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Abstract. - OBJECTIVE: The over-activation of
Janus kinase (JAK)-signal transducer and activa-
tor of transcription (STAT) pathway induced by
cytokines are closely correlated with tumorigen-
esis. Suppressor of cytokine signaling 3 (SOCS3)
serves as a negative regulator for JAK-STAT, and
its down-regulation is involved in the oncogenesis
of pancreatic cancer. We aimed at investigating
the effect of miR-221 on the expression and pro-
liferation, cycle and apoptosis of pancreatic can-
cer cells and determine the related mechanism.
PATIENTS AND METHODS: Dual luciferase re-
porter gene assay was used to analyze the regu-
lation between miR-221 and SOCS3. The expres-
sions of miR-221, SOCS3, p-JAK and p-STAT3 in
normal human pancreatic epithelial cell HPDE6-C7
and pancreatic cancer cell PANC-1 were quagiified
by qPCR and Western blot. Flow cytome
used to identify cell cycle and proliferation.
cultured PANC-1 cells were transfected wit
221 inhibitor or pIRES2-SOCS3. The expressiol
miR-221, SOCS3, p-JAK and p-STAT3, along
the cell proliferation or apoptosis Juace

reporter assay confirme
tion between miR-221

of SOCS3, were
the increase o

MiR-221 decreases prolifer-
ANC-1 cells and affects JAK-

Introduction
ancreatic carcinoma (PC), a commonly oc-

alignant tumor, is characterized by an
extreme high malignancy, worse treatment effi-
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ciency and prognos
has become top
the investigatio

lians, and participate in the
e biological processes such
liferation, cycle progression,
n and invasion®?. Suppressors

s contributing to the inhibitory fun-
1on towards transducing potency and activity of
JAK-STAT*S. SOCS3 is profiled as an important
tumor suppressor gene, and its down-regulation
is correlated with occurrence and progression of
multiple tumors. Various studies®’ showed abnor-
mal decrease of SOCS3 expression in PC tissues,
and its expression level was correlated with PC
progression, tumor growth and distal metastasis.
MicroRNA (miR) belongs to the group of endoge-
nous non-coding small molecule single-stranded
RNA with 22-25 nucleotide at length in eukaryo-
tes, and can modulate the expression of target
gene via complementary binding onto 3’-UTR of
its mRNA sequence. Although it takes up 1% of
human genes, miR can modulate the expression
of more than one third of human genes®. Increa-
sing studies showed that miR-221 worked as an
oncogene, and its abnormal up-regulation played
roles in facilitating occurrence and progression
of multiple tumors including breast cancer’ and
gastric carcinoma'®. Evidence also indicated ab-
normal rise of miR-221 expression in prostate
cancer, and miR-221 was correlated with the de-
velopment and distal metastasis of PC patients''.
This work aims to determine the role of miR-221
on the biological process of PC cells and seeks to
find related mechanisms.
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Materials and Methods

Major reagents and materials

Normal human pancreatic epithelial cell line
HPDEG6-C7 was purchased from ScienCell (Carl-
sbad, CA, USA). PC cell line PANC-1 was from Gi-
no Biotech (Hangzhou, Zhejiang, China). Roswell
Park Memorial Institute-1640 (RPMI)-1640 me-
dium and streptomycin-penicillin were purchased
from HyClone (South Logan, UT, USA). Opti-MEM
was collected from Gibco (Rockville, MD, USA).
Fetal bovine serum (FBS) was acquired from Ge-
mini Bio Products (Shanghai, China). RNA extract
reagent Total RNA Kit was obtained from Omega
Bio-Tek (Norcross, GA, USA). DNA extraction kit
EasyPure Blood Genomic DNA Kit was bought
from Quanshijin Biotech (Beijing, China). Fluo-
rescent quantitative PCR reagent PrimerScript RT
reagent Kit was purchased from TaKaRa (Kusatsu,
Otsu, Shiga, Japan). Annexin V/PI apoptosis kit was
from Biolegend (San Diego, CA, USA). Cell proli-
feration test reagent Click-iT EdU Flow Cytometry
Assay Kit was obtained from Molecular Probes
(Thermo Fisher Scientific, Waltham, MA, USA).
Luciferase activity assay kit Dual-Glo Lucj
Assay System was collected from Promega
son, WI, USA). Luciferase reporter plasmid
was from BioVector (Beijing, China). Transft
reagent Lip 2000 was bought from Invitrogen (¢
Isbad, CA, USA). Mouse anti-humg
STAT3 and p-STAT3 antibod
from CST (Danvers, MA, U
SOCS3 and B-actin antibg

