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�is study aimed to elucidate the potential genes of the matrix metalloproteinase (MMP) family, responsible for the 
progression of laryngeal squamous cell carcinoma (LSCC). Besides, we ascertained the changes in common malignant 
behaviors in vitro by knocking down MMP1. TCGA, GEO, Oncomine, and microarray data were conducted to analyze the 
expression levels of MMPs and to �nd tissue-speci�c genes in LSCC. Univariate and multivariate Cox regression analyses 
were established in the construction of a prognostic model based on expression pro�les and clinical information of LSCC in 
TCGA. We then comprehensively analyzed survival, co-expression network, and immune in�ltration based on a prognostic 
model by Kaplan-Meier analysis, WGCNA, and CIBERSORT. �erea�er, qRT-PCR, proliferation, Transwell, and wound-
healing assays were used to assess the accuracy of the bioinformatics data. A total of seven genes in the MMP family were 
identi�ed as di�erentially expressed genes (DEGs) by integrating three public databases and microarray data. Additionally, 
multivariate Cox regression was used to establish a four-gene (MMP1/3/8/10) prognostic model, which exhibited a better 
predictive accuracy than the TNM (tumors/nodes/metastases) based model. �e prognostic model was related to plasma 
cells, CD8+ T cells, follicular helper T cells, resting NK cells, and M0 macrophages in�ltration. �e expression of MMP1, 
MMP3, and MMP10 was the highest in head and neck squamous cell carcinoma (HNSC) compared to other cancer in the 
Oncomine and GEPIA dataset. Further, MMP1 demonstrated signi�cant upregulation in 40 paired LSCC tissues. Eventu-
ally, MMP1 downregulation inhibited cell viability, colony formation, and cell migration in TU686 and FaDu cells. Our 
�ndings suggest that the four-gene signature might be associated with the prognosis. Further, we revealed that MMP1 is a 
pivotal biomarker for the biotherapy and prognostic evaluation of patients with LSCC. 
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Laryngeal cancer is the second most prevalent tumor 
in otorhinolaryngology – head and neck surgery, with 
the squamous cell carcinoma subtype accounting for 95% 
of larynx cancer [1]. �e causes of laryngeal cancer are 
complex and multifaceted. Besides, the signi�cance of 
early clinical symptoms remains unclear, and survival rates 
at later stages are still low [2]. With the implementation 
of smoking bans, the total number of new cases of LSCC 
has slightly reduced over the past three years. However, 
the incidence remains high, accounting for approximately 
1% of all cancers [3]. �erefore, it is essential to further 
explore novel therapeutic targets and e�ective prognostic 
biomarkers.

Matrix metalloproteinase (MMP) family are highly 
conserved zinc-dependent endopeptidases and primary 
proteases participating in the degradation of extracellular 
matrix (ECM) and basement membranes. A total of 25 

MMP genes have been described in humans and classi�ed 
into six types based on the structural domain composi-
tion and substrate speci�city. Irregular expression of MMP 
genes has been implicated in numerous diseases, including 
cardiovascular diseases, rheumatic diseases, and cancer [4]. 
Several studies have attributed disordered MMP expression 
in di�erent types of cancers to poor performance, speci�-
cally in breast cancer and ovarian cancer [5].

To the best of our knowledge, no systematic analysis has 
been reported on the expression and speci�c tissue distribu-
tion of the MMP family genes in di�erent tumors. Moreover, 
the functions and prognostic capacities of individual MMPs 
in LSCC are less described. As such, we explored the poten-
tial oncogenic values of distinct MMP family members in 
LSCC. We aimed to identify MMP family genes indicating 
poor clinical outcomes. We also investigated the corre-
lations of tumor immunity with a prognosis of LSCC, 
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which might help to evaluate therapeutic decisions and the 
prognosis for LSCC patients.

