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Abstract: Breast cancer is the second leading cause of cancer induced death in women. Tamoxifen is an endocrine 
therapy which is administered to 70% of all breast cancer patients with estrogen receptor alpha (ERα) expression. 
Despite the initial response, most patients eventually acquire resistance to the drug. MicroRNAs (miRNAs) are a 
class of small non-coding RNAs which have the ability to post-transcriptionally regulate gene expression. Although 
the role of a few miRNAs has been described in tamoxifen resistance, little is known about how concerted actions 
of miRNAs targeting biological networks contribute to its resistance. In this study, we identified that miR-155 is 
frequently up-regulated in breast cancer with tamoxifen resistance. Ectopic expression of miR-155 induces cell sur-
vival and resistance to TAM, whereas inhibition of miR-155 causes cells to apoptosis and enhances TAM sensitivity. 
Further, we identified SOCS6 as a new direct target of miR-155. Sustained overexpression of miR-155 resulted in re-
pression of SOCS6 protein and mRNA levels, and knockdown of miR-155 increased SOCS6 expression. Introduction 
of SOCS6 cDNA lacking the 3’-UTR abrogated miR-155-induced cell survival and chemoresistance. Finally, it was 
verified that SOCS6 or inhibition of STAT3 could inhibit miR-155 STAT3 activation and cell proliferation. In conclu-
sion, our study reveals a molecular link between miR-155 and SOCS6-STAT3 and presents an evidence that miR-
155 is a critical therapeutic target in breast cancer.
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Introduction

Most of breast cancer patients carring the 
tumors expressing the estrogen receptor (ERα) 
and are candidates for endocrine therapy. The 
selective ERα modulator tamoxifen, is the most 
commonly prescribed endocrine therapy, but 
30-40% of patients fail adjuvant tamoxifen 
therapy and nearly all patients with metastatic 
disease develop tamoxifen resistance [1-3]. Un- 
fortunately, de novo and acquired tumor resis-
tance to tamoxifen therapy remains a poorly 
understood and serious clinical problem [4-7].

MicroRNAs (miRNAs) are about 22 nucleotide 
RNAs that negatively regulate gene expression 
in eukaryotes [8]. miRNAs are one of the most 
abundant classes of regulatory molecule in 
mammals, and mounting evidence indicates 
that miRNAs are key regulators of animal devel-

opment and involve in human diseases such as 
cancer [9]. OncomiRs are upregulated in tumors 
functioning in tumor development mainly via 
repressing the expression of tumor suppressor 
or tumor suppressor-like genes [9, 10].

miR-155 is located within a region known as  
B cell integration cluster, which was originally 
thought to be a proto-oncogene associated 
with lymphoma [11]. miR-155 was first impli-
cated in the oncogenesis of hematopoietic 
malignancies based on the finding that BIC/ 
mir-155 expression is upregulated in B-cell lym-
phomas and chronic lymphocytic leukemia [12]. 
Consistent with this observation, transgenic 
expression of miR-155 in B cells causes acute 
lymphoblastic leukemia or high-grade lympho-
ma [13]. mir-155 is also overexpressed in vari-
ous solid tumors including breast, lung, colon, 
pancreatic, and thyroid cancers [14]. Moreover, 
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high expression levels of miR-155 have been 
found to correlate with poor prognoses of lung 
cancer and pancreatic tumor. All of reports  
are consistent with the notion that miR-155 
functions as an oncogenic miRNA (oncomiR) in 
human cancers [15-17].

Although miR-155 has been found to be upreg-
ulated in breast cancer, its role in TAM resis-
tance in breast cancer [18] has not been clear. 
In the present study, we found that miR-155 
expression in TAM resistant breast cancer tis-
sues or cell lines were up-regulated. Further 
research identified suppressor of cytokine sig-
naling 6 (SOCS6) was a novel target of miR-155 
in breast cancer cells. SOCS6 is a tumor sup-
pressor that normally functions as a negative 
feedback regulator of Janusactivated kinase 
(JAK)/signal transducer and activator of tran-
scription (STAT) signaling. Furthermore, the 
results show that overexpression of miR-155 
promoted cell proliferation, colony formation, 
xenograft tumor growth and induced TAM resis-
tance in breast cancer cells through the repres-
sion of SOCS6.

