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Abstract
Background: Some conventional prognostic biomarkers for esophageal squa-
mous cell carcinoma (ESCC) have the disadvantage that they have only been 
investigated at the level of either mRNA or protein levels or only in individual co-
horts. Associations between Syntaxin 3 (STX3) expression and malignancy have 
been reported in several tumor types but not in ESCC. Here, we investigated the 
levels of both STX3 mRNA and protein, and its prognostic potential in two inde-
pendent cohorts of patients with ESCC.
Methods: STX3 mRNA levels were examined in surgical specimens by quantita-
tive PCR in a cohort that included 176 ESCC patients. STX3 protein levels were 
investigated in surgically resected ESCC tissues by immunohistochemistry using 
tissue microarrays in a different cohort of 177 ESCC patients. Correlations were 
analyzed between the expression of STX3 mRNA and protein with clinicopatho-
logical factors and long-term prognosis.
Results: Quantitative PCR indicated a significant association between high level 
of STX3 mRNA expression and lymph node involvement, pathological stage, and 
poor overall survival. The multivariate analysis demonstrated that high STX3 
mRNA expression was independently associated with poor overall survival out-
comes. Immunohistochemistry revealed that STX3 protein expression in ESCC 
tissues and high STX3 protein expression were also significantly correlated with 
unfavorable overall survival.
Conclusions: Overexpression of STX3 mRNA and protein may serve as potential 
prognostic biomarkers for ESCC patients.
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1  |  INTRODUCTION

Esophageal cancer ranks as the sixth leading cause of can-
cer-related mortality globally.1 In Asian countries, the pre-
dominant histopathological type is esophageal squamous 
cell carcinoma (ESCC).2 In spite of progress in periopera-
tive multidisciplinary treatment for ESCC, the prognosis 
of patients after radical esophagectomy remains poor.3 
Thus, there is a need to determine precise prognostic bio-
markers for ESCC after radical treatment, which could 
help in optimizing postoperative treatment and follow-up 
plans for individual patients.

However, previously reported prognostic biomark-
ers for ESCC have had drawbacks in their study design, 
such as single cohort analysis or a focus on either gene 
or protein expression, which could limit their predictive 
power and validity.4–6 To overcome these limitations, it is 
important to combine gene expression and protein expres-
sion data and to validate findings in multiple independent 
cohorts.

Members of the syntaxin gene family have transmem-
brane domains that are required for membrane fusion, are 
localized to the plasma membrane, endoplasmic reticu-
lum, and Golgi apparatus, and are involved in intracellu-
lar vesicular reticulum trafficking.7–11 Syntaxin 3 (STX3) 
is involved in exocytosis12,13 and has been reported to 
promote cancer cell proliferation in breast cancer14 and 
to predict survival outcome in lung cancer,15 but no study 
has reported its role in ESCC.

This study assessed the significance of STX3 mRNA 
and protein expression for prognosis in patients with 
ESCC. For this purpose, we first assessed the correlation 
between STX3 mRNA expression in ESCC tissue sam-
ples and long-term prognosis in one cohort. Next, we 
performed immunohistochemistry (IHC) of tumor tissue 
microarrays (TMAs) obtained in another set of ESCC pa-
tients to examine the prognostic significance of STX3 pro-
tein expression.

2  |  METHODS

2.1 | Ethics

This study adheres to the ethical standards outlined in the 
Declaration of Helsinki by the World Medical Association 
regarding human subject research and received approval 
from the Ethics Committee of Nagoya University Hospital, 
Japan (approval number 2014-0043). Every participant 
gave their written consent for the utilization of their clini-
cal data and samples, as mandated by the Institutional 
Review Board.

