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Abstract. Spermatogenesis associated serine rich 2 (SPATS2), 
recognized as a cytoplasmic RNA‑binding protein, is impli‑
cated in the tumorgenicity of several cancers. However, the 
potential role of SPATS2 in esophageal squamous cell carci‑
noma (ESCC) is yet to be elucidated. The present study aimed 
to explore the functional implication of SPATS2 in ESCC. The 
ESCC cell lines Eca109 and KYSE‑150 were used to conduct 
loss‑of‑function experiments. The expression patterns of 
SPATS2 in patients with ESCC were obtained from Oncomine, 
The Cancer Genome Atlas and Genotype‑Tissue Expression 
databases. Reverse transcription‑quantitative PCR and 
western blot analysis were applied to determine the expression 
levels of SPATS2 in ESCC cells. The proliferation of ESCC 
cells was measured via cell proliferation and colony‑formation 
assays. Subsequently, the migration and invasion capacities of 
ESCC cells were observed using Transwell assays. Finally, the 
expression levels of P53, cyclin E, matrix metalloproteinase 
(MMP)‑9 and neuronal‑cadherin were determined via western 
blot analysis. SPATS2 was expressed at higher levels in ESCC 
tissues compared with the controls, and high expression of 
SPATS2 was associated with poor prognosis. ESCC cell line 
proliferation, migration and invasion abilities were suppressed 
after silencing SPATS2. Moreover, following knockdown of 
SPATS2, the proteins cyclin E, MMP‑9 and N‑cadherin were 
expressed at markedly decreased levels, while P53 expres‑
sion was increased. In summary, the results of the present 
study suggest that SPATS2 promotes ESCC development and 
progression, providing potential insights into future ESCC 
targeted treatment.

Introduction

Esophageal cancer, one of the most common malignancies 
worldwide, can be stratified according to its pathology into 
two subtypes: Esophageal squamous cell carcinoma (ESCC) 
and esophageal adenocarcinoma (1,2). At present, the majority 
of esophageal cancers take the form of ESCC (3). The early 
clinical symptoms of ESCC are not obvious, while at the late 
stages the disease is associated with lymphatic and hematog‑
enous metastasis (4). In recent years, progress has been made 
in the screening, diagnosis and treatment of ESCC; however, 
its incidence is still very high and the prognosis remains not 
ideal, accompanied by a lower survival rate (5). Due to the 
lack of biomarkers for early detection and prognosis (6), the 
5‑year survival rate is <10% after treatment with surgery and 
chemoradiotherapy (7). Therefore, it is important to identify 
accurate clinical diagnosis and prognostic markers for ESCC, 
and to establish new targets for the treatment of these tumors.

The spermatogenesis associated serine rich 2 (SPATS2) 
gene product is a predicted cytoplasmic RNA binding protein 
that has been reported to serve a tumorigenic role in several 
types of tumors, such as colorectal cancer and prostate 
cancer (8,9). A previous study found that SPATS2 was signifi‑
cantly upregulated in colorectal cancer and promoted cancer 
cell survival by targeting small nucleolar RNA host gene 5 (9). 
Ngollo et al  (10) reported that SPATS2 was enriched and 
interacted with H3K27me3 to promote prostate cancer aggres‑
siveness. In lung cancer, Takamochi et al (11) discovered that 
SPATS2 acted as a marker to discriminate squamous cell 
carcinoma and adenocarcinoma. SPATS2L, an important 
paralog of SPATS2, is potentially associated with ribosomal 
processes and translational control  (12), and ribosomal 
biogenesis has been demonstrated to regulate cell growth and 
proliferation (13). Meanwhile, SPATS2L was also established 
to serve a role in the occurrence and progression of hepatocel‑
lular carcinoma, in combination with microRNA‑1269a (14). 
However, the function of SPATS2 in ESCC remains largely 
unclear.

The present study aimed to investigate the relationship 
between the expression of SPATS2 and the prognosis of 
patients with ESCC. In addition, the regulation of SPATS2 on 
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the proliferation, apoptosis, invasion and migration of ESCC 
cells was also explored in this study.