Materials and methods

Patients and tumor tissues

Human breast cancer tissues with tamoxifen 
resistance and their controls were obtained 
during the surgery at Shandong Provincial 
Hospital (China) between January 2006 and 
December 2011. The diagnosis was based on 
pathological evidence and the specimens were 
immediately snap-frozen and stored at -80°C. 
None of the patients received chemotherapy or 
radiotherapy before the surgical excision. All 
patients provided written informed consent for 
the use of their tissues and the study protocol 
was approved by the Ethics Committee of the 
Hospital.

Quantitative real-time reverse transcription-
polymerase chain reaction (qRT-PCR)

Total RNA was isolated from breast cancer tis-
sues or cells using Trizol reagent (Invitrogen, 
Carlsbad, USA). miR-155 and U6 were polyade-
nylated using poly-A polymerase based First-
Strand Synthesis kit (TaKaRa Bio, Japan) follow-
ing the manufacturer’s protocol. To quantify the 
SOCS6 and GAPDH mRNA levels, 1 ug of total 
RNA was subjected to first-strand cDNA synthe-
sis for 15 min at 37°C and 5 s at 85°C using a 

PrimeScript RT Reagent kit (TaKaRa). qPCR was 
performed using SYBR Green PCR master mix 
(TaKaRa) on the ABI 7500HT System. U6 or 
GAPDH were used as an endogenous control. 
The relative fold expressions were calculated 
with the 2-ΔΔCT method. All the qRT-PCR reac-
tions were run in triplicate. All the primers were 
ordered from Invitrogen.

Cell lines and culture

Human breast cancer MCF7 and SKBR3 cell 
lines were primary obtained from American 
Type Culture Collection (ATCC, Manassas, VA, 
USA) and were maintained in RPMI-1640 medi-
um supplemented with. The cells were grown in 
a humidified incubator at 37°C with 5% CO2.

Transfection

The microRNAs were designed and synthesized 
by RiboBio (Ribobio Co., Guangzhou, China). 
The microRNA transfection was performed 
using Lipofectamine 2000 (Invitrogen). The 
breast cancer cells were seeded in 12-well 
plates and were grown up to 40% confluence 
before the transfection. The RNA and proteins 
were extracted at 48 h after the transfection. 
The final concentration of miR-155 mimic and 
anti-miR-155 was 50 nM. Lentiviral miR-155 
(LV-miR-155) and empty lentiviral vector (LV-
NC) were constructed by Genechem Company 
(Shanghai, China) and were transfected into the 
breast cancer cells according to the manufac-
turer’s instruction.

Cell proliferation assay

Cell proliferation was determined by MTT assay. 
Briefly, the breast cancer cells (5×103 per well) 
were plated in 96-well plates in RPMI 1640 and 
10% FBS. After 24 h of being in the culture, the 
cells were transfected with 50 nM miR-155 
mimics, anti-miR-155 and their respective con-
trol using Lipofectamine 2000 (Invitrogen). The 
cells were then cultured in the medium for 
another 48 h and were assessed by a colori-
metric assay using MTT solution (5 mg/mL) at 
570 nm. All the experiments were performed 
three times with five replicates.

Colony formation assay

Cells were tranfected with miR-155, or plas-
mids were digested after 24 h. Then, these 
cells were added to 6-well plates (200 cells/
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well) followed by incubation at 37°C in an envi-
ronment with saturated humidity and 5% CO2 
for 24 h. Non-adherent cells were removed. Cell 
were cultured for 10-14 days and colonies were 
present to count.

