
 

 

 University of Groningen

Molecular mechanisms regulating epithelial-to-mesenchymal transition and therapy sensitivity
in breast cancer and glioblastoma
Liang, Yuanke

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2019

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Liang, Y. (2019). Molecular mechanisms regulating epithelial-to-mesenchymal transition and therapy
sensitivity in breast cancer and glioblastoma. [Thesis fully internal (DIV), University of Groningen].
Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/82354e58-88c8-431e-acae-5fd0a840b767


CHAPTER 2

MCAM/CD146 promotes tamoxifen resistance 
in breast cancer cells through induction of 

epithelial-mesenchymal transition, decreased 
ERα expression and AKT activation 

Yuan-Ke Liang*1, 2, 3, De Zeng*2, 4, Ying-Sheng Xiao1, 2, Yang Wu1, 2, Yan-Xiu 
Ouyang2, Min Chen2, Yao-Chen Li2, Hao-Yu Lin5, Xiao-Long Wei6, Yong-Qu 
Zhang1, 2, Frank A.E. Kruyt#3, Guo-Jun Zhang#1,2

1. The Breast Center, Cancer Hospital of Shantou University Medical College, 7 Raoping 
Road, Shantou, China. 2. ChangJiang Scholar’s Laboratory of Shantou University Medical 
College, 22 Xinling Road, Shantou, China. 3. Department of Medical Oncology, University 

of Groningen, University Medical Center Groningen, Hanzeplein 1, 9713 GZ Groningen, 
The Netherlands. 4. Department of Breast Medical Oncology, Cancer Hospital of Shantou 

University Medical College, 7 Raoping Road, Shantou, China. 5. Department of Breast and 
Thyroid Surgery, the First Affiliated Hospital of Shantou University Medical College, 57 

Changping Road, Shantou, China. 6. Department of Pathology, Cancer Hospital of Shantou 
University Medical College, 7 Raoping Road, Shantou, China.

*These authors contributed this work equally.

Cancer Lett. 2017 Feb 1;386:65-76



28

Chapter 2

Abstract

Tamoxifen resistance presents a prominent clinical challenge in endocrine therapy for 
hormone sensitive breast cancer. However, the underlying mechanisms that contribute 
to tamoxifen resistance are not fully understood. In this study, we established a tamoxi-
fen resistant MCF-7 cell line (MCF-7-Tam-R) by continuously incubating MCF-7 cells with 
4-OH-tamoxifen. We found that melanoma cell adhesion molecule (MCAM/CD146), a 
unique epithelial-to- mesenchymal transition (EMT) inducer, was significantly up-regulated 
at both mRNA and protein levels in MCF-7-Tam-R cells compared to parental MCF-7 cells. 
Mechanistic research demonstrated that MCAM promotes tamoxifen resistance by tran-
scriptionally suppressing ERα expression and activating the AKT pathway, followed by in-
duction of EMT. Elevated MCAM expression was inversely correlated with recurrence-free 
and distant metastasis-free survival in a cohort of 4,142 patients with breast cancer derived 
from a public database, particularly in the subgroup only treated with tamoxifen. These 
results demonstrate a novel function of MCAM in conferring tamoxifen resistance in breast 
cancer. Targeting MCAM might be a promising therapeutic strategy to overcome tamoxifen 
resistance in breast cancer patients.

Keywords: Breast cancer, tamoxifen resistance, MCAM/CD146, ERα, AKT pathway

1. Introduction

Breast cancer is the most common malignancy in women worldwide. Approximately 70-75% 
of breast tumors are estrogen receptor (ER) and/or progesterone receptor (PR)-positive [1]. 
Endocrine therapy plays an important role in decreasing the recurrence risk for this subset 
of patients with localized disease, and yields clinical benefit in advanced or metastatic dis-
ease [2, 3].

Tamoxifen is the most widely used agent for this indication with excellent efficacy, partic-
ularly for younger patients in adjuvant settings [4]. Unfortunately, acquired resistance to 
tamoxifen significantly compromises effectiveness and presents a prominent challenge in 
the endocrine therapy of hormone-sensitive breast cancer patients. Despite initial respons-
es to tamoxifen treatment, about 30% of ER-positive patients ultimately develop local re-
currence and present with distant metastases, which is frequently associated with reduced 
survival [5]. A number of studies have suggested that the mechanism that confers tamox-
ifen resistance includes modification or loss of ERα expression [6], deregulation of signal 
transduction pathways, aberrant expression of specific driver proteins, and abnormality in 
tamoxifen metabolic activity [7, 8].

