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Background: The biological and clinical significance of matrix metalloproteinase-7 (MMP-7) 

in cervical cancer remains unknown. Here, we investigated the function of MMP-7 in cervical 

cancer cells and evaluated its clinical significance in both tissues and serum from cervical 

cancer patients.

Methods: First, we analyzed the expression of MMP-7 in cervical cancer using Oncomine 

microarray data and examined its expression in cervical tissues by quantitative real-time 

polymerase chain reaction and Western blotting. Second, we utilized gene silencing to explore 

the role of MMP-7 in cells. Finally, we examined the MMP-7 levels in patients with cervical 

cancer and normal serum by enzyme-linked immunosorbent assay. Moreover, we further inves-

tigated the relationship between MMP-7 expression and pathological features.

Results: The mRNA and protein MMP-7 levels were higher in cervical cancer tissues than in 

healthy controls. Silencing of MMP-7 significantly decreased cervical cancer cell proliferation, 

migration, and invasion. The serum MMP-7 levels were significantly higher in cervical cancer 

patients than in healthy subjects (P,0.01). Further, higher MMP-7 expression was associated 

with increased lymph metastasis (P=0.021), pathological grade (P=0.039, P=0.047), and clini-

cal stage (P=0.049, P=0.046).

Conclusion: MMP-7 appears to act as an oncogene in cervical cancer cells and is involved in cell 

proliferation, migration, and invasion. MMP-7 expression was significantly higher in the tissue 

and serum of cervical cancer patients compared to healthy individuals and was correlated with 

increased pathalogical grade, clinical stage, and lymph metastasis. Therefore, our data provide 

novel evidence that MMP-7 may be a clinically relevant biomarker for cervical cancer.
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Introduction
Cervical cancer is the fourth most common cancer worldwide.1 In 2015, it was 

estimated that there were 98,900 cases of cervical cancer and 30,500 deaths from 

this disease in China.2 Previous studies have reported that good quality screening has 

helped to decrease both incidence and mortality by 80%–90% in developed countries.3 

However, patients in developing countries who present with metastasis or recurrence 

exhibit lower survival than those with primary cancer. Therefore, there is a need for 

prognostic factors to predict the prognosis of cervical cancer patients.4

An ideal tumor marker should have high sensitivity and high specificity to dis-

criminate between patients with cancer and either healthy controls or those with 

benign conditions.5 Squamous cell carcinoma antigen (SCC-Ag) is the most commonly 

used tumor marker for squamous cell cervical carcinoma. However, increased serum 

SCC-Ag levels are commonly observed not only in squamous cell carcinoma of the 

cervix but also in squamous cell carcinoma of the esophagus, lungs, head and neck, 
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and anus. Further, SCC-Ag levels may also be increased in 

benign diseases such as skin disorders, pelvic inflammatory 

disease, cystitis, and renal failure.5,6 Some authors have 

reported that SCC-Ag has no prognostic value,7 while others 

have found that it is an independent prognostic variable for 

clinical outcomes.8,9 Despite these conflicting reports, serum 

SCC-Ag levels at the time of diagnosis are reported to cor-

relate with tumor stage, size, depth of invasion, parametrial 

invasion, and lymph node metastasis.5,10

Tumor metastasis is a complex process encompassing a 

succession of changes including loss of cell-cell and cell-matrix 

adhesion, degradation of extracellular matrix (ECM), and 

induction of angiogenesis.11 The tumor extracellular microen-

vironment plays fundamental roles in tumor development and 

progression. Matrix metalloproteinases (MMPs) belong to a 

family of zinc proteases12 that promote cancer occurrence and 

invasion. Structurally, MMP-7 is one of the smallest MMPs 

and is known to be a secreted zinc- and calcium-dependent 

endopeptidase.13 Functionally, MMP-7 degrades a broad 

range of ECM components and can both cleave other sub-

strates and activate other proteinases.14,15 As MMP-7 acts on 

such a broad spectrum of substrates, it plays a critical role in 

regulating a diverse array of cellular processes, such as cell 

apoptosis, matrix remodeling, and epithelial-mesenchymal 

transition (EMT).16 MMPs are essential regulators of ECM 

turnover.17 Currently, the role of the tumor microenviron-

ment in cervical cancer progression is widely recognized, 

while studies of the biological functions and molecular 

mechanisms of MMPs in cervical cancer are limited.

