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Abstract: Background: E6 and E7 of high risk human papillomavirus 16 (HPV16) were reported to correlate with the 
cervical cancer (CC). And the presence of matrix metalloproteinases (MMPs) has also been indicated to be associ-
ated with CC. Methods: The present study investigated the expression of MMPs (MT1-MMP, MMP-2 and MMP-9) in 
CC cells with HPV16-E6/E7 oncoprotein(s) negative or positive, and then determined the regulation of HPV16-E6/
E7 oncoproteins on the expression of MMPs (MT1-MMP, MMP-2 and MMP-9) and the migration of cervical cancer 
Caski and SiHa cells with RNAi technology. Results: It was demonstrated that the overexpression or the knockdown 
of HPV16-E6/E7 promoted or reduced MT1-MMP, MMP-2 and MMP-9 in CC cells. And the HPV16-E6, -E7 or -E6E7 
influenced the migration of CC cells. The overexpression or the knockdown of them promoted or inhibited the migra-
tion of C33A or Caski/SiHa cells. Moreover, the chemical inhibition of MMP-2 or MMP-9 significantly reduced the mi-
gration of CC Caski or SiHa cells. Conclusions: Our results demonstrated that the E6-HPV16 or E7-HPV16 promoted 
the activity of MMP-2/9, and contributed to the migration of cervical cells.
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Introduction

Cervical cancer (CC) is one of main cause of 
cancer-related death in women [1] and the sec-
ond most common cancer among women 
worldwide [2], and the persistent infection with 
high-risk human papillomaviruses (HPVs) ac- 
counts for more than 50% of cervical cancer 
cases worldwide [3]. The viral oncoprotein, E6 
or E7 of HPV16 interacts with such cellular pro-
teins as the cell cycle protein pRb [4] and 
Forkhead box M1b (FoxM1b) [5], regulates the 
cell cycle and causes cell transformation and 
immortalization [6]. The HPV16E7 binds to pRb 
and promotes the degradation of pRb via a pro-
teasome-mediated process [4], or promotes 
cellular proliferation by interacting with the 
DREAM (DP, RB-like, E2F and MuvB) complex at 
two distinct phases of the cell cycle [7]. 
HPV16E6 oncoprotein promotes the Cyclin-
dependent kinase (Cdk1 and Cdk 2), degrades 
the tumor suppressor p53 and abrogates cell 
cycle checkpoints [8, 9]. It also up-regulates 
FOXM1 through the myeloid zinc finger 1/NK2 

homeobox 1 (MZF1/NKX2-1) axis which is 
required for HPV-associated tumorigenesis 
[10].

Matrix metalloproteinases (MMPs) belong to a 
family of zinc-dependent proteases responsible 
for degradation of extracellular matrix that is 
required for migration and metastasis of cancer 
cells [11]. The presence of MMPs has indicated 
to be associated with the infection of HPV in 
cervical cancers [12, 13]. Quite a few of MMPs, 
such as MMP-2, MMP-7, MMP-9, and MMP-10 
have been reported in invasive cervical carcino-
mas [14, 15]. However, only MMP-2 [16] and 
MMP-9 [17] are shown to correlate with poor 
prognosis in patients. And the correlation 
between HPV oncoproteins and MMPs in cervi-
cal cancers remains to be further identified. Far 
more recently, both MMP-2 and membrane type 
1-MMP (MT1-MMP) were found active in squa-
mous cell carcinomas of cervix [15]. And what’s 
more, MT1-MMP activated pro-MMP-2 in mela-
noma cells [18] and other tumor cells [19].
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In the present study, we investigated the regu-
lation of E6/E7 oncoproteins from high risk 
HPV16 on the expression of MMPs (MT1-MMP, 
MMP-2 and MMP-9) and the migration of cervi-
cal cancer cells. And then we examined the role 
of the upregulated MT1-MMP, MMP-2 and 
MMP-9 in the migration promotion by the E6/
E7 oncoproteins of HPV16 in cervical cancer 
cell lines. 

