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Abstract                                                                                                                   

Background: Functional ovarian cysts (FOC) are one of the most common 

benign gynecological disorders among women of reproductive age. Despite 

their prevalence, the molecular mechanisms underlying their development, 

particularly the dynamics related to gene expression within uterine fluid, remain 

poorly understood. Objectives: This study aimed to analyze the mRNA 

expression levels of FSHR and LHR receptors in the uterine fluid of women 

with FOC and compare them with those of healthy women using RT-

qPCR.Methodology: A case-control study was conducted, including 22 women 

clinically diagnosed with FOC and 30 healthy women as control. Uterine fluids 

were collected during the follicular phase of the menstrual cycle using a sterile 

catheter. RNA was extracted and converted to complementary DNA (cDNA), 

and the expression of target genes was measured using RT-qPCR, using the 

GAPDH gene as a reference gene. The difference was considered statistically 

significant at p < 0.05. Results: The results showed a significant decrease in 

FSHR receptor gene expression in the FOC group (0.179 ± 0.4939) compared to 

the control group (1.774 ± 0.4008), p < 0.05. A similar decrease in LHR 

receptor expression (0.1986 ± 0.4476) was also observed compared to healthy 

women (3.828 ± 0.3704), p < 0.05. Conclusion: Reduced gene expression of 

FSHR and LHR receptors in uterine fluids from women with FOC suggests a 

possible defect in local hormonal signaling, which may contribute to the 

formation of these cysts. 

Keywords: Functional ovarian cysts, FSHR and LHR receptors, gene 

expression, RT-qPCR, uterine fluids. 

في سوائل الرحن لدى النساء  LHR و FSHR عن هسحقبلات mRNA الححليل الكوي لحعبير

 البوليويراز الوحسلسل في الوقث الحقيقيالوصابات بأكياس الوبيض الوظيفية باسحخدام جفاعل 

 *¹؛ علاء كبيم عجذ الله¹؛ ْذٚم خجبس َعًخ انًٕس¹ٕ٘صُٚت عهٙ كعٛى

 قسى انزقُٛبد انحٕٛٚخ انطجٛخ، كهٛخ انزقبَبد الإحٛبئٛخ، خبيعخ انقبدسٛخ، انعشاق ¹

 *انجبحث انًشاسم: صُٚت عهٙ كعٛى

  الخلاصة

يٍ أكثش  (  Functional Ovarian Cysts, FOC )ًجٛطانخهفٛخ: ُ رعذ الأكٛبط انٕظٛفٛخ فٙ ان

الاظطشاثبد انُسبئٛخ انحًٛذح شٕٛعًب نذٖ انُسبء فٙ سٍ الإَدبة. ٔعهٗ انشغى يٍ شٕٛعٓب، لا رضال 

َٓب، ٔلا سًٛب انزغٛشاد فٙ انزعجٛش اندُٛٙ ظًٍ سٕائم انشحى، غٛش  ّٕ اٜنٛبد اندضٚئٛخ انًسؤٔنخ عٍ رك
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 ف: ْذفذ ْزِ انذساسخ إنٗ رحهٛم يسزٕٚبد انزعجٛش اندُٛٙ نكم يٍ يسزقجلاديفٕٓيخ ثشكم كبفٍ.الأْذا

FSHR  ٔ LHR    فٙ سٕائم انشحى نذٖ انُسبء انًصبثبد ثبلأكٛبط انٕظٛفٛخ، ٔيقبسَزٓب يع انُسبء

ايشأح رى  22شبْذ شًهذ -انًُٓدٛخ: أخُشٚذ دساسخ حبنخ   RT-qPCR    .  انسهًٛبد ثبسزخذاو رقُٛخ

ايشأح سهًٛخ كًدًٕعخ ظبثطخ. رى خًع سٕائم  33شٚشٚبً ثٕخٕد أكٛبط يجٛعٛخ ٔظٛفٛخ، ٔرشخٛصٍٓ س

انشحى خلال انطٕس اندشٚجٙ يٍ انذٔسح انشٓشٚخ ثبسزخذاو قسطشح يعقًخ. ثعذ اسزخلاص انحًط انُٕٔ٘ 

خ ، ثى رى قٛبط انزعجٛش اندُٛٙ نلأْذاف انًذسٔس  (cDNA) يزًى DNA ، رى رحٕٚهّ إنٗ(RNA) انشٚجٙ

