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MicroRNA-204 targets JAK2 in breast cancer
and induces cell apoptosis through the
STAT3/BCI-2/survivin pathway
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Abstract: MicroRNAs (miRNAs) have emerged as important regulators that potentially play critical roles in cancer cell
biological processes. Previous studies have shown that miR-204 plays an important role in various human cancers.
However, the underlying mechanisms of this microRNA in breast cancer remain largely unknown. In the present
study, we investigated that miR-204 expression level was markedly reduced in both the human breast cancer tissue
and cultured breast cancer cell lines (MCF-7, MDA-MB-231). Overexpression of miR-204 inhibited the proliferation
and promoted the apoptosis in breast cancer cells, which were reversed by co-transfection of miR-204 inhibitor. We
validated that Janus kinase 2 (JAK2), as a direct target of miR-204, is overexpressed in breast cancer. Knockdown
of JAK2 suppressed cell viability and induced apoptosis in breast cancer cells. Moreover, the level of miR-204 is
negatively correlated with p-STAT3 and anti-apoptotic genes BCI-2 and surviving in breast cancer. In conclusions,
miR-204 targets JAK2 and suppressed JAK2 and p-JAK2 expression in breast cancer, which further inhibit the acti-
vation of STAT3, BCI-2 and survivin. These findings indicate that manipulation of miR-204 expression may represent

a novel therapeutic strategy in the treatment of breast cancer.
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Introduction

Breast cancer is a malignhant neoplasm origi-
nating from breast tissue, accounting for 29%
of all female cancers [1]. Although the advanc-
es in diagnosis and appropriately systemic
therapy, including surgery, radiation and che-
motherapy, contribute to the prognosis of br-
east cancer, breast cancer is the most common
cause of cancer death in females worldwide.
So it is urgent to investigate the underlying
mechanism mechanisms of breast cancer me-
tastasis.

Janus kinase (JAK, or “Just another kinase”) is
a family of intracellular, non-receptor protein
tyrosine kinases (PTKs), including JAK1, JAK2,
JAK3, and TYK2, which selectively associate
with the cytoplasmic domains of various cyto-
kine receptors [2, 3]. JAK2 is a crucial intracel-
lular mediator of cytokine and hormone signal-
ing. When cytokines bind to a cell-surface re-
ceptor, the receptor dimerizes and leads to

phosphorylation and activation of JAK tyrosine
kinases, which in turn phosphorylate the recep-
tor to allow binding and phosphorylation of cyto-
plasmic STAT proteins, which dimerize and
translocate to the nucleus to regulate transcrip-
tion of various target genes [4, 5]. Accumulating
evidences showed that aberrant JAK2 signaling
is linked to a wide variety of tumors and plays
an important role in proliferation, differentia-
tion and apoptosis [6, 7]. STAT3 is the preferred
downstream targets of phosphorylated JAK2
and is constitutively activated in a variety of
human tumors and possesses oncogenic po-
tential and anti-apoptotic activities [8, 9].
Recent results showed that JAK2 acts as an
oncogene in breast cancer and the alterations
to the JAK/STAT pathway are particularly identi-
fied in breast cancer [10, 11].

MicroRNAs (miRNAs), an abundant class of ~22
nucleotide small noncoding RNAs, post-tran-
scriptionally regulate gene expression through
binding to multiple target mMRNAs (mRNAs) [12-
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14]. miRNAs, as important regulators, are sig-
nificantly involved in the development of many
types of human diseases. The dysregulated ex-
pression of miRNAs is closely associated with
carcinogenesis and cancer progression [15].
For example, miR-21 and miR-657, as oncogen-
ic miRNA, are up-regulated in breast cancer
and reported to promote cancer progression
[16, 17], whereas miR-124, miR-101, miR-29
and miR-145, as tumor-suppressor, are down-
regulated in breast cancer [13, 14]. Recent
studies showed that downregulated expression
of miR-204 was significantly associated with
metastasis of breast cancer [18]. However, the
underlying mechanism remains unclear. This
study was designed to investigate the potential
molecular mechanisms of miR-204 mediated
anti-tumor effects in breast cancer cells.

Materials and methods

Human tissue samples

Human breast cancer tissues were provided by
Affiliated Hospital of Binzhou Medical College
after approval was obtained from the Univer-
sity’s Ethics Committee on the Use of Human
Samples. The tissues were obtained from 20
individuals undergoing surgery due to invasive
ductal carcinoma or invasive lobular carcino-
ma. The sampled tissues were immediately
snap-frozen in liquid nitrogen and stored at
-80°C.

