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Background: The aim of this study was to investigate the expression level of martrilin-3 (MATN3) in patients with gastric
adenocarcinoma (GAC) and to investigate the prognostic significance of MATN3.

Material/Methods: Gene Expression Omnibus (GEO) and The Cancer Genome Atlas (TCGA) data were used to predict the expres-
sion and prognostic value of MATN3 mRNA in GAC patients. Seventy-six GAC patients had GAC tissue samples
and paired adjacent normal tissue samples collected retrospectively to examine the MATN3 protein expression
level by immunohistochemical staining. Furthermore, Kaplan-Meier univariate and Cox multivariate analyses
were used to verify the correlation between MATN3 expression and clinicopathological parameters of GAC pa-
tients and the prognostic significance of MATN3.

Results: The GEO and TCGA data predicted that MATN3 mRNA levels were significantly higher in GAC tissue compared
to normal tissue (all p<0.05). Further survival analyses showed that GAC patients with high mRNA expression
of MATN3 had significantly lower disease-free survival (DFS) and overall survival (OS) time than those with low
mRNA expression of MATN3 (all p<0.05). Subsequent immunohistochemical staining results confirmed that
the MATN3 protein levels in GAC tissues were highly expressed (p=0.000) compared to normal tissues. In ad-
dition, GAC patients with high protein expression of MATN3 had remarkably decreased OS compared to pa-
tients with low protein expression of MATN3 (p=0.000). Univariate and multivariate survival analyses revealed
that MATN3 high expression could be used as an independent predictor of poor prognosis in GAC patients (all
p=0.000).

Conclusions: This study confirmed that MATN3 protein was highly expressed in GAC patients, and MATN3 overexpression
could be used as an independent predictor of poor prognosis in GAC patients.
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Background

Gastric cancer is one of the most common malignant tumors
of the digestive tract [1]; gastric adenocarcinoma (GAC) is the
main pathologic type. It has the characteristics of easy inva-
sion and metastasis, and a very low early diagnosis rate [2].
Despite the gradual decline in incidence and mortality of gas-
tric cancer in recent years, the prognosis of patients with gas-
tric cancer has not been significantly improved [3]. Thus, to
explore biomarkers that can aid in the prognosis of gastric
cancer not only would help clinicians predict prognosis and
establish individualized treatment plans, but also would help
clarify the mechanism of gastric carcinogenesis and develop-
ment, which has important significance for formulating the
treatment strategy of gastric cancer.
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MATN3 (Matrilin-3), also named DIPOA, OADIP, or EDMS5,
is a protein coding gene, which encodes a member of von
Willebrand factor A domain containing protein family [4,5].
This family of proteins is thought to be involved in the for-
mation of filamentous networks in the extracellular matrices
of various tissues. Previous studies have found that MATN3
protein is present in the cartilage extracellular matrix and has
a role in the development and homeostasis of cartilage and
bone [6]. Mutations in this gene result in multiple epiphyse-
al dysplasia [7,8]. Until now, the expression level of MATN3
in malignant tumors and their relationship, especially in GAC,
have remained unclear.

Therefore, in this study, bioinformatics prediction, selecting both
the Gene Expression Omnibus (GEO) and The Cancer Genome

Table 1. Correlation of MATN3 with clinicopathological parameters of GAC patients.
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Atlas (TCGA) data, combined with immunohistochemical val-
idation was used to examine the expression level of MATN3
in GAC and its prognostic value was further investigated by
Kaplan-Meier and Cox survival analyses.

Material and Methods

Bioinformatics prediction

Cancer related public databases Oncomine and TCGA were used
for bioinformatics prediction. In the Oncomine database, we
entered the gene name “MATN3” and choose the “Differential
Analysis” module (gastric cancer versus normal). Gastric can-
cer related data from the TCGA database was also download-
ed to analyze the differential expression level of MATN3 be-
tween gastric cancer tissue and normal tissue. Disease-free
survival (DFS) and overall survival (OS) curves were drawn
based on both TCGA and GEO data (the latter was analyzed
in Kaplan-Meier Plotter website, http://kmplot.com/analysis/
index.php?p=service&cancer=gastric).
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GAC tissue samples and corresponding clinicopathological
data

Seventy-six cases of tumor tissue samples and paired adja-
cent normal tissues were retrospectively collected from GAC
patients who had received radical surgery from December
2009 to June 2010. Patient-related clinical information, includ-
ing age, gender, tumor size, histologic grade, and TNM stage
are summarized in Table 1. This study was approved by the
Ethics Committee of Anhui Provincial Hospital and all patients
signed the informed consent.