Recent studies have found that the human papillomavirus 

(HPV) 16 E6 and E7 oncoproteins can promote cervical cancer 

invasiveness by upregulating 2 specific MMPs: MMP-2 and 

MT1-MMP.18 MMP-7 is a member of the MMP family, but 

unlike other members of this family, it is expressed by tumor 

cells themselves rather than by the stromal cells,19,20 indicating 

that MMP-7 could be useful as a tumor-associated biological 

marker. Clinical studies have found that overexpression of 

MMPs is closely associated with tumor invasion and metas-

tasis.21 MMP-7 was reported to be a malignant biomarker in 

ovarian cancer,22–24 and the expression level of MMP-7 was 

higher in invasive, metastatic ovarian cancer. MMP-7 may also 

contribute to the development of gastric adenocarcinoma25 and 

colorectal cancer.26 These findings suggest that MMP-7 may 

play an important role in the development and progression of 

malignant tumors. To our knowledge, it remains unclear whether 

MMP-7 contributes to the development of cervical cancer.

In this study, we aimed to analyze MMP-7 expression 

in cervical cancer tumor tissue and patient serum and to 

investigate the role of MMP-7 in cell proliferation, invasion, 

and migration in cervical cancer cell lines. In this work, 

we have confirmed that MMP-7 is an effective prognostic 

biomarker in cervical cancer.

Materials and methods
clinical samples
Cervical tissue samples and matched adjacent non-cancerous 

tissues were collected from 15 patients treated in the Depart-

ment of Gynaecology and Obstetrics at Ningbo First Hospital 

(Zhejiang, China) between 2013 and 2017. Fresh samples, 

including tumor tissues and paracancerous cervical tissues, 

were obtained from cervical cancer patients during tumor 

resection. Serum samples from 90 patients with cervical can-

cer were obtained between July 2014 and August 2017 by the 

Department of Gynaecology and Obstetrics at Ningbo First 

Hospital and stored at −80°C until required. Clinical parame-

ters including age, International Federation of Gynecology and 

Obstetrics (FIGO) stage, tumor size, histological grade, inva-

sion depth, lymphatic metastasis, and HPV genotyping were 

acquired from hospitalization records. These data are illustrated 

in Table 1. The control group was composed of 30 healthy indi-

viduals. Patients and healthy individuals with known allergies 

and severe infections were excluded from the present study.

All human tissue and serum analyses performed in our 

study were approved by the Ethics Committee and Institu-

tional Review Board of Ningbo First Hospital, China (protocol 

number R001). Written informed consent for the scientific 

use of the biological material was obtained from each patient, 

Table 1 clinical characteristics of cervical cancer patients

Characteristics Data (N=90)

age
.45 16 (17.8%)
#45 74 (82.2%)

FigO stage
i–ii 70 (77.8%)
iii–iV 20 (22.2%)

Tumor size
,2 cm 55 (61.1%)
$2 cm 35 (38.9%)

histological grade
g1+g2 60 (66.7%)
g3 30 (33.3%)

invasion depth
,0.5 51 (56.7%)
$0.5 49 (54.4%)

lymphatic metastasis
no 69 (76.7%)
Yes 21 (23.3%)

hPV genotyping
hPV16(+) 46 (51.1%)
hPV18(+) 15 (16.7%)

Abbreviation: FigO, international Federation of gynecology and Obstetrics; 
hPV, human papillomavirus.
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and all procedures were performed in accordance with 

the guidelines of the China Ethical Review Committee.

Bioinformatic analysis of MMP-7 
expression using Oncomine cancer gene 
microarray database
Datasets in the Oncomine database (https://www.oncomine.org/

resource/login.html) contain information from gene microar-

rays of cancers and corresponding benign tissues. The level of 

MMP-7 gene expression in cervical cancer was analyzed using 

Oncomine.27 For this analysis, we compared datasets from can-

cer vs normal patients. P,0.05, fold change=2, and top 10% 

gene rank were used as the threshold values. Subsequently, the 

log2 median-centered intensity and the 10 and 90th percentile 

data from Oncomine were plotted using GraphPad Prism 

software (version 5.0; GraphPad Software Inc., La Jolla, CA, 

USA). All statistical analyses were carried out using SPSS 19.0 

(SPSS Inc., Chicago, IL, USA) for Windows (IBM, Armonk, 

NY, USA). P,0.05 was considered statistically significant.