Patients and methods

Data acquisition from a public database. FPKM data of 
the LSCC with 123 samples and relevant clinical data were 
obtained from �e Cancer Genome Atlas (TCGA, https://
portal.gdc.cancer.gov/). �e mRNA levels of MMPs family 
members in di�erent types of cancer were investigated by 
Oncomine (www.oncomine.org). �e genes with |log2fold-
chang (log2 FC)| >1 and adjusted p<0.05 were regarded 
as DEGs. Gene matrix expression pro�les of LSCC were 
obtained from Gene Expression Omnibus (GEO, https://
www.ncbi.nlm.nih.gov/gds/?term=) (GSE51985, GSE59102, 
GSE59652, GSE84957, GSE117005, GSE143224, see Table 1 
for speci�c information). All genes in each data sets were 
sorted by logFC and integrated using the RobustRankAggreg 
R package. Given the TCGA database included complete gene 
expression pro�les and clinical information of LSCC, the 
MMPs-related prognostic prediction analysis was performed 
using TCGA data. �e other databases were only used for 
di�erential gene expression analysis.

Prognosis-related genes identi�cation. R-package 
‘survival’ was used to perform univariate and multifacto-
rial Cox regression analysis. A four-gene-based prognostic 
model was performed to estimate the risk score of each 
patient following the equation: risk score = MMP1*0.121 + 
MMP3*0.040 + MMP8*0.800 + MMP10*0.0709.

�e patients were then subdivided into a high-risk and a 
low-risk group based on the median risk score. �e receiver 
operating characteristic (ROC) curve was drawn and the area 
under curve (AUC) was calculated by R-package ‘surviv-
alROC’. �e AUC value indicated the accuracy of prediction 
and was signi�cant when it exceeded 0.60 [6]. Kaplan-Meier 
procedure was used to estimate the survival time di�erence 
between the low-risk and high-risk groups by R-package 
‘Survminer’. Meanwhile, the ‘forestplot’ R-package was used 
to visualize the Cox results. Nomograms were built by the 
‘rms’ package of R. Moreover, the risk-score-based DEGs 
were analyzed in the high- and the low-risk groups in LSCC 
using the R-package ‘edgeR’.

Co-expression network and tumor microenviron-
ment analysis. Risk-score-based DEGs and MMP family 
genes were evaluated via the Weighted Gene Co-Expres-

sion Network Analysis (WGCNA) following the tutorial 
on the o�cial website [7]. �e networks were visualized 
by Cytoscape 3.7.2. Stromal score, immune score, estimate 
score, and tumor purity were analyzed by R package ‘estimate’. 
Immune in�ltration data were estimated by CIBERSORT 
(https://cibersort.stanford.edu).

Clinical tissue samples. A total of 40 pairs of LSCC 
tissues and noncancerous tissues were frozen at the Institute 
of Otorhinolaryngology – Head and Neck Surgery (Hebei, 
China). Clinical features and pathological diagnosis were 
exported from corresponding data records. No chemo-
therapy and/or radiotherapy treatment was received before 
surgery. �e Ethical Committee approved this research of the 
Second Hospital of Hebei Medical University (Hebei, China), 
and all patients provided informed consent.

Cell culture and silencing of MMP1. �e LSCC cell 
lines (TU686, TU177, and AMC-HN-8), hypopharyn-
geal cell lines (FaDu), and 293T cell lines were purchased 
from Beijing Beina Chuanglian Institute of Biotechnology 
(Beijing, China). �ese cell lines were cultured as described 
in previous protocols [8]. Small interfering RNA (siRNA) 
was used to knock down MMP1 expression in vitro. �e 
siRNA of MMP1 and negative control (si-NC) were obtained 
by RiboBio (Guangzhou, China). �e sequences are listed 
in Table 2. �e Lipofectamine 3000 (Invitrogen, USA) was 
adopted to accomplish the cell transfections following the 
manufacturer’s instructions. Cells transfected with siRNAs 
for 24 h proceeded to a quantitative real-time polymerase 
chain reaction (qRT-PCR) and cell function assays. �e 18S 
was used as an internal control to determine the expression 
of interesting genes.

Cell biological behavior assays. Previous research 
described the experimental process for cell proliferative 
assay, cell migration and invasion, and the colony formation 
assays [8]. Here, we brie�y introduce the steps of the wound-
healing assay. When the cells in 6-well plates grew to 70–80% 
con�uence, a 200 µl pipette tip was used to scrape them. �e 
scratched areas were photographed and measured at 0, 24, 
and 48 h.

