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Abstract

Pelvic organ prolapse (POP) is a disabling disorder in women characterized by a loss of pelvic floor support,
leading to the herniation of the uterus into or through the vagina. POP is a complex problem that likely involves
multiple mechanisms with limited therapies available, and is associated with defects in connective tissue including
elastic fibers. This study was designed to investigate the expression of fibulin-5 and lysyl oxidase-like 1 (LOXLI)
in the cardinal ligament in samples taken from the POP group compared to the non-POP group. Specimens were
obtained during abdominal hysterectomy from the cardinal ligament of 53 women with POP and 25 age- and par—
ity- matched women with non-POP among post-menopausal women with benign gynecologic pathology. Protein
expression was evaluated using the immunohistochemical staining method. For statistical analyses, chi-square test
and Spearman’s correlation were used with the statistical package SPSS13.0 system. Our results showed that both
fibulin-5 and LOXL1 expressions were decreased in the cardinal ligament in the POP group compared to the non-
POP group (P < 0.05). The expression of fibulin-5 and LOXL1 were correlated closely with the stage of POP, ac—
companied by stress urinary incontinence and frequency of vaginal delivery (P < 0.05), but had no relationship
with post-menopausal state (P > 0.05). The expression of fibulin-5 was positively associated with LOXL1 in POP
(P < 0.05). We conclude that changes in fibulin-5 and LOXLI expression may play a role in the development of POP.
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proximately 11% of all women will undergo surgery
for urinary incontinence or POP by age 80 years, but

INTRODUCTION

Pelvic floor dysfunction (PFD), a disease with ana—
tomical and/or functional abnormalities of pelvic or—
gans due to weakened supporting tissues of the pelvic
floor and dislocation of pelvic organs, is common in
women and can considerably interfere with their qual—
ity of life. This disease includes pelvic organ prolapse
(POP) and stress urinary incontinence(SUI). PFD may
significantly impair women’s quality of life'. Ap—
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the actual prevalence of these disorders is estimated
to be as high as 50% of all parous women". But till
now, the pathophysiology of pelvic floor disorders re—
mains not well understood. Increasing age and vaginal
multiparity are the main commonly accepted factors.
The hypothesis of a defect of the connective tissues of
the pelvic floor with aging due to collagen deficiency
and/or elastic fiber degradation is often highlighted.
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Recent studies suggest that elastic fibers and col—
lagens are major ingredients of the pelvic connective
tissues”. As reported by Jung et al."), fibulin-5 and
lysyl oxidase-like 1 (LOXL1) play an essential role
in the synthesis and assembly of elastic fibers in the
uterosacral ligament from women with advanced POP
compared with controls. Tremollieres™ demonstrated
signs of elastinopathy, including the development of
POP in the postpartum mice with null mutation in
the gene encoding LOXLI or fibulin-5. LOXL1 is a
copper-dependent amine oxidase that plays a critical
role in the biogenesis of connective tissue matrix by
crosslinking the extracellular matrix (ECM) proteins,
collagen and lysyl oxidase. These cross-links are es—
sential for the tensile strength of collagens that are
necessary for the structural integrity and function of
connective tissues. LOXL1 is the key enzyme for the
maturation of amnion, using copper as an essential ac—
tive co-factor™’. Fibulin-5 is crucial for lysyl oxidase
assembly and is believed to act as a bridge between
cells and tropolysyl oxidase for effective cross-linking
and assembly of tropolysyl oxidase into mature elastic
fibers'". The aim of this study was to explore the re—
lationship of fibulin-5 and LOXL1 expression in the
cardinal ligament tissue of women with pelvic floor
dysfunction in the pathogenesis of POP.