Materials and methods

Cells, reagents, cell culture and treatment

Cervical cancer Caski and SiHa cells, both of 
which were E6-, E7 and E6E7-positive, and cer-
vical cancer C33A cells were purchased from 
the American type culture collection (ATCC, 
Rockville, MD, USA). The three kinds of cells 
were cultured in Dulbecco’s Modified Eagle’s 
Medium (DMEM, Invitrogen, Carlsbad, CA, USA) 
supplemented with 10% Fetal bovine serum 
(FBS, GIBCO, Rockville, MD, USA) and 1% peni-
cillin-streptomycin cocktail (Sigma Aldrich, St. 
Louis, MO, USA), at 37°C in a humidified atmo-
sphere of 5% CO2. To overexpress the E6 or E7 
of HPV16 in C33A cells, the E6 or E7 cDNA 
sequences, which were amplified from the SiHa 
cells and were cloned into the eukaryotic 
expression vector, pcDNA3.1 (+). And the 
recombinant E6-pcDNA3.1 (+), E7-pcDNA3.1 (+) 
or pcDNA3.1 (+) control plasmid was transfect-
ed into C33A cells with lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA). 12, 24 or 36 
hours post transfection, cells were respectively 
subject to cellular mRNA analysis, western blot 
analysis or migration assay. To knockdown the 
E6 or E7 in Caski or SiHa cells, we performed 
the lentivirus-mediated shRNA knockdown of 
E6 or E7 expression. The shRNAs targeting E6 
or E7 were designed [20] by the ambion online 
program (http://www.ambion.com), with a non-
sense sequence as control. The shRNA-E6, 
shRNA-E7, or shRNA-Ctrl sequences were con-
firmed by BLAST to targeted sequence. Len- 
tiviruses were generated in HEK293T cells by 
co-transfection of each recombinant E6- or 
E7-pRNAT-U6.1 plasmid with pHelper plasmid. 
Viral titer was determined by quantitatively 
counting the numbers of GFP-positive cells 
post virus infection, under fluorescence micro-
scope (Olympus, Tokyo, Japan). Caski or SiHa 
cells with 85% confluence were transducted 
with shRNA-harboring lentivirus at a multiplicity 
of infection (MOI) of 10, and 12 or 24 hours 
later, cells were propagated for mRNA analysis 
or western blot analysis. MMP-2 Inhibitor I (sc-

204092, 5 μM) and MMP-9 Inhibitor I (sc-
311437, 5 μM) (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA) were utilized to inhibit the 
activity of MMP2, MMP3 and MMP9, respec-
tively in Caski or SiHa cells, 12 hours before 
mRNA analysis, or 24 hours before western blot 
analysis or MMP-2/9 activity assay.

RNA extraction and quantitative real-time poly-
merase chain reaction

Total cellular mRNA from the cervical cancer 
cell lines was extracted using Trizzol agents 
(Thermo Fisher Scientific, Waltham, MA, USA) 
according to the manual, and was supplement-
ed with Rnase inhibitor (TaKaRa Bio Inc., Tokyo, 
Japan). Real-time quantitative PCR (RT-qPCR) 
with the SYBR PrimeScript RT-qPCR Kit (TaKaRa 
Bio Inc., Tokyo, Japan) was performed to ana-
lyze the mRNA of MT1-MMP, MMP-2/9 or 
HPV16E6/E7, with β-actin as an internal con-
trol. Primers were synthesized by Yuanshen 
Bio-tech (Wuhan, China). The RT-qPCR was per-
formed with a Lightcycler 480 II (Roche, 
Mannheim, Germany). All data were normalized 
to β-actin and expressed as the fold change 
over control and calculated with the ∆∆Ct 
method [21].

Western blot analysis

The cultured cervical cancer cells post various 
treatment were collected and lysed with an ice-
cold lysis buffer (Sigma-Aldrich, St. Louis, MO, 
USA), according to the manufacturer’s guid-
ance, and were supplemented with a protease 
inhibitor cocktail (Pierce, Rockford, IL, USA). 
Protein samples were separated by 10 or 12% 
SDS-PAGE gel, and were transferred to a nitro-
cellulose membrane. The target protein was 
detected, via successive inoculation with anti-
MT1-MMP, MMP-2, MMP-9 (all three antibodies 
were from Thermo Fisher Scientific, Rockford, 
IL, USA), anti-HPV16E6, anti-HPV16E7 (both 
were from Abbiotec, San Diego, CA, USA) or 
anti-β-actin antibody (Sino Biological, Beijing, 
China), a peroxidase-conjugated secondary 
antibody (Pierce, Rockford, IL, USA) and the 
electro-chemo-luminescence (ECL) detection 
system (Amersham, Uppsala, Sweden).