Cell apoptosis assay

Cell apoptosis was detected by an Annexin 
V-FITC/PI Apoptosis Detection kit I (BD Bio- 
sciences) in accordance with the manufactur-
er’s protocols. Cells were seeded into 6-well 
plate at the density of 1×105/well. After incuba-
tion for 24 h at 37°C, Cochicine was added to 
the 6-well plate and incubated for another 24 h. 
Cells were collected and washed twice with 
PBS and then resuspended, and aliquots of 
1×105 cells were transferred into new 5 mL cul-
ture tubes in 100 uL of 1 × binding buffer. Then, 
5 uL of Annexin V-FITC and 5 uL of propidium 
iodide were added to the resuspended cells. 
After incubation at room temperature for 15 
min in the dark, 400 uL of binding buffer were 
added to the resuspended cells. Flow cytome-
try (Becton Dikinson, USA) was used to assess 
the apoptotic cells. The quantitation of apop-
totic cells was calculated by CellQuest soft- 
ware.

Hoechst staining

In order to visualize nuclear morphology and 
the induction of apoptosis, Hoechst 33342 dye 
(Molecular Probes, Eugene, OR, USA) was used 
to stain the nuclei. Following treatment with 
either Green 1 or NSC 51046, cells were incu-
bated with 10 µM of the Hoechst 33342 dye for 
10 minutes at 37°C. Images were obtained 
using a Leica DM IRB inverted fluorescence 
microscope (Wetzlar, Germany) at 400X magni- 
fication.

Western blot analysis

Breast cancer cells were collected after 48 h 
treatment with 50 nM miR-155 mimic or anti-
miR-155 and corresponding controls. Protein 
extraction, SDS-PAGE gel electrophoresis and 
blotting were performed as we previously de- 
scribed. Several different primary antibodies 
were used including: SOCS6, STAT3 (Cell Sig- 
naling Technology, Danvers, USA) and GAPDH 
(Santa Cruz Biotechnology, Santa Cruz, USA). 
The secondary antibody incubations were per-
formed for 2 h at room temperature and protein 
bands were visualized on the X-ray film using an 
enhanced chemiluminescence ECL substrate.

Dual luciferase assay

Co-transfection experiments were performed in 
96-well plates. A total of 1×104 cells were seed-
ed per well in 200 µl medium. A total of 100 ng 
wild type (WT) or mutant (MUT) reporter con-
structs were co-transfected with Lipofectamine 
2000 transfection reagent into the breast can-
cer cells with 50 nM miR-155 or miR-control 
according to the manufacturer’s instruction. 
After 48 h, luciferase activity was measured 
with the Dual-Luciferase reporter assay system 
(Promega). Firefly luciferase activity was then 
normalized to the corresponding Renilla lucifer-
ase activity.

Breast cancer xenograft model

Four-week-old female nude mice (BALB/c-nude) 
were used to examine the tumorigenicity. A 
total of 100 uL cell solutions (containing 1.5× 
107 cells) were subcutaneously injected into 
the right flank of the mice. The tumor size was 
measured with a vernier caliper every four days 
and the tumor volumes were calculated using 
the formula: length×width 2×0.5. The use of 
nude mice complied with the Guide for the Care 
and Use of Laboratory Animals and the study 
was approved by Animal Care and Use Com- 
mittee of Shengjing Hospital.

Statistical analysis

The miR-155 expression was compared in 
breast cancer tissues and cells by the unpair- 
ed Student’s t test. The relationships betw- 
een miR-155 and clinicopathologic parameters 
were evaluated by χ2 test. The survival rates for 
miR-155 expression were estimated by using 
the Kaplan-Meier method and the difference  
in survival curves were tested by log-rank test. 
All statistical analyses were carried out by 
SPSS13.0 software and the data were present-
ed as means ± standard deviation (SD). A p 
lower than 0.05 was considered significant.

