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Abstract

Background: Syntaxin4 (STX4) gene encodes the protein STX4, a member of soluble N-ethylmaleimide-sensitive
factor attachment protein receptors protein, playing a vital role in cell invadopodium formation and invasion, which
is associated with the malignant progression of various human cancers. However, the expression and prognostic
significance of STX4 in kidney renal clear cell carcinoma (KIRC) remain to be investigated.

Methods: In this study, we collected the mRNA expression of STX4 in 535 KIRC patients from The Cancer Genome
Atlasthrough the University of California Santa Cruz Xena database platform. Then we explored the expression of
STX4 in KIRC, and the relationship with clinicopathological characteristics and prognostic value. Gene Ontology and
Kyoto Encyclopedia of Genes and Genomes function enrichment analyses were used to explore the potential
mechanism of STX4 in KIRC. gRT-PCR analysis was performed toverify the above results with real world tissue
specimens.

Results: The results indicated that STX4 was up-expressed in KIRC, and were associated with higher histological
grade, advanced stage, and poorer prognosis. Moreover, elevated STX4 expression is an independent risk factor for
KIRC. gRT-PCR analysis showed that STX4 was significantly elevated in 10 paired of KIRC samples compared to
normal samples. Functional enrichment analysis indicated that endo/exocytosis, autophagy, mTOR signaling
pathway, and NOD-like receptor signaling pathway were enriched.

Conclusions: In summary, STX4 is constantly up-expressed in KIRC tissues, associated with a poor prognosis. We
suggest that it can be an effective biomarker for the prognosis of KIRC and may be a novel therapeutic target in
KIRC.
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Background

Kidney renal clear cell carcinoma (KIRC) is the main
histological subtype of the renal cell carcinoma (RCC),
accounting for 80-90% of patients [1]. KIRC was one of
the ten leading cancer types for the estimated new can-
cer cases and deaths in the United States, and it had
caused about 14,770 new deaths according to cancer sta-
tistics data in 2019 [2]. More than half of KIRC patients
are a symptomless and diagnosed incidentally on im-
aging [3]. Although nephrectomy or targeted therapies
had been implementation, approximately 30% of patients
with localized tumor eventually develop metastases and
the 5-year survival rate for patients with metastatic is
less than 10% [4, 5]. The TNM stage is usually used as
risk predictors for KIRC [6], but the outcomes for KIRC
were heterogeneous in various aspects including clinico-
pathological, molecular, and cellular heterogeneity.
Therefore, it is urgent to study the carcinogenesis and
progression of KIRC and explore new useful molecular
markers for prognosis.

Metastasis is a complex multicellular process that de-
pendents on tumor cell invasion through the extracellu-
lar matrix, a supportive scaffold that acts to
compartmentalize tissues [7]. Membrane trafficking of
cellular cargo mediated in part by soluble N-
ethylmaleimide-sensitive factor attachment protein re-
ceptors (SNAREs), a family of membrane proteins that
form complexes bridging apposed membranes and
allowing membrane fusion [8]. Syntaxin4 (STX4) is one
of SNAREs proteins implicated in the trafficking of
membrane type-1 matrix metalloproteinase (MT1-
MMP) to the plasma membrane [9]. Recent research has
shown that STX4 mediates invadopodium formation and
tumor cell invasion [10]. However, it is unclear whether
STX4 involved in the metastasis of KIRC. In this study,
we explored and identified the STX4 associated with
survival in patients with KIRC. We found that the
SNAREs protein STX4 was positively correlated with
malignant clinicopathological characteristics and was
significantly related to overall survival (OS) in patients
with KIRC. Most importantly, elevated STX4 expression
is an independent risk factor for KIRC.