Statistical analysis. Statistical data were conducted using 
R-4.0.2-win. Wilcoxon rank-sum test was used to analyze 
continuous skewed variables, while the parametric data were 
performed using t-tests. A value of p<0.05 was considered 
statistically signi�cant. GraphPad Prism 8 was applied for bar 
and line graphs.

Table 1. Details of the GEO (Gene Expression Omnibus) LSCC data sets.
Reference Tissue GEO Platform Normal Tumor Biotype
Lian et al. (2013) LSCC GSE51985 GPL10558 3 10 mRNA
Wilson (2014) LSCC GSE59102 GPL6480 13 25 mRNA
Shen et al. (2014) LSCC GSE59652 GPL13825 7 6 mRNA
Feng et al. (2016) LSCC GSE84957 GPL17843 9 9 mRNA
Liu et al. (2020) LSCC GSE117005 GPL20115 5 4 mRNA
Nicolau et al. (2020) LSCC GSE143224 GPL5175 11 14 mRNA
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Results

DEGs of MMPs in LSCC patients based on di�erent 
databases. A total of 19 di�erential expression genes of the 
MMP family were screened from the TCGA database, 18 
genes were considerably highly expressed in LSCC tissues, 
while 1 gene was decreased in LSCC compared with adjacent 
non-tumor tissues (Figure 1A). Besides, eight di�eren-
tial genes were in the GEO database. Moreover, MMP12 
and MMP1 were signi�cantly upregulated in LSCC tissues 
compared to surrounding non-tumor tissues, with a fold 
change of 4.76 and 4.67, respectively (Figure 1B). From the 
Oncomine dataset, we analyzed the mRNA expression of 
MMPs between HNSC and adjacent normal tissues. MMP1, 
MMP2, MMP3, MMP7, MMP9, MMP10, MMP11, MMP12, 
MMP13, MMP14, and MMP16 were highly expressed in 
tissues compared with adjacent non-tumor tissues. MMP21, 
MMP23A, MMP24, MMP26, and MMP28 have no di�er-
ence in HNSC and normal tissues. Among them, MMP1 had 
the largest number of datasets with statistically signi�cant 
alterations in mRNA expression (Supplementary Figure S1). 
�ese results were almost consistent with those from TCGA. 
�e combination of microarray results between four pairs of 
LSCC tissues and adjacent normal tissues [8] showed MMP1, 
MMP3, MMP8, MMP10, MMP11, MMP12, MMP13, 
MMP14, and MMP25 had both elevated expressions in 
LSCC tissues. MMP1 and MMP12 were the most signi�cant 
upregulated genes, with the fold change of 6.47 and 9.22, 
respectively, in accordance with GEO datasets (Figure 1C). 
Further, seven common DEGs in the intersection of the 
four databases mentioned above were identi�ed, including 
MMP1, MMP3, MMP9, MMP10, MMP11, MMP12, and 
MMP13 (Figure 1D). Together, these data suggest an impor-
tant role of the seven common DEGs overexpression in 
LSCC patients.

Construction of an MMPs-related prognostic model 
based on MMP1, MMP3, MMP8, and MMP10. First, univar-
iate Cox regression analysis was applied with the expression 
pro�les of the 25 MMPs genes. Hazards ratio and p values 
of the 25 genes were displayed using heatmaps (Supplemen-
tary Figure S2). MMP1, MMP3, MMP8, and MMP10 were 
screened using p<0.05. �en, multi-gene prediction models 
were constructed based on the univariate Cox outcomes to 
evaluate the involved e�ect of the screened genes on patient 
overall survival. In total, MMP1, MMP3, MMP8, and 
MMP10 were eventually selected to form the models, and 
risk scores of the patients were calculated using the formulas 
mentioned above in the �nal analysis (Figure 2A).

Additionally, we compared the AUC for each ROC curve 
to assess the MMPs-related prognostic model performance. 
�e AUC of the MMP gene-based model (area under red 
= 0.641) was higher than the model based on TNM stages 
(area under blue curve = 0.536), the model based on grade 
(area under green = 0.523), and the model based on gender 
(area under yellow = 0.374) (Figure 2B). Moreover, patients 
were divided into the high- and low-risk groups by the 
median value, and the corresponding risk value was listed 
in ascending order (Figure 2C). Survival curves presented 
that patients with high-risk scores were signi�cantly corre-
lated with shorter survival rates (Figure 2D). Patient survival 
status demonstrated that patients with high-risk scores 
had greater mortality than patients with low-risk scores 
(Figure 2E). �en, a heatmap was drawn to display the gene 
expression pro�les between high-risk and low-risk groups. 
And, increased expression of the four prognostic genes was 
observed as the risk value increased (Figure 2F).

