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Effects of 3,5-di-O-Caffeoylquinic acid from Artemisia scoparia
Waldstein et Kitamura on the Function of HPV 16 Oncoproteins
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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 papillomavirus) type 16. The HPV is cooperated in immo-
talization and transformation of primary keratinocyte. E6 and E7 oncoproteins interfere the functions of tumor suppressor pro-
teins p53 and retinoblasoma protein (pRb), respectively. Among a lots of natural products, Artemisia scoparia Waldstein et
Kitamura has inhibitory effects on the binding between E6 oncoprotein and tumor suppressor p53, or the binding between E6
and E6 associated protein (E6AP), an E3 ubiquitin-protein ligase. HPV oncoprotein inhibitors from Artemisia scoparia W. were
isolated by solvent partition and column chromatography (Silica gel, RP-18) and the inhibitory compounds were finally purified
by HPLC using an ELISA screening system based on the binding 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 the functions of
E6 oncoprotein. We investigated whether 3,5-di-O-caffeoylquinic acid (DCQA) extracted from Artemisia scoparia W. could
inhibit the function of E6 oncoprotein. DCQA inhibited the in vitro binding of E6 and E6AP which are essential for the binding
and degradation of the tumor suppressor p53 and also inhibited the proliferation of human cervical cancer cell lines (SiHa and
CaSKi) in a dose response manner. These results suggest that DCQA 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.
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Fig. 1. HPLC profile of the isolated DCQA from Artemisia
scoparia Waldstein et Kitamura. column; Shiseido CAPCAELL
PAK C-18 (@10 nm X250 nm) mobile phase; 30% acetonitrile
(in 0.01% formic acid), detector; UV detector (254 nm), flow
rate; 2.0 ml/min.
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Fig. 2. Chemical structure of 3,5-di-O-caffeoylquinic acid.

(1H, dd, J=H-6,), 1.76 (1H, dd, J=H-2,).

'C-NMR - (300 MHz DMSO-d,): 880.0 (C-1), 35.9 (C-
2), 72.5 (C-3), 69.9 (C-4), 71.1 (C-5), 38.8 (C-6), 175.0
(C-7), 125.5 (C-19), 1143 (C-29), 145.4 (C-3'), 148.1 (C-
4, 115.4 (C-5), 120.9 (C-6"), 144.2 (C-7"), 114.4 (C-8),
165.9 (C-9", 125.4 (C-1"), 114.3 (C-2"), 145.8 (C-3"),
148.4 (C-4"), 115.4 (C-5"), 120.9 (C-6"), 144.2 (C-7"),
1144 (C-8"), 165.6 (C-9").
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9)glth (Fig. 2). 14-19)
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st BEl Folle= 7 HA 3=<1 DCQA”F E7-Rb 2%
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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.
Artemisia scoparia Waldstein et Kitamura (500 g of dry weight) were extracted with MeOH and concentrated to aqueous phase in
vacuo. The aqueous residue was adjusted to partitioned with n-hexane (UH), EtOAc (UE), and n-BuOH (IJB). In ELISAs based on
bindings between E6 and p53, EGAP and p53, and E7 and pRb, inhibition value was shown at 50 pg/ml. UE blocked the binding

between E6AP and E6. The values are shown as

meant S.D. from triplicates. P<0.05 compared to control.

E6-p53 E6AP-p53

Yooan s
WE-3-2-51 — 1UE-3-2-3-1 _
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(% of E6~p53 binding) (% of EBAP—-p53 binding)
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Fig. 4. The effects of IJE-3-2-3-1 and DE-3-2-3-2

(% of E7-Rb binding)

(DCQA) on the ELISAs based on the bindings between oncoproteins E6 and

E6AP. In ELISAs based on bindings of E6 and p53, E6AP and p53, and E7 and pRb, inhibition value was shown at 50 pg/mi.
DCQA blocked by about 60% the binding between E6AP and E6 oncoprotein. The values are shown as mean+S.D. from
triplicates. *significantly different from control (P<0.01).
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Fig. 5. The cytotoxic effect of DCQA on cervical carcinoma cells. Cells (A; cervical carcinoma cells, B; E6-transfected C33A and
mock control) were seeded in 96-well plate at concentration of 1X 10°/ml. After incubation for a day, DCQA was treated in a dose
response manner and followed by incubation for 24 hour. Then 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 viabillity was shown in cervical carcinoma cell
lines, SiHa, C33A, HelLa and CaSki.. 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.

