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Abstract: PC is one of the deadliest cancers, with unexpectedly high mortality. The main reason for poor prognosis 
is the high likelihood of invasion and metastasis of pancreatic cancer cells. Mechanism of exceptional protein 
phosphorylation that regulates cell invasion and metastasis in pancreatic cancer remain unclear. In our previous 
studies, we used high-throughput phosphorylation array to test two pancreatic cancer cell lines (PC-1 cells with 
a low potential, and PC-1.0 cells with a high potential, for invasion and metastasis). We noted that a total of 57 
proteinsrevealed a differential expression (fold change 2.0). We supposed that insulin receptor substrate-1 (IRS-
1) may play a significant role in pancreatic cancer invasion and metastasis. In this study, similar phosphorylation 
and protein expression levels together with morphological and functional characteristics were observed in PC-1.0 
hamster pancreatic cancer cells and Aspc-1 human pancreatic cancer cells (similar to PC-1.0 in features) tran-
siently transfected with IRS-1 siRNA. Our results indicated that proliferation, invasion and metastasis were reduced 
in both hamster and human pancreatic cancer cells. IRS-1 was found to regulate the target proteins involved in 
MAPK and PI3K signaling pathways, which include MEK1, MEK2 and AKT, at the protein and phosphorylation level. 
Low expression of IRS-1 in pancreatic cancer cells inhibited cell proliferation by targeting MEK1 and AKT, while 
inhibiting invasion and metastasis by targeting MEK2. Moreover, our results demonstrate that IRS-1 protein and 
phosphorylation expression levels are negatively controlled by LAR (protein tyrosine phosphatase, receptor type, F). 
LAR inhibited proliferation, invasion and metastasis of pancreatic cancer cells via a direct decrease of IRS-1 protein 
and phosphorylation expression levels. In summary, we demonstrate that IRS-1 regulates proliferation, invasion and 
metastasis of pancreatic cancer cells, and provides a new biomarker in an effort to develop novel therapeutic drug 
targets for pancreatic cancer treatment.  
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Introduction

Pancreatic carcinoma is a highly lethal malig-
nancy worldwide and has a very poor progno-
sis, with an overall 5-year survival rate of less 
than 5% after diagnosis [1]. It is characterized 
by rapid disease progression and absence of 
specific symptoms, largely precluding an early 
diagnosis and curative treatment, and is asso-
ciated with a very poor prognosis [2]. By the 
time of diagnosis, the majority of patients are 
at an advanced stage of pancreatic cancer 
(PC), with invasion and/or metastasis present 
due to the highly aggressive nature [3]. How- 
ever, only 10%-20% of patients are candidates 
for resection as approximately 50% of patients 
present with metastatic tumors and 35% pres-

ent with locally advanced surgically unresect-
able disease [4]. The primary causes for a poor 
prognosis are local recurrences and/or distant 
metastasis after surgery. Pancreatic cancer 
remains a therapeutic challenge, and the cellu-
lar and molecular mechanisms of invasion/
metastasis have not been elucidated clearly. 
PI3K/PTEN/AKT/mTORC1 and Raf/MEK/ERK 
are key pathways activated in PC [5]. Dere- 
gulation of these pathways can result in con-
tinuous cell growth, prevention of apoptosis 
and senescence, and chemotherapeutic drug 
resistance [6].

The MAPK signaling pathway is a highly con-
served pathway that transfers extracellular sig-
nals to the nucleus. The MAPK pathway triggers 
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resistance [19]. Patients with diabetes and 
obesity have a moderately increased relative 
risk of developing PC of 1.8 and 1.3 [22, 23]. 
These studies indicate that a substantial num-
ber of patients with PC also suffer from diabe-
tes [24]. The effects of IRS-1 on insulin resis-
tance and diabetes are well studied, but the 
relationship between IRS-1 and PC is not fully 
elucidated.

