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Phenolic compounds are prevalent as toxins or environmental pollutants, but they are also
widely used as drugs for various purpose including anticancer agent. A novel biphenolic com-
pound, bis(2-hydroxy-3-tertbutyl-5-methylphenyl)methane (GERI-BP0O02-A) was isolated from
the fermentation broth of Aspergiflus fumigatus F93 previously, and it has revealed cy-
totoxicity against human solid tumor cells. Its effective doses that cause 50% inhibition of cell
growth /n vitro against non-small cell lung cancer cell A549, ovarian cancer cell SK-OV-3,
skin cancer cell SK-MEL-2 and central nerve system cancer cell XF498 were 8.24, 10.60, 8.83,
9.85 pg/ml respectively. GERI-BPO02-A has also revealed cytotoxicity against P-glycoprotein-
expressed human colon cancer cell HCT15 and its multidrug-resistant subline HCT15/CL02,
and its cytotoxicity was not affected by P-glycoprotein. We have also tested cytotoxicities of
structurally related compounds of GERI-BP0O02-A such as diphenylmethane, 1,1-bis(3,4-
dimethylphenyl)ethane, 2,2-diphenylpropane, 2-benzylpyridine, 3-benzylpyridine, 4,4'-di-tert-

butylphenyl, bibenzyl,

2,2'-dimethylbibenzyl,

cis-stilbene, trans-stilbene, 3-tertbutyl-4-

hydroxy-5-methylphenylsulfide, sulfadiazine and sulfisomidine for studying of structure and ac-
tivity relationship, and from these data we could suppose that hydroxy! group of GERI-BP00O2-
A conducted important role in its cytotoxicity.
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INTRODUCTION

There are many agents which were developed as
anticancer drugs so far, and these chemotherapeutic
agents have proven to be effective in the cure of
some human cancers (Boven et a/, 1988; Brown et
al., 1991). In spite of these facts, cancer is still a ma-
jor cause of human death in almost nations, and very
extensive studies on searching for new anticancer
drugs have been conducted in many laboratories
worldwidely (Boven et a/., 1988; Brown et al, 1991;
Douros and Stuffness, 1979; Weiss et al, 1988; Sla-
vik, 1978). And we have also been investigating for
the searching of new antineoplastic compounds from
resources of varieties such as medicinal plants, fungi
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and bacteria based on the activity-guided frac-
tionation of the crude materials (Choi et al, 1996;
Lee et al,, 1995; Ryu et al,, 1994; Ryu et al.,, 1992).
Cancer cells developed resistance to anticancer
drugs in many ways, and the emergence of insentive
cells is a major problem encountered in cancer
chemotherapy. Despite the high prevalence of the
drug resistance, the mechanisms underlying resis-
tance are poorly understood. Recently, several
mechanisms of drug resistance have been suggested,
and the discovery that colon cancer cells have high
levels of P-glycoprotein (PGP) led to the attractive hy-
pothesis that enhanced drug efflux could explain in
part the refractoriness to therapy seen in this malig-
nancy (Fojo et al, 1987). PGP is 170-kilodalton
transmembrane protein, and functions as an energy-
dependent drug efflux pump that reduces in-
tracellular drug accumulation, thereby causing resis-
tance to many structually different drugs (Endicott
and Ling, 1989; Kartner et al, 1983; Park et al,
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1994). And recently, a direct relationship between
the PGP expression and chemosensitivity has been re-
ported in several human cancers (Chen et al., 1994;
Goldstein et al., 1989; Park et al., 1994).

We have already reported the isolation of a novel
biphenolic compound, Bis(2-hydroxy-3-tert-butyl-5-
methylphenyl)methane (GERI-BP002-A), from the fer-
mentation broth of Aspergillus fumigatus F93 (Kim et
al., in press). In this paper, we report the cytotoxic ac-
tivity of GERI-BPO02-A against some human solid tu-
mor cell lines in vitro. We have also studied its cy-
totoxicity against naturally PGP-expressed human
colon cancer cell line, HCT15 and against HCT15/CL
02 multidrug resistant subline derived from parental
HCT15 cells.

