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Proteins in plasma as a potential biomarkers diagnostic for pelvic 
organ prolapse
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Background: Pelvic organ prolapse (POP) is the most common and widespread type of female pelvic floor 
dysfunction disease (PFD). At present, the diagnosis of POP is mainly based on a complicated systematic 
evaluation of the clinical phenotype, medical history, and relevant functional examinations. Rapid and simple 
tests that are based on biochemical biomarkers that surpass the sensitivity and specificity of the current 
methods for the diagnosis of POP will greatly facilitate the timely diagnosis and treatment of women  
with POP.
Methods: A protein array was used to screen plasma samples collected from healthy controls and women 
with POP. Enzyme-linked immunosorbent assays (ELISAs) were used to determine the levels of three novel 
and potentially useful analytes: heat shock protein 10 (HSP10), zinc finger CCCH domain-containing 
protein 8 (ZC3H8), and unc-45 myosin chaperone A (UNC45A). We then determined the diagnostic value 
of each of these analytes as potential diagnostic biomarkers for clinical application.
Results: The mean levels of HSP10, ZC3H8, and UNC45A, were lower in the plasma samples from 76 
patients with POP than in 56 samples from healthy controls (P<0.05). Comparisons between patients with 
POP and healthy controls demonstrated the sensitivity and specificity of HSP10 (73.7% and 71.4%), ZC3H8 
(71.1% and 62.5%), and UNC45A (70.7% and 62.5%).
Conclusions: Analysis indicated that plasma levels of HSP10, ZC3H8, and UNC45A, are sensitive and 
specific biomarkers for the diagnosis of POP.
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Introduction

Pelvic organ prolapse (POP) is the most common and 
widespread female pelvic floor dysfunction disease (PFD) 
and is often accompanied by structural and functional 

defects of the pelvic supporting tissues. POP can have 

significant effects on a woman’s quality of life, along with 

their physical and mental health (1). The global incidence of 

POP is approximately 20% and is increasing on an annual 
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basis (2,3). Multiple factors including age, menopause, 
parity, obesity (4), hysterectomy, and connective tissue 
disorders have been reported to be in association with POP 
development (5,6). Age more than 55 years old and natural 
childbirth history were reported as two independent risk 
factors for POP, suggesting the existence of long-term 
pathology. However, the underlying molecular mechanisms 
of POP are still unclear.

At present, the diagnosis of POP is mainly based on 
clinical phenotype, medical history, and relevant functional 
examinations. However, there is a clear absence of specific 
biomarkers for functional molecules in the early stages 
that can reflect the long-term pathological progression. 
Therefore, it is very challenging to identify and evaluate 
patients with POP, and perform appropriate interventions 
in a timely manner. Therefore, a rapid and simple test that 
is based on highly accurate biomarkers that surpass the 
sensitivity and specificity of the current methods used for 
the diagnosis of POP will significantly enhance our ability 
to treat women who are suspected of having POP.

Deng et al. utilized ultra-high performance liquid 
chromatography-quadrupole  t ime-of-f l ight  mass 
spectrometry (UHPLC/Q-TOF-MS) to comprehensively 
inves t igate  serum and ur ine  17  metabolomes  of 
P O P  p a t i e n t s  a n d  c o n t r o l s  a n d  f o u n d  t h a t  s i x 
metabolites including glycerophosphocholine (GPC), 
1-methyladenosine, maleic acid, L-pyroglutamic acid, 
inosine, and citrate are significantly changed in both serum 
and urine samples from patients with POP (7). Zou et al. 
reported that the higher levels of matrix metalloproteinase 
(MMP)-2 and MMP-9 and lower levels of tissue inhibitor 
of metalloproteinase (TIMP)-2 in the plasma of Caucasian 
women may indicate a greater tendency for collagenolysis 
and weaker connective tissue with increased risk of 
developing PFDs, and they may potentially serve as 
biomarkers for pelvic floor tissue integrity (8).

In this study, we used an antibody array as a screening 
tool and identified three proteins heat shock protein 10 
(HSP10), zinc finger CCCH domain-containing protein 
8 (ZC3H8), and unc-45 myosin chaperone A (UNC45A), 
that exhibited significantly different levels when compared 
between patients with POP and healthy controls. Based 
on these findings, we demonstrated that these proteins 
represent good diagnostic biomarkers for POP.

