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Abstract
Objective: Gastric ancer is a common cancer with high cancer-related death in the world Although, ASPN
has been reported as a potential biomarker in some cancers, the relationship of ASPN and clinical
pathologic features in gastric cancer has not been investigated thoroughly. Thus, the aim of study is to
evaluate the function of ASPN in gastric cancer based on TCGA.

Materials and methods: The gene expression data (407 cases, Workflow Type: HTSeq-Counts) and
corresponding clinical information were downloaded from the TCGA Genomic Data Commons data
portal. We performed the NES and nominal p value to evaluate the pathways enriched in each phenotype.
Then, we analyzed the association with ASPN and clinicopathologic variables based on Wilcoxon signed-
rank test and logistic regression.

Result: We found that it was signi�cantly different in ASPN expression between gastric cancer and
normal tissue (P<0.001). High ASPN expression was significantly associated with high stage (Odds ratio
(OR)=3.656 for stage II vs stage I and OR=0.014 for stage III vs stage I), T classi�cation (OR=13.304 for
T2 vs T1, OR=20.769 for T3 vs T1 and OR=24.857 for T4 vs T1) (all p-values< 0.05). Univariate analysis
revealed ASPN could result in poor overall survival with HR=1.004 and P=0.036. Besides, multivariate
analysis indicated that ASPN expression was an independent risk factor for overall survival (HR:1.010,
P=0.000), age (HR: 1.046, P=0.002) and gender (HR: 1.623, P=0.026). Besides, GSEA results showed that
Pentose phosphate pathway, Base excision repair, Peroxisome, Protesome, Nucleotide excision repair, and
Mismatch repair were differentially enriched in gastric cancer with high ASPN expression phentype.

Conclusion: ASPN expression is higher in gastric cancer than normal tissues, and considered ASPN as a
potential independent molecular marker for diagnosis and prognosis of GC.

Introduction
Gastric cancer (GC) is one of the most common cancer n malignant tumors in the digestive system and
remains the high cause of cancer-related death following lung and liver cancer in the world[1]. It is one of
the most common malignant tumors in digestive system[2]. The people in Asia and Eastern Europe is
suspetible to the gastric cancer, particular in China, and Middle and South America is also a comon
certain areas of gastric cancer. There are differences in the occurence of disease in differernt geographic
areas, with remarkly higher incidences of gastric cancer in local populace[3]. The location of occurence of
gastric cancer is alomost mainly in the gastric antrum cancer and gastric carcinoma, and there is a
gradually increase of gastroesophageal junction carcinoma[4]. Although the exact cause of gastric
cancer is unclear, abnormal molecular mechanism and signaling pathways is associated with the poor
prognosis and survivlal rate in cancer. It is reported that the prognostic value of some molecules were
performed to evaluate the screening and diagnosis of gastric cancer[5, 6]. Therefore, we should focus
more attention on novel tumour markers with su�cient sensitivity and speci�citly to promote the early
diagnosis and prognostic prediction in gastric cancer patients.
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Asporin (ASPN) belongs to the small leucine-rich proteoglycan (SLRP) family and serves important roles
in diverse biological responses and disease conditions. ASPN could promote proliferation and colony
formation in gastric cancer cell lines[7] Besides, it could promote gastric cancer cell proliferation by
interacting with proteasome 26S subunit non-ATPase 2 (PSMD2) and then promoting the degradation of
downstream effectors, which may play an important role in the tumor microenvironment of certain
cancers. Ding et al[8] suggested that ASPN could enhance the growth and migration of cancer cell by
regulating epidermal growth factor receptor (EGFR) signaling and the apoptosis pathway in gastric
cancer. ASPN secreted by cancer-associated �broblasts (CAFs) or cancer cells could promote the
invasion and migration of cancers by regulating the epithelial to mesenchymal transition (EMT) or
interacting with cell-membrane receptors[9–11]. It is reporeted reported that ASPN as the hub genes
asporin were demonstrated to have prognostic value for patients with gastric cancer.[5] Liu et al[12] also
reported that ASPN was constructed with a good performance in predicting overall survivals based on
integrated bioinformatics analysis. ASPN in peripheral blood samples of patients with the disease
suggest that expression pro�le of candidate gene could be used as a biomarker for predicting the
development and progression of knee OA[13]. Ahthough, the previous study showed that ASPN may be a
carcinogenic effect in gastric cancer based on bioinformatic analysis, and expression of ASPN predicts
favorable results in gastric cancer patients[5, 7]. However, the actions of ASPN in clinical signi�cance and
prognostic of gastric cancer is unclear.

