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Inhibitory Effect of WK-38 on TNF-a Induced Vascular Inflammation in
Human Umbilical Vein Endothelial Cells

Sun Mi Hwang, Yun Jung Lee, Eun Ju Kim, Jung Joo Yoon, Hyeok Lee, Dae Gill Kang, Ho Sub Lee*

Professional Graduate School of Oriental Medicine, Wonkwang University

Vascular inflammation is an important event in the development of vascular diseases such as tumor progression
and atherosclerosis. This study was to investigate the inhibitory effects of WK-38, a new herbal prescription for the
treatment of atherosclerosis, on vascular inflammation in human umbilical vein endothelial celis (HUVEC). WK-38 is
composed of Rhei Rhizoma, Magonoliae Cortex, Moutan Cortex Radicis. Pretreatment with WK-38 was significantly
blocked TNF-a-induced expression level of cell adhesion molecules such as vascular cell adhesion molecule-1 (VCAM-1),
intracellular adhesion molecule-1 (ICAM-1), and endothelial cell selectin (E-selectin) in a dose-dependent manner. TNF-a
-induced cell adhesion in co-cultured U937 and HUVEC was also blocked by pretreatment with WK-38. Moreover, WK-38
significantly suppressed p65 NF-xB translocation into the nucleus by TNF-a as well as the phosphorylation and
degradation of 1xB-a. In conclusion, the present data suggested that WK-38 could suppress TNF-a-induced vascular
inflammatory process, though inhibition of NF-xB activation in HUVEC.
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2 =0 olgl HE HollA] tumord ZFlcrosis factor-alpha
(TNF-q), interleukin-1 (IL-1) 59 B2 S7F9 HARIAIY} Alo]
E7RI0] 88|50 METHY chemotaxis@} 54]9] A _Q_Oﬂ Yo
Bk Aol ATHJT. B UnA ol AZRARIIC)
W2 oS @E7IE g5l 4E SWESEOLE URH, F
HElA BEE S 22 29 "l Azlo] ZFE qolo] &
4= 9180] YHEATY. Eal, 7] @Suen J¥E APIET}
¢l TNF-a= H4 SHZ SO EalojAl OE.h\:]__Z‘l E VIER=T,
SISHERERIAL KEd AlOE7IRl, JEid N2RAEAE FEdt
o @3uh J/Pg o YoM, tiEe g3 -’EJOH Qs Mz
A8 fusle ACE BIHICP. g5 BE HARIRKI
nuclear factor-kappaB (NF-kB)&= TNF-aoll 93 &43l%= A
SZ Hu5 1 9t NF-kBi= inhibitory factor kappaB-alpha (I
kB-0)¢} AIBle] BEEM s JRE AEdo] EASIE7H TNF-a
S} 22 AOIEFRIY A= wom 0l4sle] Qa4 431k
o] Mzl HezY o]&E 7o Ert Wk NF-«B
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BRI 2 A TNF-a Aol 913 FEE

M Al ANEOE 23 95 AES A T 5 Ut

WK-382 th& (K#E, Rhei Rhizoma), ZE} (EAb, Magonoliae
Cortex), S5TAT] (BUFTEZ, Moutan Cortex Radicis)Q] BESIEEA] &
SASEY G W X158 EX0E FHE Agolc) nitiE3
ol &ale tEe $EE 718 AFskd ARAA N Al
8 T A2 FZ @+l kA, tidgol 215 HelFQl el

2010] H& SH4nE HAShE superoxide dismutase (SOD)
1=a|

848 E7R7IH, S5 2 BEE 852 ZErhT B
M0 sHle =R o] &5, 1 Sl Ol 2 ALK a8l
5 28", ReMe 511, NOSH I} TNF-a welS x|
She a3 Bo] BRIt Erhls BEke] 43k Rl
ZIRA, Etiule] B8 F2 JTEE 2ow)o) SeE A
9, gial 28", dgzslaig¥s0] ot

