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Abstract 

Premature ovarian failure (POF) is defined when a female achieves menopause before the age 

of 40. Although many conditions are known to be causative for POF, the most common one is 

idiopathic. This study was undertaken to investigate the pathogenesis of POF using proteomic 

tools. Two-dimensional electrophoresis (2-DE) analysis was performed to screen for proteins 

differentially expressed in patients with POF. Using liquid chromatography-mass 

spectrometry / mass spectrometry (LC-MS / MS), we identified 11 significant proteins 

differentially expressed in the serum of POF patients: 5 proteins with expression increased 

more than two folds, 5 proteins with expression decreased more than two folds, and 1 protein 

expressed specifically in the serum of patients with POF. The results of the 2-DE analysis 

were further validated by Western blotting and ELISA analyses, which 5 reproductive 

system-related proteins (Ceruloplasmin, Complement C3, Fibrinogen α, Fibrinogen β, and 

SHBG) were selected. The different expression levels for these proteins were confirmed and 

demonstrated the possibility of using them as biomarkers to screen POF. These pre-clinical 

data provide plausible translational implications for targeting the pathogenesis of POF for 

each protein.   
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1. Introduction 

Premature ovarian failure (POF) is a female specific disease that is defined when a woman 

achieves menopause before the age of 40, ultimately resulting in infertility. Symptoms 

include amenorrhea and hypo-estrogenemia such as hot flush, sleep disturbance, and 

irritability [1]. Assessment by the hypergonadotropic hypogonadic hormone test further 

categorizes POF, where a positive result is defined as having low levels of estradiol (E2), 

anti-Müllerian hormone (AMH), and inhibin B, and a high level of follicle-stimulating 

hormone (FSH, > 40 IU/L) [2]. A patient is generally diagnosed with POF when FSH levels 

measured at least twice (once initially and again after 4 to 6 weeks) are   40 IU/L. However, 

the diagnosis of POF is not dependent upon FSH level alone; it also takes the mental status 

into consideration [1, 3]. Decreased E2 turns on the feedback mechanism to stimulate the 

anterior pituitary gland, resulting in increased FSH. AMH is produced by the preantral and 

antral follicles, and shows a decreasing level of expression as one ages, thereby making it a 

good marker for declining fertility. AMH level is very low in POF patients and is used as a 

diagnostic marker for POF [1, 4, 5]. 

Inhibin B is produced from early antral follicles of the follicular phase during the menstrual 

cycle and is a good marker for evaluating ovaries. Inhibin B is also decreased in POF patients 

[1]. There are many known causes of POF, which include, but not limited to, genetics, 

autoimmune disorders, infections, enzymatic disorders, ovariectomy, etc. However, many 

causes of POF are as yet far from understanding.  

The study of POF currently in progress is being mainly carried out in the field of genomics 

[6]. Many studies on POF-related genes are focused on FMR1, FOXL2, GDF9, FSHR, etc [7-
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10]. Various researches are also being performed to identify the cellular and molecular 

mechanisms of POF. The mechanisms studied include the PI3K / PTEN / Akt and 

TSC/mTOR signaling pathways, which may regulate follicular maturation. Abnormal 

regulation of these pathways can result in POF due to premature follicular maturation [11-13]. 

Although there are numerous studies on POF, protein biomarkers specific for POF diagnosis 

have not been established so far.  

For the fundamental units of human bioactivity, proteins are repeatedly degraded and 

synthesized to maintain a balance, which, if broken, may result in a disease [14]. A biomarker 

can be a protein, a DNA, an RNA or a metabolite, that detects and indicates changes in the 

organism. Proteomics, the discipline of collectively studying all proteins within a cell or an 

organism, is widely used to identify protein biomarkers of diseases. Proteomics analysis 

mainly excavates biomarkers through two-dimensional electrophoresis-liquid 

chromatography-mass spectrometry / mass spectrometry (2-DE-MS / MS) [15-17]. 2-DE was 

first used to detect proteins specific to the POF patients, after which MS was employed to 

identify these proteins. Although proteomics is currently used extensively to identify 

biomarkers of numerous reproductive diseases [15, 16, 18], no biomarkers for POF have been 

identified to date. This study was therefore undertaken to identify biomarkers of POF by 

analyzing the differential expression of proteins in the serum of patients with POF. 