In recent years, The Cancer Genome Atlas (TCGA), the application of high-throughput platforms,
coutribute very valuable in the evaluation of diagnosis and prognosis of cancer in clinical research. In this
study, we will explore the clinical diagnosis and prognosis value of ASPN in gastric cancer according to
TCGA database. And then, we also further evaluate signalling pathways of gastric cancer pathogenesis-
associated ASPN regulatory networks based on Gene Set Enrichment Analysis (GSEA).

Materials And Methods

RNA-sequencing patient data and bioinformatics analysis
The gene expression data (407 cases, Work�ow Type: HTSeq-Counts) and corresponding clinical
information were downloaded from the TCGA Genomic Data Commons data portal
(https://portal.gdc.cancer.gov/repository). Those patients included 32 normal samples and 375 gastric
cancer patients. RNA-Seq gene expression level 3 HTSeq-Counts data for adenomas and
adenocarcinomas gastric cancer were downloaded and used for further analysis..

Gene Set Enrichment Analysis
GSEA is a computational method that determines whether an a priori de�ned set of genes shows
statistically signi�cant, concordant differences between two biological states[14]. In this study, we
uploaded the datasets and phenotype label �les associated with ASPN into GSEA software. ASPN-high
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and ASPN-low groups of phenotype label �les were analyzed in GSEA. It is 1000 times for each analysis
of ASPN in gene get permutations. We performed the normalized enrichment score (NES) and nominal p
value to evaluate the pathways enriched in each phenotype. Gene sets with a normal P-value < 0.05 and
false discovery rate (FDR) < 0.25 ere used to sort the pathways enriched in each phenotype.

Statistical analysis
R software (v.3.6.1) was uesd to analyze all gene data. Besides, Wilcoxon signed-rank test and logistic
regression were used to evaluate the relationship betweens ASPN expression and clinical pathologic
features. Cox regression and the Kaplan–Meier method were used to explore clinicopathologic factors
related to overall survival in ASPN expression of gastric cancer. Multivariate Cox analysis was performed
to evaluate the action of ASPN expression on survival along with other clinical factors including age,
gender, grade, tumor grade, T, N (lymph node metastasis) and M (Tumor metastasis). The median value
was used to determine the the cutoff value of ASPN expression. Besides, High-ASPN expression and low-
ASPN expression was evaluated according to the median values.

Results

Patient characteristics
As in showed in Table 1, there were 241 (64.26%) males and 134 (35.74%) females with the median age
at diagnosis of 65.69 years. The survival time was 504.17 days according to patients with gastric cancer.
There were 10 cases (2.67%) in Grade1, 136 cases (36.26%) in Grade 2, 220 cases (58.67%) in Grade 3
and 9 cases (2.40%) in Grade X. There were 52 patients (13.87%) in Stage I, 114 (30.40%) patients in
Stage II, 149 (39.73%) patients in Stage III and 38 (10.13%) patients in Stage IV, and 22 (5.87%) patients
was unknown. 112 (29.87%) of 375 patiens had lymph node metastases (Pelvic and Para-aortic). 45
(12.00%) of 375 patients had distant metastases.
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Table 1
Patient characteristics of gastric cancer in TCGA database
Clinical characteristics Total(375) %

Age at diagnosis (y) 65.69(Year)  

survival time 504.17(Day)  

