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Abstract. Gastric cancer (GC) is one of the most frequently 
diagnosed types of cancer worldwide, and exploring its 
potential therapeutic targets is particularly important for 
improving the prognosis of patients with GC. The aim of 
the present study was to investigate the association between 
serine/threonine kinase 17a (STK17A) expression and GC 
prognosis. STK17A expression was measured by quantitative 
real‑time PCR, western blotting and immunohistochemical 
staining. Standard stable transfection technology was also 
used to construct overexpression and knockdown cell lines. 
Wound healing, Transwell, Cell Counting Kit‑8 and colony 
formation assays, as well as other methods, were used to 
explore the function and underlying molecular mechanism 
of STK17A in GC. The results indicated that STK17A 
overexpression significantly promoted the proliferation and 
migration of GC cells. The clinical significance of STK17A 
in a cohort of 102  cases of GC was assessed by clinical 
correlation and Kaplan‑Meier analyses. Overexpression 
of STK17A was demonstrated to be associated with tumor 
invasion depth (P<0.001), lymph node metastasis (P<0.001) 
and poor prognosis in terms of 5‑year survival (P<0.001). In 
addition, Cox multivariate analysis revealed that STK17A 
expression was an independent risk factor for overall and 
progress‑free survival (P<0.001). Therefore, STK17A may be 
a valuable biomarker for the prognosis of patients with GC.

Introduction

Gastric cancer (GC) is one of the most frequently diagnosed 
types of cancer worldwide, with an estimated 1,089,103 newly 
diagnosed cases and 768,793 deaths worldwide in 2020 (1). 
Although there are numerous different treatments for GC, 
the prognosis of patients with advanced GC remains poor (2). 
Lymph node invasion and distant metastasis are the main 
factors that result in death and poor prognosis (3). Therefore, 
it is urgent to identify novel diagnostic and prognostic 
biomarkers, which could contribute to improved outcomes in 
patients with GC.

Serine/threonine kinase 17a (STK17A; also known as 
death‑associated protein kinase‑related apoptosis‑inducing 
protein kinase 1; DRAK1) is a serine/threonine kinase. STK17A 
is a member of the death‑associated protein kinase (DAPK) 
family and acts as a positive regulator of apoptosis  (4,5). 
STK17A was recently found to serve an important role in 
cell proliferation, apoptosis, tumor metastasis and tumori‑
genesis  (6‑11). However, the association between STK17A 
expression and the development of GC remains unclear.

At present, research on the molecular function of the 
DAPK family is mainly focused on the interaction between 
phosphorylation of the myosin light chain (MLC) regula‑
tory subunit and the cytoskeleton, which leads to the 
regulation of actin stress fibers, adhesion junctions and cell 
movement  (12‑14). Recent genetic evidence indicates that 
DRAKs are involved in the regulation of cell shape and adhe‑
sion and cytoskeletal dynamics through phosphorylation of the 
Drosophila ortholog of MLC (15‑17). MLC has been identified 
as one of the few targets for STK17A phosphorylation (4). A 
study on STK17A indicated that the expression of STK17A 
induced apoptosis‑related morphological changes associated 
with membrane blistering, which was also induced by MLC 
phosphorylation  (4,18). In addition, STK17A affects cell 
contractility by regulating weak metabolism, which further 
promotes metastasis and spread. Weak metabolism is a type of 
cell death triggered by cell detachment, which is necessary for 
survival in the lymphatic and vascular systems (19). This indi‑
cates a new direction for exploring the relationship between 
STK17A and tumor invasion, progression and metastasis.
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In recent years, research on the association between 
STK17A and chemotherapy resistance has also yielded impor‑
tant results. It has been demonstrated that STK17A exhibits 
low expression in acquired drug‑resistant cell phenotypes, 
which are resistant to oxaliplatin and 5‑fluorouracil  (6). 
In MeWo cells, a malignant melanoma cell line, STK17A 
was also revealed to be associated with cross‑resistance 
to DNA‑damaging drugs (20). These results indicated that 
STK17A may mediate the response of tumor cells to chemo‑
therapy and may be important for the development of cancer 
chemotherapeutics.

