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Expression of extracellular matrix and adhesion proteins in pelvic organ prolapse
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Abstract: Pelvic organ prolapse (POP) is a common disorder in women. It is characterized by the descent of the vaginal wall with consequent drop of pelvic 
organs. Pregnancy, labour and childbirth seem to be important events leading to the development of POP, since they are associated with prolonged stretch and 
mechanical stress of muscles, ligaments and connective tissue supporting pelvic organs. In pubocervical fascia, we explored the expression level of extracellular 
matrix and adhesion molecules. Tissue samples were obtained from twenty patients with POP who underwent cystocele repair, and from twenty control subjects 
during hysterectomy surgery. The PCR array analysis was performed and data were confirmed by Real-Time PCR and Western Blot.  Real-Time PCR results 
showed a significant upregulation for extracellular matrix protein 1 (ECM1) and integrin beta 3 (ITGB3) and a significant downregulation for FBLN5 in POP 
group. The decreased mRNA expression of FBLN5 in pathological samples was paralleled by a quantitative decrease in the corresponding protein, as Western 
Blot test highlighted. Our data provide an understanding of molecular mechanisms involved in POP-related pathophysiological processes and might represent an 
important tool to develop novel therapeutic agents for the treatment of this condition.
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Introduction

Pelvic organ prolapse (POP) is a common condition 
affecting million women around the world (1), and its 
pathophysiology is still largely unknown. Genitourinary 
prolapse occurs when the pelvic muscles and tissue be-
come weak and cannot hold pelvic organs - uterus, vagi-
na, bladder, and rectum - in place. Approximately 11% 
of women experience some form of pelvic prolapse and 
some require surgical treatment (2, 3).

It has been recognized that the process of pregnancy, 
labor, and delivery is associated with the development 
of prolapse (3, 4). During pregnancy, the resting diam-
eter of the vaginal wall is increased and may distend up 
to three times in diameter compared with vaginal tissues 
from non-pregnant animals. These changes, however, 
come at the expense of vaginal wall strength; the preg-
nant vagina endured less maximal stress (5).

The mechanisms by which pregnancy, parturition, 
and aging lead to failure of pelvic organ support, how-
ever, are unknown as well as the mechanisms that medi-
ate the delayed manifestations of childbirth-associated 
injuries.

Neuromuscular damage that occurs to the pelvic 
floor during childbirth is often associated with prolapse, 
although this damage is not detected in all POP cases 
(1, 6, 7).

Prolonged stretch, mechanical stress, and hypoxia 
within the vaginal wall may produce secondary effects 
and contribute to progressive deterioration of pelvic or-

gan support, although they are not always related to its 
primary pathogenesis (8). Support of the pelvic viscera 
is maintained by fibromuscular connective tissues of 
the female pelvic floor and a group of skeletal muscles 
known as the levator ani. However, defects in the levator 
ani do not correlate with POP in many women (9-12). 
The pelvic floor is a structure designed to keep pelvic 
organs within the body still allowing passage through 
the urethra, vagina and the anal canal. It consists of stri-
ated muscles and fibrous connective tissue distributed 
within the muscles and surrounding the organs forming 
fascias and ligaments. The pelvic floor connective tis-
sue has been named the endopelvic fascia and one of its 
roles is to maintain the positions of organs adjacent to 
the vagina. Therefore, POP can be considered a hernia 
in the endopelvic fascia (13, 14). 

