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Abstract 
Matrix metalloproteinase 9 (MMP9), a zinc ion-dependent endopeptidase, is one of the most complex matrix metalloproteinases 
in the gelatinase family. During tissue remodeling, MMP9 leads to gelatin and collagen degradation, which in turn promotes 
tumor invasion and metastasis. However, comprehensive pan-cancer analysis has not been performed for MMP9. In addition, 
the diagnostic and prognostic value of MMP9 as a cancer biomarker remain poorly understood, as well as the utility of MMP9 
expression as a predictor of immunological responses. Based on a comprehensive analysis of bioinformatics information, we 
investigated MMP9 expression in different cancers, correlations between MMP9 expression and cancer prognosis and gene 
mutations, and relationships between MMP9 expression and immune cell infiltration. Our results indicated that MMP9 was highly 
expressed in most malignant cancers. MMP9 expression was significantly positively or negatively associated with the clinical 
prognoses of patients with different kinds of cancer. Furthermore, MMP9 expression significantly correlated with infiltrating cells 
and the expression levels of immune checkpoint genes. This pan-cancer analysis provides comprehensive information on the 
potential value of MMP9 as a theranostic biomarker.

Abbreviations: ACC = adrenocortical carcinoma, BLCA = bladder urothelial carcinoma, BRCA = breast invasive cancer, 
CHOL = cholangiocarcinoma, COAD = colon adenocarcinoma, DSS = disease-specific survival, ECM = extracellular matrix, 
ESCA = esophageal carcinoma, GBM = glioblastoma multiforme, HNSC = head and neck squamous cell carcinoma, HPA = 
The Human Protein Atlas, HRs = hazard ratios, KIRC = kidney renal clear cell carcinoma, KIRP = kidney renal papillary cell 
carcinoma, LIHC = hepatocellular carcinoma, LUAD = lung adenocarcinoma, LUSC = lung squamous cell carcinoma, MMP9 = 
matrix metalloproteinase 9, MMPs = matrix metalloproteinases, MSI = microsatellite instability, OS = overall survival, OV = ovarian 
serous cystadenocarcinoma, PAAD = pancreatic adenocarcinoma, SARC = sarcoma, SKCM = skin cutaneous melanoma, TCGA 
= The Cancer Genome Atlas, THCA = thyroid carcinoma, TMB = tumor mutation burden, TME = tumor microenvironment, UCEC 
= uterine corpus endometrial carcinoma, UVM = uveal melanoma.
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1. Introduction
The prevalence of cancer has been increasing over the years, 
making it a major public health problem.[1] Currently, can-
cer-treatment strategies primarily include surgery, radiation, 
chemotherapy, hormone therapy, immunotherapy, and targeted 
therapy. Despite the success of these treatments, the prognoses 
and survival rates of patients remains unsatisfactory due to diffi-
culties in detecting tumors at an early stage and high recurrence 
rates following treatment.[2,3] Recently, great advances have 
been made in cancer immunotherapy, such as cellular immu-
notherapy, that is, CD19-targeted chimeric antigen receptor 

T cell therapy[4,5] and programmed death-1 and programmed 
death ligand-1 inhibitors.[6] Moreover, the rapid development 
of cancer gene-information databases, such as The Cancer 
Genome Atlas (TCGA) and Gene Expression Omnibus, can 
help researchers analyze genetic changes during tumorigenesis 
and immune cell infiltration, thereby improving cancer diagno-
sis and treatment.

Tumorigenesis is a progressive process that includes oncogene 
activation and the inhibition of tumor-suppressor genes, which 
cause mutations to accumulate.[7,8] When tumors spread to sur-
rounding and distal areas, they encounter barriers that cannot be 

 

JZ, LX, and JZ contributed equally to this work and share first authorship.

The authors have no funding and conflicts of interest to disclose.

