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Abstract

Background
PCOS is a common endocrine and metabolic disease related to infertility in women. Klotho, an anti-aging
factor, was reported up-regulated in PCOS and related to excessive androgens. However, the role of Klotho
in poor oocytes quality of PCOS who underwent IVF-ET has not been clarified.

Methods
72 PCOS and 70 healthy participants who underwent IVF-ET were enrolled and the follicular fluid was
collected. Granulosa cells were collected from 15 patients. The level of Klotho in follicular fluid was
tested by ELISA. The mRNA level of relative genes in granulosa cell were detected by qRT-PCR.

Results
the mRNA level of Klotho, Caspase-3, Caspase-9, IL-6 and TNF in PCOS group was significantly higher,
especially in the group of PCOS with hyperandrogenism, while PCNA and GDF9 was down-regulated.
Correlation analysis shown that level of Klotho in follicular fluid of PCOS group was negatively correlated
with the number of mature oocytes. Similarly, we divided the PCOS group into two groups according to
the median of Klotho level and found that the number of mature oocytes is significantly lower in the
group of high level of Klotho. In addition, the Klotho level in follicular fluid was also positively correlated
with serum testosterone, LH, LH/FSH, menstrual cycle and number of total antral follicles in the group of
PCOS.

Conclusion
These data suggested that Klotho may act as a new biomarker evaluating the quality of oocytes in
patients with PCOS, indicating the severity of PCOS and the outcome of IVF in PCOS patients.

Background
Polycystic ovary syndrome (PCOS) is the most common type of endocrine disorder in women of
reproductive age[1, 2]. Nowadays up to 20% women of reproductive-age are suffering PCOS, which is
mainly manifested by oligoovulation or anovulation, hyperandrogenism and polycystic ovarian
morphology[1]. There are many clinical treatments of PCOS, such as lifestyle management, medication,
potentially surgery and assisted reproduction technology, but the high cost of treatments with low
pregnancy rate has seriously reduced patients’ quality of life[3–5]. Hence, to find out a prognostic
indicator in PCOS is of great value to provide early prevention and treatment to PCOS patients.
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Follicular development disorder in PCOS is considered to be the main cause of anovulatory infertility[6]. In
vitro fertilization and embryo transfer (IVF-ET) is one of the most effective ways to treat infertility in PCOS
patients. However, due to the narrow "treatment window" of follicular development, problems have also
been revealed. Low dose of gonadotropin initiation may lead to follicular growth failure, while high dose
may lead to ovarian overreaction, resulting in follicular dysplasia, and these may lead to few or too many
oocytes harvested and poor-quality oocytes. Hence, how to obtain the oocytes with appropriate quantity
and high quality from PCOS patients is a major challenge for clinicians. The lack of a biomarker related
to oocyte maturation may be a possible reason for the failure of PCOS treatment.

The microenvironment of follicular fluid and the normal function of granulosa cells are the two key
factors for the development of oocytes[7], which affects the subsequent fertilization, early embryonic
development and pregnancy outcome. Notably, evidences showed that hyperandrogenemia in PCOS is
associated with ovarian granulosa cells and oocyte development disorder[8]. Our previous study
indicated that the high level of androgen in follicular fluid of patients with PCOS is closely related to
granulosa cell apoptosis and inflammation[9]. And in vitro experiments shown that testosterone could
induce apoptosis of granulosa cells in a concentration-dependent manner[10]. Follicular dysplasia was
also confirmed in animal models with excessive androgen[11]. Hence, excessive androgen in both
peripheral circulation and ovary are major risks for abnormal follicular development in patients with
PCOS, but further mechanism is not clear.

The Klotho gene is a senescence-related gene discovered in 1997[12]. Klotho protein is involved in
calcium and phosphorus homeostasis, inflammatory response, oxidative stress and apoptosis[13], so it
has been taken as a good factor in protecting human body for a long time. For example, Klotho play a
vital role in protecting renal function and inhibiting renal fibrosis through regulating the renin-angiotensin-
aldosterone system and inhibiting cell apoptosis, oxidative stress and inflammation[14, 15]. Decrease of
Klotho may increase the risk of kidney disease, such as acute kidney injury, diabetic nephropathy, and
chronic kidney disease[16]. And exogenous administration of Klotho helps to slow diseases progression.
In addition, Klotho helps to protect brain neurons and improve cognitive function, such as Alzheimer's
disease[17, 18]. At the same time, Klotho could also act as an effective tumor suppressor effect in
malignant tumors such as breast cancer, kidney cancer, thyroid cancer, oral squamous cell carcinoma
and ovarian cancer[19–24]. However, interestingly, recent studies found that the expression of Klotho in
serum and granulosa cells of PCOS patients was significantly higher[25, 26]. They found that the
expression of Klotho protein was significantly increased in ovarian granulosa cells of DHEA-induced
PCOS rats, and these was related to granulosa cell apoptosis[25]. And down-regulation of Klotho gene
expression increased the pregnancy rate of DHEA-induced female rats, restored ovarian function and
reduced the formation of cystic follicles[25]. These results suggest that high expression of Klotho may be
an unfavorable factor in the progression of PCOS disease. However, it seems that the role of Klotho in
PCOS is contradictory to that of the other diseases, but there was no further study was found between
Klotho and PCOS.
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Herein, in this study, we conducted a retrospective study to explored the role of Klotho in follicular fluid of
PCOS and its function on oocytes of PCOS patients. We report that Klotho in the follicular fluid of PCOS
was associated with the decreased oocyte qualities. Furthermore, hyperandrogenism has a significantly
positive correlation with follicular fluid Klotho of PCOS. We also show that a higher level of Klotho
expression in the follicular fluid of PCOS patients was associated with cell apoptosis and inflammation in
human granulosa cells (GCs). Thus, we conclude that follicular fluid Klotho is a promising marker of
oocyte maturation and highly associated with the serum testosterone in PCOS. It provides a new idea for
improving the developmental potential of PCOS oocytes and the treatment of PCOS.