Chronic exposure of breast cancer cells to tamoxifen during the course of treatment may 
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promote adaptive changes and is often accompanied by acquisition of aggressive biolog-
ical behaviors, including epithelial-to-mesenchymal transition (EMT) [9] and stem-cell like 
features [10], resulting in enhanced invasive and metastatic properties as well as increased 
self-renewal capacity [11, 12]. Accumulating evidence has revealed that acquired tamoxi-
fen-resistant breast cancer cells share signatures pertinent to an invasive phenotype and 
increased migratory capacity, which are driven in part through a variety of altered oncogenic 
signaling transduction pathways, including ERα [13-15], PI3K/AKT/mTOR, and CDK4/CDK6 
[11, 16-18].

MCAM, also called CD146 or MUC18, was first identified in malignant melanoma and was 
shown to be a key oncogene driving melanoma progression and metastasis [19]. A previous 
study found that MCAM was highly expressed in triple-negative breast cancer and acted as 
a unique EMT activator [20]. Subsequent quantitative proteomic analysis suggested that a 
MCAM-driven EMT processes in breast cancer cells occurred via negative regulation of ERα 
[21]. Clinically, emerging evidence consistently indicates that MCAM confers a poor progno-
sis in patients with breast cancer [22, 23]. However, the relationship between MCAM and 
endocrine response in breast cancer has not yet been reported.

In this study, we explored the role of MCAM on tamoxifen resistance and underlying mecha-
nisms of how MCAM influence ERα status in ER-positive MCF7 cells. Our preliminary findings 
demonstrated that MCAM is aberrantly up-regulated in MCF-7-Tam-R cells. Additionally, we 
evaluated the association between MCAM expression and survival in breast cancer patients, 
specifically in ER-positive patients receiving tamoxifen treatment from an online database.

2. Materials and Methods

2.1 Cell culture and establishment of Tam-R cells

Breast cancer cell lines MCF-7, T47D, SKBR-3, MDA-MB-231, and BT-549 were obtained from 
American Type Culture Collection (ATCC). MCF-7 cells were cultured in Dulbecco’s Modified 
Eagle Medium (DMEM) supplemented with 10% fetal bovine serum (FBS) (Gibco, CA, USA) 
and 1% pen/strep (Gibco, CA, USA). MCF-7 cells resistant to tamoxifen treatment (MCF-7-
Tam-R) were generated by culturing parental MCF-7 cells continuously in medium contain-
ing 10% FBS supplemented with 1 μM 4-hydroxytamoxifen (Sigma-Aldrich, St Louis, MO, 
USA) for 3 months and then at 3 μM for at least 9 months. All cell lines were maintained in 
a humidified incubator at 37℃ and 5% CO2.   

2.2 Cell proliferation assay

For cell proliferation assay and IC50 determination, 5×103 cells were plated in 96-well plates. 
After 24 hours, the cells were incubated with different concentrations of 4-OH-TAM (Sig-
ma-Aldrich, St Louis, MO, USA) as indicated in the figure legend. The vehicle (0.1% ethanol) 
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was used as a control. Each treatment was performed with 5 replicates in 100 μL media. 
Media was changed with fresh medium containing the same supplements every 2 days. 
Cell proliferation was measured using the Cell Counting Kit (CCK-8) (Beyotime Institute of 
Biotechnology, Jiangsu, China) according to the manufacturer’s instructions. Briefly, 10 μl of 
CCK-8 was added to 100μl medium per well and incubated at 37℃ and 5% CO2 for 2 hours. 
After that cell counts were determined by measuring absorbance at 450 nm using a 96-well 
format plate reader. 

2.3 Plasmids, small interfering RNA, and transfection

The empty vector pCMV-GFP and pCMV-GFP-MCAM plasmids were purchased from Sino 
Biological Inc. (Beijing, China). The ERα promoter (-928 bp upstream of exon1 and extending 
to +72 bp) was sub-cloned upstream (NheI/BglII sites) of a luciferase reporter gene. pRL-
SV40 (Promega, WI, USA) was used as control vector to normalize transfection efficiency. 
Small interference RNAs (siRNA) were purchased from GenePharma Company (Suzhou, Chi-
na). Cells were transfected with plasmids or siRNA using Lipofectamine 2000 (Life Technolo-
gy, NY, USA) according to the manufacturer’s instructions. To generate stable MCF-7-MCAM 
cells, 2 days after transfection 0.5 μg/ml puromycin was added to the medium for selection.

2.4 Western blot analysis

Western blotting was performed as described previously [24]. In brief, cells were lysed in 
RIPA buffer with 1 mM phenylmethylsulfonyl fluoride and phosphatase inhibitors (5 mM so-
dium orthovanadate), and protein lysates were separated by 8% SDS-PAGE and transferred 
onto a PVDF membrane. The membrane was blocked in 5% skim milk and subsequently 
incubated with primary antibodies listed in Supplemental Table 1 at 4°C overnight. After 
washing three times each for 5 min in Tris-buffered saline containing 1% Tween-20 (TBST), 
the membrane was then incubated with peroxidase-conjugated goat anti-mouse IgG or goat 
anti-rabbit IgG and visualized using super ECL detection reagent (Applygen, Beijing, China).  

