
Abstract. Background: Pancreatic ductal adenocarcinoma
(PDAC) is a leading cause of cancer-related deaths
worldwide. Stathmin 1 (STMN1) suppression was reported to
reduce cellular viability and migration potential. However, no
previous studies have addressed whether STMN1
overexpression is associated with malignant potential in
PDAC. Materials and Methods: To clarify the clinical
significance of STMN1 in PDAC, the STMN1 expression in
104 PDAC samples was evaluated by immunohistochemistry.
Moreover, we evaluated the proliferative potential and
migration ability of pancreatic cancer cell line Suit2 cells
highly expressing STMN1. Results: Cytoplasmic STMN1 were
higher levels in PDAC than in corresponding non-cancerous
tissues. PDAC patients with high STMN1 (n=29) were
significantly associated with poor differentiation and distant

metastasis compared to those with low STMN1 (n=75). The
proliferation rates and migration ability in Suit2-STMN1 were
higher than those of Suit2-mock. Conclusion: STMN1
evaluation could be a useful progression marker, and STMN1
may be a promising candidate for targeted therapies in PDAC.

Pancreatic ductal adenocarcinoma (PDAC) comprises 90%
of all pancreatic cancer cases (1). PDAC is a main cause of
mortality, accounting for up to 4% of all cancer-related
deaths worldwide. The 5-year survival rate is only 25%,
while for those with metastatic disease, it is 1% (2). To cure
the patients with PDAC, surgical resection is the mainstay
of radical treatment and provides patients who have small
and localized pancreatic cancer with longer survival.
However, patients with unresectable, metastatic or recurrent
PDAC are unlikely to benefit from surgical resection. In
addition, PDAC is often resistant to several treatments with
chemotherapy, and radiation (1). Therefore, to improve
prognosis, it is important to elucidate the mechanisms
underlying cancer progression in PDAC.

It is reported that cancer cell migration, e.g. through tumor
budding, leads to poor prognosis in PDAC (3). Migratory
cancer cells often have therapeutic resistance to several agents
(4), and the factors that regulate migratory ability are suggested
to be associated with cancer progression and poor prognosis in
PDAC. Therefore, in order to improve patient prognosis in
PDAC, it might be important to target molecular candidates
related to migratory ability and cellular viability. 

Stathmin 1 (STMN1, also known as oncoprotein 18) regulates
microtubule dynamics by preventing the polymerization of
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tubulin and promoting microtubule destabilization (5). STMN1
is expressed in various malignancies and its expression is
associated with cancer aggressiveness and poor prognosis in
cutaneous squamous cell carcinoma (6), non-small cell lung
cancer (7), ovarian carcinoma (8), gastric cancer (9, 10),
hepatocellular carcinoma (11), colorectal cancer (12), and urinary
bladder cancer (13). STMN1 suppression in several cancer cell
lines, including PDAC (14), was reported to reduce cellular
viability and migration potential. Therefore, it is suggested that
STMN1 is a fundamental cancer-associated gene and a potential
target for diagnosis and treatment. However, to our knowledge,
no previous studies have addressed whether STMN1
overexpression regulates the migratory ability and viability of
PDAC cells. 

The purpose of this study was to clarify the clinical
significance of STMN1 in clinical PDAC samples, and
analyze STMN1 function in a PDAC cell line overexpressing
STMN1. Therefore, we examined the expression of STMN1
in clinical PDAC samples by using immunohistochemistry
to evaluate whether the STMN1 expression can be used as
cancer marker in patients with PDAC. Moreover, we
evaluated the proliferation potency and migration ability in
Suit2 cells expressing a high level of STMN1.

Materials and Methods
Clinical samples. We analyzed tumor specimens from 104 patients
with PDAC who underwent excision surgery for a primary tumor
between 1999 and 2012 at the Department of General Surgical
Science of Gunma University School of Medicine and Gunma
Prefecture Saiseikai-Maebashi Hospital, Japan. The patients
included 56 men and 48 women. The age range was 36-87 years.
The tumor stage was classified according to the seventh tumor-
node-metastasis (TNM) classification of the Union for International
Cancer Control (15) and the Sixth General Rules for the Study of
Pancreatic Cancer of Japan Pancreas Society (16). Four patients had
stage I, 84 had stage II, five had stage III and 11 had stage IV
PDAC at the time of surgery. All patients signed written informed
consent forms as required by our institutional guidelines.

