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SOCS3 expression, lowering JAK-STAT3 signal-
ing pathway activity, and attenuating survivin 
expression.
Key Words:

miR-221, SOCS3, JAK-STAT3, Bladder cancer, Prolif-
eration, Apoptosis.

Introduction

Bladder cancer (BC) is a common malignancy 
in clinic with the 9th morbidity among all types 
of cancer1. It accounts for the leading morbidi-
ty and mortality in urinary system malignancy 
in our country2. BC, especially muscle-invasi-
ve BC, is easy to occur pelvic lymph node me-
tastasis or distant metastasis. Its 5-year survival 
may decrease lower than 30% once metastasis3. 
Following the development of detection and dia-
gnostic technique, most BC patients were found 
in early stage. However, there are still about 30% 
patients appeared tissue infiltration and metasta-
sis when diagnosed, leading to poor therapeutic 
effect and prognosis4. Janus kinase (JAK) - signal 
transducer and activator of transcription (STAT) 
signaling pathway widely exists in various tis-
sues and cells. It participates in the regulation 
of cell proliferation5, apoptosis6, migration, and 
invasion7. Suppressors of cytokine signaling 3 
(SOCS3) are members of SOCS family with the 
strongest activity. It suppresses JAK-STAT signa-
ling pathway activation through direct inhibiting 
JAK8. SOCS3 was found down-regulated in bre-
ast cancer9 and prostate cancer10, and was closely 
associated with tumor progress and pathological 
classification. MicroRNA (miRNA) is a type of 
endogenous single stranded non-coding RNA at 
the length of 22-25 nt. It plays a degrading or inhi-
biting role on mRNA by binding with the 3’-UTR. 

Abstract. – OBJECTIVE: Janus kinase (JAK) 
- signal transducer and activator of transcrip-
tion (STAT) signaling pathway participate in cell
proliferation and apoptosis. Suppressors of cy-
tokine signaling 3 (SOCS3) are negative regu-
lators of JAK-STAT3. SOCS3 was found signifi-
cantly declined, while microRNA-221 (miR-221)
obviously up-regulated in bladder cancer tis-
sue. Bioinformatics analysis revealed the com-
plementary binding site between miR-221 and 3’-
UTR of SOCS3. This study investigated the role
of miR-221 in regulating SOCS3/JAK-STAT3 sig-
naling pathway and bladder cancer cell prolifer-
ation and apoptosis.

PATIENTS AND METHODS: Bladder cancer tu-
mor tissue and para-carcinoma tissue were col-
lected from patients to test miR-221 and SOCS3 
expressions. Dual luciferase assay was used to 
test the targeting regulatory effect of miR-221 on 
SOCS3. MiR-221, SOCS3, p-JAK1, p-JAK2, and 
survivin expressions were compared in T24 and 
HBEC cells. T24 cells were divided into miR-NC, 
miR-221 inhibitor, pSicoR-blank, pSicoR-SOCS3, 
and miR-221 inhibitor + pSicoR-SOCS3 groups. 
Flow cytometry was applied to detect cell apop-
tosis. EdU staining was adopted to evaluate cell 
proliferation.

RESULTS: MiR-221 significantly increased, 
while SOCS3 obviously reduced in bladder can-
cer tissue compared with para-carcinoma tis-
sue. MiR-221 targeted inhibited SOCS3 expres-
sion. MiR-221, phosphorylated JAK1 (p-JAK1), 
phosphorylated JAK2 (p-JAK2), phosphorylat-
ed STAT3 (p-STAT3), and survivin levels mark-
edly up-regulated, whereas SOCS3 expression 
apparently declined in T24 cells compared with 
that in HBEC cells. MiR-221 inhibitor and/or pSi-
coR-SOCS3 elevated SOCS3 expression, de-
creased p-JAK1, p-JAK2, p-STAT3, and survivin 
levels, enhanced cell apoptosis, and attenuated 
cell proliferation.

CONCLUSIONS: MiR-221 elevated, while 
SOCS3 reduced in bladder cancer tissue. Inhi-
bition of miR-221 suppressed T24 cell prolifer-
ation and induced apoptosis by up-regulating 
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miRNA expression and function in tumorigenesis 
receive more and more attention11. MiR-221 was 
showed significantly up-regulated in BC tissue, 
suggesting its potential oncogene role in BC oc-
currence12. Bioinformatics analysis revealed the 
complementary binding site between miR-221 
and 3’-UTR of SOCS3. This study investigated 
the role of miR-221 in regulating SOCS3/JAK-
STAT3 signaling pathway and bladder cancer cell 
proliferation and apoptosis.

