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Abstract: Objective: The aims of this study are to detect levels of AGEs and RAGE and SNPs for RAGE in vaginal tis-
sues of women with POP and rats in a repair location, and to explore the relationship between AGEs-RAGE pathway 
and POP. Methods: This study involved human vaginal tissues in fornix from 44 women with POP and 46 women 
without POP who were assigned to pelvic floor reconstruction or LAVH. The proteins of AGEs, collagen I, and RAGE 
were detected by immunohistochemistry and Western blot with appropriate primary antibodies. The entire RAGE 
gene of 24 women with POP and 25 controls were sequenced, and SNPs within were detected. Then, sixty 8-week-
old female Sprague-Dawley rats subjected to abdominal defect were divided into three surgical pelvic floor recon-
struction repair groups (n = 20/group): A, repair with non-absorable prolene mesh; B, repair with absorbable SIS 
mesh; and C, a no repair control group. 3, 9, 15, and 21 months after operation, rats were sacrificed and the expres-
sion of AGEs, RAGE and collagen I in the tissues of repair location were detected in the various experimental groups. 
Statistical analysis included comparison of means (Student’s t-test) and proportions (Chi-square test or Fisher test). 
Results: By both immunohistochemistry and Western blot, patients with POP showed higher protein expression of 
AGEs of POP than controls (P < 0.05). In contrast, the expression of collagen I was lower in POP patients than in 
the control group (P < 0.05). No differences in the expression of RAGE between the POP patients and controls were 
observed (P > 0.05). In POP patients, the expression of collagen I decreased particularly in patients ≥ 60 years old 
(P < 0.05), but there were no different in the expression of AGEs and RAGE dependent on age (P > 0.05). RAGE gene 
sequence variance analysis identified 18 variable loci, but only two of these were potential SNPs: rs184003 (1806), 
rs55640627 (2346) (P < 0.05). Both rs184003 and rs55640627 are both intronic variants, indicating that they 
may not influence the structure of RAGE. In rat surgical repair model, group B showed a greater extent of abdominal 
prolapse than groups A and C (P < 0.05). Consistent with this, the expression of AGEs in group B was higher than 
groups A and C (P < 0.05), and collagen I in group B was lower than the two others, further supporting our notion 
that AGEs are inversely related to type I collagen content. Conclusions: In summary, this study demonstrates that 
AGEs and RAGE might play important roles in the physiopathology of POP. Further studies are required to explore 
mechanisms of how AGEs-RAGE pathway may contribute to tissue degeneration and fragility in POP. 
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Introduction

Pelvic organ prolapse (POP) is a common dis-
ease affecting women, frequently leading to 
significant reductions in quality of life [1-3]. Old 
age, obesity, multiparity, hereditary factors, 
chronic straining and coughing are the most 
known important risk factors [4-6], but the 
detailed pathophysiology of POP remains 
unknown. The quantity and quality of collagen 
and elastin determine the mechanical proper-
ties of connective tissue and are regulated by a 

precise equilibrium between synthesis, matura-
tion and degradation. This dynamic process of 
constant remodeling [7, 8] often underlies POP 
occurrence. When the equilibrium is broken by 
many factors, tissue weakness and POP may 
occur [9].

An understanding of the factors that can impact 
collagen metabolism in the pelvic floor will 
enhance our understanding of POP. Recently, it 
has been demonstrated that changes in 
advanced glycation end-products (AGEs) and 
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their receptor (RAGE), and the SNP in the RAGE 
gene, are involved in dysregulated collagen 
metabolism in many human diseases [10]. 
AGEs are products of nonenzymatic glycation 
and oxidation of proteins and lipids, and are 
known to accumulate in diverse biological set-
tings including aging, diabetes, neurodegenera-
tion, and inflammation. RAGE is the receptor for 
advanced glycation end products, and func-
tions as a central signal transduction receptor 
for these products. AGEs-RAGE interaction can 
activate a wide array of signal transduction cas-
cades. For example, RAGE is strongly expressed 
in the gingiva of diabetic patients with severe 
periodontitis [11]. AGEs are formed intracellu-
larly and extracellularly in skin, and AGEs and 
RAGE alter the physicochemical properties of 
dermal collagen proteins, decrease cell prolif-
eration, increase apoptosis and senescence, 
and induce oxidative stress and proinflamma-
tory mediators through the MAPK, JAK/Stat, 
ROS, and NF-κB signaling pathways, indicating 
that AGEs strongly contribute to skin aging [12-
15]. Single nucleotide polymorphisms in the 
RAGE gene may participate in disease progres-
sion; rs2070600 and rs17493811 predicted 
increased risk of type 1 diabetes, whereas the 
rs9469089 SNP was related to decreased risk, 
on a high risk HLA background [16].

Patients with POP have low collagen content 
and a relatively high amount of advanced  
glycation end products (AGEs) with impaired 
mechanical strength [17, 18]. Estrogen treat-
ment has profound effects upon pelvic collagen 
metabolism, leading to synthesis of new colla-
gen as witnessed by increased immature cross-
links and decreased mature cross-links and 
advanced glycation end-products [19]. Gly- 

cated “old” collagen also 
may be difficult to 
degrade and susceptible 
to rupture, leading to 
POP. But there is little 
additional evidence sup-
porting this hypothesis, 
and no further studies 
on the role of RAGE in 
pelvic tissue fibroblasts 
have been performed. 

