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Effects of Caffeic Acid Methyl Ester from Mentha arvensis Linne var. piperascens
on Function of E6 Oncoprotein of HPV 16
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Laboratory of Cell Biology, Korea Research Institute of Bioscience and Biotechnology, Daejeon 305-600, Korea
*Department of Healthscience and Biochemistry, Changwon National University,
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Abstract — Cervical cancer is one of the leading causes of female death. Viral oncoproteins E6 and E7 are selectively
retained and expressed in carcinoma cells infected with HPV (Human papilloma virus) type 16 and cooperated in immo-
talization and transformation of primary keratinocyte. E6 and E7 oncoproteins interfere the functions of tumor suppressor
proteins p53 and retinoblasoma protein (pRb), respectively. Among a lots of natural products, Mentha arvensis Linne var. pip-
erascens have inhibitory effects on bindings between E6 oncoprotein and tumor suppressor p53, E3 ubiqutin-protein ligase
(E6AP). HPV oncoprotein inhibitors from Mentha piperita L. were isolated by solvent partition and column chromatography
(Silica gel, RP-18) and inhibitory compounds were finally purified by HPLC using an ELISA screening system based on bind-
ing between E6 and E6AP. The aim of this study is to identify the structure of inhibitory compounds and to investigate
whether these compounds have inhibitory effects on functions of E6 oncoprotein. We investigated whether caffeic acid
methyl ester (CAM) extracted from Mentha piperita L. could inhibit the function of E6 oncoprotein. CAM inhibited the in
vitro binding of E6 and E6AP which are essential for the binding and degradation of the tumor suppressor p53 and also inhib-
ited the proliferation of human cervical cancer cell lines (SiHa and CaSKi) in a dose response manner. These results suggest
that CAM inhibited the function of E6 oncoprotein, suggesting that it can be used as a potential drug for the treatment of

cervical cancers infected with HPV,

Keywords [] Human papilloma virus (HPV), Mentha arvensis Linne var. piperascens , EBAF, E6 and Caffeic acid methyl ester
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pd3& B AXEFTI Gy-G G-S phase Al0]9] HgHS o
|3l 2z delA Qe olejgt Ad 22 Al B
35 Fshs F23 71ge) o] 3L whet o] actin
cytoskeletons S XA AL FYAFE oy Floz A
ZHn) Y gk ARl p53e MlEFE7), HAL, T12)1 apoptosis
ol T3k AT A ARl oF A 91e] titk= p532)
TZA Holgl Uield AlE whid 7] (endogenous cellular
protein mechanism)] 7|57 v|gAsle) 719135t} E6= p53
3} E6-associated protein(E6AP)2} &7 E-3tA|E FA skt
71 A3} ubiquitin pathwayel] 2J8) p539] EalE 9071t} 59
vtskpeppermint) 2] EH-2  Mentha arvensis Linne var
piperascenstt B2 kAR © 7= menthol, Ilimonene,
ethylamylketone, menthofuran, a-pinene 5°| 2/ 29 menthol
9] R 7)o T, AAE, 2T Toll 2o FAFS
o AAF o ALt} e oehg 712 Q7] ulitoel ko)
oo 7hE FFoE 2} 1D
2 Aol ME HellA st vis} o] ulale] getakgo
A& 7o HPVOlN U&= ofe] 714 Udet '3 - E6
7% o|-§3te] ELISAEATASYH) A2 8S 8-i5tn
alolA] 3% % &2 (caffeic acid methyl ester, CAM)S 2]
to] 3¢k hild o) 2h8-5 AAsto 2 ARl 7)50]
A== e EIstuAt skt
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o T Lo ofy
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HE oy