A potential role of fibromuscular connective tissue in 
the pathophysiology of POP has been proposed by Bore-
ham et al. (15, 16) and other authors (17). Identification 
of positive family history provides evidence that a ge-
netic component exists (18, 19). Observations of lower 
rates of prolapse in African-American women have led 
to hypothesise the existence of a genetic susceptibility/
protection toward the disease (20). However, only one 
genetic variant that confers risk for POP has been re-
ported (18). Anyway, females with little or no risk fac-
tors develop prolapse, while other females with multiple 
risk factors do not. Therefore, some women may have a 
predisposition for prolapse in the setting of equivalent 
risk factors. Genetic analysis of the inheritance pattern 
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within these families demonstrated that POP segregated 
as a dominant character with incomplete penetrance in 
these families. Both maternal and paternal transmissions 
were observed (18,19). It was hypothesized that abnor-
malities in extracellular matrix metabolism and repair 
could be a possible genetic explanation for POP devel-
opment. Female pelvic tissues are rich in elastic fibers 
that turn over slowly in most adult tissues but undergo 
massive remodelling in the reproductive organs through 
pregnancy and birth (21, 22). Current research suggests 
that the vagina and its supportive tissues actively re-
model themselves in response to different environmen-
tal stimuli. The literature has many shortcomings due to 
restricted access to tissue, absence of longitudinal data, 
and limited animal models. Nevertheless, recent studies 
indicate that within prolapsed tissue both collagen and 
elastin metabolism is altered. Thus, not only the synthe-
sis of structural proteins but also the balance between 
the activity of the major proteolytic enzymes and the 
inhibitors of proteolysis are important components to 
consider when studying the pathogenesis of POP (23). 
Connective tissue, mainly consisting of collagen and 
structural glycoproteins, is an important part of the sup-
portive structures of the genitourinary region. Relative-
ly few data have been published with respect to the role 
of elastin and glycoproteins in POP. An altered turnover 
of connective tissue in the uterosacral ligaments might 
be responsible for the presence of pelvic floor relaxa-
tion in postmenopausal women. There is a complex ar-
chitecture of the extracellular matrix in the uterosacral 
ligaments, with marked differences in tenascin and elas-
tin expression between postmenopausal women with or 
without POP (24). To date, basic science research into 
the pathogenesis of prolapse has been limited. Several 
immunohistochemical studies investigated the expres-
sion of matrix metalloproteinase-1 (MMP-1) and matrix 
metalloproteinase-2 (MMP-2) in the uterosacral liga-
ments biopsies of women with and without genital pro-
lapse. These data show a significant increase in MMP-1 
expression in uterosacral ligament tissue from women 
with POP, but not in MMP-2 expression. These results 
suggest that MMP-1 may be a potential marker of colla-
gen degradation. Increased MMP-1 expression in utero-
sacral ligaments is associated with urogenital prolapse 
(25). The uterosacral ligaments are an important part 
of the pelvic support system and connective tissue al-
terations are thought to contribute to the development 
of POP. No difference in MMP-1 expression between 
women with POP and those without was reported by 
Gabriel et al., that on the contrary, hypothesize a close 
relation between MMP-2 expression and the presence 
of POP. These findings strongly support the hypothesis 
that POP development is due to an increased MMP-2 
expression in uterosacral ligaments (26). Moreover, 
abnormal expression of various structural proteins is 
thought to be one of the possible cause that could de-
velop POP. Recent data identified genes predisposing 
women to this anatomic alteration, but no specific mu-
tations have been discovered in cohort of families with 
familial stress incontinence (19, 27).

Our study is the first to investigate by PCR array the 
expression profile in the tissue of endopelvic fascia.

Materials and Methods

Patients and tissue collection
Twenty patients with anterior vaginal prolapse half-

way past hymen with cystocele (grade ≥ 3 of Baden–
Walker half way system classification (28) and twenty 
women without anterior vaginal prolapse, were enrolled 
at the Department of Clinical Sciences of Polytechnic 
University of Marche, Ancona, Italy. Two groups are 
matched for age, menopausal status, parity and body 
mass index. Exclusion criteria were prior pelvic recon-
struction surgery, chronic debilitating disease, autoim-
mune and connective tissue disorders or cancer. Cases 
were frequency matched to controls based on meno-
pausal status to minimize the confounding differences 
of age and menopausal physiology between the POP 
and the control groups. The procedure for this research 
project conforms to the previsions of the declaration 
of Helsinky and the enrolled women gave their writ-
ten informed consent with guarantees of confidentiality. 
Punch biopsies, 6 mm in diameter and 10 mm in depth, 
were collected from pubo-cervical fascia during the pro-
cedure for cystocele repair, which consist of plication of 
the pubo-cervical fascia in the midline, therefore reduc-
ing the cystocele. The tissue of control group was ob-
tained during hysterectomy surgery. Studies conducted 
with vaginal tissues from women with or without POP 
reveal information only about the tissue differences at 
the time of surgery but little regarding the pathogenesis 
of prolapse. Prolonged stretch, mechanical stress, and 
hypoxia within the vaginal wall may produce second-
ary effects that may contribute to progressive deteriora-
tion of pelvic organ support, but may be unrelated to 
its primary pathogenesis. Therefore, great attention was 
focused on tissue sample collection and biopsies that in-
terested all thickness of vaginal wall were not taken into 
consideration. The tissues were taken and immediately 
snap frozen in liquid nitrogen and stored at -80°C until 
use.

