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Deubiquitinase USP9X promotes cell migration, invasion
and inhibits apoptosis of human pancreatic cancer
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Abstract. Ubiquitin specific peptidase 9, X-linked (USP9X),
a significant regulatory protease in protein ubiquitination, has
been proven to act as a proto-oncogene in several types of
cancers, such as cervix, colon, breast, brain and lung cancers.
The prognosis of patients with pancreatic ductal adenocar-
cinoma (PDAC) is extremely poor due to its high invasive
and metastatic abilities. Nevertheless, whether USP9X acts
as a proto-oncogene or a tumor-suppressor gene in PDAC
is controversial and the mechanism of metastasis remains
unknown. The present study focused on the effect of USP9X
on the migration, invasion and apoptosis of PADC cells. We
analyzed the expression of USP9X in pancreatic cancer tissues
of different pathologic grades by immunohistochemical
analysis. USP9X expression in the pancreatic cancer tissues
was markedly increased in contrast to that noted in the adja-
cent non-tumor tissues. USP9X expression in PANC-1 cells
was downregulated after transfection of shRNA-USP9X.
Knockdown of endogenous USP9X expression evidently inhib-
ited the migration and invasion of PANC-1 cells, and promoted
cell apoptosis. Meanwhile, expression levels of Snail, Twist,
N-cadherin and vimentin were downregulated. E-cadherin
expression was negatively correlated with USP9X expression
and the expression of survivin was also downregulated in the
PANC-1 cells. In brief, USP9X promoted the migration and
invasion of PANC-1 cells probably by provoking epithelial-
mesenchymal transition, and also inhibited apoptosis. We
believe that USP9X is a major oncogene that may play a
significant role in the treatment and prognosis of PDAC.
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Introduction

Pancreatic neoplasms are highly malignant tumors and a major
cause of cancer-related mortality worldwide (1). The majority
of pancreatic carcinomas are pancreatic ductal adenocarci-
nomas (PDACsS). In recent years, the 5-year survival rate of
PDAC patients has not significantly improved, and remains at
~6% (2). The prognosis of PDAC is extremely poor, which is
mostly ascribed to the fast growth, high migration, invasive-
ness and recurrence rates (3). To improve the efficiency of
pancreatic cancer treatment, researchers must aim to under-
stand the mechanisms underlying the migration, invasion and
apoptosis of PDAC.

Ubiquitin specific peptidase 9, X-linked (USP9X),
a deubiquitination enzyme, is a multifunctional post-
translational modifier that regulates many aspects of cell
physiology (4,5), such as DNA repair, and regulation of cell
cycle and several signaling pathways. USP9X expression
constantly changes in tumor progression (6,7). Abnormal
USP9X expression has been confirmed in several neoplasms,
including lymphoma (8), colorectal cancer (9) and hepato-
cellular carcinoma (10). However, whether USP9X acts as a
proto-oncogene or tumor-suppressor gene in pancreatic cancer
cells is still controversial. Cox et al reported that USP9X
possesses growth promotor functions in several established
pancreatic cell lines (11), while Pérez-Mancera et al states that
USP9X acts as a tumor-suppressor gene at the early stage of
PDAC formation in mice (12). Thus, the concrete mechanism
remains unclear as to how USP9X regulates PDAC develop-
ment. In the present study, we discussed the effect of USP9X
on epithelial-mesenchymal transition (EMT) in PANC-1 cells,
aiming to understand its effect on cell migration and invasion.
In terms of apoptosis, we observed the effect of USP9X down-
regulation on survivin expression.

EMT is a bio-process in which epithelial cells are
transformed via specific procedures into a mesenchymal
phenotype, and it is the molecular basis underlying the
occurrence, invasion and metastasis of tumors (13). EMT
plays an important role in the metastasis and invasion
of neoplasms (14). It has been confirmed that EMT can
be promoted by Snail and Twist genes, which induce the
migration and invasion of tumor cells (15,16). However, the
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specific connection between USP9X and EMT in PDAC and
the effect of USP9X on PDAC remain poorly understood.

