
© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2021;12(4):1374-1383 | https://dx.doi.org/10.21037/jgo-21-267

Introduction 

GC is one of the five most common cancers both in 
developed and developing regions and the 3rd leading cause 
of cancer death (1). In 2020, the number of new cases in GC 
was 27,600 and 11,010 estimated deaths, and the five-year 
survival rate was only 32% (2010–2016) (2). In developed 
countries, GC remains one of the leading causes of mortality 

cancers in the matures (3). Additionally, GC is one of the 
most common cancers, with morbidity and mortality rates 
corresponding to age in China. (4). Currently, early surgical 
resection results in a five-year survival rate of 85–95% in 
GC patients with stage I. Therefore, surgery remains the 
preferred treatment for GC (5). However, the feasibility of 
colonoscopy and serology-based prophylactic screening and 
the lack of obvious early manifestations restrict the early 
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diagnosis of GC (6,7), which aggravates the proportion of 
GC prognosis. Consequently, early and precise diagnosis 
using GC biomarkers can help to the improvement of the 
prognosis of these patients.

The matrilin (MATN) family has 4 members. MATN3 
is expressed mainly in cartilage (8) and is a new member of 
the extracellular matrix (ECM) protein family which have 
relation to the cartilage matrix protein and von Willebrand 
factor (9). Previous studies have reported that MATN3 
was found in matrix formed by cultured chondrosarcoma 
cells and is involved in the development of cartilage and 
bone (10). Mutations in MATN3 have been associated with 
common skeletal diseases and rare chondrodysplasias (11). 
At present, MATN3 expression has rarely been reported 
in cancer patients and remains largely unclear. Therefore, 
the identification of reliable biomarkers is essential for the 
diagnosis and prognosis of GC.

The aim of this study was to assess the diagnostic and 
prognostic value of MATN3 expression in human GC based 
on data from the Cancer Genome Atlas (TCGA). Gene set 
enrichment analysis (GSEA) was used to further analyze 
the biological pathways of the MATN3 regulatory network 
associated with GC pathogenesis. We present the following 
article in accordance with the REMARK reporting checklist 
(available at https://dx.doi.org/10.21037/jgo-21-267).

Methods

RNA-sequencing data collection

The gene-sequenced expressed data included 407 cases and 
32 normal samples, and the corresponding information of 
clinical data was downloaded from the TCGA Genome 
Data Commons (GDC) data portal (https://portal.gdc.
cancer.gov/repository). The final RNA-Seq gene-expression 
data and clinical information data of 375 patients were 
retained and further analyzed (Table 1). The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). 

GSEA

GSEA is a calculation method for determining whether 
an a priori definition of a set of the genes is a statistically 
significant and consistently different between two biological 
states and is designed to detect expression changes in a 
modest but functionally coordinated set of genes (12,13). 
Here, Gene expression datasets and phenotypic marker 

files were then generated and uploaded to GSEA the 
computer software. GSEA analyses were used to show the 
significant survival differences between the high- and low-
MATN3 groups of TCGA patients. Gene alignments were 
performed 1,000 times for each group. Enriched pathways 
in each phenotype were identified by setting the nominal P 
value (NOM P val) <0.05 and the false discovery rate q-value 
(FDR q-val) <0.05.

Statistical analysis

All statistical analyzes were carried out using R (v.3.6.3). 
Wilcoxon signed rank test and logistic regression were 
used to assess the relationship between clinicopathological 
characteristics. Cox regression and Kaplan-Meier methods 
were used to analyze clinicopathological characteristics 
associated with overall survival (OS) in patients with 
TCGA. Subject work characteristic (ROC) curve analysis 
was performed using Wilson’s method and percentage 
outcomes in conjunction with the survival ROC package. 
The relationship between MATN3 expression and 
clinicopathological characteristics was analyzed using 
univariate logistic regression. The effect of MATN3 
expression on survival was compared with other clinical 
characteristics (e.g., age, distant metastatic status, 
grading, lymph node status, staging) using univariate and 
multifactorial Cox analysis. The median was established 
as the MATN3 expression cutoff value, and patients were 
divided to two groups.

