Pelvic floor disorders: linking genetic risk
factors to biochemical changes
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@/ic floor disorders (PFDs) such as stress
urinary incontinence (SUI) and pelvic organ
prolapse (POP) may share a common
pathophysiological process related to pelvic
floor tissue laxity and loss of support. We
reviewed recent literature on observed
biochemical changes in women with
SUl and POP, linking them to genetic
predisposition. We found that studies of
pelvic tissues showed differences between
control subjects and women with POP and
SUl'in collagen and elastin structure at a
molecular and fibrillar level. Studies were
heterogeneous but showed a trend towards
decreased collagen and elastin content. The
contribution of matrix metalloproteinases
to increased collagenolysis can be related
to genetic polymorphisms present in higher
frequency in women with PFD. Extracellular

mtrix (ECM) protein turnover plays a role

floor disorders.

What's known on the subject? and What does the study add?
Pelvic floor disorders are associated with altered biochemical composition and structure
of pelvic tissue. Epidemiological studies have postulated a genetic contribution to pelvic

Certain biochemical changes can be explained by candidate genes and polymorphism
involved in the expression of ECM-related proteins.

~

in the development of POP and SUI, but
much remains to be understood of this
complex dynamic interplay of enzymes,
proteins and molecules. Genotyping of
candidate genes participating in ECM
formation will elucidate the missing link
between the manifestation of the disease
and the biochemical changes observed

systematically, in addition to those in the
pelvic floor.
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INTRODUCTION

Pelvic floor disorders (PFDs) can greatly
affect the health-related quality of life of
women. Although not life-threatening, PFDs
can be manifested in many different ways
such as stress urinary incontinence (SUI),
anal incontinence, chronic pain syndromes
and pelvic organ prolapse (POP). POP is
defined by the ICS as the descent of one

or more parts of the vaginal wall. This
condition has a direct impact on urinary
continence status and is clinically associated
with SUI in >72% of cases [1]. SUI is
defined by the ICS as leakage resulting
from increased intra-abdominal pressure. A
nationwide cross-sectional analysis found
that 24% of women >20 years old suffered
from at least one PFD, with 16% affected
with SUI and 3% having POP [2]. The
proportion of women with one condition
increased with age and parity, but SUl is
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the general manifestation of multiple
contributing factors, including nerve
damage and sphincteric injury, that are

not directly linked to POP. This may partly
explain the difference in prevalence of the
two disorders. A recent prevalence study by
Buckley and Lapitan [3] revealed that SUI

is a disease of all ages, but with a peak
prevalence of 8-70% in people 40-60
years old.

It has been well described that women
suffering from Ehlers-Danlos syndrome
and Marfan's disease have a higher risk

of POP and SUI, suggesting that connective
tissue disorder is an etiological factor [4].
Other connective tissue deficiencies

such as hernias may share common
pathophysiological mechanisms with POP
and SUL. In a group of 60 women with
advanced prolapse, the total prevalence of
hiatal and inguinal hernias was significantly

higher than in a control group of 60 women
with mild or no prolapse (31.6% vs 5%,

P < 0.001) [5]. A population-based,
cross-sectional study of 5,489 Stockholm
women found an odds ratio (OR) of 1.8 for
a positive association with symptomatic
prolapse in women with a history of
conditions suggestive of deficient connective
tissue (varicose veins/hernia/haemorrhoids)
[6].

One of the causes of SUI may be linked to
biochemical processes in the pelvic floor
that are also present in POP and that
initiate laxity and loss of support. The
present review will focus on observed
biochemical changes in women with SUI
and POP and a link to genetic predisposition
(Fig. 1).

Using the PubMed, MEDLINE and MeSH
databases, we performed a critical review
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FIG. 1.
Linking genetic risk factors to
biochemical changes in PFDs.
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of English-language publications that
contained the following keywords: pelvic
organ prolapse, stress urinary incontinence,
polymorphism, genetic, collagen, elastin and
extracellular matrix. A total of 155 articles
were considered in the process but, based
on subject relevance and scientific content,
only 65 were included in the present review.