All data generated or analyzed during this study are included in this published 
article [and its supplementary information files].
a Clinical Medical School, Chengdu Medical College, Chengdu, China, b Oncology 
Department, The First Affiliated Hospital of Chengdu Medical College, Chengdu, 
China, c Key Clinical Specialty of Sichuan Province (Oncology Department), The 
First Affiliated Hospital of Chengdu Medical College, Chengdu, China,  
d Gynecology Department, The First Affiliated Hospital of Chengdu Medical 
College, Chengdu, China, e Oncology Department, The People’s Hospital of 
Jianyang City, Chengdu, China, f Science and Technology Department, The First 
Affiliated Hospital of Chengdu Medical College, Chengdu, China.

* Correspondence: Hairong Liu, Clinical Medical School, Chengdu Medical 
College, Chengdu 610500, Si Chuan, China (e-mail: 1332801661@qq.com).

Copyright © 2023 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is 
permissible to download, share, remix, transform, and buildup the work provided 
it is properly cited. The work cannot be used commercially without permission 
from the journal.

How to cite this article: Zhang J, Xu L, Zhang J, Liu Y, Li X, Ren T, Liu H. 
Pan-cancer analysis of the prognostic and immunological role of matrix 
metalloproteinase 9. Medicine 2023;102:30(e34499).

Received: 6 April 2023 / Received in final form: 15 June 2023 / Accepted: 5 July 
2023

http://dx.doi.org/10.1097/MD.0000000000034499

mailto:
https://orcid.org/0000-0001-7700-3558
mailto:
mailto:
mailto:
mailto:
mailto:
mailto:1332801661@qq.com
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


2

Zhang et al.  •  Medicine (2023) 102:30� Medicine

broken through without enzymes that degrade the barriers and 
promote metastasis.[9,10] In addition, the hypoxic environment and 
inflammatory responses in the tumor microenvironment (TME) 

support tumor cell proliferation and hinder therapeutic progress. 
Matrix metalloproteinases (MMPs) are proteolytic enzymes that 
hydrolyze the extracellular matrix (ECM).[11] MMPs can degrade 

Figure 1.  MMP9 expression analysis between tumor and normal samples. (A) Human MMP9 expression levels in different cancer types from TCGA data in 
TIMER. (B) Pan-cancer expression levels of MMP9 between the 33 cancers and normal tissues in unpaired sample analysis from the TCGA dataset and GTEx 
datasets. (C) Paired sample analysis of MMP9 mRNA expression between 18 cancers and para-cancerous tissues from the TCGA and GTEx databases. (D) 
The MMP9 protein expression level in normal tissues and primary tissues of lung adenocarcinoma, clear cell RCC, colon cancer, head and neck squamous 
carcinoma, glioblastoma, pancreatic adenocarcinoma, and hepatocellular carcinoma were examined using the CPTAC dataset. CPTAC = Clinical Proteomic 
Tumor Analysis Consortium, MMP-9 = matrix metalloproteinase 9, NS = no significance, TCGA = The Cancer Genome Atlas. *P < .05, **P < .01, ***P < .001.
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various protein components in the ECM, disrupt barriers against 
tumor cell invasion, and play key roles in tumor invasion and 
metastasis; therefore, MMPs are considered the major proteolytic 
enzymes involved in tumor invasion and metastasis.[11]

Matrix metalloproteinase 9 (MMP9) is a zinc ion-dependent 
peptide endonuclease that participates in tissue repair, immune 
regulation, and tumor invasion and metastasis by degrading the 
ECM.[12,13] Human cells express 23 different MMPs, such as col-
lagenase, gelatinase, hemolysin, strolysin, membrane-type MMPs, 
and other MMPs.[11,14] Previous data showed that MMP-9 was 
highly expressed in breast cancer and was associated with the 
early infiltration and metastasis of breast cancer cells.[15–17] 
Furthermore, MMP9 was upregulated in prostate cancer tissues 
or in blood samples from patients with prostate cancer, and ele-
vated urinary MMP-9 levels helped distinguish between prostate 
cancer and bladder cancer.[18] MMP9 expression was significantly 
associated with the FIGO stage, degree of differentiation, and 
lymph node metastasis in ovarian cancer. Thus, MMP9 plays 
an important role in tumor cell invasion and metastasis.[14,19] 
However, most studies on the function of MMP9 in cancer have 
been limited to specific types of cancers.[20] Therefore, it is partic-
ularly important to study the regulatory functions and molecular 
mechanisms of MMP9 in pan-cancer datasets to uncover new 
research directions and clinical treatment strategies.