Gender Male 241 64.26

  Female 134 35.74

Survival status Live 244 65.06

  dead 131 34.94

Grade G1 10 2.67

  G2 136 36.26

  G3 220 58.67

  GX 9 2.40

Stage Stage I 52 13.87

  Stage II 114 30.40

  Stage III 149 39.73

  Stage IV 38 10.13

  Unkonwn 22 5.87

Lymph nodes Negative 261 69.60

  Positive 112 29.87

  Unkonwn 2 0.53

Distant metastasis Negative 330 88.00

  Positive 45 12.00

Association With Aspn Expression And Clinicopathologic
Variables
According to the Fig. 1, there was signi�cantly different in ASPN expression between gastric cancer and
normal tissue (P < 0.001). The expression of ASPN in gastric cancer were correlated signi�cantly with
clinical stage (P < 0.001), histological stage (P < 0.001) and T classi�cation (P < 0.001). Besides, there
was no signi�cantly different in ASPN expression wth clinical factors including age, gender, M and N
classi�cation (P > 0.05).
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The logistic regression of ASPN expression showed that it was associated with clinical pathological
characteristics.(Table 2) There was remarkable relationship bewteen ASPN expression and stage
classi�cation (stage II vs stage I, OR = 3.656, P < 0.001 and stage III vs stage I, OR = 2.313, P = 0.014) and
T classi�cation (T classi�cation T2 vs T1, OR = 13.304, P = 0.014; T3 vs T1, OR = 20.769, P = 0.003; and
T4 vs T1, OR = 24.857, P = 0.002). The ASPN expression in gastric cancer was not remarkably related with
age, gender, grade (G2 vs G1 and G3 vs G1), N classi�cation (N1 + N2 + N3 vs N0) and M classi�cation
(M1 vs M0). The results showed that the expression of ASPN could indicate the stage classi�cation and
Lymph nodes metastasis of cancer.

Table 2
ASPN expression associated with clinical pathological characteristics (logistic regression)

Clinical characteristics Total
(N)

Odds ratio in ASPN
expression

95%CI p-Value

Age 371 1.013 0.670–1.531 0.951

Gender 375 0.903 0.591–1.379 0.638

Grade (G2 vs G1) 147 0.421 0.103–1.541 0.195

Grade (G3 vs G1) 229 0.870 0.217–3.131 0.833

Stage classi�cation (II vs I) 164 3.656 1.843–7.517 0.000

Stage classi�cation (III vs
I)

203 2.313 1.203–4.607 0.014

Stage classi�cation (IV vs
I)

91 1.872 0.787–4.505 0.157

T classi�cation (T2 vs T1) 99 13.304 2.551-
245.163

0.014

T classi�cation (T3 vs T1) 187 20.769 4.142-
377.928

0.003

T classi�cation (T4 vs T1) 119 24.857 4.839-
455.952

0.002

N classi�cation

(N1 + N2 + N3vsN0)

357 0.743 0.472–1.164 0.196

M classi�cation(M1 vs M0) 355 0.776 0.335–1.755 0.544

Univariate And Multivariate Analysis Of Aspn
As was showed in Table 3, high ASPN exprssion in univariate analysis was signi�cantly associated with
poor overall survival (HR:1.004, 95% CI:1.000-1.009 and P = 0.036). Besides, multivariate Cox analysis
indicated that high ASPN expression was signi�cantly associated overall survival (HR:1.010, 95%CI:
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1.005–1.015, P = 0.000), age (HR: 1.046, 95%CI: 1.024–1.068, P = 0.002) and gender (HR: 1.623, 95%CI:
1.057–2.492, P = 0.026). There were other clinical factors associated with clinical factors including
Grade, Stage classi�cation, and TNM classi�cation.

Table 3
The relationship between ASPN expression and overall survival in

GC patients based on univariate and multivariate analysis.
Clinicopathologic variable HR 95%CI P-value

a. Univariate analysis      

ASPN 1.004 1.000-1.009 0.036

b. Multivariate analysis      

Age 1.046 1.024–1.068 0.002

Gender 1.623 1.057–2.492 0.026

Grade 1.310 0.889–1.929 0.171

Stage classi�cation 1.485 0.960–2.298 0.075

T classi�cation 1.032 0.747–1.426 0.844

M classi�cation 2.018 0.916–4.449 0.081

N classi�cation 1.092 0.854–1.396 0.482

ASPN 1.010 1.005–1.015 0.000

HR: hazard ratio; CI: con�dence interval.