Materials And Methods

Patients
The study was approved by the Ethical Committee Faculty of Nanfang Hospital, Southern Medical
University and informed consent was obtained from all participants. All participants were recruited from
the center of reproduction medicine in Nanfang Hospital. All methods were performed in accordance with
the guidelines and regulations. The recruited subjects included 72 infertile women with PCOS, and 70
women who served as healthy controls. PCOS was diagnosed according to the Rotterdam Criteria (2003),
with at least two of the following symptoms: (1) oligomenorrhea/amenorrhea; (2) polycystic ovaries
(PCO) on ultrasonography; (3) clinical and/or biochemical signs of hyperandrogenism (hirsutism or acne)
and exclusion of other etiologies (such as Cushing’s syndrome, congenital adrenal hyperplasia or
testosterone secreting tumors). GCs were obtained from additional five PCOS patients with
hyperandrogenism, five PCOS patients with normal serum testosterone and five control participants.
Follicular fluid (FF) was collected from the PCOS patients and controls.

Collection Of Ff And Human Ovary Gcs
An antagonist protocol for controlled ovarian hyperstimulation (COH) was used in the cycle of in IVF-ET.
FF and human ovary GCs were collected and restored as previously described[9].

Enzyme-linked Immunosorbent Assay(Elisa)
ELISA technique was used to measure the concentration of Klotho in FF. The ELISA kit (Cloud-Clone Corp,
Wuhan, China) is a sandwich enzyme immunoassay for in vitro quantitative measurement of Klotho.
According to the protocol, the linear regression equation of the standard curve can be calculated. Then
the sample concentration is calculated on the regression equation according to the absorbance of the
sample.

Quantitative Reverse Transcription-polymerase Chain Reaction (Qrt-
pcr)



Page 5/21

The mRNA expression levels of Klotho, Caspase-3, Caspase-9, PCNA, GDF9. TNF and IL-6 in GCs were
analyzed by qRT-PCR. Total RNA was extracted with TRIzol reagent (Life Technologies, Grand Island, NY)
and cDNA was synthesized with the Reverse Transcription System kit (Promega, Madison, WI), qRT-PCR
was performed by using SYBR Green PCR MasterMix (Applied Biosystems), according to the kit
instructions by an ABI PRISM 7000 Sequence Detection System (Applied Biosystems, Foster City, CA),
The PCR reaction system contained 12.5µL SYBR Green PCR MasterMix (Applied Biosystems), 5µL
diluted RT product (1:10), and 0.5 mmol/L sense and antisense primer sets. The expression levels of
various genes were determined by the comparative CT method (2−△△CT). Relative levels of mRNA were
reported after normalization with GAPDH. The composition of the primers was as follows: Klotho:
forward 5’-CTGGTTGCCCACAACCTACT-3, reverse 5’-TCCGAAGGAGAGAGCAAAAA-3’;Caspase-3༚forward
5’-TGCTATTGTGAGGCGGTTGT-3’, reverse 5’-TCCAGAGTCCATTGATTCGCT-3’༚Caspase-9: forward 5’-
CTCAGACCAGAGATTCGCAAAC-3’, reverse 5’- GCATTTCCCCTCAAACTCTCAA-3’, PCNA: forward 5’-
GCGTGAACCTCACCAGTATGT-3’, reverse 5’- TCTTCGGCCCTTAGTGTAATGAT’,, GDF9: forward 5’-
CAGAGCTTTGCACTACATGAAGA’, reverse 5’- TGAAGAGCCGAACAGTGTTGT-3’, IL-6༚ forward 5’-
ACTCACCTCTTCAGAACGAATTG-3’, reverse 5’- CCATCTTTGGAAGGTTCAGGTTG-3’༛TNF༚forward 5’-
CACAGTGAAGTGCTGGCAAC-3’, reverse 5’-AGGAAGGCCTAAGGTCCACT-3’༛GAPDH༚forward 5’-
TGAAGGTCGGAGTCAACGGATTTGGT-3’, reverse 5’-CATGTGGGCCATGAGGTCCACCAC-3’.

Statistical Analyses
Results were present as the means ± SD and categorical variables were expressed as n (%). SPSS
software, version 22.0 was used for statistical analysis. The student’s t test or the Mann–Whitney U test
were used to compare normally and non-normally distributed variables, respective. Correlations were
conducted using Spearman’s correlation coefficient for non-normally distributed data. Comparisons
between different groups were determined by analysis of variance, followed by the LSD test. The value of
P < 0.05 were determined statistically significant.

Results

Subject characteristics
A total of 142 subjects aged between 22 and 40 years were involved in the study. The detail data were
shown in the supplemental Table 1. Among 72 patients with PCOS, 22 were hyperandrogenemia (serum
testosterone > 0.481ng/ml is used as the diagnostic criterion in Nanfang hospital). Comparison between
PCOS and control is shown as Table 1. In PCOS group, menstrual cycle, number of total antral follicles
(No. of AFC-Total), basal LH, LH/FSH ratio, T, LH of HCG day, number of follicles above 14 mm (No.of
follicles above 14 mm), and number of retrieved oocytes (No.of retrieved oocytes) showed significant
higher (P < 0.05), while the amount of Gn initiation dose and the total Gn dose were significant lower. (P < 
0.05)). There were no significant difference in BMI, mean arterial pressure (MAP), basal FSH, basal E2,
basal P, basal PRL, Gn days, E2 of HCG day, P of HCG day, number of mature oocytes (No.of mature
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oocytes), mature oocyte rate, number of 2PN fertilization (No.of 2PN fertilization), number of abnormal
fertilization (No.of abnormal fertilization), number of high-quality blastocysts on day 3 (No.of high quality
embryos on D3) and number of high-quality blastocysts on day 5 (No.of high quality embryos on D5).
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Table 1
Clinical characteristics in participants