Results

miR-155 expression is up-regulated in tamoxi-
fen resistant breast cancer cells

Firstly, we determined if upregulation of miR-
155 expression was a common feature in ta- 
moxifen resistant breast cancer cells. MCF-7 
and SKBR3 cells (both expresssing ERα) were 
continuously exposed to 5 mM tamoxifen for 
about 6 months until cells had acquired resis-
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tance to tamoxifen. miR-155 expression was 
examined by real time RT-PCR in multiple 
tamoxifen (TAM) sensitive and resistant MCF-7 
and SKBR3 cells. Interestingly, tamoxifen sen-
sitive cells expressed low levels of miR-155 
whereas the tamoxifen resistant cell lines 
exhibited dramatically increased levels of miR-
155 (Figure 1A and 1B). To confirm this result, 
we used breast cancer tissues from tamoxifen 
non-sensitive and sensitive to compare miR-
155 expression. TAM resistance or sensitive 
was determined from the clinic investigation, 
patients with ER positive were treated with TAM 
and good therapeutic effects were classcified 
as sensitive, others as non-sensitive. it was 
found that miR-155 increased in tamoxifen 
resistant breast cancer cells (Figure 1C).

Suppression of miR-155 increases breast can-
cer cells sensitive to tamoxifen

To determine if modulation of miR-155 exp- 
ression impacts tamoxifen response, we sup-

pressed miR-155 expression in the tamoxifen 
resistant cell lines. miR-155 expression was 
down-regulated in MCF7 and SKBR3 transfect-
ed with anti-miR155 by real time RT-PCR 
(Figure 2A). MCF7 and SKBR3 cells became 
more sensitive to tamoxifen (Figure 2B and 2C). 
Transient transfection of cells with a miR-155 
inhibitor induced apoptosis (Figure 2D and 2E). 
These results suggested that expression of 
miR-155 could induce resistance of breast can-
cer cells to tamoxifen treatment and tamoxifen 
resistance can be acquired through miR-155. 

SOCS6 is a target of miR-155 in breast cancer 
cells

To explore the potential target through which 
the miR-155 induces tamoxifen resistance of 
breast cancer cells, we predicted the putative 
miR-155 targets by using TargetScan and 
miRanda. Our analysis identified SOCS6, a key 
tumor suppressor gene, as one of the potential 
targets for miR-155 (Figure 3A). Furthermore, 

Figure 1. Expression of miR-
155 is increased in tamoxi-
fen resistant breast cancer 
cells. A. Total RNA was iso-
lated from tamoxifen sensitive 
breast cancer cells (MCF-7 or 
SKBR3) and tamoxifen resis-
tant cells (MCF-7/TAM and 
SKBR3/TAM). RNA was ana-
lyzed by real time RT-PCR for 
miR-155 levels. B. Total RNA 
was isolated from breast can-
cer samples from the patients 
with tamoxifen sensitive and 
resistance. RNA was analyzed 
by real time RT-PCR. Data rep-
resents the mean ± SE of tripli-
cate samples. **P<0.01.
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the target sequences of SOCS6 3’UTR (wild 
type, WT) or the mutant sequence (mutant 
type, MUT) were cloned into the luciferase re- 
porter vector, respectively. Our results showed 
that miR-155 significantly decreased the firefly 
luciferase activity in the reporter with wild type 
3’UTR, but the activity of mutant 3’UTR vect- 
or remained unaffected in MCF7 and SKBR3 
cells (Figure 3B and 3C). The MCF-7 and SKBR3 
cells were further transfected with miR-155 
and were examined for SOCS6 expression by 
qRT-PCR and Western blot. As shown in Figure 
3C-E, miR-155 transfection led to an obvious 

decrease in SOCS6 mRNA and protein expres-
sion. On the contrary, transfection of anti-
miR-155 resulted in an increase of SOCS6 pro-
tein levels (Figure 3E).

SOCS6 makes breast cancer cells become 
sensitive to tamoxifen

MCF7, MCF7/TAM, SKBR3 and SKBR3/TAM 
were transfected with LV-SOCS6 or its control 
(LV-control), and SOCS6 protein was over-
expressed (Figure 4A). To answer whether the 
role of SOCS6 in tamoxifen responses, MCF7/

