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Abstract. Spindle and kinetochore‑associated protein  1 
(SKA1), a microtubule‑binding subcomplex of the outer kinet-
ochore, is essential for complete chromosomal separation. 
SKA1 has been suggested as a potential biomarker for various 
types of cancer. However, the exact role of SKA1 in esopha-
geal squamous cell carcinoma (ESCC) remains unclear. The 
present study investigated whether SKA1 affects the biological 
behavior of ESCC. The expression of SKA1 in ESCC tissues 
was measured using immunohistochemistry and reverse tran-
scription‑quantitative polymerase chain reaction. In addition, 
a SKA1‑silencing lentivirus was constructed, which was trans-
fected into TE‑1 cells to establish stable SKA1‑knockdown 
TE‑1 cells. Proliferation was analyzed using a Celigo image 
cytometer and a MTS assay. Cell cycle progression and apop-
tosis were analyzed by flow cytometry, while cell migration 
was assessed using a Transwell assay. SKA1 was significantly 
overexpressed in ESCC tissues, and SKA1 overexpression was 
significantly associated with differentiation, pathological N 
stage and pathological tumor‑node‑metastasis stage. SKA1 
was determined to be an independent prognostic factor for 
ESCC. Furthermore, SKA1 was significantly overexpressed 
in ESCC cells, and SKA1‑silencing inhibited cell proliferation 
and migration, arrested the cell cycle and promoted cell apop-
tosis. In summary, SKA1 may serve as a potential therapeutic 
target and prognostic biomarker for ESCC.

Introduction

Esophageal cancer (EC) is one of the most common types of 
malignant tumor and was the sixth most common cause of 
cancer‑associated mortality worldwide in 2018 (1). EC has 
the highest prevalence rate and was the fourth most common 
cause of cancer‑associated mortality in China in 2015 (2,3). 
Esophageal squamous cell carcinoma (ESCC) is the main 
histological type of EC, accounting for 88% of EC cases world-
wide (4). Although a combination of surgery, radiotherapy 
and chemotherapy has demonstrated good results for ESCC 
treatment, the prognosis of patients remains unsatisfactory and 
the 5‑year survival rate was 20.9% in China in 2015 (5). The 
etiology of EC includes tobacco smoking, alcohol drinking, 
low intake of fruits and vegetables, gastroesophageal reflux 
and an involvement of susceptibility‑related genes  (6,7). 
Despite advancements in the search for diagnostic and prog-
nostic markers, no specific biomarker has regularly been used 
for ESCC diagnosis (8,9). Therefore, it is imperative to iden-
tify reliable therapeutic and prognostic molecular targets for 
patients with ESCC as a guide for further adjuvant treatment.

Spindle and kinetochore‑associated protein  1 (SKA1) 
belongs to the family of spindle‑ and centromere‑binding 
proteins and is a microtubule‑binding protein  (10). The 
complex is essential for stabilizing the kinetochore‑spindle 
microtubule attachment during mitosis (11). The absence of 
SKA1 protein may result in severe chromosomal separation 
defects (11). Previously, numerous studies have highlighted the 
association between high SKA1 expression and poor prognosis 
in cancer (12,13). However, the prognostic value and functions 
of SKA1 in ESCC remain unclear. The present study aimed 
to verify the expression of SKA1 in 110 patients with ESCC 
through immunohistochemistry (IHC), and investigate the role 
and functions of SKA1 in ESCC.