Cell culture

Human embryonic kidney cells (HEK293; ATCC,
Manassas, VA, USA) were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) containing
10% fetal bovine serum (FBS; Hyclone, USA).
The human breast cancer cell lines MCF-7 and
MD-MB-231 were purchased from Cell Bank of
the Chinese Academy of Sciences (Shanghai,
China) and cultured in RPMI 1640 (Hyclone,
USA) supplemented with 10% FBS. MCF-10A
cell line, a non-tumorigenic epithelial cell line,
was cultured in DMEM/F12 (1:1) (Hyclone, USA)
supplemented with 5% horse serum, 10 pg/mi
insulin, 20 ng/ml EGF, 100 ng/ml cholera toxin
and 0.5 pg/ml hydrocortisone. MCF-10A was
purchased from Cell Resource Center (Beijing,
China).

miRNAs and siRNA transfection

Negative control (NC) , miR-204 mimics (mim-
ics) and miR-204 inhibitors (inhibitors) were
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synthesized by GenePharma (Shanghai, China).
JAK2 siRNA was purchased from Cell Signaling
Technology. The cells were transfected with NC,
mimics, inhibitors, or siRNA using Lipofectamine
2000 (Invitrogen, USA) following the manufac-
turer’s protocol.

Real-time PCR

The total RNA from the human tissues and cell
lines was extracted using Trizol (Invitrogen,
USA) according to the manufacturer’s instruc-
tions. The levels of miR-204 and JAK2 mRNA
were quantified using the qRT-PCR (quantita-
tive real-time PCR) miRNA Detection Kit (Am-
bion, USA) combined with SYBR Green gPCR
Master Mix (Tiangen) on ABI 7300 (Applied Bio-
systems, Foster, CA) [19]. The following JAK2
primers were used for PCR detection: 5-GGG-
AGGTGGTCGCTGTAAAA-3’ (forward); 5’-ACCAG-
CACTGTAGCACACTC-3’ (reverse). The relative ex-
pression levels of miR-204 and JAK2 were cal-
culated through normalization to their internal
controls, U6 and GAPDH, respectively. The rela-
tive expression intensity values were calculat-
ed as 244,

MTT assay

The 3-(4,5-dimethylthiazal-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay was used to
estimate cell viability [20]. Briefly, cells were
plated at a density of 1x10* cells per well in
96-well plates. After exposure to specific treat-
ment, the cells were incubated with MTT at a fin-
al concentration of 0.5 mg/ml for 4 h at 37°C.
After the removal of the medium, 150 mM DM-
SO solutions were added to dissolve the forma-
zan crystals. The absorbance was read at 570
nm using a multi-well scanning spectrophotom-
eter reader. Cells in the control group were con-
sidered 100% viable.

Flow cytometry

Annexin V and Pl fluorescein staining kit (Bender
MedSystems, Austria) were utilized to measure
HO9c2 cell apoptosis by following the manufac-
turer’s instruction. Briefly, 5x10° cells were sus-
pended in 500 pl 1x binding buffer (10 mM
HEPES pH 7.4, 140 mM NaCl, 2.5 mM CaCl,).
Cells were then incubated with Annexin V (1:20)
for 5 min followed by incubation with propidium
iodide (PI, 1 mg/ml) for 15 min. Apoptosis rate
was evaluated by Flow Cytometry.
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Figure 1. miR-204 was down-regulated in human breast cancer tissues and
cell lines. A. The level of miR-204 was decreased in breast cancer tissues
compared with NATs; *P<0.01 vs. NATs. B. miR-204 was absent in MCF-7
and MDA-MB-231 cells compared with MCF-10A; n=4 *P<0.01 vs. MCF-10A.

Western blot

Protein lysate were separated by 10% SDS-
polyacrylamide gel electrophoresis and then
electroblotted onto PVDF membranes. The pri-
mary antibodies against JAK2, p-JAK2, anti-p-
STAT3 (tyr705), Bcl-2 and survivin were pur-
chased from Cell Signaling Technology, with
GADPH antibody (Cell Signaling Technology) as
an internal control. Densitometric analysis was
done with Labworks Image Acquisition and
Analysis Software (UVP, Upland, CA).