We present the following article in accordance with the 
STARD reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-1607).

Methods

Subjects

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Research Medical Ethics Committee of 
West China Second University Hospital, Sichuan University 
(2020121) and informed consent was taken from all 
individual participants. In total, 132 women were enrolled 
in this study between September 2019 and September 2020. 
Women with malignant tumors, fibromyoma, pelvic masses, 
and mental abnormalities were excluded. Of the women 
included, 76 were diagnosed with POP and 56 women 
without POP were recruited as healthy controls (Table 1). As 
presented in Table 1, age of healthy controls was between 45 
and 75 years, with a mean age of 57 years. Age of patients 
with POP was between 41 and 83 years, with a mean age 
of 63 years. Thirty-two women with POP were parity with 
once and 44 women with POP were parities with equal 
and more than two times, while 22 non-POP women were 
parity with once and 33 non-POP women were parities with 
equal and more than two times.

The clinical description of pelvic floor anatomy was 
determined during physical examinations of the external 
genitalia and vaginal canal. POP was confirmed according 
to the following criteria: (I) symptoms attributed to POP, 
such as a bothersome bulge and pressure symptoms, 
sexual dysfunction, lower urinary tract dysfunction, or 
defecatory dysfunction; and (II) a POP quantification 
(POP-Q) examination was applied to judge the grade of 
POP (9). POP grade II was defined as when the leading 
edge of POP was approximately 1 cm inside the hymen 
margin to 1 cm outside the hymen. POP grade III was 
defined as when the leading edge of POP was beyond 
the level of 1 cm above the hymen (10). POP grade IV 
was defined as when the farthest end of POP exceeded 
the hymen margin and was greater than the total length 
of the vagina minus 2 cm. Non-POP healthy controls 
were recruited according to the following criteria: (I) 
women accepted physical examination in our hospital and 
showed normal results with regards to medical reports, 
biochemical tests, malignant tumors, pelvic masses, 
mental abnormalities, and PFD; (II) there were no 
complaints of symptoms such as sexual dysfunction, lower 
urinary tract dysfunction, or defecatory dysfunction; and 
(III) women were diagnosed as non-POP by the POP-Q 
examination.

https://dx.doi.org/10.21037/atm-21-1607
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Sample collection

Blood samples were collected from 76 patients with POP 
and 56 healthy controls. From each woman, we acquired  
1 mL of venous blood which was placed into a sterile 
ethylene diamine tetraacetic acid (EDTA)-containing 
vacutainer tube. Samples were then centrifuged at 1,600 rpm 
at 4 ℃ for 10 min. The resultant plasma was then collected, 
aliquoted, and stored at –80 ℃ to await subsequent analysis.

Screening assay using antibody array

Three plasma samples from 76 patients with POP and three 
samples from 56 healthy controls were screened using the 
L-Series human antibody array 2000 membrane kit, which 
is a combination of human L507, L-493, L-3 and L-4 arrays 
(AAH-BLM-2000B, RayBiotec Inc., Norcross, GA, USA). 
This array could simultaneously detect 2,000 soluble human 
proteins. Experiments were conducted in accordance 
with the manufacturer’s guidelines. In brief, three plasma 
samples from each group were mixed in equal volumes. 
Each mixture was then dialyzed in dialysis buffer on a 
stirring plate for at least 3 h at 4 ℃. The dialyzed plasma 
samples were then labeled with biotin at room temperature 
(RT) for 30 min. The array membranes were then 

incubated in blocking buffer at RT for 1 h. After removing 
the blocking buffer, the biotin-labeled samples were diluted 
with blocking buffer, placed onto the membrane array and 
incubated at RT for 4 h. Following incubation, the sample 
fluid was discarded, and the membranes were washed three 
times. HRP-conjugated streptavidin was then added and 
incubated at RT for 2 h. Membranes were then washed 
three times in 2 mL of washing buffer. Signals were then 
detected and visualized by the addition of a detection 
mixture and the application of a chemiluminescence 
imaging system (ChemiDocTM MP Imaging System, Bio-
Rad Laboratories, Hercules, CA, USA).