Materials and methods

Patients and tissues. A total of 110 patients with complete 
clinical records who were treated at the Department of Thoracic 
Surgery, Provincial Hospital Affiliated to Shandong University 
(Jinan, China) between January 2011 and January 2013 were 
enrolled for this retrospective study. The patients included 
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89 males and 21 females, with a mean age of 61 years (range, 
31‑79  years). The clinical information of all patients is 
presented in Table I. The inclusion criteria were as follows: 
i) Patients subjected to Ivor‑Lewis esophagogastrectomy with 
thoracic and abdominal two‑field lymph node dissection (14) 
to achieve complete tumor resection as per the 2009 Union 
for International Cancer Control (UICC) standard for midtho-
racic ESCC; ii) patients restaged according to the 2009 UICC 
tumor‑node‑metastasis (TNM) staging guidelines for EC; iii) no 
residual cancer cells under the upper and lower cutting edge, 
and a lateral margin without residual focus, as demonstrated 
by pathological examination; iv) >12 lymph node dissections; 
v) no preoperative chemotherapy or radiotherapy; vi) no severe 
preoperative complications; and vii) at least a complete 3‑year 
follow‑up review and first specific recurrence location recorded. 
ESCC tissue and corresponding healthy esophageal mucosa 
(CHEM) tissue samples were collected from each patient. The 
CHEM tissue samples were obtained 5 cm from the edge of the 
ESCC tissues, and they were examined by light microscopy to 
confirm the absence of necrosis, deterioration or tumor.

IHC analysis. IHC analysis was conducted as described previ-
ously (15). Briefly, ESCC and CHEM tissues were fixed with 
4% paraformaldehyde at 4˚C for 24 h, paraffin‑embedded and 
cut into 5‑µm sections. Following blocking with goat serum 
for 30 min at 25˚C for 40 min, sections were incubated with 
anti‑SKA1 primary antibody (1:50; cat. no. ab91550; Abcam) 
at 37˚C for 1 h. After three washes with PBS, the sections 
incubated with a biotin goat anti‑rabbit IgG H&L secondary 
antibody (1:2,000; cat. no. ab6720; Abcam) for 30 min at 37˚C, 
followed by incubation with streptavidin‑horseradish peroxi-
dase for 5 min at 37˚C. Subsequently, 3,3'‑diaminobenzidine 
was added for visualization after washing with PBS three 
times. Finally, the sections were counterstained with hema-
toxylin at 25˚C for 1 min, air‑dried and mounted on a cover 
slip. SKA1 expression was observed under a light microscope 
at three magnifications (x100, x200 and x400).

The immunohistochemical score (IHS) consisted of the 
proportion score (percentage of positively stained cells) and the 
staining intensity score. The proportion score was described 
as follows: 0 (<5%), 1 (5‑24%), 2 (25‑49%), 3 (50‑74%) and 
4 (75‑100%). The staining intensity score was calculated as 
follows: 0 (negative), 1 (weak), 2 (moderate) and 3 (strong). 
The proportion score was multiplied by the staining intensity 
score to obtain an IHS for each section. SKA1 expression was 
rated as follows: High expression, HIS ≥4; and low expression, 
HIS <4. Two experienced pathologists blinded to the patient 
data independently scored the samples and agreed on a result 
through reanalysis and discussion.

Follow‑up after surgery. All patients were regularly followed‑up 
every 3‑6 months after surgery for a general physical exami-
nation, abdominal ultrasound, chest and upper abdominal 
contrast‑enhanced computed tomography scan, and positron 
emission tomography. Biopsies were used based on specific 
imaging and clinical examinations. The follow‑up was completed 
in January 2017 with a maximum follow‑up period of 60 months.

Cell culture. The human ESCC cell lines TE‑1, EC9706 and 
Eca‑109, a human esophageal epithelial cell line HET‑1A and 

293T cells were purchased from the Cell Bank of Chinese 
Academy of Sciences. ESCC cell lines and HET‑1A were 
cultured in RPMI‑1640 medium (Gibco; Thermo Fisher 
Scientific, Inc.), and 293T cells were cultured in Dulbecco's 
modified Eagle's medium (Gibco; Thermo Fisher Scientific, 
Inc.), which were both supplemented with 10% fetal bovine 
serum (Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml peni-
cillin G and 100 µg/ml streptomycin (Sigma‑Aldrich; Merck 
KGaA). All cell lines were incubated at 37˚C in 5% CO2.

