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Abstract. The oncogenic role of estrogen receptor (ER)α and 
its correlation with let-7 microRNAs (miRNAs) have been 
studied and confirmed in breast tumors; however, this corre-
lation has not been investigated in breast cancer stem cells 
(BCSCs). In the present study, we detected the expression of 
let-7 and ERα in ER-positive breast tumor tissues. Furthermore, 
we used a FACSAria cell sorter to separate side population (SP) 
cells from the MCF-7 and T47-D cell lines by Hoechst 33342 
staining. The expression of let-7 miRNAs, ERα and its down-
stream genes in SP and non-SP (NSP) cells were analyzed. In 
additional experiments, we transfected a plasmid expressing 
let-7a into SP cells isolated from the MCF-7 and T47-D cell 
lines in order to observe changes in the expression of down-
stream genes (cyclin D1 and pS2). The correlation among let-7, 
ERα and ERα downstream genes suggested that let-7 acts 
as a tumor suppressor by inhibiting ERα-mediated cellular 
malignant growth in ER-positive breast cancer stem cells. The 
suppression of ERα by the upregulation of let-7 expression may 
be a promising strategy for the inhibition of the ER signaling 
pathway and for the elimination of cancer stem cells, thus 
aiding in the treatment of breast cancer.

Introduction

MicroRNAs (miRNAs or miRs), one of the most abundant 
classes of post-transcriptional regulators, are attracting 
increasing attention. MiRNAs inhibit translation initiation by 
binding to 3' untranslated regions (3'UTRs) (1). The upregula-
tion of certain miRNAs in carcinoma suggests that they can 
function as oncogenes, and inversely, the downregulation of 
certain miRNAs suggests that they can also function as tumor 

suppressors (2-4). Let-7 miRNAs are the earliest discovered 
miRNAs, which are critical for cell generation and differ-
entiation (5). Let-7 miRNAs have been reported to be tumor 
suppressors, playing critical roles in tumorigenesis and the 
metastatic progression of many types of cancer, such as breast, 
lung, colorectal and ovarian cancer, as well as nervous system 
neoplasms (6,7). Let-7 miRNAs have been demonstrated to 
regulate multiple oncogenes, such as RAS, high-mobility 
group AT-hook 2 (HMGA2), c-Myc and caspase-3, by targeting 
and degrading their mRNAs (6,8,9). Let-7a, a member of the 
let-7 family, has been selected as a representative by a number 
of studies (10-13).

Estrogen has been implicated in breast diseases for a 
number of years, particularly in estrogen receptor (ER)-positive 
breast cancer. ER consists of two isoforms, ERα and ERβ. 
The biological function of estrogen is mediated mainly by 
nucleus-localized ERα, which is a critical component in breast 
cancer initiation and progression. Along with the discovery of 
anti-estrogen drugs and estrogen receptor antagonists, such as 
tamoxifen and letrozole, endocrine therapy plays a vital role in 
combating breast cancer. However, patients inevitably develop 
resistance to these drugs. Finding a novel strategy to inhibit the 
function of estrogen is crucial. Cancer stem cells (CSCs) are a 
group of cells showing a high capacity for sphere formation, 
self renewal, tumorigenicity and migration (14). Based on these 
characteristics, CSCs are considered responsible for resistance 
to chemo- and radiotherapy (14,15), eventually promoting the 
regeneration and recurrence of cancer. Therefore, therapies 
targeting CSCs may be promising strategies for the treatment 
of breast cancer. However, it is remarkable that CSCs can 
remain dormant (in ‘hibernation’) for long periods of time, 
a quiescence associated with slow cell cycle kinetics, which 
renders CSCs resistant to anticancer therapies and enhances 
their tumor initiating potential (16,17).

