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Abstract. Since the early 1990s, multiple human estrogen 
receptor-α (hER-α) splice variants have been identified, 
of which the majority contain ≥1 deleted exon, and some 
are expressed as proteins with modified functions from the 
wild-type 66 kDa hER-α (ER-α66). In the present study, a novel 
hER-α splice variant, ER-α30, was identified and cloned from 
clinical breast cancer tissue. The ER-α30 sequence lacked a 
ligand-binding domain and a ligand-dependent transcriptional 
activation domain but retained the N-terminal transcriptional 
activation domain, the DNA-binding domain and a partial hinge 
domain, and possesses a unique 10-amino-acid domain. The 
expression of ER‑α30 was associated with ER-α66-negative 
and progesterone receptor-negative breast cancer. The 30 kDa 
protein was expressed in stably transfected MDA‑MB‑231 
cells, and the overexpression of ER‑α30 in MDA‑MB‑231 cells 
enhanced malignant biological behaviors, including cellular 
proliferation, migration and invasion in vitro. The results of 
the present study indicated that ER-α30 might represent a 
potential biomarker for breast cancer.

Introduction

Alternative splicing produces multiple mRNA splice variants 
from the same gene; thus, a limited number of genes can encode 

a variety of different proteins (1). Specific splice variants have 
been reported to serve significant roles in the development, 
clinical diagnosis and treatment of cancer (2). Human estrogen 
receptor-α (hER-α) is a widely accepted predictive marker of 
the effectiveness of endocrine (anti-estrogen) therapy in patients 
with breast cancer (3). In general, ER-α-positive patients respond 
effectively to anti‑estrogens, including tamoxifen, whereas 
ER-α-negative patients do not (4,5). Despite this general pattern, 
a proportion of ER-α-negative patients with breast cancer are 
responsive to anti-estrogen treatment (6). It is possible that ER-α 
is expressed in these patients, but that its pre‑mRNA under-
goes alternative splicing resulting in the expression of variant 
isoforms, the protein products of which cannot be detected using 
commercially available ER-α antibodies. These variants may be 
induced during the formation and progression of breast cancer, 
influencing the behavior of breast cancer cells via uncharacter-
ized mechanisms, and potentially promoting the progression of 
breast cancer to more aggressive phenotypes, including loss of 
responsiveness to anti-estrogen treatment (7,8).

In the present study, a novel 30 kDa hER-α splice variant 
(ER-α30), was identified, which is encoded by a distinct ER‑α 
mRNA and enhanced the malignant biological behaviors of 
human breast cancer MDA‑MB‑231 cells.

Materials and methods

Clinical breast tumor tissues. Breast tumor tissues were 
collected from 33 female patients of breast invasive ductal 
carcinoma treated at the Affiliated Hospital of Guilin Medical 
University (Guangxi, China) between August 2013 and 
June 2014. The age of patients ranged from 37-81, with an 
average age of 56 years. The specimens were obtained during 
surgical resection, cut into 0.3-0.5 cm2 sections and stored 
in liquid nitrogen prior to experimentation. No patients had 
received chemotherapy or radiotherapy prior to surgery. The 
tumor stage was pathologically determined according to the 
American Joint Committee on Cancer staging system (9,10). 
ER-α66, progesterone receptor (PR) and Erb‑B2 receptor 
tyrosine kinase 2 (Her‑2) expression statuses were determined 
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by immunohistochemistry analysis in the hospital's pathology 
department. The present study was approved by the Human 
Ethics Committee of the Affiliated Hospital of Guilin Medical 
University (Guangxi, China) and informed consent was 
obtained from all patients.

