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Abstract

Estrogen receptor (ER) antagonists have been widely used for breast cancer treatment, but the
efficacy and drug resistance remain to be clinical concerns. The purpose of this study was to
determine whether the extracts of coptis, an anti-inflammatory herb, improve the anticancer
efficacy of ER antagonists. The results showed that the combined treatment of ER antagonists and
the crude extract of coptis or its purified compound berberine conferred synergistic growth
inhibitory effect on MCF-7 cells (ER+), but not on MDA-MB-231 cells (ER-). The similar results
were observed in the combined treatment of fulvestrant, a specific aromatase antagonist. Analysis
of the expression of breast cancer related genes indicated that EGFR, HER2, bcl-2 and COX-2
were significantly downregulated, while IFN-B and p21 were remarkably upregulated by
berberine. Our results suggest that coptis extracts could be promising adjuvant to ER antagonists
in ER positive breast cancer treatment through regulating expression of multiple genes.
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Introduction

Over 60% of breast cancers are estrogen receptor (ER) positive and depend on ER for
growth. The ER antagonists, tamoxifen and fulvestrant, are therefore widely used for the
treatment of ER positive breast cancer. Tamoxifen has been approved to be the first line
anti-estrogen therapy since the early 1970s[1]. However, Most tamoxifen responsive breast
cancer patients succumb to tamoxifen resistance[2]. Compelling evidences suggest that the
resistance is mainly from the existence of the crosstalk between ER and type | tyrosine
kinase receptors, including epidermal growth factor receptor (EGFR) and human epidermal
growth factor receptor 2 (HER2) which may become upregulated during tamoxifen
treatment and result in breast cancer growth[3;4;5]. In addition, upregulation of bcl-2 and
cyclooxygenase-2 (COX-2) also contribute to tamoxifen resistance[6;7]. To cope with the
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resistance, fulvestrant was developed as the second line anti-estrogen therapy[8]. Fulvestrant
is an approved effective aromatase antagonist for tamoxifen resistance breast cancer by
degrading ER and complete abrogating estrogen sensitive gene transcription[9]. However,
the drug resistance of fulvestrant becomes to be a concern too. The loss of ER and ER
regulated genes leads to upregulation of growth factor signalings and results in drug
resistance and tumor growth promotion[10]. For this reason, several adjuvant agents,
including the antagonists of tyrosine kinases, EGFR and COX-2, have been under intensive
investigation in order to enhance the efficacy and reduce the resistance of the ER
antagonists. The combined treatment begins to show potentials in improving breast cancer
treatment[10].

Coptis (known as Gold Thread), a widely used herb in traditional Chinese medicine,
attracted much attention because of its multiple pharmacological effects, including anti-
infection, anti-inflammation and anticancer effects[11]. Beberine is the major alkaloid
extracted from coptis[12]. The results from DNA microarray demonstrated that Bererine
regulated almost the same profile of cancer related gene as the crude extract of coptis[13]. It
was shown that the anti-inflammation and anticancer effects may be related with the
downregulation of COX-2 by berberine[14]. In addition, berberine inhibited EGFR and
bcl-2 expression in smooth muscle cells and hepatoma cells respectively[15]. Our previous
studies demonstrated that the ethanol extract of coptis, which include berberine and other
components of coptis, and purified berberine inhibited proliferation and induced apoptosis
of MCF-7 breast cancer cells[16]. Therefore, it is feasible to speculate that coptis may have
potentials in improving efficacy of the ER antagonists in breast cancer treatment.

In this study, we investigated whether the anticancer effects of tamoxifen and fulvestrant on
breast cancer cells are enhanced by coptis extracts and its possible molecular mechanisms.

Materials and Methods

Materials

Cell culture

Coptis rhizoma powder (Mayway Inc., CA) was made from coptidis japonica and extracted
as described previously[16]. Briefly, the powder was first dissolved in 70% ethanol and
subsequently diluted in 35% ethanol at a stock concentration of 10 mg/ml. The mixture was
vortexed rigorously for 2 min followed by 5 min ultrasonication. After centrifugation
(2,000¢, 10 min), the supernatant was collected and stored at -20°C until use. Pure berberine
(>97%), the main active constituent in coptis extract, fulvestrant, the selective estrogen
receptor antagonist, were purchased from Sigma-Aldrich Co. (St. Louis, MO). Berberine
and fulvestrant were dissolved in DMSO. All above reagents were diluted in the complete
medium (as described below) before use. The final concentration of DMSO in the medium
was less than 0.1 %.

