BB TS| F|37
J.

13(20164 39)
orean Med. 2016:37(1)

16-25

=3
=
=

270ee) DA% 28 % MRS B4 S 59
AARRPAES 0|54 B AEAe o

Gilgyung-tang Inhibits the Migration and Invasion of Human Bladder Cancer 5637 Cells
through the Tightening of Tight Junctions and Inhibition of Matrix Metalloproteinase Activity

Su-hyun Hong', Yung-hyun Choi"

'Dept. of Biochemistry, College of Korean Medicine, Dong-Eui University
’Anti-Aging Research Center & Blue-Bio Industry RIC, Dong-Eui University

ABSTRACT

Objectives: Gilgyung-tang (GGT) has been used as one of the main multi-herb formulas to treat “Peo-ong” (lung abscess).
In this study, we investigated the inhibitory effects of water extracts of GGT on cell migration and invasion, two critical
cellular processes that are often deregulated during metastasis, in human bladder cancer 5637 cells.

Methods: Effects on cell viability were quantified using an MTT assay. To analyze the anti-metastatic effects, we conducted
a wound healing migration assay, an in vitro invasiveness assay, and a measurement of the transepithelial electrical resistance
(TER). The expression of protein and mRNA were measured by Western blotting and real-time polymerase chain reaction
(RT-PCR). respectively.

Results: GGT markedly inhibited the cell motility and invasiveness of 5637 cells within the concentration range that was
not cytotoxic. The inhibitory effects of GGT on cell invasiveness were associated with tightening of the tight junctions (TJs).
which was demonstrated by an increase in the TER. The RT-PCR and Western blotting results indicated that GGT decreased
the levels of claudin proteins. GGT also inhibited the activity and expression of matrix metalloproteinase (MMP)-2 and -9
and simultaneously increased the levels of tissue inhibitor of metalloproteinase-1 and -2.

Conclusions: Our findings suggest that GGT reduces both the migration and the invasion of 5637 cells by modulating the
activity of TJds and MMPs.
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Lol os iEty deiA glov, gAlE
ANMEE Hu|EE A B st os|A] wh
17 el AlE£9 7]A (extracellular matrix,
ECM)¢] s}3)7} o] o] Aol EAeqt, =
3] zinc-dependent endopeptidase familyell <3h&
714 F&ehil R & A (matrix  metalloproteinases,
MMPs)&= A E8] 7149 #39f Ho| F<k 7|A
A o] B2 &x18 oz M E AfH A
o5 ZHA7I= Al dAEelth. MMPs &, 53]
gelatinase typeel]l £3l= MMP-2(gelatinase A)$}
MMP-9(gelatinase B)= M £ A&3 Aold
WA F08 942 A QAE A glorq&‘l MMPs
o] e F&hil el g4 22 A4 (tissue inhibitor
of metalloproteinases, TIMPs)%}2] stoichiometric
B34 P4 Fate] dAFe AY, 15
MMPsell A4 ZAdtste] 159 544 FAS A
g 3te] ECMO & JAIsE Aoz 484 9l
o webal MMPsseh TIMPs Abele] A3 73
z2AE 95t MMP AsiAl & TIMP 3AAE &
M2 AeolE Add 3 sle 24 EAol & 4
At
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Abele] AF 9450 |7t FubE o oF d=4],
A EE Abolo| = gap junction, tight junction(TJ),
adherens junction(AJ) % desmosomed} Z<
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FApe} o] 29 o] F& At &S st 17
v B Az 3 HEEY A T AA
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A= TJ& 2= transmembrane M2 ¢l claudin

Ofol
<5
reh
B
0Q
rek

familyell &3h= chl A S0 utdds) A gl A
AL 7A=Y, 8|5 4E claudin A Eo] Aol
A A EAA T o] AslEe] Qx| uH u)sp
s zge g2 g

l‘N

A A E3] claudin-3
=7 }5]"1 ‘Rl‘:}lz i “‘}

’.3

1w 01:]"

