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Abstract. Pelvic organ prolapse (POP) is a common symptom 
of pelvic floor disorders which is characterized by the descent 
of the uterus, bladder or bowel from their normal anatomical 
position towards or through the vagina. Among the older 
population, the incidence of POP increases with age. It is 
becoming necessary to recognize that POP is a degenerative 
disease that is correlated with age. In recent years, studies 
have been performed to improve understanding of the cellular 
and molecular mechanisms concerning senescent fibroblasts 
in pelvic tissues, which contribute to the loss of structure 
supporting the pelvic organs. These mechanisms can be 
classified into gene and mitochondrial dysfunctions, intrinsic 
senescence processes, protein imbalance and alterations in 
stem cells. The present review provides an integrated overview 
of the current research and concepts regarding POP, in addition 
to discussing how fibroblasts can be targeted to evade the nega-
tive impact of senescence on POP. However, it is probable that 
other mechanisms that can also cause POP exist during cell 
senescence, which necessitates further research and provides 
new directions in the development of novel medical treatment, 
stem cell therapy and non‑surgical interventions for POP.
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1. Introduction

Pelvic organ prolapse (POP) is a common symptom of pelvic 
floor disorders that is characterized by loss of support to the 
uterus, bladder and bowel, leading to their descent from their 
normal anatomic position towards or through the vagina (1). 
Pelvic floor disorders affect a substantial proportion of women 
in the USA, where the incidence increases with age (2). In total, 
≥75% women receiving routine gynecological care exhibit 
some levels of prolapse (2). The risk of POP increases with age, 
reaching a peak in individuals aged 60‑69 years (3). A sample 
study previously revealed that women in the 60‑70 years age 
group experience higher levels of distress from POP compared 
with those in younger women regardless of the stage of 
prolapse (4). Pelvic organs are connected and are supported 
by the levator ani muscle complex, cardinal and uterosacral 
ligament (USL), endopelvic fascia and the pelvis itself (3). A 
connective tissue network forms the footing of the pelvic struc-
tures, where fibroblastic cells produce the extracellular matrix 
(ECM) proteins, including collagen I/III and fibronectin, which 
are necessary for sustaining the mechanical integrity of the 
normal pelvic structure (5). Any disruptions or malfunction 
in this cell‑based support and suspension network will lead to 
the weakening of the pelvic floor, leading to prolapse (6,7). In 
summary, the pathogenic mechanism of POP mainly results 
from the loss of anatomical support during aging.

On a cellular basis, general cell senescence is the predomi-
nant process driving aging. There are a number of phenotypes 
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associated with cellular aging, including genomic instability, 
telomere attrition, epigenetic alterations, loss of proteostasis, 
dysregulated nutrient sensing, mitochondrial dysfunction, 
cellular senescence, stem cell exhaustion and altered intercel-
lular communication (Fig. 1) (8). In the present review, the 
roles of cellular senescence in POP, in addition to the possible 
senescence biomarkers reported from previous POP studies, 
will be discussed. It is hoped that this information can provide 
novel insights into the pathogenesis of POP.

2. Increases in oxidative stress causes fibroblast cell 
damage in the pelvic tissue

Genetic alterations in resident cells in the pelvic tissues serve 
as the main hallmark of the aging process (8). The integrity and 
stability of DNA are constantly under threat from both exog-
enous and endogenous sources, including those provided by 
oxidative stress and enzymes associated with DNA, causing a 
variety of genetic lesions, including oxidative DNA replication 
errors, double‑strand breaks and chromosome aberrations (9).

In terms of OS, reactive oxygen species (ROS) or OS levels 
are regulated by the balance between ROS production and 
elimination. Aging processes have been frequently associated 
with defective anti‑oxidative systems. Kim et al (10) found 
that the levels of OS markers 8‑hydroxy‑2'‑deoxyguanosine 
and 4‑hydroxy‑2‑nonenal were increased in the USLs of 
patients with POP. OS activated a downstream effector of 
AKT, initiating the PI3K/AKT signaling pathway to promote 
fibroblast apoptosis in pelvic tissues and the reduction of type I 
collagen (11). A previous study reported that the antioxidant 
gene inducer nuclear factor erythroid‑2‑related factor 2 (Nrf2) 
counteracted ROS production. Mice deficient in Nrf2 displayed 
higher stress urinary incontinence indices and increased levels 
of OS‑induced apoptosis in vivo (12). In addition, higher levels 
of Nrf2 expression alleviated trauma‑induced abnormalities 
in the anterior vaginal wall. Lower levels of Nrf2 and exces-
sive OS induced the loss of fibroblasts and type I collagen in 
the pelvic tissue, which in turn weakened the force of pelvic 
supportive tissues (13).

