
 

 

Introduction 
 
Cervical cancer (CC) is the second most fre-
quent neoplasm around the world; and the sec-
ond cause of death by cancer in Mexican 
women [1]. It is known that cervical precursor 
lesions called Low grade Squamous Intraepithe-
lial Lesions (LSIL) or High grade (HSIL) practi-
cally present the same risk factors as for CC, by 
instance the HPV persistent infection, smoking, 
oral contraceptives consumption, multiparity, 
etc [2,3].  
 
One of the most studied steps of carcinogenesis 
is the invasion and metastasis based on the 
knowledge that cancer cells have the ability to 
migrate from origin and metastasize to sur-

rounding or distant organs. In the microenviron-
ment of the cancer cells, is needed the degrada-
tion of the extracellular matrix (ECM) and endo-
thelial cell basement membrane, which the ma-
trix metalloproteinases or MMP´s are participat-
ing [4]. This process is essential for invasion 
and metastasis phenomena. It is known, that 
the MMP2, MMP9, and MMP14 are involved in 
the cervical carcinogenesis process [5-7] but 
others members of MMPs such as the MMP11 
and MMP12 are less studied in this neoplasm. 
 
The MMPs are a family of approximately 24 
metalloendopeptidases that cleave the protein 
components of the ECM with a central role in 
the tissue remodeling and degradation but also, 
they have the regulation role of growth factors 
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Abstract: The metalloproteinases (MMP) 11 and 12 have been shown to be expressed in cervical cancer (CC). In 
order to extend our previous results, these MMPs were evaluated in cervical precursor lesions. One hundred seven-
teen cervical scrapes: thirty-six normal, thirty-six Low grade squamous lesions (LSIL), thirty-six High grade (HSIL), nine  
CC; and, also ninety-nine paraffin-embedded cervical lesions: fifteen normal cervices, thirty eight LSIL, sixteen HSIL, 
and five CC were collected. The samples were analyzed for relative expression by real time RT-PCR or immunohisto-
chemistry assay. We were able to identify a relative increased expression of MMP11 in 75% and 78% from LSIL and 
HSIL samples, respectively. While MMP12 expression was 64% and 75% in LSIL and HSIL, respectively. Positive sam-
ples for MMP11 expression were also positive for MMP12 expression and also increased according to illness progres-
sion. In the tissues, MMP11 or MMP12 expression was observed in the cytoplasm of the neoplastic cells, while in the 
normal epithelium was absent. The reaction was always stronger for MMP12 than MMP11. MMP11 expression was 
present in 77% and 66% of LSIL and HSIL, while MMP12 expression was 73% and 68%. There was a relationship 
between MMP11 or MMP12 expression and HPV infection. Our data are showing a relationship between diagnostic of 
precursor lesions and the MMP11 and 12 expressions, suggesting that their expression could be an early event in 
the neoplastic lesions of the cervix and could have clinical significance. 
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and their receptors, cytokines and chemokines, 
adhesion receptors and cell surface proteogly-
cans, and a variety of enzymes. This family of 
proteins has a significant role in the control of 
cellular interactions as in normal development, 
uterine and mammary involution, or pathologi-
cal conditions, such as inflammation and can-
cer [8]. 
 
MMP11 or stromelisin-3 is encoded by mmp11 
gene in the chromosome 22 q11.23. This prote-
ase was initially identified in the fibroblastic 
cells surrounding invasive cancer cell of breast 
carcinoma [9, 10]. For MMP12 or human 
macrophage metalloelastase is encoded in the 
chromosome 11q22.3. It has a great variety of 
substrates as elastin, collagenase type IV, plas-
minogen, endostatin, etc [10, 11]. 
 
Our group previously reported the overexpres-
sion of MMP11 and MMP12 in CC suggesting 
the participation of these proteases in this type 
of cancer [12]. In order to extend the role of 
these proteases, the goal in the present study 
was to search the MMP11 and MMP12 expres-
sion in cervical scrapes from cervical precursor 
lesions. 
 