FAMILIAL TENDENCIES

The reason that certain women will develop
PFDs at a young age has been attributed
mainly to risk factors such as increased
parity or obesity. A retrospective study by
Kim et al. [7] found that age >70 years,
parity >3, and menopause were all
independent risk factors for POP; however,
family history also plays a role in
predisposing women to these disorders.
Altman et ol. [8] used the Swedish Twin
Registry to determine the contribution of
genetic and environmental factors in the
development of SUI and POP. They found
that genetic effects account for 41% and
430% of the variation in liability for SUI and
POP respectively. They also revealed that
environmental factors contributed to the
same extent as genetic heritability to the
development of both SUI and POP [8]. In a
cohort study, McLennan et al. [9] showed
that the risk of POP increased 1.4 times in
women with a family history of prolapse
and/or hernia after adjusting for vaginal
deliveries, hysterectomy and incontinence.
Buchsbaum et al. [10] studied the
concordance of the presence of incontinence
and POP in parous women and their
nulliparous sisters. They did not find any
difference in the rate, severity or type of Ul
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and other phenotypic
risk factors

ECM matrix changes (age, parity, weight, etc.)

N\ 8
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between the groups. They identified a high
concordance in continence status between
sisters. The same authors found a high
concordance for POP between parous
women and their nulliparous sisters, but
women who had a vaginal delivery were
found to have more advanced prolapse in
88% of cases [11]. The UCLA group reported
an autosomal dominant transmission as the
most likely mode of inheritance, based on a
collection of families with a high incidence
of prolapse [12].

Several publications suggest a familial
component to overall cases of POP and SUI.
The heritability of these diseases appears to
be a well accepted fact in the scientific
community, although the data is so far
based on case-control studies. The Swedish
Twin Registry Study [8] provides a higher
level of evidence (level 2) that SUI and POP
are heritable conditions, but more studies of
this calibre, looking at each condition
separately, are needed to ascertain a
familial link.

EXTRACELLULAR MATRIX IN PFD
COLLAGEN ARCHITECTURE AND CONTENT

The female pelvic floor is an anatomically
complex structure made of smooth and
skeletal muscles, ligaments and fascia.

The ligaments and fascia are primarily
composed of extracellular matrix (ECM).
The latter is made of a ground substance
of proteoglycans and glycoproteins with
collagen type Ill and |, along with elastin,
which confers the extraordinary compliance
and elasticity required for vaginal childbirth.
This ECM is in constant rearrangement
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with synthesis and breakdown of collagen
through a process of remodelling. Collagen
is a triple helix structure made of o
polypeptide chains stabilized with hydrogen
bonds. There are 28 types of collagen
described in the body, but the most
abundant in the pelvic floor are types | and
[Il. The arrangement of the different types of
collagen into fibrils of variable sizes confers
strength or laxity depending on the ratio.
Type | collagen is considered the strongest,
being highly prevalent in fascia, ligaments
and fibrous tissues. Type Ill is also found in
the same tissues, but tends to be located

on the surface of the fibril. A larger
contribution of type Ill to a fibre will reduce
its diameter and mechanical strength [13].
Several studies have taken a closer look at
tissue properties through the use of human
pelvic floor biopsies of women with either
POP or SUI. Salman et al. [14] showed, using
light microscopy, that samples of cardinal
ligament from 8/10 women with uterine
prolapse had loosely arranged connective
tissue fibres and less dense ECM compared
with three women in the control group.
Electron microscopy revealed more orderly,
densely packed and smaller collagen fibres
in the control group compared with the POP
group (52.5 vs 61.2 nm; P < 0.001). Another
study performed immunohistochemical
analysis of the anterior vaginal wall of 23
women with anterior vaginal wall prolapse
and 15 women with normal genital support.
They found that women with POP had
statistically significantly less dense staining
of collagen type Ill than women in the
control group after controlling for age,
weight, parity, urodynamic stress
incontinence and menopause [15]. Connell
et al. [16] studied the function of a
homeobox gene, HOXATT, involved in

the development of the lower uterine
segment and cervix. They found a

decreased expression of collagen type |

and lll, which correlated with a decrease

in HOXA11 expression in uterosacral
ligaments of women with POP using
immunohistochemistry and real-time PCR.