Patients and Methods

Patients
A total of 42 BC patients were enrolled, inclu-

ding 32 males and 10 females with mean age at 
62.9 (51-78) years old. Patients received treatment 
in Huaihe Hospital, Henan University between 
Apr and Nov 2016. Tumor tissue and para-carci-
noma tissue were collected and stored at -80°C 
for RNA, protein, and immunofluorescence de-
tection.

This study was approved by Ethics Committee 
in Huaihe Hospital, Henan University and all the 
enrolled objects had signed informed consent. 

Main Reagents and Materials
Human BC cell T24 was purchased from Suer 

(Shanghai, China). Human normal bladder epi-
thelial cell HBEC was bought from Yubo Bio-
logical Technology Co., Ltd. (Shanghai, China). 
Dulbecco’s Modified Eagle Medium (DMEM), 
fetal bovine serum (FBS), penicillin, and strep-
tomycin were purchased from Gibco BRL. Co. 
Ltd. (Grand Island, NY, USA). EasyPure RNA 
Kit was obtained from TransGen Biotech (Bei-
jing, China). Transfection reagent Lipofectamine 
2000 was purchased from Invitrogen Life Tech-
nologies (Carlsbad, CA, USA). PrimeScript™ RT 
reagent Kit and SYBR Green were purchased 
from TaKaRa (Dalian, China). miR-NC, miR-221 
mimic, miR-221 inhibitor, and EdU cell prolife-
ration detection kit were purchased from Ribobio 
(Guangzhou, China). Mouse anti-human p-JAK1, 
p-JAK2, and SOCS3 primary antibodies were 
purchased from Abcam Biotechnology (Cambri-
dge, MA, USA). Rabbit anti-human p-STAT3 and 
survivin primary antibodies were obtained from 
GeneTex Inc. (Irvine, CA, USA). Horseradish Pe-
roxidase (HRP) conjugated secondary antibody 
was derived from Bio-Rad Laboratories (Hercu-
les, CA, USA). Fluorescence secondary antibody 
was purchased from Molecular Probes (Eugene, 

OR, USA). pGRE-luc reporter gene plasmid, 
dual luciferase detection kit, apoptosis detection 
kit, and radio-immunoprecipitation assay (RIPA) 
were bought from Beyotime (Shanghai, China). 
pSicoR-GFP was obtained from Addgene (Lon-
don, UK).

Cell Culture
T24 and HBEC cells were cultured in Dulbec-

co’s Modified Eagle Medium (DMEM) contai-
ning 10% FBS and 1% penicillin-streptomycin. 
Cells were passaged at 1:4.

Dual-Luciferase Reporter Gene Assay
The polymerase chain reaction (PCR) products 

containing the full length of SOCS3 gene 3’-UTR 
or mutant segment were cloned to pGRE-luc. 
Next, it was transformed to DH5α competent cells 
and sequenced to select the plasmid with correct 
sequence, namely pGRE-SOCS3-wt and pGRE-
SOCS3-mut, respectively. Then, pGRE-SOCS3-
wt (or pGRE-SOCS3-mut) was co-transfected to 
HEK293T cells by using Lipofectamine 2000, to-
gether with miR-221 mimic (or miR-221 inhibitor, 
or miR-NC). The luciferase activity was detected 
after cultured for 48 h.

SOCS3 Over-Expression Plasmid 
Construction

CDS segment of SOCS3 gene was amplified and 
connected to pSicoR-GFP plasmid after double di-
gestion. After transformation, the positive bacte-
rial strain was selected and amplified to extract the 
recombinant plasmid. The plasmid with correct se-
quence was named pSicoR-GFP-SOCS3. pSicoR-
GFP-blank was treated as control.