ER‑α30 cloning and expression in breast cancer tissue. Total 
RNA was extracted from 300‑500 mg breast tumor tissues 
using TRIzol (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA), according to the manufacturer's instructions. cDNA was 
then synthesized using 3 µg total RNA and oligodT primers 
using a RevertAid First Strand cDNA Synthesis kit (Fermentas; 
Thermo Fisher Scientific, Inc.), according to the manufactuer-
er's protocol. The open‑reading frame (ORF) of ER‑α30 was 
amplified by semi‑nested reverse transcription‑polymerase 
chain reaction (RT-PCR) in two 30-cycle reactions. The ther-
mocycling conditions were as follows: Round 1: 94˚C for 5 min, 
then 30 cycles of 94˚C for 30 sec, 58˚C for 30 sec and 72˚C for 
90 sec, completed at 72˚C for 5 min; round 2, 94˚C for 5 min, 
then 30 cycles of 94˚C for 30 sec, 60˚C for 30 sec and 72˚C 
for 90 sec, completed at 72˚C for 5 min under the conditions 
recommended by the LA Taq™ kit (Takara Biotechnology 
Co., Ltd., Dalian, China). Primers were designed and synthe-
sized by Shenggong, Biotechnology Co., Ltd. (Shanghai, 
China) for exon 1 (forward, 5'-ATG ACC ATG ACC CTC CAC 
ACC AAA G‑3') and exon 8 (outer reverse 1, 5'-GCA GCA GGG 
ATT ATC TGA ACC G-3' and inner reverse 2, 5'-GGA ATG 
CGA TGA AGT AGA GCC-3'), respectively, with the cDNAs 
used as a template for round 1 and the product of round 1 used 
as the template for round 2. Hypoxanthine phosphoribosyl 
transferase was used as an internal control (forward primer, 
5'- GCT TTC CTT GGT CAG GCA GTA-3' and reverse primer, 
5'-CGA TGT CAA TAG GAC TCC AGA TGT-3'). The RT-PCR 
product was then, sequenced by Shenggong, Biotechnology 
Co., Ltd., and homology was analyzed using the National 
Centre for Biotechnology Information Basic Local Alignment 
Search Tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi). The 
association between ER-α30 expression status and clinical 
characteristics, including age, tumor size, tumor stage, lymph 
nodal status, ER-α66, PR, and Her-2 status, was analyzed.

Cell culture. The breast cancer MDA‑MB‑231 cell line 
[ER-α66(-), PR(-), Her‑2(‑)] were acquired from the Cell Bank 
of the Type Culture Collection of the Chinese Academy of 
Sciences (KunMing, China), and MCF‑7 cell line [ER-α66(+)] 
were provided as a gift from Professor Yiming Tao (Department 
of Biotechnology, Guilin Medical University, Guilin, China). 
All cells were cultured in DMEM‑F12 (Gibco; Thermo Fisher 
Scientific, Inc.) containing 10% fetal bovine serum (FBS; 
Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and 
100 µg/ml streptomycin at 37˚C and 5% CO2.

Plasmid preparation and transfection. A 1,002-bp fragment 
from the PCR experiment was amplified and cloned into 
the corresponding sites of the expression vector, pEGFP‑N1 
(provided as a gift from Professor Heling Su, Department 
of Biotechnology, Guilin Medical University, Guilin, China) 
[with deleted enhanced green fluorescent protein (EGFP)], 
with HindIII and BamHI. The cloning was then verified by 
sequencing (Shenggong, Biotechnology Co., Ltd., Shanghai, 

China). Transfection was performed using Lipofectamine® 
2000 (Thermo Fisher Scientific, Inc.), according to the manu-
facturer's protocol. MDA‑MB‑231 cells were seeded in a 6‑well 
plate 24 h prior to transfection with the plasmids. Cells were 
washed twice with PBS and then cultured in 2 ml antibiotic-free 
medium containing either pEGFP‑N1/ER-α30 or the empty 
vector pEGFP‑N1 plasmid with Lipofectamine® 2000 (3 µg 
plasmid, 5 µl Lipofectamine, and 1.2x105 cells/well). After 
48 h, stably transfected cells were selected using 600 µg/ml 
geneticin (G418; Thermo Fisher Scientific, Inc.) for 2-3 weeks. 
The remaining surviving individual clones were pooled and 
expanded for further analysis.

