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Fyn stimulates the progression of pancreatic
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Abstract. - OBJECTIVE: To assess the expres-
sion levels of Fyn in human tissue samples and pan-
creatic cancer cells and explore the potential mech-
anisms of Fyn in pancreatic cancer progression.

MATERIALS AND METHODS: Quantitative PCR
and immunohistochemical (IHC) assays were per-
formed to detect the expression of Fyn in 30 cancer
tissue samples from pancreatic cancer patients and
corresponding adjacent normal tissues. In addition,
the potential correlations between Fyn expression
levels and clinical pathological features were as-
sessed. We further detected the effects of Fyn on
the proliferation, apoptosis, migration, and invasion
of the pancreatic cancer cells through colony for-
mation assay, flow cytometry (FCM) assay, wound
healing assay, and transwell assay, respectively.
The potential effects of Fyn on tumor growth were
assessed using an animal model.

RESULTS: We demonstrated the possible in-
volvement of Fyn in the progression of pancreatic
cancer. We found that Fyn was upregulated in
human pancreatic cancer tissues and cells, and
we analyzed the correlations between Fyn expres-
sion and the clinicopathological features, includ-
ing metastasis staging (p=0.010*) and tumor size
(p=0.025*) of patients with pancreatic cancer. Our
data further confirmed that Fyn affects cell pro-
liferation, apoptosis, migration, and invasion of
pancreatic cancer cells via the phosphorylation of
GluN2b and regulation of AKT signaling pathway.
We also demonstrated that Fyn promoted tumor
growth of pancreatic cancer cells in vivo.

CONCLUSIONS: We investigated the potential
involvement of Fyn in the progression of pan-
creatic cancer, and therefore indicated Fyn as a
possible therapeutic target for pancreatic cancer.
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Introduction

Pancreatic cancer is known as the most le-
thal malignant tumor'. In decades, unlike the
improvement in the survival rate for most types

of cancers, the 5-year total survival rate for pa-
tients with pancreatic cancer is still less than 8%,
and only 2% for advanced pancreatic cancer pa-
tients**. Approximately 90% of pancreatic can-
cers are ductal adenocarcinoma originating in the
epithelium, and metastasis is the major cause of
death in pancreatic cancer patients*>. The main
treatments for pancreatic cancer include surgery,
chemotherapy, and cyberknife therapy. However,
these treatments have little effect on pancreat-
ic cancer®. In recent years, targeted therapy and
immunotherapy have played an important role in
the treatment of pancreatic cancer™®. However, to
effectively treat this malignant tumor, new thera-
peutic targets are still urgently needed.

SRC family kinases (SFKs) are a series of
non-receptor protein tyrosine kinases, such as
SRC, FRK, and FYN*!, SFKs can integrate mul-
tiple signaling pathways to mediate cellular pro-
cesses, such as cell proliferation, migration, and
differentiation''. Of note, previous studies'>!* pro-
vided evidence that SFKs are involved in the pro-
gression of a variety cancer types, such as bladder
cancer and lung cancer. As a member of SFKs,
Fyn is also overexpressed in various types of can-
cers'. Fyn is a 59 kDa protein which contains 4
domains, including SH1-4'. It was reported that
Fyn affected the progression of Alzheimer’s dis-
ease via the regulation of A production, and also
mediated the development and signal transduc-
tion'®. Notably, Fyn may affect the progression
and development of multiple cancers, such as
breast cancer and prostate cancer'™'®. However,
the possible role of Fyn in the pathogenesis of
pancreatic cancer remains unclear.

AKT is a serine/threonine protein kinase in-
volved in the regulation of apoptosis, prolifera-
tion, differentiation, and other cellular activities'.
AKT itself can be phosphorylated by a variety of
regulatory proteins, thereby activating itself and
leading to tumor development®. N-methyl-d-as-
partic acid receptor (NMDAR) can be coupled
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with ion channels to form a receptor channel com-
plex, which can affect tumor progression through
downstream signal transduction. GluN2b, as a
member of NMDARs, has been shown to regu-
late the phosphorylation of AKT, and the potential
role of this phosphorylation process in tumors, es-
pecially pancreatic cancer, is still unknown?',

