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Phenylacetic acid halides inhibit estrogen receptor
(ER)-positive MCF-7 cells, but not ER-negative human
breast cancer cells or normal breast epithelial cells
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Phenylacetic acid (PA) derivatives and conjugates have
been reported to have antiproliferative and antitumor
properties against various types of cancers. Based on
these findings, recent in vitro experiments were devised
to examine the antiproliferative properties of a series of
para substituted (Br, CI, F, H, NO, and OCH,) PAs. The in
vitro screening protocal involved the plating of MCF-7
cells in a 96-well plate assay. After 1 day, the cells were
exposed to the PA derivatives for 2 days (log phase of
MCF-7 growth curve). Cells growth was determined by the
Alamar blue dye reagent. The optical density data was
analyzed and IC5, concentration values determined. The
results showed that PA halide derivatives caused a sig-
nificant decrease in proliferation of the MCF-7 cells. The
order of antiproliferative activity was BR > Cl > F, with
ICso values (nM) of 10 + 0.005, 100 + 0.02 and 100 <+ 0.04,
respectively. The OCHs;, H and NO, compounds showed
no significant antiproliferative activity. PA halide deriva-
tives may have similar actions as tamoxifen because they
show specificity for estrogen receptor-positive cells.

Key words: Alamar blue, antiestrogenic, antiproliferative,
breast cancer, estrogen receptor-positive, substituted
phenylacetic acids.

introduction

Phenylacetate (PA), a metabolite of phenylalanine,
is a naturally occurring plasma component that sup-
presses the growth of various tumor cells and it has
also been shown to induce differentiation in cul-
tured tumor cells. PA has shown profound antican-
cer activity in several in vitro cellular models. At
concentrations of 2—-6 mM, PA stimulated morpho-
logical differentiation of two human neuroblastoma
cell lines IMR-32 and UKF-NB-3. These concentra-
tions inhibited growth and DNA snythesis of cells in
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a dose-dependent manner without significant effect
on cell viability.! Phenylacetate also has been
shown to induce terminal differentiation of HL60
cells and has preclinical activity against prostate
cancer and glioblastoma.? Gliomas, but not mature
normal brain cells, are highly dependent on meva-
lonate (MVA) for production of sterols and isopre-
noids, which are vital for cell growth. PA inhibits
MVA-diphosphate decarboxylase, which is the key
enzymatic step in the formation of MVA. Systemic
treatment of rats bearing intracranial gliomas resul-
ted in significant tumor suppression with no appar-
ent toxicity to the host. The data indicated that PA
had the ability to alter cell lipid metabolism by act-
ing through the inhibition of protein prenylation
and other mechanisms, which may offer a safe and
effective novel treatment of malignant gliomas.*?
PA, demonstrated antitumor activity in experimental
models and in man, prevented carcinogenesis by 5-
aza-2'-deoxycyntidine (5-AzadC). Transient expo-
sure of premalignant ras-transformed fibroblasts to
5-AzadC resulted in malignant conversion associ-
ated with increased ras expression and reduced
collagen biosynthesis.* These profound changes
were prevented by a simultaneous treatment with
phenylacetate or phenylbutyrate. These data indi-
cate that phenylacetate or phenylbutyrate could
potentially benefit individuals predisposed to can-
cer development. These agents could also be used
as adjuvant or combination treatment with other
anticancer therapeutics to enhance their efficacy
and minimize adverse side effects, and perhaps be
used in maintenance therapy to prevent disease
relapse.* Considering the increase in glutamine
dependence of malignant cells, PA has been exam-
ined as a glutamine deprivation molecule because it
binds and depletes glutamine, which is an important
amino acid for lymphocyte metabolism. Treatment
of hormone refractory human prostate carcinoma
cell lines PC3 and DU145 with pharmacologically
attainable non-toxic concentrations of PA resulted in
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selective growth arrest and reversal of malignancy
(i.e. loss of invasiveness and tumorigenicity in athy-
mic mice).? Interestingly, PA enhanced the antitu-
mor effects of suramin, a drug known to be active in
patients with advance disease. The data suggested
that PA, used alone or in combination with other
antitumor agents, may offer an effective and safe
approach to the treatment of androgen-insensitive
prostate carcinoma.

In the present study, we decided to examine
whether some of the PA derivatives exhibited any
anticancer activity against two breast cancer cell
lines (MCF-7 and MDA-MB 231). We found that the
PA halides showed significant antiproliferative
activity against MCF-7 cells, while they showed no
significant activity against estrogen receptor
(ER)-negative or normal breast epithelial cells.

Materials and methods
Cell culture methods

The ER-positive MCF-7 human breast cancer cell
line was obtained from American Type Culture Col-
lection (Rockville, MD). MCF-7 cells were grown in
T-75 tissue culture flasks as monolayer cultures in
RPMI 1640 medium (phenol red) supplemented
with 2 mM glutamine, penicillin (30 000 units/ml),
insulin (2500 units/ml), 10% calf serum and fungi-
zone (250 pg/mb). Cultures were grown at 37°Cina
humid 5% CO, atmosphere and fed every 3 days.
When cultures reached confluency (usually every
5-7 days), they were subcultured using a 1:2 split-
ting ratio every third day. Culture medium was
changed every 3 days until the cells were confluent.

