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Atsumasa Komori, Musami Suganuma, Sachiko Okabe, Xianglong Zou, Marcus A. Tius, and Hirota Fujiki2

Cancer Prevention Division. National Cancer Center Research Institute. Tok\o 104. Japan Â¡A.K.. M. S., S. O.. H. F.J. and Department itf Chemistry. University of Hawaii al
Manna. Honolulu. Hamiii 96822 Â¡X.Z.. M. A. T.Â¡

Abstract

A synthetic compound named canventol, 2-isopropyl-4-isopropyl-
Â¡denecyclohex-2-ene-l-ol, inhibited tumor promotion of okadaic acid on
mouse skin initiated with 7,12-dimethylbenz(Â« (anthracene in two-stage

carcinogenesis experiments more strongly than sarcophytol A, isolated
from a soft coral, although canventol has a simpler structure than sarco
phytol A. Their mechanisms of action were studied based on our recent
evidence that tumor necrosis factor a release induced by okadaic acid is an
essential mechanism of tumor promotion. Canventol inhibited mouse tu
mor necrosis factor a release from BALB/3T3 cells less strongly than
sarcophytol A, indicating that canventol has additional activity. Canventol
inhibited isoprenylation of proteins with various molecular weights, such
as M, 22,000, 17,000, and 13,000, whereas sarcophytol A did not show
significant inhibition. Thus, a potent anticarcinogenic activity of canventol
is mediated through the inhibitory bifunctions of tumor necrosis factor a
release and of protein isoprenylation. Since canventol is less toxic to cells
than sarcophytol A, these bifunctions are useful markers for screening for
new cancer chemopreventive agents.

Introduction

Development of cancer chemopreventive agents with new mecha
nisms of action is an important task for basic cancer researchers. We
previously reported that sarcophytol A. a cembrane-type diterpene

isolated from a soft coral, Sarcophyton glauciim (Fig. I ). inhibited
tumor promotion of a TPA'-type tumor promoter, teleocidin. in mouse

skin two-stage carcinogenesis experiments ( 1) and carcinogenesis
in various organs, such as the colon, liver, breast, and thymus (2).
Synthetic analogues of sarcophytol A. 3,7,11-trimethyIcyclodeca-
3E.7E.1 lE-triene-1-ol (Compound 1) and 2,8,12-trimethyldeca-
1,5Z,7E,1 l-tetraene-4-ol (Compound 4), confirmed its anticarcino

genic activity (2). As for the mechanisms of action of sarcophytol A,
we thought it inhibited the process of tumor promotion after a binding
of TPA and okadaic acid to each of their receptors because sarcophytol
A inhibited tumor promotion by two different mechanisms of action in
mouse skin (2). However, its details were not well understood. Al
though sarcophytol A is an effective compound with low toxicity. it is
difficult to obtain sufficient quantities from marine organisms. Can
ventol (2-isopropyl-4-isopropylidenecyclohex-2-ene-l-ol: Fig. 1). in

which the cembrane ring of sarcophytol A has been replaced by a
cyclohexene, was synthesized in racemic form. In spite of its simpler
structure, canventol showed stronger inhibitory activity against tumor

Received 4/29/93; accepted 6/17/93.
The costs of publication of this article were defrayed in part by the payment of page

charges. This article must therefore be hereby marked advertisement in accordance with
18 U.S.C. Section 1734 solely to indicate this fact.

1This work was supported in part by Grants-in-Aid for Cancer Research from the

Ministry of Education. Science and Culture, a grant from the Ministry of Health and
Welfare for a Comprehensive 10-Year Strategy for Cancer Control. Japan, and grants from
the Foundation for Promotion of Cancer Research, the Uehara Memorial Life Science
Foundation, the Princess Takamatsu Cancer Research Fund, and the Smoking Research
Foundation.

2 To whom requests for reprints should be addressed.
1The abbreviations used are: TPA. l2-O-tetradecanoylphorbol-l3-acetate: DMBA.

7.12-dimethylhen/(u (anthracene: TNF. tumor necrosis factor: mTNF-a. mouse tumor

necrosis factor a.

promotion of okadaic acid than sarcophytol A, suggesting that can
ventol has a unique mechanism of action.