Characteristic PCOS (N = 72) Control (N = 70) P value

Age (y) 30.28 ± 3.06 31.39 ± 3.72 0.055

BMI (kg/m2) 21.64 ± 3.03 21.21 ± 2.76 0.375

Menstrual cycle (d) 54.46 ± 24.72 30.96 ± 2.76 0.000**

No.of AFC-Total 25.40 ± 6.57 15.44 ± 4.28 0.000**

MAP (mmHg) 85.83 ± 8.37 86.60 ± 8.51 0.589

Basal T (ng/ml) 0.41 ± 0.27 0.22 ± 0.09 0.000**

Basal FSH (mIU/ml) 6.23 ± 1.40 6.65 ± 1.37 0.077

Basal LH (mIU/ml) 10.49 ± 6.43 5.48 ± 3.38 0.000**

LH/FSH 1.67 ± 0.89 0.86 ± 0.64 0.000**

Basal E2 (pg/ml) 39.31 ± 23.64 37.27 ± 21.06 0.590

Basal P (ng/ml) 0.44 ± 1.04 0.28 ± 0.23 0.209

Basal PRL (ng/ml) 23.79 ± 34.21 17.87 ± 6.77 0.154

Gn initiation dose 132.29 ± 41.21 191.25 ± 59.53 0.000**

Gn days 10.49 ± 3.32 9.76 ± 1.65 0.099

Total Gn dose 1466.08 ± 621.19 1917.76 ± 692.15 0.000**

E2 of HCG day 3731.31 ± 2043.41 3139.16 ± 1775.64 0.068

LH of HCG day 3.42 ± 3.38 2.25 ± 1.25 0.007**

P of HCG day 0.63 ± 0.38 0.63 ± 0.31 0.933

No.of follicles above 14 mm 11.38 ± 4.57 9.34 ± 3.48 0.003**

Continuous variables are expressed as the mean ± SD; PCOS: polycystic ovary syndrome; BMI: body
mass index; No.of AFC-Total: the number of antral follicles with a diameter from 2 to 9 mm both in
the left and right ovary; MAP: mean arterial pressure; FSH: follicle-stimulating hormone; LH: luteinizing
hormone; T: testosterone; E2: estradiol; P: progesterone; PRL: prolactin; Gn initiation dose: Initial dose
of gonadotropin; Gn days: Number of days to use gonadotropin; Total Gn dose: The total dose of
gonadotropin used; No.of follicles above 14mm: Number of follicles over 14mm in diameter; No.of
retrieved oocytes: Number of retrieved oocytes; No.of mature oocytes: Number of mature oocytes;
No.of 2PN fertilization: Number of 2PN fertilization; No.of abnormal fertilization: Number of abnormal
fertilization; No.of high quality embryos on D3: number of high-quality embryos on day 3; No.of high
quality embryos on D5: number of high-quality blastocysts on day 5. *P＜0.05, **P＜0.01.
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Characteristic PCOS (N = 72) Control (N = 70) P value

No.of retrieved oocytes 17.76 ± 8.56 14.73 ± 6.91 0.022*

No.of mature oocytes 14.96 ± 7.23 12.76 ± 6.65 0.061

Mature oocyte rate (%) 84.5(1078/1276) 86.6(893/1031) 0.149

No.of 2PN fertilization 10.17 ± 6.18 8.51 ± 5.35 0.091

No.of abnormal fertilization 1.15 ± 1.47 1.36 ± 1.81 0.461

No.of high quality embryos on D3 3.25 ± 3.18 3.96 ± 2.89 0.168

No.of high quality embryos on D5 1.57 ± 1.97 2.11 ± 2.52 0.152

Continuous variables are expressed as the mean ± SD; PCOS: polycystic ovary syndrome; BMI: body
mass index; No.of AFC-Total: the number of antral follicles with a diameter from 2 to 9 mm both in
the left and right ovary; MAP: mean arterial pressure; FSH: follicle-stimulating hormone; LH: luteinizing
hormone; T: testosterone; E2: estradiol; P: progesterone; PRL: prolactin; Gn initiation dose: Initial dose
of gonadotropin; Gn days: Number of days to use gonadotropin; Total Gn dose: The total dose of
gonadotropin used; No.of follicles above 14mm: Number of follicles over 14mm in diameter; No.of
retrieved oocytes: Number of retrieved oocytes; No.of mature oocytes: Number of mature oocytes;
No.of 2PN fertilization: Number of 2PN fertilization; No.of abnormal fertilization: Number of abnormal
fertilization; No.of high quality embryos on D3: number of high-quality embryos on day 3; No.of high
quality embryos on D5: number of high-quality blastocysts on day 5. *P＜0.05, **P＜0.01.

 

Klotho In Ff Is Correlated With The Severity Of Pcos
To identify the role of Klotho in PCOS, we used the ELISA kit to detect the Klotho protein in the follicular
fluid of 142 subjects. The detail data were shown in Supplemental Table 2. As is shown in Fig. 1A, the
concentration of Klotho in the follicular fluid of the PCOS group significantly increased (331.88 ± 
190.03pg/ml vs 211.78 ± 150.51pg/ml, P < 0.01). This suggests abnormally increased expression of
Klotho in the follicular fluid of PCOS. Next, we performed the correlation analysis with Klotho, age, BMI,
menstrual cycle, and number of total antral follicles in PCOS group and control group. As is shown in
Table 2 and Fig. 1B-C, the level of Klotho in follicular fluid of the PCOS group was positively correlated
with menstrual cycle and number of total antral follicles, while no similar correlation was observed in the
control group. These suggested that the level of Klotho in follicular fluid is related to the severity of PCOS.
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Table 2
Correlation analysis between Klotho in follicular fluid and the severity of PCOS.

