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Abstract This study was conducted to investigate the anticancer and antitumor effects of quercetin, which is a
natural flavonoid substance in human oral cancer cell line HSC-2 cells. The results of this study showed that
quercetin reduses the cell viability and the cell proliferation rate, and it led to the evidences of cell death through
apoptosis pathway. Also, lower concetration quercetin over 100 ptM were inhibited the cell migration and invasion.
In the present study, we conclude that quercetin treatment of more than 200 uM induces apoptosis by activating
programed cell death and quercetin treatment of 100 M or more inhibits the cell migration and invasion rate in
oral cancer cells. Therefore, this study suggests that quercetin is of sufficient value as an anticancer drug to inhibit
metastasis and to treat cancer.
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2.1. A5 % =

2.11 A=

B g A8 HSC-2 AE F& Audstue] +
ARy =AY wFdoRTE  AFugkon,
10% A®lo} &4 (FBS), 1% #lY4# (GIBCO-BRL,
Rockville, MD, USA), 4 mM L-=FE7, 15 g/l g
EH, 45 g/l 253727} g4 Essential MediunmyEarle’s
Balanced Salt Solution (MEM/EBSS) HIA| & A}-g3}o]
5% COp ¢} 37°Ce] =7} A8 A5FHo]efollA] ujk
skt Aol ARg-E Akl AMEL (St. Louis, MO,
USA) DMSO°] 100 SEZ Mste] -20°C oA
WYE Byste] AR8sgith

2.1.2 A AEE =4 (Cell viability assay)

HSC-2 A9 F4 =5 31831 96-well plat ©ll
(1x10" cells/well) 53+ 5, 24 A1ZF E<F vt o
HAAR S 0-500 uM =9 WA= Astch viAE
A A MTT solution 100 pM (500 mg/ml)-S Z} well
ol 5% $37°C, 5% CO; 1FHl o]E ol 4] 4 AJ7F wfj e
stk MTIT & /A FA4% Rep x2npd 44
= DMSO 150 L & 7Fske] G817l §-10 23+ WA
ZAth HIES] &3 ELISA reader (Tecan, Mannedorf,
Switzerland) & A}&-3ste] 7431t

2.1.3 A3 F2E =4 (Colony formnig assay)
HSC-2 AIZE 6-well (3x10° cells/well)oll 1} Fa}od
AMEE AsE=Z (0, 01, 05, 1, 5, 10 pM) e+ &
37°C Q1tulo]Eell A 7 Azt w3t wix]E A A s
5 100% HlEbe= 1A *05% A2~ vlo]&dlo
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2.1.4 DAPI 934

HSC-2 M %2 60 mm dish (3x10° cells/well)ell #j %
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AU N F AR A F A ES 4% TSL|etol= &
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33342 Aok Aol H4A171 $37°C 9] QlitHlolH
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= Jelo] HeE FFAvA (Carl Zeiss, Goettingen,
Germany)<& ©]-&38te] #Hadch

2.1.5 AIX ol ¥ &2 54 (Wound healing
and invasion assay)

HSC-2 AEZ 6-well ol (8x10" cells/well) wjeFat 5
w200 L B& AHE-St] well o T4l 2324
S PBS & AlFstith 1 F 100 M FE] HAE
2] 3 T3 37°C o] Qo] Efoll Al 24 A1 7E <t vl
shitk AlE7F 712) 5 Image ] software 2 o] -£-3}0]
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membrane 9] Trans-well (Corning  Costar,
Cambridge, Massachusetts) chamber ©l] Matrigel = 30
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chamber 78+ 5 10% Ao} &7go] 2 wi=|(750
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2.1.6 @A H7195 (Western blot analysis)

W HSC-2 A28 A7 PBS =2 3] A|H 3 5
Solubilizing buffer [50 mM Tris—Cl, Cl (pH 7.6), 0.5%
Triton X-100, 2 mM PMSF, 2 ul/ml aprotinin and 2 1
1/ml leupeptin ol 4°C o4 2 A]7F &<t WAl F T} 4°C,
13200 rpm &2 30 27+ ¥942] ¢ ¥ Bradford pro-
tein assay (Bio-Rad, Richmond, CA, USA)E A&}
A S A &t 125% SDS-polyacrylamide del
electrophoresis (SDS-PAGE)Z Al &ate] A7|d% &

% Electrotransfer system 2  ©]-83l%] Membrane
(PVDF) 2.2 o] &Al7]3L blocking buffer (5% skim
milk) 2 ol 4] 2 A1ZE REEAIZATE 1 A} 34+ 1:1,000
o7 sMste] 24 AIZE WHEAIZ oW 2} Ao B g o]
2 Al 15000 22 Aol A 2 AIZE HESAIZ] Fen-
hanced chemilluminescence (ECL) kit  (Pierce,
Rockford, IL, USA)E AH8-3t] @/33FaL Alpha Imager
HP (Alpha Innotech, Santa Clara, USA)E Al-&-3sto] 2

