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Abstract 	 Objective: To evaluate morphological changes of breast cancer cell line 
MCF-7 following the development of acquired resistance towards cisplatin.  
Resistance towards anticancer agents still plays an important role in the 
breast cancer chemotherapy failure. 

	 Methods: The cisplatin resistant subline MCF-7/CisR was developed in-vitro 
by cultivating the parental cell line cisplatin-sensitive MCF-7 with raising 
concentration of cisplatin (from 0.01 to 2.3 µM) for four months. The cell 
morphology was observed by giemsa staining.

	
	 Results: The resistance was shown by the increase of IC50 by 9 folds on 

MCF-7/CisR compared to the initial IC50 value of MCF-7. The change in 
cisplatin cytotoxic potency on the resistant cell line was accompanied by 
the morphological modification, including the enlargement of cell size, the 
increase of nucleus and cytoplasm ratio, and the increase of the number of 
microvesicular and cytoplasmic granules.

	 Conclusions: This result has supported the underlying mechanism of 
cisplatin resistance, including the ability of the cells to decrease intracellular 
cisplatin concentration and repair DNA damage effects.
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Introduction

Breast cancer is known as the most common 
cancer in women.1,2 In the developed world, 
for example, in the United Kingdom, around 
150 new cases are diagnosed every day; 1 in 
8 women are predicted to be diagnosed with 
breast cancer during their lifetime. Meanwhile, 
in less developed countries, the breast cancer-
related deaths reach a significant number, 
which is more than 50% of the diagnosed 
cases.3 In combating breast cancer, the modality 
of therapy can include surgery, chemotherapy, 
and radiotherapy.1–3 For a systemic approach, 
chemotherapy is counted as a key strategy to 
treat breast cancer due to eliminate residual 

cancer after surgery or possible occurrence 
of metastatic cells.4 However, chemotherapy 
is frequently accompanied by the occurrence 
of drug resistance of the cancer cells towards 
one or multiple drugs which accounts for the 
failure of the breast cancer treatment.1,3,4 

Breast cancer cells were notably reported 
to develop resistance towards chemotherapy 
agents, including platinum derivatives such as 
cisplatin.4–6 Until recently, the clear mechanism 
of drug resistance of breast cancer cell is still in 
debate.4–8 Many studies have reported several 
possible mechanisms which are related to 
chemo-resistance, including over-expression 
of p-glycoprotein, alteration of cell cycle arrest 
and apoptosis, the expression of multidrug 
resistance-associated protein (MRP).5,6 Overall, 
all these molecular mechanisms will result in 
the drug-resistant phenotype modification, 
which could be accompanied by changes in 
proliferation potential and morphological 
structure.5 Therefore, in order to observe the 
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characteristics in the early stages of acquired 
drug-resistance in breast cancer, structure of 
the cell cancer might provide an initial insight 
of the development of chemo-resistance.

The aim of this study was to observe the 
morphological changes on human breast 
cancer cell line MCF-7 following the in-house 
development of the subline resistant to 
cytotoxic effects of cisplatin (MCF-7/CisR).

Methods

In this study, the cell line used was human 
breast cancer cell line MCF-7 from ATTC, 
United Kingdom (UK). The cell culture and 
other laboratory procedures were conducted 
in the Biomedical Research Centre (BMC), 
University of Salford, UK. Culture media and all 
media supplements were obtained from Lonza, 
Walkersville, MD. Dimethyl Sulfoxide (DMSO), 
cisplatin, and thiazolyl blue tetrazolium 
bromide (MTT salt) were purchased from 
Sigma-Aldrich, Dorset, UK. 

The MCF-7 cell line was cultivated in 
Dulbecco’s Modified Eagle (DMEM) medium 
supplemented with 10% (v/v) fetal bovine 
serum (FBS), 2 mM L-glutamine, 50 IU/ml 
penicillin, and 50 µg/ml streptomycin, at 37 
⁰C in a humidified atmosphere containing 5% 
CO2. The cells were subcultured twice a week 
or after reaching 70–80% confluence.

