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Abstract

Aim To evaluate whether the presence of specific poly-

morphism in the gene promoter of collagen and some

matrix metalloproteinases was associated with the risk of

developing pelvic organ prolapse.

Methods A case–control study was carried on 233

women: 137 were cases with Cstage II pelvic organ pro-

lapse and 96 were matched controls without pelvic

pathologies. Allele and genotype frequencies related to

polymorphisms at the Sp1 site of type I collagen and some

functional polymorphisms in the promoters of metallo-

proteinases-1, -3 and -9 have been compared between

groups. It has been shown that these single-insertions/

deletions polymorphisms located in the promoter region of

the genes have a functional significance in the regulation of

their transcriptional level and local expression. Genotypes

were determined by polymerase chain reaction (PCR)

amplification and sequence analysis. SPSS 14.0 software

was used for data analysis. Probability values of \0.05

were considered statistically significant.

Results No difference between groups was found in the

genotype distribution polymorphisms for COL1A1,

metalloproteinases-9 and -3, while the distribution of the

polymorphism of metalloproteinases-1 was significantly

increased in the cases when compared with controls

(p = 0.04).

Conclusions Our findings suggest that the polymorphism

of metalloproteinases-1 might have a role in mediating

susceptibility to pelvic organ prolapse.
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Introduction

Pelvic organ prolapse (POP) and urinary incontinence are

major health problems in women in the reproductive and

menopausal years, being associated with an 11% lifetime

risk of having an operation for the disease [1]. In the USA,

more than 200,000 women every year are operated on for

such a disease and up to 30% of patients require a new

operation to solve their problem, with increasing health

services and social costs [2]. The etiology of POP is multi-

factorial and several risk factors such as advancing age,

childbearing, obesity, hysterectomy, instrumental delivery

and menopause have been identified [3, 4]. Recent evidence

suggests that POP has a certain genetic component with a 3.2

and 2.4 increased risk in mothers and sisters of affected

women, respectively [5]. The importance of the genetic

background is also suggested by the high prevalence of the

disease in patients affected by disorders of type I and III

collagen such as Ehlers–Danlos and Marfan syndromes [6].

Collagen amount and type and degree of crosslinking

contribute to the properties and strength of the connective

tissue. Continuous tissue remodeling makes the relation-

ship between the synthesis of collagen and its degradation
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critical to the maintenance of tensile strength. Collagen is a

fibrous protein presents in 19 types with types I and III

being the main structural components of the connective

tissue. Collagen fibers are stabilized by intermolecular

covalent crosslinks by pyridinoline, and their degradation

depends on the activity of proteinases secreted by con-

nective-tissue cells, including the matrix metalloprotein-

ases (MMPs) and the cathepsins. It has therefore been

suggested that increased degradation of collagen may lead

to a decrease in the mechanical strength, thus predisposing

to POP. In particular, pelvic organ prolapse was shown to

be associated with a 25% loss of collagen content in tis-

sues. Different types of MMPs are present at different

anatomic sites. MMP-1 is an interstitial collagenase, whose

primary substratum is fibrillar collagen type I, II, III and IV

and it is mainly localized in genital tissue, colon and ves-

sels. MMP-9 and MMP-3 are stromelysins (gelatinase-B

and stromelysin-1) whose substrata are proteoglycans,

laminin and fibronectin that are mainly present in vessels

and in pelvic tissue. It has been recently demonstrated by

immunohistochemistry that in uterosacral ligaments and in

vaginal tissue of women with POP there is an increased

expression of MMP-1, MMP-2 and MMP-9 [7–9].

The genetic expression of these proteins depends on

several factors, in particular on different polymorphisms in

the promoter site. Even though the majority of these

polymorphisms are usually ‘‘inactive’’, a part of them

might be associated with some differences in transcription

and/or expression of proteins, which are then linked to

some individual differences in diseases development [10].

To contribute to the analysis of the genetic background of

POP, we evaluated the frequency of functional polymor-

phisms in candidate MMP and collagen genes in the serum

of a population of Caucasian women affected by this

condition. Specifically we have studied:

1. The point mutation (G–T) responsible for the Sp1 site

polymorphism in the first intron of COL1A1 gene; this

mutation has been shown in subjects with Ehlers–

Danlos disease [6].