Materials and methods

Data acquisition. Expression patterns of SPATS2 in ESCC 
tissues were assessed using data obtained from the Oncomine 
database (version  4.5, https://www.oncomine.org; dataset 
GSE20347) including 17 esophageal and 17 ESCC tissues. 
Additional data from The Cancer Genome Atlas (TCGA; 
https://cancergenome.nih.gov/) database containing 182 ESCC 
tissues and 13 normal tissues (adjacent to the tumor) were used 
to confirm the expression of SPATS2 in ESCC. The expres‑
sion of SPATS2 in ESCC was further compared in an analysis 
using tumor tissue data from the TCGA database (n=182) and 
normal tissues from the TCGA database (n=13) and samples 
from the Genotype‑Tissue Expression (GTEx) database 
(n=273). The data from the TCGA and GTEx databases was 
processed using the Gene Expression Profiling Interactive 
Analysis (GEPIA1; http://gepia.cancer‑pku.cn/) website. 
Prognostic analysis directed at SPATS2 in patients with ESCC 
was acquired from the GEPIA website.

Cell culture. Cell lines, including the ESCC cell lines Eca109, 
KYSE‑150 and TE‑1, and normal control cell line human 
esophageal epithelial cells (HEEC) were purchased from The 
Cell Bank of Type Culture Collection of the Chinese Academy 
of Sciences. Cells were incubated in RPMI‑1640 (Gibco; 
Thermo Fisher Scientific, Inc.) culture solution with 10% 
fetal bovine serum (FBS, Gibco; Thermo Fisher Scientific, 
Inc.), 100  U/ml penicillin (Shanghai Qiaoxing Trading 
Co., Ltd.; http://www.bridge‑star.com/qiaoxing2012‑Prod‑
ucts‑18067360/) and 0.1  mg/ml streptomycin (Shanghai 
Qiaoxing Trading Co., Ltd, China) at 37˚C and 5% CO2.

Cell transfection. Lipofectamine 2000 transfection reagent 
(Thermo Fisher Scientific, Inc.) was used to transfect Eca109 
and KY‑SE150 cells in the logarithmic growth stage, according 
to the manufacturer's guidelines. After  24 h, transfection 
efficiency was determined and subsequent experiments were 
performed. The sequences of small interfering si‑SPATS2 
(20 nM) and si‑control (con; 25 nM) were synthesized by 
Shanghai GenePharma Co., Ltd., and the primer sequences 
were as follows: si‑SPATS2#1: 5'‑GCA​CTT​TGT​TAG​TGA​
ACG​TAA‑3'; si‑SPATS2#2: 5'‑CCC​GAT​GTA​GCT​CAG​TTA​
CAT‑3' and si‑con: 5'‑AAT​TCT​CCG​AAC​GGT​CAC​GT‑3'.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was extracted from Eca109 and 
KY‑SE150 cells using TRIzol® reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) and then reverse transcribed into 
cDNA using SuperScript III reverse transcriptase (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. The thermocycling conditions of the RT reaction 
was as follows: Initial annealing at 37˚C for 8 min, extension 
at 42˚C for 1 h and termination at 85˚C for 2 min. SYBR Green 
Master Mix (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) was used to determine the relative expression of mRNA. 
The thermocycling procedure was incubation at  95˚C for 
5 min, followed by 40 cycles of 95˚C for 30 sec and 60˚C for 

45 sec before a further 72˚C incubation for 30 min. GAPDH 
was used as an internal control to evaluate mRNA expression. 
The relative expression of mRNA was analyzed using the 
2‑ΔΔCq method (15) and the primer sequences were as follows: 
SPATS2 forward, 5'‑CTT​TGT​CCC​CAA​CCC​TCT​CC‑3' and 
reverse, 5'‑GAT​CCT​CCA​CCT​CCC​CTT​CT‑3'; and GAPDH 
forward, 5'‑GCT​CTC​TGC​TCC​TCC​TGT​TC‑3' and, reverse: 
5'‑AAG​TGG​TCG​TTG​AGG​GCA​ATG‑3'.