obtained from San
221 mimic, miR

ANC-1 cells were all incuba-
Memorlal Institute 1640 (RP-

tomycin-penicillin, and
chamber with 5% CO,.

ere passc®when reaching 70-80% con-
lratio. Those cells at log-growth phase
status were used for experiments.

iferase reporter gene assay
C-1 cells were digested by trypsin and

were collected. Genomic DNA was extracted

using EasyPure Blood Genomic DNA Kit fol-
lowing the manual instruction. Using DAdesd
the template full-length fragment Q

fter enzymatic digestion with
I, the fragment was ligated into
S2 plasmid, which was used to transform
cell JIM109. Positive clones were se-
cted by ampicillin resistance. Plasmids were
then extracted and sequenced to determine the
correct insertion of SOCS3 gene fragment. Those
with successful gene insertion were named as
pIRES2-SOCS3. Empty plasmid pIRES2-Blank
was used as the control group.

Grouping of transfected cells

Cultured PANC-1 cells were divided into 4
groups: miR-NC group, miR-221 inhibitor group,
pIRES2-Blank group, and pIRES2-SOCS3
group. All these nucleotide fragments and Lipo
2000 were mixed well in Opti-MEM, and incu-
bated in room temperature for 5 min. Nucleotide
fragments were then mixed with Lipo 2000 for
gentle mixture, and were incubated for 30 min at
room temperature. Original medium of PANC-1
cells was removed, and cells were rinsed twice
in phosphate-buffered saline (PBS) to remove
the serum. Opti-MEM with serum-free was
used, and transfection mixture was added into
the culture medium. Cells were incubated for
6 h, and RPMI 1640 medium containing 10%
FBS and 1% penicillin-streptomycin was used.
After continuous incubation for 72 h, cells were
digested by trypsin for collection and for assays
of related indexes.
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Quantitative reverse transcription
polymerase chain reaction (gRT-PCR)
for gene expression

PrimerScript RT reagent Kit was used in qRT-
PCR assay to detect relative expression level of
genes using RNA extracted by Total RNA Kit.

Reverse transcription system consisted

oligdT Primer (50 uM) 0.5 uL
Random 6 mers (100 uM) 0.5 uL
PrimeScript RT Enzyme Mix 0.5 pL
RNA 1.0 ug
5xPrimeScript Buffer 2 uL
RNase Free dH,O Up to 10.0 pL
qPCR system consisted
SYBR Fast qPCR Mix 10.0 pL
Forward Primer (10 uM) 0.8 uL
Reverse Primer (10 uM) 0.8 uL
cDNA 2.0 uLb
RNase Free dH,0 6.4 uL

Reaction parameters  were: 95°C pre-denatu-
ring for 10 min, followed by 40 cycles each con-
taining 95°C denaturing for 10 s, 60°C anngs
for 20 s and 72°C elongation for 15 s. P4
performed on Bio-Rad CFX96 Real-time PQ
tection system. Primer sequences were: miR-

miR-221P,: 5-GTGTC GTGGA
C-3; U6P.: 5-ATTGG AACY
AG ATT-3’; U6P,: 5-GGA4
TTTG-3’; SOCS3P,: 5-C
CTTC-3’; SOCS3P,: 5*-
TAGAA-3’; B-actinP:
C-3%; B-actinP : 5T

