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Abstract

Background: Overexpression of PTK7 has been found in multiple cancers and has been proposed to serve as a
prognostic marker for intrahepatic cholangiocarcinoma. Its role in esophageal cancer, however, remains to be
clarified. We hypothesize that PTK7 positively regulates tumorigenesis of esophageal cancer.

Methods: We examined PTK7 expression pattern in human esophageal squamous carcinoma by Oncomine
expression analysis and by immunohistochemistry (IHC) staining. We knocked down PTK7 in two esophageal
squamous cell carcinoma cell lines, TE-5, and TE-9, by siRNA, and evaluated cell proliferation, apoptosis, and
migration ofPTK7-defective cells. Expressions of major apoptotic regulators and effectors were also determined by
quantitative real-time PCR in PTK7-defective cells. We further overexpressed PTK7 in the cell to evaluate its effects
on cell proliferation, apoptosis, and migration.

Results: Both Oncomine expression and IHC analyses showed that PTK7 is overexpressed in clinical esophageal
squamous cell carcinoma tumors. PTK7 siRNA suppressed cell growth and promoted apoptosis of TE-5 and TE-9.
PTK7-defective cells further displayed reduced cellular migration that was concomitant with upregulation of E-
cadherin. Conversely, overexpression of PTK7 promotes cell proliferation and invasion, while apoptosis of the PTK7-
overexpressing cells is repressed. Notably, major apoptotic regulators, such as p53 and caspases, are significantly
upregulated in siPTK7 cells.

Conclusions: PTK7 plays an oncogenic role in tumorigenesis and metastasis of esophageal squamous carcinoma.
PTK7 achieves its oncogenic function in esophageal squamous cell carcinoma partially through the negative
regulation of apoptosis.
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Background
Protein tyrosine kinase-7 (PTK7) is a member of recep-
tor protein tyrosine kinases (RTKs) and comprised of
three domains: an extracellular immunoglobulin-like do-
main, a transmembrane domain, and an inert tyrosine
kinase-like domain [1]. Since the conserved catalytic res-
idues are absent from its kinase-like domain [2–4],
PTK7 lacks functional catalytic tyrosine kinase activity

like other RTKs, and hence is classified as a pseudoki-
nase. Despite being a pseudokinase, PTK7 is considered
as a potentially important prognostic marker for many
cancers. Overexpression of PTK7 has been found in
colon cancer, lung cancer, gastric cancer, acute myeloid
leukemia, and intrahepatic cholangiocarcinoma [5–11].
Disruption of PTK7 expression can repress cell prolifera-
tion and can promote apoptosis in colon and liver cancers
[11, 12]. More importantly, intrahepatic cholangiocarci-
noma patients with low PTK7 levels had longer disease-
free and overall survivals than those with high PTK7 levels
[11], suggesting it may serve as a prognostic predictor. On
the other hand, PTK7 is a versatile co-receptor that can
form complexes with Wnt, plexin, or vascular endothelial
growth factor receptor 1 (VEGFR1) to regulate
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morphogenetic movement, axon guidance, cell migration,
and tube formation during angiogenesis and differenti-
ation [13–17]. Notably, given that Wnt signaling plays sig-
nificant roles in human cancer [18] and that a recent
study has shown that knockdown of PTK7 can inhibit
Wnt/β-catenin activity [2], it is conceivable that PTK7
may also be involved in cancer development and progres-
sion. Although dysregulation of PTK7 has been reported
in some cancers, its role in tumorigenesis and oncogenic
progression awaits further demonstration. Therefore, we
become motivated to investigate the functions of PTK7 in
esophageal squamous carcinomas in the current study.
Esophageal cancer is one of the commonly diagnosed