Immunohistochemical staining. Sections (4-μm) of tumor and non-
cancerous tissue were deparaffinized, rehydrated, and incubated with
fresh 0.3% hydrogen peroxide in methanol for 30 min at room
temperature to block endogenous peroxidase activity. The sections
then were heated in boiled water and Immunosaver (Nishin EM,
Tokyo, Japan) at 98˚C for 45 min. Nonspecific binding sites were
blocked by incubation with 10% rabbit pre-immune serum for 30
min. The sections were then incubated with primary monoclonal
antibody to STMN1 (Santa Cruz Biotechnology, Santa Cruz, CA,
USA) at a dilution of 1:100 at 4˚C overnight. The sections were
washed in phosphate-buffered saline (PBS) and then incubated with
biotinylated anti-mouse IgG for 60 min at room temperature
(Nichirei, Tokyo, Japan). The chromogen 3,3’-diaminobenzidine
tetrahydrochloride was applied as a 0.02% solution containing
0.005% H2O2 in 50 mM ammonium acetate-citrate acid buffer (pH
6.0). The sections were lightly counterstained with Mayer’s
haematoxylin and mounted. Negative controls were established by

replacing the primary antibody with PBS. The immuno-
histochemical evaluation of STMN1 expression was confirmed
independently by two observers. In positive cases, staining was
primarily cytoplasmic. The intensity of STMN1 staining was scored
as follows: 0: no staining, 1: weak-to-moderate staining, or 2: strong
staining. A score of 0 for staining was considered to be low STMN1
expression (n=75), while scores of 1 and 2 were considered to be
high STMN1 expression (n=29).

Cell culture. The human pancreatic cancer cell line Suit2 was used
in this study. The cell line was obtained from the JCRB cell bank
(Ibaragi, Osaka, Japan). The cells were cultured in RPMI 1640
medium (Wako, Osaka, Japan) supplemented with 10% fetal bovine
serum and 1% penicillin–streptomycin (Invitrogen, Carlsbad, CA,
USA) in a humidified 5% CO2 incubator at 37˚C. 

Establishment of a stable STMN1-transfected pancreatic cancer cell
line. Human STMN1 complementary DNA (cDNA) was generated
by reverse transcription- polymerase chain reaction (RT-PCR) and
subcloned into PiggyBac Dual Promotor Vector PB513B-1 (System
Biosciences, Palo Alto, CA, USA) using Ligation high Ver.2
(TOYOBO, Osaka, Japan) according to the manufacturer’s protocol.
Accurate in-frame insertion into the expression vector was
confirmed by sequencing. Transfection into Suit2 cells was
performed with PiggyBac Transposase Vector and SBI PureFection
transfection reagents (System Biosciences) according to the
manufacturer’s protocol, and Suit2-STMN1 cells were established.
A mock vector-transfected clone (Suit2-mock) was used as a
control. Enhanced STMN1 expression was confirmed by RT-PCR
and western blot analysis. 

RNA extraction and quantitative real-time RT-PCR. Total RNA was
extracted from Suit2 cells using the miRN-easy Kit (Qiagen, Hilden,
Germany), and the quantity of isolated RNA was measured using
an ND-10000 spectrophotometer (Nano- Drop Technologies,
Wilmington, DE, USA). Quantitative real- time RT-PCR was
performed using the GoTaq 1- Step RT-qPCR System (Promega,
Madison, WI, USA) in a total volume of 20 μl. The program
included four stages: reverse transcription at 37˚C for 15 min; RT
inactivation and hot-start activation at 95˚C for 10 min; qPCR, of
40 cycles of 95˚C for 10 s, 60˚C for 30 s, and 72˚C for 30 s; and
dissociation at 60-95˚C. The sequences of the primer pairs were as
follows: STMN1 forward, 5’-CCGAGAAGAAGATCACCTT-
GAA-3’; STMN1 reverse, 5’-GACACGTCCTTCTTTTTGAAG C-
3’; beta-actin forward, 5’-CCAACCGCGAGAAGATGA-3’; and
beta-actin reverse, 5’-CCAGAGGCGTACAGGGATAG-3’.