The roles of AEGs and 
RAGE in POP need to be 
elucidated further. We 
therefore hypothesize 
that AGEs and RAGE 

Table 1. Patients’ demographics
Variables POP control P value
Age, mean (SD), years 63.76 (±8.31) 62.11 (±8.27) 0.33*
Postmenopausal age, mean (SD), years 50.88 (±2.06) 50.68 (±2.15) 0.62*
BMI, mean (SD) 23.53 (2.09) 22.94 (±2.41 0.2*
Parity, mean (SD), n 2.82 (±1.34) 2.53 (±1.39) 0.26*
Hypertension, n (%) 21, (47.7%) 13, (28.3%) 0.06#

Diabetes mellitus 2 (4.55%) 4 (0.87%) 0.43#

the degree of III, (POP-Q), n 34 0
the degree of IV, (POP-Q), n 10 0
cervical lesions (reason of LAVH), n 0 15
endometrial lesions (reason of LAVH), n 0 11
ovary lesions (reason of LAVH), n 0 20
BMI (body mass index) = weight (kg)/height2 (m2), *Student’s t test, #chi-square test.

might participate in POP progression, and that 
single nucleotide polymorphisms in RAGE might 
underlie disease susceptibility. In this study, 
the expression of AGEs, RAGE, collagen I were 
detected in tissues of humans and experimen-
tal animals. In addition, RAGE gene sequence 
in POP patients and controls was determined. 
These results allowed us to further strengthen 
the correlation of AGEs and RAGE to POP. 

Patients and methods

Patients 

Forty four patients admitted to our hospital for 
pelvic floor reconstruction surgeries for differ-
ent types of POP were included in this study. 
According to POP-Q scoring system, all patients 
were stage 3 or above. The surgeries consisted 
of hysterectomy with normal-size uterus and 
vaginal repair for one or more of these condi-
tions. Forty six women with normal-sized uterus 
undergoing hysterectomy for other diseases 
(such as cervical carcinoma in situ, atypical 
hyperplasia of endometrium, and benign ovari-
an lesions) served as the control group. All the 
patients (minimum 45 years old) were of Han 
nationality, and all had confirmed postmeno-
pausal status. Patients were excluded if they 
had pelvic malignancy, fibroids, endometriosis, 
pelvic inflammation, hormone replacement 
therapy, and Caesarean section history. The 
age distribution, menstrual status, parity, and 
disease accompanying are matched and listed 
in Table 1.

Treatment of biopsies 

After obtaining ethical approval and informed 
consent for this study, the surgeries mentioned 
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above were carried out under general or spinal 
anesthesia. Samples of vaginal wall were col-
lected from the vaginal residual of free uterus 
equivalent to the midline anterior portion of the 
pericervical cuff at hysterectomy. Each biopsy 
measured approximately a 5-10 mm cube, and 
was stored in liquid nitrogen immediately prior 
to analysis. Every sample was divided into tri-
section for WB, IHC, and gene sequencing.

Immunohistochemistry 

After being washed, fixed, dehydrated, cleared, 
and embedded in paraffin, the sections were 
obtained and collected on positively charged 
microscope slides. Tissue sections were depa- 
raffinized, rehydrated, and antigen retrieved 
prior to staining [20, 21]. Immunohistochemistry 
was performed on the sections using the 
Histostain-plus Kit (MRBiotech, Shanghai, 
China) and the following primary antibodies 
were used for immunostaining: anti-RAGE (sc-
365154, Santa Cruz), anti-collagen I (NBP1-
30054, Novus), and anti-AGEs (ab23722, 
Abcam). Incubation with immunoglobulin of the 
same species at the same concentration with 
no primary antibody was used as a negative 
control. We used an Olympus microscope and 
Image-Pro Plus (Media Cybernetics, Inc) to ana-
lyze results. For quantification of the represen-
tative areas of collagen, five visual fields were 
digitized using a 40× magnifying objective. 
Each digitized field contained resolution of 
929×700 points, all in the region of connective 
tissues. The IOD (sum) of all fields were collect-
ed and analyzed by Image-Pro Plus.

Western blotting 

Lyeates of vaginal tissues were prepared by 
glass homogenizer in lysis buffer, 50 mM Tris-
HCl, 150 mM NaCl, 1% NP-40, 0.5% sodium 
deoxycholate, 2 mM NaF, 2 mM EDTA, 0.1% 
SDS and a protease inhibitor cocktail tablet 
[22]. Protein concentration was quantified by 
BCA protein Assay Kit (Beyotime China) accord-
ing to the manufacturer’s instructions. Proteins 
(50 mg per well) and prestained molecular 
weight markers (Fermentas, SM0641) were 
separated by sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE) and 
transferred to PVDF membrane. The mem-
branes were blocked for 1 h at room tempera-
ture with Protein Blocker (Bio-Rad) and were 
incubated overnight at 4°C with primary anti-

bodies as above mentioned, at a dilution of 
1:500 in Tris-buffered saline with Tween-20 
(TBST), After washing with PBST, the mem-
branes were incubated with second antibody, 
then visualized by enhanced chemilumines-
cence (ECL), and quantified by Image J [23] 
(National Institutes of Health).