Recently, we have reported that TNF is an endogenous tumor pro
moter and a central mediator of tumor promotion in vivo (3). In fact,
the inhibitors of tumor promotion, sarcophytol A and canventol. dose-
dependently inhibited mTNF-a release into the medium from BALB/

3T3 cells treated with okadaic acid, and sarcophytol A inhibited it
more strongly than canventol. However, their potencies were not in
agreement with the results of inhibition of tumor promotion, indicat
ing that canventol has additional activity. Structurally, canventol ap
pears to be similar to Â¿/-limonene, which was reported to inhibit

protein isoprenylation in the cells (4). Treatment with 500 JLLMcan
ventol inhibited protein isoprenylation in NIH3T3 cells more signifi
cantly than (/-limonene and sarcophytol A. Thus, canventol has dual
inhibitory functions of TNF-a release and of protein isoprenylation.

Since canventol has a low toxicity to cells, it has potential as a new
cancer chemopreventive agent, with two distinct mechanisms of ac
tion.

Materials and Methods

Chemicals. Canventol was synthesized as a monocyclic cont'ormationally

restricted analogue of sarcophytol A. Its synthesis is summarized as follows:
2-isopropylcyclohexenone was prepared from o-melhoxybenzoic acid accord
ing to Taber's procedure (51. Formation of the thermodynamic enolate and

trapping with trimethylchlorosilane produced the trimethylsilyl enol ether
which was exposed to 2,2-dimethoxypropane and titanium tetrachloride in
dichloromethane at -78Â°C. The enone was isolated in 49"7r overall yield.
Elimination of methanol from the enone took place at 35-40Â°C in 2,2,2-

trifluoroethanol in the presence of perchloric acid to produce a dienone in 51%
yield. Carbonyl reduction with sodium borohydride and cerous chloride in
methanol at 25Â°C(6) produced a 96"7r yield of crystalline (</./)-canventol
(melting point. 45-47Â°C). Canventol used for the experiments was 99.9% pure.

Okadaic acid was isolated from the black sponge. Halichondria okadai (7). and
sarcophytol A was isolated from a soft coral. Sarcophyton glaucum. as previ
ously reported (8). DMBA was purchased from Sigma Chemical Co.. St. Louis,
MO. Enzyme-linked imtnunosorhent assay kit for mTNF-a determination was
purchased from Genzyme Co.. Cambridge. MA. </./-[2-'4C]Mevalonolactone

(50 mCi/mmol) was purchased from Dupont-NEN. Boston. MA. A synthetic
analogue of lovastatin. L-654.969. was a kind gift from Bunyu Pharmaceuticals

Co.. Ltd.. Tokyo. Japan.
Animals. Female CD-I mice. 7 weeks old. were obtained from Charles

River Japan Inc. (Kanagawa. Japan).
Cells. BALB/3T3 clone A3I-I-1 cells (BALB/3T3) (JCRB0601 ). which

were provided by the Japanese Cancer Research Resources Bank (Tokyo.
Japan), were grown in minimum essential medium containing I0r/; fetal calf

serum. N1H3T3 cells, which were kindly provided by Dr. T. Sekiya at the
National Cancer Center Research Institute, were grown in Dulhecco's modified

Eagle's medium containing 109r calf serum. Both cell lines were maintained at

37Â°Cin a humidified atmosphere containing 5% CO:.

Inhibition of Tumor Promotion in CD-I Mouse Skin. The two-stage

carcinogenesis experiment in mouse skin was conducted by the same proce
dure described previously (9). Initiation was achieved by a single application

of 100 jig DMBA. Tumor promotion was conducted by repeated applications
of (1.0 fig: 1.2 nmol) okadaic acid. Sarcophytol A (3.5 /n.g: 12.0 nmol) and
canventol (2.2 fig; 12.0 nmol) were applied topically 15 min before each
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Fig. I. Structures of sarcophytol A and canventol.
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Fig. 2. Inhibition of tumor promotion by sarcophytol A and canventol. A. percentages
of tumor-bearing mice in groups treated with DMBA and okadaic acid (X). DMBA and

okadaic acid plus sarcophytol A (O), and DMBA and okadaic acid plus canventol (â€¢).B.
average numbers of tumors/mouse. Symbols as for A. Experimental groups each consisted
of 15 mice. Each of these compounds was dissolved in O.I nil acetone.

application of okadaic acid. Inhibition of tumor promotion was estimated by
the decrease in the percentages of tumor-bearing mice and the average numbers

of tumors/mouse.
Inhibition of mTNF-a Release from BALB/3T3 Cells Induced by Oka

daic Acid. BALB/3T3 cells (2 X 10* cells) were first treated with either

sarcophytol A or canventol dissolved in 0.45 ml minimum essential medium
containing 0.1 r/e fetal calf serum, given at various concentrations (0.1 to I0()