The cisplatin resistant variant (MCF-7/
CisR) was developed from the parental line 
MCF-7 by cultivating the parental cell line 
with raising concentration of cisplatin (from 
0.01 to 2.3 µM). Cisplatin was added twice a 
week following subculturing. The cell viability 
and confluence were checked regularly before 
reseeding. The drug was only given when the 
viability >90% and the confluence >50%. 
Otherwise, the cell line was grown in drug-free 
media until the cells returned to confluence 
and the viability has recovered.  Sensitivity to 
cisplatin was measured every 8 weeks using 
MTT-colorimetric test.

Healthy cells, which had been sub-cultured 
at least once and subsequently reached 70–
80% confluency, were used for the MTT assay. 
Briefly, 100 µl cell suspensions (105 cells/ml) 
were plated in 96-wells microplate.  Cisplatin 
with raising concentration was added into 
the corresponding well; the control wells 
were left untreated. After 5 days incubation 
in 37 ⁰C with 5% CO2, 30 µl of MTT solution 
(5 mg/mL) was added into each well and 
the incubation was continued for a further 4 
hours. Subsequently, 100 µl DMSO was added 

into each well to dissolve the formazan crystal. 
The optical density (OD) was measured using 
Multiskan FC® (test wavelength of 590 nm and 
reference wavelength at 690nm). Cell viability 
was calculated using the following equation:

Cell viability (%) = OD0/ODn x 100%
Where OD0 is the OD from the control wells 

and ODn is the OD of the treated cells. The IC50 
values were calculated as the concentrations 
that show 50% inhibition of cell.

The cell slides were prepared from cell 
suspension (105 cells/mL) and stained with 
hematoxylin-eosin staining. The morphological 
changes were observed to evaluate the signs 
of apoptosis, such as plasma membrane 
blebbing, condensation of chromatins, nuclear 
condensation, and formation of apoptotic 
bodies.7 

The statistical analyses were performed 
using Graphpad prism software version 5.0 
(GraphPad Software, San Diego California 
USA). Data was presented as mean±standard 
mean error (SEM). The comparison of means 
was performed by using Student’s t-test and 
ANOVA with Tukey multiple comparison as a 
post hoc analysis. P-value smaller than 0.05 
was considered statistically significant.

Results

In this study, the MCF-7 resistance to cisplatin 
was developed in-vitro by introducing an 
increasing dose of cisplation, using a low start-
up dose (0.01 µM). Cisplatin is known as one of 
several platinum based anticancer drugs which 
are widely used in cancer therapy and have 
demonstrated a successful outcome in breast 
cancer therapy.4,5,7 In this study, the parental 
cell line MCF-7 exerted sensitivity to cisplatin, 
demonstrated by a low IC50 value (2.72±0.51 
µM) (Fig. 1). The sensitivity towards cisplatin 
and high successful rate of cisplatin therapy is 
attributed to multiple molecular mechanisms 
in combating cancer cells, which is mediated 
by its ability to interact with deoxyribonucleic 
acid (DNA) strands causing DNA adduct.6,11,12 
The DNA damage is recognised by several 
proteins as a signal to activate further 
pathways, including p53, ATR, and MAPK. The 
crosstalk between these pathways ultimately 
leads to cell cycle arrest, apoptosis and  cell 
death.8

Despite the effectiveness of cisplatin as 
chemotherapy agent, cancer cells might have 
a natural ability to turn this cytotoxic effect, 
which might be a result from continuous drug 
exposure.4,5,9 In the establishment of the drug 
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resistance on one particular cancer cell line, 
the mode of drug administration is a key factor 
that needs careful consideration. In a clinical 
setting, chemotherapy is given in cycles by 
intravenous administration on a weekly or 
monthly basis.10 

