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Effect of IncRNA HULC knockdown on rat secreting
pituitary adenoma GH3£Lells

Abstract

Pituitary adenoma is one of the most common tumors in the neuroendocrine system
non-coding RNAs (IncRNAs) highly up-regulated in liver cancer (HULC) on rat s;
migration, invasion, apoptosis, and hormone secretion, as well as the underlyi
gRT-PCR were used to change and measure the expression levels of HULC, mi
invasion, and apoptosis were assessed using trypan blue staining assa
Nexin assay, and western blotting. The concentrations of prolactin (PRL)
GH3 cells were assessed using ELISA. The targeting relationship betwe
luciferase activity. Finally, the expression levels of key factors involved in PISYAKT/mTOR and JAK1/STAT3 pathways were
evaluated using western blotting. We found that HULC was highlyegxoressed iriy3H3 cells. Overexpression of HULC promoted

is study tigated the effects of long
pituitary adenoma GH3 cell viability,
anisms. Cell transfection and
, and FOXM1. Cell viability, migration,
o-chamber transwell assay, Guava

Knockdown of HULC had opposite effects and induced cell a
and miR-130b participated in the effects of HULC on GH

LC negatively regulated the expression of miR-130b,
as a target gene of miR-130b, which was involved in

In conclusion, HULC tumor-promoting roles in secreti ityd noma might be via down-regulating miR-130b, up-regulating
FOXM1, and activating PI3K/AKT/mTOR and JA

Key words: Secreting pituitary adenoma; Ln ighly up-fegulated in liver cancer (HULC); MicroRNA-130b; Forkhead box
protein M1; PI3BK/AKT/mTOR signaling pathway; J TAT3 signaling pathway

Introduction

Pituitary adenoma, charac
liferation of pituitary gland cell
tumors in the neuroendocrine
nomas can be divide
pituitary adenomas (
pituitary adenoma

rolled pro-  apoptosis (9). Aberrant expressions of IncRNAs have
e most common  been linked to many human diseases, including secreting
. Pituitary ade-  pituitary adenomas (10,11). As one kind of IncRNAs,
g and non-secreting  highly up-regulated in liver cancer (HULC) is a key
mptoms of secreting  regulatory molecule that participates in the development
f the endocrine system,  and progression of hepatocellular carcinoma (12). Some
fertility, galactorrhea, and neu-  studies in recent years demonstrated that HULC was
aches and visual changes) also involved in the occurrence and development of other
ent of diagnostic and therapeutic  human cancers, such as osteosarcoma (13), epithelial
ival rate of patients with secreting  ovarian carcinoma (14), bladder cancer (15), glioma (16),
a has increased in recent years (5,6). breast cancer (17), and chronic myeloid leukemia (18).
that the pathogenesis of this tumoris  However, there is no information available about the
, a clearer understanding of the process  effects of HULC on pituitary adenoma, including secreting
or defining more effective diagnostic and  pituitary adenoma.
Similar to IncRNAs, microRNAs (miRNAs) also have
-coding RNAs (IncRNAs) have been proved  important functions in the regulation of multiple cellular
critical regulatory roles in many biological pro-  biological processes (19). Furthermore, IncRNAs can
cesses, including cell proliferation, differentiation, and  exert oncogenic or tumor suppressive roles by regulating
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Roles of HULC in secreting pituitary adenoma

the expressions of miRNAs in cells (20). miRNA-130b
(miR-130b) has been shown to participate in cell prolif-
eration and metastasis in many cancer cell lines (21).
Leone et al. (22) reported that miR-130b was down-
regulated in secreting pituitary adenoma.

Forkhead box protein M1 (FOXM1) is a typical cell
proliferation-associated transcription factor, which stimu-
lates cell proliferation by promoting S-phase and M-phase
entries in cell cycle transition (23). Several reports provide
evidence that the expression of FOXM1 is up-regulated in
a variety of cancer cells (24). Many miRNAs can modu-
late the expression of FOXM1 in cancer cells (25,26).
However, the role of FOXM1 in the regulation of secreting
pituitary adenoma cell proliferation remains unclear.

