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Preclinical report

Synergistic effect of paclitaxel and
4-hydroxytamoxifen on estrogen receptor-negative
colon cancer and lung cancer cell lines
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Antiestrogen tamoxifen (Tam) is the most prescribed drug for
the treatment of estrogen receptor (ER)-positive breast
cancers. It is also used in long-term clinical trials with
encouraging preliminary results as a chemopreventive agent
for breast cancer. The effect of Tam on ER-negative cancers,
however, is unclear. Here we reported that paclitaxel and 4-
hydroxytamoxifen (4-HT) have a synergistic cytotoxic effect
on the ER-negative colon cancer cell line HCT15, which is
refractory to paclitaxel alone. Our results showed that 4-HT at
submicromolar concentrations effectively enhanced the
antiproliferative effect of paclitaxel. In addition, at 1/10 of
the paclitaxel concentrations used for HCT15, 4-HT and
paclitaxel also showed synergistic effect on NCI H460, an ER-
negative lung cancer cell line. For both cell lines, the
effective concentration for paclitaxel to inhibit cell growth
was 1 log lower in the combination treatment than the
concentration used in the single treatment. Ceil cycle
analysis showed that the combination of paclitaxel and 4-
HT increased the G./M population and resulted in the
increase of apoptosis in both cell lines. Enhanced early
release of cytochrome ¢ from mitochondria may be the
apoptotic pathway activated in the combination treatment in
HCT15 cells. [« 1999 Lippincott Williams & Wilkins.]
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Introduction

Paclitaxel, a diterpene derived from the bark of the
western yew Taxus brevifolia, is a potent growth
inhibitor of a variety of cancer cells. Unlike vinca
alkaloids that destabilized microtubules, paclitaxel and
its analog docetaxel stabilize microtubules and arrest
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cells at mitosis, which eventually leads to programmed
cell death.'™" Over the last two decades, paclitaxel has
demonstrated its impressive efficacy as a single agent
for the treatment of a number of solid tumors
including cancers of the breast. Among patients with
breast cancer, paclitaxel achieved a response rate of
more than 50% when it was used as first-line therapy
for primary cancer and 40% as second-line therapy for
metastatic cancer.” In combination regimens, paclitax-
el also showed advantages in the combination treat-
ment for several types of cancers including ovarian.
The median survival for advanced ovarian cancer
patients treated with the combination of cisplatin and
paclitaxel was 13 months longer than those treated
with the combination of cisplatin and cyclopho-
sphamide.® Despite these successes, clinical benefits
of taxanes are limited largely due to the apparent
drawbacks related to solubility, dose-limiting toxicity
and development of drug resistance.”

In order to minimize the side effects caused by the
cytotoxic agents, new generations of combination
therapy employing cytostatic agents such as farnesyl
transferase inhibitors (FTI)" is emerging and showing
promiscs in pre-clinical studies. Experimental FTI has
been shown to act synergistically with paclitaxel to
increase the sensitivity of breast cancer cells to
paclitaxelinduced cell cycle arrest at G,/M phase.”

Currently, the most widely prescribed cytostatic
anti-cancer drug is tamoxifen (Tam), a non-steroidal
anti-estrogenic agent used to treat breast cancers of all
stages.' A large number of clinical data recorded over
more than two decades show that Tam is a remarkably
safe drug with predictable and generally well tolerated
side effects. It produced a favorable response in more
than 60% of patients with estrogen receptor (ER) and
progesterone receptor (PR)-positive breast cancer."'
The observation that Tam greatly reduced the
incidence of developing contralateral breast cancer'”
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has led to clinical trials for the prophylactic use of the
agent in healthy women who are at high risk of
developing breast cancer.'® The mechanism of its
favorable role in some ER- and PR-negative breast
cancer cells is less well understood.' "> Nevertheless,
Tam has been used in clinical trials with non-
microtubule binding drugs in breast cancer'® and
other types of cancers including melanoma with
beneficial effects.'” A recent report showed  that
combination of Tam and paclitaxel synergistically
inhibited breast cancer cell growth independent of
ER expression. o

The purpose of this study was to evaluate if there
was a synergistic effect of paclitaxel in combination
with #-hydroxytamoxifen (4-HT), a potent anti-estro-
gen and metabolite of Tam, on ER-negative non-breast
cancer cell lines HCT15 and NCI H460. The results
here showed that combined treatment of paclitaxel
and 4-HT synergistically increased the antiproliferative
activity of paclitaxel on the colorectal adenocarcinoma
cell line HCT15 and the NCI H460 cell line derived
from large cell carcinoma of the lung. The addition of
4-HT also enhanced paclitaxel induced G,/M arrest
and apoptosis through the cytochrome ¢ pathway.