SUBJECTS AND METHODS

Subjects

Specimens were obtained prospectively during
abdominal hysterectomy from 53 women with ad—
vanced POP and 25 non-POP controls matched to the
study group. All the women underwent operations
at Shengjing Hospital of China Medical University
between November 2008 and June 2010. Informed
consent was obtained from enrolled patients before
sample collection. The protocol was approved by the
Ethics Committee of Shengjing Hospital. Women with
POP (stage III - IV ) underwent abdominal hysterec—
tomy for their advanced disease. The controls matched
for age and parity were selected from post-menopausal
women with benign gynecologic pathology and were
subject to abdominal hysterectomy due to endometrial
pathology, benign ovarian tumor or uterine myomas.

Patients with previous pelvic surgery, connective tis—
sue disease, or history of cancer were excluded.

All patients were assessed with a standard ques—
tionnaire and physical examination before surgery.
This questionnaire included questions regarding age,
parity, body mass index, post-menopausal status, prior
history of hormone replacement therapy, previous
gynecologic histories of genetic diseases, gynecologic
operation or anti-incontinence operation, and medical
histories of connective tissue disease, hypertension,
diabetes mellitus, chronic obstructive pulmonary dis—
ease and lumbar disc herniation. POP was quantified
according to the International Continence Society’s
Pelvic Organ Prolapse Quantification (POP-Q) sys—
tem'®. Pelvic examinations were performed by the
same examiner, and 19 patients were categorized in
grade II and 34 patients in grade III and IV by sever—
ity. Patients aged 51 to 63 years were enrolled with
menstrual status as pre-post-menopausal (n = 5) and
post-menopausal (n = 48). Thirty-five patients were
complicated with stress urinary incontinence (SUI).
Diagnostic criteria of SUI are presented as follows:
1) Patients who reported urinary overflow induced by
increased abdominal pressure; 2) Bladder detrusor in—
stability was excluded by urodynamic examination; 3)
Abdominal Leak Point Pressure (ALPP)> 60 cm H,O;
4) Presence of normal neurological function of the
pelvic floor and urine analysis. Patients in the control
group (n = 25) received hysterectomy for gynecological
benign tumor in the same period. These patients did not
present with clinical symptoms of urinary incontinence
(SUI and POP were excluded by pelvic examination),
and were not administered with drugs containing hor—
mones within three months prior to enrollment (Female
hormone related diseases such as uterine endometriosis
and functional ovarian tumors were excluded patho—
logically). No rheumatoid arthritis, hyperthyroidism
and hyperparathyroidism or other diseases that affected
collagen metabolism were found in the case group and
control group. There were no statistically significant
differences in age, number of vaginal deliveries, body
mass index and menopause between the POP and con—
trol groups (P > 0.05) (shown in Table 1).

Tissue samples were obtained during hysterectomy
in the operation room. An approximately 2.0 cm 1.0

Table 1 Comparison of general conditions between women with or without pelvic organ prolapse (POP)

. o ) Menopause
Group Number of cases Age(year, x1s) Mean number of vaginal deliveries BMI(kg/m", x )
Numer of cases (%)
POP 53 5716 24+3 48(91)
Control 55+3 24+4 23(92)
P 25 >0.05 > 0.05 > 0.05 > 0.05

BMI: body mass index; POP: pelvic organ prolapse.
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cm sized sample from the cardinal ligament was har—
vested immediately before hysterectomy from the en—
thesis of the ligament into the cervix where it has been
indicated as an exclusively important portion in pro—
viding support for the uterus. The specimens collected
were snap frozen in liquid nitrogen and stored at -80°C.

Immunohistochemistry staining

Four-micron thick sections were prepared from
the paraffin-embedded tissues. Immunohistochemical
staining was performed by the streptavidin-peroxi—
dase (S-P) method (Ultrasensitive™ MaiXin, Fuzhou,
China). The primary antibodies used in this study were
anti-human fibulin-5 and anti-human LOXLI1 mouse
monoclonal antibody (both diluted 1:100, Santa Cruz
Biotechnology, Santa Cruz, CA, USA), S-P kit were
purchased from Zhongshan Biotechnology Corporation.
DAB agent kit and horseradish peroxidase labeled goat-
anti-mouse IgG were bought from Beijing Zhongshan
Golden Bridge Biotechnology Corporation, Beijing,
China. For the negative control, all the procedures were
the same as those of the test section with the exception
of the primary antibodies that were replaced by PBS.

