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Molecular characterization of breast cancer cell lines 
in correlation with clinical markers

Introduction

Breast cancer stands as the foremost contributor to female 
cancer-related fatalities on a global scale [1]. Through gene ex-
pression profiling, breast cancer has been stratified into four 
distinct molecular subtypes. These include Luminal A and Lu-
minal B, characterized by positivity for Estrogen Receptor (ER) 
and/or Progesterone Receptor (PR); Human Epidermal Growth 
Factor 2 (HER-2) enriched subtype, distinguished by the over-
expression or gene amplification of the HER-2/neu gene; and 

triple-negative breast cancer, which lacks expression of ER, PR, 
and HER-2 [2]. Immunohistochemistry (IHC) is an essential tech-
nique utilized for the stratification of breast cancer into distinct 
molecular subtypes based on the staining patterns of Estrogen 
Receptor (ER), Progesterone Receptor (PR), and Human Epi-
dermal growth factor 2 (HER-2) Receptors [3]. The existence of 
these subtypes underscores the heterogeneity of breast cancer, 
with patients harboring different subtypes exhibiting diverse 
genetic profiles and clinical outcomes [3,4]. In vitro studies 
have contributed substantially to the understanding of breast 

Abstract

Cell lines are indispensable for biomedical research, offering a 
consistent platform for investigating cellular processes and disease 
mechanisms. Despite their value, cell lines possess limitations such 
as genetic drift and phenotypic alterations over successive passag-
es, potentially compromising their relevance. Monoclonal deriva-
tion may not represent in vivo heterogeneity, particularly in cancer. 
Therefore, characterizing them becomes imperative. We aimed to 
identify breast cancer subtype-specific cell lines by assessing ER, PR, 
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cancer heterogeneity. Therefore, it is imperative to ascertain 
whether cell lines retain the molecular characteristics of sub-
types observed clinically [5]. While cell lines serve as represen-
tative models of breast cancer features to a considerable ex-
tent, reports have identified genetic and epigenetic alterations 
during initial maintenance and subsequent passaging [6]. Sev-
eral studies have classified breast cancer cell lines into distinct 
molecular groups, revealing their comprehensive nature [7-9]. 
For instance, one study categorized cell lines into luminal, basal-
like, and mesenchymal subtypes [10]. Another study, utilizing 
gene expression profiling, delineated five subtypes among 51 
cell lines: luminal, luminal/HER-2 positive, ER-negative/HER-2 
positive, basal-like, and normal-like [5]. Triple-negative breast 
cancer has been further subclassified into basal-like 1, basal-like 
2, immunomodulatory, mesenchymal, mesenchymal stem-like, 
and luminal androgen receptor subtypes [11]. Notably, MCF-7, 
T-47D, SK-BR-3, and MDA-MB-231 are preferred cell lines for 
breast cancer studies, collectively representing over two-thirds 
of cell lines utilized. Hence, it is pertinent to investigate the 
extent to which these cell lines mirror or diverge from clinical 
breast tumor subtypes. We aimed to characterize a panel of 
breast cancer cell lines of different molecular subtypes using 
markers commonly employed in research. This characterization 
may empower researchers to make more informed decisions 
when selecting cell lines representative of specific breast cancer 
molecular subtypes.

Methods

Cell line: Breast cancer cell lines MCF-7, T-47D, SK-BR-3, 
HCC1954, MDA-MB-231, MDA-MB-468, and MCF-10A, were pur-
chased from ATCC. All cell lines were maintained in DMEM, high 
glucose media (Thermofisher Waltham, MA USA, #11965092) 
supplemented with 10% Fetal Bovine Serum (Thermofisher 
Waltham, MA USA, #26140079) and 1% antibiotic-antimycotic 
solution (Thermofisher Waltham, MA USA, #15240062), incu-
bated at 37OC under constant supply of 5% CO2. 