Materials and methods 
 
Samples collection 
 
Patients with normal and abnormal cervical 
smears were recruited with informed consents 
and ethical approval from the local institute 
(IMSS Mexico). All the patients were attended in 
the colposcopy clinics from Hospital Ginecologia 
and Obstetricia No. 3 or No. 4, IMSS at Mexico 
City. They were examined colposcopically with 
biopsies when indicated. According to WHO cri-
teria, they were classified as CC, HSIL, LSIL and 
normal tissues. In general, three hundred forty 
cervical scrapes samples were collected. For 
each patient, the first smear was made for rou-
tine cytological examination. The remaining ma-
terial from the first spatula (cervix brush) and an 
additional scrape were collected in Trizol re-
agent (Invitrogen, CA, USA) for MMPs detection. 
The RNAs were purified and then quantized in a 
NanoDrop Spectrophotometer ND-1000, and 
resolved in agarose gel ethidium bromide 
stained. The cases analyzed were not previously 
treated and corresponded to thirty-six normal, 
thirty-six LSIL and thirty-six HSIL and 9 invasive 
carcinomas scrapes. Furthermore, ninety-nine 

paraffin-embedded tissues were also collected 
including: fifteen normal samples, twenty-five 
“normal” adjacent to a lesion as special group, 
thirty-eight LSIL, sixteen HSIL and 5 CC. 
“Normal” adjacent tissue was considered as the 
epithelium ≥1 cm far away from the lesion. He-
matoxylin-eosin stained sections were evalu-
ated for a pathologist to select areas of neo-
plasm to construct the tissue microarray.  
 
Semiquantitative real time RT-PCR 
 
To detect the expression of MMP11 and 
MMP12 in the cervical specimens, the samples 
were analyzed by using real time RT-PCR assay. 
For relative quantitation, the reactions were 
performed using Taqman One–Step RT-PCR 
Master Mix Reagents Kit 4309169 (Applied 
Biosystems Co., CA, USA) in the 7500 Fast Real-
Time PCR System (Applied Biosystem Co.). The 
RT-PCR was performed with 200 ng of total RNA 
with a first step for cDNA synthesis for 30 min 
at 48°C followed up by enzyme inactivation 
step of 10 min at 95°C, after, were carried out 
40 cycles of 15 sec at 95°C and an extension 
was made at 60°C by 1 min. To detect the fluo-
rescent signal we used the predeveloped 
Taqm an Gene  Express ion  Assays 
H s 0 0 9 6 8 2 9 1 _ m 1  f o r  M M P 1 1 , 
Hs00899669_m1 for MMP12, and 4333764 
for GAPDH as internal control (the sequence 
primers belongs to Applied Biosystems Co.). The 
relative change in expression was calculated 
using the comparative CT method [13].  
 
Immunohistochemistry assay 
 
The tissue microarray (TMA) was constructed as 
described [14] including ninety-nine cases. Core 
samples were taken using 0.6 mm2 blunt-tip 
needles and placed on the recipient microarray 
block using a Tissue Microarrayer (Chemicon 
Co., MA, USA). Tumors were represented with 2 
spots of redundancy, which has been shown to 
provide a sufficiently representative sample. 
Sections of 4 um were deparaffinized and rehy-
drated in graded ethanol series until water. Af-
ter that, the antigen retrieval was done using 
Trilogy buffer (Cell Marque CA, USA) 1X for 15 
min in a pressure cooker. Endogenous peroxi-
dase inactivation was carried out with H2O2 10% 
in methanol solution for 30 min at room tem-
perature and the slides were washed in phos-
phate buffer solution, non specific reactions 
were blocked with bovine serum at 5% on the 
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slides for 30 min. Excess medium were de-
canted and tissues were incubated with the 
primary antibody (anti-MMP11 Biomeda Corp., 
CA, USA, cat. V10221, and anti-MMP12 Santa 
Cruz Biotechnology Inc., CA, USA, cat. sc-12361 
dilutions 1:100 and anti-p16 Cell Marque Corp. 
cat. CMA801 ready to use) at 4°C overnight. For 
the development of the reaction the Mouse/
Rabbit Immunodetector HRP/DAB (Bio SB Inc. 
CA, USA) on the slides was used. Finally, slides 
were washes and hematoxylin counterstained. 
The reaction was evaluated under a light micro-
scope as a brown precipitated, results were 
evaluated as positive or negative by visual as-
sessment.  
 
