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ABSTRACT

Objectives: The purpose of this study was to identify the inhibitory effects of Hwangheuk-san (HHS). a Korean multi-herb
formula comprising four medicinal herbs, on cell migration and invasion, two critical cellular processes that are often deregulated
during metastasis, using the human bladder cancer 5637 cell line.

Methods: Cell viability, motility, and invasion were assessed by 3-(4,5-dimethyl-2 thiazolyl)-2.5-diphnyl-2H-tetrazolium
bromide (MTT), wound healing migration, and Transwell assays. respectively. Gene expression was detected by Western blot
analysis. In addition, the activities of matrix metalloproteinases (MMPs) and the values for transepithelial electrical resistance
(TER) were analyzed using a Gelatinase Activity Assay Kit and an Epithelial Tissue Voltohmmeter, respectively.

Results: Our data indicated that within the concentration range that was not cytotoxic, HHS effectively inhibited the cell
motility and invasiveness of 5637 cells. HHS markedly decreased the expression and activity of MMP-2 and MMP-9, which
was associated with unregulation of tissue inhibitors of metalloproteinase (TIMP)-1 and TIMP-2. Further investigation revealed
that phosphorylation of phosphatidylinositol 3-kinase (PI3K) and AKT was decreased in HHS-treated 5637 cells, and a
PISK/AKT inhibitor synergistically reduced the inhibition of migration and invasion and also inactivated MMP-2 and MMP-9.
Moreover, HHS increased the tightening of tight junctions (TJs), which was demonstrated by an increase in the TER, and reduced
the expression the levels of claudin family members (claudin-3 and -4). which are major components involved in the tightening of TJs.

Conclusions: The present findings demonstrated that HHS attenuated the migration and invasion of bladder cancer 5637
cells by modulating the activity of the PI3K/Akt signaling pathway and also through TJ tightening.

Key words: Hwangheuk-san, invasion, MMP, PI3K/Akt, tight junction

.M E

s opsts| x| M3TE 12(20164 39)
J. Int. Korean Med. 2016:37(1)65-76

- E7d: 20160216, AAFY: 2016.03.23, AMBA L 2016.03.25
CHAARE FAE BASAA] AT AR 52-57
TN F4& s s

TEL: 051-850-8810 FAX: 051-867-5162
E-mail: shhong@deu.ac.kr

co] =R NN E Sty sl qakyd HAteky
o)

.

i

o
RN

ulgekl p 7|3 Fof
c AR g el A
A w3
1

[o3

=

ZdN T WAz Eal
Agel 31, 53 50
By Ee 70%

A Eol 0% oAt

=

H

il

2 =

§ o]

lo m2

>

6o



5637 olx| waAMZS| 0|3 Y Fedol 0jX= ESLHEZH)2

2 73kl AAAQ dAFte] gl w3l upaper
< o2 Fo%el vlske] Aol (metastasis) 7} 2= =
stoz, i s F Aol xpcto] ubsgste] Ay
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Aol JAE 3 B2 A5 Al gt
o AR HAzel A7 Anuw, Adelshlel
+ o8 AT FolA "W Al Atezolizumab

olfl WrAskE AEd= AHIYL S § FE F
HE3 $59 A7 A=

SFEAHE B < T RACREEE) A 714 =
A5 (Vah) 2 555 < X838t Aoz o
3}(Rheum Rhizoma, K#), B-ZA(Psoralea Semen,
WiEhg), 7$-2H(Pharbitidis Semen, #41) 9 $
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3458, BEA 2% AR 28 A 182 vt
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ZEo] YHES Aol A ARE 7}
st 7189l M2 oA iAol
ofgrs wA ARG, SHES AHolE
Az 714 (extracellular matrix,. ECM)<]
o AAAQ dTE = FEHAYEHEL
matrix metalloproteinases, MMPs) 2] &Ale] m]%]
o38F phosphatidylinositol 3-kinase (PI3K)/Akt
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B Aol AM-gt 3-3AK Hwangheuk-san, HHS:
Table 1) I PR e ()
(FAF g=h)elA Zzd dz 78k 7
b g AT F o FAIY 10vel &l F e
FHFE 100 CTellA 3A7E 5 FZ38ke] AHE-3)
Aot F3A 94 FZEH-E& Whatsman No.2 filter
paper(Sigma-Aldrich Co., St. Louis, MO, USA)Z
e 3 %é’diﬂi ARt B E “PEC’J 5
ol 100 mg/mle] FE2 =9 ¥ y9k3r)g
7oA E4 ﬂﬂﬁ}‘ﬁ‘:}. 33A FEES *ﬂ&ﬁﬂ
AHea7] 9late], LA ol A Minisart® Syringe
filter(0.2 pm, Sartorius AG Weender Landstr,
Germany) € AHE-3le] 72 F wixld] AA F=
2 M3 AHesisith & &2 o H% A