d onto 8-10% separating gel
gel. Protelns were transferred
i (PVDF) membrane,
defatted milk powder
erature. Primary antibody
21000, anti-p-JAK at 1:1000,
7 anti-p-STAT3 at 1:1000, an-
2000, and anti- B actin at 1:10000. The

then used in phosphate-buffered
ine and Tween (PBST) for three times, followed
pom temperature incubation using horseradi-
xidase (HRP) conjugated secondary anti-
:10000) for 60 min. The membrane was

washed in PBST for three times, and enhanced
chemiluminescence (ECL) approach was_Lasas
test protein expression level.

Cell proliferation assay
Transfected cells from all g

spended and cultured in 10

Cells were inoculated int

WEIe re-su-

o cthanol at -20°C for 60 min.
ed twice by centrifugation, and
e mixed with propidium iodide (PI) staining
aining RNase A for 30minn dark
cubatlon at 4°C. Cell cycle was measured by
Beckman FC500 MCL flow cytometry apparatus.

Flow cytometry for cell apoptosis

Cells were collected by centrifugation. After
washing twice in phosphate-buffered saline
(PBS), 100 pL Binding Buffer were added for
mixture. 5 pL. Annexin V-FITC and 5 pL PI were
subsequently added for 10 min dark incubation.
400 uL Binding Buffer were then added to re-su-
spend cells, which were detected using Beckman
FC 500 MCL flow cytometry.

Spectrometry for Caspase-3 activity

Following the manual instruction of Caspa-
se-3 activity assay kit, pNA standard samples
were firstly prepared to measure A405 and to plot
standard curves. Cells were digested by trypsin
and were collected, lysed on ice and centrifuged.
The supernatant was saved and transferred to
new pre-cold tubes. Assay buffer, test samples,
and Ac-DEVD-pNA, were added sequentially
into 96-well plate, for 2 h incubation at 37°C.
Absorbance value A405 was measured using
a microplate reader when founding significant
color change, to reflect Caspase-3 activity of test
samples.
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Statistical Analysis

SPSS 18.0 (SPSS Inc., Chicago, IL, USA) was
used for data analysis. Measurement data were pre-
sented by meantstandard deviation (SD). Student
t-test was used for comparing measurement data
between two groups. The comparison of measure-
ment data among multiple groups was performed
using one-way analysis of variance (ANOVA) fol-
lowed by Least Significance Difference (LSD). A
statistical significance was defined when p<0.05.

Results

Targeted regulation between
miR-221 and SOCS3

Online prediction by microRNA.org showed
complementary binding sites between miR-221
and 3’-UTR of SOCS3 mRNA sequence (Figure
1A). Dual luciferase gene reporter assay found
that, compared to miR-NC group, miR-221 mimic
transfection HEK283T cells gave rise to remar-
kable decrease in relative luciferase activity. The-
re was no significant change on relative luciferase
activity after co-transfection of miR-221 paimic
and pLUC-SOCS3-mut into HEK293T cd
gure 1B), suggesting a targeted regulator
tionship between miR-221 and SOCS3.

Abnormal expression of miR-
and SOCS3 in PC cells
The result of flow cytg
the ratio of S phase and
cells significantly increa
HPDEG6-C7 cells, whd

HPDEG6-7 cells,
cells was signi

in HPDE6-C7 cells, significantly high miR-221
expression with decrease of SOCS3 mR 8

otein expres-
ANC-1 cells,

ed to miR-
cells treated

decreased (Figure
). Flow cytometry showed that the inhibition
ntly decreased proliferation
, and remarkably enhanced
(Figure 3D). We also eva-
SOCS3 by over expression

tated the levels of p-JAK and p-STAT3
rigure A and 3B), which enhanced proliferation
potency (Figure 3C) and suppressed cell apopto-
sis (Figure 3D).