In this study, we demonstrated the possible in-
volvement of Fyn in the progression of pancreatic
cancer. We found that the expression of Fyn was
upregulated in human pancreatic cancer tissues
and cells, and also investigated the correlations be-
tween Fyn expression and the clinicopathological
features of patients with pancreatic cancer. Our
data further confirmed that Fyn affects cell prolif-
eration, apoptosis, migration, and invasion of pan-
creatic cancer cells in vitro via the phosphorylation
of GluN2b and the regulation of AKT signaling
pathway. We also demonstrated that Fyn promot-
ed tumor growth of pancreatic cancer cells in vivo.
These results therefore provide a promising thera-
peutic target for the treatment of pancreatic cancer.

Materials and Methods

Antibodies, Plasmids, and Primers

Rabbit anti-Fyn antibody (For IHC assays,
1:200 dilution; for Immunoblot assays, 1:2000
dilution, ab184276, Abcam, Cambridge, MA,
USA), rabbit anti-MCM2 antibody (1:2000 di-
lution, ab4461, Abcam, Cambridge, MA, USA),
rabbit PCNA antibody (1:1500 dilution, ab92552,
Abcam, Cambridge, MA, USA), rabbit Bcl-2 an-
tibody (1:1000 dilution, ab32124, Abcam, Cam-
bridge, MA, USA), rabbit cleaved caspase-3
antibody (1:1000 dilution, ab2302, Abcam, Cam-
bridge, MA, USA), rabbit anti-AKT antibody
(1:2000 dilution, ab18785, Abcam, Cambridge,
MA, USA), rabbit anti-AKT (phospho T308) an-
tibody (1:1000 dilution, ab38449, Abcam, Cam-
bridge, MA, USA).

The quantitative PCR primer sequences of
Fyn are as follows: forward, 5-GTCATGG-
CAACCCGCTAAAC-3’ and reverse, 5’-CACT-
GGAGAACTCCTGGACAT-3’. The quanti-
tative PCR primer sequences of GAPDH are
as follows: 5-CGACCACTTTGTCAAGCT-
CA-3’ and reverse, 5-GGTTGAGCACAGGG-
TACTTTATT-3".

pcDNA3.1-vector and pcDNA3.1-Fyn plas-
mids, Fyn shRNA plasmids (Ready-to-package
AAV), and GluN2b shRNA plasmids were all
bought from Addgene, MA, USA.
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Immunohistochemistry

Tumor tissues were obtained from The First
Hospital of Jilin University. To explore the expres-
sion levels of Fyn and GluN2b phosphorylation in
human pancreatic cancer tissues, we performed
immunohistochemistry (IHC) assays. Briefly, the
sections were fixed with 4% paraformaldehyde
(PFA) for 30 min at room temperature and subse-
quently blocked with 2% bovine serum albumin
(BSA) for 20 min. The slides were subsequently
incubated with Fyn or phosphorylated GulN2b
antibodies at room temperature for 2 h. Then, the
sections were incubated with biotinylated second-
ary antibody for 1.5 h, and diaminobenzidine was
used as a chromogen substrate.

Cell Culture and Transfection

The indicated cells lines: HPDE6-C7, QGP1,
PANC-1, BxPC-3, SW1990, were all purchased
from American Type Culture Collection (ATCC;
Manassas, VA, USA), and maintained in Dulbec-
co’s Modified Eagle’s Medium (DMEM) culture
medium, supplemented with 10% of fetal bovine
serum (FBS) at 37°C in a 5% CO, incubator.

The shRNA plasmids were transfected into
pancreatic cancer cells by the use of Lipofect-
amine 2000 (11668019, Invitrogen, Carlsbad, CA,
USA), following the manufacturers’ protocols.
Stable knockdown cell clones were screened by
adenovirus infection and used for the in vivo as-
says.

Quantitative PCR Assays

TRIzol (15596026, Invitrogen, Carlsbad, CA,
USA) reagent was used to extract total mRNA
from human pancreatic cancer cells or tissues.
Subsequently, the RNA was reverse transcribed
into cDNA by reverse transcriptase (M1701,
Promega, Madison, WI, USA). Quantitative PCR
was performed using SYBR Ex Taq kit (638319,
TaKaRa, Otsu, Shiga, Japan), and the expression
levels of Fyn were normalized to the expression
of glyceraldehyde 3-phosphate dehydrogenase
(GAPDH).