The aim of the present study was to investigate the STK17A 
mRNA and protein expression in GC cells and human GC 
tissues, and determine the effects of STK17A overexpression 
and silencing on the proliferation and migration of GC cells. 
Furthermore, its association with clinicopathological character‑
istics and its significance for the prognosis of GC were explored, 
in order to determine whether STK17A may be of value as a 
prognostic factor and potential therapeutic target for GC.

Materials and methods

Clinical samples. A total of 39 GC and matched normal tissue 
samples were obtained from patients with GC (aged from 
41 to 76 years) who underwent surgical excision at the First 
Affiliated Hospital of Zhengzhou University (Zhengzhou, 
China) between October 2015 and March 2016, and were used 
for RNA extraction. Of the 39 samples, 26 were male and 13 
were female. The inclusion criteria were as follows: Definite 
diagnosis of primary gastric cancer; successful radical resec‑
tion of gastric cancer and R0 resection. The exclusion criteria 
were as fllows: Malignant tumors with other tissue origins; 
death from causes other than gastric cancer. A total of 102 
formalin‑fixed paraffin‑embedded GC samples from the 
period between January 2008 and December 2010 were also 
collected from the same hospital and STK17A immunohis‑
tochemistry was performed on all samples. No patients had 
undergone chemotherapy or radiotherapy prior to surgical 
resection. In addition, tumors were staged according to the 
TNM staging criteria of the American Joint Committee on 
Cancer (7th edition, 2010) (21). Written informed consent for 
the use of tissue samples was obtained on their behalf from all 
from all patients or their legal guardians. The use of GC tissues 
in the present study was approved by the Ethics Committee of 
Zhengzhou University.

Cell lines. Human GC cell lines used in this study included 
AGS (RPMI‑1640), HGC27 (RPMI‑1640), KATOIII (IMDM), 
MKN45 (RPMI‑1640), NCI‑N87 (RPMI‑1640), and SNU1 
(RPMI‑1640), normal gastric cell GES‑1 (RPMI‑1640), and 
293T (DMEM) were obtained from the Cell Bank of Type 
Culture Collection of Chinese Academy of Sciences. All culture 
media were obtained from GIBCO BRL Life Technologies. 
All cells were cultured in medium supplemented with 10% 
FBS and 1% penicillin‑streptomycin (all from Gibco; Thermo 
Fisher Scientific, Inc.) at 37˚C in humidified air with 5% CO2.

Reverse transcription‑quantitative (RT‑q)PCR analysis. 
Fresh tissue samples were immediately frozen in liquid 
nitrogen after surgical resection and then stored at ‑80˚C 

prior to RNA isolation. Total RNA was extracted from tissue 
samples with TRIzol® reagent (Thermo Fisher Scientific, 
Inc.) and reverse‑transcribed to cDNA using the Reverse 
Transcription for PCR Kit (Takara Bio, Inc.) according to the 
standard protocols provided by the manufacturer. qPCR was 
performed with the ABI7900HT Fast Real‑Time PCR system 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) using a 
SYBR Green PCR Kit (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The primer sequences used for STK17A 
and GAPDH are presented in Table I. The following PCR 
conditions were used: Initial denaturation at 95˚C for 2 min, 
followed by 40 cycles of denaturation at 94˚C for 15 sec, and 
annealing/extension at 60˚C for 1 min. The relative expression 
of STK17A mRNA against GAPDH was calculated using the 
2‑ΔΔCq method (22).

Tissue microarray (TMA) and immunohistochemical staining. 
Using 102 pairs of GC tissue samples and corresponding normal 
tissues, TMAs were constructed as previously described (23). 
The archived paraffin‑embedded tissue blocks (21) were cut 
into 4‑µm sections on adhesion slides and then sections were 
dried in a thermostat oven for 2 h at 65˚C. Immunocytochemical 
staining was performed using the streptavidin‑biotin complex 
method to investigate the expression of STK17A. In brief, 
tissue sections were deparaffinized in xylene and rehydrated 
in ethanol, followed by antigen retrieval in 0.1 mol/l citrate 
buffer solution (pH 6.0) in a microwave oven for ~15 min. 
After washing in PBS, the sections were blocked in 10% goat 
serum for 10 min at room temperature to eliminate nonspe‑
cific binding. The sections were then incubated overnight with 
primary anti‑STK17A polyclonal antibody (1:150 dilution; 
ab97530, Abcam) at 4˚C in humidity. In the next step, the 
sections were sequentially incubated with a biotin‑labeled goat 
anti‑rabbit IgG (cat. no. SP‑9000; Beijing Zhongshan Golden 
Bridge Biotechnology, Co., Ltd.) at a concentration of 1:100, 
at room temperature for 30 min. Finally, diaminobenzidine 
(Beijing Zhongshan Golden Bridge Biotechnology, Co., Ltd.) 
was used for color development for 1 min at room temperature, 
followed by hematoxylin (Beijing Zhongshan Golden Bridge 
Biotechnology, Co., Ltd.). counterstaining for 2 min at room 
temperature.