Aspn-associated Signaling Pathways By Gsea
In order to evaluate the potential signaling pathways associated with ASPN in gastric cancer, we
conducted the high and low ASPN expression datasets by Gene Set Enrichment Analysis (GSEA). GSEA
showed the remarkably differences in the enrichment of MSigDB collection
(c2.cp.kegg.v6.2.symbols.gmt), which was a collection of annotated gene sets for use with GSEA
software. The important signaling pathways associated with ASPN were identi�ed according to KEGG
pathway analysis. In high expression datasets of ASPN, 72 gene sets were signi�cant at FDR < 25%, and
22 gene sets were signi�cantly enriched at nominal pvalue < 1%. In low expression datasets of ASPN, 60
gene sets were signi�cantly enriched at FDR < 25% and 23 gene sets were signi�cantly enriched at
nominal pvalue < 1%. GSEA showed that Pentose phosphate pathway (a), Base excision repair (b),
Peroxisome (c), Protesome (d), Nucleotide excision repair (e), and Mismatch repair (f) were differentially
enriched in ASPN high expression phenotype in gastric cancer (FDR < 0.05, NOM p-val < 0.05) (Fig. 2).
Focal adhesion, Calcium signaling pathway, Ecm receptor interaction, TGF-ß signaling pathway, Calcium
Signaling pathway and Hedgehog signaling pathway. were differentially enriched in ASPN low expression
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phenotype in gastric cancer (FDR < 0.001, NOM p-val < 0.01). We selected the 6 high and 6 low expression
enriched signaling pathways of KEGG in Table 4 and Fig. 3.

Table 4
Gene sets enriched in phenotype high and low expression of ASPN based on gene set

enrichment analysis.
Gene set name ES NES NOM p-val FDR q-val

a. High expression datasets of ASPN      

KEGG_PENTOSE_PHOSPHATE_PATHWAY 0.7245 2.1051 0 0.0116

KEGG_BASE_EXCISION_REPAIR 0.7917 2.1503 0 0.0096

KEGG_PEROXISOME 0.6260 2.0217 0.0019 0.0103

KEGG_PROTEASOME 0.8162 2.0542 0 0.0118

KEGG_ NUCLEOTIDE_EXCISION_REPAIR 0.6677 1.8890 0.0122 0.0246

KEGG_MISMATCH_REPAIR 0.8210 1.9923 0 0.0110

b. Low expression datasets of ASPN      

KEGG_FOCAL_ADHESION -0.7179 -2.3743 0 0

KEGG_CALCIUM_SIGNALING_PATHWAY -0.6001 -2.2732 0 0

KEGG_ECM_RECEPTOR_INTERACTION -0.811 -2.3963 0 0

KEGG_BASAL_CELL_CARCINOMA -0.6716 -2.13749 0 0.0021

KEGG_TGF_BETA_SIGNALING_PATHWAY -0.6014 -2.03032 0 0.0054

KEGG_HEDGEHOG_SIGNALING_PATHWAY -0.6688 -2.1465 0 0.0019

NES: normalized enrichment score; NOM: nominal; FDR: false discovery rate.

Gene sets with NOM p-val < 0.05 and FDR q-va < 0.25 are considered as signi�cant.

Discussion
Gastric cancer is one of the most common tumour of gastroenteric tumor in the world. China is the high
incidence areas of gastric cancer, which could in�uence the lifetime of human[15, 16]. The advanced
histological stage or distant metastasis could cause the poor prognosis of gastric cancer. Therefore, early
diagnosis or surgery is signi�cantly important to the treatment of tumor. In those studies, many scholar
explored the novel biomarkers for early diagnosis or evaluation the prognosis and recurrence in gastric
cancer [17–19]. TFAP-2β constituted promoter activity in gastric cancer and contributed to the
development of the metabolic syndrome. TFAP-2β may in�uence the occurrence and development of
gastric through regulating the expression of various adipokines and lipoprotein metabolism[14, 20]. Li et
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al reported that high VCAN was expressed in gastric cancer and considered it as a independent molecular
marker for diagnosis and prognosis of gastric cancer[21].