F4H8E E 71700 A EEREAE diok sl TR
Blolle HeQlopzo] BAISHOA B S8 & 4 ok 17
U dB SIS ANE 248 TR Qo) &717 B8}
= AL A0l AYH GBS AHF 4 Y0 HIHA Q)
T, olo]l )& WK389) QFM T} S4dol) Tl dFo] Ust
O HEATREA AR U 13FN wERS 43S £l
WK-389] QMg SRIBINIEE ™. a5 Holx g, u), &
©o o] thEl PEBEE, EiiE A8 So] BuERoU
SFHEZS FHgo] Holt o] A 7HA] Sokd) Btz glEs xg
o Wt A= ofF BUEA @okh IBER 2 Jos
AT WRQFSH AKEO] 3 Ujm ME (HUVEC)A] CAMs W)
2 BEskE 95Y Y FJARIAK] INF-oo| 98t EBEES
WK-38 Z&20] aiet & Q=B AZ 82 B
BHRETI0! [CAM-1, VCAM-1, 78] 1l E-selectin®] 9} AT &
I AEZA AEEIE E8 WEAMES el ol 2Ag W
B ASHLIRS B S Ed) PEEAR) ISk WK-38 3
£=0] vlRE= Gkl ola) JFskin

Aw R Ry

1. ABY AMZE

B a4 Eriti e geds 3dal s o sES
T S Uxsl FE2 46 g (FEE 15%)Y BIE SUTH

o

017 & ¥ W AlE (Human umbilical vein endothelial
cells, HUVEC)= Cascade Biologics (Portland Oregon, USA)Z
e TSR 7Y HAl, LSGS7E gk} Qe Medium
200004} 37T, 5% COQl 7] MeiE wieFsI9ich. Human
monocytic leukemic cells@l U937 T+ XM EZFE= American
type culture collection (ATCC) (Bethesda, MD, USA)ZEEE] +
5led 10% FBS7} Z8hw|od @l RPMI 1640 (GIBCO, USA)ol

= EPNEB| i3 WK-389) oA gt

A 37T, 5% CO.9 27] AEE aieksirt.

3. ELISA £7% (Cell Enzyme-Linked Immunosorbent assay)

P Wz HEE 96 welloll 2x10° cells/wellE BFESH &
MZE7F 70% BT ARPH serum free Medium 2003} &F
WK3BS BT 18 A7 S0 MRS, TNFo 25
10 ng/mlo] =EF 7151 6 A17F Bl shAsiict wiek =, 1%
paraformaldehydeZ 1 A7} ZHEHL 1% BSA7} &h7% PBSE
well & 200 ul® Wil 1 AJ7F BOF 22041 blockingdliCt. 7t
wellg A Ad=8HOE 33 AHAESH T ICAM-1 (ZYMED,
USA), VCAM-1, 712]1l E-selectin (R&D Systems, USA)S 1%
BSA7} Eh7¥ PBSofl 110002 % F]A5tkad 96 welloll 200 ul 4
E5310d 4°Coll4] overnight BFSAIZACE ¥ESAIZ] & 33] A|A
531 A Zo biotind] ZAeE 2xt @Al (Santa cruz
Biotechnology, USA)Z 420f41 1 Aj7 B¢ Azlal%irt 20 ul
0.05 M Citrate-phosphate bufferoll O-phenylenediamine (Sigma,
USA)T} 2 ul HoOp7} 3£ peroxidase substrate 2HAS NS 7}
wello]l 100 ¥ ol ghg A7 & ¥kgg SAAIT)7] 96 2N
H:S0, S9He 100 upl¥ Wo{FESrt. ICAM-1, VCAM-,
E-selectin®] 2181 & T = microplate reader (Bio-Tek Instrument
Inc., Winooski, Vermont, USA)E A}&E8l 490 nm IO FE &
=3k