Gene sequencing of RAGE 

A total of 24 patients and 25 controls were ran-
domly chosen from the entire study cohort for 
RAGE gene sequencing. After the DNA was 
extracted, RAGE was genotyped by PCR using 
the following primer sequences: AGER-1F: 5’ 
AAAGGCATGAATTCCTAGCATT 3’, AGER-1R: 5’ 
GGTTGAAGGCTTTTTCTTAGGTA 3’; AGER-2F: 5’ 
TCCAGGATGAGGGGATTTT C 3’, AGE-2R: 5’ 
AGER-2R: 5’ ACCCTTGTCTTTTTGTCTCCATA 3’, 
AGER-3F: 5’ TAGGGTGAACCATAACTAGCAAC 3’, 
AGER-3R: 5’ TGGTATAGTATGGTGAAGTATGGG 3’, 
PCR reactions were performed in 20-μL reac-
tion volumes containing 10 mM Tris HCl (pH 
8.9), 50 mM KCl, 1.5 mM MgCl2, 0.2 μM of 
each primer, 250 μM of each dNTP, 50 ng of 
genomic DNA, and 0.5 units of Taq thermosta-
ble DNA polymerase (ABI, Foster city, CA, USA). 
Cycling parameters were 5 minutes at 95°C, 
followed by 35 cycles of 30 seconds at 95°C, 
30 seconds at the annealing temperature (Tm) 
of the primers (52°C-63°C, see Table S1, 
Additional File 1), and 45 seconds to 1 minute 
at 72°C, with a final 10minute extension at 
72°C [24-26]. Finally, the sequence of the 
entire PCR product was determined by 3730 
sequence analyzer (ABI, Foster city, CA, USA).

Animals

Sixty 8-week-old female Sprague-Dawley rats 
between the weight ranges of 180-200 g were 
used in the study, and housed in the SPF ani-
mal laboratory [27]. Experimental protocols 
were approved by the Animal Ethics Committees 
of Gynaecology and Obstetrics Hospital of 
Fudan University.

Animal grouping and abdominal wall defect 
treatment

Animals were grouped according to the mesh 
implanted at the artificial abdominal wall 
defect. Rats were randomized to three groups 
(n = 20/group): A, Prolene implants (non-
absorbable mesh group; Ethicon, USA) [28]; B, 
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SIS implants (absorbable mesh group; 
Biodesign surgisis, Cook USA) [29]; C, no 
implants, as control.

Surgical Procedure was as follows: General 
anesthesia was induced by intraperitoneal 
injection of 3% pentobarbital sodium solution 

(Sigma) at a dosage of 1.0 mL/kg, abdominal 
skin was shaved, a vertical incision was opened, 
then a 2 cm×2 cm wound including muscles 
and peritoneum was created. The implant size 
was trimmed to 2.5×2.5 cm2 so that it extended 
0.25 cm beyond the borders of the section 
area, and then sutured without tension to the 

Figure 1. Immunohisto-chemical localization of AGEs, Collagen I and RAGE proteins in vaginal tissue is shown, (A, B) 
The distribution of AGEs in POP (A) and in control (B). AGEs protein staining was expressed faintly at vaginal matrices 
in POP. (C, D) The distribution of collagen I in POP vaginal tissue (C) and in control group (D), collagen I protein stan-
ing was prominent in control group than in POP group. (E, F) The distribution of RAGE POP (E) vaginal tissue and the 
control, RAGE-positive cells appear brown, and a light hematoxylin counter-stain was used to visualize nuclei. More 
positive cells were detected in POP than control. [original magnification, 4000 (A-F)].
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abdominal wall with interrupted sutures by 4-0 
Mu Si line (Syneture; Ethicon, USA). Finally, the 
skin was closed and the rats were fed in SPF 
class lab, and given injection of penicillin 
(80000 U/rat/day, im, three days) [27].

Treatment of tissues at repair center

At intervals of 3, 9, 15, and 21 months post-
operation, five rats from each group were 
selected at random and were treated as below. 
First, the abdominal hair was taken out and the 
bulge extent of abdominal wall repaired was 
observed under the force of gravity. Then, the 
rats were killed by cervical vertebra dislocation 
after general anesthesia as above, and then 
the abdominal skin was opened to expose the 
embedded objects. The tissue specimens at 

the repair location were obta- 
ined and kept in 10% neutral 
formalin aqueous solution, 
and analyzed by immunohisto-
chemistry to detect expres-
sion of AGEs, RAGE and colla-
gen I.

Statistical methods

Data were analyzed with the 
software of SPSS 16.0, the 
level of significance for all 
tests was 0.05 (P < 0.05). The 
results of semi-quantitative 
pathological evaluation were 
compared among two groups 
with the Variances (ANOVA) or 
Student’s t test, and the rates 
of different groups were com-
pared with Chi-square and 
Fisher exact tests.