Western blot analysis. Protein was extracted from treated cells 
including Eca109 and KY‑SE150 using RIPA buffer (Beijing 
Solarbio Science & Technology Co., Ltd.) with protease inhibitor 
(PMSF; Abcam) and quantified using a bicinchoninic acid 
protein assay kit (Thermo Fisher Scientific, Inc.). Equal amounts 
of protein (20  µg) were separated using 12% SDS‑PAGE, 
and then transferred onto PVDF membranes. Subsequently, 
the membranes were incubated in 5% skimmed milk for 1 h 
at room temperature and then incubated with primary anti‑
bodies (Abcam), including SPATS2 (cat. no. ab122495; 1:500), 
cyclin E (cat.  no.  ab33911; 1:1,000), P53 (cat.  no.  ab32389; 
1:1,000), matrix metalloproteinase (MMP‑9; cat. no. ab73734; 
1 µg/ml), N‑cadherin (cat. no. ab202030; 1:500), and GAPDH 
(cat. no. ab181602; 1:10,000) at 4˚C overnight. After washing 
the membranes with TBS‑Tween‑20 (0.1%) three times, they 
were incubated with secondary antibody goat anti‑rabbit IgG 
H&L (cat. no. ab205718; 1:2,000; Abcam) at room temperature 
for 1 h. After washing the membranes three times with TBS‑T, 
the signals were detected using enhanced chemiluminescent 
reagent (Beyotime Institute of Biotechnology) and densitometry 
was estimated using Quantity One software (v4.6.6; Bio‑Rad 
Laboratories, Inc.). GAPDH was used as a normalization control.

Cell proliferation assays. Cell Counting Kit‑8 (CCK‑8) 
reagent (Dojindo Molecular Technologies, Inc.) was used to 
assess the viability of Eca109 and KY‑SE150 cells according 
to the manufacturer's protocol. Cells in the logarithmic phase 
were transfected with si‑SPATS2 for 24 h, and then cultured 
in 96‑well plates at a density of 1x103 cells/well under the 
aforementioned culture conditions (37˚C with 5% CO2). A 
total of 10 µl of CCK‑8 reagent was added into each well and 
the cells were cultured for 1.5 h at 37˚C. The optical density 
values were measured at 0, 24, 48 and 72 h at a wavelength of 
450 nm using a microplate reader.

Colony‑formation assays. Cell colony‑formation capabili‑
ties were estimated in the logarithmic phase. Cells including 
Eca109 and KY‑SE150 were inoculated into a 60 mm culture 
dish at a density of 400 cells/dish and incubated at 37˚C and 
5% CO2 for 1‑2 weeks. When visible clones appeared, the 
culture was terminated. Colonies were fixed with 4% para‑
formaldehyde for 20 min and stained with 0.1% crystal violet 
for 30 min at room temperature. At least three images of the 
colonies were captured under a light microscope (magnifica‑
tion, x400) and counted.

Transwell assay. The invasion and migration abilities of 
Eca109 and KY‑SE150 cells were determined using Transwell 
chambers (Corning, Inc.) with or without Matrigel (BD 
Biosciences). For cell invasion assays, the chambers were 
pre‑coated with Matrigel. Coating was performed by adding 
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100  µl Matrigel into the upper chamber of the Transwell 
chamber of the 24‑well plate, shaken evenly and placed in a 
CO2 incubator at 37˚C for 4‑6 h to form a gel. Cell migration 
assays did not require the chambers to be pre‑coated. A total 
of 100 µl cell suspension (containing 5x103 cells, excluding 
serum) was added into the upper chamber and 500 µl complete 
RPMI‑1640 medium was added into the lower chamber. After 
incubation at 37˚C for 24 h and removal of the residual cells on 
the surface of upper chamber, the invasive and migratory cells 
were fixed with 4% paraformaldehyde for 30 min and stained 
with 0.1% crystal violet for 20 min at room temperature. A 
total of 5 fields were randomly selected and images captured 
by a light microscope (magnification, x400).