 

2. Materials and methods 

2.1. Patients 
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All patient blood samples were provided from the Korea University Anam Hospital (Seoul, 

Korea) between October 2016 and December 2017. The patients were classified as patients 

with POF (n=12), risk group of POF (n=23), and normal controls (n=136). Diagnosis of POF 

was based on hormone level tests of AMH, FSH, and estrogen. All samples were included 

with the criteria of AMH level being lower than 0.01 ng/ml. Briefly, 2 ml blood sample was 

collected from each patient and separated into plasma and blood cells by centrifugation at 

1,500 x g for 15 min. The plasma was stored at -80˚C till further experiments. 

 

2.2. 2-DE analysis 

The 2-DE analysis was performed using the plasma of POF patients (n=3). A super control, 

the mixture of random three normal samples, was also used as a control. Removal of the 

abundant proteins present in the plasma was accomplished by filtering through Multiple 

Affinity Removal Column (MARC) (Agilent, Wilmington, DE, USA). The isoelectric 

focusing (IEF) was performed with 3-10 Nonlinear Immobilized pH Gradient (NLIPG) at 

80,000 V/hr, and the results were visualized using 9-17% gradient slab gel. 

 

2.3. LC-MS/MS for peptide analysis of Q-TOF 

Nano LC-MS/MS analysis was performed using the nano HPLC system (Agilent, 

Wilmington, DE, USA). A nano chip column (150 mm × 0.075 mm, Agilent, Wilmington, DE, 

USA) was used for peptide separation. The mobile phase A for LC separation was 0.1% 

formic acid in deionized water and the mobile phase B was 0.1% formic acid in acetonitrile. 
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The chromatography gradient was designed for a linear increase from 3% B to 45% B in 70 

min, 45% B to 95% B in 1 min, 95% B in 9 min, and 3% B in 10 min, with the flow rate, 

maintained at 300 nL/min. Product ion spectra were collected in the information-dependent 

acquisition (IDA) mode and analyzed by Agilent 6530 Accurate-Mass Q-TOF using 

continuous cycles of one full scan TOF MS from 300-2000 m/z (1.0 sec) plus three product 

ion scans from 150-2000 m/z (1.5 sec each). Precursor m/z values were selected starting with 

the most intense ion, using a selection quadrupole resolution of 3 Da. The rolling collision 

energy feature determined the collision energy based on the precursor value and charge state. 

The dynamic exclusion time for precursor ion m/z values was 60 sec. 

 

2.4. Database searching 

The mascot algorithm (http://www.matrixscience.com, Matrixscience, Boston, MA, USA) 

identified the peptide sequences present in a protein sequence database. The criteria for the 

search were: 1. taxonomy, 2. mykiss fixed modification, 3. carboxyamidomethylated at 

cysteine residues, 4. variable modification, 5. oxidized at methionine residues, 6. maximum 

allowed missed cleavage: 2, 7. MS tolerance: 100 ppm, and 8. MS/MS tolerance: 0.1 Da. 

Only the peptides that resulted from digestion by trypsin were considered. 

 

2.5. Western blotting  

Plasma separated from the whole blood was boiled and loaded onto the SDS-PAGE gel. 

Proteins were resolved and transferred onto polyvinylidene fluoride (PVDF) microporous 
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membranes (Millipore, Billerica, MA, USA). Primary antibodies were incubated overnight 

with the membrane at 4 °C, followed by washing, exposing to secondary antibodies, and 

incubating for 1 hr at room temperature. Blots were detected by ECL reagent solution (Young 

In Frontier, Seoul, Korea). 

 

2.6. Antibodies 

Mouse anti-Complement C3 (C-4) monoclonal antibody (sc-25298), rabbit anti-

Ceruloplasmin (H-60) polyclonal antibody (sc-20957), goat anti-Fibrinogen α (sc-18026), 

and anti-Fibrinogen β (sc-18029) antibodies were purchased from Santa Cruz Biotechnology 

(Santa Cruz, CA, USA). Rabbit anti-SHBG polyclonal antibody (CSB-PA12289A0Rb) was 

purchased from CUSABIO (Wuhan, China). 

