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L TREZ WO —DTH % - ESHE DR A
t FEO—< U A)VA (HPV) TH5 I MWL
MR, I EEFELDTVEY AR HPY &
BERC Ll 7 B8 Y 7 F DR E T ERHEE
NTW%, LALZDOYZF i, HPV ERERICIE
MRDIRNT LG L7325 HPV O EREET N
TWaZezE, fENDS, @YU A7 HPV L,
Frr B L . Zhuc kS o Y 1V AEH
TH5E6 BXUE7T OEFEBICK D, FEMldOR
MHIRFOBE #IA 5T & TRBZFYET S, L
M UEAINE KO0 FAEYERIC L 0 Bk b
WIXBMOR DR ETHH, TNETHELAEY A
R 1A 2 RREE DR EAZE LAY HPV R O AL
ICBG BT ERRLTER Y,

A, TYY 32T 1w 72 R BT
3T EMNHSMCEDDDH S Y, DNA D RAF UL
BIRBMFEMTONTVAEIEY =327 ¢ v 7 &
D—DTHY, ¥V FT7ZVhEE
HERLY (CpG) D> b EIICHET %, DNA A
FIVEEEBRBRIC KD, ¥ by VFENEHE N
5-XF)Vy b id. Bl FRIICEE 4 55K
T2 N7 REE T B R 2 MBI IERT L 72 D |
IR F UG RS CHEEZIAEFELZD T %
CET, BIETRBICEELRPERZ 6T, ¥
HE@ICBWTIE., AF IR (L & HHEE T
HEDMANEREEIN, A4~ —h—DF A
ELTHEAENTYS 7,

—Ji. KU Tz /—)VEHDPIY A )V AR R0
ROV TIF K <HISENTED, RU Tz /—

Hot

VT
CRAERFERF B ML REERD

IV ORRHEHUC = SHEB O HPV D HERR & AURZ D
WEENDEVIWRELHS 5, T, ML
TOMGEMHOWE L D2, ZOBFICDONTIE
R EHZ W,

O Letlrmh b, AiZECld, REMNZRY 7 =
J=IVED—DTH3 77 I EMNT, HPV &
YT X 0 b Uz Ml o BEGEHNH 2 R %, &5
ICZOWIRIC BN T, FIRICBS T 5 KMl
AF IR D ZAL 2 fiffid 22 & T, RU T x
J—IVEOD AV AR R & . FDn T
WIEMIA = A LB T e 2 HNE T 5%,

2. MB EFE

2.1. fRRETE D Sl BR

RENLZ L b FEHEMILTH % HeLa (HPV18
5. SiHa (HPV16 #4R5 1), CaSKi (HPV16
Rk C33a (HPV [Z1E) D4 tkZHWic, <
D 5 B KFIc HeLla Ml il 2 A1 W T 7l 7x fif A7 7%
7V 7 X v K [1,7-bis (4-hydroxy
-3-methoxyphenyl) -1E-heptadiene-3, 5-dione]
(Cayman Chemical Company) 7 DMSO IZ ¥4 fi# L.
40 mM D7)V 2> DMSO & L THEDE N T=EIRMA
7Lz 7T L UVKIBRT T LT WD
7»757m%0@ﬁﬁﬁwk%§%%74ﬁbk
L7z,

1458 40 11 G BR &L 1.2 X 10° { © HeLa #ll i %
10cm ¥ v — L C 20 Rff], AilS&E 217> 728, 52
BRIz, Control H v —LiZid DMSO % 12.5
pLmmU. o 7))V o I Vikino&ERS. R
DMSO 2 & 7% X 5 ICii%E Uiz, ikBRBitARE &

?? D fzo
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24 Wef 35 X O 48 BERif&1C. control &% 7 )V 7 2
VIREDO Y v — L ORSHIEL MR AR,
Trypan Blue (BIO-RAD) #:fufgic, TC20™ 2 HH)
YIVA & — (BIO-RAD) IC X Dl Lz,

2.2. T2 RT-PCR

HeLa #ilfid o 5 il 4 U 72 RNA % fJ W C. Prime
Script™ RT reagent Kit (TaKaRa) ® 7’11 b a1— )L
eV, AV T4 —IC K% cDNA BZE T-
Teo RATICHOE TS AR —3K LIRS, T4
~— 18E6_F/R'” Ic kD HPVI8 BIE6, T4 <% —
18E7_F/R 'V ic kD HPVIS B E7, £/, 754~ —
RAR 8 _F/R ' Ic &b, b hOJEFEIEE T TH B
RAR B @ cDNA 7% H4lE U7z, WEPEa Y Fo—)b
LT, R BT7UF D cDNA ZHEIET 2 75 A
< —. Human f -actin_184F/R '? Z{lifl L7z &
& PCR (&, Thermal Cycler Dice Real Time System
TP800 (TaKaRa) Tf##T L7z,