Characteristic Klotho (pg/ml)

  PCOS (N = 72) Control (N = 70)

  r P value r P value

Age (y) -0.143 0.231 0.018 0.880

BMI (kg/m2) 0.043 0.720 -0.084 0.491

Menstrual cycle (d) 0.376 0.001** 0.027 0.824

No.of AFC-Total 0.297 0.011* 0.082 0.501

BMI: body mass index; No.of AFC-Total: the number of antral follicles with a diameter from 2 to 9 mm
both in the left and right ovary. *P＜0.05, **P＜0.01.

 

Klotho In Ff Is Related To The Quality Of Pcos Oocytes
Follicular fluid is the important microenvironment for follicular development. Disturbance of the
microenvironment could lead to follicular arrested or follicular atresia. In order to further clarify the effect
of high concentration of Klotho in follicular fluid on PCOS patients underwent IVF, we performed
correlation analysis with the follicular fluid Klotho and IVF clinical parameters in the PCOS group and the
control group. As is shown in Table 3 and Fig. 2, Klotho in FF of PCOS group was negatively correlated
with the number of mature oocytes, while there was no similar correlation in the control group (Fig. 2A).
At the same time, we divided the PCOS group into two groups according to the median of Klotho level,
and found that the rate of mature oocytes was significantly reduced in the high level of Klotho group
(Fig. 2B). It is suggested that the high expression of Klotho in the follicular fluid of the PCOS group may
affect the quality of oocytes. However, there was no correlation between Klotho and the number of
retrieved oocytes, the number of 2PN fertilization, the number of abnormal fertilizations, the number of
high-quality embryos on D3 and the number of high-quality embryos on D5 in the PCOS group and the
control group.
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Table 3
Correlation analysis between the level of Klotho in follicular fluid and IVF clinical parameters.

Characteristic Klotho (pg/ml)

PCOS (N = 72) Control (N = 70)

r P value r P value

No.of retrieved oocytes -0.232 0.050 0.086 0.479

No.of mature oocytes -0.240 0.043* 0.073 0.550

No.of 2PN fertilization 0.029 0.811 0.069 0.569

No.of abnormal fertilization 0.065 0.587 0.089 0.462

No.of high quality embryos on D3 0.024 0.840 -0.055 0.651

No.of high quality embryos on D5 -0.002 0.989 -0.076 0.533

No.of retrieved oocytes: Number of retrieved oocytes; No.of mature oocytes: Number of mature
oocytes; No.of 2PN fertilization: Number of 2PN fertilization; No.of abnormal fertilization: Number of
abnormal fertilization; No.of high quality embryos on D3: number of high-quality embryos on day 3;
No.of high quality embryos on D5: number of high-quality blastocysts on day 5. *P＜0.05.

 

The high expression of Klotho in granulosa cells from PCOS patients
was accompanied by increased apoptosis, inflammatory response.
To further confirm the effect of Klotho on the oocytes of PCOS patients, we used GCs collected from
PCOS patients to tested the mRNA level of Klotho, Caspase-3, Caspase-9, PCNA, GDF9, IL-6 and TNF,
respectively. As shown in Fig. 3A, the mRNA level of Klotho in granulosa cells of PCOS group was
significantly higher than the control group, and it was the highest in the group of PCOS with
hyperandrogenism. Next, we analyzed the mRNA levels of apoptosis-related factors Caspase-3, Caspase-
9 inflammation-related factors IL-6 and TNF, cell proliferation related factors PCNA and folliculogenesis
related factor GDF9 in granulosa cells. As shown in Fig. 3B-F, the mRNA level of Caspase-3, Caspase-9, IL-
6 and TNF in granulosa cells of the PCOS group, especially the expression of Caspase-3, IL-6 and TNF in
the group of PCOS with hyperandrogenism, were significantly higher than that of the control group.
Similarly, in Fig. 3D, the mRNA level of PCNA is significantly down regulated in the group of PCOS.
Although there was no statistical difference between the group of PCOS with hyperandrogenism and the
group of PCOS with normal androgen level, there was a downward trend between the two groups. And
these were consistent with the Klotho expression mentioned above, which suggested that the Klotho in
the follicles is closely related to the apoptosis and inflammation of granulosa cells, and is increasing with
the level of testosterone. In addition, we also tested the mRNA level of GDF9. As is shown in the in
Fig. 3G, the expression of GDF9 is significantly down regulated in the group of PCOS, especially in the
group of PCOS with hyperandrogenism.
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Klotho In The Follicular Fluid Of Pcos Was Positively Correlated With
Serum Testosterone Levels
As mentioned above, Klotho is more pronounced in the granulosa cells of patients with PCOS and
hyperandrogenemia. In order to clarify the relationship between Klotho and androgen, we first analyzed
the difference in the expression of Klotho in the follicular fluid between the group of PCOS with
hyperandrogenism and the group of PCOS with non-hyperandrogenism. As shown in Fig. 4A, the
concentration of Klotho in group of PCOS with hyperandrogenism was much higher than the other group
(439.44 ± 207.67pg/ml vs 284.55 ± 162.36pg/ml, P < 0.01). Then, to find out the relationship between
Klotho in the FF of PCOS patients and their basic sex hormones, we carried out correlation analysis in
PCOS group and control group. As shown in Table 4 and Fig. 4B-D, the expression of follicular fluid Klotho
from PCOS group was positively correlated with serum testosterone, LH, and LH/FSH levels (P < 0.05),
while there was no correlation in the control group. It is suggested that the Klotho level in follicular fluid in
PCOS disease is closely related to high levels of serum androgen.

Table 4
Correlation analysis between the level of Klotho in follicular fluid and basal hormone levels.

Characteristic Klotho (pg/ml)

PCOS (N = 72)                                                     Control (N = 70)

r P value r P value

Basal T (ng/ml) 0.410 0.000** 0.127 0.294

Basal FSH (mIU/ml) 0.089 0.456 0.135 0.266

Basal LH (mIU/ml) 0.266 0.024* 0.211 0.080

LH/FSH 0.270 0.022* 0.179 0.139

Basal E2 (pg/ml) 0.068 0.569 -0.017 0.887

Basal P (ng/ml) 0.072 0.548 0.101 0.405

Basal PRL (ng/ml) -0.010 0.930 0.052 0.668

T: testosterone; FSH: follicle-stimulating hormone; LH: luteinizing hormone; LH/FSH: The ratio of
luteinizing hormone to follicle-stimulating hormone; E2: estradiol; P: progesterone; PRL: prolactin. *P＜
0.05, **P＜0.01.