The expression of fibulin-5 and LOXL1 detected by
staining was graded by the percentage of immunore—
active ECM. All immunostained sections were scored
independently by two authors who were blinded to the
study information of the sections. Cases with discrep—
ancies were jointly re-evaluated by the two investiga—
tors until a consensus was obtained. The sections were
evaluated at 10 random areas at 400 magnification.
(shown in Fig. 1)

Statistical analysis

All the statistical analyses were carried out using
statistical package SPSS13.0 (SPSS Inc., Chicago, IL,
USA). The chi-square test was used to determine the
correlation between fibulin-5 or LOXL1 expression

and clinicopathological factors. The relationship be—
tween fibulin-5 and LOXL1 was analyzed by Spear—
man’s rank correlation coefficient. Values of P < 0.05
were considered statistically significant.

RESULTS

Relationship between the expression of fibu-
lin-5 and pathological features in the cardinal
ligaments.

Fibulin-5 was positively expressed in the cardinal
ligament tissues of 23% (12/53) of patients for the
POP group versus 56% (14/25) in the control group
with significantly decreased fibulin-5 levels in the
POP group (P = 0.005, Fig. 1). Furthermore, in the
POP group, the expression of fibulin-5 in women
with stage II1/ IV POP [12% (4/34)] was downregu—
lated more significantly than those with stage I
POP [42%(8/19)] (P = 0.020). However, no statisti—
cal difference was found between post-menopausal
patients [38% (18/48)] and non- menopausal patients
(1/5) (P > 0.05) and between patients with vaginal
deliveries < 2 [18%(4/22)] and >2 [23% (7/31)] (P >
0.05). The positive rate was also less significantly
decreased in the POP group with SUI [26%(9/35)]
than the non-SUI POP [33%(6/18)] group (P > 0.05)
(Table 1 and Table 2).

Expression of LOXL1 and relationship with
pathological features.

The LOXLI1 positive expression rate in the cardi—
nal ligament of pre-menopausal and post-menopausal
POP group was 2/5 and 12/48, respectively (P >
0.05). Significant difference was found in the expres—
sion of LOXL1 in the cardinal ligament between the
POP group [26%(14/53)] and the control group [56%
(14/25)] (x* = 7.126, P < 0.05). Patients with lower
LOXLI expression exhibited a more advanced stage

Fig. 1 Expressions of lysyl oxidase-like 1 (A) and fibulin-5 (B) by immunohistochemistry (magnification: X 400;
scale bar: 50 pm). Positive expression was indicated by brown-yellow granules in the cardinal ligament tissues of patients with

pelvic organ prolapse.
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Table 2 Expression of fibulin-5 and LOXL1 in the cardinal ligament between women with or without pelvic or-

gan prolapse (POP)

LOXLI1 positivity

Fibulin-5 positivity

Group Total cases

Cases Percentage(%) 1 P Cases Percentage(%) 1 P
POP group 53 14 26 12 23
POP-Q 5.537 0.027 5.972 0.020
Stage II 19 9 47 8 42
Stage III+IV 34 5 15 4 12
Menopause 0.524: 0.599 0.603 0.643
Yes 48 12 25 18 38
No 5 2 2/5" 1 15
No. of vaginal deliveries 0.576 0.544 0.151 0.746
<2 22 5 23 4 18
>2 31 10 32 7 23
SUI
No 18 4 22 0.496 0.539 33 0.340 0.748
Yes 35 11 31 26
Control group 25 14 56 7.126 0.011 14 56 8.506 0.005

""" means total cases are less than 10, when we described with fraction instead of percentage. SUI: stress urinary incontinence.

of POP (II vs Il + IV, P = 0.027). There was no sig—
nificant difference in LOXLI expression in the car—
dinal ligament between SUI [31%(11/35)] and non-
SUI subgroups with POP [22%(4/18)] (¢ = 0.496, P >
0.05). Similar results were found on the vaginal deliv—
ery frequency of the POP group (° = 0.576, P > 0.05,
Table 2).