Recently, scientists discovered that let-7 degrades ERα as 
a target, and then inhibits cell proliferation and promotes cell 
apoptosis  (18). This discovery suggests that let-7 miRNAs 
may be candidates for drug therapies against estrogen and 
cancer in the future. However, the function of let-7 related 
to ERα in breast cancer stem cells (BCSCs) has not yet been 
investigated. The isolation of CSCs has provided us with the 
opportunities to explore their origin, self-renewal, differentia-
tion, invasiveness, metastatic ability, resistance to chemotherapy 
and radiotherapy (19,20). The side population (SP) method was 
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created as a classic and non-specific method for the separation 
of CSCs, which relies on their characteristics (21), and is parti
cularly useful in a situation where molecular markers of these 
stem cells are unclear (22,23). Previous studies have confirmed 
that SP cells are an enriched source of CSCs, and based on the 
lack of accumulation of the Hoechst dye, SP cells have been 
proven to enrich primitive and undifferentiated cells in a variety 
of tumors and cell lines (24). In this study, we applied the SP 
method to separate SP cells from breast cancer cell lines for 
research purposes.

In order to verify our hypothesis that let-7 is a regulator 
of the ERα signaling pathway in breast tumors and BCSCs, 
we firstly examined clinical specimens to search for clues of 
the correlation between let-7 and ERα, and then detected their 
expression in BCSCs to identify the signaling pathway associ-
ated with let-7. Finally, we transfected let-7a into SP cells to 
investigate the changes in the expression of target genes and 
biological characteristics.

Materials and methods

Expression of let-7 and ERα in clinical specimens. To examine 
the expression of hsa-let-7 and ERα, specimens from 43 patients 
with ER-positive breast cancer were collected. These patients 
underwent surgery at the First Affiliated Hospital of Xi'an 
Jiaotong University (Xi'an, China) from February 2009 to 
February 2011. Standard modified radical mastectomy was 
performed for each patient, with or without sentinel lymph 
node dissection and complete axillary lymph node dissection. 
No pre-operative chemo- or radiotherapy was performed on 
any of these patients. Tumor tissue specimens were from the 
central part of the tumor, except for the necrotic part; normal 
tissue specimens were obtained from tissue located >5 cm away 
from the tumor margin. Fresh specimens were stored in liquid 
nitrogen. All the patients were diagnosed and confirmed by 
pathological examination. Their clinical data are summarized 
in Table I.

The expression levels of let-7 and ERα were examined 
by real-time quantitative reverse transcription-polymerase 
chain reaction (qRT-PCR). The cDNA templates for qRT-PCR 
were synthesized from extracted RNA samples. The primers 
of the let-7 miRNAs are listed in Table II. Primers of ERα 
were: 5'-ATG ACC ATG ACC CTC CAC ACC AAA GCA-3' 
and 5'-TTC AGA CCG TGG CAG GGA AAC CCT CT-3'. 
miR-U6 and β-actin were used as the internal reference. 
Gene expression was detected using SYBR Premix Ex TaqII 
(Takara,  Inc., Dalian, China). Real-time PCR was carried 
out in a 20.0 µl reaction volume, including 10.0 µl of SYBR 
Premix Ex TaqII, 0.8 µl certain let-7 miRNA primer and 0.8 µl 
Uni-miR qPCR Primer (Takara, Inc.). ERα was determined 
by adding 1.0 µl forward primer and 1.0 µl reverse primer of 
ERα (AuGCT DNA; Syn Biotechnology, Xi'an, China). All 
analyses were performed in triplicate.

Cell culture. The human breast cancer cell lines, MCF-7 and 
T47-D, were kept in the Central Laboratory of the Medical 
College of Xi'an Jiaotong University. RPMI-1640 medium 
(Thermo Scientific Co., Ltd., Shanghai, China) was supple-
mented with 10% fetal bovine serum, penicillin 100 U/ml and 
streptomycin 100 mg/ml (Gibco-Invitrogen, Grand Island, 

NY, USA). MCF-7 and T47-D were incubated at 37˚C in a 5% 
CO2 atmosphere. SP cells separated from MCF-7 and T47-D 
cells were cultured in stem cell growth medium (SCGM), 
which was DMEM/F12 (Thermo Scientific Co., Ltd.) medium 
supplemented with 1% non-essential amino acid, 5  mM 
HEPES, 50 µg/ml insulin, 20 ng/ml human epidermal growth 
factor (hEGF), 10 ng/ml human basic fibroblast growth factor 
(hbFGF) (3,19,25,26).

