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ABSTRACT

Introduction: Resistance towards treatment is one of the challenges in breast cancer therapy. Recent studies show the 
link between lipoprotein with cancer resistance and progression.  Clinical data indicates that oxidized low-density 
lipoprotein (oxLDL) and very low-density lipoprotein (VLDL) play roles the progression of breast cancer.  Therefore, 
purpose of this study was to determine the roles of lipoproteins on migration of breast cancer cell and compare the 
effects of oxLDL and VLDL. Methods: Parent MCF-7 cells were purchased from ATCC, while the Tamoxifen-resistant 
MCF-7 (Tam-R MCF-7) was developed by pulse treatment method. Tam-R cells were treated with gradual increase in 
tamoxifen concentration for 72 hours in Dulbecco’s Modified Eagle’s medium (DMEM) without phenol red. Cell vi-
ability test was done to measure the fold changes of Tam-R MCF-7 cells. Migration characteristics was studied using 
wound healing assay. Cells were treated with 10 μg/mL of oxLDL and VLDL up to 72 hours. Results: From the cell 
viability test, Tam-R MCF-7 cells had 4-fold increase of resistance than parental cells. Tam-R MCF-7 had acquired 
resistance to Tamoxifen and achieved a clinically relevant level of resistance. Lipoproteins were found to cause 
morphological changes, where cells exhibited elongation and dendritic-like growth compared to control cells. Both 
MCF-7 parental cells and Tam-R MCF-7 cells showed higher percentage of wound closure when treated with oxLDL. 
In contrast, VLDL treatment caused reduction in cell migration compared to oxLDL. Conclusion:  Findings suggest 
that oxLDL may further promote resistant breast cancer cell migration compared to VLDL.
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INTRODUCTION

Chemotherapy resistance remains as one of the 
challenges in cancer treatment. About 30% early-stage 
breast cancer patients were found to have recurrent 
disease even with advances in early detection. In 
general, systemic treatment of breast cancer involves 
use of cytotoxic agents, hormonal therapies and 
immunotherapies. They are used in the adjuvant, 
neoadjuvant and metastatic settings. Systematic agents 
are effective at the beginning of therapy in 90% of 
primary breast cancers and only in 50% of patients with 
metastasis. After a certain period, relapse occurs and 
resistance towards therapy is expected (1). In patients 
with estrogen-receptor positive breast cancer, there is 
a sustained risk of disease recurrence and death after 
5 years of tamoxifen therapy (2). Breast cancer is a 
heterogenous disease due to its morphologic appearances 

and molecular genetic characteristics. Development of 
metastases represents the most important prognostic 
indicator among patients (3).  Breast cancer is classified 
into distinct subsets which comprise of hormone 
receptor positive, human epidermal growth receptor 2 
positive (HER2-positive), normal-like and basal-like (4). 
Endocrine therapy is the standard therapy for estrogen 
receptor positive metastatic breast cancer. However, 
its effectiveness is hindered by de novo resistance and 
resistance acquired during treatment. Reports claim that  
30% of patients with metastatic disease show regression 
of tumour, while 20% patients had stable disease. This 
suggest there could be other survival pathways besides 
estrogen receptor for survival of tumours. Cancer cells 
may have other alternative pathways while being treated  
with estrogen receptor targeted therapy (5). Apart from 
estrogen receptor positive breast cancer,  clinical studies 
on triple negative cohorts showed an inferior prognosis 
compared to other subtypes (6). 
	
Cancer therapy failure occurs when drug-resistant cancer 
cells survive even after treatment with first-line standard 
therapy. This could initiate metastasis and recurrence. 
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Therefore, understanding of molecular mechanisms of 
drug-resistant and parental cells could provide insights 
on its molecular basis and possible methods to eradicate 
the resistant cells (7). Cancer cells proliferate rapidly 
compared healthy cells. This biological process demands 
for higher energy consumption and metabolism rate in 
cancer cells. Lipids are one of the sources of energy for 
cancer cell growth. Lipids are categorised into simple 
and complex lipids. Simple lipids are cholesterol and 
triglycerides. They are mainly transported in the blood 
circulation in oxLDL and VLDL, respectively. 