RNA extraction
An aliquot of the frozen tissue (5-10mg) was ho-

mogenized in a lysis buffer, and the total RNA was then 
extracted using a RNeasy Micro Kit (Qiagen, Hiden, 
Germany). RNA samples were tested by ultraviolet ab-
sorption at 260nm in order to determine the RNA con-
centration. The quality and concentration of the RNA 
samples were further confirmed by electrophoresis on 
denaturated 1% agarose gel.

Synthesis of cDNA for PCR array
Total RNA was used as a template for cDNA syn-

thesis using the RT2 First Strand kit (SuperArray Bio-
science Corporation, Frederick, MD). A 1.5μg of total 
RNA was pre-warmed with Genomic DNA Elimination 
Mixture in a final volume of 10μl in a thermal cycler at 
42°C for 5min. It was then chilled on ice immediately 
for at least one minute and added to RT cocktail in a 
final volume of 20μl. The RT cocktail contains specific 
RT buffer, primer mix, and the reverse transcriptase en-
zyme. The reaction was incubated at 42°C for 15min, 
heated at 95°C for 5min, and then added to 91µl RNase-
free H2O (Diluited First Strand cDNA Synthesis Reac-
tion). It was kept on ice until the following PCR assay 
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tion of PCR products was monitored by measuring the 
fluorescence produced by SYBR Green I dye binding to 
double-stranded DNA after every cycle. Relative mRNA 
expression value was calculated as above described.

Western blot
To confirm the above reported results, FBLN5 ex-

pression was detected at the protein level by Western 
blot analysis. Tissue extracts were prepared with lysis 
buffer (PBS, containing 1% Nonidet P40, 0,1% SDS, 
1mM sodium orthovanadate, 12mM sodium deoxycho-
late, 1mM phenylmethylsulfonylfluoride, 2 μg/ml apro-
tinin). Samples containing 50 μg proteins were subject-
ed to 12.5% sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis and transferred to polyvinylidene fluo-
ride membranes. The blots were incubated with primary 
antibody against FBLN5. 

Proteins were visualized using the enhanced chemi-
luminescent substrate SuperSignal West Femto Maxi-
mum Sensitivity Substrate (Thermoscientific). The in-
tensity of FBLN5 band has been evaluated from images 
obtained using Quantity One 1-D Analysis Software.

Statistical analysis
All statistical analyses were performed by using the 

GraphPad Prism software version 4.00 for Windows 
(GraphPad Software, San Diego, CA, USA). All values 
were expressed as mean Relative mRNA expression ± 
Standard Deviation (SD). Differences in gene expres-
sion levels between the pathological groups and control 
group were determined using the Mann-Whitney test. 
Differences were considered to be significant at p < 0.05.

Results

PCR array
To explore whether tissue PCR array data can be 

used to identify new markers for pelvic prolapse, we 
first analysed the expression of 84 genes involved in 
human extracellular matrix and adhesion mechanisms 
in tissue samples taken from pubo-cervical fascia from 
women with and without POP. A commercially avail-
able PCR array designed for exploring changes in the 
expression of genes important for cell-cell and cell-ma-
trix interactions was used on ten control samples and on 
ten pathological samples.

PCR array results about the expression level of 84 
genes investigated in pathological and control samples 
are summarized in the Figure 1.

