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 Background: Pelvic organ prolapse (POP) is a disease associated with collagen loss and decreased fibroblast proliferation. 
Transforming growth factor beta 1 (TGF-b1) controls collagen synthesis and degradation in pelvic connective 
tissue. Although the p44/42 MAPK pathway has been implicated in collagen production and extracellular ma-
trix disorders, its expression in POP remains unknown. This study aimed to investigate TGF-b1 and p44/42 ex-
pression in cardinal ligament tissues in patients with POP.

 Material/Methods: Cardinal ligament tissues were obtained from 30 patients with POP (POP group) and 30 patients with benign 
gynecological disorders who had undergone total hysterectomy (control group). The clinical characteristics of 
the 2 groups were summarized. Immunohistochemical staining and western blotting analysis were performed 
to measure the expression of TGF-b1, p44/42, phospho-p44/42, MMP9, TIMP1, caspase 3, collagen I, and col-
lagen III in the cardinal ligament tissues.

 Results: Patients with POP had significantly lower TGF-b1 and phospho-p44/42 levels than did control patients (P<0.05). 
The expression of TIMP1, collagen I, and collagen III was significantly lower, and the expression of MMP9 and 
caspase 3 was significantly higher in the POP group than in the control group (P<0.05). Moreover, the expres-
sion of phospho-p44/42 was positively correlated with the expression of TGF-b1, collagen I, and collagen III.

 Conclusions: The expression levels of phospho-p44/42 and TGF-b1 were decreased in patients with POP and were positive-
ly correlated with collagen expression. Low levels of TGF-b1 and phospho-p44/42 expression in patients with 
POP may be associated with the occurrence of POP.
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Background

Pelvic organ prolapse (POP) is characterized by the weaken-
ing of pelvic supportive tissue in women, leading to prolapse 
of the uterus, bladder, and rectum outside the pelvis through 
the vagina [1]. POP, which is more common in older women, 
affects approximately 9% of women worldwide and greatly 
impacts their quality of life [2,3]. An epidemiological survey 
of 78.5 million person-years in a US population found that 76 
in 100 000 women underwent surgery for POP between 2005 
and 2010 [4].

The pelvic organs are mainly supported by connective tissues, 
of which the cardinal ligament of the uterus is an important 
part. POP occurs when connective tissues are disrupted and 
weakened [5,6]. The pelvic connective tissue comprises an ex-
tracellular matrix (ECM) and relatively few cells. Elastin and 
collagens produced by fibroblastic cells are major components 
of the ECM, maintaining its integrity, strength, and flexibili-
ty [7]. Previous studies have shown that the pelvic supportive 
tissues of patients with POP have significantly lower contents 
of collagen I and III [8-10]. These findings suggest that altera-
tions in collagen metabolism and fibroblast proliferation play 
significant roles in POP development.

Transforming growth factor beta (TGF-b) is a family of mul-
tifunctional cytokines that is important for ECM metabolism 
and fibroblast proliferation [11]. TGF-b1 controls collagen syn-
thesis and degradation in pelvic connective tissue by stimu-
lating the synthesis of tissue inhibitors of metalloproteinases 
(TIMPs) and inhibiting the activity of matrix metalloproteinas-
es (MMPs) [12,13]. MMP9, which is inhibited by TIMP1, is in-
volved in fibrosis, ECM degradation, and tissue destruction [14]. 
TGF-b1 signaling occurs via the Smad-dependent and -inde-
pendent pathways [15,16]. Liu et al [17] reported that TGF-b1 
expression is associated with the severity of POP and that the 
TGF-b1/Smad3 signaling pathway participates in its occurrence. 
Indeed, treatment of human uterosacral ligamental fibroblasts 
with TGF-b1 attenuates ECM loss via the TGF-b1/Smad3 sig-
naling pathway [18].