Two independent pathologists evaluated the immunohis‑
tochemical results in a blinded manner. STK17A‑positive 
staining intensity was scored as follows: 0, negative; 1, weak; 
2, moderate; and 3, strong. In addition, the percentage of 
STK17A‑positive cells was scored as follows: 0, <5; 1, 5‑25; 
2, 26‑50; 3, 51‑75; and 4, >75%. The final staining scores were 

Table I. Primer sequences of STK17A and GAPDH.

Gene 	 Sequences

STK17A	 q‑F: 5'‑TCTGAGTCGGCTGTTGATTTC‑3'
	 q‑R: 5'‑GGGGTGCTTTAGACATTCTTCA‑3'
GAPDH	 q‑F: 5'‑GCTGAACGGGAAGCTCACTG‑3'
	 q‑R: 5'‑GTGCTCAGTGTAGCCCAGGA‑3'

STK17A, serine/threonine kinase 17a; q, qPCR; F, forward; R, reverse.
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calculated by multiplying the scores for the percentage of 
STK17A‑positive cells and staining intensity. To divide patients 
into high‑ and normal‑expression groups, the cutoff value was 
determined by receiver operating characteristic curve analysis. 
The sections were studied using a light microscope (Olympus 
BX 53; Olympus Corporation).

Western blot analysis. Total proteins were extracted from 
GC tissues and tumor cells using ice‑cold RIPA lysis buffer 
(Thermo Fisher Scientific, Inc.). The protein concentration 
was determined using a bicinchoninic acid protein assay kit. 
Proteins (20 µg) were heated in loading buffer at 100˚C for 
10 min and separated by 10% SDS‑PAGE, followed by transfer 
onto PVDF membranes. After blocking with 5% skimmed 
milk at room temperature for 1 h, the membranes were probed 
at 4˚C overnight with primary antibodies against N‑cadherin 
(1:1,000 dilution; product no. 13116), E‑cadherin (1:1,000 dilu‑
tion; product no. 3195), vimentin (1:1,000 dilution; product 
no. 5741) and GAPDH (1:1,000 dilution; product no. 5174; all 
from Cell Signaling Technology, Inc.) and STK17A (1:1,000 
dilution; Abcam), After washing in TBST three times, the 
blots were incubated with the HRP‑conjugated secondary 
antibodies (anti‑rabbit IgG; 1:8,000 dilution, product no. 7074; 
Cell Signaling Technology, Inc.) at room temperature for 1 h. 
Finally, an enhanced chemiluminescence detection system 
(Imager 600; Amersham; Cytiva) was used to quantify the 
protein levels with enhanced chemiluminescent reagent 
(ECL; Epizyme, Inc.).

Cell Counting Kit‑8 (CCK‑8) assay. The transfected tumor cells 
were plated in a 96‑well plate at a density of 1,000 cells/well. 
CCK‑8 reagent (10 µl; Dojindo Molecular Technologies, Inc.) 

was added to 100 µl RPMI‑1640 culture medium at 1‑4 and 
5 days and the sample was incubated in a cell culture incubator 
for 2 h at 37˚C. Absorbance was detected at 450 nm using a 
microplate reader to generate a cell proliferation curve. At least 
three determinations were performed in triplicate.

Colony formation assay. Tumor cells and control cells 
were plated in triplicate in 6‑well plates at a density of 
1,000 cells/well. After 7 days of culture, the cells were fixed 
with 4% paraformaldehyde for 30 min at room temperature, 
and then stained with 0.1% crystal violet solution for 30 min 
at room temperature. Finally, images were captured and the 
number of cell colonies was counted, and clones with ≥50 cells 
were scored as actual colonies. At least three determinations 
were performed in triplicate.