Real-Time PCR
To validate PCR array data and examine gene ex-

pression more quantitatively, a Real-Time PCR analysis 
was performed on twenty control samples and on twen-
ty pathological samples.

step.

PCR array analysis
For each array, 102μl of the Diluited First Strand 

cDNA Synthesis Reaction were added to 1280μl of the 
2X SABiosciences RT2 qPCR Master Mix. Twenty-
five microliters of the experimental cocktail were added 
to each well of the PCR Array. For our study we used 
RT2 Profiler PCR Array System-Human Extracellular 
Matrix and Adhesion Molecules PCR arrays (PAHS–
013A), obtained from SuperArray Bioscience Corpora-
tion (Frederick, MD). For the PCR assay, the thermal 
cycler was programmed as follows: 95°C, 10min; 40 
cycles of (95°C, 15sec; 60°C, 1min). A melting curve 
program ran immediately after the above cycling pro-
gram. Procedure for melting curve analysis was fol-
lowed as recommended by the manufacturer. We chose 
β-actin as housekeeping gene for data normalization. 
Relative mRNAexpression was calculated by 

2-Δ(ΔCt) where ΔCt = Ct (Gene of Interest) - Ct (β-actin) 
and ΔΔCt = mean-ΔCt (Pathological samples) - mean-
ΔCt (Normal samples). The parameter Ct (threshold cy-
cle) was defined as the cycle number at which the first 
detectable increase above the threshold in fluorescence 
was observed. Genes with a ratio of 0.5 or less and 2 or 
greater were defined as down-regulated and up-regulat-
ed, respectively. 

Using the RT2 Profiler PCR Array data analysis tool 
supplied by SuperArray Bioscience Corporation, we 
examined in Real-Time PCR assay only those genes 
whose difference was statically significant (p<0.05) be-
tween pathological and control samples.

Synthesis of cDNA for Real-Time PCR 
Total RNA was isolated from the tissue samples as 

described above. Two micrograms of RNA were reverse 
transcribed in a total volume of 25μl for 60min at 37°C 
with M-MLV Reverse Transcriptase (Promega, Madi-
son, WI) using random nonamers in order to obtain 
cDNA.

Real-Time quantitative PCR 
Genes listed below (Table 1) have been selected for 

further evaluation. cDNA was used for Real-Time quan-
titative PCR and generated as described previously. To 
avoid false-positive results attributable to the amplifi-
cation of contaminating genomic DNA in the cDNA 
preparation, the primers were selected to flank an intron, 
and PCR efficiencies were tested and found to be close 
to 1. Primer sequences used for expression analysis of 
selected genes are reported below (Table 1). The genes 
were run in duplicate using SYBR Green chemistry. All 
samples were tested in triplicate using β-actin as the ref-
erence gene (Table 1) for data normalization to correct 
for variations in RNA quality and quantity. Direct detec-

Symbol GeneBank Description Sequence (Fw) 5'- 3' Sequence (Rv) 5'- 3'
ITGB3 NM_000212 Integrin beta 3 GACACGTGAGCTTCAGCATTG AAAGGTGACCTGGACGATCA
ECM1 NM_004425 Extracellular 

matrix protein 1 GAAGGAAGAACGCCAGCTC GGAAGGCAGATTTGGTTCAG

FBLN-5 NM_006329.3 Fibulin-5 TGTGTGGATGTGGACGAG- GGAAGGCCAGTGCTTAGACA
ACTB NM_001101.3 Actin, beta CTCTTCCAGCCTTCCTTCCT AGCACTGTGTTGGCGTACAG

Table 1. Sequences of primers used for expression analysis of selected genes.
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We decided to explore by Real-Time PCR those 
genes showing between pathological and control sam-
ples a statistically significant difference (p<0.05) in ex-
pression level and a ratio of 0.5 or less and 2 or greater.