 

2.7. Enzyme-linked immunosorbent assay (ELISA) 

The concentration of proteins in the plasma of controls, POF risk group, and POF patients 

was measured using human Complement C3 ELISA kit (Abcam, Cambridge, MA, USA, 

ab108822), human Ceruloplasmin ELISA kit (ASSAYPRO, St. Charles, MO, USA, EC4201-

1), human SHBG Quantikine ELISA kit (R&D Systems, Minneapolis, MN, USA, 

DSHBG0B), and human Fibrinogen ELISA kit (Abcam, Cambridge, MA, USA, ab108841) 

according to each manufacturer’s protocol. 

 

2.8. Statistical analysis 
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Densitometric analysis was performed for bands scanned from Western blotting analysis 

using Image J (National Institutes of Health, Bethesda, MD, USA), a t-test was performed by 

GraphPad Prism (GraphPad Software-ver. 5, La Jolla, CA, USA), and ANOVA was 

performed by one-way analysis of variance with Turkey’s multiple comparison test for 

indicating the significant difference. 

 

2.9. Ethics statement 

The protocol of the present study was confirmed and approved by the Institutional Review 

Board of Korea University Anam Hospital (approval No.2016AN0251). Written informed 

consent was obtained from all subjects on enrollment. 

 

3. Results 

3.1. Classification of recruited blood samples 

Proteomics analysis was employed in order to investigate proteins associated with POF. Since 

menopause is diagnosed by measuring hormone levels in the blood, all patients suspected of 

POF were screened for hormone levels. Menopause is biochemically characterized by a high 

level of FSH and a low level of AMH. In this study, the enrolled subjects were divided into 

following groups: control group (greater than the intermediate value expected at the age of 

examinee), risk group (greater than 10% of the intermediate value), and patient group (less 

than 10% of the intermediate value). A total of 136 controls, 23 at risk, and 12 patients were 
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recruited (Tables 1 and 2). Blood was collected and separated into serum and blood cells by 

centrifugation at 1,500 x g for 15 min. 

 

3.2. 2-DE analysis of plasma proteins in patients with POF 

To identify proteins that are differentially expressed in POF patients, the 2-DE analysis was 

performed using the separated plasma. To compare the expression level of proteins between 

normal and POF patients, plasma samples of 3 POF patients and 1 mixed normal plasma 

sample (n=3) were used. Excessive proteins were removed using MARC as previously 

described [15, 16]. 2-DE separation was performed in the pH range of 3 to 10 IEF strip. As a 

result, 301 spots from normal samples and 340 spots, 375 spots, and 339 spots from POF 

patients were detected (Fig. 1). Using MALD-TOF-MS/MS analysis, 30 spots were separated 

for unpaired spots and paired spots with control spots, each of which was increased or 

decreased more than two folds (Fig. 1). As a result, we identified 11 proteins that might be 

significant: 5 proteins (Complement component C3, Plasminogen, Fibrinogen α, Fibrinogen β, 

and α-2-macroglobulin precursor) with increased expression more than two folds, 5 proteins 

(Ceruloplasmin, Vitamin D-binding protein, Apolipoprotein L-1, α-globin, and β-globin) with 

decreased expression more than two folds, and 1 protein (SHBG) that was expressed 

specifically in patients with POF only (Table 3). 

 

3.3. Validation of proteins in patients with POF 
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Next, Western blotting analysis was performed to validate the result of 2-DE analysis (Fig. 2). 

We selected 5 proteins (Ceruloplasmin, Complement C3, Fibrinogen α, Fibrinogen β, and 

SHBG), which are known to be involved in the reproductive system (Fig. 2A). As shown in 

Figure 2D, Ceruloplasmin was expressed more in patients with POF than the control group. 

This was contrary to the 2-DE result wherein it was expressed less in patients than that in the 

control group. The other proteins (Complement C3, Fibrinogen α, and Fibrinogen β) showed 

higher expressions in Western blotting analysis as well as 2-DE results. SHBG was confirmed 

to be specifically expressed in the POF patient group. Overall, our results indicate that 

Complement C3, Fibrinogen α, Fibrinogen β, and SHBG are highly expressed in more than 

50% of patients as compared to the control group; therefore, it is possible to use these 

proteins as biomarkers for screening POF.  

 

3.4. Validation of proteins in patients with the POF risk group 

For the POF risk group, Western blotting analysis was performed to confirm the specific 

expression of proteins as shown in these patients (Fig. 3). As shown in Figure 3C, 

Complement C3 and SHBG were highly expressed in the risk group compared to the control 

group. Similar results were observed in the POF patient group. 