Figure 2. Suppression of miR-155 promotes 
TAM resistant cells to be sensitive to tamoxi-
fen. The tamoxifen resistant cell lines were 
transfected with anti-miR-155 or anti-miR-
control (anti-miR-NC). A. miR-155 expression 
in MCF7 and SKBR3 cells. MCF7 and SKBR3 
cells were transfected with anti-miR-155 or 
its control and total RNA was extracted for 
quantative RT-PCR. B and C. Cell growth was 
examined in the breast cancer cells. MCF7 
and SKBR3 cells were transfected with anti-
miR-155 or its control and at the day 3, cell 
proliferation was assayed MTT method. D and 
E. Apoptosis was quantitated using flow cy-
tometry. Data is represented as mean ± SE of 
three independent experiments. **P<0.01.
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TAM and SKBR3/TAM cells were exposed to 
tamoxifen, and cell survival was examined. The 
results showed that over-expression of SOCS6 
could make MCF7/TAM cells more sensitive to 
tamoxifen (Figure 4B), so did SKBR3/TAM cells 
(Figure 4C). SOCS6 induced apoptosis when 
the MCF-7 and SKBR3 cells were treated with 
tamoxifen (Figure 4D). Whether SOCS6 has an 
effect on miR-155 expression? The data indi-
cated that the cells with SOCS6 knocking down 
was not companied with changes of miR-155 
expression, which suggested that SOCS6 
expression didn’t influence miR-155 expres-
sion (Figure 4E).

miR-155 induces tamoxifen resistance in bre- 
ast cancer cells in vitro and in vivo by targeting 
SOCS6

Above data showed that miR-155 was over- 
expressed in breast cancers and that it may  
act as an oncomiR and SOCS6 was a new tar-
get gene of miR-155. To futher investigate 
whether miR-155 plays an oncomiR through 
SOCS6. We then performed rescue experi-
ments to further validate that SOCS6 target- 
ing is involved in miR-155-mediated onco- 
genesis in MCF-7 and SKBR3 cells. MCF-7 or 
SKBR3 cells were infected with LV-miR-155 or 

Figure 3. SOCS6 is a target of miR-155 in breast cancer cells. A. The miR-155 and the miR-155-binding site in the 
3’UTR of SOCS6. B. Luciferase reporter assay with cotransfection of wild-type or mutant 3’UTR (100 ng) and miR-
155 or miR-control in MCF7 cells. Firefly luciferase activity of each sample was normalized against Renilla luciferase 
activity. C. The effects of miR-155 on the expression of endogenous SOCS6 and SOCS6 mRNA in MCF7 and SKBR3 
cells was tested by real time RT-PCR. D. The effects of anti-miR-155 on the expression of endogenous SOCS6 in 
MCF7 and SKBR3 cells. miR-155 was tested by real time RT-PCR. E. Western blot was used for monitoring the 
SOCS6 expression in MCF-7 and SKBR3 cells after the transfection for 48 h with miR-155 or anti-miR-155. All data 
from three separate experiments are presented as mean ± SD. **P<0.01 vs the control.
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Figure 4. SOCS6 makes breast cancer cells become sensitive to tamoxifen. A. MCF-7, MCF-7/TAM cells, SKBR3 
and SKBR3/TAM cells were infected with LV-SOCS6 or its control and total protein was extracted for immunoblot-
ting. B and C. MCF-7, MCF-7/TAM cells, SKBR3 and SKBR3/TAM cells were infected with LV-SOCS6 using colony 
formation assay to test. D. MCF-7/TAM cells were infected with LV-SOCS6 and treated with TAM, and apoptosis was 
quantitated using flow cytometry (left panel). The right panel was quanlification of apoptosis rate from flow cytom-
etry. E. MCF-7, MCF7/TAM, SKBR3 and SKBR3/TAM cells were infected with LV-SOCS6 or its control and total RNA 
was extracted for miR-155 expression by real time RT-PCR. Data is represented as mean ± SE of three independent 
experiments. **P<0.01.
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combinded with LV-SOCS6 and cell prolifera-
tion was analysized by colony formation assay. 
The results indicated that miR-155 significantly 
promoted the proliferation of MCF-7 and SKBR3 

cells (Figure 5A and 5B) and stimulated MCF-7 
and SKBR3 cells to grow more and larger colo-
nies. When the cells with SOCS6 overexpres-
sion, the colonies became less and smaller. 

