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Abstract

Cervical cancer has been one of the leading causes of female death from cancer worldwide with about
500,000 deaths per year. A strong association between certain human papillomaviruses (HPV types 16 and
18) and cervical cancer has been well known. An extract of natural products, Rhus, has been used to
investigate whether this agent has the ability of inhibiting the oncogenes E6 and E7 of HPV type 16. This
Rhus inhibited the proliferation of human cervical cancer cell lines (C-33A, SiHa, Caski) and HaCaT
keratinocytes in a dose response manner. In vitro binding assay and ELISA showed that Rhus inhibited the
in vitro binding of E6 and E6AP which are essential for the binding and degradation of the tumor suppressor
p53. In addition, Rhus inhibited the in vitro binding of E7 and Rb which essential tumor suppressor for the
control of cell cycle. The level of mRNA for E6 was also decreased by Rhus while that of E7 mRNA was
not changed. Our data suggested that Rhus inhibited the oncogenecity of E6 and E7 of HPV 16 type, thus
can be used as a putative anti-HPV agent for the treatment of cervical carcinomas by HPV.
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o LAY FelME MEA FHHAHE: c-myc,
ras &) 92} utolg A4 F {AHAE(: EBV, HPY,
HBV %)e] $AFHAI o]F Fazht fFAA Wels
A oF dATe] FHA P 7]zt A3t @ 4
T EEe] LREe] HoED. vjebr} o JA #A
Al ps3, pRB 5) 28]1 A XF7) 24 2H:
cyclins, cyclin dependent kinases, p21, pl6 5)®s}
HAR BF AT ABAD|AH BAVANEC:
protein tyrosine kinase dependent pathwayg)®e] 47
Hol g A 7]zt dat ExlpEelAe] #A ol
Aap FAHLZ o] FoiA|aL glvt. qHH Aol B4
= A 99 15~20%7} vlelEAst AREe] gl
Aoz oln] wEA gle] Wl vle|yAE FejFA
Y F2)¥ upo]axe] DNAZHE whdS uhge
ol yale s AMEAY Ao o] 83l AT}
o] Fol A gle}. o5l Wt AFE FPuto Lo
s FESE o] M| 478 F g it
oz}l olX7tx] 1 F24UeE E2E EF Yol W
sl @ HEE AIFTY & U Aold gz
Svamulo| 229 large T antigen® HPV E6 Th3l2
ps3 AL 71%5E AABIT Sgel P EH @
F4H ez ps53g vehliE Al Xe] HPV E6 43 &
Frestd AEFAe] FAET lFo] H3AA. p53
A2 oiiRe] oF ZAA At Edwelo] ¢
& do] AHAY 2 7Fe] AAdFe] 3l ¢
el a2t Edwele] Y= 2] oFe] d=F
t}. o]e} zre] p53e] EWol 71 Al oF U4
% GHE #AYe] glE A2 Yzheyt ps3e) wumor
suppressor2A12] 7lge] o]gH o] Fo|X|Erlel| ot
7)te] A3 9 QA ot =3 BT 3R
+ E2F8} Z331E Qle RbE ABWA E2F) f
S =% e E2Fel 98 HMEFV)7L B se] A
A XL 43 Hed 583 €S o

2 d7eiME QAEY BAGEE AMEE $
o] g ¥t welgiagl HPaohloly A o f
WAt E69F E79| 2H4-& Al A #ldlx
3 vlolix, & A% 71 lsiElr] $lsle ol
E FEEY AT AEF dg AEEGTS S
dL7)= wheleia kAl E6sl E7¢] 244l v
e BIE A

e 3 Uy

3
& F FFHE AZ3le] Agell AH31dEd, Rhus-

& 2 (Rhus Veniciflua)?t £4+5 AL &3l
(50:50) Fe7|oll Wi 105°C, ¢ 1.5 kgem™iA 5
A7 B2t 328 A% Sample @ #4191 A 500
% £73 500 g Al AFoll $3 FEPle] B SOL
£ W F iR #bvel #7AE @ 2
2y o2 YgAE AMEA 42 ARE dsE,
Rhus-Th= x4 # 48§ AR & 328N,
FH7el £ 7AE 22 uEE 92 A 1kgoll vH
A AAQQAE, &8, =31, A7, AR, E, 9E
%, 52 FA2) 600 g Wol U=AA * AEE A
Azt § FEEE Jepd Zlojt. Rhus-1# Rhus-IT
* 32F Y2 200myml $EZ AHEET