Construction of recombinant lentivirus and infection. A short 
hairpin RNA (shRNA) targeting human SKA1 (SKA1‑shRNA; 
5'‑GGA​GAT​GAG​ATC​ATT​GTA​A‑3') was inserted into 
the lentivirus expression plasmid pFH‑L (Genechem, Inc.). 
Non‑silencing shRNA (5'‑GGA​GAT​GAG​ATC​ATT​GTA​A‑3') 
was used as a control (control‑shRNA). Recombinant pFH‑L 
plasmids (20 µg) and two other helper plasmids [pVSVG‑I 
(15 µg) and pCMV‑R8.92 (10 µg)] (Shanghai Hollybio) were 
transfected into 293T cells using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) to package lenti-
virus expressing SKA1‑shRNA or control‑shRNA. After 48 h, 
the supernatant was collected and the concentrated superna-
tant was used to infect TE‑1 cells (multiplicity of infection, 10) 
following titer determination. TE‑1 cells infected with 
lentivirus expressing SKA1‑shRNA or control‑shRNA were 
termed shSKA1 or shCtrl, respectively.

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). TE‑1 cells of the shSKA1 
or shCtrl groups were cultured for 48 h and cells were then 
collected for RNA extraction. TRIzol® (Invitrogen; Thermo 
Fisher Scientific, Inc.) was used according to the manufacturer's 
protocol to extract total RNA from tumor tissues and cultured 
cells. Complementary DNA (cDNA) was prepared using 
superscript III reverse transcriptase (Invitrogen; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. qPCR 
was performed using SYBR Green qPCR SuperMix (Invitrogen; 
Thermo Fisher Scientific, Inc.) to detect mRNA expression with 
the following conditions: 95˚C for 2 min; 40 cycles of 95˚C for 
15 sec and 60˚C for 1 min. GAPDH cDNA was amplified and 
used as an internal standard. The primers used were as follows: 
SKA1 forward, 5'‑TTC​CCA​TTT​GCC​TCA​AGT​AAC​AG‑3' and 
reverse, 5'‑GGA​ACA​CCA​TTG​AAC​TCA​TCA​CAA​G‑3'; and 
GAPDH forward, 5'‑GCA​CCG​TCA​AGG​CTG​AGA​AC‑3' and 
reverse, 5'‑TGG​TGA​AGA​CGC​CAG​TGG​A‑3'. Relative expres-
sion was calculated using the 2‑ΔΔCq method (16).

Western blot analysis. TE‑1 cells of the shSKA1 or shCtrl 
groups were cultured for 48 h and cells were then collected 
for total protein extraction. Total protein was extracted using 
ice‑cold radioimmunoprecipitation assay extraction and lysis 
buffer (Takara Bio, Inc.) containing a proteinase inhibitor cock-
tail (Takara Bio, Inc.). The concentration of total protein was 
determined using a BCA Protein assay kit (Nanjing KeyGen 
Biotech Co., Ltd.), according to the manufacturer's protocol. The 
extracted proteins (30 µg) were separated by 10% SDS‑PAGE 
and the separated protein bands were transferred onto nitrocel-
lulose membranes. The membranes were incubated with rabbit 
anti‑SKA1 antibody (1:500; cat. no. ab91550; Abcam) and rabbit 
anti‑GAPDH antibody (1:10,000; cat. no. ab181602; Abcam) 
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at  4˚C overnight, followed by treatment with horseradish 
peroxidase‑conjugated goat anti‑rabbit IgG H&L secondary 
antibody (1:10,000; SouthernBiotech) for 40 min at 25˚C. The 
protein bands were visualized using enhanced chemilumines-
cence substrate (Thermo Scientific Inc.). The expression of all 
proteins was normalized against that of GAPDH.

Cell count assay. TE‑1 cells of the shSKA1 and shCtrl groups 
were seeded into 96‑well plates (1,500 cells/well) and incu-
bated at 37˚C under 5% CO2 for 4 days. The cell count assay 
was performed using a Celigo Imaging Cytometer (Nexcelom 
Bioscience), according to the manufacturer's protocol. The 
captured cell images were analyzed using Celigo software 
(Nexcelom Bioscience).