 

3.5. Higher expression of proteins in POF patients 

To further validate the results, the concentration of proteins in the plasma of controls, POF 

risk group, and POF patients was measured by ELISA. Concentrations of Ceruloplasmin, 
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Complement C3, Fibrinogen, and SHBG were higher in the plasma of POF patients 

compared with those in controls and POF risk group (Fig. 4). These results suggest that 

increased concentrations of these proteins are related to POF. 

 

4. Discussion 

There has been an increase in the prevalence of premature menopause in recent years, with 1 

in 100 women in their 30’s experiencing premature menopause. However, the mechanism of 

premature menopause has not been clearly elucidated yet. Furthermore, biomarkers that could 

diagnose POF have not been identified. Therefore, we decided to investigate proteins that are 

differentially expressed in POF patients to identify biomarkers that may help diagnose 

premature menopause. Female blood samples used in the study were provided by the Korea 

University Anam Hospital. These samples were classified as the control group, risk group, 

and patient group, based on the AMH levels in the sample by measuring hormone levels. The 

level of other hormones such as E2, FSH, and progesterone was also measured. Other tests 

including the prolactin level test were also conducted to rule out the known causes of POF. 

The patients were classified by comparing their AMH level with the average AMH level of 

their age group. 

After obtaining the 2-DE results, 30 spots were selected due to the different size between the 

control group and the patient group. LC / MS analysis was performed on these spots to 

identify the proteins. Western blotting analysis and ELISA were then performed on 

Ceruloplasmin, Complement C3, Fibrinogen α, Fibrinogen β, and SHBG to validate the 2-DE 

data. 
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The result of the 2-DE analysis showed that expression of Ceruloplasmin in POF patients was 

decreased, while the expression of Complement C3, Fibrinogen α, and Fibrinogen β was 

increased compared with the control group. It was of interest that SHBG was specifically 

expressed in POF patients. However, Western blotting analysis showed the increased 

expression of Ceruloplasmin in POF patients and SHBG expressed in controls, which were 

inconsistent with 2-DE results. However, results of Western blotting analysis with the same 

samples used for 2-DE analysis were consistent with results of 2-DE analysis (Supplementary 

Figure 1). Since we randomly selected 3 people from 31 controls and 12 POF patients each 

for 2-DE analysis, it may be possible that this inconsistency might come from a limited 

expression of Ceruloplasmin in those samples.   

Ceruloplasmin is known to play an important role in transporting copper through the body 

and affects pregnancy [19-21]. A previous study revealed that Ceruloplasmin levels are high 

in infertile female serum [22, 23]. However, the level remains unchanged with menopause, 

although it does increase with estrogen before and after menopause [19]. In this study, 

patients with POF were more likely to have higher Ceruloplasmin levels than normal women. 

Since alterations in Ceruloplasmin are likely to affect estrogen changes, it is proposed that 

there is possibility in its use as a diagnostic marker for POF.  

Western blotting analysis in our study confirmed that Complement C3 was expressed more in 

patients than in the control group, which was consistent with 2-DE results. Complement C3 

plays a central role in the activation of the complement system [24, 25]. The complement 

system is a part of the immune system that induces phagocytosis and inflammation to clear 

pathogens [24]. A previous study showed that Complement C3 is expressed more in infertile 

women [26]. Antiestrogens induce Complement C3 synthesis whereas progesterone blocks 
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Complement C3. Previous studies reported that the level of Complement C3 is regulated by 

E2 and increases after menopause [26, 27]. Our results indicate that Complement C3 is 

expressed more in patients with POF than in normal controls. Considering that POF could be 

caused by immune-mediated responses, Complement C3 could potentially be a biomarker for 

POF. 

Fibrinogen functions primarily to occlude blood vessels and thereby stop excessive bleeding. 

Previous reports revealed that the level of fibrinogen increases after menopause, thereby 

increasing thrombus formation and the incidence of arteriosclerosis [28, 29]. The result of our 

study indicates that Fibrinogen α and Fibrinogen β were expressed more in POF patients than 

in normal controls. 

SHBG is a glycoprotein attached to androgen and estrogen, and decreases in bioavailability. 

SHBG is more abundant in females than males. Although the level of estrogen and SHBG 

decrease during menopause, a report demonstrates that the concentration of SHBG is high in 

the serum of postmenopausal women [30]. Our results support the results of other studies that 

SHBG expression is increased in early menopausal patients [31]. Overall, these results 

support the claim that SHBG expression increases in patients with POF. 