MMP1, MMP3, MMP8, and MMP10-prognostic model 
evaluated as independent prognostic factor and construc-
tion of nomogram model. �e risk score, age, gender, grade, 
and TNM stage were estimated by multivariate Cox regres-
sion analysis. Consequently, risk score (p=0.015) was signi�-
cantly associated with prognosis, dominated independent 
prognostic factor for overall survival (Figure 2G). Moreover, 
the nomogram was constructed based on the risk score, 
stage, gender, age, and grade for predicting prognoses of the 
patients. �e score of each factor and the total scores of all 
factors can be obtained from the nomogram. �e total scores 
predicted the 1-, 3-, and 5-year survival rates (Figure 2H).

Weighted gene co-expression network analysis of 
MMP1, MMP3, MMP8, and MMP10. �e co-expression 
network of MMP genes and the risk-score-based DEGs 
were obtained in modules were signi�cant (p<0.05). Red 
nodes showed MMP family genes, and the genes belonging 
to the 4-gene prediction model were labeled with bigger red 
nodes. �e blue nodes indicated the co-expressed genes. �e 
four prognostic model genes (MMP1, MMP3, MMP8, and 
MMP10) were all present in the co-expression network. In 
addition, MMP1 was collectively correlated with MMP3 
and PRSS23, MMP8 was collectively correlated with MMP9, 
and MMP10 was collectively correlated with FN1 and IL24 

Table 2. Primer sequences used in this study.
Gene Sequence
MMP1 F:5’-TGTTCTGGGGTGTGGTGTCT-3’

R:5’-CTCCGCTTTTCAACTTGCCTC-3’
MMP3 F:5’-GGTTCATGCTGGTGTCCTCA-3’

R:5’-AGGCAAGACAGCAAGGCATA-3’
MMP8 F: 5’-AGACGCTTCCATTTCTGCTCT-3‘

R: 5’-TTTCCAGGTAGTCCTGAACAGT-3‘
MMP10 F:5’-TGCTTTGTCCTTCGATGCCA-3’

R:5’-AAACGGTGTCCCTGCTGTTA-3’
PRSS23 F:5’-GCTCGGCGCGGAACAG-3’

R:5’-AATTGAGGGTAGACTGGGGC-3’
18S F:5’-ATCCTCAGTGAGTTCTCCCG-3’

R:5’-CTTTGCCATCACTGCCATTA-3’
si-MMP1-1 5’-GCTTGAAGCTGCTTACGAA-3’
si-MMP1-2 5’-GGACCATGCCATTGAGAAA-3’
si-MMP1-3 5’-GCACATGACTTTCCTGGAA-3’
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Figure 1. mRNA expression of MMPs in LSCC. �e heatmap showing the fold changes and p-value of MMP family members compared LSCC patients 
with normal people from the TCGA (A), GEO (B), and microarray (C) data sets (*p<0.05, **p<0.01, ***p<0.001); D) Venn-diagram of common DEGs 
in TCGA, GEO, Oncomine, and microarray data
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Figure 2. �e multivariate Cox regression analysis. A) Forest plot of the multivariate Cox regression model showing four prognosis-related signature 
genes; B) �e ROC curves and AUC of risk score (red curve), age (orange curve), gender (yellow curve), grade (green curve), and TNM stage (blue 
curve); the risk score distribution (C), Kaplan-Meier curve (D), patient survival status (E), and heatmap of the four MMP genes of the LSCC patients 
in the high- and the low-risk groups (F); G) Forest plot presenting the multivariate risk factors of LSCC patients; H) Nomogram for the 1, 3, 5-year OS 
prediction based on risk score, age, gender, grade, and TNM stage
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(Figure 3A). Notably, the four prognostic model genes 
(MMP1, MMP3, MMP8, and MMP10) did not exist in isola-
tion but instead, as a complex interconnected network, so 
MMP1 or MMP10 might ful�ll pivotal roles in LSCC patients.