Results

Expression of AGEs, RAGE 
and collagen I in the tissues 
of pelvic floor in POP patients

Immunohistochemically, Le- 
vels of AGEs, collagen I and 
RAGE in vaginal connective tis-
sues by immunohistochemis-
try are shown in Figures 1, 2. 
The expression of AGEs in POP 
patients is higher than in the 
control group (Figure 1A, 1B, 
Figure 2, P < 0.05); the expres-

Figure 2. The IOD (SUM) of purpose protein by immunohistochemistry for 
POP and control. Data are exprssion as mean ± SEM. *Indicate the signifi-
cant different (P < 0.05).

Figure 3. The WB of AGEs, collagen I, RAGE of vaginal tissues is shown 
above. S1, S2, S3, S4 were the expression of four samples of POP. Con1, 
Con2, Con3, Con4 were the expression of foursamples of control. The ex-
pression of AGEs in POP group were higher than the control group; the col-
lagen I in POP decreased obviously; and the expression of RAGE remain 
stable.

sion of collagen I is lower in POP patients than 
in controls (Figure 1C, 1D, Figure 2, P < 0.05); 
but no differences in RAGE expression between 
the POP group and controls are observed 
(Figure 1E, 1F, Figure 2).

Western blotting showed that protein levels of 
AGEs, collagen I and RAGE in vaginal tissues as 
measured by western blotting are shown in 
Figure 3. Similar to our immunohistochemical 
results, the expression of AGEs in POP patients 
are higher than in controls, and POP patients 
show lower levels of collagen I (P < 0.05); RAGE 
protein levels are similar in both groups, as was 
seen by immunohistochemistry. Amongst POP 
patients, collagen I levels in the subgroup ≥ 60 
years old are higher than in those subjects 
younger than 60, but there are no age-depen-
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Figure 4. Rate of gray level for purpose protein/GAPDH of the tissues of vaginal wall by Western Blotting between 
different groups. Data are expressed as the mean ± SEM. *indicate the significant difference (P < 0.05). A illustrate 
the expression of collagen I, AGEs and RAGE between the POP and control groups. B illustrate the expression of col-
lagen I, AGEs and RAGE between the group of ages above 60 and the left for POP group. C illustrate the expression 
for control group.

Table 2. Allele and genotype frequency of polymorphisms in control and POP groups

polymorphic site
POP NPOP

P Value HWE (x2)
n genotypes alleles, % n genotypes alleles, %

108 24 AA/AT 23/1 A/T 97.9/2.1 25 AA 25 A 100 1.00#

168 24 TT/CT/CC 19/4/1 T/C 87.5/12.5 25 TT/CT 19/6 T/C 88/12 0.41#

644 24 CC/CT 23/1 C/T 97.9/2.1 25 CC 25 C 100 1.00#

659 24 GG/AG/AA 15/8/1 G/A 79.2/20.8 25 GG/AG/AA 15/9/1 G/A 78/22 0.98#

880 24 CC/CT/TT 18/5/1 C/T 85.4/14.6 25 CC/CT 19/6 C/T 88/12 0.35#

1541 24 CC/CT 23/1 C/T 97.9/2.1 25 CC/CT 24/1 C/T 98/2 1.00# 

1542 24 CC/AC 23/1 C/A 97.9/2.1 25 CC/AC 24/1 C/A 98/2 1.00#

1806 24 GG/GT/TT 13/9/2 G/T 72.3/27.7 25 GG/GT 21/4 G/T 92/8 0.04#

2286 24 AA/AG 16/8 A/G 80/20 25 AA/AG/GG 18/6/1 A/G 84/16 0.41#

2301 24 GG/AG/AA 15/6/3 G/A 75/25 25 GG/AG/AA 15/8/2 G/A 76/24 0.79#

2346 24 GG/AG/AA 16/5/3 G/A 77.1/22.9 25 GG/AG 23/2 G/A 96/4 0.04#

2357 24 CC 24 C 100 25 CC/CT 23/2 C/T 96/4 0.49#

2530 24 CC/CT 22/2 C/T 95.8/4.2 25 CC/CT 23/2 C/T 96/4 1.00#

2565 24 GG/CG 21/3 G/C 92.7/6.3 25 GG/CG 23/2 G/C 96/4 0.67#

2653 24 GG/AA 23/1 G/A 97.9/2.1 25 GG 25 G 100 0.49#

2842 24 GG/AG 23/1 G/A 97.9/2.1 25 GG/AG 24/1 G/A 98/2 1.00#

1962 24 GG/AG 23/1 G/A 97.9/2.1 25 GG/AG 24/1 G/A 98/2 1.00#

3404 24 CC/CT 20/4 C/T 91.7/8.3 25 CC/CT 22/3 C/T 94/6 0.70#
#chi-square test.
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Figure 5. Gene variants of rs184003 and rs55640627 in vaginal tissues of POP and non-POP.

Figure 6. Repair location of SD rat after the operation of abdominal repair with mesh. A group was the mesh of 
polypropylene; B was the mesh of absorbate SIS; C was the operation without mesh.
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dent differences in AGEs and RAGE levels 
(Figure 4). For the control group, there are no 
age-dependent differences in any of the protein 
levels measured. 