Figure 5. miR-155 acts as an oncomiR in breast cancer cells in vitro and in vivo. miR-155 promotes breast cancer 
cell proliferation. A. MCF-7 cells were transfected with miR-155, SOCS6, or control. MTT assay was performed 24 
h after transfection. B. SKBR3 cells were transfected with miR-155, SOCS6, or control. MTT assay was performed 
24 h after transfection. C. MCF-7 and SKBR3 cells were infected with miR-155, SOCS6 or control for 24 h and then 
treated with TAM for 24 h, straning FITC-Annexin V for flow cytometry. D. Western blotting was used to detect cell 
proliferation, and apoptosis associated proteins. E. miR-155 promoted breast cancer growth in vivo. Breast cancer 
models were set up using MCF-7 cells with miR-155 or combined with SOCS6 overexpression. Tumor growth curve 
was mapped to observe the tumor growth. Data is represented as mean ± SE of three independent experiments. 
**P<0.01.
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These results showed that miR-155 promoted 
the proliferation and anchorage-independent 
growth of breast cancer cells in vitro. Results of 
cell apoptosis showed that SOCS6 could pro-
mote cell apoptosis rate in the MCF-7 and SK- 
BR3 cells with miR-155 overexpression (Figure 
5C and 5D). Western blot analyses confirmed 
that SOCS6 in these cells was modulated by 
miR-155, and the expression of the prolifera-
tion biomarker PCNA was enhanced by miR-
155 (Figure 5E). Taken together, our results 
show that miR-155 acts as an oncomiR in 
breast cancer cells by targeting SOCS6.

miR-155 stimulates STAT3 signaling in breast 
canceMr cells by inhibiting SOCS6

Given that SOCS6 is repressor of JAK2/STAT3 
signal pathway, we speculated that miR-155 
overexpression in breast tumors may play a 
role in STAT3 signaling. In MCF-7/TAM cells, of 
which miR-155 was highly expressed and STAT3 
was constitutively activated, we found that miR-
155 expression resulted in decreased levels of 
SOCS6 protein and increased levels of phos-
pho-JAK2 and phospho-STAT3 (Figure 6A-C). In 
contrast, the level of STAT3 protein was not 
affected by miR-155 in MCF-7/TAM and SKBR3/
TAM cells (Figure 6A-C). Furthermore, we used 
JSI-124, a highly selective and potent inhibit- 
or of STAT3, to validate miR-155-SOCS6-STAT3 
axis functions. As shown in Figure 6D, miR-155 
activated STAT3 in MCF7/TAM and JSI-124 re- 
versed miR-155-promoting activation of STAT3 
and cell growth, so did in SKBR3/TAM cells 
(Figure 6D). Results from MTT assay indicated 
that STAT3 inhibition led to cell proliferation 
becoming slower than that control (Figure 6E 
and 6F). The results suggested that miR-155 
may function as an oncomiR in tamoxifen resis-
tance by activating STAT3 signaling in breast 
cancer cells by suppressing SOCS6 expres- 
sion.

Discussion

Endocrine resistance is still an complicated 
question in the breast cancer therapy [4-6]. 
Until recently, there are only a few useful tumor 
markers to guide the therapy for women with 
ERα positive breast cancers [2, 3]. Here, we 
investigated the potential role of miRNAs in the 
regulation of tamoxifen response with the goal 
of identifying miRNAs that can be used to pre-
dict patient outcome during tamoxifen therapy. 

We found several miRNAs expression were 
altered in tamoxifen resistant breast tumor 
cells. It was further demonstrated that miR-
155, an ERα associated miRNA, was dramati-
cally up-regulated in two tamoxifen resistant 
breast tumor cell lines and in breast cancer 
patients who tamoxifen therapy failed. Im- 
portantly, inhibition of miR-155 could enhance 
breast cancer cells to tamoxifen therapy sensi-
tivity, which suggests that miR-155 is an impor-
tant regulator of tamoxifen response.