Methods

Data extraction and identification of prognostic STX4 in
KIRC

The study is approved by Medical Ethics Committee of
Meizhou People’s Hospital (2020-CY-06) and in accord-
ance with the ethical standards of the institutional and/
or national research committee and with the 1964
Helsinki declaration and its later amendments or com-
parable ethical standards. We collected the mRNA ex-
pression of STX4 and clinical data of 535 KIRC patients
from The Cancer Genome Atlas (TCGA) through the
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University of California Santa Cruz Xena database plat-
form (https://xena.ucsc.edu/). Among them, 531 KIRC
patients had information regarding survival. We
matched the patients’ clinical information and STX4
mRNA expression data. The different expression of
STX4 was compared between 535 KIRC samples and 72
normal kidney samples. The correlation between the ex-
pression level of STX4 and clinicopathological character-
istics in KIRC was also assessed. Kaplan—Meier (KM)
survival curves was used for prognosis analysis using the
R packages “survival” and “survminer”, Log-rank test P
value< 0.05 was chosen to be significantly different. Fi-
nally, we validated the results using the pan-cancer data
from TCGA (32 other types of cancer) and qRT-PCR re-
sults of 10 paired of KIRC and normal real-world sam-
ples as internal and external validations, respectively.

Quantitative reverse transcription polymerase chain
reaction (qRT-PCR)

To further validate the RNA-sequencing data obtained
from TCGA, qRT-PCR analysis was performed to valid-
ate the expression of STX4 in 10 paired of KIRC and
normal samples. We collected KIRC samples and paired
adjacent normal samples from 10 patients who under-
went nephrectomies or partial nephrectomies at Meiz-
hou People’s Hospital between 2019 and 2020. Informed
consent was obtained from all patients. We extracted
total RNA using the TRIzol™ reagent (Waltham, Massa-
chusetts, USA). First-strand complementary DNA was
synthesized equal amounts of total RNA (4 pg) using the
PrimeScript RT reagent kit (Takara Bio, Inc., Dalian,
China) according to the manufacturer’s instructions. An-
alyzed by The SYBR Green PCR kit (Takara Bio, Inc.,
Dalian, China) incorporation in PCR reactions involving
specific primers and performed in the ABI 7500 fluores-
cent quantitative PCR system (Applied Biosystems Inc.,
Foster City, CA, USA). Glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH) was used as the internal control.
Thespecific primer sequences were as follows: STX4
(forward: CTGTCCCAGCAATTCGTGGAG; reverse:
CCCAGCATTGGTGATCTTCAG), and GAPDH (for-
ward: ATGACATCAAGAAGGTGGTG; reverse: CAT-
ACCAGGAAATGA GCTTG). The expression level was
also calculated using the 274" method.

Functional and pathway enrichment analyses

To identify biological functions in STX4 gene set, we
carried out a Gene Ontology (GO) classification, which
included the following categories: biological process, cel-
lular component, and molecular functions. We firstly ex-
plored the co-expressed genes with the STX4
(correlation coefficient r > 0.4, P < 0.001). Then we used
the entire co-expressed genes matrix after pre-
processing as a background, and performed GO


https://xena.ucsc.edu/

He et al. BMC Cancer (2021) 21:992

functional enrichment analysis at online tools (http://
kobas.cbi.pku.edu.cn/) [11]. We explored the Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis
with the same method.

Statistics

All data processing and statistical analysis were performed
using R (version 3.6.1; The R Foundation for Statistical Com-
puting, Vienna, Austria), Strawberry Perl (version 5.30.1.1;
http://strawberryperl.com/), and Statistical Pack/ age for So-
cial Sciences (version 25.0; IBM, Armonk, New York, USA).
Analysis of variance or z-test was used to compare the gene
expression level among different subgroups. The differences
were considered significant when P<0.05.

Results

STX4 expression was significantly up-regulated in KIRC
After matching the patients’ clinical information and
STX4 gene expression data, 535 patients with KIRC were
enrolled in the study. The 535 patients’ clinicopathological
features are shown in Table 1. After analyzing the expres-
sion levels of STX4 in 535 KIRC samples and 72 normal
kidney samples, we found that the expression of STX4 in
KIRC tissues was obviously higher compared with normal
tissues (P<0.05) (Fig. 1A). To validate STX4 mRNA ex-
pression in KIRC tissues, we performed qRT-PCR in 10
paired tumor and normal samples. Compared with normal
tissues, the expression of STX4 in KIRC tissues was sig-
nificantly elevated by qRT-PCR result (P<0.05) (Fig. 1B,C).