2. A single-insertion polymorphism (2G) in the MMP-1

promoter region known to elevate transcriptional level

and local expression of MMP-1. A major expression of

MMP-1 due to this polymorphism has been shown in

some oncological diseases (ovarian, endometrial and

colon-rectal cancer) [11].

3. A single-insertion/deletion polymorphism (5A/6A)

located in the promoter of the MMP-3 gene; the 5A

allele is associated with a major transcription of MMP-

3 in fibroblasts and in smooth muscle cells [12].

4. The MMP-9 polymorphism is due to a C instead of a T

and larger presence of C determines a major tran-

scription and therefore a major expression of MMP-9.

A major expression of MMP-9 has been shown in

women with low bone density [13].

Genotypes were determined by polymerase chain reac-

tion (PCR) amplification and sequence analysis.

The frequency of these variants in women with POP has

been compared with that of women from the same geographic

area in whom a diagnosis of disorder was clinically ruled-out.

Materials and methods

From January 2004 to June 2006, 233 women who attended

the urogynecologic unit and the outpatient menopausal

clinic of the departments were enrolled in the study. All

women underwent a structured interview and physical

examination. Pelvic floor defects were determined using

the pelvic organ prolapse quantification system (POP-Q

system) [14]. Measurements were made at different vaginal

sites (anterior and posterior vagina and cervix) with the

patient recumbent and straining down.

With the POP-Q system, each vaginal site can be

defined as normal (stage 0), protruding within 1 cm above

the level of the hymen (stage I), between B1 cm proximal

or distal to the plane of the hymen (stage II), protruding

more than 1 cm below the plane of the hymen but less than

the total vaginal length -2 cm less (stage III), or complete

eversion of the total length of the affected site (stage IV).

Cases (137) considered were women with Cstage II pelvic

organ prolapse while controls (96) were those defined as

having stage 0–1. Controls were matched for POP risk fac-

tors such as age, BMI, smoking habits, parity and rate of

instrumental deliveries. Previous hysterectomy and/or sur-

gery for POP or urinary incontinence as well as a past history

of malignancy were exclusion criteria. Genotype frequencies

related to polymorphisms at the Sp1 site of the COL1A1

gene, -1562C/T of the MMP-9 gene, -1607 1G/2G of the

MMP-1 gene and -1171 5A/6A of the MMP-3 gene have

been compared between cases and controls.

The patients were informed about the study protocol,

procedures, and approval was granted by the local Ethic

Committees.

Molecular analysis of the Sp1 site polymorphism

of COL1A1 gene

Genomic DNA was isolated from 1 ml whole blood col-

lected in edetic acid. The point mutation (G–T) responsible

for the Sp1 site polymorphism in the first intron of

COL1A1 gene was detected by PCR from genomic DNA,

using the following primers: P1, 50-GGAA-GACCCGGG

TTATTGCT-30 (forward); P2, 50-CGCTGAAGCCAAGTG

AAATA-30 (reverse) [15]. PCR products were then
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subjected to digestion with the restriction enzyme Van91I

(New England BioLabs, Beverly, MA, USA). PCR was

performed in a total volume of 25 ll containing genomic

DNA, 5 pmol of each primers, 19 Taq polymerase buffer

and 0.5 U of Red Taq (Sigma). Cycling conditions were set

as follows: one cycle at 94�C for 5 min, 35 cycles at 94�C for

30 s, 57�C for 30 s, and 72�C for 30 s, and one final cycle of

extension at 72�C for 5 min. The restriction enzyme Van91I

cuts the 598 base pair (bp) PCR product in two bands of 430

and 168 bp, which were resolved on a 2.5% agarose gel.

The presence of the restriction site on both alleles was

defined as homozygote G/G and the absence of the

restriction site as homozygote T/T and heterozygote G/T,

respectively. Cases with T/T or G/T genotypes were always

confirmed at least twice. Moreover, for at least five of

them, the nucleotide sequence of the PCR products was

confirmed by sequence analysis.