E7 oncoproteine= HPV 16, 18 type A LFo)|A] F3F
B iAot whEbA E6ut E79] 2He-S wWelisd e
B ARG AT A AE APREE RS 5
Atk 53] Eo AEe] A= ol/d=olxl= DCQA
© HPV 16383 #AE F%] 4748 Usistegt o
FE T B =FolM e e ELISA S F3
E6AP-E62] Tl ZgtAs| & ERISI SRB assays %
3] HPV(+) AlZFE52] A% DCQAZ} o 4TS F=
A& 15U HPV 168¢! SiHa, CaSki A1 ¥5¢} HPV
18382l HeLa 22|32 4 AME5] HaCaTg ©1831¢] SRB
assays AAIS A3 o dah= €] HaCaT keratinocytel}
HPVEH3HR] 282 C33A AlE7E o] 975 98 1
2 9] 735 MES] SiHatt CaSkidlles ¥ Ue}
WA ed= A o2 YERT (Fig. 5-A). ©] A3l tjgt &
Ql AES 98l AdAMIESQ C33A%] E6 oncogene®] A
Hof & C33A/E6%) oncogenee] A)E vectorihe X3t
Slal e M EFER Mock controle ©]8-31¢] SRB assays
AN BT FL ko] MES AL 24A7 & &3
=8 243 A oo Ao} nizIRE E6 SN ET
ET} vector control M|ZEIzo)A] AMEof tha] 7S uke-S
UehiA = g AoR gRle] et (Fig. 5-B). 714
A AFoR Qoa] AFE HEFEC AEL XSRS
of A2 p53 pathwaydl] o st F &S nx|EX] Yolr
7] $18) Western blot2 AA|8te] p53 whald wbe g
Z4e A} 919] 57FA M ZelA ps3e] dd o] 2o
7F gle AoE AT &E= AR &).

o

i

z =

ARG A AAFHCE ¢l ot A ARl 2
e AL doH, M=M= Al A9 1919
Aot} MARAZ|H(WHOY L #H 788 viol] wEw
hd ARG R ithiks o2 51%F ol o]21,
285 83] o] Apgaitial g o)o] AFARLL F
sl 39 Y¢lo] HE HPVY 48] £2-8 gals)
7] 9lal ¢1% F2E-2 column chromatography2} HPLC 5
& olg3le] BElE A%l ©1F 'H-NMRZ “C-NMR
spectaS 3 Tt B4 AAE st H ol
o2 A AHAISH A3t Fel=olR] E4o] cyclohexanecar-
boxylic acid®] 33} 58 $X|ol} 7 EA49] caffeic acid”}
A3 e <l 3, 5-di-O-caffeoylquinic acid (DCQA)Y 2
2215150t} DCQAE d419] 53 AEl2 'H-NMRe#} PC-
NMR spectral dataZ §8) &2 £A40] C,H,,0,,%
< 01819921 positive FAB-mass spectrometry 212 &
& Aol 51698 ERIEAATh. IxlA E2¥ DCQA
= 9 80% 1’3 =55 7HIAL AANew ELISAZlA
E69} E6APZHe] Aol tisl] oF 60% o] AsiE K
ot AEe A Al AEE 1T 4 Y= SRB assay
2 AT A3 ARG AEFdE S vAA &
okth. ELISA A@ZA 75 vlgC 2 DCQA7} B6 "Eetehd]
2ol J3Fe- v|xeA] Lolrr] A8l E6 ©d AEFE o)
23} SRB assay 23} 9A] 9] A#e} rE A2 DCQA
7} E6 transfectantol] G VXA e AOE UETH



374

Western blot A3fellA HA] p53 w3 do] WslslR] g+
ZO 2 Hol DCQAE E6 Wt thija o] 750 H3kE v
A FAL B6 L il A o] 75l Jake Sl sk
T p53dll o€ HEE B AgAEY AEFe] 44
Z-8sh= Zo] og} p53a FAS ARE Tl AlEe] F
F3hs A02 AIRHOY 0|3 AAE £ 2 ol
DCQA¥E E6 &tehide] 93-S v|XR| FAY 2 9
S nACEE E6st FAIE p53 AR dEsAE =
Ao g AFHT a3y ELISA 230M BE nje} o)
E6APS} E6 Alole] A3e Aafistke AP e 24aE
ERT ©]E vlRo 2 AF R MEFA ThE et
AAAZ digt A= U= F7t A7t olFoixor & A
o7 Aztdo = & ] ZAME invitro L in vivo AE T

o] 27HolIT.
ZAtel w4

B g3 7715 (M103KD010034-03K0401-03410) %
= AFshidslsiAels] x4 gl =i AR}

o

[~ =]
lIEgE

1. Hubbert, N. L., Sedman, S. A. and Schiller, J. T. (1992)
Human papillomavirus type 16 E6 increases the degradation
rare of p53 in human Keratinocyte. J. Virol. 66: 6237.