Statistical analysis. All experiments were repeated at least three 
times. Experimental data was analyzed using SPSS version 
22.0 (IBM Corp.) and GraphPad Prism version 5.0 (GraphPad 
Software, Inc.). Unpaired Student's t‑test was performed to 
analyze the difference between two groups and one‑way ANOVA 
analysis with Dunnett's post hoc test was performed for compar‑
ison among multiple samples. Survival curves were analyzed by 
the Kaplan‑Meier method and log‑rank test. In survival analysis, 

ESCC patients were divided into a high expression group and 
low expression group according to SPATS2 expression level. 
The median expression level values were used to define high and 
low expression of SPATS2 in ESCC, the median value in tumor 
was calculated to be 14.92 whereas in that the normal group is 
6.31. All experiments were independently repeated three times. 
*P<0.05 was considered statistically significant.

Results

High expression of SPATS2 is associated with a less favor‑
able overall survival time in patients with ESCC. In order to 
explore the function of SPATS2 in ESCC, SPATS2 expression 
patterns in patient samples were derived from a number of 
public databases. Data acquired from Oncomine indicated that 
SPATS2 was expressed at higher levels in ESCC tissues (n=17) 
compared with normal tissues (n=17; Fig.  1A; P<0.0001). 
SPATS2 was also upregulated in patients with ESCC compared 
with normal tissues according to data from TCGA, including 
182 tumor tissues and 13 normal tissues (Fig. 1B; P<0.01). A 
comparison of cancer samples and normal tissue data derived 
from TCGA including 182 tumor tissues and 13 normal tissues 

Figure 1. SPATS2 is upregulated in ESCC samples and is associated with a poor prognosis in patients with ESCC. (A) Data from Oncomine revealed that 
SPATS2 was upregulated in ESCC tissues compared with normal tissues (n=17), ***P<0.001 vs. normal tissues. (B) Data from TCGA including 182 tumor 
tissues and 13 normal tissues indicated that SPATS2 is upregulated in ESCC tissues **P<0.01 vs. normal tissues. (C) Data from TCGA (182 tumor tissues 
and 13 normal tissues) and Gene and Tissue Expression database (273 normal tissues) revealed that SPATS2 was upregulated in tumors compared with the 
normal tissues, *P<0.05 vs. normal tissues. (D) Patients with high expression of SPATS2 had a less favorable overall survival time, analyzed by gene expression 
profiling interactive analysis. P=0.014. (E) Expression of SPATS2 was significantly increased in ESCC cell lines compared with normal cell line, **P<0.01 vs. 
HEEC. ESCC, esophageal squamous cell carcinoma; HEEC, human esophageal epithelial cells; SPATS2, spermatogenesis‑associated serine rich 2; TCGA, 
The Cancer Genome Atlas.
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and GTEx containing 273 normal tissues revealed that SPATS2 
was upregulated in tumor tissues by contrast to normal tissues 
(Fig. 1C; P<0.05). Moreover, high expression of SPATS2 was 
associated with a shorter survival time in patients with ESCC 
(Fig. 1D; P=0.014).

Subsequently, the mRNA expression of SPATS2 was investi‑
gated in three ESCC cell lines, Eca109, KY‑SE150 and TE‑1, and 
the normal cell line HEEC. As indicated in Fig. 1E, the expres‑
sion of SPATS2 was significantly increased in ESCC cell lines 
compared with a normal cell line (P<0.01). These data indicate 
that SPATS2 was upregulated in ESCC tissues and cell lines and 
was associated with a poor prognosis in patients with ESCC.

Knockdown of SPATS2 suppresses cell proliferation in ESCC. 
To further investigate the association between SPATS2 and 
ESCC progression, two ESCC cell lines, Eca109 and KYSE‑150, 
were examined. Of the ESCC lines investigated, SPATS2 was 
expressed at the highest levels in these two cell lines (Fig. 1E). 
siRNA was transfected in order to silence SPATS2 in ESCC 
cells. As indicated in Figs. 2A‑C and 3A‑C, the expression of 
SPATS2 was suppressed at both the mRNA and protein level 
after transfection with si‑SPATS2 when compared with si‑con, 
providing a basis for subsequent experiments (P<0.01).