Molecular analysis of the MMP9 gene polymorphism

21562C/T, MMP1 gene polymorphism 21607 1G/2G

and MMP3 gene polymorphism 21171 5A/6A

The genotypes related to -1562C/T of MMP9, -16071G/

2G of MMP1 and of -1171 5A/6A of MMP3 were deter-

mined by PCR from genomic DNA, using the following

primers: 50-GCCTGGCACATAGTAGGCCC-30; 50-CTTC

CTAGCCAGCCGGCATC-30 for MMP9, 50-CCCTCTT

GAACTCACATGTTATG-30 and 50-ACTTTCCTCCCCT

TATGGATTCC-30 for MMP-1 and 50-TCCTCATATCA

ATGTGGCCAAA-30 and 50-CGGCACCTGGCCTAAAG

AC-30 for MMP3 [16]. PCR products were then subjected to

digestion with the restriction enzyme BbuI (New England

BioLabs, Beverly, MA, USA).

PCR was performed in a total volume of 25 ll con-

taining genomic DNA, 5 pmol of each primers, 19 Taq

polymerase buffer and 0.5 U of Red Taq (Sigma). Cycling

conditions were set as follows: one cycle at 94�C for

5 min, 35 cycles at 94�C for 30 s, 57�C for 30 s, and 72�C

for 30 s, and one final cycle of extension at 72�C for 5 min.

The amplification was verified on an agarose gel (2%)

followed directly by sequencing with an automatic

sequencer in fluorescent DNA capillary electrophoresis

(ABI PRISM 310 Genetic Analyzer; Applied Biosystems,

Foster City, CA, USA).

The MMP-9 polymorphism is due to a C instead of a T,

so the presence of the restriction site on both alleles was

defined as homozygote C/C and the absence of the

restriction site as homozygote T/T and heterozygote C/T,

respectively. More presence of C induces a major trans-

cription, so a major expression of MMP-9.

The MMP-1 polymorphism is due to an insertion/deletion

of a guanine so that two allele are detected, one having a

single guanine (1G) and the other having two guanines (2G).

Thus, all subjects were divided into three genotypes: 1G/1G,

1G/2G and 2G/2G. The MMP-3 polymorphism is due to the

variation in the length of a polymonomeric track of adenines

resulting in one allele having five adenines (5A) and the other

having six adenines (6A). Subjects were divided into three

genotypes: 5A/5A, 5A/6A and 6A/6A. More ‘‘G’’ for MMP-

1 and more ‘‘A’’ for MMP-3 induce a major transcription, so

a major expression of these proteases.

Statistical analysis

Continuous variables were presented as means and standard

deviation. Categorical variables were presented as numbers

and percentages. Significances were tested using the t-test,

the Chi-square or the Fisher exact test when appropriate. The

sample size was calculated on the basis of the reported

15–20% rate of prevalence of the mutated alleles in the

general population [17, 18]. Considering 80% of statistical

power to avoid a type II error and 5% level of significance,

we sought to find at least a twofold increase in risk of

developing pelvic organ prolapse in women with genetic

polymorphism. Statistical analysis was done using the SPSS

statistical package (SPSS 14.0, Chicago, IL). Probability

values of\0.05 were considered statistically significant.

Results

Population’s characteristics are summarized in Table 1.

Family history showed that 35% of patients with POP had a

first-degree relative affected by the same disease compared

with a prevalence of 16% in the control group (p = 0.002;

OR: 2.9, 95% CI 1.5–5.7) (Table 2).

The distribution of prolapse in affected patients at each

vaginal compartment is shown in Table 3.

Women were examined before the results of genetic

analysis were known, therefore, clinicians were masked to

the genotypes of the individuals. The frequencies of the

rarer alleles of the COL1A1, MMP-1, MMP-3 and MMP-9

polymorphisms in our control population were similar to

those reported by Biondi et al. [17] and by Szyllo et al.

[18].