HPV sequences 
 
Human papillomavirus detection was carried 
out by polymerase chain reaction (PCR) using 
two sets of primers. First, to identify HPV16 DNA 
sequences the E6 primers of HPV16 were used 
[15]. After 5 minutes of denaturation at 94°C, 
100ng of DNA were subjected to 40 amplifica-
tion cycles with the following conditions: 94°C 
for 30 sec, 55°C for 30 sec, 72°C 30 sec and a 
final extension step of 10 min at 72°C. The 
negative samples for the first PCR, were then 

subjected to second PCR with the universal 
GP5+/GP6+ primers for L1 gene of HPV [16] 
with an initial denaturation of 94°C for 4min, 
followed to 40 amplification cycles, 94°C for 
1min, 40°C for 2 min, 72°C for 2min and a 
final extension of 72 °C for 10 min. The amplifi-
cation products were visualized in an agarose 
gel ethidium bromide stained. 
 
Statistical analysis 
 
The statistical analysis between the MMPs ex-
pression and the clinicopathological features 
was performed using the statistical software 
SPSS v15. We used the χ2 test to find any corre-
lation between MMPs expression and clinicopa-
thological features. 
 
Results 
 
The study design is summarized in Figure 1. In 
general, 230 patients were selected in the col-
poscopy clinic, 110 from out patient clinic. After 
colposcopic examination and histopathology 
analysis, the samples were classified as CC, 
HSIL and LSIL. Unfortunately, 29.1% of the pa-
tients diagnosed with any cervical lesion did not 
accept to participate in the present study, thus 

Figure 1. Summary of the study design. 
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those samples were not subjected to this analy-
sis. Then, the samples were selected according 
to RNA quality. In this case, 21.1% of the sam-
ples were eliminated because high RNA degra-
dation or lack of RNA. This percentage of the 
samples due to RNA quality could indicate that 
most of the scrape samples were taken with 
acceptable precision and quality. Finally, after 
colposcopic examination and histopathology 
analysis, the samples studied were 37 HSIL and 
79 LSIL. Thirty-six scrapes collected from 
women with normal cytology at out patient clinic 
served as control. To get our purpose we se-
lected thirty-six samples of each group (normal, 
LSIL and HSIL) and nine CC. 
 
Detection of MMP11 and MMP12 transcripts in 
cervical scrapes from precursor lesions 
 
In order to detect the presence of MMP11 and 
12 transcripts in cervical epithelium scrapes, 
each RNA sample was subjected to relative real 
time RT-PCR. The MMP11 expression was pre-
sent in 75% and 78% of LSIL and HSIL samples, 
while MMP12 expression was 64% and 75%, 
respectively. The CCs were positive for both 
MMPs as expected. The analysis showed rela-
tive increments of MMP11 of 1.26, 1.67 and 
2.90 in LSIL, HSIL and CC (p=0.05), respec-
tively; while MMP12 were 2.34, 4.58 and 5.49 
in LSIL, HSIL and CC (p=0.08), respectively 
(Figure 2; the increments were respect to 
MMP11 or MMP12 expression from the normal 
cervical scrapes). Interestingly, positive samples 
for MMP11 expression were also positive for 
MMP12 expression (p=0.000), and also in-
creased according to precursor lesions. Thus, it 
is clear that MMP12 expression is almost one-

fold more than MMP11 expression.  
 
Expression of MMP11 and MMP12 in the cervi-
cal precursor lesions 
 
For immunohistochemistry assays the expres-
sion of MMP11 and MMP12 was confirmed in 
the samples. Two groups of samples, were ob-
served: immunopositive and negative staining. 
Positive immunoreaction was detected in the 
cytoplasm of the cells with homogeneous stain-
ing. The invasive samples were positive as ex-
pected.  
 
