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Tamoxifen and Genistein Synergistically Down-Regulate Signal
Transduction and Proliferation in Estrogen Receptor-Negative
Human Breast Carcinoma MDA-MB-435 Cells

FEI SHEN"?, XINJIAN XUE' and GEORGE WEBER!

ILaboratmy for Experimental Oncology and the 2Depaﬂmemr of Obstetrics and Gynecology,
Indiana University School of Medicine, 699 West Drive, Indianiapolis, IN 46202-5119, U.S.A.

Abstract. Purpose. Tamaxifen and genistein were tested for
synergisrn in  estrogen  receptor- negative human  breast
carcinoma MDA-MB-435 cells because the two compounds
decrease  signal  transduction activity through  different
biochemical mechanisms and arrest the cell cycle at different
phases. Muaterials and Methods. The combination effect of
tamoxifen and genistein on signal transduction was determined
by measuring IP3 concentrations and on cell proliferation and
colony formation by growth inhibition assiy and clonogenic
assay. Results. In growth inhibition assays, for tamoxifen and
genistein in the carcinoma cells the ICsos were (mean + SE) 17
* 0.9 and 27 * 1.6 uM; in clonogenic assays the LCsgs were 0.9
* 04 and 12.5 *= 1.1 uM, respectively. When tamoxifen and
genistein were simultaneously added o the cells, synergism was
observed in growth inhibition, in cytotoxicity and in the reduction
of inositol 1,4,5-trisphosphate concentration. Conclusion. The
synergistic down-regulation of signal transduction by tamoxifen
and genistein may explain, in part at least, the synergistic
antiproliferative and cytotoxic actions of the twe compounds.
The synergism of tamoxifen and genistein may be of interest in
the clinical treatment of breast carcinoma.

Recently, tamoxifen was shown in this Laboratory to down-
regulate signal transduction activity in a time- and dose-
dependent fashion in ER™ human breast carcinoma MDA-

Abbreviations: ER™, estrogen receptor-negative; ERY, estrogen
reccptor-positive; IP3, inositol 1,4,5-trisphosphate; ICsq, the
drug concentration which inhibits cell proliferation by 50%;
[.Csy, the drug conceniration which inhibits colony formation by
50%;, M™EM, minimum essential medium; Pl 1-
phosphatidylinositol; PIP kinase, P! 4-phosphate S-kinase (EC
2.7.1.68); PIP,, Pl 4,5-bisphosphate; C.1., combination index.
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MB-435 cells (1-3), This new observation might be helpful in
throwing light on the mechanism of action of tamoxifen in
cancer cells.

Tamoxifen, a nonsteroidal antiestrogen used to prevent.
and treat breast carcinomas, was thought to act primarily
through occupying the estrogen receptor sites in ER™ human
breast carcinoma cells. However, the clinical outcome of the
treatment showed that not all ER™ cancer patients responded
to it and unexpectedly some ER” patients responded well.
Studies in vitro demonstrated that tamoxifen was cytotoxic
not only to the ER™ breast carcinoma cells, but also 1o the
ER" breast carcinoma cells (4,5). This suggested that not only
its antiestrogen property but also other possible mechanism(s)
are involved in the anticancer action. The novel observation
that tamoxifen down-regulates signal transduction provides a
new understanding and possible novel targets in the
treatment of human breast carcinoma. On the basis of earlier
results in this Laboratory that tamoxifen is synergistic with
tiazofurin, where the two drugs down-regulate signal
transduction at different biochemical sites (3), we tested the
interaction of tamoxifen with genistein, a natural isoflavone,
also known to reduce signal transduction. Genistein possesses
chemopreventive and chemotherapeutic properties (6,7) and
its anticancer mechanisms are still under investigation. The
hypothesis was tested that tamoxifen and genistein which act
at different biochemical sites ( 8-10), in different phases of
the cell cycle (7,11-13) (Figure 1), and both induce
cytotoxicity ~ (3,14), apoptosis and  differentiation
(5,12,13,15,16) (Figure 2) should be synergistic.

MDA-MB-43S5 human breast carcinoma cells were selected
for study because they have elevated signal transduction
activity (1) and, therefore, should be sensitive to tamoxifen
and genistein. In this paper we report that tamoxifen and
genistein exert synergism in these cells in reducing signal
transduction activity and in acting as antiproliferative and
cytotoxic agents.

Materials and Methods

Cell culture. ER™ MDA-MB-435 human breast carcinoma cells (4) were
maintained in MEM (GIBCO, Grand, NY), cultured and incubated in
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5% C0295% humidified air at 37°C as reported (3). Plateau phase
cultures were seeded at a demsity of 2 x 10° cells/ml and allowed to
proliferate for 48 to 72 h.