In this study, we hypothesized that IRS-1 could 
be a key factor in PC signaling pathways and be 
involved in the migration and invasion of PC 
cells. Here, we examined the role of IRS-1 in 
proliferation, migration, and invasion of PC cells 
in vitro, and its effects on upstream and down-
stream pathways. In order to determine the 
function of IRS-1 in PC cells, the expression 
level of the IRS-1 gene was knocked down using 
IRS-1-specific small interfering RNA (siRNA). 
Subsequently, proliferation, apoptosis, inva-
sion and migration of PC cells were analyzed. 
Additionally, the present study analyzed the 
association between these cellular functions 
and the MAPK and PI3K signaling pathways, in 
order to identify molecular mechanisms in the 
pathogenesis of PC. IRS-1 may serve as a use-
ful predictor of the outcome of PC patients and 
could be a new target for clinical therapy.

Materials and methods

Cell lines and cell culture

Two hamster PC cell lines, the weakly invasive 
and metastatic cell line PC-1, and the highly 
invasive and metastatic cell line PC-1.0, were 
used. The PC-1 cell line was established from 
pancreatic ductal/ductal adenocarcinomas 
induced by BOP in a Syrian golden hamster [9]. 
The PC-1.0 cell line was established from a sub-
cutaneous tumor produced after inoculation of 
PC-1 cells [10]. These two cell lines exhibited 
differential growth morphology in vitro. The 
PC-1 cells formed island-like cell colonies, and 
PC-1.0 cells mainly grew as single cells [11]. 
Human PC cells Aspc-1 and Capan-2, which 
have morphological and functional characteris-
tics similar to PC-1.0 and PC-1 cells, respective-
ly, were used to determine if the results from 
hamster cells coincide with human PC cells. 
These cell lines were incubated in RPMI-1640 
(Gibco-BRL, Grand Island, NY, USA), supple-
mented with 10% fetal bovine serum (Bioser- 
um, Victoria, Australia), 100 U/ml penicillin G, 

a genetic signaling cascade, resulting in regula-
tion of cell proliferation, differentiation, apopto-
sis, gene expression and cellular response to 
the external environment [7]. Targeting mole-
cules in these pathways may be a therapeutic 
approach to treat pancreatic and other cancers 
[8].

Two hamster PC cell lines with different poten-
tials for invasion and metastasis after intra-
pancreatic transplantation, PC-1 (low potential) 
and PC-1.0 (high potential), were established 
from a pancreatic ductal carcinoma induced by 
N-nitrosobis (2-oxopropyl) amine (BOP) in a 
Syrian golden hamster [9-11].

Liquid chromatography-mass spectrometry 
(LC-MS) based on silac labeling was carried out 
on culture filtrate proteins to identify differen-
tially expressed proteins between PC-1 and 
PC-1.0 cells (data not shown). LAR, also known 
as protein tyrosine phosphatase, receptor type, 
F (PTPRF), was identified as two-fold higher in 
PC-1 cells. Protein tyrosine phosphatase (PTP) 
issignaling molecules that regulate a variety of 
cellular processes including cell growth, differ-
entiation, mitotic cycle, and oncogenic transfor-
mation. Cellular PTPases play a central role in 
the regulation of insulin action by dephosphory-
lating and inactivating the receptor kinase to 
terminate the insulin receptor signal [12]. The 
interactions among PTPRF, IRS-1, and MEK 
have been studied extensively [13], but their 
functions and interactions have not been eluci-
dated exhaustively in PC cells.

In our previous study, protein phosphorylation 
level differences between PC-1.0 and PC-1 
cells were examined using the Phospho Explorer 
Antibody Array method [14]. The ratio of insulin 
receptor substrate-1 (IRS-1) phosphorylation at 
Ser636 in PC-1 cells compared to PC-1.0 cells 
was 0.43. This suggests that IRS-1 may play a 
significant role in signaling pathways in PC.

IRS-1 is a major member of the (IRS) family and 
acts as an important adaptor in insulin and 
insulin-like growth factor signaling [15]. It func-
tions as a mediator molecule in signal trans-
duction and is regulated by certain cytokines, 
hormones, and growth factor receptors [16]. 
IRS-1 also suppresses transforming growth 
factor-β induced epithelial-mesenchymal tran-
sition in lung cancer [17-20]. Serine phosphory-
lation of IRS-1 correlates closely with insulin 
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imaging film (Eastman Kodak Company, Ro- 
chester, NY, USA).