Up-expression of STX4 predicts poor prognosis of KIRC
Then we investigated the prognostic value of STX4 in
KIRC. According to the median expression level of
STX4, 531 patients with KIRC with survival information
were divided into the high-STX4 and low-STX4 expres-
sion groups. As shown by the Kaplan—Meier (KM) sur-
vival analysis curve, there was a close relationship
between the expression of STX4 and the survival of
KIRC patients that the high expression of STX4 caused
poor OS (HR =2.3, P< 0.001, Fig. 2A). We next investi-
gated the relationship between STX4 expression and the
clinicopathological characteristics of KIRC. Analysis re-
sults showed that the STX4 expression level was signifi-
cantly related to several clinicopathological features of
KIRC, including cancer status (P =0.003), histological
grade (P< 0.001), tumor size (T stage, P< 0.001), dis-
tant metastasis (M stage, P < 0.001), and American Joint
Committee on Cancer (AJCC) stage (P< 0.001) (Table
1). As shown in Fig. 2B, STX4 expression in KIRC tis-
sues was significantly correlated with pathological grade
(P< 0.001). Figure 2C showed the relationship between
STX4 expression and different clinical stages, and the re-
sults suggested that STX4 expression was positively cor-
related with advanced clinical stage (P < 0.001).
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Table 1 Correlations between the expression of STX4 and
clinicopathologic characteristics in KIRC

Characteristic n (%) Expression of STX4 (%) P-
High Low value
Total 535 (100) 267 (49.91) 268 (50.09)
Age 0437
ZA<60years 267 (49.91) 138 (51.7) 129 (48.1)
> 60 years 268 (50.09) 129 (483) 139 (51.9)
Gender 0.277
Female 186 3477) 99 (37.1) 87 (32.5)
Male 349 (65.23) 168 (62.9) 181 (67.5)
Cancer status 0.003
Tumor free 336 (62.8) 155 (58.1) 181 (67.5)
With tumor 148 (27.66) 90 (33.7) 58 (21.6)
Unknow 51(9.53) 22 (82) 29 (10.8)
Race 0.191
White 463 (86.54) 226 (84.6) 237 (884)
Asian 8(1.5) 4(15) 4(1.5)
Black 57 (10.65) 35(13.0) 22 (8.2)
Unknow 7 (1.31) 2(0.7) 5(1.9
Grade < 0.001
G1 14 (2.62) 8 (3.0) 6(2.2)
G2 231 (43.18) 91 (34.1) 140 (52.2)
G3 207 (38.69) 119 (44.6) 88 (32.8)
G4 75 (14.02) 48 (18.0) 27 (10.1)
Unknow 8 (1.5) 1(04) 7 (26)
T stage < 0.001
T 275 (514) 164 (614) 11 414)
T2 70 (13.08) 32(120) 38 (14.2)
T3 179 (3346) 70 (26.2) 109 (40.7)
T4 11 (2.006) 1(04) 10 (3.7)
N stage 0616
NO 240 (44.86) 118 (44.2) 122 (45.5)
N1 16 (2.99) 9(34) 7 (26)
Unknow 279 (52.15) 140 (52.4) 139 (51.9)
M stage < 0.001
MO 424 (79.25) 188 (70.4) 236 (88.1)
M1 78 (14.58) 52 (19.5) 26 (9.7)
Unknow 33 (6.17) 27 (10.1) 6(22)
AJCC stage < 0.001
Stage | 269 (5028) 110 (41.2) 159 (59.3)
Stage Il 58 (10.84) 29 (10.9) 29 (10.8)
Stage Il 123 (2299) 72 (27.0) 51 (19.0)
Stage IV 82 (1533) 54 (20.2) 28 (104)
Unknow 3(0.56) 2(0.7) 1(04)

