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Abstract
Background: Matrix metallopeptidase 14(MMPL4) is a member of the matrix metalloproteinase family,
which interacts with tissue metalloproteinase inhibitors (TIMPs), and is involved in normal physiological
functions such as cell migration, invasion, metastasis, angiogenesis and proliferation, as well as tumor
genesis and progression. However, there has been a lack of relevant reports on the effect of MMP14 on
pan-cancer. This study aims to explore the correlation between MMP14 and pan-cancer prognosis,
immune in�ltration, and the effects of pan-cancer gene mismatch repair (MMR), microsatellite instability
(MSI), tumor mutation load (TMB), DNA methylation, and immune checkpoint genes.

Methods: In this study, we used bioinformatics to analyze data from multiple databases, including TCGA,
Oncomine and Kaplan-Meier Plotter. We investigated the relationship between the expression of MMP14
in tumors and tumor prognosis, the relationship between MMP14 expression and tumor cell immune
in�ltration, and the relationship between MMR gene mismatch repair (MMR), microsatellite instability
(MSI), tumor mutation load (TMB), DNA methylation, and immune checkpoint genes.

Results: MMP14 expression is highly associated with prognosis of a variety of cancers, tumor
immunoinvasion, and has important effects on pan-oncologic mismatch repair (MMR), microsatellite
instability (MSI), tumor mutation load (TMB), DNA methylation, and immune checkpoint genes.

Conclusion: MMP14 is highly correlated with tumor prognosis and immunoinvasion, and affects the
occurrence and progression of many tumors. All these fully indicate that MMP14 may be a biomarker for
the prognosis, diagnosis and treatment of many tumors, and provide a new idea and direction for
subsequent tumor immune research and treatment strategies.

Introduction
Matrix metalloproteinase 14 (MMP14), also called membrane type 1 metalloproteinase (MT1-MMP), is a
member of the MT-MMP subfamily.Matrix metalloproteinases are a class of zinc-binding proteinases that
contribute to tumor metastasis by degrading the extracellular matrix (ECM) (1).As a member of the �rst
MMPs family to be identi�ed, MMP14 is involved in many biological processes in cells, including
proliferation, invasion, vascular production, basement membrane remodeling, etc. (2,3).In general, the
vast majority of MMPs are tissue-de�cient and have no proenzyme activity, requiring further activation to
produce biological activity, but MMP14 is an exception, which does not require additional activation and
can be directly present in active form on the cell membrane (4).It has been reported that the increased
expression and activity of MMP14 in tumor cells is directly related to the enhanced cell migration ability
(5).It has also been reported that as a tumor promoter, MMP14 acts by inhibiting cell adhesion molecules,
and tumor necrosis factor-α (TNF-α) is one of its acting factors (6).Studies have shown that MMP14 is
involved in the progression of cervical cancer (CC) by promoting angiogenesis, invasion and lymph node
metastasis, and it has also been reported that MMP14 overexpression is associated with poor prognosis
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of cervical cancer (7,8,9).However, there is no study on the effect of MMP14 on the immune in�ltration
and prognosis of pan-tumor cells, which needs to be further improved.

The relationship between tumor and the immune system is complex, and the mechanism of interaction is
currently unknown (10).Tumor microenvironment plays an important role in tumor and immune system,
in which a large number of cells are composed of immune-in�ltrating cells (11).It has long been widely
believed that the immune system plays a signi�cant positive role in anti-tumor activities (12), but now a
dissenting view has emerged that the immune system can help tumor cells escape predation, and that
this effect is attributed to the tumor microenvironment (13,14,15).In recent years, with the deepening of
the understanding of immunity, there have been many studies on the value of immunoin�ltrating cells in
tumors (16,17).Meanwhile, factors including cytotoxic T-lymphocyte-associated antigen 4 (CTLA4),
programmed death-1 (PD-1), and programmed death ligand-1 (PD-L1) have been shown to play an
important role in tumor treatment (18,19).However, the proportion of tumors that respond to these
immunonode inhibitors is reported to be very small (19).Therefore, it is very important and urgent to
strengthen the research on the treatment of immune in�ltration microenvironment.

