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	        ABSTRACT
Background: Polycystic ovarian syndrome (PCOS) is commonly linked to insulin resistance and metabolic disturbances. Early diagnosis improves outcomes.
Objectives: This study examined the relationship between serum glypican-4 (GPC4) levels and sex hormones in women with PCOS.
Methods: In this case-control study, 40 healthy women who were age-matched to the PCOS patients were selected as the control group, while 100 women with PCOS between the ages of 15 and 45 took part. The study was carried out through a survey conducted in the outpatient department of Kirkuk General Hospital from September to December 2024. The Rotterdam criteria are used to diagnose PCO in patients. Before and after therapy, the body mass index is calculated. Using an ELISA kit and the Enzyme-Linked Immunosorbent Assay technique, the amount of glycocan-4 in human serum was determined. Serum levels of the sex hormones follicle-stimulating hormone (FSH), luteinizing hormone (LH), and prolactin (PRL) were measured using an automated biochemical analyzer. 
Results: The PCOS group human Glypican-4 levels and serum levels of sex hormones (LH, FSH, and PRL) were significantly (p<0.01) greater than the control group.
Conclusion: Serum glypican-4 levels were significantly elevated in women with PCOS compared to the control group.



Introduction
The Glypican 4 (GPC4) gene encodes the human protein called glypican-4. A variable number of heparan sulfate chains have been added to a membrane-associated protein core to form cell surface heparan sulfate proteoglycans. A glycosyl phosphatidylinositol bond connects the core protein of members of the glypican-related integral membrane proteoglycan family (GRIPS) to the cytoplasmic membrane. These proteins might be involved in regulating the division and proliferation of cells. Situated next to the 3' end of GPC3, the GPC4 gene is another possible cause of Simpson-Golabi-Behmel syndrome [1].
         In people of normal weight, glipican-4 is expressed more in the abdominal subcutaneous adipose tissue (SAT) than in the visceral adipose tissue (VAT) depots [2]. However, Gpc4 mRNA levels in abdominal SAT fall, but those in VAT increase when body mass index (BMI) and waste-to-hip ratio (WHR) increase; these values are highest in individuals who are overweight or obese. Serum GPC4 levels steadily increase as women go from a lean to an obese phenotype; however, in obese individuals, this may be because of a larger drop in GPLD1 activity brought on by increased insulin resistance. In general, rising BMI and insulin resistance are strongly correlated with circulating Gpc4 levels, and more research suggests that glypican-4 is a new adipose-derived factor that promotes adipogenesis and sensitizes to insulin [3].
Adipose tissue releases adipocytokines, which have been connected to the development of insulin resistance and the control of glucose and lipid metabolism. Adipocytokines and inhibitors of serine protease, such as visfatin and adiponectin, are directly linked to the pathophysiology of PCO and the emergence of insulin resistance. Glypican 4 (GPC4) is also released by adipose tissue and is linked to insulin resistance [4].
The family of heparan sulfate proteoglycans includes the adipocytokine GPC4. The glycosylphosphatidylinositol (GPI) that binds GPC4 to the cell membrane's outer surface can be broken down by GPI lipase, releasing GPC4 into the extracellular space. Consequently, GPC4 operates in the extracellular milieu and on the cell membrane. In 1995, GPC4 was initially identified in the kidney and brain tissue of growing mice. Later studies revealed that visceral and subcutaneous adipose tissue also express GPC4 [5].
Increased body mass index (BMI) and waist-to-hip ratio (WHR) are associated with a higher risk of metabolic and cardiovascular problems because visceral adipose tissue expresses more GPC4 than subcutaneous adipose tissue. Additionally, a study found that GPC4.
 Directly interacts with Human BMI and insulin sensitivity are correlated with the amounts of insulin receptors in the liver, skeletal muscle, and adipose tissue, which enhance insulin signaling [6].
Adipocyte development is inhibited in vitro by blocking the insulin-mediated phosphorylation of CCAAT/enhancer-binding protein-β (C/EBPβ). Examined the relationship between GPC4 levels and non-alcoholic fatty liver disease (NAFLD), insulin resistance, body fat distribution, and arteriosclerosis in Asian individuals without diabetes mellitus. Serum GPC4 levels were significantly higher in men than in women, and they were positively correlated with WHR and the ratio of visceral to subcutaneous fat area. Additionally, they were an independent influencing factor of NAFLD and had a substantial correlation with cardiometabolic risk factors, including insulin resistance and arteriosclerosis in women [7].
The current study investigated the differences in blood GPC4 levels among PCOS patients and their correlation with sex hormone and metabolic parameter levels to provide the groundwork for early PCOS screening, diagnosis, and treatment. [8]. FSH is not as selectively produced as LH due to the fluctuating pulsatility of gonadotropin-releasing hormone (GnRH). A relative lack of FSH inhibits sufficient activation of aromatase activity inside the granulosa cells, whereas LH promotes ovarian androgen production. Follicle atresia is brought on by elevated intra-follicular androgen levels. Anovulation and oligo-amenorrhea follow a lack of follicular growth [9]. Elevated serum levels of androgens, particularly androstenedione, create estrogens, particularly oestradiol. Since conversion primarily occurs, Obese PCOS patients will produce higher estrogen in the stromal cells of adipose tissue. As opposed to the typical feedback fluctuations seen in the presence of a developing follicle and rapidly fluctuating levels of estradiol, this conversion produces constant feedback at the pituitary gland and hypothalamus [10]. 
The levels of sex hormone-binding globulin (SHBG) are lower in women with PCOS. The majority of sex hormones are bound by this glycoprotein, which is made in the liver. Less circulating androgen is bound because SHBG synthesis is decreased, which makes binding to end-organ receptors easier [11]. It is believed that women with PCOS are more likely to miscarry following an aided or spontaneous conception. PCOS patients are said to have three times the rate of early pregnancy loss compared to healthy women, with healthy women reporting rates of 10% to 15% [12].