Table 1 Population’s demographic and characteristics

Controls

(n = 96)

Cases

(n = 137)

P

Age, mean ± SD (years) 57 ± 10.5 60 ± 10.5 0.15

BMI (kg/h2), mean ± SD 24 ± 4.1 25 ± 3.4 0.08

Smoking n (%) 22 (23%) 29 (21%) 0.92

Parity, median (range) 2 (0–4) 2 (0–6) 0.81

Instrumental delivery

n (%)

8 (9%) 12 (10%) 1
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Table 4 shows genotype for COL1A1 and MMP-9

polymorphisms in patients and controls. In both groups of

women, the genotype frequency pattern showed the dom-

inance of the unchanged homozygote for both polymor-

phisms (G/G for COL1A1 and C/C for MMP-9

polymorphisms). No difference was found in the genotype

distribution polymorphisms between cases and controls for

both COL1A1 (p = 0.16) and MMP-9 (p = 0.64). We also

analyzed genotype distribution for MMP-1 and MMP-3

polymorphism (Table 4). Again there was no difference in

the genotype distribution polymorphisms for MMP-3

(p = 0.53), while a greater distribution and expression of

the polymorphism of MMP-1 were found in cases when

compared with controls (p = 0.04).

Discussion

Pelvic organ prolapse is a debilitating disorder that affects

quality of life of ageing women. The cause of this condi-

tion is far to be completely elucidated even if several risk

factors have been studied [19, 20]. In recent years, there

was growing evidence showing that POP is otherwise a

genetic disease. The importance of the genetic background

has been suggested by the high prevalence of the disease in

patients affected by disorders of type I and III collagen

such as the Ehlers–Danlos, and the Marfan syndromes [6].

Recently, it has been reported that POP segregated in

dominant fashion with incomplete penetrance in some

families. Both maternal and paternal transmissions have

been observed. The relative risk in siblings of affected

patients to develop POP has been shown to be five times

higher when compared with that for the general population

[21]. According to the previous studies we found that

women who had had the mother or a sister with POP had an

increased risk to develop the same disease.

Current information supports the hypothesis that extra-

cellular matrix protein turnover plays a role in the patho-

genesis of POP; most studies examining collagen and elastin

expression showed a trend towards decreased contents in

pelvic floor of women with pelvic floor disease being MMPs

and their genetic up-regulation probably responsible for the

predisposition of certain groups of women [22].

Few studies focused on the different quantity and type of

collagen fibers in pelvic tissue. Gabriel et al. [23] found

that major expression of type III collagen in specimens

from the uterosacral ligaments was significantly associated

with POP, and that it might be a typical characteristic of the

connective tissue of patients with such a disease. Regarding

collagen content, no difference was seen between patients

with or without POP and the same finding has been shown

for pre- and postmenopausal affected women. Ewies et al.

[24] reported an increase in type III collagen in the cardinal

ligaments of patients with pelvic organ prolapse, and also

for type I collagen a modification of the quality of fibers

was demonstrated. Patients with POP had shorter and

thinner fibers with large spaces between, whereas in controls,

fibers were longer and thicker [25].

Table 3 Distribution of pelvic organ prolapse by vaginal compart-

ment in cases

Stage \ II Stage C II

Anterior vaginal wall 15 (11%) 122 (89%)

Cervix 37 (27%) 100 (73%)

Posterior vaginal wall 60 (43.8%) 77 (56.2%)

Table 4 Genotype frequencies of collagen I, MMP-9, MMP-3 and

MMP-1 promoter polymorphism in cases and controls

Genotype Controls,

n = 96 (%)

Cases,

n = 137 (%)

p

COL1A1

G/G 61 (63.5%) 75 (54%)

G/T 30 (31%) 53 (39%)

T/T 5 (5.5%) 9 (7%) 0.16

MMP-9

C/C 75 (78%) 103 (76%)

C/T 19 (20%) 28 (21%)

T/T 2 (2%) 6 (3%) 0.64

MMP-3

5A/5A 22 (23%) 26 (19%)

5A/6A 48 (50%) 67 (49%)

6A/6A 26 (27%) 44 (32%) 0.53

MMP-1

1G/1G 30 (31%) 22 (16%)

1G/2G 50 (52%) 82(60%)