2.3. Bisulfite 413

HeLa #ll &, SiHa #ll i, CaSKi il i, C33a il i
D 4 FE O fd A S il i L. EZ DNA Methylation-
Direct™ Kit (ZYMO RESEARCH) O 711 k a—)lic

fit > T DNA 7 Bisulfite LB U 7z, Bisulfite (& #fi
g7 ~ U L) %258 CT Conversion Reagent IC
EO—ABDNA LD b2 ZVE L LT,
UK 2 BRI Ly 5l ERE B AV AT S
TETUITVICERL Tz,

2.4. RAR B DA F JVILEFEH) PCR &4

IIWTIVTEIBRONIZEOWMENDH D
JEHIHDE(E T RAR B D X FIVLIREE ¥ %5 1=
B, AF AL PCR Z2175 oo fRATICHIV 2T
A —13&21TRT 'Y, £, Hela fMilfid, SiHa
MRE, CaSKi Az, C33afifad 4 FOMALZ Z N
ZN 10 cm ¥ v — L THi#E L7z #%. QlAamp DNA
Mini Kit (QIAGEN) ZC DNA Z#iliti L7z, Bisulfite
JLERZE U7z DNA 2 VT, A FIUERERIN T A
SX—H5VIFIEAFIVERRNT S A~ —I1c kD
PCR Z1T\ ). ZNZNDFEY) O &7z T IkEI %073
¥ R CHERZE Uz,

2.5. HPV @ URR [CDWT D PCR &7

fEtrIc W 7oA < —13 & 31RT ¥, Bisulfite
WEZ U CTWR W DNA, 7% 5 T Bisulfite QLB 2
157 DNAICDWT, ZNENE# AT PCR

x1 EEPRTFA/T—IER

T4 —% HNREEF | Bl

18_E6 HPV18 E6 forward 5'- CTATAGAGGCCAGTGCCATTCG -3'
reverse 5'- TTATACTTGTGTTTCTCTGCGTCG -3' ¥’

18_E7 HPV18 E7 forward 5'- TAATCATCAACATTTACCAGCCCG -3'
reverse 5'- CGTCTGCTGAGCTTTCTACTACTA -3' ¥

RARB E ~ RARB | forward 5- TTTGACTGTATGGATGTTCTG -3'
reverse 5'- TACTCTGTGTCTCGATGGATT -3' 'V

Human E bk B-actin | forward 5'- AGAGCTACGAGCTGCCTGAC -3'

B-actin_184 reverse 5'- TCGTGACACAACCGCATGTC -3' ¥

|2 I AFIVLFRI PR 754 —1EHR

T34 —% PIE S [l

RAR-M A F )Lt DNA forward 5'- TCGAGAACGCGAGCGATTCG -3'
reverse 5'- GACCAATCCAACCGAAACGA -3' ¥
RAR-U JEAFIL{E DNA | forward 5- TTGAGAATGTGAGTGATTTGA -3'

reverse 5'- AACCAATCCAACCAAAACAA -3' ¥
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Msp6 HPV18 URR | forward 5'- AATTATTAGTTTGGTGGATATATAT -3' f: 6845-6869 | 340bp ©
reverse 5'- AAAACATACAAACACAACAATAAATA -3' r: 7186-7161

Msp8 HPV18 URR | forward 5'- TGTTTAATATTTTGTTTATTTTTAATATG f: 7753-7781 | 291bp ©
-3' r: 186-161
reverse 5'- TATCTTACAATAAAATATTCAATTCC -3'

ZAT > fzo PCRIEYZ 7 11— = > 7' 1%, DH5 o
WKhS VAT A —LL, LTS AIRZ
NucleoSpin Plasmid QuickPure (TaKaRa Bio) T ¥
LTz,

2.6. Y — U IV AR

BigDye (Thermo) DRI ZMNNTY—7 T
AR IEREITV, ¥— 27 T ¥ — (3130x] Genetic
Analyzer, Applied Biosystems) < THaJELR(F1) 7% fire#ft
L7z