Enzyme-linked immunosorbent assays (ELISAs)

The levels of soluble HSP10, ZC3H8, utrophin (UTRN), 
UNC45A, and unc-5 homolog 4 (UNC5H4), were 
determined in duplicate plasma samples by commercial 
ELISA kits purchased from Abbexa Ltd. (Cambridge, UK) 
and Raybiotech, Inc. (Norcross, GA, USA). Experiments 
were conducted in accordance with the manufacturer’s 
guidelines. In brief, diluted plasma samples were added into 
duplicate wells and mixed with 50 µL of HRP-conjugate per 
well in a 96-well plate. After incubation at RT for 2 h on a 
microplate shaker rotating at 100 rpm, the plate was then 
washed. We then added 100 µL of tetramethylbenzidine 
(TMB) Substrate Solution to each well and incubated 
the plates at RT for approximately 10 min; this process 
initiated the development of color. Reactions were then 
terminated and the optical absorbance of each well was 
read immediately on a spectrophotometer (Infinite M200, 
Tecan Trading AG, Switzerland) using 450 nm as the 
primary wavelength. The levels of each analyte were then 
determined by referring to a standard curve generated 
simultaneously on the same plate. Samples showing levels 
higher than the detection limits of the kits were diluted 
and re-measured. In our laboratory, the intra-assay and 
inter-assay coefficients of variation were <10% for all three 
assays.

Statistical analysis

The plasma levels of HSP10, ZC3H8, UTRN, UNC45A, 
and UNC5H4, were expressed as means ± standard 
deviation (SD). The statistical significance of the findings 
was evaluated by the Student’s t-test or by one-way analysis 
of variance (ANOVA) in Prism 8 software (GraphPad 
Software, San Diego, CA, USA). A P value <0.05 was 

Table 1 Clinical characteristics patients with POP and healthy 
controls

Parameter Healthy controls (n=56) Patients with POP (n=76)

Age (year)

Mean ± SD 57.00±8.67 62.74±9.33*

Range 45–75 41–83

Parity

1 22 (39.3) 32 (42.1)

≥2 33 (60.7) 44 (57.9)

Hypertension 10 30*

Diabetes 4 11

POP grade

II 0 7 (9.2)*

III 0 59 (77.6)*

IV 0 10 (13.2)*

Data are shown as n (%) or mean ± SD. *, statistically significant 
(P<0.05, women with POP vs. healthy controls). POP, pelvic 
organ prolapse; SD, standard deviation.
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considered to be statistically significant. The plasma 
levels of HSP10, ZC3H8, and UNC45A, were used to 
create a threshold that indicated the maximal sensitivity 
and specificity for the diagnosis of POP, as determined by 
receiver operator characteristic (ROC) curves.

Results

Screening of plasma samples

The L-Series 2000 antibody array used in this study could 
simultaneously detect 2,000 cytokines and related proteins 
in a given sample. The results were semi-quantitative 
when assessed by the density of each analyte spot. Multiple 
analytes were detected positively in the mixed sample 
created from each group. Among the positive analytes, 
the plasma levels of HSP10, ZC3H8, UTRN, UNC45A, 
and UNC5H4, were significantly decreased in the 
samples from patients with POP. The essential feature of 
diagnostic biomarkers is the fact that they exhibit significant 
differences when compared between samples from patients 
with disease and those from healthy controls.

Plasma levels of HSP10, ZC3H8, and UNC45A, in 
samples from patients with POP and healthy controls

Following ELISA screening, we focused only on UNC45A, 
UNC5H4, HSP10, ZC3H8, and UTRN because these 
proteins appeared to be more promising than the other 
analytes. As presented in Table 2, ELISA assays detected 
quantitative differences in the levels of HSP10, ZC3H8, 
UTRN, UNC45A, and UNC5H4, between 24 patients 
with POP and 12 healthy controls. The mean levels of 
HSP10, ZC3H8, and UNC45A, in samples from patients 
with POP were 3.21±2.63, 14.07±17.29, and 1.40±1.71 
ng/mL; this compared to 5.43±2.86, 22.70±15.78, and 
2.40±1.17 ng/mL, in the healthy controls. The plasma levels 
of UTRN were not significantly different when compared 

between the two types of samples. We observed higher 
plasma levels of UNC5H4 in samples from patients with 
POP, although some samples in each group did not show 
a detectable level of this protein. Plasma levels of HSP10, 
ZC3H8, and UNC45A, were significantly lower in the 
samples from patients with POP than in the samples from 
healthy controls. Consequently, our subsequent analysis 
focused on only HSP10, ZC3H8, and UNC45A.