In this study, we performed a comprehensive analysis to eval-
uate the potential value of MMP9 in cancer diagnosis, prognosis, 
and immune responses, using data from the cBioPortal, GEPIA, 
Kaplan–Meier, TCGA, TIMER, and UALCAN databases. First, 

we analyzed the potential oncogenic role of MMP9 in 33 tumors 
using TCGA datasets. We also studied MMP9 protein expression 
in normal and tumor tissues using UALCAN datasets. These results 
suggested that MMP9 was highly expressed in most tumors but 
weakly expressed in a few tumors. In addition, we assessed the 
pan-cancer prognostic value of MMP9 expression using different 
databases (including the GEPIA and Kaplan–Meier databases), 
suggesting that differences in expression levels correlated signifi-
cantly with pathological tumor stages patient prognosis. We then 
explored the potential relationship between MMP9 expression and 
immune cell infiltration using the TIMER and GEPIA databases. 
We evaluated potential correlations between MMP9 expression 
and the tumor mutation burden (TMB), microsatellite instability 
(MSI), immune cell-infiltration levels, and immune-checkpoint 
gene-expression levels in various types of cancer. This study com-
prehensively characterized the multiple roles of MMP9 in different 
types of tumors. The results of this study suggest that MMP9 may 
influence the prognosis of patients with cancer through its interac-
tions with infiltrating immune cells.

2. Methods

2.1. Pan-cancer-expression pattern of human MMP9

Pan-cancer MMP9 expression was analyzed using the TIMER 
database (https://cistrome.shinyapps.io/timer/).[21] Gene-
expression levels are represented as log2 transcript-per-million 
values. The TCGA and GTEx databases were used to evaluate 

Figure 2.  The protein expression of MMP9 in immunohistochemical images of normal and tumor groups. MMP-9 = matrix metalloproteinase 9.

https://cistrome.shinyapps.io/timer/
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the mRNA-expression levels of MMP9. The thresholds were 
set at a P-value of .001 and fold-change of 1.5. The Clinical 
Proteomic Tumor Analysis Consortium dataset, which is from 
UALCAN database (http://ualcan.path.uab.edu/analysis.html), 
allowed us to investigate MMP9 protein-expression analysis 
of the levels in different cancers and normal tissues.[22] Herein, 
we explored the expression level of the total protein of MMP9 
between primary tumor and normal tissues. Seven cancer types 
of the available datasets were selected, lung adenocarcinoma 
(LUAD), clear cell RCC, colon cancer, head and neck squamous 
carcinoma, glioblastoma, pancreatic adenocarcinoma (PAAD), 
and hepatocellular carcinoma (LIHC). Differences were evalu-
ated using Student’s t-test, and P < .05 was considered to reflect 
a statistically significant difference. The association between 
MMP9 and the cancer stage was analyzed using pathological 
stage plots with the GEPIA database (http://gepia2.cancer-pku.
cn/#index/).[23] And 7 tumors of the MMP9 expression in differ-
ent pathological stages were investigated based on the database.

2.2. Immunohistochemical staining data for MMP9

The Human Protein Atlas (HPA, https://www.proteinatlas.org/) 
database is a human proteome database that contains informa-
tion based on immunohistochemical analyses of human tissues 
and cells.[24] To study differential MMP9 protein expression, we 
downloaded immunohistochemical images for 8 types of tumor 
tissues (liver, testicular, lymphoma, ovarian, stomach, pancre-
atic, cervical, and colorectal cancer) and corresponding normal 
tissues from the HPA database.