Migration assay 

The wound healing assay was performed to 
investigate the migration of cervical cancer 
cells. C33A, Caski or SiHa cells with 85% con-
fluence on the 12-well plates post the above-
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mentioned treatment were scratched with a 
scraper. 36 hours post scratching, the cellular 
growth was observed, and numbers of invading 
cells across the baseline were counted. 

MMP-2/9 activity assay, ELISA assay for super-
natant MMP-2/9

The MMP-2/9 activity was assayed with a 
QuickZyme Human MMP-2 activity assay 
(QuickZyme BioSciences, CE Leiden, Nether- 
lands). The cervical cancer lyzed cellular sam-
ples were pipetted into the pre-coated plate, 
and then human MMP-2 or MMP-9 presenting 

in the sample was captured by the MMP-2- or 
MMP-9-specific antibody. After washing, the 
pro-detection enzyme which was activated by 
the active MMP-2 into an active detection 
enzyme was added each well to cleave the 
chromogenic substrate, resulting in generation 
of a yellow color that can be measured at 405 
nm using a plate reader. The MMP-2 or MMP-9 
in the supernatant of cervical cancer cells were 
assayed with MMP-2 or MMP-9 ELISA kits 
(Amersham Pharmacia Biotech, Orsay, France) 
according to the manufacturer’s instructions. 
And the value for MMP-2 or MMP-9 was read by 
a spectrophotometer at 405 nm.

Figure 1. The level of MT1-MMP, MMP-2 and MMP-9 in HPV16E6/E7-positive or HPV16E6/E7-overexpressed cervi-
cal cancer cells. (A and B) MT1-MMP, MMP-2 and MMP-9 in C33A, Caski or SiHa cells at mRNA (A) or protein (B) 
level; (C-E) The mRNA (C) or the protein (D and E) level of E6, E7, or E6E7 in the C33A cells which were transfected 
with E6-HPV16-pcDNA3.1 (+), E7-HPV16-pcDNA3.1 (+), or E6E7-HPV16-pcDNA3.1 (+); (D) and F: MT1-MMP, MMP-2 
and MMP-9 at protein (D) or mRNA (F) level in the C33a cells which were transfected with E6-HPV16-pcDNA3.1 (+), 
E7-HPV16-pcDNA3.1 (+), or E6E7-HPV16-pcDNA3.1 (+). All results were representative of three independent experi-
ments, *P<0.05, **P<0.01, ***P<0.001, ns no significance.
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Results

Overexpression of HPV16 E6/E7 oncoproteins 
promoted MT1-MMP, MMP-2 and MMP-9 in 
cervical cancer cells

To investigate the association of MT1-MMP, 
MMP-2 or MMP-9 upregulation with the HPV16 

E6/E7 in cervical cancers, we examined the 
level of MT1-MMP, MMP-2 and MMP-9 in the 
HPV16 E6/E7-positive cervical cancer cell 
lines, Caski and SiHa cells, with C33A cells as 
control. As shown in Figure 1A, the mRNA level 
of MT1-MMP, MMP-2 or MMP-9 was significant-
ly higher in both Caski and SiHa cells than in 
the HPV16 E6/E7-negative C33A cells (P<0.01 

Figure 2. HPV16E6/E7 knockdown by shRNAs reduced MT1-MMP, MMP-2 and MMP-9 in cervical cancer cells. (A 
and B) The mRNA (A) or the protein (B) level of E6 and E7 in the SiHa cells which were infected with Lenti-shRNA-E6, 
Lenti-shRNA-E7 or Lenti-shRNA-Ctrl. (C and D) The mRNA (C) or the protein (D) level of MT1-MMP, MMP-2 and MMP-
9 in the SiHa cells which were infected with Lenti-shRNA-E6, Lenti-shRNA-E7 or Lenti-shRNA-Ctrl. (E) The MMP-2 
and MMP-9 level in the supernatant of SiHa cells post the infection with Lenti-shRNA-E6, Lenti-shRNA-E7 or Lenti-
shRNA-Ctrl. Each value was averaged for three independent experiments, *P<0.05, **P<0.01, ns no significance.
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or P<0.001). And the western blot results con-
firmed the upregulation of MT1-MMP, MMP-2 
and MMP-9 at protein level in both Caski and 
SiHa cells, than in C33A cells (Figure 1B; 
P<0.05, P<0.01 or P<0.001). To reconfirm such 
association of MMPs upregulation with the 
HPV16 E6/E7 in cervical cancers, we overex-
pressed the E6, E7 or E6E7 of HPV16 with an 
eukaryotic expression vector, pcDNA3.1 (+) in 