Isolation of breast CSCs (SP cells). In this study, we used a 
FACSAria cell soter (BD Biosciences, San Jose, CA, USA) in 
order to separate SP cells from MCF-7 and T47-D cell lines. 
The SP protocol was essentially performed as previously 
described (21). DNA-specific Hoechst 33342 dye and vera-
pamil hydrochloride were purchased from Sigma-Aldrich Co., 
Ltd. (St.  Louis, MO, USA) MCF-7 and T47-D cells were 
collected (1x106  cells/ml), and incubated in RPMI‑1640 
medium as described above. The positive group contained 
5 µg/ml Hoechst 33342, and was incubated at 37˚C for 90 min 
in SCGM. The control group contained the ABCG inhibitor, 
verapamil (1 mM), with the other conditions being the same. 
Four groups of two breast cancer cell lines were analyzed by 
flow cytometry. After the SP and non-SP (NSP) cells were 
successfully separated, we re-analyzed the cells to evaluate 
sorting purity. We separated the SP cells in three rounds. 

Table I. Clinical and pathological features of the breast cancer 
patients.

Parameter	 No. of cases	 Percentage

Age (years)
  ≤50	 19	 44.2
  >50	 24	 55.8

Menopause
  Pre	 20	 45.1
  Post	 23	 55.9

Tumor size (cm)
  ≤2	 27	 62.8
  >2	 16	 37.2

Grade of malignancy
  G1 + G2	 31	 72.1
  G3	 12	 27.9

Progesterone status
  Positive	 33	 76.7
  Negative	 10	 23.3

HER2 status
  Overexpression	 8	 18.6
  Normal expression	 35	 81.4

Ki-67
  ≤25%	 32	 74.4
  >25%	 11	 25.6

HER2, human epidermal growth factor receptor 2.
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Total RNA and protein were extracted and identified and the 
average expressions were calculated.

Analysis of let-7 and ERα. Total RNA was extracted using 
Takara RNAiso Plus (Takara, Inc.), then cDNA was synthe-
sized using 1.0 µl (~1.0 µg) total RNA in a reaction volume 
of 20.0  µl by following the protocol of Takara One Step 
PrimeScript miRNA cDNA Synthesis Kit (Takara,  Inc.). 
Following dilution for five times, 2.0 µl cDNA was absorbed 
from 100.0 µl mix for real-time PCR in a 20.0 µl reaction 
volume, including 10.0 µl of SYBR Premix Ex TaqII, 0.8 µl 
certain let-7 miRNA primer and 0.8 µl Uni-miR qPCR Primer 
(Takara, Inc.). The primers of let-7 family members used in 
this reaction are listed in Table II. The level of each miRNA 
was calculated and presented following the 2-ΔΔCt method 
[ΔΔCt = ΔCt (SP cells) - ΔCt (NSP cells)], using miR-U6 as 
the internal reference for BCSCs.

To examine ERα expression in SP and NSP cells, total 
RNA was extracted, and the protocols were the same as those 
described above. When the mixture was ready for real-time PCR 
in a 20.0 µl reaction volume, 1.0 µl forward primer and 1.0 µl 
reverse primer of ERα (AuGCT DNA; Syn Biotechnology) 
were added, not using Uni-miR qPCR Primer. The primers 
for ERα were: 5'-ATG ACC ATG ACC CTC CAC ACC AAA 
GCA-3' and 5'-TTC AGA CCG TGG CAG GGA AAC CCT 
CT-3'. The expression level of ERα was presented following 
the 2-ΔΔCt method, using β-actin as the internal reference, of 
which the primers were 5'-GGT GGC TTT TAG GAT GGC 
AAG-3' and 5'-ACT GGA ACG GTG AAG GTG ACA G-3'. 
All analyses were performed in triplicate.