In this study, we used bioinformatics to analyze data from multiple databases, including TCGA,
Oncomine, and Kaplan-Meier Plotter.We investigated the relationship between the expression of MMP14
in tumors and tumor prognosis, the relationship between MMP14 expression and tumor cell immune
in�ltration, and the relationship between MMR gene mismatch repair (MMR), microsatellite instability
(MSI), tumor mutation load (TMB), DNA methylation, and immune checkpoint genes.

Results: MMP14 expression is highly associated with prognosis of a variety of cancers, tumor
immunoinvasion, and has important effects on pan-oncologic mismatch repair (MMR), microsatellite
instability (MSI), tumor mutation load (TMB), DNA methylation, and immune checkpoint genes.

Material And Method
MMP14 Expression in Human Cancers in ONCOMINE

In the Oncomine Database (www.oncomine.org), the p-value was set to 0.001 and the fold change was
set to 2, then the mRNA expression level of MMP12 in different types of tumors and their adjacent tissues
were compared and analyzed.

Prognostic analysis of MMP14 in Kaplan-Meier Plotter database

Kaplan and Meier Plotter (https://kmplot.com/analysis/) is a can of 21 kinds of cancer, including breast
cancer (n = 7830), ovarian cancer (n = 2190), lung (n = 3452) and affect the survival of gastric cancer (n =
1440) of visual graphics platform. We obtained clinical information on pan-cancer from the TCGA
database (20,21,22).Then Kaplan-Meier used univariate survival analysis to analyze the correlation
between overall survival (OS), disease-speci�c survival (DSS), progression-free interval (PFI), disease-free
interval (DFI)(20) and MMP14 expression in patients with pan-cancer.
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Analysis of Immune In�ltration of MMP14 in TIMER Database

The TIMER (https://cistrome.shinyapps.io/timer/) is a very powerful and practical platform, application
which the user can easily to tumor immune research work and the ability to turn the immune and
genomics data visualization (23).The data on the platform to date include more than 10,000 samples
from 32 cancers of TCGA, with a large number of tumor in�ltrating immune cells (24).In this study, we
evaluated the relationship between MMP14 expression and the level of immune in�ltrate in 32 cancer
types (6 subsets :B cells, CD4+ T cells, CD8+ T cells, macrophages, neutrophils, and dendritic cells) and
tumor purity.The correlation between MMP14 and prognostic immune cell markers was also analyzed to
further predict the potential in�ltrative immune cell subtypes.Immune genetic marker screening in the
R&D system website (https://www.rndsystems.com/cn/resources/cell-markers/immune-cells),These
genetic markers including B cells, CD8 + T cells and dendritic cells, run out of T cells, macrophages, M1
and M2 macrophages, monocytes, macrophages TAMs (tumor associated macrophages and neutrophils,
natural killer (NK) cells and follicular helper T cells (Tfh), regulatory cells (Tregs), 1 (Th1) cells, T T
auxiliary auxiliary 2 (Th2 cells, T auxiliary 9 (Th9) cells, T helper cells 17 (Th17) and 22 (Th22) T helper
cells.The gene expression level was adjusted by log2 TPM.MMP14 is on the X axis, and the expression
scatter plot of the genes of interest on the Y axis can visualize the correlation between MMP14 and
various immune gene markers.

Correlation analysis of MMP14 expression with MMR mutation and DNA methylation

DNA mismatch repair (MMR) can affect tumorigenesis by correcting DNA replication errors and reducing
chromosomal rearrangement (25,26).MLH1, MSH2, MSH6, EpCAM and PMS2 are the �ve important
genes of MMR.We obtained MMR-related data of tumors from the TCGA database, including 5 important
genes and MMP14.The expression levels of MMR gene and MMP14 were analyzed by Spearman
correlation method.In addition,DNA methylation is an important factor affecting genes.In this study,
Spearman correlation method was used to analyze the relationship between the expression levels of
DNMT1, DNMT2, DNMT3A and DNMT3B and the expression of MMP14.

Correlation analysis of MMP14 expression with tumor mutation load (TMB) and microsatellite instability
(MSI)

Tumor mutational burden (TMB) is de�ned as the total amount of DNA mutations produced by Tumor
cells (27,28,29,30).In this study, we extracted the somatic cell data (MAF data) from the TCGA database
and used the "MAFTools" R package for analysis.Through correlation processing, the total number of
exon mutations was obtained, that is, the TMB of the tumor was determined.Microsatellite instability
(MSI) is de�ned as a phenomenon in which nucleotides of repeating DNA fragments are added or lost
(31,32).MSI score can be obtained from TCGA database.Then, Spearman analysis was used to analyze
the correlation between MMP14 expression and TMB or MSI.