Results

Patient characteristics

Gene expression data for 407 patients were obtained by 
downloading from the TCGA website in May 2020. clinical 
data for 375 tumor patients was shown in Table 1. The 
age group of 70–79 accounted for the largest proportion 
(32.61%), followed by the 60–69 age group (29.38%),  
50–59 age group (23.18%), >80 age group (7.82%), and 
<49 age group (7.01%). There were 19 cases (5.18%) 
in group T1, 80 cases (21.80%) in group T2, 168 cases 
(45.78%) in group T3 and 100 cases (27.17%) in group 
T4. N0 type tumors were the majority (31.09%, N=111), 
N1 type 27.17% [97], N2 type 21.73% [75] and N3 type 
20.73% [74]. G1 GC cases accounted for 3.76% [10], G2 
for 51.50% [137], and G3 for 44.74% [119]. Out of the  
375 cases, 25 (7.04%) cases had distant metastasis. Two 
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Table 1 TCGA gastric cancer patient characteristics

Clinical characteristics Total (375) %

Age at diagnosis (y)

<49 26 7.01 

50–59 86 23.18 

60–69 109 29.38 

70–79 121 32.61 

>80 29 7.82 

Stage classification

I 53 15.06 

II 111 31.53 

III 150 42.61 

IV 38 10.80 

Tumor (T) classification

T1 19 5.18 

T2 80 21.80 

T3 168 45.78 

T4 100 27.25 

Node (N) classification

N0 111 31.09 

N1 97 27.17 

N2 75 21.01 

N3 74 20.73 

Metastasis (M) classification

M0 330 92.96 

M1 25 7.04 

Grade (G) classification

G1 10 3.76 

G2 137 51.50 

G3 119 44.74 

Gender

Male 241 64.27 

Female 134 35.73 

TCGA, The Cancer Genome Atlas.

hundred and forty-one (64.27%) males and 134 females 
(35.73%) were composited for the gender composition.

MATN3 expression and its diagnostic value

We analyzed the MATN3 expression data from 407 samples. 
As Figure 1A shows, the expression of MATN3 levels were 
significantly correlated with tumor type (P=1.069e-11). 
There were also significant differences in the expression 
of MATN3 in tumor versus paraneoplastic tissues for 27 
paired composition (Figure 1B). To assess the diagnostic 
efficacy of MATN3, we performed ROC curve analysis on 
the expression data from tumor and normal samples. The 
area under the ROC curve was 0.8618 [95% confidence 
interval (CI): 0.8216–0.9021] (Figure 1C). According to 
Kaplan-Meier survival analysis, those with high MATN3 
expression had a poorer prognosis in 375 patients  
(Figure 1D, P=2.699e-04).

MATN3 expression and clinicopathological parameters

Then, we analyzed the clinicopathological data of 375 GC 
patients from TCGA, including clinical stage (stage), age at 
diagnosis (age), gender, histological grade, survival status, 
and survival time, as well as tumor, node, and metastasis 
(TNM) classification. As shown in Figure 2A-G), increased 
MATN3 expression was found to be significantly related to 
staging (P=0.015) and to T staging (P=6.152e-4).

MATN3 expression was characterized as a classified 
dependent variable with poor prognosis of clinicopathology, 
confirmed by univariate logistic regression (Table 2). 
Increasing GC MATN3 expression was significantly 
associated with higher stage classification [ratio (OR) =2.679 
II vs. I, OR =2.233 III vs. I, IV vs. I OR =2.353] and T type 
(T2 vs. T1 OR =4.363, T3 vs. T1 OR =6.154, T4 vs. T1 OR 
=6.261).