2.5 RNA isolation and qRT-PCR

Total RNA was isolated from cells using TRIzol (Life Technology, NY, USA) following the man-
ufacturer’s instructions and stored at -80°C. Reverse transcription was performed using the 
PrimeScript™ RT reagent kit (Takara Bio Inc., Dalian, China) according to the manufacturer’s 
instructions. qRT-PCR was performed using SYBR Premix Ex Taq (Takara Bio Inc., Dalian, Chi-
na) on a CFX96 Real-time PCR Detection System (Bio-Rad, CA, USA). Primer sequences for 
qPCR are listed in Supplemental Table 2. PCR reactions were performed at 50°C for 2 min 
and 95°C for 2 min, followed by 40 cycles of 95°C for 15 s and 60°C for 1 min.

2.6 Immunohistochemical staining for cells

Cells were cultured on Millicell EZ 8-well glass slides (Merck Millipore, Germany) and fixed 
with 4% paraformaldehyde for 10 min at 4°C. Cells were permeabilized with 0.5% Triton 
X-100 for 20 min followed by blocking for 20 min with 10% BSA and incubated with primary 
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antibody overnight at 4°C. In the negative controls, primary antibodies were omitted and 
replaced by PBS. Sections were treated with peroxidase-conjugated goat anti-rabbit or an-
ti-mouse anti-bodies at room temperature for 1 h. After washing with PBS, the chromogen 
DAB was added to cells for 3-10 minutes depend on antibodies. Counterstaining was per-
formed using hematoxylin for 3 minutes.

2.7 Transwell migration and invasion assay

Cell culture inserts (8 μM pore size; BD, CA, USA) and Matrigel invasion chambers (BD, CA, 
USA) were used according to the manufacturer’s instructions. A total of 5×104 cells in se-
rum-free medium were inoculated in the upper chamber after cells were serum-starved for 
24 h. Complete medium was added to the bottom chamber. Cells were stained with 0.1% 
crystal violet after 72 h culture. Each assay was performed in triplicate. The number of cells 
from 5 fields in each well was counted by 2 investigators. 

2.8 Immunofluorescence assay

Cells were cultured on Millicell EZ 8-well glass slides (Merck Millipore, Germany) and fixed 
with 4% paraformaldehyde for 10 min at 4°C. Permeabilized cells were treated with 0.5% 
Triton X-100 for 20 minutes followed by blocking for 20 minutes with 10% BSA and incu-
bated with primary antibody overnight at 4°C. Fixed cells were incubated with secondary 
antibodies (Alexa Fluor 594 donkey anti-rabbit IgG, Alexa Fluor 488 donkey anti-mouse IgG) 
at room temperature for 1 hour. Slides were mounted in Vectashield with DAPI (Life Technol-
ogy, NY, USA). Images were visualized with an immunofluorescence microscope (Carl Zeiss, 
Jena, Germany). 

2.9 Wound-healing assay

Cell motility was quantified using in vitro wound-healing assay. Cells were seeded at flat-bot-
tom 6-well plates into a subconfluent cell monolayer and serum starved for 12 hours. 
Wounds were then scratched in the middle of each well using a 100 μL pipette tip. Medium 
with 10% FBS was replaced by serum-free media after washing twice with PBS, and then 
incubated at 37˚C in 5% CO2. Wound width was measured in 5 randomly selected fields by 
light microscopy at the time point of 0-hour and 72-hour. 

2.10 Luciferase assay

We performed luciferase assay with the Dual Luciferase Reporter Assay System (Promega, 
WI, USA) as indicated by the manufacturer’s instructions and measured luciferase activity 
48 hours after transfection. MCF-7 cell were transiently transfected with the ERα promot-
er luciferase reporter vector in the presence of pCMV-MCAM or control vectors in 24-well 
plates. For all reporter assays, pRL-SV40 was co-transfected as a control vector to normalize 
transfection efficiency. 

2.11 Analysis of MCAM expression in patients with breast cancer
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A publicly accessible online clinical database (http://kmplot.com) was used to assess the 
association between MCAM mRNA expression and survival in 4,142 breast cancer patients 
[25]. Kaplan-Meier survival curves according to MCAM (Affymetrix probe set 211042_x_at) 
expression status, together with hazard ratio (HR) and log-rank P values were displayed.

2.12 Statistical analysis

Data from at least 3 independent experiments are expressed as the mean ± SD. Student’s 
t-test was used to determine statistically significant differences, and P<0.05 was considered 
statistically significant unless otherwise specified. Kaplan–Meier survival curve, HR with 95 
% confidence intervals and log-rank P value were calculated and plotted in R using Bio-con-
ductor packages.