# claudin-4 “a“ﬂ% &7
gA TJ djale =
714 Azt Eg 237 ote XJ?"“er el
oA 9&g 3l ez By
FA A o] HHAZS A
ub opde} Aol & 2T & 9lE F8 AEA
(biomarker) 2A 8] H& 7h5A) o] ol 3 9t

L FAES SAAAY Aol AdE ¢
gAY NS S AHdew Ad
A17F S7kska e AA °l‘:}1 A7
Gilgyung-tang, GGT)2 </FZ-E (%
A7 FrzxE 749 7‘3 o= 7‘3 71559
3, <A (BRI >, <kt (HgEAHR >
SolM=E AAek] gt 7]‘1 & gobE 4 glon,
B dFer e <FYHEAK( ?é?;fﬁk >% (i
) el 7A=Y ofE AT SFE ARSE)
AeHTable D™, A7 oz oL(f
), A FUiE), 355 (EERER), 715 (R%E),
A FHE) 5 A2 98 AL gt
9 o8 AYH A+ Fobe, A2 A
A2 AEAE S FEdte] NEARE dAe T,
HezRgse spAw® gekA|el cisplatinge]
H4Fz AEEAS /e B0 5E c; i
Aoz vyt A o 3k Ape] o
& W AE Ao] Al A AT

upebr] 2 A Fe M=
ME Aol AA| &5l H#H3t 7]
2, 9 Az A% o
go] o $7] 13kl
o] o] g AFAdeNe] A &e} o]e} A=
7184 714 A E A =3

rﬂi r1°

m

17



ZIZEbo| XS 25} 2 MMPse| &AM olF|Z E5t ol |8t

=2=o )

Table 1. Components of Gilgyung-tang (GGT) Extract

Herbal Dosage
name Drug name (g/%)
K AE Platycodi Radix 48 (11.2)

B #  Fritillariae Cirrosae Bulbus 4.8 (11.2)
% B Angelicae Gigautis Radix 4 (9.3)
NE Trichosanthis Fructus 4 (9.3)

BU Coicis Semen 4 (9.3)
sk Aurantii fructus 2.8 (6.5)
RAK Mori Cortex 2.8 (6.5)
BF Ledebourielae Radix 2.8 (6.5)
WO Astragali Radix 2.8 (6.5)
5 1=  Armeniacae Amarum Semen 2 (4.7)
H A& Lilii Bubus 2 (4.7)
H = Glicyrrhizae Radix 2 (4.7)
# B Zingiberis Rhzoma Recens 4 (9.3)

Total amount (g) 42.8 (100)

Whatman No?2 filter paper(Sigma-Aldrich Chemical
Co.. St. Lousi, MO, USA) &2 o3}t & FAZAZ
slod A2 5 FHsHAEh AR -20 TollM Bis}
Ak AR A 2Rl o) Ao,

2. M|ZHHSE 3 MTT assay

£ ATE $I5ked American Type Culture Collection
(Rockville, MD, USA)olA] 418+ 5637 Hg-hAl
¥+ 10% fetal bovine serum(FBS, Gibco BRL,
Gaithersburg, MD, USA) % 1% penicillin-streptomycin
o] &% RPMI 1640 ®j A5 AHE-3ked 37 C. 5%
CO;, 270l il oksladch 5637 WHEA 2] 4
ol nlA ZA7e FEES] 38R 3-(45-dimethylthiazol
-2-y1)-2,5-diphnyl-2H-tetrazolium bromide(MTT,

18

Sigma-Aldrich Chemical Co., St Louis, MO, USA)
7} nlEZ =g o} &6 9dted MTT-formazans
HAst= Ao 71uhE £ MTT assay S o]&-3}

o zAagie,

3. Wound healing migration assay

20 pg/mle] rat tail collagene] &= dish(BD
Biosciences, Bedford, MA, USA)ol 5637 Wty £
E AA A7 ok wiFsE 5 pipette tipe o] §-3
scraping 22 wounded °3%& R wiA| & 2~33]
A8 EE 9] 1% FBS7F &9 wiAlZ oA &
A 558 44" F2ES A7 =8 247
A8 ¥ wounded PO 2] HE o] AT
40uRe] &2 =YPHN|H R o] &3] v
3kt