Relationship between fibulin-5 and LOXL1
expression in the POP group.

Co-expression of fibulin-5 and LOXL1 in the car—
dinal ligament tissues was found in 9 patients with
POP while negative expression of both fibulin-5 and
LOXLI1 was demonstrated in 24 patients. Relation—
ship between LOXL1 and fibulin-5 was analyzed by
Spearman test in the POP group (P < 0.05), indi-
cating a positive relationship between LOXL1 and
fibulin-5 (Table 3).

DISCUSSION

POP is a multifactorial disease in old women. Sev—
eral environmental risk factors that could cause quali—
tative and quantitative changes in the connective tissue
that provides support for the lower pelvic organs and

Table 3 Relationship between fibulin-5 and LOXL1
expression in the cardinal ligament of patients with
pelvic organ prolapse

Fibulin-5
LOXLI ” : P
Positive Negative
Positive 9 14 0.017
Negative [0 24

BMI: body mass index.

result in POP™'", The connective tissues are com—
posed of ECMs, including collagen, proteoglycans,
LOXLI and glucoprotein. Changes in the content and/
or structure of these ingredients may induce decreased
elasticity and tensile strength and weakened pelvic
floor support, finally resulting in POP"". Several
studies have reported that elastic fibers are decreased
in the cardinal ligaments or the vaginal wall with in—
creased elastolytic activity in POP patients">">"",

The synthesis and assembly of elastic fibers is a
complicated process that is not fully understood. Tro—
poelastins are secreted primarily from fibroblasts and
smooth muscle cells. Microfibrils consist of several
proteins that form a scaffold on which elastin deposits
before it is displaced to the periphery of the grow—
ing fiber. This scaffold is cross-linked by one or more
lysyl oxidases"”. Fibulin-5"" is also known as FBLN-
5, DANCE, or EVEC, which is a member of the fibu—
lin family in ECM"". It is extensively distributed in
LOXLI1-rich tissues. Human fibulin-5 gene is located
in 14g32.1, and the carboxyl portions of fibulin-5 are
6 epidermal growth factor-like regions that can bind
with calcium. One of these regions contain arginine-
glycine-aspartic acid motif that can combine with
integrin, functioning to mediate endothelial cell ad—
hesion and anchor the original LOXL1 on the cell
surface by binding to integrin ayB3, ayB5 and a9p1
on cell surface, which is crucial for the formation of
elastic fibers"”. Drewes et al.""” found that 3-month-
old fibulin-5 gene knockout mice did not develop
vaginal wall prolapse and larger reproductive hiatus.
Our study showed decreased fibulin-5 expression in
POP connective tissue and a significantly lower fibu—
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lin-5 protein expression in the stage III + IV group
than stage II (P < 0.05), indicating that fibulin-5 may
have an important role in the occurrence and devel-
opment of POP.

LOXL1" is an extracellular copper-dependent
monoamine oxidase, which can catalyze the crosslinking
of lysine residues in collagen and elastic fibers in the
ECM, promoting the maturation of collagen and elas—
tin to maintain normal structure and function of ECM.
It is a key enzyme in the crosslinking between colla—
gen and elastic fibers and also plays an important role
in the initial stage of the process where collagen and
LOXLI soluble monomers change into insoluble fib—
ers™. Liu et al.”" found that LOXLI knockout mice
can develop POP. Kobak et al.” reported that mRNA
expression of LOXLI was significantly reduced in the
sacral ligament in patients with POP, creating fragile
immature collagen and elastic fibers, consequently
leading to a weakened support of the pelvic floor. In
agreement with the results of Kobak, our study also
showed that LOXL1 expression in the cardinal liga—
ment of the POP group was significantly lower than
that of the control group (P < 0.05). This suggests
that LOXL1 may play a role in the pathogenesis of
POP. In addition, we found no significant differences
between the pre-menopausal and post-menopausal
groups in our study.