In conclusion, POF patients classified on the basis of AMH hormone were screened for 

differentially expressed proteins using 2-DE-LC-MS / MS. As a result, we selected 

Ceruloplasmin, Complement C3, Fibrinogen α, Fibrinogen β, and SHBG, and performed both 

Western blotting analysis and ELISA to verify the result of the 2-DE analysis. We 

demonstrated that more than half of the patients expressed increased protein levels than the 

control group, suggesting the possibility of using them as biomarkers to identify putative POF. 
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Further studies are required since the investigation on the relationship between the excavated 

proteins and POF has not been conducted yet. It is therefore necessary to investigate the 

biological functions of these proteins to demonstrate their possibility as biomarkers. This 

study will be a precedent for future studies on the relationship between the biological 

functions and POF. 
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Figure legend 

Figure 1. 2-DE images of POF patients. The most dominant proteins in human serum 

derived from normal and POF patients were depleted by an immunoaffinity column (MARC) 

and then other proteins were separated by 2-DE. 2-DE images of serum after depletion: a 

cocktailed normal control (A) and 3 POF patients (B-D). 870 μg of serum proteins were 

separated on pH 3-10 NLIPG strip and then on 9-17% gradient slab gel. The y-axis shows the 

molecular weights in kDa, and the x-axis represents the pH. 

 

Figure 2. Expression of proteins in the POF group. Western blotting analysis of serum 

proteins from controls (n=31) and POF patients (n=12). (A) Five reproductive system-related 

proteins are indicated. The arrows in the panel indicate differentially expressed proteins in 

POF patients (right) compared with the control (left). (B) Western blotting analysis was 

performed using SDS-PAGE gel. (C) Western blotting analysis was performed using non 

SDS-PAGE gel. (D) Representative images of Western blotting analysis. Quantification of 

Ceruloplasmin, Fibrinogen α, Fibrinogen β, Fibrinogen γ, SHBG, and Complement C3 

protein expression by the semiquantitative way using Image J. Significant difference was 

assessed by a Student’s t-test, where p-value is *p < 0.05 or **p < 0.01 or ***p < 0.001. 

 

Figure 3. Expression of proteins in the POF risk group. Western blotting analysis was 

performed to compare the expression level of each protein between controls (n=31) and POF 

risk group (n=23). (A) Western blotting analysis using SDS-PAGE gel. (B) Western blotting 

analysis using non SDS-PAGE gel. (C) Representative images of Western blotting analysis. 
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Quantification of Ceruloplasmin, Fibrinogen α, Fibrinogen β, Fibrinogen γ, SHBG, and 

Complement C3 protein expression by the semiquantitative way using Image J. Significant 

difference was assessed by a Student’s t-test, where p-value is *p < 0.05 or **p < 0.01 or 

***p < 0.001. 

 

Figure 4. The protein levels in the plasma of POF patients. The concentration of 

Ceruloplasmin, Complement C3, Fibrinogen, and SHBG was measured by ELISA using 

plasma samples of normal controls (n=8), POF risk group (n=8), and POF patients (n=8). 

Significant difference was assessed by one-way analysis of variance, where p-value is *p < 

0.05 or **p < 0.01 or ***p < 0.001. 
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Table 1 

Information of analyzed POF risk group 

POF risk 

group 
Age 

AMH 

(ng/mL) 

FSH 

(mIU/mL) 

Estradiol (E2) 

(pg/ml) 

Progesterone 

(ng/ml) 

1 29 0.87 5.46 6.6 0.7 

2 24 1.96 2.35 20.5 3.8 

3 37 0.82 3.71 26.2 0.2 

4 36 0.46 0.17 7.9 0.4 

5 37 0.89 1.68 101.4 4.4 

6 39 0.82 1.21 81.4 17.4 

7 36 0.78 1.13 196.6 11.9 

8 30 1.82 4.68 171.3 0.9 

9 31 1.71 3.34 110.0 7.5 

10 36 0.01 21.00 171.0 0.6 

11 32 1.77 3.07 75.7 4.8 

12 36 0.72 4.36 91.8 0.5 

13 34 0.83 4.32 28.2 0.2 

14 30 1.33 4.60 31.9 1.7 

15 39 0.52 4.56 78.4 0.3 

16 32 2.01 6.90 47.0 0.07 

17 37 0.42 4.20 48.4 <0.05 

18 37 0.70 1.82 193.1 8.64 

19 36 1.49 5.90 125.0 <0.05 

20 29 1.47 7.10 97.4 <0.05 

21 37 0.27 9.80 81.9 1.30 

22 35 0.42 6.26 31.0 <0.05 

23 37 1.24 3.60 65.6 <0.05 
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Table 2 