Wound healing assay. Cells (AGS, HGC27, MKN45 and 
SNU1) were uniformly seeded in 6‑well plates and cultured 
to 90% confluence. The cell monolayer was washed with PBS 
and a 100‑µl pipette tip was used to scrape the bottom of the 
plate and create linear scratches. Then, the cell culture medium 
was replaced with RPMI‑1640 serum‑free medium. After 
scratching, images of the wound area were captured under a 
light microscope (Olympus CKX 53; Olympus Corporation) 
at 0 and 16 h. At least three determinations were performed 
in triplicate.

Transwell assay. Transwell experiments were performed using 
24‑well (8.0 µM) Transwell inserts (BD Biosciences). The 
cells were resuspended in serum‑free RPMI‑1640 medium, 
and 1x105  cells were seeded into the upper chamber of a 
24‑well plate. RPMI‑1640 medium supplemented with 10% 

Figure 1. STK17A is upregulated in GC. (A) GC tissues have an increased level of STK17A mRNA than their paired adjacent tissues. ***P=0.0009, paired 
t‑test. (B) The sections were studied using a light microscope (Olympus BX 53 light microscope; magnifications, x100 and x200; and scale bar, 50 µm) 
(C) STK17A protein expression was markedly increased in gastric tumor tissues than their adjacent normal tissues. (D) Real‑time PCR analysis of STK17A 
expression in normal gastric epithelial GES1 cells and GC cell lines. *P<0.05. (E) Western blotting of STK17A expression in GES1 and GC cell lines. 
STK17A, serine/threonine kinase 17a; GC, gastric cancer.
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FBS was added to the lower chamber. After culturing the 
cells in an incubator containing 5% CO2 at 37˚C for 16 h, the 
cells remaining on the surface of the membrane were removed 
with a cotton swab, and the migrated cells were fixed with 4% 
methanol solution for 30 min at room temperature, stained with 
0.1% crystal violet solution for 30 min at room temperature 
and images were captured under a light microscope.

Transfection. PEZ‑Lv201‑STK17A, psi‑LVRU6GP‑shRNA 
targeting STK17A and the corresponding control plasmids 
were purchased from GeneCopoeia, Inc.. Lentivirus containing 
STK17A and shRNA was packaged using the 3rd generation 
ViraPower™ Lentiviral Packaging Mix (Invitrogen; Thermo 
Fisher Scientific, Inc.) in 293T cells. The day before trans‑
fection, 293T cells were plated in 10‑cm dishes cultured in 
DMEM with 10% FBS. When cell density reached ~60‑80%, 
the cells were transfected with the above plasmids using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 

Inc.). The mass of lentiviral plasmid used was 20 µg and the 
ratio of the lentiviral plasmid, packaging vector and envelope 
vector was 4:3:2. After, the transfected cells were incubated at 
37˚C in a 5% CO2 incubator for ~8‑12 h, the culture medium 
was replaced with ~5‑6 ml fresh DMEM with 10% FBS. The 
supernatants containing viruses were harvested at 24 and 
48 h and concentrated by ultracentrifugation for 90 min at 
50,000 x g, 4˚C, and then stored at ‑80˚C until use.

Cells were infected with lentiviruses according to the 
protocol of the manufacturer. Briefly, cells were plated in 
24‑well plates at 1x105 cells/well, lentiviruses were added into 
culture medium separately (the volume of lentiviruses was 
calculated as an MOI of 20), and medium was refreshed after 
12 h. Puromycin was used to screen the stable cells after 72 h 
of lentiviral infection at 1.0  µg/ml as a final concentration.

Statistical analysis. SPSS 21.0 software (IBM Corp.) was 
used to perform statistical analysis. Paired two‑tailed t‑test 

Table II. Relationship between STK17A protein expression in gastric cancer tissue and its clinical pathological parameters.