Protein extraction and western blot analysis. Suit2-mock and Suit2-
STMN1 cells were harvested at 80% confluence, and the total
proteins were extracted using PRO-PREP Protein Extraction
Solution Kit (iNtRON Biotechnology, Kyungki-Do, Republic of
Korea). Total protein was electrophoresed on a 10% polyacrylamide
gel, and then electroblotted at 300 mA for 90 min on a nitrocellulose
membrane (Invitrogen). Western blotting was used to confirm the
expression of STMN1 and heat-shock cognate protein 70 (HSC70)
proteins: These proteins were detected using rabbit monoclonal
antibody to STMN1 (1:1000; Cell Signaling Technology Inc.,
Danvers, MA, USA) and mouse monoclonal antibody to HSC70
(1:3000; Santa Cruz Biotechnology, Inc. Dallas, TX, USA). HSC70
expression was used as a loading control. The signals were detected
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using the ECL Western Blotting Detection System and an Image
Quant LAS 4000 machine (GE Healthcare Life Sciences Inc.,
Chicago, IL, USA).

Proliferation assay. Cell proliferation was measured with Cell
Counting Kit-8 (Dojindo Laboratories, Kumamoto, Japan). Suit2-
mock and Suit2-STMN1 cells were plated at 5,000 cells per 100 μl
medium in 96-well plates. Evaluations were performed at 48 h. To
determine cell viability, 10 μl of cell counting solution was added
to each well and the plates further incubated at 37˚C for 2 h. The
absorbance of each well was then determined at 450 nm using a
xMark Microplate Absorbance Spectrophotometer (Bio-Rad,
Hercules, CA, USA).

Wound-healing assay. Suit2-mock and Suit2-STMN1 cells were
plated in 6-well plates until confluence, and a uniform straight
wound was produced in the monolayer in each well using a pipette
tip. The wells were washed with PBS to remove all the cell debris,
and the cells were cultured in 5% CO2 at 37˚C. The relative closure
rate of the wound was quantitatively evaluated at 72 h using bright-
field microscopy.

Statistical analysis. Differences between groups were estimated
using Student’s t-test, chi-square analysis and analysis of
variance. A result was considered statistically significant when
the relevant p-value was less than 0.05. All statistical analyses
were performed usingJMP software (SAS Institute Inc., Cary,
NC, USA).

Results

Immunohistochemical analysis of STMN1 expression in
PDAC tissues. The expression of STMN1 in 104 PDAC
specimens was investigated immunohistochemically.
STMN1 was expressed more in cancerous tissues than in
corresponding non-cancerous tissues and found
predominantly present in the cytoplasm. Twenty-nine PDAC
specimens were assigned to the high-STMN1 expression
group and 75 to the low-STMN1 expression group.
Representative results of the immunohistochemistry are
shown in Figure 1.
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Figure 1. Immunohistochemical analysis of stathmin 1 (STMN1) expression in representative pancreatic ductal adenocarcinoma (PDAC) tissue samples.
Examples of no STMN1 expression in non-cancerous pancreatic ducts (a), low STMN1 expression in a representative specimen of primary PDAC (b),
high STMN1 expression in a representative primary PDAC specimen (c), high-power view of area shown in c (d) (Original magnification ×100).



Association between STMN1 expression and clinico-
pathological factors in clinical PDAC samples. The
correlations between STMN1 expression in the PDAC
specimens and 11 clinicopathological characteristics of the
patients are shown in Table I. High STMN1 expression
(n=29) was associated with poor differentiation (p=0.0216)
and existence of distant metastasis (p=0.0371) compared
with low expression (n=75) (Table I). On the other hand, the
high-STMN1 expression group did not have poorer
prognosis than than the group with low expression (log-rank
test: p=0.558, data not shown) unlike other cancer types. 

Up-regulation of STMN1 in Suit 2 cells was associated with
increased proliferation and migration. The mRNA
expression level of STMN1 in Suit2-STMN1 was higher than

that of Suit2-mock cells using RT-PCR and western blotting
(p=0.0035; Figure 2a and b). The proliferation rates of Suit2-
STMN1 cells was higher than that of Suit2-mock cells
(p<0.001; Figure 2c). The migratory ability reflected by
wound closure rates in Suit2-STMN1 cells was significantly
higher than that of Suit2-mock cells (p=0.03; Figure 2d).