ASPN,a member of small leucine-rich repeat proteoglycan (SLRP) family of proteins, is localized on
chromosome 9q22.31 and encodes a secretory protein containing 380 amino acids[7]. It could focus on
the diverse biological responses and disease conditions. In previous studies, many authors suggested
that ASPN was signi�cantly associated with the development of various types of cancer [7, 10, 22]. For
example, Bàrbara et al [9] showed that ASPN and GJB2 could take part in the mechanism of local
invasion in breast carcinomas. Maris et al [23] also reporetd that asporin, as a stroma-derived inhibitor of
TGF-β1, could suppress the development of tumors and reduce the aggressive of breast cancer in clinical
results. Besiedes, cancer-associated �broblasts or cancer cells could secreted ASPN to regulate the
epithelial to mesenchymal transition or interact with cell-membrane receptor, which could promote the
invasion and migration of tumor[7]. Satoyoshi et al[24] showed that asporin could activate coordinated
invasion of cancer-associated �broblasts and scirrhous gastric cancer and promote the progression
disease of tumour cells. The expression of asporin could bring a novel therapeutic molecular target for
the diagnosis and treatment of gastric cancer. However, there was no reported to identify the realtionship
between ASPN and clinical evaluation in gastric cancer.

In this study, we found that there was signi�cantly different in ASPN expression between gastric cancer
and normal tissue (P < 0.001). The expression of ASPN was markedly higher in gastric cancer compared
with normal tissues. The result was similar with previous studies. The bioinformatic analysis also
showed that increased ASPN expression in gastric cancer compared with adjacent normal gastric
according to the high throughput RNA-sequencing data[5, 12]. Ding et al[8] reported that ASPN was
overexpressed in gastric carcinoma tissues when compared to the corresponding noncancerous tissues.
We summarized that the expression of ASPN in gastric cancer was signi�cantly associated with clinical
stage (P < 0.001) histological stage (P < 0.001) and T classi�cation (P < 0.001), which indicated that
ASPN may regulate the above clincial factors. In Jiang et al study, overall survival and diease free
survival in KaplanMeier curves showed that high expression of ASPN caused the poor prognosis in GC
patients (P < 0.05) [5].

Besides, logistic regression showed that ASPN expression was remarkable associated with stage
classi�cation (stage II vs stage I, OR = 3.656, P < 0.001 and stage III vs stage I, OR = 2.313, P < 0.0141) and
T classi�cation (T classi�cation T2 vs T1, OR = 13.304, P = 0.014; T3 vs T1, OR = 20.769, P = 0.003 and T4
vs T1, OR = 24.857, P = 0.002). Those results showed that ASPN could promote the stage classi�cation
and Lymph nodes metastasis. Therefore, we hypothesized that ASPN could be potential therapeutic
targets in the molecular mechanism for treatment of GC. The univariate analysis showed that increase
exprssion of ASPN was remarkably associated with poor overall survival (OR:1.005, 95% CI:1.000-1.009
and P = 0.036). The multivariate Cox analysis indicated that high VCAN expression was signi�cantly
associated overall survival (HR:1.010, 95%CI: 1.005–1.015, P = 0.000), age (HR: 1.046, 95%CI: 1.024–
1.068, P = 0.002) and gender (HR: 1.623, 95%CI: 1.057–2.492, P = 0.026). In previous study, the author
considered ASPN as an important molecular gene in the developmeng of cancer to contribute the
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progression and metastasis via the epidermal growth factor receptor (EGFR) signalling pathway[8]. ASPN
promotes the proliferation of GC cells by interacting with PSMD2, and knockdown of ASPN signi�cantly
increased the expression of dual speci�city phosphatase 7(DUSP7), which served as a potential
therapeutic target in gastric cancer [7].