MCF-7 and MDA-MB-231 human breast cancer cell lines were from ATCC (Manassas,
VA) and grown in DMEM/F-12 medium (Invitrogen, Carlsbad, CA, USA). All mediums
were supplemented with 100 U/ml penicillin, 100 pg/ml streptomycin, and 10% inactivated
fetal calf serum (FBS; HyClone, South Logan, UT). Cells were incubated at 37°C in a
humidified atmosphere of 95% air and 5% CO,. Cells were sub-cultured twice weekly.

Cell viability assay

The cell viability was evaluated by a colorimetric XTT assay[17]. Briefly, cells (3 x 103 per
well) were seeded in 96-well plastic plates and incubated at 37°C for 16 h. Then the drugs
were added and incubated with cells for 72 h. The medium was replaced with 100 .l of
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phenol red-free MEM (Invitrogen) containing 0.45 mM XTT (Invitrogen) and 8 pM
electron-coupling reagent 5-Methylphenazinium methyl sulfate (PMS; Sigma-Aldrich).
After 4 h incubation at 37 °C, 5 % CO», the spectrophotometrical absorbance (A490) of
samples was measured using a microplate reader (PerkinElmer, Waltham, MA, USA) with
measurement wavelength of 490nm and reference wave length of 690nm. Each
measurement was performed in triplicate or quadruplicate. The inhibitory effect was
calculated according to the equation: Inhibition (%) = [1-(A490 of treated wells/A490 of
control wells)] x 100. The calculated theoretical additive inhibitory effect of agents a and b
was calculated as following[18]: ¢/, = 100 x [1 - (1 — //100) x (1 — 4/100)]. chy, is the
calculated additive inhibitory effect of combinations. /4, 4, and m/,, are measured inhibitory
effect of each agent used alone and combination. The growth inhibitory effect of
combination treatment was determined as following:

Synergistic effect: miby > cly
Additive effect: mby = chy,

Antagonistic effect: mily, < cly

Quantitative real-time PCR

Total RNA was extracted using an RNeasy Mini kit (Qiagen, Valencia, CA) from MCF-7
cells treated with or without berberine. Concentration and purity of extracted RNA were
determined using a Shimadzu UV1600 spectrophotometer (Shimadzu, Kyoto, Japan). The
quality of RNA was checked by the 1% agarose gel electrophoresis. Total RNA (2 pg) was
used for synthesis of cDNA using reverse transcription kit (Promega, Madison, W1)
following the manufacturer's protocol. Oligonucleotide primers (Table 1) were designed
using the Primer Express software (Applied Biosystems, Foster City, CA) and synthesized
by Invitrogen. GAPDH gene was used as an endogenous control to normalize the expression
of the target genes. SYBR Green with low ROX gPCR mix was purchased from Thermo
Scientific (Epsom, Surrey, UK). Quantitative real-time RT-PCR was performed in triplicate
using a 96-well optic tray on an ABI Prism 7000 sequence detection system (Applied
Biosystems). Data collection and analysis was performed with SDS v1.2x System Software
(Applied Biosystems). Data were then exported and further analyzed in Microsoft Excel.
Normalized cycle threshold (ACt) was calculated by subtracting Ct value of GAPDH from
Ct value of target genes. Relative gene expression level of berberine treated cells to
untreated cells (control) was determined by the formula; 2/ACt(control)- ACt(treatment)]

Statistic analysis

Results

The data were expressed as means + SD. One-way analysis of variance (ANOVA) was
performed to determine the difference between control, agents alone and combinations using
GraphPad Prism 4 software package (San Diego, CA, USA). Newman-Keuls test was used
for multiple comparisons of variance. Statistical significance was accepted at the level of P <
0.05. Each experiment was repeated at least three times.

1. Effect of combined treatment of ER antagonists plus coptis extracts on the growth of
breast cancer cells

To evaluate whether combined treatment of ER antagonists and coptis extracts exerts an
enhanced anticancer effect on breast cancer cells, cell viability was examined by XTT assay
on human ER+ MCF-7 and ER- MDA-MB-231 cells treated with tamoxifen (TAM) alone or
combined with crude extract of coptis (COP) or its pure major constituent berberine (BER).
As shown in Figure 1A and 1B, the combined treatment of TAM and COP resulted in
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synergistic inhibitory effect on MCF-7 cells, e.g. TAM (1.5 uM) and COP (20 p.g/ml), when
used alone, induced only 10% and 30% of cell growth inhibitory effect respectively, while
combined use of the same dose of TAM and COP resulted in an inhibitory effect of 85%, P
= 0.0005 compared to the calculated additive inhibitory effect of 39%. Similarly, the
combined use of TAM (1.5 uM) and BER (16 pg/ml) led to a synergistic growth inhibitory
effect of 86%, P =0.002 compared to the calculated additive inhibitory effect of 54%.
However, combination treatment of TAM and COP did not show synergistic effect on ER
negative MDA-MB-231 cells (Fig 2A and 2B).