Immunocytochemistry (ICC): For all used cell lines, 5x103 
cells were grown on a 20 mm glass coverslip placed inside a 
24-well plate. After 24 hours cells were washed gently with 
1X PBS twice and fixed with 4% formaldehyde by incubating 
at room temperature for 15 minutes. Cells were permeabi-
lized with 0.1% X-100 Triton at room temperature for 15 min-
utes and endogenous blocking was done with 1% BSA at room 
temperature for 45 minutes. Then each cell line was incubat-
ed with anti-estrogen receptor (abcam, Waltham, MA, USA, 
#ab16660), anti-progesterone receptor (abcam, Waltham, MA, 
USA, #ab101688), and anti-Her-2 positive (abcam, Waltham, 
MA, USA, #ab214275); primary antibodies in separate wells for 
overnight at 4OC (see table 1). The next day, the cells were in-
cubated with Goat anti-Rabbit IgG (H+L) Secondary Antibody, 
HRP (Thermofisher Waltham, MA USA, #31460) for 60 minutes 
at room temperature. A secondary antibody was detected with 
DAB Quanto (Epredia Netherlands, B.V., #TA-060-QHDX) chro-
mogen treatment for 5 minutes. Counterstaining was done with 
vector hematoxylin (#H-3401). Then the glass cover slip was 
taken out from the well and mounted on a glass slide with Pro-
Long™ Glass Antifade Mountant (Thermofisher Waltham, MA 
USA, #P36984).

Immunofluorescence (IF): For all cell lines used, 5x103 cells 

were grown on a 20 mm glass coverslip placed inside a 24-well 
plate. After 24 hours cells were washed gently with 1X PBS 
twice and fixed with 4% formaldehyde by incubating at room 
temperature for 15 minutes. Permeabilized with 0.1% X-100 Tri-
ton at room temperature for 15 minutes. Endogenous blocking 
was done with 1% BSA at room temperature for 45 minutes. 
Then each cell line was incubated with anti-estrogen receptor 
(abcam, Waltham, MA, USA, #ab16660), anti-progesterone re-
ceptor (abcam, Waltham, MA, USA, #ab101688), and anti-Her-2 
positive (abcam, Waltham, MA, USA, #ab214275); primary anti-
bodies in separate wells for overnight at 4OC (Table 1). Next day, 
incubated with Alexa Flour 555 goat anti-rabbit IgG (Thermo-
fisher Waltham, MA USA, #A-21428) secondary antibody for 60 
minutes at room temperature. Fluorescent phalloidin iFluor 488 
(abcam, Waltham, MA, USA, #ab176753) reagent was used for 
cytoskeleton counterstaining. Counterstaining was done with 
DAPI (Invitrogen, USA, #D1306). Then the glass cover slip was 
taken out from the well and mounted on a glass slide with Pro-
Long™ Glass Antifade Mountant (Thermofisher Waltham, MA 
USA, #P36984). The cells were washed with 1X PBS in between 
after each step.

Quantification ICC & IF: ER and PR staining were scored ac-
cording to nuclear staining intensity, weak, moderate, and high, 
and extension through the following criteria: 0%, negative; 1 to 
25%, low expression; 26 to 50%, moderate expression; 51 to 
75%, high expression; above >75%, very high expression. HER-
2 expression was analyzed according to the American Society 
of Clinical Oncology (ASCO)/College of American Pathologists 
(CAP) HER-2 test guidelines.

Nucleic acid isolation: Total RNA was isolated from each cell 
line (2x106 cells) using the ReliaPrep RNA cell miniprep system 
(Promega, #Z6011) following manufacturer instructions. Ge-
nomic DNA was also isolated from each cell line (2x106 cells) us-
ing QIAamp mini-Kit (Qiagen, #51104) following manufacturer 
instructions with slight modifications.

Real-time PCR: Real-Time PCR was performed for relative 
quantification of ESR1, ESR2, ESRα36, ESRα66, PGR, ERBB2, and 
AR genes with cDNA synthesized with 1 µg of total RNA using iS-
cript cDNA synthesis kit (Bio-rad, Hercules, CA, USA, #1708890) 
and for ERBB2 gene with gDNA (50 ng). In both cases, the real-
time reaction was performed with iTaq Universal SYBR green 
supermix (Bio-rad, Hercules, CA, USA, #172-5120) on QuantStu-
dio Real-Time PCR systems (Thermofisher Waltham, MA USA). 
Reactions were performed under optimized conditions; dena-
turation at 95OC for 10 min, cyclic denaturation at 95OC for 10 
sec, annealing for 1 minute (Table 2), and extension at 72OC for 
1 min. Three reference genes; 18S, ß-actin, and GAPDH were 
selected for this study, and normalization was done using their 
mean. Real-time PCR reactions for each gene were performed 
in triplicate and a mean Cq value was used for fold change cal-
culation. Fold expression was calculated with the 2-ΔΔCq formula. 

