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Abstract: Reproductive aging is a biological phenomenon that is seen in women, noted by a progressive decline in ovarian function 

and a decrease in both the quantity and quality of oocytes by changes at the molecular level. Studies have shown that the pigment 

epithelium - derived factor (PEDF) plays a crucial role in maintaining ovarian angiogenic, and inflammatory and oxidative balance. 

Thus, an exploration of the involvement of PEDF with ovarian aging is necessary to gain a deeper knowledge of the mechanism which 

depicts the decreasing ovarian function and the deterioration of oocyte quantity and quality during the mid - 30s to 40s of a woman's 

life. The evaluation of PEDF in reproductive aging holds promise for advancing our knowledge of the factors and possible signal 

cascade that change ovarian health which eventually leads to ovarian aging. It may also provide valuable insights into potential 

therapeutic strategies or interventions that could help to solve female fertility - related problems due to the global trend in late - age 

childbearing. In this review we are debating whether PEDF could be a potential candidate for an early marker to detect reproductive 

aging; also, we relate oxidative stress (OS) with reproductive aging and the possible role of PEDF in it.  
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1. Introduction 
 

Reproductive aging is a biological process, commonly seen 

in women. The process begins in women in their mid to late 

30s and continues till menopause when females stop 

ovulating [1]. Reproductive aging is characterized by a 

gradual decrease in ovarian function, eventually leading to 

the disturbance of the hormonal feedback loop controlling 

female reproductive events. In general, the number of 

growing follicles is decreased as a result of key secretory 

products like Estrogens, Follicular Stimulation Hormone 

(FSH), and Luteinizing Hormone (LH) production being 

disturbed, thus narrowing the fertility window until it is 

finally shut down [2, 3]. This long process continues for 

several years and can be categorized into three phases [4]. 

The first phase is an initial stage of ovarian aging where the 

hormonal feedback loop tries to compensate for the effect of 

declining growing follicle numbers accompanied by an 

increased level of FSH and a decreased level of Anti - 

Müllerian Hormone (AMH), thus indicating reduced 

numbers of egg and ovulation rate. In the second phase, the 

ongoing follicle loss leads to irregular cycles, abnormal and 

irregular follicle development, and a level of Estradiol 

followed by a dramatic increase in FSH [5, 6, 7]. This phase 

is also known as progressive ovarian aging. In the third and 

final menstrual period, only a reduced level of ovarian 

hormone secretion can be detected [4].  

 

Reproductive aging and reduced fertility rates are related to 

physiological and molecular changes. This biological 

phenomenon develops along the canonical molecular 

pathway and can impact aging processes in the organism at 

the level of cells, tissues, organs, and systems. The changes 

due to reproductive aging are detected both in oocytes and 

granulosa cells (GC), which maintain a vital bi - directional 

communication for the ovulation of good - qualityoocytes. 

Research has indicated that reproductively - aged (RA) 

patients often experience excessive aneuploidy in their 

oocytes. Aneuploidy refers to errors in the number of 

chromosomes, which can have significant implications for 

reproductive health [8]. In addition to aneuploidy, 

mitochondrial dysfunction is also observed in these patients. 

This dysfunction is primarily caused by an over - production 

of reactive oxygen species (ROS) [9]. The impaired 

mitochondrial function can hinder the proper maturation of 

oocytes [10, 11]. This is evidenced by a decrease in germinal 

vesicle (GV) breakdown and first polar - body extrusion 

(PBE) [12, 13]. These are important markers of oocyte 

maturation. When these processes are disrupted, it can 

negatively impact the overall quality of the oocytes. 

Furthermore, studies represent that the primary granulosa 

cells (pGCs) of reproductively - aged women (≥35 years) 

and mice bear significant changes in mRNA, proteome, and 

transcriptome profiles. For instance, Ye et al. identified 371 

differentially expressed genes between ovarian secondary 

follicles of reproductively - aged mice (32 weeks old) and 

young mice (9 weeks old) [15]. These genes are associated 

with various biological processes related to reproductive 

aging, such as immune response, DNA transcription and 

replication, and apoptosis. In summary, the research suggests 

reproductively aged individuals often exhibit excessive 

aneuploidy in their oocytes and mitochondrial dysfunction. 

These factors can lead to compromised oocyte maturation 

and changes in gene expression profiles, highlighting the 

biological processes associated with reproductive aging [14].  