Discussion
PCOS is one of the most common endocrine disease in women of reproductive age. Many studies have
revealed that PCOS always accompanied with metabolic disorders such as obesity, dyslipidemia, insulin
resistance, and predisposed to type 2 diabetes, cardiovascular disease and endometrial cancer[2, 5, 27],
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and these seriously affect their life qualities. Klotho, as an anti-aging gene, has been proved to play an
important protecting role through inhibiting oxidative stress, regulating ion channel activity and cell
apoptosis[13, 28]. But recent studies in PCOS shown that Klotho in serum and granulosa cells is
significantly increased, and these may induce granulosa cell apoptosis[25, 26]. This suggested Klotho
may have an intimate association with the development of PCOS, however, its underlying mechanism has
not been clarified. Hence, in this study, we tested the concentration of Klotho in the FF of PCOS patients
and analyzed its relationship with the clinical data.

Previous study has revealed that serum Klotho in PCOS is significantly increased[26]. Our results
confirmed that the concentration of Klotho in the follicular fluid of PCOS patients was much higher than
the control group. These suggested abnormal increased expression of Klotho in the follicular fluid is
closely related to PCOS disease. As we all known, prolonged menstrual cycle and increased number of
antral follicles is the most important feature of PCOS, and these two symptoms reflect the severity of
PCOS[9]. Hence, we performed correlation analysis between Klotho and menstrual cycle and the number
of total antral follicles. Not surprisingly, positive correlations were showed between the level of Klotho in
follicular fluid of PCOS and the menstrual cycle and the number of total antral follicles. Therefore, these
indicated that the high concentration of Klotho may promote the development of PCOS disease, or at
least, has a close relationship with the development of PCOS.

IVF-ET is one of the most effective ways to treat infertility in PCOS patients. The quality of oocytes is of
great significance to the outcome of IVF-ET assisted pregnancy. Previous studies shown that poor quality
of oocytes was observed in PCOS patients[29–31]. As mentioned above, Klotho is closely related to the
development of PCOS, we wondered whether Klotho affects oocytes quality in PCOS. Hence, correlation
analysis was performed between Klotho in follicular fluid and IVF cycle clinical parameters, which were
collected in Nanfang hospital. Results showed that Klotho was negatively correlated with the number of
mature oocytes in PCOS, suggesting that an abnormal increase in Klotho can reduce the quality of
oocytes. At the same time, we divided the PCOS group into two groups based on the median of Klotho
level. Similarly, the rate of mature oocytes was significantly reduced in the group of higher level of Klotho,
which further confirmed that the high expression of Klotho in the follicular fluid of the PCOS group can
reduced the quality of oocytes.

The development of follicle and the oocyte quality are mainly regulated by hormones released by the
hypothalamus-pituitary-ovarian axis. The abnormality release of hormones in PCOS result in follicular
atresia or follicular arrested. In addition, microenvironment of follicular development is also another main
factor. Granulosa cells and oocytes exist in the same microenvironment. At the same time, granulosa
cells regulate the development and maturation of oocytes through gap junctions, therefore, the follicular
fluid microenvironment disorder and granulosa cell dysfunction affects the developmental potential of
oocytes[32–34]. Tremendous studies showed that the mRNA level of Caspase-3, IL-6 and TNF in
granulosa cells of PCOS patients were significantly increased[35], and these were consisted with our
results. In addition, we also tested the mRNA level of Caspase-9, PCNA and Klotho in GCs, and found that
Caspase-9 and Klotho were significantly increased in PCOS patients, especially in PCOS patients with
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hyperandrogenism, while PCNA was downregulated. These indicated that upregulation of Klotho may
accompany with increased inflammatory and apoptotic response in granulosa cells. Furthermore, we also
found that the mRNA level of GDF9 was downregulated in the PCOS group, especially in the group of
PCOS with hyperandrogenism, this reflected the bad quality of oocytes in PCOS.

However, it seems contradictory, as Klotho has been considered as an inflammatory inhibitor for a long
time[36]. It can inhibit the NF-κB pathway, thereby reducing the expression of inflammatory factors such
as IL-6 and TNF[37]. And it is worth noting that a large number of studies believed that PCOS is in a
chronic inflammatory state[38], accompanied with the activation of the NF-κB inflammatory pathway[39]
and the secretion of a large number of pro-inflammatory factors[9, 40–43]. Therefore, it is difficult to
know whether the high expression of Klotho plays a protective or damaging role in inflammatory
response of PCOS granulosa cells.

Previous studies have confirmed that hyperandrogenism is responsible for the chronic inflammatory state
of PCOS[44, 45]. Gonzalez et al. found that excessive androgen activated the NF-κB pathway in
monocytes and induced the expression of inflammatory factors such as IL-6 and TNF[46]. Another study
also confirmed that inflammation and apoptosis of granulosa cells in PCOS are closely related to high
level of androgens[9]. Although most studies believe that Klotho was an inflammation inhibitor, it does
not seem to be able to inhibit the inflammation response in PCOS. Recent study showed that Klotho
promoted the apoptosis of granulosa cells in PCOS[25]. Our results also confirmed that the high
expression of Klotho in the follicular fluid and granulosa cells of the PCOS group was accompanied by
increased inflammation and apoptosis in granulosa cells. Therefore, we could reasonably speculate that
there are two possible explanations for the role of Klotho in PCOS granular cells: the first one is that the
high expression of Klotho along with high level of androgen may aggravate the inflammation state of
PCOS, and the other is that although Klotho functions as an inflammation inhibitor in PCOS, excessive
androgen can strongly increase the inflammation and apoptosis of granulosa cells, which exceeds the
protective effect of Klotho to a certain extent, thereby covering up its protective role.