Results

Immunocytochemistry and immunofluorescence: MCF-7 
and T-47D cells showed positive staining for ER and PR and were 
negative for anti-HER-2 antibodies on both ICC and IF assays 
(Figures 1 & 2). T-47D had a higher expression of PR than ER 
compared to MCF-7 which showed an overall similar expression 
(high expression) of ER and PR. The SK-BR-3 and HCC1954 cells 
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were positive for anti-HER-2 antibody and negative for both ER 
and PR anti-body (Figures 1 & 2). The expression of HER-2 was 
higher in SK-BR-3 cells than its expression in HCC1954 cells. The 
HCC1954 cell also showed a week of staining for ER anti-body 
on ICC. Additionally, in the culture of HCC1954, a spheroid-like 
structure was observed throughout the flask (Figure 3). Fur-
ther, MDA-MB-231 and MDA-MB-468 cells were negative for 
all three ER, PR, and HER-2 clinical markers. So, based on ER/
PR/HER-2 staining, MCF-7/T-47D belongs to Luminal, SK-BR-3/
HCC1954 belongs to HER-2 positive, and MDA-MB-231/MDA-
MB-468 belongs to TNBC subtype of breast cancer. However, 
our study also observed noticeable heterogenous expression 
of ER, PR, and HER-2 markers in MCF-7, T-47D, SK-BR-3, and 
HCC1954 cells across the culture plate.

Real-time PCR: On real-time PCR, MCF-7 and T-74D cells had 
higher expression of the HER-2 gene (MCF-7 log fold 12475; 
SD±0.25 and T-74D log fold 96433.20; SD±0.006) compared to 
ESR1 (i.e., ER) (MCF-7 log fold 232.3; SD±0.03 and T-47D log fold 
943.69; SD±0.028) and PGR (i.e., PR) genes (MCF-7 log fold 207; 
SD±0.09 and log fold 3658.96; SD±0.05) relative to in MCF-10A 
cells (Figure 4). Interestingly, mRNA expression of the HER-2 
gene was discordant with ICC and IF results, where both these 
cell types had negative staining for the HER-2 maker. This might 
be due to enzymatic degradation of HER-2 mRNA which could 
not be available for translation into protein. Out of ESR1 and 
ESR2 both MCF-7 and T-47D cells had higher expression of the 
ESR1 gene compared to ESR2 (Figure 4). ESR1 and ESR2 encode 
for nuclear receptors ERα and ERß respectively. ESRα36 and 
ESRα66 are splice variants of ESR1 those not considered for 
breast cancer molecular subtyping, though they are tumor pro-
moters. Both these variants are also expressed in breast carci-
noma. On evaluation of ESRα36 and ESRα66, both MCF-7 and T-
47D cells showed higher expression of ESRα66 [(MCF-7, ESRα36 
log fold15.08; SD±0.034 vs ESRα66 log fold 3054.26; SD±0.053) 
and (T-47D, ESRα36 log fold 1098.48 SD ± 0.06 vs ESRα66 log 
fold 5372.51 SD±0.12)] (Figure 4). Expression of AR was higher 
in T-47D (log fold 1360.23; SD±0.04) compared to MCF-7 (log 
fold 954.53; SD±0.15).