E62t EGAP UB4|Ee| M=

E62} E6APE= pET vector(Novagen, Darmstadt, Germany)
oA ¥HgE=d E6 RNA> HPV 16(+) CaSki¢} 22 =427
ot M EFof4 RNA isolation Kkit(Easy blue, iNtRON
Biotechnology Co, Seoul, Korea)s o]-&3to] Ha)akich, Total
RNA+ Primer sets : 5-GCG GCC GCC ACC ATG TTT
CAG CAC AG-3(sense)®} 5-CTG CGG CCG CGA TTA
CAG CTG GGT TTT CTC T-3(antisense)E ©]-g&3}o] RT-
PCRell 9J8ll 5-#A1A A2dck. ©] PCR products T-vector'3)
pBluescript IT KS(+) (Stratagene, La Jolla, CA)*ll A1 T
PCR product”} %1% T-vectori= BamHIz} Sall #A|sta A=
A2 @ AstasrE Azl pET 28a(5369 bp) (Novagen,
Darmstadt, Germany) vectorell Al Zt} E6APY:= 279
primer sets : 5-AGA TCT ATG AAG CGA GCA GCT GCA
GCT GCA AAG CAT CTA ATA-3(sense)®} 5-CTC TAG
CCG GAC AAG TGC ATC ATC TAT GAT-3(antisense) “12]
1L 5-AGC GAG CTG ACA CTT CAG GAA CTT TTG
GGA-3(sense)?} 5-TTA CAG CAT GCC AAA TCC TTT
GGC ATA CGT-3(antisense)TH-E] RNAS Z%3lo] dgirch
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E6AP= Alo|=7} ulle- 227] Wil 4] E6APS] F7F F-io]
AX= 789 primers o833t Ake] 79 E6AP-a $4t
£ E6APbE 3tk 7+zke) A7)+ 1.6kbe} 1.4 kbol A3k
E6AP-a9l E6AP-bE Aot & AAA7|H AHA 2 2.6 kbe]
A71& 7HX7) et histidineo] A3E E6APE JAksl] 3l
A PCR® 2.1-TOPO/E6AP vectorS Bglll$} HindlllZ A2 71
Ze] 2 DNAZ BamHI, HindllIZ 237 pET28 vectorell 4t
QAR 41

E72} pRb S&4/E{o] M=

E7 @il e pET(Novagen, Darmstadt, Germany)
vectorollA A4 total RNAE HPV(+)2) CaSki Al ¥EF0ilA
RNA isolation kit(Easy-Blue, iNtRON biotechnology Co)g ©|
£8te] H2]89 . E7 oncogenes 5-CAC CAT GGC ATG
GCA TGG AGA TAC ACC T-3(sense)®} 5-TTA TGG TTT
CTG AGA ACA-3(antisense)? T4 3t %2 primers o] &
3] RT-PCRel| &J3ll 5EAIA wE9l1 7=l PCR product
+ Twvector?! pBluescript I KS(+) (Stratagene, La Jolla,
CAYl AIMZATE AR1E T-vectors 2}7] BamHIZ Sall A3t
FAT HUEE T 21 fragments FU AFtEAE Aoy
o]% pET28a(Novagen, Darmstadt, Germany) vectoroll Al
ZAct. E7% A=t o] 85+ Rb @A pET vectoroil A
AzEg e et FIE S7HI717] 9% pocket domain
& ¥F8h= ohujiAl 373004 928¢) o]2+ N-gdo] AA€
72 chiilo|t} 10

Overexpressiont} X{Zg} CHYRIO| CHRFYM

RHeoix E6, E6AR, E7, Rb, p53°] A3 dE AlAEe: oy
oA WA= 81910 pET WEE E. coli(DH5000 H%IAl
7)1l pET28av= BL21(DE3)ll AH3lsle] Azt A% o
A5 1 mM IPTG(isoprophyl-B-D-thiogalactopyranoside)2}
T 18°CellA] ahE B2k wlidete] Tl AEE Fsiln
A48 SRS A4 XA F9sksith pET 2 oAt
F5 2312717] A8 0.5% Triton X-1000) 5% PBS buffer
= o] &3l 3 917] 9] 0.5mM PMSF(phenylmethy! sulfonyt
fluoride, serine proteinase inhibitor)} 10 pg/m! aprotining %
7¥sto] ARg-8lSitt. pET28a & i3t 50 mM NaH,PO,
2} 300 mM NaCle] gHr¢ buffer?t &4 0.5 mM PMSF} 10
ng/ml aprotining d7}slo] AF23keIT). Lysis bufferol] -&3€
W 220 SRS Arste] 4R $ Asde Fs
A AgE-gof o] g5tt.