cancers globally and is one of the leading causes of
cancer-related deaths worldwide. Squamous cell carcin-
oma and adenocarcinoma are the two major types of
esophageal cancer, each of which is associated with dif-
ferent risk factors. Prognosis of esophageal cancer pa-
tients is very poor, with the overall 5-year survival rate
lingering below 15% in the USA [19]. Most patients die
within 1 year of diagnosis, because the disease has
already progressed to advanced stages by the time when
first symptoms appear. Despite advancement in diagno-
sis and management of esophageal cancer, its prognosis
is hardly improved. However, if the cancer could be di-
agnosed at early stages, the 5-year survival rate would be
significantly improved to about 80%. Currently, treat-
ment of esophageal cancer is still dictated by the clinical
parameters, including the TNM (tumor, node, and me-
tastases) stages and the histological tumor characteris-
tics. However, some reports have suggested that tumor
heterogeneity is associated with prognosis [20, 21]. Even
similarly staged tumors may respond very differently to
the same treatment. Therefore, it is imperative to dis-
cover new biomarkers to assist with stratification of pa-
tients for customized treatment and to minimize the
unfavorable side effects or costs that are associated with
the current standard chemotherapy or radiotherapy.
The goal of the current study is to investigate the role of

PTK7 in the oncogenic progression of esophageal cancer.
Specifically, we evaluated the expression of PTK7 in
esophageal cancer by Oncomine expression analysis and
validated the observation in clinical tumor samples by im-
munohistochemistry (IHC) staining of the PTK7 protein.
We knocked down PTK7 in two esophageal squamous car-
cinoma cell lines and measured proliferation and apoptosis
of these PTK7-deficient cells. We further characterized mi-
gration and invasion of these PTK7-knockdown cells. The
current data suggest that PTK7 plays an oncogenic role in
the proliferation and metastasis of esophageal squamous
carcinoma cells. Importantly, PTK7 achieve its oncogenic
function in human esophageal squamous cell carcinoma
partially through the attenuation of apoptosis. Given the
fact that the esophageal cancer biomarkers are scarce for

clinical use, our ongoing work on PTK7 has significant
implications in the diagnosis and treatment of this cancer.

Methods
Cell culture
Human esophageal squamous carcinoma cell lines, TE-5,
and TE-9, were purchased from RIKEN Cell Bank
(Tsukuba, Japan). All cell lines were maintained in
RPMI-1640 (ThermoFisher Scientific, USA) containing
10% fetal bovine serum in a humidified atmosphere of
5% CO2 and 95% air at 37 °C.

RNA interference
PTK7 small interference RNA (PTK7 siRNA) was previ-
ously reported [11] and synthesized at Shanghai Gene-
PharmaCo. The siRNA sequences are 5′-GGC AUG
UCU UCA AUC UCU GCU AGG UGA-3′ and5′-ACC
UAG CAG AGA UUG AAG ACA UGCC-3′, and the
following scrambled siRNA was used as the control: 5′-
GAGUUAAAGUCAAAGUGACTT-3′ and 5′-GUCA
CUUUGACUUUAACUCTT-3′. BLAST search was per-
formed against the human genome database and the
above sequence was confirmed to be PTK7-specific. TE-
5 and TE-9 cell lines were transfected with PTK7-spe-
cific siRNA and scrambled negative siRNA at a final
concentration of 50 nM with G-fectin transfection re-
agent (Genolution Pharmaceuticals, Seoul, Korea). The
transfected cells were maintained in culture until 72 h
and were collected for analysis.

Proliferation assay
Cells (1 × 104/well) were seeded in a 96-well plate for
12 h. At different time points (i.e., 0, 24, 48, 72 h), cell
viability was evaluated using a MTT cell proliferation kit
(Roche, Mannheim, Germany), based on reduction of a
tetrazolium salt into a water-soluble formazan dye in a
living cell. Absorbance at 450 nm at each time point was
recorded for both targeted-knockdown (siPTK7) and
knockdown control (siControl) cells.

Analysis of apoptosis
Annexin V-FITC-propidium iodide (PI) double staining
was applied to analyze apoptosis among the targeted
knockdown or control knockdown cells. Cells were har-
vested, washed, and re-suspended by cold PBS at a density
of 1 × 106 cells/mL, followed by co-incubation with a mix-
ture of PI (final concentration 100 μg/mL) and Annexin
V-Alexa Fluor488 at room temperature for 15 min. Apop-
tosis was analyzed by flow cytometry with 494/518 nm set
for Annexin V detection and 535/617 nm for PI.