In this study, we profiled miRNA expression in 
tamoxifen-sensitive and resistant breast can-
cer cell lines and we identified several miRNAs 
differentially regulated in tamoxifen-resistant 
cells. It is shown that miR-155, which is up-reg-
ulated in tamoxifen resistant cells, is associat-
ed with decreased tamoxifen sensitivity of 
breast tumor cells. miR-155 plays important 
role in cancer progression [19]. Previously, miR-
155 was a regulator of SOCS1 in breast cancer 
cells [20] and it also targeted other genes to 
function in the breat cancer cells like Fox3a 
[21].

A direct gene target of miR-155 remains to be 
experimentally confirmed and bioinformatics 
reveals many potential miR-155 target genes. 
As an approach to the identification of miR-155 
targets we examined transcriptome changes in 
miR-155 overexpressing cells by microarray 
analysis. We observed significant alteration of 
13 genes predicted by bioinformatics to be 
miR-155 targets. Interestingly, the majority of 
predicted target genes were down-regulated  
by miR-155 expression. Although miRNAs com-
monly suppress target gene mRNA levels, accu-
mulating evidence suggests that miRNAs can 
target genes for up-regulation by at least two 
different mechanisms [22, 23]. Although we 
could not identify an obvious association bet- 
ween the direct targets of miR-155 and tumor 
cell response to tamoxifen, Ingenuity Pathway 
Analysis of the entire set of genes significantly 
altered by miR-155 revealed a highly significant 
association of miR-155 regulated genes with 
cell apoptosis. This result is consistent with our 
observation that ectopic miR-155 expression 
reduced tamoxifen resistant cells to tamoxifen-
induced apoptosis. Similarly, miR-155 expres-
sion in cancer cells results in tumor cell apopto-
sis [24-27]. Nevertheless, activity of miR-155 
appears to be functionally different in colorec-
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Figure 6. miR-155 stimulates STAT3 signaling in breast cancer cells by inhibiting SOCS6. A. miR-155 actived STAT3 signal pathway by targeting SOCS6. MCF7 and 
SKBR3 cells were tranfected with miR-155 combined with SOCS6 or its control and total protein was extracted from the cells for western blot analysis. Three inde-
pendent experiments were performed. B. Qutification of protein bands from MCF-7/TAM cells (A). C. Qutification of protein bands from SKBR3/TAM cells. D. STAT3 
inhibitor, JSI-124 suppressed miR-155 induced STAT3 activation in MCF-7/TAM and SKBR3/TAM cells. E. STAT3 inhibitor, JSI-124 suppressed STAT3 activation and 
inhibited miR-155 induced MCF-7 cell proliferation. F. JSI-124 suppressed STAT3 activation and inhibited miR-155 induced SKBR3 cell proliferation. Three indepen-
dent experiments were performed. Data is represented as mean ± SE of three independent experiments. **p<0.01; *p<0.05.
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tal and breast tumor cells. Our results indicate 
that miR-155 expression alone is not sufficient 
to induce cell growth, but anti-miR-155 sensi-
tizes cells to apoptosis associated with estro-
gen-deprivation and tamoxifen exposure. In 
this context, the miR-155 indirect target thiore-
doxin-interacting protein (SOCS6) is the most 
dramatically down-regulated gene in response 
to tamoxifen. 

Accordingly, SOCS6 expression is suppressed 
in tumor cells by various stresses including 
serum starvation, which mimics ERα inactiva-
tion in breast tumors, and enhanced SOCS6 
expression has tumor-suppressor activity? 
Similar to our findings that inhibition of miR-155 
sensitizes breast cancer cells to tamoxifen  
and SOCS6 sensitizes the cells to tamoxifen. 
Although these results are compelling, SOCS6 
is an upregulated indirect target of miR-155 
and deciphering the interplay between miR-155 
and SOCS6 has proved difficult. Taken together 
our results provide a genomic basis to explore 
the role of miR-155 regulated genes in multiple 
tamoxifen actions including both apoptosis and 
cytostasis.

In summary, we have identified miR-155 as an 
important mediator of tamoxifen response in 
both breast tumor cell lines and breast cancer 
patients. With the potential of miRNA therapy, 
inhibition of miR-155 expression may consti-
tute a novel therapeutic strategy to sensitize 
drug in breast cancer.
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