Statistical
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In the analysis of differential expression of MMP14 in tumors and normal tissues, we used the
Oncomines database to analyze P values, fold changes, and gene ranks.Meanwhile, in the survival
analysis, Kaplan-Meier method was used to analyze the prognosis of patients according to univariate Cox
regression analysis and different expression levels of MMP14.Spearman correlation analysis was also
used to evaluate the correlation between MMP14 expression and methyltransferase level, MMR gene
expression level, and immune checkpoint gene expression.R > 0.20 was positively correlated, and P < 0.05
was considered statistically signi�cant.

Results
Difference analysis of expression of MMP14 in pan-cancer tissues and normal tissues

In order to analyze the expression level of MMP14 mRNA in normal tissues and tumors, we analyzed
relevant data from Oncomine and Timer databases. In the Oncomine database, compared to normal
tissue, The results showed that the expression of MMP14 was higher in the Brain and CNS (central
nervous system) Cancer, Breast Cancer, Colorectal Carcinoma, Esophageal Cancer, Head and Neck
Cancer, Kidney Cancer, Lung Cancer, Melanoma, Ovarian Cancer, Pancreatic Cancer, and Sarcoma (Figure
1a).On the other hand, MMP14 expression was decreased only in the Liver Cancer.

At the same time, we further con�rmed the expression of MMP14 in various cancers compared to normal
tissues using the TIMER database (Figure 1b).The results showed that the BLCA(Bladder Cancer),
BRCA(Breast Cancer), CHOL(Cholangio carcinoma),COAD(Colon adenocarcinoma),ESCA (carcinoma),
KIRC (Kidney renal clear cell carcinoma), KIRP (Kidney renal papillary cell carcinoma), LIHC (Liver
hepatocellular carcinoma),LUAD( Lung adenocarcinoma), LUSC (Lung squamous cell carcinoma), READ
(Rectum adenocarcinoma), STAD (Stomach adenocarcinoma) and THCA (Thyroid carcinoma) tissues
were signi�cantly increased compared to the normal tissues. Tumors with reduced MMP14 expression
compared to normal tissue included: HNSC (Head and Neck squamous cell carcinoma), KICH (Kidney
Chromophobe), PRAD (Prostate adenocarcinoma), UCEC(Uterine Corpus Endometrial Carcinoma).

Prognostic role of MMP14 in different tumors

In order to investigate the prognostic effect of MMP14 on different tumors, we analyzed data from
different databases. First, the overall survival(OS), disease-special survival(DSS), disease-free
survival(DFS), disease-free interval(DFI) of MMP14 were analyzed by univariate Cox proportional risk
regression model in the TCGA database.KM(Kaplan-Meier Plotter) survival curves were accordingly
plotted for tumors with signi�cant prognosis (Figure 2).

First, we used gene expression pro�le data to analyze the relationship between MMP14 expression and
tumor prognosis in 33 tumors in the TCGA database.Univariate survival analysis resulted in the forest
plot of prognosis for 33 tumors, as shown in Figure 2a. KM plot 2b was also plotted with a signi�cant
correlation with MMP14 expression. Can see MMP14 low expression in the ACC, BLCA, GBM, HNSC, KIRC,
LGG, LIHC, LUAD, MESO, OV, PAAD, and overall survival in THCA positively related to prognosis.
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Because of the statistical data of the tumor death, so we use the TCGA database analysis of 33 kinds of
tumor disease speci�c survival (DSS), get the forest �gure and signi�cantly associated with relationship
of KM, the result is shown in �gure 3, from �gure 3 we can �nd out factors other than the tumor death,
lower expression of MMP14 positively related to the prognosis of tumor types with ACC, PAAD, UCEC.

Considering the in�uence of disease factors on survival analysis results, DFS (disease-free survival) :
disease-free survival, which is used to evaluate radical surgery, is generally used to indicate the time from
treatment to recurrence.We performed DFS analysis on the above data and obtained the forest map and
the KM map with signi�cant prognosis, as shown in Figure 4.It can be seen after radical surgery, the lower
expression of MMP14 has signi�cant effects on prognosis of tumor have the ACC, BLCA, BRCA, GBM,
KRIC, LGG, LIHC, MESO, OV, PAAD, YHCA, UVM.

