (recruitment) 3k= 22 E@uujA|
Fol WEE o27kx) 8282} (adhesion mole-
cule) 53 M ¥FH LA FEFEA Bo
ligands}e] $3] 28 o]l T2, R A
= rolling® 2 selecting 23] o]FRojx=H|,
selecting E-, P-, L-selectin A|71#]7} 9lo.
H, o]5 Z E-selectin®} P-selectin-& ¥¥h]
A2 S8, L-selectin® & 3=}
oh= ge] d3AE EH EAjIE0.

2o ey NaHL v A 7|8
A4 (chronic eosinophilic desquamative bron-
chitis) 2 2 o] AL 7|2l 2 f9)€ 3T
o o& g dFAPoleks Koldt. V= W
2 #Y€ 3377 8439, Axgte 2 R
AAEEE  AABAA R} (platlet  activating
factor, PAF), leukotriens(LTs) 9] 3}3u)
AL 7158 FHA11, A9 A4 F7H
719, FRFIIE FRA BEE DA
1, e Y5l o A&Hoz T
TE HRE dFANEES 7ITHE fYAd &
oidz, ZI=dRIAEE AU FHIAIY,
AMEFAZHE f2lE AESgdaue 7i=gdu g
R ZIT Y, ageg 34N VR W R
£ A F AT 7% O] 23] &Adgle]
HANE AA7IAY EL2 BHE F=8 5 A
& Aol

2R FHZ 2o FD RRE JFAF
5ol e Ao gEA U ol9 F ¥o
Glycerrhetinic acid(GA)d= 4ax Qc}o.
%3 GA+T selecting] ligand?l SLe,(sialyl
lewis x) o} 727} FAFRL LA Aoy,

oldfl Azk= GA(Sigma, USA)9l Bd= =
4¢] 71480 rolling®] A, & FFA L7t 3
712 olF 3= A DA AT M o]Fof

A Aol ohdrt sk 7Md & A1 o] ¥
&322} Al ) P A M) E (human umbilical vein
endothelial cell, HUVEC)E %-¥| selectin& %
dAA olE BAT % 33T S A
& AISl=AE Lot selecting] FFY 9
F A Ed wet JA el xlol7t RS Yo}
Buz 3gdeh. £F 32479 rolling A5
B3 Fx7 ¥ del2Y] HEAE mFe] A
X8 f2aina S,

O % 4

1. CHat

SEd%a WY W g¥2r] ZdeA
NAEPEPR (National Asthma Education Pro-
gram Expert Panel Report) ¢t 7)8d) 23
AXog AL #REY F AT L(FL),
FY 2HEo|=AAE AM-ER] gt BAE
& ez Yot £, 1 2 gidy 33
ZA¥8} Clonorchis sinensis, Paragonimus we-
stermani (CS, PW). 3/4& o] 4% nujwg-A
Ab, &AHSE 3 (Enzyme linked immuno-
sorbent assay, ELISA)S ¢z 238 ¥4 |
CS, PW-1gG M AA 27 S4uH8-& B 7]
AEAGIY, oY YT ZATHFS F
W = 9l oER] ARe] iYW BAEL U
dez k. sATE BREYW $71 500/
mm® o] 4%l 10522 FE F3igen 335
T= 2ol fle A4 84 ¥ dukle] Uxy
Aoy Bat.

2. A7 Y

1) 357 € 349 12

357+ Percoll(Pharmacia, La Jolla)#}
PIPES buffer& 4]ojA v]& 1.08002 W&
AL o] &3 EEIAY}. & Es 96
% ol’dolqt. ZiktE CD16 A& o) §%
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negative immunoselection®j o2 ¥23l%ic).
Shedbd AR Mo GApe] A9} FHd
Al 120 ml& Y3} PIPES ¢33} 1:1.5
2 NN g 1.092 Percolld] ¥-fA1#H €4
@ ¥ W29, a7, 9758 AA}L
PIPES @8 ¢ = A 3 3l3L Ml X pellete]] CD16
%48} immunobead & W 4Colx 3082
ZYAIF13L magneticg ©] g3l TFTE A
At ZAFe] EFEEEE 96% olde]
ﬁqlm.