Studies found that the high expression of Klotho was accompanied by the up-regulation of androgen
receptors in NRK-52e cells in testosterone-treated mice[47]. And the overexpression of androgen receptors
could in turn enhanced the expression of Klotho, suggesting that Klotho is closely related to the
androgen[47]. Similarly, our results in this study showed that the level of Klotho in the follicular fluid of
PCOS with hyperandrogenism was the highest among the three groups, and it was consistent with the
Klotho level in granulosa cells. In addition, we found a positive correlation between Klotho and serum
testosterone, LH and LH/FSH. These indicated that the increasing level of Klotho in follicular fluid of
PCOS was closely related to excessive androgen. As we all know, in female ovaries, androgens are
synthesized and secreted by follicular membrane cells, and androgen receptors are rich expressed in
oocytes, granulosa cells and follicular membrane cells. And androgens play a regulatory role in the
development and maturation of follicles through their receptors. Hence, we proposed that the excessive
androgen in PCOS patients may up-regulate the expression of Klotho in follicular fluid and granulosa
cells through its receptors.
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In this study, since the serum Klotho in PCOS patients was not tested, we cannot determine whether the
Klotho in the plasma is responsible for the increase level of Klotho in the follicular fluid or the high level
of Klotho is originally produced by granulosa cells. Because the follicular fluid derives mainly from
plasma via the vascular compartment in the follicle wall and Klotho in the follicular fluid may be one of
the components that derives from plasma. Future studies should be designed to analyze the level of
Klotho both in the plasma and follicular fluid. Furthermore, the underlying mechanisms of Klotho in
granulosa cell and its effects of oocytes should be further explored to verify our conclusions.

Conclusion
Although more studies are needed, these results provide proof of principle that Klotho plays a pivotal role
in the onset and development of PCOS. It is of great importance to know the clinical significance of
Klotho in PCOS, as it provides a new clue for clinicians to improve the oocytes quality of PCOS patients.
Overall, Klotho may be regarded as a novel indicative marker for clinical prevention and treatment of
PCOS and the outcome of IVF of PCOS patients.

Declarations
Funding

This work was supported by Guangdong-Dongguan Joint Fund Regional Cultivation Project (Grant Nos.
2021B1515140033).

Competing interests

The authors have no relevant financial or non-financial interests to disclose.

Authors’ Contributions

Y.S., W.Y. and T.X had full access to all the data in the study. W.Y. and T.X. contributed with the clinical
interpretation of the results. Y.S. and W.Y. wrote the first version of the manuscript, which was thoroughly
reviewed, edited, and approved by all other authors.

Ethical approval

This study was approved by the Ethical Committee Faculty of Nanfang Hospital, Southern Medical
University. The number of ethical approvals is NFEC-2018-154.

Consent to participate

The informed consent was obtained from all of the participants recruited into this study and was carried
out in accordance with the World Medical Association Declaration of Helsinki.

Consent to publish



Page 15/21

Not applicable.

Acknowledgements

We thank all patients from the Center of Reproductive Medicine, Nanfang Hospital, Southern Medical
University for donating their FF and GCs for this study.

References
1. X. Li, Y. Feng, J.F. Lin, H. Billig, R. Shao, Endometrial progesterone resistance and PCOS. J. Biomed.

Sci. 21, 2 (2014). http://doi.rog/10.1186/1423-0127-21-2

2. R. Azziz et al., Polycystic ovary syndrome. Nat. Rev. Dis. Primers 2, 16057 (2016).
http://doi.rog/10.1038/nrdp.2016.57

3. H. Teede, A. Deeks, L. Moran, Polycystic ovary syndrome: a complex condition with psychological,
reproductive and metabolic manifestations that impacts on health across the lifespan. BMC Med. 8,
41 (2010). http://doi.rog/10.1186/1741-7015-8-41

4. R. Li et al., Prevalence of polycystic ovary syndrome in women in China: a large community-based
study. Hum. Reprod. 28, 2562–2569 (2013). http://doi.rog/10.1093/humrep/det262

5. L.G. Cooney, A. Dokras, Beyond fertility: polycystic ovary syndrome and long-term health. Fertil. Steril.
110, 794–809 (2018). http://doi.rog/10.1016/j.fertnstert.2018.08.021

6. D. Lizneva et al. Criteria, prevalence, and phenotypes of polycystic ovary syndrome. Fertil. Steril. 106,
6–15(2016). http://doi.rog/10.1016/j.fertnstert.2016.05.003

7. J.E. Fortune, Ovarian follicular growth and development in mammals. Biol. Reprod. 50, 225 –
32(1994). http://doi.rog/10.1095/biolreprod50.2.225

8. J. Qiao, H.L. Feng, Extra- and intra-ovarian factors in polycystic ovary syndrome: impact on oocyte
maturation and embryo developmental competence. Hum. Reprod. Update 17, 17–33 (2011).
http://doi.rog/10.1093/humupd/dmq032

9. Y. Song et al., Serum testosterone acts as a prognostic indicator in polycystic ovary syndrome-
associated kidney injury. Physiol. Rep. 7, e14219 (2019). http://doi.rog/10.14814/phy2.14219

10. X. Qiu, Y. Wei, C. Liu, C. Ding, S. Zhao, Hyperandrogen enhances apoptosis of human ovarian
granulosa cells via up-regulation and demethylation of PDCD4. Gynecol. Endocrinol. 36, 333–337
(2020). http://doi.rog/10.1080/09513590.2019.1653844

11. K.A. Walters, Role of androgens in normal and pathological ovarian function. Reproduction. 149,
R193–R218 (2015). http://doi.rog/10.1530/REP-14-0517

12. Y. Matsumura et al., Identification of the human klotho gene and its two transcripts encoding
membrane and secreted klotho protein. Biochem. Biophys. Res. Commun. 242, 626–630 (1998).
http://doi.rog/10.1006/bbrc.1997.8019

13. M. Kuro, The Klotho proteins in health and disease. Nat. Rev. Nephrol. 15, 27–44 (2019).
http://doi.rog/10.1038/s41581-018-0078-3. -O.