2.2 | STX3 mRNA dataset

For the STX3 mRNA dataset, we obtained 176 primary 
ESCC tissue samples from surgically resected specimens 
of patients undergoing curative esophagectomy at Nagoya 
University Hospital from 2001 to 2016. After resecting 
tissue samples, we promptly submerged them liquid ni-
trogen and preserved them at −80°C. Patients diagnosed 
with clinical Stage II-III according to the 8th edition of 
the Union for International Cancer Control (UICC) 8th 
edition,16 underwent neoadjuvant chemotherapy (NAC) 
unless contraindicated.17 The postoperative follow-up 
strategy entailed regular physical assessments, blood tests 
including serum tumor markers, and contrast-enhanced 
CT scans quarterly, along with yearly upper gastrointesti-
nal endoscopy, all for a duration of 10 years.18

2.3 | Quantitative real-time PCR (qPCR)

To analyze STX3 mRNA expression levels in clinical spec-
imens from ESCC patients and ESCC cell lines, qPCR was 
performed as previously described.19,20 Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) mRNA served as the 
internal standard in this study,21 and expression levels in 
each sample were measured in triplicate and calculated 
as STX3 mRNA divided by GAPDH mRNA. The primers 
employed for qPCR are detailed in Table S1.

2.4 | STX3 protein dataset

For the STX3 protein dataset, we collected 177 primary 
tissue samples of ESCC patients who received radical es-
ophagectomy at Akita University Hospital, Japan from 
2000 to 2011.22 These patients did not receive any treat-
ment before curative surgery.

2.5 | TMA analysis

To investigate STX3 protein expression in ESCC tis-
sues by IHC, tissue samples were embedded in paraffin, 
and TMAs were established. TMAs incorporated three 
punched specimens from each patient to reduce variabil-
ity in tumor tissue.23 TMA blocks were incubated with a 
1:2000 dilution of mouse anti-STX3 polyclonal antibody 
(66760-1-Ig; Proteintech, Chicago, IL, USA) using anti-
body diluent, and incubated for 1 h at room temperature. 
To evaluate tissue staining, two researchers, who were not 
informed of the patients' clinical data, determined scores 
as follows: STX3 protein expression in the field with the 
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most stained cells (1000× magnification) was scored as 
3 (≥5 positive cells/field), 2 (3–4 positive cells/field), 1 
(1–2 positive cells/field), and 0 (0 positive cells/field; no 
staining).

2.6 | Cell lines

A total of 21 ESCC cell lines, specifically KYSE30, KYSE70, 
KYSE140, KYSE150, KYSE180, KYSE270, KYSE410, 
KYSE450, KYSE510, KYSE590, KYSE890, KYSE1170, 
KYSE1260, KYSE1440, NUEC2, TE1, TE2, TE3, WSSC, 
TT, and TTn, along with Het-1A, a non-cancerous epithe-
lial cell line, were purchased from the Japanese Collection 
of Research Bioresources Cell Bank (Osaka, Japan), the 
American Type Culture Collection (Manassas, VA, USA), 
or were established at Nagoya University.5 The cells were 
cultured in a humidified incubator at 37°C with an atmos-
phere composition of 5% CO2 using RPMI-1640 (Sigma-
Aldrich, St. Louis, MO, USA) supplemented with 10% 
fetal bovine serum and antibiotics.24

2.7 | Small interfering RNA 
(siRNA)-mediated knockdown of STX3

KYSE70 cells, at a density of 2 × 105 per well, were plated 
into 6-well plates, transfected with control (siControl) or 
STX3-specific (siSTX3) siRNAs, cultured in serum-free 
RPMI-1640 medium for 48 h prior to their utilization in 
western blot analysis and Simple Western assays. The ef-
ficiency of KLRG2 knockdown was determined by qPCR 
as described above. The sequences of siRNA are provided 
in Table S1.

2.8 | Western blot analysis and Simple 
Western assays

For evaluation of STX3 protein levels, cell lysis, SDS-
PAGE, and protein transfer to membranes were per-
formed according to standard procedures. Following the 
blocking step, the blots were incubated with a mouse 
anti-STX3 monoclonal antibody (66760-1-Ig; Proteintech, 
Rosemont, IL, USA) at a 1:1000 dilution, and subsequently 
with horseradish peroxidase-conjugated anti-mouse IgG 
secondary antibody (#7076; Cell Signaling Technology, 
Tokyo, Japan). The blots were treated with Can Get Signal 
Solution (NKB-101; TOYOBO, Osaka, Japan) and visual-
ized using ChemiDoc MP (Bio-Rad, Hercules, CA, USA).