Survivin, which is highly inhibitory against cell apoptosis,
was first identified at Altieri Laboratory of Yale University in
1997 by screening a human genomic library using effector
cell protease receptor-1 (17). The bio-functions of survivin
mainly involve the regulation of the cell cycle and stress
response, mitosis promotion, cell and vascular proliferation,
apoptosis inhibition and cancer cell autophagy regulation (18).
However, high survivin expression has been detected in
several tumors (19). Liu et al found that survivin is degraded
by the ubiquitin proteasome pathway (20). Yet, the relation-
ship between survivin and USP9X in pancreatic cancer is also
unknown.

In the present study, we demonstrated that USP9X acts as a
tumor metastasis supporter in PANC-1 cells, and downregula-
tion of USP9X expression inhibited the migration and invasion
of PANC-1 cells, while high expression of USP9X inhibited
the apoptosis of PANC-1 cells. Therefore, USP9X functioned
as an oncogene in PANC-1 cells and is closely related with the
expression of Snail, Twist and survivin.

Materials and methods

Patients and samples. Tumor and paired adjacent non-
tumor tissues for immunohistochemical (IHC) analysis were
obtained from 55 patients with malignant pancreatic tumors,
who underwent surgical resection at The Affiliated Hospital of
Xuzhou Medical University between 2009 and 2012 (Table I).
None of the patients received chemotherapy or radiotherapy
before surgery. Written informed consent was received from
all patients or relevant family members. The present study was
approved by the Ethics Committee of The Affiliated Hospital
of Xuzhou Medical University.

Cell culture and treatment. PANC-1, a human pancreatic
cancer cell line, was provided by Professor Changqing Su
(Shanghai Oriental Hepatic Hospital of China). The cells
were first cultured in Dulbecco's modified Eagle's medium
(DMEM) containing 10% fetal bovine serum (FBS) (both
from HyClone, Shanghai, China), 100 ug/ml streptomycin and
100 U/ml penicillin. Then, the cells were routinely incubated
in a humidified atmosphere at 37°C in 5% CO,. The medium
was refreshed every two days. Cell digestion and passage were
conducted using 0.25% trypsin.

IHC analysis. Paraffin-embedded specimens were stained
according to the kit manual. The primary antibody was
anti-USP9X [1:1,000; Cell Signaling Technology (CST),
Beverly, MA, USA]. In the IHC analysis, the staining inten-
sity was rated as follows: 0, 1, 2 and 3 points: negative, weak,
moderate and strong intensity, respectively (21). The percentage
of positively-stained cells was rated as follows: 0, 1, 2, 3 and
4 points: 0, 1-10, 11-50, 51-80 and >80%, respectively. Then,
the total score of immunoreactivity for each case was deter-
mined by multiplying the two sub-scores above. The average
score from all five random fields at a magnification of x400
was used as the histological score. Tumors were categorized by
the histological score into a negative group (<4) and a positive
group (>4). The results were analyzed using Chi-square test.
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shRNA transfection. USP9X-treated cells were plated into
6-well plates (3.0x10° cells/well), for 24 h of adherence, and
then transfected with sShRNA (GenePharma, Shanghai, China;
shRNA group) using SiLenFect (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). The sequence of shRNA was: GCTGCT
AGGTTCCTCTTTCAAGAGAAGTAAAGAGGAACCTAG
CAGCTT. In the vector group, the cells were transfected with
NC-shRNA in the same way following the manufacturer's
instructions. After 24 h, the media were refreshed. After 48 h,
the cells were harvested for subsequent experiments.

Wound-healing assay. For the wound-healing assays, PANC-1
cells transfected according to the above-mentioned method
were seeded in 6-well plates at a density of 2x10%/well. After
24 h, the monolayers were scratched with a sterile pipette tip,
followed by addition of serum-free medium. The sizes of the
wounds were photographed at 0, 12, and 24 h separately. Each
experiment was performed in triplicate.