Cell Transfection and Grouping
T24 cells were divided into miR-NC, miR-

221 inhibitor, pSicoR-blank, pSicoR-SOCS3, and 
miR-221 inhibitor + pSicoR-SOCS3 groups. Cells 
were detected on 72 h after transfection. 

qRT-PCR
Total RNA was extracted by using EasyPure RNA 

Kit and reverse transcribed to cDNA by using Pri-
meScript™ RT reagent Kit. The reverse transcription 
condition was 37°C for 15 min and 98°C for 5 min. 
The PCR reaction was composed of 95°C pre-de-
naturation for 5 min, followed by 40 cycles of 95°C 
denaturation for 15 s, 60°C annealing for 30 s, and 
74°C elongation for 30 s. Real-time PCR was perfor-
med on CFX96 Touch™ to test the relative expres-
sion. The primers used were as follows. miR-221PF: 
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5′-GTTGGTGGGAGCTACATTGTCTGC-3′, miR-
221PR: 5′-GTGTCGTGGACTCGGCAATTC-3′; 
U6PF: 5′-ATTGGAACGATACAGAGAAGATT-3′, 
U6PR: 5′-GGAACGCTTCACGAATTTG-3′; SOC-
S3PF: 5′-CCTGCGCCTCAAGACCTTC-3′, SOC-
S3PR: 5′-GTCACTGCGCTCCAGTAGAA-3′; Sur-
vivinPF: 5′-AGGACCACCGCATCTCTACAT-3′, 
SurvivinPR: 5′-AAGTCTGGCTCGTTCTCA-
GTG-3′; β-actinPF: 5′-GAACCCTAAGGCCA-
AC-3′, β-actinPR: 5′-TGTCACGCACGATTTCC-3′.

Western Blot
Total protein was extracted by RIPA from tis-

sue and cells. A total of 50 μg protein was separa-
ted by 10% sodium-lauryl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred 
to membrane. Next, the membrane was blocked 
and incubated with primary antibody at 4°C over-
night (SOCS3, p-JAK1, p-JAK2, p-STAT3, sur-
vivin, and β-actin at 1:300, 1:200, 1:200, 1:200, 
1:200, and 1:800, respectively). Then the mem-
brane was incubated with secondary antibody 
(1:10000) for 60 min after washed by phosphate 
buffer saline-tween 20 (PBST) for three times. 
At last, the protein expression was detected by 
enhanced chemiluminiscence (ECL). 

Flow Cytometry
The cells were re-suspended in 500 μl binding 

buffer and incubated with 5 μl Annexin V-FITC 
avoid of light for 15 min. Next, cells were added 
to 5 μl PI and tested on EPICS XL-MCL flow 
cytometry to evaluate cell apoptosis. 

EdU Staining
Cells were added to EdU solution in logari-

thmic phase and were incubated for 48 h. Then, 
cells were digested by 0.125% trypsin and were 
collected; after, they were fixed in paraformal-
dehyde and neutralized in glycine. Next, cells 
were incubated with 0.1% Triton X-100 and re-su-
spended in PBS. At last, the cells were stained by 
500 μl Apollo at room temperature for 10 min and 
tested on EPICS XL-MCL flow cytometry (BD 
Biosciences, San Jose, CA, USA).

Immunofluorescence Detection
The frozen section was fixed in precooled ace-

tone at room temperature for 10 min. After the 
section was washed by phosphate buffer sali-
ne (PBS) for three times, it was blocked in PBS 
containing 2% bovine serum albumin (BSA) and 
0.1% Triton X-100 at room temperature for 60 
min. Next, the section was incubated with mou-

se anti-human SOCS3 primary antibody at 4°C 
overnight. Then, the section was incubated with 
Alexa Fluor 594 labeled secondary antibody at 
room temperature for 60 min. At last, the section 
was stained by 0.1% 4’,6-diamidino-2-phenylin-
dole (DAPI) for 1 min and observed under the 
microscope. 

Statistical Analysis
All data analyses were performed by SPSS 18.0 

software (SPSS Inc., Chicago, IL, USA). The me-
asurement data were depicted as mean ± standard 
deviation and compared by t-test or Mann-Whi-
tney U test. p<0.05 was considered as statistical 
significance.

Results

MiR-221 upregulated, while SOCS3 
Reduced in BC tissue

qRT-PCR detection revealed that miR-221 
expression was significantly higher in cancer tis-
sue than in para-carcinoma tissue (Mann-Whit-
ney U value = 5.000, p<0.001) (Figure 1A). Im-
munofluorescence detection showed that SOCS3 
level obviously reduced in tumor tissue compared 
with adjacent normal control (Figure 1B).