E6, EGAP, E7, RbEP CHERS

E6%} E6-AP H¥ e AMx: E Ao A5
= E69} E6-APE= pGEX ¥ pET ¥EfeA] s
& Alzslgch E6: HPV 3 ARG Hzx=y
¥ £23 RNA 2HE 5-GCG GCC GCC ACC
ATG TIT CAG GAC CAC AG-3'(sense) and 5-
CTG CGG CCG CGA TTA CAG CTG GGT TIT
CTC T-3'(antisense)2] primerE AH£3ted A A}
polymerase chain reaction(PCRyE 838l FE-slg]
t}. PCR AHE-E pBluescript I KS(+)E A ZHT
vector' o]l &7l F o] E6 RAHAE ohA] AEEAS
BamH 1 3} Sal 12. Ay 22 H48 Hosl
pGEX4T-13 pET28a4 €12 A3} =3+ E6-APE
Z7F BRo] FEEE= 2FRe] primer set(5-AGA TCT
ATG AAG CGA GCA GCT GCA AAG CAT CTA
ATA-33} 5-CTC TAG CCG GAC AAG TGC ATC
ATC TAT GAT-3, 5-AGC GAG CTG ACA CTT
CAG GAA CTT TTG GGA-3% 5-TTA CAG CAT
GCC AAA TCC TTT GGC ATA CGT-3)8 AHe-3}
o Qhelrie} 22 uhgo® RT-PCRZE FE3l9ic). of
%9 AFE-S pGEX4T-19} pET28x0llA H&slge}os,

E78} Rb W¥HE A=: E7 AL histidineZ &
I GSTARY R A=k HPV 4 A3 A
§F M3l CaSki®] RNAZHE o}23} 22 primer(5-
CAC CAT GGC ATG GCA TGG AGA TAC
ACCT-35} 5-TTA TGG TTT CTG AGA ACA-3HE
AMg-3led RT-PCRE 3 $F33c}. o 3FAES
Tvectorell G733 A BamH 18} Sal 12. Atsle]
E7 f3HARE ) o] 22 APELE Hger
pGEX4T-13 pET2820l 742t dAsle E7S A
9. E7% Agsled ol4=E Rb @A Dr Cho,
YJ(Korea Institute of Science and Technology, Seoul,
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Korea)2 FE| AlF Wk=d] o] pET HEA A
zegien S8 S F7HAIF17] gt pocket
domairg EE ofu]icAl 373¢1141928¢) ]2+ B2
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Az g AFAA A bead o] ¥-3: pET/RD,
pGEX ¥ ®El: E coliDHS0), pET28a ¥ HE
= BL2I(ADE3)¢l| transformation?] 7] 1mM iso-
prophyl-B-D-thiogalactopyranoside(IPTG) A7}5}3L 18°C
oA 12417F5<t dAE e SFAEE Y
ARelsld A3 pGEX ¥ pET/Rb L3N AFS
phosphate-buffered saline(0.5% Triton X-100, 0.5 mM
phenylmethylsulfonyl  fluridePMSF)®} 10 pg/mL¥]
aprotinin ) PBSTell pET28 83 a2 Ssl¢
384 (50 mM NaH,PO,, 150 mM NaClpl] ¥ehr]7]z
259 JHE AAsc) ol F YAEeET A5y
T Hste] AY wbgel 283l GST/ES, GST/
E7, GST/E6-AP:= PBS 943827 wjz] H¥H3A|7)
GSH beadell g7 22 gh3-goiog Ao F
9}, =8 pET28a/E6, pET28/E7 3 pET28/E6-AP2]
7% Ni-NTA beadell Z#A17]T 20mM imidazole®]
Z3d 93gdez 3 Ao F APuRE-E AAl
&t

AIBHFUMEF] MESHO| DiXls Fot

DMEM/10% FBSel #1221 A7 F4HEF C-
33A, CaSki, SiHa®} keratinocyte*] £ HaCaTg 96
well plateo] 1X10%welld ¥ F 19 F< CO,
incubatorel] jFslct. M2 wiAZ ZolE F o
Y74 =2 EAAZ) Rhus 13 0E A% F 20
A7t ¥ WST-1(Roche Diagnostic GmbH, Germany)
10uLE H7lsled 1-34]7F ojol] 450 nmellA {35
E ELISA reader(Molecular Device, CA)Z %3}
A=t