Discussion

In this study, we demonstrated that high expression levels of
STMN1 in primary PDCA were associated with poor
differentiation and progression of distant metastasis. In the in
vitro STMN1 expression analyses of PDAC cell line Suit2 cells,
proliferative ability and migratory ability in Suit2 cells highly
expressing STMN1 were increased compared to control cells.
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Figure 2. Suit2 cells expressing a high level of stathmin 1 (STMN1) exhibited increased proliferative potential and migratory ability. a: STMN1
mRNA expression level in mock (Suit2-mock) and STMN1-transfected (Suit2-STMN1) cells using real-time reverse transcription-polymerase chain
reaction. b: STMN1 expression levels in Suit2-mock and Suit2-STMN1 cells using western blotting. c: Proliferative rates of Suit2-mock and Suit2-
STMN1 cells in 48 hours. d: Wound-healing rates of Suit2-mock and Suit2-STMN1 cells in 72 h. Heat-shock cognate 70 (HSC70) was used as
loading control.



Some previous studies revealed that high STMN1
expression is related to poor differentiation in hypopharyngeal
squamous cell carcinoma (17), colorectal cancer (18), gastric
adenocarcinoma (19) and lung adenocarcinoma (20). Others
reported that high STMN1 expression is related to invasion or
metastasis in endometrial carcinoma (21), ovarian carcinoma

(8), gastric cancer (10) and hepatocellular carcinoma (11). In
this study, high STMN1 expression in PDAC was correlated
to poor differentiation and progression of distant metastasis.
Moreover, our in vitro data showed that the migratory ability
was increased in STMN1-expressing cells. These results are
consistent with the previous reports. STMN1 is expected to be
progression markers of metastasis and poor differentiation in
PDAC as in other cancer types. 

Our study revealed higher expression of STMN1 in Suit2
cells to be associated with higher proliferative potency
(Figure 2c). From this result, it can be concluded that
STMN1 promotes cancer proliferation and viability of PDAC
cells. In addition, some previous studies revealed that down-
regulation of STMN1 inhibited cellular viability in the
following cancer types: gallbladder carcinoma (22),
colorectal cancer (12), and urinary bladder cancer (13).
Therefore, it is suggested that targeting STMN1 might
suppress cancer aggressiveness and that STMN1 may be a
promising candidate for targeted therapies in patients with
PDAC with high STMN1 expression.

In recent years, the combination of nanoparticle albumin-
bound paclitaxel (nab-PTX) and gemcitabine has been used
in the treatment for unresectable PDAC (23). Previous
reports revealed that high expression of STMN1 might be
associated with resistance to taxane chemotherapy and that
STMN1 had the potential to be a marker for taxane
resistance in nasopharyngeal carcinoma (24), gastric cancer
(9) and esophageal cancer (25, 26). Therefore, it is expected
that STMN1 also has potential as a marker for sensitivity to
nab-PTX treatment, and suggests that STMN1 is associated
with the mechanism of taxane resistance in PDAC. However,
we were unable to evaluate the relationship between the
expression of STMN1 and the sensitivity to nab-PTX in our
present study because it was not until 2014 that nab-
paclitaxel became covered by health insurance in Japan. In
future, we believe that it is important to clarify the
significance of the expression of STMN1 in clinical samples
of PDAC treated with nab-PTX.

In conclusion, the expression of STMN1 correlated with
PDAC progression. STMN1 expression could be a useful
marker for PDAC progression, especially for distant
metastasis or poor differentiation. Consistent with these data,
in vitro analyses showed STMN1 appears to regulate PDAC
proliferation and migration. With respect to developing new
molecular cancer therapies, STMN1 may be a promising
candidate for targeted therapies in PDAC.
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Table I. Clinicopathological characteristics of patients with pancreatic
ductal adenocarcinoma (PDAC) according to stathmin 1 (STMN1)
expression.

Factor                                               STMN1 expression, n          p-Value
                                                                
                                                             Low             High
                                                            n=75            n=29