Among differentially expressed genes, we selected 
for Real-Time PCR three genes, namely ECM1, FBLN5 
and, ITGB3. The Real-Time PCR confirmed the data 
obtained by PCR array and allowed us to quantify dif-
ferential gene expression detected through PCR array 
analysis. Differential gene expression measurements 
(pathological versus normal samples), performed by 
Real-Time PCR assay, revealed a significant up-regula-
tion for ITGB3 (3.06-fold increase, p < 0.05) and ECM1 
(2.80-fold increase, p < 0.05) (Figure 2) in POP group 
compared to control one. The expression of FBLN5 was 
significantly decreased in pathological group compare 
to control one (4.52-fold decrease, p < 0.05) (Figure 2).

Western blot
The Real-Time PCR results were quantitatively 

confirmed by Western Blot assay performed on twenty 

control samples and on twenty pathological samples. 
Western blot analysis demonstrated that FBLN5 was 
detectable in pubo-cervical fascia protein extracts and 
its expression was markedly reduced in pathologi-
cal group (Figure 3). The intensities of FBLN5 bands 
were evaluated from images obtained using a specific 
analysis software, as reported above, and expressed as 
arbitrary units. Conversely, the intensities of ECM1 and 
ITGB3 bands were too low to be detected by Western 
blot analysis.

Discussion

POP is common and frequently recurs or continues 

Figure 1. cDNA Array analysis of control and POP tissue. Ex-
pression profile of genes coding for human extracellular matrix 
and adhesion molecules. Up- and down-pointing arrows indicate 
genes showing a significant up- or down-regulation, respectively. 
Those genes have been chosen for further measurements by Real-
Time PCR assay. Expression levels are measured as mean Relative 
mRNA expression ± Standard Deviation. Mean Relative mRNA 
expression was calculated as the average of all the Relative mRNA 
expression values within pathological and control samples, respec-
tively. Mann-Whitney test was used to determine differences be-
tween pathological (10 individuals) and control (10 individuals) 
samples included in the study. Differences were considered statisti-
cally significant with a p<0.05. POP, pelvic organ prolapse; CTRL, 
control.

Figure 2. Real-Time PCR analysis of ECM1, FBLN5 and, ITGB3. 
Expression levels of ECM1, ITGB3 and, FBLN5 in normal and 
POP tissues. Expression levels are measured as mean Relative 
mRNA expression ± Standard Deviation. Mean Relative mRNA 
expression was calculated as the average of all Relative mRNA 
expression values within pathological and control samples, respec-
tively. Mann-Whitney test was used to determine differences be-
tween pathological (20 individuals) and control (20 individuals) 
samples included in the study. Differences were considered statisti-
cally significant with a p<0.05. POP, pelvic organ prolapse; CTRL, 
control.