Aside from aberrant redox signaling caused by senescence, 
endogenous ROS can also mediate DNA damage, revealing 
another mechanism associated with prolapse as a result of 
aging. The accumulation of oxidative products inhibits cell 
proliferation (14). Advanced glycation end products (AGEs) 
are products of non‑enzymatic glycation and oxidation that 
frequently accumulate during aging. Several studies have 
previously revealed that AGEs inhibited human vaginal 
fibroblast proliferation in a number of POP cases, where they 
decreased the expression of collagen whilst increasing that 
of matrix metalloproteinase (MMP). These agents adjust the 
intracellular conditions by regulating the balance between 
MMPs and tissue inhibitors of metalloproteinases (TIMPs) 
in addition to gene expression (15). Following AGE treatment 
in vitro, increased expression of MMPs and reduced levels of 
TIMPs resulted in the rapid degradation of type I collagen and 
elastin, along with the subsequent loss of force in the supportive 
tissues (16). In senescent pelvic tissues, receptor of AGEs, p38 
MAPK and NF‑κB signaling pathways partially mediated the 
effects of AGE treatment on fibroblasts from patients with 
POP by inhibiting collagen synthesis whilst upregulating 

MMP‑1 expression  (17). Thus, the aforementioned studies 
suggested that the imbalanced senescent ROS/OS system may 
induce the accumulation of AGEs and suppress Nrf2 signaling, 
thereby inhibiting collagen/elastin synthesis through various 
molecular pathways.

3. Mitochondrial dysfunction in fibroblasts

Mitochondrial dysfunction and the decline in respiratory chain 
activity have been demonstrated to be a major characteristic of 
aging in numerous types of tissues, such as skin and nervous 
tissues (18). Dysfunctional mitochondria exhibit reduced respi-
ratory capacity, imbalanced ROS levels, an increased number 
of mitochondrial DNA (mtDNA) mutations and altered mito-
chondrial biogenesis. mtDNA is highly sensitive to oxidative 
damage due to its proximity to the site of ROS production, and 
lack of standard chromatin structure or repair mechanism (19).

Mitochondrial fusion protein‑2 (Mfn2) is a conserved 
dynamin‑like GTPase protein localized to the mitochondrial 
outer membrane and regulates mitochondrial fusion (20). Mfn2 
can also localize to the endoplasmic reticulum (ER) where it 
can mediate fusion between the mitochondria and ER (21,22). 
Previous studies demonstrated that the expression levels of 
Mfn2 were significantly higher in cultured fibroblasts from 
the elderly POP group, with reduced modulation of types I 
and III procollagen (23,24). Concomitantly, cyclin‑dependent 
kinase (CDK) 2, ERK1/2 and Raf‑1 expression were also 
reduced, while that of the cell cycling signal phosphoprotein 
21 wild‑type p53 activating fragment (p21CIP1/WAF1) was 
adversely increased (23). Senescent cells in aging pelvic tissues 
represent a mitochondrial dysfunction. Via the Raf‑ERK axis, 
cells such as mesenchymal stem cells suffer from rapid cell 
cycle arrest and functionally impaired fibroblasts secrete less 
extracellular matrix proteins, including collagen. In addition, 
dysfunctional mitochondria in the senescent fibroblasts of 
pelvic tissues overexpress Mfn2, resulting in the loss of procol-
lagens via the Raf‑ERK axis and rapid cell cycle arrest (19,23).

4. General cellular senescent phenotypes associated with 
the pathogenesis of POP.

Senescence is a cellular response which is characterized by 
stable growth arrest and phenotypic adjustments, such as the 
expression of proinflammatory factors  (25‑27). Molecules 
such as transforming growth factor‑β (TGF‑β) are deacti-
vated during fibroblast cell senescence in pelvic tissues (28). 
Senescent fibroblasts demonstrate distinctive mRNA 
expression profiles that involve a wide variety of cytokines, 
chemokines, proteases and growth factors (9).