So far, most of the in vitro studies are mainly focusing 
on low density lipoprotein, where breast cancer cells 
exposed to LDL may survive and  become more 
aggressive breast cancer phenotype (8). There are 
emerging report on role of VLDL, where it  VLDL 
promotes the mammo-sphere formation and resistance 
to radiation in inflammatory breast cancer (9). Clinical 
studies have shown increase in LDL and oxLDL among 
patients with cancer. Cancer cells survival would 
require continuous supply of energy either through 
glucose or lipid metabolism. A study found increased 
level of  circulating cholesterol would promote the risk 
of aggressive prostate cancer (10). However, there is 
limited information with regards to roles of lipoproteins 
in breast cancer and resistance. Therefore, this study aims 
to assess roles of lipoprotein on parent and tamoxifen 
resistant (TamR) breast cancer cells on cell migration 
characteristics. This would provide knowledge on the 
effects of lipoproteins on breast cancer cells. 

MATERIALS AND METHODS

Cancer cell culture
The human breast adenocarcinoma cell line MCF-7 was 
from American Type Culture Collection (ATCC, USA). 
It was grown in Dulbecco’s Modified Eagle Medium 
(DMEM) without phenol red, provided with 10 % heat-
inactivated fetal bovine serum, 1 % L-glutamine and 
1 % antibiotics (10,000 U/ml of penicilin, 10,000 µg/
ml of streptomycin). Tamoxifen-resistant (Tam-R) cells 
were derived from the MCF-7 parental cell line grown in 
gradually increased concentrations from 0.1 μM to 5.0 
μM of tamoxifen over six months. Cells were exposed 
to Tamoxifen for 3 days, then culturing was continued 
with complete culture medium without tamoxifen and 
cells were left to recover before starting the next cycle 
of treatment. Cultures were incubated in 5 % CO

2
 

incubator at a temperature of 37 °C.

Cell viability test 
Cell viability assay was done by using the CellTiter 96® 
AQueous Non-Radioactive Cell Proliferation Assay 
(Promega, Madison, USA) following manufacturer’s 
protocol. MCF-7 parental cells and Tam-R cells were 
seeded in a 96-well flat-bottomed plate. Each well 
contained 3 x 103 cells in 100 μL fresh culture medium. 
Cells were then left overnight to adhere to plate prior 

treatment with varying concentration of tamoxifen (10 
- 100 μM) for 3 days. After the treatment, medium was 
removed. Next fresh culture medium (100 μl) was mixed 
with 20 μl of CellTiter 96® AQueous Non-Radioactive 
Cell Proliferation Assay (Promega, Madison, USA) in 
each well. This was followed by incubation at 37 °C 
for 1.5 hours with 5% CO

2
 atmosphere. Measurements 

were taken at 490 nm with a ELISA micro plate reader. 
The fold resistance of Tam-R MCF-7 was calculated as 
follows: Fold resistance = IC

50 
of resistant cell line / IC

50
 

of parental cell line.

Morphology of cells treated with lipoprotein
Phase contrast microscope images were taken of parent 
cells and resistant cells. Morphological changes were 
later captured after treatment with lipoproteins in both 
cells studied. 

Wound healing assay
Wound healing assay was performed to compare the 
effects of lipoproteins on both cells studied. Percentage 
of wound closure depicts the migration characteristics 
of the cells studied. MCF-7 parental cells and Tam-R 
MCF-7 were cultured in DMEM medium without phenol 
red as indicator. After trypsinisation, the total number 
of cells was determined using haemocytometer. Both 
parent and Tam-R MCF-7 cells were seeded in a 24-well 
plate. Each well contained  4 x 105 cells  and the plate 
was  left in a humidified CO

2
 incubator for overnight. 

On the next day, culture medium was discarded then 
treated with colcemide at concentration of 0.1 mg/ml for 
2 hours. After the treatment, two-hundred-microliter tip 
was used to create a denuded area (“wound”) in middle 
of the well. This was followed by rinsing each well with 
PBS and treatment with 10 μg/ml of oxLDL and VLDL 
separately. Phase contrast images were captured at 0 
h, 24 h, 48 h and 72 h. Cell migration distance was 
measured by subtraction of the values obtained at 0 h 
from 72 h. This done with 4 measurements per well. 
Distance of migration are expressed as percentage of 
the wound closure and analysis was done using ImageJ 
software.

