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Abstract
Background: STMN2, as a key regulator in microtubule disassembly and dynamics, has been recently
reported to participate in cancer development. However, the corresponding role in pancreatic ductal
adenocarcinoma (PC), to our knowledge has not been reported.

Methods: We investigate the potential role of STMN2 in the development of PC in vitro and vivo.

Results: Overexpression of STMN2 was prevalently observed in human PC tissues compared with that in
paired pancreas (44/81,54.3% vs 15/81, 18.5%, P<0.01), which was positively with multiple advanced
stage of PC patients (tumor size, T stage, lymph-node metastasis and the poor survival). Meanwhile, a
close correlation between high STMN2 and cytoplasmic/nuclear β-catenin expression (P=0.007) was
observed in PC tissues and cell lines. STMN2 overexpression induced EMT and cell proliferation in vitro,
which stimulated EMT-like cellular morphology, cell motility and proliferation, and the change of EMT
(Snail1, E-cad and Vimentin) and Cyclin D1 signaling. However, XAV939 inhibited STMN2 overexpression-
enhanced EMT and proliferation. Conversely, KY19382 reversed STMN2 silencing- inhibited EMT and cell
proliferation in vitro. In addition, STMN2 promoted subcutaneous tumor growth with the overexpression
of EMT and Cyclin D1 signaling. Finally, activated STMN2 and β-catenin were co-localized in
cytoplasm/nuclear in vitro.

Conclusions: β-catenin/TCF-mediated the transcription of STMN2. STMN2 overexpression promotes
aggressive clinical stage of PC patients and promotes EMT and cell proliferation in vitro and vivo
mediated by WNT/β-catenin signaling.

Background
Pancreatic ductal adenocarcinoma (PC) is one of the most fatal digestive cancers, with a 5-year survival
rate of less than 10% [1]. It would overtake breast cancer as the third leading cause of cancer death by
2025 in Europe [2] and will become the 2nd most cause of cancer-related death in the US by 2030 [3].
Intense invasion and rapid metastase contribute to the unfavorable outcomes of PC patients. One of a
critical driving factor is epithelial-to-mesenchymal transition (EMT). EMT provides cancer cells with a
dramatic cytoskeleton rearrangement and metastatic phenotype characterized by the loss of the
epithelial phenotype (E-cadherin) and the gain of mesenchymal properties (N-cadherin and Vimentin),
playing a key role in the aggressive progression of PC [4]. Thus, it is urgent to explore the molecular
regulation mechanism target EMT during tumor development.

STMN2, a neuronal growth-associated protein of Stathmin family [5], plays a signi�cant role in neuronal
growth, microtubule dynamics, cell motility and signaling pathway regulation [6–9]. Decreased STMN2
have been associated with Down's syndrome and Alzheimer's diseases [10], whereas increased STMN2
participated in the progression of hepatocellular [11], neuroblastoma [12] and ovarian cancer [13].
However, its potential role and related signal transduction in PC, to our knowledge, has not been reported
yet.
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The WNT/β-catenin signaling pathway, is a classic and conserved signal pathway participating in
multiple physiological processes, including cell proliferation, differentiation, apoptosis, polarity, mobility
and homeostasis [14]. Dysregulation of the WNT/β-catenin pathway is implicated in many human
diseases, including various cancers. Meanwhile, the WNT/β-catenin signaling is an indispensable
component to drive EMT in cancer development [15]. Previous study showed that STMN2 was a novel
target of β-catenin/TCF-mediated transcription in human hepatoma cells [16, 17]. Taken together, we
systematically investigated the potential role of STMN2 in regulating malignant behavior of PC in vitro
and vivo in combination with WNT/β-catenin pathway, which supplies a novel gene targeted therapy for
PC.