Cellular migration assay
Cellular migration assay was performed with trans-
well apparatus (Falcon 354480; BD Biosciences).
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PTK7-knockdown and scramble iRNA controls cells
were harvested andre-suspended with serum-free DMEM
medium at a concentration of1 × 105 cells/mL. To the
upper chamber, 100 μL of the cell suspension was added.
To the lower chamber, 500 μL of DMEM medium con-
taining 20% FBS was filled in. For negative control,
medium containing 1% FBS was filled into the lower
chamber. After incubation at 37 °C for 20 h, migrated cells
at the bottom chamber were fixed by 4% paraformalde-
hyde and stained with 0.5% crystal violet. Five microscopic
fields (magnification, ×100) were randomly photographed.
Experiments were repeated three times for statistical
analysis.

Western blot
Whole cell lysates were separated on 12% SDS-
polyacrylamide gels and were transferred to polyvinyli-
dene difluoride (PVDF) membranes. Membranes were
blocked in 5% non-fat milk in Tris-buffered saline and
0.1% Tween-20. PTK7 (Cat. 11926, Cell Signaling, USA),
E-cadherin (Cat. ab1416, Abcam, USA), and β-actin
(Cat. ab8226, Abcam, USA) antibodies were used in the
western blot analysis.

Immunohistochemistry (IHC)
Paraffin-embedded blocks of tumor or normal tissues
were deparaffinized and rehydrated, before antigen re-
trieval was performed by microwaving in citrate-buffered
solution (pH6.0). Goat serum (10%) was used for block-
ing. Sections were incubated with PTK7 antibodies over-
night in a humidified container at 4 °C. A secondary
antibody conjugated with horseradish peroxidase was
then incubated with the sections for 1 h at room
temperature. Finally, sections were stained and counter-
stained by 3, 3-diaminobenzidinetetrahy drochloride
(DAB) and hematoxylin, respectively.

Statistical analysis
Student’s tests were performed to analyze the in vitro data.
A χ2test was performed to test the correlation of positive
PTK7 staining with clinical tumor samples. A P value < 0.05
was considered significant. All tests were performed using
the SPSS 17.0 software (SPSS, Chicago, IL, USA).

Results
PTK7 is upregulated in human esophageal squamous cell
carcinoma
PTK7 has been reported to be upregulated in multiple
cancers, including those of colon, lung, gastro, and
leukemia. This prompted us to test if PTK7 is also regu-
lated in esophageal squamous cell carcinoma. We per-
formed Oncomine expression analysis for PTK7 based on
the previously published research [22, 23]. Interestingly, in
both studies, PTK7 is expressed 1.5-fold or higher in

esophageal squamous cell carcinoma than in the normal
esophageal tissues, and the difference is statistically signifi-
cant (Fig. 1a). Consistently, IHC analysis showed markedly
increased level of PTK7 in the clinical tumors samples of
esophageal squamous cell carcinoma than the adjacent
normal tissues, and strong staining is predominantly
present in the cytoplasm of the disarrayed tumor cells,
which is in agreement with its presumable subcellular
localization (Fig. 1b). Furthermore, in the clinical tumor
samples we examined, positive or strong positive stain-
ing of PTK7is correlated with most tumor samples but
not with normal adjacent tissues (Fig. 1b, χ2test, p <
0.001), strongly arguing for an oncogenic role of PTK7
in the tumorigenesis of human esophageal squamous
cell carcinoma.

Knocking down PTK7 inhibits cellular proliferation in vitro
In light of overexpression of PTK7 in the clinical tumor
samples of human esophageal squamous cell carcinoma,
we further knocked down its level in two esophageal car-
cinoma cell lines, TE-5 and TE-9, by siRNA, of which the
knockdown specificity has been confirmed [11]. Western
analysis showed that PTK7 had been efficiently decreased.
The MTT-based cellular proliferation assay for the knock-
down (siPTK7) and the control cells (siControl) suggested
that the growth of siPTK7 was significantly slower than
siControl (p < 0.01 for TE-5 and p < 0.05 for TE-9), indi-
cating a promoting role of PTK7 in tumor cell prolifera-
tion (Fig. 2a, b).Supporting this notion, overexpression of
PTK7 in both cell lines significantly promoted cell growth
(Fig. 2c, d).