Cell viability assay. CellTiter 96® AQueous One Solution 
assay kit was used to detect cell viability. Briefly, TE‑1 cells 
(2x103/well) of the shSKA1 and shCtrl groups were seeded 
in 96‑well plates. After 1, 2 or 3 days of incubation, the cells 
were treated with 5 mg/ml MTS reagent and incubated for 4 h 
at 37˚C. Following incubation, the supernatant was used to 
measure the optical density (OD) at a wavelength of 490 nm 

using a microplate reader. All experiments were performed 
in triplicate. Cell viability was calculated using the following 
equation: Cell viability (%)=(OD value of tested group/OD 
value of shCtrl group) x100%.

Cell cycle analysis. TE‑1 cells of the shSKA1 and shCtrl groups 
were seeded in six‑well plates (4x105/well). After 2 days, the cell 
cycle was analyzed using propidium iodide (Sigma‑Aldrich; 
Merck KGaA) staining for 30 min at 37˚C and flow cytometry 
(Cytomics FC 500 MPL, Beckman Coulter, Inc.). Results were 
analyzed using ModfitLT, version 2.0 (Verity Software House 
Inc.). All experiments were performed in triplicate.

Apoptotic assay. The ApoScreen Annexin V Apoptosis kit 
(Southern Biotech) was used to label apoptotic cells, according 
to the manufacturer's protocol. Following culture for 48 h, 
TE‑1 cells of the shSKA1 or shCtrl groups were harvested 
and stained with Annexin V‑APC, followed by flow cytometry 
analysis (FACSCalibur; Becton, Dickinson and Company) 
after 15 min of incubation at 25˚C. Results were analyzed 
using BD FACSDiva software (version 8.0; Becton, Dickinson 
and Company). All experiments were performed in triplicate.

Table I. Association of SKA1 expression with clinicopathological features of patients with ESCC.

	 SKA1 expression level
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 Total (n=110)	 Low (n=42)	 High (n=68)	 P‑value

Age, years				    0.152
  <50	 23	 12	 11	
  ≥50	 87	 30	 57	
Sex				    0.322
  Male	 89	 32	 57	
  Female	 21	 10	 11	
Tumor size, mm				    0.576
  <30	 20	   8	 12	
  30‑50	 52	 22	 30	
  >50	 38	 12	 26	
Differentiation degree 				    0.018a

  High 	 16	 11	   5	
  Moderate 	 52	 19	 33	
  Low 	 42	 12	 30	
Pathological T stage				    0.527
  T1	   4	   2	   2	
  T2	 26	 12	 14	
  T3+T4	 80	 28	 52	
Pathological N stage				    0.017a

  N0	 28	 16	 12	
  N1+N2	 82	 26	 56	
Pathological TNM stage				    0.045a

  I+II	 30	 16	 14	
  III+IV	 80	 26	 54	

aP<0.05 as determined by a χ2 test. TNM, tumor‑node‑metastasis
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Migration assay. TE‑1 cells (4x104) of the shSKA1 and 
shCtrl groups were seeded onto the upper chamber of 
a Transwell plate in serum‑free RPMI‑1640 medium. 
RPMI‑1640 medium (600 µl) with 20% fetal bovine serum 
(Gibco; Thermo Fisher Scientific, Inc.) was added to the 
lower chamber of the Transwell plate. After 48 h, the migra-
tion of cells to the lower chamber of the Transwell plate was 
determined. Cells were stained with 0.1% crystal violet in 
20% ethanol for 10 min at 25˚C, and the number of cells was 
counted in five independent fields under a light microscope 
(magnification, x200). All experiments were performed in 
triplicate.

Statistical analysis. SPSS 19.0 software (SPSS, Inc.) was used 
for all statistical analyses. The significant difference in SKA1 
expression between tumor and para‑tumor samples was evalu-
ated using a χ2 test. The Kaplan‑Meier method was used to 
analyze the survival rate and the significance of the survival 
difference was calculated using a log‑rank test. Independent 
prognostic factors were determined through Cox regression 
multivariate analysis. Statistical comparisons between two 
groups were analyzed using an unpaired Student's t‑test. 
Statistical analysis for more than two groups was performed 
using one‑way ANOVA followed by a post‑hoc least significant 
difference test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

SKA1 is significantly overexpressed in ESCC tissues. As 
presented in Fig. 1A, SKA1 expression was predominantly 
detected in the cytoplasm of tumor cells. SKA1 protein expres-
sion was markedly higher in ESCC tissues compared with in 
CHEM tissues (Fig. 1A). Of the 110 samples, 68 (61.8%) tumor 
samples and only 29 (26.4%) CHEM samples exhibited a high 
SKA1 expression. In addition, SKA1 mRNA expression was 
significantly higher in ESCC tissues compared with in CHEM 
tissues (Fig. 1B).