PFS is an indicator of how well cancer is treated after palliative care.We also analyzed the PFS, the
results data (�gure 5), can know from �gure 5, after palliative therapy, the lower expression of prognosis
of MMP14 effects obvious tumor BLCA, BRCA, KICH, KIRC, LGG, LUSC.

Relationship between expression of MMP14 and immune in�ltration in diffuse tumors

We obtained score data of 6 immunoin�ltrating cells in 33 tumors from the TIMER database.Then the
expression of MMP14 was correlated with 6 species (B_cells, CD4_tcells, CD8_t cells, macrophages,
dendritic Cells, and Neutrophils), and the correlation between the scores of immune cells was analyzed
(Supplement 1,2,3,4). We found that the expression of MMP14 was most signi�cantly associated with the
in�ltration of immune cells in the 3 tumors: BLCA, BRCA, and COAD (Figure 6).

Immune cells and stromal cells in tumor microenvironment is two main cell types, we was analyzed by
using the R package Estimate each tumor samples immune score and score matrix, it is concluded that
33 MMP14 expression in tumor and immune score (Immunescore) relationship, it can be seen in the
correlation was statistically signi�cant (P < 0.05), the expression of MMP14 and immune score was
positively related to: BLCA, BRCA, from cesg, COAD, DLBC, ESCA, GBM, HNSC,KICH,KIRP, LGG, LIHC, LUAD,
LUSC, OV,PAAD,PCPG,PRAD,READ,STAD, THCA. At the same time, ACC, SKCM, TGCT and THYM were
negatively correlated (Figure 7).In the relationship between the expression of MMP14 of Stromalscore, the
expression of MMP14 was positively correlated with the expression of immune matrix under the
condition of statistical signi�cance (P < 0.05) :BLCA, BRCA, CESC, COAD, DLBC, ESCA, GBM,HNSC,
KICH,KIRC, KIRP, LAML, LGG, LIHC, LUAD, LUSC, MESO, OV, PAAD, PCPG, PARD, READ, SARC, STAD TGTC,
THCA, THYM, USEC,UCS, UVM. Negative correlation was found in SKCM (P=0.24) (Fig. 8).The three
tumors with the most signi�cant correlation between MMP14 expression and immune cell score are
Stromalscore: BRCA,CESC, and COAD(Figure 9A); Immunescore: COAD; LGG; PCPG (�gure 9 b).In
conclusion, it can be seen that the expression of MMP14 is associated with immune in�ltration.

The expression of MMP14 is associated with immune checkpoint genes in endemic cancer
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From the above results, it can be seen that the expression of MMP14 is correlated with the level of
immune in�ltration, so we further studied the relationship between MMP14 and 47 common immune
checkpoint genes (Figure 10).The results showed that the expression of MMP14 was associated with 41
immune checkpoint genes in PRAD, 36 in LGG, 33 in THCA and 29 in KICK.We also found that the
immune checkpoint gene CD276 was signi�cantly associated with MMP14 expression in 28 of 33
tumors.The expression of MMP14 is associated with immune checkpoint genes in endemic cancer, and
these results provide further evidence that MMP14 expression is associated with the level of immune
invasion.

The expression of MMP14 is associated with gene mismatch repair (MMR) and DNA methylation levels
in endemic cancer

MMR is an important correction factor for base mismatches, base deletions and insertion errors during
DNA replication and recombination, and plays an important role in maintaining gene stability (25).MMR
genes play a crucial role in maintaining the stability of MMR genes. Deletions of some important MMR
genes will lead to major errors in DNA replication and recombination, leading to the occurrence of tumors
(26).So, in order to study the expression of MMP14 on the in�uence of the cancer process, we choose for
the MMR of several important genes and expression level of MMP14 this direction, the in�uence of the
results (�gure 11. A), we can see from the picture the expression of MMP14 and MMR genes larger
tumors have a KICK, correlation KIRC, LGG, LIHC, LUSC, OV, PAAD, STAD, TGCT, THCA, UCEC, is one of the
most relevant LGG, UCEC.