Downregulation of PTK7 promotes apoptosis
To further test the role of PTK7 in cancer cell viability,
we analyzed apoptosis of siPTK7 and siControl cells by
flow cytometry. We found that siPTK7 cells had more
apoptotic cells than siControl ones. Notably, in both
cases of TE-5 and TE-9, siPTK7 cells had increased
populations of both early stage (Annexin V+/PI−) and
late stage apoptotic (Annexin V+/PI+) cells (Fig. 3a, b).
However, when PTK7 was overexpressed in both cell
lines, the apoptotic populations were decreased instead,
suggesting that PTK7 may positively regulate apoptosis
(Fig. 3c, d). Substantiating this point, we found the
major regulators and effectors of apoptosis, such as p53
and Caspases, were significantly upregulated in the
siPTK7 cells (Fig. 3e), suggesting PTK7 may play a
major role in regulating apoptosis in esophageal squa-
mous cell carcinoma.

Knocking down PTK7 decreases cellular migration in vitro
To evaluate the role of PTK7 in tumor invasion, we
compared the migration of siPTK7and siControl cells in
vitro. Transwell migration assay showed that, in both
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cases of TE-5 and TE-9, migration of siPTK7 cells was
significantly reduced by 60% or more compared with
siControl (p < 0.01) (Fig. 4a, b), suggesting a promoting
role of PTK7 in esophageal squamous carcinoma inva-
sion. Interestingly, E-cadherin level was upregulated in
siPTK7 cells (Fig. 4a, b, western blots), further suggest-
ing PTK7 may promote cell migration through downreg-
ulating epithelial-mesenchymal transition (EMT)-related
pathways (see Discussion). On the contrary, overexpres-
sion of PTK7 downregulated E-cadherin and promoted
cancer cell invasions (Fig. 4c, d).

Discussion
In this study, we found that PTK7 plays an oncogenic
role in esophageal squamous cell carcinoma. In light of

Oncomine expression analysis and IHC staining results,
we confirmed that PTK7 is overexpressed in clinical
esophageal squamous cell carcinoma tumors. These ob-
servations lead us to test the role of PTK7 in tumor cell
proliferation and migration, the hallmarks of tumorigen-
esis and metastasis. Indeed, disruption of PTK7 expres-
sion by siRNA rendered the tumor cells lose the
proliferative advantages to the undisturbed counterparts.
Importantly, more siPTK7 cells undergo apoptosis than
the controls, and major apoptotic regulators are upregu-
lated in the PTK7-knockdown cells, suggesting PTK7
may be a major regulator of apoptosis in esophageal
squamous cell carcinoma. More interestingly, disruption of
PTK7 further slowed down cellular migration in vitro, dur-
ing which the epithelial-mesenchymal transition marker

Fig. 1 PTK7 is upregulated in esophageal squamous cell carcinoma tumors. a Oncomine expression analysis of PTK7 in human esophageal squamous
cell carcinoma tumors vs. normal esophageal tissues. b IHC staining for PTK7 in clinical esophageal squamous cell carcinoma tumors and adjacent
normal tissues. The table tabulates the statistics of the negative (−), positive (+), and strong staining (++) of PTK7 in the tumors and the normal tissues.
A χ2test was performed to confirm the correlation of positive PTK7 staining with the tumor samples (χ2 = 166.318, df = 2, p < 0.001)
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gene E-cadherin was upregulated, suggesting PTK7 may
promote metastasis of esophageal squamous cell carcin-
oma. To the best of our knowledge, this is the first report
demonstrating the oncogenic role of PTK7by repressing
apoptosis in esophageal squamous cell carcinoma.
In the current study, we found PTK7 plays a signifi-

cant role in promoting tumor cell growth in esophageal
squamous cell carcinoma cell lines. When PTK7 expres-
sion was disrupted by RNAi, the tumor cells proliferated
slowly and became prone to apoptosis. PTK7 was ini-
tially identified in human colon carcinoma tissue and its

derived cell lines, but it is not expressed in normal adult
colon tissue [5]. Since it lacks conserved amino acid resi-
dues that are required for the receptor tyrosine kinase
activity, its tumor-related functions must derive from
other aspects than the kinase activity. Previous work has
suggested that PTK7 may serve as a co-receptor for dif-
ferent receptors and selectively re-route signaling path-
ways to morphogenesis and angiogenesis during
neuronal tube formation or planar cell polarity [13].
Complexed with Wnt, it also functions like a molecular
switch to toggle between canonical and non-canonical