The following antibodies were used: anti-IRS-1 
anti-GAPDH and anti-β-actin antibodies (Cell 
signaling technology, Beverley, MA, USA). Blots 
were visualized using the ECL chemilumines-
cence detection system (GE healthcare Bio-
science, Piscataway, NJ, USA).

siRNA transfection and real-time PCR 

Aspc-1 and PC-1.0 cells were transfected using 
Lipofectamine 2000 reagent as instructed by 
the manufacturer (Invitrogen, Carlsbad, CA, 
USA). Total RNA was extracted from cells using 
TRIzol reagent (Invitrogen). IRS-1 and LAR ex- 
pression levels were quantified by real-time 
PCR using the TaqMan MicroRNA assay system 
(Applied Biosystems, Foster City, CA, USA). 
GAPDH was used as an internal control. RNA 
expression was quantified using the 2-ΔΔCt me- 
thod [23]. The primers used for IRS-1 were as 
follows: 5’-ACAGGGTGGGCCAAATTAAAC-3’ (for-
ward) and 5’-ACCATGCATTGGTCTTTGTGTA-3’ 
(reverse). The primers used for LAR were as  
follows: 5’-ATCCGGTGGGCGTTTGTAAA-3’ (for-
ward) and 5’-ACCGGATTCATTCCAAAGAGA-3’ 
(reverse).

In vitro proliferation assay 

The cells were seeded at a density of 5000 
cells per well in 96-well plates in culture medi-
um containing 10% FBS. After 3 days, the num-
ber of viable cells was counted using the Cell 
Counting Kit-8 (Dojindo Co., Kumamoto, Japan) 
according to the manufacturer’s instructions. 
The assay reagent is a tetrazolium compound 
(WST-x8) that is reduced by live cells into a col-
ored formazan product that can be measured 
at 450 nm. The quantity of formazan product 
measured at 450 nm is directly proportional to 

and 100 he/ml streptomycin at 37°C in a 
humidified atmosphere of 5% CO2.

Western blotting

Cells were grown in 90-mm dishes containing 
10 ml of RPMI-1640 plus 10% fetal bovine 
serum. The cells were lysed in 1 ml ice-cold 
RIPA buffer (50 mM Tris, 150 mM NaCl, 1% 
NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 
pH 7.5 with 1 mM phenylmethylsulfonyl fluo-
ride, 1 mg/ml leupeptin, and 1 mg/ml aprotinin 
added immediately before use) on ice for 15 
min. After centrifugation (5 min at 5000 rpm) at 
4°C, the supernatants of cell lysates were col-
lected and stored at -80°C. ß-actin was detect-
ed as a loading control.

Western blotting was performed as described 
previously (15). In brief, samples of equivalent 
total protein (20 μg) were run in a 5% polyacryl-
amide slab gel and transferred to a polyvinyli-
dene fluoride (PVDF) membrane (Bio-Rad, 
Anaheim, USA). The membranes were incubat-

Figure 1. Western blot showed that protein expression and phosphorylation 
level were similar between Aspc-1 and PC-1.0 cells. Protein and phosphoryla-
tion expression levels were downregulated in cells transfected with si-IRS-1.

Figure 2. Real-time PCR showed that IRS-1 gene ex-
pression was downregulated in cells transfected with 
si-IRS-1.

ed with primary antibody di- 
luted in 0.1% Tween-20/PBS 
overnight at 4°C. The blots 
were then incubated with hor- 
seradish peroxidase-conjugat- 
ed secondary antibody (dilut-
ed 1:5000) in 0.1% Tween-
20/PBS. Enhanced chemilu-
minescence (Santa Cruz Bio- 
technology) was used to de- 
tect the signals, which were 
developed on Kodak scientific 
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Since the results of the Phospho Explorer An- 
tibody Array were from hamster PC cell lines, 
human PC cells Aspc-1 and Capan-2, which 
have morphological and functional characteris-
tics similar to PC-1.0 and PC-1 cells, were used 
to determine if the results from hamster PC 
cells coincide with those from human PC cells. 
There was no significant difference in viability 
among the cell lines (Figure 1).

Western blotting (Figure 1) and real-time PCR 
(Figure 2) showed that IRS-1 was highly ex- 
pressed in PC-1.0 and Aspc-1 cells, while IRS-1 
expression was knocked down in cells trans-
fected with si-IRS-1. 