KIRC Kidney renal clear cell carcinoma, AJCC American Joint Committee
on Cancer
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Fig. 1 Expression of STX4 mRNA in human KIRC. (A) STX4 transcription level was significantly higher in 535 KIRC tissue samples than in 72 normal
tissue samples. (B) STX4 was up-regulated in 8 of 10 KIRC tissue samples. (C) Compared with normal tissue samples, STX4 was significantly up-
regulated in tumor samples of 10 paired samples

To further validate the results, we explored the survival analysis, it is interesting that STX4 also
expression of STX4 in pan-cancer data (32 other played a prognostic role in cervical squamous cell
cancer types) from TCGA as an internal validation. carcinoma and endocervical adenocarcinoma, skin
The “high” and “low” subgroups were always de- cutaneous melanoma, and uveal melanoma (Table 2).
fined based on the mean expression value of STX4 These results suggest that STX4 functions as a
in pan-cancer. According to the result of KM tumor promoter in KIRC.
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Table 2 Kaplan-Meier survival analysis for STX4 in pan-cancer (33 types of cancer from TCGA)

Abbreviation Detail Log-rank test p value
ACC Adrenocortical carcinoma 0.277
BLCA Bladder Urothelial Carcinoma 0.702
BRCA Breast invasive carcinoma 0.954
CESC Cervical squamous cell carcinoma and endocervical adenocarcinoma 0.009
CHOL Cholangio carcinoma 0.675
COAD Colon adenocarcinoma 0618
DLBC Lymphoid Neoplasm Diffuse Large B-cell Lymphoma 0.629
ESCA Esophageal carcinoma 0.309
GBM Glioblastoma multiforme 0.098
HNSC Head and Neck squamous cell carcinoma 0438
KICH Kidney Chromophobe 0.133
KIRC Kidney renal clear cell carcinoma 0.000
KIRP Kidney renal papillary cell carcinoma 0573
LAML Acute Myeloid Leukemia 0.185
LGG Brain Lower Grade Glioma 0.888
LIHC Liver hepatocellular carcinoma 0.102
LUAD Lung adenocarcinoma 0.801
LUSC Lung squamous cell carcinoma 0.936
MESO Mesothelioma 0319
oV Ovarian serous cystadenocarcinoma 0.943
PAAD Pancreatic adenocarcinoma 0.733
PCPG Pheochromocytoma and Paraganglioma 0453
PRAD Prostate adenocarcinoma 0.161
READ Rectum adenocarcinoma 0.766
SARC Sarcoma 0442
SKCM Skin Cutaneous Melanoma 0.026
STAD Stomach adenocarcinoma 0.155
TGCT Testicular Germ Cell Tumors 0315
THCA Thyroid carcinoma 0.445
THYM Thymoma 0.656
UCEC Uterine Corpus Endometrial Carcinoma 0.832
ucs Uterine Carcinosarcoma 0.248
UVM Uveal Melanoma 0.003

Independent prognostic analysis of STX4 in KIRC

On the basis of KM survival analysis curve showing that
KIRC patients with up-expression of STX4 had obviously
poor OS, univariate and multivariate Cox regression analyses
were used to further explored whether STX4 had an inde-
pendent prognostic value in KIRC. The results showed that
there was a significantly prognostic difference between the
high-STX4 and low-STX4 expression groups in both univar-
iate (HR, 1.743; 95%CI, 1.279-2.374; P <0.001) and multi-
variate (HR, 1.625; 95%CI, 1.187-2223; P=0.002) Cox
regression analyses, which suggested that STX4 was an inde-
pendent prognostic factor in KIRC (Fig. 3A, B).