Fig. 2 PTK7 positively regulates cell proliferation in esophageal squamous tumor cells. PTK7 level was knocked down by siRNA in human esophageal
squamous carcinoma cell lines, TE-5 (a) and TE-9 (b). PTK7 western blot (left panels) was performed to confirm the siRNA results. Proliferation of the
knockdown (siPTK7) and the control cells (siControl) was measured by MTT assays in TE-5 and TE-9 ( PTK7 was overexpressed in both TE-5 (c) and TE-9
(d) cells, cell proliferation was measured by MTT assays. (*p < 0.05, **p < 0.01, Student’s t test)

Liu et al. World Journal of Surgical Oncology  (2017) 15:105 Page 5 of 8



Wnt signaling pathways [2]. Therefore, given the versa-
tility of PTK7 and the critical role of Wnt in tumori-
genesis, we speculate that the oncogenic role of PTK7
in esophageal squamous carcinoma can be ascribed to
this “molecular switch”-like mechanism. Future work
should be directed to determine the relationship be-
tween PTK7 and the Wnt signaling pathway. Particu-
larly, the oncogenic characteristics of Wnt signaling
should be examined for esophageal squamous carcin-
oma in the context of PTK7.
Interestingly, PTK7 may also play a role in metastasis of

esophageal squamous carcinoma. PTK7-knockdown cells
show noticeably decreased migration in vitro (Fig. 4).
While further in vivo evidence awaits demonstration,
we propose that PTK7 may positively regulate metas-
tasis of esophageal squamous carcinoma. Furthermore,
E-cadherin is upregulated in the PTK7-knockdown

cells, showing a possibility that PTK7 positively regulates
metastasis by promoting epithelial-to-mesenchymal tran-
sition (EMT). Loss of E-cadherin function or expression is
a characteristic feature of cancer progression and metasta-
sis [24], wherein cellular adhesion within a tissue is re-
duced and thus facilitates cellular motility and malignant
invasion to adjacent tissues. Additionally, downregulation
of E-cadherin by an otherwise different mechanism was
reported to promote metastasis in esophageal cancer [25].
Therefore, based on the results obtained from the in vitro
proliferation and invasion assays, we propose that PTK7
positively regulates tumorigenesis and metastasis of
esophageal cancer.

Conclusions
In summary, we have provided in vitro evidence that
PTK7 promotes proliferation and migration of esophageal

Fig. 3 PTK7 negatively regulates cell apoptosis in esophageal squamous tumor cells. Apoptosis of the PTK7 knockdown cells and the control cells
was evaluated by flow cytometry after double staining of Annexin V-FITC-propidium iodide for TE-5 (a) and TE-9 (b) cells. Apoptosis of PTK7-
overexpressing and control cells was measured by flow cytometry after double staining of Annexin V-FITC and propidium iodidefor TE-5 (c) and
TE-9 (d) cells. e Quantitative real-time PCR was performed for major apoptosis regulators, and the relative mRNA levels are presented for siPTK7
vs. control cells. (*p < 0.05, **p < 0.01, Student’s t test)
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squamous cell carcinoma cells. Both Oncomine expres-
sion analysis and clinical tumor IHC confirmed that PTK7
is upregulated in esophageal tumors. The oncogenic
role of PTK7 may be dependent on its negative regu-
lation on apoptosis in the tumor cells. Therefore,
PTK7 may be a promising therapeutic target in
esophageal cancer, and its clinical implications should
be further demonstrated by extensive and meticulous
examination in clinical studies.

Abbreviations
IHC: Immunohistochemistry; PTK7: Protein tyrosine kinase-7; RTKs: Receptor
protein tyrosine kinases; VEGFR1: Vascular endothelial growth factor receptor 1

Acknowledgements
Not applicable.

Funding
This work was supported in part by Science and Technology Department of
Sichuan Province (No. 2015JY0005), Educational Department of Sichuan
Province (No. 16ZA0242, No. 17ZA0175, No. 17ZA0176), Health and Family
Planning Commission of Sichuan Province (No. 16PJ210, No. 17PJ490), and
Bureau of Science and Technology and Intellectual Property Nanchong City
(No. 15A0035, No. 14A0021).