3. Results

3.1 MCF-7 cells with acquired tamoxifen resistance exhibit enhanced cell motility and in-
vasive behavior.

To validate tamoxifen resistance in established MCF-7-Tam-R cells, the IC50 of cells was de-
termined using a CCK8 viability assay at different 4-OH-tamoxifen concentrations for 72 hrs. 
The IC50 was 2.18 μM for parental MCF-7 cells and 17.09 μM for MCF-7-Tam-R cells (Figure 
1 A). When both MCF-7-Tam-R and MCF-7 cells were treated with 5 μM 4-OH-tamoxifen, 
MCF-7-Tam-R cell viability was significantly higher than that of MCF-7 cells, demonstrating 
MCF-7-Tam-R cell resistance to tamoxifen (Figure 1B).  

We next investigated whether acquisition of the tamoxifen resistance phenotype was ac-
companied by morphological changes. The MCF-7 cells displayed characteristics typical of 
epithelial cells, growing in tightly packed cobblestone-like clusters. In contrast, MCF-7-Tam-R 
cells displayed a fibroblast-like morphology and appeared to have lost tight cell–cell contact 
(Figure 1C). Given that MCF-7-Tam-R cells had undergone a distinctive mesenchymal-like 
morphology, we hypothesized that these cells would display enhanced motile and invasi-
ve behaviors. Using transwell assays we observed that MCF-7-Tam-R cells had significantly 
higher migration and invasion capacities compared with MCF-7 parental cells (P < 0.001, 
Figure 1D-G). These data indicate that MCF-7-Tam-R cells acquired EMT-like properties and 
more invasive behaviors compared with parental MCF-7 cells.

3.2 MCAM and pAKT increased while ERα is decreased in MCF-7-Tam-R cell lines.

We examined the expression of ERα and key molecules in the AKT pathway in MCF-7-Tam-R 
cells. As shown in Figure 2A and B, both ERα mRNA and protein levels decreased in MCF-
7-Tam-R cells compared to MCF-7 cells. pAKT expression was activated, while PTEN levels 
were diminished in MCF-7-Tam-R cells. In addition, expression of the epithelial marker E-ca-
dherin was decreased, while the mesenchymal marker vimentin was up-regulated.
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Real-time PCR analysis revealed that MCAM mRNA levels were 20-fold higher in MCF-7-
Tam-R cells than in control cells and that MCAM protein expression was dramatically up-re-
gulated (Figure 2A, B). We further investigated the expression and localization of MCAM 
together with the key epithelial marker E-cadherin in both cells by immunofluorescence. 
MCAM protein levels were up-regulated in MCF-7-Tam-R cells and mainly localized in the 
cytoplasm, while E-cadherin was decreased compared with MCF-7 (Figure 2C, D). These 
results indicate that MCAM up-regulation in MCF-7-Tam-R cells may contribute to tamoxifen 
resistance in breast cancer.

Figure 1. MCF-7-Tam-R cells are resistant to 4-OH-tamoxifen treatment and show enhanced motility and invasive 
behaviors. (A) Cell viability was examined using the cell counting kit-8 (CCK-8) assay after treatment with 10 dif-
ferent concentrations of 4-OH-tamoxifen (0 μM, 0.01 μM, 0.1 μM, 1 μM, 5 μM, 10 μM, 15 μM, 20 μM, 25 μM, 30 
μM, 35 μM) for 72 hours. (B) Proliferation rate of MCF-7 and MCF-7-Tam-R cells treated with 5 μM 4-OH-tamoxifen. 
Cell viability was measured once per day using the CCK8 assay. (C) Morphology of MCF-7 and MCF-7-Tam-R cells. 
(D and E) Representative micrographs (×200) and quantitative migration transwell assays. MCF-7 or MCF-7-Tam-R 
cells were counted in 5 random fields. (F and G) Representative micrographs (×200) and quantitative migration 
transwell assays. MCF-7 or MCF-7-Tam-R cells were counted in 5 random fields. Data represent the mean of tripli-
cate experiments ± SEM. ***P<0.001 versus control.
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3.3 MCAM is highly expressed in ERα negative breast cancer cell lines and inversely asso-
ciates with epithelial markers.

To further investigate the potential role of MCAM in breast cancer, we determined its ex-
pression in breast cancer cell lines. Western blotting showed that MCAM was highly expres-
sed in ERα-negative basal-like phenotype MDA-MB-231 and BT-549 or HER2-positive SKBR3 
breast cancer cells. These cells also expressed the fibroblast/stromal cell marker vimen-
tin. In contrast, MCAM protein expression was almost not detectable in luminal epithelial 
phenotype breast cancer cells, which express ERα and the epithelial cell marker E-cadherin 
(Figure 3A). Real-time PCR analyses also demonstrated similar expression profiles of these 
markers at the mRNA level (Figure 3B-E).