Multivariate analysis

Univariate analysis showed that high MATN3 expression 
was substantially correlated with poor OS [hazard ratio 
(HR) =1.424, 95% CI: 1.200–1.689, P=5.08e-05]. Other 
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clinicopathological variables included age, advanced stage, 
and TNM classification associated with poor survival (Table 3).

High MATN3 expression remained independently 
associated with OS was analyzed by multivariate Cox (HR 
=1.109, 95% CI: 1.051–1.133, P=5.66e-06) and age (HR 
=1.440, 95% CI: 1.188–1.746, P=0.000) among GC patients 
(Figure 3).

GSEA identified MATN3-related signaling pathways

Finally, we used GSEA to recognize the activated signaling 
pathways in GC, using the Median expression level of 
MATN3 to classify patients. There was a significant 
difference (NOM P val =0.05, FDR q-val =0.05) in the 
degree of the enrichment of the MsigDB collection (v:c2.
cp.kegg.v7.1.symbols.gmt). As shown in Figure 4, the gene 
sets were related to ECM receptor interaction, hypertrophic 

cardiomyopathy (HCM), glycosaminoglycan biosynthesis 
chondroitin sulfate, focal adhesion, glycosphingolipid 
biosynthesis ganglio series, dilated cardiomyopathy, basal 
cell carcinoma, and neuroactive ligand-receptor interaction.

Discussion

MANT3, located on chromosome 2p24.1, is related to the 
cartilage matrix protein (matrilin-1) and von Willebrand 
factor (9,11). However, the role of MANT3 in human 
cancer has rarely been reported, especially in GC, which 
has prompted us to conduct further study. In this study, for 
the first time, we comprehensively analyzed the relationship 
between the mRNA profile of MANT3 and the diagnosis 
and prognosis of GC using multiple TCGA databases via 
bioinformatics and GSEA analysis.

In the present study, we found that MATN3 was 
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significantly increased in GC tissue samples than in 
control and paired adjacent ones. This suggests that  
up-regulation of MATN3 expression may be associated with 
the occurrence of GC.

In addition, we examined the clinical diagnostic and 
prognostic value of MATN3 expression in GC patients. 
First, high MANT3 expression was found to be associated 
significantly with histological staging and T-staging. Second, 
Kaplan-Meier curves of OS showed that poor prognosis of 
gastric cancer patients was associated with high MATN3 
expression. The area under the ROC curve indicated 
that upregulation of MATN3 expression had diagnostic 
value. Furthermore, univariate logistic analysis showed 
that MATN3 expressing correlated with clinical stage, 
T-type staging and other clinical outcomes. Univariate and 
multifactorial Cox analyses demonstrated that MATN3 
expression could be a viable independent signifier of poor 
prognosis for patients with GC. Multifactorial Cox analysis 
showed that age was an independently risk factor for OS 
in patients with GC. Taken together, it is shown that high 
expression of MATN3 may be a potential diagnostic marker 

and a marker of poor prognosis in gastric cancer patients. 
MATN3 may also be a key target gene involved in the 
growth and metastasis of GC cells.

Furthermore, we observed that high MATN3 expression 
was associated with ECM receptor interaction, HCM, 
glycosaminoglycan biosynthesis chondroitin sulfate, 
focal adhesion, glycosphingolipid biosynthesis ganglio 
series, dilated cardiomyopathy, basal cell carcinoma, and 
neuroactive ligand-receptor interaction by GSEA. Previous 
studies have reported that ECM receptor interaction may 
be associated with breast cancer (14,15). HCM also causes 
more deaths and mortality (16). Glycosaminoglycan sulfate 
may play a role in lung fibrosis in certain cancer patients (17). 
Focal adhesion has been reported as an independent factor 
in cell migration, which is key to cancer dissemination (18). 
Guri et al. (19) have reported that glycosphingolipid 
promotes tumorigenesis in hepatocellular carcinoma 
(HCC). Dilated cardiomyopathy is a clinical diagnosis 
which can lead to fatal arrhythmias (20,21). Basal cell 
carcinoma is the single most frequent malignancy, and its 
occurrence is on the rise (22). Studies also demonstrated 
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that neuroactive ligand-receptor interaction  is related to 
GC (23) and glioblastoma (24). Two of the pathways listed 
above were not associated with cancer, but those linked to 
heart disease were associated with higher death rates.