A transwell assay showed that invasion of ce- 
lls transfected with si-IRS-1 was markedly 
depressed compared with untreated controls 
(56.04%, PC1.0 cells, and 64.01%, Aspc-1 
cells; P<0.05) (Figure 3). A wound healing as- 
say consistently showed a similar migration 
pattern in si-IRS-1 cells compared to controls 
(Figure 4).

PC-1.0 and Aspc-1 cells grow in a sporadic way. 
IRS-1 knockdown PC-1.0 and Aspc-1 cells grew 
in an aggregated or clumped pattern in culture 
meanwhile cellular pseudopod were attenuat-
ed or inexistent (Figure 5).

The effects of IRS-1 knockdown on cell prolif-
eration in PC-1.0 and Aspc-1 PC cells were also 
investigated. We found that downregulation of 
IRS-1 inhibited proliferation and growth of 
PC-1.0 and Aspc-1 cells (Figure 6).

Our observations indicated that IRS-1 regulates 
the migration and invasion of PC-1.0 and Aspc-

the number of live cells in the culture. The 
experiments were repeated in triplicate.

In vitro invasion and migration assays

PC-1.0 and Aspc-1 cells were transiently trans-
fected with siRNAs using Lipofectamine 2000 
(Invitrogen, Grand Island, NY). For invasion 
Transwell assays, the transfected cells (5×104 
cells/mL) in serum-free medium were added to 
the upper chambers, which was purchased 
from Costar (8 μm pore-size filters, New York, 
NY) and coated with Matrigel (dilution 1:4). The 
lower chambers were filled with RPMI-1640 
containing 10% serum. After 24 h of incuba-
tion, the cells remaining in the upper chambers 
were removed,and the invasive cells in the 
lower chambers were fixed with 4% paraformal-
dehyde (SigmaAldrich), stained with crystal vio-
let at room temperature, and counted under a 
microscope. For wound healing migration 
assay, the transfected cells were seeded onto 
6-well plates for 24 h. A 1 mm-wide wound was 
made across the monolayer using the tip of a 
200 μL pipette. Then, photos were taken at 0, 
6, 12 and 24 h using a microscope. The PC-1.0 
cells were performed as above described as a 
control. Each experiment was performed in 
duplicates and for three times. For confirming 
the level of IRS-1 protein in the knockdown cell, 
cells were subjected to real-time PCR and 
Western blot analysis using specific primers 
and antibodies as above-mentioned, respec- 
tively. 

Statistical analysis

Statistical analysis and graphics were under-
taken using GraphPad Prism 6.0 (GraphPad 

Figure 3. Quantification of transwell 
assay for treated group and control 
group. Cells were counted in trip-
licate wells and in three identical 
experiments, *Compared with the 
PC-1.0, P-value <0.01 (n = 3).

Software, San Diego, CA, 
USA). Results are presented 
as mean ± standard error of 
mean (SEM). Comparisons of 
quantitative data were ana-
lyzed by Student’s t-test or 
analysis of variance between 
two groups (two-tailed; P- 
values <0.05 were consid-
ered to be statistically sig- 
nificant).

Results

Migration and invasion of PC 
cells can be antagonized by 
inhibition of IRS-1
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Figure 4. Effect of IRS-1 on the migration after using siRNA in highly metastatic PC-1.0 and Aspc-1 cells. The cells 
were incubated for 24 h. The percentage migration was calculated and graphed. *Compared with the PC-1.0, P-
value <0.01 (n = 3). 

1 cells, and IRS-1 knockdown inhibits prolifera-
tion and growth simultaneously alters cellular 
morphology and growth patterns. 

Effect of IRS-1 on PC cells and interactions 
with MAPK and PI3K pathway molecules

A previous study indicated that inhibition of 
MEK1 was an effective and specific method of 
inhibiting cell proliferation and inducing G0/G1 
arrest while MEK2 specifically disrupted cell 
morphology and reduced the invasive ability of 
cultured PC-1.0 cells [24]. However, the mecha-
nism of these actions is unknown. Similar pat-
terns observed in the current study reveal that 
there may be a relationship between IRS-1 and 
MEK1/2.