2.3. Diagnostic and prognostic analyses

Connections between MMP9 expression and patient progno-
sis, including overall survival (OS) and disease-specific survival 
(DSS), for patients with different types of cancer were examined 
using TCGA data. Specifically, we analyzed relationships between 
MMP9 expression and OS and DSS rates for patients with adreno-
cortical carcinoma (ACC), bladder urothelial carcinoma (BLCA), 

Figure 3.  The correlation between MMP9 expression and cancer stages, including stage I, stage II, stage III, and stage IV of THCA, BLCA, BRCA, ESCA, 
KIRC, OV, and SKCM were investigated based on the TCGA data. BLCA = bladder urothelial carcinoma, BRCA = breast invasive cancer, ESCA = esophageal 
carcinoma, KIRC = kidney renal clear cell carcinoma, MMP-9 = matrix metalloproteinase 9, OV = ovarian serous cystadenocarcinoma, SKCM = skin cutaneous 
melanoma, THCA = thyroid carcinoma.

http://ualcan.path.uab.edu/analysis.html
http://gepia2.cancer-pku.cn/#index/
http://gepia2.cancer-pku.cn/#index/
https://www.proteinatlas.org/
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glioblastoma multiforme (GBM), kidney renal clear cell carcinoma 
(KIRC), kidney renal papillary cell carcinoma (KIRP), LIHC, ovar-
ian serous cystadenocarcinoma (OV), PAAD, skin cutaneous mel-
anoma (SKCM), uterine corpus endometrial carcinoma (UCEC), 
and uveal melanoma (UVM). Hazard ratios and 95% confidence 
intervals were calculated by performing univariate survival analysis.

2.4. Genetic-alteration analysis

Mutational signatures (mutations, amplification, and deletions) 
of MMP9 in 30 different types of tumors were analyzed using 
the cBioPortal database (http://www.cBioPortal.org/).[25] The 

alteration frequencies and mutation types in all TCGA tumors 
were supplied in the “Cancer Types Summary” module.

2.5. Immune-cell infiltration and immune-checkpoint 
analysis

RNA sequencing-based expression profiles and corresponding 
clinical information for MMP9 were downloaded from the 
TCGA database (https://portal.gdc.com). To assess the reliabil-
ity of the immune score evaluations, we used the TIMER and 
xCell databases to analyze the infiltration levels of immune cells 
in 32 different types of cancer. Moreover, we also assessed the 

Figure 4.  The prognosis value of MMP9 in pan-cancer. (A) Kaplan–Meier analysis of the association between MMP9 expression and OS of cancer patients. 
(B) Kaplan–Meier analysis of the association between MMP9 expression and DSS of cancer patients. DSS = disease-specific survival, OS = overall survival, 
MMP-9 = matrix metalloproteinase 9.

http://www.cBioPortal.org/
https://portal.gdc.com
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expression levels of immune checkpoint-related genes in differ-
ent types of cancer. CD274, CTLA4, HAVCR2, LAG3, PDCD1, 
PDCD1LG2, SIGLEC15, and TIGIT mRNA transcripts are 
associated with immune checkpoints. Statistical differences 
between the 2 groups were compared using the Wilcoxon test.

2.6. TMB and MSI analyses

Furthermore, TMB and MSI are considered predictive of 
immune checkpoint inhibitor sensitivity.[26] So, TMB and MSI 

analysis were obtained from the TCGA database. Correlation 
analysis between MMP9-expression levels and TMB or MSI 
was performed using Spearman method.