The Smad-independent signaling pathway is initiated by the 
activation of mitogen-activated protein kinases (MAPKs) such 
as the p44/42 (ERK1/2) MAPK pathway [19], which is a critical 
intracellular mediator of MMP9 expression induced by matrix 
fragments [20]. Importantly, p44/42 signaling mediates TGF-
b-regulated collagen production and degradation in the devel-
opment of kidney fibrosis [21]. Previous studies have implicat-
ed p44/42 MAPK signaling in ECM metabolism disorder [22] 
and the modulation of collagen I expression in human dermal 
fibroblasts [23]. Moreover, p44/42 MAPK activation is widely 
associated with anti-apoptotic functions [24,25]. Collectively, 
these findings suggest that the p44/42 MAPK pathway is 

associated with fibroblast growth and collagen synthesis. 
However, whether the p44/42 MAPK pathway participates in 
the TGF-b1-dependent regulation of pelvic ligament collagen 
synthesis remains unknown.

In this study, we aimed to identify differences in expression 
levels of TGF-b1, phospho-p44/42, collagen type I, and col-
lage type III in cardinal ligament tissue in patients with POP 
and patients without POP. To this aim, we assessed the ex-
pression of TGF-b1, p44/42, phospho-p44/42, collagen I, col-
lagen III, TIMP1, MMP9, and the apoptotic protease caspase 3 
in cardinal ligament tissue of patients with and without POP. 
In addition, we examined whether phospho-p44/42 protein 
levels correlated with those of TGF-b1, collagen I, and colla-
gen III in these patients.

Material and Methods

Patients and Specimens

This study was conducted at the Shengjing Hospital of the China 
Medical University (Shenyang, China) and was approved by the 
ethics committee of the hospital (No. 2018PS68K). Thirty pa-
tients who had undergone surgery for POP were recruited as 
the POP group. Additionally, we selected 30 patients with be-
nign gynecological disorders who had undergone total hyster-
ectomy as the control group, including 8 patients with cervical 
intraepithelial neoplasia and 22 patients with uterine fibroids. 
Patients with estrogen-related diseases or a history of hormone 
therapy within 3 months prior to the study were excluded. All 
procedures followed the principles of the 1975 Declaration of 
Helsinki, and all patients provided written informed consent.

A cardinal ligament tissue sample from each patient was ob-
tained during surgery. The tissue sample was stored at -80°C 
for western blotting analysis or fixed in 4% paraformaldehyde 
for 48 h for immunohistochemical (IHC) staining.

IHC Staining

Cardinal ligament tissue was fixed in 4% paraformaldehyde 
for 48 h, and a 4-µm-thick paraffin-embedded section was 
prepared. The protein expression of collagen I, collagen III, 
TGF-b1, p44/42, and phospho-p44/42 was examined using IHC 
staining. Briefly, sections were de-waxed in xylene and dehy-
drated in ethanol. After antigen retrieval with citrate buffer 
(Beijing Golden Bridge Biotechnology, Beijing, China), the sec-
tions were incubated in 3% H2O2 for 20 min and then blocked 
with 10% goat serum for 20 min. Subsequently, the sections 
were incubated overnight at 4°C with primary antibodies 
against the following: collagen I (1: 600, Abcam, Cambridge, 
United Kingdom), collagen III (1: 400, Abcam), TGF-b1 (1: 200, 
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Abcam), p44/42 (1: 400, Cell Signaling Technology, USA), phos-
pho-p44/42 (1: 400, Cell Signaling Technology), MMP9 (1: 200, 
Proteintech Group, USA), TIMP1 (1: 100, Affinity Biosciences, 
USA), and apoptosis-associated protein caspase3 (1: 300, 
Proteintech). Thereafter, goat anti-rabbit secondary antibody 
(1: 5000, Merck, Darmstadt, Germany) or goat anti-mouse sec-
ondary antibody (1: 5000, Merck) was added, and the forma-
tion of antigen-antibody complexes was visualized using a di-
aminobenzidine detection kit (Solarbio Life Sciences, China). 
To observe the results, a Nikon microscope was used at 200× 
and 400× magnification (Nikon Optical, Japan). Image-pro plus 
6.0 software (Media Cybernetics, USA) was used to analyze 
the staining results. The optical density value of the positive 
part was detected by Image-pro plus software, and the mean 

density was calculated by the ratio of optical density value to 
the distribution area.