Luciferase reporter assays.

Twenty-four hours before transfection HEK-293
cells were seeded into a 24-well plate (~3x10*
/well), then the cells were cotransfected with
Renilla luciferase and luciferase reporter plas-
mids containing miR-204 or vector control and
wild-type or mutated target gene 3'UTR with
Lipofectamine 2000 (Invitrogen). Forty-eight
hours after transfection, luciferase activities
were measured using dual-luciferase reporter
assay system (Promega). Firefly luciferase
activities were normalized to Renilla luciferase.

Statistical analysis

Data are expressed as mean + SD and analyz-
ed by Student’s t-test. Compared with respec-
tive controls, P values of <0.05 were consid-
ered statistically significant.

Results

MIiR-204 was significantly down-regulated in
human breast cancer tissues and cell lines

Previous study has been revealed that miR-204
was dysregulated in breast cancer issues, so
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we examined miR-204 expres-
sion level in breast cancer.
RT-PCR was used to quantify
its expression in 24 couples
of breast cancer tissues (BC-
Ts) and normal adjacent tis-
sues (NATs). miR-204 was sig-
nificantly decreased in BCTs
MOA-MB-231 compared with NATs (Figure
1A), which was in accordance
with the previous study [18].
Furthermore, the expression
of miR-204 in breast cancer
cell lines (MCF-7 and MDA-
MB-231) was compared with
breast epithelial cell line MCF-10A. As shown in
Figure 1B, miR-204 expression level was sig-
nificantly decreased in MCF-7 and MDA-MB-231
cells, compared with the MCF-10A cell. These
results suggested that miR-204 might be
involved in breast cancer progression.

Effects of miR-204 on cell proliferation and
apoptosis of breast cancer

To further reveal the role of miR-204 in breast
cancer development, we transfected miR-204
mimics or inhibitors into MCF-7 and MDA-
MB-231 cells to overexpress or silence miR-
204 expression. As showed in Figure 2A (right),
after tranfected with miR-204 mimics, miR-204
expression was effectively upregulated, and
miR-204 expression was greatly downregulated
in MCF-7 and MDA-MB-231 cells after tranfect-
ed with miR-204 inhibitors.

An MTT assay was performed to detect the via-
bility of MCF-7 and MDA-MB-231 cells after
transfection with 50 nM miR-204 for 24, 48,
and 72 h. MTT assays showed that overexpres-
sion of miR-204 significantly decreased cell
viability and inhibition of miR-204 increased
viability of MCF-7 and MDA-MB-231 cells
(Figure 2B) with a higher inhibitory effect
observed 48 h after miR-204 treatment, which
indicates that miR-204 contributes to breast
cancer tumorigenesis. We next assessed the
requirement of mir-204 for cell apoptosis. As
shown in Figure 2C, transfecting both MCF-7
and MDA-MB-231 cells with mir-204 mimics
increased cell apoptosis to a large extent. On
the contrary, treating MCF-7 and MDA-MB-231
cells with miR-204 inhibitors resulted in a sig-
nificantly lower rate of apoptosis.
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Figure 2. miR-204 regulates the viability and apoptosis of breast cancer cells. A. miR-204 level after transfection. *P<0.01 vs. Control and NC group. B. miR-204 de-
creased the viability of breast cancer cells by MTT assay. The cell viability was significantly decreased after transfection with miR-204 mimics for 48 h; n=6 *P<0.01
and **P<0.05 vs. Control (negative control) group. C. Apoptosis of breast cancer cells after miR-204 transfection for 48 h by flow cytometry. Data are presented as
means + SEM of three separate experiments; *P<0.01 and **P<0.05 vs. Control group.
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Figure 3. JAK2 is a direct target of miR-204. A. The potential interaction between miR-204 and two putative binding
sites in the JAK2 3’-UTR predicted by Target Scan. The mutant sequences are equivalent to the wild-type ones with
the exception of mutations at the 3’ end of the target site. The luciferase activities were analyzed in HEK293 cells
48 h after transfection. The data are presented as the means + SEM of three separate experiments, *P<0.05. B.
gRT-PCR analyses were performed to examine the effects of miR-204 on expression of JAK2. Error bars represent
+S.E. and *, P<0.01 versus control. C. Western blotting was performed to determine JAK2 and p-JAK2 protein levels

in MCF-7 and MDA-MB-231 cells.