Figure 1. MiR-221 upregulated, while SOCS3 reduced in 
BC tissue. (A) qRT-PCR detection of miR-221 expression; 
(B) immunofluorescence detection of SOCS3 expression. 
*p<0.05, compared with para-carcinoma tissue.
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MiR-221 Targeted regulated SOCS3 
Expression in T24 Cells

MiR-221 expression was obviously higher, 
while SOCS3 level was markedly lower in T24 
cells compared with HBEC cells, suggesting the 
potential regulatory relationship between miR-
221 and SOCS3 (Figure 2A and B). Western blot 
demonstrated that p-JAK1, p-JAK2, p-STAT3, 
and survivin levels markedly up-regulated in T24 

cells compared with that in HBEC cells (Figure 
2B). microRNA.org online prediction showed 
the complementary binding site between miR-
221 and the 3’-UTR of SOCS3 mRNA (Figure 
2C). Dual luciferase assay revealed that miR-221 
mimic and miR-221 inhibitor significantly decli-
ned and enhanced relative luciferase activity in 
HEK293 cells (Figure 2D), indicating the regu-
latory relationship between miR-221 and SOCS3 

Figure 2. MiR-221 targeted regulated SOCS3 expression in T24 cells. (A) qRT-PCR detection of miR-221 and SOCS3 expres-
sions; (B) Western blot detection of protein expressions; (C) the binding site between miR-221 the 3’-UTR of SOCS3 mRNA; 
(D) dual luciferase assay; (E) qRT-PCR detection of miR-221 and SOCS3 expressions. #p<0.05, compared with HBEC; *p<0.05, 
compared with miR-NC.
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mRNA. MiR-221 mimic or inhibitor transfection 
apparently reduced or elevated SOCS3 mRNA 
expression in T24 cells, confirming that miR-221 
targeted regulated SOCS3 expression (Figure 2E).

Inhibition of miR-221 Upregulated 
SOCS3 expression, Suppressed T24 cell 
Proliferation, and Promoted Apoptosis

MiR-221 inhibitor and/or pSicoR-SOCS3 ele-
vated SOCS3 expression, decreased p-JAK1, 
p-JAK2, p-STAT3, and survivin levels (Figure 
3A and B), enhanced cell apoptosis (Figure 3C), 
and attenuated cell proliferation (Figure 3D).

Discussion

JAK-STAT signaling pathway could be activa-
ted by various extra-cellular cytokines, growth 
factors, and mitogen, leading to receptor dimeriza-
tion, which phosphorylated JAK kinase. Activated 
JAK phosphorylates membrane receptor, leading 
to conformation, changes to promote STAT, cove-
ring the tyrosine phosphorylation loci on membra-
ne receptor complex. At this time, JAK kinase pho-
sphorylates STAT to let it form dimer with another 
STAT, thus entering the nucleus to regulate gene 
transcription and expression13. STAT transcription 

Figure 3. Inhibition of miR-221 up-regulated SOCS3 expression, suppressed T24 cell proliferation, and promoted apoptosis. 
(A) qRT-PCR detection of miR-221 and SOCS3 expressions; (B) Western blot detection of protein expressions; (C) flow cytom-
etry detection of cell apoptosis; (D) EdU staining detection of cell proliferation. ap<0.05, compared with miR-NC; bp<0.05, com-
pared with pSicoR-blank; cp<0.05, compared with miR-221 inhibitor; dp<0.05, compared with pSicoR-SOCS3.
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factor family contains seven members, including 
STAT1, STAT2, STAT3, STAT4, STAT5a, STA-
T5b, and STAT6. STAT3 is most widely investiga-
ted and exhibits the closest relationship with tumor 
occurrence and development. Inhibitor of apoptosis 
protein (IAPs) is a protein family with homological 
structure and anti-apoptosis function14. Survivin is 
the most important member of IAPs family with 
the strongest function in apoptosis inhibition. Sur-
vivin blocks cell apoptosis by inhibiting caspase-3 
and caspase-715. Moreover, survivin also plays a 
crucial role in regulating cell cycle and facilitating 
cell proliferation16. It was showed that JAK-STAT3 
signaling pathway activation mediated survivin 
enhancement plays an important role in promoting 
malignancy17,18. SOCS3 is the strongest member to 
SOCS family8. It restrains JAK1 and JAK2 pho-
sphorylation and kinase activity by binding to re-
ceptor, thus blocking STAT3 phosphorylation and 
playing a negative regulatory role in JAK-STAT3 
signaling pathway19. SOCS3 down-regulation is 
closely associated with multiple tumor occurren-
ce and development, including colorectal cancer20, 
lung cancer21, and breast cancer22. Recently it was 
found that SOCS3 expression reduced in bladder 
cancer tissue, suggesting its potential anti-tumor 
effect23. MiR-221 level was reported to be elevated 
in bladder cancer tissue, indicating its promoting 
effect on bladder cancer12. Bioinformatics analysis 
revealed the complementary binding site between 
miR-221 and 3’-UTR of SOCS3. This study inve-
stigated the role of miR-221 in regulating SOCS3/
JAK-STAT3 signaling pathway and bladder cancer 
cell proliferation and apoptosis. qRT-PCR detection 
revealed that miR-221 expression was significant-
ly higher in cancer tissue than in para-carcinoma 
tissue. Immunofluorescence detection showed that 
SOCS3 level obviously reduced in tumor tissue 
compared with adjacent normal control. It sugge-
sted that miR-221 up-regulation may play a role 
in decreasing SOCS3 expression and promoting 
bladder cancer tumorigenesis. Gottardo et al12 de-
monstrated that miR-221 level significantly increa-
sed in bladder cancer tissue compared with normal 
bladder mucosal tissue12. In this study, miR-221 
expression was obviously higher in tumor tissue 
compared with para-carcinoma tissue, which was 
similar with Gottardo et al12 findings. Gaballah 
et al23 revealed that SOCS3 expression markedly 
declined in bladder cancer tissue compared with 
normal control. Its expression was related to pa-
thological grading, as it declined in patients with 
higher pathological grade. This study observed 
that SOCS3 expression abnormally reduced in 