Immunohistochemical staining and interpretation of the
results

Immunohistochemistry was performed with the MATN3 antibody
(ab106388, Abcam, UK) at a dilution of 1: 100 based on the com-
mercial protocol. The results were judged and evaluated by two
pathologists using a double-blind method. Based on a previous
confirmation method [9], an immunoreactive score (IRS) for each
case was calculated. The IRS ranged from 0-12, which was gen-
erated by staining intensity (SI) x number of stained cells (PP).
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Figure 1. MATN3 mRNA overexpression in gastric adenocarcinoma predicted based on the GEO and TCGA data. MATN3 mRNA
levels in (A) Wang Gastric (GEO: GSE19826), (B-D) Cho Gastric (GEO: GSE13861), (E-G) Chen Gastric (Oncomine Reporter:
IMAGE119728), and (H) TCGA database grouped by gastric cancer versus gastric mucosa or gastric tissue.

Figure 2. Representative immunohistochemical images of MATN3 in 76 cases of paired GAC and adjacent normal tissues. (A) High
expression of MATN3 in GAC tissue; (B) low expression of MATN3 in GAC tissue; (C) low expression of MATN3 in paired
adjacent normal tissue. Bar=25 um.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




LAB/IN VITRO RESEARCH

Wu P-L etal.:
Prognostic value of MATN3 in GAC
© Med Sci Monit, 2018; 24: 348-355

Table 2. MATN3 overexpression in 76 cases of GAC compared to the paired adjacent normal tissues.

MATN3 expression level (Cases, %)

Samples

GAC tissues 26 (34.2) 50 (65.8)
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Figure 3. Kaplan-Meier analysis of disease-free survival (DFS) and overall survival (OS) curves of GAC patients based on MATN3
mRNA expression (high versus low). (A) Relationship between MATN3 mRNA expression level and DFS of GAC patients
based on GEO data; (B) relationship between MATN3 mRNA expression level and OS of GAC patients based on GEO data;
(€) relationship between MATN3 mRNA expression level and DFS of GAC patients based on TCGA data; (D) relationship
between MATN3 mRNA expression level and OS of GAC patients based on TCGA data.

If IRS >4 was founds, MATN3 high expression was defined and
if IRS <4 score was found, MATN3 low expression was defined.

Statistical analysis

SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA) was performed
to analyze the data. Quantitative data were expressed as mean

This work is licensed under Creative Common Attribution-
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+ standard deviation (SD). The association between MATN3 ex-
pression and clinicopathological parameters was analyzed by
chi-square test. Survival analysis was done by the Kaplan-Meier
method and the log-rank test. Cox regression model was estab-
lished for the multivariate survival analysis to determine prog-
nostic factors that were significant in the univariate analysis. A p
value less than 0.05 was considered to be statistically significant.
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Table 3. Kaplan-Meier survival analysis of MATN3 and other clinicopathological parameters in GAC patients.

clinicopathological parameters

MATN3 expression

Mean survival time (months)

95% CI

Low 71.538 65.240-77.837 0.000
Mg 25100 18695-31505
"""" Ageatsurgery (years)
""""" € 50231 3346062000 0045
o0 3180 2806944201
"""" Gender
""""" mae 3417 3193046903 0372
 Female 46875 3074063000
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Results of MATN3 protein in GAC tissue was significantly higher than

Overexpression of MATN3 mRNA and protein levels in GAC

First, GEO and TCGA data were used to predict the MATN3
mRNA expression levels in GAC and normal tissues. Compared
to normal tissue, the expression level of MATN3 mRNA was dra-
matically higher in GAC tissue (all p values <0.05, Figure 1A-1H).
To confirm the study predictive findings, immunohistochemical
assays were used to examine 76 cases of GAC and paired ad-
jacent tissues (Figure 2A-2C). The results showed that MATN3
protein was mainly positively located in cytoplasm and extra-
cellular matrix of GAC cells (Figure 2A). The expression level

that in the paired normal tissue (y?=17.802, p=0.000; Table 2).

Correlation between MATN3 protein differential expression
and clinicopathological factors of GAC patients

The correlation between MATN3 protein differential expres-
sion and clinicopathological parameters of GAC patients was
investigated, including age, gender, tumor site, tumor size, his-
tological grade, T stage, N stage, and TNM stage. As shown in
Table 1, MATN3 protein differential expression levels were sig-
nificantly associated with age, tumor site, tumor size, T stage,
and TNM stage of GAC patients, respectively (all p values <0.05).
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Figure 4. Kaplan-Meier analysis of overall survival (OS) curve of
GAC patients based on MATN3 protein expression (low
versus high) using our immunohistochemical data.