3. &R

3.1 MR B hE N s BR

Fig. 1 ICHIRGEIIHERBR ORE R 2R, VLD
S VIR 50uM T, 24 KEfIT: (P<0.05) BXU 48
KEfIT: (P<0.01) ICH BRI A SN, 7
V7 2 VYR 10uM, 20uM Tld. 48 Bffff% (10
pM : P<0.01, 20uM : P<0.05) il A =7z 1
SEAMHIN A BNz (Fig. 1 Ao EfF%IE 50uM T,
24 B 1% (P<0.05) ¥ & U 48 Bi i #% (P<0.05)
ICHEICMK R Lz (Fig. 1 B), fllao/BaEE 20uM
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Fig. 1 © #BASAEIMSIELER © control (L% 2> 0uM) , &1L = > 10uM, 20uM, S0uM T Hela KBBID IR

A) WERIIETERERR. B) EFRDHER. ) MEREDZE L
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DUF 2N %<, 50uM Tld 24 Bk B X O
48 WFRTZICHIFL O AL L IAED A 5 17z (Fig. 1
0o

3.2. BEAEEGCFREREOEN

7V 2 VN D HeLla i fdic 350 % i B
B rORHER, -7 7F 2 2RNExEE L
mRNA OFIxHETHlE Uz, Hela fifl2ic B4 % E6
BXTE7 O mRNA &i&. 7)V7 2> 50uM ZIRh0
LTHh5 24 %% (E6 : P<0.01, E7 : P<0.01) 5
XU 48 HEfEI#% (E6 : P<0.01, E7 : P<0.01) i, 7
VT X VEIENC EENTHEICHA LTz, RAR B
@ mRNA BICHEGZLIEA S NG - Tz (Fig. 2).

3
8

Expression of E6/E7/RARB mRNA
(relative to B-actin mRNA)

0.1+ I |

-y T T T T

control  24h 48h  control  24h 48h  control  24h 48h
REREH (V)L350uM)

o
e

Fig.2 : 7)L% = VRIN&D Hela HIB8ICH 1S B BB EETFORREE
it B-7UFEEE LI mRNA DAEXTE, HPV DEELF
2VINT THB E6, E7 1F. 24 Bk, 48 BFM& T, I bo—
)b (EERAE) ShEL. BRICRREMET (P<001) Li:
DIcxF L. RAR B OEBEIZ. BELEZEtIEHS5NEL DT

3.3. XFIVILHFFEB PCRICK S RAR B D
X F VAL BR AT

REM 75 75 S5 4 MIBZARIC B VT, RAR B O
AFIVIRREZ LI U Tz, ZORER. A F UL O5EE
&, EWTh 5 Hela, CaSki, SiHa, C33a DJET. K&
%> Twie (Fig. 3A), i<, 7))V X2 50uM
7S HeLa #IfIC BT IR, @itz 24 KR,
48 W DfRMT 217 > 723, RAR B D A F )L IKAE
ICREGZB(EHENEM> Tz, (Fig. 3B)

A) Methylated primer Unmethylated primer

Hela SiHa CaSKi C33a Hela SiHa CaSKi C33a

— #5150 bp

B Methylated primer Unmethylated primer

Oh 24h 48h Oh 24h 48h

— #150bp

Fig. 3 : RAR B AFILLASFEM PCR  A) REMNZFZEBRE 4 MBatkicH
BHE  AFIVEDSEEIX. B AD S Hela, Caski, SiHa, C33a
DIET. &L B> T W, B) 7/L%7 = 50uM #shN Hela #RAZIC
BT HEENEML | TER. 24 5. 48 BB TRERELIEH
SniGhofe.

3.4. HPV18 URR (L1 3’ part) ZHF S
A F JVIC iR
HeLa #fifida> HPV18 URR (L1 3 part) i3\ T,
A FIALATREZR 11 &7 (HPV O #F#8#d 5X ori 72 1
& LR E S5 6870, 6916, 7011, 7038, 7041,
7062, 7068, 7090, 7110, 7116, 7122) O k¥ >
(CpG) ICBUF 2 AFIVLIREER, &Y > T ILDIN
AZNVT 7 A4 MU%O I/ a— 2%y — 7 TV AT
% T IC KOkt U, B, 7V X2 50uM
Nhn 24 WA, 48 REREITR DR D X 7)WL IRAE
Ofiett (Fig. 4A) DFEHR. KD X FIULDEIG
. BEERERNCIEE LT, KRERZIZALN
otz (Fig. 4B),
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Fig. 4 : Hela 20D HPV18URR (L1 3’ part) (ZH1F 5 A FIULATRE 11 BT (BEES 6870, 6916,7011,7038,7041,7062,7068,7090,7110,7116,7122) D
TR (CpG) ITHTBAFIVLIREE, A) 7L =2 50uM THEE 0, 24, 48 RREE DR EPRD A FIVLIREE, B) REIFFD X FILLDEIEHE &