Western blot analysis. Stably transfected MDA‑MB‑231 cells 
and MCF‑7 cells [acted as the positive control of ER‑α66(+) 
without transfection] were lysed in radioimmunoprecipitation 
assay buffer (Beyotime Biotechnology Co., Ltd., Shanghai, 
China) containing 1 mmol/l phenylmethanesulfonyl fluoride. 
Protein quantification was performed according to the manu-
facturer's instructions of an Enhanced BCA Protein assay kit 
(Beyotime Biotechnology Co., Ltd.). A total of 20 µg protein 
was separated by SDS-PAGE using a 5% stacking gel and a 
10% separating gel. The proteins were electro transferred onto 
a polyvinylidene difluoride membrane and blocked at room 
temperature in 3% bovine serum albumin (Roche Diagnostics, 
Basel, Switzerland) in tris-buffered saline and 0.5% Tween-20 
(TBST) for 30 min. The membrane was then incubated with 
anti-ER-α (dilution, 1:100; cat. no. sc-7207, H-184; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA, provided as a gift from 
Professor Joshua Liao), and β-actin (dilution, 1:1,000; cat. 
no. AA128; Beyotime Biotechnology Co., Ltd.) primary anti-
bodies overnight at 4˚C. Finally, the membrane was incubated 
with horseradish peroxidase‑conjugated goat anti‑rabbit (for 
ER-α, cat. no. CW0103; CW, Biotechnology Co., Ltd., Beijing, 
China) or goat anti-mouse (for β-actin, cat. no. CW0102; 
CW, Biotechnology Co., Ltd.) secondary antibody (dilution, 
1:10,000) at room temperature for 1 h. The protein bands 
were visualized using the BeyoECL Plus kit (Beyotime 
Biotechnology Co., Ltd.).

MTT assay. Transfected cells were seeded into 96-well 
plates at a density of 400 cells/well (5 wells were seeded 
for each experimental group) and maintained in serum‑free 
medium (DMEM‑F12, containing 100 U/ml penicillin and 
100 µg/ml streptomycin) for 24 h (day 1), then replaced with 
fresh complete medium (DMEM‑F12, containing 10% FBS, 
100 U/ml penicillin and 100 µg/ml streptomycin) and cultured 
for 5 days (day 2-6). Cell proliferation was evaluated daily by 
adding 10 µl 5 mg/ml MTT, and incubation for 4 h at 37˚C. 
The supernatant was then removed and the purple formazan 
crystals were dissolved in 100 µl DMSO at room temperature 
for 15 min. Finally, absorbance was determined using a spec-
trophotometer, measured at 570 nm. The relative proliferation 
rate was calculated by dividing the optical density value on 
each of the 5 days by the value on day 1.

Monolayer colony formation assay. A total of 200 transfected 
cells were seeded in triplicate in 6-well plates. The cells 
maintained in complete medium, refreshed every 3 days. After 
2 weeks, the medium was removed and the cells were fixed 
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at room temperature for 10 min using 100% methanol, dyed 
at room temperature for 20 min with 0.1% crystal violet and 
washed with PBS. Visible colonies were counted to calculate 
the colony formation rate (%) according to the following 
formula: Number of colonies/200 x 100.

Transwell migration and invasion assay. Transfected cells 
were incubated in serum‑free DMEM for 24 h. For the 
migration assay (without Matrigel), 100 µl serum-free cell 
suspension containing 2x104 cells was directly added into 
the upper chambers of a Transwell plate (8 µm, 24-well plate; 
Corning Incorporated, Corning, NY, USA). For invasion 
studies, Matrigel (BD Biosciences, Franklin Lakes, NJ, USA) 
was thawed overnight at 4˚C and diluted with serum‑free 
medium at a ratio of 1:8. The polycarbonate membranes of the 
Transwell inserts were coated with 50 µl diluted Matrigel and 
incubated at 37˚C for 1 h. Next, 100 µl serum-free cell suspen-
sion containing 4x104 cells was added to each upper chamber, 
and 500 µl DMEM‑F12 containing 10% FBS was added to 
each lower chamber. Following incubation for 12 h, the super-
natant was removed from the upper chamber and cells unable 
to penetrate the membrane were carefully removed with a 
cotton swab. The Transwell membrane was then fixed at room 
temperature for 15 min with 4% paraformaldehyde, washed 
with PBS and dyed at room temperature for 20 min with 0.1% 
crystal violet. Images from 5 fields on each membrane were 
captured at x40 magnification using a light microscope and 
the number of penetrated cells fixed to the lower surface of 
the membrane was counted. Independent experiments were 
repeated ≥3 times using 3 Transwell inserts for each repeat.