Tumor microenvironment estimation of subtypes of 
LSCC based on MMP1, MMP3, MMP8, and MMP10-
prognostic model. �e ESTIMATE algorithm was used 
to calculate the stromal score, immune score, and tumor 
purity of the high- and low-risk groups. �e high-risk group 
showed a higher stromal component and lower tumor purity 
than those in the low-risk group. Our results show that the 
more advanced the risk, the higher the immune score will 
be, despite being no statistical signi�cance (Figure 3B). �e 
di�erence of immune cells in�ltration was compared between 
the low- and high-risk groups. Five types of immune cells 
with di�erences in in�ltration were detected between the two 
groups, such as plasma cells, CD8+ T cells, follicular helper 
T cells, resting NK cells, and M0 macrophages (Figure 3C). 
�ese �ndings suggested that tumor microenvironment, 
especially immune cells might be involved in MMPs-a�ected 
prognosis in LSCC.

qRT-PCR validated results of selected MMPs. �e 
mRNA levels of MMP1, MMP3, MMP8, and MMP10 in 
di�erent tumors were identi�ed by the Oncomine database 
(Figure 4A). �is analysis revealed that the MMP1, MMP3, 

and MMP10 expression, but not MMP8 was the highest in 
HNSC than other cancers, and similar trends were observed 
in the GEPIA dataset (http://gepia.cancer-pku.cn/) (Supple-
mentary Figure S3). �us, MMP1, MMP3, and MMP10 were 
selected for the next qRT-PCR validation in 40 paired LSCC 
and adjacent nontumor tissues with consideration of tissue-
speci�c expression pattern. Patient detailed information 
is shown in Table 3. �e results demonstrated that MMP3 
and MMP10 were signi�cantly upregulated in 34/40, 31/40 
paired LSCC tissues. MMP1 indicated signi�cant upregu-
lation (40/40) in paired LSCC tissues and had the highest 
basal expression of LSCC samples in TCGA (Figures 4B, 
4C). Moreover, the TCGA database analysis indicated that 
MMP1 overexpression was correlated with lower progress-
free survival and overall survival of patients with LSCC 
(Supplementary Figure S4). �erefore, MMP1 as a candidate 
of MMPs was selected for further functional validation.

�e expression of MMP1 and the relationship between 
MMP1 and clinical features in LSCC cohort of the Second 
Hospital of Hebei Medical University. �e immuno-
histochemistry results revealed that the expression levels 
of MMP1 were markedly upregulated in LSCC tissues 
compared with adjacent non-tumor tissues (Figure 4D). �e 
relationship between the expression of MMP1 and clinical 
parameters was also investigated in 40 paired LSCC patients. 
Statistical results revealed that expression level of MMP1 was 
signi�cantly associated with smoking (p<0.05), TNM stage 
(p<0.001), lymphatic metastasis (p<0.001), and patholog-
ical di�erentiation (p<0.01). Moreover, no relationship was 
observed between the age, alcohol use, and location of carci-
noma (Figure 5A). Based on the qPCR (2–ΔΔCt) results and 
follow-up data, we carried out a survival analysis according 
to the median value (39.64). Patients with high MMP1 
expression had poorer overall survival than patients with 
low MMP1 expression (Figure 5B). In order to verify the 
reliability of the model predictions, we used our indepen-
dent datasets to verify the model’s prediction capabilities. 
�e validation set prediction correlation coe�cient reached 
0.847, and survival time was signi�cantly di�erent between 
groups (p=0.0042), indicating that the model had a good 
predictive ability (Figures 5C–5E).

Downregulation of MMP1 inhibits cell proliferation, 
migration, and invasion in vitro. Considering that the 
Oncomine and GEPIA databases presented only the expres-
sion pro�les of HNSC, and hypopharyngeal squamous cell 
carcinoma (HSCC) was a head and neck malignant tumor 
with one of the worst prognoses. In addition to LSCC, we 
also evaluated HSCC cell lines. �e mRNA expression 
levels of MMP1 in various laryngeal and hypopharyngeal 
squamous cell carcinoma cell lines were detected by qRT-PCR 
(Figure  6A). Consequently, the TU686 and FaDu cell lines 
were selected for the next functional experiments. �e 
TU686 and FaDu cell lines were transfected with four well-
designed small interfering RNAs (si-MMP1-1/si-MMP1-2/
si-MMP1-3/si-NC). Besides, qRT-PCR con�rmed the knock-