To further investigate whether there is synergistic inhibitory effect in combined treatment of
other ER antagonist plus COP or BER, we next examined the effect of combined treatment
of COP or BER with fulvestrant (FUL), a specific ER antagonist, on MCF-7 cell growth.
The results showed that the combined use of COP or BER with FUL at 10 nM, which had no
detectable inhibitory effect when used alone, resulted in significantly synergistic inhibitory
effects on MCF-7 cell growth, £< 0.01 compared to COP or BER used alone (Fig 3A, 3B).

2. Effect of BER on the gene expression in MCF-7 cells

The possible mechanism for the synergistic inhibitory effects of combined treatment of
coptis extracts and ER antagonists was primary investigated through analysis of gene
expression by quantitative real time RT-PCR. Instead of using crude extract of coptis, we
used the pure compound BER which is the major active compound in the anticancer effect
of coptis in this experiment to avoid confounding factors created by unknown compounds in
coptis. The regulation of gene expression by BER was expressed as fold differences between
treatment and control groups as shown in Table 2. The results demonstrated that BER
significantly downregulated the expression of EGFR, HER2, bcl-2, COX-2, FLIP,
Surviving, cyclin-D1 and Tollip, while upregulated the expression of IFN-B, p21 and ZO-1
in MCF-7 cells. Notably, expression of EGFR remarkably decreased 16-fold, and IFN-f and
p21 increased 35- and 21-fold respectively in MCF-7 cells treated with BER (16 pg/ml) for
48h, suggesting their important roles in the synergistic effects of combined treatment of
coptis extracts and ER antagonists.

Discussion

Clinically, most tamoxifen responsive breast cancer patients succumb to drug resistance[2].
Similarly, fulvestrant resistance start to be concerned, although fulvestrant is approved an
effective ER antagonist for tamoxifen resistance breast cancer[9]. It is necessary to develop
combined treatment regimes to enhance the efficacy of ER antagonists. By recognizing the
multiple targeting manner of coptis, particularly inhibiting inflammation and expression of
cancer related genes (e.g. COX-2, bcl-2, EGFR, etc.), and our previous report that coptis
extracts markedly inhibited cell proliferation and induced apoptotic cell death of MCF-7
cells through upregulating the expression of IFN- and TNF-a[16], we speculate the coptis
extracts may be potential in enhancing the efficacy of ER antagonists. The results of the
present study demonstrated that combined treatment of tamoxifen and coptis extracts (i.e.
the crude extract of coptis and the pure compound berberine) elicited enhanced growth
inhibitory effects on ER positive MCF-7 cells, but not on ER negative MDA-MB-231 cells.
Similar results were observed in the combination treatment of fulvestrant and coptis extracts
on MCF-7 cells.

In order to determine the possible molecular mechanisms underlying the synergistic
anticancer effects of coptis extracts on ER antagonists, we analyzed the expression level of
several breast cancer related genes in MCF-7 cells treated with berberine. The results
indicated that berberine significantly downregulated the expression of EGFR, HER?2, bcl-2
and COX-2, while upregulated IFN-p and p21. Notably, expression of EGFR, IFN-B and
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p21 were changed by more than 15 times (Table 2). Compelling evidences suggested that
multiple genes, particularly EGFR, HER2, COX-2, bcl-2 and IFN-p may play important
roles in modulating the efficacy and resistance of ER-antagonists. Studies indicated that
EGFR and HER2 antagonize the anticancer effect of tamoxifen and induce drug resistance
through activating ER and co-regulatory proteins, inducing a cross talk that leads to
enhanced ER positive breast cancer survival and proliferation[19;20]. In addition, tamoxifen
behaves as an estrogen agonist in the context of overexpression of HER2 in breast cancer
cells, resulting in de novo resistance, and Gefitinib (an EGFR tyrosine kinase inhibitor)
pretreatment blocked receptor cross-talk, eliminated the agonist effects of tamoxifen, and
restored its antitumor activity[4]. Moreover, EGFR and HER? inhibitors can restore
tamoxifen sensitivity and delay resistance to tamoxifen and fulvestrant[10]. Bcl-2 protein
exerts strong anti-apoptosis activity, and high expression of bcl-2 is also responsible for the
tamoxifen resistance[21]. Our previous study indicated that upregulation of IFN-f was
responsible for the antiproliferative effect of crude extract of coptis[16], and combination
use of IFN-B and tamoxifen was suggested to overcome clinical resistance to tamoxifen in
advanced breast cancer[22]. P21 is a potent cyclin-dependent kinase inhibitor mediating the
p53-dependent G1 and S phase arrest. A very recent study revealed that loss of p21
expression was associated with resistant breast cancers which proliferatively respond to
tamoxifen[3]. It has been suggested that anti-inflammation may be an important strategy in
cancer prevention and treatment[23]. Coptis has been traditionally used as an anti-
inflammatory agent for generations. Our results indicated that berberine inhibited COX-2
gene expression, further explained the mechanism of anti-inflammation of coptis. It was
shown that COX-2 reduced inhibitory effects of tamoxifen on breast cancer cell growth[7].