Methods
Between September and December 2024, the survey was carried out. 100 women with PCOS between the ages of 15 and 45 who had not yet begun. The control group consisted of 40 age-matched healthy women with normal ovaries and regular menstrual cycles, while the PCOS group consisted of 40 women who were taking medication. 
The Rotterdam consensus criteria for PCOS were used to diagnose PCOS in patients who met two of the three requirements: (i) oligomenorrhea or amenorrhea, (ii) ultrasound imaging demonstrating polycystic ovary syndrome, and (iii) laboratory detection of hyperandrogenism and/or clinical manifestations of hyperandrogenism. Every participant signed informed permission papers and willingly took part in the current investigation.
The ethical committee of Kirkuk City Hospitals and Outpatient Clinics examined and approved the current cross-sectional study. Acquiring general information, we asked the respondents about their personal history. We took height, weight, and age measurements of the individuals. We used the formula BMI=weight/height² (kg/m²) to compute the BMI. Estimation of the lipid profile, sex hormones, and serum Glypican-4 was done. 
Before blood collection, all subjects fasted for at least eight hours. In the morning, venous blood samples were collected, centrifuged for ten minutes at 3000 rpm, and then left to stand at room temperature (18–25°C) for an hour. In order to assess the levels of sex hormones, researchers collected venous blood samples from the controls on days three through five of the menstrual cycle. The PCOS-afflicted women's samples were collected either following a spontaneous monthly flow or following more than three months of amenorrhea. The levels of prolactin, LH, and FSH were measured using a chemiluminescence immunoassay. Using enzyme-linked immunosorbent test kits (Elkbiotech, China), serum Glypican-4 levels were determined.

Results
As indicated in Table 1, the data given indicates that the mean ± standard deviation of the serum level of human GPC4 in polycystic ovarian syndrome (PCOS) was significantly (p<0.01) higher than that of the control group.

Table 1: A comparison of the mean ± SD of serum human GPC4 between women with PCOS and the control group.

	Study groups

	n
	Serum Human GPC4 (Glypican 4)
Mean ± SD ( pg/mL)
	P. value

	Polycystic Ovary Syndrome (PCOS)
	100

	4.9 ±1.63
	
P<0.01



	Control group
	40
	2.87±0.81
	


 

The mean ± standard deviation of serum sex hormone levels in PCOS patients is shown in Table 2 in comparison with the control group. The results demonstrated a significant (P<0.01) rise in the serum levels of sex hormones, including LH and FSH, besides serum PRL.

Table 2: Comparison of the mean ± SD of serum sex hormones (LH, FSH, and PRL) between PCOS subjects and the control group.

	Study group
	No.
	FSH
Mean ± SD
IU/L
	LH
Mean ± SD
IU/L
	PRL
Mean ± SD
ng/mL
	P. value

	PCOS group
	100
	11.32 ±0.67
	15.7±2.7
	18.1±2.4
	

P<0.01



	Control group
	40
	7.91±0.21
	8.7±1.87
	13.4±1.8
	



Table 3: Multiple Regression Analysis of Potential Contributing Factors to Glypican4 and Sex Hormones.
	The Parameter
	Coefficient of regression
	p-value

