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Abstract

AIM: To investigate the effect of tamoxifen (TAM) on
multidrug resistance (MDR) of colorectal carcinoma in vivo
and its relationship with estrogen receptor (ER).

METHODS: Multidrug resistance was determined by
means of semi-quantitative retro-transcription polymerase
chain reaction (RT-PCR) to test mdr1 gene mRNA and ER
expression was studied by immunohistochemistry. Tumor
tissues from three cases of human colon carcinoma, which
had mdr1(+)/ER(+), mdr1(+)/ER(-), mdr1(-) expressions,
were planted subcutaneously in the neck of nude mice to
establish three xenograft models. These models were
subdivided into four subgroups randomly: Doxorubicin
(DOX)-treated group, TAM-treated group, DOX and TAM
group and control group. The dimensions of these
xenografts were measured after each course of treatment
and the xenografts were removed at the end of the
experiments for measurements of weight and the variation
of mdr1 mRNA level with RT-PCR. In each course, TAM
[15 mg/(kg/d)] was administrated orally per day in the first
seven days and DOX (3.6 mg/kg) was injected peritoneally
on the first day. Data was evaluated by q and t tests.

RESULTS: In the animal models with mdr1(-) tumor, the
weights and volumes of the planted tumor in DOX group
[(39.1±2.29) mg, (31.44±1.61) mm3] and TAM and DOX
group [(38.72±2.56) mg, (31.31±1.74) mm3], which
were lesser than that of control group [(45.48±3.92) mg,
(36.42±2.77) mm3, P = 0.037, P = 0.016 respectively]
significantly. In the animal models with mdr1(+)/ER(+)
tumor, the weights and volumes of planted tumor were
not affected by DOX or TAM treatment; however, in TAM
and DOX group [(425.5±28.58) mg, (340.35±22.28) mm3],
they were significantly less than that of control group
[(634.23±119.41) mg, (507.45±93.34) mm3, P = 0.022,

P = 0.045 respectively], which are similar to that in the
models with mdr1(+)/ER(-) tumor. No significant changes
were found in the expressive level of mdr1 mRNA following
these treatments.

CONCLUSION: The expression of mdr1 gene corresponds
to the sensitivity of colon cancer to anti-tumor drugs in vivo.
TAM can reverse the MDR of colorectal carcinoma in nude
mice, which is independent of the expression of ER;
however, no change was observed in the expressive level
of mdr1 mRNA.
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INTRODUCTION

Multidrug resistance (MDR) describes the cross-resistance
to various structurally unrelated cytotoxic agents in human
neoplasms. Resistance to chemotherapy remains an obstacle
to the successful treatment of human cancer and has been
the subject of numerous investigations aiming at identifying
the molecular mechanisms of resistance in cancer cells[1]. It
has been shown that MDR has many mechanisms, including
the over-expression of mdr1 gene, the enhancement of
multidrug-resistant protein and lung-resistant protein, the
variation of DNA topoisomerase II and glutathione-S-
transferase (GST). But mdr1 over expression is being
regarded as the major factor[2-4]. The mdr1 gene encodes a
transmembrane protein, called P-glycoprotein (P-gp), which
acts as a drug efflux pump actively depleting intracellular
drug concentration in resistant tumor cells. The colorectal
carcinoma has been estimated as one of the tumors with
the highest expression of  mdr1 gene or P-gp.

Experimentally, MDR can be reversed completely or
partly by simultaneous treatment with a number of non-
cytotoxic agents, which can competitively inhibit P-gp
function[5-9]. These agents include tamoxifen (TAM),
cyclosporin A (CsA), verapamil (VER), BSO, etc. It has been
estimated that the MDR of colorectal cells can be reversed
by administration of TAM in vitro, which has not been



shown in vivo. It has been repeatedly demonstrated that
estrogen has a close bearing on the carcinogenesis of estrogen
receptor (ER) containing target organs such as uterus, vagina
and breast. ER was also found in both normal and neoplastic
colorectal epithelia[10]. TAM has been used widely in the
treatment of advanced breast cancer, with high responses
in patients with positive expression of ER. In this study,
xenograft models of nude mice with human colorectal
carcinoma were established to determine whether TAM
had the same effect in vivo as in vitro on MDR and its
relationship with ER.