SKA1 overexpression is associated with clinicopathological 
parameters. The association between SKA1 expression and 
clinicopathological parameters is presented in Table I. No 
significant associations were identified between SKA1 expres-
sion and age, sex, tumor size or pathological T stage. However, 
SKA1 overexpression was significantly associated with differ-
entiation, pathological N stage and pathological TNM stage 
(Table I).

SKA1 protein overexpression is associated with the prog‑
nosis of patients with ESCC. Follow‑up data were available 
for all patients included in the present study. The results of 
Kaplan‑Meier analysis indicated that the overall 5‑year survival 
rate was 27.27%. Patients with high SKA1 protein expression 
had a 5‑year survival rate of 17.64%, compared with a survival 
rate of 42.85% for patients with low SKA1 expression (P<0.01; 
Fig. 2). The results of multivariate analysis revealed that patho-
logical TNM stage and SKA1 protein overexpression were 
independent prognostic factors for ESCC (Table II).

SKA1 is significantly overexpressed in ESCC cells. The 
mRNA expression of SKA1 in the human ESCC cell lines 
TE‑1, EC9706 and Eca‑109, and a human esophageal epithe-
lial cell line HET‑1A was investigated through RT‑qPCR 
analysis. It was identified that the expression of SKA1 mRNA 
was significantly higher in TE‑1, EC9706 and Eca‑109 cells 
compared with in HET‑1A cells (Fig. 3). Among the ESCC 
cell lines, the SKA1 mRNA level was highest in TE‑1 cells. 
Therefore, TE‑1 cells were selected for the following assays.

Expression of SKA1 is downregulated in TE‑1 cells following 
transfection with lentivirus‑mediated shRNA. To evaluate 
the functions of SKA1 in ESCC cells, SKA1 expression was 
knocked‑down by lentivirus‑mediated shRNA transfection. 
The mRNA and protein expression levels of SKA1 were evalu-
ated using RT‑qPCR and western blot analysis, respectively. 
In comparison with the shCtrl group, the cells transfected 
with shSKA1 demonstrated a marked reduction in the mRNA 

Figure 1. SKA1 is significantly overexpressed in ESCC tissues. (A) SKA1 expression was detected by immunohistochemistry staining of ESCC tissues 
(n=110) and the CHEM tissues (n=110). (B) SKA1 mRNA expression levels in ESCC tissues (n=110) and CHEM (n=110) tissues were measured by reverse 
transcription‑quantitative polymerase chain reaction. **P<0.01. CHEM, corresponding healthy esophageal mucosa; ESCC, esophageal squamous cell carci-
noma; SKA1, spindle and kinetochore‑associated protein 1.
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and protein expression levels of SKA1 (Fig. 4). Therefore, 
lentivirus‑mediated shRNA knockdown was demonstrated to 
serve as an effective strategy to knockdown SKA1 expression 
in EC cells.

SKA1‑knockdown suppresses the proliferation of TE‑1 cells. 
Celigo image cytometry analysis and an MTS assay were used 
to evaluate the effect of SKA1‑knockdown on the proliferation 
ability of TE‑1 cells. As presented in Fig. 5A and B, the cell 
number in the shSKA1 group was significantly lower compared 
with that in the shCtrl group at days 1‑4. In addition, the results 
of the MTS assays demonstrated that the percentage of cell 
viability in the shSKA1 group was significantly lower compared 
with that of the shCtrl group at days 1, 2 and 3 (Fig. 5).