When undergoing senescence, fibroblasts experience 
destruction in specific DNA sequences and genes, shortening 
of the telomere and the activation of the tumor suppressor p53. 
The p53 pathway upregulates p21CIP1/WAF1 signaling through 
the NF‑κB pathway. Meanwhile, senescence‑mediated stimuli 
CDK4/6 activates the p16INK4A pathway, which operates in 
concert with p21CIP1/WAF1 in arresting cell cycle progression 
at the G1 phrase (29‑31). Senescent fibroblasts accumulate in the 
pelvic tissue, where they exhaust the tissue of proliferative and 
renewable stem cells over time, interfering with the homeostatic 
and regenerative capacity of the pelvic tissues. With this 
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reduction in active fibroblasts, pelvic tissues are deprived of the 
collagen necessary to support the pelvic organs (28).

Procollagen types I and III are precursors to collagen I/III 
depending on the isoform of the active MMP. Senescent cells 
express reduced levels of TGF‑β, which is an MMP regulator 
that suppresses the activity of MMP‑2/9 (28,32). USL collagen 
fibers constitute 80% of the connective tissues in the USL 
and are considered to be an essential component of the pelvic 
supporting structure (33). Loss of collagen I/III contributes to 
the weakened tensile force of the connective tissue. Specimens 
obtained from elderly patients with POP showed a significant 
reduction in TGF‑β1 expression compared with that in younger 
POP groups (34). As a result of the lower expression levels of 
TGF‑β associated with senescence in pelvic tissue fibroblasts, 
MMPs are activated to degrade collagen I/III in the pelvic 
supportive tissues. (Figs. 2 and 3).

Additionally, a previous study with other tissue dysfunc-
tions such as prolapsus uteri previously demonstrated that 
the levels of the NF‑κB pathway‑related p53 protein and 
mRNA are decreased in elderly prolapse groups, suggesting 
a higher proliferative capacity of prolapsus fibroblasts (35). 
Accompanied with the reduced expression of p53 and p21, 
an intrinsic perturbation of cell cycle progression occurs in 
the fibroblasts (36). The activation of senescent cell defensive 
system induces the loss of fibroblasts in pelvic tissues through 
apoptosis, necroptosis and autophagic cell death.

Previous studies with a number of senescence‑associated 
secretory phenotypes suggested that cell senescence corre-
lates strongly with the pathogenesis of POP (11,16,23,28). In 
dermal fibroblasts, an in vivo experiment has confirmed the 
increased secretion of the cysteine‑rich angiogenic inducer 
protein 61, also known as cellular communication network 
factor 1 (CCN1) (37). CCN1 is a matrix protein that stimulates 
the secretion of proinflammatory cytokines and MMPs. They 

also induce fibroblast senescence to limit tissue fibrosis during 
wound healing (38). A previous study also reported elevated 
CCN1 expression in elderly patients with POP, with a greater 
extent of fibroblast and collagen loss, suggesting that general 
fibroblast senescence results in the loss of structural support 
(Huang et al, unpublished data).

5. Imbalanced proteostasis in fibroblasts of pelvic tissues

Impaired protein synthesis and dysregulation of protein volume 
have demonstrated a close correlation with diseases associated 
with aging such as POP  (39). Proteins are regulated by a 
sequenced mechanism to preserve stability and functionality, 
in a process known as proteostasis. Proteostasis encompasses 
mechanisms that preserve the stability of correctly folded 
proteins  (40), where proteolytic systems remove damaged 
proteins  (41‑43). The unstable proteolytic systems during 
cellular senescence results in the decline of the proteasome (44).

Imbalanced proteostasis in elderly patients with POP 
presents as marked reductions in estrogen, leading to lower 
levels of mature enzymes, including the lysyl oxidase 
family of enzymes, a disintegrin and metalloproteinase with 
thrombospondin motifs and bone morphogenetic protein‑1 
(BMP1)  (45,46). Estrogen treatment on post‑menopausal 
patients with POP resulted in the enhanced expression 
of collagens and elastin through regulation of the BMP1 
and MMP/TIMP complexes to improve the wound healing 
process, in turn leading to the preservation of fibroblasts 
and supportive collagens (47). MMP‑1, MMP‑2 and MMP‑3 
showed a reduction in expression along with an increase in 
TIMP1/4 expression after estrogen treatment in elderly patients 
with POP  (47). Observations from local estrogen therapy 
indicates the essential role of proteostasis during senescence 
within the pelvic tissue environment, including the balance 

Figure 1. Hallmarks of the aging process for POP. The scheme presents the six hallmarks described in this review: Genomic instability, mitochondrial dysfunc-
tion, imbalanced proteostasis, cell senescence, intercellular communication and stem cell exhaustion. (A‑D) Deterioration process of pelvic organ support 
according to the Pelvic Organ Prolapse Quantification system (78): Uterus and accessory organs in (A) the correct anatomical position, (B) patients with class 
I POP, (C) patients with class II POP and (D) patients with class III POP. POP, pelvic organ prolapse. 
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between BMP1, MMP/TIMP and procollagen/collagen. In 
this regard, estrogen serves to balance the protein levels, limit 

undesirable ECM degradation and to strengthen the vaginal 
ECM supporting structures.