The amount of chemotherapy agents given is 
based on individual needs and will be adjusted 
based on response to the chemotherapy; the 
dose is often expressed as milligrams per 
square meter unit which can be converted 
to micromolar (µM) unit.11 In this study, the 
parental line was carefully observed during the 
cisplatin-resistance development process by 
conducting evaluation to the viable cells before 
increasing the cisplatin dose. This method was 
applied to mimic the clinical treatment, where 
the response to chemotherapy was reduced/
increased based on the patient response. The 
range of cell viability was maintained between 
93–100%, in order to ensure that the cells 
were growing in an optimum condition and 
able to escape the toxic effect of cisplatin.

After 3 months treatment, the MCF-7/CisR 
cell line has developed a significant resistance, 
demonstrated the IC50 value which was more 
than 5 times compared to parental cell IC50 
value (13.93±1.8 µM). When the treatment 
was continued, the IC50 value rose to 18.46±2.1 
µM (almost 7 times parental cell IC50). At this 
stage, the cisplatin-resistant phenotype was 
established in-vitro. 

Although there is no clear-cut value for 
the resistance level of cisplatin therapy, 
previous clinical studies have suggested that 
at least twofold resistance can be considered 
as resistance in chemotherapy.4 This present 
study has successfully developed acquired 
resistance on the MCF-7 cell line, noted as 
cisplatin resistant subline MCF-7/CisR. Drug 
resistance is the condition where cisplatin 
was initially efficient to kill the cancer cells, 
but became ineffective over time following 
continuous drug exposure.5 

The resistance mechanism is believed as 
a net effect from intracellular changes that 
inhibit cisplatin interaction with DNA, and/
or alter the transduction of DNA damage 
signal to activate the apoptotic pathways.9,12 
The former mechanism arises form direct 
correlation between the level of DNA adduct 
with the cytotoxicity and, therefore, reducing 
the extent of DNA damage increases cisplatin 
resistance.4,9 Other intracellular mechanisms 
which have a correlation to acquired resistance 
to cisplatin include a reduction of intracellular 
cisplatin accumulation, increase inactivation 
of cisplatin (detoxification) via gluthation-
mediating intoxication pathway, and improved 
repair of and/or tolerance to nuclear lesions/
DNA damage.4 All these mechanisms work 
together simultaneously to develop and 
maintain cancer cell resistance to cytotoxic 
agents.4,12,14,17

Morphological Changes of Cisplatin-resistant Human Breast Cancer MCF-7 Cell Line

:8–14

Cell Growth Curve Showing the Percentage of MCF-7 Cell Growth againts a 
Serial Dose of Cisplatin (1a). The IC50 of Parental Cell Line before Exposure to 
Cisplatin (Control), after 3 Months, and after 4 Months ((1b). For the Calculation 
of IC50 Value, the Largest Value in the Data Set Corresponded to 100% and the 
Smallest Value Corresponded to 0%. Log-Transformed Drug Concentrations 
were Plotted against the Dose Response and the IC50 Values were Determined 
Using Non-Linear Regression Analysis (*P <0.05, ANOVA) 

Fig. 1
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Discussion

The change of the proliferation potential on 
MCF-7 resistant subline MCF-7/CisR is an 
ultimate effect of molecular mechanisms by 
which the cancer cells obtain an ability to 
avoid the cytotoxic effect of anti-cancer drugs. 
Accumulating evidence suggests that breast 
cancer cell resistance is strongly related to 
several theories, namely the existence of 
cancer stem cells (CSCs) which is marked 
by the increased of CSCs markers including 
CD44+/CD24-, high level of phosphorylated 
Stat-3 and its downstream effector proteins, 
and the occurance of breast cancer resistance 
protein (BCRP).13 More importantly, all these 
molecular and phenotypic modifications on 
one cell are often accompanied by changes in 
morphological features.11 This current  study 

observed important morphological parameters 
of MCF-7 cells following continuous treatment 
with cisplatin; including cell shape, cell size 
and cell appearance. 