2) Al @B A L (HUVEC) 9] £

AFdNer] ARERE FIIEHE U
Cord ¢3<4o] Ah& ¥ 13gauge vl= ©l
&3] FujozHE YIMEE He3ied
chymotrypsin®.2 g3l NI EE &
g A HFHAH. o) F 24 well 2 FA (pla-
te)o] Wil HUVECe] QM EHE o|& ¥ /%
Aol o] &85t}

3) E-selecting] 28 ¥ &35

IL-18(5ug/ml, UB)& 37CoA 4-6A17t
ZAFE E-selecting W¥AIFTE. E-selectin
o] gde GHEPHE olgslo AHAY.
E-selecting} Aj¥ole] #2H2 4°CollA 3083t
static assay 2 3t c}. 718725 (basal adhe-
sion) & IL-2 A=3% HUVECH A5314] &
& HUVECH] Cr¥z} ejd& 35+ 2 34
& 2 welld] 10714 ¥ 2§ BALsS 43
3 A9z the welldl= E-selectin &
MEPAE $3 E-selectingt Al Eo}e] #3344
& 233l okle] A& ol &3 HEEN
q_l:‘l).

N ETol SlE Lo A=

HUVECS] #3155 —
1— % G PAro) e IL-128 AR b HUVECHS 345

% MNP glo] [L-108 3% HUVECY §3% —
% W EPHZo| glo] IL-102 A8 e HUVECHS] 35

4) P-selectin ¥¥ % f3%

P-selectin® ¥42W& o| &3l THAFHT.
P-selectin® ¥WHn|9] 3o} Pawd o
u) E43n A5 o 4 2A 7 BL B

W vto g EH37] Wi dAdATAER o]%
7171 43 gl ¥awg AM-EHAY. {3
UL A3 g el F TPA(107Y
M)= A8l glutaraldehyde(1% )2 ZAA|
7t} P-selecin 7]% (functioning) epitope ©
AEGA 2 B LY8-& A|A Floweytome-
try2 epitoped] @S 3. 1Pd ¥
ATE A Eafokye] A ¥ g REE 3
AReRe 94 F J43 drZd oz Ads
of WY o olF assayd AREIATHC.
852 E-selectin®} o] static assay o2
oy 1087 24 Alsisen 3t
< A Hyoz a3yt

5) L-selectin #3t5

E-, P-selectin assay®l= %] rotating
assay o2 Al L-selectin® E-, P-
selectind= W2 M EFHe| SA3 o]
ligand7} EEAHAI | STt EF A E7}
B35 L-selectin® EHA shedding®
7] 2ol MX A B3R 4A FF 3
g2 3¢t} E-selectiny} o] HUVECE IL
-18(5ug/ml, UBI)& A3l ligand& 2&
A7 & B F AEE A2F well 3 A3
ore welld] zH2t i cold roomoljA rotat-
ing plate(80 rpm)& o] &3t KAAZ T Al
X34} 1% glutaraldehyde 2 319A)7) 3 53
Hu|H o2 4009 & SjolN TR 104]0F
Aol #2d ME 58 F3sl E-selectin
I 2L FAe g8 /g AEHAR. o
o welle] 7PERlEle 94 g3 NEVt B
o] f¥z oy A AAHA.
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6) %7} Selectin f-2Hd)| H|X = JA5

GAE 0.03, 0.1, 0.3, 1, 3SmM7x 2tz 82
Ao @A v gt JAe 2AsH. dA
T 718 #F35d UF oA =g HEgs
UER % Al 5-& &3] vla BAE.
% AT = 1€ #3A% —GA EA3l9] #3
/718 #3%) x 100

3. & Az
ANOVAE ©]83lq p<0.058 f<jsitizn
B

a4 1

A LA & o] 83l FAHF IL-18 A2
o ANBBAE(HUVEC)o] 28|zl E-
selectin®] 3F+ 2 FTabpole] 712 435
24zt 18+3.4, 15+3.5% o, P-selecting
331+4.8, 31 £3.5%, L~selectin® 65+8.7, 45
+6.8% A oH, o|&& AF3IA e B9 #
2sH} 48] o)At F71E 9t} (Fig. 1).