Materials and methods
Cell culture

Both HCT15 colon cancer and NCI H460 lung cancer
cell lines were obtained from ATCC (Rockville, MD).
The HCT15 cells were maintained in RPMI 1640
medium  containing 1%  of antibiotic-antimycotic
(Gibco, Grand Island, NY) supplemented with 20%
fetal bovine serum (FBS). NCI H460 cells were grown
in the same medium with 10% FBS. The cell lines were
maintained at 37 C in a humidified chamber with 5%
CQO,. Both paclitaxel and 4-HT were purchased from
Sigma (St Louis, MO) and kept in 100% ethanol at
various concentrations at — 20 C. The compounds
were diluted in the media at 1:1000 to achieve the final
concentrations. The control samples always contained
the same dilution of the vehicle.

Cell proliferation

The cells were sceded at 5000 cells/well in a 96-well
culture plate (Costar, Cambridge, MA) and allowed to
grow for 24 h before drug treatments. Treatments
with vehicles, 4-HT, paclitaxel and 4-HT combined
with paclitaxel were outlined for individual experi-
ments at the indicated concentrations and duration.
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Cell proliferation was determined using the alamarBlue
cell proliferation  detection kit according to the
manufacturer’s procedure (Alamar BioSciences, Sacra-
mento, CA). Fluorescence intensity was measured
with a Cytofluo 2300 fluorescence plate reader
(PerSeptive Biosystem, Framingham, MA).

Cell cycle analysis and detection of
apoptosis

Approximately 1x 10° HCT15 and NCI H460 cells
treated with the drugs for 24 h were trypsinized,
washed with PBS and fixed with methanol (—20 C)
for 1 h. The cells were then re-suspended in PBS with
180 U/ml of ribonuclease A and incubated at 37 C for
20 min. After washes with PBS, cells were stained with
propidium iodide at 50 pg/ml in PBS at 4 C in the
dark. DNA content was analyzed by flow cytometry
using a FACSCalibur system (Becton Dickinson, San
Jose, CA).

Cells treated with the drugs for 12h were
monitored for cell death using cell death detection
ELISA"™ ™ assay kit according to the protocol described
by the manufacturer (Roche Diagnostics, Indianapolis,
IN). The signals were measured in a SpectraMax 340
Plate Reader (Molecular Devices, Sunnyvale, CA).

Western blot analysis for cytochrome ¢

Cytosolic cell extracts free of mitochondria were
prepared as described previously.'” Briefly, cells were
harvested and washed once with ice-cold PBS. The cell
pellet was re-suspended in five volumes of buffer A
containing 20 mM HEPES-KOH, pH 7.5, 10 mM KClI,
1.5 mM MgCl,, 1 mM sodium EDTA, 1 mM sodium
EGTA, 1 mM dithiothreitol, 0.1 mM phenylmethylsul-
fonyl fluoride and 250 mM sucrose. Cells were
homogenized in a Teflon homogenizer for 10 strokes
and centrifuged twice at 750 g for 10 min at 4 C. The
supernatants were centrifuged at 10000 g for 15 min
at 4 C followed by an additional centrifugation at
100000 g for 1 h at 4 C. The resulting supernatants (8-
100) were stored in small aliquots at —80 C after
measurement of the protein concentration using the
BioRad Protein Assay kit (BioRad, Hercules, CA).

The release of cytochrome ¢ from mitochondria was
detected in the $-100 fraction of the cell extracts by
Western blot analysis. Protein samples were resolved
by SDS-PAGE in a 4-20% gradient minigel (Novex, San
Diego, CA) and transferred to nitrocellulose mem-
branes (Schleicher & Schuell Optitran BA-S  83).
Membranes were probed with a mouse anticyto-



chrome ¢ monoclonal primary antibody (PharMingen,
San Diego, CA) and incubated with a horseradish
peroxidase-conjugated secondary antibody from sheep
(Amersham, Arlington Heights, IL). The 15 kDa
cytochrome ¢ protein band was detected by enhanced
chemiluminescence using the ECL kit (Amersham)
according to the manufacturer’s instructions.