كدٍٛ يشخعٙ. ٔاعزجُش انفشق را دلانخ   GAPDH ،  يع اسزخذاو خRT-qPCRٍٛ ثبسزخذاو رقُٛخ

 انُزبئح: أظٓشد انُزبئح اَخفبظبً يعُٕٚبً فٙ رعجٛش خٍٛ يسزقجمP < 0.05       . إحصبئٛخ عُذ يسزٕٖ

FSHR  نذٖ يدًٕعخ انًصبثبد ثـ FOC (0.179 ± 0.4939) ( 1.774يقبسَخً ثبنًدًٕعخ انعبثطخ 

 ± LHR (0.1986 كًب رى رسدٛم اَخفبض يًبثم فٙ رعجٛش يسزقجم .P < 0.05 (، يع قًٛخ±3.4330 

الاسزُزبج: ٚشٛش P < 0.05  .    (، يع قًٛخ 3.3734±  3.020يقبسَخً ثبنُسبء انسهًٛبد )  (0.4476

انًصبثبد فٙ سٕائم انشحى نذٖ انُسبء   FSHR ٔLHR  الاَخفبض فٙ انزعجٛش اندُٛٙ نًسزقجلاد

ثبلأكٛبط انٕظٛفٛخ إنٗ احزًبل ٔخٕد خهم فٙ الإشبساد انٓشيَٕٛخ انًٕظعٛخ، يًب قذ ٚسٓى فٙ ركٌٕ ْزِ 

 .الأكٛبط

-RTانزعجٛش اندُٛٙ،  FSHR ٔLHR    : الأكٛبط انٕظٛفٛخ فٙ انًجٛط، يسزقجلادالكلوات الوفحاحية

qPCRسٕائم انشحى ،. 

Introduction 

Maintaining women’s reproductive health depends greatly on hormones 

produced by the ovaries. The hypothalamus and pituitary gland release FSH and 

LH, which help ovulation by binding to receptors on the follicular and 

luteinizing cells in the ovary ( Richards & Pangas, 2010; Barbieri, 2014; Murray 

& Orr, 2020). It helps develop follicles, triggers ovulation, creates the corpus 

luteum and releases estrogen and progesterone which are important for fertility 

and the menstrual cycle. 

When the released of ovarian reproductive hormones were in completed or 

incorrect, it leads to functional ovarian cysts (FOC), although not always 

harmful, these follicles  can remain or return formation which may lead to 

menstruation disruption or temporary infertility (H Ortega et al., 2016; Balen et 

al., 2024). Since these conditions are related to hormones, scientists have 

examined them on the molecular level.  

Development of  the ovarian follicles and corpus luteum depending on  FSH and 

LH receptors in reproductive tissue (Kishi et al., 2018). Yet, any changes in 

these gene expression pathway might result ovarian hormone abnormalities that 

could delayed of the  egg growth and release (Vannuccini et al., 2016). 

Brinca et al. (2022) and Freitas et al. (2017) demonstrated that both ovarian 

follicular and uterine fluids contain a lot of RNA, DNA and proteins which 

accurately reflect the state of the ovaries, therefore the analysis of the these 

responsible genes in these fluids, important details about fertility and diseases 

connected to it can be found (Pan, Pan, & Zhang, 2024). 
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The uterine fluid usually reflects the hormones and immune system in the 

uterus, mainly when it is collected during a specific phase of the cycle. RT-

qPCR is the most reliable method for studying this fluid since it offers high 

accuracy and sensitivity when monitoring mRNA (Kubista et al., 2006). To 

make sure the genes are expressed correctly, this technique checks the 

expression against the genes in the body at all times (Murphy & Busten, 2009). 

Even using the newest tools, scientists do not know enough about the chemical 

changes in uterine fluid linked to FOC. This area of research is still open, as 

there is not much known about how the genes in this fluid contribute to the 

formation of healthy cysts. Therefore, it is suggested that FSHR and LHR 

receptor levels in the uterine fluid differ significantly between women with FOC 

and healthy. RT-qPCR can be used to identify these changes.  

The objective of this study was to collect uterine fluid from both groups, isolate 

RNA, produce cDNA, measure the levels of the two target genes, and compare 

the findings statistically. Consequently, this study sought to determine whether 

FSHR and LHR can serve as simple methods for early disease detection or for 

selecting the best treatment for FOC patients. 