Information of analyzed POF patients 

POF patients Age 
AMH  

(ng/ml) 

FSH  

(mIU/mL) 

Estradiol (E2)  

(pg/ml) 

Progesterone  

(ng/ml) 

1 39 0.01 35.46  12.9  0.3 

2 45 <0.01 7.86  85.5  <0.1 

3 36 <0.01 41.31  15.6  0.3  

4 29 <0.01 27.41  39.0  0.5 

5 39 0.13 0.94  6.0  <0.1 

6 35 0.03 36.32  38.8  1.1 

7 36 <0.01 10.24  84.4  <0.1 

8 44 <0.01 80.50  4.0  0.2 

9 44 <0.01 36.46  42.7  0.2 

10 41 0.01 54.51  4.0  0.4 

11 36 0.01 99.27  4.0↓ <0.1 

12 44 <0.01 1.50  46.7  <0.1 
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Table 3 

LC-MS results of spot analysis selected through 2-DE analysis 

Spot 
number 

Access 
number 

Protein name Score Peptide matched emPAI MW pI ppm 

matched 

peptide 
number 

Patient/ 
Control 
Ratio 

70 gi|116117  Ceruloplasmin 44 NNEGTYYSPNYNPQSR 0.04 122,983  5.44 21.5 16/1065 0.43 

92 gi|179665 
Complement 

component C3 
71 SGSDEVQVGQQR 0.02 188,585  6.02 0.6 12/1663 2.7 

110 gi|130316  Plasminogen 50 LSSPAVITDK 0.05 93,247  7.04 5.72 10/810 3.0 

256 gi|223918 Fibrinogen α 223 
ADSGEGDFLAEGGGVR, 

GGSTSYGTGSETESPR, GSESGIFTNTK 
0.31 49,708  5.48 40.9 43/462 2.4 

268 gi|177870 
α-2-macroglobulin  

precursor 
47 AIGYLNTGYQR 0.03 164,600  6 -0.71 11/1474 2.8 

276 gi|139641 
Vitamin D-binding 

protein 
99 TSALSAK, VMDKYTFELSR 0.15 54,526  5.4 -0.41 18/474 0.31 

295 gi|182430 
β-fibrinogen precursor,  

partial  
99 QDGSVDFGR, EDGGGWWYNR 0.17 55,545  8.31 4.62 19/483 2.2 

381 gi|12232634 Apolipoprotein L-I 64 VTEPISAESGEQVER 0.11 42,357  5.99 24.1 15/383 0.38 

417 gi|36452 
SHBG-related protein 

(288 AA) 
100 TSSSFEVR, QAEISASAPTSLR 0.16 31,980  5.19 5.93 21/288 0 

494 gi|28547 α-globin 117 VLSPADKTNVK, VGAHAGEYGAEALER 0.74 15,305  8.72 -2.12 26/142 0.02 

499 gi|256028940 β-globin 302 
VHLTPEEKSAVTALWGKVNVDEVGGEALGR, 

SFGDLSTPDAVMGNPK, VVAGVANALAHKYH 
3.93 16,101  7.86 9.39 60/147 0.02 

Ions score is -10*Log(P), where P is the probability that the observed match is a random event. 

Individual ions scores > 31 indicate identity or extensive homology (p<0.05). 

Database: nr_Human Human_20160602_curated (1015462 sequences; 342936396 residues) 
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Highlight:  

• 5 reproductive system-related proteins (Ceruloplasmin, Complement C3, Fibrinogen α, 

Fibrinogen β, and SHBG) were differentially expressed in POF patients. 

 

• They can be used as provisional biomarkers for identifying POF patients. 

 

• These proteins may be helpful in understanding the molecular mechanism of the causes of 

POF and will provide some insights into the pathogenesis and management of POF. 

 

• This is the first identification of differentially expressed proteins in the serum of POF 

patients.  
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