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  Abstract 

Background: Female infertility is a multifactorial condition constituting a 

worldwide public health problem. Follicle-stimulating hormone (FSH) is 

produced in the pituitary gland and is essential for reproduction. It 

specifically binds to a membrane receptor (FSHR) expressed in somatic cells 

of the gonads. The FSH/FSHR system presents many features compared to 

classical G protein-coupled receptors (GPCRs). Polymorphisms at codons 

307 and 680 are the most commonly encountered allelic variants of the 

follicle-stimulating hormone receptor (FSHR) gene.  

Aims of study: The aims of this study are to detect the genetic 

polymorphisms of FSHR rs6166 (C> T) and rs6165 (C> T) gene particularly 

that associated with the response to FSH treatment and their effects on the 

pathogenesis of infertility in Iraqi women. 

Subjects and methods: In this prospective observational study, two 

hundred sixty women were selected to participate in this study all of them 

have no differences in age, BMI, age of menarche, fifty of enrolled women 

apparently healthy that considered as control group and the rest 210 were 

recently diagnosed infertile women in which they divided into three groups 

according to ovarian response to treatment into poor responder (70 infertile 

women), moderate responder (61 infertile women), and high responder (79 

infertile women). All the participants had signed informed consent before 

enrolled in this study, blood samples were obtained from all groups on 

second day of the menstrual cycle for genetic, hormonal (follicle stimulating 

hormone , luteinizing hormone, anti-mullerian hormone, thyroid stimulating 

hormone, prolactin, and estradiol) analysis, all infertile women included in 

the study were subjected to routine ultrasonography for measurement of 



 
 

 XVII 

antral follicle count, blood sample drawn again for measurement of E2 after 

six days of treatment by FSH and ultrasonography also done for 

measurement of size and number of graafian follicles. This study used 

Amplification Refractory Mutation System Polymerase Chain Reaction 

(ARMS PCR) for detection of FSHR SNPs, rs6166(C>T) and rs6165 (C>T). 

Results: The findings of this study in infertile women, clearly indicates that 

multiple genotypes of FSHR gene particularly (rs6166) (C>T) and (rs6165) 

(C>T), that include the homozygous wild genotype (CC), homozygous 

mutant (TT) and heterozygous (CT) genotype. The T allele was significantly 

increased (P<0.05) in poor responder infertile women for both rs6166 and 

rs6165 in FSHR which associated significantly with poor response to FSH in 

Iraqi infertile women. 

Conclusion:  Polymorphisms in FSHR gene may be associated with 

decrease in response to FSH treatment and it was associated with 

pathogenesis of infertility in Iraqi women/ Kerbala province.…………. . 
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Chapter one                                                                             Introduction 

1.Introduction 

1.1.Infertility 

        It is defined as a disorder of the reproductive system described by the 

failure to obtain a clinical pregnancy after twelve months or more of 

regular unprotected sexual intercourse, according to the World Health 

Organization(1). Infertility is a public health problem that affects 

approximately 8 to 12% of couples globally (2) . Infertility may exert, a 

negative effect on financial, ,physical, emotional, and social, welfare of 

affected, couples also it affects marriage, stability ,job performance, and 

family relationships (3) . 

        Infertility in females, can be classified into, primary infertility, which 

happens when a ―woman is unable to bear a child’, either because she is 

incapable to conceive or because, she is unable to carry a pregnancy, to 

term and the other one is ‘secondary infertility; concerning women who 

have, previously been, pregnant. Primary infertility affected, 1.9% of 

couples, whereas secondary infertility affected, 10.5% (2,4) . Despite the 

belief that infertility affects women more than men, the causes of 

infertility are equally divided between the genders. In 40%, of infertile 

couples, the female partner is either the sole cause of infertility or a 

contributing factor, in another 40%, it is the male partner and in the 

remaining 20%, there is no recognized causes, which is referred to as 

unexplained infertility (5)
 
. 
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1.1.1. Risk factors of infertility 

Many factors can, increase a woman's risk, of becoming infertile, such as:  

A. Age: It is a more prevalent factor of infertility in women. Fertility 

problems are more likely in women over the age of 35. The reasons, of this 

include,: lower number, and quality, of eggs,, more eggs have an unusual 

number of chromosomes and an increased risk of other health problems 

(6) . 

 B. High caffeine, consumption: Caffeine is a pharmacological active 

chemical that is frequently used , which is found in tea, coffee, cocoa, soft 

drinks and prescription drugs. Excessive caffeine uptake, increases, the 

risk of infertility (7) . 

 C. Taking, illicit drugs: Substance addiction and recreational drug not 

used for medical purposes (heroin, cannabis, cocaine, marijuana, opiates, 

and other similar substances) are frequently linked to physical, behavioral 

and social problems .The route of administration ,duration of exposure, 

age, dose, mental and physical status of an individual are all elements that 

influence their effects(8). It disturbs the reproductive processes leading to 

primary infertility by affecting folliculogenesis, implantation failure, 

embryo development, and spontaneous abortion(9). 

D. inappropriate timing of sexual intercourse for reproductive 

purpose: The time of intercourse in relation, to ovulation has strongly 

impact on chance of conception, intercourse during five days, before 

ovulation or on the, day of ovulation is responsible for nearly all 

pregnancies in healthy women seeking to conceive(10). 
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 E. Infectious agents: Sexually transmitted infections that are left 

untreated are one of the factors, that cause damage, to the reproductive 

system. ,Chlamydia and gonorrhea, are most common infections, leading to 

infertility, and, if untreated, the women will be at risk, of pelvic 

inflammatory disease, which causes chronic pelvic, pain and ectopic 

,pregnancy (11).  