Figure 3. Western blot quantification of FBLN5. The intensity of 
protein bands was evaluated using a Quantity One 1-D Analysis 
Software and expressed as arbitrary units. All values were ex-
pressed as means ± standard deviation. Mann-Whitney test was 
used to determine differences between pathological (20 individu-
als) and control (20 individuals) samples included in the study. 
Differences were considered statistically significant with a p<0.05. 
POP, pelvic organ prolapse; CTRL, control.
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after surgical correction. The aetiology of prolapse is 
complex and multifactorial, even though several studies 
in human and experimental animal models suggest that 
the childbirth-associated trauma plays a significant role. 
DeLancey et al. have shown that changes in the sur-
rounding pelvic muscle support, i.e. the levator ani, are 
evident in women with prolapse (29). However, biome-
chanical properties evaluations in women with prolapse 
showed different findings. Controversial is the biome-
chanical role of vaginal tissue in the POP development. 
Lei et al. reported significant differences in the biome-
chanical properties between pre- and postmenopausal 
women with and without prolapse. The authors demon-
strated that severe prolapse conferred less elasticity and 
greater stiffness of the vaginal tissues (30). On the con-
trary Goh et al. found similar degrees of tissue deforma-
tion, on pre- and postmenopausal women with prolapse, 
even though they did not test tissues from women with-
out prolapse (31). A marked variability in maximal 
strength and strain with no discernable trends in biome-
chanical properties of vaginal samples, taken from post-
menopausal women with POP, was described (32). The 
controversial results obtained from these studies could 
be due to the method of tissue acquisition. When vagi-
nal wall is excised during a prolapse surgery, the vaginal 
muscularis is often split or separated from the adventi-
tia. The tissue biopsy may be highly variable depending 
on the ultimate amounts of epithelium, subepithelial 
connective tissue, and muscularis. In animal models, 
full thickness vagina can be examined in all cases (5). 
New methodological approaches, such as array technol-
ogy, have been suggested to evaluate the variation of 
biomechanical properties associated with POP. Two 
studies, performed using RNA isolated from pubococ-
cygeus muscle or vaginal tissue, showed an involve-
ment of actin, myosin, extracellular matrix-related 
genes as well as chemokines and transcription factors in 
the pathogenesis of POP (33, 34). Chronic cyclical me-
chanical stretch applied to cardinal ligament fibroblasts 
in vitro induced the expression of mechano-responsive 
genes such as regulators of actin and extracellular ma-
trix remodelling molecules and cell adhesion regulators 
(35). Recently, Brizzolara et al. investigated gene ex-
pression profile in POP cases from samples of fibromus-
cular connective tissue taken in two regions of uterine 
attachment in the pelvis (14). Our microarray study ana-
lysed the transcription profiles of pubo-coccygeal fas-
cia, identified during a prolapse surgery or during col-
pohysterectomy. More specifically, we examined the 
gene expression profile using PCR arrays in ten subjects 
with POP and ten control subjects. Results obtained in 
the present study allowed to identify genes differently 
regulated in POP group compared with control one. A 
small subset of genes (ECM1, ITGB3 and, FBLN5), 
were chosen for further evaluation in Real-Time PCR 
keeping in mind their statistical significance in PCR ar-
ray data analysis. We set-up the Real-Time PCR experi-
ments to analyse the expression levels of these genes in 
twenty control samples and twenty samples from pa-
tients with POP. Real-Time PCR data confirmed results 
obtained from PCR array, demonstrating up-regulation 
for ITGB3 and ECM1 genes, and down-regulation for 
FBLN5 gene. Our results agree with published data 
showing reduced expression levels for FBLN5 in POP 

(8, 36, 37). The FBLN5, a recently discovered integrin 
ligand, is an essential determinant of elastic fibre organ-
ization (38). FBLN-5 interacts directly with elastic fi-
bres in vitro, and serves as a ligand for many cell sur-
face integrins through its amino-terminal domain. Thus, 
FBLN5 may provide anchorage of elastic fibres to cells, 
thereby acting to stabilize and organize elastic fibres in 
the skin, lung and vasculature (39). POP in FBLN5-/- 