Material and method 

This study was conducted using a case-control study design, including a group 

of women with FOC (cases) and a group of healthy women (control) to 

compared the gene expression levels of FSHR and LHR receptors genes in 

uterine fluids. 

Consent from participants and ethical approval.  

Approval was obtained from the Innovation Committee of the College of 

Biotechnology, Al-Qadisiyah, Al-Qadisiyah, Iraq. Each participant received a 

detailed computer explanation and signed a consent form. All data were kept 

strictly confidential, and only names were transcribed. The following table (1) 

summarizes the general characterization (age, BMI, menstrual history) of the 

study (healthy and FOC women. This study was conducted at the Obstetrics and 

Gynecology Hospital in Al-Diwaniyah Governorate, in collaboration with the 

laboratories of the College of Biotechnology in Al-Qadisiyah, from October 

2024 to February 2025. 

Control group (n=30)                                     

According to the specified inclusion and exclusion criteria, thirty samples of 

endometrial fluid (5 ml) were collected from healthy women with no symptoms 

or diagnosed with ovarian diseases. 

Experiment group (n=22)  

Twenty-two Endometrial fluid samples were collected from women  with FOC 

according to case history and rottenly medical  diagnosis.                          
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Endometrial Fluid Collection 

The endometrial fluid was collected using a sterile endometrial catheter during 

the follicular phase of the menstrual cycle (days 7–10) to ensure hormonal 

consistency among participants. After collection, the fluid was stored directly in 

RNase-free tubes and frozen at –80°C until extraction. 

RNA Extraction 

Total RNA was extracted from the uterine fluid using a certified commercial 

extraction kit (TRIzol or Qiagen kit), according to the manufacturer's protocol. 

Analytical reagent was added to the liquid, and a centrifuge was used to 

separate the phases. RNA was precipitated with ethanol and then resuspended in 

RNase-free water. RNA quantity and purity were determined using a NanoDrop 

device (NanoDrop OPTIMA®, JAPAN), ensuring an absorbance ratio of 

260/280 between 1.8 and 2.0. One microgram of RNA was used to reduce it to 

complementary DNA (cDNA) using reverse transcriptase, according to the 

universal RT-PCR Kit (M-MLV, free Taq polymerase, Solarbio®, China). 

Oligo(dT) primers and random hexamers were supplied by Macrogen company 

(Macrogen®, Inc., South Korean) that used to ensure complete transcription.  

Primer design  

The  primer sequences  designed by  GenBank database using the National 

Center for Biotechnology Information (NCBI). The  http:// www. 

Bioinformatics. org/ sms2/ pcr_primer_stats. html) were used to check the 

primer pair  (Table 1 ). 

Real-Time Polymerase Chain Reaction  

An real time PCR technique  used to quantitatively detect the expression of 

FSHR and LHR genes. A reference gene, such as GAPDH, was used as a 

standard for comparison. The reaction mixture was added 10 µL SYBR Green 

Master Mix, 1 µL of each primer (forward and reverse), 2 µL of cDNA and 6 

µL sterile water. The reaction program was: initial activation: 95°C for 10 min, 

denaturation: 95°C for 15 s, annealing: 60°C for 30 s, extension: 72°C for 30 s, 

run performed with 40 cycles. Used the ΔCT method using a reference gene to 

determine the FSHR and LHR mRNA relative (Lorenz, 2012) by the formula: 

 (Ratio (reference/target) = 2
CT(reference) – CT(target)

). 

Table 1: Primers design  used for qRT-PCR.                                 

Primer Sequence(5' – 3') NCBI 

Gene 

ID 

Amplico

n Size 

(pb) 

Ta°C 

FSHR F: 

TCTGTCACTGCTCTAACAGGG 

R: 

2492 131 55.2 

https://www.ncbi.nlm.nih.gov/gene/?term=2492
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TGCACCTTTTTGGATGACTCG 

LHR F: ACTGGGACACTGAGAAGGG 

R:  

GGAAATGAGCATGACCTTTGGT

G 

26012 80 54 

GAPD

H 

F: 

ACAACTTTGGTATCGTGGAAGG 

R: GCCATCACGCCACAGTTTC 

26330 116 54.5 

  FSHR; Follicular stimulating hormone receptor gene, LHR; Luteinizing 

hormone receptor gene, GAPDH; Glyceraldehyde-3-phosphate dehydrogenase 

(Reference gene), pb; base pairs, Ta; Annealing tem.  