Drugs. Tamoxifen was purchased from the Sigma Chemical Co. (St
Louis, MO) and genistein from Indofinc Chemical Company, Inc.
(Somerville, NJ). Stock solutions of tamoxifen and genistein were
prepared, filtered, diluted with the MEM culture media and added to
the cell culture to produce the desired drug concentrations (3,17).

Growth inhibition and clonogenic assays. Exponentially growing MDA-
MB-435 cells were secded for growth inhibition assays and clonogenic
assays as reported (3). After 24 h of seeding, various concentrations of
tamoxifen and genistein were added to the cells except in the control
groups where only the corresponding cell culture media were added. The
cells were also treated with tamoxifen and genistein simultaneously. For
the growth inhibition assay cells were harvested after 3 days of drug
exposure and counted in a Coulter Counter Model-ZM (Coulter
Electronics Ltd., Luton, UK). Cytotoxicity was measured by clonogehic
assays. After 7 days of drug treatment colonies were stained with 1%
crystal violet and counted.

Radioassay of IP; Expopentially growing cells were harvested and
seeded in tissue culture flasks. After 24 h of seeding, cells were treated
with tamoxifen or genistein. Other groups of cells were treated with
tamoxifen and genistein simultaneously. Controls received only the
solvents for the drugs. After 3 days of drug exposure, cells were extracted
and prepared forIP3 assay as reported (18). The IP3 concentrItitn was
determined with assay kits (DuPomt NEN Kit, NEK064). The
deterrmination is based op the competition between unlabeled 1P and a

fixed yuantity of tritium-iabeled IP; for a limited qumber of binding sites

in a bovine adrenal binding protein preparation.

Evaluation of drug action. For evaluation of the intcraction between
tamoxifen and genistein on cell proliferation and colony formation the
Chou-Talalay method was applied (19). Synergism in drug interaction is
indicated by the C.I. of < 1. The Webb method was used for evaluation
of changes in IP3 concentration (20). Synergism is indicated by reduction
of IP; to concentration <70% of the predicted reduction of IP3
concentration. IP3 concentration is expressed in pmol/mg protein. Data
obtained from three or more cxperiments are also expresscd as
percentages of control. The interaction of drugs was also determined by
constructing isobolograms based on dose responses (21). Resuits are
statistically evaluated by the ¢ test for small samples. Diffcrences
between means yielding a probability of < 5% are considered significant.

Results and Discussion

Antiproliferative action of tarmoxifen and genistein in human
breast carcinoma MDA-MB-435 cells. In the growth inhibition
assay, dose-dependent antiproliferative effect was observed
with ICsgs for tamoxifen and genistein of 17 % 0.9 and 27 =
1.6 uM, respectively (Figure 3). In clonogenic assay, dose-
dependent cytotoxicity was seen with LCsps of 0.9 = 0.4 and
125 = 1.1 uM, respectively (Figure 4). Therefore, in MDA-
MB-435 cells tamoxifen is 1.6 and 13.9 times more effective
than genistein in growth inhibition and clonogenic assays,
respectively. Our results are in line with studies which
reported that tamoxifen or genistein had antiproliferative
effects in MDA-MB-435 cells (4,22,23). Our study has clinical
relevance because the ICsgs reported here are achievable in
the plasma of patients treated with tamoxifen (24) or in the
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Figure 1. Antacking points of tamaxifen and genistein in the cell cycle.

range of human physiological plasma concentration of
genistein (25).

Effect of combination of tamoxifen and genistein in MDA-MB-
435 ceflls. Synergism in growth inhibition was obtained when
tamoxifen (5 to 15 uMY was added simultaneously with
genistein (5 to 15 pM) (Table I). The best results were
obtained with 5 uM tamoxifen and 5 pM genistein at which
concentrations the drug combination decreased cell
proliferation to 44% and yielded a synergistic C.I. of 0.53.
Synergistic action was also observed in clonogenic assays
when tamoxifen (0.25 to 0.75 uM) was given simultaneously
with genistein (2 to 10 uM) (Table II). Treatment for 7 days
with individual drugs, tamoxifen (0.25 pM) and genistein (2
uM), reduced colony counts to 94% and 80%, respectively.
The combination of the two drugs, at the above
concentrations, synergistically depressed colony formation to
49% vyielding a C.J. of 0.24. The drugs exerted a more
pronounced synergistic interaction if either tamoxifen or
genistein  concentrations were increased.  Synergistic
interaction was also shown in the isobologram comustructed
from the clonogenic assay (Figure 5).