Immunoblot Assays

Cells and tissues were first lysed by lysis buf-
fer. Then, the total protein samples were separat-
ed through sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE). After
the proteins were transferred onto the polyvi-
nylidene difluoride (PVDF) membranes, the
membranes were blocked with 5% fat-free milk
in Tris-Buffered Saline and Tween-20 (TBST)
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and incubated with the primary antibodies for the
detection of Fyn, GluN2b, AKT, MCM2, PCNA,
Bcl-2, cleaved caspase-3, and the phosphorylat-
ed GluN2b and AKT at room temperature for 2
h. Then, PVDF membranes were washed with
TBST for 4 times and after washing, the PVDF
membranes were incubated with horseradish per-
oxidase (HRP)-conjugate secondary antibodies
for 45 min. After washing, signals were detected
using an enhanced chemiluminescence (ECL) kit.

Colony Formation Assays

A total number of 1000 cells were seeded into
a 6-well culture plate and transfected with shR-
NA plasmids. Then, the cells were maintained in
a 3°C, 5 % CO, incubator for 24 h. After cultured
for 2 weeks, cells were fixed with paraformal-
dehyde (PFA) for 20 min at room temperature,
stained with 0.2% crystal violet buffer for 30 min,
and washed with phosphate-buffered saline (PBS)
twice. Next, the colonies were photographed, and
the numbers were manually counted.

MTT Assays

Pancreatic cancer cells were seeded into 96-
well plates, transfected with control or Fyn shR-
NA plasmids, and maintained for 48 h. Pancreatic
cancer cells were then incubated with MTT agent
for 4 h and washed with PBS twice. Then, the OD
value was measured respectively with a micro-
plate reader at 562 nm wavelength.

Wound Healing Assays

Both QGP1 and PANC-1 cells were transfected
with the plasmids, maintained for 48 h, and mechan-
ically wound was made using a 20-uL pipette tip.
Subsequently, cancer cells were washed with PBS
to remove debris, and the complete culture medium
was added to stimulate wound healing. Photographs
were respectively taken at 0 h and 24 h, and the rela-
tive extent of wound healing was calculated.

Transwell Assays

Pancreatic cancer cells were transfected with
plasmids for 48 h and re-suspended in serum-free
DMEM culture medium. The upper chambers of
filters (8.0 pm membrane pores) were containing
20% matrigel (in DMEM medium) and incubat-
ed at 37°C for 30 min. Approximately 105 cells in
200 pL of medium were then seeded into the up-
per chambers of the inserts and induced to migrate
toward the bottom chambers containing complete
medium. After 24 h, cells in the top chamber were
removed using cotton swabs, and the remaining

cells were fixed in 4% PFA at room temperature
for 20 min, stained with 0.2% crystal violet buf-
fer for 30 min. Then, the relative cell number was
manually counted.

Tumor Growth Assays

All animal assay processes in this study
were approved by the Ethics Committee of The
First Hospital of Jilin University (Approval no.
2017036). QGP1 cells were infected with control
or Fyn shRNA adenovirus to stably deplete pro-
teins. After infection, approximately 5x10° con-
trol or Fyn depleted QGP1 cells were subcutane-
ously implanted into athymic nude mice to induce
tumor formation. After 1 week, mouse weight
was measured, tumor volume was also measured
every week. After 4 weeks, all tumors were col-
lected from mice.

Statistical Analysis

GraphPad 6.0 was used for statistical analysis
in this study. All data were represented as mean
+ SEM. Additionally, the correlation analysis
between clinical pathological features and Fyn
expression was performed through y?-analysis.
Kaplan-Meyer analysis was performed to eval-
uate the prognosis. Student’s 7-test was used for
statistical comparisons. *indicates p<0.05, and
**indicates p<0.01.