Protein isolation and western blotting. The cultured PANC-1
cells were lysed by a modified radio-immunoprecipitation
assay (RIPA) buffer (Shanghai, China) containing 0.5 M
pheylmethylsulfonyl fluoride (PMSF) and protease inhibitor
cocktail (Complete Mini; Mannheim, Germany). Then, the
homogenates were lysed on ice for 30 min. The lysates were
centrifuged at 4°C for 15 min and the supernatants were
extracted. Total proteins were quantified with a bicinchoninic
acid (BCA) protein assay kit (Pierce, Thermo Fisher Scientific,
Inc., Waltham, MA, USA). For western blotting, protein
samples (50 pg) were loaded onto 8 or 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and were then transferred onto polyvinylidene difluoride
(PVDF) membranes (Millipore, Bedford, MA, USA). Then,
the membranes were blocked with 5% non-fat milk at room
temperature for 1 h, and incubated with primary antibodies
overnight at 4°C, including anti-USP9X (1:1,000; CST),
anti-survivin (1:200; Bioworld Technology, Nanjing, China),
anti-Twist (1:1,000), anti-Snail (1:1,000), anti-N-cadherin
(1:1,000), anti-vimentin (1:1,500), anti-E-cadherin (1:1,500) (all
from ABclonal Inc., Cambridge, MA, USA) and anti-f-actin
(1:1,000; Bioworld Technology). One day later, the membranes
were washed with Tris-buffered saline and 0.05% Tween-20
(TBST), and then incubated with anti-rabbit or anti-mouse
secondary antibody at room temperature for 1 h. The intensi-
ties of the protein bands were assessed using ImagelJ [National
Institutes of Health (NIH), Bethesda, MD, USA].

Cell migration and invasion assays. The migration and
invasion abilities of PANC-1 cells were assessed by cell
migration and Matrigel invasion assays, respectively. After
24 h of transfection, the cells were suspended with serum-free
medium and counted. In the assays, we furnished the inva-
sion/migration chambers with 6.5-mm diameter tissue culture
inserts and 8.0-um pore size polycarbonate membranes
(Transwell; Corning, Corning, NY, USA USA). For invasion
assays, Matrigel (1:6; BD Biosciences, Bedford, MA, USA)
was blended with serum-free DMEM, and 50 ul of the mixture
was added into the chamber. The chambers were set into
24-well tissue culture plates, and then put in a sterile ultra-
clean bench overnight. On the next day, after the Matrigel
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was solidified, 5.0x10* PANC-1 cells were added to the upper
chamber. The total volume was 200 ul, with adequate addi-
tion of the serum-free medium. For the migration assays, the
operation method was the same as the invasion assays, except
for the addition of Matrigel. In both trials, the lower chamber
was filled with 600 ul of 20% FBS. After 24 h of incubation
at 37°C with 5% CO,, 90% paraformaldehyde was used to
fix the cells invading the lower surfaces of the polycarbonate
membranes. Then, the cells were stained with crystal violet
and counted under a microscope. The cells were washed with
phosphate-buffered saline (PBS) two times. Then, the water
on the surfaces was gently wiped off and five views were
taken for each insert.

Cell apoptosis assay. Cell apoptosis was detected by flow cytom-
etry via a double staining method using an Annexin V-fluorescein
isothiocyanate (FITC)-conjugated propidium iodide (PI)
apoptosis kit (KeyGen Biotech. Co, Ltd., Nanjing, China). We
performed the apoptosis assay after 48 h of transfection. PANC-1
cells were inoculated in 6-well plates at a density of 3x10° cells/
well. When the cells covered ~50% of the 6-well plates, the 6-well
plates were divided into a normal control (NC group), a negative
control (vector group) and a shRNA-transfected group (shRNA
group; transfected similarly as the above method). After 48 h,
the cells in the three groups were digested with 0.25% trypsin
without ethylenediamine tetraacetic acid (EDTA; Invitrogen,
Carlsbad, CA, USA). Then, the cells were washed with PBS for
two times, (each 5 min) and centrifuged at a speed of 5,000 rpm
for 5 min. Next, the cells were resuspended in 500 ul of binding
buffer and stained with 5 y1 Annexin V-FITC and 5 pl of PI,
for 15 to 20 min of reaction in a darkroom. Finally, the three
groups of cells were stained, counted and analyzed using a flow
cytometer (FACSCalibur; BD Biosciences).