Western Blotting

Cardinal ligament tissue (1 g) was first ground in liquid ni-
trogen and then underwent lysis with radioimmunoprecipi-
tation assay buffer (Beyotime), followed by centrifugation at 
5000 g for 5 min. Protein was quantified using a bicincho-
ninic acid protein quantification kit (Beyotime). Polypeptides 
in the protein samples (30 µg) were separated using sodi-
um dodecyl sulfate-polyacrylamide gel electrophoresis and 
10% acrylamide gels, subsequently transferred to polyvinyl-
idene fluoride membranes (Millipore Sigma, Burlington, MA, 

Group POP (n=30) Control (n=30) P value

Age (years) 57.63±6.01 56.97±4.72 0.634

Parity 1.63±0.89 1.50±0.78 0.539

Body mass index (kg/m2) 23.18±1.53 23.23±1.28 0.898

Table 1. Clinical characteristics of the 60 patients enrolled in the study.

Data are shown as mean±standard deviation. POP – pelvic organ prolapse.

Figure 1.  Immunohistochemical staining for collagen I and collagen III in the cardinal ligament. (A-D) Representative images showing 
that the expression of collagen I and III in the control group was statistically significantly higher than that in the POP group. 
(E, F) Quantitative analysis. * P<0.05. Magnification: 200× (A1-D1) and 400× (A2-D2). POP – pelvic organ prolapse.
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USA), and blocked with 5% dried skimmed milk powder for 
2 h. The membranes were then incubated with primary an-
tibodies against TGF-b1 (1: 1000), collagen I (1: 500), colla-
gen III (1: 500), p44/42 (1: 1000), phospho-p44/42 (1: 1000), 
MMP9 (1: 1000), TIMP1 (1: 1000), caspase 3 (1: 1000), or b-
actin (1: 1000) at 4°C overnight, followed by 3 washes with 
tris-buffered saline with Tween (TBST). Subsequently, horse-
radish peroxidase-conjugated secondary antibody (1: 5000, 
Thermo Fisher Scientific) was added to the membranes, fol-
lowed by incubation at 25°C for 1 h. The membranes were then 
washed thrice with TBST to remove the unbound secondary 
antibody. An AI600 imager (GE Healthcare) was used to visu-
alize the protein bands, and Image J software (NIH, Bethesda, 
MD, USA) was used for analysis.

Statistical Analysis

Data were analyzed using SPSS software version 19.0 (IBM, 
USA), and GraphPad Prism 8.0 (GraphPad Software, USA) 
was used for data processing. Data are presented as the 
mean±standard deviation. Independent sample 2-sided t tests 
were used for comparisons between 2 groups. The correlation 
between variables was computed using the Pearson’s corre-
lation analysis. A P value less than 0.05 was considered sta-
tistically significant.

Results

The clinical characteristics of the 60 patients enrolled in the 
study are summarized in Table 1. We calculated the average 
age, parity, and body mass index of the 2 groups, and these 
characteristics were summarized and compared between the 
2 groups (P>0.05).

IHC staining showed that the expression of collagen I and 
III was significantly lower in the POP group than in the con-
trol group (0.131±0.025 vs 0.181±0.037 and 0.109±0.024 vs 
0.169±0.038, respectively, P<0.05) (Figure 1). Western blotting 
showed the same trends (Figure 2).

The POP group had significantly lower TGF-b1 expression than 
the control group, (0.138±0.025 vs 0.191±0.041, P<0.05). The 
expression of phospho-p44/42 was also significantly low-
er in the POP group (0.123±0.032) than in the control group 
(0.175±0.044, P<0.05). In contrast, there were no statistically 
significant differences in the expression of p44/42 between the 
2 groups (Figure 3). The ratio of phospho-p44/42 to p44/42 
was lower in the POP group (0.827±0.160) than in the control 
group (1.103±0.212) (P<0.01). Western blotting showed the 
same trends (Figure 4).
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Figure 2.  Western blot for collagen I and collagen III in the cardinal ligament. (A) Western blot analysis of collagen I and collagen III 
expression. (B, C) Relative densitometry analysis. * P<0.05, ** P<0.01.
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In addition, phospho-p44/42 protein levels were significantly 
positively correlated with TGF-b1 (r=0.054, P<0.01), collagen I 
(r=0.296, P<0.05), and collagen III (r=0.657, P<0.01) (Figure 5). 
These results suggested that the pathogenesis of POP is asso-
ciated with decreased expression of TGF-b1, phospho-p44/42, 
collagen I, and collagen III.