Results

Anti-proliferation activity of paclitaxel and
4-HT

As shown in Figure 1(A and B), single treatment with
4-HT alone had no effect on the proliferation of either
HCT15 or NCI H460 at concentrations up to 3 uM. In
order to select the effective combination dose for
paclitaxel and 4-HT, various doses of 4-HT were
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combined with paclitaxel at the indicated concentra-
tions. At all doses tested, combination treatment had
much more effective inhibition than treatment with
paclitaxel alone. The synergistic effect was especially
pronounced at low doses of paclitaxel in combination
with 4-HT (Figure 1C and D). NCI H460 is known to
be sensitive to paclitaxel because of the absence of the
multidrug-resistant (MDR) gene product such as P-
glycoprotein in this cell line. HCT15, on the other
hand, expresses P-glycoprotein and shows a paclitaxel-
resistant phenotype as shown in Figure 1(C). The
observation that both cell lines were sensitized by 4-
HT in these experiments strongly suggested that 4-HT
might work beyond MDR-based mechanisms.

The combined effect of 4-HT and paclitaxel was
evident in both the 24 and 48 h treatments for both
cell lines (Figure 2). The effect of combination
treatment was synergistic based on the Isobole
method.?” The results showed that 4-HT increased
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Figure 1. Inhibition of cell proliferation by 4-HT, paclitaxel (Tx) and Tx/4-HT. Single treatment of 4-HT in HCT15 (A) and NCI
H460 (B) cell lines showed little inhibitory effect on proliferation of the cells up to 3 4M. Tx alone at the indicated concentration
had minimal effect on HCT15 cells (C) and a dose-dependent effect on NCI H460 cells (D). Effective combined doses were
tested for Tx/4-HT at 0.001/0.1, 0.01/0.3 and 0.1/1 uM, respectively (C and D). The results indicated that the combined
treatment was more effective at inhibiting cell proliferation than Tx alone at all dose combinations for both cell lines.
Fluorescence intensity (Fluo. Int.) was recorded as a measure for celi proliferation.
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the effective concentration of paclitaxel by about 10-
fold for both cell lines. Paclitaxel at 0.1 @M with -+-HT
achieved the same extent of growth inhibition as
single paclitaxel treatment at 1 ¢M in HCT15 cells
(Figurce 2B). The same extent of enhancement was also
apparent in the NCI H460 cells (Figure 2D).

Cell cycle analysis

Paclitaxel is known to arrest cells at G,/M phase that
eventually leads to programmed cell death. In order to
examine the effect of combination treatment on cell
cycle regulation, we treated cells at different paclitaxel
concentrations in combination with 4+-HT. The data
demonstrated that combination treatment increased
the population of cells arrested at G,/M phase in a
dose-dependent manner for both cell lines (Figure 3).
Once again combination treatment more significantly
arrested cells in G/M phase of the cell cycle than the
single treatments with paclitaxel or -HT alone at all
dosces.
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Apoptosis analysis

To examine the ceffect of combination treatment on
apoptosis, we performed ELISA apoptosis assays for
both cell lines. Our results showed a slight increase of
apoptosis in cells treated with a low dose of paclitaxel
and little increase of apoptosis in 4-HT-treated cells for
HCTI15 (Figure 4A) and NCI H400 (Figure 4B). In
contrast, combination trcatment resulted in a large
increase of the number of apoptotic cells in both cell
lines. The enhancement of paclitaxelinduced apopto-
sis by --HT was obvious at all concentrations except at
1 and 0.1 M for HCT'15 and NCI H460, respectively,
at which paclitaxel alone was sufficient to induce
apoptosis alone (Figure 4C and D).

Cytochrome c release from mitochondria

Release of cytochrome ¢ from mitochondria is one of
the major pathways activated in many drug-induced
apoptosis events. Cytochrome ¢ release is known to
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Figure 2. Dose- and time-dependent effects of combination treatment on cell proliferation. HCT15 cells were treated with
paclitaxel (Tx) or Tx in combination with 0.3 M of 4-HT (Tx/4-HT) for 24 (A) and 48 (B) h. The anti-proliferation effect of Tx at
concentrations from 0.03 to 1 ;M was consistently strengthened by 4-HT. The enhanced anti-proliferation effect by 4-HT at
0.3 1M was also observed in NCI H460 cell line treated with the compounds for 24 (C) and 48 (D) h at concentrations for Tx

from 0.003 to 0.1 M.
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Figure 3. Enhanced cell cycle arrest at Go/M in the
combination treatment. For both HCT15 and NCI H460 cell
lines, combination treatment (Tx/4-HT) significantly in-
creased the population of cells arrested in G,/M phase of
the cell cycle after 24 h treatment at the indicated
concentrations for Tx and 0.3 ¢M of 4-HT.

activate the apoptotic program through Apaf-1 and the
subsequent activation of the caspase cascade. We
tested cytochrome c release in the drug-treated cells to
determine whether the cytochrome ¢ pathway
occurred in combination treatment. The results
showed a marked increase in cytochrome c¢ release
into the cytosolic fraction in the combined treatment
compared to paclitaxel alone (Figure 5). Cells started
to undergo apoptosis as early as 3 h after combination
treatment and continued to release cytochrome ¢ from
mitochondria 6 h after the treatment. Single-agent

Paclitaxel and 4-HT on ER-negative cancer cell lines

treatment with paclitaxel did not show any apparent
increase in cytochrome c release 6 h after treatment.
This suggested that 4-HT enhanced paclitaxel-induced
cell death by promoting cytochrome ¢ release from the
mitochondria in HCT15 cells.