The ER-negative MDA-MB231 human breast can-
cer cell line was obtained from the American Type
Culture Collection. The MCF-10 normal breast epi-
thelial cell line was obtained from the Michigan
Cancer Foundation (Detroit, MI). MDA-MB231 cells
were grown under cell culture conditions which
were similar to MCF-7 cells. MCF-10 cells were
grown in T-75 tissue culture flasks as monolayer
cultures in DMEM (phenol red 14.8 g/1), F-12 HAM
BASE supplemented with glutamine (200 mM),
amino acids (50 x), Fungizone (5 ml), insulin
(4 mg/m), hydrocortisone (17 ml), EGCF (2 mD),
sodium bicarbonate (2.2 g), penicillin/streptomycin
(10 000 units/ml), cholera toxin (0.49 ml) and 10%
bovine serum. The MCF-10 cell line was grown in a
similar manner to MCF-7 cells, except they reached
confluency in 7-9 days and were subcultured using
a 1:3 splitting ratio every fifth day.
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Cell proliferation studies

In each experiment the exponentially growing cells
were trypsinized, counted and plated in multiwell
plates at a density of 2 x 10% cells/well in 200 pl of
media. After 2 days of incubation when the cells
were in an exponential growth phase, the test com-
pounds were added. The test compounds (Figure 1)
were dissolved in dimethylsulfoxide and added to
cell cultures following dilutions in culture medium.
Control wells received the same amounts of vehicle
alone. Exponentially growing viable cells were
counted by a hemacytometer using the trypan blue
exclusion method. On the third day of administra-
tion, the treated cells were measured for optical
density (OD) at 570 and 600 nm using a microwell
plate reader. The OD was determined by using Ala-
mar blue dye reagent. Alamar blue measures the
chemical environment surrounding cells in media.
Dying cells undergo more extensive oxidation reac-
tions which turns the media into a blue color. Viable
cells undergo more extensive reduction reactions
which tends to leave the media a light pink color.
The microplate reader quantitates these color chan-
ges into numbers. The antiproliferative activity of
the test compounds was calculated as a percentage
of control as follows: antiproliferative activity = {vi-
able cells (control) — viable cells (treated)]/[viable
cells (controD)] x 100.

Estradiol binding studies

ER binding competition studies were performed
between [*Hlestradiol, estradiol, 4-hydoxytamoxi-
fen, PAF, PACI and PABr. The procedure followed
was that of Wakeling.’

Para Substituted
| Phenyl Acetic Acids

Tamoxifen (trans isomer) NO,

Figure 1. Structures of tamoxifen and para substituted PA
halides.
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Results
Antiproliferative activity

The experimental standard estradiol (100 nM) sti-
mulated the growth of MCF-7 cells 50% above con-
trol. The antiestrogen standard tamoxifen (100 nM),
PAF (100 nM), PACI] (100 nM) and PABr (10 nM) sig-
nificantly (p < 0.005) inhibited the growth of MCF-7
cells by 48, 49, 40 and 52%, respectively (Figure 2).
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Figure 2. Tamoxifen (100 nM) and PA (F, Cl and Br) at
100 nM inhibit proliferation of MCF-7 cells. 1, Control; 2,
tamoxifen; 3, PAF; 4, PACI; 5, PABr. *Statistically signifi-
cant p<0.001. Each value is the mean of quadruplet
samples + SEM.
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Figure 3. Effects of PA halides (F, Cl and Br) and tamoxifen
on growth of MCF-7 cells. Each value is the mean of quad-
ruplet samples + SEM.

290 Anti-Cancer Drugs - Vol 7 - 1996

160 —

0PABr-Estradiol
sPABar

aPACHEstradiol
aPAC!

u PAF-Estradiol
sPAF

u Estradiol
sControl

% GROWTH

Figure 4. Inhibitory growth effects of PA halides (F, Cl and
Br) at 100 nM against MCF-7 cells in the presence and
absence of estradiol at 100 nM. Each value is the mean
of quadruplet samples + SEM. *Statistically significant.

Over a concentration range of 1-10 000 nM, tamox-
ifen and the PA halides inhibited the growth of MCF-
7 cells in a dose-dependent manner (Figure 3). The
antiproliferative effects of PA halides were found to
be as potent as tamoxifen. PABr was found to be
even more potent than tamoxifen. Estradiol
(100 nM) significantly reversed (p < 0.001) the inhi-
bition of MCF-7 cell proliferation caused by either
tamoxifen (100 nM) or PA halides (100 nM) by the
second day of administration (Figures 4 and 5). ER
competition binding studies indicated that PAF,
PACL and PABr were not competitive ligands to the
ER with relative binding affinity (RBA) values of
less than 1.5 for all PA halides, as compared with
known ligands 4-hydroxytamoxifen (RBA =500)
and estradiol (RBA =100).