Bead GST E6AP2} His E62| ZEl0| O(Xl= Rhus
o &

GSH bead(Glutathione Sepharose™/4B, Phamacia
Biotech, Upsalla Sweden)¥=1XPBS buffer2 X| %3}
AMgstgl o, GST/E6AP(3.4 mg/mL) A5 1 mLel
GSH bead 300 pL& AFAHA ©|E Bead GST/EGAP
2 Ahg-Elgith. Bead GST/E6APS} His E69] A2
total volumeg 1,200 pLE. 3§ AAIBIAH. F 0.5%
Triton X-100 PBS buffer(PBST) 950pLell Bead
GST/E6AP SOuL=} His E6(8.2ug/mL) A5 200
ULE Wo] cold roomol| A circlingdted 1412+ F4F 2

g A)zen, 6000 rpmellA 3E7F centrifugedt] A5
& A ¥ PBSTE 12mL ¥ A cold roomell
Al 5E2F At o] MATAIE 3 vESi el
©, X5 bead down 6000 rpm, 3¥). 32 AATA
7} Bud A45dg 3] A F FFF ouLs
5X SDS sample buffer 10pL-E ¥o] SDS-PAGE
sampled A=5}%ch. Rhuss 1/6 diliutiondts] H7}3}
lod. & PBST 750uLe]l Bead GST/E6AP 50pL,
His E6 AF5°) 200 uL, Rhus 200 pL(100 pg/mLys ¢
o] A% Azxer AY FH43} SDS-PAGE sample A
Z WL W EF(Bead GST/EGAPH His E6ZE g}
FdsA AAET Sample> 10Ul loading 3ted
25mAZ A7)%% ¥ Coomasie blueZ. @3}y oy,
Western2  15uL¥  loadingdt gel¥ Immobilon-P
memebrane 2 transfer3t ¥ HPV  16-E6(N-17)
antibody(goat  polyclonal  IgG,  Santa  Cruze
Biotechology, Santa Cruz, CAyS- 12} #]sl3l Ant-
goat IgG(H+L)- alkaline phosphatase(Sigma)S 2x}A#]
sled ol Aot

0| Bead GST E7Z} pET/Rb Zgiol O|Xl= 48k
Bead GST/E7®] #|Zol| AHEE Bead GSH:= A#H
oA AZ& Beads AHE-33127, GST/E7(13.9 mg/
mL) 459 500 pLoll GSH bead 500 ul-& A3 A)A
o] & Bead GST/E72.2 AM&3l4vt. Bead GST/E7
pET/RbS] 2 ¥ Assay: PBSTE Total VolumE 1200
UL ko] Bead GST/ E7-+ Z+7t 40pL, pETRb
(6.9 mg/mL)E 100uL2 #7Fs} 2™, Rhus(100 pg/
mLy= 162 dilutiondle] & 200 uLE Arisle 23
AAHEd 2g #43 SDS-PAGE sample |2 wPH->
Yang 59| whiz} FdsiA AAJsldet. 349] wash
7} By AP S 93 AA F 255 soulsd
5XSDS sample buffer 12uL& ¥ SDS-PAGE
sampleZ Al #2314}, Sample2 10uLA loading &}
25 mAE AH7|9% ¥ staining 31520, Western 15
uL# loadingdled A7]9%E-& A8 geld Immobilon-
P membrane®-Z transfer§t ¥ anti-Rb antibody(Ab-6)
(Oncogene, Cambridge, MA) (monoclonal mouse
IgG, 100pug/mL)yE 13 A= F3L anti-mouse IgG(-
chain specific) alkaline phosphate conjugate(Sigma-
Aldrich Chem. Gmbh)E 22} A&t} elslsic)