	 STK17A expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological parameters	 All cases	 High	 Low	 P‑value

Sex				  
  Male	 79	 41	 38	 0.815
  Female	 23	 11	 12	
Age (years)				  
  <60	 57	 28	 29	 0.695
  ≥60	 45	 24	 21	
Lauren classification				  
  Diffuse type	 26	 17	 9	 0.018
  Intestinal and mixed type	 76	 35	 41	
Differentiation				  
  Well and moderate	 52	 30	 22	 0.384
  Poor	 50	 22	 28	
Tumor invasion depth				  
  T1/T2	 25	 2	 23	 <0.001
  T3/T4	 77	 50	 27	
Location				  
  Upper	 17	 10	 7	 0.449
  Middle	 81	 39	 42	
  Lower	 4	 3	 1	
pTNM stage				  
  I/II	 49	 9	 40	 <0.001
  III/IV	 53	 43	 10	
Lymph node metastasis				  
  Yes	 52	 41	 11	 <0.001
  No	 50	 11	 39	
Survival status				  
  Survival	 35	 5	 30	 <0.001
  Death	 67	 47	 20	

STK17A, serine/threonine kinase 17a.
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Table III. Univariate Cox regression analysis for OS and PFS in gastric cancer.

	 OS	 PFS
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical parameters	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

Age	 0.629‑1.656	 0.935	 0.621‑1.635	 0.974
Sex	 0.676‑2.086	 0.551	 0.667‑2.053	 0.583
Lauren classification	 0.800‑1.176	 0.760	 0.823‑1.207	 0.971
Differentiation	 0.595‑1.061	 0.120	 0.603‑1.708	 0.146
Tumor invasion depth	 1.444‑2.744	 <0.001	 1.417‑2.673	 <0.001
pTNM stage	 1.569‑3.181	 <0.001	 1.503‑3.014	 <0.001
Lymph node metastasis	 1.799‑5.109	 <0.001	 1.622‑4.498	 <0.001
STK17A expression	 2.846‑8.865	 <0.001	 2.573‑7.619	 <0.001

OS, overall survival; PFS, progression‑free survival; STK17A, serine/threonine kinase 17a.

Table IV. Cox multivariate regression analysis for OS and PFS in gastric cancer.

 	 OS	 PFS
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameters	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

STK17A expression	 1.871‑6.715	 <0.001	 1.744‑5.929	 <0.001
pTNM stage	 1.042‑2.299	 0.031	 1.022‑2.218	 0.039

OS, overall survival; PFS, progression‑free survival; STK17A, serine/threonine kinase 17a.

Figure 2. Survival curves plotted by employing Kaplan‑Meier estimator. (A and B) Kaplan‑Meier overall survival and progression‑free survival curves for all 
102 patients with GC stratified by high and normal expression of STK17A. (C and D) Kaplan‑Meier overall survival curves for GC patients with TNM stage I‑II 
and III‑IV. STK17A, serine/threonine kinase 17a; GC, gastric cancer.
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was performed to compare STK17A expression between 
cancer tissues and their paired adjacent tissues. In addition, 
the statistical significance of associations between STK17A 
protein expression and clinicopathological characteristics 
was analyzed using the χ2 test. Survival rates were deter‑
mined using the Kaplan‑Meier method, and survival curves 
were compared using log‑rank testing, while the prognostic 
value of STK17A was analyzed with the Cox‑proportional 

hazard model. Data from three separate experiments are 
presented as the mean values ± standard deviation (SD). The 
Student's t‑test was used for comparisons between single 
experimental groups and the control groups. Multigroup 
comparisons of the means were carried out by one‑way 
analysis of variance (ANOVA) test, followed by Dunnett's 
post hoc test. P<0.05 was considered to indicate statistically 
significant differences.

Figure 3. STK17A upregulation promotes GC cell proliferation and migration. (A) Western blotting indicated the expression of STK17A and GAPDH in 
transfected cells. (B and C) The effect of STK17A‑overexpressed expression on GC cell growth using the CCK‑8 assay. (D) Western blotting indicated the 
expression of STK17A and GAPDH in transfected STK17A‑knockdown cells. (E and F) The effect of STK17A‑knockdown on GC cell growth using the CCK‑8 
assay. (G‑I) Overexpression of STK17A increased the mean number of colonies in the colony formation assay. (J‑L) Downregulation of STK17A inhibited the 
mean number of colonies in the colony formation assay. *P<0.05 and **P<0.01. STK17A, serine/threonine kinase 17a; GC, gastric cancer; CCK‑8, Cell Counting 
Kit‑8; Ctrl, control; sh, short haiprin.
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Figure 4. STK17A downregulation inhibits GC cell proliferation and migration. (A and B) The effects of STK17A upregulation on the migratory capability of 
GC cells using the wound‑healing assay (Olympus CKX 53 light microscope, x40). (C‑F) The effects of STK17A downregulation on the migratory capability 
of GC cells using the wound‑healing assay (Olympus CKX 53 light microscope; magnification x40). The effects of STK17A (G and I) upregulation and 
(H and J) downregulation on the migratory capabilities of GC cells using the Transwell assay (Olympus BX 53 light microscope; magnification; x100). *P<0.05. 
STK17A, serine/threonine kinase 17a; GC, gastric cancer; Ctrl, control; sh, short haiprin.
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Results