Statistical Analysis 

The IBM SPSS Statistics  28 software was used for the analysis. The gene 

expression levels between experiment groups were compared using the t-test, 

according to distribution. Differences were considered statistically significant at 

p < 0.05. 

Results 

The general characteristics (Age, body mass index, and menstrual history of 

healthy and FOC women, we observed no significant difference in age between 

these groups. Furthermore, there were statistically significant differences 

between control and FOC groups in body mass index and cycle length (Table 

2). 

Table 2: Characteristics of healthy control (n=30)  and FOC woman’s (n=22). 

Variable Control Group 

(mean± SE)  

FOC Group  

(mean± SE) 

P-value 

Age  26.8 ± 3.1 27.4 ± 3.6 0.45 

BMI 22.5 ± 2.4 28.7 ± 3.9 0.0001 

CL 28.5 ± 2.1 38.2 ± 6.5 0.00001 

* Age in years, BMI; Body Mass Index, CL; Cycle Length in days, SE; Stander 

error.  

Gene expression  

The gene expression levels of both FSH-R and LH-R receptors genes were 

analyzed in uterine fluid from both the control and FOC group, these results 

showed a significant decrease in the gene expression levels of these two genes 

in the affected women compared to the control group. Display gene expression 

levels for the FSH-R receptor, the mean relative expression level in the control 

https://www.ncbi.nlm.nih.gov/gene/?term=26012
https://www.ncbi.nlm.nih.gov/gene/?term=26330
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group was 1.7744 ± 0.4008, while in the FOC group it was 0.1795 ± 0.4939, 

with a statistically significant difference (p < 0.05), this suggests a possible 

association between decreased FSH-R receptor expression and the presence of 

FOC (Table 3 and Figure 1) . In addition, we observed the displayed that were 

the gene expression regarding the LH-R receptor in the healthy group of women 

showed an average expression level of 3.8283 ± 0.3704, while the FOC group 

showed a significant decrease in expression level of 0.1986 ± 0.4476. This 

difference was also statistically significant (p < 0.05) (Table 3 and Figure 2). 

        Table 3: Relative FSHR and LHR expression in control and FOC   

samples.     

Groups Control (n=30) FOC (n=22) P-value 

FSHR 1.774 ± 0.4008 0.179 ± 0.4939 (p < 0.05) 

LHR 3.8283 ± 0.3704 0.1986 ± 0.4476 (p < 0.05) 

 

 

 

 

          Figure (1) Relative FSHR expression in control and FOC samples. 
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Figure 2:  Relative LHR expression in control and FOC samples. 

Discussion   

FOC are a common condition among women of reproductive age. As shown in 

the table 2, the age group of adult women suffering from FOC (over 45 years) 

constitutes the highest percentage, based on the results of our study regarding 

the demographic characteristics shown in Table 1. This is consistent with the 

results of the survey by Henes et al. (2018), which showed that FOC is common 

among women in this age group. Our study results in terms of body mass index 

are also consistent with the study of (Holt et al., 2005). The average menstrual 

cycle length in our study was 30.2 ± 2.1 days, which is considered high for 

menstrual cycles and indicates ovulatory dysfunction. This is consistent with a 

study by Parazzini et al. (1996), which showed that women in the study had 

menstrual cycles longer than 26 days and were more likely to develop FOC. The 

expression of FSHR and LHR genes was significantly lower in the uterine fluid 

of women with FOC compared to the control group according to Table 3. When 

insulin levels decrease, it may indicate that hormonal activity is disturbed at the 

target tissue, which may contribute to the development of cysts. 

FSHR and LHR are important for managing ovarian function and follicle 

development (Kishi et al., 2018a). FSHR promotes the growth of primary 

follicles and results in the production of estrogen (Achrekar et al., 2010). At the 

same time, LHR plays a role in ovulation and corpus luteum growth (Esteves & 

Alviggi, 2015). So, when these receptor genes are not working properly, it could 

result in no ovulation and the growth of a cyst, as the follicle does not burst 

(HARINI, 2019). 

We found that without FSHR in granulosa cells, the growth and maturation of 

follicles are disturbed, which might be the reason for the occurrence of FOC. 