In this context, MMP11 expression was ob-
served in the cytoplasm of the neoplastic cells, 
while in the normal epithelium was absent. 
Similar results were observed for MMP12 detec-
tion (Figure 3). In each positive sample, the 
MMP12 immunoreaction was always stronger 
than MMP11 immunoreaction. MMP11 expres-
sion was present in 77% and 66% of LSIL and 
HSIL samples, while MMP12 expression was 
73% and 68%, respectively. These data suggest 
that the increased expression of these MMPs 
could be found either in scrapes or tissue and is 
quite similar, although the low percentage seen 
in the HSIL tissues could be influenced by the 
number of samples. We also included “normal” 
samples adjacent to an epithelial lesions show-
ing MMP11 immunoreactivity in 27% and 28% 
for MMP12, suggesting that this epithelium 
could not be totally “normal”.  
 
HPV infection in the cervical smears 
 
The HPV DNA sequences were found in the 
30.5% of normal samples, 38.8% in LSIL sam-

Figure 2. Relative quantitation of 
MMP11 and MMP12 expression 
in cervical scrapes by using real 
time RT-PCR. The MMP11 shows 
a significant increase expression 
according with the illness progres-
sion compared to the normal sam-
ples. MMP12 shows an increase 
expression according with the 
illness progression compared to 
the normal samples. The MMP11 
and MMP12 expression values in 
normal cervical smears are repre-
sented as 1. 
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ples, 71.4% in HSIL, and in 88.8% of carcinoma 
samples. In order of frequency, the HPV types 
were found 16, 33, 51, 70, 53, 67, 39, and 45 
and some of them not identified. For the HPV 
sequences not identified, the electropherogram 
showed several curves suggesting multiple 
HPVs types in the samples (16.6%). 
 
Analysis between MMP11 and MMP12 expres-
sion and clinicopathologic variables 
 
To determine any correlation between MMPs 
and some clinicopathologic variables, the data 

were subjected to statistical analysis (see Table 
1). It was found that the relative increased of 
both MMP11 and MMP12 expression is associ-
ated with the diagnostic (p=0.049; p=0.008, 
respectively) or HPV (p=0.000 for both). The 
correlation between the diagnosis and the clini-
copathologic variables is shown in Table 2. As 
expected, it was also observed a correlation 
between diagnosis and HPV (p=0.001), and 
diagnosis with smoking (p=0.054). These data 
could suggest a close relationship between cer-
vical lesion (HPV positive) and MMPs expres-
sion. 

Figure 3. MMP11 and MMP12 immunodetection in cervical precursors lesions. The positive reaction is visualized as 
a brown color in the neoplastic cells. Immunodetection of MMP11 in normal cervix (A) as negative; a positive LSIL  
(B); a negative LSIL (C); positive HSIL (D), and negative HSIL (E). Immunodetection of MMP12 in normal cervix (F) 
negative; positive LSIL (G); negative LSIL (H); and positive HSIL (I, J). We also detected the p16 protein in normal cer-
vix (K) as negative; positive LSIL (L); negative LSIL (M); positive HSIL (N), and a positive CC (O). Micrographs A-M and 
O at 20X original magnification; D and N at 40X original magnification. 
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Discussion 
 
There is sufficient evidence about the participa-
tion of matrix metalloproteinases in the carcino-
genesis process in a great variety of tumors as 
in breast, colon, bladder, brain, and ovary (for 
review see 17).  
 
The stepwise inter-relationship between precan-
cerous lesions and CC samples have been pos-
tulated by several groups [18-20]. Theoretically, 
early detection of precancerous lesions by mas-
sive cancer screening programs based on the 
use of the cervical Pap smears could result in a 
total prevention of invasive malignant disease. 
Despite the wide acceptance of screening pro-
gram of CC, in Mexico, more than 12,000 
woman are diagnosed with CC, from them 50% 

will die per year. Thus, there are clearly deficien-
cies in the current system of screening. Due to 
high number of false negatives or positives 
there is a need of supplementary cervical 
screening techniques.  
 