Figure 2. MCAM is highly expressed in MCF-7-Tam-R cells. (A) Relative mRNA level of MCAM, ERα, E-cadherin, 
vimentin were detected by RT-PCR in MCF-7 and MCF-7-Tam-R cells. (B) Western blot analysis in MCF-7 and MCF-
7-Tam-R cells. (C and D) Immunofluorescence of MCF-7 and MCF-7-Tam-R cells stained with anti-MCAM (green 
signal) and anti-E-cadherin (red signal) antibody. DAPI (blue), 4’, 6-diamidino-2-phenylindole.

We found a significant decrease in levels of the epithelial marker E-cadherin in cells that 
overexpress MCAM (Figure 3F). In contrast, the mesenchymal transcription factor β-catenin 
was significantly up-regulated (Figure 3F, G). To further evaluate whether MCAM affects 
EMT markers, we transiently transfected MCF-7 cells with pCMV-GFP-MCAM or pCMV-GFP 
plasmids, which both express green fluorescence protein. Immunofluorescence staining re-
vealed that E-cadherin levels were significantly decreased in cells expressing MCAM compa-
red with parental or control transfected cells. Thus, overexpression of MCAM significantly 
reduced expression of epithelial markers and up-regulated mesenchymal markers.

3.4 MCAM induces epithelial-mesenchymal transition and tamoxifen resistance in MCF-7 
cells.
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Tumor cells with acquired EMT are generally characterized by morphological changes and 
typically exhibit enhanced cellular migratory and invasive behaviors. To investigate the ef-
fects of MCAM on EMT, we established stable transfected pCMV-MCAM plasmids in MCF-
7 cells. MCAM-expressing MCF-7 cells showed characteristics of cellular scattering with 
a fibroblast-like morphology in contrast to MCF-7 cells, which maintained a cobblestone 
phenotype with strong cell-cell adhesion (Figure 4A). Moreover, over-expression of MCAM 

Figure 3. MCAM is overexpressed in ERα-negative breast cancer cell lines. (A) Expression of MCAM, ERα, E-cad-
herin, and vimentin was detected by Western blot in various breast cancer cell lines. MCAM (B), ERα (C), E-cadherin 
(D), and vimentin (E) mRNA levels were determined by real-time PCR in breast cancer cell lines. (F) Protein levels of 
MCAM, β-catenin, and E-cadherin were determined by Western blot in MCF-7 cells transfected with pCMV-MCAM 
or control vectors as indicated. (G) MCAM, β-catenin, and E-cadherin were detected by immunohistochemistry. 
(H) Immunofluorescence staining of MCF-7 cells transiently transfected with the pCMV-GFP–MCAM vector using 
anti-MCAM (green signal) and anti-E-cadherin (red signal) antibodies. DAPI DAPI (blue).
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significantly enhanced migration and invasion capacity, when compared to parental MCF-7 
cells (p < 0.001, Figure 4B-F). Together, these findings demonstrate that MCAM can induce 
EMT in MCF-7 cells. 

Figure 4. MCAM induces epithelial mesenchymal transition and tamoxifen resistance in MCF-7 cells. (A) Morpho-
logy of MCF-7-MCAM and MCF-7 cells evaluated by phase contrast microscopy (×200). (B) Representative micro-
graphs (×40) of the wound healing assay in MCF-7 and MCAM-transfected MCF-7 cells. Cells were photographed 
to measure wound width at 0 and 72 hours. Wound healing lengths were measured in 5 random fields. (C and D) 
Representative micrographs (×200) and quantitative migration transwell assays of MCF-7-MCAM and MCF-7 cells; 
5 random fields were counted. (E and F) Representative micrographs (×200) and quantitative invasion transwell 
assays. Stably expressing MCAM MCF-7 cells or MCF-7 cells were counted in 5 random fields. (G) Cell viability was 
examined using the CCK-8 assay after treatment with 4 different concentrations of 4-OH-tamoxifen for 72 hours in 
MCF-7 and MCAM-expressing MCF-7 cells. (H) Cell viability was examined using the CCK-8 assay after treatment 
with 4 different concentrations of 4-OH-tamoxifen for 72 hours in MCF-7, MCF-7-Tam-R, and siMCAM transfected 
MCF-7-Tam-R cells. Data represent the mean of triplicate experiments ± SEM. ***P<0.001 versus control.
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To determine whether MCAM expression is correlated with tamoxifen resistance, we tre-
ated MCF-7-MCAM and MCF-7 cells with 0 to 20 μmol/L 4-hydroxytamoxifen in vitro for 
72 hours. MCF-7-MCAM with high MCAM expression had higher survival rates at 5 and 10 
μmol/L 4-OH-TAM compared with control MCF-7 cells (Figure 4G). We next investigated if 
down-regulation of endogenous MCAM would result in reversed tamoxifen sensitivity in 
MCF-7-Tam-R cells. We transfected MCAM RNAi (siMCAM) or siNC in MCF-7-Tam-R cells and 
treated them with different 4-OH-TAM concentrations. In the siMCAM group, cell viability 
was reduced by 30% at 5 μmol/L 4-OH-TAM, 60% at 10 μmol/L 4-OH-TAM, and 40% at 20 
μmol/L 4-OH-TAM compared with the control group (Figure 4H). Thus, these results show 
that overexpression of MCAM induces tamoxifen resistance in MCF-7 cells, on the other 
hand, inhibition of endogenous MCAM in generated MCF-7-Tam-R cells restores sensitivity 
to tamoxifen treatment.