=gt cHfElol Bal FX

E6, E6AP E7, Rb, p538) Az3 w2 T pET284/E6,
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pET28/E6AP pET28a/E72 ELSIA Agkgo] o]-8517] $13)
A g+ ¥ Maxisorb 96-well plateNunc, Rochester, NY)oll 4
pgmie FEE coatingst F AMS-Sh=t) wiFE IAHTE =
S} sl F S-S #a} ©}2 Ni**-NTA bead (Peptron
Inc, Daejeon, Korea)ell A$HA17] 12 20 mM imidazoleo] X3l
efeF Ao 3 Mgt A9 A 250 mM
imidazole® £&3}o] ARR3IITE.

Wt CRIFYT) Slof CIY) 7io| ZBiE 028 ELISA(Enzyme-
Linked Immunosorbent Assay)

Hog A3 $dE 5 6x His-tagged protein?] E6, E7,
E6APZ Ni**-NTA bead$} imidazole® A3+ ¥ Maxisorb
96-well plate(Nunc, Rochester, NY)oll 27| 4 ug/mi¢] 5= Z
559% 5 PBS/3% skimmed milk® 2A|7F F2t FEE plates
blokingA]7] 22 94A] PBSTZ 51 A3t MES 50 ug/ml
o] FE= A F E67t IR E plateol= PBSTZ 200} 2|
25t p53 lysateE E6AP7} IR ¥ platecll= PBSTE 154 3]
A%k E6s} PBSTZ 200 3|48t p53& 27] Aejstil E70] =2
gl%l platel= PBSTE 581 3]4Igt Rb lysate® #2l3t 14]
ZF < WHeA1Z) F PBSTE 58 Al3ich whg- ¥ E67}
F99 plateo]= PBSTE 1000¥] 34 % mouse anti-p53
antibody(Ab6, CAL Biochem, Darmstadt, Germany)E Yol 5
i E6AP7} 759 plateol= PBSTE 58 343+ E6 IAIS 2
B} &= hybridoma ¥}9¥<¥ 3} 10008] 2] A3+ mouse anti-p53
antibody(Ab6, CAL Biochem, Darmstadt, Germany)Z Z}7] *
2latz E70] TH % plateol= PBSTE 10008] 3)413+ mouse
anti-Rb antibody(Ab6, CAL Biochem, Darmstadt, Germany)&
et A7 ¥EEAIRL 3 oJA] PBSTE 59 AA3IIT o
71l second antibodyZ horsedadish peroxidase(HRP)-con-
jugated anti-mouse IgG(Sigma, St. Louis, MOYZ g3l 14]
7+ F<b vkSAIHT) HhS- 3 PBSTZ 59 AFSE 5 713489
(2mg o-phenylene-diamine, 2.5 H,0, per 5m/ of 0.1 M
Citrate buffer, pH 5.0/& ¥l 218 $538 £ 25N H,S0,
2 dhe gz Al7]3L 490 nmel| ELISA reader(Molecular
Devices, Sunnyvale, CA)Z §3ES 4319t

Sulforhodamine B(SRB) assay® 0|82 MIESA ZAt

SRB assay= AE U] ZE ¢hillFo] alx]= Yalo] 7)zs}
o} cell viability$} NEF2 AFE AFH o= T 5 Y+
colorimertic assay®|th # =F-ofj A= w2 v} ulo]z A0
& A== ARt MIER] CaSKi, SiHa, HeLa$}t 434
1 keratinocyte 4|52 HaCaT2 o] &3t At o]
% HPV(+) Abs7d%<t AEF<Q] SiHa, CaSKi®t HeLat
American Type Culture Collection(Rockville, MD)ollA] 918}

o ARRSIITE

o] MEF5& 100 U/ml penicillin-streptomycine, 25 ng/m/
amphotercine B “12]3 10% FBSe| &% DMEM=S o] &3}
o 5% COt A= #i7]olM 37°C2 wjeFsiqict. v+
AEFEL 96 well platecl] well & 1x10°2) F5E2 seeddhs!
24717F viokgt 5 Tokel TR VS-S HulEich ANE A
481 7F B AIE AR AEE ERIstH aljofst T 96 well
plateo]] Q)= ekl H2lw PBSE 1 ARSI 10% TCA
2 welld 100 w4 BT -20°CA 1087+ BA8E 5 @3] PBS
2 29 A& o7)o] 0.4% SRB £9(04% SRB in 1%
acetic aicd, sulforhodamine B, Sigma, St. Louid, MO)& well
F 100 u¥) PojA] 3087t WISt 1% acetic aicdZ 54 Al
2 & 96 well platec]] ‘o3 ¥ acetic aicd& $3) 2FAIZL
% 10 mM trizma base(Sigma, St. Louid, MOYE 3A] well &
100 A ¥ 108 7F A F 562 nme] #ol FHEE &
skt