mice was remarkably similar to that in primates (8). Re-
cently, it was reported that mice with null mutations in 
lysyl oxidase-like 1 (LOXL1) develop POP. Elastin is a 
substrate for lysyl oxidase (LOX) and LOXL1, and the 
latter interacts with FBLN5 (40). Taken together these 
results suggest that synthesis and assembly of elastic 
fibers are crucial for recovery of pelvic organ support 
after vaginal delivery and that disordered elastic fiber 
homeostasis is a primary event in the pathogenesis of 
POP in mice (8). FBLN5 is a calcium-dependent, elas-
tin-binding protein that localizes to the surface of elastic 
fibres in vivo. This function may be mediated by the 
tripeptide Arg-Gly-Asp motif in FBLN5, which binds to 
cell surface integrins, and the Ca2+-binding epidermal 
growth factor (EGF) repeats, which binds elastin (38). 
Between the genes, that we found differentially ex-
pressed, there is an integrin and, to our knowledge, inte-
grins and growth factor receptors act synergistically to 
modulate cellular functions. Both alphavbeta3 integrin 
and the platelet-derived growth factor receptor have 
been shown to play a positive role in cell migration (41). 
Cell adhesion is mediated by the specific interactions of 
cell surface receptors with extracellular glycoproteins. 
The best characterized cell adhesion receptors are the 
integrins. Integrin ligands, such as fibronectin, are not 
passive adhesion molecules but are active participants 
in the cell adhesive process that leads to signal transduc-
tion. The best characterized integrin ligand is fibronec-
tin, a multifunctional glycoprotein comprised of three 
different types of homologous repeating units. The beta3 
integrin intracellular domains are sufficient to initiate 
signal transduction pathways. Other intracellular re-
sponses to cell adhesion include stimulation of migra-
tion, the assembly of an F-actin cytoskeleton and spe-
cialized structures called focal contacts, changes of cy-
toplasmic pH and calcium ion concentration, and modu-
lation of proliferation and gene expression (42). Al-
though the transcription factors required for β3-integrin 
induction are unknown, the gene promoter has potential 
binding sites for MZF-1, Sp1, GATA, Myb, Ets, and 
E2F transcription factors (43). Regulation of integrin 
function is believed to be essential in promoting stable 
cell adhesion as well as to be required for cell migration. 
The in vitro study developped by Gaurang et al have, 
showed a molecular mechanism by which sex steroid 
signaling leads to regulation of β3-integrin expression, 
through homeobox A10 (HOXA10) as an intermediary. 
They described the characteristics of the regulatory ele-
ment by which HOXA10 regulates β3-integrin (44). In 
addition, elastin degradation produces peptides display-
ing a wide range of biological activities. In vitro, these 
elastin derived peptides (EPs) interact with the elastin 
receptor complex (ERC), but also bind to α(V)β(3) inte-
grin and galectin-3 (45). So, induction of beta3 integrin 
expression in women with POP, could lead to the activa-
tion of multiple intracellular pathways. Although we are 
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unable to determine the order of the events that occur in 
pelvic prolapse, our data suggest that this specific dis-
ease results from fundamental phenotypic changes and 
gene expression rearrangements. We hypothesize that 
reduced expression of FBLN5 is the start point. It ap-
pears that the pelvic tissue attempts to compensate for a 
lack of FBLN5 by increasing the expression of both 
ITGB3 and the ECM1. The up-regulation of ECM1 
avoids collagen degradation and extracellular matrix re-
modelling by inhibiting matrix metalloproteinase-9 
(MMP-9) activity (46). Asano et al suggested that the 
up-regulated expression of αvβ3 contributes to the es-
tablishment of autocrine TGF-β loop in scleroderma hu-
man fibroblasts identifying integrin as a potent target for 
the treatment of scleroderma (47). In our case, the 
ITGB3 protein could induce a significant increase of 
MMP-2 (48) and transforming growth factor beta 1 
(TGF-β1) activity (49) which may stimulate fibroblasts 
to increase the expression of FBLN-5.

PCR array results are in accordance with data pre-
sent in literature about the effect exercised by ECM1 
and ITGB3 proteins on MMP-9 and MMP-2 expression 
level. The over-expression of ECM1 could be responsi-
ble for the decreased expression of MMP-9 and that one 
of  ITGB3 for the increased expression of MMP-2 in 
pathological samples respect to the control ones (Fig.1). 
Obviously, more in-depth experiments are needed to 
confirm these preliminary observations about the role of 
MMP in pelvic prolapse. 

The examination of the fundamental mechanisms 
important for adhesion of cultured human cells and 
the resultant signalling processes has the potential of 
providing an understanding of molecular mechanisms 
involved in complex pathophysiological processes and 
serving as the basis for the development of novel thera-
peutic agents for the treatment of this condition.

Definitive evidence that pelvic organ prolapse is the 
result of a defect in the pelvic floor musculature, con-
nective tissue, or a combination of the two is currently 
lacking. For this study, patients with anterior prolapse 
were chosen because the main problem of POP is in 
cystocele and urinary incontinence. Research on gene 
expression in the anterior vaginal tissues may indicate 
new therapeutic strategies beyond current surgical tech-
niques. Further studies are needed to clarify the rela-
tionship between different gene expressions and posi-
tion as well as grade of POP.

Our results, although obtained from analyses per-
formed on a small cohort of patients, seem to be very 
encouraging and may provide potential targets for thera-
py in early stages of POP, mitigating the extreme condi-
tions of this clinical phenotype.
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