Next, we evaluated the diagnostic value of these 
three biomarkers by recruiting 76 POP patients and 56 
healthy controls. As depicted in Figure 1, the levels of 
HSP10, ZC3H8, and UNC45A, in the plasma samples 
of POP patients were 2.07±3.49, 13.94±28.42, and  
4.73±21.40 ng/mL, respectively. These were significantly 
lower than the plasma levels in healthy controls with 
4.16±3.85, 23.40±22.43, and 6.04±13.02 ng/mL, respectively 
(P<0.05).

Our data showed that aging was associated with POP. 
Since people older than 60 years of age are considered to 
be elderly, subjects in this study were grouped by age at  
60 years old, as shown as Figure 2. Obviously, the plasma 
levels of HSP10, ZC3H8, and UNC45A, were significantly 
lower in the plasma samples from patients with POP 
compared with the control within the same age group at 
aged <60 or >60 years. It indicates that these biomarkers 
were capable to distinguish between patients or controls 
even they plasma concentration were related with aging. 
There were no significant differences in the plasma levels of 
these three proteins in the controls irrespective of whether 
the controls were aged <60 or >60 years. A similar trend was 
evident in the samples acquired from patients with POP.

The diagnostic value of HSP10, ZC3H8, and UNC45A, 
for POP

Based on the individual levels of the three target proteins 
in plasma samples from patients with POP and healthy 

Table 2 Plasma levels of HSP10, ZC3H8, UTRN, UNC45A, and UNC5H4, in patients with POP and healthy controls

Group
Plasma levels (ng/mL)

HSP10 ZC3H8 UTRN UNC45A UNC5H4

Healthy controls (n=12) 5.43±2.86 22.70±15.78 37.78±23.70 2.40±1.17 0.00±0.00

Patients with POP (n=24) 3.21±2.63* 14.07±17.29* 28.30±28.26 1.40±1.71* 1.53±5.47*

Data are shown as mean ± SD. *, statistically significant (P<0.05, compared with the plasma of patients with POP). HSP10, heat shock 
protein 10; ZC3H8, zinc finger CCCH domain-containing protein 8; UTRN, utrophin; UNC45A, unc-45 myosin chaperone A; UNC5H4, unc-
5 homolog 4; POP, pelvic organ prolapse; SD, standard deviation.
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Figure 1 Differences in the plasma levels of HSP10, ZC3H8, 
and UNC45A, between patients with POP and healthy controls, 
were determined by ELISA. The three analytes were significantly 
reduced in POP samples when compared to control samples. (A) 
Differences in the plasma levels of HSP10 between patients with 
POP and healthy controls; (B) differences in the plasma levels 
of ZC3H8 between patients with POP and healthy controls; (C) 
differences in the plasma levels of UNC45A between patients with 
POP and healthy controls. Age of healthy controls was between 
45 and 75 years, with a mean age of 57 years. Age of patients with 
POP was between 41 and 83 years, with a mean age of 63 years. 
△, healthy control; ○, POP woman. HSP10, heat shock protein 
10; ZC3H8, zinc finger CCCH domain-containing protein 
8; UNC45A, unc-45 myosin chaperone A; POP, pelvic organ 
prolapse; ELISA, enzyme-linked immunosorbent assay.