PEDF, which is encoded by the SERPINF1 gene, is a 

glycoprotein that is secreted by cells. It belongs to the non - 

inhibitory members of the serine protease inhibitors (serpin) 

superfamily [16]. PEDF was first purified from the 

conditioned media of human retinal pigment epithelium 

[17]. Initially, PEDF was identified as a neurotrophic agent 

with the ability to induce the differentiation of Y79 
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retinoblastoma tumor cells into non - proliferative, mature 

neurons [18]. Later in 1999, it is discovered that PEDF 

possesses not only neurotrophic properties but also 

significant anti - angiogenic effects [19]. This finding 

expanded the understanding of PEDF's functions. PEDF was 

recognized as an anti - angiogenic factor regulating 

vascularity in ocular compartments [20]. Research indicated 

that PEDF plays a role in the development of angiogenic eye 

diseases like proliferative diabetic retinopathy and others 

[21]. PEDF's anti - angiogenic activity is noteworthy due to 

its selectivity and reversibility. It specifically targets newly 

forming blood vessels while leaving existing ones 

untouched. Moreover, it does not interfere with the transient 

but essential process of creating new blood vessels during 

times of injury [20]. Later research shows that PEDF also 

has anti - inflammatory, and anti - oxidative qualities [25, 

26].  

 

The 50 - kDa PEDF glycoprotein is also secreted and 

expressed from the female reproductive system [22]. 

Previous investigations focused on elucidating the role of 

PEDF in the ovary, revealing that GCs in both rodents and 

humans are responsible for producing and secreting PEDF in 

a manner influenced by hormonal signals. Notably, the 

expression and secretion of PEDF in GCs exhibit an inverse 

relationship with the up - regulation of vascular endothelial 

growth factor (VEGF). Hormones such as Estradiol, LH, and 

progesterone exert down - regulatory effects on PEDF 

expression and secretion by GCs [23, 24].  

 

Moreover, earlier research proposed that low endogenous 

levels of PEDF in the ovary may be associated with various 

pathologies, including ovarian hyper stimulation syndrome 

(OHSS) [24, 27], and polycystic ovary syndrome (PCOS) 

[28]. However, little is known about PEDF regarding 

reproductive aging. Many efforts are invested to reduce and 

overcome the fertility problems of patients in their 40s and 

prioritizing this fact, this review is focused on the potential 

role of PEDF in ovarian aging, and probable involvement in 

OS and the onset of reproductive aging.  

 

2. POST - translational modification of PEDF 
 

PEDFis a versatile protein expressed by most cells in the 

body [29]. It is primarily secreted as a soluble monomeric 

glycoprotein. During its synthesis, PEDF undergoes N - 

glycosylation at the Asn285 site, which adds sugar 

molecules to the protein structure. PEDF is a 

phosphoprotein, meaning it undergoes phosphorylation, a 

process where phosphate groups are added to specific amino 

acids in the protein. The phosphorylation sites of PEDF play 

a crucial role in determining its function as either 

neurotrophic or anti - angiogenic [30, 31]. The neurotrophic 

activity of PEDF is mediated by protein kinase A (PKA), 

which phosphorylates PEDF on Ser 227, an amino acid 

residue. On the other hand, the anti - angiogenic activity of 

PEDF is mediated by casein kinase 2 (CK2), which 

phosphorylates PEDF on Ser 24 and Ser 114. Interestingly, 

the most potent anti - angiogenic and neurotrophic activities 

of PEDF are observed when PKA phosphorylation precedes 

CK2 phosphorylation [31]. In addition to its neurotrophic 

and anti - angiogenic properties, PEDF has been found to 

exhibit anti - inflammatory effects [32] and acts as an anti - 

oxidative factor [33]. These additional functions contribute 

to the diverse roles that PEDF plays in cellular processes and 

its potential therapeutic applications.  

  

3. PEDF Receptor 
 

The diverse function of PEDF has caused researchers to 

investigate the receptor/s of PEDF. The result shows that 

there are multiple receptors of PEDF involved in various 

functioning of PEDF [31]. The palatine - like phospholipase 

domain - containing 2 (PNPLA - 2 or PEDF - RN) is 

involved in the neurotropic activity of PEDF. Laminin 

receptor (LF or PEDF - RA) is believed to involve in 

angiogenic and pro - apoptotic activity [25]. On the other 

hand, Lipoprotein receptor - related protein - 5 (LRP - 5) 

also known as Wnt co - receptor has been suggested as a 

potential receptor of PEDF [34] and also cell surface F1FO - 

ATP synthase is identified as a mediator of PEDF for its 

angiogenic activity [35].  