C33A cells, and examined the promotion to 
MMPs at both mRNA and protein levels. It was 
indicated that the E6-HPV16-pcDNA3.1 (+) 
(abbreviated to E6-HPV16), E7-HPV16-pc- 
DNA3.1 (+) (abbreviated to E7-HPV16), or the 
E6E7-HPV16-pcDNA3.1 (+) (abbreviated to 
E6E7-HPV16) significantly promoted the E6, E7 
or E6E7 at both mRNA (either P<0.01; Figure 
1C) and protein (either P<0.001; Figure 1D and 
1E) levels in C33A cells. And what’s more, the 
western blot analysis demonstrated that the 
promotion to E6, E7 or E6E7 significantly upreg-
ulated MT1-MMP, MMP-2 and MMP-9 at protein 
level (P<0.05 or P<0.01; Figure 1D and 1F). 
Thus, we confirmed that the E6, E7 or E6E7 
oncoprotein of HPV16 promoted the MT1-MMP, 
MMP-2 and MMP-9 in cervical cancer cells.

Knockdown of HPV16 E6/E7 oncoproteins re-
duced MT1-MMP, MMP-2 and MMP-9 in cervi-
cal cancer cells

To reconfirm the promotion by the E6, E7 or 
E6E7 oncoprotein of HPV16 to the MT1-MMP, 
MMP-2 and MMP-9 in cervical cancer cells, we 
abrogated the expression of E6-HPV16 or 
E7-HPV16 in SiHa cells with lentivirus-mediated 
shRNA. The recombinant lentivirus (Lenti-
shRNA-E6 or Lenti-shRNA-E7) was packed by 
tranfecting the recombinant plasmid contain-
ing E6- or E7-specific shRNA sequences in 
HEK293T cells. Then the SiHa cells were infect-
ed with the lentivirus (Lenti-shRNA-E6, Lenti-
shRNA-E7 or Lenti-shRNA-Ctrl). Compared to 
the control shRNA group, the E6- or E7-specific 
shRNA (shRNA E6 or shRNA E7) significantly 
downregulated the mRNA level of E6 or E7 for 
47 or 56 %, downregulated the mRNA level of 
E6E7 for 64% (either P<0.05; Figure 2A). And 
the expression of E6 or E7 at protein was also 
downregulated from 30.23 ± 3.63% to 13.44 ± 
1.35% (for E6), or from 14.16 ± 1.58% to 6.47 
± 0.71% (for E7) (P<0.05 or P<0.01; Figure 2B). 
Moreover, the expression of MT1-MMP, MMP-2 
and MMP-9 was also regulated by the shRNA 
E6 or shRNA E7. Figure 2C indicated that all the 
three MMPs were downregulated at mRNA lev-
els post the E6- or E7-knockdown. Surprisingly, 
only MT1-MMP and MMP-9 were downregulat-
ed at protein level within the Lenti-shRNA-E6- 
or Lenti-shRNA-E7-infected SiHa cells (P<0.05 
or P<0.01; Figure 2D), the downregulation of 
MMP-2 was not significant (Figure 2D). In addi-
tion, the MMP-2 or MMP-9 level in the superna-
tant of the Lenti-shRNA-E6- or Lenti-shRNA-E7-

Figure 3. HPV16E6/E7 knockdown by shRNAs re-
duced MT1-MMP, MMP-2 and MMP-9 in cervical 
cancer cells. A: Migration of C33A cells post the 
transfection with E6-HPV16-pcDNA3.1 (+), E7-
HPV16-pcDNA3.1 (+), or E6E7-HPV16-pcDNA3.1 (+) 
for 36 hours by scratch assay. Solid lines were shown 
as a baseline. B: The migratory cells were counted 
respectively in each group; C: Migration of Caski or 
SiHa cells post the knockdown of E6 or E7 by scratch 
assay. Each experiment was performed separately in 
triplicate. Statistically significant was showed as ns, 
no significance, *P<0.05 or **P<0.01.
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infected SiHa cells was significantly downregu-
lated (either P<0.05; Figure 2E). Thus, we con-
firmed that the knockdown of HPV16 E6/E7 
oncoproteins reduced MT1-MMP, MMP-2 and 
MMP-9 in cervical cancer cells.