Statistical analysis
Data obtained was analysed using SPSS software. 
Experiments were done in triplicates with the results are 
presented as means ± SEM.  Differences are considered 
significant when  p < 0.05.

RESULTS

MCF-7 cells acquired resistance to tamoxifen after 
pulse-stimulated treatment
MCF-7 was treated with a gradual increase in 
concentration of tamoxifen using pulse treatment 
method. After six months, the IC

50
 value of tamoxifen-

treated cells and  IC
50

 of MCF-7 parental cells were 
measured. Figure 1 shows that viability of Tam-R cells 
was higher compared to MCF-7 parental cells at all 
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concentrations. Tam-R MCF-7 cells indicated IC50 value 
of 33 µM whereas MCF-7 parental cells had IC50 value 
of 8 µM.  Hence, using the formula described above, 
the fold-resistance of Tam-R MCF-7 was 4-fold and 
confirmed that the cells had acquired a clinically relevant 
level of resistance for in vitro studies. Besides enhanced 
cell viability in Tam-R MCF-7, the cells also showed 
distinct changes in terms of their morphology. They 
indicated characteristics of epithelial to mesenchymal 
transition, with elongated cytoplasm and irregularity in 
shape. In contrast, MCF-7 parental cells showed regular 
epithelial-like morphology as depicted in Figure 2. 

Morphology of cells treated with lipoproteins
Morphology of MCF-7 parental cells and Tam-R cells 
were monitored following exposure to 10 µg/ml of ox-
LDL and VLDL separately. Generally, both cells showed 
changes in their morphology after the treatment as 
shown in Figure 3. Both parent and resistant cell shapes 
were elongated and exhibited more dendritic-like 
morphology in presence of lipoproteins. 

Figure 1: Cell viability assay shows the percentage of viable 
cells in parent and resistant cell lines.

Figure 2: Phase contrast images of parent and Tam-R MCF-7 
cells

Figure 3: Morphological changes in parent and Tam-R MCF-7 
cells with lipoprotein treatment.

Comparison of wound closure with lipoprotein treatment
Wound healing assay was performed to determine 
whether oxLDL and VLDL could induce the migration 
of breast cancer cells. Results showed that the oxLDL 
enhanced both MCF-7 parental and Tam-R MCF-7 cell 
migration, thus promoting in vitro wound closure. On 
the other hand, percentage of wound closure in both 
cells was lower after treatment with VLDL (Figure 4A 
and 4B). This suggests that VLDL had properties to 
reduce the migration of both the MCF-7 parental cells 
and Tam-R MCF-7cells. 

Mixed factorial two-way ANOVA was done to compare 
the effects of different lipoproteins on parent MCF-7 
and Tam-R MCF-7 cells. Data obtained showed that 
lipoproteins had significant effect on wound closure 
(p=0.016).  In both parent and Tam-R MCF-7 cells, 
treatment with oxLDL increased the percentage of 
wound closure compared to control cells. In contrast, 
VLDL caused reduction in percentage of wound closure 
in both type of cells (Fig 4C). Group effect showed there 
was no significant difference between parent and Tam-R 
MCF-7 cells in wound closure (p=0.5). Further analysis 
was done within each cell type using independent 
sample t-test. For parent MCF-7 cells, comparison with 
control showed significant difference in wound closure 
after oxLDL treatment (p-value = 0.003). However, 
VLDL did not cause significant difference in wound 
closure (p-value = 0.28). Similar finding was noted in 
resistant MCF-7 cells, where oxLDL caused significant 
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Figure 4: Difference in wound closure (A) phase contrast image of wound healing assay of parent MCF-7 cells (B) phase contrast 
image of wound healing assay of Tam-R MCF-7 cells (C) Percentage of wound closure 

changes in percentage of wound closure (p-value = 
0.026) compared to VLDL (p-value = 0.228).