=qleon, &5 22 AL st F3A F
252 W FRFE oldste] 100 mg/mle &
Z e g5 ol A4 TR A 3451
Al stdet.
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Table 1. Herbal Components and Amounts of Hwangheuk-san

Herbal medicine

Pharmacognostic nomenclature

Raw material amount g (%)

Rheum palmatum L. Rhei Radix et Rhizoma 36.0 (47.4)
Psoralea corylifolia L. Psoraleae Fructus 16.0 (21.0)
Pharbitis nil Chois. Pharbitidis Semen 16.0 (21.0)
Arctium lappa L. Arctil Fructus 8.0 (10.5)
Total amounts 76 (100)

2. M|ZZHH Sk

B o] AREE 5637 WFFA EE American
Type Culture Collection(Rockville, MD, USA)ell
A F8kdem, 10% fetal bovine serum(FBS,
Gibco BRL, Gaithersburg, MD, USA) % 1%
penicillin-streptomycine] -5 RPMI 1640 A
£ AHEshe] 37 T, 5% CO; 271NA wloFshedot.
HNESE Fx3t T2 wE FdE AL &L
a17] 9lted AAuhA e w3hE v 484 7kt Al
Azt AA40 NEE A 3H
3. MTT assayOH o|sh M= ZAIAXM ZAL

FEAL F2E Aol 7 5637 WhgshA 2
SAGA AxE F15k7] A3k 3-(4,5-dimethyl-2
thiazolyl)-2,5-diphnyl-2H-tetrazolium bromide(MTT)
assay= o|43ksih o] & $l8le] 6 well plateel
5637 MEZ 21070 /ml A FF3F Th-& 2417 Hl
i F AA wEO FZA FEEE AT T
A23iet. 24217F 3 w2 E A A3 (0.5 mg/mle]
MTT(Sigma-Aldrich Chemical Co.) &8 E53}x1
37 CoAA 312 ¢k dhe-AIF L vheo] B o
MTT A2k Al A8k2 dimethyl sulfoxide(DMSO.,
Sigma-Aldrich Chemical Co.)2 wellell 234% formazin
< B5F =9 & engyme-linked immunosorbent assay
(ELISA) reader(Molecular Devices, Sunnyvale, CA,
USA)Z 540 nmel|q FH=5 A3

4. Wound healing migration assay
5637 WFOIA| Q] o] EA e nHE FEA =
Z5-9] J3kE 2Ab8l7] $ske] 20 pg/mle] rat tail

collagene] F® ¥ dish(BD Biosciences. Bedford.
MA, USA)ell 5637 BFgotAl =5 244 7F St wi oFst
& pipette tipE ©] 23t scraping®E wounded 3

o9& e v E 2~33] FAEH oA 1%
FBS7} sh45 wiA 2 oA 3 A4 559 33t
FZES 1247 == 2447 A2 3 wounded
Jo g HE o549 AEE ww HAs