Figure 2 Differences in the plasma levels of HSP10, ZC3H8, and 
UNC45A, as determined by ELISA, in patients with POP and healthy 
controls when grouped by age. All three analytes were significantly 
reduced in POP samples than in control samples within the same age 
group. There were no significant differences in the controls across the 
age groups; a similar trend was observed with the POP samples. (A) 
Differences in the plasma levels of HSP10 between patients with POP 
and healthy controls; (B) differences in the plasma levels of ZC3H8 
between patients with POP and healthy controls; (C) differences in 
the plasma levels of UNC45A between patients with POP and healthy 
controls. △, healthy control; ○, POP woman. HSP10, heat shock 
protein 10; ZC3H8, zinc finger CCCH domain-containing protein 
8; UNC45A, unc-45 myosin chaperone A; ELISA, enzyme-linked 
immunosorbent assay; POP, pelvic organ prolapse.
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controls, we next used ROC analysis to evaluate their 
diagnostic value. The threshold that provided maximal 
levels of sensitivity and specificity for the diagnosis of POP 
were selected as the cut off values. The results are shown 
in Figure 3 and Table 3. Using cut off values of 1.79, 12.75, 
and 2.06 ng/mL, for HSP10, ZC3H8, and UNC45A, 
respectively, the sensitivities of all three proteins were 
>70%; HSP10 had the highest levels of sensitivity and 
specificity at 73.7% and 71.4%, respectively.

Discussion

Pelvic and abdominal organs are supported by pelvic 
floor muscle which surrounds the opening of the urethra, 
vagina, and rectum. POP involves the long-term effects 
of pelvic floor muscle weakness, especially in postpartum 
women. A range of pathogenic factors, including infection, 
inflammation, trauma, and degenerative changes associated 
with aging, may play a key role in the pathogenesis of POP. 
Many middle-aged and elderly women suspected of having 

POP often miss the opportunity for early rehabilitation and 
have to undergo surgery due to serious prolapse. Therefore, 
there is a critical need to investigate the functional; 
deterioration of the pelvic floor tissue accompanied by 
aging and the pathological factors created by aging-related 
diseases as these could represent important and high-
risk factors for POP. Atrophy and weakness of the skeletal 
muscle are the main causes of POP.

HSP10 is known to be associated with the degeneration 
of muscle cell function. One of the main characteristics 
of muscle aging is a reduction in maximal tetanic force 
(Po). Previous research has shown that the overexpression 
of HSP10 prevents the age-related decline in Po and can 
prevent damage caused by muscle contraction, although 
damage that had already being incurred could not be 
repaired (11). Both HSP10 and HSP60 have been found 
in various types of muscle cells and are known to exert 
anti-apoptotic effects; these proteins are also related to 
the development of cardiomyopathy and the process of 
apoptosis in cardiomyocytes (12). However, prior to the 

Figure 3 The diagnostic value of HSP10, ZC3H8, and UNC45A, for POP. ROC curves were plotted for each of the three analytes; all 
exhibited good levels of sensitivity and specificity for the diagnosis of POP. (A) The diagnostic value of HSP10 for POP; (B) the diagnostic 
value of ZC3H8 for POP; (C) the diagnostic value of UNC45A for POP. HSP10, heat shock protein 10; ZC3H8, zinc finger CCCH 
domain-containing protein 8; UNC45A, unc-45 myosin chaperone A; POP, pelvic organ prolapse; ROC, receiver operator characteristic.

Table 3 The diagnostic value of HSP10, ZC3H8, and UNC45A, for POP

Biomarker Cutoff (ng/mL)
Sensitivity Specificity

Likelihood ratio
% 95% CI % 95% CI

HSP10 <1.79 73.7 62.8 to 82.3 71.4 58.5 to 81.6 2.58

ZC3H8 <12.75 71.1 60.0 to 80.0 62.5 49.4 to 74.0 1.90

UNC45A <2.06 70.7 59.6 to 79.8 62.5 49.4 to 74.0 1.88

HSP10, heat shock protein 10; ZC3H8, zinc finger CCCH domain-containing protein 8; UNC45A, unc-45 myosin chaperone A; POP, pelvic 
organ prolapse; CI, confidence interval.
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present study there was no evidence to suggest that plasma 
levels of HSP10 could be used as a biochemical biomarker 
to facilitate the clinical diagnosis of POP.

ZC3H8 has been reported with organ degeneration by 
inhibiting the inflammatory response in zebrafish mediated 
by the NF-κB pathway and leading the degeneration of 
multiple organs, including the liver, gut, and pancreas (13). 
Whether ZC3H8 is related to the degeneration of muscle 
cell function in POP wasn’t reported in previous research. 
In the present study, we found that the expression levels of 
ZC3H8 were significantly lower in patients with POP when 
compared to healthy controls. The mechanisms underlying 
this observation need to be elucidated in further study.