/LIM).One h later, cells were treated with 0.2 /IM okadaic acid and incubated for
another 24 h. After centrifugation. the supernatants were stored at -20Â°C

before the assay. Aliquots (0.1 ml) of the supernatant fluids were subjected to
en/yme-linked immunosorbent assay kit for mTNF-a. as described previously

( 10). Three separate experiments confirmed our findings.
Inhibition of Protein Isoprenylation in NIH3T3 Cells. NIH3T3 cells

were plated at a density of 4 x 105/60-mm dish. After 24 h. the cells were

treated with 5 /AMof a synthetic analogue. L-654.969, for 24 h and then
incubated in fresh medium containing 15 /j.Ci/ml i/./-[2-'4C]mevalonolactone

(50 mCi/mmol), 10 JAML-654.969. and a test compound (100 /IM sarcophytol

A or 500 /AMor I m.Mcanventol). for 4 h. as reported previously (11). Cells
were scraped, washed with ice-cold phosphate-buffered saline three times, and

directly dissolved in electrophoresis sample buffer. After sonication of the
cells, protein concentrations were determined by the Bradford reaction
(Bio-Rad. Richmond. CA). The same amounts (200 /Â¿gprotein) of the cell
lysates were subjected to \2c/c sodium dodecyl sulfate-polyacrylamide gel

electrophoresis, followed by fluorography. Two repeated experiments resulted
in similar results.

Results

Inhibition of Tumor Promotion in CD-I Mouse Skin. The con

trol group treated with DMBA plus okadaic acid induced tumors on
mouse skin and resulted in 86.7% tumor-bearing mice and 4.7 average

numbers of tumors/mouse in week 20. The treatment with sarcophytol
A and canventol reduced the percentages of tumor-bearing mice from

86.7 to 46.7 and 20% in week 20, respectively, and the average
numbers of tumors per mouse from 4.7 to 1.5 and 0.5, respectively, in
week 20. (Fig. 2). In spite of its simpler structure, canventol showed
stronger inhibitory activity than sarcophytol A. suggesting that can
ventol and sarcophyto! A act differently on cells. The control groups
treated with DMBA alone, DMBA plus sarcophytol A, and DMBA
plus canventol did not produce any tumors (data not shown).

Inhibition of mTNF-a Release from BALB/3T3 Cells Induced
by Okadaic Acid. We previously reported that okadaic acid dose-
dependently induced mTNF-a release into the medium from BALE/
3T3 cells (3). Sarcophytol A and canventol dose-dependently inhibited
mTNF-a release induced by 0.2 /AMokadaic acid (Fig. 3). Their

50% inhibitory concentration values were 2.5 /AMfor sarcophytol A
and 21.0 /AMfor canventol, indicating that sarcophytol A inhibited
mTNF-a release about 10 times more strongly than canventol. Their

potencies did not correlate with those of inhibition of tumor promo
tion. Although inhibitory activity of sarcophytol A toward mTNF-a
release can first explain the anticarcinogenic activity in various car-

cinogenesis systems, we postulated that canventol has an additional
inhibitory function, besides that of inhibiting mTNF-a release.
Whether sarcophytol A and canventol inhibit expression of mTNF-a
gene and TNF-a synthesis in the cells is under investigation.

Inhibition of Protein Isoprenylation in NIH3T3 Cells. Based on
the similar structures of canventol and (/-limonene. inhibition of pro
tein isoprenylation in NIH3T3 cells was determined. [2-MC]Meva-

lonolactone was incorporated into proteins with various molecular
weights, Mr 53,000, Mr 26,000-28,000, M, 22.000. Mr 17,000, and M,
13,000 (Fig. 4). Although rf-limonene was reported to inhibit protein

isoprenylation in NIH3T3 cells (4), our experiment with 500 /AM
rf-limonene did not reduce the intensity of the radioactivity in proteins
(data not shown), but in another experiment with 5 ITIMd-limonene, it

slightly reduced the radioactivity (data not shown). The intensity of
radioactivity by 500 /AM(/-limonene was the same as that by 100 /AM

sarcophytol A (Fig. 4). Experiments using more than 100 /AMsarco
phytol A were not possible due to its toxicity to NIH3T3 cells. How
ever, treatments with two doses of canventol significantly reduced the
intensity of radioactivity in various proteins (Fig. 4). Inhibition was
particularly evident in the proteins with molecular weights of Mr
22,000. Mr 17.000, and M, 13,000. Neither of the concentrations of
canventol, 500 /AMor I niM, affected cell viability (data not shown).