Diminished collagen levels have been found
in multiple pelvic tissues of women with
SUI, including the endopelvic fasciae [17],
anterior vaginal walls [18], and round
ligaments [19]. Several of these investigators
[17,19] also showed a similar finding within
skin cells, suggesting that the observation
within the pelvic tissues was not only a
consequence of SUI, but probably
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represented an underlying systemic process
of low collagen state. Although some have
suggested that an alteration in the collagen
type | to type Ill ratio may alter the pelvic
connective tissues, both ex vivo [17] and in
vivo [20] data from populations with SUI
fail to support this view. Weakened pelvic
floor support may result from lower
collagen content, but also from alterations
within the distribution of collagen fibres.
Trabucco et al. [21] noted a much more
disordered collagen fibre distribution

within periurethral specimens of women
with SUI compared with unaffected
controls. Alteration in proteoglycan content
can affect fibrillogenesis and therefore cause
disorganized collagen fibre distribution.

The small leucine-rich proteoglycans (SLRP)
decorin and fibromodulin have been found
to be more prevalent in premenopausal

SUI periurethral tissues [21,22]. It is
possible that excessive amounts of these
SLRPs are interfering in the formation,
maintenance, or even destruction of the
ECM superstructure [21]. By contrast,
Séderberg et al. observed a lower amount of
mRNA of decorin and lumican, both SLRPs,
using real-time reverse-transcriptase PCR in
women with POP [23].

Recent data support older publications that
found decreased total collagen in women
with PFDs. A consensus has not yet been
reached owing to the diverse, yet evolving,
methods of detection, biopsy type and
assessed outcomes. The investigated
patient population has so far been
heterogeneous and too small to allow
satisfying conclusions on the different
collagen components to be drawn. Further
studies should examine a consistent and
standardized biopsy area with a quantitative
and reliable method in groups of women
with possibly fewer confounding factors
such as age and parity.

COLLAGEN SYNTHESIS

Collagen is mainly synthesized by fibroblast
and other connective tissue cells. The o
chains are synthesized in the endoplasmic
reticulum, released in the cytoplasm where
the lysine and proline of the o chains are
hydroxylated to create bonds of the triple
helix. This helix, called procollagen, is
secreted extracellularly and assembles itself
into collagen fibrils and fibres. Studies on
collagen content and fibrillar arrangement
have yielded divergent results in the
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literature, but PFDs may be a problem of
decreased collagen synthesis or increased
collagen breakdown. Edwall et al. [24]
looked at markers of collagen synthesis and
breakdown in 24 women with uterovaginal
prolapse and in 24 control subjects. They
collected suburethral tissue and analysed
serum and tissue concentrations of
procollagen type | carboxyterminal
propeptide (PICP), the collagen Type |
carboxyterminal telopeptide (ICTP) and
procollagen type Il aminoterminal
propeptide (PIIINP) by radioimmunoassay.
PICP is a marker of collagen type | synthesis
and ICTP is a marker of collagen type |
breakdown. PIIINP is a novel marker of
collagen type Ill synthesis. Both tissue PICP
and PIIICP were significantly increased in
women with prolapse which, the authors
explain, reflects an increased synthesis after
collagen breakdown.

Biopsies from the uterosacral ligaments
were analysed for hydroxyproline content
and were found to be significantly lower

in women with POP and SUI than in
controls. Serum levels of factors related to
collagen synthesis (TGF-, leptin) and serum
levels of PINP and PIIINP were not different
between groups [25]. Our studies from
fibroblast cultures derived from skin and
endopelvic fasciae of women with SUI and
continent controls have failed to show a
difference in levels of collagen synthesis
[171].

Collagen synthesis can be assessed using
fibroblast cultures or by using specific
markers. The latter are fairly recent and
may prove to be very useful in examining
the dynamic process of synthesis and
breakdown in the future. It is difficult at this
point to establish if women with PFD have
an increased synthesis attributable to
overactive degradation, or if they have
disorganized or deficient synthesis leading
to tissue laxity.