Analysis of protein expression. Cyclin D1 and pS2 are the 
direct downstream genes of ERα, and play an important role 
in the cell cycle, cell differentiation and proliferation. We 
investigated ERα, cyclin D1 and pS2 expression by western 
blot analysis in the SP cells. Firstly, total protein was extracted 
from the isolated SP and NSP cells by radioimmunoprecipita-
tion assay (RIPA) lysis buffer. Following centrifugation, the 
supernatants were collected. Total protein concentrations 
were measured using the BCA assay kit. Clarified protein 

lysates were electrophoretically resolved on a denaturing SDS 
polyacrylamide gel (8-12%) and electrotransferred onto nitro-
cellulose membranes.

The membranes were firstly blocked in 5% non-fat dry 
milk in Tris-buffered saline (TBS) for 2 h, and then probed 
with specific primary antibodies against ERα (ab10286), 
cyclin D1 (ab62151), pS2 (ab92377), purchased from Abcam 
(Hong Kong, China). Immunopositive bands were detected 
using the chemiluminescence detection system (Amersham 
Biosciences, Piscataway, NJ, USA) and autoradiography. The 
western blot analysis results were scored as positive if the band 
of interest was present at the expected molecular weight. All 
analyses were performed in triplicate.

Transfection of let-7a into SP  cells. The let-7a sequence 
was synthesized and cloned into the carrier plasmid, pGen-
esil, by GenePharma  Co., Ltd. (Shanghai, China), which 
contained neo gene; pGenesil-control was also constructed 
by GenePharma Co., Ltd. The resulting plasmids were labeled 
pGenesil-let-7a and pGenesil-control, confirmed by restriction 
enzyme digestion and agarose gel electrophoresis. In order 
to determine the effects of let-7a on ERα, the pGenesil-let-7a 
plasmid was transfected into the SP cells from the MCF-7 and 
T47-D cell lines, using Lipofectamine 2000 according to the 
manufacturer's instructions. After 48 h, the cells were placed in 
selection medium, and let-7a was detected. After the transfec-
tion of let-7a into MCF-7 and T47-D SP cells, we examined the 
mRNA and protein expression of ERα. We also examined the 
protein expression levels of cyclin D1 and pS2 after transfec-
tion. The protocols were as described above.

Flow cytometry. MCF-7 and T47-D SP  cells which were 
transfected with the let-7a and pGenesil-control plasmids were 
divided into the following four groups: i) MCF-7 let-7a positive 
group, ii) MCF-7 control group, iii) T47-D let-7a positive group 
and iv) T47-D control group.

For analysis of the apoptosis rates, 5x105 cells from each 
group were collected, and then washed with PBS twice. Flow 
cytometric analysis was carried out according to standard 
procedures. The cells were resuspended in 500 µl binding 
buffer, and then 5 µl Annexin V-FITC and 10 µl PI (both from 
BD Biosciences) were added. The mixture was gently vortexed 
and then incubated for 15 min at 18-28˚C in the dark. The cells 
were analyzed by flow cytometry within 1 h of incubation and 
all analyses were performed in triplicate.

For cell cycle analysis, 5x105 cells were collected, washed 
twice with PBS, and then fixed with ice-cold 70% ethanol 
for 24 h at 4˚C. The fixed cells were then stained with PI for 
30 min at 37˚C; finally all samples were analyzed by flow 
cytometry. Cell cycle analysis of DNA contents was performed 
using MultiCycle software. All analyses were performed in 
triplicate.

Statistical analysis. All statistical analyses were performed 
using SPSS13.0 software (IBM Corp., Armonk, NY, USA). 
The results are presented as the means ± standard deviation 
(SD). The intragroup differences of the miRNAs and protein 
expression were assessed by the analysis of variance (ANOVA) 
test. The statistical differences of let-7 and its downstream 
genes between the four groups were determined using the 

Table II. Let-7 miRNAs and U6 primers.