5. In vitro invasiveness assay

5637 WREHHIE S AEAo] vA = FEAL
&9 °§5}° i"b}ﬂ 93ty A 2 AA
Eo] A= wA]edA 6417 F<F
ul oF 5}l ‘:} °] ‘] £ 33A FE2Eo] A"
FBS-free Wj#| & &3t Matrigel-coated filter<]
apical sideol] ¥t} o] basolateral chamber
ol 20% FBS7F 238 A& EF31oH, 24
A7t Z filter?] sttR s 0] =3t M| EZS hematoxylin
2 Eosin Y gl (Sigma-Aldrich Chemical Co.)
o2 A A$esin
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6. Western blot analysisoll 2|+ CHHEZ! Hisio] 2A
WA oA F3A FE2E Ao upE EH‘%
z

FAAES dE wWIE A $ete F
Aol A whoFsl AMxzol M lysis buffer [25
mM Tris-Cl(pH 7.5), 250 mM NaCl 5 mM
EDTA, 1% NP-40, 1 mM phenymethylsulfonyl
fluoride(PMSF) % 5 mM dithiothreitol(DTT)]Z
A7Veted 4 CollA 1417 o] A7 &, A
< 2319} Bio-Rad w4 A=k Ak Bio-Rad,
Hercules, CA, USA) & o] &3t A 3 o5 &
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5637 Ix| M=

2] =S SDS-polyacrylamide gel& ©]§-3he]
A7 5o sl A7|dse] B geld
oA S nitrocellulose membrane(Schleicher and
Schuell, Keene, NH, USA)2.2 electroblottingell
8] Aol X712 skim milk £ o] &5t} H|E
o]F ¢l whill 2 Sof d) 3t blockingS AA8tAT. F
¥ membranes A F AA A S A3l
4 CollA over night HF&-A]Z1 3 peroxidase-labeled
donkey anti-rabbit immunoglobulin & peroxidase-labeled
sheep anti-mouse immunoglobulin(Amersham Life
Science Corp., Arlington Heights, IL, USA)< o]
glod AR2olAM 1A AE HESAIF L HESe] £
W % enhanced chemiluminoesence(ECL) solution
(Amersham Life Science Corp.)& HE4AAH &4
] Wy oF A B Aded AeE
12} &A1 &2 Santa Cruz Biotechnology Inc.(Santa
Cruz, CA, USA) @ Calbiochem(Cambridge, MA,
USA)ell A 443k

O]

1. In vitro MMPs &4 =X
BEA 325 Al W 5637 WhgehA Zol
Ao MMP &4 wste] A A 93k
MMP Gelatinase Activity Assay Kit(Chemicon
International Inc.. Temecula, CA, USA)E AM&-3}<ic).
o] I3t HA T HE wioFAE biotinylated
gelatinase 7]& 3} E3sle] A uljoflol| &a)31=
243 MMP-2 2 MMP-9¢l 93 7]49] 23 &
fr=3tch 2435 71252 biotin-binding 96-well
plate® &7 biotine] ZA%E 7] o] platee] 23
SIEE 37 CTollA 307 dhAIZH A=) S
u AgHA] > 71A2 AAsAL, 2AHA
biotine] Z&H gelatinaseol| streptavidin-enzyme
complex® A7}ste] WA ¥ke-& A7l & ELISA
readers ©]£38}e] 540 nm FANAM A A=
£ vkl
8. TER Zto| &8
33 F2E AP 9 TJe] A

4
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4% °v)
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ol 0|58} ZeHol Ojxl= ESLHERH)

3= ATA E A7) #3H4 (transepithelial electrical
resistance, TER) %e W3g 24| 3t
STX-2 chopstick electrode”} B2 A= EVOM
Epithelial Tissue Voltohmmeter(World Precision
Instruments, FL, USA)E o] &3lc) o] & $l3}
o] 5637 w}s}orM| £2 Transwell®(Corning Costar
Corp.. NY, USA)<] 8.0 um pore size insert(upper
chamber) 2 seeding®t & 100% confluenceS | &
W72 wjeFetdet. o] F FA FEES AT
=9t 212)8t2, upper 2 lower chamberel electrode
2 do] A7) A= =Asqg