Table 3. Clinical information in 40 cases of LSCC.
Characteristics No. cases (100%)
Gender

male 40 (100.00)
female 0 (0.00)

Age
<63 20 (50.00)
≥63 20 (50.00)

Smoking
no 4 (10.00)
yes 36 (90.00)

Alcohol
no 14 (35.00)
yes 26 (65.00)

Primary site
supraglottic 17 (42.50)
glottic 12 (30.00)
infraglottic 7 (17.50)
tranglottic 4 (10.00)

TNM stage
I 9 (22.50)
II+III+IV 31 (77.50)

LN metastasis
N0 28 (70.00)
N1+N2+N3 12 (30.00)

Pathological di�erentiation
well 16 (40.00)
moderate + poor 24 (60.00)
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Figure 3. Co-expression network and tumor microenvironment analysis of MMPs family genes. A) Visualization of the co-expression between MMPs 
family genes and the risk-scores-based DEGs. �e red nodes are MMPs family genes, and the bigger ones are the genes included in the 4-gene predic-
tion model. �e blue nodes are the co-expressed genes; B) Violin plot representing the di�erences in the stromal score, tumor purity, and immune score 
between high- and low-risk groups; C) �e di�erence of immune cells in�ltration between the low- and high-risk groups (*p<0.05, **p<0.01)



THE ROLE OF MMPS GENE IN LARYNGEAL SQUAMOUS CELL CARCINOMA 1219

Figure 4. mRNA expression of MMP1, MMP3, MMP8, and MMP10 in various cancers and the expression veri�cation result of individual genes. A) �e 
expression of MMP1, MMP3, MMP8, and MMP10 in di�erent types of cancers in the Oncomine database, and the expression data of HNSC was shown 
in the red box; B) qRT-PCR analysis of the expression of MMP1, MMP3, and MMP10 in 40 paired LSCC tissues; C) mRNA expression levels of MMP 
family members compared LSCC patients with normal people from the TCGA by boxplot; D) Expression of MMP1 in LSCC paired tissues by IHC
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Figure 5. Model validation using independent datasets. A) �e relation between the expression of MMP1 and clinical parameters based on qPCR re-
sults; B) Kaplan-Meier estimated overall survival in patients with high or low MMP1 expression, higher MMP1 expression with poorer overall survival; 
C) Validation set multivariate Cox regression analysis forest map; D) Survival curve of LSCC patients based on risk score model; E) ROC curve for the 
validation set
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Figure 6. Downregulation of MMP1 inhibits cell proliferation, migration, and invasion in vitro. A) Relative expression of MMP1 in �ve cell lines; B) 
�e expression of MMP1 signi�cantly reduced a�er the cells were transfected with four small interfering RNAs; C) �e cell viability was assessed by 
MTS assay a�er transfected with MMP1 siRNA; D) �e number of colonies was remarkably decreased a�er MMP1 was knocked down; E, F) Decreased 
expression of MMP1 attenuates the invasion and migration capability in vitro; G, H) �e suppressed migration capability in cells treated with si-MMP1 
was demonstrated by wound-healing assays. Data were statistically analyzed presented by bar graphs (*p<0.05, **p<0.01, ***p<0.001)
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down e�ciency, where the expression of MMP1 reduced a�er 
the cells were transfected with si-MMP1 (Figure 6B). MTS 
assays showed that reduction of MMP1 expression impaired 
the proliferative capability of the two cell lines (Figure 6C). 
Meanwhile, the number of colonies formed by TU686 and 
FaDu cell lines was remarkably decreased a�er the expression 
of MMP1 was knocked down (Figure 6D). �en, Transwell 
and wound healing assays were subsequently performed to 
evaluate the e�ect of MMP1 on the migration and invasive 
ability of squamous cells carcinoma. Knockdown of MMP1 
signi�cantly decreased the migratory and invasive capabili-
ties of the two cell lines (Figures 6E, 6F). Moreover, in the 
scratch wound healing assay at 24 h and 48 h, silencing of 
MMP1 attenuated the migration potential in the two cell 
lines (Figures 6G, 6H).