Hence, in this research, we aimed to explore the
effects of HULC on rat secreting pituitary adenoma GH3
cell line viability, migration, invasion, apoptosis, and hor-
mone secretion, as well as miR-130b expression. The
regulatory effect of miR-130b on FOXM1 expression in
GH3 cells and regulatory roles of FOXM1 in GH3 cell
viability, migration, invasion, and apoptosis were also
investigated. Our findings will be helpful for further under-
standing the pathogenesis of secreting pituitary adenoma
and provide potential diagnostic and therapeutic targets
for secreting pituitary adenoma.

Material and Methods

Cell lines
Rat secreting pituitary adenoma cell

(ATCC, USA, Cat. No. CCL-82.1 and
grown in Dulbecco’s modified Eagl
Gibco, Life Technologies Corpggation,
with 15% (v/v) fetal serum albu
1% (v/v) penicillin-streptomycin-
Technologies, USA). C
ified incubator (Sa
Transforming gro
Aldrich, USA)
and invasion

aintained in a humid-
7°C with 5% CO..
-B, 10 ng/mL, Sigma-
an inducer of cell migration

acrificed and the pituitary tissues were col-
on ice. Subsequently, pituitary tissues were cut and
ed. The pituitary primary cells were collected by
centrifugation (800 g, room temperature, 5 min).

Cell transfection

Short-hairpin RNA directed against HULC and FOXM1
were ligated into U6/GFP/Neo plasmid (GenePharma
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Corporation, China) and referred to as sh-HULC and
sh-FOXM1. The plasmid carrying a non-targeting
was used as negative control (NC) and ref
sh-NC. The full-length sequences of HULC
were constructed in pcDNA3.1 plasmid (
Corporation) and referred to as pc-HU

Corporation. The sequence of s
CAGAACTGTGATCCA-3'.
were 5'-GCACAAGAAC

sense) and 5'-TA
se). The sequences
of miR-130b mimic
UACU-3’ (sense)

5'-UCA
fection

A) for 24 h. Transfection efficiencies of
ULC, miR-130b mimic, and miR-130b inhib-
ere veritled using quantitative reverse transcription
R). Transfection efficiencies of pc-FOXM1 and sh-
were verified using qRT-PCR and western blotting.

gRT-PCR was performed to detect the expression
evels of HULC, miR-130b, and FOXM1 in GH3 cells after
relevant transfection. Briefly, total RNAs in GH3 cells were
isolated using TRIzol™ Plus RNA Purification kit (Invitro-
gen). The cDNA was reversely transcribed using high
capacity cDNA reverse transcription kit (Applied Biosys-
tems, USA). Then, the expression levels of HULC and FOX
M1 were measured using TagMan™ real-time PCR master
mix (Applied Biosystems). The expression level of miR-130b
was measured using TagMan™ non-coding RNA assay
(Applied Biosystems). The expression levels of -actin and
U6 acted as endogenous controls. Data were quantified by
2745 method (27). The primer sequences of HULC
were 5-ACCTCCAGAACTGTGATCCAAAATG-3' (sense)
and 5-TCTTGCTTGATGCTTTGGTCTG-3' (antisense). The
primer sequence of miR-130b was 5-ACACTCCAGCT
GGGACTCTTTCCCTGTTGC-3'. The primer sequences
of FOXM1 were 5-TCCAGAGCATCATCACAGCG-3 (sense)
and 5-TGCTCCAGGTGACAATTCTCC-3' (antisense).
The primer sequences of B-actin were 5-GAGAGGGAA
ATCGTGCGTGAC-3' (sense) and 5'-CATCTGCTGGAAG
GTGGACA-3' (antisense). The primer sequences of U6
were 5-CAAATTCGTGAAGCGTT-3 (sense) and 5-TG
GTGTCGTGGAGTCG-3' (antisense).

Cell viability assay

Cell viability was assessed using trypan blue stain-
ing assay kit (Beyotime Biotechnology, China) and 3-(4,
5-dimethylthiazol-2-yl)-2,5-diphenyltertrazolium bromide
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tetrazolium (MTT) assay (Sigma-Aldrich). For trypan
blue staining, after relevant transfection, GH3 cells were
seeded into a 6-well plate (Thermo Fisher Scientific,
USA) with 1 x 10° cells per well and cultured at 37°C
for 24 h. Then, cells were collected, washed with
phosphate-buffered saline (PBS), stained using the kit
solution, and counted under a microscope (Nikon, Japan).
Cell viability (%) was calculated by number of viable cells /
number of total cells x 100%.