rna isolation from patient specimens 
and quantitative real-time polymerase 
chain reaction (Pcr)
A total of 15 cervical cancer tumor tissues and 15 matched 

adjacent non-cancerous tissues were frozen in liquid nitrogen 

and stored at −80°C until RNA extraction. Total tissue RNA 

was extracted from fresh surgically removed unfixed tumor 

samples using Trizol reagent (Takara, Tokyo, Japan) and 

reverse transcribed using the PrimeScript RT-PCR kit (Takara) 

according to the manufacturer’s protocol. MMP-7 mRNA 

expression was determined by real-time PCR (primers are 

listed in Table S1) using SYBR Premix Ex Taq (Takara) on a 

7300 real-time PCR system (Applied Biosystems, FosterCity, 

CA, USA) using the following cycling conditions: an initial 

10 s step at 95°C followed by 40 cycles of 5 s at 95°C and 31 s 

at 60°C. Data shown are normalized to GAPDH expression 

and represent the average of 3 repeated experiments.

cell culture
The human cervical cancer cell lines Hela and Caski were 

purchased from the Cell Bank of the Chinese Academy of 

Science. Cells were cultured in RPMI 1640 medium (Gibco, 

Beijing, China) supplemented with 10% (v/v) fetal bovine 

serum (Gibco) at 37°C in an incubator with 5% CO
2
.

small interfering rna knockdown
Small interfering RNA (siRNA) duplexes targeting MMP-7 

and a scramble control siRNA duplex were obtained from 

GenePharma (Shanghai, China). Transfection was performed 

using the Lipofectamine RNAiMAX Reagent (Invitrogen, 

Carlsbad, CA, USA) according to the manufacturer’s 

instructions.

cell viability assay
Control and siRNA-MMP-7 cervical cancer cells, Hela 

and Caski, were plated in 96-wells plates at a density of 

2,500 cells per well in 100 µL of complete culture medium 

per well. Each group contained 5 wells. Ten microliters of 

Cell Counting Kit-8 (CCK8; Dojindo, Kumamoto, Japan) 

solution was added to each well after 0 h, 24 h, 48 h, and 

72 h. Metabolism of CCK8 solution produces a colorimetric 

dye that was detected at 450 nm using a microplate reader. 

The experiment was repeated 3 times.

Wound healing assay
Cells were grown to confluence in 6-well plates, and then 

a wound was created by scraping with a pipette tip. Photo-

graphs were taken at the indicated time points to assess the 

ability of the cells to migrate into the wound area. Experi-

ments were carried out in triplicate at least 3 times.

in vitro invasion assays
Transwell invasion assays were carried out by adding 

100 µL of Matrigel (BD Bioscience, Franklin Lakes, NJ, 

USA) into the upper chamber of the transwell and placing 

5×104 cells onto the Matrigel. After 48 hours, cells that 

invaded through the membrane filter were fixed, stained 

with crystal violet, counted, and imaged. At least 5 grids 

per field were counted. All assays were independently 

repeated 3 times.

assessment of serum MMP-7 levels
Blood samples were collected and centrifuged at 1,000× g at 

4°C for 15 min to separate the supernatant. Serum MMP-7 

was detected with an enzyme-linked immunosorbent assay 

(ELISA) kit (cat no CSB-E04679h; Cusabio Biotech Co, Ltd, 

Wuhan, China) according to the manufacturer’s protocol. 

Finally, the optical density of each well was measured at 

450 nm using an ELISA analyzer, and the sample concen-

tration was calculated based on a standard curve. Receiver 

operating characteristic (ROC) curve analysis was applied 

to assess the diagnostic value of MMP-7 in cervical cancer. 

All statistical analyses were performed using SPSS 19.0 

for Windows. Statistical significance was determined to be 

P#0.05.
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Western blotting
Whole cell lysates were prepared in lysis buffer (50 mM Tris-

HCl; 150 mM NaCl; 1% Triton-X 100; 1 mM each MgCl2, 

MnCl2, and CaCl2; 1 mM Phenylmethanesulfonyl fluoride; 

and 10 mM sodium fluoride).28 Thirty micrograms of total 

protein was loaded in each well of a 15% gel, separated by 

electrophoresis, and transferred to a nitrocellulose membrane. 

After blocking with 5% nonfat milk and incubating with pri-

mary antibodies at 4°C overnight, the membranes were incu-

bated with the secondary antibody for 2 h at room temperature. 