COLLAGEN BREAKDOWN

Collagen breakdown is regulated by matrix
metalloproteinases (MMPs). These enzymes
are secreted as pro-enzymes and require
activation. There are 23 different types
identified as being involved in different
tissue types. The interstitial and neutrophil
collagenases (MMP-1, MMP-8, MMP-13)
cleave fibrillar collagen, while the denatured
peptides are degraded by the gelatinases

(MMP-2 and MMP-9). These enzymes'
actions are further regulated by tissue-
derived inhibitors of metalloproteinases
(TIMPs) that bind to them and regulate their
activity.

Jackson et al. [26] studied the vaginal-
epithelial tissue of premenopausal women
with POP and found increased MMP-2 and
MMP-9 activity indicating increased
turnover. Connell et al. [16] showed a
twofold increased expression of MMP-2 in
women with POP compared with normal
controls. Two other studies confirmed
increased activity of pro-MMP-2 and
MMP-2 activity by immunohistochemistry
in a similar group of women [27,28]. Chen
et al. [18] found an 80% higher level of
MMP-1 expression in anterior vaginal wall
biopsies of women with SUI and POP
compared with continent controls. These
investigators further noted a concurrent
decrease in the expression of TIMP-1 in the
same cohort [18] as well as in another study
involving periurethral tissues of women with
SUI [29]. They hypothesize that diminished
inhibition of MMP-1 through lower TIMP-1
levels in these women facilitates elevated
MMP-1 activity.

Helical peptide a1, a collagen breakdown
product, is excreted in higher amounts in
the urine of women with SUI [30],
suggesting the role of an overactive
degradation mechanism. Edwall et al. [31]
also showed that women with SUI had a
lower level of serum PICP and tissue ICTP
than matched controls for age, parity and
body mass index.

Since Jackson et al. [26] described the
increased MMP activity in women with

POP, there has been increasing interest in
examining the relationship between collagen
degradation and PFDs. There have been
consistent results showing the impact of
higher MMP activity in the development of
SUl and POP, although studies have used
different methodologies. The contribution of
TIMP to this process remains to be
established.

ELASTIN

Elastin is another component of ECM and is
responsible for the elasticity and recoil of
tissue across all organs of the body. Altered
elastin metabolism is responsible for
diseases such as emphysema and aortic
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aneurysm. Tissue strength relies on
cross-linkages between elastin and collagen
fibres formed by the enzyme lysyl oxidase
(LOX). Elastin is synthesized and broken
down in the female genital tract and allows
for tremendous accommodation and recoil
after parturition. An analysis of uterosacral
ligaments in women with POP found that
elastic fibres were undetectable on
immunofluorescent staining or sometimes
fragmented in women with POP [32].
Another case-control study showed that
elastin fibres were smaller and less
expressed in vaginal tissue of women with
POP [33]. A lower elastin content and
decreased mRNA expression of LOX was
found in uterosacral ligaments of women
with POP compared with normal controls
[34]. The same authors investigated the
cause of decreased expression of LOX by
detecting methylation sites in the LOX gene
promoter in women with and without
prolapse. They identified 66 methylated CpG
sites in the group of patients with prolapse,
and only one methylated CpG site in the
non-prolapse control group [35]. Decreased
expression of LOX was confirmed in a
different study assessing mRNA levels and
immunohistochemistry of vaginal tissue in
women with advanced POP [36].

Zong et al. [37] used Western
immunoblotting to measure the amount of
tropo-elastin, the precursor of elastin, in the
vaginal tissue of 87 patients. Of these, 67
had POP and 20 served as controls. They
also measured mature elastin content using
a desmosine cross-link radioimmunoassay
(crosslinks/total protein). This group found
an increased amount of tropo-elastin (by
431%, P < 0.001), and of desmosine (by
5500, P=0.019) in women with POP
compared with controls. In order to
correlate this finding to elastin degradation
in the same subjects, they measured the
amount of MMP-2 and MMP-9 by
zymography, and showed a higher level of
MMP-9 in women with POP, but a lower
level of MMP-2. They suggested that their
results may reflect a higher rate of
remodelling in the vaginal tissue of women
with POP attributable to mechanical stretch.