In a normal environment, regulation of cell 
size is differentiated into two distinct processes, 
namely cell growth and cell proliferation. Both 
processes can be independent of each other as 
one cell can grow without cell proliferation, 
and vice versa.14 Several growth pathways are 
responsible for controlling cell proliferation 
and cell growth, for example, the PI3K/
AKT pathway, which is noted as the major 
determinant and major regulator of cell size.14–

16 Cancer cells are often developed through the 
loss of control to maintain normal cell growth 
and proliferation rate, as the result from the 
alteration of these growth pathways. As the 
hallmark of cancer cells is able to escape 
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Microscopic Observation of MCF-7 Parental Cells, MCF-7/CisR after 3 Months 
and 4 Months of Cisplatin Exposure (at Magnification 400x). MCF-7 Parental 
Cell Line Shows a Regularity in Shape and Size, with 2–5 Nucleoli (2a). After 3 
Months Treatment with Cisplatin, Cell Edge Became Irregular, Accompanied by 
Irregularity of the Plasma Membrane and Microvesicular Formation. After the 
MCF-7/CisR was Established on the 4th Month of Cisplatin Treatment, Large 
Cells were Seen, with the Increase of Cytoplasmic Granules (2c)

Fig. 2
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programmed cell death and possess limitless 
proliferation potential, it is not surprisingly, 
the cells are able to maintain their intrinsic 
signal to survive any unfavourable external 
stimulus given. In their effort to escape the 
deadly effect of chemotherapy drugs, cancer 
cells must be able to modify their intrinsic 
developmental program, in a way that makes 
the extracellular signals are less harmless to 
the cell growth and proliferation. 

The result showed that, according to 
the relative size of the cells, parental cells 
MCF-7 have a relatively similar size (20–25 
microns), whereas resistant cell MCF-7/CisR 
population comprised a wider range of cell 
size (20 microns up to more than 50 microns 
in diameter). MCF-7/CisR cells have a larger 
nucleus, although the nucleolus number is 
similar to the parental cell line (2–5 nucleoli).  
The variation of the cell size is determined by 
the intrinsic developmental program and by 
extracellular signals, where the combination 
of these factors will integrate to control cell 
number and cell proliferation.14 Irregularity of 
the cell shape and nuclear enlargement showed 
that cells within the population of MCF-7/
CisR were in various stages of the cell cycle. 
During the cell cycle, there are two important 
checkpoints, G1 and G2, which simultaneously 
search for the occurrence of DNA damage and 
determine whether the cell can proceed to 
the next cell cycle stage or not.15 When DNA 
damage is detected, the cells are arrested for 
DNA repair or, when the damage is irreversible, 
checkpoint effector mechanisms will activate 
the so-called self-destruction mechanism or 
apoptosis.15,16 Cancer cells possess an ability 
to avoid this checkpoint mechanism and 
to escapes apoptosis.17 Cisplatin therapy is 
aiming at the re-activation of the apoptosis 
cascade by inducing DNA damage, due to its 
ability to crosslink with the purine bases of 
the DNA.6,7 

Cisplatin binding to cancer cell’s DNA 
causes DNA adduct, which is recognised by 
DNA damage recognition proteins, for example 
p53 protein and its affector proteins.5,6 In the 
case of cisplatin resistance, some cells might 
survive the cytotoxic effect of cisplatin, causing 
the resistant cells to grow and to proliferate 
at a different state within the cell cycle and, 
accordingly, demonstrate a wide range of 
cell sizes at one point of time, as shown in 
our result. In agreement with the results in 
this study, some reports have suggested that 
cisplatin resistance on MCF-7 involves anti-
apoptotic mechanisms, demonstrated by a 
decrease of DNA-damage effector proteins, 

which is strongly related to the ability of the 
resistant cells to tolerate and repair the DNA 
damage due to cisplatin activity.5,6,18