STK17A is upregulated in GC. Of the 39 GC tissue specimens, 
31 (79.5%) exhibited higher STK17A mRNA expression 
compared with their paired adjacent specimens (P=0.0009; 
Fig. 1A). There was also a significant difference in STK17A 
protein levels between GC and adjacent normal tissues 
(P<0.001; Fig.  1B  and  C). Furthermore, STK17A expres‑
sion was markedly upregulated in all six GC cell lines 
detected compared to GES1 by PCR (Fig. 1D) and western 
blotting (Fig. 1E).

Upregulation of STK17A is associated with advanced 
clinicopathological characteristics of GC. The associations 
between STK17A expression and the clinicopathological 
characteristics of GC are presented in Table II. The analysis 
results demonstrated that the overexpression of the STK17A 
protein was significantly associated with Lauren classifica‑
tion (P=0.018), pTNM stage (P<0.001), tumor invasion depth 
(P<0.001), lymph node metastasis (P<0.001) and 5‑year 
survival (P<0.001). No other clinicopathological parameters, 
such as patient sex (P=0.815), age (P=0.695), tumor location 
(P=0.449) or differentiation grade (P=0.384). were found to be 
associated with STK17A expression levels.

High expression of STK17A in GC tissues is associated with 
poor patient survival. The study demonstrated that pTNM 
stage, lymph node metastasis, depth of tumor invasion and 
STK17A protein expression levels were prognostic factors for 
overall survival (OS) and progression‑free survival (PFS) in 
GC (Table III). Multivariate analysis further indicated that 
STK17A protein expression and pTNM stage were independent 
risk factors for OS and PFS (Table IV). The OS (Fig. 2A) and 
PFS (Fig. 2B) analyses revealed that patients with high expres‑
sion of STK17A exhibited shorter survival time compared with 
patients exhibiting normal STK17A expression. Furthermore, 
statistically significant differences in OS were found between 
STK17A expression in patients with pTNM stage I‑II (P=0.019) 
and those with pTNM stage III‑IV (P<0.001; Fig. 2C and D).

Upregulation of STK17A promotes the proliferation of GC 
cells. As revealed in Fig. 3, to investigate the functional effects 
of STK17A, STK17A was overexpressed in MKN45 and SNU1 
GC cells (Fig. 3A). CCK‑8 assays revealed that overexpres‑
sion of STK17A significantly promoted the proliferation of 
GC cells (Fig. 3B and C). Compared to vector‑transfected 
cells, overexpression of STK17A also significantly increased 
the mean number of colonies in the colony formation assay 
(Fig. 3G‑I). In parallel, STK17A‑knockdown stable cell lines 
were established in AGS and HGC27 cells (Fig. 3D). CCK‑8 
and colony formation assays both indicated that knockdown 
of STK17A significantly reduced the proliferation of GC cells 
(Fig. 3E and F and J‑L). These results suggested that STK17A 
could promote the proliferation of GC cells.

STK17A regulates the migration of GC cells via epithelial-
mesenchymal transition (EMT). The effect of STK17A on the 
migration ability of GC cells was further evaluated. In the 
wound healing assay, MKN45 and SNU1 cells overexpressing 
STK17A exhibited more rapid wound closure compared with 
vector‑expressing cells (Fig. 4A and B). Conversely, AGS 
and HGC27 cells with STK17A knockdown exhibited slower 
wound closure (Fig. 4C‑F). Consistently, similar results were 
obtained with the Transwell assay. STK17A overexpression 
significantly enhanced the migration ability of MKN45 and 
SNU1 cells (Fig. 4G), while STK17A knockdown in AGS and 
HGC27 cells suppressed their migration ability (Fig. 4H). 
Consistent with the aforementioned results, the western blot 
analysis results demonstrated that STK17A overexpression 
significantly increased the expression of N‑cadherin and 
vimentin, but inhibited the expression of E‑cadherin (Fig. 5A), 
while STK17A downregulation produced the opposite results, 
as predicted (Fig. 5B).