H

4, TR B9} Western blot 541

WK-381} TNF-a7} Xzlg AZE PBSE 28 AMAHBIL,
RIPA buffer® MEE Safold TS ZESIQICE THHE F
22 Bradford (Bio-Rad, USA)HE 01838k ThHAY &HE
10% sodium dodecyl sulfate-polyacrylamide gel electrophoresgd ©+
BISDS-PAGE)Z  F7] g&dkd 2elgt = nitrocellulose
membrane O 2 transferd}irt. H1E0|A antibody ZTHE A
8] 93l membrane2 5% skim milk7} 875 Ttis-buffered
saline (TBS) Eo Ab20lAl 1 AIRF B9 blockingsHirh
Blocking® membrane& 1:10002.8 3418} 7+ el thlzlg] 1
A} antibody 2 2 A17F 0]14) HEISIFCE 1 & TBS-Tween 202
2 33] MAT CHS 1200022 3444171 27} antibodyE 4}-20]
A1 1 A7V 8EER]F]A TBS-tween 2092 33 AASH & ECL
solutiong ¥F2A]AH 2 G5 E Chemidoc image analyzer
(Bio-Rad, Hercules, CA, USAYS A6l &8 & FEBKA

0

5. 3} MIZZoA L &2

WK-383} TNF-a7} Azlg MZE PBSE 23] AT 2 Al
Zg Do} g4 Bolsld d4EdAE AMA Stk o] Al
buffer A [10 mM HEPES-KOH, pH 7.9, 1.5 mM MgCl,, 10 mM
KCl, 0.5 mM dithiothreitol (DTT), Nonidet P-40 (NP-40), 0.2
mM phenylmethylsulfonyl fluoride (PMSF)[& o] 15 £t
vortexing®} & iceollA] 15 B3+ FRACE 1 & 12,000 rpmol 4] 5
220 94 2aiglol MR phudle] EREoE 45U
tubeo] &4 -70ColA] E#ELA, pellete] buffer B [20 mM
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HEPES, pH 7.9, 25% glycerol, 0.42 M NaCl, 1.5 mM MgCl,, 0.2
mM EDTA, 05 mM DTT, 0.2 mM PMSF, protease inhibitor
cocktail|€ @il 10 A7} vortexingdt & m 10 Enj} 33
vortexing BISIC}. ZL & 12,000 rpmoflA] 10 27+ 941 275k
Ay RES ZEols 1 4EUS MER tubeo] &4 7
0TollM HASIHC.
6. AA7F IHAL B8 G4 ¢4 82 (Real-time reverse
transcriptase-polymerase chain reaction, Real-time qRT-PCR)
Total RNAT- RNeasy mini kit (Qiagen, Valencia, CA,
USAYE olgdle] E215198 3 E2)¥ RNAE Biophotometer
plus (Eppendorf North America Inc., NY, USA)E A}E5kd &
ZoITE DNA 6 30 1 ugd RNAS} 1 pl9] Oligo(dt)
primerg ddH, 09} 432 £ 70Tof 10 27t 8FEA7] & iced] 5
B AZAZCE 1 & B2AE 4 519 5X M-MLV buffer, 2 ul
9] 01 M DTT, 1 ul® 2.5 mM dNTP, 1 ul¢] M-MLV enzymeo|
ddH0& Eol 2& 27} 20 ut 52 ST 2ToA] 1
AR EISAIZL & 80CollA) 15 27 71851 cDNAZ 4519
C} 84¥ (DNAE 018381 real-time qRT-PCRE 4|31}
c¢DNAS} 10 pl® SYBR Green PCR Master Mix (Invitrogen,
USA), Z+2}9] forward, reward primerE 1 p¥ ddH0$} &7
& Ba7} 20 w7t HEE §F £ Opticong 083} PCRS
FHBIATE (MJ Research instrument, CA, USA). PCR £1
9%5Co)Al 10 & denaturationdt &, 95°CollA] 20 &, 60°CollA] 30