Page 16/21

14. Q. Wang, D. Ren, Y. Li, G. Xu, Klotho attenuates diabetic nephropathy in db/db mice and ameliorates
high glucose-induced injury of human renal glomerular endothelial cells. Cell. Cycle 18, 696–707
(2019). http://doi.rog/10.1080/15384101.2019.1580495

15. S. Li, L. Yu, A. He, Q. Liu. Klotho Inhibits Unilateral Ureteral Obstruction-Induced Endothelial-to-
Mesenchymal Transition via TGF-beta1/Smad2/Snail1 Signaling in Mice. Front. Pharmacol. 10, 348
(2019). http://doi.rog/10.3389/fphar.2019.00348

16. M.C. Hu, M. Kuro-o, O.W. Moe, Klotho and kidney disease. J. Nephrol. 23(Suppl 16), S136–S144
(2010)

17. C.R. Abraham, P.C. Mullen, T. Tucker-Zhou, C.D. Chen, E. Zeldich. Klotho Is a Neuroprotective and
Cognition-Enhancing Protein. Vitam. Horm. 101, 215–238(2016).
http://doi.rog/10.1016/bs.vh.2016.02.004

18. A. Masso et al., Secreted and Transmembrane alphaKlotho Isoforms Have Different Spatio-Temporal
Profiles in the Brain during Aging and Alzheimer's Disease Progression. PLoS One. 10, e143623
(2015). http://doi.rog/10.1371/journal.pone.0143623

19. T. Rubinek et al. Epigenetic silencing of the tumor suppressor klotho in human breast cancer. Breast
Cancer Res Treat. 133, 649 – 57(2012). http://doi.rog/10.1007/s10549-011-1824-4

20. M. Gigante et al. Soluble Serum alphaKlotho Is a Potential Predictive Marker of Disease Progression
in Clear Cell Renal Cell Carcinoma. Medicine (Baltimore). 94, e1917(2015).
http://doi.rog/10.1097/MD.0000000000001917

21. D. Dai et al., Klotho inhibits human follicular thyroid cancer cell growth and promotes apoptosis
through regulation of the expression of stanniocalcin-1. Oncol. Rep. 35, 552–558 (2016).
http://doi.rog/10.3892/or.2015.4358

22. B.R. Adhikari et al. Immunohistochemical evaluation of Klotho and DNA methyltransferase 3a in oral
squamous cell carcinomas. Med. Mol. Morphol. 50, 155–160(2017). http://doi.rog/10.1007/s00795-
017-0156-9

23. X.X. Li et al., Klotho suppresses growth and invasion of colon cancer cells through inhibition of
IGF1R-mediated PI3K/AKT pathway. Int. J. Oncol. 45, 611–618 (2014).
http://doi.rog/10.3892/ijo.2014.2430

24. X. Tang et al., Klotho: a tumor suppressor and modulator of the Wnt/beta-catenin pathway in human
hepatocellular carcinoma. Lab. Invest. 96, 197–205 (2016).
http://doi.rog/10.1038/labinvest.2015.86

25. Z. Mao et al., Abnormality of Klotho Signaling Is Involved in Polycystic Ovary Syndrome. Reprod. Sci.
25, 372–383 (2018). http://doi.rog/10.1177/1933719117715129

26. S. Bednarska, J. Fryczak, A. Siejka, Serum beta-Klotho concentrations are increased in women with
polycystic ovary syndrome. Cytokine. 134, 155188 (2020).
http://doi.rog/10.1016/j.cyto.2020.155188

27. H.J. Teede et al., Recommendations from the international evidence-based guideline for the
assessment and management of polycystic ovary syndrome. Clin Endocrinol (Oxf). 89, 251 –



Page 17/21

68(2018). http://doi.rog/10.1111/cen.13795

28. J.H. Kim, K.H. Hwang, K.S. Park, I.D. Kong, S.K. Cha, Biological Role of Anti-aging Protein Klotho. J.
Lifestyle Med. 5, 1–6 (2015). http://doi.rog/10.15280/jlm.2015.5.1.1

29. E. Cardozo, M.E. Pavone, J.E. Hirshfeld-Cytron, Metabolic syndrome and oocyte quality. Trends
Endocrinol. Metab. 22, 103–109 (2011). http://doi.rog/10.1016/j.tem.2010.12.002

30. Q. Liu et al., Single-cell analysis of differences in transcriptomic profiles of oocytes and cumulus
cells at GV, MI, MII stages from PCOS patients. Sci. Rep. 6, 39638 (2016).
http://doi.rog/10.1038/srep39638

31. E. Cardozo, M.E. Pavone, J.E. Hirshfeld-Cytron, Metabolic syndrome and oocyte quality. Trends
Endocrinol. Metab. 22, 103–109 (2011). http://doi.rog/10.1016/j.tem.2010.12.002

32. A. Sen, S.R. Hammes, Granulosa cell-specific androgen receptors are critical regulators of ovarian
development and function. Mol. Endocrinol. 24, 1393–1403 (2010). http://doi.rog/10.1210/me.2010-
0006

33. N.A. Cataldo, D.A. Dumesic, P.C. Goldsmith, R.B. Jaffe, Immunolocalization of Fas and Fas ligand in
the ovaries of women with polycystic ovary syndrome: relationship to apoptosis. Hum. Reprod. 15,
1889–1897 (2000). http://doi.rog/10.1093/humrep/15.9.1889

34. J.M. Vink, S. Sadrzadeh, C.B. Lambalk, D.I. Boomsma, Heritability of polycystic ovary syndrome in a
Dutch twin-family study. J. Clin. Endocrinol. Metab. 91, 2100–2104 (2006).
http://doi.rog/10.1210/jc.2005-1494