Specifically, there are few reports of MMP2, 
MMP9 and MT1-MMP in cervical precursor le-
sions [6, 18] showing that MMP9 and MT1-
MMP increase their expression according to the 
illness progression, while the MMP2 its not as-
sociated to this event; however, there is lack 
information of a relationship between MMPs 
expression and the diagnostic. Previously we 
have reported the presence of increased ex-
pression of MMP11 and MMP12 in CC, but, it is 
unknown if their expression is present in cervi-
cal precursor lesions. In this scenario, in the 

Table 1. Association between the MMPs expression and the clinicopathological variables 
Clinicopathologic variables n MMP11 expression P value n MMP12 expression P value 

negative positive negative positive 

Pregnancies ≤3 

>3 

90 42 

15 

22 

11 

0.318 93 37 

15 

29 

12 

0.572 

births ≤3 

>3 

66 34 

5 

22 

5 

0.383 67 32 

5 

25 

5 

0.490 

HPV Positive 

Negative 

97 24 

36 

22 

15 

0.049* 100 20 

34 

29 

17 

0.008* 

Diagnosis Normal 

LSIL 

HSIL 

100 36 

18 

8 

0 

14 

24 

0.000* 101 36 

12 

7 

0 

22 

24 

0.000* 

Menarche <10 years 

11-14 years 

≥ 15 years 

90 4 

46 

7 

1 

30 

2 

0.435 93 4 

41 

6 

2 

37 

3 

0.603 

Onset of 

sexual activity 

<18 years 

≥ 18 years 

90 19 

38 

10 

23 

0.478 93 18 

34 

13 

28 

0.472 

Sexual partner 

number 

<3 

≥ 3 

89 38 

19 

20 

12 

0.432 92 35 

16 

27 

14 

0.476 

Oral contra-

ceptive use 

<1 year 

≥ 1 year 

20 2 

14 

0 

4 

0.632 20 2 

10 

0 

8 

0.347 

Smoking Yes 

No 

87 9 

48 

8 

22 

0.175 89 7 

43 

10 

29 

0.133 

Alcoholism Yes 

No 

  

84 2 

53 

1 

28 

0.727 86 1 

47 

2 

36 

0.412 

History of can-

cer 

Yes 

no 

82 18 

36 

8 

20 

0.429 83 15 

32 

10 

26 

0.436 

Expression changes adjusted to the normal samples. HPV: Human Papillomavirus; LSIL: low-grade squamous intraepithelial 
lesion; HSIL: high-grade squamous intraepithelial lesion; smoking: at least seven cigarettes/week. *Statistical significance 
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present work we were able to identify a signifi-
cantly increased the MMP11 and MMP12 ex-
pression in cervical scrapes from cervical pre-
cursor lesions. Interestingly, the MMP11 expres-
sion levels were lower than MMP12 levels, sug-
gesting potentially a strong molecular activity of 
mmp12 gene than mmp11, or maybe more sta-
ble transcript or protein half time. 
 
MMP11 expression showed a significative in-
creased relative fold change which is correlated 
with the type of lesion suggesting that this 
MMP11 protein could participate in the neo-
plastic epithelial process. A MMP11 increased 
expression has been reported in several human 
invasive tumors as renal, gastric, breast [21-
23], as well as in some precursors lesions from 
breast and oral cancer [23, 24]. Thus, our re-
sults are supported by these previous studies, 
suggesting that MMP11 expression could be 
associated for cervical cancer progression.  
 
In the case of the MMP12, there are few reports 
about its participation in cancer. An increased 

expression of MMP12 has been observed in 
some tumors as tongue, larynx, gastric, vulva, 
liver and also for CC [25-29]. In the present 
work, we are showing that MMP12 expression 
could also be associated for CC progression. 
 
Our present data are showing that MMP11 and 
12 co-expression is correlated with cervical pre-
cursor lesions probably regulated by different 
molecular mechanism. 
 