4. In vitro invasiveness assay

5637 A2 AFAe nAE AAE F
ZE9 93S zA}8H7] $5}e] matrigel invasion
assay & ARSI o & flsted A4 221 9 AA
TE0] AR FE2ES 6412 5o A " 5637
WA 2E 44" FEE50 4% FBS-free
Wl A2 A 2|8 Matrigel-coated filter®] apical side
o B33k}, o|w basolateral chamberell:= 20%
FBS7} 3% wiAE EFsblon, 24417 &
filtere] stz o]%3 A EE hematoxylin ¥
Eosin Y 94 ¥ (Sigma-Aldrich Chemical Co.) 2%
A st A5t

5. TERe| &4

2748 325 A #& TER 7> STX-2
chopstick electrode”} #o 2 A%l EVOM Epithelial
Tissue Voltohmmeter(World Precision Instruments,
FL. USA)E el-83ted SA4319iH,. o5 $18ted LNCap
A Z£ZE- Transwell®(Corning Costar Corp., NY, USA)
2] 8.0 um pore size insert(upper chamber)Z seeding
g % 100% confluence® ©]E wj7}A] wlioFslsitt.
o] 3 AAe F25-S 24A)7F 5+ X252, upper



9 lower chamberdl] electroded Yol 7] A=
£ =339 Utech 20061

6. Reverse transcriptase-polymerase chain reaction
(RT-PCR)OIl 2/8t mRNAS| 24
AL EAN AE FE2E AP uE 54
A=) W W3E 2Abely] 9lste] A ¥
A7 3250 A H 27 24417 vl
FE 5637 WHEGAIEE A2 TRIzol reagent
(Invitrogen Co., Carlsbad, CA, USA)E o]4-3}o]
total RNAES #2319t £2]¥ RNAE At
2 claudin-3, claudin-4, MMP-2, MMP-9, TIMP-1,
TIMP-2 %4252 primer, DEPC water 28|22
ONE-STEP RT-PCR PreMix Kit(Intron, Korea)
Z 47 Mastercycler gradient(Eppendorf, Hamburg,
Germany) & °]43le] FZ3sid. 2+ PCR AHE:
5 A AeolE Falsly] $38te] 1X TAE buffer
2 1% agarose gele =1 well ¥ 27 primerell
g 33l= PCR AFEo| DNA gel loading solutions
2lo] A loading & 3F 100 VellA A7 %S 519
o A7|d% o2 DNA #2871 Z¢ gele ethidium
bromide(EtBr, Sigma-Aldrich Chemical Co.)E o]
lod A 3 UV slollM Eleiodet. Glyceraldehyde-3-
phosphate dehydrogenase(GAPDH) -#-1A}= internal
control2 AHE-3}Sith.
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7. Western blot analysisofl 2|8t HHEHE disdo| M