RAGE gene sequencing 

In total, 18 variable loci in the RAGE gene were 
identified in the Table 2. But only two of these 
loci were potential SNPs: rs184003 (1806), 
rs55640627 (2346) (P < 0.05) (Figure 5; Table 
2). According to the genomic sequence of RAGE 
in the public database, rs184003 and 
rs55640627 are both intronic variants, and 
therefore may only disrupt RNA splicing. 
Therefore, we detected no functionally-signifi-
cant RAGE polymorphic variants in POP 
patients, leading us to not pursue this area in 
more detail.

Expression of AGEs, RAGE and collagen I at 
abdominal repair sites in Sprague/Dawley rats

Several deaths (4 in group A, 3 in group B, and 
3 in group C) occurred in our surgical cohort. 
One case of abdominal wall bulging occurred in 
group A, six cases in group B, and none in group 
C, and there were significant differences in this 
complication among the three groups (P < 
0.05). The abdominal repair location appear-
ance at each time point is shown in Figure 6. 
Group A repairs typically had more performance 
of tension, but with increased stiffness and 
grittiness; the most prominent characteristic of 
group B was softy and simulation, the foreign 
body sensation improved 9 months post opera-
tion, but the weakness and the pallor of the 
repair location indicated poor blood supply; the 
appearance in group c return to normal approxi-
mately three months post operation.

The expression of AGEs, collagen I and RAGE in 
the tissues at repair site by immunohistochem-
istry at different post-operative times are 
shown in Figure 7. Collagen I expression in 
group A and B increased gradually and then 
remained constant 15 month post operation. 
Groups A and B appeared different from group 
C according to the different manner of repair. 
Collagen I expression in group A and B was 
higher than that of group C (P < 0.05). AGEs 
expression in all groups first increased then 
decreased, with an expression nadir at 21 
months post operation (P < 0.05). Notably, 
AGEs expression in group B was higher than in 
others (P < 0.05). RAGE expression in group A 
declined over time (P < 0.05), but RAGE levels 
in groups B and C change showed no significant 
differences (P > 0.05).

Discussion

By testing the protein expression of collagen I, 
AGEs, RAGE, and the gene sequencing of RAGE, 
the present study describes a possible role of 
AGEs and RAGE in the pathophysiology of POP. 

The results were consulted as following: 
Collagen I and III are the common components 
of fasciae in pelvic floor, and collagen I contrib-
utes to the biomechanical properties of most 
connective tissues [30, 18]. The ultrastructure 
and content of collagen I in pelvic floor are fun-
damental to the pathophysiology of POP: unde-
sirable changes of both aspects results in this 
disorder. The parametrium consists of shorter, 
thinner and more disorderly arranged collagen 
fibers in patients with uterine prolapse com-
pared to healthy controls [31]. Consistent with 
previous studies [32], we also showed collagen 
I expression in vaginal tissues is decreased in 
POP patients, and was lower in the elderly 

Figure 7. Expression of collagen I, AGEs and RAGE in the tissues at rapair center of S/D rats by immunohistochem-
istry at different time (3, 9, 15, 21 months) post operation. Data are expression as the mean ± SEM, *indicate 
significant different (P < 0.05) among the different groups (Group A-C).
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women. These findings directly explain the 
decrease of pelvic floor biomechanical proper-
ties. Previous studies reported discordant 
results about collagen I expression in POP, pre-
sumably because of different standards and 
methods [33-35]. These paradoxical results 
prompted us to repeat the detection of collagen 
I, and try to find the correlation of collagen I to 
AGEs and RAGE in the same subjects and 
conditions.

The subjects of AGEs in POP had not been 
revisited since Jackson tested their levels by 
detecting pyridinolines and pentosidine fluores-
cence [17]. He considered that AGEs are brittle 
and susceptible to rupture, resulting in tissue 
with an impaired mechanical strength. On the 
other hand, AGEs can affect the metabolism of 
collagen through RAGE, similar to the effects of 
AGEs in other diseases like diabetes [36, 37]. 
We detected AGEs by using a specific antibody, 
and found that AGEs was higher in POP patients 
than in controls. This was consistent previous 
results, and showed that AGEs maybe take part 
in the pathophysiology of POP. However, our 
data do not allow us to claim a causal role for 
AGEs in POP disease progression. We also com-
pared the expression of AGEs in different ages 
and saw no difference, indicating that AGEs do 
not increase with aging, at least in this popula-
tion studied. Compared to the change of colla-
gen I levels with aging, AGEs levels remain sta-
ble, indicating that AGEs may be only one rea-
son accounting for the change in collagen I lev-
els, and therefore one cause of POP. 

It has been demonstrated that RAGE is involved 
in many diseases through the change of its lev-
els, structure, or both [38, 39]. Therefore we 
were disappointed to find that RAGE levels in 
vaginal tissues by immunohistochemistry and 
Western blotting were unchanged in pelvic floor 
of POP patients, and also were unchanged with 
aging (P > 0.05). We asked if genetic variants in 
the RAGE gene itself might result in abnormal 
RAGE functions. The whole gene sequence of 
RAGE from 24 POP patients and 25 controls 
was determined. We found there were two 
potential SNPs: rs55640627, rs184003, but 
they are both intronic variants with little ability 
to affect the expression and function of RAGE, 
so at this point we do not believe that RAGE 
genetic variants may an important role in POP 
in our patient population. 