First, the efficiency of IRS-1 transfection was 
evaluated by real-time PCR, and there was no 
significant difference between PC-1.0 and 
Aspc-1 cells in knockdown efficiency (data not 
shown). Western blotting was carried out to 
identify if IRS-1 regulates MEK1/2; results sh- 
owed that the protein expression level of ME- 
K1/2 downregulated when IRS-1 was knocked 
down by siRNA. Protein expression levels of 

IRS-1 in MEK1 and MEK2-knockdown PC-1.0 
cells [24] and si-MEK1 and si-MEK2 Aspc-1 cell 
did not differ remarkably (Figure 7).

LAR, initially screened out by LC-MS based on 
silac labeling (data not shown), was two-fold 
greater in PC-1 cells than in PC-1.0 cells. Since 
PC-1 cells are conservative compared to PC- 
1.0 cells, we supposed that LAR downregu- 
lates phosphorylation levels of IRS-1 and fur-
ther regulates invasion and metastasis of pan-
creatic cancer cells. Western blotting showed 
that LAR was highly expressed in PC-1.0 and 
Aspc-1 cells, and LAR expression was knocked 
down in si-LAR transfected cells. Interestingly, 
IRS-1 expression and phosphorylation levels 
were increased in si-LAR expressing cells. 
However, LAR expression and phosphorylation 
levels were not reduced in PC-1.0 and Aspc-1 
cells expressing si-IRS-1 (Figure 7).

Discussion

Pancreatic carcinoma is the most aggressive 
form of malignancy and warrants more treat-
ment options owing to its poor prognosis and 
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LAR, identified by LC-MS based on silac label-
ing in PC-1 and PC-1.0 cells in the present study 
(data not shown), is widely expressed in insulin-
sensitive tissues [30, 31]. It is a transmem-
brane protein that is localized to the membrane 
fraction of the cell [32, 33], and its cytoplasmic 
domain has a catalytic preference for the regu-
latory phosphotyrosines of the insulin receptor 
kinase domain in vitro [34, 35]. Decreased LAR 
expression results in an augmentation of addi-
tional post-receptor events, including IRS-1 
tyrosine phosphorylation, IRS-1 complexing 
with the p85 subunit of PI3-kinase, IRS-1 asso-
ciated PI3-kinase activity, and the activation  
of both MAP kinase kinase (MEK) and MAP 
kinase (MAPK) [36, 37]. The physiological role 
of LAR in the regulation of reversible tyrosine 
phosphorylation of the insulin receptor and 
post-receptor substrates in the insulin action 
pathway have been well studied; however, its 
role in PC and the exact molecular mechanism 
in the MAPK and PI3K pathways were not fully 
known. This study showed that LAR negatively 
regulates protein and phosphorylation levels of 
IRS-1 and AKT in PC-1.0 and Aspc-1 cells. Post-
translational modifications, which occur at mul-
tiple stages after translation, are transient in 
nature, and target proteins constantly flux 
between the functionally active and inactive 
states. Phosphorylation involves the addition of 
a phosphate group to serine (Ser), threonine 
(Thr) or tyrosine (Tyr) residues on proteins. 
These reversible events are the most common 
form of modifying biological activity, and influ-
ence different cellular processes including pro-
liferation, apoptosis, invasion and migration.

Tan X. reported that the ratio of IRS-1 phos-
phorylation levels at Ser636 in PC-1 cells com-
pared to PC-1.0 cells was 0.43 using the 
Phospho Explorer Antibody Array method [14]. 
Recent studies revealed that IRS-1 could 
induce invasion and migration in non-small cell 
lung cancer (NSCLC) cells and that expression 
levels correlated with NSCLC patient survival 
[38] and regulated myoblast cell proliferation 
[39]. Since morphological and functional char-
acteristics of PC-1 and PC-1.0 cells are differ-
ent, we speculated that IRS-1 plays an impor-
tant role in invasion and metastasis in PC. 
Experiments showed that IRS-1 induced prolif-
eration, invasion and migration of PC cells. 
However, these proliferation, invasion and 
migration effects were largely reversed in 
PC-1.0 and Aspc-1 cells transfected with LAR 

the fact that there is currently only a single drug 
therapy, which faces the challenge of drug 
resistance [27]. Presently, most research stud-
ies on the molecular mechanisms of PC inva-
sion and metastasis focus on the differences 
between heterologous highly and weakly inva-
sive and metastatic PC cell lines. These cell 
lines have considerable disadvantages in that 
they may include several different cell types. 
The homologous PC cell lines PC-1 and PC-1.0, 
which were established from an experimental 
PC model in our previous study [9, 10], show 
different potentials for invasion and metastasis 
[28, 29].