MATERIALS AND METHODS

Semi-quantitative RT-PCR assay to test mdr1 mRNA and
immunohistochemistry assay to examine ER expression
Semi-quantitative RT-PCR assay to test mRNA and
immunohistochemistry assay to examine ER expression are
described in our previous report[11].

Establishment of xenograft models in nude mice
BALB/c (nu/nu) nude mice, four to six months old, were
purchased from Shanghai Institute of Experimental Animals,
Chinese Academy of Sciences, and bred in SPF environment
in Jiangsu Experimental Animal Center. These nude mice
were experimented irrespective of their genders.

Human colorectal carcinoma tissue was obtained during
operation aseptically and was broken into pieces as small as
possible, and then this tissue was transplanted into nude
mice subcutaneously. It was required that tumor tissue be
transplanted in thirty minutes after resection and
transplantation operation be sterile. About four weeks later
at the transplantation site tumor appeared and grew large
gradually. When the tumor in nude mice grew to about 2-3
centimeters in diameter, it was taken out and cut into one
square millimeter pieces and each piece planted into nude
mice to establish the second-generation model, which was
used in this study.

Before we established the nude mouse models, we had
done some biopsies by electronic colonoscopic examination
to screen out three patients with colorectal carcinoma, whose
expressions of ER and mdr1 gene were ER positive/mdr1
positive, ER negative/mdr1  positive, mdr1 negative
respectively. Patient I, male, with both ER and mdr1 positive,
was thirty-six years old and had poorly differentiated
carcinoma in ascending colon, which was Duke’s stage B.
Patient II, male, with ER negativity but mdr1 positivity, was
forty-three years old and had poorly differentiated
carcinoma in sigmoid colon, which was Duke’s stage C.
Patient III, female, mdr1 negative, had well-differentiated
carcinoma in sigmoid colon, which was also Duke’s stage C.

Grouping
The second-generation models from one patient were divided
into four groups randomly: DOX-treated group, TAM-
treated group, DOX and TAM group and control group.
Each group contained six nude mice.

Administration
TAM (Shanghai Hualian Pharmaceutical Co. Ltd) was

dissolved in normal saline and administered orally at
15 mg/kg body weight per day. DOX (Shanghai Hualian
Pharmaceutical Co. Ltd) was injected into peritoneal cavity
at 3.6 mg/kg body weight.

Protocols
TAM was administered orally every day in the first seven
days in TAM-treated groups and in TAM and DOX groups.
DOX was injected on the first day in DOX-treated groups
and in TAM and DOX groups. There was no administration
during the eighth to the twenty-first days. There were two
courses totally.

At the beginning and end of each course, the dimensions
of these tumors were measured (X stands for the maximal
length and Y for the minimal length), and then tumor
volumes were calculated by the formula, V = 0.4xy2. By
the end of this experiment, the tumors were taken out and
weighed, and the mdr1 mRNA levels of these treated tumors
were evaluated again.

Statistics analysis
The volumes and weights of the tumors were compared
among different groups by q test, so were the mdr1 RNA
levels between pre- and post- experiment using t test.

RESULTS

mdr1 mRNA of tumors from three patients
Figure 1 shows the results of mdr1 mRNA expression before
experiments.

Figure 1 mdr1 mRNA expression of tumors from three patients.
Lane 1: DNA marker, lane 2: positive control, lane 3: negative control,
lane 4: patient III, lane 5: patient I, lane 6: patient II.