2G/2G 16 (17%) 33 (24%) 0.04

Total 96 137

Table 2 Familiar risk factors

Controls

(n = 96)

Cases

(n = 137)

p OR, 95% CI

Mother with POP

n (%)

12 (13%) 31 (25%) 0.039 2.2 (1.0–4.5)

Mother with POP

surgery n (%)

5 (6%) 12 (10%) 0.31 1.8 (0.6–5.4)

Sister with POP

n (%)

3 (3%) 21 (17%) 0.002 5.9 (1.7–20.5)

Sister with POP

surgery n (%)

3 (3%) 14 (11%) 0.04 3.7 (1.0–13.3)

All relatives with

POP in anamnesis

and/or surgery

n (%)

14 (16%) 43 (35%) 0.002 2.9 (1.5–5.7)
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Rather than investigating the characteristics of different

types of collagen directly in tissues, we focused our

attention on the hypothesis that the presence of polymor-

phism in the promoter gene could change the transcription

of collagen and lead to an increase risk of pelvic prolapse.

In our study no difference in the genotype distribution

polymorphisms for COL1A1 has been found when com-

paring cases and controls, and this finding was in agree-

ment with that of a recent study by Cho et al. [26] in

Korean women.

The role of metalloproteinases in the pathogenesis of

POP has been poorly investigated. MMPs are the key

regulators of connective tissue degradation and therefore

are involved in myriad of physiologic and pathologic

processes, including tissue remodeling, morphogenesis,

wound healing, tumor invasion, and tumor metastasis [27,

28]. In addition, they regulate many biologic processes

through the release, activation or sequestration of growth

factors, growth factors binding proteins, cell surface

receptors and cell–cell adhesion molecules. Different types

of MMPs are present at several anatomic sites. MMP-1 is

an interstitial collagenases and it’s more localized in gen-

ital tissue, colon and vessels. MMP-9 and MMP-3 are

stromelysins (gelatinase-B and stromelysin-1) whose sub-

strata are proteoglycans, laminin and fibronectin that are

mainly present in vessels. The fibrillar collagens are ini-

tially degraded into three-quarter and one-quarter frag-

ments by MMPs-1, -8, and -13 before their further

breakdown into soluble fibers by MMPs-2 and -9. In a

previous study of vaginal wall biopsies, the expression of

MMP-1 mRNA was found to be increased in patients with

POP and incontinence, whereas the expression of TIMP-1

mRNA was decreased [29]. Gabriel et al. [7] found an

increased MMP2 expression in the uterosacral ligaments of

patients with POP, and Jackson et al. [30] examining the

vaginal epithelium of eight premenopausal women with

prolapse (with and without urinary incontinence) and the

same tissue of ten subjects without the disease found a

decrease in total collagen content and an increase in MMPs

expression in the former group. Recently, it has been also

demonstrated an increased expression of MMP-1 and -9 in

the uterosacral ligaments and vaginal tissue of women with

POP [8, 9].

Women with pelvic floor disease exhibit an important

remodeling of extracellular matrix by different proteins and

their inhibitors, therefore we sought to study the poly-

morphic variants of genes encoding these proteins, which

may be considered as promoters of appearance and/or

progression of the disease.

Several studies have been done looking at the existence

of different polymorphic sites in promoter genes of dif-

ferent MMPs in women with POP with contradictory

results [31, 32].

In the present study, a significant difference in the

genotype frequencies of MMP-1 between cases and con-

trols has been found, but the same was not for COL1A1,

MMP-3 and MMP-9. The increase expression of MMP-1 in

patients with prolapse could represent the sign of tissue

remodeling to accommodate a progressively increasing

mechanical load.

This is the first study that evaluated together the possi-

bility that gene variants of collagen type I and MMPs might

be involved in the susceptibility to pelvic organ prolapse.

Potential limitations included: the low number of our

controls and the possible existence of other polymorphisms

of these genes or other MMPs genes that might affect

susceptibility to POP together with the possibility that the

expression of some tissue inhibitors of metalloproteinase

(TIMPs) might have a major role in the predisposition to

pelvic organ prolapse.
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