uhstz PE wet chiE FE s B3 CAM)e 22

B A3e] gekzgl wak= QJAlorE(F)(Daejon, Korea)l
A Rlale] Algsisith e RIS E AloA WEsS
o] g-3lo] 347t %%+ ¥ n-hexane, ethyl acetate, n-butanoks
ARg3lo] HiE-ES HAEIAT 0% ethyl acetate 52 T
o= AFHS [Pt gvll FEE] 5E9 ethyl acetate
25 3g2 94 open column chromatography(RP-18 & 40~
63 um, 150 g packing, Merck)E o] &3l 100% & Z 74|
100% &g 2002 10%% HeE SFeyE 59974
gradient® SvZ21S BIgAZAC). o|gA] dojR £8E(12 g
£ thA] 94l open column chromatography(RP-18 & 40~63
um, 100 g packing, Merck, 50% Ple+-&2 §5)8 AN 3%
o714 dojxl E-EE(780 mg, 50%~60% methanol® §&)S
silica open column chromatography(silica gel 60 © 15~40
um, 100 g packing, Merck)& ©]43] 1% MeOH : EtOAc(in
0.05% formic acidel 194 ek F7HA71H 10%711) %
ohfii 11 FR2E 5%¥ F7HA7IM 30% Hghe B xzi71A
429 IS Wyt £29 F3(150mg)S thA] oa
open column chromatographys AAISR 0™ 70% wghS-olA
49 3k A AgAe] ¥4(23.7 mgr> HPLC(Shiseido
CAPCELL PAK MG 5um, @ 250X 10 nm, Japan)g AR3}o]
30% acetonitrilevllA] 59% acetonitrile® 35%-7F gradient® 2l
AlEted 208 Thelld 254 nme] UV £4- 935 Hole &% 80%
0]A4}2] caffeic acid methyl este(CAM)S #-2]slich

CAMS| M=

spalel $elEl CAMS] ke F7b4e) st due 7
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Caffeic acid

/ Caffeic acid methy!

ester (CAM)

/

1 2 3

Fig. 1 - TLC of caffeic aicd and caffeic acid methyl ester (CAM). 1)
caffeic aicd, Rf value: 0.72 at 70% MeOH, RP-18 TLC, 2)
before HPLC prep, 3) CAM, Rf value: 0.56 at 70% MeOH,
RP-18 TLC.

Hsl7ol] FEshA] okol BE53 CAME Fdste] Yu)x] A8
< Jystdnt. 743 3,4-dihydroxycinnamic acid(caffeic acid,
97%, Aldrichy2- 50 mg #3041 1 m/ W&o 550) 3 (trimethyl-
silyl) diazomethane(2.0M in hexane, AldrichyS 300 p& 37}
st 12417 Fek Aol wHket ¥ RP-18 TLCZ &Rie 2
ok 60% H2 caffeic acidl] HE37F A3 215 F]lst
$tHFig. 1, 2). YA oF 40% FE2) wE3lER) o2 caffeic
aicd® 2ElEJ]7] $38lA4 HPLC(YNC J'sphere ODS-H80, 150
x20 nm LD., Japan)E AME3I 0, 50% wiekg ZzioM &
HAAE AABISE W 254 nmellA] oF 2780l UV 45 1.
ol FHAE Agi}. doj W37} CAMRIA] BAFA)E st
7] ¢13) 'H-NMR#} BC-NMR& A8l Bl B498 9]
34 ESI-mass H41S Z8l| caffeic acid k82| wlsjolla] &

TMSCH,N,

Caffeic acid

Caffeic acid Methyl ester (CAM)

Fig. 2 - Methylation of caffeic aicd. Caffeic acid (50 mg) was dissolved
in 1m/ of MeOH. Then 300 W of 2M (trimethylsilyl)
diazomethane in hexane was added to the above mixture
and the reaction was continued overnight.
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Table I-'H- and C-NMR spectral data of CAM (300 MHz, in