The expression of MMP9 was significantly higher (P<0.05) 
in the POP group (0.223±0.051) than in the control group 
(0.131±0.016), whereas TIMP1 expression showed the oppo-
site trend (0.173±0.017 vs 0.271±0.045, P<0.05). The expres-
sion of caspase 3 was significantly lower (P<0.05) in the POP 
group (0.242±0.045) than in the control group (0.159±0.026) 
(Figure 6). Results of western blotting were consistent with 
those of the IHC staining (Figure 7).

Discussion

POP is a manifestation of the aging of pelvic supportive tissue 
in women. Loss of collagen and decreased fibroblast prolifera-
tion contribute to the development of POP [8-11]. Previous stud-
ies have shown that patients with POP have significantly lower 
contents of collagen in the pelvic supportive tissues [8-10], sug-
gesting that alterations in collagen metabolism and fibroblast 
proliferation play significant roles in POP development. TGF-b1 
controls collagen synthesis and degradation in pelvic connective 
tissue by stimulating TIMP synthesis and inhibiting MMP activ-
ity [12,13]. The TGF-b1/Smad3 signaling pathway participates 
in the occurrence of POP, and TGF-b1 expression is associated 
with its severity [18]. The Smad-independent TGF-b1 signaling 
pathway activates MAPKs such as p44/42 [19], which is a crit-
ical intracellular mediator of MMP9 expression [20]. Previous 

Figure 3.  Immunohistochemical staining for TGF-b1, p44/42, and phospho-p44/42 in the cardinal ligament. (A-F) Representative 
images showing that the expression of TGF-b1 and phospho-p44/42 in the control group was statistically significantly 
higher than that in the POP group. In contrast, the difference in p44/42 expression between the groups was not significant. 
(G-I) Quantitative analysis. *P<0.05; ns non-significant. Magnification: 200× (A1-F1) and 400× (A2-F2). POP – pelvic organ 
prolapse; TGF-b1 – transforming growth factor beta 1; P-P44/42 – phospho-p44/42.
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Figure 4.  Western blot for TGF-b1, P44/42, and phospho-p44/42 in the cardinal ligament. (A) Western blot analysis of TGF-b1, P44/42, 
and phospho-p44/42 expression. (B-E) Relative densitometry analysis. * P<0.05; ** P<0.01; ns – non-significant.
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Figure 5.  The correlation between phospho-p44/42 and TGF, collagen I, and collagen III. Phospho-p44/42 levels were significantly 
positively correlated with TGF-b1, collagen I, and collagen III. P-P44/42, phospho-p44/42 (A-C).

Figure 6.  Immunohistochemical staining for MMP9, TIMP1, and caspase 3 in the cardinal ligament. (A-F) Representative images 
showing that compared with the control group, the expression of MMP9 and caspase 3 was significantly higher and that of 
TIMP1 was significantly lower in the POP group. Quantitative analysis (G-I). * P<0.05. Magnification: 200× (A1-F1) and 400× 
(A2-F2). POP – pelvic organ prolapse; TGF-b1 – transforming growth factor beta 1.

MMP 9

TIMP 1

Caspase 3

Control POP

Control POP

0.4

0.3

0.2

0.1

0.0

M
ea

n d
en

sit
y o

f C
as

pa
se

 3

*

Control POP

0.4

0.3

0.2

0.1

0.0

M
ea

n d
en

sit
y o

f T
IM

P 1

*

Control POP

0.3

0.2

0.1

0.0

M
ea

n d
en

sit
y o

f M
M

P 9

*

A

A1 B1

C1

E1

D1

F1

A2

C2

E2

B

C D

E

G H I

F

B2

D2

F2

e930433-7
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Zhao Y. et al: 
TGF-b1and p44/42 expression in pelvic organ prolapse
© Med Sci Monit, 2021; 27: e930433