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Authors’ contributions
KL, GS, and XZ designed the research. GS, XZ, and QL performed the
research. YZha, YZho, and RX contributed to the new reagents or analytic
tools. XH, ZT, and GF analyzed the data. KL and GS wrote the paper. All
authors read and approved the final manuscript.

Fig. 4 PTK7 positively cell invasion in esophageal squamous tumor cells. a and b western blots of PTK7 and E-cadherin were performed for the
siPTK7 and control cells in TE-5 (a, left panel) and TE-9 (b, left panel). Transwell assays were performed in TE-5 and TE-9 (a and b, middle panels).
Quantification of the results shown in (a and b, right panels). c and d PTK7 was overexpressed in TE-5 and TE-9 cells. Western blots of PTK7 and E-
cadherin (left panels), Transwell migration assays (middle panels), and the quantification of cell migration (right panels) of the PTK7-overexpressing
and control cells are presented. (mean ± S.D., n = 3, *p < 0.05, **p < 0.01, Student’s t test)

Liu et al. World Journal of Surgical Oncology  (2017) 15:105 Page 7 of 8



Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Institute of Tissue Engineering and Stem Cells, The Second Clinical Medical
College of North Sichuan Medical College, Nanchong Central Hospital,
637000 Nanchong, Sichuan Province, People’s Republic of China. 2Biotherapy
Center, Nanchong Central Hospital, Nanchong, Sichuan, People’s Republic of
China. 3Department of Biology, North Sichuan Medical College, Nanchong,
Sichuan, People’s Republic of China. 4Department of Pathology, Nanchong
Central Hospital, Nanchong, Sichuan Province, China. 5Clinical college of
North Sichuan Medical College, Nanchong, Sichuan, People’s Republic of
China.

Received: 24 November 2016 Accepted: 16 May 2017

References
1. Park SK, Lee HS, Lee ST. Characterization of the human full-length PTK7

cDNA encoding a receptor protein tyrosine kinase-like molecule closely
related to chick KLG. J Biochem. 1996;119(2):235–9.

2. Bin-Nun N, Lichtig H, Malyarova A, Levy M, Elias S, Frank D. PTK7 modulates
Wnt signaling activity via LRP6. Development. 2014;141(2):410–21.

3. Lu X, Borchers AG, Jolicoeur C, Rayburn H, Baker JC, Tessier-Lavigne M.
PTK7/CCK-4 is a novel regulator of planar cell polarity in vertebrates. Nature.
2004;430(6995):93–8.

4. Yen WW, Williams M, Periasamy A, Conaway M, Burdsal C, Keller R, et al.
PTK7 is essential for polarized cell motility and convergent extension during
mouse gastrulation. Development. 2009;136(12):2039–48.

5. Mossie K, Jallal B, Alves F, Sures I, Plowman GD, Ullrich A. Colon carcinoma
kinase-4 defines a new subclass of the receptor tyrosine kinase family.
Oncogene. 1995;11(10):2179–84.

6. Saha S, Bardelli A, Buckhaults P, Velculescu VE, Rago C, St Croix B, et al. A
phosphatase associated with metastasis of colorectal cancer. Science. 2001;
294(5545):1343–6.

7. Gorringe KL, Boussioutas A, Bowtell DD, Melbourne Gastric Cancer Group
PMMAF. Novel regions of chromosomal amplification at 6p21, 5p13, and
12q14 in gastric cancer identified by array comparative genomic
hybridization. Genes Chromosom Cancer. 2005;42(3):247–59.

8. Endoh H, Tomida S, Yatabe Y, Konishi H, Osada H, Tajima K, et al. Prognostic
model of pulmonary adenocarcinoma by expression profiling of eight
genes as determined by quantitative real-time reverse transcriptase
polymerase chain reaction. J Clin Oncol. 2004;22(5):811–9.

9. Muller-Tidow C, Schwable J, Steffen B, Tidow N, Brandt B, Becker K, et al.
High-throughput analysis of genome-wide receptor tyrosine kinase
expression in human cancers identifies potential novel drug targets. Clin
Cancer Res. 2004;10(4):1241–9.