DMSO-dg)
Carbon no. 3C (3, multiplicity) ' (8, multiplcity, ] in Hz)

1 125.5 (s) -
2 114.8 (d) 7.06 (br)
3 145.1 (s) -
4 145.6 (s) -
5 1158 (d) 6.77 (d; 7.2 Hz)
6 1214 (@) 6.99 (d; 7.5 Hz)
7 148.5 (d) 6.26 (d; 15.9 Hz)
8 113.7 (d) 7.49 (d; 15.9 Hz)
9 167.0 (s) -

9-OCH, 51.2 (CHy)(q) 3.65 (s)

Yol Ed7} 2 19 #AE 7K CAMY S st
St} 'H-NMR#} BC-NMRe] 7]%3% CAM®| spectral data:
Table Iefl YeR)QIC),

Ay % IH

CAMS} &Z| sfaf 543 =

uhake] digkE FEEE5E S8 CAMS Js 24 7
o]l MwkE, opXlE, DMSOel §aE A% Fol=
g3 ®] ootrh. ESI-mass spectrometry 2412 o] £5}o]
CAM?| #Algo] 194905 2RI 018 B2 3lghEe] PC-
NMR #2418 58 £4440] CyH,,0,4& 2alsiict. RP-18
TLCAM &= 70% He+e =714 0.562) R, value® HERAA
o} & g3hEe] 82 E 115871 918 'H-NMR spectrum
2 BC-NMR spectrum %3319tk 'H-NMRIA 3}3H5-&
carboxyl719] alpha 4 beta $ixlol EASH= ©]5 29| proton
o] E4A 07 BT chemical shift(6.26, 7.49 ppm)7} &
A5k 2™ 1 coupling constant(/=15.9 Hz)Z%-€] o|54d%t9)
geometry7} transo] ERIFQICE T3k wilANSk oA ortho £
o] ZA5+E F F9] proton(6.66 ppm, 6.99 ppm) L 6.99
ppm o) thate} meta $1X o =A5}H= proton 3 H(7.06
ppm)7} B2E 0 methoxy”](3.65 ppm)2] A% E1E ]
t}. gtEel PC-NMR data:= $19) "H-NMR dataol] o 5]
o}l SIFFEUe) FE e didt RE ERIsle] FooH &
8] B5E FAFMW=194)9} AAste] 3HgHES] Fxp2]o]
CioHy0, 85 ERIEIT o1de] Z3tE B2 database FA
£ AAeke T 7 Ao Felg 3H5HE0| caffeic acid methyl

esterd-2 golak 2= 9lojr} 1729

CAMO| ELSIA0| D|Xl= Y&
AMZellA Aggh ukel o] E6et E6AP 7] A= A
E] 7)e& Afstal G Aol dE Fol Ax EHs)

2 FEshl Aok ) vl FHES g BEslo] B6pss,
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Fig. 3 —The effects of extract of solvent partition on the ELISAs based on the bindings between oncoproteins and tumor suppressors. M.
arvensis Linne var. piperascens (500 g of dry weight) were extracted with MeOH and concentrated to aqueous phase in vacuo. The
aquoeus residue was adjusted to partitioned with n-hexane BHH), EtOAc (BHE) and n-BuOH (BHB). The inhibition value was shown
at 50 pg/m! in ELISAs based on the bindings between E6 and p53, E6AP and p53, and E7 and pRb. These ELISA assays showed that

BHE would had the ability to block the binding between E6AP and E6 oncoprotein. The values are shown as mean+S.D. from
triplicates. P<0.05 compared to control.