A growing number of recent studies have shown that DNA methylation plays a role in the progression of
numerous tumors (27,28).Therefore, in this study, we evaluated the relationship between four DNA
methyltransferases and MMP14, as shown in Figure 11. It can be seen that the expression of MMP14 is
highly correlated with four DNA methyltransferases in many tumors, especially SARC, SKCM, STAD, TGCT,
UCEC, BRCA, HNSC, KICH, Kirc, LGG, LIHC, MESO, OV, and PAAD.These data suggest that MMP14 can
affect the occurrence and progression of many tumors through DNA mismatch repair and DNA
methylation.

Relationship between MMP14 expression and tumor mutation load (TMB) and microsatellite instability
(MSI) in endemic cancer

Recently it has been reported that tumor mutation load (TMB) plays an important role as a biomarker in
predicting the response to immune checkpoint inhibitors (ICIs) (29,30,31), such as PD-1/PD-
L1.Microsatellite instability (MSI), which also occurs in the vast majority of tumors, may also serve as a
novel and important biomarker to predict the effects of immune checkpoint inhibitors (32,33), as well as
PD-1.In this study, we investigated the relationship between MMP14 and tumor mutation load (TMB) and
microsatellite instability (MSI) in endemic cancer.The analysis results showed that the expression of
MMP14 was positively related with TMB: THYM, SKCM, SARC, SARC PAAD, LUAD, LGG.In contrast,
tumors in which MMP14 expression was negatively correlated with TMB included BLCA,HNSC,LIHC, and
PRAD(Figure 12A).In terms of MSI, MMP14 expression was positively correlated with MSI in the following
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tumors: TGCT,SARC and COAD;The tumors in which MMP14 expression was negatively correlated with
MSI included UCEC, PRAD (Figure 12B).

Discussion
As is known to all, the treatment and prevention of cancer is a very signi�cant research direction at
present, and pan-cancer analysis is one of the important means, which can compare the differences
between different tumors, and has great signi�cance and practical value for the discovery of new markers
and new effective therapeutic targets of cancer.So far, there have been studies on pan-cancer analysis by
means of gene mutations, driver genes, gene copy number changes, and tumor purity, etc. These efforts
have been proved to be of great signi�cance for the treatment and diagnosis of tumors, providing new
ideas and perspectives for the treatment and prevention of tumors (34,35,36,37,38).

Numerous studies have shown that the MMPs family is involved in the occurrence and progression of a
large number of tumors, and MMPs have been shown to be closely related to metastasis and invasion
(39).MMP14 is one of the �rst known members of MMPs and has been shown to act as an activator of
MMP2 (40,41).Therefore, it can be seen that MMP14 plays an extremely important role in tumors, and
strengthening the role of MMP14 in pan-cancer is of great importance and signi�cance for the treatment,
prevention and diagnosis of cancer.Previous studies have shown that high expression of MMP14 is
associated with poor prognosis of gastric cancer, colorectal cancer and liver cancer (42,43,44).It has also
been suggested that MMP14 can be used as a biological indicator of tumor prognosis (45).Currently,
there are still limited studies on whether MMP14 is related to tumor prognosis or as a biomarker for
biological prognosis. Whether MMP14 can be used as a biomarker for tumor prognosis needs further
studies to con�rm.

In this study, we �rst analyzed the MMP14 expression in the generic cancer, we found that compared with
normal tissue MMP14 expression differed in 23 kinds of cancer, and high expression of MMP14 and
tumor MMR, MSI, DNA methylation is closely related to TMB, these are all plays an important role in the
progression, and prognosis of tumor.At the same time, we found that overexpression of MMP14 was
associated with poorer outcomes in a variety of cancers (OS, DSS, PFI, and DFI).In addition, the
expression of MMP14 is closely related to the immunoosmosis and ICI level of human pan-cancer,
especially in LGG, PRAD, THCA and other tumors.The results of this study suggest that MMP14 plays a
critical role in tumor immunity and may serve as an important biomarker.