E6, EGAP ZElg O|&Bt ELISAM UJXl= Rhus2|
ot

E6APE Maxisorb 96-well plates] 4ug/mlLE
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coating®t ¥ PBS/3% skimmed milk® 247 F3t
blocking3tsit}. PBSTE 3% A13 * pET284E6 and
pGEX/E6ZHE] & E6 A5 ematantsE PBSE 32
vl BAME AL 100 pLiweld ol [A]7F AlgoilA ulb
$A 7. E6AP| Z¥IE6E goat anti-E6(N-17)
antibody$} horseradish phosphatase-conjugated  anti-
goat IgG(Sigma)E A4 Aelgd F PBSTE A3 33l
7144 [4mg o-phenylenediamine, 5uL 37% H,0,
per 10mL of 0.1 M citrate buffer, pH 5.1] 100 uLE
Wil wkgAIZl F 25 N sulfuric acid® ¥H-& A
A1) F 490 nmel| A ELISA reader(Molecular Devices,
Hercules, CA)E. &4 3¢}

GST/E7, Ro Zgtkg O|&8t ELISAV| O|X[E Rhus -

o &

6X His E7€ Maxisorb 96-well platesl] 4 pg/mLE
coating®t ¥ PBS/3% skimmed milk® 247 F<t
blockingdtglth. PBSTZ 3 A3 ¥ pET28a/Rb 23-
B 92 Rb AF5YematantsE PBSE 8 Mg A&
100 pLiweld goi 1A Aol A HEEAIH . ETol
7§38 Rbx murine anti-E7 antibody2} horseradish
phosphatase-conjugated anti-mouse 1gG(Sigma)E& | &
x2)gt ¥ PBSTE MAHHZ 71ALY [4mg o
phenylenediamine, 5pul. 37% H,0, per 10mL of
0.1 M citrate buffer, pH 5.1] 100puLE ¥ ¥RA)7)
# 25 N sulfuric acid2 ¥H§-& A#AIZ] F 490nm
oA ELISA readers 23 8}sic}.

RhusOi 2|8t HPV E6, E7 oncogene2| mRNA
levell O|Xl= A&

DMEM/10% FBSell #AA1%] HPV 16 genomesr
AU gle ATAFEUAEF CaSkiE 100mm
petridishell 5X10710mL¥ ¥& F 19 E< CO,
incubatorel] wioFsleich AME$ wiR|E ZolF & 800
ul 2 34 A7) Rhus 13 B Aeg 2047 #
total RNAE #23}l RLPCRE $¥3lgd. E6
primers™ 5'GCGGCCGCCACCATGTTTCAGGACCAC
AG-3'(sense), 5'-CTGCGGCCGCGATTACAGCTGGGT
TTTCTCT-3'(antisense)2} 2] 3192, E7 primerst
5'-GCGGCCGCCACCATGGCATGGCATGGAGATACA
CCT-3'(sense), 5'-AGGCGGCCGCGATTATGGTTTCTG
AGAACA-3'(antisense)® 5+21v}. Reverse transcription-
polymerase chain reaction(RT-PCR)-> RT-PCR kit
(Stratagene)3- ©]-83l] F33lgd). &, cDNAE SO0pL
ul-g-ef [SpuLl 10X first-strand buffer, 1pL RNase

block ribonuclease inhibitor(40 U/pL), 2L 100 mM
dNTPs, 1L MMLV-RT (50U/uL)}& 37°CellM 1213k
wheAlA 4 o, primers}t ¥A FIEE Al
A1AB0 cycles: 1min at 95°C, lmin at 57°C and
Imin 30sec at 72°C) PCR products® o] 1%
agarose gel2 &eldlic}. B-actin primerys THS-3 2
gtth: 5-GTG GGG CGC CCC AGG CAC CA-3
(sense), 5-CTC CTT AAT GTC ACG CAC GAT
TTC-3'(antisense).

<L -y

AB3HFAMERF| NESH0| oiXlE 2t
A-FA R MEF C-33A, Caski, SiHa$} HaCaT
keratinocytesell Rhus I, IS 34ul-& 10004 71| A
2)8 A} Caski MEFIAM 800w 5-E 714 Wizt
NEEAS He] MES] o] FHH Fhbshe A
£ B 4 dgeh AR AESF FelAME HPVIL
obd o2 falel s oF ME3NE 3349 A
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Fig. 1. The cytotoxicity of Rhus I (A) and Rhus II (B) on

cervical carcinomas and HaCaT.