Methods

Clinical human samples and PC cell lines
This study was approved by the academic committee at the First hospital of China Medical University
with the agreement of specimen consent signed by each patient. The study methodology has been
admitted by the ethics committee from the same institution. 81 PC and paired adjacent pancreas were
picked up from postoperative patients from 2010 to 2020 which were pathologically diagnosed as
pancreatic ductal adenocarcinoma. Patients with endocrine carcinoma, acinar cell carcinoma and
invasive intraductal papillary mucinous carcinoma were excluded from this study. PANC-1, BxPC-3, and
SW1990 cells were purchased from the cell culture collection in Chinese Academy of Sciences. Capan-2
cells were purchased from the American Type Culture Collection

Immunohistochemistry
According to previous studies under IHC protocol [18, 19], PC sections were depara�nized, dehydrated
and next incubated with H2O2, subjected to high microwave repair and blocked with goat serum.
Sections were incubated with anti-STMN2 (Abcam, Cambridge, UK), β-catenin (Proteintech, Chicago, IL),
E-cadherin (E-cad, Abcam, dilution: 1:500), Vimentin (Proteintech), Cyclin D1(Abcam) overnight. Slices
were next covered with the secondary antibody, detected with 3, 3'-diaminobenzidine (DAB), stained with
haematoxylin and evaluated by pathologists. The �nal staining scores were evaluated according the
staining area and intensity.

Western blot
As our previous study showed [19], proteins from tissues and cell lines extracted from whole-cell lysates
were inserted into 10–12% SDS-polyacrylamide gels, transmitted to wet transfer, blocked with 5% BAS
and incubated with STMN2 (Abcam), β-catenin (Proteintech), E-cad (Abcam), N-cadherin (Proteintech,
dilution), Vimentin (Proteintech), Snail1 (Proteintech), and GAPDH (Proteintech) antibodies. All bands
were detected with the ECL instrument (Bio-Rad, California, USA) following the incubation of secondary
antibodies (Proteintech). WB was conducted in triple experiment.

Real-time quantitative PCR (qRT-PCR)
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As our previous study showed [19], the condition of qRT-PCR from SYBR Premix Ex TaqTM (DRR420A)
was as below: 95oC for 30s and 40 cycles of 95oC for 10s and 55oC for 30s. The primers were used as
follow: STMN2, 5’- GCAATGGCCTACAAGGAAAA-3’ (sense) and 5’-ATAGAAGGCTGCGGAATTGT-
3’(antisense); β-catenin, 5’- GCTTTCAGTTGAGCTGACCA − 3’ (sense) and 5’-
AAGTCCAAGATCAGCAGTCTCA − 3’(antisense).Ampli�cation products was calculatedn following
the△△Ct method.

siRNA and lentivirus vector mediated STMN2
overexpression
Two effective sequence (UTR’3) of STMN2siRNA were as followed:

1. AGAAUCUAUAGAGUCUCAA; 2. CUGUGAGCUGGUUGUUGCA. Oligofectamine-3000 (Invitrogen, USA)
were used for siRNA transfections under the corresponding protocol. Lentivirus vector mediated STMN2
overexpression (STMN2-GFP) and empty vector (GFP) were purchased from Genechem (Shanghai,
China). PANC-1/Capan-2 cells and BxPC-3/SW1990 cells were available for STMN2 silencing and
overexpressing construct, respectively according to the distinguished expression of STMN2 in vitro as
indicated in result sections.

EMT construction
In order to enhance EMT induction, STMN2-GFP and GFP transfected PANC-1 and Capan-2 cells were pre-
cultured with medium containing 1%FBS for 24h. Then cells were pretreated with XAV939 (20uM,
Selleckchem, USA) for 12h. Similarly, STMN2 silencing BxPC-3 and SW1990 cells were pretreated with
KY19382 (1uM, MedChemExpress, USA) for 24h. 1% DMSO was used as the vehicle. We evaluated EMT
model from three aspects: EMT-like cellular morphology, cell motility and the change of EMT signaling.