To analyze proteins expressed at levels correlating 
with STX3 expression, proteins associated with major 
cancer-related signaling pathways were analyzed by the 

Simple Western system (ProteinSimple, San Jose, CA, 
USA). In this assay, 3 μg of total protein extracted from 
KYSE70 cells was probed using the following primary 
monoclonal antibodies from Cell Signaling Technology, 
each at a 1:50 dilution: PI3 Kinase Antibody Sampler Kit 
(#9655), Phospho-Akt Pathway Antibody Sampler Kit 
(#9916), mTOR Substrate Antibody Sampler Kit (#9862), 
Phospho-Erk1/2 Pathway Antibody Sampler Kit (#9911), 
Wnt Signaling Antibody Sampler Kit (#2915) and β-cat-
enin Antibody Sampler Kit (#2951). The levels of protein 
expression were normalized to β-actin levels and the data 
were processed with Compass for Simple Western soft-
ware (ProteinSimple).

2.9 | Statical analysis

The Mann–Whitney test was used for continuous vari-
ables, while the chi-squared test was applied to categori-
cal variables to evaluate differences between two groups. 
Survival curves were generated using the Kaplan–Meier 
method. Overall survival (OS) was defined as the time 
from the day of surgery to the day of death due to any 
cause, and disease-free survival (DFS) was defined as the 
time from the day of surgery to the day of any disease 
event, which includes recurrence of esophageal squamous 
cell carcinoma (ESCC).25 The Cox proportional hazards 
model was employed to calculate hazard ratios (HR) and 
95% confidence intervals (CIs) and to conduct multivari-
ate regression analysis for potential prognostic markers. 
The multivariate analysis incorporated variables that ex-
hibited p < 0.05 in the univariate analysis. All statistical 
analyzes were performed using JMP 16 software, (SAS 
Institute, Cary, NC, USA). A P value below 0.05 was estab-
lished as the criterion for statistical significance.

3  |  RESULTS

3.1 | Correlations between STX3 mRNA 
levels and clinicopathological factors and 
prognosis

In the STX3 mRNA dataset (n = 176), the median age of the 
patients was 65.5 years with an age range of 44–83 years. 
The male to female ratio was 137:39. In total 92 patients 
(52.2%) received NAC, and patients diagnosed with UICC 
pathologic Stage I, II, III, and IV were 29, 46, 91, and 10, 
respectively. Patients were categorized into two groups 
based on the third quartile cutoff of STX3 mRNA expres-
sion levels in tumor tissue, for the purpose of evaluating 
the prognostic value of STX3 mRNA expression. The low 
STX3 mRNA group had 132 patients and the high STX3 
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mRNA group had 44 patients. High STX3 mRNA expres-
sion in tumor tissues showed a significant correlation with 
pathologic lymph node involvement and advanced patho-
logic stage when analyzing the association between STX3 
mRNA expression and clinicopathologic factors (Table 1).

OS was significantly shorter in the group with high 
STX3 expression compared to the group with low STX3 
expression (HR: 1.98, 95% CI: 1.17–3.35, p = 0.011; 
Figure  1A). DFS was not significantly different between 
the two groups (HR: 1.56, 95% CI: 0.95–2.45, p = 0.079; 
Figure S1A). When analyzing initial recurrence patterns, 
there were no significant differences between the two 
groups regarding overall, nodal, local, or hematogenous 
recurrence (Figure  S1B). Subsequently, we examined a 
publicly accessible database, the Kaplan–Meier plotter 
(https:// kmplot. com/ analy sis/ index. php?p= backg round  ), 
which utilizes the RNA sequencing data from 81 ESCC pa-
tients. The patients were classified into two groups based 
on STX3 mRNA expression levels: low expression (n = 31) 
and high expression (n = 50), using a cutoff value of 1.0 
(log). Patients with high STX3 mRNA expression showed 
a tendency towards reduced OS compared to those with 
low STX3 mRNA expression, however, the difference in 
OS between the two groups was not statistically signifi-
cant (HR: 1.54, 95% CI: 0.61–3.89, p = 0.361; Figure S2).