Together, the above results indicate that miR-
204 performs tumor suppressor role by sup-
pressing cell proliferation and inducing apopto-
sis in breast cancer.

JAK2 is a direct target of miR-204

In order to elucidate the underlying molecular
mechanism, we performed a bioinformatic an-
alysis using mirco-RNA.org (http://www.micror-
na.org/microrna/home.do) to predict the pos-
sible target gene of miR-204. We found that
JAK2 contained theoretical miR-204 binding
sites in its 3" UTR (Figure 3A). To demonstrate
whether JAK2 was directly targeted by miR-
204, we performed luciferase reporter gene
assay in HEK 293 cells. As shown in Figure 3A,
co-transfection of miR-204 suppressed the
luciferase activity of the reporter containing
wild-type JAK2 3’ UTR sequence, but failed to
inhibit that of mutated JAK2 by dual-luciferase
reporter assay. These data suggested that miR-
204 could directly target the 3'UTR sequences
of JAK2. Additionally, we found overexpression
of miR-204 significantly inhibited both the
mRNA (Figure 3B) and protein (Figure 3C)
expression of JAK2, which was abolished by co-
transfection of miR-204 inhibitor. Moreover, the
relative level of the phosphorylated form of
JAK2 (p-JAK2) was consistent with the total
JAK2 protein (Figure 3C). These results demon-
strated that endogenous JAK2 expression is
directly targeted and regulated by miR-204 and
suggested that miR-204 downregulation might
result in overexpression of JAK2 in breast
cancer.
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miR-204 regulates cell apoptosis by targeting
JAK2 in breast cancer

We examined the expression of JAK2 in breast
cancer tissues and cell lines. We found that
JAK2 is overexpressed in breast cancer tissues
and breast cancer cell lines (MCF-7 and MDA-
MB-231) than in NATs and MCF-10A cell line,
respectively. The same qualitative alteration
was observed in terms of the expression of
phosphorylated JAK2 (Figure 4A). To further
confirm the role of JAK2 in the anti-neoplastic
effects of mir-204, we silenced JAK2 by RNAi in
both MCF-7 and MDA-MB-231 cells. The effect
of JAK2 siRNA on JAK2 mRNA was determined
by qRT-PCR (Figure 4B). As shown in Figure 4C
and Figure 4D, specific JAK2 siRNAs markedly
suppressed cell proliferation and apoptosis.
Therefore, we concluded that JAK2 serves as a
direct mediator of the antitumor effects of miR-
204 in breast cancer carcinogenesis.

Itis widely accepted that the activation of JAK2-
STAT3 cascade is involved in a variety of pathol-
ogies, including cancer transformation. STAT3
is a downstream target of JAK2, which is acti-
vated by JAK2 to p-STAT3. As shown in Figure
4E, miR-204 mimics significantly reduced the
expression of p-STAT3 in MCF-7 and MDA-
MB-231 cells. As a significant transcription fac-
tor, STAT3 can contribute to carcinogenesis by
up-regulating target oncogenes, such as BCI-2
and survivin [21]. As expected, western blotting
analysis revealed that a pretreatment with miR-
204 mimics could inhibit the expression of
BCI-2 and survivin in breast cancer.

Int J Clin Exp Pathol 2015;8(5):5017-5025
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Figure 4. miR-204 regulates apoptosis by targeting JAK2 in breast cancer cells. A. JAK2 and p-JAK2 expression levels in human breast cancer tissues and cell lines.
*P<0.01 vs. NATs or MCF-10A group. B. miRNA levels of JAK2 in MCF-7 and MDA-MB-231 cells after treated with JAK2 for 48 h. *P<0.01 vs. Control group. C. JAK2
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separate experiments; *P<0.01 vs. Control group. E. p-STAT3, Bcl-2, survivin proteins were detected after transfection of miR-204 mimics.
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All together, these results suggested that miR-
204 participates cell proliferation and apopto-
sis of breast cancer by regulating JAK2-STAT3
signaling and the downstream target genes
BCI-2 and survivin.