Cells seeded at a density of 1x10* on 96 well were treated
with either Rhus I and Rhus II diluted serially. Twenty four
hrs after incubation, cytotoxic effects of Rhus I and Rhus II
were determined by WST-1 reagent as described in Materials
and Methods.
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Fig. 2. The effect of Rhus- I and Rhus- II on the in vitro
bindings of E6AP and E6 (A) and ELISA based on the
binding of E6 and E6AP (B).

(A) Either Rhus-I or Rhus-II was incubated with the binding
mixture containing E6 and bead-immobilized E6-AP in
binding buffer. To investigate the inhibitory effect of Rhus-I
and Rhus-II, E6 bound to E6AP was determined by
immunoblot assay using antibody which specifically
recognized E6. lanel, His E6 1/10 input; lane 2, His E6
extract, 200 uL; lanes 3-4, His-E6 extract, 200 pL along with
either Rhus 1 or Rhus II diluted ; lane 5, Marker. (B) For
ELISA, E6AP was coated on the 96 well plates overnight
and blocked with 3% milk in PBS for 2 hr at room
temperature. Serial dilutions of E6 lysates were incubated for
1 hr, followed by anti-E6 antibody and secondary IgG-HRP.
The bound enzyme was detected by using ELISA reader
after adding substrate.

80ORRel M= AMEFA] o] viehtA] efgkort 5004 o
A9 FEME ZE NEFE e Ao HE
o] ZchFig. 1). Rhus I o] B]8] Rhus 9] MEEA
o] 7333 HPV FHAE 60-600 copyE WE3h1Q)
X CaSki MEFAM 71 SRt} Rhus 19) HIE
S54-& CaSki, SiHa, HaCaT, C-33A 02 oJ8kg b
et ole} 72 Ail= 79t e M E2] HepG2 cell
o] 9le] Rhus I3 ¥ 0.5 mg/well H7HA] & 80%2]
TRHIE A B2 dsles, At feiME
el WiDrllME 0.2 mg/well H7HA 50-70%2) A4t
A Az} ik Bk wlel AR
EE g g oo 8 o] FAE
2l urushiols®] 4 pg/mLe] FEolM 50%e] HAHE
Aot ME EBolxog ALY HPV type 16
2} 189] E6/E7-> human genital keratinocytes 9] B8

1 2 3 4 3

101KD

KD

34KD

2BKD

“ 20KD

(A)

oontrol
&X pETIRb

8X pET{Rb+Rhue | §.3ul)
8X pEYRb+Rhus | (12.5ul)
BX pET]FbrRhus | (26ud)
8X pET{Rb+Rhus | B0ul)
8X pEY RbrRhus 11 B.3ul)
8T pET{Rb+Rhue 11 (12.5u)
8X pET/Rb+Rhus |1 (36u)

. A i | h

000204060281.01214161.820
oD

B)

Fig. 3. The effect of Rhus-I and Rhus-II on the in vitro
binding of GST/E7 and Rb (A), and ELISA based on the
binding of Rb to E7 (B).

(A) Either Rhus-I or Rhus-II diluted 1/6 was incubated with
the binding mixture containing Rb and bead-immobilized E7
in the binding buffer. To investigate the inhibitory effect of
Rhus-I and Rhus-1I, -E7-bound Rb was determined by
immunoblot assay using antibody which specifically
recognize Rb. Lane 1, Rb 1/10 input; lane 2, Rb, 200 pL;
lane 3-4, Rb, 200 uL along with either Rhus I or Rhus I
diluted. Either Rhus I or Rhus 11 was incubated with binding
mixture, respectively; 5 lane 5, Marker. (B) For ELISA, E7
was coated on the 96 well plates overnight and blocked with
3% milk in PBS for 2 hr at room temperature. Serial
dilutions of Rb lysates were incubated for 1 hr, followed by
anti-Rb antibody and secondary IgG-HRP. The bound
enzyme was detected by using ELISA reader after adding
substrate.