Discussion

Antiestrogens, such as tamoxifen, are effective in
controlling the growth of estrogen-dependent
breast tumors in patients.6 In vitro, specific anti-
estrogenic effects of tamoxifen on the growth of
ER-positive tumors are usually observed at a range



% GROWTH

0 1 2 3 4

Figure 5. Inhibitory growth effects of tamoxifen on MCF-7
cells in the presence and absence of estradiol. Each value
is the mean of quadruplet samples + SEM. *Statistically
significant, p<0.05. 1, Control; 2, estradiol; 3, tamoxifen;
4, tamoxifen—estradiol.

Table 1. Influence of estradiol, tamoxifen, PA, P-OCHg,
PAF, PACI and PANQO, on growth inhibition of MCF-7,
MCF-10 and MDA-MB231 cell lines.

Treatment Percent of control (viable cells)
MDA-MB231 MCF-10 MCF-7
Estradiol (0.1 uM)  109+0.09 99+0.06 151+0.07
Tamoxifen (0.1 pM) 107+0.08 99+0.01 52+0.08
PA (0.1 uM) 115+0.09 103+0.08 117+0.08
P-OCH, (0.1 uM) 93+0.08 125+0.06 120+0.09
PAF (0.1 uM) 92+0.09 88+0.05 51+0.07
PACI (0.1 pM) 94+0.08 103+0.08 60+0.08
PABr (0.1 uM) 95+0.08 101+0.05 48+0.09
PANO, (0.1 uM) 92+0.08 93+0.07 88+0.09

MCF-7-, MCF-10- and MDA-MB231-treated cells were counted on
the third day of drug administration. Each value represents the
mean of quadruplet samples + SEM.

of 1000 nM or lower, whereas above this concentra-
tion the antiproliferative effects of tamoxifen on cell
growth is believed to be due to cytotoxic action.”®
Therefore the PA halides were initially evaluated at
concentrations of 1-1000 nM to examine their spe-
cific comparative antiestrogenic properties. Tamox-
ifen and estradiol were used as the standard
antiestrogen and estrogen, respectively, in the eval-
uation of MCF-7 cell proliferation responsiveness.
Estradiol (100 nM) stimulated and tamoxifen
(100 nM) clearly inhibited the growth of MCF-7 cells
by 50% of control. The PA halides were observed to
be as potent, in the case of PABr more potent, as

PA halides inbibit proliferation of MCF-7 cells

tamoxifen on the inhibition of MCF-7 cell prolifera-
tion. Since the antiproliferative activity of PA halides
was observed on ER-positive human breast cancer
cell lines, it could have been mediated through an
ER competition mechanism. Another alternative
explanation for the effects produced by PA halides
against MCF-7 cells could be the binding of these
compounds to extracellular receptors, such as epi-
dermal growth factors or transforming growth fac-
tor-f, which prevents tyrosine phosphorylation and
therefore blocking cellular growth modulating pro-
teins.” In order to determine whether the antipro-
liferative activity of the PA halides was an ER-related
mechanism, two experiments were performed. The
first experiment involved studying the proliferative
activity of MCF-7 cells by exposing them to tamox-
ifen as well as the PA halides in the presence and
absence of estradiol. The dose-dependent inhibi-
tion of MCF-7 cells by tamoxifen as well as PA
halides tends to indicate a similar potency profile
against MCF-7 cells. The second experiment was
designed to examine whether the PA halides were
exerting their growth inhibitory effects on MCF-7
cells by competing with estradiol for the ER. In an
attempt to rank the tested compounds in order of
their relative binding affinities for the ER, increasing
concentrations (4—4000 nM) for estradiol (E,), 4-
hydroxytamoxifen, PAF, PACl and PABr were
allowed to compete with a fixed concentration of
[*Hlestradiol (8 nM) for binding to ER of MCF-7 cell
extract. The data showed that the PA halides were
not competitive binders at the ER, as compared with
known ER binders 4-hydroxytamoxifen and estra-
diol. Although the PA halides show a similar anti-
proliferative profile to tamoxifen against MCF-7 (ER-
positive) cells, they are not exerting their effects by
antagonism at the ER. In addition, the absence of a
significant antiproliferative effect of tamoxifen and
the PA halides against MDA-MB231 and MCF-10
lines seems to indicate a selective specificity of
these agents towards ER-positive cancer cells. Thus,
the results of the present study indicate that both
potency and efficacy of PA halides against MCF-7
cells to be comparable to that of tamoxifen. Tamox-
ifen and PA halides did not show an increase in
estrogenic activity over a range of 1-10 000 nM.
Therefore, PA halides may be a good candidate for
clinical trials on women with ER-positive tumors. It
also may be of value in the primary or adjuvant
treatment and/or prevention of breast cancer in
patients who have tumors that are ER-positive. PA
derivatives (PA and PA-OCH;) showed enhanced
proliferation of MCF-7 cells at a concentration of
100 nM.
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