We next performed a subgroup analysis according to 
age, sex, the administration of NAC, lymph node involve-
ment, pathological stage, and tumor differentiation status 
to assess the impact of STX3 mRNA expression levels on 
the prognosis of OS. We found significant differences in 
patients ≥65 years, those who received NAC, and the dif-
ferentiated tumor groups (Figure 1B). Multivariate anal-
ysis demonstrated that high STX3 mRNA expression was 
an independent prognostic factor for OS (HR: 1.80, 95% 
CI: 1.05–3.08, p = 0.034), as were lymphatic involvement, 
advanced pathological stage, and intramural metastasis 
(Table 2).

3.2 | Correlations between STX3 
protein levels and clinicopathological 
variables and prognosis

In the STX3 protein dataset (n = 177), the median age of 
the patients was 66 years, with an age range of 38–82 years. 
The male to female ratio was 153:24. There were 10, 44, 
79, and 44 patients diagnosed with UICC pathologic Stage 
I, II, III, and IV, respectively. IHC analysis of STX3 pro-
tein expression in ESCC tissues using TMAs was assessed 
according to the scoring system detailed in the Methods 
section. Representative photomicrographs with scores of 
0, 1, 2, and 3 are shown in Figure 2A. The final score for 
each patient was the sum of three samples (Figure  2B). 

To determine the prognostic value of STX3 protein ex-
pression in tumor tissues, patients were divided into two 
groups based on a total staining score cutoff of 3. This di-
vision created an approximate 2:1 ratio of patients with 
high versus low STX3 protein expression. There were 60 
patients in the low STX3 group (total score <3) and 117 
in the high STX3 group (total score ≥3), respectively. 
Analysis of associations between STX3 protein expression 
levels and clinicopathological variables demonstrated 
that high STX3 protein expression in tumor tissue had a 
significant correlation with tumor location, but it did not 
significantly correlate with pathological lymph node in-
volvement or advanced pathological stage (Table S2). OS 
was significantly shorter in the high STX3 group com-
pared to the low STX3 group (HR: 1.79, 95% CI: 1.01–3.19, 
p = 0.049; Figure  2C). DFS between the two groups was 
not significantly different (HR: 1.57, 95% CI: 0.95–2.58, 
p = 0.078; Figure S3).

3.3 | STX3 mRNA expression in ESCC 
cell lines

Due to there being no difference in STX3 mRNA expres-
sion by tumor differentiation in the STX3 mRNA data-
set, we examined STX3 mRNA expression levels in 21 
ESCC cell lines. The levels of STX3 mRNA expression 
were higher in 12 ESCC cell lines than the control non-
cancerous epithelial cell line (Hel-1A), and no differences 
in STX3 mRNA expression caused by variations in ESCC 
cell differentiation in the remaining cell lines (Figure S4).

3.4 | STX3 knockdown efficacy 
by siRNAs

We transfected KYSE70 with control (siControl) or STX3-
specific (siSTX3) siRNAs. Effective knockdown of STX3 
was confirmed by qPCR analysis, which demonstrated 
specific reduction of STX3 mRNA by approximately 60% 
in KYSE70 cells (Figure S5A).

3.5 | Western blot and Simple 
Western assays

We performed conventional western blot assays and con-
firmed that STX3 protein expression was suppressed in 
siSTX3-expressing KYSE70 cells compared to the levels in 
untransfected or siControl-transfected cells (Figure S5B). 
To evaluate the expression of cancer-related signaling pro-
teins and their phosphorylated forms in KYSE70 cells, we 
used the Simple Western system. Representative digital 

https://kmplot.com/analysis/index.php?p=background
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T A B L E  1  Association between the expression of STX3 mRNA and clinicopathological parameters of 176 patients with esophageal 
squamous cell carcinoma.

Parameters Low STX3 mRNA (n = 132) High STX3 mRNA (n = 44) p

Age

<65 years 61 18 0.540

≥65 years 71 26

Sex

Male 103 34 0.916

Female 29 10

Preoperative symptoms

Absent 34 7 0.181

Present 98 37

Brinkman index

<500 51 17 0.590

≥500 77 21

CEA (ng/mL)

≤5 115 39 0.792

>5 17 5

SCC (ng/mL)