POP and SUI usually are present together. It is
reported that in clinical settings, about 60% POP is
complicated with SUI, and 80% or more of SUI pa—
tients may be combined with different degrees of
POP. It is generally believed that both conditions have
similar etiology and pathogenesis''”. Moreover, our
experiment found that LOXL1 and fibulin-5 expres—
sion in the cardinal ligament of POP patients with
SUI was less significantly reduced. Furthermore, we
conducted a correlation analysis between LOXL1 and
fibulin-5 expression in the cardinal ligament by Spear—
man analysis. The result indicates that these two genes
have the same trend at the protein level, both showing
a significant positive correlation (P < 0.05), indicating
that decreased expression of fibulin-5 and LOXL1 may
cooperatively lead to synthetic dysfunction of elastin
and/or unstable elastic fiber. As a result, the elastic—
ity of ECM in pelvic floor supporting tissue decreases,
resulting in the occurrence of POP eventually.

In summary, POP is a multifactorial disease, and
our study has revealed that LOXL1 and fibulin-5 pro—
tein expression is downregulated in the pelvic con—
nective tissue of POP patients, and is related to POP
grade, indicating that in pelvic tissues, decreased
LOXL1 and fibulin-5 may be very important for
weakened pelvic floor support and urine control ca—

pacity, which may eventually lead to the occurrence
and development of POP.

This study examined fibulin-5 and LOXL1; how—
ever, the specific mechanism of LOXL1 and fibulin-5
participating in the occurrence and development of
POP is unclear. Future studies are needed to delineate
the underlying mechanisms.

References

[1]  Goepel C. Differential elastin and tenascin immunolabe—
ling in the uterosacral ligaments in postpost-menopausal
women with and without pelvic organ prolapse. Acta
Histochem 2008; 110: 204-9.

[2] Drewes PG, Yanagisawa H, Starcher B, Hornstra I,
Csiszar K, Marinis SI, et al. Pelvic organ prolapse in
fibulin-5 knockout mice:pregnancy-induced changes in
elastic fiber homeostasis in mouse vagina. Am J Pathol
2007; 170: 578-89.

[3] Tremollieres F. Connective tissue and prolapse genesis.
Gynecol Obstet Fertil 2010; 38: 388-93.

[4]  Jung HJ, Jeon MJ, Yim GW, Kim SK, Choi JR, Bai SW.
Changes in expression of fibulin-5 and lysyl oxidase-like
1 associated with pelvic organ prolapse. Eur J Obstet
Gynecol Reprod Biol 2009; 145: 117-22.

[5] Behmoaras J, Slove S, Seve S, Vranckx R, Sommer P,
Jacob MP. Differential expression of lysyl oxidases
LOXL1 and LOX during growth and aging suggests
specific roles in elastin and collagen fiber remodeling in
rat aorta. Rejuvenation Res 2008; 11: 883-9.

[6] Hirai M, Ohbayashi T, Horiguchi M, Okawa K, Hagiwara
A, Chien KR, et al. Fibulin-5/DANCE has an elastogenic
organizer activity that is abrogated by proteolytic cleav—
age in vivo. J Cell Biol 2007; 176: 1061-71.

[7]1  Yanagisawa H, Davis EC, Starcher BC, Ouchi T, Yana-
gisawa M, Richardson JA, et al. Fibulin-5 is an elastin-
binding protein essential for elastic fibre development in
vivo. Nature 2002; 415: 168-71.

[8] Bump RC, Mattiasson A, BoK, Brubaker LP, DeLancey
JO, Klarskov P, et al. The standardization of terminology
of female pelvic organ prolapse and pelvic floor dys—
function. Am J Obstet Gynecol 1996; 175: 10-7.