35. H.R. Shen, X. Xu, X.L. Li. Berberine exerts a protective effect on rats with polycystic ovary syndrome
by inhibiting the inflammatory response and cell apoptosis. Reprod. Biol. Endocrinol. 19, 3(2021).
http://doi.rog/10.1186/s12958-020-00684-y

36. J. Mytych, P. Solek, M. Koziorowski, Klotho modulates ER-mediated signaling crosstalk between
prosurvival autophagy and apoptotic cell death during LPS challenge. Apoptosis. 24, 95–107 (2019).
http://doi.rog/10.1007/s10495-018-1496-1

37. Y. Zhao et al., Klotho depletion contributes to increased inflammation in kidney of the db/db mouse
model of diabetes via RelA (serine)536 phosphorylation. Diabetes. 60, 1907–1916 (2011).
http://doi.rog/10.2337/db10-1262

38. M. Rostamtabar et al., Pathophysiological roles of chronic low-grade inflammation mediators in
polycystic ovary syndrome. J. Cell. Physiol. 236, 824–838 (2021). http://doi.rog/10.1002/jcp.29912

39. H. Li et al., S100-A9 protein in exosomes derived from follicular fluid promotes inflammation via
activation of NF-kappaB pathway in polycystic ovary syndrome. J. Cell. Mol. Med. 24, 114–125
(2020). http://doi.rog/10.1111/jcmm.14642

40. P. Vural et al., Tumor necrosis factor alpha, interleukin-6 and interleukin-10 polymorphisms in
preeclampsia. J. Obstet. Gynaecol. Res. 36, 64–71 (2010). http://doi.rog/10.1111/j.1447-
0756.2009.01111.x

41. C.H. Kim et al., Pioglitazone treatment decreases follicular fluid levels of tumor necrosis factor-alpha
and interleukin-6 in patients with polycystic ovary syndrome. Clin. Exp. Reprod. Med. 38, 98–102



Page 18/21

(2011). http://doi.rog/10.5653/cerm.2011.38.2.98

42. B. Wang, M. Hao, Q. Yang, J. Li, Y. Guo, Follicular fluid soluble receptor for advanced glycation
endproducts (sRAGE): a potential protective role in polycystic ovary syndrome. J. Assist. Reprod.
Genet. 33, 959–965 (2016). http://doi.rog/10.1007/s10815-016-0704-6

43. T. Zhang et al. Detection of dendritic cells and related cytokines in follicular fluid of patients with
polycystic ovary syndrome. Am. J. Reprod. Immunol. 78, 2017). http://doi.rog/10.1111/aji.12717

44. A. Krishnan et al. Effect of DHT-Induced Hyperandrogenism on the Pro-Inflammatory Cytokines in a
Rat Model of Polycystic Ovary Morphology. Medicina (Kaunas). 56, 2020).
http://doi.rog/10.3390/medicina56030100

45. A.A. Nehir et al. Relationship between hyperandrogenism, obesity, inflammation and polycystic ovary
syndrome. Gynecol. Endocrinol. 32, 709 – 13(2016).
http://doi.rog/10.3109/09513590.2016.1155208

46. F. Gonzalez et al., Induction of hyperandrogenism in lean reproductive-age women stimulates
proatherogenic inflammation. Horm. Metab. Res. 47, 439 – 44(2015). http://doi.rog/10.1055/s-0034-
1387791

47. S.C. Hsu et al., Testosterone increases renal anti-aging klotho gene expression via the androgen
receptor-mediated pathway. Biochem. J. 464, 221–229 (2014). http://doi.rog/10.1042/BJ20140739

Supplemental Tables
Supplemental Tables 1 and 2 are not available with this version.

Figures

Figure 1

Comparison of Klotho level in follicular fluid between PCOS and control.
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A. The concentration of klotho is significantly increased in PCOS group.

B. Correlations between the level of Klotho in follicular fluid and the menstrual cycle in the PCOS group
and the control group.

C. Correlations between the level of Klotho in follicular fluid and No. of AFC-Total in the PCOS group and
the control group.

**P＜0.01. (n = 72 in PCOS group, n = 70 in control group).

Figure 2

Correlations between the level of Klotho in follicular fluid and mature oocytes.

A: Correlations between the level of Klotho in follicular fluid and the number of mature oocytes (n=142).
B: Comparison of mature oocyte rates between different level of Klotho in PCOS patients (n=72). PCOS:
polycystic ovary syndrome; No.of mature oocytes: the number of mature oocytes; No.of immature
oocytes: the number of immature oocytes; L-Klotho: the low level of Klotho group; H-Klotho: the high level
of Klotho group. **P＜0.01.
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Figure 3

The mRNA expression levels of Klotho, caspase-3, Caspase-9, PCNA, IL-6, TNF and GDF9 in GCs of the
high T+PCOS group, non-high T+PCOS group and the control group.

A: The mRNA expression of Klotho. B: The mRNA expression of caspase-3. C: The mRNA expression of
Caspase-9. D: The mRNA expression of PCNA. E: The mRNA expression of IL-6. F: The mRNA expression
of TNF. G: The mRNA expression of GDF9. PCOS: polycystic ovary syndrome; T: testosterone; PCNA:
proliferating cell nuclear antigen; IL-6: Interleukin-6; TNF: tumor necrosis factor; GDF9: growth
differentiation factor 9. T+PCOS: the group of PCOS with hyperandrogenism; NT+PCOS: the group of
PCOS with non-hyperandrogenism. Control: The control group. *P＜0.05, **P＜0.01.
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Figure 4

Correlation between follicular fluid klotho and androgen-related clinical parameters in PCOS group.

A: Comparison of Klotho expression in follicular fluid between T+PCOS and NT+PCOS. B: Correlation
between Klotho and serum androgen in PCOS group. C: Correlation between Klotho and serum LH in
PCOS group. D: Correlation between Klotho and LH/FSH in PCOS group.