Manipulated HPV16 E6/E7 levels correlated 
with the migration of cervical cancer cells

To further identify the pro-oncogenic role of 
E6-, E7- or E6E7-HPV16 in cervical cancers, we 
then investigated the influence of the above-
mentioned oncoproteins on the migration of 
cervical C33A cells, by a wound healing assay. 

As shown in Figure 3A, there were more cells 
invading the baseline in the E6-, E7- or E6E7-
overexpressed cells, compared to the pcDNA3.1 
(+) control cells, post an inoculation of 36 h 
(P<0.01; Figure 3B). On the other side, we 
examined the migration of Caski or SiHa cells, 
post the knockdown of E6-HPV16 or E7-HPV16 
with the lentivirus-mediated shRNA. The E6 or 
E7 knockdown with shRNA E6 or shRNA E7 sig-
nificantly inhibited the migration of Caski cells, 
compared to the control shRNA (P<0.05; Figure 
3C). We also repeated the migration inhibiting 
experiment in SiHa cells. As shown in Figure 
3C, there were less migratory cells in the E6- or 

Figure 4. Chemical inhibition of MMP-2 or MMP-
9 downregulated the migration of Caski or SiHa 
cells. (A and B) MT1-MMP, MMP-2 and MMP-9 in 
Caski cells at mRNA (A) or protein (B) level, post 
the treatment with 5 μM MMP-2 inhibitor I or 5 
μM MMP-9 inhibitor I; (C and D) Reduced activ-
ity of MMP-2 or MMP-9 in Caski (C) or SiHa (D) 
cells post the treatment with 5 μM MMP-2 inhibi-
tor I or 5 μM MMP-9 inhibitor I; (E) Migration of 
Caski or SiHa cells post the treatment with 5 μM 
MMP-2 inhibitor I or MMP-9 inhibitor I. Each value 
was averaged for triplicate independent results. 
Statistically significant was showed as *P<0.05, 
**P<0.01 or ns, no significance.
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E7-abrogated SiHa cells, compared to the SiHa 
cells post the transduction with control shRNA 
(P<0.05). All these results revealed that the 
knockdown of E6-HPV16 or E7-HPV16 by shRNA 
reduced the migration of cervical cancer cells 
in vitro.

Chemical inhibition of MMP-2/9 inhibited the 
migration of cervical cancer cells

To further confirm the association of cervical 
cancer migration with MMP-2/9 activity, we uti-
lized the MMP-2 inhibitor I and MMP-9 inhibitor 
I to decrease the activity of MMP-2 and MMP-9 
in Caski or SiHa cells, and then evaluated the 
migration of two cervical cancer lines. It was 
shown in Figure 4A that both inhibitors did not 
regulate the expression of MMP-2 or MMP-9 at 
either mRNA (Figure 4A) or protein (Figure 4B) 
level. However, the activity of MMP-2 or MMP-9 
was inhibited by the MMP-2 inhibitor I or MMP-9 
inhibitor I respectively in Caski cells (P<0.05; 
Figure 4C) or in SiHa cells (P<0.01; Figure 4D). 
Compared to the 0.84 ± 0.095 (OD405 value) 
or 1.37 ± 0.150 of MMP-2 activity in control 
Caski cell group, the activity value MMP-2 or 
MMP-9 decreased to 0.46 ± 0.040 (OD405 
value) or 0.73 ± 0.086 respectively by the 
MMP-2 inhibitor I or MMP-9 inhibitor I. And the 
MMP-2 activity in SiHa cells also decreased 
from 0.68 ± 0.082 to 0.35 ± 0.040 by the 
MMP-2 inhibitor I; and the MMP-9 activity in 
SiHa cells also decreased from 0.84 ± 0.093 to 
0.32 ± 0.037 by the MMP-9 inhibitor I. And 
what’s more, the MMP-2 inhibitor I or the 
MMP-9 inhibitor I significantly inhibited the 
migration of Caski or SiHa cells, with a reduc-
tion of 31.82% or 32.76% (P<0.05; Figure 4E). 
Taking together, these results demonstrated 
that the MMP-2/9 contributed to the migration 
of cervical Caski or SiHa cells.