For the MTT assay, after relevant transfection, GH3
cells were seeded into a 96-well plate (Thermo Fisher
Scientific) with 1 x 10 cells per well and cultured at 37°C
for 24 h. Then, 20 uL MTT solution (2.5 mg/mL in PBS)
was added into the medium of each well and the plate was
incubated at 37°C for 4 h. Subsequently, the MTT mixture
was removed and 150 pL dimethyl sulfoxide (DMSO) was
added to dissolve formazan. After that, the plate was
agitated on a shaker for 15 min. The absorbance of each
well at 570 nm was recorded using a microplate reader
(Bio-Tek Instrument, USA).

Cell migration and invasion assay

Cell migration was determined using a modified two-
chamber transwell assay (Corning Incorporated, USA
Briefly, after relevant transfection, 1 x 10° GH3 cells were

the upper chamber. Complete DMEM (600 pL) w.
into the lower chamber. After incubation at 37°

chamber were counted under a micro
Cell migration (%) was calculated b
migrated cells in transfection
migrated cells in control grou
with cell migra-
brane was pre-incu-
, USA). Cell invasion
mber of invaded cells

ellswer well and cultured at 37°C for 24 h. Then,
lected, washed with PBS, stained using the kit
, and subjected to flow cytometry analysis (Guava
easyCyie 8HT, Millipore Billerica, USA). Data were analyzed
using FCS Express software (De Novo software, USA).

Enzyme linked immunosorbent assay (ELISA)

ELISA was conducted to measure the concentrations
of prolactin (PRL) and growth hormone (GH) in culture
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supernatant of GH3 cells. Briefly, after relevant transfec-
tion, GH3 cells were seeded into a 6-well plate
10° cells per well and cultured at 37°C for 24
cell supernatant of each group was collected

Dual luciferase activity assay

The 3’ untranslated region (
ment of FOXM1, containing the p
site, was amplified by PC

-wild type (FOXM1-
b binding site, the
laced, amplified, and con-
m FOXM1-mutated type

predicted binding si
structed in pmir

and reporter vectors were trans-
cells simultaneously. The relative

blotting
ern blotting was performed as previously des-

g RIPA lysis buffer (Beyotime Biotechnology, China)
ntaining protease inhibitors (Roche, Switzerland) and
quantified using BCA protein assay kit (Beyotime Bio-
technology). Then, proteins in equal concentrations were
electrophoresed in polyacrylamide gels and transferred onto
nitrocellulose membranes (Millipore, USA). All primary
antibodies were prepared in 1% bovine serum albumin
(BSA, Beyotime Biotechnology) solution at a dilution of
1:1000. After incubation with 5% BSA at room tempera-
ture for 1 h, the membranes were incubated with primary
antibodies against E-cadherin (ab1416), N-cadherin (ab18
203), Vimentin (ab137321), Snail (ab53519), poly ADP-
ribose polymerase (PARP, ab32138), cleaved-PARP

*%

) —

i

PPC

Relative HULC expression
N

GH3

Figure 1. Highly up-regulated in liver cancer (HULC) was highly
expressed in GH3 cells. The expression level of HULC in rat
pituitary primary cells (PPC) and rat secreting pituitary adenoma
GH3 cells was detected using qRT-PCR. Data are reported as
means + SD. **P<0.01 (ANOVA).
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(ab32064), Pro-caspase 3 (ab4051), cleaved-caspase 3
(ab49822), Pro-caspase 9 (ab2013), FOXM1 (ab180
710), p-phosphatidylinositol 3-kinase (PI3K, ab182651),
t-PI3K (ab191606), p-protein kinase 3 (AKT, 38449),
t-AKT (ab8805), p-mammalian target of rapamycin (mTOR,
ab137133), t-mTOR (ab2732), B-actin (ab8226, Abcam
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Biotechnology, USA), p-janus kinase 1 (JAK1, #74129),

caspase 9 (#9507, Cell Signaling Technol
4°C overnight. Then, the membranes were incu

goat anti-rabbit (or anti-mouse) IgG H&La(HRP) sec
C 157 = =
- s c
A3.1
" c
#
: &
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. Highly up-regulated in liver cancer (HULC) exerted oncogenic roles in GH3 cells. After sh-HULC or pc-HULC transfection,
ression of HULC in GH3 cells, B-E, the viability, migration, and invasion of GH3 cells, F, the expression levels of E-cadherin,