&, 72TColA 60 ZF 40 cycle YHEEIRIT}. ZF 48 & Opticon
M] Research instrument SoftwareE AMZFI BEAIGIA 1, &)
7l HIOJE= GAPDHY] WS 0|83l] ZF FRANY] uisles
=2 FA6IIC
7. MZ 2Ag &3 (Cell adhesion assay)

g =

3 AMEZE 24 wellol] 4x10° cells/well2 258}
AlZ7F 70% BT ARFH serum free Medium (M200)33 847
WK-385 SZEE 18 AR HAE & INF-oE HEsE 10
ng/mlo] HTEF 7iol] 6 Al7F wiYBIIcE U937 MzE
culture dishoflA] 10% FBS7} €H5F) RPMI 1640802 vl oSt
F 10 uM  27-bis(2-carboxyethyl)-5(6) -carboxyfluorescein
acetoxymethylester (BCECF-AM, Sigma, USA) © & 1 A|7} ZQ}F
Ut 1 & PBSE 33 AMASIHI GAE UBT NEE

T W] A EZ} A 1 A BT & BAER] 22 U937
|ZE AAS] Y15k 33 AAGIICE S8 Wiml Mzo) 2a
¥ U937 M3Ei= Fluorescence microscopyE AMRSI 285143
T} B35 £E3E & 0.1% sodium dodecyl sulfate (SDS)7} 8+
¥ Tris-HCl (pH 8.0)22 MEZ &3HAIA spectrofluorometer
(Varioskan, Thermo Electron Co., Vantaa, Finland)E A2}
485 nm excitation &} 535 nm emission®] FA O T B =
Aok

me o
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T}
1. TNF-00f ¢t 3 Wa) A2 AZR
WK-389] &1}

HUVECo] WK-38 Z2Z2Eg =Ly
T & o6 Al B¢ FEaE QlAR]

ng/mlo] HTE 715lod wsIRCt

T} 1 A1, TNF-a0] 98t VCAM-1, ICAM-1, 18] I E-selectin
o] uksl E7k= 150 pg/mlt 200 pg/ml WK-38 REE9] A
glol sl FE AA AAEE BYTHFg. 1). Cell-based
ELISA ZNE nIEOE VCAM-1, ICAM-1, 181 E-selectin®]
THNA! 9k31 2 Western blotting® 2 £& 61T} 2 A3, TNF-

O
aoll 9l VCAM-1, ICAM-1, 2] 31 E-selectin®] ©15i0] $94
A E71EIE oL, 150 ng/migt 200 pg/ml WK-38 EZE0]
R E eIl wado] A8 e VIERAACHFg. 2).

g=RE AN = 1

1.8 4
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1.4 1
1.2 4
1.0
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0.6 1
0.4 1
0.2 1

SONH

CAMs
cell surface expression
SN AN

AN

0.0 -
TNF- o (10 ng/ml)

WK-38 (ug/ml) 10 50

100 150 200

Fig. 1. Effects of WK-38 on TNF-a-induced cell surface expressions
of CAMs. HUVEC were prefreated with WK-38 (10-200 ug/mb for 18 h and
then stimulated with TNF-a (10 ng/ml) for 6 h. Cell surface expressions of
ICAM-1, VCAM-1, and E-selectin were analyzed by cell ELISA, as described in
Materials and methods. The data are expressed as fold of basal value and are
the means + SE. of three independent experiments. ** p<0.01 vs. control #
p<0.05 ## p<0.01 vs. TNF-a alone.

2. TNF-ao] Qg 8 UjT 429 A EEAHEAF mRNA 2Falo)

tH3h WK-389] g3}

WK-380)] 98t VCAM-1, ICAM-1, 18] E-selectin 2F& Q)
AA 7Y Aol oAl E E018] 15k HUVECH
WK-38 2E2ES sTHE 18 A7 BQH A Ao £ 6 A7 5

ot HERUQIAR! TNF-aE FE S 10 ng/mlo] HEE 75}
o HiTIREE HERUARR] TNF-ao 98 VCAM-L,

ICAM-1, 12] 1 E-selectin mRNA 251 & H7] 95K real-time
qRT-PCREE @& FEE FF3INrk I 23, ¢hid wiay
OFEZIAIE TNF-a Jzloll 951 £718 VCAM-1, ICAM-1, 1
2]l E-selectin® mRNA 23]0] WK-38 ZEE FAg|o] o0