In this present study, we demonstrated that 
in comparison to its parental cell line MCF-7, 
MCF-7/CisR demonstrated several observable 
morphological changes. Parental cell line 
MCF-7 exhibited a regular spindle shape 
with a smooth cell membrane border, while 
the resistant cells demonstrated an irregular 
and spherical shape where some parts or the 
cell border are unclear (Fig. 2). The result is 
in line with other research in cancer chemo-
resistance. One study on colon cancer (using 
HCT 116 cell lines) conducted by Pasqualato et 
al.20 demonstrated a significant change in cell 
membrane following continuous treatment 
with anticancer drugs, accompanied by the 
alteration of other biological parameters. The 
studies also argued that the changes of cell 
morphology would be an indicator of chemo-
resistance, thereby marking the level of 
malignancy.19,20 In line with previous reports, 
the result in this study has demonstrated an 
insight on the relationship between phenotype 
and morphological changes in MCF-7 cisplatin 
resistance.

The result in this study showed that the 
number or microvesicular and cytoplasmic 
granules increased significantly in MCF-7 
resistant cells (Fig. 2). The increase of the 
microorganelles might be related to the 
molecular transport from intracellular to 
extracellular compartment. The microvesicular 
formation indicates cell activity to increase 
drug efflux from the cytoplasm, to reduce net 
concentration of cisplatin in the cells. 

There is a  considerable number or evidence 
indicating a significant contribution of the 
reduction of intracellular drug accumulation 
in the cisplatin resistance mechanism.7,9,12 
Although many questions still remain, which 
stem from the multifactorial nature of drug 
uptake and drug efflux processes. For example, 
in the case of MCF-7 resistance to cisplatin, a 
study reported that exporter proteins, for 
example P-glycopotein, are less likely to be 
involved in the cisplatin chemoresistance.5 
Furthermore, a particular number of evidence 
has suggested that there is an extensive 
change of the ultrastructural organization in 
resistant cell lines, including extensive golgi 
apparatus with many multivesicular bodies, 
the increase on the number of microtubules 
and microfilaments, and a significant rise of 
the mitochondria number.5,6 

A previous study revealed that the 
resistance to cisplatin is directly related to the 
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hyperactivity of mitochondria in performing 
oxidative phosphorylation, which can increase 
the intracellular metabolism rate.19 Moreover, 
growing evidence has shown that significant 
morphological changes is also linked to cell 
energy states.19 With an excessive energy 
production, the resistant cell lines are able 
to proceed with DNA repair and expelled 
cisplatin from the intracellular environment. 
Therefore, this present study might explain 
that the mechanism of cisplatin efflux is more 
likely controlled by cellular metabolic activity, 
rather than drug transporter activity, which 
ultimately decreases cisplatin accumulation 
within the cells. Despite the limitation of our 
study, which restrains the detailed observation 
of cell morphology, our result has provided 
a vibrant supporting evidence for further 
confirmation of microorganelles changes as a 
results from molecular mechanism of cisplatin 
resistance in MCF-7 cell line.

In conclusion, different therapies have 

been established for combating breast cancer. 
However, drug resistance is still counted 
as a major drawback in cancer treatment, 
particularly in cancer chemotherapy. 

Cisplatin, although known as one of effective 
chemotherapy agents for breast cancer, 
frequently confronts the problem of resistance. 
This study demonstrated that morphological 
changes occur in MCF-7 cisplatin resistant 
cells, including the enlargement of cell size, the 
increase of nucleous and cytoplasm ratio, the 
increase of the number of microvesicular and 
cytoplasmic granules. The result supported the 
previous studies which have indicated that the 
cisplatin-resistance mechanism is related to 
the ability of the cells to decrease intracellular 
cisplatin concentration and to repair the 
effects of DNA damage. Nevertheless, there 
are major gaps that need to be filled to fully 
understand the clear links between molecular 
mechanisms and morphological changes of 
MCF-7 resistant phenotype.
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