N-cadherin, vimentin, and snail in GH3 cells, G, the apoptosis of GH3 cells, H, the expression levels of PARP, cleaved-PARP,
pro-caspase 3, cleaved-caspase 3, pro-caspase 9, and cleaved-caspase 9 in GH3 cells, and | and J, the concentration of prolactin
(PRL) and growth hormone (GH) in culture supernatant of GH3 cells were assessed using qRT-PCR, trypan blue staining assay,
MTT assay, two-chamber transwell assay, Guava Nexin assay, western blotting, and ELISA. NC: negative control; TGF-f: transforming
growth factor f3; PARP: poly ADP-ribose polymerase. Data are reported as means + SD. *P<0.05, **P <0.01, #P <0.05, P <0.01

compared to pcDNA3.1 group (ANOVA).
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antibodies (ab205718, ab205719, Abcam Biotechnology)
for 1.5 h at room temperature. Followed by adding 200 pL
Immobilon western chemiluminescent HRP substrate
(Millipore) to the surfaces of membranes, the signals of
proteins were captured using Bio-Rad ChemiDoc™ XRS
system (Bio-Rad Laboratories, USA). Intensities of bands
were quantified using Image Lab™ software (Bio-Rad
Laboratories).

Statistical analysis

All experiments were conducted at least three times.
Results of multiple experiments are reported as means +
SD. Graphpad 6.0 software (Graphpad, USA) was used
for statistical analysis. P values were calculated using
one-way analysis of variance (ANOVA). Statistically signif-
icant differences were set at P <0.05.

Results

HULC was highly expressed in GH3 cells

Firstly, we detected the expression level of HULC in rat
pituitary primary cells and rat secreting pituitary adenoma
GH3 cells. The results in Figure 1 show that HULC was
highly expressed in GH3 cells, compared to rat pituita
primary cells (P <0.01). This finding suggested that HU
might exert oncogenic roles in secreting pituitary ade

HULC exerted oncogenic roles in GH3 cells

was significantly decreased after sh-HU
(P<0.01) and increased after pc-HU
(P<0.01). Figure 2B-E shows that
remarkably suppressed the viability,
sion of GH3 cells (P<0.05 or P<0.
overexpression of HULC h
notably enhanced the viabilit
GH3 cells (P<0.05 or P<0. 2F shows that
igration and invasion
of E-cadherin and
f N-cadherin, vimentin,
TGF-p single treatment group,

g showed that the expression levels of
, cleaved-caspase 3, and cleaved-caspase
3 cells were all increased after HULC knockdown
H). Furthermore, Figure 21 and J show that HULC
knockdown notably reduced the concentrations of PRL
and GH in culture supernatant of GH3 cells (P <0.05).
On the contrary, overexpression of HULC dramatically
enhanced the concentrations of PRL and GH in culture
supernatant of GH3 cells (P<0.05). Taken together,
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these results suggested that HULC exerted oncogenic

but promoted cell apoptosis.

HULC negatively regulated the expr
130b in GH3 cells

The expression level of miR-
HULC knockdown or overexpres
gRT-PCR. As presented in Fig
enhanced the expression le
overexpression of HULC,
sion level of miR-130b4
indicated that HULC
of miR-130b in GE#

ni ly reduced the expres-
<0.05). This finding
regulated the expression

lied that miR-130b might

vel of miR-130b in GH3 cells was
miR-130b mimic transfection (P<0.01)
d after miR-130b inhibitor transfection
re 4A). The results of Figure 4B-D show
LC knockdown-induced GH3 cell viability, migra-

130b suppression (P<0.05). Moreover, Figure 4E
ows that HULC knockdown-induced GH3 cell apoptosis
enhancement was also aggravated by miR-130b over-
expression (P <0.05) and inhibited by miR-130b suppres-
sion (P<0.05). Compared to the sh-HULC +NC group,
the expression levels of cleaved-PARP, cleaved-caspase
3, and cleaved-caspase 9 in GH3 cells were increased
in sh-HULC + miR-130b mimic group and decreased in
sh-HULC + miR-130b inhibitor group (Figure 4F). These
results suggested that knockdown of HULC inhibited GH3