		  Annealing
Gene	 Primer	 temp (˚C)

miR-let-7a	 TGAGGTAGTAGGTTGTATAGTT	 54.7
miR-let-7b	 TGAGGTAGTAGGTTGTGGTT	 58.3
miR-let-7c	 TGAGGTAGTAGGTTGTATGGTT	 56.3
miR-let-7d	 TCTCCATCATCCAACGTATCAA	 57.1
miR-let-7e	 ACTCCATCCTCCAACATATCAA	 57.3
miR-let-7f	 GATATGTTAGATAACGGAAGGG	 56.8
miR-let-7g	 ACTCCATCACCAAACATGTCAA	 59.0
miR-let-7i	 GACGCGTTCGATGACGGAACGA	 58.5
U6-F	 CTCGCTTCGGCAGCACA	 56.0

temp, temperature.



SUN et al:  Let-7 IN BREAST CANCER STEM CELLS2082

Student's t-test. A P-value <0.05 was considered to indicate a 
statistically significant difference.

Results

Expression of let-7 and ERα in clinical specimens. The results 
of quantitative real-time PCR showed that let-7 miRNAs were 
downregulated in tumor tissues compared to normal tissues. 
Among all let-7 miRNAs, the differences of let-7a, let-7b 
and let-7c between the two groups were the most significant 
(Fig. 1A and C); on the contrary, ERα was significantly upregu-
lated in the cancer tissues compared to the normal tissues 
(Fig. 1B and D). A significant inverse correlation was observed.

Isolation of SP cells. The SP cells from the MCF-7 and T47-D 
cells accounted for 5.0 and 3.3% of the total population, 
respectively. As expected, verapamil inhibited the proportion 
of SP cells. The proportion of MCF-7 and T47-D SP cells 
dropped to 0.4 and 0.1%, respectively when verapamil was 
added into the process of separation in the control group. 
Representative data are shown in Fig. 2; these data are in 
general agreement with previous studies (26-30).

Expression of let-7 and its correlation with ERα mRNA. The 
results of quantitative real-time PCR showed that let-7 miRNAs 
were downregulated in the SP cells compared to the NSP cells; 
among them, let-7a/b/c were significantly downregulated 
(Fig. 3A and C); on the contrary, ERα was upregulated in the 
SP cells compared to the NSP cells (Fig. 3B and D). These two 
factors had a significant inverse correlation.

Expression of ERα downstream genes. We assessed the protein 
expression level of ERα, cyclin D1 and pS2 in SP and NSP cells. 
The expression of ERα, cyclin D1 and pS2 were significantly 
higher in the SP compared to the NSP cells; importantly, we 
detected an inverse correlation between cyclin D1, pS2 and 
let-7 (Fig. 4).

Let-7 targets ERα signaling pathway. PGenesil-let-7a and 
pGenesil-control plasmids were constructed; the recombinant 
vector was verified by sequencing and examined by qRT-PCR. 
Let-7a expression was significantly enhanced in the SP cells 
transfected with pGenesil-let-7a compared to the SP cells 
transfected with pGenesil-control after two days (Fig. 5). At 
the mRNA level, the results showed that let-7a inhibited ERα 
mRNA expression after two days (28-61% of negative control, 
P<0.01) (Fig. 6A), indicating that let-7a promotes the degrada-
tion of ERα mRNA. At the protein level, let-7a suppressed the 
expression of ERα (Fig. 6B). Furthermore, we examined the 
downstream genes of ERα following transfection for two days; 
the results showed that let-7a significantly inhibited the expres-
sion of pS2 and cyclin D1 (Fig. 6B). The gray value results of 
western blot analysis are shown in Fig. 6C and D.