A CCK‑8 kit was used to determine ESCC cell viability. The 
results indicated that Eca109 and KYSE‑150 cell proliferation 

Figure 2. Silencing SPATS2 represses Eca109 cell proliferation, colony formation, migration and invasion capabilities. (A) mRNA levels and (B) representa‑
tive western blots indicated that SPATS2 expression decreased after cells were transfected with si‑SPATS2, compared with control. (C) Western blotting 
densitometry. (D) Cell proliferation was reduced after transfection with si‑SPATS2 compared with control. (E) Representative images of colonies formed. 
(F) Number of colonies formed was significantly decreast after transfection with si‑SPATS2 compared with si‑con. **P<0.01 vs. si‑con. con, control; si, small 
interfering; SPATS2 spermatogenesis‑associated serine rich 2. (G) Representative images of migratory and invasive cells. (H) Statistical analysis indicated 
that migratory and invasive cell numbers declined after knockdown of SPATS2, compared with si‑con. Scale bar=200 µm, **P<0.01 vs. si‑con. con, control; si, 
small interfering; SPATS2 spermatogenesis‑associated serine rich 2.
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Figure 4. SPATS2 is associated with key proteins associated with esophageal squamous cell carcinoma progression. (A) Representative western blots of 
cyclin E, MMP‑9, N‑cadherin and P53 in Eca109 cells were (B) quantified after knockdown of SPATS2 using si‑SPATS2#2. **P<0.01 vs. si‑con. con, control; 
MMP, matrix metalloproteinase; si, small interfering; SPATS2 spermatogenesis‑associated serine rich 2.

Figure 3. Knockdown of SPATS2 suppresses KY‑SE150 cell proliferation, colony formation, invasion and migration abilities. (A) mRNA levels and (B) repre‑
sentative western blots of SPATS2 in KY‑SE150 cells after treatment with si‑SPATS2 and si‑con. (C) Densitometry of western blots. (D) Silencing of SPATS2 
inhibited KY‑SE150 cell proliferation. (E) Representative images and (F) the number of clones in KY‑SE150 cells after siRNA‑mediated knockdown of 
SPATS2 (G) Representative images and (H) numbers of invasive and migratory KY‑SE150 cells. Scale bar=200 µm, **P<0.01 vs. si‑con. con, control; si, small 
interfering; SPATS2 spermatogenesis‑associated serine rich 2.
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was significantly inhibited at 48 and 72 h after knockdown of 
SPATS2 when compared with the control (Figs. 2D and 3D; 
P<0.01).

According to the observed link between cell viability and 
SPATS2 expression, a colony formation assay was designed 
to assess the influence of SPATS2 on ESCC cells. The results 
indicated that colony formation ability was significantly 
decreased after knockdown of SPATS2, compared with the 
control (Figs. 2E‑F and 3E‑F; P<0.01). Taken together, the 
current findings indicate that downregulation of SPATS2 
repressed the proliferation of ESCC cells.

SPATS2 serves an active role in migration and invasion of 
ESCC cells. Next, a Transwell assay was used to explore the 
migration and invasion abilities of ESCC cells, after silencing 
of SPATS2. As revealed in Figs. 2G‑H, and 3G‑H, migratory 
and invasive cells numbers declined after knockdown of 
SPATS2 in contrast with the si‑con group (P<0.01). The results 
suggested that downregulation of SPATS2 suppressed the 
migratory and invasive capacity of ESCC cells.

Silencing SPATS2 has a significant effect on key proteins 
in ESCC progression. In the present study, Eca109 cells were 
used to assess changes in the expression of proteins associated 
with ESCC progression after knockdown of SPATS2 with 
si‑SPATS2#2. Following knockdown, the expression levels of 
cyclin E, MMP‑9 and N‑cadherin were significantly decreased 
compared to cells treated with si‑con group, while P53 was 
significantly upregulated (Fig.  4A  and  B, P<0.01). Taken 
together, the data suggest that SPATS2 may influence ESCC 
cell proliferation, invasion and migration abilities, partly via 
regulating expression of cyclin E, MMP‑9, N‑cadherin and P53.