E6-p53 E6AP-E6

CAM CAM

*

Catteic acid Caffeic acid

P-con P-con

<
n
(=l

40 60 80 100 120 0 20 40 60 80 100 120
(% of E6-p53 binding) (% of EBAP-E6 binding)
E6AP-p53 E7-Rb
0 20 40 €0 80 100 120 o} 20 40 60 80 100 120

(% of EBAP-p53 binding) (% of E7-Rb binding)

Fig. 4 — The effects of CAM and CA on the binding between oncoprotein E6 and E6AP. The inhibition value was shown at 50 mg/ml in ELISAs
based on the bindings between E6 and p53, E6AP and p53, and E7 and pRb. These ELISA assays showed that CAM blocked the
binding between E6AP and E6 oncoprotein. This result represents one of five experiments. The values are shown as mean=S.D. from
triplicates. *significantly different from control (P<0.01).
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()

Viability (%)

0 25 50 100 200
CAM (ug/ml)

(8

140
120
g 100 e il * -
.
g 80
o
I 60
= ——SiHa
40 — —& — CaSki
-4 Hela
20 —e— HaCaT
0
0 25 50 100 200
CA {(ug/ml)

Fig. 5 — The cytotoxic effect of CAM and CA on cervical carcinoma cells. Cells were seeded in 96 well plate at concentration of 1 X 10%/ml. After
incubation for a day, CAM (A) or CA (B) was treated and followed by incubation for 24 hour, 10% TCA was dispensed into these plate
for fixations. After 0.4% SRB staining, the absorbance was measured by an ELISA reader at 562 nm. The specific inhibition was shown
in HPV 16(+) cervical carcinoma cell line SiHa and CaSki after treatment. No specific inhibition of cell proliferation was observed
at normal human keratinocyte. All the values are shown as mean+S.D. from three independent experiments with similar results.

E6AP-p53, E6AP-E6, E7-Rb 47}%]¢] ELISAS AAls1%ith 2
Y= Fig. 39 7o) E6AP-E6%} E7-Rbeld AEES- oJAIE o}
BRI 37FA] #3] F hexaneZz# EtOAcEoIA oF 40%2] 2
3 A5 Yehlgith 0)%F EtOACES sy EelE Was)
%=t EtOAcE?) 73$- E7-Rb A& rl= E6APE6 23l &
olfoz AHATNE Bt vpxet Fe|HYo|d HPLCE
53 ¥e3g Fol|l ELISA 23 the assay:Th= E6AP-E6
7kl Agloll Bo)A oz WS B I F 28R ol F
3% FE] A AAAIN} U RIS 204 23S
NMR} ESI-mass ¥4-& A5 A3 caffeic aicd®] 99 -OH
28717F -CH;2 28" il caffeic aicd methyl ester
(CAM) & &E1819101 Fig. 4049} o] E6AP-E6S] Aglol]
7123t ELISACIAM oF 60%2] AFA 82188 eIt

CAM®E 0|88t 2tM|Ze| MBS &%

HPV E69} E7 oncoprotein= HPV 16, 18 type A XS0l 4]
F o3 3y clxtolr), mElA E6st E72 2HE-& #aiskd &
WA o T Ag ARt AT A AE APES FEE
4= 9tk E69t E7 ASjAZ A= o| )= CAMS HPV 1633
TR oMdFer A4S Welisilch ¥ =Folxe ELISAS
53l E6AP-E62] @ d AdAs)S #1381 1 SRB assayS
238 HPV(+) METES 43l CAMo] o H3e F+=7
ghelaodtt. HPV 1632 SiHa, CaSki X8} HPV 18%
HeLa 282 A4 Al F5°¢] HaCaTg ©]&&}o] SRB assay
A8kt SiHa, CaSki, HeLa®] 43732 HPVZ| Wi
copies®] el 2jEFIo 2 HPV(+) Al3ESllA HPV inhibitor
= AZEAEE AdskA T HaCaT2t 22 4 AEFol v

A3z Qo] gi7ivt g Ao oidt}, iR i CAMe

e rS i
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9)31 E6APS} E69] AFtAsl= E67F Aol 523 &S
u|xl= HPV 1634 22 AEFe] AAE AdlEd Aoz o4y
%|oj A}, caffeic aicd methyl ester(CAM)Pl 23+ A4 8|
£ Fig. 5(A0l VERISITE. T™dellA R vk} 2Zo] SiHa(1~2
copies)2} CaSki(60~600 copies)d2 HPV 1632] MEF+ <
25 pg/ml FEONMFE] ARANE Bol7] A& em CaSkid
73 50 pgml & 7S ARAHE AR T olF 5
M= HEAESC] A fAIEe A3 B} SiHad)
739 200 ugmld &% 7HAE A& AFAHE Bl
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