Studying POP pathogenesis in experimental 
animals has been difficult due to the lack of an 
ideal animal model [40]. This study chose SIS 
mesh (in contrast to Prolene and blank control) 
to repair an artificial abdominal wall defect in 
Sprague Dawley rats. Then the relationship of 
AGEs and collagen I at the repair site was stud-
ied. SIS implants biodegrade three months 
after operation [41], and poorly-formed new 
connective tissue at repair sites occurs 
because of repeated injury from persistent 
abdominal pressure. This leads to increased 
bulging of the abdominal wall and more AGEs 
expression locally. In this study, abdominal wall 
bulging was greater in group B (SIS mesh repair) 
than in groups A and C. At the same time, the 
expression of AGEs in group B was also higher 
than that of group A and C. Furthermore, the 
collagen I content in group B was the lowest of 
the three groups. These results demonstrate 
that the expression of AGEs and collagen I were 
inversely related, hinting that AGEs might play a 
causal role to decrease collagen I levels. One 
alternative explanation is that the bugle 
occurred in group B mainly because of SIS bio-
degradation, not because of AGEs. Whether 
AGEs can directly impact collagen metabolism 
through the receptor of AGEs is currently 
unknown and must be the subject of future 
research.

Besides the change of the content and gene of 
RAGE, the function of RAGE depends on other 
factors, such as the number and functional sta-
tus of tissue resident fibroblasts, all of which 
need to be studied further in POP tissue. Finally, 
POP development in humans takes place over a 
very long time. Therefore, the changes of colla-
gen I, AGEs, and RAGE observed only described 
the final result of disease evolution. Prospective 
studies focusing on the role of the AGEs-RAGE 
pathway in POP disease processes and mecha-
nisms need to be performed.

In summary, this study has demonstrated that 
the AGEs-RAGE pathway might play important 
roles in the pathophysiology of POP through the 
expression of AGEs, but it is not clear whether 
the change of AGEs is the reason or the result 
of POP. Further studies are required to eluci-
date mechanisms of the AGEs-RAGE pathway 
in POP, to determine the relative importance of 
this pathway to overall POP disease progre- 
ssion. 



AGEs and RAGE express in POP

2297	 Int J Clin Exp Pathol 2015;8(3):2288-2299

Acknowledgements

This work was supported by grants from the 
Science and Technology Commission of Shang- 
hai Municipality (No. 124119a500).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Ke-Qin Hua or 
Changdong Hu, Department of Gynecology, Obste- 
trics and Gynecology Hospital of Fudan University, 
419 Fang Xie Rd, Shanghai 200011, P.R. China. Tel: 
+86-21-63455050*8261; Fax: +86-21-63455090; 
E-mail: huakeqin_dfwz@126.com (KQH); 1365171- 
2669@163.com (CDH)

References

[1]	 Bump RC, Norton PA. Epidemiology and natu-
ral history of pelvic floor dysfunction. Obstet 
Gynecol Clin North Am 1998; 25: 723-746

[2]	 Cetinkaya SE, Dokmeci F, Dai O. Correlation of 
pelvic organ prolapse staging with lower uri-
nary tract symptoms, sexual dysfunction, and 
quality of life. Int Urogynecol J 2013; 24: 1645-
1650.

[3]	 de Mello Portella P, Feldner PC Jr, da Conceição 
JC, Castro RA, Sartori MG, Girão MJ. Prevalence 
of and quality of life related to anal inconti-
nence in women with urinary incontinence and 
pelvic organ prolapse. Eur J Obstet Gynecol 
Reprod Biol 2012; 160: 228-231.

[4]	 Mant J, Painter R, Vessey M. Epidemiology of 
genital prolapsed: observations from the 
Oxford Family Planning Associ-ation Study. Br J 
Obstet Gynaecol 1997; 104: 579-585.

[5]	 Lince SL, van Kempen LC, Vierhout ME, 
Kluivers KB. A systematic review of clinical 
studies on hereditary factors in pelvic organ 
prolapse. Int Urogynecol J 2012; 23: 1327-
1336

[6]	 Campeau L, Gorbachinsky I, Badlani GH, 
Andersson KE. Pelvic floor disorders: linking 
genetic risk factors to biochemical changes. 
BJU Int 2011; 108: 1240-1247.

[7]	 Lammers K, Lince SL, Spath MA, van Kempen 
LC, Hendriks JC, Vierhout ME, Kluivers KB. 
Pelvic organ prolapse and collagen-associated 
disorders. Int Urogynecol J 2012; 23: 313-319.

[8]	 Budatha M, Roshanravan S, Zheng Q, 
Weislander C, Chapman SL, Davis EC, Starcher 
B, Word RA, Yanagisawa H. Extracellular matrix 
proteases contribute to progression of pelvic 
organ prolapse in mice and humans. J Clin 
Invest 2011; 121: 2048-2059.

[9]	 Suzme R, Yalcin O, Gurdol F, Gungor F, Bilir A. 
Connective tissue alterations in women with 
pelvic organ prolapse and urinary inconti-
nence. Acta Obstet Gynecol Scand 2007; 86: 
882-888.

[10]	 Ramasamy R, Yan SF, Schmidt AM. Advanced 
glycation endproducts: from precursors to 
RAGE: round and round we go. Amino Acids 
2012; 42: 1151-1161.