An interesting study by Chen et al. [38] used
real-time PCR and Western immunoblotting
to study the levels of a-1 antitrypsin,
neutrophil elastase (NE), and lysyl oxidase-
like protein 1 in vaginal tissue from the
anterior and posterior vaginal wall of
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women with POP and from controls. They
found that expression of several enzymes
varied within the same individual depending
on the biopsy site. This emphasizes the
challenge of using a standardized approach
to studying tissue in women with prolapse.

Elastin content is also important in SUI, as
lower and more degraded elastin complexes
have been noted in the periurethral tissues
of women with 'hypotonic’ SUI [39]. Damage
to elastin fibres can stimulate not only its
own remodelling, but that of adjacent
collagen fibres as well [40]. Certain MMPs
are capable of degrading elastin, while NE
can promote collagenolysis [40]. Women
with SUI have been shown to have a
threefold increase in systemic elastase
activity [41,42], possibly contributing to
collagen degradation. Chen et al. [40]
further demonstrated higher NE activity and
lower expression of active o-1-anti-trypsin,
an elastase inhibitor, in periurethral tissues
of women with secretory-phase SUI. This
imbalance between elastase proteolytic
activity and its inhibitor relates back to
MMP-1 and TIMP-1 activity in the collagen
metabolism, as incontinent women may
have higher elastin degradation attributable
to lower elastase inhibition [40]. Lower levels
of fibrillin-1, an essential elastin scaffold,
have been shown in periurethral specimens
of women with SUI, which may lead to
impaired deposition of elastin [43]. Overall, a
highly active elastin remodelling state may
result in weakened ultrastructure, ultimately
causing SUI.

The data on elastin content and metabolism
is quite diverse, but shows a trend for a
decreased level of elastin in pelvic tissues
using methods such as
immunohistochemistry, Western
immunoblotting and real-time PCR. Future
studies should analyse markers of synthesis
and breakdown, and include inhibitors of
elastase in a consistent homogenous group
of patients.

HORMONAL CONTRIBUTION

Many of the aforementioned studies report
variable findings depending on the patients’
menopausal state. In the Women's Health
Initiative study in which 24,347 women
were randomized to menopausal hormonal
therapy or placebo, active treatment
increased the risk of SUI by 1.87 [44]. Other
studies have linked the use of oestrogen

PELVIC FLOOR DISORDERS]

replacement therapy and an increased risk
of overall urinary incontinence in pre- [45]
and post-menopausal [46] women, but
results were not statistically significant for
SUl alone.

This suggests a vital role for the sex
hormone milieu in the pathogenesis of SUI
or POP in these women. Steroidal hormones
exert their effect on tissue through an
interaction with specific intracellular
receptors. Hormone receptor affinity may
be at the root of the differences between
women with PFDs and normal controls.
Progesterone receptors have been found

to be more expressed in women with POP
than in women without [47]. Several single
nucleotide polymorphisms (SNPs) are
present in the progesterone receptor gene
that can alter its expression. A specific
genotype was significantly associated with
the risk of having POP in a multivariate
analysis [48]. Similarly, the oestrogen
receptor B gene also contains multiple SNPs
affecting its expression. A case-control study
of 69 women with POP and 141 control
subjects found that a specific haplotype for
the oestrogen receptor B gene was
associated with an increased risk of POP
[49].

Studies have shown lower serum oestradiol
(E2) levels in premenopausal women with
SUI, with [50] and without concurrent POP
[51], compared with control subjects. The
impact of oestrogen on tissue may be
related to its systemic or local levels, or
altered sensitivity from a decreased amount
of receptors noted in genitourinary tissues
[50,52]. Recently, Edwall et al. [53] showed
that E2 stimulated collagen turnover in
suburethral specimens of continent pre- and
post-menopausal women, but failed to do
so in the SUI cohort [53]. They speculate
that this may be secondary to decreased
sensitivity to E2 in the latter group.