Statistical analysis. SPSS software (version 17.0; SPSS, Inc., 
Chicago, IL, USA) was used to perform all statistical analysis. 
The association between ER-α30 expression and clinicopatho-
logical characteristics was analyzed using Fisher's exact test. The 
results of the colony formation, migration and invasion assays are 
presented as the mean ± standard error of the mean of repeated 
independent experiments. Comparisons between 2 groups were 
analyzed by Student's t-test subsequent to Levene's test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Cloning of ER‑α30. The ER-α30 ORF was amplified by 
semi-nested RT-PCR using RNA from clinical breast cancer 
tumor tissue. A 1,002‑bp PCR fragment was purified, cloned 
and successfully sequenced. The sequence of exons 1, 2, 
3 and 8 were identical to the DNA sequence of the ER-α66 
genomic sequence. However, the fragment contained only 
partial segments of exons 4 and 6, and was completely lacking 
exons 5 and 7. The first 24 bp of exon 4 were directly spliced to 
the last 44 bp of exon 6. The cDNA sequence encoded a protein 
271 amino acids in length with a predicted molecular weight 
of 30 kDa (Fig. 1A). ER-α30 differed from ER-α66 as it lacked 
a ligand‑binding domain (LBD) and a ligand‑dependent tran-
scriptional activation domain (AF2). It retained the N‑terminal 
transcriptional activation domain (AF1), the DNA-binding 
domain (DBD), a partial hinge domain and contained a unique 
10 amino acid domain at the C-terminus (Fig. 1B).

ER‑α30 expression is inversely associated with ER‑α66 and 
PR expression. A total of 33 breast tumor specimens were 
analyzed using semi-nested RT-PCR and sequence analysis, 
revealing that the 1,002‑bp PCR fragment was amplified in 
11 tumor tissues but not in the remaining 22 tumor tissues, 
indicating that 11 specimens (33.3%) expressed ER‑α30 
mRNA (Fig. 2). It was also demonstrated that ER-α30 expres-
sion was negatively associated with ER-α66 and PR expression 
status (Table I). The ER-α30 expression frequency of ER‑α66 
and PR-negative tumors was higher than that for ER-α66 
and PR-positive tumors (60 vs. 11.1%, and 55.6 vs. 6.7%, 
respectively). No associations were identified between ER‑α30 
expression and other clinical characteristics, including age, 
menopausal status, tumor size, tumor stage, lymph node status, 
or Her-2 status.

ER‑α30 ORF encodes a 30 kDa protein recognized by anti‑
bodies targeting the N‑terminal AF1 of ER‑α66. To confirm 
whether the cloned ER-α30 ORF expresses the predicted 
protein, it was transfected into the human breast cancer 
MDA‑MB‑231 cell line using the pEGFP‑N1 expression vector. 

Figure 1. Novel hER‑α splice variant, ER-α30. (A) The amino acid sequence of ER-α30, as predicted by its open-reading frame. The last 10 amino acids are 
underlined. (B) The protein domains of ER‑α66 and ER-α30. The numbers refer to the amino acid sequence; and the boxes represent each domain. hER‑α, 
human estrogen receptor-α; AF1, transcriptional activation domain; DBD, DNA‑binding domain; LBD, ligand‑binding domain; AF2, ligand‑dependent 
transcriptional activation domain.
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Whole‑cell protein extracts from MDA‑MB‑231/ER-α30 cells 
(stably transfected with pEGFP‑N1‑ER‑α30), MDA‑MB‑231/v 
cells (stably transfected with the pEGFP‑N1 empty vector), and 
MCF‑7 cells (control) were subjected to western blot analysis 
using a polyclonal antibody targeting amino acids 2-185 of 
ER-α66. Visualization of the membrane revealed the pres-
ence of a 30 kDa protein band in the MDA‑MB‑231/ER-α30 
cells, but not in the MDA‑MB‑231/v cells or the MCF‑7 cells. 
Meanwhile, a 66 kDa protein band was visualized in the 
MCF‑7 cells but not the MDA‑MB‑231/ER-α30 cells or the 
MDA‑MB‑231/v cells. These results indicated that the isolated 
ORF expressed the predicted protein, which was recognized 
by the anti-ER-α66 antibody (Fig. 3).