[9] Kasturi S, Lowman JK, Kelvin FM, Akisik FM, Terry CL,
Hale DS. Pelvic magnetic resonance imaging for assess—
ment of the efficacy of the Prolift system for pelvic or—
gan prolapse. Am J Obstet Gynecol 2010; 203: 504.e1-5.

[10] Weber AM, Buchsbaum GM, Chen B, Clark AL, Dama—
ser MS, Daneshgari F, et al. Basic science and transla—
tional research in female pelvic floor disorders: proceed—
ings of an NIH-sponsored meeting. Neurourol Urodyn
2004; 23: 288-301.

[11] Pierce LM, Baumann S, Rankin MR, Wasserman RM,
Biaggi A, Kuehl TJ, et al. Levator ani muscle and con—
nective tissue changes associated with pelvic organ
prolapse,parity,and aging in the squirrel monkey: a his—
tologic study. Am J Obstet Gynecol 2007; 197: 60-9.

[12] Goepel C. Differential elastin and tenascin immunola—



28

[13]

[14]

[15]

[16]

[17]

[18]

Zhou Y et al. / The Journal of Biomedical Research, 2013, 27(1): 23-28

beling in the uterosacral ligaments in postmenopausal
women with and without pelvic organ prolapse. Acta
Histochem 2008; 110: 204-9.

Chen B, Wen Y, Polan ML. Elastolytic activity in women
with stress urinary incontinence and pelvic organ pro—
lapse. Neurourol Urodyn 2004; 23: 119-26.

Karam JA, Vazquez DV, Lin VK, Zimmern PE. Elastin
expression and elastic fibre width in the anterior vaginal
wall of postmenopausal women with and without pro—
lapse. BJU Int 2007; 100: 346-50.

Kagan HM, Li W. Lysyl oxidase: properties, specificity,
and biological roles inside and outside of the cell. J Cell
Biochem 2003; 88: 660-72.

Katsuta Y, Ogura Y, Iriyama S, Goetinck PF, Klement
JF, Uitto J, et al. Fibulin-5 accelerates elastic fibre as—
sembly in human skin fibroblasts. Exp Dermatol 2008:
837-42.

Nakamura T, Lozano PR, Ikeda Y, Iwanaga Y, Hinek A,
Minamisawa S, et al. Fibulin-5/DANCE is essential for
elastogenesis in vivo. Nature 2002; 415: 171-5.

Drewes PG, Yanagisawa H, Starcher B, Hornstra I,
Csiszar K, Marinis SI, et al. Pelvic organ prolapse in

fibulin-5 knockout mice: pregnancy-induced changes in
elastic fiber homeostasis in mouse vagina. Am J Pathol
2007; 170: 578-89.

[19] Lee UJ, Gustilo-Ashby AM, Daneshgari F, Kuang M,

[20]

(21]

(22]

Vurbic D, Lin DL, et al. Lower urogenital tract ana—
tomical and functional phenotype in lysyl oxidase like-1
knockout mice resembles female pelvic floor dysfunc—
tion in humans. Am J Physiol Renal Physiol 2008; 295:
F545-55.

Maiki JM, Sormunen R, Lippo S, Kaarteenaho-Wiik R,
Soininen R, Myllyharju J. Lysyl oxidase is essential for
normal development and function of the respiratory sys—
tem and for the integrity of elastic and collagen fibers in
varioustissues. Am J Pathol 2005; 167: 927-36.

Liu G, Daneshgari F, Lin D, Lin D, Lee U, Li T, et al.
Bladder and urethral function in pelvic organ prolapsed
lysyl oxidase like-1 knockout mice. BJU Int 2007; 100:
414-8.

Kobak W, Lu J, Hardart A. Expression of lysyl oxidase
and transforming growth factor beta-2 in women with
severe pelvic organ prolapse. J Reprod Med 2005 Nov;
50: 827-31.

Submit to the Journal by ScholarOne Manuscripts at

http://mc03.manuscriptcentral.com/jbrint