SKA1‑knockdown arrests cell cycle progression and induces 
the apoptosis of TE‑1 cells. It was identified that the proportion 
of cells in the G1 and S phases was significantly higher in the 
shSKA1 group compared with in the shCtrl group (Fig. 6A). 
In addition, apoptosis analysis revealed that the apoptosis rate 

was significantly higher in the shSKA1 group compared with 
in the shCtrl group (Fig. 6B). In summary, these results suggest 
that silencing SKA1 expression in TE‑1 cells may lead to cell 
cycle arrest at the G1/S phase and promote apoptosis.

SKA1‑knockdown suppresses the migration ability of TE‑1 
cells. To determine the role of SKA1 expression in ESCC 
metastasis, the present study investigated the association 
between SKA1 expression and TE‑1 cell migration ability. 
The results demonstrated that the number of migratory 

Figure 2. Kaplan‑Meier survival analysis. Patients with ESCC from the high 
SKA1 expression group exhibited significantly lower survival rates compared 
with those from the low SKA1 expression group. ESCC, esophageal squa-
mous cell carcinoma; SKA1, spindle and kinetochore‑associated protein 1.

Table II. Results of multivariate Cox regression analysis. 

Variable	 B	 SE	 Wald	 P‑value	 HR	 95% CI

Differentiation	 0.103	 0.185	 0.310	 0.578	 1.109	 0.771‑1.594
Pathological N stage	 0.484	 0.349	 1.921	 0.166	 1.622	 0.819‑3.215
Pathological TNM stage	 0.823	 0.323	 6.476	 0.011	 2.278	 1.208‑4.293
SKA1 expression	 0.553	 0.255	 4.724	 0.030	 1.739	 1.056‑2.864

SE, standard error; HR, hazard ratio; CI, confidence interval; TNM, tumor‑node‑metastasis; SKA1, spindle and kinetochore‑associated 
protein 1.

Figure 3. SKA1 is significantly overexpressed in ESCC cells. The mRNA 
expression levels of SKA1 in the human ESCC cell lines TE‑1, EC9706 and 
Eca‑109, and a human esophageal epithelial cell line HET‑1A were measured 
by reverse transcription‑quantitative polymerase chain reaction. ***P<0.001 
vs. HET‑1A cells. ESCC, esophageal squamous cell carcinoma; SKA1, 
spindle and kinetochore‑associated protein 1.

Figure 4. Expression of SKA1 in TE‑1 cells is downregulated following 
lentivirus‑mediated shRNA transfection. SKA1 (A) mRNA and (B) protein 
expression levels were analyzed using RT‑qPCR and western blotting, 
respectively. ***P<0.001 vs. shCtrl. SKA1, spindle and kinetochore‑associated 
protein 1; shRNA, short hairpin RNA; shCtrl, cells transfected with control 
shRNA; shSKA1, cells transfected with SKA1 shRNA.
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cells per field was significantly lower in the shSKA1 
group compared with in the shCtrl group, indicating that 
the migration ability was significantly reduced in the cells 
lacking SKA1 expression compared with the control cells 
(Fig. 7).

Discussion

ESCC is a highly invasive type of malignant tumor with a high 
probability of lymph node metastasis. The incidence rate of 
ESCC is high worldwide, particularly in China (4). The iden-
tification of ESCC‑associated oncogenes and the evaluation of 
their molecular and biological functions are critical to under-
stand the molecular mechanism underlying the carcinogenesis 
of ESCC.

The present study identified that SKA1 expression 
was upregulated in ~61.82% of ESCC tissues compared 
with CHEM tissues, as demonstrated by an IHC assay. In 
comparison with CHEM tissues, ESCC tissues demonstrated 
an increase in the mRNA expression of SKA1. SKA1 is local-
ized on chromosome 18q21.1, is ~30 kDa in size and consists 
of 255 amino acid residues (17). SKA1 is an indispensable 
component essential for the stable binding of the kinetochore 
and microtubule. The formation of the SKA complex ensures 
the correct positioning of the spindle and kinetochore, and 

promotes transition throughout the process of mitosis (18‑20). 
Evidence suggests that SKA1 may serve as a diagnostic 
molecular marker or independent prognostic factor for various 
malignant tumors. SKA1 expression is positively associated 
with recurrence, perineural invasion and poor survival in 
primary salivary adenoid cystic carcinoma (13). Furthermore, 
the expression of SKA1 has been reported to be increased 
in hepatocellular carcinoma and can serve as a prognostic 
marker (21). Consistent with the results of previous studies, the 
present study identified that SKA1 overexpression is associ-
ated with cancer cell differentiation, pathological N stage and 
pathological TNM stage in ESCC. These findings suggest that 
SKA1 overexpression may serve as an independent prognostic 
factor for ESCC.