Volumes and weights of mdr1-positive and ER-positive tumors
The volumes and weights of mdr1-positive and ER-positive
tumors are shown in Figure 2. By the end of the first course the
volumes of tumors were nearly equal among the control group
[(62.63±10.16) cm3], DOX-treated group [(57.58±8.36) cm3]
and TAM-treated group [(59.22±8.53) cm3], but the tumors
in DOX+TAM group [(44.37±4.02) cm3] were smaller than
those of control group (P = 0.031). Similarly, at the end of
treatment the tumor volumes and weights of  TAM+DOX
group [(340.35±22.28) cm3, (425.52±28.58) mg] were smaller
than those of control group significantly [(507.45±93.34) cm3,
(634.23±119.41) mg, P = 0.022, P = 0.045 respectively];
both the tumors in TAM-treated group [(483.68±81.96) cm3,
(603.05±103.39) mg] and DOX-treated group [(465.92±
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72.94) cm3, (581.05±89.77) mg] were similar to those of
control group in diameter.

Figure 2  The volumes and weights of mdr1-positive and ER-posi-
tive tumors, 1: the tumor volumes in the beginning of treatment, 2:
the tumor volumes at the end of the first course, 3: the tumor
volumes at the end of the second course, 4: the tumor weights at
the end of the second course.

Volumes and weights of mdr1-positive and ER-negative tumors
The result of mdr1-positive and ER-negative group is shown
in Figure 3. Similar to those of both mdr1 and ER-positive
tumors, at the end of first and second courses of treatment
the tumors in TAM+DOX group were smaller than those
of control group significantly (P = 0.040, P = 0.001
respectively); however, the tumors in TAM-treated group
and DOX-treated group were relatively equal to those of
control group.

Figure 3  The volumes and weights of mdr1-positive and ER-nega-
tive tumors, 1: the tumor volumes in the beginning of treatment, 2:
the tumor volumes by the end of the first course, 3: the tumor
volumes at the end of the second course, 4: the tumor weights at
the end of the second course.

Volumes and weights of mdr1-negative tumors
The result of mdr1-negative group is shown in Figure 4.
The tumors were nearly equal among four groups after the
first course, but by the end of treatment the tumors in
TAM+DOX group [(31.31±1.74) cm3, (38.72±2.56) mg]
and DOX group [(31.44±1.61) cm3, (39.1±2.29) mg] were
smaller than those of control group [(36.42±2.77) cm3,
(45.48±3.92) mg] and TAM group [(35.47±3.5) cm3,
(44.57±3.74) mg] significantly (P = 0.037, P = 0.016 respectively).

Figure 4  The volumes and weights of mdr1 negative tumors, 1: the
tumor volumes in the beginning of treatment, 2: the tumor volumes
at the end of the first course, 3: the tumor volumes at the end of the
second course, 4: the tumor weights at the end of the second course.

mdr1 mRNA levels of mdr1-positive tumors after treatment
The ratio of mdr1 mRNA/2MG mRNA of tumor from
patient I (both mdr1 and ER positive) was 0.36, and from
patient II (ER negative but mdr1 positive) 0.44 before
treatment. The results after treatment are shown in Figure 5.
Obviously, the mdr1 mRNA levels of these tumors remained
unchanged after treatment.

Figure 5  mdr1 mRNA levels of mdr1-positive tumors after treatment.

DISCUSSION

Multidrug resistance (MDR) was first observed in
experimental oncology in 1970 by Biedler and Riehm. It
has been extensively studied because one of the most serious
problems in current cancer chemotherapy is intrinsic or
acquired drug resistance. P-glycoprotein (P-gp) encoded by
mdr1 gene, is believed to play an important role in the
mechanism of MDR, although the latter involves many
factors. P-gp is a membrane ATPase that serves as an efflux
pump for multiple anticancer agents. This protein has 12
transmembrane domains divided into two homologous
halves, each of which includes an ATP-binding cassette
domain that catalyzes ATP hydrolysis. P-gp is found in
normal bile duct, pancreatic duct, small intestine and large
intestine, although its amount is very low. P-gp in normal
tissue is thought to serve some functions such as
withstanding the invasion of exotic toxin, excreting by-
product of metabolism or several kinds of cytokine via
non-typical pathway, transferring ions and hormones.