2.5+

2.0 ‘ e
1.5-
*

Relative miR-130b expression

Figure 3. Highly up-regulated in liver cancer (HULC) negatively
regulated the expression of miR-130b in GH3 cells. After sh-
HULC or pc-HULC transfection, the expression level of miR-130b
in GH3 cells was detected using gRT-PCR. miR-130b: MicroRNA-
130b; NC: negative control. Data are reported as means = SD.
*P<0.05; **P<0.01 (ANOVA).
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Figure 4. miR-130b participated in the effe

apoptosis. A, Expression of miR-1 iGH3 c
After sh-HULC and/or miR-130b m
expression levels of PARP, cleaved-
assessed using trypan blu i
130b; NC: negative con

cell viability,
GH3 cell

vasion, as well as induced
hich might be via up-regulating

gene of miR-130b in GH3 cells

d protein expression levels of FOXM1 in
r miR-130b mimic or miR-130b inhibitor
ere detected in this research. As displayed
re 5A, the mRNA and protein expression levels of
in GH3 cells were reduced after miR-130b mimic
transfection (P <0.05 in mRNA level) and enhanced after
miR-130b inhibitor transfection (P<0.01 in mRNA level).
Figure 5B shows that the relative luciferase activity was
notably decreased after co-transfection with miR-130b
mimic and FOXM1-wt (P <0.05). The potential binding
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PARP o c S s —

Cleaved-PARP ——

Pro p 3

Cleaved-caspase 3 - e
Pr 9

Cleaved-caspase 9 - e

B-actin s s = . —
a b cd e

e: sh-HULC+miR-130b inhibitor

up-regulated in liver cancer (HULC) on GH3 cell viability, migration, invasion, and

er miR-130b mimic or miR-130b inhibitor transfection was measured using gRT-PCR.

ransfection, B-E, the viability, migration, invasion, and apoptosis of GH3 cells, and F, the

ro-caspase 3, cleaved-caspase 3, pro-caspase 9, and cleaved-caspase 9 in GH3 cells were

, two-chamber transwell assay, Guava Nexin assay, and western blotting. miR-130b: microRNA-
P-ribose polymerase. Data are reported as means = SD.*P <0.05, **P <0.01 (ANOVA).

sequence between miR-130b and 3'UTR of FOXM1 is
shown in Figure 5C. These findings indicated that miR-
130b negatively regulated the expression of FOXM1 and
FOXM1 was a target gene of miR-130b in GH3 cells.

Overexpression of FOXM1 promoted the viability,
migration, and invasion of GH3 cells

The results in Figure 6A show that pc-FOXM1 trans-
fection increased the mRNA and protein levels of FOXM1
(P<0.01 in mRNA level) and sh-FOXM1 transfection
decreased the mRNA and protein levels of FOXM1 in GH3
cells (P<0.01 in mRNA level). Figure 6B-D shows that
the viability, migration, and invasion of GH3 cells were
remarkably enhanced after pc-FOXM1 transfection (P <0.05
or P<0.01) and reduced after sh-FOXM1 transfection
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Figure 5. FOXM1 was a target gene of m|
after miR-130b mimic or miR-130b in
luciferase activities were detected after

igure 6E shows that
H3 cell apoptosis
(P<0.01). Similar r d by western blotting,
which illustrate
PARP, cleave
cells were

(Figure

participated in the regulation of PI3K/
JAK1/STAT3 pathways in GH3 cells

and B show that overexpression of HULC
ed PIBK/AKT/mTOR and JAK/STAT3 pathways via
ting the expression rates of phosphate/total-PI3K
(p/t-PIEK), p/t-AKT, p/tmTOR, p/t-JAK1, and p/t-STAT3 in
GH3 cells (P<0.01). Suppression of HULC had opposite
effects, which inactivated PIBK/AKT/mTOR and JAK/STAT3
pathways via down-regulating the expression rates of
p/t-PI3K, p/t-AKT, p/t-mTOR, p/t-JAK1, and p/t-STAT3 in
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& NC @ miR-13

Relative luciferase activity

FOXM1-mt

GGCAAUGGUGAAAAGAGAN. . .

