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ARTICLE INFO Abstract

Background. Gastric cancer (GC) is a significant global health concern, ranking as
Avrticle History: the fifth most common malignant tumor and the fourth leading cause of cancer-
Received: 21 Oct 2023 related deaths worldwide. The primary treatment approach for metastatic GC is

systemic chemotherapy. Matrix metalloproteinases (MMPSs) are a group of zinc-
dependent proteolytic enzymes that play crucial roles in various physiological
processes. Among them, MMP9 is known for its complexity and its ability to
degrade the components of the extracellular matrix. This study aimed to compare
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e Gastric cancer evaluate its knockdown effects on GC cell line migration.
e MMP9 Methods. In the present study, 50 tumor tissues and adjacent non-tumor control

tissues were collected from patients with GC. Using a real-time polymerase chain
reaction, the expression levels of the MMP9 gene were assessed in these samples.
Additionally, bioinformatics methods were employed to analyze MMP9 expression
in a larger cohort of GC patients. Furthermore, a data mining study was conducted
to investigate the potential impact of MMP9 expression on the overall survival of
GC patients. In addition, appropriate small interfering RNA (siRNA) was
synthesized to suppress the MMP9 oncogene and transfected into the GC cell line,
and migration was investigated eventually.

Results. The results demonstrated significant upregulation of the MMP9 gene in
tumor samples compared to tumor-adjacent samples, with a notable fold change of
4.6. This consistent finding was further supported by our bioinformatics analysis.
Additionally, our pan-cancer analysis of TCGA data revealed that MMP9 is
upregulated in various malignant tumors, indicating its potential relevance beyond
GC. After MMP9 siRNA transfection, the migration rate of the cancer cells was
evaluated by a wound-healing assay. The GC cell migration and invasion
significantly decreased after the knockdown of MMP9 by specific SIRNA.
Conclusion. In general, our study showed MMP9 upregulation in GC and suggested
that the transfection of MMP9 gene siRNA could reduce invasion and migration.
Practical Implications. siRNAs are promising medical breakthroughs for the
treatment of MMP9-related cancer invasion and migration. However, there is still a
need to deepen our understanding of MMP9 gene function in tumorigenesis.
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Extended Abstract

Background

Gastric cancer (GC) stands as a pressing global
health issue, ranking as the fifth most common
malignant tumor and the fourth leading cause of
cancer-related deaths worldwide. The primary
treatment modality for metastatic GC remains
systemic chemotherapy. The primary reason for
mortality from GC is invasion and metastasis. For
cancerous epithelial cells to invade, they must
penetrate the stromal tissue and break down the
extracellular matrix (ECM) barrier. At this stage,
proteolytic enzymes play a crucial role by digesting
the ECM and its components, facilitating the
metastatic spread of cancer cells to other tissues.
Matrix metalloproteinases (MMPs) form a vital
group of zinc-dependent proteolytic enzymes that are
key players in various physiological processes.
Among these, MMP?9 is particularly renowned for its
complexity and its capability to degrade components
of the ECM. Therefore, in this study, it was
attempted to compare the expression of the MMP9
gene in cancerous and adjacent tissue of GC and to
assess its knockdown effects on the invasion of GC
cell lines.

Methods

A total of 50 tumor tissues and marginal non-
tumor control tissues were obtained from GC
patients. RNA was purified from normal and
marginal samples using the RNX-Plus solution,
according to the manufacturer’s protocol. The RNA
samples were reverse-transcribed into
complementary deoxyribonucleic acid (cDNA) using
the BioFACT cDNA Synthesis Kit. The cDNA was
synthesized from 1 pg of total RNA with random
hexamer and oligo (dT) as reaction primers in a final
volume of 20 pL following the manufacturer’s
protocol. Complementary DNA was then used for
guantification (with the GAPDH gene as a control)
by real-time polymerase chain reaction (RT-PCR),
which was performed using BioFACT qPCR Master
Mix and the StepOnePlus RT-PCR system. Another
bioinformatics database was utilized to further
investigate changes in the gene expression of MMP9

in healthy and cancerous samples. For this purpose,
the gene expression levels of MMP9 in 35 healthy
stomach tissues and 361 cancerous stomach tissues
were retrieved from the Cancer Genome Atlas
(TCGA) database, and the expression of this gene
was examined in different stages of cancer. Raw
paired-end RNA-seq samples related to eighty
primary gastric adenocarcinoma and their paired
non-tumor control tissues were retrieved from the
publicly available Gene Expression Omnibus
database. Gene expression data of MMP9 and the
overall survival time of patients with GC were
obtained from studies GSE29272, GSE15459,
GSE62254, GSE14210, GSE51105, and GSE22377
from the Kaplan-Meier database. These studies, in
total, encompass information on gene expression and
survival time for 875 patients with GC. These
patients were divided into high- and low-expression
groups based on the gene expression of MMP9, and
their survival times were measured and compared.
To investigate the effect of the inhibition of the
MMP9 gene expression on cell migration,
appropriate siRNA was synthesized to suppress the
MMP9 oncogene and transfected into the GC cell
line, and a qualitative wound-healing assay was
employed finally.

Results

In the present study, changes in the expression of
the MMP9 gene were evaluated in tumor samples
and tumor-adjacent tissues from 50 patients with GC.
The quantitative analysis of gene expression
indicated that the level of expression in tumor
samples was higher than in tumor-adjacent tissues.
Specifically, the average expression level of the
MMP9 gene in tumor samples was 4.59 times higher
than in tumor-adjacent tissue samples (P<0.01).
Furthermore, the expression data of another cohort
was retrieved to investigate changes in the expression
of this gene in GC. The results of the analyses
represented that the expression of this gene in the
tumor samples of patients was higher compared to
tumor-adjacent  tissue samples. Moreover, it
demonstrated a significant increase in expression
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compared to adjacent tissues in almost all stages of
GC. These observations were robustly reinforced by
our bioinformatics analysis. Furthermore, our
comprehensive pan-cancer analysis of TCGA data
unearthed compelling evidence indicating that
MMP9 exhibits upregulation in various malignant
tumors, thus underscoring its potential relevance and
impact extending beyond GC. Finally, the
relationship between MMP9 gene expression and the
prognosis of patients with GC was examined using
survival analysis. To this end, patients were divided
into two groups based on high and low expression of
the gene, and their survival times underwent
investigation. A significant difference in survival
time was observed between patients with high and
low expressions of the MMP9 gene. Lower
expression of this gene was associated with a
decreased survival time for patients. Our findings
confirmed that the average survival time for patients
with GC who exhibit high expression of this gene

was 37.9 months, whereas for patients with a low
expression of this gene, it was 26.5 months.
Subsequently, a wound-healing assay was performed
to evaluate the migration rate of the cancer cells
following MMP9 SiRNA transfection.
Encouragingly, the findings elucidated a significant
reduction in both migration and invasion of GC cells

subsequent to the specific siRNA-mediated
knockdown of MMP9.
Conclusion

In summary, the results revealed that the

expression of the MMP9 gene was upregulated in
GC. This upregulation was observed not only in the
advanced stages of cancer but also in the early stages.
Moreover, the inhibition of this gene’s expression
could significantly suppress cell migration and,
consequently, metastasis.
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