Discussion

MMPs have been found to be upregulated in 
almost every type of human cancer and to cor-
relate the invasiveness and metastasis and 
even poor prognosis [22, 23]. Early expression 
of MMPs helps to remodel the extracellular 
matrix (ECM) and to release ECM- and/or mem-
brane-bound growth factors, which provides a 
favorable microenvironment for the establish-
ment of the primary tumor [24]. MMPs are also 
involved in cell migration by removing sites of 
adhesion, exposing new binding sites, cleaving 

cell-cell or cell-matrix receptors, and releasing 
chemoattractants from the ECM [25]. Moreover, 
the increased expression and activation has 
been indicated to be associated with the pro-
gression and recurrence of human cervical 
cancers [26]. The oncogenesis of HPV-16 early 
proteins E6 and E7 has been well recognized in 
the cervical cancers. Either HPVE6 or HPVE7 
has confirmed to be implicated in the regula-
tion of cervical cancer cell cycling [4, 5, 7-9]. 
And multiple cellular proteins such as pRb [4], 
Forkhead box M1b (FoxM1b) [5], DREAM (DP, 
RB-like, E2F and MuvB) complex [7], Cyclin-
dependent kinase (Cdk1 and Cdk 2) [8, 9] have 
be confirmed to be regulated by the HPVE6 or 
HPVE7 and to influence the cycle of cervical 
cancer cells. More recently, it was reported that 
HPV16E6 induced cervical cancer cell migra-
tion directly via regulating p53 signaling [27]. 

And in the present study, we linked the oncoge-
nicity of PVE6 or HPVE7 to the migration promo-
tion of cervical cancer cells. The overexpres-
sion of HPV16 E6/E7 oncoproteins promoted 
MT1-MMP, MMP-2 and MMP-9 in cervical can-
cer cells. MT1-MMP, MMP-2 and MMP-9 were 
upregulated in the HPV16 E6/E7-positive cervi-
cal cancer cell lines, Caski and SiHa cells at 
both mRNA and protein levels. And the overex-
pression of E6, E7 or E6E7 of HPV16 also sig-
nificantly promoted MT1-MMP, MMP-2 and 
MMP-9. On the other side, the knockdown of 
HPV16 E6/E7 oncoproteins with shRNAs 
reduced MT1-MMP, MMP-2 and MMP-9 in cer-
vical cancer Caski or SiHa cells. The E6- or 
E7-specific shRNA-harbored lentivirus signifi-
cantly reduced the mRNA and protein levels of 
E6 or E7. Moreover, the expression of MT1-
MMP, MMP-2 and MMP-9 was also downregu-
lated by the shRNA E6 or shRNA E7. Thus, we 
confirmed that the promotion of HPV16 E6/E7 
oncoproteins to MT1-MMP, MMP-2 and MMP-9 
in cervical cancer cells.

And our further investigation indicated that the 
E6-, E7- or E6E7-HPV16 exerted a significant 
influence on the migration of cervical cancer 
cells. The overexpression of E6, E7 or E6E7 
oncoprotein promoted the migration of cervical 
cancer C33A cells. On the other side, knock-
down of E6-HPV16 or E7-HPV16 with the lentivi-
rus-mediated shRNA significantly inhibited the 
migration of Caski or SiHa cells. All these 
results revealed that the knockdown of 
E6-HPV16 or E7-HPV16 by shRNA reduced the 
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migration of cervical cancer cells in vitro. 
Moreover, the inhibition of MMP-2 or MMP-9 
with the MMP-2 inhibitor I or MMP-9 inhibitor I 
significantly reduced the migration of cervical 
cancer Caski or SiHa cells. Taking together, our 
results demonstrated that the E6-HPV16 or 
E7-HPV16 promoted the activity of MMP-2/9, 
and contributed to the migration of cervical 
cells.

In summary, our study demonstrated that the 
E6 and E7 oncoproteins of high risk HPV16 pro-
moted the activity of MT1-MMP, MMP-2 and 
MMP-9, and contributed to the migration of cer-
vical cells.
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