There have been some reports on the effect of MMP14 on tumors. Ye Jin et al. (46) indicated that high
expression of MMP14 in resectable hepatocellular carcinoma predicted poor prognosis.   Yichen Dong et
al. (47) pointed out that the increased expression of MMP14 is associated with poor prognosis in Chinese
gastric cancer patients, and that MMP14 plays an important role in the progression and prognosis of
gastric cancer and is a convincing biomarker for predicting prognosis in Chinese gastric cancer
patients.Guangfei Cui et al. (48) indicated that MMP14 predicted a poor prognosis in patients with
colorectal cancer.MMP14 plays an important role in the progression and prognosis of colorectal cancer
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and may be a useful biomarker for predicting survival after colectomy.At the same time, some studies
have shown that MMP14 is involved in normal physiological functions and tumor-related processes such
as cell migration, invasion, metastasis, angiogenesis and proliferation of tumors (49,50).MMP14 has
been reported to be upregulated in some cancers (51,52,53) and to promote invasion and metastasis of
cancer cells (47,52,54).In this study, the prognosis of MMP14 in pan-cancer patients was analyzed,
including Overall survival(OS), disease-special survival(DSS), disease-free interval(DFI), and progression-
free interval(PFI).(OS) analysis of MMP14 lower expression in the ACC, BLCA, GBM, HNSC, KIRC, LGG,
LIHC, LUAD, MESO, OV, PAAD, THCA positively related to the overall survival prognosis;(DSS) analysis
showed that the low expression of MMP14 was positively correlated with the prognosis of ACC,PAAD and
UCEC.(DFI) analysis showed that the low expression of MMP14 signi�cantly affected the prognosis of
the tumors including ACC,BLCA,BRCA,GBM, KRIC,LGG,LIHC,MESO, OV,PAAD, YHCA,UVM;(PFI) analysis of
MMP14 lower expression signi�cantly in�uence on prognosis of tumor have BLCA, BRCA, KICH, KIRC,
LGG, LUSC, one of the highest correlation is ACC, BLCA, BRCA, LGG, PAAD, KIRC.These data indicate that
MMP14 is highly correlated with tumor prognosis.MMP14 is a potential biomarker for prognosis of pan-
carcinomas.However, this study did not explore the mechanism of action of MMP14 in pan-cancer, which
is a de�ciency of this study.

Tumor immune microenvironment (TME) has recently been widely studied and has become an important
aspect of tumor therapy. Numerous studies have con�rmed that TME plays an important role in tumor
invasion, microangiogenesis, tumor proliferation, and even immune escape (55,56,57).Immune cells are
widely present in the matrix of TME cells and play an important role in the effect of TME on tumors.
Common and important immune cells include neutrophils, natural killer cells, macrophages, dendritic
cells, B cells, and T cells.In TME, various immune factors are regulated by various key factors in the
process of playing their roles (58,59,60).Moreover, more and more studies have shown that immune cells
play an important role in the occurrence and development of many tumors (61,62,63).However, to date,
there have been no studies on the role of MMP14 in TME.The results of this study showed that a variety
of tumors were associated with immune cell in�ltration, among which three tumors were most
signi�cantly related: BLCA,BRCA, and COAD.This may provide a new direction and target for the treatment
and diagnosis of BLCA,BRCA and COAD.Immune and matrix scores are often used to evaluate the
number of in�ltrating immune cells in TME (64).In this study, the expression of MMP14 in BLCA, BRCA,
CESC, COAD, DLBC, ESCA, GBM, HNSC,KICH, KirP,LGG, LIHC, Luad, LUSC, OV,PAAD, PCPG, PRAD, READ,
STAD and THCA was positively correlated with immune cell score and Stromalscore, and the three tumors
with the most signi�cant correlation between the expression of MMP14 and immune cell score were
Stromalscore:BRCA, from cesg, COAD. Immunescore: COAD; LGG; PCPG.Meanwhile, in this study, MMP14
was found to co-express with 47 immune checkpoint markers in cancer.MMP14 expression was
associated with 36 immune checkpoint genes in LGG, 33 in THCA, and 29 in KICK. We also found that the
immune checkpoint gene CD276 was signi�cantly associated with MMP14 expression in 28 of 33
tumors.These evidences suggest that MMP14 can modulate the in�ltration of immune cells, perhaps by
regulating or recruiting immune cells, and thus further play a role in tumor regulation.These results fully
prove that MMP14 plays an important role in tumor immunity.
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Studies have shown that MMR plays an important role in maintaining the stability and integrity of the
whole genome in normal cells. It is generally believed that the main components of MMR are MLH, MSN
and PMS(65).The deletion of MMR gene will have an important effect on tumor cells, which can
signi�cantly increase the mutation frequency of related genes in tumor cells. This potential defective
biomarker caused by the deletion of MMP gene is called microsatellite instability (MSI)(66).A large
number of studies have con�rmed that MMR gene deletion and MSI are considered important and
sensitive biomarkers for many tumors, which play an important role in tumor target prediction and
treatment (67,68,69).At the same time, a new method of predicting tumor occurrence and progress of the
other and DNA methylation and tumor mutation load (TMB), including DNA methylation is regarded as a
mechanism of epigenetic change a phenomenon (27, 28), and the de�nition of the TMB is a kind of
method, the size of the measurement of cancer cell mutation to predict the prognosis of patients with
tumor, especially ICIs response is of great signi�cance in the treatment of cancer (70,71,72).In this study,
tumors with high correlation between MMP14 expression and �ve MMR genes were Kick, Kirc, LGG, LiHC,
LUSC, OV, PAAD, Stad, TGCT, THCA, and UCEC, among which LGG and UCEC had the highest
correlation.The expression of MMP14 in many tumors is highly correlated with four DNA
methyltransferases, especially SARC, SKCM, STAD, TGCT, UCEC, BRCA, HNSC, KICH, Kirc, LGG, LIHC,
MESO, OV, and PAAD.At the same time, the expression of MMP14 was positively correlated with TMB:
Thym,SKCM,SARC,PAAD, LUAD,LGG;In contrast, the tumors in which MMP14 expression was negatively
correlated with TMB were BLCA,HNSC,LIHC, and PAD.In terms of MSI, MMP14 expression was positively
correlated with MSI in the following tumors: TGCT,SARC and COAD;The tumors in which MMP14
expression was negatively correlated with MSI were: UCEC, PAD.All of these data indicate for the �rst time
that MMP14 plays an extremely important role in tumor genesis and progression, and that MMP14 may
be an important biomarker for the diagnosis, treatment and prognosis of multiple tumors.