9. EAl Az

719 B8 A3 A= SPSS ver. 180 B4 =
2IWE o] 83t HF(mean)+EFH A (standard
deviation, SD) & vteplet. 2+ Ag 9 4 =
HOEAY o4 A5 FAHEAM(Analysis of
Vatiance, ANOVA)< 8 %, Student t-testE o]&
3tod p<0.05 FFlM A3k

m. # =
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Fo) g 2R Slste] 44 x| 3
FEE] A wiAelA 5637 WEIAEE 244
7 ief & MTT assayS AAlsksieh. 2 A3 3
ZAb FEEo| AHrlEl wjA|eA] 24A)17F wieksl
5637 WA 2 AJEEe] 500 pg/ml ML}
A el 3 iE7E A ke 800 ng/ml
A Aol el Hlste] Tha §
g AZEH 23 BT (Fig. 1), web A
254 JepiA dud = % 500 pg/ml ol
ste] 22N oI5 2 A&Ael vAE F54
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120 2. EE4 FES0| ot 5637 HAAMES 0|F
: A3} ZgMe| ol
s Wound healing migrationl 213t 5637 W3k
g 29 oA vlAE FIA 529 JFL 2
3 ® A A AR kR AT visted 35
“ AF ZEo] AeE A oA wjeFE 5637 wher
0 0 50 100 200 300 400 500 600 8OO 1000 1500 ,q] ;\L_°ﬂ /v] wounded oé]@’ o= _,] ]%lé ‘°_ ‘ﬂ Xﬂ Q?\i
HHS (ug/mi) ) _ o s ) )

Fig. 1. Effects of HHS on the cell viability in  “t(Fig. 2A). E=3F elsh #AFHAl matrigel invasion
human bladder cancer 5637 cells. assay°ll o1&t A{Adl A e 54 FE2E9 o
Over 800 pg/ml HHS treatment groups had more e 2R AN E, FEA FEE A9 FE
or less significantly cytotoxic effects (*p<0.05 Z7}e et AFAel FAFA 223k (Fig.

versus untreated control). 98 2 20)

= .

HHS : Hwangheuk-san

A)
Time (h)

Control HHS (500 pgiml}

B) HHS {ugiml)
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C) 450
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Fig. 2. Effects of HHS on cell motility and invasion in 5637 cells.

(A) HHS (500 pg/ml) effectively inhibited the cell motility of 5637 cells. Photographs of the wounded area were
taken for evaluation of cell movement into the wounded area. (B and C) Over 100 pg/ml HHS effectively
inhibited the cell invasiveness of 5637 cells. Cells on the bottom of the filter were stained using hematoxylin and
Eosin Y, and then photographed (B) and the imigrated cells were counted (C) (*, p<0.05 versus untreated control).
HHS : Hwangheuk-san
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5637 oIx| wAtMZS| 0|3t FRHol OIX= ESLHERH)

o] AEAE XA, S5 2 A F
o] Z7fel wel MMP-2 9@ MMP-9 shij2 o]
o] & ZhAsledom, MMPse] dAAIQl tissue
inhibitor of metalloproteinase(TIMP)-1 @ TIMP-2
o] whg e AjA o2 =715 9ok (Fig. 3A). MMPs
o] 4 I AMstete] ARAdE AR A 3
A F2E A Fxol get MMP-2 ¥ 99 &
AL folsHA FFAasteeH(Fig. 3B).
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1 19 20 25 37
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W MMP -2
1.0 [ Mmp9
c
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E = 04
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I} 500

HHS {ug/ml)

Fig. 3. Inhibition of MMPs and induction of TIMPs
expression by HHS in 5637 cells.

(A) HHS markedly decreased the expression of
MMP-2 and MMP-9. which was associated with
unregulation of tissue inhibitor of metalloproteinase
(TIMP)-1 and TIMP-2. Proteins were visualized
using an ECL detection system. Actin was used
as an internal control. (B) Over 200 ug/ml HHS
significantly decreased the activity of MMP-2
and MMP-9. After incubation with the indicated