GA 1ImMe| 33 3 547 Z47} selectin

Bel f35d Pl JA 5L (Fig. 2) E-se-

(%)
80

70 } BWE-selectin
50 OL-selectin
WP -selectin
50 |
40

30 |
20 |

% Adhesion

I OI-1B HIL1B @IL-1p

Neutrophil Eosinophil

Fig. 1. Adhesion of neutrophil & eosinophil to
HUVEC with or without stimulation with
IL-18, (+), (=) :IL-18 with or without
IL-18 stimulation

lectin#}e] 2z}t A ¥ o] 3%5-& 38+5.6, 30+
7.1% 74X o34 A 8903 (p<0.05), E
-selectin TN X8| (1:1000) ) 23 oA 591
71+£9.8, 68+6.7%RTh= Rkl WttH(p
<0.05). P-selectin#}e] §-&o)] | § A= 3.
Z7 thEled= 28+4.5%, AR tjEid =
22+4.3% 2 9u|YA YRR o} (p<0.05),
o] GA] P-selectin G E3A 7} ztz}d] o 3o
52+4.8, 54£3.5% AAIX A Bk @it}
(p<0.05). L-selectin@o] 4o B3jdE=
ZF57o e R tisled 39+4.5, 36
+5.4% 7B udA dAA1H 2 (p<0.05),
o] HA] DN EZA o] 2t 60+5.6, 60+4.8
% AAAD A BErhs ¥t (p<0.05).

GA9 Fx=H dA5E #FF A} (Fig. 3)
E-selectin#} 347 2 &379)e] f& 5 of
3= 0.3mMOA 33T disleds 20+3.4
%, 47 dEtdE 19+4.5% 3 <A &)
A&l (p<0.05), ImMe| A= 37 +4.3, 32+
4.2%, 3mMo| e 39445, 38+2.3% 2 313
HE2 o]£tH(p<0.05). P-selecting] A$%
0.3mMAIAFE AAFo] AFEgon Ar=
33T dalde 17+4.7, 34 disid=
15+5.6% 9.2™ (p<0.05), ImM<2] A$-= 7}
Zto] thEted 24+3.5, 22+4.9% QD 3mMd|

(%)
80

70 1
60
50 1
40 |
30
20 +
10
0

WE—selectin|
[w] L—salectirl|

W P—salectin

% Inhibition of adhesion

Neutrophil Eosinophil

Fig. 2. Inhibitory effect of licorice 1mM on the E-,
L, P-selectin dependent neutrophil &
eosiniphil adhesion
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8l 39455, 26+4.6% 2 3T 3}
A& gzl A% F713R o (p<0.05), &
A EdE THRE ojF%]c}. L-selectin
o] Fad i A= 0.3mMoA A)ztE]
Aom (p<0.05) A T3] #3h 24
+4.3%, B379le] {3 20+£3.2% GAA|
ZAom ImMo|AE 36+4.5 24+3.1%, 3mM
M 38+4.6, 34 +4.5% JAAA.

(%)
60

5o | |0
40 |
30 } L& P-Eos,

20

% Inhibition of adhesion

10 g

0 e .
0.03 0.1 0.3 1 3
Concentration of licorice (mM)

Fig. 3. Dose-response inhibitory effect of licorice
on E-, L-, P-selectin dependent neutrophil
& eosinophil adhesion. E-, L-, P-Neu,
Eos:adhesion of neutrophil or eosinophil to
E-, L-, P-selectin

o &

27| e XHUF BE IFFEe] B4
AR 4% FHE Ha3he Aolnpo.
AT AEAE 3570 g Er] WA
F2 37 O F92 5HET. olg#
Z7] A7t EFF9d 33 post-capillary
venuled| A 2] WM ¥} FFA|Eete] {3
ol§] o]Fo)z|H ©]& tethering & rolling)
g} §}-9, Tethering2 selectind] J3)] wf7)