At present, there have been a few studies on MMP14, but this study is the �rst one that takes MMP14 as
a potential target in widespread cancer. At the same time, the results of this study also show that MMP14
has an important effect on the prognosis and immune in�ltration of many tumors, which provides a new
direction for tumor research.At present, the exploration of MMP14 inhibitors continues, but no
breakthrough has been made (73). There are many reasons for this. Strengthening the study on the
mechanism of MMP14 on tumors should be a breakthrough to solve this problem, which is also an
important de�ciency of this paper.

Conclusion
In conclusion, this study explored the important role of MMP14 in tumor prognosis, and the expression of
MMP14 was highly correlated with tumor immunoinvasion, especially with obvious tumors including
BRCA, CESC, COAD, and LGG, PCPG. Meanwhile, we demonstrate that MMP14 can affect the occurrence
and progression of many tumors through TMB, MMR, MSI and DNA methylation. All these fully indicate
that MMP14 may be a biomarker for the prognosis, diagnosis and treatment of many tumors, and provide
a new idea and direction for subsequent tumor immune research and treatment strategies.
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Skin Cutaneous Melanoma; STAD Stomach adenocarcinoma; TGCT Testicular Germ Cell Tumors; THCA
Thyroid carcinoma; THYM Thymoma; UCEC Uterine Corpus ; Endometrial Carcinoma; UCS Uterine
Carcinosarcoma; UVM Uveal Melanoma.
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Figures

Figure 1

Difference of expression of MMP14 in tumor tissues and normal tissues in pan-cancer. (a) Oncomine
database was used to analyze the expression of MMP14 in tumor tissues and normal tissues. The
number in each cell is the total amount of the dataset;(b)Analysis and comparison of MMP14 expression
in different tumor tissues and normal tissues in TCGA database* P 0.05, * * P 0.01 * * * P 0.001
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Figure 2

The relationship between the expression of MMP14 and the Overall Survival (OS) and prognosis of Pan -
cancer was analyzed. (a) The correlation between MMP14 expression and OS in different cancer types of
TCGA was analyzed. The red part represents the risk ratio. Due to the limited sample size, the parameters
and hazard ratio could not be calculated with short bars, and the red font indicated P < 0.05. (b) Kaplan
Meier analysis was used to make survival curve for the prognostic effect of MMP14 expression on Pan -
cancer. OS: overall survival.