Interestingly, MMP11 and MMP12 proteins ex-
pression were also correlated with HPV infec-
tion. For instance, it has been reported that 
MMP9 expression is induced by the E2 protein 
of HPV16 via MEK1-ERK1/2-AP [30]. It is known 
that HPV status in precursor lesions is in epi-
somal form, where the E2 gene is intact. Accord-
ing to an analysis of the sequence promoter of 
the MMP11 and MMP12, there is an absence of 
motif response for viral proteins (data not 
shown), but an AP-1 motif is found, thus a prob-
able activation by this motif could be possible. 
However, our results could suggest that some 

Table 2. Association between the Diagnosis and the clinicopathological variables 
Variables n Diagnostic P value 

Normal LSIL HSIL 
HPV Positive 

Negative 
105 11 

23 
14 
22 

26 
9 

0.001* 

Scholar Illiterate 
Elementary 
High school 
Bachelor 
College 

94 0 
2 

13 
8 
7 

1 
9 
9 

11 
3 

2 
8 
6 

10 
5 

0.269 

Pregnancies ≤ 3 
› 3 

98 27 
6 

22 
10 

21 
12 

0.242 

Births ≤ 3 
› 3 

71 21 
1 

20 
5 

19 
5 

  0.232 

Menarche ≤ 10 years 
11-14 years 
≥15 years 

98 3 
27 
3 

0 
31 
1 

3 
24 
6 

0.102 

Onset of sexual 
activity 

‹ 18 years 
≥ 18 years 

98 12 
22 

11 
21 

11 
21 

0.996 

Sexual partner 
number 

‹ 3 
≥3 

97 19 
14 

23 
8 

21 
12 

0.372 

Oral contraceptive 
use 

‹1 year 
≥1 year 

21 1 
9 

1 
6 

0 
4 

0.738 

Smoking Yes 
No 

93 5 
28 

4 
28 

10 
18 

0.054 

Alcoholism Yes 
No 

90 0 
32 

1 
29 

2 
26 

0.307 

History of cancer Yes 
No 

88 10 
22 

5 
23 

12 
16 

0.127 

*Statistical significance 
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viral proteins as E2, E6 and E7 could trans-
activate indirectly to MMP11 and MMP12.  
 
In the early steps of carcinogenesis are present 
E6 and E7 viral expression in low levels, and 
these proteins levels are increased in CC with a 
lack of E2 gene. In this case, our results could 
support the idea that E6 and E7 proteins could 
activate indirectly the MMP11 and MMP12 ex-
pression. Very recently, we have demonstrated 
that E2/HPV16 can activate indirectly to 
MMP13 [31]. These results could involve an 
indirectly activation of some MMPs via HPV in-
fection. 
 
Other important data in the present work was 
the frequency of HPV types in the samples. The 
HPV16 was the most frequent type followed by 
the types 33, 51, 70, these viral types not previ-
ously reported in America. These results are 
very important in terms of epidemiological stud-
ies because the emerging of infrequent HPV 
types and probably could have an impact to 
respect vaccination programs. Of course, this 
number of samples is too small to draw any 
conclusion.  
 
Some implications about MMP11 and 12 ex-
pressions in the cervical precursor lesions could 
be important in several aspects. At present, it is 
clear that HPV-DNA testing is the approved 
screening tool for HPV infection as main etio-
logical factor for CC, while, Pap smear is related 
for cytology looking for cellular changes. In this 
case, both tools have their own fortitude. The 
present data could support another molecular 
tool for cervical neoplasia diagnosis. Taking all 
together and in order to discard any suspicious 
colposcopic image (clinically) or ASCUS lesion 
(cytology) or any epithelial change related to  an 
immortalization or transformation process, 
MMP11 and MMP12 detection could help to 
have a better clinical significance and robust 
diagnosis. In retrospective analysis (from cyto-
logical diagnosis), the detection of MMP11 or 
MMP12 could provide interesting data.  
 
At present, it is unknown if these MMPs expres-
sion are related to clinical features of tumor as 
invasiveness, or survival time in CC and its pre-
cursor lesions. In order to address the sugges-
tions, it is necessary to extend the monitoring of 
the patients.  
 
Finally, we postulated that epithelial cells from 

cervical scrapes would reflect the MMP11 or 
MMP12 inmunoreactivities seen in the tissue 
sections. MMP11 and MMP12 expression in the 
cervical scrapes cells would indicate the 
presence of dysplatic changes in the cervix. 
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