Theoretically, a reduction in the incorporation of radioactive me-

valonate into proteins represents inhibition of protein farnesylation
and protein geranylgeranylation (12, 13). Whether canventol inhibits
the enzymes in vitro is under investigation. Canventol significantly
inhibited protein isoprenylation more strongly than sarcophytol A in
the cells, indicating that canventol has two distinct functions, inhibi
tion of protein isoprenylation and of mTNF-a release.

Discussion

Two important results were obtained with two different agents,
sarcophytol A and canventol, to further present understanding of the
mechanisms of anticarcinogenic action. In the case of sarcophytol A,
inhibition of tumor promotion on mouse skin was achieved through

E 100(

50

io- io0

Concentration

10

Fig. 3. Inhibition of niTNF-tÂ»release by sarcophytol A and canventol. Treatments with
either sarcophytol A (O) or canventol (â€¢)at various concentrations inhibited mTNF-a
release from BALB/.VF3 cells induced by 0.2 ^IMokadaic acid. Point*, means Â±SD of
three separate experiments, as reported in "Materials and Methods."
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Fig. 4. Inhibition of protein isoprenylation by canvento! and sarcophytol A. NIH3T3
cells were treated with 5 n" L-654.969 for 24 h and then incubated in fresh medium
containing IS (iCi/ml l2-'4C]mevalonolactone. IO (ÃŒML-654.969. and the test compound
for another 4 h. Ltine I. control; IMUCS2 and 3. 500 /XMand ! imi canventol: IMIU'4. 100
IJ.Msarcophyto! A. Whole cell lysates were applied to \2c/< sodium dodecyl sulfate-

polyacrylamide gel clectrophoresis and fluorographv was performed as described in
"Materials and Methods." The fluorogram shown here was exposed for 25 days. kDa.

molecular weight in thousands.

inhibition of mTNF-a release; in the case of canventol, it was shown
to be induced by both inhibition of mTNF-a release and protein

isoprenylation.
Since we have found anticarcinogenic activity in sarcophytol A, its

strong potency has attracted our attention. Although sarcophytol A
was reported to inhibit H2O2 formation by TPA-activated human

polymorphonuclear leukocytes (14), the presence of other mecha
nisms of action were expected because sarcophytol A also inhibited
tumor promotion of okadaic acid on mouse skin (2). Based on our
recent evidence that a new tumor promotion pathway mediated
through TNF-a is an essential mechanism of tumor promotion (3), we
first found that sarcophytol A inhibits TNF-a release from the cells.

The synthetic analogue of sarcophytol A. Compound I, which differs
from sarcophytol A in lacking the isopropyl group and one alkene
group (2), and the naturally occurring analogue. ( + )-a-2,7,l 1-cem-
bratriene-4,6-diol, which was isolated from the neutral fractions of

cigarette smoke condensate and inhibited tumor promotion of TPA on
mouse skin (15), also inhibited mTNF-a release from BALB/3T3

cells induced by okadaic acid with the same degree of potency (data
not shown). Although evidence that sarcophytol A inhibits mTNF-a

gene expression has not yet been established, we think sarcophytol A
enters the cells, binds to various proteins, and then probably inhibits
expression of the mTNF-a gene (16).

Inhibition of protein isoprenylation provides a new possibility of
inhibiting cancer development, because most human cancers contain |
activated ras genes (17). The remgene products are isoprenylated, and
in particular, are farnesylated (18). Therefore, inhibitors such as d-\\- ,
monene are identified as anti-ras agents (12). As shown in Fig. 4,

canventol inhibited incorporation of the isoprenyl groups into various
proteins, and its potency was much stronger than that of Â¿/-limonene.

Moreover, treatment with canventol significantly reduced the amounts
of ras protein in a detergent-enriched fraction of the cell lysates
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precipitated with anti-rÂ«.s-antibody,'4compared with those in the nor

mal cells (19). This indicates that the ras protein in the cells treated
with canventol did not bind to the membrane due to the loss of a
farnesyl group and probably resulted in a reduction of tumor devel
opment.

We studied whether canventol inhibits in vitro protein farnesylation
as well as protein geranylgeranylation using peptides as the substrates
(20), but the in vitro inhibition was not significant. Thus, how can
ventol inhibits protein isoprenylation in the cells remains to be inves
tigated. As reported previously, sarcophytol A inhibited tumor promo
tion on mouse skin, chemical carcinogenesis of the colon and
pancreas, and spontaneous tumor developments of the breast, liver,
and thymic lymphoma (2). Inhibition of carcinogenesis by canventol
in various systems is worth investigating in a similar manner.
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