Functional and pathway enrichment analyses

GO functional enrichment analysis and KEGG analysis for
STX4 were performed to investigate the molecular function
and biological process of STX4. GO functional enrichment
analysis for proteins interacting with STX4- demonstrated that
the molecular functions cover protein binding processes, pro-
tein transport processes, and endosomal transport processes,
autophagosome, and ubiquitin binding (Table 3). KEGG ana-
lysis revealed that the endocytosis, lysosome, and proteasome
were enriched (Table 4). Meanwhile, mTOR signaling path-
way, NOD-like receptor signaling pathway, and SNARE inter-
actions in vesicular transport were also enriched (Table 4).
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Discussion

KIRC was one of the highest incidence subtypes of the
RCC with poor prognosis. Due to limited predictors
assessing the risk because of tumor heterogeneity, a part
of KIRC patients with poor prognosis might be miss ag-
gressive treatment due to a delay in diagnosis, which

Table 3 GO function analysis for proteins interacting with STX4

would decrease the survival rate of patients with KIRC
to some extent. Hence, it is crucial to identify new spe-
cific prognosis predictors for KIRC.

STX4 is one of the SNAREs proteins and is involved
in cell invadopodium formation and tumor cell invasion
[9, 10]. Research has shown that STX4 also plays an

Pathway description Pathway ID P-Value
protein binding GO:0005515 8.33E-89
cytosol GO:0005829 2.27E-32
cytoplasm GO:0005737 4.31E-30
identical protein binding G0:0042802 4.51E-10
spliceosomal complex GO:0005681 1.20E-08
molecular_function GO:0003674 540E-06
plasma membrane GO:0005886 8.27E-06
membrane GO:0016020 8.51E-06
protein transport GO:0015031 9.29E-06
protein kinase binding GO:0019901 1.06E-05
intracellular signal transduction GO:0035556 1.50E-05
protein phosphorylation GO:0006468 5.34E-05
tumor necrosis factor-mediated signaling pathway G0:0033209 7.14E-05
intracellular membrane-bounded organelle GO:0043231 0.000155436
transcription export complex GO:0000346 0.000206682
apoptotic process GO:0006915 0.000229098
endosomal transport GO:0016197 0.000322781
intracellular protein transport G0O:0006886 0.000350599
U2-type prespliceosome GO:0071004 0.000478136
autophagosome GO:0005776 0.000499235
microtubule organizing center GO:0005815 0.000522493
endomembrane system GO:0012505 0.000786406
signal transduction GO:0007165 0.000824551
ubiquitin binding GO:0043130 0.000930267
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Table 4 KEGG function analysis for proteins interacting with
STX4

Pathway description

description ID P-Value

Spliceosome hsa03040 1.00E-06
Endocytosis hsa04144 0.000147263
Choline metabolism in cancer hsa05231 0.000232401
mMRNA surveillance pathway hsa03015 0.000322781
Homologous recombination hsa03440 0.000405621
Glycerophospholipid metabolism hsa00564 0.000573028
Lysosome hsa04142 0.000672647
RNA transport hsa03013 0.000864392
Necroptosis hsa04217 0.001676903
NOD-like receptor signaling pathway hsa04621 0.001929387
C-type lectin receptor signaling pathway hsa04625 0.002830637
Epstein-Barr virus infection hsa05169 0.00314403
GnRH signaling pathway hsa04912 0.003202064
Phospholipase D signaling pathway hsa04072 0.003763014
VEGF signaling pathway hsa04370 0.003815766
mTOR signaling pathway hsa04150 0.005035986
Non-small cell lung cancer hsa05223 0.007316192
Base excision repair hsa03410 0.008263833
Pathways in cancer hsa05200 0.008968622
Proteasome hsa03050 0.009338017
SNARE interactions in vesicular transport  hsa04130 0.009352469