70

st
concentrations of HHS for 24 hours, in vitro activities
of MMP-2 and -9 in cell culture supernatant were
measured usmg a MMP-2 and -9 gelatinase activity
assay kit (*, p<0.05 versus untreated control).
HHS : Hwangheuk -san
MMP : matrix metalloproteinases
TIMP : tissue inhibitor of metalloproteinase
4, =4 FES0| 25 5637 LZAM|E PI3K/Akt
MSH el 283t
PI3K/Akt A1 5A ¢} 3AL 3580 93 o] F
A9 A4 AR Aele] dBEE 2487 9
sto] WA PI3K % PISKY 3&F$] =4 chiale
ALHE Aktel Bl HAE A F220
de A7 T BuAl Qs AR A7k
o}, PI3K<} Akt®] F whAe] e wstel = 3
A 2280 2 ARE 34 FAAAT, F34
322 A7 529 27l me T 9w 9
Absh 32 vl A A (Fig. 4)
HHS (ugiml)

0 100 200 300 500

-t ] 6_’5 * «— p-PIBK

1 08 08 04 D1

“f“ﬁ*'ﬂ‘d— PI3K

09 09 1.0 09
--n- - e e ‘4— p-Akt
0.8 I]? 0.3

1 12 12 11 10

‘1—--——-———-—‘4—Actln

Fig. 4. Inactivation of PI3K/Akt signaling pathway
by HHS in 5637 cells.

PI3K and Akt were not significantly decreased
in HHS-treated 5637 cells, but p-PI3K and
p-AKT were decreased in HHS-treated 5637 cells
according to HHS amount. Actin was used as
an internal control.

HHS : Hwangheuk-san

PI3K : phosphatidylinositol 3-kinase
p-PI3K : phosphorylation of phosphatidylinositol
3-kinase

p-Akt : phosphorylation of Akt
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o, LY204002 == Az]LellA = 5637

Z-l_g:j]- \:1_94 =S

ARG, ke F3AE F2E LY2940027}

Alel

A" 5637 wWEGAHEAM MMP-2 ¥

MMP-9¢] ZAE Z7e] B5 A)ze] wlaled
o4

A= S (Fig. 5. 6).

+  HHS (200 pgiml)
+  LY294002 (20 M)

HHS (200 pg/ml)
+  LY294002 (20 uM)

©)

Number of cells
I Fields of view

= +

Fig. ©.
HHS-treated 5637 cells.

With PI3K/AKT inhibitor(LY294002. 20 mM),

versus untreated control;
HHS : Hwangheuk-san
PI3K : phosphatidylinositol 3-kinase

+

+

+

HHS (200 pgiml)
LY294002 (20 uM)

Involvement of PI3K/Akt signaling pathway in the inhibition of cell motility and invasion in

HHS (200 pg/ml) synergistically reduced the inhibition of
migration and invasion. (A) Photographs of the wounded area were taken for evaluation of cell movement into
the wounded area. (B and C) Cells on the bottom of the filter were stained using hematoxylin and Eosin Y,
and then photographed (B) and the immigrated cells were counted (C) (+, treated: -, not treated: *, p<0.05

#, p<0.05 versus HHS-treated cells).
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5637 oIx| wAtMZS| 0|3t FRHol OIX= ESLHERH)

Fold change in

MMP activity

e 2 2 2 -

L [=r] [--] =
JR—
g‘ -

0.2

0
LY294002 (20 uM) — s o -
HHS (200 pg/ml) - + - +

Fig. 6. Effects of HHS and PI3K inhibitor on the
MMPs activity in 5637 cells.

With PI3K/AKT inhibitor (LY294002, 20 mM),
HHS (200 pg/ml) synergistically reduced as well
as inactivation of MMP-2 and MMP-9 (+, treated:
-, not treated: *, p<0.05 versus untreated control:
#, p<0.05 versus HHS-treated cells).

HHS : Hwangheuk-san

PI3K : phosphatidylinositol 3-kinase

MMP : matrix metalloproteinases

6. 5637 BHIRIN|EO| T) DM D|x|E BEA

5t
A FEE A whE 5637 WAl £

35
o]5A4 2 A4 dAZF TJ9 7% 7Eet ™
o] AEAF 2AF] f18ke] TJe] A1) 2=
2 AHEE TER 39 TJe) #4974 weael
claudin family QA2 W3S zA}slg). 335Al

225 #2) ¥x9] 7l wet TER Fel 28
Z7¥stedom (Fig. 7). 2AH 27FA19] claudin family
bl o] WH (claudin-3 B -4) o] ZHAESieH(Fig. 8).