Predicting protein function from mRNA is useful in 
some ways but not perfect (25). In our study, the association 
between MATN3 protein with MATN3 mRNA expression 
was not verified. Because of this, experiments and local 

clinical information will be conducted in the future. 
In summary, MATN3 expressed could be a possible 

diagnostic and prognostic indicator of low survival 
in GC. Moreover, ECM receptor interaction, HCM, 
glycosaminoglycan biosynthesis chondroitin sulfate, 
focal adhesion, glycosphingolipid biosynthesis ganglio 
series, dilated cardiomyopathy, basal cell carcinoma, and 
neuroactive ligand-receptor interaction may be the pathways 

Table 2 Logistic regression of MATN3 expression# and clinical pathological characteristics

Clinical characteristics Total (N) OR 95% CI P value

Age at diagnosis (y)

50–59 vs. <49 112 0.941 0.386–2.269 0.892

60–69 vs. <49 135 0.906 0.379–2.137 0.821

70–79 vs. <49 147 0.789 0.333–1.847 0.585

>80 vs. <49 55 0.605 0.204–1.751 0.356

Stage classification

II vs. I 164 2.679 1.363–5.426 0.005*

III vs. I 203 2.233 1.169–4.402 0.017*

IV vs. I 91 2.353 1.004–5.634 0.017*

Tumor (T) classification

T2 vs. T1 99 4.363 1.325–19.820 0.027*

T3 vs. T1 186 6.154 1.960–27.163 0.005*

T4 vs. T1 117 6.261 1.937–28.133 0.005*

Node (N) classification

N1 vs. N0 207 0.982 0.568–1.696 0.948

N2 vs. N0 185 1.297 0.721–2.340 0.386

N3 vs. N0 184 1.41 0.782–2.556 0.255

Metastasis (M) classification

M1 vs. M0 355 0.776 0.335–1.756 0.554

Grade (G) classification

G2 vs. G1 145 1.522 0.416–6.177 0.529

G3 vs. G1 228 1.514 0.421–6.059 0.53

Gender

Male vs. female 375 1.088 0.713–1.662 0.695
#, categorical dependent variable, greater or less than the median expression level; *, P<0.05. MATN3, matrilin-3.
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Table 3 Univariate and multivariate analysis of the relationship between MATN3# expression and overall survival among gastric patients

Parameter
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age 1.264 1.055–1.514 0.006* 1.44 1.188–1.746 0*

Gender 1.484 0.980–2.247 0.062 1.478 0.966–2.261 0.071

Grade 1.368 0.947–1.977 0.095 1.504 1.012–2.233 0.043*

Stage 1.535 1.221–1.931 0* 1.564 0.991–2.468 0.055

Tumor (T) 1.298 1.023–1.645 0.032* 1.095 0.783–1.531 0.597

Metastasis (M) 2.048 1.096–3.827 0.025* 1.803 0.794–4.094 0.159

Node (N) 1.313 1.041–1.658 0.022* 0.967 0.674–1.385 0.853

MATN3 1.424 1.200–1.689 5.08E-05* 1.091 1.051–1.133 5.66E-06*
#, categorical dependent variable, greater or less than the median expression level; *, P<0.05. MATN3, matrilin-3.

Figure 3  Multivariate analysis of MATN3 expression and overall survival in patients with GC patients. MATN3, matrilin-3; GC, gastric 
carcinoma.
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regulated by MANT3 in GC. Further studies should be 
conducted to confirm the biological impact of MATN3 
expression.
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