Chen et al. [29] compared cultured
fibroblasts from a matched pair of
premenopausal women with SUI and
continent women and noted that the

cells from the latter group responded to
increasing oestrogen concentrations by
amplifying TIMP-1 expression, while the cells
from women with SUI did not. This suggests
that premenopausal women with SUI may
be less sensitive to oestrogen, resulting in
impaired TIMP-1 expression and subsequent
overactive MMP-1. Negative correlations
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between serum testosterone levels and
markers of collagen breakdown have been
noted in women with SUI, indicating that
androgen may hamper collagen degradation
[54]. This association can possibly be from
testosterone's action on MMP-1 activity,

as testosterone was shown to inhibit the
endometrial cell line MMP-1 production in a
dose-dependent manner [55].

Sex hormones may exert their effect
through pathways other than ECM
metabolism. Several investigators have
shown an increase in periurethral
vasculature in post-menopausal women
treated with exogenous oestrogens [56,57],
subjectively improving SUl in one study [56].
The higher periurethral blood flow can
improve both urethral coaptation and
periurethral stability and thereby increase
maximum urethral pressure [58].

Many case-control studies have shown
variable results of markers of ECM
metabolism when comparing pre- and
post-menopausal women. As age has been
clearly shown to affect the prevalence and
progression of both SUI and POP [7], it is
intuitive to believe that declining sex
hormone levels observed with ageing may
contribute to biochemical changes observed
within tissues. The current status of the
literature suggests a hormonal impact on
PFD, although the weak level of evidence
emphasizes the necessity for future research
endeavours in this field to elucidate these
complex relationships.

GENETIC CONTRIBUTION TO PFD

Familial predisposition may be related to
genetic mutations or polymorphisms. These
variations are present throughout the
genome and affect the transcription

of mRNA coding for a wide variety of
proteins responsible for ECM metabolism.
Polymorphisms have been identified in
genes of ECM component proteins,
proteolytic enzymes, regulatory proteins and
receptors. These mutations may therefore
down-regulate the synthesis of collagen and
elastin or up-regulate their breakdown.

Collagen type Ill synthesis is controlled by
the transcription of the gene COL3AT which
is involved in its o 1 chain production. A
case-control study by Kluivers et al. [59] of
202 patients with POP and 102 control
subjects investigated the association
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between the presence of SNPs and POP.
They identified six different SNPs in the
subjects. They found that the OR for the
probability of POP in a woman with a
homozygous 2209G > A polymorphism was
5.0 (95% Cl, 1.4-17.1). Two recent studies
have looked at polymorphisms in the
COL1AT gene, responsible for collagen type |
transcription in women with POP, but have
failed to show a correlation between the
SNPs and the presence of the condition
[60,61].

Candidate gene studies have identified other
possible proteins related to PFD through
linkage analysis. Using genome-wide linkage
results, Allen-Brady et al. [62] showed that
chromosome 9921 contains a predisposition
gene to PFD. Some of them have a known
protein function and are highly expressed in
muscle. Genotyping was also performed in a
family where female relatives would present
with POP at an unusually young age. Of the
candidate genes, the sequencing of LAMC1
revealed a SNP that may play a role in the
phenotypic presentation of POP [12].

Increased activity of MMP-9 can also
promote collagen breakdown through an
up-requlation of its genetic transcription.
Chen et al. [63] studied three polymorphisms
in the MMP-9 gene in 92 women with

POP, and152 women without POP. On a
multivariate analysis, they identified that the
MMP-9rs17576 genotype AG, and MMP-9
rs17576 genotype GG were significantly
associated with POP, with an OR of 5.79 and
7.04, respectively. Altered genetic control of
the MMP-1 gene may further contribute to
the MMP-1/TIMP-1 balance. The MMP-1
promoter has a two guanine allele at position
-1607 known to increase its transcription,
and we have found that the variant is more

frequently found in women with POP [64].
Our observation that this polymorphism is
strongly linked to POP is consistent with
previous biochemical studies that have linked
increased MMP-1 transcription [18] and
enzyme activity [30,65] within the pelvic floor
of women with POP. The Ets transcription
factor binding site in the GG promoter
variant may up-regulate the transcription

of MMP-1 and lead to the increased
collagenolysis observed in women with PFD.