[111 L1
CAUCACGUUGUCCC-UUUCUCA

with miR-130b mimic and FOXM1-wt (FOXM1-mt). C, Bioinformatics analysis
tween miR-130b and 3'UTR of FOXM1. miR-130b: microRNA-130b; FOXM1:

GH3 cells (P<0.01). Moreover, Figure 7C and D displays
that FOXM1 overexpression activated PI3K/AKT/mTOR
and JAK/STAT3 pathways by enhancing the expression
rates of p/t-PI3K, p/t-AKT, p/t-mTOR, p/t-JAK1, and p/t-
STAT3 (P <0.05 or P <0.01). Suppression of FOXM1 inacti-
vated PISK/AKT/mTOR and JAK/STAT3 pathways by
reducing the expression rates of p/t-PI3K, p/t-AKT,
p/t-mTOR, p/t-JAK1, and p/t-STAT3 (P<0.05). Taken
together, these findings suggested that HULC and FOXM1
were involved in the regulation of PISK/AKT/mTOR and
JAK1/STAT3 pathways in GH3 cells and exerted onco-
genic roles in GH3 cells, which might be via activating
PIBK/AKT/mTOR and JAK1/STAT3 pathways.

Discussion
Pituitary adenoma comprises approximately 10-15%

of all tumors in the central nervous system (2,3,29).
IncRNAs and miRNAs can function as oncogenes or
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Figure 6. After pc-FOXM
and apoptosis of GH3
and cleaved-caspase

s study, we revealed that HULC had a
level in secreting pituitary adenoma

f HULC significantly promoted the viability,
ion, invasion, and hormone secretion of GH3 cells,
as down-regulated the expression of miR-130b.
Knockdown of HULC had opposite effects and induced
GHS3 cell apoptosis. Furthermore, we also found that
FOXM1 was a target gene of miR-130b in GH3 cells and
participated in the regulation of GH3 cell viability, migration,
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invasion, and apoptosis, as well as PI3K/AKT/mTOR and
JAK1/STAT3 signaling pathways.

IncRNAs do not encode proteins, but play important
roles in the regulation of gene expression in cells (9,30).
Numerous studies have proved the oncogenic roles of
HULC in cancer cells by their contribution on cancer cell
proliferation and metastasis (13,15). For example, Chen et
al. (14) reported that overexpression of HULC promoted
proliferation, migration, and invasion of epithelial ovarian
carcinoma cells. Matouk et al. (31) indicated that HULC
was related to metastasis of colorectal carcinomas. Our
results were consistent with previous studies.
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Relative protein expression

p/it-JAK1 p/t-STAT3

-FOXM1 transfection were evaluated using western blotting. HULC: Highly up-regulated in liver cancer; FOXM1:
rotein M1; NC: negative control; PI3K: phosphatidylinositol 3-kinase; AKT: protein kinase 3; mTOR: mammalian target of
cin; JAK1: janus kinase 1; STAT3: signal transducing activator of transcription 3. Data are reported as means + SD.*P <0.05;
(ANOVA).

Abnormal hormone secretion is one of the major  secret PRL and GH (33). Therefore, we also assessed the
complications of secreting pituitary adenomas (32). Asa  PRL and GH levels in culture supernatant of GH3 cells
rat secreting pituitary adenoma cell line, GH3 can also  after HULC overexpression or knockdown. Taken together,
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http://dx.doi.org/10.1590/1414-431X20197728

Roles of HULC in secreting pituitary adenoma

our results revealed the critical roles of HULC in regulating
rat secreting pituitary adenoma cell proliferation, metasta-
sis, and hormone secretion.

One of the most important findings in this research
was that HULC negatively regulated the expression of
miR-130b in GH3 cells. Reports have proved that miRNAs
are involved in the regulation of intracellular gene expres-
sion at the post-transcriptional level (19,34). miR-130b
has been demonstrated to be down-regulated in pituitary
adenomas cells, including secreting pituitary adenoma
(22). The findings of the present study suggested that
HULC exerted oncogenic roles in rat secreting pituitary
adenoma GH3 cells at least in part by down-regulating
miR-130b.

As a typical cell proliferation-associated transcription
factor, FOXM1 plays important roles in regulating cell
proliferation (35). Moreover, FOXM1 has a high expres-
sion level in many human cancer cells (24,36). In this
study, we revealed that FOXM1 was a target gene of miR-
130b in GH3 cells. The findings indicated that miR-130b
participated in the effects of HULC on GH3 cells, which
might be through regulating FOXM1.

PIBK/AKT/mTOR and JAK1/STAT3 signaling path-
ways play critical roles in the regulation of multiple ce
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