2. zur Hausen, H. and de Villiers, E. M. (1996) Human pap-
illomavirus infections in nonmelanoma skin cancers from
renal transplant recipients and nonimmunosuppressed patients.
J. Natl. Cancer Inst. 88: 802.

3. Scheffner, M. K., Munger, K., Byme, J. C., and Howley, P.
M. (1991) The state of the p53 and retinoblastoma genes in
human cervical carcinoma cell lines. Proc. Natl. Acad. Sci.
USA. 88: 5523.

4. Woodworth, C. D., Cheng, S., Simpson, S., Hamacher, L.,
Chow, L. T, Broker, T. R. and DiPaolo, J. A. (1992) Recom-
binant retroviruses encoding human papillomavirus type 18
E6 and E7 genes stimulate proliferation and delay differ-
entiation of human keratinocytes early after infection. Onco-
gene. T 619,

5. Scheffner, M., Huibregtse, J. M. and Howley, P. M. (1994)
Identification of human ubiqutin-conjugating enzyme that
mediates the E6AP-dependent of p53. Proc. Natl. Acad. Sci.
USA. 91: 8797.

6. Sherman, L., Jackman, A., Itzhaki, H., Stoppler, M. C.,
Koval, D. and Schlegel, M. (1997) Inhibition of serum- and
calcium-induced differentiation of human keratinocytes by

10.

11.

12.

13.

14.

15.

16.

17.

18.

19,

" Tojiro, T. (1996) Structural Identification of Two Antioxidant

20.

Kor. J. Pharmacogn.

HPV 16 E6 oncoprotein : role of p53 inactivation. Virology.
237: 296.

. http://www.koriz.com
. Huang, K. C. (1999) The pharmacology of Chinese herbs II,

CRC press.

. Michael, M. G., Christopher, H. and Roy, U. AHPA Safety

and Labeling Guideliness Subcommittee.

Huibregtse, J., Scheffner, M. and Howley, P. M. (1993) Clon-
ing and expression of the cDNA for E6-AP, a protein that
mediates the interaction of the human papillomavirus E6
oncoprotein with p53. Mol. Cell Biol. 16: 775.
Huibregtse, J., Scheffner, M. and Howley, P. M. (1993)
Localization of the E6-AP regions that direct human pap-
illomavirus E6 binding, association with p53, and ubiquit-
ination of associated proteins. Mol. Cell Biol. 16: 4918.
Cho, Y. S., Cho, C. W. and Yoon, D. Y. (2001) Development
of a screening system for drugs against human papilloma-
virus-associated cervical cancer: based on E7-Rb binding. J.
Biochem. Mol. Biol. 34: 80.

Cho, Y. S., Cho, C. W., and Yoon, D. Y. (2000) Development
of screening system for drugs against human papillomavirus-
associated cervical cancer: based on E6-E6AP binding. Anti-
viral Res. 47. 199.

Ma, C. M., Norio, N., and Masao, H. (2001) Inhibitory
effects on HIV-1 protease of tri-p-coumaroylspermidine from
Artemisia caruifolia and related amides. Chem. Pharm. Bull.
49: 915.

Carnata, A., Heitzb, A., Fraissea, D., Carnata, A. P, and
Lamaison, J. L. (2000) Major dicaffeoylquinic acids from
Artemisia ulgaris. Fitoterapia. 71: 587.

Parejo,l., Viladomat, F, Bastida, J., Guillermo, S. H,
BURILLO, I. S., and Codina, C. (2004) Bioguided isolation
and identification of the nonvolatile antioxidant compounds
from fennel (Foeniculum vulgare Mill.) Waste. J. Agric.
Food. Chem. 52: 1890.

Peng, L. Y., Mei, S. X, Jiang, B., Zhou, H. and Sun, H. D.
(2000) Constituents from Lonicera japonica. Fitoterapia. T1.:
713.

Azuma, K., Nakayama, M., Koshioka, M., Ippoushi, K.,
Yamaguchi, Y., Kohata, K., Yamauchi, Y., Ito, H., and
Higashio, H. (1999) Phenolic antioxidants from the leaves of
Corchorus olitorius L.. J. Agric. Food Chem. 47: 3963.
Yoshihiro, C., Hiroshi, O., Mayumi O. K., Tadahiro, N. and

quinic acid derivatives from garland (Chrysanthemum cor-
onarium L.). J. Agric. Food Chem. 44: 2037.
Data on File. (2004) GSK Biologicals. Rixensart. Belgium.

(20044 128 1 H=r)