Cell cycle and apoptosis analysis of let-7a SP cells. Cell cycle 
analysis showed that let-7a increased the percentage of SP cells 
in the G0-G1 phase, and decreased the percentage of SP cells 
in the S phase, compared with the control group. The results 
of MCF-7 SP cells are shown in Fig. 7A and B, and the results 
of T47-D SP cells are shown in Fig. 7C and D, P<0.05. These 
results indicate that let-7a promotes the G0-G1 transition, 

Figure 1. Expression of let-7 and estrogen receptor (ER)α in cancer and normal tissues. (A) Amplification curves of let-7 miRNAs in the samples of cancer 
and normal tissues. (B) Amplification curves of ERα in the samples of cancer and normal tissues. (C) Quantification of let-7 in cancer and normal tissues, the 
relative quantity was calculated by the 2-ΔΔCt method, using U6 as the internal reference. Statistical analysis was performed using the t-test, *P<0.05, **P<0.01. 
(D) Quantification of ERα in MCF-7 and T47-D side population (SP) cells, the relative quantity was calculated by 2-ΔΔCt method, using β-actin as the internal 
reference. Statistical analysis was performed using the t-test, **P<0.01.
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and thereby inhibits SP cell proliferation. We then assessed 
SP cells from the two cell lines to examine the effect of let-7a 

on CSC apoptosis. The results showed that let-7a increased the 
apoptotic rate of MCF-7 and T47-D SP cells (Fig. 8).

Figure 2. Hoechst 33342 staining patterns in MCF-7 and T47-D cells. The side population (SP) cells were analyzed in the MCF-7 cells (B) with or (A) without 
verapamil by Hoechst 33342 staining and flow cytometry. The same analysis was carried out for T47-D cells (D) with or (C) without verapamil. The area within 
the triangle represents SP cells, and the remaining area represents the non-SP (NSP) cells.

Figure 3. Expression of let-7 and estrogen receptor (ER)α in side population (SP) and non-SP (NSP) cells separated from the MCF-7 and T47-D cell lines. Amplification 
curves of (A) let-7 miRNAs and (B) ERα in MCF-7 and T47-D SP cells. Quantification of (C) let-7 family members and (D) ERα in MCF-7 and T47-D SP cells; 
the relative quantity was calculated by the 2-ΔΔCt method using U6 as the internal reference. Statistical analysis was performed using the t-test, *P<0.05, **P<0.01.
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Discussion

CSCs possess lots of fundamental characteristics which are 
similar to normal stem cells (31,32), and have an enhanced 
capacity for tumor generation and metastasis, eventually leading 
to resistance to chemotherapy and tumor recurrence (14). To 
investigate CSCs, separation is the first and the most crucial 
procedure. The separation of CSCs from tumor tissues or 
cell lines is usually based on SP cells, CD44+/CD24-/low and 
ALDH+ phenotypes (28,29,33-35). The use of SP cells is widely 
accepted, and these cells are identified as an enriched group 
of CSCs. Based on several experimental and clinical analyses 
of CSCs in breast tumors, a correlation between the propor-

tion of CSCs and poor prognosis has been established (36-39). 
Therefore, the search for effective therapies and novel strategies 
which could specifically perish and kill BCSCs is an urgent 
issue which may aid in the treatment of breast cancer.

The close correlation between breast cancer and ER has 
been emphasized for decades. The upregulation of ERα is 
considered an important poor prognostic factor, which can 

Figure 4. Western blot analysis of the direct downstream genes of estrogen 
receptor (ER)α signaling in side population (SP) and non-SP (NSP) cells sepa-
rated from the MCF-7 and T47-D cell lines. (A) The protein levels of ERα, pS2 
and cyclin D1 were detected by western blot analysis in the MCF-7 and T47-D 
SP cells. (B) Gray value level of ERα, cyclin D1, pS2 in MCF-7 and T47-D 
SP cells; the statistical results of graph quantification were calculated by the 
t-test, *P<0.05, **P<0.01.

Figure 5. Quantification of the forced overexpression of let-7a. Quantification 
of expression of let-7a in MCF-7 and T47-D SP cells, compared with control 
group and negative group. The relative quantities were calculated by the 2-ΔΔCt 
method using U6 as the internal reference. Statistical analysis was performed 
using the t-test, **P<0.01.