MATERIALS AND METHODS

Chemicals

GERI-BP002-A was isolated from the fermentation
broth of Aspergillus fumigatus F93 and the structure
was determined to be bis(2-hydroxy-3-tert-butyl-5-
methylphenyl)methane on the basis of several
methods including 'H-NMR and ""C-NMR in Korea
Research Institute of Bioscience and Technology. The
details of isolation and determination of structure
were previously described (Kim et a/, in press), and
the structure of GERI-BP002-A is shown in Fig. 1. The
standard anticancer agents such as doxorubicin, cis-
platin and tamoxifen were purchased from Sigma
Chemical Co. (St Louis, MO). Verapamil, a reversal
agent of multidrug-resistance, and analogues of GERI-
BP002-A such as diphenylmethane, 1,1-bis(3,4-
dimethylphenyl)ethane, 2,2-diphenylpropane, 2-ben-
zylpyridine, 3-benzylpyridine, 4,4'-di-tert-butylphenyl,
bibenzyl, 2,2'-dimethylbibenzyl, cis-stilbene, trans-stil-
bene, 3-tert-butyl-4-hydroxy-5-methylphenylsulfide,
sulfadiazine and sulfisomidine were also purchased
from Sigma Chemical Co. And the cell growth medi-
um, RPMI-1640 and fetal bovine serum were pur-
chased from Gibco Ltd (Grand Island, N.Y.).

Cells

Human tumor cells used in the experiment, that is
non-small cell lung cancer cell line A549, ovarian
cancer cell line SK-OV-3, malignant melanoma cell
line SK-MEL-2, central nerve system cancer cell line
XF498 and colorectral adenocarcinoma cell line HCT
15 were originally provided by National Cancer In-
stitute (NCD) in US.A. and maintained in Korea
Research Institute of Chemical Technology (KRICT).
The multidrug resistant HCT15/CLO2 cells were es-
tablished from parental HCT15 cells by stepwise and
continuous doxorubicin exposure in KRICT (Choi et
al., submitted). Stock cell cultures were grown in T-25
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Fig. 1. Structure of GERI-BP002-A () and its structurally related
compounds, diphenylmethane (ll), 1,1-bis(3,4-dimetylphenyl)
ethane (ll), 2,2-diphenylpropane (IV), 2-benzylpyridine (V), 3-
benzylpyridine (VI), 4,4'-di-tertbutylphenyl (VII), bibenzyl (VIII),
2,2'-dimethylbibenzyl (IX), cis-stilbene (X), trans-stilbene (XI), 3-
tert-butyl-4-hydroxy-5-methylphenylsulfide (XII), sulfadiazin (X1l
and sulfisomidine (XIV)

(Falcon) flasks containing 10 m} of RPMI 1640 medi-
um with glutamine, sodium bicarbonate, gentamycin,
amphotericin and 5% fetal bovine serum. The cells
were dissociated with 0.25% trypsin and 3 mM 1,2-
cyclohexanediaminetetraacetic acid (CDTA) in PBS in
case of transferring or dispensing before experiment.
The cells were maintained in the incubator at 37°C in
a humidified atmosphere of 5% CO, in air con-
tinuously except when adding drugs.

Cytotoxicity assay /in vitro

All experimental procedures were followed the NCI
(U.S.A)'s protocol (Skehan et al, 1990) based on the
Sulforhodamine B (SRB) method as described pre-
viously (Ryu et al, 1992). Briefly, tumor cells were
inoculated over a series of standard 96-well flat bot-
tom microtiter plates on day 0. These cells were then
preincubated for attachment on the microtiter plate
for 24 hours. The compounds were added to the
wells in serial dilutions starting from the highest con-
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centrations. At the termination of incubation with
each drug for 48 hours in cases of A549, SK-OV-3,
SK-MEL-2 and XF498 cells or 72 hours in cases of
HCT15 and HCT15/CL0O2, the culture medium in
each well was removed and the cells were fixed with
cold 10% trichloroacetic acid (TCA). The microplates
were washed and dried after incubation at 4°C for 1
hour with TCA. And then, 0.4% SRB solution was
added and incubated for 30 minutes at room tem-
perature. The cells were washed again, and the
bound stain was solubilized with 10 mM unbuffered
Tris base solution (pH 10.5) and the absorbances
were measured spectrophotometrically at 520 nm
and 690 nm in a microtiter plate reader. The ab-
sorbance measured at 690 nm was substracted from
the absorbance at 520 nm so as to eliminate the ef-
fects of non-specific absorbance.

For the study of effects of verapamil on the cy-
totoxicities of anticancer drugs, attached cells were in-
cubated with serial dilutions of drugs in the presence
or absence of 4 pg/ml verapamil. After 72 hours of
continuous drug-expose incubation, the survival frac-
tions were measured by the same method to the pre-
vious test.