Taken together, the modulation of berberine on multiple genes suggests its unique property
and may explain, at least partially, the synergistic anticancer effects of combined use of
coptis extracts and ER antagonists, and suggests the promising potential use in the adjuvant
treatment of breast cancer. Targeting one or two pathways may not be efficient to inhibit the
growth of cancer since cancer cells are heterogeneous and endowed with complex,
redundant, converging and diverging pathways spanning both the genetic and metabolic
networks to gain growth advantages, as evidenced that cyclin E kinase complexes can
function redundantly and replace the loss of cyclin D-dependent kinase complexes that
functionally inactivate pRb[24]. Studies indicated multiple targeted anticancer agents may
have better potential in improving the efficacy of ER antagonists[19;25].
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Fig 1.

Effects of combined treatment of COP with TAM on the growth of MCF-7 cells (A) and
MDA-MB-231 cells (B). The drugs were added into cell culture after the cells were
inoculated in 96-well plate for 16 h. Cell growth was examined using XTT colorimetric
assay as described in Materials and Methods after 72 h exposure to reagents. * represents the
synergistic effects while # indicates antagonistic effects, £< 0.05 compared to calculated
theoretical additive inhibitory effect of each combination. Data are represented as means +
SD of 3 to 5 independent experiments.
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Effects of combined treatment of BER with TAM on the growth of MCF-7 cells (A) and

MDA-MB-231 cells (B). The drugs were added into cell culture after the cells were
inoculated in 96-well plate for 16 h. Cell growth was examined using XTT colorimetric

assay as described in Materials and Methods after 72 h exposure to reagents. * represents the
synergistic effects while # indicates antagonistic effects, £< 0.05 compared to calculated
theoretical additive inhibitory effect of each combination. Data are represented as means £

SD of 3 to 5 independent experiments.
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Fig 3.

Effects of combined treatment of COP or BER and FUL on the growth of MCF-7 cells. Cell
growth was examined by XTT assay. Cells were treated with COP (A) or BER (B) at the
indicated concentrations and FUL at a sub-inhibitory dose of 10 nM for 72 h before XTT
assay. Data are represented as means + SD of 3 to 5 independent experiments.
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Table 1

Genes and oligonucleotide primers for quantitative real-time RT-PCR

Genes Forward primer Rever se primer

bel-2 GGGGAGGATTGTGGCCTTC CAGGGCGATGTTGTCCACC
COX-2 GTGCAACACTTGAGTGGCTAT AGCAATTTGCCTGGTGAATGAT
cyclin-D1  GAACAAACAGATCATCCGCAAAC GCGGTAGTAGGACAGGAAGTTG
EGFR AAGGAAATCCTCGATGAAGCCT TGTCTTTGTGTTCCCGGACATA
FLIP AATTCAAGGCTCAGAAGCGA GGCAGAAACTCTGCTGTTCC
GAPDH TCCTGCACCACCAACTGCTTAG GGCATGGACTGTGG TCATGAGT
HER2 TCCAACTGGACAACCTCTCTC TGAAGTACCGGGGTTTCCATT
IFN-B AAGCAGCAATTTTCAGTGTCA CCTCAGGGATGTCAAAGTTCA
p21 CCTGTCACTGTCTTGTACCCT GCGTTTGGAGTGGTAGAAATCT
Survivin ATTTGAATCGCGGGACCC GAGAAAGGGCTGCCAGGC
Tollip GCCAAGAATTACGGCATGACC GTGGATGACCTTATTCCAGCG
Z0-1 ATTCACGCAGTTACGAGCAAG AGATGAAGGTATCAGCGGAGG
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