In contrast to ICC and IF results, on real-time assay SK-BR-3 
had a much higher relative expression of HER-2 gene i.e., log 
fold 2362800.33; SD±0.04, than in HCC1954 cells i.e., log fold 
14161.55; SD±0.09 (Figure 4). However, expression of ERS1 
and ERS2 was minimal or basal in both SK-BR-3 and HCC1954 
cells which were in concordance with ICC and IF observation. 
The PGR gene was downregulated in SK-BR-3 and upregulated 
in HCC1954 cells (log fold 73.54 SD ± 0.03). Whereas SK-BR-3 
showed higher expression of ERS1 splice variants ERα36 and 
ERα66 i.e., log fold 714.17 SD ± 0.16 and log fold 74698.07 SD ± 
0.03 respectively (Figure 4). These findings showed that SK-BR-3 
and HCC1954 cell lines had similar expression of ER, PR, and 
HER-2 markers at both mRNA as well as protein levels. Further, 
the AR gene had less expression in HCC1954 (log fold 141.88; 
SD±0.33) and SK-BR-3 cells (log fold 440.49 SD ± 0.05) compared 
to MCF-7 and T-47D cell lines. 

Moreover, the expression of clinical markers ER, PR, and 
HER-2 was very low in MDA-MB-231 and MDA-MB-468 cell lines 
(Figure 4) which matched with their expression at protein levels 
determined by ICC and IF (Figures 1 & 2). PGR was observed as 
downregulated in both MDA-MB-231 and MDA-MB-468 (Figure 
4). In addition, ERS1, ESR2, and splice variants of ERS1 (ERα36, 
ERα66) also showed lower expression in both these cell lines. 
Therefore, MDA-MB-231 and MDA-MB-468 cell lines repre-

sented the phenotype overlapping of breast cancer clinical sub-
type TNBC. Our study observed less expression of AR in MDA-
MB-231 and MDA-MB-468 cells compared to its expression in 
other used cell lines (Figure 4). Clinical TNBC breast cancer sam-
ples with positive AR expression called apocrine (a histological 
subtype). We observed high AR expression in MDA-MB-231, not 
in MDA-MB-468, therefore MDA-MB-231 might have apocrine 
histology but require determination of AR at the protein level.

 We were also interested in observing the amplification 
ERBB2 gene, which is routinely done on clinical samples as 
recommended by the American Society of Clinical Oncology 
(ASCO)/College of American Pathologists for HER-2 diagnosis. 
In this study, we have determined EBBR2 gene amplification us-
ing real-time PCR. Our study observed ERBB2 gene amplifica-
tion only in HCC1954 cells (log fold 80.86 SD ± 0.15) compared 
to the rest of the cell lines tested relative to MCF-10A (Figure 
5). Therefore, it shows the overlapping of the HCC1954 cell line 
with clinical HER-2-positive breast cancer samples. 

Discussion

Immortalized cell lines represent a widely used model sys-
tem in biomedical research due to their ease of handling, au-
thentication, and availability. They offer numerous advantages 
over primary cells, including cost-effectiveness and circumven-
tion of ethical concerns. Typically, cell lines provide a homoge-
neous population of cells, ensuring reproducibility in experi-
ments. This model system has significantly advanced biological 
research and finds applications in antibody/vaccine production, 
therapeutic protein synthesis, drug testing, and the study of 
gene expression and function [12,13]. A multitude of disease-
specific cell lines, including those for cancer, are accessible 
from repositories such as the American Type Culture Collec-
tion (ATCC), offering researchers a diverse selection for experi-
mentation. However, despite their utility, careful consideration 
is warranted when using cell lines as substitutes for primary 
cells. Genetic modifications and phenotypic changes during 
continuous passaging can lead to discrepancies between cell 
lines and primary cells, potentially resulting in heterogeneous 
cell populations over time. In the context of breast cancer re-
search, cell lines specific to histological and molecular subtypes 
are available and are utilized to recapitulate in vivo conditions. 
Nonetheless, the continuous division of cell lines may alter their 
primary features, necessitating characterization before experi-
mentation. In this study, we characterized a panel of breast can-
cer cell lines-MCF-7, T-47D, SK-BR-3, HCC1954, MDA-MB-231, 
MDA-MB-468, and MCF-10A-using clinical markers ER, PR, and 
HER-2. Analysis of protein and mRNA expression levels revealed 
heterogeneous marker expression across cell lines, with dis-
crepancies observed between mRNA and protein levels. Im-
munohistochemistry remains the gold standard for evaluating 
these markers in clinical breast cancer samples. While our study 
found consistent protein expression of ER, PR, and HER-2 in cell 
lines mirroring ATCC records, real-time PCR data revealed varia-
tions at the mRNA level relative to protein levels. Discrepan-
cies between mRNA and protein levels could arise from various 
factors such as transport mechanisms, translational regulation, 
or differences in transcriptional rates among cells [14,15]. Ad-
ditionally, we evaluated the expression of ERα36 and HER-2 
gene amplification, observing variations among cell lines. Fur-
thermore, we investigated the expression of Androgen Recep-
tor (AR) and its potential impact on breast cancer histology and 
phenotype and characterized differences in expression levels 
among cell lines [12-14]. 
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Figure 1: Immunocytochemistry for ER, PR, and HER-2 antibody in a panel of breast cancer cell lines.