≤1.5 86 22 0.079

>1.5 44 21

Tumor size

<5.0 cm 76 24 0.687

≥5.0 cm 55 20

Tumor location

Ut/Mt 80 28 0.721

Lt/Ae 52 16

Neoadjuvant chemotherapy

Absent 68 16 0.081

Present 64 28

Pathological T factor

T1/T2 51 17 1.000

T3/T4 81 27

Lymph node metastasis

Absent 52 10 0.045

Present 80 34

Pathological stage

I/II 63 12 0.018

III/IV 69 32

Tumor differentiation

Differentiated 113 38 0.901

Undifferentiated 19 6

Lymphatic involvement

Absent 36 10 0.552

Present 96 34

Vessel invasion

(Continues)
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blots (Figure  S6A) and quantification of protein expres-
sion levels (Figure  S6B) in untranfected, siControl and 
siSTX3-transfected cells is shown. STX3 silencing affected 
elements within the PI3K/Akt/mTOR pathway; p-PI3K 
and p-Akt expression were decreased by siSTX3 expres-
sion, however, p-mTOR expression was unaffected. In the 
ERK1/2 pathway, expression of p-c-RAF and p-MEK1/2 
was decreased by siSTX3 expression, but p-ERK1/2 was 
unaffected. Finally, in the Wnt/β catenin pathway, expres-
sion of Wnt5a/b, p-LRP6 and β catenin were unaffected.

4  |  DISCUSSION

In the present study, we investigated the prognostic capa-
bilities of both STX3 mRNA and protein levels in ESCC 
across two independent patient cohorts. We demonstrated 
that the patients with ESCC who had elevated STX3 
mRNA and protein expression levels experienced signifi-
cantly shorter OS, suggesting that STX3, either at the ge-
netic or protein level, could serve as a prognostic marker 
in ESCC following esophagectomy. This study is, to our 
knowledge, the first to assess the prognostic value of STX3 
in patients with ESCC.

The syntaxin family consists of 16 members. However, 
the physiological and pathological roles of all members of 
the syntaxin family remain to be elucidated.26 In breast 
cancer, STX3 has been identified as a promoter of growth 
in human breast cancer cells, and its presence in tumor 
tissues could act as an indicator of a poor prognosis.14 In 
ESCC, a previous report showed that STX6 was upregu-
lated and significantly associated with tumor size, histo-
logic differentiation, lymph node involvement, and the 
extent of tumor invasion; in addition, STX6 activity was 
associated with ESCC progression.27 However, until now, 
there have been no reports on the expression and clinical 
relevance of STX3 in ESCC.

The aim of this study was to examine the association 
between STX3 mRNA expression in surgically resected 

ESCC tissues and clinicopathologic factors. The results 
showed that high STX3 mRNA expression was correlated 
with the presence of lymph node metastasis and advanced 
pathologic stage. This suggests that STX3 contributes to 
the malignant progression of ESCC. Conversely, primary 
tumor factors such as size, depth or location were not sig-
nificantly associated with high STX3 mRNA expression. 
For these patients, postoperative treatment, follow-up 
planning, and prognostic prediction were generally im-
plemented according to the TNM classification system. 
However, this system does not reflect biological character-
istics of individual cancers and sometimes fails to accu-
rately predict the postoperative outcome.28,29 High STX3 
mRNA expression in surgical specimens could better 
identify high-risk patients who could be eligible for more 
aggressive treatments.30

In our subgroup analysis, STX3 mRNA levels were a 
prognostic factor for OS in patients ≥65 years old, those 
who did not receive NAC, and those with differentiated 
tumors. However, the results of our subgroup analysis 
should be interpreted with discretion given the small 
number of cases and the altered proportions of the two 
groups.

Similarly, we demonstrated that high STX3 protein 
expression via IHC in TMAs was significantly associated 
with shorter OS. The finding that STX3 expression at the 
protein level as well as the mRNA level could be a prog-
nostic marker has some advantages. In general, determin-
ing protein expression by IHC is easier than measuring 
mRNA expression.31 In this study, tissue specimens used 
in the TMAs were samples from ESCC patients who had 
not undergone any treatments before surgery. Therefore, 
STX3 protein expression was detected by IHC using surgi-
cally resected specimens without shrinkage or disappear-
ance of tumor. Additionally, STX3 protein expression in 
pretreatment biopsy tissues obtained by endoscopic sur-
veillance could also be useful for predicting prognosis.