Figure 6. Effect of let-7a on the estrogen receptor (ER)α signaling pathway. 
(A) Change in ERα mRNA expression after transfection. (B) Effect of let-7a 
on protein expression of ERα, cyclin D1 and pS2 in side population (SP) cells 
from the MCF-7 and T47-D cell lines after two days. Gray values of expression 
of ERα, cyclin D1 and pS2 in (C) MCF-7 SP cells and (D) T47-D SP cells. 
Statistical analysis was performed using the t-test, **P<0.01.



ONCOLOGY REPORTS  29:  2079-2087,  2013 2085

induce aggressive tumorigenesis through the activation of 
NF-κB, MAPK and other signaling pathways in breast cancer 
cells. However, the exact function of the ERα signaling 
pathway in BCSCs has not yet been elucidated. Till now, little 
information is available regarding ERα in BCSCs (30). It has 
been confirmed that let-7 can silence multiple oncogenes, such 
as c-Myc, RAS, HMGA2 and newly discovered ERα. The 
possible interference of let-7 in the ERα transcription and 
translation process has been reported in a variety of human 
malignancies (18,40,41); however, the biological effects of 
let-7 on ERα have not been elucidated in BCSCs. ERα can 
be directly regulated by let-7 as there is an evident binding 
site (18,41). Therefore, ERα may be triggered by the down-
regulation of let-7 miRNAs in BCSCs.

In this study, we demonstrate the possible interactions 
between let-7 and the ERα signaling pathway; let-7 targets and 
degrades ERα, both in breast tumor tissues and BCSCs. We 
began with the detection of clinical samples, and observed an 
inverse correlation between let-7 miRNAs and ERα. We then 
detected the expression levels of ERα downstream genes in 
SP cells, including cyclin D1 and pS2 to verify our hypothesis. 

Figure 7. Flow cytometry assessment of the cell cycle. (A)  MCF-7 side 
population (SP) cells were transfected with let-7a; the percentage of SP cells 
increased in the G0-G1 phase and decreased in the S phase. (B) MCF-7 SP 
cells transfected with the pGenesil-control plasmid. (C) T47-D SP cells were 
transfected with let-7a; the percentage of SP cells increased in the G0-G1 phase 
and decreased in the S phase. (D) T47-D SP cells transfected with pGenesil-
control plasmid. (E) Bar graph quantification of the cell cycle plots from A-D, 
*P<0.05, **P<0.01.

Figure 8. Flow cytometry assessment of the apoptotic rates. (A)  The 
apoptotic rate of MCF-7 side population (SP) cells transfected with let-7a. 
(B) Control group of MCF-7 SP cells. (C) The apoptotic rate of T47-D SP 
cells transfected with let-7a. (D) Control group of T47-D SP cells. (E) Bar 
graph quantification of the apoptotic rates from A-D, **P<0.01.
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The significant correlation between let-7a and ERα status in 
SP cells suggests that let-7 is an important regulator of ERα 
expression and can influence estrogen-dependent CSC prolif-
eration. Finally, we transfected let-7a into SP cells to examine 
changes in the ERα signaling pathway. The results provide 
further evidence to support our hypotheses that let-7 regulates 
the cell cycle and apoptosis of ER-positive BCSCs by influ-
encing ERα and the ERα signaling pathway.

Taken together, our findings indicate that the low expres-
sion of let-7 in BCSCs results in estrogen signaling pathway 
activation, which has a significant effect on estrogen-dependent 
cells. The low expression of let-7 in MCF-7 and T47-D SP cells 
did not allow let-7 the opportunity to suppress ERα; therefore, 
ERα was upregulated, accompanied by the high expression of 
direct downstream genes, such as cyclin D1 and pS2, which 
play important roles in maintaining the function and character 
of BCSCs in ER-positive breast cancer. These data shed light 
onto novel and critical mechanisms by which BCSCs divide 
and repopulate themselves. As CSCs play a crucial role in 
cancer recurrence and metastasis, our results may lead to the 
development of novel strategies for the treatment of patients 
with ER-positive breast cancer; let-7 miRNAs may be poten-
tial agents for anticancer therapy.
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