Figure 2: Immunofluorescence for ER, PR, and HER-2 anti-body in a panel of breast cancer cell lines.

Figure 3: Cell culture images of HCC1954 showing a spheroid-like 
structure. 

The HCC1954 cell line exhibited the formation of spheroid-
like structures when cultured in two-Dimensional (2D) condi-
tions utilizing basic growth media devoid of specialized sup-
plements. This observation is noteworthy given that previous 
literature has documented the propensity of HCC1954 cells to 
adopt spheroid configurations in both 2D and three-Dimension-
al (3D) cultures, albeit typically contingent upon the addition of 
specific supplements [15-17]. The emergence of spheroid-like 
structures within cell cultures holds considerable importance 
for multiple reasons, including the facilitation of a more ac-
curate mimicry of tissue architecture and physiology. This at-
tribute renders such cultures particularly advantageous for ap-
plications in drug testing and development, stem cell research, 
and the modeling of diseases. Consequently, the inherent ca-
pacity of HCC1954 to form spheroids under minimalistic culture 
conditions without the necessity for specialized supplements 
may position it as a preferred cell line for experiments aimed at 
exploring these areas.
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Figure 4: Real-time PCR for ERS1, ESR2, ERα36, ERα66, PGR, ERBB2, and AR genes in a breast cancer cell line panel. 

Figure 5: Real-time PCR for ERBB2 gene amplification in a breast cancer cell line panel.