W oA 47 FEE Ao B claudin-3,
claudin-4, MMP-2, MMP-9, TIMP-1, TIMP-2 +
A wd wWsts zAlsly| 95t Y 24
ol A woFEl A Eoll HFaFe] 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)]E A7}sted 4 TellA
A7E FE WAL 3 dalEeste] A
de dAE FEET A4S 9 Fx
+ Bio-Rad <A A3k A°k(Bio-Rad, Hercules,
CA, USA)E o]&3led Az & o5 53] sample
< SDS-polyacrylamide gel& o] &3l A7)od5 0
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2 E38 % nitrocellulose membrane(Schleicher
and Schuell, Keene, NH, USA) 2.2 electroblotting®ll
oJsf) Aol AlFi) 2% whlAdo] Aol nitrocellulose
membranes 5% skim milkE *2]sted v] S0l
il A Sofl gt blockingS AABIY AR dAE
A2)3led 4 ColA over night A7 o+ PBS-T=Z
A A3k peroxidase-labeled donkey anti-rabbit
immunoglobulin ¥ peroxidase-labeled sheep anti-mouse
immunoglobulin( Amersham Life Science Corp., Arlington
Heights, IL, USA)S A2olA 1417 AZ whE-A]
Zich Hbg-o] Zxk & enhanced chemiluminescence
(ECL) solution(Amersham Life Science Corp.)<
ALAIA Xray filmell 7H3A1A EAdshy ] Wl
& A & Add] AHEE 13} e
Santa Cruz Biotechnology Inc.(Santa Cruz, CA, USA)
9 Calbiochem(Cambridge, MA, USA)¢llA %33k
o}, Actin ¥4 < internal control® AH&-s}ich

8. Gelatin zymographic analysisE S5t MVP &M =X

A w20 A7E FE2ES UAT AT Ax
wjofoll-& A3} zymography £ buffer(Invitrogen
Corp., Carlshad, CA, USA)9} &3st % precast
gel(10% polyacrylamide & 0.1% gelatin)= o]-23}
o A7]d% 3, gel& 2.5% Triton X-100¢] 4
8t buffer(50 mM Tris-HCL, 150 mM NaCl, 5
mM CaCl2, 1 uM ZnCl2, 0.02% NaN3, pH 7.5)°
247 ARAANF. F7FH 0= 05%(w/v) Coomassie
brilliant blue G-250(Bio-Rad) 2 348} 3 methanol/
acetic acid/water(3:1:6) £H-& £3fo] A
oh. MMP9| &A4el| ofsf =2 Ao F i F 9
Z band= MMP-9¢ &4 A =L, ofeflZ hand=
MMP-2¢9] &4 A=5 #lsisich

9. In vitro MMPs &4 =X

A7e 325 Aol wE MMP &4 ws}e
AP ZAE $|5te] MMP Gelatinase Activity
Assay Kit(Chemicon International Inc., Temecula,
CA, USAE AHgslsith o5 $lste] AAwe
A Z w okl biotinylated gelatinase 7]& 3} &3
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ZZgo| x|LZgt 23 L MVPsel EA RIS S8t X UILMES| 0|5 I ERMe x|

dte] A wjFele] EAiste &4 MMP-2 ¥ 2 A 94 s AR ' A =
MMP-9el| 93 7149 Fal & fr=stsdet. 4% 719 AAE $13le] 5637 WA L FAl 1)
7145 Dbiotin-binding 96-well plateZ %7 biotin e ZAAY ZFE2EY oJ3E #HA A

o] A3tel 714 0| plateell AFsFEE 37 CellA] 302
7+ vkeA AT BAE g oy AdEA] g )AL
A Ak, A A ok biotine] 23 gelatinasee]

()

streptavidin-enzyme complexs % 7}sfe] 2 uh-g

S A7) & 540 nm 2 FAY AxE vy
Einsic
10. A XMz

EE AgHEngs Azt2 ZABH T
SigmaPlot(Systat Software Inc., San dJose, CA, USA)
S o]&3le] Student t-testE o] &3l BEAA &
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Fig. 1.

Effects of GGT on cell viability and motility in human bladder canoer 5637 cells

MTT assay®] Aol o34,
7hel Al A 2421 7F wl okl 5637 g ohA 2.9
AEEo] 800 pg/ml AL7HA= FoH <l H3}
7F e A ekokont, 1000 pg/ml ALl M=
el wlste] i AE25Y 37} l5E &
2 9lovH(Fig. 1A). Wb A EZEAE Jeh)A
-2 800 pg/ml °]3ke] Z71eA 5637 WFHAE
o o)A ¥ AfAd vA= ZAY FEEY

é]—(g‘-j Lo z;\]_b—],oﬂ\:]. 7]7:“%]' ZI-E%_'— ] 43]' 5637 HJ'