Figure 3

The expression of MMP14 was correlated with the disease-free survival (DFS) and the prognosis was
analyzed by DFI. The expression of MMP14 and the overall survival rate of Pan cancer were analyzed by
DFI  a) The correlation analysis of MMP14 expression and DFI in different cancer types of TCGA, the red
part represents the risk ratio. Due to the limited sample size, the parameters and hazard ratio could not be
calculated with short bars, and the red font indicated P < 0.05. (b) Kaplan Meier analysis was used to
make survival curve for the prognostic effect of MMP14 expression on Pan -cancer. DFI: disease free
interval survival.
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Figure 4

The expression of MMP14 and the prognosis of DSS were analyzed. The relationship between MMP14
expression and disease-free survival was analyzed by DSS. The expression of MMP14 and the overall
survival rate of Pan cancer were analyzed by DSS  a) The correlation analysis of MMP14 expression and
DSS in different cancer types of TCGA, the red part represents the risk ratio. Due to the limited sample
size, the parameters and hazard ratio could not be calculated with short bars, and the red font indicated P
< 0.05. (b) Kaplan Meier analysis was used to make survival curve for the prognostic effect of MMP14
expression on Pan cancer. DSS: disease speci�c survival.

Figure 5
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The relationship between MMP14 expression and PFI prognosis was analyzed. The expression of
MMP14 and prognosis of Pan -cancer disease-speci�c survival were analyzed by PFI. The relationship
between MMP14 expression and disease-free survival was analyzed by DSS. The expression of MMP14
and the overall survival rate of Pan -cancer were analyzed by PFI. (a) The correlation analysis of MMP14
expression and PFI in different cancer types of TCGA, the red part represents the risk ratio. Due to the
limited sample size, the parameters and hazard ratio could not be calculated with short bars, and the red
font indicated P < 0.05. (b) Kaplan Meier analysis was used to make survival curve for the prognostic
effect of MMP14 expression on Pan- cancer. PFI: progression free interval survival.

Figure 6

The expression of MMP14 in BLCA, BRCA and COAD was correlated with the level of immune in�ltration
(B_cells, CD4_tcells, CD8_t cells, macrophages, dendritic Cells, and Neutrophils). Only in BLCA, the
expression of MMP14 was negatively correlated with B_cells in�ltration, and the others were positively
correlated with the 6 kinds of immune cell in�ltration.
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Figure 7

Relationship between the expression of MMP14 and Immune score in Pan-cancer. Only in ACC, SKCM,
TGCT and THYM, the expression of MMP14 was negatively correlated with immune cell in�ltration, and
the others were positively correlated with the immune cell in�ltration (In the case of P < 0.05).
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Figure 8

Relationship between the expression of MMP14 and Stroma score in Pan-cancer. Only in SKCM, the
expression of MMP14 was negatively correlated with immune cell in�ltration, and the others were
positively correlated with the immune cell in�ltration(In the case of P < 0.05).
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Figure 9

The 3 Tumors with the highest correlation between MMP14 expression and immune score and stromal
score in the pan-cancer analysis. The expression of MMP14 is positively correlated with the in�ltration
level of these immune cells.
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Figure 10

Correlation analysis of MMP14 expression and 47 immune checkpoint genes in endemic cancer. MMP14
was associated with 41 immune checkpoint genes in PRAD, 36 in LGG, 33 in THCA and 29 in KICK. We
also found that the immune checkpoint gene CD276 was signi�cantly associated with MMP14
expression in 28 of 33 tumors (* P < 0.05, * * P < 0.01 * * P < 0.001).
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Figure 11

The expression of MMP14 was correlated with the expression of 5 MMR genes and 4 DNA
methyltransferases. (a) Spearman correlation analysis was used to analyze the correlation between MMR
gene expression and MMP14 expression in tumors (* P < 0.05, * * P < 0.01 * * P < 0.001). (b) Spearman
correlation analysis was used to analyze the correlation between four DNA methyltransferases and
MMP14 expression
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Figure 12

The expression of MMP14 was correlated with TMB and MSI  a) Radar images were used to show the
correlation between MMP14 expression and TMB. The black value represents the range and the blue
curve represents the correlation coe�cient  b) Radar images were used to show the correlation between
MMP14 expression and MSI. The black value represents the range and the red curve represents the
correlation coe�cient.