Colorectal cancer is one of the tumors with the highest
expression of  mdr1 gene or P-gp. Previously, we showed by
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immunohistochemistry analysis that 42.9% normal colorectal
specimens expressed P-gp; however, in untreated colorectal
tumors P-gp expression rate was 73.85%, which was
significantly higher than that in the corresponding normal
tissue, indicating the colon epithelium, which acquired high
expression of  P-gp/mdr1 in the course of  carcinogenesis[11].
As to the clinical relationship between overexpression of P-
gp/mdr1 with multiple drug resistance, numerous researches
have demonstrated the direct relevancy[3,4,12]. In the current
research, tumors with negative mdr1 expression were smaller
than those in control groups after DOX treatment, but DOX
did not influence the growth of mdr1-positive tumors, that
is to say, tumors with increased mdr1 gene expression showed
resistance to DOX, confirming the relationship between
mdr1 gene and anticancer drug resistance in nude mouse
models.

The relationship between hormone and neoplasm is
relatively complicated[13]. It has been repeatedly demonstrated
that estrogen has a close bearing on the carcinogenesis of
its estrogen receptor (ER)-containing target organs such as
uterus, vagina and breast. Estrogen functions through
integrating with estrogen receptor (ER), but ER protein was
also found in both normal and neoplastic colorectal
epithelium, which was firstly reported by Jensen and his
colleagues. The expression rate of ER in primary colorectal
carcinoma varied widely from 20% to 80% according to
different reports[10,14-20]. In our previous study, we demonstrated
ER expression in colorectal carcinomas and adjacent normal
mucosa with expression rates of 75.4% and 38.1%
respectively[11]. ER expression in carcinomas was more
extensive than in normal tissues indicating that during the
course of carcinogenesis colorectal epithelium obtained high
expression of ER and estrogen might play some role in
differentiation and maturation of colorectal cells, which is
different from results of Konstantinopoulos et al [21].
Previously, there was no report on co-expression of ER
and P-gp; however, the positive relevancy between the
expression of  ER and P-gp was not found in our study.

Anti-estrogen tamoxifen (TAM) is one of the compounds
that can modify multidrug resistance. It is widely used in
the treatment of advanced breast cancers with a high
response in tumors containing ER. Despite numerous
in vitro studies and clinical trials of TAM having been
conducted, it is necessary to investigate its effect in vivo and
its relationship with ER status. In the current research, three
colorectal cancer specimens from different patients with
different expression of ER or mdr1 gene were used to
establish xenograft models in nude mice, which ensured the
results more close to clinical study.

Although Nakayama’s research[22] showed ERbeta ligands
in combination with tamoxifen may have tumor-static effects
on colon cancer cells, our results showed that only tamoxifen
did not influence the growth of tumors despite several kinds
of expressions of ER and mdr1 gene, indicating that only
TAM may have no effect on colon cancer. However, in
tumors with mdr1 gene, TAM did inhibit tumors significantly
irrespective of ER status when it was administered with
DOX, that is to say, TAM can modify multidrug resistance,
and its effect is independent of estrogen receptor. It was
also demonstrated that the mdr1 gene levels in these tumors

were not influenced by TAM and DOX treatment. The
mechanism of TAM to reverse MDR requires further
investigation. The dose of TAM used in this study was too
high for humans, so its innate toxicity may prevent it from
being used in humans as a potent modulating agent. Other
chemical compounds also produce undesirable side effects
in vivo, such as cardiovascular disorders.

Recent advances in molecular technology make it
possible to introduce genetic modification of the cells to
the field of treatment[23-27]. Reports have already described
that treatment of  anti-sense oligonucleotides against P-gp[23]

and P-gp ribozyme[24] overcame MDR and enhanced the
chemosensitivity of treated cells. Heike et al[28] used an
intracellular anti-mdr1 sFv to overcome MDR, and Zhan
et al[29] found reintroduction of wt p53 into soft tissue
sarcoma cells harboring p53 mutations enhanced their
chemosensitivity to DOX through the inhibition of  mdr1/
P-gp expression.
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