The data were transferred and transformed into
Lotus-123 format and survival fractions were cal-
culated by comparing the drug treated with controls.
All data represented the average values for a min-
imum of three wells.

RESULTS AND DISCUSSION

Phenolic compounds are widely distributed in na-
ture and they have very diverse activities in both
beneficial and harzardous effects (Nohl et a/, 1986;
Stich, 1991). And some of them have been shown to
be cytotoxic and/or genotoxic in a variety of bio-
logical systems (O'Brine, 1991; Li and Trush, 1994;
Ryu et a/ 1994). GERI-BP002-A is a novel biphenolic
compound, and we have already reported its in-
hibitory activity of acyl-CoA:cholesterol acyltrans-
ferase which is a responsible enzyme for catalyzing
the intracellular esterification of cholesterol and acyl
CoA (Kim et al, in press). And in this cytotoxicity
study, GERI-BP002-A has revealed cytotoxicity
against all the tested human solid tumor cells, and its
cytotoxicities of each cell line were not shown any
statistically significant difference (Fig. 2, Fig. 3). We
have also tested the cytotoxicities of some other com-
pounds which have similar structure with GERI-BP
002-A for studying of the structure and activity re-
lationship. Among the tested compounds, 3-tert-butyl-
4-hydroxy-5-methylphenylsulfide has revealed con-
siderable cytotoxicities against all the tested cancer
cell lines. But we have not been able to detect any
cytotoxicity of other tested compounds such as di-
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Fig. 2. Cytotoxicities of GERI-BP002-A against human solid
tumor cells such as non-small cell lung cancer cell line A549
(@), ovarian cancer cell line SK-OV-3 (B), malignant melano-
ma cell line SK-MEL-2 (&) and central nerve system cancer
cell line XF498 (¥). Each point represents mean=+S.E.M. of
three distinct experiments.

phenylmethane, 2,2-diphenylpropane, bibenzyl, 2,2'-
dimethylbibenzy! and 4,4'-di-tertbutylphenyl, 2-ben-
zylpyridine and 3-benzylpyridine. We have also test-
ed the cytotoxicities of cis-stilbene, tfrans-stilbene, sul-
fadiazine and sulfisomidine, and these compounds
have not shown any cytotoxicity up to 50 pg/ml.
However, in previous report, we have already re-
ported that some naturally occurring hydroxystilbenes
such as 3,5-dihydroxy-4'-methoxystilbene, 3,3',5-
trihydroxy-4'-methoxystilbene and 3,4',5-trihy-
droxystilbene have cytotoxic activities against same
human tumor cell lines used in this study in vitro
(Ryu et al, 1994). And in another previous study on
the cytotoxic effects of biphenyl and its hydroxylated
derivatives, Nakagawa et al (1993) have reported
that o-phenylphenol, m-phenylphenol, p-phenyl-
phenol and phenyl-hydroquinone were more cy-
totoxic to freshly isolated rat hepatocytes than bi-
phenyl and 2-biphenylglycidyl ether, and they have
concluded that the addition of a hydroxyl group to
the aromatic ring of biphenyl enhanced biphenyl-in-
duced cytotoxicity and that the mitochondria were a
common target of the o-phenylphenol isomers and
other biphenyl derivatives. It is generally appreciated
that the toxicity associated with some phenolic com-
pounds, if not all, is mediated by their further ox-
idative activation (Li and Trush, 1994; Nakagawa et
al,, 1993; Thompson et al., 1989), and in this study it
is possible to suppose that hydroxyl group of GERI-BP
002-A have conducted key role in its cytotoxicity.
The effective dose that cause 50% inhibition of cell
growth (ED,,) of each tested compound was sum-
marized in Table I.

Frequently, normal tissues such as adrenal gland,
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Fig. 3. Cytotoxicities of doxorubicin and GERI-BPO02-A against human colorectal adenocarcinoma cell line HCT15 and its
multidrug-resistant subline HCT15/CLO2 cells, and the effects of verapamil on the cytotoxicity of GERI-BP002-A. Each point
represents mean=S.E.M. of at least three distinct experiments. Key: HCT15 cells in the absence of verapamil (l), HCT15
cells in the presence of verapamil 4.0 pg/ml ), HCT15/CLO2 cells in the absence of verapamil (@), HCT15/CLO2 cells in

the presence of verapamil 4.0 ug/ml (©).