The signal was detected for 1 min using enhanced chemilumi-

nescent solution (Advansta, Menlo Park, CA, USA) and the 

ChemiDoc XRS imaging system (Bio-Rad Laboratories Inc., 

Hercules, CA, USA). The primary antibodies used include 

the following: MMP-7 (Abcam, Cambridge, UK) and β-actin 

(Abcam). Anti-β-actin antibodies were used as an internal con-

trol. Quantification was performed using ImageJ software.

statistical analysis
Data are presented as the means ± standard error of the mean. 

Statistical analyses were performed using SPSS 19.0 for 

Windows. The area under the ROC curve was used to assess 

the feasibility of serum MMP-7 as a biomarker for cervical 

cancer. The chi-squared test or Student’s t-test were used 

for comparisons between groups. Values of P,0.05 were 

considered statistically significant.

Results
MMP-7 protein and mrna expression 
levels are increased in cervical cancer 
tissues
To further explore the clinical significance of MMP-7, we 

first analyzed the expression of MMP-7 in cervical cancer 

using Oncomine microarray data (https://www.oncomine.org/

resource/login.html). In a dataset from Biewenga, the expres-

sion of MMP-7 was increased in 40 cervical squamous cell 

carcinoma tissues compared to 5 normal tissues (Figure 1A). 

MMP-7 expression was significantly higher in 32 cervical 

squamous cell carcinoma tissues than in 21 cervical squamous 

epithelium and 3 cervix uteri from the Scotto Cervix dataset 

(Figure 1B). Moreover, the expression of MMP-7 was higher in 

24 cervical cancer samples than in normal cervix uteri (n=10) 

from the Oncomine Zhai Cervix dataset (Figure 1C). There 

was no statistical significance in Pyeon Multi-cancer datasets.

To compare the expression levels of MMP-7 in cervical 

cancer tissues and normal cervical tissues, we performed 

quantitative real-time PCR and Western blotting on cervical 

cancer tissue samples and matched adjacent non-cancerous 

tissues. The results showed that MMP-7 mRNA levels were 

clearly increased in the 15 cervical cancer tissue samples 

compared to the matched adjacent non-cancerous tissues 

(Figure 1D) and that MMP-7 protein levels were also sig-

nificantly higher in the 9 cervical cancer samples than in the 

matched normal cervical cancer samples (Figure 1E) (among 

the 15 tissue pairs, the protein from 6 pairs was degraded). 

Densitometric analysis of the Western blot results is shown 

in Figure 1F.

Knockdown of MMP-7 expression 
decreased cervical cancer cell 
proliferation, migration, and invasion
Given that the expression of MMP-7 as well as cell pro-

liferation and migration is associated with cervical cancer 

metastasis, we investigated the effect of silencing MMP-7 

expression on cervical cancer cell proliferation and migra-

tion. Hela and Caski cells, both of which express high levels 

of MMP-7 determined by real-time PCR and Western blot 

analysis (Figure S1), were transfected with a specific small 

interfering RNA targeting MMP-7 (siRNA-MMP-7). The 

expression of MMP-7 protein in siRNA-MMP-7-treated Hela 

and Caski cells was significantly downregulated compared 

with cells transfected with a control siRNA (Figure 2).

Further functional studies demonstrated that knock-

down of MMP-7 significantly decreased the proliferation of 

Hela and Caski cells (Figure 3). In addition, the migratory 

capacity of siRNA-MMP-7-transfected Hela and Caski 

cells was remarkably decreased compared with controls, as 

demonstrated by an in vitro wound healing assay (Figure 4). 

Moreover, knockdown of MMP-7 also suppressed cervical 

cancer cell invasion in vitro, as demonstrated by the transwell 

invasion assay (Figure 5).

Taken together, these data indicated that silencing of 

MMP-7 in cervical cancer cells suppressed cell proliferation, 

migration, and invasion in vitro.