Discussion

The results from this study suggest that combination
treatment with paclitaxel and 4-HT could be effective
against ER-negative non-breast cancer cells that were
refractory to paclitaxel treatment alone. The com-
pound 4-HT, an active metabolite of non-steroidal
antiestrogen Tam, had no in vitro anti-proliferation
activity at 3 uM on both cancer cell lines. When
combined with paclitaxel, 4-HT at as low as 0.3 uM for
48 h greatly increased the potency of paclitaxel to
inhibit cell growth. The results were consistent with a
previous report showing the effect of combination
treatment on breast cancer cells.'®

Like the previous report, we also observed that
combination treatment greatly increased the popula-
tion of cells blocked at G,/M phase of the cell cycle in
a dose-dependent manner for both cell lines. Alteration
of the G,/M phase of the cell cycle eventually led to an
increase in apoptosis in the cells treated with
paclitaxel and 4-HT. These results might explain the
decrease of cell numbers observed in the proliferation
assays. The release of cytochrome ¢ from mitochondria
to the cytosol is a hallmark of cells committed to
apoptosis.’' This study provided evidence which
suggested that combination treatment induced apop-
tosis through the cytochrome ¢ pathway. Unlike
paclitaxel treatment alone, combination treatment
sensitized the cells for apoptosis as early as 3 h after
the treatment.

The mode of action for the synergistic activity of
paclitaxel and 4-HT is not clear. Tam was previously
reported to be a MDR reversing agent." Paclitaxel is
a known substrate of P-glycoprotein that was over-
expressed in HCT15 cells (data not shown). How-
ever, combination of paclitaxel and 4-HT also
significantly inhibited proliferation of NCI H460, an
MDR-negative cell line, at 1/10 of the dose used for
HCT15 cells. This suggested that the synergistic effect
observed here might not depend on the modulation
of the activity of P-glycoprotein. It was noteworthy
that this experiment used a metabolite of Tam, 4-HT,
which was about 10 times more potent than Tam in
inhibition of ER-mediated breast cancer cell growth.
Nevertheless, the effect of 4-HT to enhance paclitax-
el-mediated inhibition of cell growth and proliferation
was comparable with the results reported for Tam in
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Figure 4. Increased apoptosis among the cells treated with paclitaxel (Tx) and 4-HT. (A) ELISA apoptosis analysis showed
that Tx alone at 0.1 M or 4-HT alone at 3 uM resulted in little increase of the number of apoptotic cells while the two
compounds together greatly increased the number of apoptotic cells at the combined single doses. (B) Tx at 0.01 uM was
sufficient to induce apoptosis while 4-HT at 3 M had no effect. Nevertheless, combination of the two single doses greatly
enhanced Tx-induced apoptosis in the NCI H460 cells. The enhancement was also apparent at 3 4M 4-HT and a wide range

of Tx concentration in HCT15 (C) and NCI H460 (D) cells.
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Figure 5. Westem blot analysis for the release of
cytochrome ¢ from mitochondria to cytosol. HCT15 cells
were treated with 0.1 M of paclitaxel (Tx) in the absence or
presence of 3 M of 4-HT for the indicated time. The results
showed that cytochrome c started to release into the cytosol
3 h after the combination treatment. The single treatment
with Tx alone did not release cytochrome c until after 6 h.

ER-negative breast cancer cells.'® This observation
supported the notion that 4-HT-mediated enhance-
ment of cytotoxic drugs did not work through the

900 Anti-Cancer Drugs < Vol 10+ 1999

ER-dependent signal transduction pathway and that
the application of a combination of cytostatic Tam
and paclitaxel might extend beyond the arena of
breast cancer to other types of cancers.

Conclusion

In contrast to monotherapy, the combination of
paclitaxel and 4-HT significantly increased the
growth inhibitory effect on ER-negative non-breast
cancer cell lines HCT15 and NCI H460), especially at
lower doses. The mechanism of this synergistic
effect may be attributed in part to the enhancement
of cell cycle arrest at GyM and induction of
apoptosis through the cytochrome ¢/Apaf-1 pathway.
Our results support the use of low-dose paclitaxel in
combination with Tam in clinical trials for various
types of cancers.
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