Discussion

With the continuous development of clinical diagnosis and 
treatment technology, the clinical prognosis of patients with 
GC has significantly improved. However, patients with the 

Figure 5. (A and B) Western blot analyses of the expression levels of STK17A, E‑cadherin, N‑cadherin, and vimentin in the STK17A downregulation and 
upregulation cell lines. STK17A, serine/threonine kinase 17a; Ctrl, control; sh, short haiprin.
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similar clinicopathological characteristics exhibit different 
clinical results when receiving the same therapy. Therefore, it 
is imperative to identify new biomarkers, which may accurately 
predict the prognosis of patients and develop individualized 
treatments for patients with GC.

The present study demonstrated that STK17A was upregu‑
lated at both the mRNA and protein levels in GC compared 
with adjacent normal gastric tissues. It was observed that the 
STK17A expression level was correlated with clinical and 
pathological factors, specifically tumor invasion depth and 
lymph node metastasis. On clinical outcome analysis, patients 
with STK17A overexpression exhibited significantly shorter 
survival and poorer prognosis. These data provided evidence 
that STK17A expression may be associated with the malignant 
biological behavior of GC, clinicopathological characteristics 
and prognosis of GC. Therefore, STK17A may be considered 
as a potential prognostic biomarker. It was demonstrated that 
GC patients with lymph node metastasis and greater depth of 
tumor invasion exhibited higher expression levels of STK17A, 
and these results suggested that STK17A may promote GC 
growth and metastasis. Furthermore, it was demonstrated 
through functional analysis that high STK17A expression 
enhanced the proliferation and migration of GC cells. In addi‑
tion, mechanistic studies demonstrated that STK17A promoted 
GC migration via mediating EMT.

EMT has been reported to be an important process in 
tumor occurrence and metastasis. EMT is characterized by 
loss of epithelial marker expression, increased mesenchymal 
marker expression, and enhanced migratory and invasive cell 
behaviors (24). Consistently, in the present study, upregulation 
of STK17A inhibited the expression of the epithelial marker 
E‑cadherin, while it enhanced the expression of the mesen‑
chymal markers N‑cadherin and vimentin. Furthermore, 
STK17A was shown to promote tumor cell invasion and motility 
by changing the cell‑cell and cell‑stroma interactions (25). It 
has been reported that EMT of GC cells may affect the patho‑
genesis of GC through the Wnt/β‑catenin, PI3K/AKT, and 
HGF/c-Met signaling pathways, which provides an important 
approach to the study of the relationship between cell behavior 
and EMT (26‑28).

It was previously demonstrated that, in some tumor types, 
STK17A is considered to act as a tumor promoter: STK17A 
was revealed to promote glioblastoma cell proliferation, and its 
overexpression may be considered as a biomarker for advanced 
cervical cancer (8,29). However, it was also demonstrated that 
STK17A overexpression reduced cell proliferation in testicular 
and ovarian cancer  (7). These results support the highly 
relevant specificity and dependence of STK17A function on 
cancer type. These effects may be closely associated with the 
p53‑dependent signaling mechanism, as the study revealed 
that STK17A is one of the direct and DNA damage‑inducible 
p53 target genes. Moreover, STK17A has functional and 
shared response elements upstream of the p53 pathway, which 
is involved in cell signal transduction (7,30). These findings 
provide new insight into the mechanism through which 
STK17A may promote GC cell proliferation.

There remains a limitation in this research. It has been 
demonstrated that STK17A has a close relationship with 
chemoresistance in ovarian cancer cells (6). Unfortunately, 
the association between STK17A and chemoresistance in GC 

has not been fully evaluated. This issue may be addressed in 
a future study.

In summary, STK17A was revealed to be upregulated in 
GC tissues in the present study, and high STK17A expression 
was significantly associated with clinical metastasis and poor 
prognosis in patients with GC. In addition, STK17A may 
promote cell proliferation and migration via regulation of 
EMT, thereby providing a potential therapeutic target for GC.
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