important role in several cancers. A research had identi-
fied the exocytosis mediator proteins STX4 in the periph-
eral blood neutrophils of patients with chronic myeloid
leukemia early in 2004 [12]. Breast cancer showed the
strongest correlation with the expression of STX4, the lat-
ter was associated with reduced patient survival in high
expression [13]. Extracellular STX4 triggers the differenti-
ation program in teratocarcinoma F9 cells that impacts
cell adhesion properties [14]. It still had not study reveal
the effect of STX4 in KIRC. Here, we screened out avail-
able datasets associated with KIRC from public databases
to confirm the function of STX4 on the oncoming, pro-
gression, and prognosis of KIRC. In this study, STX4 up-
regulation was significantly associated with unfavorable
clinicopathological features in KIRC, such as higher histo-
logical grade, larger tumor size, distant metastasis, and ad-
vanced AJCC stage. KM survival analysis curve showed
that STX4 expression had maintained a high level with a
poor OS. Furthermore, univariate and multivariate Cox
regression analyses confirmed that STX4 played an inde-
pendent prognostic role in KIRC. The qRT-PCR results
from 10 paired of KIRC and normal real-world samples
further confirmed the up-regulation of STX4 in KIRC.
This suggested that STX4 could be identified as a poten-
tial prognostic biomarker in KIRC.
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We used data of 32 other types of cancer from TCGA
to validate the aforementioned results. As the pan-
cancer analysis result shown that survival differences of
STX4 existed in several types of cancer. All results were
consistent and suggested that STX4 may serve as a
tumor promoter in KIRC.

Further research into how STX4 influences patients’
survival via GO functional enrichment analysis and
KEGG analysis. These analyses demonstrated that the
molecular functions of STX4 cover protein binding pro-
cesses, protein transport processes, endosomal transport
processes, and endocytosis, which suggest that STX4 in-
fluences the endo/exocytosis of the tumor. The fusion of
secretory vesicles and subsequent protein exocytosis are
the important mechanism of cancer cells metastasis [7].
Alterations of endo/exocytic proteins have long been as-
sociated with malignant transformation, and genes en-
coding membrane trafficking proteins have been
identified as bona fide drivers of tumorigenesis [15]. Re-
sults had demonstrated that STX4 defines a domain for
activity-dependent exocytosis in dendritic spines [16, 17]
STX4 mediated trafficking of MT1-MMP during invado-
podium formation and tumor cell invasion [10, 18].
Autophagosome, lysosome, mTOR signaling pathway,
and NOD-like receptor signaling pathway were also
enriched by GO and KEGG analyses. Autophagy is a
lysosomal-dependent pathway for intracellular degrad-
ation, leading to the basal turnover of cell components
and providing energy and macromolecular precursors.
Autophagy has opposing, context-dependent roles in can-
cer, and interventions to both stimulate and inhibit au-
tophagy have been proposed as cancer therapies [19]. In
addition, mTOR signaling pathway and NOD-like recep-
tor signaling pathway play a crucial role in regulating au-
tophagy [20-22]. STX2 to block STX3- and STX4-
mediated fusion of zymogen granules with the plasma
membrane and exocytosis and prevent binding of
ATGI6L1 to clathrin, which contributes to induction of
autophagy [23]. Thus, we speculated that STX4 may pro-
mote the tumor progression and influence the prognosis
of KIRC by regulating endo/exocytosis, and autophagy.

This study has several limitations, although it is the
first to discover the potential prognostic value of STX4
in KIRC. First, although differential STX4 expression
was detected between tumor and normal real-world
samples, the prognostic implication of this finding has
not been demonstrated. Second, only transcriptomics ex-
pression of STX4 with clinical data was analyzed to pre-
dict OS in this study. Third, the underlying mechanisms
of STX4 in KIRC remain unclear, only function enrich-
ment analyses were performed. Therefore, additional
data and samples are necessary to confirm the results of
this study. Future research is required to explore the de-
tailed molecular mechanism of STX4 in KIRC.
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In conclusion, this study demonstrated that STX4 is a
key survival-associated marker in KIRC. With a potential
role in endo/exocytosis, STX4 may be a novel thera-
peutic target in patients with KIRC.
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