Transwell assays
Based on our previous study [19], STMN2-GFP and GFP transfected PANC-1 and Capan-2 cells were
pretreated with XAV939 (20uM, Selleckchem, USA) for 12h, while STMN2 silencing BxPC-3 and SW1990
cells were pretreated with KY19382 (1uM, MedChemExpress, USA) for 24h. Cells were implanted into
membrane inserts (BD Biosciences) covered with 10%matrigel with free serum medium. Medium
containing 10%FBS was put at the bottom. The crossed cells were calculated in at least 5 random �elds/
well (x200). The migration assay was conducted in the similar way without matrigel. Transwell was
repeated in triplicates.

MTT assay
MTT was used to investigate the effect of STMN2 silencing or overexpressing PC cells in regulating cell
proliferation with different time points combining with XAV939 (20uM for 12h repeated 3 times) or
KY19382 (1uM for 24h repeated twice) treatments. PC cells (the density of 5,000 viable cells per well)
were seeded into 96-well plates and incubated for 1 to 5 days. 15 µl of MTT (5 mg/ml in PBS, Sigma) and
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100µl of DMSO were successively added to each well. 96-well plates was �nally measured at a
wavelength of 570 nm in an ELISA 96-well microtiter plate reader (BIORAD680, USA).

Immuno�uorescence (IF) staining
BxPC-3 cells pretreated with KY19382 were implanted into 24-well culture plates, �xed in 4% paraformal
dehyde, permeabilized with Triton X-100 (0.1%), incubated with 5% BSA, and then stained with the
primary antibodies: STMN2 (Abcam) combining with β-catenin (Proteintech) following with the different
origins of secondary antibodies (rabbit-TRITC and mouse-FITC). Hoechest33258 (Proteintech) were used
for nuclear visualizing. IF was repeated in triplicates.

Chromatin immunoprecipitation (ChIP) assay
ChIP assay was performed in BxPC-3 cells under the protocol of the ChIP Assay Kit (Sigma) and previous
study [17]. Brie�y, BxPC-3 cells cultured in a 75 cm2 plate were pretreated with KY19382 (1uM) for 24h.
Then the cells were �xed with formaldehyde, lysed in the lysis buffer, and sonicated to extract
approximately 800-bp chromatin fragments. Following dilution with IP dilution buffer, the lysate was
incubated at 4°C overnight with β-catenin antibody (Proteintech), and the antibody-bound chromatin
complex was precipitated by salmon sperm DNA/protein A–agarose. Finally, DNA was isolated from the
immunoprecipitated chromatin. The corresponding PCR-ampli�ed primer pairs �anking consensus TCF
sites in STMN2 promoter was as below: F1-R1: 5’- TATTTCCAGACCCTGCCAAC-3’ (sense) and 5’-
TGCTGAATCATGGGGAAAAT-3’(antisense); F2-R2: 5’- TGATTGGACAGAAAGCTGCTAA-3’ (sense) and 5’-
AATTGCTAATTCCGACGTTTG-3’(antisense). All the PCR was carried out for 30 cycles with the primers
annealed at 58°C, and the PCR products were resolved on a 2% agarose gel in TBE buffer.

In vivo xenograft model
Animals were kept according to the Animal Care Committee of China Medical University. The 8-week-old
nude mice (BALB/c, female, Beijing Vital River Laboratory Animal Technology Co., Ltd. China) were
acclimatized for a week and randomly assigned in each group (n = 5/group). STMN2-GFP and GPF
transfected Capan-2 (5x10^6) cells were subcutaneously transplanted into the subcutaneous axillas,
respectively. A cotton swab was used to avoid leakage from the injection site. Mice were treated with
carbon dioxide for euthanasia 3 weeks later. The following formula was used to calculate tumor size:
length x width x height x 0.52 in millimeters. The �nal samples were extracted for late hematoxylin and
eosin (HE) and IHC staining shown in result section.