Zaths 3B HAFUCHFg. 9.
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SZHTH ZoA TNF-a AF=ol] Q8] SR E FBASo] ther WK-389] ofx g3t

VCAM-1 | —

ICAM-1 |

E-selectin l — — —— .m—-nl

Bractin | e e e cm—y a—t — |

TNF-x (10 ng/ml) — —+ -+ —+ —+ —+
WEK-38 (ug/mb) — — 10 100 130 200

| R
5 b o

CAMs expression
(fold of untreated control)

=]

in

TNF- a (10 ng/'xnnl)

WEK-38 (ug/ml)

Fig. 2. Effects of WK-38 on TNF-a-induced increases protein
expressions of CAMs. HUVEC were pretreated with WK-38 (10-200 ug/ml
for 18 h and then stimulated with TNF-a (10 ng/ml for 6 h. Western blots of
ICAM-1, VCAM-1, and E-selectin are detected as described in Materials and
methods. The data are expressed as foid of basal value and are the means +

SE of three independent experiments, * p<0G1 vs. control: # p<0.05: ## p¢0.01
vs, TNF-a alone.

>
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ICAM-1L
mRNA expression
- o o

.
VCAM-1
mRNA expression

0 o
- al0ngm) - + + + + +

TNF-alDngml) - 1 4+ + + +
WESB ) o5 om0 m

WKBgnd) - - 0 90 W W

C . &

b #
4 4 E
N 5 :
N :

INF-a(l0ngmd) - 4+ 4+ 4+ 4
WE-38{(ugml) _ _— 1w 50 100 0

E-selectin
mRNA expression

Fig. 3. Effects of WK-38 on TNF-a-induced increases mRNA
expressions of CAMSs. HUVEC were pretreated with WK-38 (10-200 ng/mi)
for 18 h and hen stimulated with TNF-a (10 ng/ml) for 6 h. Levels of the MRNA
for CAMs were determined Real-time gRT-PCR. Real-time qRT-PCR analysis
was performed using specific primer for ICAM-1 (A), VCAM-1 (B), ang E-selectin
(C). The data are expressed as fold of basai vaiue and are the means = SE.

of three independent experiments. ™ p¢001 vs. controli ## p¢0.01 vs. TNF-a
alone.

3. WK-380] 218t @ehimi 4 E0} U7 3170l At olxl| &3}
B I AES} mETOl FA2 L)) 9O dEnRo

EAQAE 2 4 Tk IHERZ WK380] 98 mET 2k

WS BES slopis] Asio] WK AEEE 8 M 5 3

B AEE oG5l BA (e HAE

Z3} Fig. 4 oA B 819k Zo] TNF-oE (

RAE AT % AT (A)9 uls) 2 v UB7 a7

AE 2A0] R4 A 7S HEDH ST TNEE A
EIS 2 Unl Aol WK3S 2582 55E A B2 o9

Z ggsker 2k
ZoA T WK-380] TNF-aol OJgh tial+- HAte) 5718 7ol
S A S Z0IBITE lﬂi . WK-38 2&z0] 28
\O:ﬂ%:“JM oAl E4slE g uin 2& 2ol sl T BAS

=]

(26 of TNF-cx)
& =2

937 cell adhesion

=

0,
TNFangm) - + + + + 4
WEBGgm) - - 0 0 w20
Fig. 4. Effects of WK-38 on TNF-a-induced adhesion of U937 cells
to HUVEC. HUVEC were pretreated with WK-38 (10-200 ug/mi) for 18 n and
then stimulated with TNF-a (10 ng/ml) for 6 h. Adhesion of ﬂJoresoence labeled
937 cells were added to the HUVEC and allowed to acdhere for 1 h. [A] Control
[Bl TNF-a (10 ng/ml) : [C] co-treated with TNF a and WK-38 (10 ng/mh ; (D]
co-treated wwh TNF-a and WK-38 (50 ug/ml} : [E] co-treated with TN=-a and
WK-38 (100 ng/ml) : F] co-treated with TNFu and WK-38 (200 ng/mh. The
amounts of adherem U937 cells were monitored by fluorescence microscopy.
Values are expressed as mean = SE. * 0(001 vs. control; ## p<0.01 vs. TNF-
a alone.