3. Results

3.1. MMP9 was upregulated in multiple human cancers

To determine the potential role of MMP9 in tumors, we ana-
lyzed MMP9 mRNA-expression levels using the TCGA and 
GTEx databases. The results in Figure  1A and B indicate 

Figure 5.  The mutation character of MMP9 in pan-cancer. (A) Alteration frequency of MMP9 in pan-cancer. (B) Mutation diagram of MMP9 across protein 
domains. (C) Mutation counts and types of MMP9 in 30 cancers. MMP-9 = matrix metalloproteinase 9.
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that MMP9 was upregulated in BLCA, breast invasive cancer 
(BRCA), cervical and endocervical cancer, cholangiocarcinoma 
(CHOL), colon adenocarcinoma (COAD), lymphoid neoplasm 
diffuse large B-cell lymphomas, esophageal carcinoma (ESCA), 
GBM, head and neck squamous cell carcinoma (HNSC), KIRC, 
KIRP, brain lower grade glioma, LIHC, LUAD, lung squamous 
cell carcinoma (LUSC), OV, PAAD, pheochromocytoma and 
paraganglioma, prostate adenocarcinoma, rectum adenocarci-
noma, sarcoma (SARC), SKCM, stomach adenocarcinoma, tes-
ticular germ cell tumors, thyroid carcinoma (THCA), UCEC, 
and uterine carcinosarcoma. However, MMP9 expression did 
not differ between acute myeloid leukemia tumor tissues and 
unpaired tissues. Conversely, MMP9 was expressed at much 
lower levels in THYM. To further assess MMP9 expression in 
pan-cancer, we also analyzed the differences in MMP9 expres-
sion in cancerous tissues and their adjacent tissues using the 
TCGA database (Fig.  1C). As shown in Figure  1C, MMP9 
expression was significantly higher in BLCA, BRCA, CHOL, 
COAD, ESCA, HNSC, KIRC, KIRP, LIHC, LUAD, LUSC, 
PRAD, rectum adenocarcinoma, THCA, and UCEC, but not in 
KICH, PAAD, and RAED.

Further, we found that MMP9 protein expression was signifi-
cantly higher in advanced tumor tissues in RCC, COAD, HNSC, 
GBM, and PAAD while lower in LUAD and LIHC (Fig.  1D) 
by using the Clinical Proteomic Tumor Analysis Consortium 
database.

We further investigated MMP9 protein-expression levels 
using the HPA database. Inspection of Figure 2 shows MMP9 
protein expression was significantly higher in eight different 
cancers than in normal tissues.

In addition, we analyzed the association between MMP9 
expression and pan-cancer stages using the GEPIA2 website. 
MMP9 expression was associated with different stages of BLCA, 
THCA, BRCA, ESCA, KIRC, OV, and SKCM (Fig. 3A–G). These 
results suggest that MMP9 functions as an oncogene in several 
cancers.

3.2. Survival analysis related to MMP9 expression in 
pan-cancer

To investigate the prognostic value of MMP9, we downloaded 
TCGA clinical data and estimated associations between MMP9 
expression and patient prognoses. Figure 4A shows that MMP9 
expression in 8 cancers was significantly associated with OS. 
Specifically, our results showed that increased MMP9 expres-
sion was linked to poor OS in people with BLCA, LIHC, ACC, 
GBM, UVM, or KIRC. However, high MMP9 expression was 
associated with a significantly better OS rate than low MMP9 
expression in people with UCEC or SKCM. The DSS results sug-
gested that high MMP9 expression posed a prognostic risk for 
people with BLCA, LIHC, KIRP, GBM, and PAAD while pro-
tected against OV (Fig. 4B).

3.3. The characteristics of MMP9 mutations in the TCGA 
pan-cancer cohort

To understand the mutation status of MMP9 in various tumors, 
we evaluated MMP9 alterations in different tumor samples using 
the cBioPortal database. All TCGA Pan-Cancer Atlas Studies, 
comprising 32 studies and 10,967 samples, were included. As 
shown in Figure 5A, the highest MMP9-alteration frequency was 
approximately 13% in patients with CRC. Amplification was 
the main type of genetic alteration in the samples. Furthermore, 
MMP9 was the most frequently mutated gene in endometrial 
cancer. The sites, types, and numbers of MMP alterations in dif-
ferent cancers are shown in Figure 5B. Among the 32 cancers 
studied, amplifications and shallow deletions in MMP9 most 
commonly affected MMP9 mRNA expression (Fig. 5C).