Discussion

Breast cancer morbidity ranks the first account-
ing for 29% in all the women suffering cancer
[4]. Although the advances in diagnosis and
appropriately systemic therapy contribute to
the prognosis of breast cancer, breast cancer is
the most common cause of cancer death in
females worldwide. In this study, we showed
that miR-204 is down-regulated in breast can-
cer tissues and cells, which is consistent with
that of a previous study [18]. Furthermore, we
discovered an important downstream target of
miR-204, JAK2, a crucial intracellular mediator
of cytokine and hormone signaling, which ac-
counts for the pro-apoptotic effects of miR-204
in breast cancer cells.

It has been well demonstrated that microRNAs
(miRNAs), as post-transcriptional gene regula-
tors, potentially play essential roles in multiple
biological processes, including cell prolifera-
tion, cycle, differentiation, angiogenesis, inva-
sion, and migration. Recently, accumulating
deregulated miRNAs were observed in various
cancer cells. These miRNAs involves in the reg-
ulation of tumor proliferation, metastasis, and
invasion and offer potential therapeutic targets
for cancer intervention and treatment [15]. miR-
204, as a tumor suppressor microRNA, was
shown to be down-regulated in human intrahe-
patic cholangiocarcinoma, head and neck squa-
mous cell carcinoma, gastric cancer, non-small-
cell lung carcinoma and endometrial cancer
[22-26]. A functional analysis has demonstrat-
ed that miR-204 acts as a tumor suppressor by
inhibiting NUAK1 expression in non-small-cell
lung carcinoma [25]. Moreover, miR-204 in-
creases sensitivity of neuroblastoma cells to
cisplatin and is associated with a favorable
clinical outcome [27]. Recent study showed
that decreased expression of miR-204 is asso-
ciated with poor prognosis in patients with
breast cancer [18]. However, the underlying
mechanism is still unclear. In this study, we
explored the role of miR-204 in breast cancer.
Consistently, we observed the down-regulation
of miR-204 in human breast cancer samples
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and cell lines, and its pro-apoptotic activity in
breast cancer.

JAK2 is a non-receptor tyrosine kinase and is
involved in the proliferation, angiogenesis,
immune evasion, and anti-apoptosis of cancer
cells [5]. Constitutive activation of the JAK sig-
naling pathway is observed in a variety of can-
cers [28], including human breast cancer [10,
29], so inhibition of JAK2 was consider as a
novel strategy in developing anticancer agents
[30-32]. Consistent with these results, our
study showed that JAK2 is overexpressed in
both breast cancer tissue and cell lines.
Furthermore, dual-luciferase reporter assay
showed that JAK2 is the direct target of miR-
204 and JAK2 expression was suppressed by
miR-204 in breast cancer, which was alleviated
by co-transfection of miR-204 inhibitors. We
further confirm the role of JAK2 in the anti-neo-
plastic effects of mir-204 by silencing JAK2
with siRNA. The specific JAK2 siRNAs markedly
suppressed cell proliferation and apoptosis.
Therefore, we concluded that JAK2 serves as a
direct mediator of the antitumor effects of miR-
204 involved in breast cancer carcinogenesis.

Signal transducer and activator of transcription
(STAT) proteins are family of transcription fac-
tors whose activity is associated with wide vari-
ety of biological processes, including cell prolif-
eration, apoptosis and tumor progression [33,
34]. Among other STATs, the constitutive activa-
tion of STAT3 is frequently reported in ~60% of
breast tumors [35]. Because STAT3 is a down-
stream molecule of JAK2, JAK2 phosphorylates
STAT3 protein, which dimerizes and translocate
to the nucleus to regulate transcription of vari-
ous target oncogenes, such as BCI-2 and sur-
vivin [21, 36, 37]. BCI-2 and survivin functions
as anti-apoptotic genes and pro-metastatic
genes in various human cancers [21, 38, 39].
Here we further investigated the effect of miR-
204 on the expression of STAT3, BCI-2 and sur-
vivin in breast cancer. In this study, western
blotting analysis revealed that a pretreatment
with miR-204 mimics could inhibit the expres-
sion of BCI-2 and survivin in breast cancer, sug-
gesting that miR-204 regulates cell apoptosis
of breast cancer via BCI-2/survivin pathway.

In conclusion, the present study demonstrated
that miR-204 directly targets JAK2 and induces
breast cancer cell apoptosis through the inhibi-

Int J Clin Exp Pathol 2015;8(5):5017-5025
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tion of STAT3/BCI-2/survivin pathway. Our find-
ings highlight the potential of miR-204 as a
prognosis marker and therapeutic target for
breast cancer.
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