Age
   ≤70 Years                                           40                 17                    
   >70 Years                                           35                 12                 0.6271
Gender
   Male                                                   37                 19                    
   Female                                               38                 10                 0.1376
Differentiation
   Well/mod                                           60                 19                    
   Poor                                                      7                   8                  0.0216
Tumor stage
   T1                                                         3                   2                    
   T2                                                         2                   1                    
   T3                                                       67                 22                    
   T4                                                         3                   4                  0.2801
Lymph node metastasis (N)
   −                                                         18                   5                    
   +                                                         57                 24                 0.4564
Lymphatic invasion
   −                                                           3                   0                    
   +                                                         72                 29                 0.2744
Venous invasion
   −                                                           7                   0                    
   +                                                         68                 29                 0.0885
Neural invasion
   −                                                           6                   0                    
   +                                                         69                 29                 0.0819
Distant metastasis (M)
   −                                                         70                 23                    
   +                                                           5                   6                  0.0371
Infiltration*
   α                                                           1                   0                    
   β                                                         26                 12                    
   γ                                                         12                   5                  0.6847
TNM stage (UICC)
   IA                                                         2                   0                    
   IB                                                         2                   0                    
   IIA                                                      14                   5                    
   IIB                                                      49                 16                    
   III                                                         3                   2                    
   IV                                                         5                   6                  0.2902

UICC: Union for International Cancer Control. *According to the
General Rules for the Study of Pancreatic Cancer of the Japanese
Pancreas Society (16).



the Japan Society for the Promotion of Science (JSPS) (grant
numbers JP 26461969, JP15K10129, JP15K10085, JP26350557 and
17K19893).

References

1 Pancreatic Cancer Treatment (PDQ(R)): Health Professional
Version. In: PDQ Cancer Information Summaries. Bethesda
(MD), 2002.

2 Diwakarla C, Hannan K, Hein N and Yip D: Advanced
pancreatic ductal adenocarcinoma - Complexities of treatment
and emerging therapeutic options. World J Gastroenterol 23:
2276-2285, 2017.

3 O’Connor K, Li-Chang HH, Kalloger SE, Peixoto RD, Webber
DL, Owen DA, Driman DK, Kirsch R, Serra S, Scudamore CH,
Renouf DJ and Schaeffer DF: Tumor budding is an independent
adverse prognostic factor in pancreatic ductal adenocarcinoma.
Am J Surg Pathol 39: 472-478, 2015.

4 Monteiro J and Fodde R: Cancer stemness and metastasis:
therapeutic consequences and perspectives. Eur J Cancer 46:
1198-1203, 2010.

5 Rana S, Maples PB, Senzer N and Nemunaitis J: Stathmin 1: a
novel therapeutic target for anticancer activity. Expert Rev
Anticancer Ther 8: 1461-1470, 2008.

6 Li X, Wang L, Li T, You B, Shan Y, Shi S, Qian L and Cao X:
STMN1 overexpression correlates with biological behavior in
human cutaneous squamous cell carcinoma. Pathol Res Pract
211: 816-823, 2015.

7 Nie W, Xu MD, Gan L, Huang H, Xiu Q and Li B:
Overexpression of stathmin 1 is a poor prognostic biomarker in
non-small cell lung cancer. Lab Invest 95: 56-64, 2015.

8 Wei SH, Lin F, Wang X, Gao P and Zhang HZ: Prognostic
significance of stathmin expression in correlation with metastasis
and clinicopathological characteristics in human ovarian
carcinoma. Acta Histochem 110: 59-65, 2008.

9 Bai T, Yokobori T, Altan B, Ide M, Mochiki E, Yanai M, Kimura
A, Kogure N, Yanoma T, Suzuki M, Bao P, Kaira K, Asao T,
Katayama A, Handa T, Gombodorj N, Nishiyama M, Oyama T,
Ogata K and Kuwano H: High STMN1 level is associated with
chemo-resistance and poor prognosis in gastric cancer patients.
Br J Cancer 116: 1177-1185, 2017.

10 Jeon TY, Han ME, Lee YW, Lee YS, Kim GH, Song GA, Hur
GY, Kim JY, Kim HJ, Yoon S, Baek SY, Kim BS, Kim JB and
Oh SO: Overexpression of stathmin1 in the diffuse type of
gastric cancer and its roles in proliferation and migration of
gastric cancer cells. Br J Cancer 102: 710-718, 2010.

11 Hsieh SY, Huang SF, Yu MC, Yeh TS, Chen TC, Lin YJ, Chang
CJ, Sung CM, Lee YL and Hsu CY: Stathmin1 overexpression
associated with polyploidy, tumor-cell invasion, early recurrence,
and poor prognosis in human hepatoma. Mol Carcinog 49: 476-
487, 2010.

12 Wu W, Tan XF, Tan HT, Lim TK and Chung MC: Unbiased
proteomic and transcript analyses reveal that stathmin-1
silencing inhibits colorectal cancer metastasis and sensitizes to
5-fluorouracil treatment. Mol Cancer Res 12: 1717-1728, 2014.