tumor tissue, which was in accordance with Ga-
ballah et al23. MiR-221 expression was obviously 
higher, while SOCS3 level was markedly lower in 
T24 cells compared with HBEC cells. Furthermo-
re, p-JAK1, p-JAK2, p-STAT3, and survivin levels 
markedly up-regulated in T24 cells compared with 
that in HBEC cells. It indicated that miR-221 ele-
vation, SOCS3 down-regulation, and JAK-STAT3 
signaling pathway enhancement may be related 
to the malignancy of bladder cancer. Liu et al24 
showed that miR-221 up-regulation plays a key role 
in T24 cell epithelial-to-mesenchymal transition 
(EMT) induced by TGF-β and cell invasion and 
migration enhancement, revealing that miR-221 
abnormal elevation was a regulator of malignan-
cy enhancement in bladder cancer. Dual luciferase 
assay revealed that miR-221 mimic and miR-221 
inhibitor significantly declined and enhanced rela-
tive luciferase activity in HEK293 cells, and appa-
rently reduced or elevated SOCS3 mRNA expres-
sion in T24 cells, confirming that miR-221 targeted 
regulated SOCS3 expression. Moreover, miR-221 
inhibitor and/or pSicoR-SOCS3 elevated SOCS3 
expression, decreased p-JAK1, p-JAK2, p-STAT3, 
and survivin levels, enhanced cell apoptosis, and 
attenuated cell proliferation. Liu et al24 reported 
that suppression of miR-221 markedly declined 
vimentin expression, enhanced E-cadherin level, 
and attenuated EMT, migration, and invasion in 
T24 cells induced by TGF-β. Fu et al25 revealed that 
miR-221 inhibitor transfection obviously increased 
Bax expression, declined Bcl-2 level, and accelera-
ted cell apoptosis in bladder cancer cell 5637, J82, 
and T24. Fu et al25 also reported that inhibition of 
miR-221 apparently decreased MMP-2, MMP-9, 
and VEGF-C expression, and weakened cell mi-
gration and invasion in bladder cancer cells25. In 
this study, down-regulation of miR-221 weakened 
bladder cancer malignancy, which was in accor-
dance with Liu et al24 and Fu et al25. This study 
demonstrated that miR-221 elevation plays a role 
in reducing SOCS3 expression, enhancing JAK-
STAT3 signaling pathway activity, and promoting 
bladder cancer tumorigenesis. 

Conclusions

MiR-221 elevated, while SOCS3 reduced in 
bladder cancer tissue. Inhibition of miR-221 sup-
pressed T24 cell proliferation and induced apop-
tosis by up-regulating SOCS3 expression, lowe-
ring JAK-STAT3 signaling pathway activity, and 
attenuating survivin expression.
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