Overexpression of ER‑α30 in MDA‑MB‑231 cells enhances 
cell proliferation, migration, and invasion. To investigate 
the effect of ER-α30 overexpression on the proliferation 
ability of MDA‑MB‑231 cells, MTT and monolayer colony 
formation assays were performed. As demonstrated 

in Fig. 4A, MDA‑MB‑231/ER-α30 cells exhibited a more 
rapid rate of proliferation than did MDA‑MB‑231/v control 
cells. Furthermore, the monolayer colony-formation assay 
revealed that MDA‑MB‑231/ER-α30 cells exhibited a greater 
colony‑formation ability than MDA‑MB‑231/v cells (78.5±3.5 
vs. 40.3±1.7%; Fig. 4B). To determine whether ER‑α30 
expression modulated the migratory and invasive abilities of 
breast cancer cells, a Transwell assay was performed. The 
MDA‑MB‑231/ER-α30 cells exhibited a greater migratory 
ability than the control cells (184.7±24.3 vs. 99.3±24.8 cells; 
Fig. 4C and D). The MDA‑MB‑231/ER-α30 cells were also 
more invasive than the control cells (124.2±12.1 vs. 79.7±15.9, 
respectively; Fig. 4C and D).

Discussion

In the present study, ER-α30, a novel splice variant of hER-α, 
was cloned from clinical breast cancer tissue. In this variant, 
the first 24 bp of exon 4 were directly spliced to the last 44 bp of 
exon 6 of the hER‑α genomic sequence. As exon 5 and 7 were 
completely deleted, the ORF of ER‑α30 was predicted to 
encode a truncated protein of 30 kDa. The protein differed 
from the full-length hER-α (ER-α66) as it lacked a segment of 
the hinge domain, the LBD and AF2, but possessed a unique 
C-terminal 10-amino-acid domain. The predicted truncated 
30 kDa protein was then overexpressed in MDA‑MB‑231 
cells, as confirmed by a western blot assay using an antibody 
directly targeting the N‑terminal AF1 of ER‑α66.

Table I. Association between ER-α30 expression and clinical 
characteristics.

 ER-α30
 expression status
 ------------------------------------------
Characteristic Patients, n Positive Negative

Age, years   
  ≥50 22 8 14
  <50 11 3 8
Menopausal status   
  Premenopausal 12 4 8
  Postmenopausal 21 7 14
Tumor size, cm   
  ≤2 12 4 8
  >2 21 7 14
Tumor stage   
  I 2 0 2
  II 16 5 11
  III 15 6 9
Lymph node status   
  0 14 5 9
  ≥1 19 6 13
ER-α66 statusa   
  Positive 18 2 16
  Negative 15 9 6
PR statusa   
  Positive 15 1 14
  Negative 18 10 8
Her-2 status   
  Positive 22 9 13
  Negative 11 2 9

aP<0.001. ER-α, estrogen receptor-α; PR, progesterone receptor; Her-2, 
Erb‑B2 receptor tyrosine kinase 2.

Figure 3. Western blot analysis confirmed that ER‑α30 is expressed in 
MDA‑MB‑231/ER‑α30 ER-α30‑overexpresing cells, but not in cells trans-
fected with the MDA‑MB‑231/v empty‑vector or MCF‑7 control cells. ER‑α, 
estrogen receptor-α.

Figure 2. ER‑α30 expression in clinical breast cancer tissues was analyzed 
using semi-nested reverse transcription-polymerase chain reaction. The 
electrophoresis results of 7 samples are provided. The numbers represent the 
serial number of the specimen, and the white arrows indicate the 1,002-bp 
fragment of ER-α30. ER-α, estrogen receptor-α; M, DL2000 marker.
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It is likely that ER-α30 has not been previously identified 
in clinical specimens because the anti-ER-α66 antibody that 
targets the LBD is not present in this variant (11-13). With 
intact AF1 and DBD domains, ER‑α30 may still function as a 
nuclear transcription factor, similar to ER-α66, mediating the 
traditional genomic signaling pathway. However, the C-terminal 
10-amino-acid domain that is substituted for the last 335 amino 
acids of the LBD/AF2 domains indicates that ER‑α30 may 
possess different transcriptional activity from the full-length 
protein. For example, it may exhibit a different ligand response 
profile to ER‑a66. Alternatively, it may function as a negative 
inhibitor of the estrogen-signal response mediated through 
the ER-α66 AF2 domain, similar to ER‑α46, which also 
lacks the AF1 domain and strongly represses AF1 activity of 
ER-α66 (14,15).