V4 2 50uM TOREEIRIIC S,

4. ZERESBRDEE

HeLa fifid% 7 )V 27 2 > 50uM OIEE TR # T %
T 2ick . MlEEOEE R D CICEFROIKT
MRS E NI, TOF 2N %78, HPV O
JERHZ 287 TH B E6, BT, 35 X UHIED ¥R HE
%> 78%7 RAR 8 O mRNA R Z i LIz & T A,
RAR B OFBIRIIZ{ENah > T=DIick L, E6, E7
DFEUXEFLTH O, TN HIfaBbEinsNc iS5
LTWaZehRgEniz, 77 Vg AF Utk
I HRILEN RN S EEZ LN, 7V IV
HIC X D RAR B 7' HE— X —FED A F )V LIREED
ZALRREBLEMRE SN TS Y B, Hela fl
faZz W ARIIZETlE, B TE o7, 7.
HPV & P RENCE BT 2 n[REME N H 5. HPV O
URR TD A F)UALIRREZ fifthr U7z b, RIS AU
HoNIEho Tz, ITHE, TS OFHEED X F Uk,
HPV IS S % & SEE O BN 2 R 5 T2 DN A
FR—H—ELTHEHINTVEN, 7)IV7IVIC

X BRI ESEIRI ORI DN % T— 2 IR 5
N, SHBESELMTHBLNETH S,

TIVT IV RBRTORS E LTER LA,
ENTIE, HERERED 7))V S VICRFBEINS
TEMHETES, HPV I, 1@ & ORIHEE {5
ENTETCVDB, @I AZEHPV OG5 5 [
JEE, HITEOZRIEIC K ST AU A TEEmL
THEO., VI7FVORGILRICE DR > T 5,
L a| ORI, CIFEN T O HPV Gl BV T b,
[ERRIC 7 V7 2 VIV E6 R ET & o 7z HPV HRD
FRRN TR B ATRE &R % Y T e,
Stk IFENRIRRZ W 72 3h R 2 R 2 il A &
5EEbN%,

AWIRICE > T, B ELTHI M SEbN
TERI)IVI I B, HPV OFEEE R > 737 E6 %
E7 OFEBHNH]S> HPV BE il i o B FE i il 72 7= 3
BT —2nE o Nz, HENICERDOD 5 Elz
REETERLEEZ TV S,
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Inhibitory effect of polyphenol on human
papillomavirus-associated cervical cancer

Takeshi Haga
Graduate School of Agriculture and Life Science, The University of Tokyo

The aim of this study is to investigate the inhibitory effect of curcumin, one
of the polyphenols, on HPV positive cervical cancer cells, and to analyze the
expression of cancer-related genes, as well as their methylation status in order
to obtain a further understanding of its mechanism.

Curcumin exhibited an inhibitory effect on the growth of HPV-positive HeLa
cells at 50 p M [24 hours post incubation (hpi) (p < 0.05) and 48 hpi (p < 0.01)].
A real-time RT-PCR analysis revealed that the expressions of E6 and E7, major
HPV oncoproteins, were down-regulated after 24 hpi and 48 hpi with 50 p
M curcumin (p < 0.01). Retinoic acid receptor 3 (RAR f ), one of the cellular
tumor suppressors, was previously reported to be up-regulated after exposure
to curcumin; however, the expression level of RAR f remained unchanged, in
this study.

Methylation status was analyzed at the Upstream Regulatory Region (URR) of
HPV18 in Hela cells via sequencing after bisulfite treatment of the extracted
DNA. No clear differences were observed in methylation status at the 11
potential sites. These results suggest that the inhibitory effect of curcumin on
HeLa cell growth is associated with the down-regulation of E6 and E7, but not
with RAR 8 expression or the methylation status of HPV18 URR.

Considering curcumin as a food containment, the oral cavity may be exposed
to high concentrations of curcumin. As the possible involvement of HPV in oral
cancer has recently been addressed, the need for an evaluation of the effect of
curcumin on HPV-related oral cancer is indicated. Further studies are required
to elucidate such possibilities, as well as the mechanism underlying the down-
regulation of E6 and E7 by curcumin.