We performed the high and low ASPN expression datasets by GSEA in the enrichment of the MSigDB
collection (c2.cp.kegg.v6.2.symbols.gmt). We reported that GSEA showed that Pentose phosphate
pathway, Base excision repair, Peroxisome, Protesome, Nucleotide excision repair, and Mismatch repair
were differentially enriched in ASPN high expression phenotype in gastric cancer (FDR < 0.05, NOM p-val 
< 0.05). Those results was concordant with previous studies[25]. In gastric cancer, there were DNA repair
systems of cancer cells could maintain the integrity and stability of the genome including base excision
repair, mismatch repair,nucleotide excision repair and double strand break repair[26]. Pentose phosphate
pathway play an important part in cellular metabolism, ribonucleotide and lipid biosynthesis to promote
the survival of cancer cells, which sustain antioxidant responses to support cell survival and
proliferation[27]. Besides, it was conducted to maintain cancer cells in anabolic demands and redox
homeostasis, and cancer cells acquired multiple mechanisms to deregulate the oxidative and
nonoxidative pentose phosphate pathway[28, 29]. Choi et al[30] reported that expression of pentose
phosphate pathway was higher in breast cancer compared with normal tissue according to molecular
subtype. Pentose phosphate pathway was signi�cantly expressed in gastric cancer tissue with low
expression of Rev-erbα, which resulted in the progession of gastric cancer[31]. Base excision repair, the
most prevalent pathway in damaged bases modi�cation, could repair the vast majority of endogenous
DNA damage including alkylations, oxidations, deaminations and depurinations, as well as single-strand
breaks in cancer cells[32]. Biological function of BER removed these frequently produced lesions,
maintained genomic integrity and affected the clinical prognosis and overall survival of gastric cancer
according to the promotion of DNA repair capacity[33]. In previous study, the aurthor could regulate the
base excision repair system to inhibite the growth of gastric cancer and provide the novel perspectives to
evluate gastric cancer progression based on the role of base excision repair[34].

Focal adhesion, Calcium signaling pathway, Ecm receptor interaction, TGF-ß signaling pathway, Calcium
Signaling pathway and Hedgehog signaling pathway. were differentially enriched in ASPN low expression
phenotype in gastric cancer (FDR < 0.001, NOM p-val < 0.01). In previous study, the enrichment analysis in
gastric cancer were enriched in ECM-receptor interaction, focal adhesion, metabolism of xenobiotics and
drug metabolism pathways, and the result was similar with our study[5]. Cao et al[35] also analyzed that
KEGG pathways of differentially expressed genes were signi�cantly enriched in ECM-receptor interaction,
protein digestion and absorption, and the focal adhesion pathways, and the genes in the modules of
protein-protein interaction were mainly involved in the ECM-receptor interaction and focal adhesion
pathways. The activation of hedgehog signaling pathway could promote the neoplastic transformation
and the developmeng of gastric cancer by the biological function of cancer stroma
interaction[36].Therefore, we could monitor Hedgehog signaling in order to evlauated the eventually
developing gastric cancer. And then, Upregulation of Hedgehog signaling pathway was associated with
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tumor development. Hedgehog-independent activation of Patched through the action of proteases and in
particular Caspase 3, splitting the C-terminal from Patched[37, 38].

In conclusion, according to the TCGA databases, we considered ASPN expression as a potential
molecular marker in the diagnosis and prognostic of overall survival in gastric cancer. Furthermore, the
pentose phosphate pathway, base excision repair, peroxisome, protesome, nucleotide excision repair, and
mismatch repair may be the remarkable key pathway regulated by ASPN in based on the GSEA anaysis
software.
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Figure 1

Association with ASPN expression with clinical characteristics. A:The expression level of ASPN in gastric
cancer and normal tissues.; B.Age; C:Gender; D: Clinical stage; E: Grade; F: N classi�cation of lymph node
metastasis in (N1+N2+N3 vs N0); G:T classi�cation; H: N classi�cation of lymph node metastasis; I: M
classi�cation of distant metastases.
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Figure 2

Enrichment plots from gene set enrichment analysis in GSEA. GSEA results showing Pentose phosphate
pathway (A), Base excision repair (B), Peroxisome (C), Protesome (D), Nucleotide excision repair (E), and
Mismatch repair ((F) were differentially enriched in ASPN associated gastric cancer
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Figure 3

Enrichment score for high and low expression of ASPN in enrichment analysis of GSEA