3.5 MCAM suppresses ERα and activates AKT pathway in MCF-7 cells.

Negative correlation between expression of MCAM and ERα in breast cancer cells led us to 
investigate whether MCAM regulated ERα directly at transcriptional level. Western blotting 
and real-time PCR analysis showed that ERα was markedly suppressed by overexpressing 
MCAM at both protein and mRNA levels (Figure 5A, B). Immunofluorescence staining reve-
aled that ERα protein level was significantly decreased in the MCF-7-MCAM cells compared 
with parental or control transfected cells (Figure 5C).

To further analyze the mechanism of ERα regulation by MCAM, we cloned the ERα promoter 
(928 bp upstream of exon1, extending to +72 bp) prior to a luciferase reporter gene and eva-
luated ERα promoter activity. When co-transfected with 100 ng and 200 ng MCAM plasmid, 
ERα promoter activity decreased by approximately 25% and 50%, respectively (Figure 5D). 
This result implies that MCAM transcriptionally regulates ERα expression. Previous studies 
have shown that Slug suppresses ERα expression by binding to the E-box of the ERα pro-
moter [26]. As expected, the transcription factor Slug was up-regulated when MCAM was 
overexpressed in MCF-7 cells (Figure 5A). Moreover, we found that the inhibitory effect of 
MCAM on ERα promoter was rescued by co-transfection of RNAi against Slug (Figure 5E). 
Therefore, we postulated that MCAM repressed ERα by up-regulating Slug expression.

We then examined the impact of MCAM on the AKT pathway, which has previously been re-
ported to contribute to tamoxifen resistance in breast cancer. Western blot analysis showed 
that pAKT, but not total AKT, expression was dramatically restored, while PTEN expression 
was decreased when transfected with MCAM in MCF-7 cells (Figure 5F). Immunohistoche-
mical staining also displayed that MCAM down-regulated ERα while up-regulated pAKT (Fi-
gure 5G). These findings indicate that MCAM is a pivotal mediator of tamoxifen resistance 
by modulating ERα status and the AKT pathway in breast cancer.
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Figure 5. Over-expression of MCAM suppresses ERα and activates the AKT pathway. (A) Protein levels of MCAM, 
ERα, and pAKT (B) MCAM and ERα mRNA expression were determined by Western blot and real-time PCR in MCF-7 
cells transfected with pCMV-MCAM or control vectors as indicated. (C) Immunofluorescence staining of MCF-7 cells 
transiently transfected with the pCMV-GFP–MCAM vector using anti-MCAM (green signal) and anti-ERα (red signal) 
antibodies, DAPI (blue signal). (D, E) Luciferase activity was measured in MCF-7 cells by co-transfection of an ERα 
promoter reporter vector with an MCAM expression plasmid with or without Slug RNAi, fold change was expressed 
with Renilla luciferase as an internal control. (F) Protein levels of MCAM, PTEN, AKT, and pAKT were determined by 
Western blot in MCF-7 cells transfected with pCMV-MCAM or control vectors as indicated. (G) ERα and pAKT were 
immunohistochemically stained in MCF-7 cells transfected with pCMV-MCAM or control vectors as indicated, bar 
represents 50 μm. Data represent the mean of triplicate experiments ± SEM. ***P<0.001 versus control.
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3.6 Elevated MCAM expression predicts poor survival in breast cancer patients, especially 
in the subgroup treated only with tamoxifen.

To elucidate the association of MCAM with clinical outcomes in patients with breast cancer, 
especially in those with ER-positive tumors who received tamoxifen treatment, we used an 
online database to determine the association between MCAM mRNA expression and clinical 
endpoints in 4,142 breast cancer patients [25, 27]. In all patients, high MCAM expression 
was significantly associated with shortened overall survival (OS, P=1.1e-07, HR=1.91) as well 
as reduced recurrence-free survival (RFS, P =2.5e-14, HR=1.56) and distant metastasis-free 
survival (DMFS, P =4.4e-06, HR=1.61) (Figure 6A-C).  