Figure 5. IRS-1-knockdown PC-1.0 (A and B) and 
Aspc-1 (C and D) cells grew in an aggregated or 
clumped pattern in culture meanwhile cellular pseu-
dopod were attenuated or inexistent. 

Figure 6. Aspc-1 and PC-1.0 cells were transfected 
with si-IRS-1 and incubated for 24 h. Cell prolifera-
tion was decreased. Experiments were repeated in 
triplicate.*Compared with the PC-1.0, P-value <0.01 
(n = 3).
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tion, invasion and metastasis are reduced in 
diverse si-IRS-1 cells. We found that protein 
expression and phosphorylation of MEK1 and 
MEK2 were reduced in the PC-1.0 and Aspc-1 
cell lines. Combined with our previous [26] 
study, we suggest that MEK1 and MEK2 regu-
late proliferation and invasion of pancreatic 
cells, respectively and are induced by IRS-1. 
Furthermore, analyses in our study showed that 
IRS-1 regulates AKT protein expression and 
phosphorylation simultaneously. AKT is a sig-
nificant chemokine in the PI3K/AKT signaling 
pathway usually involved in regulating cell pro-
liferation and cell cycle dynamics [42]. A CCK-8 
assay showed that proliferation of PC-1.0 and 
Aspc-1 cells was decreased when AKT was 
blocked. This finding could indicate that coop-
eration exists between MEK1 and AKT to regu-
late proliferation of PC cells, and that there may 
be crosstalk between MAPK and PI3K signaling 
pathways through IRS-1.

siRNA. IRS-1 is negatively regulated by LAR by 
protein expression and phosphorylation levels. 
Transmission of extracellular stimuli into the 
nucleus largely depends on reversible protein 
phosphorylation. MAPK is one of the signaling 
pathways known to mediate cell proliferation, 
apoptosis, and metastasis that activate the 
serine/threonine kinases which belong to the 
MAPK superfamily [40, 41].

The MEK family, which only has two isoforms 
MEK1 and MEK2, is a highlight of the MAPK 
superfamily. A previous study [26] demonstrat-
ed that MEK1 and MEK2 mediate different bio-
logical functions in PC cells. The results showed 
that inhibition of MEK1, but not MEK2, was an 
effective and specific method of inhibiting cell 
proliferation and inducing G0/G1 arrest. More- 
over, targeting MEK2 mRNA specifically disru- 
pted cell morphology and reduced the invasive 
ability of cultured PC cells [26]. The study is in 
agreement with our observations that prolifera-

Figure 7. Western blot showed protein and phosphorylation levels of multiple proteins. A. LAR protein and phos-
phorylation levels were downregulated when treated with LAR siRNA, while IRS-1 protein and phosphorylation levels 
were downregulated; B. IRS-1 protein and phosphorylation levels were downregulated when treated with IRS-1 
siRNA, while LAR protein and phosphorylation levels were not regulated obviously; C. AKT protein and phosphoryla-
tion levels were downregulated when treated with AKT inhibitor, while IRS-1 protein and phosphorylation levels were 
not regulated obviously; D. MEK1 and MEK2 total protein levels and MEK1 (T386), MEK1 (T292) and MEK2 (t394) 
phosphorylation levels were downregulated when treated with IRS-1 siRNA; E. IRS-1 protein and phosphorylation 
levels were not regulated obviously in MEK1 and MEK2 stably transfected PC-1.0 cells.
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motes proliferation and survival of pancreatic 
cancer cells through AKT- and ERK-dependent 
activation of NF-κB pathway. Oncotarget 2014; 
5: 8778-89.

[6]	 Maertens O, Cichowski K. An expanding role 
for RAS GTPase activating proteins (RAS GAPs) 
in cancer. Adv Biol Regul 2014; 55: 1-14.