2 ¢] immortalizationo] WAE #AHo] U, Fig. 1
o4l B5o] HPV A A EFo| Rhus® B3} 713
Fe7] wEel HPVE] 27)9] #skf-dAkel E6 ¥ E7
o} AlE o] shial & E6GAP 9 Rbe AY 9 2
E9) ¥ Ao R}t vlxE 93-S A

Rhus?} E6APSt E62| ZENN O|Xl= H&t

Rhus7} E6APS} E69] Zdlol m|X|E J3k2 w79
& in vitro A% ELISAE 38 A3} Rhusrt
E6APS} E62| ZATE & oj&3og AAsl= AL
o 4 gI%ivkFig. 2). Fig. 20 Jebd Western 23}
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(A¥= Rhus I# IE HAF=S ¢oF 167%F A7t 3
3. E6APS} E6E in vitro A% AFHE 9 #eolHoe=z
A4S ebditl. ELISAYIAE in vito %o Z3)
s} sl IA2 £ 150ul% Rhes B FE 25 ul(F
16.7%)y8 A71514S 9 AAAAE e 3
3}7FA] Rhus 13} Rhus 78] 9 3}Q-& 9 in virw
A%} ELISAIM FYU3lA Rhus 17} o] S #HAsl
EAE vepigcle 7QE Rhus 7} 421R4 B4
£ AAZ Aoleps AL ¢S o FuE2 FHAHY
A}el Pz}

Rhus’t E72t Rbe| ZE0 OIXl= H&

Rhus7} E72} Rbe] Zgdo) w2 J3E B7)9)3)
in viro A=} ELISAE 438 23 R} E7#
Rbo] AYE 5= oEHez A= AL G F
AT Fig. 3). Fig. 32 AdlA B 4= gl%ol in vito
Al AE= RhusE 1.25%(15ul) oA A7) sl o
g3t JAEAE Ve, B ELISASIME in
viro Z¥AY A A EINE el AL ohiA
oA e dARNE £ 4 slsdeh =3 Rhus
B} Rhus [718] W1adldE 9 in viro 2%} ELISA
A FYEA Rhus 7} AAEAE e ed
E6APS} His E62 in vito A3} ELISARCH= 93}
At A3 AAEIANE ehld=. Rhus®] 2T A
ool 4 9 E79 A¥eS JAsk= AYsl v
222 ostct. E6 whiA Cys-X2-Cys-X29-Cys-
X2-Cys zinc-finger 28 7FAT QI3 o] +29] #A|
E o] A 75 HpHelr) I o] FERE
e AP ZnE WEIG ZEFNE E 243
ALz E6E HAAR e M2 AAE A
Al uhgoe] A=EHAUS®, ETshA® Eogl el
Zn-finger +Z& 7FA| 3 9Jo] Rhus’} Zn-fingert33
¥ ZnE WEIPY 72F 284 ¥ = US
Aolet 34E 4= giet. 28} Rhuso] 3Py Fxe)
EA] 242 oz Byd v} glo] JARAY JAHE
#e2 o sl & HAlolot

Rhus?} HPV oncogene E6, E7 mRNA levelof
OiXl= g8

Rhus’} E6, E7 mRNAel v]X]¥& <J32 B7]19]8)
RT-PCRE %8} Z3} Rhus’} HPV oncogene?! E6%}
E7%] mRNAE Asisls A& & 5 U Fg 4).
Fig. 42 CaSki Cells?| 4= 800¥H2 Rhus& ] 3}
9L 9 mRNA levelo] €L &g ¢ qsid
AEH L2 £(Rhus)> E6S] HALE ZHAA)FIAL =3}

B_attin u E'_-arﬁn =

Fig. 4. The effect of Rhus on the expression level of HPV
E6 (A) and E7 (B) mRNA in cervical carcinoma CaSki
cells.

Cells at a confluence of 80% were treated with Rhus I
diluted 1:20 and Rhus II diluted 1:10 and 1:20. 18 hr
after incubation, total RNAs was extracted from CaSki cells
and their expression levels of E6 and E7 were examined by
RT-PCR using specific primer for E6 or E7 as described in
Materials and Methods.

E6-E6AP % E7-Rb ZA{HuME-§ wisjghezA Mxe
Eg2el] o MEuye] e W3tE dagte
2 HPV °fAel A37RSE Mo Bolxor =
AL epd 4 Qe ol o AEe] = ojd A}
7} ol Z1abg dLoFeAld #Aa AA Aol e
el A7 ofd A= A oI} T UFE
SFAdT4e) GFAT sty T dAE
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Rhus, an extract from natural products, inhibited the in vitro bindings of E6 and E7 1395
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