Serum MMP-7 levels are significantly 
higher in patients with cervical cancer 
compared with healthy individuals
Secreted proteins are ideal candidates for diagnostic and 

prognostic markers, as they can be easily detected in the 

serum of patients. As MMP-7 is a secreted protein, we 

aimed to determine its diagnostic value in cervical cancer 

patients. We measured the serum levels of MMP-7 in 30 

healthy people and 90 cervical cancer patients. The results 

showed that serum MMP-7 levels in cervical cancer patients 

and healthy people were 1,082.26±139.63 pg/mL and 
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864.39±188.87 pg/mL, respectively. Thus, the concentra-

tions of MMP-7 were significantly higher in the serum of 

cervical cancer patients than in healthy people. The difference 

between healthy controls and cervical cancer patients was 

significant (P=0.0056) (Figure 6A). As serum SCC-Ag is a 

clinically used diagnostic and prognostic marker for cervi-

cal cancer, the differences in serum SCC-Ag levels between 

healthy controls and cervical cancer patients was predict-

ably significant (P,0.0001) (Figure 6B). Next, we drew 

ROC curves for MMP-7, SCC-Ag, and MMP-7 and SCC-Ag 

β

β

β

β

Figure 1 Expression of matrix metalloproteinase-7 (MMP-7) is significantly upregulated in cervical cancers.
Notes: (A) MMP-7 mrna expression is upregulated in cervical squamous cell carcinoma tissues compared with normal cervical tissues, as revealed by the Oncomine 
Biewenga cervix dataset. (B) MMP-7 mrna expression is upregulated in cervical squamous cell carcinoma tissues compared with cervical squamous epithelium, as revealed 
by the Oncomine scotto cervix dataset. (C) MMP-7 mrna expression is upregulated in cervical squamous cell carcinoma tissues and high-grade squamous intraepithelial 
neoplasia compared with normal cervical tissues, as revealed by the Oncomine Zhai cervix dataset. (D) relative mrna expression levels of MMP-7, as determined by 
quantitative real-time polymerase chain reaction, in 15 pairs of cervical cancer tissues and paracancerous tissues. (A–D) Values are presented as the means ± standard error 
of the mean; **P,0.01. (E) Western blot analysis of MMP-7 expression in 9 pairs of cervical cancer samples and normal controls. c represents cervical cancer tissues and n 
represents normal control tissues. (F) Densitometric analysis of these results, using β-actin as a loading control.
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combined to assess the value of MMP-7 as a serum marker 

for cervical cancer. The overall classification accuracy of 

MMP-7 for diagnosing cervical cancer was 65.0%, with 

46.7% sensitivity and 86.7% specificity (Table 2). A mul-

tivariate function combining measurement of SCC-Ag and 

MMP-7 serum concentrations improved overall sensitivity 

for detection of cervical cancer to 80.6%. Combining the 

measurement of these 2 markers can improve the area under 

ROC curve to 0.806±0.047 (Figure 6C).

The results also showed that levels of MMP-7 were 

higher in patients with lymph metastasis than in non-lymph 

metastasis patients (P=0.021, Figure 7A). We also found 

that concentrations of MMP-7 were significantly higher in 

the serum of patients with pathology grades 3 and 1–2 than 

in healthy individuals (P=0.039, P=0.047, Figure 7B). There 

was some difference in MMP-7 levels in patients with clinical 

stage I–IV compared with healthy individuals (P=0.049, 

P=0.046, Figure 7C).

There was no statistically significant difference between 

patients with depth of invasion $0.5 compared with 

depth of invasion ,0.5 (P=0.817, Figure 7D). There was 

no statistically significant difference in MMP-7 levels 
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Figure 2 Silencing of matrix metalloproteinase-7 (MMP-7) significantly decreases MMP-7 expression.
Notes: silencing of MMP-7 in hela (A) and caski (C) cells significantly decreased the expression of MMP-7 protein as detected by Western blot analysis. The results were 
normalized to β-actin expression, as shown in B and D. sirna-1: 5’-acc caT TTg aTg ggc cag gaa-3’; sirna-2: 5’-Tgc agT gaT gTa Tcc aac cTa-3’.
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Figure 3 silencing of matrix metalloproteinase-7 (MMP-7) suppresses cervical cancer cell proliferation in vitro.
Notes: The proliferation of hela (A) and caski (B) cells in the control and sirna-1 and sirna-2 groups was determined by cell counting Kit-8 (ccK8) assay at 0, 24, 48, 
and 72 h. Values are presented as the mean ± standard error of the mean; n=5. **P , 0.01. sirna-1: 5’-acc caT TTg aTg ggc cag gaa-3’; sirna-2: 5’-Tgc agT 
gaT gTa Tcc aac cTa-3’.
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between patients with tumor size $2 cm and those with 

tumor size ,2 cm (P=0.151, Figure 7E). There was also 

no significant difference in MMP-7 levels between patients 

with vascular invasion compared to patients without vascular 

invasion (P=0.936, Figure 7F).