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



MMP 9

TIMP 1

Caspase 3

β-actin

Control POP

Control POP

1.0

0.8

0.6

0.4

0.2

0.0

Re
lat

ive
 ex

pr
es

sio
n o

f M
P 9

(ra
tio

 to
 β-

ac
tin

)

**

Control POP

0.8

0.6

0.4

0.2

0.0

Re
lat

ive
 ex

pr
es

sio
n o

f T
IM

P 1
(ra

tio
 to

 β-
ac

tin
)

**

Control POP

1.0

0.8

0.6

0.4

0.2

0.0
Re

lat
ive

 ex
pr

es
sio

n o
f C

as
pa

se
 3

(ra
tio

 to
 β-

ac
tin

)

**

A

B C D

Figure 7.  Western blot for MMP9, TIMP1, and caspase 3 in the cardinal ligament. (A) Western blot analysis of MMP9, TIMP1, and 
caspase 3 expression. (B-D) Relative densitometry analysis. * P<0.05, **P<0.01.

studies have implicated p44/42 signaling in TGF-b-regulated 
collagen production and degradation during the development 
of kidney fibrosis [21], ECM metabolism disorder [22], and the 
modulation of collagen I expression in human dermal fibro-
blasts [23]. Although these findings suggest that the p44/42 
MAPK pathway is associated with fibroblast growth and col-
lagen synthesis, it remains unknown whether the expression 
of p44/42 is different in prolapse. The aim of this study was 
to investigate TGF-b1 and p44/42 expression in cardinal liga-
ment tissues of patients with POP.

In this study, we confirmed that the expression of collagen I 
and III is significantly downregulated in the cardinal ligaments 
of patients with POP. Moreover, we demonstrated that the pro-
tein expression of TGF-b1 and phospho-p44/42 is significantly 
lower in the cardinal ligaments of patients with POP than in 
those of control patients. In addition, phospho-p44/42 protein 
levels were significantly positively correlated with TGF-b1, col-
lagen I, and collagen III levels in the POP and control groups. 
Additionally, we found that MMP9 and caspase 3 expression 
was significantly higher, whereas TIMP1 expression was signifi-
cantly lower, in the POP group compared with the control group.

The balance between MMPs and TIMPs significantly contrib-
utes to ECM remodeling. MMP9, which is inhibited by TIMP1 
and is involved in fibrosis, ECM degradation, and tissue de-
struction [14]. These findings support our present observa-
tions on MMP9 and TIMP1 expression. The increased expres-
sion of MMP9 and the lower expression of TIMP1 in patients 
with POP may increase ECM degradation and decrease colla-
gen expression. Alarab et al [26] reported that the dysregula-
tion of MMP/TIMP complexes causes connective tissue defects, 
which result in weakened vaginal wall support and POP de-
velopment. Moreover, the anti-apoptotic functions of p44/42, 
which are exerted by controlling cell proliferation and differ-
entiation, have previously been demonstrated [24,25]. In the 
present study, we found that the expression of the apoptotic 
protease caspase 3 was significantly increased in the tissues 
of patients with POP, which may have been due to the lower 
expression of phospho-p44/42 in these patients.

Collectively, our results suggest that the occurrence of POP may 
be due to the lower expression of TGF-b1 and p44/42, followed 
by the collagen reduction and enhanced apoptosis in the car-
dinal ligament. Thus, TGF-b1-dependent p44/42 signaling rep-
resents a promising therapeutic pathway for POP prevention.
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However, this study has some limitations. First, the sample 
size was small and should be increased to further verify the 
expression of p44/42 in prolapse cases. In addition, the role 
of p44/42 in collagen metabolism should be further demon-
strated in vitro experiments by examining the regulation of 
TGF-b1 and p44/42 in cells. Therefore, further studies to ad-
dress these issues are needed.

Conclusions

The cardinal ligaments of patients with POP exhibited signifi-
cantly lower expression of TGF-b1 and phospho-p44/42 than 
those of patients without POP. TGF-b1 and phospho-p44/42 
were positively correlated with collagen expression. TGF-b1 
and phospho-p44/42 may affect collagen metabolism and be 
associated with the occurrence of POP, but further studies are 
needed for confirmation.
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