Of note, in patients with ER-positive tumors, increased expression of MCAM was significant-
ly associated with a poorer OS (P =0.00017, HR=2.25). In addition, a similar correlation was 
also observed between MCAM status and RFS (P =0.00011, HR=1.41) and DMFS (P =0.0028, 
HR=1.74) (Figure 6D-F), which implies that MCAM might be an important indicator of tumor 
relapse and distant metastasis in ER-positive breast cancer patients.
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Subgroup analysis of the patients receiving only tamoxifen treatment demonstrated that 
elevated expression of MCAM was significantly correlated with shortened durations across 
all three survival endpoints, including OS (P =0.016, HR=2.78), RFS (P =0.014, HR=1.47), and 
DMFS (P =0.00096, HR=1.88) (Figure 6G-I). Thus, MCAM appears to be a strong marker of 
poor prognosis in patients treated with tamoxifen. 

4. Discussion

Tamoxifen has been used to treat both pre- and post-menopausal breast cancer patients 
for over 40 years and remains a cornerstone in endocrine therapy for breast cancer [28]. 
However, intrinsic or acquired resistance to tamoxifen presents a particular clinical concern 
[29]. Although resistance to tamoxifen can be counteracted by switching to aromatase inhi-
bitors [30] or fulvestrant [31], underlying aggressive biological behaviors of the tumor, often 
with a variety of altered signaling transduction [32], are associated with an unfavorable 
prognosis [33]. The present study, for the first time, demonstrates that MCAM is overexpres-
sed in MCF-7-Tam-R cells compared to tamoxifen-sensitive counterparts. MCAM expression 
was inversely correlated with ERα expression in a subset of breast cancer cells. In addition, 
MCAM silencing significantly reversed tamoxifen resistance into a sensitive phenotype. The-
se findings imply that MCAM plays a crucial role in the development of tamoxifen resistance 
and may be an essential determinant of tamoxifen resistance in breast cancer.

In this study, we established and characterized a MCF-7 cell model resistant to tamoxifen 
to investigate the potential function of MCAM in the acquisition of tamoxifen resistance 
in breast cancer. Compared to parental MCF-7 cells, MCF-7-Tam-R cells displayed changes 
in phenotypic features with enhanced motility and invasive behaviors, as well as altered 
expression of EMT markers, including E-cadherin, vimentin, and β-catenin, all of which indi-
cate that tumor cells are undergoing the EMT process. This observation is also supported by 
earlier studies reporting that EMT is a prominent determinant of tamoxifen resistance in a 
breast cancer cell model [9, 34]. 

MCAM was first discovered in metastatic melanoma with markedly high abundance, but 
was shown to be absent in normal melanin cells or pigment nevus. MCAM has been exten-
sively implicated in a variety of oncogenic signaling transduction pathways, such as NF-kB 
[35], VEGF/VEGFR [36-38], and PI3K/AKT [39], and acts as a key driver of progression and 
metastasis in multiple cancer types, including breast and lung cancers [19, 40]. In the pre-

Figure 6. The prognostic effect of high and low expression of MCAM in patients with breast cancer and ta-
moxifen-treated patients. (A) OS (n=1117, P=1.1e-07, HR=1.91), (B) RFS (n=3554, P=2.5e-14, HR=1.56), (C) DMFS 
(n=1609, P=4.4e-06, HR=1.61) for all patients. (D) OS (n=377, P=0.00017, HR=2.25), (E) RFS (n=1802, P=0.00011, 
HR=1.41), (F) DMFS (n= 577, P=0.0028, HR=1.74) for ER-positive patients. (G) OS (n=65, P=0.016, HR=2.78), (H) RFS 
(n= 762, P=0.014, HR=1.47), (I) DMFS (n= 555, P=0.00096, HR=1.88) for tamoxifen-treated patients.



41

CD146 PROMOTES TAMOXIFEN RESISTANCE IN BREAST CANCER

2

sent study, forced expression of MCAM promoted invasive behaviors in MCF-7 cells, similar 
to the characteristics observed in MCF-7-Tam-R cells. Studies further showed that overex-
pression of MCAM in MCF-7 cells induced tamoxifen resistance, while MCAM silencing sig-
nificantly reversed tamoxifen resistance in MCF-7-Tam-R cells. The mechanisms contributing 
to tamoxifen resistance are likely multifactorial, but remain largely unknown. 

Our study showed that MCAM is primarily overexpressed in basal-like or Her-2 overexpres-
sion, but not luminal, breast cancer cell subtypes, and we found an inverse correlation bet-
ween MCAM and ERα expression levels in breast cancer cell lines. Given that the effects of 
tamoxifen are primarily mediated through its binding to ER and the status of ERα has long 
been considered the primary determinant of a clinical response to tamoxifen, loss of ER ex-
pression could confer resistance to therapy [41]. MCAM could suppress ERα at the transcrip-
tion level by up-regulating Slug expression. A previous study by Li et al suggested that Slug 
binds directly to E-boxes in the ERα promoter region to control ERα activation and function. 
Knockdown of Slug increased sensitivity to tamoxifen treatment in MCF-Tam-R cells [26]. In 
addition, Zeng et al demonstrated that MCAM overexpression contributed to activation of 
Slug and RhoA and induced EMT in breast cancer [20]. Therefore, we postulated that MCAM 
transcriptionally down-regulates ERα expression partially by up-regulating Slug.