Discussion

It is estimated that PC incidence has reached
8.3 per 100 000 people worldwide, with mortality
rate up to 7.8%". In China, about 91 000 patients
were newly diagnosed as PC annually, accompa-
nied with 79 000 cases of death". Generally, PC
represents a type of cancers with worse progno-
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Figure 1. Targeted regu-
latory relationship between
miR-221 and SOCS3. A,
Schematic diagram  for
binding sites between miR-
221 and SOCS3 mRNA.
B, Dual luciferase gene re-
porter assay. *, p<0.05 com-
pared to miR-NC.

M miR-NC H miR-221 mimic

pLUC-SOCS3-mut
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Figure 2. Abnormal ex-
pression change of miR-221 A B
and SOCS3 in PC cells. A = HPDES-C7 N PANC-1 . HPDES-C7
Flow cytometry for cell cy- 2 cofGr 78 | ¥ it o & M2
cle; B, Flow cytometry for S £ g /\, e

. N I e G2/M 10% | < G2/M  19% 4
cell proliferation potency; = g I g | \
C, gRT-PCR for gene ex- | 3% " Sgl [ | 1
pression;D, Western blot = . g J U\
for protein expression. *, B =
p<005 Compared to HP- “0 oz 04 o5 08 1 0 oz o4 08 oa 1 o 10?10
DE6_C7 CellS. DNA Cantent{10%) DNA Content(10%)

C

I HPDE6-C7 Il PANC-1

Relative expression of genes
n

miR-221

sis, an average survival age around 5
and a 5-year survival of about 1-5%'".
been demonstrated that abnormal activatid
JAK-STAT signaling pathway plays impor
regulatory roles in facilitating 2

decreasing apoptosis®?
presented that activated
receptor complex, fo
transportation fro
re it functions o
diate gene tra
specific proc

the further
aucleus, whe-

lung cancer'. This
, compared to normal
7, PC cell line PANC-1

ably enha®ed, with the increase of cell
2 activity, Wh1ch suggested the 1nV01-

phosphorylation or kinase activity. Alternatively,

inhibit JAK phosphorylation on STAT via
> binding with STAT, thus exerting
gative regulatory role on JAK-STAT3 signal
pathway activity?*?'. Recent investigations shed
light on the correlation of its down-regulation
with the occurrence and progression of multiple
tumors including breast cancer®, colorectal carci-
noma?*® and prostate cancer?'. Particularly, abnor-
mal decrease of SOCS3 expression was validated
in PC, and its expression level was related with
PC progression, tumor growth and distal meta-
stasis®’. Consistently, our study showed that the
over expression of SOCS3 by transfection with
pIRES2-SOCS3 decreased p-JAK or p-STAT3
expressions in PANC-1 cells, accompanied with
weakened proliferation and potentiated apoptosis
of cells, indicating the inhibitory role of SOCS3
in JAK-STATS3 signal pathway as well as PC.
MicroRNAs take a critical part in various ma-
lignant tumors®. MiR-221 is widely reported to
have pro-tumor role, and plays facilitating role in
occurrence and progression of various tumors. For
example, Li et al® showed that miR-221 up-regu-
lation could facilitate proliferation, migration and
invasion of breast cancer cells via targeted regula-
tion on PTEN/AKT signaling pathway. Effatpanah
et al'’ found significantly higher miR-221 expres-
sion in gastric cancer tissues compared to normal
gastric mucosa. Li et al** reported that compared