13 Hemdan T, Linden M, Lind SB, Namuduri AV, Sjostedt E, de
Stahl TD, Asplund A, Malmstrom PU and Segersten U: The
prognostic value and therapeutic target role of stathmin-1 in
urinary bladder cancer. Br J Cancer 111: 1180-1187, 2014.

14 Li J, Hu GH, Kong FJ, Wu KM, He B, Song K and Sun WJ:
Reduced STMN1 expression induced by RNA interference
inhibits the bioactivity of pancreatic cancer cell line Panc-1.
Neoplasma 61: 144-152, 2014.

15 Sobin LH, Gospodarowicz MK and Wittekind C: TNM
Classification of Malignant Tumours, 7th Edition. Washington,
DC, USA: Wiley-Blackwell, 2009.

16 Isaji S, Kawarada Y and Uemoto S: Classification of pancreatic
cancer: comparison of Japanese and UICC classifications.
Pancreas 28: 231-234, 2004.

17 Chen Y, Zhang Q, Ding C, Zhang X, Qiu X and Zhang Z:
Stathmin1 overexpression in hypopharyngeal squamous cell
carcinoma: A new promoter in FaDu cell proliferation and
migration. Int J Oncol 50: 31-40, 2017.

18 Zheng P, Liu YX, Chen L, Liu XH, Xiao ZQ, Zhao L, Li GQ,
Zhou J, Ding YQ and Li JM: Stathmin, a new target of PRL-3
identified by proteomic methods, plays a key role in progression
and metastasis of colorectal cancer. J Proteome Res 9: 4897-
4905, 2010.

19 Batsaikhan BE, Yoshikawa K, Kurita N, Iwata T, Takasu C,
Kashihara H and Shimada M: Expression of Stathmin1 in gastric
adenocarcinoma. Anticancer Res 34: 4217-4221, 2014.

20 Chen G, Wang H, Gharib TG, Huang CC, Thomas DG, Shedden
KA, Kuick R, Taylor JM, Kardia SL, Misek DE, Giordano TJ,
Iannettoni MD, Orringer MB, Hanash SM and Beer DG:
Overexpression of oncoprotein 18 correlates with poor
differentiation in lung adenocarcinomas. Mol Cell Proteomics 2:
107-116, 2003.

21 He X, Liao Y, Lu W, Xu G, Tong H, Ke J and Wan X: Elevated
STMN1 promotes tumor growth and invasion in endometrial
carcinoma. Tumour Biol 37: 9951-9958, 2016.

22 Wang J, Yao Y, Ming Y, Shen S, Wu N, Liu J, Liu H, Suo T, Pan
H, Zhang D, Ding K and Liu H: Downregulation of stathmin 1
in human gallbladder carcinoma inhibits tumor growth in vitro
and in vivo. Sci Rep 6: 28833, 2016.

23 Kim G: nab-Paclitaxel for the treatment of pancreatic cancer.
Cancer Manag Res 9: 85-96, 2017.

24 Lin X, Yu T, Zhang L, Chen S, Chen X, Liao Y, Long D and
Shen F: Silencing Op18/stathmin by RNA interference promotes
the sensitivity of nasopharyngeal carcinoma cells to taxol and
high-grade differentiation of xenografted tumours in nude mice.
Basic Clin Pharmacol Toxicol 119: 611-620, 2016.

25 Zhu HW, Jiang D, Xie ZY, Zhou MH, Sun DY and Zhao YG:
Effects of stathmin 1 silencing by siRNA on sensitivity of
esophageal cancer cells Eca-109 to paclitaxel. Genet Mol Res
14: 18695-18702, 2015.

26 Suzuki S, Yokobori T, Altan B, Hara K, Ozawa D, Tanaka N,
Sakai M, Sano A, Sohda M, Bao H, Fukuchi M, Miyazaki T,
Kaira K, Asao T and Kuwano H: High stathmin 1 expression is
associated with poor prognosis and chemoradiation resistance in
esophageal squamous cell carcinoma. Int J Oncol, 2017. doi:
10.3892/ijo.2017.3899. [Epub ahead of print]

Received October 24, 2017
Revised November 25, 2017
Accepted November 28, 2017

ANTICANCER RESEARCH 38: 939-944 (2018)

944