CCK-8 assay for cell viability. Cells which were transfected
for 48 h were plated in 96-well plates with 5x10° cells/well. Six
repetitive wells were prepared for each group. Control wells
were created adding the same volume of culture medium. After
6,24,48,72 and 96 h of incubation, the cells were then treated
with 10 ul Cell Counting Kit-8 (CCK-8) (Dojindo, Kumamoto,
Japan) for another 2 h in an incubator at 37°C. An automated
microplate reader (Sunrise, Tecan, Switzerland) was applied to
assess the OD values for each well at 450 nm.

Statistical analysis. Data are expressed as mean + standard
deviation (SD). Differences between groups were examined
by Student's t-test or one-way analysis of variance (ANOVA).
P<0.05 and P<0.01 were considered to indicate statistically
significant results. All statistical analyses were performed using
SPSS (version 13.0; SPSS, Inc., Chicago, IL, USA) and GraphPad
Prism (version 5.0; GraphPad Software, Inc., La Jolla, CA, USA).

Results

USP9X is highly expressed in human pancreatic cancer
tissues. IHC analysis revealed that USP9X expression was
upregulated in 32 of 55 tumor tissues compared to the adjacent
non-tumor tissues (Fig. 1A-C and Table I). Moreover, high
expression of USP9X was markedly associated with stage,
grade and lymph node metastasis (all P<0.05) (Table I). The
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Table I. Clinicopathological association of USP9X expression
in pancreatic cancer tissues.

USP9X expression
No. of High Low
Variables cases n (%) n (%) P-value
Age (years) 0.803
<60 25 15(27.27) 10 (18.18)
>60 30 17 (30.09) 13 (23.63)
Sex 0.444
Male 32 20 (36.36) 12 (26.63)
Female 23 12 (26.63) 11 (20.00)
Tumor size (cm) 0.262
<40 24 16 (29.09) 8 (14.55)
>40 31 16 (29.09) 15(27.27)
Grade 0.019
High 7 2 (3.64) 5(9.09)
Middle 34 18 (32.73) 16 (29.09)
Low 14 12 (26.63) 2 (3.64)
Lymph node status 0.002
(metastasis)
Yes 20 17 (30.90) 3 (5.45)
No 35 15(27.27) 20 (36.36)
TNM stage® 0.006
I 25 9(16.36) 16 (29.09)
I 28 22 (40.00) 6(10.91)
v 2 1(1.82) 1(1.82)

*Cancer staging was carried out according to the International Union
against Cancer (UIAC) tumor-node-metastasis (TNM) system.

results imply that USP9X is positively correlated with the
degree of tumor malignancy and may be closely related with
pathophysiological progression of PDAC.

USP9X expression after transfection. First, we confirmed
the alteration of the expression of USP9X. Thus, four shRNA
sequences (purchased from GenePharma Co.) directed against
USP9X were evaluated. As a control, an empty plasmid vector
was transduced into PANC-1 cells. After 48 h, the USP9X
expression in PANC-1 cells was detected via western blotting.
After filtration, we chose one group of plasmids with the best
effect. The USP9X expression was significantly downregu-
lated (P<0.01) (Fig. 2A and B).