In addition, many studies have demonstrated that AKT is a critical factor in conferring re-
sistance to tamoxifen [42, 43]. Activation of the PI3K/AKT pathway is recognized as one 
of the mechanisms contributing to endocrine resistance [44]. We demonstrated that pAKT 
was dramatically activated in MCF-7-Tam-R cells. We also specifically showed that forced 
expression of MCAM suppressed PTEN expression and induced pAKT activity. The results are 
consistent with a previous study by Li et al showing that MCAM was constitutively implica-
ted in the AKT signaling pathway [39]. Moreover, another study has indicated that MUC1-C, 
a member of the same cellular adhesion family as MCAM (MUC-18), exerted its function by 
activating the PI3K/AKT pathway in the development of breast cancer [45]. Taken together, 
our result implied that MCAM also induced tamoxifen resistance by activating the AKT pa-
thway, at least in part. 

Furthermore, overexpression of MCAM was significantly correlated with poor RFS and DMFS 
in a large public clinical microarray database of 4,142 breast cancer patients. Especially, 
elevated expression of MCAM was significantly correlated with poor OS, RFS, or DMFS in 
a cohort of ER-positive breast cancer patients. Interestingly, overexpression of MCAM was 
significantly correlated with shorter OS, RFS, or DMFS in the cohort of patients who only 
received tamoxifen treatment. Therefore, MCAM might serve as a unique predictive marker 
of tamoxifen resistance for breast cancer. 

In conclusion, our study demonstrates that, MCAM confers tamoxifen resistance and is an 
important modulator of EMT-like properties in breast cancer cells. We explored a novel me-
chanism of acquiring tamoxifen resistance mediated by MCAM, at least in part, through sup-
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pressing ERα expression and activating the AKT pathway (Figure 7). We further show that 
High MCAM overexpression is associated with a poor prognosis in ER-positive patients who 
received tamoxifen therapy. Therefore, targeting MCAM is a promising therapeutic strategy 
to overcome tamoxifen resistance in breast cancer patients.

Figure 7. Proposed schematic model for tamoxifen resistance mediated by MCAM in ERα positive breast cancer 
cells. MCAM activates AKT signaling directly or via inhibition of PTEN, and transcriptionally down-regulates ERα 
via activating Slug, ultimately resulting in tamoxifen resistance in endocrine therapy sensitive breast cancer cells.
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Supplementary Tables

Table S1. Proteins and corresponding antibodies

antibodies origin mono/poly dilution

MCAM Abcam Rabbit/mono 1:3000 (WB)

β-catenin CST Rabbit/mono 1:3000 (WB)
AKT CST Rabbit/mono 1:3000 (WB)
pAKT CST Mouse/mono 1:2000 (WB)
ERα CST Rabbit/mono 1:3000 (WB)
E-cadherin CST Rabbit/mono 1:3000 (WB)
Vimentin CST Rabbit/mono 1:2000 (WB)
PTEN CST Rabbit/mono 1:3000 (WB)
GAPDH Santa Cruz mouse/mono 1:3000 (WB)
MCAM CST mouse/mono 1:200 (IF, IHC)
ERα CST Rabbit/poly 1:200 (IF, IHC)
E-cadherin CST Rabbit/mono 1:200 (IF, IHC)

pAKT CST Rabbit/mono 1:200 (IF, IHC)
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Table S2. Oligonucleotide sequences for real-time PCR and siRNA constructs

Assay 　 Sequences (5’ to 3’) Product (bp)

qRT-PCR

MCAM F  AGCTCCGCGTCTACAAAGC 102

R  CTACACAGGTAGCGACCTCC

ERα F  CTCTCCCACATCAGGCACA 157

R  CTTTGGTCCGTCTCCTCCA

E-cadherin F  AAAGGCCCATTTCCTAAAAACCT 172

R  TGCGTTCTCTATCCAGAGGCT

Vimentin F  GACGCCATCAACACCGAGTT 238

R  CTTTGTCGTTGGTTAGCTGGT

PTEN F  AAAGGCACAAGAGGCCCTAGAT 195

R  CAAGTTCCGCCACTGAACATTGGAA

β-actin F  GAGACCTTCAACACCCCAGCC 264

R  AATGTCACGCACGATTTCCC

SiRNA

siMCAM CCA GCU CCG CGU CUA CAA AdTdT

　 siNC UUCUCCGAACGUGUCACGU 　
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Supplemental figure 1. Over-expression of MCAM suppresses ERα and activates the AKT pathway in ERα positive 
cell line T47D. Protein levels of MCAM, β-catenin, E-cadherin, ERα, Slug, AKT and pAKT were determined by Wes-
tern blotting in T47D cells transfected with control vector or pCMV-MCAM.
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