3.4. MMP9 was related to immune infiltration in pan-cancer

We performed pan-cancer analysis of the association between 
MMP9 expression and immune cell-infiltration levels based on 

Figure 6.  The MMP9 expression correlated with immune infiltration and immune checkpoint genes. (A) The MMP9 expression significantly correlated with the 
infiltration levels of various immune cells in the TIMER database. (B) The MMP9 expression significantly correlated with the infiltration levels of various immune 
cells based on xCell. (C) Correlation analyses of the MMP9 expression with immune checkpoint genes in pan-cancer. MMP-9 = matrix metalloproteinase 9. 
*P < .05, **P < .01, and ***P < .001.
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information in the TCGA database. We used immunedeconv (an 
R software package) to reliably assess immune cell correlations. 
MMP9 expression was significantly associated with the abun-
dance of infiltrating immune cells (Fig.  6A and B). To further 
investigate the potential role of MMP9 in immune checkpoints, 
we downloaded expression data for 8 genes associated with 
immune-checkpoint proteins, and observed that MMP9 expression 
was significantly associated with the expression of immune-check-
point-related genes (Fig. 6C) such as CD274, CTLA4, HAVCR2, 
LAG3, PDCD1, PDCD1LG2, SIGLEC15, and TIGIT.

We also explored the role of MMP9 in immune cell infiltra-
tion by LIHC and BRCA cells. The results suggested that B cell, T 
cell, neutrophil, dendritic cell, microphage, and T regulatory cell 
(Tregs) infiltration were significantly and positively correlated 
with MMP9 expression in both LIHC and BRCA (Fig. 7A and 
B) but not in NK.

TMB and MSI are 2 emerging biomarkers associated with 
immunotherapy responses. Thus, we investigated relationships 
between MMP9 expression and TMBs. MMP9 expression 
correlated with the TMB in several tumors, including LAML, 

Figure 7.  Correlation between MMP9 expression and the immune infiltration of cancer-associated cells. Scatter plots of the relationship between the expression 
of MMP9 and the infiltration level of cancer-associated cells in LIHC (A) and BRCA (B) cancer were explored via different algorithms. BRCA = breast invasive 
cancer, LIHC = hepatocellular carcinoma, MMP-9 = matrix metalloproteinase 9.
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ACC, SARC, UCEC, testicular germ cell tumor, uterine carci-
nosarcoma, and CHOL (Fig.  8A). We also investigated cor-
relations between MMP9 expression and MSI in 33 types of 
cancer; ACC, lower grade glioma, UCEC, and SARC exhibited 
positive correlations, and LUSC exhibited a negative correla-
tion (Fig. 8B).

3.5. Functional states of MMP9 in single-cell RNA-
sequencing (scRNA-Seq) datasets

We further explored the functional state of MMP9 in various 
cancer types using scRNA-Seq data from the cancer SEA data-
base[27] (Fig.  9A). We explored correlations between MMP9-
expression levels and the functional statuses of specific cancers. 

Figure 8.  Correlation between the MMP9 gene expression and TMB and MSI in pan-cancer. (A) A stick chart shows the relationship between the MMP9 gene 
expression and TMB in diverse tumors. The red curve represents the correlation coefficient, and the blue value represents the range. (B) A stick chart shows 
the association between the MMP9 gene expression and MSI in diverse tumors. MMP-9 = matrix metalloproteinase 9, MSI = microsatellite instability, TMB = 
tumor mutation burden.

Figure 9.  The correlation between MMP9 expression and 4 cancer functional states using single-cell sequence data from the Cancer SEA database. (A) The 
correlation between MMP9 expression and 4 cancer functional states in pan-cancer. (B) The expression of MMP9 is positively correlated to the inflammation, 
differentiation, cell cycle, proliferation, and hypoxia of BRCA. BRCA = breast invasive cancer, MMP-9 = matrix metalloproteinase 9.
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Interestingly, the results showed that MMP9 expression cor-
related positively with inflammation (P < .001), differentia-
tion (P < .001), cell-cycle progression (P = .005), proliferation 
(P = .045), and hypoxia (P = .003) in BRCA (Fig. 9B).