A
NF-xB p65S (NE) | oo wmusmi, St Semes SSell s
P-ACtin | mmeis — o ——— A——
NEF-«B p65 (CE) | il sy Sk S it sl
B-Actin | s e —i—————-  ——
TNF-c (10 ng/ml) — + + + + +
WK-38 (ng/ml) — — 10 100 150 200
B
ot [ = — — — — —]

ﬁ»adinl—--mm—mmm;l

TNF-a 10 ngm) — + + +  + +
WK-38 (ugm) — -— 10 100 150 200

Fig. 5. Effects of WK-38 on TNF-c-induced NF-xB translocation into
the nucleus (A), and (B) lxB-a phosphorylation in HUVEC. Cells were
pretreated with W«-38 (10-200 ug/m!) for 18 h and then stimulated with TNF-a (10
ng/mh for 6 h. After treatment, nuclear and cytoplasmic fractions were extracted
and protein levels determined by Western blot analysis. Western biots of ICAM-1,
VCAM-1, and E-selectin are detected as described in Materials and methods. The
data are confirmed from three independent experiments.

4. WK-389] NF-xB &4 oA g3
WK-38 ZZ&E0] VCAM-1, ICAM-1, 18] 1L
g 9AAIFIE W ol HAE £ e e
NF-xB&I] S & ot 7] 218k iy Mxz E}‘j—/g% 2
ZZ&3} & western blottinge #3194 CE T A1}, TNE-oE
= AP wl 3 B2 p6d NF-xB2 &3]
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HNLL

translocation®] FI¢ o0 SY3EPSE & Rolk Tt
WK-38 2&2&€ sEHE A NEl K& Wl TNF-aoll 9o
NF-xB translocation0] AAEE EAFUrFig 5A). EDL
TNF-aof O[Tt IkB-a9] QI4t5} AT WK-380] Qjgld s& 9&
HOE ZhA-BlIRickFig 5B).
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western blot 2! real-time qRT-PCRE A|3St 23, TNF-aZ
= Aelgt o vl WK38 FEEES A AZIs &
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Hrt I By}, TNF-a Agls & W9 NF-«B p6b THIE kg
E7IN21 0L WK-38 222 AAgd o) dAEs HeZ

EbdC} TESH WK-380] 98t NF-xBY] &4 o7} NF-«xBY] &
He ZEsKE kB-a9 Q4 AAl WEQJIAE ZAKE 21,
WK-38 ZEE 2 TNF-00l A} kB-a QIUZE AMcle ASE
UERdTh ol2is 48 d3}E Hol, WK-38 £2EE2 IkB-aS) ¢l
A3 A E B9l NF-«B 84 & 225k ALE olyd=m NF-
kB 4312 QI ofe] JiA] &Y Al W g AAlstH
o €5 HEE TSk ALE 44Eodrt

FHE SR, o] AFojAl= TNFaE FT¥ HUVECOIAY
ML HISoA] WK38 HZEQ VCAM-1, ICAM-1, IZ|1
E-selectini} Z+2 CAMs 2k 2 NF-xB €40l tig] s &
IAeAl Sas 43 te) 22 288 Ut WK-38
ZZEL2 TNF-o2 F5% CAMs W8l p65 NF-xB 4 & X3]
g At E381 200 pg/mi9] HofAls ICAM-1, VCAM-1,
-selectin®) THHE Bl mRNA 25 257 2ot Aol &
VERIRACH 8 W NF-xB &d ] FA6HA AdiAl7=
UL O] AHER HOL WK-38 RE2E2 B5 &
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Ict Stopri o 22 HALMZRE AEA
1L oFdYol &7] mEol the, Fat
Shoml = AEQl WK-382 E2 o

= 7

S

s
= A
E Ag X8

g

WK-38 REES thE (K&, Rhei Rhizoma), S8} (BAh,
Machilus thunbergii), Tl (BfHEE, Moutan Cortex Radicis)®)
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