Figure 2. Collagen synthesis. Synthesis of collagen in human cells, such as myofibroblasts, fibroblasts, cardiomyocytes and inflammatory cells. Amino acids 
synthesize the procollagen that transforms to mature collagen via proteinase activity. Lysyl oxidase continuously catalyzes to form collagen fibers. During 
degradation, collagenases break down collagen fibers to peptides and matrikines. The lysyl oxidase family, and BMP‑1‑ADAMTS and MMP‑TIMP complexes 
play an essential role in mature collagen synthesis and collagen fiber degradation processes. MMP, matrix metalloprotein; TIMP, tissue inhibitor of metal-
loproteinase; BMP‑1, bone morphogenetic protein‑1; ADAMTS, a disintegrin and metalloproteinase with thrombospondin motifs; TGF‑β, transforming 
growth factor β. 

Figure 3. Location and process of collagen assembly. Underlying intracellular pathways, proline, glycine and lysine synthesize procollagen triple helix via 
proteinase activity. Underlying extracellular pathways, procollagen fibers are modified and tightened to form effective and functional collagens catalyzed by 
carboxyproteinase and lysyl oxidase. 
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Muscle dysfunction is also one of the causes of organ 
prolapse in the pelvis  (6). In a similar manner, heat‑shock 
protein 72 (hsp72) induced the intrinsic preservation of muscle 
function and postponed the development of dystrophic muscle 
changes. Hsp72 is highly expressed in patients with POP 
together with other molecules, where they ensure the correct 
folding of newly generated proteins, especially collagen and 
actin, in addition to the refolding of damaged proteins to 
maintain the force of pelvic tissues (48). Dysfunctional proteins 
accumulate in muscle cells as the Hsp  family of proteins, 
autophagy‑lysosome and ubiquitin‑proteasome systems 
decline with aging, resulting in muscle dysfunction (49).

6. Obstacles and outlook

The present review presented some findings on the underlying 
mechanism of fibroblast senescence on the pathogenesis of 

POP. Thus far, available interventions for patients with POP 
include surgical, non‑surgical and physical interventions, 
which are mainly focused on the physical conditions of the 
supportive structures, where the ligaments are overhung 
or the introitus is sealed  (50). These interventions may 
gradually lead to either palindromia or other adverse effects 
such as postoperative dysuria and urethral injury long 
term (50). Therapies that focus on reversing the senescent 
process solve the issue from the root and will not do harm 
to the important structures in the pelvis. The mechanism 
of POP pathogenesis requires further research in patients. 
In the present article, novel assessments on drug therapy, 
biomaterial supplement and stem cell treatment on POP are 
proposed. Estrogen serves a protective role in maintaining 
the pelvic tissue microenvironment in women, where the 
mechanism of estrogen affecting the synthesis of fibroblast 
is as aforementioned. Estrogen shock therapy can be used as 

Table I. Evidence of the possible genes or biomarkers in patients with POP, compared with normal dermal fibroblast.

		  Evidence ex vivo	 Evidence in vivo from the	
	 Evidence in vitro	 from patients with	 dermal fibroblasts in
Types of aging	 culture	 POP	 the elderly

Genome instability
  HOXA11,	 Y (49)	 Y (62)	 ND
  HOXA13, ESR1 and
  ESR2
  γH2AX foci	 Y (50)	 Y (17)	 Y (16)
  Mutant NER	 Y (59)	 ND	 ND
  Replicative activity	 Y (60)	ND	ND 
  Telomere shortening	 Y (61,62)	 Y (63)	 ND
  Telomere damage	 Y (50)	 ND	 Y (16)
Mitochondrial dysfunction
  mtDNA mutations	 Y (64,65)	 ND	 ND
  Altered fusion	 ND	 Y (67)	 ND
  Increasing mitogenesis	 Y (69,70)	 ND
Cell senescence
  p16INK4A	 Y (71)	ND	  Y (66,67)
  p21	 Y (72,73)	 Y (78)	 ND
  p53	 ND	 Y (78)	 ND
  SASP	 Y (74)	 Y (74)	ND
  SAHF	 Y (75,76)	 ND	 Y (68)
  γH2AX foci	 Y (50)	 ND	 Y (16)
Imbalanced proteostasis
  Chaperon dysfunction	 ND	 Y (78)	 ND
  Proteasome activity	 Y (42,77)	ND	ND 
  Decreased autophagy	 ND	 ND	 ND
  Increased MMP secretion	 Y (43)	 Y (39)	 Y (39)
Stem cell exhaustion
  Regeneration potential	ND	ND	ND  