[11]	 Abbass MM, Korany NS, Salama AH, Dmytryk 
JJ, Safiejko-Mroczka B. The relationship be-
tween receptor for advanced glycation end 
products expression and the severity of peri-
odontal disease in the gingival of diabetic and 
non diabetic periodontitis patients. Arch Oral 
Biol 2012; 57: 1342-1354.

[12]	 Tian M, Qing C, Niu Y, Dong J, Cao X, Song F, Ji 
X, Lu S. Effect of aminoguanidine intervention 
on neutrophils in diabetes inflammatory cells 
wound healing. Exp Clin Endocrinol Diabetes 
2013; 121: 635-642.

[13]	 Gkogkolou P, Böhm M. Advanced glycation end 
products: Key players in skin aging? 
Dermatoendocrinol 2012; 4: 259-270.

[14]	 Zhu P, Ren M, Yang C, Hu YX, Ran JM, Yan L. 
Involvement of RAGE, MAPK and NF-κB path-
ways in AGEs-induced MMP-9 activation in 
HaCaT keratinocytes. Exp Dermatol 2012; 21: 
123-129.

[15]	 Lohwasser C, Neureiter D, Weigle B, Kirchner 
T, Schuppan D. The receptor for advanced gly-
cation end products is highly expressed in the 
skin and upregulated by advanced glycation 
end products and tumor necrosis factor-alpha. 
J Invest Dermatol 2006; 126: 291-299.

[16]	 Forbes JM, Söderlund J, Yap FY, Knip M, 
Andrikopoulos S, Ilonen J, Simell O, Veijola R, 
Sourris KC, Coughlan MT, Forsblom C, Slattery 
R, Grey ST, Wessman M, Yamamoto H, 
Bierhaus A, Cooper ME, Groop PH. Receptor 
for advanced glycation end-products (RAGE) 
provides a link between genetic susceptibility 
and environmental factors in type 1 diabetes. 
Diabetologia 2011; 54: 1032-1042.

[17]	 Jackson SR, Avery NC, Tarlton JF, Eckford SD, 
Abrams P, Bailey AJ. Changes in metabolism of 
collagen in genitourinary prolapse. Lancet 
1996; 347: 1658-1661.

[18]	 Kerkhof MH, Hendriks L, Brölmann HA. 
Changes in connective tissue in patients with 
pelvic organ prolapse--a review of the current 
literature. Int Urogynecol J Pelvic Floor Dysfunct 
2009; 20: 461-474.

[19]	 Jacksona S, Jamesb M, Abrams P. The effect of 
oestradiol on vaginal collagen metabolism in-
postmenopausal women with genuine stress 
incontinence. BJOG: an International Journal 
of Obstetrics and Gynecology March 2002; 
109: 339-344.

mailto:huakeqin_dfwz@126.com
mailto:13651712669@163.com
mailto:13651712669@163.com


AGEs and RAGE express in POP

2298	 Int J Clin Exp Pathol 2015;8(3):2288-2299

[20]	 Zhu X, Jin L, Zou S, Shen Q, Jiang W, Lin W, Zhu 
X. Immunohistochemical expression of RAGE 
and its ligand (S100A9) in cervical lesions. Cell 
Biochem Biophys 2013; 66: 843-850.

[21]	 Juranek JK, Aleshin A, Rattigan EM, Johnson L, 
Qu W, Song F, Ananthakrishnan R, Quadri N, 
Yan SD, Ramasamy R, Schmidt AM, Geddis 
MS. Morphological changes and Immunohis- 
tochemical expression of RAGE and its ligands 
in the sciatic nerve of hyperglycemic pig (Sus 
Scrofa). Biochem Insights 2010; 2010: 47-59.

[22]	 Harikumar KB, Kunnumakkara AB, Sethi G, 
Diagaradjane P, Anand P, Pandey MK, Gelovani 
J, Krishnan S, Guha S, Aggarwal BB.
Resveratrol, a multitargeted agent, can en-
hance antitumor activity of gemcitabine in 
vitro and in orthotopic mouse model of human 
pancreatic cancer. Int J Cancer 2010; 127: 
257-268.

[23]	 Jing RR, Cui M, Sun BL, Yu J, Wang HM. Tissue-
specific expression profiling of receptor for ad-
vanced glycation end products and its soluble 
forms in esophageal and lung cancer. Genet 
Test Mol Biomarkers 2010; 14: 355-361. 

[24]	 Daborg J, von Otter M, Sjölander A, Nilsson S, 
Minthon L, Gustafson DR, Skoog I, B lennow K, 
Zetterberg H. Association of the RAGE G82S 
polymorphism with Alzheimer’s disease. J 
Neural Transm 2010; 117: 861-867.

[25]	 Engelen L, Ferreira I, Gaens KH, Henry RM, 
Dekker JM, Nijpels G, Heine RJ, t Hart LM, van 
Greevenbroek MM, van der Kallen CJ, Blaak 
EE, Feskens EJ, Ten Cate H, Stehouwer CD, 
Schalkwijk CG. The association between the 
-374T/A polymorphism of the receptor for ad-
vanced glycation endproducts gene and blood 
pressure and arterial stiffness is modified by 
glucose metabolism status: the Hoorn and 
CoDAM studies. J Hypertens 2010; 28: 285-
293.