Prognostic value of MATN3 expression in GAC patients

Finally, we also explored the relationship between the differ-
ential expression of MATN3 gene and the prognosis of GAC pa-
tients. The results based on the GEO and TCGA data showed
that both of DFS and OS of GAC patients with high expression
of MATN3 mRNA was significantly lower than those with high
expression of MATN3 mRNA (all p values <0.05, Figure 3A-3D).
To verify these findings, we subsequently conducted a statisti-
cal analysis on the results of immunohistochemistry and found
that the OS of GAC patients with high expression of MATN3
protein was significantly lower than that of patients with low
expression (p=0.000, Figure 4). Besides, as shown in Table 3,
Kaplan-Meier univariate survival analysis revealed that MATN3
expression (low versus high), age at surgery (<60 versus >60
years), tumor site (antrum versus other sites), tumor size (<5
versus >5 cm), histological grade (well/moderate versus poor),
T stage (T1-2 versus T3-4), N stage (NO versus N1-3), and TNM
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stage (stage I-Il versus llI-IV) were the significant factors influ-
encing the survival time of GAC patients. Then, these eight sig-
nificant single factors were substituted into the Cox multivar-
iate survival analysis and the findings confirmed that MATN3
high expression level was the only independent factor to pre-
dict the poor prognosis of GAC patients (p=0.000, Table 4).

Discussion

MATN3, as a member of the matrilin protein family, is a non-
collagenous extracellular matrix. It has attracted extensive at-
tention in recent years, especially in bone and cartilage related
fields [10]. According to previous reports [6,11,12], it is main-
ly distributed in cartilage around the whole body, such as ar-
ticular cartilage, costal cartilage, and tracheal cartilage. In pri-
mary human chondrocytes, MATN3 can induce the expression
of MMP1, MMP3, MMP13, proinflammatory cytokines (TNFa,
IL-1B, IL-6, and IL-8), INOS, and COX2, indicating that MATN3
can regulate extracellular matrix degradation [12]. The muta-
tion of MATN3 gene may lead to some diseases [13,14] such
as multiple epiphyseal dysplasia (MED), epiphyseal dyspla-
sia (BHMED), and epiphyseal dysplasia of the vertebral body
(SEMD). So far, although many studies about MATN3 have been
limited to epiphyseal disease, few studies have been report-
ed on other conditions such as malignant tumors. Therefore,
in the present study, the expression of MATN3 gene in GAC
and its prognostic significance were explored for the first time.

We initially performed bioinformatics to predict the high expres-
sion of MATN3 gene in GAC tissues by using the GEO and TCGA
public data. Then, immunohistochemistry was used to testify that
MATNS3 protein expression level was significantly higher in the
GAC tissue group compared to the normal control group and the
difference was statistically significant. These results were consis-
tent with those of bioinformatics predictions. These findings also
suggested that the MATN3 gene might play a role in promoting
the occurrence and development of GAC acting as an oncogene.

Table 4. Cox multivariate analysis of MATN3 and other clinicopathological parameters in GAC patients.

Covariates HR 95% ClI for HR P value

MATN3 expression level (low vs. high) 17.800 5.061-62.603 0.000
 Ageatsurgery (60vs. >60years) 1915 0917-3997 0084
© Tumorsite (antrum vs. othersitesy 1040 0543-1993 0906
 Tumorsize (Svs>Sem) 176 0761-3916 0192
"""" Histological grade (well/moderate vs. poo) 1367 06832734 0377
. Tstage(-2vsT39  17;18 0518-5698 0377
"""" Nstage NOVsNI-3) 1131  0417-3070 0808
 TNMstage (Hllvs -v) 2187 0794-6027 0130
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Subsequently, the clinical prognostic significance of MATN3
gene expression levels in GAC patients was examined. First,
MATNS3 protein differential expression levels were significant-
ly associated with age, tumor site, tumor size, T stage, and
TNM stage of GAC patients, respectively. Second, Kaplan-Meier
univariate survival analysis showed that GAC patients with
MATN3 mRNA and protein high levels had remarkably shorter
OS time than those with MATN3 low levels. Then, Cox multi-
variate analysis determined that MATN3 high expression lev-
el was an independent factor to predict unfavorable prognosis
of GAC patients. These confirmatory results, especially MATN3
overexpression in GAC and its prognostic significance in OS of
GAC patients, were consistent with those deduced by GEO and
TCGA data. Together, all these findings suggested that high
expression of MATN3 could indicate a poor prognosis for GAC
patients, and MATN 3 might be a pivotal target gene involved
in the process of GAC cell growth and metastasis.

Nevertheless, there were still some limitations to our study.
First, due to the lack of large numbers of tumor samples, the
study data results need to be validated in the future. Second,
DFS data was not accessible in our department, so we could not
verify the predictive results deduced by GEO and TCGA data.
Third, only immunohistochemical staining, a semi-quantitative
method, was used to validate the results of the bioinformatics
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prediction. In future studies, western blot or real-time PCR will
need to be added to confirm the predictive results further.
Lastly, the detailed underlying molecular mechanisms were
not unraveled. Thus, this will need to be more deeply exam-
ined in future studies.

Conclusions

This study revealed that the MATN3 gene was overexpressed
in GAC, and overexpression of MATN3 can be used as an inde-
pendent predictor to indicate the poor prognosis of GAC pa-
tients. In the future, MATN3 is expected to be a new potential
therapeutic target for the treatment of GAC patients.
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