[7]	 Aguirre-Ghiso JA, Estrada Y, Liu D, Ossowski L. 
ERK (MAPK) activity as a determinant of tumor 
growth and dormancy; regulation by p38 
(SAPK). Cancer Res 2003; 63: 1684-95.

[8]	 Chiarini F, Evangelisti C, McCubrey JA, Martelli 
AM. Current treatment strategies for inhibiting 
mTOR in cancer. Trends Pharmacol Sci 2015; 
36: 124-35.

[9]	 Egami H, Takiyama Y, Cano M, Houser WH, 
Pour PM. Establishment of hamster pancreatic 
ductal carcinoma cell line (PC-1) producing 
blood group-related antigens. Carcinogenesis 
1989; 64: 349-353.

[10]	 Egami H, Tomioka T, Tempero M, Kay D, Pour 
PM. Development of intrapancreatic trans-
plantable model of pancreatic duct adenocar-
cinoma in Syrian golden hamsters. Am J Pathol 
1991; 138: 557-61.

[11]	 Pour PM, Egami H, Takiyama Y. Patterns of 
growth and metastases of induced pancreatic 
cancer in relation to the prognosis and its clini-
cal implications. Gastroenterology 1991; 100: 
529-36.

[12]	 Goldstein BJ. Regulation of insulin receptor 
signaling by protein-tyrosine dephosphoryla-
tion. Receptor 1993; 3: 1-15.

[13]	 Kulas DT, Goldstein BJ, Mooney RA. The trans-
membrane protein-tyrosine phosphatase LAR 
modulates signaling by multiple receptor tyro-
sine kinases. J Biol Chem 1996; 271: 748-54.

[14]	 Tan X, Liu P, Huang Y, Zhou L, Yang Y, Wang H, 
Yu B, Meng X, Zhang X, Gao F. Phosphopro-
teome analysis of invasion andmetastasis-re-
lated factors in pancreatic cancer cells. PLoS 
One 2016; 11: e0152280.

[15]	 White MF. Insulin signaling in health and dis-
ease. Science 2003; 302: 144-147.

[16]	 Gual P, Le Marchand-Brustel Y, Tanti JF. Posi-
tive and negative regulation of insulin signal-
ing through IRS-1 phosphorylation. Biochimie 
2005; 87: 99-109.

[17]	 Gibson SL, Zhefu M, Shaw LM. Divergent roles 
for IRS-1 and IRS-2 in breast cancer metasta-
sis. Cell Cycle 2007; 6: 631-7.

[18]	 Ma Z, Gibson SL, Byrne MA, Zhang J, White MF, 
Shaw LM. Suppression of insulin receptor sub-
strate 1 (IRS-1) promotes mammary tumor me-
tastasis. Mol Cell Biol 2006; 26: 9338-51.

[19]	 Shi J, Wang DM, Wang CM, Hu Y, Liu AH, Zhang 
YL, Sun B, Song JG. Insulin receptor subst- 
rate-1 suppresses transforming growth factor-
beta1-mediated epithelial-mesenchymal tran-
sition. Cancer Res 2009; 69: 7180-7.

In conclusion, IRS-1 plays a significant role in 
regulating proliferation, invasion and migration 
of Aspc-1 human PC cells and PC-1.O hamster 
PC cells. LAR could negatively regulate protein 
expression and phosphorylation of IRS-1. The 
downregulation of IRS-1 expression and phos-
phorylation may inhibit the proliferation, inva-
sion and migration of PC cells, and this function 
may be achieved through MEK1, MEK2 and 
AKT, members of the MAPK and PI3K signaling 
pathways. There may also be cooperation bet- 
ween MAPK and PI3K signaling pathways to 
regulate proliferation of PC cells. These findings 
provide new scientific evidence to facilitate the 
clinical treatment of PC. In the future, we should 
pay more attention to the signal passing func-
tions of the phosphoproteome, particularly spe-
cific amino acid residues. 

Taken together, IRS-1 suppressed by LAR tar-
geted and positive regulated MEK-1 and MEK-2 
which are related to invasion and metastasis, 
may allow us to identify new biomarkers for the 
early detection of PC. 
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