350
300
250 *
200
150 x
100
50

*

TER (Q X cm?)

0 a0 100 300 500

HHS (ug/ml)

Fig. 7. Effects of HHS on the values of TER in

72

5637 cells.

According to HHS amount, HHS increased TER
which was used to measure the tightening of
TJ (*, p<0.05 versus untreated control).

HHS : Hwangheuk-san

TER : transepithelial electrical resistance

TJ : tight junction

HHS {g/ml)

0 100 200 300 500

_— e —— W wenw | 4— Claudin-3

1 09 08 06 04

W — — | +— Claudin-d

1 08 07 06 03

'—_—-—_ +— Apatin

Fig. 8. Effects of HHS on the expression of clauding
in 5637 cells.

According to HHS amount, HHS reduced the
expression the levels of claudin family members
(claudin-3 and -4), major components of tightening
of TJ. Actin was used as an internal control.
HHS : Hwangheuk-san

ECL : enhanced chemiluminoesence

TJ : tight junction
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=
Ae BolA o+ HYlY 35 FE2E AP ¥
= HYE MAAY T, F35A 3
St 29 ol FA 9 HEAE A JAAEA
=5 WA AT 4 ek (Fig. 1 % 2).

v 5 A 2] AFH Aol wi$ FgHH el
A&A el #AH 7AEd o8 fiEdy 4
2 glont, St ZoAMHE Er|EE wd R
a2 oaA wE A7 el ECMe] g7} o
Folx= Zle] EAo|w, I F zinc-dependent
endopeptidase familys] <3l= MMPs:E ECMe
el Aol Tt 71AA 2o B3E FAFeE
A A ES] AET Holg FHjA7I= FAlelA
o]t} £3] gelatinase types] 3= MMP-2¢
05 243AM A EY A& Aold /M F2

gt 227 QAFe] 9lom MMPs: TIMPss}
o) BFA P4 Fote] o]F FAe] dAEgl
B A7 Ao 9sid FZA F2E AFY ¥
o Z7be uwel TIMP-19 TIMP-2¢ w3l
Z7kks e, MMP-2 ¥ MMP-9¢] #do] BF
rsldy 28] 244 FAE s 94
HoH(Fig. 3). & F3A F2E5 A w2

MMP-29} MMP-9¢] &4 &4 A3k= TIMPse
g Z7hel Fuk®l MMP-2 % MMP-99] @
AAel I3t AL+ on)Ehe Jr 1™, 354 F
229 TIMPs W&l Z7}s} ZwksEl MMPse] A
2 g4 7= ECMe a2 }E&fﬂoyﬂ 5637
HFEQE 29 o] AT AEA S JAEE Ao

SN %IW%

X %7 } MMPs zy% F7he} Qe od%o] e,
£3] FHZ gy Q7S WA ES o] FA
A= PI3K/Akt Az A9 MMPs

g4 dA7E Fde] Ui Hel FAe™,

AN - ZAPIN - A2 - FSE - BME

o] PI3K/Akt A3A Y AAlAE 54 A
S JIAE EAEY Ao 5 =dAA £
A& on|die whelb PISK/Akt 2349 24
Apgto] EA F2E Al wE MMP-29F -9
o] Rt ofg), o] 54T A4S A
of & WAEAE ZARIAG o]E 8}
PI3K/Akt 213419 &6l njA&= F3A) 225
o] 3k WA FARE A, o5 *lzﬁu g4 A
£Z 9ujsl= PI3K 9 Akt shAe) < E}ﬁé 1y
o] 3}3AF F2E A Fxol wet Wﬂﬂ
o] 59 & whild Wy I W3} %i‘”vHFlg 4)
o}-&¥ PI3K/Akt AlA AA|A(LY294002) 9} 33
Ab B0 EA] A2 F 5637 B Lol A o]
AT AEA el A% A=A (Fig. 5), ol&
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