MMP-7 mRNA levels are significantly 
altered by silencing of e6/e7
Since E6/E7 play a key role in the development of cervical 

cancer, to further investigate the relationship between E6/E7 

and MMP-7, we silenced E6/E7 in Caski and Hela cells 

and then performed a whole-genome microarray analysis 

in siRNA-E6/E7 and siRNA-control cells (the details are 

described in Supplementary materials). The results showed 

that MMP-7 was significantly downregulated in Caski and 

Hela siRNA-E6/E7 cells (Figure S2A and B).

Discussion
Early detection of cervical cancer is crucial for effective 

treatment and is associated with excellent survival rates. 

However, the 5-year survival rate for cervical cancer patients 

with advanced disease is poor29 due to cancer invasion and 

metastasis.30 Therefore, the exploration of new diagnostic 

and prognostic markers for cervical cancer has been a 
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Figure 4 silencing of matrix metalloproteinase-7 (MMP-7) suppresses cervical cancer cell migration in vitro.
Notes: representative wound healing images of hela (A) and caski (C) cells at 0 and 24 h. The dotted black lines outline the cell boundary. Magnification 200×. Wound 
healing rates were quantified in both Hela (B) and caski (D) cells. Data are presented as the mean ± standard error of the mean; *P,0.05; **P,0.01. sirna-1: 5’-acc caT 
TTg aTg ggc cag gaa-3’; sirna-2: 5’-Tgc agT gaT gTa Tcc aac cTa-3’.
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hotspot in the tumor field. In recent years, SCC-Ag has been 

widely applied to evaluate therapeutic effects and has been 

identified as a predictive and prognostic factor for cervical 

carcinoma.31 Studies have found that sustained elevation of 

SCC-Ag reflects persistent disease or recurrence.32 However, 

the clinical value of serum SCC-Ag is still debated. The 

changes in SCC-Ag levels are not specific to cervical cancer 

but have also been observed in patients with lung cancer, 

esophageal SCC, and other benign diseases.33,34 Further, 

the cutoff level for SCC-Ag is still a matter of debate due 

to the difference in disease stages among patient groups.35 

Therefore, it appears that SCC-Ag is not an ideal biomarker 

for predicting outcomes in cervical cancer.

In the past decade, many potential biomarkers have 

been discovered including circulating proteins,36 mutated 

DNAs, RNAs,37,38 and serum proteins. Serum markers are 

the simplest to measure for routine clinical assessments 

and epidemiological studies.39 Thus, the identification of a 

novel serum biomarker is an important goal for improving 

the diagnosis and prognosis of cancer, especially late-stage 

cervical cancer.40 MMPs are circulating proteins that play 

an important role in cancer as well as in numerous other 

diseases. It has been reported that the expression of a number 

of MMPs (including MMP-2 and MMP-9) is highly elevated 

in invasive cervical carcinomas compared with normal 

tissues.41,42 In some cancer studies, the elevation of MMPs 

in tumor tissue is thought to contribute to cancer progression 

through ECM-associated molecules.43,44 In the microenviron-

ment, high levels of MMPs are thought to induce EMT. Induc-

tion of EMT may then result in the production of more MMPs 

that can facilitate cancer cell invasion and metastasis.

Studies have found that ECM proteins play an important 

role in cervical cancer invasion and metastasis. MMP-7 

expression is elevated in many human tumors, such as gastric 

adenocarcinoma, endometrial carcinoma, colorectal cancer, 

and advanced stage ovarian cancer, and is associated with 

cancer cell invasion and metastasis. Tanimoto et al suggested 

that MMP-7 may serve as a therapeutic target for ovarian 

cancer,23 though it remains unclear whether MMP-7 contrib-

utes to angiogenesis and tumor progression in HPV-induced 

cervical cancers.

In the present study, we demonstrated that MMP-7 

upregulation correlates with poor prognosis and reduced 

survival in cervical cancer. In addition, MMP-7 downregu-

lation hampers cell proliferation, migration, and invasion 

in vitro. Serum MMP-7 concentrations were much higher 

in cervical cancer patients compared with normal controls. 