Results

Fyn is Abnormal High Expression
in Human Pancreatic Cancer Tissues

To explore the role of Fyn in the progression
of pancreatic cancer, we first assessed its mRNA
and protein expression levels in human pancreatic
cancer tissues. A total of 30 pancreatic cancer pa-
tients were enrolled in the study, and the mRNA
levels or protein expression levels of Fyn in tu-
mor tissues or corresponding normal tissues were
detected through quantitative PCR assays, immu-
noblot assays, and [HC assays, respectively. The
results showed that the expression of Fyn mRNA
was higher in tumor tissues, compared to adja-
cent normal tissues (Figure 1A). To further detect
the expression difference of Fyn between tumor
tissues and normal tissues, we performed IHC as-
says. As expected, the IHC assay results demon-
strated that the expression of Fyn was much high-
er in human pancreatic cancer tissues, while the
expression levels of Fyn in normal tissues were
lower than tumor tissues (Figure 1B, C).
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Figure 1. Fyn was highly
expressed in human pancre-
atic cancer tissues and cells
and correlated with the prog-
nosis of patients. A, Quanti-
tative PCR assays revealed
the obviously increased mR-
NA levels of Fyn in 30 hu-
man pancreatic cancer tis-
sues. B, Immunoblot assays
exhibited the Fyn expression
difference between pancre-
atic cancer tissues and nor-
mal tissues. C, Immunohis-
tochemical assays were per-
formed, and the representa-
tive photographs of Fyn ex-
pression in pancreatic can-
cer tissues and the corre-
sponding normal tissues
were showed (magnification
100x and 200%, respective-
ly). D, Immunoblot assays
indicated the expression of
Fyn in HPDE6-C7, PANC-I,
BxPC3, SW1990, and QGP-
1 cells. E, KM-Plot analy-
sis of survival rates between
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Subsequently, we revealed the mRNA levels of
Fyn in normal pancreatic cell lines, HPDE6-C7,
and pancreatic cancer cell lines, including
PANCI1, BxPC3, SW1990, and QGP1. Consis-
tent with the results in pancreatic tumor tissue,
we found that Fyn was significantly upregulated
in pancreatic cancer cells, compared with normal
pancreatic cells (Figure 1D). Therefore, these re-
sults demonstrated that the expression of Fyn was
upregulated in both pancreatic tumor tissue and
pancreatic cancer cell lines.

Fyn Expression is Associated With
the Clinicopathological Characteristics
and the Prognosis of Patients
with Pancreatic Cancer
According to the expression levels of Fyn
mRNA in tumor tissues of 30 patients with pancre-
atic cancer, the patients were divided into Fyn low
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expression or high expression groups. 15 of patients
(50%) exhibited Fyn high expression, and the re-
maining showed low expression (Table I). We then
performed clinical pathological characteristics anal-
ysis to explore the role of Fyn in cancer progression.

We found there was no significance between
Fyn expression and clinical parameters such as
patient sex (p=0.713), TNM staging (p=0.129),
and differentiation (p=0.082, Table I). By com-
parison, we noticed that Fyn expression was
markedly correlated with clinicopathological fea-
tures, including metastasis staging (p=0.010%)
and tumor size (p=0.025*, Table I).

Through K-M survival analysis, we found
that Fyn expression was also associated with sur-
vival rates of 30 patients with pancreatic cancer
(p=0.0432, Figure 1E), suggesting the correlation
of Fyn expression and the prognosis of patients
with pancreatic cancer.
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Table I. Relationship between Fyn expression and the clinical pathological characteristics of patients with pancreatic cancer.

Parameters No. of Fyn mRNA expression p-value*
patients
Low (< median) High (= median)

Patients 30 15 15

Sex 0.713
Male 17 8 9
Female 13 7 6

TNM staging 0.129
T1 4 3 1
T2 10 6 4
T3 6 4 2
T4 10 2 8

Staging 0.010*
Non-metastasis 17 12 5
Metastasis 13 3 10

Differentiation 0.082
High 3 2 1
Middle 15 10 5
Low 12 3 9

Tumor size 0.025%*
<3cm 12 9 3
>3 cm 18 6 12

Fyn Affects the Proliferation,
Apoptosis, Migration, and Invasion
of Pancreatic Cancer Cells In Vitro

To further explore the possible role of Fyn in
the progression of pancreatic cancer, we down-
regulated Fyn by its shRNAs and overexpressed
it by using its plasmids in pancreatic cancer cells
and then detect the related effects in vitro. Quanti-
tative PCR assays confirmed the evident decrease
of Fyn expression caused by the transfection of
three different shRNA plasmids targeted Fyn in
QGPI cells (Figure 2A, left). Meanwhile, trans-
fection of pcDNA3.1-Fyn significantly increased
the mRNA levels of Fyn in PANC-1 cells, com-
pared with pcDNA3.1-vector-transfected cells
(Figure 2A, right).