Action of tamoxifen and genistein on IP3 concentration in
MDA-MB-435 cells. Treatment for 3 days with either
tamoxifen (5 pM) or genistein (5 uM) decreased IP;
concentration in the cells only to 99%. However, treatment
with the two drugs added simuitaneously rteduced IP3
concentration to 61% indicating synergistic action (Table IIT).
The synergism in the reduction of IP3 concentration might
explain, in part at least, the synergistic antiproliferative and
cytotoxic interactions of the two drugs.

Tamoxifen and genistein attack different targets in signal
transduction and different phases in the cell cycle. The signal
transduction activity of the conversion of P! through PIP




of

en
1h
e
ch
ell

Rl

3.
1ys
sly
s

2

we
to
e

or”

stic
ed

aer
[P3
2nt
P3
.
ant

ind

nal
nal
’IP

Shen et al: Tamoxifen and Genistein Synergistically Down-Regulate Signal Transduction

CHg\
N CH2CH
L N
Q \CHzCH3
TAMOXIFEN

OH

GENISTEIN

{
1
i
)

Tyrosine kinase
i
H
i
4

y
PIP kinase
U4

1
1
]
1
[}
1
]
1
1 -
L
1 -
]
v
3
3
AY
A
A Y
>
A Y
“
~
\\
~\
-~
~»
i iP3
- - | APOPTOSIS |

| DIFFERENTIATION |

Figure 2. Hypothesis for the synergistic action of tamaxifen and genistein. The inhibition of tyrosine kinase and PIP kinase activities, the depression of IP3
concentration by genistein, the reduction of IP3 concentration by tamoxifen and the induction of apoptosis and differentiation by euch of the drugs are
reported observations. The hypothesis indicated in Figure 2 that the reduction of IP3 levels is a required final common pathwdy needs further evidence.
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Figure 3. Antiproliferative effect of tamoxifen and genistein in MDA-MB-
435 cells. Values are means of three or more experiments in miplicate.
Standard errors were fess than 10%.

and PIP; to second messengers, IP3 and diacylglycerol, is
linked with neoplastic transformation and progression
(1,18,26,27). Higher 1P3 concentration was observed in all
examined experimental and clinical samples of transformed
cells (1,18,26-28). Our previous results indicate that breast

Caolony Counts (% of control)

40 Tamoxifen Genistain
LCep= 0.9 uM LCgp=12.5uM
30-r T T T T T T \
0 2 4 6 8 10 12 14
Dose (uLM)

Figure 4. Cyrotoxic effect of tamoxifent and genistein in MDA-MB-435 cells.
Values are means of three or more experiments in triplicate.

carcinoma MDA-MB-435 cells have higher P! kinase, PIP
kinase activities and IP3 concentration than normal breast
HMEC cells (1,27). Therefore, the cells should be sensitive
to drugs which lower signal transduction activity.
Tamoxifen, an antiestrogen compound, has chemo-
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Table L Antiproliferative action of tamoxifen and genistein in MDA-MB-
435 cells.

Cell count
Tamoxifcn Genistein (X 10° cells/well) % of Fa C.L
(uM) (uM) Mean = SE  control
Control Control 4180 = 191 100
5 - 3806 = 127 9 0.08
10 - 3053 = 148 73* 027
15 - 2133 £ 79 51 0.49
- 5 3446 + 47 82* 0.18
- 10 2845 = 60 68* 0.32
- 15 2483 =79 59* 041
5 5 1840 = 10 44* .56 053
5 10 1646 = 28 39 0.61 0.65
5 15 1553 x5 37* 0.63 0.79
10 5 1603 = 44 38~ 0.62 0.75
10 10 . 1589 % 43 38* 0.62 0.98am
10 15 1301 + 40 31~ 0.69 094
15 5 1302 = 103 31 0.69 0.85
15 10 1089 = 97 26* 0.74 0.89
15 15 857 + 30 20" 0.80 0.80

Cell counts are means = SE of triplicate assays. Exponentially growing
cells were seeded at 5 x 10° cellspwell in 24-well plates. Evaluation of
drug effect was done by Chou-Tajalay method where Fa denotes the
fraction affected and C.I. values < 1 indicate synergism, = 1 additivity,
and > 1 antagonism (19).