UNC45A is widely expressed in various muscle cells. 
It is an essential protein for the assembly and function of 
muscle tissue. Studies have shown that UNC45A molecule 
is a dynamic component of actin stress fibers and acts as a 
myosin chaperone (14). Cells knocked out UNC45A were 
reported serious defects associated with fiber assembly 
errors that resulted in changes in cell morphology, 
abnormal migration, and eventually, symptoms associated 
with reduced muscle function (15-17). In the present 
study, we found that the plasma levels of UNC45A were 
significantly lower in samples from patients with POP 
than those in healthy controls. Since weaken or decline of 
muscle cell may be the cause of POP, the role of UNC45A 
in the pathogenesis of POP should be explored in further 
research.

Researchers have investigated a number of potential 
diagnostic biomarkers for POP over recent years. A 
metabolomics screening study, involving samples of 
serum and urine, found that pathways involving arginine 
biosynthesis and purine metabolism were significantly 
related to POP. A total of six metabolites, including 
GPC, 1-methyladenosine, maleic acid, L-pyroglutamic 
acid, inosine, and citrate, showed significant differences 
when compared between patients with POP and healthy 
controls. These six metabolites were therefore considered 
as potential biomarkers for the diagnosis of POP. However, 
the sample size in this previous study was insufficient, with a 
total of 50 samples (including 24 samples in the POP group 
and 25 samples in the control group). Further studies are 
needed to fully evaluate the diagnostic efficiency of these  
metabolites (7). Matrix metalloproteinase (MMPs) is a 
protease that is related to the degradation of collagen and 
elastin. Studies have shown that compared with a control 
group, the collagen content in samples of vaginal tissue from 
women experiencing were decreased and that the expression 

levels of MMP-2 and MMP-9 were increased. These 
results indicated that MMPs participate in the degradation 
of collagen in pelvic supporting structures, thus leading 
to the weakening of connective tissues, and ultimately to  
POP (18). However, the biomechanical changes related 
to POP may also be the cause of the increased expression 
levels of MMPs. Therefore, the potential for MMP-1, 
MMP-2, and MMP-9, to act as biomarkers for POP needs 
to be confirmed in future research (19).

Data in this study provides a research basis to further 
develop rapid detection technology for early screening 
and community health care. We will start a larger size 
study to identify high-risk individuals and test plasma 
levels of HSP10, ZC3H8, and UNC45A in the follow-
up population, to provide scientific evidence for early 
diagnosis. The timely and accurate biochemical detection 
at an early stage is very important if we are to prevent 
and control POP in a more effective manner. China has 
the largest population of any country in the world. It is 
estimated that there will be a huge explosion in the elderly 
population by 2050, with approximately 400 million people 
(26.9% of the total population) over 65 years-of-age, and 
approximately 150 million over 80 years-of-age. As life 
expectancy continues to grow, China will inevitably become 
one of the countries with the highest proportion of elderly 
individuals. Consequently, the need to prevent, control, and 
treat POP will become increasingly more prominent in the 
future since the incidence of POP will inevitably increase, 
potentially far higher than the incidence of other chronic 
diseases (20).

Conclusions

In the present study, we aimed to identify specific 
biomarkers for the diagnosis of POP by identifying 
significant differences in the expression levels of key 
proteins between patients with POP and healthy controls. 
By applying a screening assay and a quantifying the plasma 
levels of selected proteins, we demonstrated that HSP10, 
ZC3H8, and UNC45A, represent potential biomarkers for 
POP with good levels of accuracy. The diagnosis of POP 
remains a clinical challenge given that the current diagnosis 
of POP depends on the observation of clinical symptoms, 
functional testing of the pelvic floor muscles and image 
detection including computer tomography (CT), magnetic 
resonance imaging (MRI), and ultrasound scanning. These 
methods provide an indication of POP but are more 
effective in the latter phases of POP since the pathogenesis 
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of POP is a chronic cumulative process involving many 
factors. Developing simple, fast, and effective, detection 
technologies for early screening and community health care 
will help us to identify high-risk individuals, and provide 
scientific evidence for early diagnosis, intervention, and 
treatment.
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