SKA1 acts as an oncogene and is closely associated with 
the proliferation, apoptosis and migration of tumor cells. 
SKA1 regulates tumor development and knockdown of 
SKA1 expression results in inhibition of cell proliferation, 
induction of cell cycle arrest and promotion of apoptosis 
in hepatocellular carcinoma (22) and bladder cancer (23). 
Furthermore, knockdown of SKA1 expression also reduces 
the proliferation and migration of non‑small cell lung 
cancer (24) and adenoid cystic carcinoma (25) cells. SKA1 
promotes prostate tumorigenesis by enhancing centriole 
over‑duplication and centrosome amplification  (26). 

Figure 5. SKA1‑knockdown significantly suppresses the proliferation of TE‑1 cells. (A) Representative images (magnification, x100) and (B) cell counts 
determined using Celigo image cytometry. (C) The cell viability of TE‑1 cells was assessed using a MTS assay. ***P<0.001 vs. shCtrl. SKA1, spindle and 
kinetochore‑associated protein 1; shCtrl, cells transfected with control short hairpin RNA; shSKA1, cells transfected with SKA1 short hairpin RNA.
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However, to the best of our knowledge, no study has reported 
the function of SKA1 in ESCC. The present study identified 
that SKA1 expression is significantly increased in ESCC 
cells and that SKA1‑silencing can inhibit cell proliferation 
and migration, arrest cell cycle progression, and promote 
cell apoptosis. These results suggest that SKA1 is an onco-
gene and that the downregulation of SKA1 expression may 
markedly inhibit tumorigenicity, which is consistent with the 
results of previous studies (22‑25). In summary, these results 
suggest that SKA1 may be a potential therapeutic target for 
the targeted treatment of ESCC.

The present study had certain limitations. Firstly, in vivo 
experiments were not performed to further confirm the effect 
of SKA1‑knockdown on the growth of subcutaneous tumors 

and lung metastasis. Secondly, the regulatory mechanism of 
SKA1 in ESCC was not studied. Future studies are required to 
further confirm the potential of SKA1 as a therapeutic target 
for the targeted treatment of ESCC.

In conclusion, the present study identified that SKA1 is 
overexpressed and serves as a prognostic marker in ESCC. 
SKA1‑silencing suppressed the development of ESCC, 
suggesting that it could be a potential therapeutic target for 
the treatment of ESCC. However, further research is required 
to determine the mechanism underlying the upregulated 
expression of SKA1 in ESCC and its involvement in the 
generation and development of ESCC. Taken together, our 
findings indicate that SKA1 is a potential therapeutic target 
and a prognostic biomarker for ESCC.

Figure 7. SKA1‑knockdown significantly suppresses the migration of TE‑1 cells. A cell migration assay was performed in a Transwell chamber without 
Matrigel. Representative images (magnification, x200) from triplicate experiments are presented. The bar graphs present the number of migratory cells for 
each group. ***P<0.001 vs. shCtrl. SKA1, spindle and kinetochore‑associated protein 1; shCtrl, cells transfected with control short hairpin RNA; shSKA1, cells 
transfected with SKA1 short hairpin RNA.

Figure 6. SKA1‑knockdown arrests cycle progression and promotes TE‑1 cell apoptosis. (A) Cell cycle progression was analyzed using flow cytometry. The 
bar graph represents the quantification of cells in the G1, S and G2 phases in each group. (B) Apoptosis was measured through flow cytometry analysis. The 
bar graph represents the quantification of apoptotic cells per group. ***P<0.001 vs. shCtrl. SKA1, spindle and kinetochore‑associated protein 1; shCtrl, cells 
transfected with control short hairpin RNA; shSKA1, cells transfected with SKA1 short hairpin RNA.
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