Depletion of USP9X inhibits cell migration and invasion. The
functional effects of USP9X on pancreatic cancer cell migra-
tion and invasion abilities were examined via Transwell and
wound healing assays. The suppression of USP9X expression
significantly inhibited cell migration (Fig. 3A) and invasion
ability (Fig. 3B). Next, we monitored the wound healing assays
and similar results were found. The migration ability of the
PANC-1 cells was significantly decreased when USP9X was
suppressed (Fig. 3C).
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Figure 1. USP9X expression in tumor and adjacent non-tumor tissues (magnification, x400). (A) High expression of USP9X in pancreatic cancer tissues. (B) Low
expression of USP9X in pancreatic cancer tissues. (C) Negative expression of USP9X in adjacent non-tumor tissues.
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Figure 2. Decreased expression of USP9X after transfection of specific plasmids. Expression of protein levels of USP9X in PANC-1 cells after interference as
detected by western blotting. (A) Western blotting. (B) Quantitative analysis of USP9X; “P<0.01.

7

w oo F 7
83 g

Number of
migration cells
2 2

Number of
invading cells

w
=

Veclor shRNA NC Vector shRNA
Vector

150 EaNC
B3 Vector
B shRNA

100% open wound

a 12 24
Time (h)

Figure 3. Downregulation of USP9X inhibits PANC-1 cell migration and invasion. (A) Cell migration assay was implemented after USP9X knockdown in the
PANC-1 cells. The ability to migrate by Boyden chamber was significantly decreased compared with the vector and NC groups. The relative numbers of migrated
cells of the three groups are shown below the images. (B) The PANC-1 cells transfected with USP9X-shRNA demonstrated significantly decreased cell invasion
ability as observed from the cell invasion assay. The relative numbers of invasive cells of the three groups are shown below the images. (C) The PANC-1 cells
transfected with USP9X-shRNA demonstrated significantly inhibited cell migration ability as determined by wound healing assay. The relative percentage of the
open wound of the three groups is shown at the right. All experiments were carried out in triplicate. Data are shown as mean + SD; "P<0.05, “P<0.01.

Depletion of USP9X reverses EMT of PANC-1 cells. To we examined the expression levels of mesenchymal cell
explore the effects of USP9X on the EMT of PANC-I1 cells, markers (N-cadherin and vimentin) and epithelial cell marker
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Figure 4. Depletion of USP9X reverses epithelial-mesenchymal transition of PANC-1 cells. (A) Western blot analysis of the relative protein levels of N-cadherin,
vimentin and E-cadherin in USP9X-downregulated and control groups of PANC-1 cells. (B) Quantitative analysis of relative protein levels of N-cadherin,
vimentin and E-cadherin in PANC-1 cells. (C) Western blot analysis of the relative protein levels of Snail and Twist in USP9X-downregulated and control
groups of PANC-1 cells. (D) Quantitative analysis of relative protein levels of Snail and Twist in PANC-1 cells. Experiments were carried out in triplicate. Data

are shown as mean + SD; “P<0.05.
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Figure 5. Inhibition of USP9X induces apoptosis. (A and B) After the PANC-1 cells were transfected with USP9X-shRNA and vector, cell apoptosis was
detected using flow cytometry. The apoptotic rate was statistically significantly increased in the USP9X-silenced cells. (C) Western blot analysis of the rela-
tive protein level of survivin in the USP9X-silenced and control groups of PANC-1 cells. (D) Quantitative analysis of the relative protein level of survivin in
PANC-1 cells. Experiments were carried out in triplicate. Data are shown as mean + SD; "P<0.05.

(E-cadherin) by western blotting. The results showed that the
downregulation of USP9X expression significantly reduced
the expression of N-cadherin and vimentin compared with
these levels in the control groups (P<0.05; Fig. 4A and B). In
contrast, the E-cadherin expression was increased (P<0.05;
Fig. 4A and B).

To further confirm the effect of USP9X on the EMT of
PANC-1 cells, we determined the expression levels of Snail
and Twist, two upstream target proteins of N-cadherin,
vimentin and E-cadherin by western blotting. The results
revealed that expression of both proteins was significantly
decreased (P<0.05; Fig. 4C and D), suggesting that USP9X
may be involved in regulating the migration and invasion of
PANC-1 cells. As Snail and Twist were activated in pancreatic
cancer cells, USP9X may be highly associated with disease

progression by regulating the expression of downstream target
proteins, including N-cadherin, vimentin and E-cadherin.