Then, we conducted MTT assays and colony
formation assays to investigate the impact of Fyn
on cell proliferation. MTT assay results showed
that Fyn depletion by its shRNA plasmids mark-
edly decreased the proliferation of QGP1 cells,
whereas overexpression of Fyn promoted cell
proliferation in PANC-1 cells (Figure 2B). Colony
formation assays results showed that Fyn ablation
decreased colony numbers, while its over-ex-
pression markedly increased the relative colony
numbers in QGP1 and PANC-1 cells, respective-
ly (Figure 2C). Immunoblot also confirmed that
Fyn expression was positively correlated with the
expression of MCM2 and PCNA, two prolifer-
ation related cell markers, in QGP1 or PANC-1

cells (Figure 2F). These results demonstrated that
Fyn played a promotion role in the proliferation of
pancreatic cancer cells in vitro.

Furthermore, we performed wound healing
assays and transwell assays to detect its possi-
ble effect of Fyn on the migration and invasion
of pancreatic cancer cells. Of note, we found
that downregulation of Fyn remarkably inhib-
ited the migration and invasion of QGP1 cells
(Figure 2D and 2E, left), indicated by wound
healing and transwell assays. Overexpression
of Fyn stimulated the migration and invasion
of PANC-1 cells, with the increased migration
rates and invasion rates, respectively (Figure
2D and 2E, right).

We next detected the effect of Fyn on the
apoptosis of pancreatic cells, the results demon-
strated that the apoptosis of QGP1 pancreatic
cancer cells was enhanced by the transfection
of Fyn shRNA plasmids, while the suppression
of apoptosis was observed in Fyn-overexpressed
PANC-1 cells, suggesting the inhibition role of
Fyn on pancreatic cancer apoptosis (Figure 2G).
Also, through immunoblot assays, we found an
evident decrease of Bcl-2 and increase of cleaved
caspase-3 in Fyn-depleted QGP1 cells, and the
opposite change in Fyn-overexpression PANC-1
cells (Figure 2H).

Therefore, our in vitro data have demonstrated
the critical role of Fyn on pancreatic cancer cell
proliferation, apoptosis, migration, and invasion.
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Figure 2. Fyn promotes the proliferation, migration, and invasion, and suppresses the apoptosis of pancreatic cancer cells
in vitro. A, Quantitative PCR assays revealed the significantly dropped expression levels of Fyn caused by the transfection of
three different shRNA plasmids targeted Fyn in QGP1 cells (left), and the increased Fyn mRNA levels caused by the transfec-
tion of pcDNA3.1-Fyn plasmids in PANC-1 cells (right). B, Results of MTT assays showed the inhibition of cell proliferation
caused by Fyn ablation and promotion of cell proliferation caused by the overexpression of Fyn, in QGP1 and PANC-1 cells,
respectively. C, Representative photographs showed the results of colony formation assays of QGP1 or PANC-1 cells trans-
fected with the indicated plasmids. The relative proliferation levels were quantified. Scale bar, 5 mm. D, Wound healing as-
says were performed using QGP1 or PANC-1 cells transfected with the indicated plasmids, and the relative wound width was
detected (200x magnification). E, Transwell assays using QGP1 or PANC-1 cells transfected with the indicated plasmids were
performed and the extent of relative transwell migration was quantified (400x magnification). F, Immunoblot assays indicat-
ed the expression level of GAPDH, PCNA, and MCM2 in QGP1 or PANC-1 cells transfected with the indicated plasmids. G,
Cell apoptosis assays showed the difference of apoptosis levels of QGP1 or PANC-1 cells transfected with the indicated plas-
mids. H, Immunoblot assays indicated the expression level of GAPDH, Bcl-2, and cleaved caspase-3 in QGP1 or PANC-1 cells
transfected with the indicated plasmids. Results are presented as mean + SEM, *p<0.05, **p<0.01.
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Fyn Mediates AKT Signaling
Pathway Through the Regulation
of GIuN2b Phosphorylation