Statistical analysis
Based on our previous study [19], non-parametric paired, chi-squared and spearman testes were used to
analyze the statistical data in IHC assays. The Kaplan–Meier curve in univariate analysis and Cox
regression tests in multivariate analysis were used to analyze the survival data. The difference of WB,
qRT-PCR, transwell and tumor size were represented as means ± standard deviation and were compared
via independent t-test. P-value is regarded statistically signi�cant as: *: P < 0.05; **= P < 0.01.
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Results

Overexpression of STMN2 was closely associated with the
clinicopathological characters of PC patients
STMN2 was localized in cytoplasm and nuclear in PC and adjacent pancreas (Fig. 1A) detected by IHC.
STMN2 was overexpressed in human PC specimens compared with that in the paired pancreas
(44/81,54.3% vs 15/81, 18.5%, P < 0.01) (Fig. 1A). STMN2 was de�ned as low (#8) and high expression
(#15) for the late clinical data analyze (Fig. 1A). Interestingly, PC patients with SMTN2 overexpression
was accompanied with cytoplasmic and nuclear expression of β-catenin. β-catenin showed membrane
expression in normal pancreas (#3) and some cases of PC samples (#7), while most PC patients showed
β-catenin cytoplasmic and nuclear expression (#25) (Fig. 1B). According to previous study [20], β-catenin
membrane and negative expression was regarded as normal expression, whereas β-catenin cytoplasmic
and nuclear expression was identi�ed as abnormal expression. PC samples with STMN2 overexpression
was associated with β-catenin abnormal expression (#7) in most serial sample slices (Fig. 1B), and vice
versa (#25) (Fig. 1C) (Table 1).

 

 
 
 

Table 1
A positive relationship between STMN2 high and β-catenin

abnormal expression in clinical samples
Parameters STMN2 r P

Low High

β-catenin Normal 20 11 0.298 0.007

Abnormal 17 33    

STMN2 overexpression was associated with tumor size (P = 0.015), T stage (P = 0.008), lymph node
metastasis (P = 0.017) and the poor survival (P = 0.004) of PC patients, but had no relationship with the
other clinical characters (Table 2) (Fig. 1D). In multivariate model, STMN2 was an independent
unfavorable prognostic indicator (P = 0.046) (Table 3). Interestingly, though β-catenin expression had no
association with the prognosis (P = 0.138), patients with both high STMN2 and abnormal β-catenin
expression showed much worse postoperative survival (P = 0.002) (Fig. 1E and F). Combination of
STMN2 and β-catenin contributed to the advance clinical stage of PC patients.

 
Table 2. Relationship between clinicopathological features and STMN2
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expression in clinical PC samples
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Parameters No. of patients STMN2

Low     High

P

Cases 81 37 44  

Age(years)        

≤60 50 20 30 0.193

>60 31 17 14  

Gender        

Male 52 24 28 0.909

Female 29 13 16  

Tumor size(cm)        

<3 28 18 10 0.015

≥3 53 19 34  

Tumor location        

Head 58 27 31 0.802

Body-tail 23 10 13  

Differentiation        

Well 39 21 18 0.155

Moderate to Poor 42 16 26  

T stagea        

T1+T2 51 29 22 0.008

T3 30 8 22  

Lymph node

metastasisa

       

N0(negative) 60 33 27 0.017

N1(1-3) 14 3 11  

N2(≥4) 7 1 6  

UICC stagea        

I stage 24 13 11 0.176

II stage 50 23 27  
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III stage 7 1 6  

Vascular permeation        

Absent 48 25 23 0.163

Present 33 12 21  

Pre-therapeutic CA19-9 level        

<37 U/ml 23 13 10 0.217

≥37 U/ml 58 24 34  

1. According to the 8th edition of AJCC staging system
 
 
 

Table 3
Univariate and Multivariate analysis in survival time

Parameters Median
survival

(days)

Univariate
analysis

P (log rank)

Multivariate
analysis

hazard ratio

(95% CI)

P

Lymph nodes metastasisa

(N0/N1/N2)
981/632/601 0.001 1.685(0.818–

3.471)
0.157

Vascular permeation

(absent/present)

988/679 0.004 2.058(0.950–
4.461)

0.067

UICC stagea 1066/786/632 0.002 2.029(1.05–
3.924)

0.035

I/II/III        

STMN2 (high/low) 703/1036 0.004 2.009(1.012–
3.988)

0.046

a. According to the 8th edition of AJCC staging system.