It is becoming increasingly evident that
genetic variations affect the predisposition of
women to develop PFD. Several well designed
studies have recently identified genomic
differences responsible for turning ‘on’ or
turning 'off' gene expression between women
with POP and SUI and normal controls.
Genome linkage analyses provide a high level
of evidence of a genetic contribution by
locating specific candidate genes (LAMC-1,
chromosome 9q21) associated with PFD.
Several case-control studies, narrowing their
search to specific genes, have correlated the
presence of SNPs in women with POP or SUI.
They are present in genes coding collagen
type Ill, MMP-1 and MMP-9. As discussed in
the hormonal contribution section, these
polymorphisms can also affect the expression
of steroid receptors and therefore alter the
sensitivity to sexual hormones. A clearer
understanding of the transcription effect
caused by the cross-talk and interactions
between these different mutations will
require further research in this field.

CONCLUSIONS AND FUTURE DIRECTIONS
Current information supports the hypothesis
that ECM protein turnover plays a role in a

common pathophysiology of both POP and
SUI (Fig. 2). Studies examining collagen and
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TABLE 1 Biochemical and genetic findings demonstrated in patients with pelvic floor disorders

POP group

SUl group

SUI/POP group

Collagen

Elastin

e Lower density of collagen fibres in pelvic tissue [14,15]
e Higher MMP-2 activity in pelvic tissue [16,26-28]

e Higher MMP-9 activity in pelvic tissue [26,37]

e Positive association with SNP in COL3AT [59]

e Positive association with SNP in MMP-9 [63]

® Positive association with SNP in MMP-1 [64]

e Lower amount of elastin in pelvic tissue [32-34]

e Smaller elastin fibres in vaginal tissue [33]

o Lower expression level of LOX in pelvic tissue [34,36]
® Higher amount of tropo-elastin and desmosine in
vaginal tissue [37]

® Lower amounts of collagen content in pelvic
tissue [17-19]

® Higher amount of excreted helical peptide
a1 in urine [30]

® Lower amounts and more degraded elastin
in periurethral tissues [39]

e Higher NE activity in periurethral tissues [40]
® Lower expression of active a-1-anti-trypsin
in periurethral tissues [40]

e |ncreased systemic elastase activity [41,42]

e Higher MMP-1 activity in
anterior vaginal wall [18]

e Lower TIMP-1 activity in
anterior vaginal wall [18]

® |ower content of
hydroxyproline in USL [25]

LOX, Lysly oxidase; MMP, Matrix metalloproteinase; NE, Neutrophil elastase; POP, Pelvic organ prolapse; SNP, Single nucleotide polymorphism; SUI, Stress
urinary incontinence; TIMP, Tissue-derived inhibitor of metalloproteinases; USL, Uterosacral ligaments.

elastin expression are very heterogeneous,
but show a trend towards decreased levels
in the pelvic floor of women with PFD
(Table 1 [14-19,25-28,32-37,39-42,63,64]).
Though it is not yet understood whether
this results from impaired synthesis or
increased degradation, evidence favours
the latter. MMPs and their genetic
up-regulation are probably responsible

for the predisposition of certain groups

of women. Several candidate genes and
polymorphisms involved in the expression
of ECM-related proteins have been described
as contributing to the pathogenesis of

the two disorders. Current literature

also suggests that sex hormones may alter
ECM metabolism by having variable
interactions with their corresponding
receptors.

A clearer comprehension of the
pathophysiology responsible for PFD is
clinically relevant on different levels. First,
identifying the patient population at risk
through screening of known polymorphism
can lead to preventive strategies and the
avoidance of contributing risk factors.
Second, it may allow the development of
interventional therapies where we can
locally modify ECM maturation and
turnover in patients suffering from these
conditions. POP and SUI may, however,
develop through different pathways not yet
explored. Future research should then focus
on understanding what processes control
ECM remodelling and ageing using specific
and standardized measurement methods,

© 2011 THE AUTHORS
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and tracing them back to genetic
transcription.
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