To study the molecular mechanism of Fyn af-
fecting the progression of pancreatic cancer in vitro,
we focused on GIuN2b, a protein kinase. GluN2b is
known to affect the occurrence and development of
a variety of tumors®#?, and it has been reported that
Fyn can regulate the phosphorylation of GluN2b,
thereby affecting the development of tumors. No-
tably, through immunoblot assays, we did not find
difference of GluN2b expression between control
and Fyn depleted QGP1 cells, whereas the expres-
sion of phosphorylated GluN2b was decreased
by the depletion of Fyn in QGPI cells (Figure
3A). Meanwhile, overexpression of Fyn induced
the up-regulation of GIuN2b phosphorylation in
PANC-1 cells (Figure 3B). We therefore demon-
strated that Fyn could regulate the phosphorylation
of GluN2b in pancreatic cancer cells.

It has been known that GluN2b is an upstream
regulatory protein of the AKT signaling pathway?',
so we next examined whether the regulation of Fyn
on the phosphorylated GluN2b affect the AKT sig-

naling pathway. We tested this hypothesis through
immunoblot assays. According to the results, we
found that Fyn depletion led to the significant de-
crease of AKT phosphorylation in QGP1 cells,
whereas the expression of total AKT was not af-
fected (Figure 4A). Similarly, Fyn overexpression
in PANC-1 cells also resulted in the increase of
AKT phosphorylation and GluN2b phosphoryla-
tion, with the modest change of total AKT expres-
sion (Figure 4B). Thus, we demonstrated that Fyn
mediated AKT signaling pathway through the reg-
ulation of GIuN2b phosphorylation.

Fyn Contributes to the Progression
of Pancreatic Cancer Via Fyn-GluNZ2b-
AKT Axis

As was known that AKT signaling pathway
widely participates in the progression and de-
velopment of various types of tumors, and here
we found the regulation of Fyn on AKT pathway
through GluN2b". Therefore, we further detected
whether Fyn affects the proliferation, apoptosis,
migration, and invasion of pancreatic cancer cells
through GluN2b-AKT signaling pathways.
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Figure 3. Fyn mediates the
phosphorylation of GIuN2b
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Figure 4. Fyn mediates
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We then used the shRNA plasmids targeted
GIuN2b to deplete its expression in pancreatic can-
cer cells. To verify our expectations, QGP1 cells
were divided into four groups, including control,
Fyn, GIuN2b shRNA transfection, and the co-trans-
fection of Fyn and GluN2b shRNA groups. Through
immunoblot assays, we found the phosphorylation
of GluN2b was significantly decreased in Fyn and
GluN2b shRNA-transfected cells, as well as in the
co-transfection cells (Figure 5A). However, no dif-
ference was found between Fyn and GluN2b deple-
tion groups, as well as co-transfection group (Figure
5A), suggesting the regulation of Fyn on the phos-
phorylation of GIuN2b. Similarly, we found the de-
crease of AKT phosphorylation in Fyn and GLuN2b
depletion groups, and in co-transfection group
(Figure 5A). However, co-transfection of Fyn and
GIuN2b shRNA plasmids did not further decrease
the phosphorylation levels of AKT, suggesting that
the phosphorylation of AKT is mediated by the
phosphorylation of GluN2b (Figure 5A).