In relative to high STMN2 protein expression in PC tissues, its mRNA level was also much higher in PC
specimens in contrast with paired adjacent pancreas by qRT-PCR (P < 0.01) (Fig. 2A). In 4 PC cell lines,
both STMN2 and β-catenin protein and mRNA were signi�cantly higher in BxPC-3 and SW1990 cells than
that the other 2 cells (Fig. 2B and C). It is well known that Nuclear β-catenin is a key inducer of EMT [21].
The tight relationship between STMN2 and β-catenin in human PC tissues and cell lines drive us focus on
the potential function of STMN2 in regulating EMT in vitro and vivo.
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Based on above results, PANC-1 and Capan-2 cells with low STMN2 expression was construct for STMN2
overexpressing stable cell lines, while BxPC-3 and SW1990 cells were used for STMN2 silencing
experiment. WB showed that STMN2 protein level was signi�cantly decreased in si1-STMN2 and si2-
STMN2 transfected BxPC-3 and SW1990 cells, respectively (Fig. 2D). Conversely, STMN2 was
overexpressed in STMN2-GFP transfected PANC-1 and Capan-2 cells in comparison to GFP groups
(Fig. 2D).

STMN2 promoted EMT in vitro mediated by WNT/β-catenin
signaling
STMN2 overexpression promoted EMT-like cellular morphology in PANC-1 cells: most cells (75–80%)
exhibited a spindle-shaped/�broblast-like morphology (Fig. 3A). However, XAV939, as a speci�c WNT/β-
catenin signaling inhibitor, reversed STMN2 overexpression-stimulated EMT-like cellular morphology in
vitro. Only 25–35% of spindle-shaped/�broblast-like cellular morphology was observed in STMN2-GFP
plus XAV939 group in contrast with STMN2-GFP group (Fig. 3A). The similar experiment was also
repeated in STMN2 overexpressing Capan-2 cells (Fig. 3B).

 

A hallmark of EMT is its remarkable stimulation of cancer invasion [22]. In present study, cell invasion
and migration were obviously enhanced in STMN2-GFP group in contrast with GFP group in PANC-1
(Fig. 4A and B) and Capan-2 cells (Fig. 4C and D). However, XAV939 signi�cantly inhibited STMN2
overexpression-enhanced cell motility in vitro (Fig. 4A-D). Conversely, cell invasion and migration were
signi�cantly decreased in si2-STMN2 group in contrast with GFP group in PANC-1 and Capan-2 cells
(Fig. 4A-D). However, KY19382 (a speci�c WNT/β-catenin signaling activator) signi�cantly reversed
STMN2 silencing- decreased cell motility in BxPC-3 (Fig. 4E and F) and SW1990 (Fig. 4G and H) cells.
Taken together, STMN2 promoted cell motility mediated by WNT/β-catenin signaling.

 