4. Discussion
Cancer is characterized by the uncontrolled growth and division of 
abnormal cells due to imbalanced expression between tumor-sup-
pressor genes and proto-oncogene genes and the loss of normal 
regulatory mechanisms.[28] Cancer poses serious threats to human 
health owing to high morbidity and mortality rates. According to 
the American Association for Research on Cancer, 1,918,030 new 
cases of cancer and 609,360 cancer-related deaths were expected to 
occur in the US in 2022.[1] Although several clinical options are avail-
able for treating cancer, including surgical resection, radiotherapy, 
and adjuvant chemotherapy, their effectiveness remains limited.[29] 
Early detection and effective treatment are important prerequisites 
for improving the treatment outcomes for patients with cancer.[30] 
Pan-cancer analysis can reveal similarities and differences among 
different cancers, providing profound insights into the design of 
cancer-prevention and personalized-treatment strategies.[24]

Members of the MMP family play major roles in cell matrix deg-
radation, inflammation, tumor invasion, metastasis, and TME.[31] 
Among these, MMP9 has received attention for its involvement 
in tumor development, progression, and treatment.[32–35] In this 
study, we revealed the role of MMP9 in pan-cancer using bioin-
formatics methods. Here, we evaluated MMP9 mRNA-expres-
sion levels in human normal and tumor tissues and cell lines and 
found that MMP9 was significantly upregulated and associated 
with various cancers. Prognostic analysis showed that MMP9 
expression was inversely associated with OS and DSS rates in var-
ious cancers. Furthermore, we evaluated the most common muta-
tion types and mutation sites in MMP9. MMP9-expression levels 
were also evaluated in different subtypes of infiltrating immune 
cells in various cancers, revealing correlations between MMP9-
expression levels and the levels of infiltrating immune cells and 
regulators in various cancers. Finally, scRNA-Seq data analysis 
also indicated that MMP9 expression correlated positively with 
cell proliferation, inflammation, differentiation, hypoxia, and 
cell-cycle progression in BRCA.

Previous findings have shown that MMP9 is closely associated 
with a poor prognosis in various cancers. For example, MMP-9 
can mediate the protein kinase C pathway and promote the 
development of colon cancer.[36] Elevated MMP-9 expression has 
been associated with increased risks of recurrence and decreased 
survival in patients with breast and colon cancer.[37] In addition, 
MMP-9 overexpression has been strongly correlated with a poor 
prognosis of patients with lung cancer, vascular endothelial growth 
factor can induce MMP-9 expression during lung tumor metasta-
sis, and inhibiting MMP-9 can significantly reduce the occurrence 
of metastasis.[38] Further data showed that MMP9 expression in 
plasma and tumor tissues from patients with lung cancer can be 
used as an independent prognostic factor to determine the prog-
nosis of patients with pathological stage IA non-small cell lung 
cancer.[39] In this study, we assessed the prognostic value of MMP9 
in cancer in terms of OS and DSS rates. Regarding OS, MMP9 
expression is a risk factor for various cancers, including BLCA, 
LIHC, ACC, GBM, UVM, and KIRC, but is a protective factor for 
cancers such as UCEC and SKCM. In addition, we performed DSS 
analysis of MMP9 in cancer, finding that high MMP9 expression 
was a risk factor for BLCA, LIHC, KIRP, GBM, and PAAD but 
was a protective factor in OV. These findings suggest that MMP9 
expression is a good prognostic indicator for these cancers. The 
above findings suggest that MMP9 is not only influences disease 
prognosis, but also a possible target for tumor therapy.