Discussion

MMPs are produced by tumor cells themselves or by 
surrounding stromal cells including �broblasts, stimulated 
by the nearby tumor with a signi�cant role in cell prolifera-
tion and migration [4]. Herein, we synthetically analyzed 
the MMPs in LSCC implicated in expression, prognostic 
value, co-expression, immune cell in�ltration, and cellular 
functional assay.

MMP genes were highly expressed in LSCC tissues when 
compared to surrounding non-tumor tissues. Among the 
MMPs, seven common DEGs were discovered by integrating 
our microarray data and public databases. Given that 
the predictive ability of single or limited genes was barely 
satisfactory, we identi�ed four prognosis-related signature 
genes (MMP1, MMP3, MMP8, and MMP10) to develop the 
prognostic model. And these four genes that a�ect indepen-
dently tumor proliferation or prognosis were respectively 
described in the literature [9–12]. In order to investigate the 
role of the MMP-related model in the prognosis of LSCC, 
overall survival analysis and ROC curves were performed. 
Kaplan-Meier survival curves identi�ed the excellent 
e�ciency of our MMP-related model in discriminating 
patients of di�erent risk groups with di�erent risks of death. 
ROC curves con�rmed satisfactory sensitivity and speci-
�city of the MMP-based prognostic model. Moreover, this 
prognostic model was then independently validated with 
our clinical datasets. �is suggests that the prediction model 
had good predictive ability. Interestingly, the predictive 
accuracy of the MMP gene-based model was signi�cantly 
high compared to the TNM stages. �e TNM staging system 
remains the standard, while other methods are recognized 
auxiliary methods classifying the actual in�ltration range of 
tumors and widely used to predict cancer prognosis clini-
cally. �erefore, the MMP-related model might be useful as a 
supplement to the tumor stage for better stratifying patients 
to more individualized treatments.

We then established that MMP1, MMP3, and MMP10 
expression was highest in HNSC than in other cancers by 

Oncomine, and were tissue-speci�c. Moreover, MMP1 was 
expressed at the most signi�cant higher levels in LSCC than 
in tumor-adjacent tissues in the TCGA database. Despite 
MMP1, MMP3, or MMP10 high expression in LSCC had 
been reported in several studies, most of the studies were 
based on individual genes [13–15]. Systematically analyzing 
the MMP gene family in LSCC was performed for the �rst 
time in this study.

To further elucidate the underlying mechanisms of the 
MMP-regulated downstream signals in LSCC, co-expression 
network and tumor immune cell in�ltration were performed. 
As shown by the co-expression network, the four prognostic 
model genes (MMP1, MMP3, MMP8, and MMP10) were 
co-expressed with genes implicated in oncogenic function, 
i.e., PRSS23, FN1, and IL24. Moreover, MMP1 in the 
co-expression network tends to be highly interconnected 
with MMP3 and PRSS23, and these �ndings were veri�ed 
by qRT-PCR to some degree (Supplementary Figure 5). 
Meantime, Han et al. suggested that PRSS23 downregulation 
impairs gastric tumorigenesis via the EIF2 pathway, which 
displayed a better prognosis [16]. An analysis of integrated 
three microarray datasets revealed that PRSS23 is a poten-
tially critical factor in the lapatinib resistance [17]. �erefore, 
knockdown of MMP1 in TU686 and FaDu cells, diminished 
cell proliferation, migration, and invasion ability are poten-
tially related to the down-expression of PRSS23.