STMN2 promoted cell proliferation in vitro mediated by
WNT/β-catenin signaling
We next investigated the potential role of STMN2 in cell proliferation in vitro. MTT showed that STMN2
overexpression promoted cell proliferation in PANC-1 cells in time-dependent manner, especially in 4 to 5
cultured days (Fig. 5A). However, XAV939 reversed STMN2 overexpression-promoted cell proliferation in
vitro in corresponding culturing time (Fig. 5A). The similar experiment was also repeated in STMN2
overexpressing Capan-2 cells (Fig. 5B). Conversely, STMN2 silencing inhibited cell proliferation in BxPC-3
cells in the same cultured time, which was reversed by KY19382 (Fig. 5C). The similar experiment was
also repeated in STMN2 silencing Capan-2 cells (Fig. 5D). Taken together, STMN2 promoted cell
proliferation in PC vitro mediated by WNT/β-catenin signaling.
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STMN2 regulating EMT and Cyclin D1 signaling mediated
by WNT/β-catenin signaling
We next investigated the potential mechanism of STMN2 in regulating EMT and cell proliferation in vitro.
WB showed that STMN2 overexpression upregulated Vimentin, Snail1 and Cyclin D1, but downregulated
E-cad expression in PANC-1 (Fig. 6A) and Capan-2 (Fig. 6B) cells. β-catenin and N-cadherin expression
was unchanged. XAV939 not only specially inhibited β-catenin and STMN2 expression, but also reversed
STMN2 overexpression-induced the change of EMT and Cyclin D1 expression (Fig. 6A and B). Conversely,
STMN2 silencing downregulated Vimentin, Snail1 and Cyclin D1, but upregulated E-cad expression in
BxPC-3 (Fig. 6C) and SW1990 cells (Fig. 6D). KY19382 not only specially activated β-catenin and STMN2
expression, but also reversed STMN2 silencing-inhibited the change of EMT and Cyclin D1 expression
(Fig. 6C and D). Meanwhile, upon KY19382, activated β-catenin and STMN2 showed co-localization in the
cytoplasm and nuclear in BxPC-3 cells by IF (Fig. 7A). To observe whether β-catenin directly interacts with
STMN2 promoter, ChIP assays were conducted using an antibody against β-catenin in BxPC-3 cells
pretreated with KY19382. The result of PCR on immunoprecipitated DNA using the primer pairs
representing each of the three potential TCF binding sites (F1-R1, F2-R2 and F3-R3) in STMN2 promoter
(Fig. 7B). Upon immunoprecipitation with anti-β-catenin, the DNA fragment containing the F1-R1 TCF site
was ampli�ed at a signi�cantly higher level from the chromatin of KY19382 activated BxPC-3 cells.
However, the other two primer pairs (F2-R2 and F3-R3) did not show any increased ampli�cation upon β-
catenin activation (Fig. 7C). Above results supported that the TCF binding site at -1816 to -1822 is crucial
for the regulation of STMN2 expression by β-catenin/TCF.

 

 

STMN2 promoted subcutaneous tumor size in vitro
The subcutaneous tumor size in STMN2-GFP transfected Capan-2 cells was signi�cantly increased in
contrast with GFP group (P < 0.05) (Fig. 8A, B and C). IHC further showed that STMN2, Vimentin and
Cyclin D1 expression were obviously upregulated in STMN2-GFP group in contrast with the scramble GFP
group (Fig. 8D, E and F). β-catenin showed abnormal (cytoplasm and nuclear) and normal (membrane)
expression in STMN2-GFP and GFP group, respectively (Fig. 8E and F). Taken together, a tight
relationship of STMN2 with EMT and Cyclin D1 signaling were prevalently existed in clinical PC samples,
in vitro and vivo.

 

Discussion
Previous studies mainly focused on the function of STMN1 in several cancers, including hepatocellular,
gastric, colon, pancreatic and lung cancer [23–27]. However, STMN2, as a novel discovered oncogene, is
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poorly understood in cancer, especially in PC. In current study, we �rst identi�ed STMN2 as a novel target
of β-catenin/TCF-mediated transcription in PC cells. Overexpression of STMN2 contributes to the
aggressive clinical stage of PC patients in coordination with WNT/β-catenin signaling. Meanwhile,
STMN2 promotes cell proliferation and EMT in PC via activating WNT/β-catenin mediated EMT and
Cyclin D1 signaling, which has not been studied yet.

We �rst found that STMN2 was overexpressed in PC patients, which was positively associated with
tumor size, T stage, lymph node metastasis and the poor survival of PC patients. STMN2 was also
overexpressed in hepatocellular, neuroblastoma and ovarian cancer [11–13]. STMN2 overexpression was
associated with advanced clinical characters and bad prognosis in hepatocellular cancer [11]. Meanwhile,
it was an independent unfavorable prognostic factor in ovarian cancer [13]. Thus, STMN2 act as a
potential oncogene based on previous and current studies. Interestingly, the combination of high SMTN2
and cytoplasmic/nuclear expression of β-catenin contributed to the much worse survival of PC patients.
Meanwhile, the parallel expression of STMN2 and β-catenin were observed in both PC tissue and cell
lines. It is well known that WNT/β-catenin signaling pathway closely correlates with the characteristic of
EMT and potency of proliferation in cancer development [15, 28], which drive us to investigate the
cooperative interaction of STMN2 and WNT/β-catenin signaling in regulating EMT and cell proliferation
of PC.