*Significantly different from control (p = < 0.05).

therapeutic effects on both ERT and ER" breast mali-
ghancies. Various studies concluded that antiestrogen
activity is responsible only for part of the antineoplastic
mechanism of tamoxifen. Among its proposed anticancer
mechanisms, tamoxifen inhibited phospholipase C activity
{8) and translocation of protein kinase C and ras oncogene
to cell membrane (9). These inhibitions may lead to the
reduction of signal transduction activity. Genistein attacks
many biochemical targets (16,29). Its anticancer activity
was observed in various malignant cells including ER " and
ER-breast carcinomas (13). Down-regulation of signal
transduction activity and inhibition of PIP kinase activity
(10) might be partly responsible for its antineoplastic
property. Since tamoxifen and genistein act on different
biochemical targets in the signal transduction pathway
leading to IP3 production, the combination of the two
drugs is synergistic in reducing IP3 concentration. The
synergism may provide a biochemical basis for the
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Figure 5. Isobologram of cytotoxic action of the combination of tamoxifen
and genistein in MDA-MB-435 cells (data from Table 1I). The concave
curve indicates synergistic interaction, Curve is the best [it determined by
regression analysis with an exponential function.

Table I1. Cytotoxic effect of tamoxifen and genistein in MDA-MB-435 cells.

Tamoxifen Genistein Colony count % of Fa ClL
(uM) (uM) Mean + SE  control

Control Contral 53+2 100

0.25 - 50+1 94 0.06

8.50 - 46 + 1 87 0.13

0.75 - 42=1 58 * 020

- 2 42 +3 80+ 0.20

- 5 5=l 66* 0.34

- 10 311 58* 0.42

.25 2 26 + 1 49* 0.51 0.24
0.25 5 2%1 42 0.58 0.30
0.25 10 18x1 34+ 0.66 0.31
0.50 2 26+1 49+ 0.51 0.36
0.50 5 20%0 38* 0.62 033
0.50 10 160 30* 0.70 0.32
0.75 2 24+ 1 45* 055 041
0.75 5 181 34* 0.56 0.33
0.75 10 15+1 28* 0.72 0.33

Colony counts are means * SE of triplicate assays. Exponentially
growing cells were seeded at 400 cells/well in 24 plates. Evaluation of
drug effect was done as in Table 1.

*Significantly different from control (p =. < 0.05).
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Table 1. Effect of combination of tamoxifen and genistein on IP3
concentration in MDA-MB-435 cells.

IP3 concentration
Tamoxifen Genistein  Mean=SE % of Predicted % observed
(1M) (uM) (pmol/mg  control  value of
protcin) predicted

Control Control 14.5 = 0.51 100

S 14.2 = 0.19 99
5 14.2 + 043 99 h
5 5 8.9 = 0.37 61 98 62

IP3 ussay was performed as described in Materials and Methods.
Evaluation was done by Webb method (20). Observed reduction of 1P3
concentration < 70%, 70-100% and > 100% of the predicted reduction
of TIP3 concentration indicates synergism, additive effect and
antagonism, respectively.

*Significantly different from controi (p = < 0.05).

observed synergistic antiproliferative action and cytoto-
xicity of the two compounds. The synergism may also be
attributed to their actions in different phases of the cell
cycle. Tamoxifen attacked cells at early G; phase in ER*
MCF-7 human breast carcinoma cells (11) and ER- A2780
human ovarian carcinoma cells (12). Genistein arrested
cells at Gy or early M phase in both ER” and ER™ breast
carcinoma cells (13).

- The synergism of tamoxifen and genistein in ER™ human
breast carcinoma MDA-MB-435 cells should be of interest
for clinical treatment of breast carcinoma because the
combination should allow the use of lower concentrations
of tamoxifen, thus decreasing its possible adverse effects.

Novel aspects of this investigation include the following. 1.
This is the first report on the combination of tamoxifen and
genistein in the treatment of human breast carcinoma cells.
These drugs were tested because of their different
mechanisms of action on signal transduction and on the cell
cycle. 2. ICsps of the two compounds were in the range
achievable in human plasma. 3. Synergistic growth
inhibition and cytotoxicity were observed when tamoxifen
and genistein were given simultaneously. This should make
it possible to use lower concentrations of tamoxifen, thus
decreasing its side effects. 4. Tamoxifen or genistein, as
single agents, decreased [P3; concentrations. The
combination of tamoxifen and genistein yielded
synergistic reduction of IP; concentration which may
explain, in part at least, the synergistic antiproliferative and
cytotoxic action of the two drugs. 5. This drug combination
should be of interest in clinical treatment of breast
carcinoma since it provides a new drug combination
protocol for tamoxifen.
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