Table 1. Cytotoxicities of GERI-BPO02-A and its structurally related compounds in vitro

Compound ED;, (ug/mly’

A549 SK-OV-3 SK-MEL-2 XF498
Doxorubicin 0.09+0.02b 0.05+0.02 0.04+0.01 0.07+0.00
Cisplatin 1.24+0.11 0.83+0.07 0.79+£0.08 0.88+0.06
Tamoxifen 4.45+0.04 4.27+£0.05 3.98+0.16 4.08+0.07
GERI-BPO02-A 8.24+1.58 10.60+0.97 8.83+1.83 9.8541.04
Diphenylmethane >50.0 >50.0 >50.0 >50.0
1,1-Bis(3,4-dimethylphenyl)ehane >50.0 >50.0 ~50.0 >50.0
2,2-Diphenylpropane >50.0 >50.0 >50.0 >50.0
2-Benzylpyridine >50.0 >50.0 >50.0 >50.0
3-Benzylpyridine >50.0 >50.0 >50.0 >50.0
4,4'-Di-tert-butylphenyl >20.0 >20.0 >20.0 >20.0
Bibenzyl >50.0 >50.0 >50.0 >50.0
2,2'-Dimethylbibenzy! >50.0 >50.0 >50.0 >50.0
cis-Stilbene >50.0 >50.0 >50.0 >50.0
trans-Stilbene >50.0 >50.0 >50.0 >50.0
3-tert-Butyl-4-hydroxy-5-methylphenylsulfide 9.37+£3.34 11.85+£2.19 8.97+3.16 10.24+1.88
Sulfadiazin >50.0 >50.0 >50.0 >50.0
Sulfisomidine >50.0 >50.0 >50.0 >50.0

*Effective dose that cause 50 % inhibition of cell growth

PData represent mean+S.E.M. of at least three distinct experiments.

kidney, liver, colon, rectum and brain have highly ex-
pressed PGP (Bello-Reuss and Ernest, 1994; Goldstein
et al, 1989; Henson et al, 1992; Park et al, 1994).
And the pharmacological properties of PGP, together
with its distribution in normal tissues have led to the
hypothesis that P-glycoprotein plays a role in de-
toxification mechanisms of the body by transferring
various harmful substances from the inner com-
partment of the body to the external compartment

(Gheuens et af, 1993). In fact, the intrinsic or ac-
quired multidrug-resistant human cancers have been
reported in many cases from the cells that are con-
stantly exposed to naturally occurring toxins, and so
the colon carcinoma represents a complex model in
which to study multidrug resistance (Lai ef al., 1991a;
Lai et al, 1991b). Since GERI-BP002-A is a cytotoxic
compound derived from natural products, we have
also tested its cytotoxicities against parental HCT15



290

and multidrug-resistanct HCT15/CL0O2 cells. The HCT
15 cells were established from a colorectal ade-
nocarcinoma after surgical resection before chemoth-
erapy treatment (Tompkins et al., 1974), and it was re-
ported that these HCT15 cells expressed PGP on its
plasma membrane (lwahashi et al, 1991; Mickley et
al., 1989). And we have already reported the iso-
lation of multidrug-resistant subline HCT15/CLO2
from parental HCT15 cells, and that its multidrug-
resistance may be attributed by complex mechanisms
including PGP. We have also reported that these
HCT15/CLO2 cells have resistance to several standard
anticancer drugs such as doxorubicin, actinomycin D,
etoposide and vinblastin in the previous report. But
HCT15/CLO2 cells have shown no resistance to GERI-
BP002-A in comparison with parental HCT15 cells.
And verapamil, a reversal agent of multidrug resis-
tance by PGP, has not been able to enhance the cy-
totoxicity of GERI-BP002-A against both HCT15 and
HCT15/CLO2 cells (Fig. 3). From these results, we
have concluded that the cytotoxicity of GERI-BP002-
A was not affected by PGP.

In previous report, we have reported that GERI-BP
002-A had no antimicrobial activity against Strep-
tococccus pyogenes, Staphylococcus aureus, Fscher-
ichia coli, Pseudomonas aeruginosa, Salmonella
typhimurium, Klebsiella oxytoca, Klebsiella aerogeres
and Enterobacter cloacae at concentration up to 200
ug/ml i vitro. And in spite of its cytotoxicity against
human tumor cells shown in this study, it was also
previously reported that GERI-BPO02-A has no acute
toxic effect on the ICR mice at 500 mg/kg (Kim et al,
in press). Therefore, it is possible for GERI-BP0O02-A to
become a leading compound for new anticancer
agent which have the overcoming properties of drug
resistance.
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