	FSH
	+0.179
	0.248

	LH
	+0.048
	0.754

	PRL
	0.148
	0.344



Discussion 
A cell surface proteoglycan called glipican-4 is another newly identified adipokine that has direct interactions with the insulin receptor. Glipican-4 functions as an insulin sensitizer by binding to the insulin receptor and controlling insulin activation and the signaling that follows. According to in vitro research, insulin receptor activation decreases in tandem with glypican-4 levels. Circulating levels are linked to insulin sensitivity and correlate with BMI [13]. According to Ning et al [14]. PCO patients showed elevated serum glypican-4 levels. In line with the results of the current investigation. Subjects with poor glucose tolerance had higher blood levels of glycocan-4, which are positively connected with the BMI and HOMA index. Furthermore, Leelalertlauw et al [15]. Discovered that glypican-4 levels were greater in obese individuals and increased with the degree of obesity. According to Yoo et al. (2016), women have higher amounts of glycocan-4 than males do. However, there is only one pilot study assessing the levels of glypican-4 in PCOS-afflicted women [16].
        A pilot investigation was carried out by Jędrzejuk et al [17]. To ascertain whether PCOS patients and glypican-4 are related. Even though the study participants had a low mean BMI of 22 kg/m2 and no lipid abnormalities, they concluded that women with PCOS had greater levels of glypican-4 than did controls, particularly in terms of fat distribution. Their findings showed a positive association with androgenic markers and metabolic measures, including insulin and HOMA-IR, which is similar to the results of the current study.
Multiple linear regression analysis revealed that BMI was an independent risk factor for glypican-4 levels, and the significant effect of PCOS on glypican-4 levels vanished in the univariate study [18]. It is unclear how Glypican-4 functions in adipocytes, what its signaling actions are, and how it relates to metabolic regulation. Current study findings imply that glypican-4 levels may rise in individuals with insulin resistance in an effort to improve insulin sensitivity, assuming that glypican-4 functions as an agent that increases insulin sensitivity [19]. Thus, glipican-4 agonists can be used as pharmaceuticals. Accordingly, the present study data indicate that, in comparison to controls, women with PCOS exhibited lower levels of serum galanin and greater levels of glypican-4. While PCOS and BMI may be the best predictors of galanin levels, with decreasing and increasing effects, respectively, multivariate analysis revealed that BMI was the strongest predictor of glypican-4 levels, with an increasing effect [20].
LH and FSH levels were significantly different among the normal-weight groups and PCO women. The findings of a different study conducted in Iraq in 2023 by Mahmoud and Saber, which showed that there was a difference in the FSH levels of PCOS women, corroborated this [21]. Comparable findings from a different study conducted in Turkey by Şahin et al. (2019) showed that PCOS patients with normal weight had little differences in LH and FSH levels [22].
Estradiol, the primary estrogen in human circulation, is primarily produced by the corpora lutea and ovarian follicle granulosa cells [23]. Granulosa cells in PCOS also release comparatively little estrogen since they are unable to grow into follicles. Infertility in women with PCOS may be primarily caused by the failure to ovulate [24]. In PCOS, LH levels increase as a result of impaired GnRH signaling. Therefore, the synthesis of androgens is stimulated by a high amount of LH [25]. The increased androgen in the ovaries is exacerbated by a reduction in the conversion of testosterone to estrogen when LH levels rise. A drop in FSH could be one reason for this fall. When LH levels rise, FSH falls because of the negative feedback [26].
         As FSH levels decline and LH activity takes control, androstenedione accumulates in PCOS. Up until the antral stage, this androstenedione promotes the follicles' growth [27]. Because of the consistently elevated levels of androstenedione, many vesicular follicles in an ovary with PCOS suffer damage and finally stop growing [28]. Estradiol production may decline, and androgen production may rise as a result of decreased aromatase activity. According to some research, a reduction in aromatase activity may be one of the factors causing PCOS's follicular growth to stop and the ensuing anovulatory state [29]. Serum prolactin levels have been assessed in studies as a possible indicator of metabolic problems in PCOS [30]. The current study showed an inverse relationship between prolactin and other metabolic risk factors. The current study findings stated that prolactin and age were negatively correlated. The physiological processes causing these age-related alterations in prolactin levels are largely unknown. Negative correlations of prolactin with BMI and WC were likewise in line with other studies on the relationship between prolactin and adiposity measures, such as hip circumference, waist-hip ratio, and BMI [31]. Zhu et al [32]. Discovered a positive association between PCOS and prolactin, while Albu et al [33]. Observed a negative correlation regardless of age or BMI. Furthermore, study participants with metabolic syndrome and abdominal obesity had higher prolactin levels than those without these symptoms. A similar negative association was also noted by Albu et al., but it disappeared when potential confounders were considered.
Due to the sample being limited to a single geographic region and healthcare setting, this potentially limits the generalizability of the results, and this needs further studies in other regions. Important variables such as insulin resistance indices and genetic predisposition were not assessed and warrant consideration in future research.
Further molecular research is warranted to better understand the intracellular mechanisms and post-receptor signaling pathways associated with glypican-4 in PCOS. Additionally, investigating the role of glypican-4 and related adipokines in the pathophysiology of PCOS
may provide insights into their potential use as diagnostic markers or therapeutic targets. Future studies should also explore whether these biomarkers can reliably reflect insulin sensitivity and predict cardiovascular and metabolic risks in women with PCOS.

Conclusion
The present study concluded that serum levels of human glypican-4 were significantly elevated in women with polycystic ovary syndrome (PCOS) compared to the control group, indicating its potential role as a biomarker associated with metabolic alterations in PCOS.
Additionally, the findings revealed significant differences in the levels of key sex hormones—including LH, FSH, and prolactin—further supporting the presence of hormonal dysregulation in women affected by PCOS. As serum glypican-4 levels were significantly elevated in women with PCOS, further molecular research on this topic is necessary since
The intracellular post-receptor activities following binding to the receptor are not fully known yet.
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