Discussion

In the present study, SPATS2 was determined to be upregu‑
lated in ESCC tissues and cells, and this was significantly 
associated with a less favorable prognosis in patients with 
ESCC. Subsequently, RNA interference experiments revealed 
that knockdown of SPATS2 inhibited ESCC cell proliferation, 
migration and invasion. In addition, knockdown of SPATS2 
influenced the expression of key proteins associated with the 
progression of ESCC. Taken together, the present data indicate 
that SPATS2 may facilitate tumorigenesis in ESCC via its 
influence on cell proliferation, migration and invasion.

ESCC has inconspicuous early symptoms, high incidence 
and poor prognosis, and for these reasons developing new 
approaches to treatment is important (16). Numerous possible 
biomarkers of ESCC have been reported, but none have been 
widely applied to guide clinical studies (6). As SPATS2 is a 
relatively recently discovered gene, limited research into its 
potential roles has been performed (8). The earliest study into 
SPATS2 reported that its expression was induced by bisphenol 
A downregulation in oral epithelial cells  (17). Recently, 
increased expression of SPATS2 was found both in colorectal 
and prostate cancer (9,10). As the upstream interaction protein 
of SPATS2, neuroblastoma RAS viral oncogene homolog 
(NRAS) plays an important role in the occurrence and metas‑
tasis of various cancers, including colorectal (18), primary 
thyroid (19), lung (20) and bladder cancer (21). In the present 
study, SPATS2 was revealed to be highly expressed in ESCC 

tissues and cells, and silencing of SPATS2 had negative effects 
on cell proliferation, invasion and migration. The present 
data together with previous reports indicates that SPATS2 
may serve an active role in the occurrence and progression of 
ESCC.

Alterations in the mechanism controlling apoptosis and cell 
cycle progression influence the pathogenesis of different human 
neoplasia (22). P53, as a tumor suppressor gene, is influences 
numerous types of cancer, including ESCC (23). P53 dysfunc‑
tion is frequently observed in tumors and regulates molecular 
mechanisms underlying tumor progression (24). Cyclin E is a 
key regulatory factor of the cell cycle (25), promoting DNA 
duplication and centrosome replication in the late G1 stage, 
and is highly expressed in cancers of the digestive system (26). 
MMPs are important contributors to metastasis and have 
been revealed to promote cell invasion in numerous human 
cancers (27). MMP‑9 is a protease, which is upregulated in the 
majority of malignancies (28), including ESCC, and has been 
demonstrated to enhance cell invasion and metastasis (29). 
N‑cadherin promotes the invasion of cancer cells and is highly 
expressed in a range cancer types. Expression of N‑cadherin 
in epithelial cells causes changes in morphology to a fibro‑
blastic phenotype, causing the cells to become more motile 
and invasive (30). In addition, N‑cadherin has been reported to 
promote cell adhesion and regulate tumor progression (31). All 
of these genes are crucial to the development of tumors and 
are regarded as makers for tumor progression. Therefore, in 
the present study, in order to explore the molecular mechanism 
of ESCC following SPATS2 depletion, P53, MMP‑9, cyclin 
E and N‑cadherin levels were assessed. The results indicated 
that protein expression of MMP‑9, cyclin E and N‑cadherin 
decrease compared with the control, after silencing of 
SPATS2. By contrast, P53 was significantly upregulated. The 
aforementioned results indicate that SPATS2 may affect the 
proliferation, migration and invasion abilities of ESCC cells 
via regulating the expression of these proteins. Notably, a 
limitation of the present research was the lack of in  vivo 
experiments to confirm the current results.

In summary, SPATS2 was highly expressed in ESCC tissues 
and cells, and its upregulation was significantly associated 
with a poor prognosis in patients with ESCC. Furthermore, 
knockdown of SPATS2 suppressed cell proliferation, invasion 
and migration abilities by regulating key proteins involved in 
ESCC progression. The current findings suggest that SPATS2 
expression may be an important factor in the prognosis of 
patients with ESCC, providing a new potential target for the 
treatment of ESCC tumors.
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