 

4. PEDF relation with VEGF 
 

Emerging evidence suggests that the interplay between 

PEDF and VEGF is crucial for maintaining a balanced 

angiogenic environment under normal physiological 

conditions. PEDF has been shown to counteract the pro - 

angiogenic effects of VEGF. Specifically, in certain 

situations such as OS conditions, the level of PEDF can 

decrease while VEGF remains unaffected. This disruption in 

the balance between PEDF and VEGF provides a selective 

advantage to the pro - angiogenic activity of VEGF [36]. 

Consequently, this imbalance can contribute to the 

development of choroidal neo - vascularization, a 

characteristic feature of age - related macular degeneration 

(AMD). Studies have demonstrated that treatment with 

recombinant PEDF (rPEDF) can restore the angiogenic 

balance between PEDF and VEGF. By administering rPEDF, 

the disrupted equilibrium can be rectified, leading to a 

reduction in AMD symptoms [37]. The delicate interplay 

between PEDF and VEGF underscores the importance of 

maintaining their balance for proper angiogenic regulation. 

Understanding this relationship provides insights into the 

pathogenesis of AMD and highlights the potential 

therapeutic applications of restoring the PEDF - VEGF 

equilibrium.  

 

Another experiment shows an increase in PEDF mRNA 

levels in the GCs of rheumatoid arthritis (RA) patients, 

coupled with a decrease in intracellular PEDF protein levels, 

which suggests potential flaws in the translational 

mechanisms or alterations in protein stability within the GCs 

of RA patients [38]. Aging is commonly associated with a 

general reduction in protein synthesis [39]. In somatic - aged 

cells of various tissues, the altered transcriptome is often 

attributed to impaired transcription, translation, and protein 

regulation within the cells [40]. Under stressful conditions, 

including cellular aging, the integrated stress response (ISR) 

is activated. The ISR is an intracellular signaling network 

that maintains protein balance in response to environmental 

changes [39, 41, 42]. In the case of RA GCs, the elevated 

PEDF mRNA levels may be a compensatory response to the 

decrease in protein levels. This up - regulation of 

transcription could be a feedback mechanism to 
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counterbalance the decline in PEDF protein levels. 

Excessive transcription of PEDF mRNA may occur in an 

attempt to restore PEDF protein levels in the GCs of RA 

patients. On the other hand, it has been also observed that 

there is a decrease in the level of PEDF protein in the 

follicular fluid (FF) of RA patients compared to young 

individuals. Interestingly, the ratio of FF to GC PEDF 

protein levels remained similar between the two age groups, 

again indicating that the reduction in PEDF protein observed 

in RA patients is not due to altered secretion but rather 

reflects a decrease in its production or stability within the 

GCs.  

 

Consistent with previous studies [43, 44], an elevated 

concentration of VEGF protein has been found in the FF of 

RA patients. This implies that the increase in VEGF is a 

gene - specific mechanism rather than a general property of 

aging. The concurrent decrease in PEDF and increase in 

VEGF protein levels further intensify the inverted 

relationship between PEDF and VEGF, as demonstrated in 

various models [36, 45, 46]. As a result, the calculated 

PEDF/VEGF protein ratio was significantly decreased in RA 

patients and inversely correlated with patient age. This 

suggests an impaired angiogenic balance at the onset of 

ovarian aging in RA patients. These findings highlight the 

potential of measuring PEDF protein levels as an 

informative and reliable method for detecting the initiation 

of reproductive aging in women.  

 

5. PEDF can be associated with age - related 

endometrial cancer 
 

Throughout a woman's fertile life, the human endometrium 

undergoes significant cyclic morphological and biochemical 

changes during each menstrual cycle. These modifications 

involve regeneration, breakdown, and shedding of the 

endometrial tissue, and are tightly regulated by the ovarian 

steroids estradiol (E2) and progesterone (P4), and their 

respective receptors [47]. Mice lacking Estrogen receptor 

alpha (ERα) failed to develop uterine angiogenesis 

thussuggesting the pro - angiogenic activity of E2 in the 

uterus [48]. On the other hand, the role of P4 in endometrial 

angiogenesis is not as well - established. Studies have shown 

that P4 administration combined with low doses of E2 can 

inhibitthe proliferation of endothelial cells. However, high 

doses of E2 and P4 administration can cause a significant 

increase in the proliferation of endometrial endothelial cells 

[49]. The spatiotemporal expression of VEGF can be a result 

of the E2 and P4 effects on the endometrium. VEGF has 

many isoforms like VEGF 165, VEGF 121, VEGF 145, and 

VEGF 189, all regulated by hormones. The dominant 

isoform seen in the human endometrium and ovary is VEGF 

165, and its expression is altered dynamically during the 

menstrual cycle [50].  