Previous results have shown that MMPs may help tumor cells 
metastasize by cleaving receptors and chemokines that promote 
the development, proliferation, and chemotaxis of antitumor T 

lymphocytes, natural killer cells, neutrophils, and macrophages.[40] 
For example, MMP9 cleaves and inactivates a positive regulator 
of T cell development, proliferation, and interleukin 2 receptor 
α.[41–43] MMP9 is mainly involved in the PI3K/AKT signaling path-
way, ECM–receptor interactions, and other inflammatory signal-
ing pathways (such as the IL-17 signaling pathway, ligand–ligand 
receptor interactions, the TNF signaling pathway, and chemokine 
signaling pathways).[44,45] Previous data showed that MMP9 played 
an important role in inflammatory signaling pathways associated 
with osteoarthritis.[46] MMP9 can suppress immune responses by 
reducing quiescent CD4 memory T cells and activated NK cells, 
and MMP9 can increases M0 macrophages to induce inflamma-
tion during osteoarthritis.[47] Consistent with previous findings, 
our current analysis showed that MMP9 expression was positively 
associated with inflammatory responses in tumors such as breast 
cancer. In addition, high MMP9 expression can effectively regu-
late tumor-specific Treg survival and inhibit tumor-specific CD8+ T 
cell function. Notably, MMP9 can regulate immune cell migration 
and can endogenously regulate T-cell activity.[48] Consistent with 
previous studies, our immune cell-infiltration analyses revealed a 
complex role for MMP9 in regulating immunity.

The TME is a complex structure composed of tumor cells, 
tumor-associated cells, blood vessels, ECM, and other sub-
stances that plays important roles in cancer recurrence and 
drug resistance.[49] Increasing evidence suggests that immune 
cells in the TME, including CD8+ T cells, B cells, macrophages, 
neutrophils, and NK cells, are associated with the efficacy of 
immunotherapy.[50] Tumor proliferation, recurrence, and metas-
tasis remain as health risks due to the complexity of the TME. 
Although some breakthroughs have been made in cancer immu-
notherapy, its successful application still faces several challenges. 
Therefore, identifying new targets and biomarkers is key for fur-
ther improving the efficacy of immunotherapy. Importantly, the 
function of MMP9 and its effect on the tumor immune micro-
environment have not been fully investigated. Here, we revealed 
a relationship between MMP9 and tumor immune cells, and 
we investigated the immune status of patients with cancer by 
analyzing MMP9-expression levels. We found that, in many 
cancers, MMP9 was significantly associated with the infiltra-
tion levels of CD8+ T cells, CD4+ T cells, macrophages, and 
other immune cells. Additionally, MMP9 expression was sig-
nificantly positively correlated with immune checkpoint-related 
genes. In LIHC and BCRA, MMP9 expression was positively 
correlated with CD8+ T cell, B cell, macrophage, and neutrophil 
infiltration, but negatively correlated with NK cell infiltration. 
In addition, scRNA-Seq data indicated that MMP9 expression 
was positively correlated with inflammation levels in BRCA. 
Therefore, our findings indicate that MMP9 is associated with 
immune cell-infiltration levels and may function as a potential 
immunotherapy-related biomarker in tumors.

5. Conclusion
In multiple cancers, MMP9 upregulation corresponds to poor 
patient prognosis and correlates with the infiltration levels of CD8+ 
T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells. 
Furthermore, MMP9 expression correlated significantly with the 
expression of immune-checkpoint markers. Based on these find-
ings, further insights could be provided into tumor-treatment strat-
egies by analyzing MMP9 expression and immune cell infiltration 
in different populations to improve the therapeutic effects of cancer 
immunotherapy. Nonetheless, the results of this study were limited 
by several limitations. Firstly, further research in vivo and in vitro 
is necessary to validate our conclusions. A second reason is that the 
etiology of tumors is very complicated, involving gene–gene inter-
actions and gene–environment interactions. Therefore, it is unlikely 
that a single gene polymorphism could significantly affect its 
development. So, more experiments are needed to further explore 
the regulatory relationships between MMP9 and other genes. In 
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addition, since our data are from a database, we were unable to 
assess some aspects like patients’ sex, age or complications, which 
suggest that more clinical investigations are needed.
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