fr Ay rlo

=49 selectin® E-, L-, P-selectin M| 2%
7} AB}®. Selectin® Lectin, EGF(epithelial
growth factor), CR(complement related),
Transmembrane, Cytoplasmic®] 57¢] do-
main®. 2 FAEo] 9lon o] N-terminal&
Z5oEA lecting FZE 7k 117-120749)
opr|:ito 2 FAEY et o] B-go] AFA
oo Rl B3 Aoz WA U
Selectin® CR9] =74 wje} #A5e] tien
L-selectino] 714 =t}. Selecting] ligand&
SlLe, SLe, dimeric-SLe,8l o] M %£§el
selecting .59} f2r& o] = A} ojH BA
gt selectin ¥ 7} 99t £-3& o|F= ligand
7} 9} o8 9 PSGL-1(P-selectin glyco-
protein ligand -1)3} o] P-selecting] lig-
and27t #g3= AHe] Yn', ESL-1(E-
selectin ligand-1), myeloglycani} zte] E-
selectin 1189 ligand®= <3*2, CD34,
GlyCAM-1(glycosilated cell adhesion mole-
cule-1), MadCAM-1(mucosal addressin cell
adhesion molecule-1) #} Z¥o] L-selectin 31§
9] ligand® Ut}*~2. o]2|¥ ligand Fo| &
& FUAY L2 479 selectinPA & o] £-
3 in vitrov} in vivo A¥gA, 9B x A
B ol FHRA ] EFUEE A=
Arhs 2ol H|FoiHW selectin®} GFH X
ste] f3to] AAHA FEuhEo] dolA 8E
< & F k. EFARe] EHAE AR 2}
o}7} 9471+ s} Sle,, Sle,, dimeric-Sle, 2}
22 selectin F%9] ligand7} &A &t} E2
o]5o] ligand® Zr23l=tl: sialyl acide}
fucose”} A Ho]7)= 3} P-selectin®] 4
92+ Le, Le, dimeric-Le, 3% 7|%& 3=
Aoz A= U

Aol Zzxe d2RE A4 7|de REs
A L A2 g 2o ot HIZ Fa o
A7t F9F Aol dFEHN e &3] {olg

— 65 —
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24 FHQAME 2H R =9 EFo] fAle
Aoz 4An YrP'V. =EJ ZxE selectin
9] ligandq] SLe,$} 727} §AMSH Ao v
A A2, ayez 2 dF A9 Aot 34
T ¥ %579 HUVECY #3dE A 79
selectingao] f-3& AAA L AL ligand9}
o] APIAFE 3 oFolX Aoz AlFdEn.
a3y} Sle,, Sle, dimeric-SLe,, ¢]E°] lig-
and2 L=t sialyl acid9} fucosest &
A& o] P-selecting] 73 $-%} Le,, Le,, dimeric
-LeB% 7158 3= ASE JAAHIL glof o]
2§ gAML BH =27} E-, L-selectin®
Axote) f3hg dAS & AF A= olay
717} 4A g o] BAlE % dA A= A
HBai e A2 7B FF A7 selecting
B A f3e) A4S vX X9 AYE o
o duo] 7Fsd oz AAHc).

Zx7} selectin Wi} ME £ A&
B F95 A4S e Al 7R sdetin 2
Folo] {ag AN B 979 A= AF
7HA] Z4zte] selectin QA E3IA & o] &3]
FAEY FEE Aoz HEF dEF &
78 JeRIE AR oh= Al 71A] selectin®}
o] fFe& EF GAY 5 o] A 2R
Ao, BF AXE o] LT Ak Mty ZY
A wWiAE AAE doz yaddg. gy 2
A+ 2 A9y A7t obd A 2 3FT
9] &g FAl Az enz A W
718 R8sk TFT FEo| AnE HAY
g 7 e L % sFser € A
AoZ Yzdr}.

Az 3 dE=r] 4 & 3L 71AdE

Frshnd dz2e ¥ 93489 F 4Ro

A e GA7F TAF 9 5% 72} selectin
& P dAlTE RABI oot e
A aoh

1. IL-18 A= 2% E-, L-selectin =7}
A fFoly} TPA A=l 2}3t P-selectin w7
4 f3e A3 G A9 fIuke 3
A 49 o)ae] Xjol @ LERASITh.

2. GA9] E-, P-, L-selectin® 323 % &
AT H3F g A5 0.3mMolA HE
AlZE] gl on, 3SmM7IX] g3ut-g-3td el oate
YeR At

3. GA¢) E-, L-, P-selectin Ztz}s} &2k
% 537 3o B s Al 2ol
7} 1o (p>0.05).
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