In current study, STMN2 overexpression promoted EMT and cell proliferation in PC cells. EMT-like cell
morphology, cell mobility and proliferation were signi�cantly enhanced in STMN2 overexpression PC
cells. However, the speci�c inhibitor (XAV939) of WNT/β-catenin signaling reversed STMN2
overexpression- induced function in vitro. Conversely, the speci�c activator (KY19382) of WNT/β-catenin
signaling reversed STMN2 silencing- inhibited EMT and cell proliferation. Only one study reports the
function of STMN2 in the malignant behavior of cancer that STMN2 promotes cell migration, invasion
and metastasis in vitro and in hepatocellular cancer by triggers EMT [11]. Taken together, STMN2, act as
an oncogene, promotes the development of cancers partially by triggers EMT.

Further potential mechanism showed that STMN2 overexpression upregulated Snail1, Vimentin, Cyclin
D1 and downregulated E-cad in vitro. XAV939 not only inhibited STMN2 expression, but also reversed
STMN2 overexpression- induced EMT and Cyclin D1 signaling. Conversely, KY19382 reversed STMN2
silencing- induced EMT and Cyclin D1 signaling in vitro. Snail1, as a critical EMT stimulator, induced EMT
by repressing E-cadherin and claudins with concomitant upregulation of Vimentin [29]. Thus, STMN2
induced EMT by regulating Snail1. It is well known that Cyclin D1 plays a critical role in regulating
proliferation, involving the extracellular signaling environment to cell cycle progression [30]. High Cyclin
D1 expression drives unchecked cellular proliferation promoting tumor growth [31]. Therefore, STMN2
promoted cell proliferation by activating Cyclin D1 signaling. STMN2 also mediates nuclear translocation
of Smad2/3 and enhances TGFβ signaling by destabilizing microtubules to promote EMT in
hepatocellular cancer [11].
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Previous study showed that STMN2 was a novel target of β-catenin/TCF-mediated transcription in
human hepatoma cells [16, 17]. Similarly, the oncogenic function of STMN2 in PC was mediated by
WNT/β-catenin signaling in current study. Activating β-catenin and STMN2 showed co-localization in the
cytoplasm and nuclear in BxPC-3 cells. ChIP assays further showed that TCF binding site at -1816 to
-1822 is crucial for the regulation of STMN2 expression by β-catenin/TCF. Taken together, overexpression
of STMN2 promotes cell proliferation and EMT in PC mediated by WNT/β-catenin signaling.

Finally, STMN2 overexpression promoted subcutaneous tumors formation in vivo with the overexpression
of EMT and Cyclin D1 signaling, which was consistent with the results in vitro.

Conclusion
In conclusion, we �rst identi�ed STMN2 as a novel target of β-catenin/TCF-mediated transcription in PC
cells. Overexpression of STMN2 contributes to the advanced clinical stage of PC patients in coordination
with WNT/β-catenin signaling. Meanwhile, STMN2 promotes cell proliferation and EMT in PC via
activating WNT/β-catenin- mediated EMT and Cyclin D1 signaling. STMN2 could serve as a promising
prognostic biomarker and potential therapeutic gene target for PC.
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Figure 1

The expression of STMN2 and β-catenin in human PC and adjacent pancreas with the prognosis of PC
patients. A. STMN2 expression in paired pancreas and PC specimens (#8 and #15). B. β-catenin
expression in paired pancreas (#3) and PC specimens (#7 and #25). C. STMN2 expression in paired
pancreas (#3) and PC specimens (#7 and #25). D. High (+) and low (-) expression of GINS2 against
prognosis. E. Normal and abnormal expression of β-catenin against prognosis. F. Combination of STMN2
and β-catenin against prognosis.
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Figure 2

The expression of STMN2 in PC specimens and cell lines and the silencing and overexpressing effect of
STMN2 in vitro.