In a similar manner, we examined the effects
of co-transfection of Fyn and GluN2b shRNA on
cell proliferation. Both MTT assay and colony for-
mation assay demonstrated that transfection of Fyn
or GluN2b shRNA plasmids alone significantly in-
hibited cell proliferation, while the co-transfection
of Fyn and GIuN2b shRNA plasmids did not fur-
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ther suppress cell proliferation (Figure 5B, C), sug-
gesting that Fyn did regulate pancreatic cancer cell
proliferation through the AKT signaling pathway.
Subsequently, cell apoptosis was also analyzed
among control, Fyn, GluN2b shRNA transfection,
and co-transfection groups. Our data indicated that
depletion of Fyn and GluN2b stimulated the apop-
tosis of QGP-1 cells in vitro. However, the co-trans-
fection of Fyn and GluN2b did not further promote
QGP-1 cell apoptosis (Figure 5D), compared to the
Fyn and GluN2b transfected alone groups.
Similarly, through wound healing and tran-
swell assays, we also noticed the impairment of
cell migration and invasion capacity caused by
the depletion of Fyn or GluN2b alone, whereas the
co-transfection of Fyn or GluN2b did not further
suppress cell migration or invasion (Figure 5E-F).
The results of immunoblot assays also verified
our previous results. We found Fyn or GluN2b de-
pletion alone decreased the expression of Bcl-2,
MCM2, and PCNA, and increased the expression
of cleaved caspase-3. However, Fyn and GluN2b
co-transfected cells exhibited a modest change in
the expression of these proteins, consistent with
the previous data (Figure 5G).
In conclusion, we demonstrated that Fyn pro-
moted the progression of pancreatic cancer via the
Fyn-GluN2b-AKT axis.
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Figure 5. Fyn contributes to the progression of pancreatic cancer via Fyn-GluN2b-AKT axis. A, Immunoblot assays indicated the lev-
els of Fyn, GAPDH, and the phosphorylation of GluN2b and AKT in QGP1 cells transfected with the indicated plasmids. B, Results of
MTT assays showed the difference of cell proliferation in QGP1 cells transfected with the indicated shRNA plasmids, respectively. C,
Representative photographs showed the results of colony formation assays of QGP1 cells transfected with the indicated shRNA plas-
mids. The relative proliferation levels were quantified. Scale bar, 5 mm. D, Cell apoptosis assays showed the difference of apoptosis lev-
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Fyn Promotes Tumor Growth
of Pancreatic Cancer Cells In Vivo

According to our in vitro data, Fyn depletion
resulted in the impairment of both the prolifera-
tion and motility of pancreatic cancer cells, and
the induction of cell apoptosis. We then detected
the potential role of Fyn in tumor growth of pan-
creatic cancer cells in vivo.

QGP-1 cells were infected with control or Fyn
shRNA adenovirus to stably deplete its expres-
sion. Subsequently control or Fyn depletion cells
were injected into nude mice, respectively. After 1
week, tumors were observed, and the volume was
detected every week. Representative photographs
of tumors were acquired, and the growth curves
were shown in Figure 6A. According to the re-
sults, the volume of tumors isolated from Fyn ab-
lation mice was significantly smaller than control
(Figure 6A). Furthermore, we performed immu-
noblot assays and found that the levels of phos-

phorylated GluN2b and AKT were all decreased
(Figure 6B). The expressions of Bcl-2, MCM2,
and PCNA in tumors of knockdown groups were
remarkably decreased, whereas cleaved caspase-3
was increased, compared with tumors in control
groups (Figure 6B).

Immunohistochemistry assays further con-
firmed the evident decrease of Fyn expression and
GluN2b phosphorylation in Fyn depletion tumors
(Figure 6C). Therefore, all these data revealed
that Fyn was involved in the regulation of tumor
growth of pancreatic cancer cells in vivo.

Discussion

Pancreatic cancer is a complex disease with an
average of 63 mutations per tumor cell and high
heterogeneity?®. Due to this, targeted therapy for
pancreatic cancer is very difficult*®. Some devel-
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Figure 6. Knockdown of Fyn impaired tumor growth of pancreatic cancer cells in vitro. A, QGP1 cells were infected with
Fyn or control shRNA adenovirus, and subsequently implanted into nude mice. After 1 week, tumors were isolated, and vol-
ume was calculated every week. After 4 weeks, all tumors were isolated (n=6 in each group). Representative images of tumors
were shown (/eft), and tumor growth curves were calculated based on the average volume of 6 tumors for each group (right).
B, Immunoblot assays confirmed the expression of Fyn, Bcl-2, cleaved caspase-3, PCNA, MCM2, and the phosphorylation
levels of GluN2b and AKT in tumor tissues from control or Fyn-depleted mice. C, Immunohistochemical assays indicated the
expression level of Fyn and GluN2b phosphorylation in control or Fyn depletion tumor tissues isolated from mice (magnifica-
tions 200x). Results are presented as mean + SEM, ** p<0.01.
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oped therapeutic targets, such as KRAS, HER2,
and IGFIR, have been well studied and have the
potential to develop as targeted therapy drugs for
pancreatic cancer®. As was known, due to the
high heterogeneity of pancreatic cancer, more
therapeutic targets are urgently needed”. In this
study, we revealed that a member of SFKs, Fyn,
serves as a novel molecular target for the treat-
ment of pancreatic cancer. Indeed, previous stud-
ies?” have found the potential anti-tumor effect of
Fyn inhibitor, which has the potential as a target-
ed therapy for pancreatic cancer.