HOXA11, homeobox A11; HOXA13, homeobox A13; Y, evidence confirmed; ND, no data; ESR1, estrogen receptor 1; ESR2, estrogen 
receptor 2; γH2AX, H2AX histone protein phosphorylated at the serine‑139 position; NER, nucleotide excision repair; SASP, senescence‑asso-
ciated secretory phenotype; SAHF, senescence‑associated heterochromatin aggregation; MMP, matrix metalloprotein; mtDNA, mitochondrial  
DNA.



HUANG et al:  CELLULAR SENESCENCE: A PATHOGENIC MECHANISM OF PELVIC ORGAN PROLAPSE2160

an effective therapeutic option for POP. In a similar manner, 
in the biomaterial assessment on patients with POP, TGF‑β 
can be used in addition to the partially absorbable material 
donut pessaries, using the newly proposed biomaterial caffeic 
acid conjugated with peptide as an alternative to reduce the 
process of senescence, whilst adjusting the microenvironment 
in pelvic tissues (51).

During the process of aging, several types of stem cells 
lose their quiescence, leading to excessive proliferation and 
their regenerative potential (52). Notable examples include 
age‑related hematopoietic stem cell‑induced anemia and 
the aging mesenchymal stem cell (MSC)‑induced reduction 
in fracture repair (8). In terms of stem cell therapy, MSCs 
show a multi‑directive differentiation ability, whose loss of 
regenerative capacity lead to the impaired ability to facilitate 
tissue repair, thereby increasing morbidity (53). In terms of 
aging, taking advantage of the differentiation ability of bone 
marrow‑derived MSCs and their secretory factors, which are 
beneficial for tissue repair and elastin regeneration (54,55) 
is now being considered as another alternative for vaginal 
prolapse to reactivate the stem cells (56). MSCs are not only 
able to transdifferentiate into various cell types present in the 
pelvic tissues and maintain collagen secretion with neovas-
cularization but they can also deliver bioactive molecules to 
sites of injury to promote fibroblast proliferation and collagen 
synthesis  (57). Although there remains a lack of sufficient 
studies on the possibility of senescent therapy in POP, a recent 
review shed light on a potential stem cell therapy strategy. The 
stem cells can be combined with mesh, which can be inserted 
into the bladder neck for POP treatment by inducing vascular 
endothelial growth factor, platelet‑derived growth factor‑β 
and TGF‑β, which have been reported to delay the senescence 
process and improve tissue repairs (51).

7. Conclusion

Knowledge on the pathogenesis of POP remains 
multifactorial, which can be mainly attributed to the 
general aging of the individual and overall senescence of 
the fibroblasts in pelvic tissues. This causes the exhaustion 
or apoptosis of the fibroblasts in the pelvic floor, reducing 
its supportive ability and integrity. The main five hallmarks 
of POP associated with aging were reviewed primarily 
based on a previous review on the hallmarks of general 
aging. Genomic instability and imbalanced proteostasis are 
likely to be the primary triggers of aging‑related prolapse. 
Mitochondrial dysfunction in the progression of senescence 
may consequentially become the integrated cause of POP. 
Cell senescence, one facet of the aging process, is a collective 
phenotype caused by a complex network of signaling 
pathways. Mechanisms causing fibroblast senescence, 
including gene instability, mitochondrial dysfunction and 
altered senescence‑symbolized phenotype, provide a basis 
for senescence‑related POP pathological mechanisms 
(Table I) (16,17,39,42,43,49,50,58‑77). Nevertheless, with an 
improved understanding of the effect of senescence on POP, 
currently available clinical treatments could potentially be 
applied in conjunction with estrogen treatment and stem 
cell‑based material with the aim of reversing fibroblast 
senescence in patients with POP in the future.
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