The granulosa cells can respond to FSH because they have FSHR, and this 

process is involved in creating follicles and producing estrogen (Desai et al., 

2013). If the FSHR is present in low amounts, the process of full growth and 

ovulation of follicles in FOCs is unlikely to happen. Changes in the 
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environment and regular ovarian problems might decrease the expression of the 

FSHR gene. The study indicates that phthalates and bisphenol A may interfere 

with the function of FSHR in several ways. Some of these processes happen 

directly, and some happen indirectly. Such molecules may interact with the 

receptor at a different point from where the hormone attaches, which changes 

the receptor’s function. In addition, these chemicals can lower receptor function 

and disturb vital processes of granulosa cells (Roy et al., 2021). Besides the 

environment, recent studies suggest that too many free fatty acids (FFAs) in the 

follicular fluid may decrease the activity of the FSHR gene. This mechanism 

gives extra details about the factors that regulate FSHR, and these details are in 

line with the results of our study. Palmitic acid, which is present in excess 

FFAs, can trigger ER stress in granulosa cells and interfere with their signaling. 

It is important to realize that stress on the muscle causes TRIB3 protein to rise, 

which shuts down the Akt signaling pathway. Therefore, Akt is less active, 

which allows GSK3β to become more active, and this results in a drop in the 

expression of the FSHR gene. As a result of this cascade, granulosa cells work 

less and produce less estrogen which might lead to weak follicle growth and the 

formation of cysts (Wang et al., 2021). This agrees with previous reports that 

problems with FSHR signals can result in unruptured follicles and lead to the 

formation of follicular or luteal cysts (Kishi et al., 2018b). Chen et al. 

discovered that when LHR is low, there is a higher possibility of ovarian cysts 

reoccurring in both animals and humans. (Papamentzelopoulou et al., 2012) also 

revealed that infertile women with lower LHR gene expression experienced 

hormonal imbalance during the follicular phase, which is in line with our 

hypothesis. Based on the results of our study, it seems that when LHR is 

lacking, the follicle responds poorly to LH, which results in issues with 

ovulation and continued growth of the follicle. In addition, Menon and Menon 

(2014) explained a different way to understand how LHR is regulated following 

its gene transcription. They observed that ERK1/2 released by the LH surge led 

LRBP to bind and get rid of LHR mRNA in normal situations. Even though the 

regulatory process helps control stimulation after ovulation, the sustained low 

level of LHR could mean the system has become too active or not working 

properly (Menon & Menon, 2014). If this occurs in the context of ovarian cysts, 

it could lead to less LH responsiveness, continued growth of follicles, and poor 

maturation of follicles, which is consistent with the findings of Chen et al. and 

Papamentzelopoulou et al., who linked low LHR to ovulation problems and cyst 

formation. The results of the current study indicated a significant decrease in the 

levels of luteinizing hormone receptor (LHR) gene expression in FOC samples, 

which may be attributed to multiple regulatory mechanisms, including 

epigenetic effects of miRNAs. A study by Liao et al. (2008) demonstrated that 

the LHR gene is selectively repressed by the binding of a repressor complex 

consisting of HDAC1 and Sin3A to its promoter region, preventing the binding 

of the transcription factor Sp1, which is necessary for transcriptional activation. 
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The study also demonstrated that activation of the PKCα/ERK signaling 

pathway leads to the phosphorylation of Sp1 and, consequently, the removal of 

the repressor complex, allowing for transcriptional reactivation. Therefore, the 

absence or impaired activation of this pathway may explain the observed 

decrease in LHR gene expression, as observed in cases of hormonal imbalance 

or structural changes in cellular signaling regulation, such as in some cases of 

functional ovarian cysts (Liao et al., 2008). 

However, some studies, such as Ahn and Jeung (2023), have suggested that 

changes in the gene expression of these receptors may be a secondary 

consequence of cyst development rather than a direct cause, calling for future 

longitudinal studies to precisely determine the direction of the causal 

relationship. Based on these findings, the use of gene expression of FSHR and 

LHR receptors in uterine fluids could be proposed as a non-invasive biomarker 

for the early diagnosis or monitoring of the development of FOC. It also opens 

the door to studying the potential for targeted therapeutic interventions to 

regulate this expression through drug or gene therapies. 

Conclusion  

The decreased gene expression of FSHR and LHR receptors in the uterine fluids 

of women with FOC suggests a potential disruption of local hormonal signaling, 

which may contribute to the development of these cysts. These molecular 

changes could represent promising non-invasive biomarkers for early diagnosis 

and personalized treatment strategies. Future studies with larger samples and 

functional validation of the results are recommended.     
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