In this study, we systematically investigated the
possible regulatory effects and molecular mech-
anism of Fyn in pancreatic cancer. Through THC
assays and quantitative PCR assays, we analyzed
the expression levels of Fyn in tumor tissues and
normal tissues of 30 patients with pancreatic cancer.
Of note, we found the significant high expression of
Fyn in human pancreatic cancer tissues compared
to normal tissues, suggesting the critical role in the
pathogenesis of pancreatic cancer. Then, quantita-
tive PCR assays results showed the high expression
of Fyn in pancreatic cancer cells, compared to nor-
mal pancreatic cells, which is consistent with the
clinical data. Furthermore, we investigated the link
between clinical pathological features, the progno-
sis, and Fyn expression in patients with pancreatic
cancer. Our results indicated that the clinical char-
acteristics, including metastasis staging and tumor
size, which reflect the degree of tumor development,
were affected by Fyn expression levels. Similar to
our findings, other studies® demonstrated the ef-
fects of Fyn on the prognosis and clinical features of
tumor patients. Fyn expression was correlated with
the prognosis of breast cancer, and also affected the
mesenchymal phenotypes of basal type breast can-
cer cells'*. In addition, Fyn was up-regulated in
thyroid carcinoma and played a critical role in tum-
origenesis®. These researches all confirmed the po-
tential regulatory role of Fyn in tumor development.

By MTT assays, colony formation assays,
FCM assays, wound healing assays, and transwell
assays, we further proved that Fyn promoted the
proliferation, apoptosis, migration, and invasion
of pancreatic cancer cells. Mechanical studies
demonstrated that Fyn phosphorylates GluN2b,
which in turn activates the AKT signaling path-
way, affecting a variety of tumor cell processes,
and these results were verified in animal models.
Fyn has different regulatory mechanisms in the
development of other tumors. Fyn ablation blocks
the migration and invasion of cholangiocarcinoma
cells via the activation of AMPK/mTOR signaling

pathway*. In addition, Fyn could stimulate the
progression of breast cancer via epithelial-mes-
enchymal transition (EMT)¥. Du et al* reported
that a transcription factor, KLFS5, promoted cell
migration by up-regulating Fyn to affect bladder
cancer. These authors have demonstrated that
Fyn, as a member SFKs, plays a promotion role in
different types of tumor progression.

AKT pathway is widely involved in the regu-
lation of cancer progression and metastasis*. Pre-
vious studies® have witnessed further insight into
the role of AKT signaling in cancer. AKT-mediat-
ed phosphorylation enhanced protein stability and
transcription activity of ZNF322A, thereby pro-
moting the progression of lung cancer'®. TRIM11
was involved the regulation of proliferation and
glycolysis of breast cancer cells via targeting AKT
pathway**. These reports, together with our find-
ings in this study, confirmed the critical regulato-
ry effect of AKT pathway on cancer progression.
Therefore, inhibitors targeting the AKT pathway
have the promising potential of developed as an
anti-tumor drug.

Conclusions

We found that Fyn was highly expressed in
human pancreatic cancer tissues and cells, and
its expression was associated with the prognosis
and clinicopathological features of patients with
pancreatic cancer. We further demonstrated that
Fyn promoted the progression of pancreatic can-
cer in vitro and in vivo via Fyn-GluN2b-AKT
axis. Therefore, Fyn has the potential to serve as
a novel and promising therapeutic target for the
treatment of pancreatic cancer.
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