Inhibition of USP9X induces apoptosis. The effect of USP9X
on cell apoptosis was detected using flow cytometry. After
the given plasmid was transfected into PANC-1 cells for
48 h, shRNA-USP9X effectively inhibited USP9X expression
compared with that noted in the control groups (Fig. 1). Then,
the cells were stained with Annexin V-FITC/PI for assaying
cell apoptosis. The apoptotic rate of PANC-1 cells increased
after inhibition of USP9X expression in comparison with
the uninduced counterparts (Fig. SA and B), indicating that
depletion of USP9X induced the apoptosis of PANC-1 cells.
To confirm the effects of USP9X on the protein expression of
survivin in PANC-1 cells, we measured survivin by western
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Figure 6. Downregulation of USP9X decreases cell proliferation. CCK-8
assays were performed at each time point to quantify cell viability of the
PANC-1 cells transfected with USP9X shRNA, empty plasmid control
(vector group) and normal control groups (NC group). The graph shows the
changing trends among the three groups. All experiments were carried out in
triplicate. Data are shown as mean + SD; "P<0.05.

blotting. The results indicated that survivin expression in
PANC-1 cells was markedly reduced compared with that
noted in the control groups (P<0.05, Fig. 5C and D).

Depletion of USP9X impacts cell viability. As revealed by the
CCK-8 assay, depletion of USP9X in PANC-1 cells resulted
in decreased cell viability compared to the cell viability of
another two groups of cells (P<0.05; Fig. 6).

Discussion

Pancreatic neoplasms are highly malignant tumors, and
the prognosis of patients with PDAC is extremely poor,
which is mostly ascribed to the high migration, invasiveness
and high recurrence rate (22). Due to the broad range of its
targets, the roles of USP9X are various and rely on different
environments (8,9,12,23,24). Abnormal expression of USP9X
in several types of cancers has been reported (8,11,23,24).
Particularly, whether PDAC USP9X acts as a proto-oncogene
or tumor-suppressor gene remains controversial (11), and the
concrete effects of USP9X on migration, invasion and apop-
tosis of PDAC are still poorly understood.

Our experimental data support the role of USP9X as a
growth promoter in tumor genesis and progression. As shown
in Fig. 1A and B, the USP9X expression in human pancreatic
cancer tissues was markedly increased compared with that
noted in the adjacent non-tumor tissues. We believe that USP9X
is positively correlated with the degree of tumor malignancy
and may be closely related with pathophysiological progres-
sion of PDAC (Table I). Notably, downregulation of USP9X
expression reduced the invasion and migration abilities of the
PANC-1 cells (Fig. 3A-C). Depletion of USP9X reversed the
EMT of PANC-1 cells, which is reflected in the changes of
N-cadherin, vimentin and E-cadherin expression. Moreover,
cell apoptosis was increased after the downregulation of
USP9X (Fig. 5A and B). The survivin expression was positively
correlated with the USP9X level. Furthermore, inhibition of
USP9X expression effectively decreased the viability of the
PANC-1 cells (Fig. 6).

Notably, Cox et al demonstrated that USP9X acted prin-
cipally as an oncogene in five tested PDAC cell lines (11).