DISCUSSION

Resistance to chemotherapy remains as one the 
challenges in treatment of cancer. Emerging report link 
possible role of lipoproteins with cancer resistance and 
progression. There are different types of lipoprotein with 
oxLDL and VLDL as major carriers of cholesterol and 
triglycerides in the blood circulation, respectively. They 
provide the energy source for cancer cell metabolism. 
However, there is limited information with regards to 
effects of lipoproteins particularly in breast cancer with 
endocrine therapy resistance. Tamoxifen is standard 
endocrine therapy which is used in treatment of estrogen 
receptor positive breast cancer. It is given along with 
aromatase inhibitor i.e anastrozole as adjuvant therapy 
in post-menopausal women. Even with advancement in 
therapies, drug resistance is a hindrance in delivering 
effective cancer treatment. Estrogen receptor positive 
(ER+) cells for example, can evade anti-estrogen 
treatment through up-regulation of other signalling 
pathways related to cell proliferation and survival. 
Activation of Akt signalling was significantly corelated 
with a poor outcome in metastatic disease (11). 
Additionally, upregulation of signaling via EGF receptor 
(EGFR) (12) and HER receptor 2 (HER2) (13) were noticed 
with acquired resistance due to endocrine therapy.

To date, findings there are cell culture studies of 
tamoxifen resistance have contributed informative data 
that can be further evaluated through in vivo and clinical 
study (14). According to previous report, Tam-R breast 
cancer cell lines could be developed with long term 
exposure of MCF-7 cells to 10-6 to 10-7M of tamoxifen. 
The durations ranged from over a period of six to twelve 
months (15) or more (16). In present study, tamoxifen-
resistant MCF-7 cells was developed by gradual 
treatment with 5 µM tamoxifen for six months using 
pulse treatment method. This concentration was chosen 

in order to simulate the pharmacological dosage that is 
prescribed to patient (17).  The tamoxifen-resistant cells 
generated in this study had achieved a 4-fold increase 
in resistance, based on the cytotoxicity test. The level of 
resistance is clinically relevant when it is between two-to 
five-fold compared to the IC50 value of parent cells (18). 
Thus, the resistant cells are relevant as a model to mimic 
clinical conditions. In this study, phenol-red free DMEM 
medium was used. This to ensure that the background 
estrogen level would not induce adaptive changes due to 
estrogen deprivation and also to minimise the agonistic 
action of tamoxifen in ER(+) breast cancer cells.

Previously  LDL was shown to promote cell proliferation 
and migration of ER(-) breast cancer cell lines (19). 
Similarly, findings from present study on TamR MCF-
7 cells indicated that  oxLDL induced proliferative and 
migratory effects. The percentage of wound closure in 
MCF-7 parental cells was higher by 25 % with oxLDL 
treatment. While in Tam-R MCF-7, it was 13 %  after 
treatment with the lipoprotein (Fig. 4). This findings was 
in parallel with clinical findings in which serum oxLDL 
level was higher among stage II and III breast cancer 
patients (20). This provides evidence on roles of oxLDL 
may play a role in metastasis. Additionally, oxLDL is 
stated as a potent independent mitogenic factor that 
cause either cell proliferation or cell death (21). It also 
may be involved in the development and progression 
of cancer through generation of cytokines and growth 
factors (22). Furthermore, LDL is prone to oxidation and 
this may result in high lipid peroxidation and initiate 
carcinogenesis. 

On the other hand, VLDL is the major carrier of 
triglycerides compared to LDL. It was found to promote 
malignancy and enhanced cancer cell migration through 
PIK3/Akt/Slug pathway. In vivo model showed that 
VLDL induced metastasis to the lung in breast cancer 
(23). However, in this study, VLDL was found to lower 
the cell migration. The percentage of wound closure in 
both MCF-7 parental cells and Tam-R cells decreased in 
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presence of VLDL. 

CONCLUSION

Lipoproteins may play a significant role in breast 
cancer cell growth. Findings obtained from this study 
showed that both lipoproteins had different effects on 
breast cancer cells. Both caused morphological changes 
in cancer cells. Interestingly, oxLDL was found to 
significantly promote cancer cell migration of parent 
and resistant breast cancer cells. This showed the 
possible role of oxLDL in inducing migration capability 
particularly in resistant cells. Further investigation is 
needed to identify lipid related target for managing 
recurrence of breast cancer in particular.
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