 

The dynamic expression patterns of PEDF in the 

endometrium of both humans and rodents are seen during 

the menstrual and oestrus cycles respectively. This 

expression pattern was found to be reciprocally related to the 

expression of VEGF, another important factor involved in 

uterine physiology. PEDF levels decrease with age, 

suggesting that this decrease could contribute to the higher 

incidence of cancer seen in older individuals. Further 

research shows that the hormones E2 and P4 play a role in 

modulating PEDF expression. E2 was found to decrease 

PEDF levels, while P4, when administered after E2 

treatment, increased PEDF expression. Further 

investigations revealed the presence of PEDF - RN in the 

human endometrium, primarily localized within the 

endometrial glands. Moreover, in vitro experiments 

demonstrated that rPEDF down - regulates VEGF expression 

[24].  

 

6. PEDF and OS 
 

Production of ROS and decrease in antioxidants is inversely 

related with age, thus suggesting OS increases with 

increasing age. PEDF is a good candidate for antioxidants 

and has been demonstrated in several models. Investigation 

into PEDF and its ability to fight OS shows that 

administration of PEDF blocks activation and aggregation of 

platelets which eventually leads to the inhibition of the 

formation of occlusive thrombosis [51]. It is assumed that 

PEDF fightsOS by activating the AKT signaling pathway in 

GCs, thus promoting its anti - apoptotic action.  

 

The serine/threonine kinase AKT plays a crucial role in 

regulating GC survival and apoptosis throughout 

folliculogenesis in the ovary. AKT is known to be activated 

by various cellular stimuli, including growth factors and 

cytokines. However, it is later discovered that treatment with 

sphingosine - 1 - phosphate can inhibit granulosa cell 

apoptosis induced by OS caused by hydrogen peroxide 

(H2O2) through the AKT signaling pathway [52]. 

Considering the anti - apoptotic properties of PEDF in 

granulosa cells, the researchers hypothesized that PEDF may 

activate AKT in granulosa cells. Their investigations 

supported this hypothesis, as they found that the 

administration of recombinant rPEDF to both a rat granulose 

cell line and human primary granulose cell culture resulted 

in AKT phosphorylation. Interestingly, PEDF induced more 

pronounced AKT phosphorylation in the human primary 

granulose cell culture compared to the rat cell line, 

suggesting that the abundance of PEDF receptors may differ 

between the two. Additionally, the researchers observed that 

rPEDF counteracted the down - regulation of AKT induced 

by H2O2 in human primary granulosa cell culture. These 

findings led to the conclusion that PEDF acts as a novel 

intrinsic antioxidant in granulosa cells, exerting its pro - 

survival effect, at least in part, through the AKT signaling 

pathway, particularly under conditions of OS [25].  

 

These discoveries contribute to our understanding of the 

molecular mechanisms involved in granulosa cell survival 

and apoptosis regulation. By uncovering the role of PEDF 

and its interaction with AKT, this research highlights the 

potential therapeutic implications for manipulating these 

pathways in the context of reproductive health and fertility - 

related disorders. Further investigations are needed to fully 

elucidate the complex interplay between PEDF, AKT, and 

other signaling molecules in granulosa cell function and 

ovarian physiology.  
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7. Conclusion 
 

The ovarian aging process has gained significant attention 

due to the global trend of delaying childbearing. Several 

markers have been identified to predict the onset of ovarian 

aging, including antral follicle count, basal FSH, and AMH 

levels. However, new studies focusing on the late stages of 

folliculogenesis, such as oocyte maturation, GC transition 

during ovulation, and FF production, suggest that PEDF may 

be involved in the early onset of reproductive aging. The 

study proposes PEDF as a potential early marker for this 

process. Also, by uncovering the role of PEDF and its 

interaction with AKT, PEDF is highlighted as a potential 

therapeutic supplement candidate in assisted reproductive 

technology (ART) for individuals with reduced PEDF levels. 

However, the specific mechanism behind this process 

requires further research to be determined.  
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