ER-α30 mRNA was expressed in 11/33 (33%) breast cancer 
tissue specimens. As 2 adjacent normal breast tissues were not 
collected and the quality of total RNA from 4 adjacent normal 
tissues was too poor to be used for analysis, 5 adjacent normal 
tissues from of the 11 ER-α30-positive patients were also 
analyzed. Amplification of ER‑α30 derived from the 5 adja-
cent normal breast tissues was unsuccessful (data not shown). 
Therefore, we hypothesized ER-α30 is mainly expressed in 
breast cancer tumor tissue. Furthermore, the association analysis 
of ER-α30 expression and clinical characteristics demonstrated 

that ER-α66‑ and PR‑negative breast tumor tissues exhib-
ited expression of the ER‑α30 variant more frequently than 
ER-α66- and PR-positive breast cancer tumors. This indicates 
that ER-α30 may inhibit the expression of ER‑α66 and PR 
proteins, functioning as a negative regulation variant. However, 
no significant associations between ER-α30 expression and 
other clinical characteristics were identified, which is possibly 
due to the limited number of samples.

The ER-α30 expression status of the MDA‑MB‑231 cell 
line was analyzed using semi-nested RT-PCR, which revealed 
that the 1,002‑bp PCR fragment was not expressed in this 
cell line (data not shown). ER-α30 overexpression induced in 
MDA‑MB‑231 cells was to investigate the potential function 
of ER-α30. It was demonstrated that ER-α30 overexpres-
sion promoted cell proliferation, migration, and invasion, 
indicating that ER-α30 may bind DNA through the retained 
DNA‑binding domain to activate the transcription of specific 
target genes through the retained AF1 domain. ER‑negative 
breast cancer exhibits higher rates of metastasis and recur-
rence than ER-positive breast cancer (16). The results of the 
present study indicated that ER-α30 may be associated with 
ER-negative breast cancer, and thus that it may be a potential 
biomarker for ER-negative breast cancer. ER-α30 expression 
was also analyzed in MCF‑7 cells and negative results were 
achieved (Fig. 3). This conclusion would be strongly supported 

Figure 4. Overexpression of ER‑α30 in MDA‑MB‑231 cells enhanced cellular proliferation, migration and invasion. (A) The proliferation rate of MDA‑MB‑231/v 
and MDA‑MB‑231/ER‑α30 cells, relative to day 1, was analyzed by MTT assay. (B) The colony formation rate of MDA‑MB‑231/v and MDA‑MB‑231/ER‑α30 
cells was determined using a colony‑formation assay. (C) The migratory and invasive abilities of MDA‑MB‑231/v and MDA‑MB‑231/ER‑α30 cells were 
investigated by Transwell migration and invasion assays. (D) Representative photomicrographs (x40, magnification) of migrated/invasive MDA‑MB‑231/v and 
MDA‑MB‑231/ER‑α30 cells. **P<0.001. ER-α, estrogen receptor-α.
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by performing a gene‑silencing assay in a cell line exhibiting 
default ER-α30 expression.

In summary, a novel hER-α splice variant, ER-α30, was 
identified in the present study, and its function was prelimi-
narily investigated. However, further characterization and 
validation is required, as are further studies to determine 
the significance of ER‑α30 in human breast cancer. Future 
investigation should include the development of an antibody 
targeted to the unique 10-amino-acid domain of ER-α30 to 
characterize the expression pattern of ER‑α30 in normal and 
breast cancer tissues, the mutual regulation between ER-α30 
and ER-α66, and the mechanism by which ER-α30 enhances 
malignant biological behaviors. These studies will provide 
novel insights into the complex biological aspects of breast 
cancer.
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