These findings are convincing evidence that MMP-7 plays a 

Figure 5 silencing of matrix metalloproteinase-7 (MMP-7) suppresses cervical cancer cell invasion in vitro.
Notes: (A and C) Representative invasion images from MMP-7-silenced and control cells. Original magnification: 200×. (B and D) Quantification of cells on the lower surface 
of the membrane was performed with 3 randomly selected fields. Data are presented as the means ± standard error of the mean; **P,0.01. sirna-1: 5’-acc caT TTg 
aTg ggc cag gaa-3’; sirna-2: 5’-Tgc agT gaT gTa Tcc aac cTa-3’.
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Figure 6 Matrix metalloproteinase-7 (MMP-7) is highly expressed in the serum of cervical cancer patients.
Notes: (A) comparisons between serum MMP-7 concentrations in healthy people and cervical cancer patients. (B) comparisons between serum squamous cell carcinoma 
antigen (scc-ag) concentrations in healthy people and cervical cancer patients. (C) receiver operating characteristic (rOc) curve analysis was performed to predict the 
clinical value of MMP-7, scc-ag, and MMP-7+scc-ag levels in cervical cancer prediction. **P , 0.01.

Table 2 Sensitivity and specificity of MMP-7, SCC-Ag, and MMP-7 combined with SCC-Ag in the detection of cervical cancer

Group AUC (95% CI) Sensitivity Specificity Youden’s 
index

MMP-7 0.650±0.054 (0.544–0.756) 46.7% 86.7% 0.334
scc-ag 0.769±0.053 (0.665–0.873) 94.4% 66.7% 0.611
MMP-7+scc-ag 0.806±0.047 (0.713–0.899) 84.4% 73.3% 0.578

Abbreviations: aUc, area under receiver operating characteristic curve; MMP-7, matrix metalloproteinase-7; scc-ag, squamous cell carcinoma antigen.

significant role in the progression of cervical cancer and has 

the potential to be a novel biomarker in cervical cancer.

Sheu et al reported that the expression of MMP-2 and 

MMP-9 was significantly higher in squamous cell carcinoma 

and that the expression of these 2 MMPs was associated with 

clinical stage, nodal metastasis, and recurrence. Meanwhile, 

the expression of MMP-7 was much lower.41 However, in our 

study, we found that MMP-7 mRNA and protein expression 

levels were significantly higher in cervical cancer samples 

than in normal cervical tissues and serum. This is possibly 

due to differences in clinical sample characteristics such as 

patient location, age, race, and detection methods. In the 

future, we will collect more clinical tissues and serum to 

verify our results.
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Figure 7 analysis of correlation between matrix metalloproteinase-7 (MMP-7) expression and clinical data.
Notes: (A) serum MMP-7 levels in patients with lymph metastasis compared to those without lymph metastasis. (B) serum MMP-7 levels in patients with pathology grade 3, 
or grades 1 or 2 compared with healthy individuals. (C) serum MMP-7 levels in patients with clinical stage i or ii, or iii or iV, compared with healthy individuals. (D) serum 
MMP-7 levels in patients with tumor invasion depth .0.5 compared to patients with tumor invasion depth #0.5. (E) serum MMP-7 levels in patients with tumors $2 cm 
compared to those with tumors ,2 cm. (F) serum MMP-7 levels in patients with vascular invasion compared to those without vascular invasion. Data are presented as the 
mean ± standard error of the mean; *P,0.05; **P,0.01.
Abbreviation: nc, no sense.

Previous studies have reported that MMP-7 is well corre-

lated with tumor malignancy and metastasis, especially with 

colon cancer liver metastasis.45,46 Tanimoto et al reported that 

MMP-7 may serve as a useful marker for detection and as 

a therapeutic target for ovarian cancer.23 This is consistent 

with our study, as we also found that silencing of MMP-7 

suppressed cell proliferation, migration, and invasion in vitro 

and that serum MMP-7 concentrations were much higher 

in cervical cancer patients compared with normal controls. 

Additionally, higher levels of MMP-7 were associated with 

advanced tumor stage, lymph metastasis, and pathology 

grade. Patients with high tumor stage or lymph metastasis 
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were thought to have a poor prognosis and were more 

susceptible to metastasis, recurrence, and death. Therefore, 

determining the expression of MMP-7 in cervical tissues via 

biopsy and examining serum levels of MMP-7 in cervical 

cancer patients can provide significant guidance for decid-

ing on a preferred treatment modality for patients with 

cervical cancer.

Currently, persistent HPV infection is recognized as the 

main cause of cervical cancer. HPV16 and HPV18 are the 

most carcinogenic HPVs. To date, the mechanism by which 

MMPs promote cancer cell invasion and migration is unclear. 