miR-221 in pancreatic cancer

A I miR-NC

I oIRES2-Blank
I miR-211 inhibitor [l pIRES2-S0CS3

B

25
8
S 20
o
u
©
5 15
N7
17s]
o
210
o
o
.
© 05
[
[0
0.0 .
miR-221 S0OCS3
miR-NC " miR-221 inhibitor pIRES2-Blank o pIRES2-SOCS3
o @
2 M2 ! M2 M2 L M2
@ 43.54% 24.86% & 45.23 1 26.70%
24 o] o
_8 B . _ 9]
€ E & E © € o]
8e & 3. 38 —
S 1 - a1
o~
] 8 8
o - - —~ o - —~ - - 1 o - -+ -
107" 10° 10" 102 10° 107 100 10’ 10 o' 10° 10" 10?2 10° 107 10° 10" 102 10®
D EdU EdU EdU EdU
miR-NC 1 inhibit pIRES2-Blank pIRES2-SOCS3
) L] (]
< Ja21 Q2-2 Qz2-1 Q2-2 2 Taz-1 Qz-2 2 Taz-1 Q2-2
~ |081% 2.51% ~ | 5.44% 10.40% ~ |2.53% 1.89% o~ 12.09% 12.91%
21 i = Gy <) = A e
T o ) T o -
o % :- o 8 o o e
=K g =B Nl [=] =8 SR T
: 302-3 2-4 - - Q2-4 - ~ 1Q2-3 &,
-9_‘96.58%. ; 0% 5 83,89 | 0.29% 5 %} 0 5 84.78% %2 | 0
10" 1048907 1 107" 10° Yo' 102 10 10" 10° 10" 102 10° 10" 10° 10" 102 10°
ANNEXIN V ANNEXIN V ANNEXIN V ANNEXIN V

1R-221 down-regulation

t compared to tumor adjacent
es showed abnormally elevated
Xpression, and those up-regulated serum
-221 were correlated with patient TNM stage
b distal metastasis, plus relatively higher value
erential diagnosis of distal metastatic PC
(AUC=0.689). Xu et al*® demonstrated that compa-

ressed PC cell proliferation and induced apoptosis. A, qRT-PCR for gene expression;
in expression; C, EdU staining for cell proliferation; D, Flow cytometry for cell apoptosis. *, p<0.05

red to non-infiltrative PC cell line Bxpc-3, infiltra-
tive PC cell line SW-1990, PANC-1 and Miapaca-2
showed remarkably elevated miR-221 expression.
Similarly, we observed that compared to normal
pancreatic epithelium, miR-221 expression was
abnormally elevated in PC cells showed, indica-
ting its potential oncogene role in PC pathogene-
sis, which was in line with previous finding that
compared to normal pancreatic tissues. PC tumor
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tissues also showed remarkably elevated miR-221
expression, which was inversely correlated with
patient survival®.

Of note, our data on dual luciferase gene reporter
assay confirmed the targeted regulatory relationship
between miR-221 and SOCS3. The expression of
SOCS3 and GO/G1 phase arresting were significant-
ly decreased. We proposed that miR-221 up-regula-
tion might play a role in suppressing SOCS3 expres-
sion, enhancing JAK-STAT3 pathway activity, and
facilitating PC cell proliferation and cycle progres-
sion. Further study elucidated that the suppres-
sion of miR-221 remarkably up-regulated SOCS3
expression in PANC-1 cells, which also impeded
the cell proliferation. Sarkar et al* found that after
using drugs such as G2535, BR-DIM or CDF to
suppress miR-221 expression, the expression of tu-
mor suppressor genes including PTEN, p27 (kipl),
p57 (kip2) and PUMA was significantly elevated in
PC cells such as MiaPaCa-2 or PANCI, whilst cell
proliferation or migration potency was compromi-
sed. Tanaka et al*” found abnormally elevated miR-
221 expression in PC cells. After metformin drug
treatment, the expression of target gene p27Kipl
was remarkably elevated, accompanied wit
Gl phase arresting and weakened prolifers

SOCS3 expresswn remarkably up-regulated STA
transcriptional activity, thus facilitad
of PC. Patel” showed that SOC

was correlated with malignag
of PC cells. When SOCS3
activity of JAK kinase and

ionificantly weakened
whether such mo-

nclusions

e that miR-221 inhibits SOCS3
pression. Down-regulation of miR-221 enhan-
OCS3 expression, suppresses activity of
T3 pathway, remarkably weakening
prolifération potency of PC cell line PANC-1.
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