LIU et al: USP9X PROMOTES MIGRATION, INVASION AND INHIBITS APOPTOSIS OF PANCREATIC CANCER

However, Pérez-Mancera et al found that USP9X acted as a
tumor-suppressor in a mouse model of pancreatic malignant
tumors in which the USP9X expression was interfered at the
early stage of tumor development by Sleeping Beauty trans-
poson (12). In the present study, we believe that USP9X may
be an oncogene in PANC-1 cells. Our results are similar to
those of Cox et al. We suggest that downregulation of USP9X
can inhibit the migration and invasion of pancreatic cancer
PANC-1 cells and lead to a decrease in cell viability. The apop-
tosis rate of the PANC-1 cells was increased with the decrease
in USP9X expression. The migratory ability of PANC-1
cells was weakened after downregulation of the expression
of USP9X (Fig. 3A). We also found that our results differed
from those of Perez-Mancera et al. The difference may be due
to the pathological type of pancreatic cancer, the location of
the pancreatic tumor or the difference in race. However, the
specific reasons remain unclear and further research is needed.

Furthermore, we studied the specific proteins related to the
migration and invasion functions of USP9X. We found that cell
migration and invasion abilities were suppressed (Fig. 3A-C).
Moreover, it is very possible that USP9X may affect the
migration and invasion of PANC-1 cells by EMT. EMT is the
process in which epithelial cells are transformed by specific
procedures into a mesenchymal phenotype. Epithelial cells
undergoing EMT lose polarity and some properties such
as their connection to the basement membrane, which is an
important process of tumor invasion and metastasis (3). It
has also been confirmed that EMT is the molecular basis
underlying the occurrence, invasion and metastasis of many
tumors (25,26). Furthermore, we examined the expression
levels of N-cadherin, vimentin and E-cadherin in PANC-1
cells by western blotting. However, the E-cadherin expres-
sion was significantly upregulated, while the expression of
N-cadherin and vimentin was downregulated in PANC-1 cells.
This finding is consistent with other studies (27-29). We also
tested Snail and Twist, which are the upstream target proteins
of N-cadherin, vimentin and E-cadherin. Twist belongs to
the bHLH transcription factor family and plays an important
role in tumor metastasis (15). Snail, a zinc finger transcription
factor is combined with the promoter of the gene expression
related to cell adhesion, and opens to regulate the transcrip-
tion process (16). We found that the expression levels of both
proteins were significantly downregulated (Fig. 4C and D).
These results are consistent with previous research (13,14,30).
We conclude that USP9X is highly linked with disease forma-
tion and progression by activating EMT.

Moreover, we studied PANC-1 cell apoptosis after the
expression of USP9X was silenced. The apoptotic rate of
PANC-1 cells increased after the inhibition of USP9X expres-
sion compared with the uninduced groups (Fig. 5A and B).
As reported, survivin is degraded by the ubiquitin protea-
some pathway (20). Theoretically, downregulated expression
of survivin can cause cell apoptosis. Thus, we detected the
expression of survivin, which is the strongest apoptosis
inhibitor (15). Survivin may inhibit apoptosis mainly by the
following two ways: one way by directly inhibiting the activi-
ties of caspase-3 and -7, the end effectors of apoptosis protein,
and another way by interacting with CDK-2 and CDK-4 and
blocking the apoptotic signal transduction pathway (31). In
PDAC, survivin is involved in many biological processes, such
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as gene transcription regulation, cell differentiation, tumor
formation and metastasis (32,33). We also found that the
survivin expression in PANC-1 cells was markedly reduced
after the inhibition of USP9X. The change in survivin expres-
sion was positively proportional to USP9X, but the concrete
mechanism between them is still unclear and needs further
study.

Taken together, USP9X participates in a variety of biolog-
ical processes in pancreatic cancer cells. In the present study,
we first demonstrated that USP9X activated the EMT pathway
and altered cell migration and invasion abilities. We then
explored the close relationship between USP9X and survivin
in pancreatic cancer. Future studies are needed to reveal the
specific mechanisms between Snail/Twist and USP9X, and
between survivin and USP9X. Our findings may provide a
novel strategy for the treatment of pancreatic cancer. Early
inhibition of USP9X may delay the invasion and metastasis
of PDAC, which makes it possible to improve the clinical
outcomes of PDAC patients. However, our findings are not
fully consistent with previous experts, thus deeper investiga-
tion is required to elucidate the significant role of USP9X in
PDAC.
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