2kl

2.1.7 SA 24

A BAE 9% FA A=SPSS  (Statistical
Package for the Social Sciencesversion 17.0, Chicago,
IL, USA) program < ©]-&3te] Z4HEA (ANOVA) st

Atk B4 Ho|E]E= one-way ANOVA & AA815] 0
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3.1.1 HSC—2A3zel &t FAAEe] A A&
gt

AV A LS HSC-2 Aol thet HAgle]
AxEd aas 2167 fletel MIT S-S A9
aFlek. Theksk 9] (0, 50, 100, 150, 200, 300, 500 uM)
AARLE HSC-2 AH|3ze] 24 Al 7Hset H8A17 A3} H
Y FE oEHor AL PEL] 7H2 (0 pM, 100%;
50 1M, 88.76%; 100 1M, 86.68%; 150 1M, 75.36%; 200
1M, 58.12%; 300 1M, 42.46%; 500 pM, 37.57%) st A
< 2 ST (Fig. 1A). 91 MTT A& nfgo=
o] & 3Py AgeolM 9 AAY FEE 0, 100, 200, 300
M 2 AR AAEE M2 F AL BYgS
AnF oz Azt A AME S A L dix=T
7 u s v, AR T e o HEe K]
wslatar Alzel et HAlelA HolA Hfste 318
at3icth (Fig. 1B). @ebAl 9lo] AaE Fsted #AA
HSC-2 Al AEES AW 53] 200 uM ©]
o] FLolA o3 AvE Btk
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Fig. 1. Quercetin reduces cell viability in HSC—2
cells. (A) HSC—2 cells were treated with
various concentrations of quercetin(0-500
uM)  for 24 and cell  viability was
determined with an MTT assay. (B)
Morphology  of quercetintreated HSC—2
cells were observed using the microscopy.
(##xp < 0.001 for the difference between the
control and the treatment groups for each
group.)

3.1.2 HSC—2 Azl tigk A e] AxS2 o
A &y

Aol A4S JehA ek 59 A T (0, 0,
05, 1, 5,10 M) 2] A4S HS ] &9 A
BAZ F AT A e A 49 JAE 5
T ojEH o AEe] F2e] o4 (0 M, 100%; 0.1 1
M, 10062%; 05 pM, 79.28%; 1 pM, 6390%; 5 1M,
4453%; 10 M, 34.39%) =%
05 1M ol A= AEZA oAl 2 Walks JehlA &
YA, HAE FE1 pM ool A REHE §eto=
Asprlol® st Axe F2e AAE skt
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Fig. 2. Quercetin inhibits the cell proliferation in

HSC—2 cells. (A) HSC—2 cells were treated
with various concentration (0.1 =10 uM) of
quercetinfor 7 days and were observed
using colony forming assay. (B)
Quantification of colony number described
in B. (##*p < 0.001 for the difference
between the control and the treatment
groups for each group.)
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Quercetin induced morphological changes
and apoptosis through the
caspase—cascade in HSC—2 cells. (A)
Apoptotic  nuclei  manifested condensed
and fragmented DNA brightly stained by
hoechst staining. (B) The percentage of

apoptosis cells were calculated and shown
in histograms. (+##p < 0.001 and **p< 0.01
for the difference between the control and
the treatment groups for each group.) (C)
Western blot assay of qursetin treated
HSC—2 cells
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Fig. 4. Quercetin inhibits the cell metastasis and
regulates EMT-related marker. (A) A
wound healing assay was used to detect
the migration ability of the quercetintreated
HSC—2 cells. (B) The percentage of wound
width was measured and shown in
histograms.(C)  Trans—well assay was
employed to examine the invasion ability of
the quercetin—treated HSC—2 cells. (##xp <
0.001 and =**p< 0.01 for the difference
between the control and the treatment
groups for each group.)
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t} (Control, 2867%; 100 pM, 29.19%) (Fig. 4A). %3k
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N-cadherin - )
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B-actin

1509w E-cadherin @ N-cadherin[@ Slug [ Snail

Relative expression ratio (%)

Q\@,?? Q\@,?@ Q\@#@ Q\@#@

Concentration of Quercetin (uM)

Fig. 5. (A) The expression of EMT makers, including
E—cadherin, N-—cadherin, Slug and Snail,
was determined using western blot analysis.
B—actin served as a loading control. (B)
Density of protein expression level by
western blot results.
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