10. Shangguan D, Cao Z, Meng L, Mallikaratchy P, Sefah K, Wang H, et al. Cell-
specific aptamer probes for membrane protein elucidation in cancer cells.
J Proteome Res. 2008;7(5):2133–9.

11. Jin J, Ryu HS, Lee KB, Jang JJ. High expression of protein tyrosine kinase 7
significantly associates with invasiveness and poor prognosis in intrahepatic
cholangiocarcinoma. PLoS One. 2014;9(2):e90247.

12. Meng L, Sefah K, O’Donoghue MB, Zhu G, Shangguan D, Noorali A, et al.
Silencing of PTK7 in colon cancer cells: caspase-10-dependent apoptosis via
mitochondrial pathway. PLoS One. 2010;5(11):e14018.

13. Peradziryi H, Tolwinski NS, Borchers A. The many roles of PTK7: a versatile
regulator of cell-cell communication. Arch Biochem Biophys. 2012;524(1):71–6.

14. Wehner P, Shnitsar I, Urlaub H, Borchers A. RACK1 is a novel interaction
partner of PTK7 that is required for neural tube closure. Development. 2011;
138(7):1321–7.

15. Winberg ML, Tamagnone L, Bai J, Comoglio PM, Montell D, Goodman CS.
The transmembrane protein off-track associates with Plexins and functions
downstream of Semaphorin signaling during axon guidance. Neuron. 2001;
32(1):53–62.

16. Shin WS, Maeng YS, Jung JW, Min JK, Kwon YG, Lee ST. Soluble PTK7 inhibits
tube formation, migration, and invasion of endothelial cells and angiogenesis.
Biochem Biophys Res Commun. 2008;371(4):793–8.

17. Peradziryi H, Kaplan NA, Podleschny M, Liu X, Wehner P, Borchers A, et al.
PTK7/Otk interacts with Wnts and inhibits canonical Wnt signalling. EMBO J.
2011;30(18):3729–40.

18. Polakis P. The many ways of Wnt in cancer. Curr Opin Genet Dev. 2007;
17(1):45–51.

19. Polednak AP. Trends in survival for both histologic types of esophageal
cancer in US surveillance, epidemiology and end results areas. Int J Cancer.
2003;105(1):98–100.

20. Ganeshan B, Skogen K, Pressney I, Coutroubis D, Miles K. Tumour heterogeneity
in oesophageal cancer assessed by CT texture analysis: preliminary evidence of
an association with tumour metabolism, stage, and survival. Clin Radiol. 2012;
67(2):157–64.

21. Yip C, Landau D, Kozarski R, Ganeshan B, Thomas R, Michaelidou A, et al.
Primary esophageal cancer: heterogeneity as potential prognostic biomarker
in patients treated with definitive chemotherapy and radiation therapy.
Radiology. 2014;270(1):141–8.

22. Su H, Hu N, Yang HH, Wang C, Takikita M, Wang QH, et al. Global gene
expression profiling and validation in esophageal squamous cell carcinoma and
its association with clinical phenotypes. Clin Cancer Res. 2011;17(9):2955–66.

23. Hu N, Clifford RJ, Yang HH, Wang C, Goldstein AM, Ding T, et al. Genome
wide analysis of DNA copy number neutral loss of heterozygosity (CNNLOH)
and its relation to gene expression in esophageal squamous cell carcinoma.
BMC Genomics. 2010;11:576.

24. Beavon IR. The E-cadherin-catenin complex in tumour metastasis: structure,
function and regulation. Eur J Cancer. 2000;36(13 Spec No):1607–20.

25. Li S, Qin X, Chai S, Qu C, Wang X, Zhang H. Modulation of E-cadherin
expression promotes migration ability of esophageal cancer cells. Sci Rep.
2016;6:21713.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Liu et al. World Journal of Surgical Oncology  (2017) 15:105 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Cell culture
	RNA interference
	Proliferation assay
	Analysis of apoptosis
	Cellular migration assay
	Western blot
	Immunohistochemistry (IHC)
	Statistical analysis

	Results
	PTK7 is upregulated in human esophageal squamous cell carcinoma
	Knocking down PTK7 inhibits cellular proliferation in vitro
	Downregulation of PTK7 promotes apoptosis
	Knocking down PTK7 decreases cellular migration in vitro

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