We found no association between tumor differentia-
tion and STX3 mRNA expression in surgical specimens. 

Parameters Low STX3 mRNA (n = 132) High STX3 mRNA (n = 44) p

Absent 78 29 0.422

Present 54 15

Intraepithelial spread

Absent 97 34 0.618

Present 35 10

Intramural metastasis

Absent 122 41 0.868

Present 10 3

Abbreviations: CEA, carcinoembryonic antigen; SCC, squamous cell carcinoma-related antigen; STX3, Syntaxin 3.

T A B L E  1  (Continued)
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However, surgical specimens have some problems, such 
as the effect of neoadjuvant chemotherapy and heteroge-
neity.32 Therefore, we investigated the STX3 mRNA ex-
pression levels across ESCC cell lines that exhibit a range 
of differentiation degrees. We found that STX3 mRNA 
expression was increased in both differentiated and un-
differentiated ESCC cell lines. This suggests that STX3 
mRNA expression could be a prognostic factor for ESCC 
with any level of differentiation.

Nan et  al. demonstrated that STX3 activates the 
Akt/mTOR signaling pathway in breast cancer by in-
teracting with PTEN, leading to its ubiquitination and 

degradation, which in turn stimulates the PI3K/Akt sig-
naling pathway.14 However, we found that phosphoryla-
tion of mTOR was not suppressed by STX3 knockdown 
in ESCC cells whereas phosphorylation of PI3K and Akt 
was slightly decreased after STX3 knockdown. Neither 
of Phosphorylation of ERK1/2 nor expression of Wnt/β-
catenin were suppressed after STX3 knockdown. These 
findings suggested that STX3 had only a limited impact on 
intracellular signaling pathways in ESCC.

Our findings on STX3 could translate into clinical ap-
plications for ESCC. For instance, patients with high STX3 
mRNA or protein expression in biopsy or surgical resected 

F I G U R E  1  (A) Kaplan–Meier analysis of overall survival for the 176 esophageal squamous cell carcinoma patients after radical 
esophagectomy in the STX3 mRNA dataset divided into two groups in accordance with STX3 mRNA expression. (B) Subgroup analysis 
demonstrating the predictive value of STX3 mRNA expression for overall survival.
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specimens would benefit from intensive perioperative 
chemotherapy and postoperative monitoring. If the ma-
lignant functions of STX3 in ESCC can be elucidated, it 
might become a therapeutic target through the develop-
ment of nucleic acid and/or antibody drugs.33,34

There are a few limitations to this study. First, this 
study was of a retrospective nature and involved a small 
sample size. Therefore, we need to conduct a prospective 
study in a larger patient cohort to assure the validity of 
STX3 as a prognostic marker. Second, since we considered 
that STX3 plays an important role in a prognostic bio-
marker of ESCC, rather than oncogenic functions, func-
tional assays to explore the oncogenic potential of STX3 
in ESCC cells were not conducted in this study. We need 
to perform many further experiments to elucidate the 

molecular mechanisms of STX3, which could lead to an 
explanation of the correlation between high STX3 expres-
sion and poor prognosis.

In conclusion, we found a potential clinical utility for 
both STX3 mRNA and protein levels as a poor prognostic 
marker in ESCC. We would consider the clinical applica-
tion of this molecular biomarker to be a means of improv-
ing the treatment of ESCC.
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F I G U R E  2  (A) Representative images of immunohistochemical staining for STX3 protein expression in TMAs containing samples from 
the STX3 protein dataset. Examples of scores 0 (0 positive cells/field; negative), 1 (1–2 positive cells/field), 2 (3–4 positive cells/field), and 3 
(≥5 positive cells/field). Scale bars, 50 μm. (B) Representative images of cases included in the tumor microarrays. Total scores from the three 
samples were combined to obtain the final score for each case. Scale bars, 50 μm. (C) With the total from the three scores, the high STX3 
protein group was defined as scores of ≥3 or more, and the low STX3 protein group was defined as scores of <3. Kaplan–Meier analysis of 
overall survival among 177 esophageal squamous cell carcinoma patients after radical esophagectomy in the STX3 protein dataset. Patients 
were divided into two groups in accordance with the levels of STX3 protein expression.
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