Tumor microenvironment (TME) is an increasingly 
popular topic and potentially related to tumor progres-
sion and therapeutic outcomes [18]. �e tumor TME is 
comprised mainly of immune cells, extracellular compo-
nents, and cancer-associated �broblasts (CAFs) [19]. In this 
study, MMP-dominated high-risk group showed a higher 
stromal score than those in the low-risk group, while the 
immune score did not di�er signi�cantly. �is illustrates 
that CAFs showed a higher presence in the high-risk group 
than the low-risk group. Meanwhile, because the produc-
tion of MMPs was CAFs dependent and the presentation of 
CAFs was diverse [19]. �erefore, we speculated that MMP1, 
MMP3, MMP8, and MMP10 based prognostic model may 
indirectly re�ect the invasion and metastasis function of 
CAFs in LSCC. Moreover, CD8+ T cells can �ght tumors by 
producing cytokines and killing e�ects [18]. �e presence 
of more activated CD8+ T cells and fewer M0 macrophage 
cells within the tumor of the low-risk patients exhibited a 
favorable prognosis in this study. �ese �ndings corrobo-
rate with previous �ndings on cervical squamous cell carci-
noma and breast cancer [20, 21]. In addition, this phenom-
enon was consistent with the reported function of CAFs in 
inhibiting T cell proliferation and gathering macrophages 
[19]. Altogether, the expression of MMP1, MMP3, MMP8, 
and MMP10 signi�cantly correlated with tumor-in�ltrating 
immune cells, and this will provide insight into rational drug 
design or antitumor immunotherapy.

To validate the accuracy of bioinformatics analysis based 
on the sequencing data, we performed qRT-PCR experi-
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ments and a cellular functional assay. In our series of 40 
patients with laryngeal cancer, we found that the MMP1 
mRNA expression in LSCC tissues was considerably higher 
than that in the normal tissues. We also observed that MMP1 
was not randomly expressed but signi�cantly correlated with 
stage, lymphatic metastasis, and pathological di�erentiation. 
�is result corresponded with a study by Pietruszewska et al., 
which demonstrated that a high expression of MMP1 was 
related to low histological di�erentiation in head and neck 
squamous cell cancer [22]. In line with this, MMP1 has been 
reported to relate to lymphatic metastasis in oropharyngeal 
cancer [9]. In vitro data demonstrated that downregulation of 
MMP1 in LSCC cell lines inhibited cell proliferation, migra-
tion, and invasion, indicating that MMP1 activation exerts 
oncogenic activities towards laryngeal. Likewise, similar 
results were con�rmed in HSCC cells. �is suggests that 
MMP1 has essential roles in the progression of laryngeal 
cancer. Meanwhile, Liu et al. reported that MMP1 promoted 
esophageal squamous cell carcinoma proliferation, migra-
tion, and invasion [23]. Saito et al. reported that MMP1 
correlated with high abilities of migration and invasion in 
lung adenocarcinoma [24]. Furthermore, Wang et al. revealed 
that MMP1 participated in the invasion of colorectal cancer 
via the PI3K/Akt/c-myc signaling pathway [25]. Moreover, 
MMP1 was shown to be implicated in breast cancer therapy 
resistance as well as poor prognosis [26].

However, bioinformatic analyses in this study were 
based predominantly on LSCC data, we also demonstrated 
the oncosuppressive function of MMP1 in FaDu cells. �e 
followings are the reasons: 1. HSCC occurs at an anatomic 
location adjacent to LSCC, they are similar in histomor-
phology. 2. MMP1 is more highly upregulated in FaDu than 
TU686 cells, and HSCC has a worse prognosis compared to 
LSCC. �ese results suggest that MMP1 might be used as a 
biomarker of prognosis and therapeutic response in LSCC 
and even in HSCC.

Collectively, we discovered a signature of four genes 
(MMP1, MMP3, MMP8, and MMP10) from 25 MMP genes 
family using the TCGA expression pro�les and prognosis 
information. �ese signature genes were predictive of clinical 
outcomes of LSCC and signi�cantly associated with tumor 
immune response. Furthermore, the most signi�cant gene, 
MMP1, was selected for subsequent wet-lab validation of 
analysis. Knockdown MMP1 signi�cantly impaired the 
proliferation, migration, and invasion capacities of TU686 
cells, thereby improving the survival of LSCC patients.

Supplementary information is available in the online version 
of the paper.
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Supplementary Figure S1. �e expression heatmap of MMP family genes in Oncomine database

Supplementary Figure S2. �e univariate Cox regression of MMP family genes in LSCC patients
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Supplementary Figure S3. �e expression of MMP1, MMP3, MMP8, and MMP10 in 31 various cancers in GEPIA

Supplementary Figure S4. Kaplan-Meier survival curves for the OS and PFS of MMP1 in LSCC
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Supplementary Figure S5. �e mRNA expression level of MMP1, MMP3, and PRSS23 in the TU686 cell line transfected with si-MMP1
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