A. STMN2 mRNA level in 18 PC and paired pancreas (T: PC; N: paired pancreas). B and C. STMN2 and β-
catenin protein (B) and mRNA (C) levels in PC cell lines. D. the silencing (siCtrl vs si1-STMN2/si2-STMN2)
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and overexpressing (Mock/GFP vs STMN2-GFP) effect of STMN2 in vitro by WB. Bars indicate ± S.E.*, P
<0.05; **, P <0.01 compared with the control.

Figure 3

Cellular morphology (x100 magni�cation) in vitro. A. Cellular morphology in GFP, STMN2-GFP and
STMN2-GFP plus XAV939 groups in PANC-1 cells. B. Cellular morphology in GFP, STMN2-GFP and
STMN2-GFP plus XAV939 groups in Capan-2 cells.
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Figure 4

STMN2 promoted mobility in vitro mediated by WNT/β-catenin signaling. A-D. Cell invasion and
migration in GFP, STMN2-GFP and STMN2-GFP plus XAV939 groups in PANC-1 (A and B) and Capan-2
cells (C and D). E-H. Cell invasion and migration in siCtrl, si2-STMN2, and si2-STMN2 plus KV19382
groups in BxPC-3 (E and F) and SW1990 (G and H) cells. A. GFP group; B. STMN2-GFP group; C. STMN2-
GFP plus XAV939 group. D. siCtrl group; E. si2-STMN2 group; F. si2-STMN2 plus KV19382 group. Bars
indicate ± S.E.*, P <0.05; **, P <0.01 in contrast with the control.
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Figure 5

STMN2 promoted cell proliferation in vitro mediated by WNT/β-catenin signaling. A and B. MTT assays
in GFP, STMN2-GFP and STMN2-GFP plus XAV939 groups of PANC-1 (A) and Capan-2 cells (B) culturing
within 5 days. C and D. MTT assays in siCtrl, si2-STMN2, and si2-STMN2 plus KV19382 groups of BxPC-
3 (C) and SW1990 (D) cells culturing within 5 days. Bars indicate ± S.E.*, P <0.05; **, P <0.01 compared
with the control. 
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Figure 6

STMN2 promoted EMT and Cyclin D1 signaling mediated by WNT/β-catenin signaling. A and B. The
protein level of STMN2, E-cad, β-catenin, N-cad, Vimentin, Snail1 and Cyclin D1 in GFP, STMN2-GFP and
STMN2-GFP plus XAV939 groups of PANC-1 (A) and Capan-2 cells (B). C and D. The protein level of
STMN2, E-cad, β-catenin, N-cad, Vimentin, Snail1 and Cyclin D1 in siCtrl, si2-STMN2, and si2-STMN2 plus
KV19382 groups of BxPC-3 (C) and SW1990 (D) cells. Bars indicate ± S.E.*, P <0.05; **, P <0.01 in
contrast with the control.
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Figure 7

IF and Chip assays. A. IF staining of KV19382 activated STMN2 combing β-catenin in BxPC-3 cells. B.
The potential three potential TCF binding sites of STMN2 promoter. C. ChIP assays in BxPC-3 cells.

Figure 8

STMN2 promoted subcutaneous tumor size in vivo. A, B and C. The representative images (A), HE
staining (B) and statistical comparison (C) of tumor volumes between STMN2-GFP and GFP groups in
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nude mice. D, E and F The statistical comparison (D) and representative IHC images (E and F) of STMN2,
β-catenin, E-cad, Vimentin and Cyclin D1 expression in subcutaneous tumor between STMN2-GFP and
GFP groups. Bars indicate ± S.E.*, P <0.05; **, P <0.01 in contrast with the control.
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