Some studies have reported that MMPs (including MMP-2 

and MT1-MMP) are upregulated by HPV16 oncoproteins 

in cervical cancer to promote cancer cell invasiveness. 

Other studies have shown that MMPs can induce EMT, 

subsequently leading to the production of more MMPs that 

can facilitate cancer cell invasion and metastasis. During 

our in vitro experiments, we did not see differences in cell 

shape between siRNA-MMP-7 cells and control cells. This 

is possibly because MMP-7 promotes cervical cancer cell 

invasion by mechanisms other than EMT. To further explore 

the relationship between MMP-7 and HPV oncoproteins, we 

knocked down HPV16 and HPV18 E6/E7 by transfecting 

HPV16-positive Caski cells and HPV18-positive Hela cells 

with siRNA-E6/E7. We then performed a whole-genome 

microarray analysis in siRNA-HPV16/18 E6/E7 and siRNA-

control Caski and Hela cells. The results showed that MMP-7 

was significantly downregulated in siRNA-E6/E7-treated 

cells (Figure S2A and B). It is well known that the HPV 

oncoproteins E6 and E7 target the tumor suppressors P53 and 

retinoblastoma protein. These data suggest that MMP-7 is 

involved in cell proliferation, migration, and invasion, which 

may depend on upregulation by HPV16/18 oncoproteins. 

We will further study the mechanism by which HPV16/18 

regulates MMP-7 to promote cervical cancer invasiveness.

The limited healthy serum control sample size of our 

study may result in conclusion biases. In the future, we need 

a larger sample size to further verify the value of MMP-7 

in cervical cancer.

Conclusion
Our study confirmed the aberrant expression and clinical 

significance of MMP-7 in cervical cancer. Moreover, we 

found that MMP-7 knockdown suppressed cervical cancer 

cell proliferation, invasion, and migration. MMP-7 may 

represent a novel indicator for identifying high-risk patients 

and could potentially serve as a clinically relevant biomarker 

for predicting cervical cancer patient outcomes.
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Table S1 sequences of the primers used for the analysis of mrna gene expression

Gene Forward primer Reverse primer

gaPDh 5′-aggTcggTgTgaacggaTTTg-3′ 5′-TgTagaccaTgTagTTgaggTca-3′
MMP-7 5′-gTcTcTggacggcagcTaTg-3′ 5′-gaTagTccTgagccTgTTccc-3′

Abbreviation: MMP-7, matrix metalloproteinase-7.

Supplementary materials
Whole-genome microarray construction 
and transcriptional profiling microarray
A whole-genome microarray of silencing E6/E7-group and 

control group in Caski cells was performed at Shanghai 

BoHao Biotechnology Co. Ltd (Shanghai, China) according 

to manufacturer’s protocol. In brief, Cy3-labeled cRNA from 

2 biological replicates was hybridized by using Gene Expres-

sion Hybridization Kit. After 20 hours, slides were washed in 

staining dishes with Gene Expression Wash Buffer Kit. The 

chip contains 42,494 probes, including 5×301 repeat probes 

and 2,118 internal control probes. The reference database for 

probe design is UCSC hg18 (Build NCBI 36, March 2006). 

The spacing of the probe is 43 KB. A transcriptional profil-

ing microarray of silencing E6/E7 group and control group 

in Caski cell lines was done according to the manufacturer’s 

protocol. In brief, labeled cRNA was hybridized to Illumina 

Genome-Wide Expression BeadChips representing 43,000 

human transcripts, at 58°C overnight. The array was washed 

and blocked, and hybridized beads were stained with 

Streptavidin Cy3 (Sigma, St Louis, MO, USA). The chips 

were scanned using Agilent Microarray Scanner.

Figure S1 The expression (B) of matrix metalloproteinase-7 (MMP-7) in cell lysates from hela, siha, caski, c-33a, and Ms751 cells was detected by Western blot analysis 
(A) and real-time polymerase chain reaction.
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Figure S2 Extracellular matrix expression profile is altered by silencing of human papillomavirus (HPV) 16/18-E6/E7 in Caski and Hela cells.
Notes: (A) In total, 20 genes that encode extracellular secreted proteins were significantly downregulated in Caski cells with silencing of E6/E7, as compared with control 
cells (fold change .3 and P,0.05). (B) Thirty genes that encode extracellular secreted proteins were significantly downregulated in Hela cells with silencing of E6/E7, as 
compared with control cells (fold change .3 and P,0.05).
Abbreviation: nc, normal control.
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