Anti-body Clonality Concentration Dilution 

Anti-Estrogen Receptor 
alpha (SP1) Rabbit Monoclonal 0.014 mg/mL 1:100

Anti-Progesterone 
Receptor (SP42) Rabbit monoclonal 0.242 mg/mL 1:100

Anti-ErbB2/HER-2 
(EPR19547-12) Rabbit monoclonal 0.651 mg/mL 1:100

Secondary, anti-Rabbit 
HRP Goat/IgG polyclonal 0.8 mg/mL 1:500

Alexa Flout 555 goat 
anti-rabbit IgG Goat/IgG polyclonal 2 mg/mL 1.2:600

Fluorescent phalloidin 
iFluor 488 - 2 mg/mL 1:1000

Gene Forward (5’-3’) Reverse (5’-3’) Annealing 

ESR1 GCTTACTGAC-
CAACCTGGCAGA

GGATCTCTAGCCAGGCA-
CATTC 60OC

ESR2 ATGGAGTCTGGTC-
GTGTGAAGG

TAACACTTCCGAAGTCG-
GCAGG 60OC

ESRα36 CCAAGAATGTTCAAC-
CACAACCT

GCACGGTTCATTAA-
CATCTTTCTG 60OC

ESRα66 AAGAAAGAACAA-
CATCAGCAGTAA

GGGCTATGGCTTGGTTA-
AACAT 60OC

PGR
GTCGCCT-

TAGAAAGTGCTGT-
CAG

GCTTGGCTTTCATTTG-
GAACGCC 60OC

ERB2 GGAAGTACACGAT-
GCGGAGACT

ACCTTCCTCAGCTCC-
GTCTCTT 60OC

ß-ACTIN CACCATTGGCAAT-
GAGCGGTTC

AGGTCTTTGCGGATGTC-
CACGT 60OC

GAPDH GTCTCCTCT-
GACTTCAACAGCG

ACCACCCTGTTGCTGTAGC-
CAA 60OC

18S ACCCGTT-
GAACCCCATTCGTGA

GCCTCACTAAACCATC-
CAATCGG 60OC

ERBB2_
GN*

GCACAGGGT-
GGGCCTAGTC

CTTGCACACTGCAGGTT-
TAAC 60OC

RPP30 CAGATGTTGGGTAC-
TAATGAC

CCAGGTATCTTCAGGTA-
AAGTG 60OC

*For ERBB2 gene amplification

Table 2: Primer sequence.Table 1: Antibodies detail.
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Cell line MCF-7 T-47D SK-BR-3 HCC1954 MDA-MB-231 MDA-MB-468

Protein mRNA Protein mRNA Protein mRNA Protein mRNA Protein mRNA Protein mRNA

ER + + + + - + - + - + # - + #

PR + + + + - + - + - - - -

HER-2    ↑ - +    ↑ - +      ↑ + + + + ↑    - + # - + #

Note: = Higher expression; # = Low expression 

Cell line Intrinsic breast cancer subtype Confirmed by Suitability 

MCF-7 Luminal subtype At protein as well as mRNA level Best suitable 

SK-BR-3 Her-2 positive/enriched At protein as well as mRNA level Best suitable 

MDA-MB-231 TNBC At protein as well as mRNA level Best suitable 

MDA-MB-468 TNBC At protein as well as mRNA level Best suitable 

T-47D Luminal subtype At the protein level only, not at the mRNA level Not well suitable

HCC1954 Her-2 positive/enriched At the protein level only, not at the mRNA level Not well suitable

This study delineated a precise correlation between the 
MCF-7, SK-BR-3, and MDA-MB-231/MDA-MB-468 cell lines 
and the Luminal, HER-2 positive/enriched, and Triple-Negative 
Breast Cancer (TNBC) subtypes, respectively. These cell lines ex-
hibited specific expression patterns of Estrogen Receptor (ER), 
Progesterone Receptor (PR), and Human Epidermal Growth 
Factor Receptor 2 (HER-2) markers, aligning with the molecular 
subtypes of breast cancer at both protein and mRNA levels, as 
presented in Table 4. Conversely, the T-47D and HCC1954 cell 
lines did not exhibit a direct correspondence with the clinical 
molecular subtypes of breast cancer, attributable to the discor-
dant expression of ER, PR, and HER-2 markers at the protein 
and mRNA levels (Table 4). This observation contrasts with prior 
studies, which reported a concordance rate exceeding 90% for 
ER, PR, and HER-2 markers between immunohistochemistry 
(IHC) and real-time PCR analyses in clinical samples, particularly 
regarding the HER-2 gene [18]. This high degree of concordance 
has facilitated the development of several real-time PCR-based 
commercial kits, including PAM50, MammaPrint, TargetPrint, 
and BluePrint, designed for the molecular subtyping of breast 
cancer tissue samples [19,20]. 

Thus, our study underscores the importance of evaluating 
protein expression of clinical markers for breast cancer subtyp-
ing in cell lines, as mRNA levels reflect diverse phenotypes.

Conclusion

In conclusion, our study utilized ICC, IF, and real-time assays 
to characterize the expression profiles of clinical markers ER, 
PR, and HER-2 in a panel of breast cancer cell lines. Our find-
ings indicate that MCF-7 and T-47D cell lines exhibit character-
istics consistent with the Luminal subtype, while SK-BR-3 and 
HCC1954 cell lines are indicative of the HER-2 enriched subtype. 
Conversely, MDA-MB-231 and MDA-MB-468 cell lines resem-
ble the TNBC subtype. Notably, significant discrepancies were 
observed between protein and mRNA levels of these mark-
ers, highlighting the need for comprehensive characterization 
methods. Based on our analysis, MCF-7, SK-BR-3, MDA-MB-231, 
and MDA-MB-468 cell lines are identified as ideal models for 
studying breast cancer molecular subtypes.
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