[26]	 Laki J, Kiszel P, Vatay A, Blaskó B, Kovács M, 
Körner A, Madácsy L, Blatniczky L, Almássy Z, 
Szalai C, Rajczy K, Pozsonyi E, Karádi I, 
Fazakas A, Hosszúfalusi N, Pánczél P, Arason 
GJ, Wu YL, Zhou B, Yang Y, Yu CY, Füst G. The 
HLA 8.1 ancestral haplotype is strongly linked 
to the C allele of -429T > C promoter polymor-
phism of receptor of the advanced glycation 
endproduct (RAGE) gene. Haplotype-
independent association of the -429C allele 
with high hemoglobinA1C levels in diabetic pa-
tients. Mol Immunol 2007; 44: 648-655.

[27]	 Lee AJ, Lee SH, Chung WH, Kim DH, Chung DJ, 
Do SH, Kim HY. Evaluation of a canine small 
intestinal submucosal xenograft and polypro-
pylene mesh as bioscaffolds in an abdominal 
full-thickness resection model of growing rats. 
J Vet Sci 2013; 14: 175-184.

[28]	 Ansaloni L, Catena F, Coccolini F, Fini M, 
Gazzotti F, Giardino R, Pinna AD. Peritoneal 
adhesions to prosthetic materials: an 
experimental comparative study of treated and 
untreated polypropylene meshes placed in the 
abdominal cavity. J Laparoendosc Adv Surg 
Tech A 2009; 19: 369-374.

[29]	 Steurer JA, Lantz GC, Kazacos EA, Saunders 
AT, Altizer AM. Chronic hernia repair in a rat 
model using small intestinal submucosa. J 
Invest Surg 2011; 24: 227-235.

[30]	 Bailey AJ. Molecular mechanisms of ageing in 
connective tissues. Mech Ageing Dev 2001; 
122: 735-755. 

[31]	 Barbiero EC, Sartori MG, Girão MJ, Baracat EC, 
de Lima GR. Analysis of type I collagen in the 
parametrium of women with and without uter-
ine prolapse, according to hormonal status. Int 
Urogynecol J Pelvic Floor Dysfunct 2003; 14: 
331-334.

[32]	 Vulic M, Strinic T, Tomic S, Capkun V, Jakus IA, 
Ivica S. Difference in expression of collagen 
type I and matrix metalloproteinase-1 in utero-
sacral ligaments of women with and without 
pelvic organ prolapse. Eur J Obstet Gynecol 
Reprod Biol 2011; 155: 225-228.

[33]	 Goepel C, Johanna Kantelhardt E, Karbe I, 
Stoerer S, Dittmer J. Changes of glycoprotein 
and collagen immunolocalization in the uter-
ine artery wall of postmenopausal women with 
and without pelvic organ prolapse. Acta 
Histochem 2011; 113: 375-381.

[34]	 Moalli PA, Talarico LC, Sung VW, Klingensmith 
WL, Shand SH, Meyn LA, Watkins SC. Impact of 
menopause on collagen subtypes in the arcus 
tendineous fasciae pelvis. Am J Obstet Gynecol 
2004; 190: 620-627.

[35]	 Moalli PA, Shand SH, Zyczynski HM, Gordy SC, 
Meyn LA. Remodeling of vaginal connective tis-
sue in patients with prolapse. Obstet Gynecol 
2005; 106: 953-963.

[36]	 Cooper ME. Importance of advanced glycation 
end products in diabetes-associated cardio-
vascular and renal disease. Am J Hypertens 
2004; 17: 31S-38S.

[37]	 Niu Y, Xie T, Ge K, Lin Y, Lu S. Effects of extra-
cellular matrix glycosylation on proliferation 
and apoptosis of human dermal fibroblasts via 
the receptor for advanced glycosylated end 
products. Am J Dermatopathol 2008; 30: 344-
351.

[38]	 Deane RJ. Is RAGE still a therapeutic target for 
Alzheimer’s disease? Future Med Chem 2012; 
4: 915-925.

[39]	 Ramasamy R, Yan SF, Schmidt AM. Receptor 
for AGE (RAGE): signaling mechanisms in the 
pathogenesis of diabetes and its complica-
tions. Ann N Y Acad Sci 2011; 1243: 88-102.



AGEs and RAGE express in POP

2299	 Int J Clin Exp Pathol 2015;8(3):2288-2299

[40]	 Liang R, Zong W, Palcsey S, Abramowitch S, 
Moalli PA. Impact of prolapse meshes on the 
metabolism of vaginal extracellular matrix in 
rhesus macaque. Am J Obstet Gynecol 2015; 
212: 174.e1-7.

[41]	 Santucci RA, Barber TD. Resorbable extracel-
lular matrix grafts in urologic reconstruction. 
International Braz J Urol 2005; 31: 192-203.



AGEs and RAGE express in POP

1	

Table S1. Procedure of PCR
procedure temperature time
initial denaturation 95°C 5 min
denaturation 95°C 30 s
annealing 52-63°C 30 s
extention 72°C 60 S
final extention 72°C 10 min
cycle 35°C