B o)A HAEAY A ARE FA
3l7] ¢} Wound healing migration @ matrigel

invasion assayE AA3Fsich WA Fig. 1B A3}
oA & 4 9lxo] AAuiA]el wiokE Alzel
sto] ZAAE FEEo| AHeld wiAolA wickH
5637 HFEIM E9 o] FAe]l A vE oEA
2 A H e =38t o]e} A matrigelS
g 5637 WrgA e AHAE 73‘74% %é
ol e} A A=A Fig 2). 5 274
ZZ5d 23 5637 WA E] o]%

45 98
L A7 $239 AE5A

Fel| 9

¢

'olm o

=1
= A

Time (h)
0 12
T

24

Control

GGT
(800 pg/ml)

(A) Cells were seeded at an initial density of 2.5%105 cells per 60-mm plate, incubated for 24 h, and treated
with various concentrations of GGT for 24 h. Cell viability was measured using an MTT assay. Each point
represents the meantSD of three independent experiments. A Student's t-test was used for determination of
significance (*p<0.05 versus untreated control). (B) Cells were grown to confluency on 30-mm cell culture
dishes: a scratch was then made through the cell layer using a pipette tip. After washing with PBS, serum free
media (to prevent cell proliferation) containing either vehicle or GGT (800 pg/mL) was added for the indicated
times. Photographs of the wounded area were taken for evaluation of cell movement into the wounded area.
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Fig. 2. Decrease of cell invasion by GGT in 5637 cells.

Cells pretreated with the indicated concentration of GGT for 6h were plated onto the apical side of matrigel
coated filters in serum-free medium containing either vehicle or GGT. Medium containing 20% FBS was placed
in the basolateral chamber to act as a chemoattractant. After 24 h, cells on the apical side were wiped off using
a Q-tip. Next, cells on the bottom of the filter were stained using hematoxylin and Eosin Y (A)., and then
counted (B). Data are shown as the mean of triplicate samples and represent invasive cell numbers compared

with those of control cells
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Fig. 3. Effects of GGT on the values of TER and expression of claudins in 5637 cells.

(A) Cells were treated with different concentrations of GGT for 24 h, and TER values were measured using an
EVOM Epithelial Tissue Voltohmmeter. Results are shown as the meantSD of three independent experiments

(*, p<0.05 versus untreated control)

. (B) Cells were treated with the indicated concentrations of GGT for 24h.

Total RNA was isolated and reverse-transcribed using the indicated primers. Resulting cDNAs were then subjected
to PCR and the reaction products were subjected to electrophoresis in a 1% agarose gel and visualized by EtBr
staining. GAPDH was used as an internal control. (B) Cells grown under the same conditions as (A) were sampled,
lysed, and 50 pg of proteins were separated by electrophoresis on SDS-polyacrylamide gels. Western blotting was then
performed using the indicated antibodies, and an ECL detection system. Actin was used as an internal control.
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Fig. 4. Inhibition of MMP expression and their activities, and induction of TIMPs expression by GGT in

5637 cells.

(A) After incubation with the indicated concentrations of GGT for 24 h, the medium was collected, and the
activities of MMP-2 and -9 were measured by zymography. (B) In vitro activity of MMP-2 and -9 in cell
culture supernatant was measured using a MMP-2 and -9 gelatinase activity assay kit. Data are mean+SD
from three independent experiments and are presented as fold change compared with vector control (*, p<0.05
versus untreated control). (C) Total RNAs were isolated and reverse-transcribed. The resulting ¢cDNAs were
subjected to PCR with indicated primers and the reaction products were subjected to electrophoresis in 1%
agarose gel and visualized by EtBr staining. GAPDH was used as an internal control. (D) The cells were lysed
and cellular proteins were separated by SDS-polyacrylamide gels and transferred onto nitrocellulose membranes.
The membranes were probed with the indicated antibodies. Proteins were visualized using an ECL detection

system. Actin was used as an internal control.
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