 F. Smoking tobacco: Smoking may reduce the probability of pregnancy, 

also make fertility treatments less effective. Ovulatory problems are more 

likely in young females who smoke excessively, nicotine in smoke has 

been proven to reduce estrogen bioavailability or inhibit aromatase action 

in granulosa cells important for estrogen production ,besides miscarriages 

are also more common in women who smoke (12,13).  

 G. Stress: Hormonal changes caused by stress may cause mood swings, 

menstrual dysregulation,functional hypothalamic amenorrhea, anovulation 

and reductions in gonadotropin-releasing hormone, follicular stimulating 

hormone (FSH) and luteinizing hormone, (LH) can all result in infertility 

as a result of prolonged stress (14). 

 H. Alcohol: Excessive alcohol consumption causes estrogen levels to 

increase, which lower the FSH levels and affect follicular development 

and ovulation process (15). 

I. Overweight: A sedentary lifestyle, lack of exercise  and being 

overweight lead to obesity, which increases the probability of infertility 

(16).  
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J. Underweight: Women with eating disorders such as bulimia or 

anorexia, as well as those who adopt an extremely low-calorie or 

restrictive diet, are at risk for fertility problems .Exercise, is very 

important, .However ,excessive exercise, is harmful ,because, it changes 

hormonal level,, which affects, the fertility (17). 

1.1.2 Etiology of infertility 

        There are many causes, of infertility; however, it ,can be difficult, to 

identify the exact cause,, and some couples, have unexplained, or 

multifactorial, infertility (several causes, frequently including both male 

and, female factors). Female factor infertility can be caused by a variety of 

factors include:(18) 

A. Hormonal Disorders; there are many hormonal disorders that cause 

infertility. Hypothyroidism and hyperprolactinemia  are a few examples of 

these disorders which consider a major cause of infertility in women. The 

inability of women at ovulation and regulation of hormone levels leads to 

too high or too low production of hormones. These hormonal disorders are 

characterized with symptoms such as irregular menstrual cycles, excessive 

bleeding, or very little bleeding, pelvic and abdominal cramps, absence of 

menstruation or long menstruation and excessive weight loss or weight 

gain (19,20). 
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B. Abnormalities of the uterus or the cervical region; includes uterine 

polyps, abnormalities with the cervix or the shape, of the uterus. Uterine 

fibroids are benign tumors in the wall of uterus that can cause infertility by 

obstructing the fallopian tubes or preventing a fertilized egg from 

implanting in the uterus (21). 

C. Damage or obstruction of the fallopian tube; this is often caused by 

inflammation, of the fallopian tube, .This can result from, pelvic 

inflammatory, diseases,, which is usually caused by, asexually transmitted 

infections,, adhesions, or endometriosis (22). 

D. Endometriosis; which happens when endometrial tissue starts to  

grows outside of the uterus ,which may interfere with the function of 

uterus ,ovaries and fallopian tubes (23,24). 

E. Primary ovarian insufficiency (early menopause); which occurs 

when the ovaries stop working and menstruation ends before age 40. 

Although the cause is generally unknown, specific factors are linked to 

early menopause, involve some genetic conditions such as Turner 

syndrome ,immune system diseases, , and treatment with radiation or 

chemotherapy(25). 

F. Pelvic adhesions; the pelvic anatomy is, malformed and 

fertility  decreased, through mechanical, adhesion like pelvic adhesion, 

these adhesions cause, damage to ovule release, or selection and disruption 

in myometrium, contraction like fertilization, disorders (26) . 
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G. Cancer and, its treatment, Certain cancers especially reproductive 

cancers frequently impair female fertility, both chemotherapy and 

radiation may affect fertility(27) . 

H. Genetic factors, the genomic base of infertility is very complicated 

and determined by a variety of factors ,these factors affect the 

development of embryo, gametes and reproductive organs (28). 

        The genetic disorders can affect females ,males or both,, causing 

infertility., ,Many of the 25–30 %, of couples, with idiopathic, infertility are 

likely have a genetic, etiology for their, condition (29). 

        Genetic causes, of infertility can be, divided into gene, defect, 

cytogenetic, anomalies and epigenetic aberrances, several genes, have been 

associated, with infertility, including, Bone Morphogenetic Protein 15 and 

Fragile X Mental Retardation Genes .The genetic cause of  infertility may 

be due to inactivation mutations in the gonadotropin and their receptor, 

genes such as, Follicle stimulating hormone and its receptor   (FSHR), 

estrogen and its receptor, (ESR) ,, Anti Müllerian hormone and its receptor 

(AMHR),, luteinizing hormone and its receptor  (LHR) (30–32).  
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1.1.3. Diagnosis of infertility 

1.1.3.1. Case history 

        Initial infertility assessment include a detailed history, that consist of 

the infertility duration, family history of infertility, gynecologic history 

(chronic pelvic pain, pelvic inflammatory disease, fibroid uterus) medical 

history (thyroid disease, hyperprolactinemia), medication history (cancer 

treatment ,prolonged use of steroid, hormonal therapy, certain 

antihypertensive,anti-obesity,antidepressant/antipsychotic) and surgical 

history (appendectomy, pelvic or abdominal surgery)(33). 

1.1.3.2.  Physical examination 

        The physical examination give important hint to the causes of 

infertility. Physical conditions such as BMI ,vital signs , examination of 

breast for galactorrhea ,signs of androgen raise (dermatological and 

examination of external genitalia), the appearance of abnormal cervical or 

vaginal anatomy and pelvic tenderness or masses(34). 

1.1.3.3. Gynecologic ultrasonography 

        It is used extensively to assess pelvic organs to diagnose and manage 

gynecologic problems such as ovarian cysts, endometriosis, lesions, 

gynecological cancer and in infertility management to monitor the 

response of ovarian follicles to fertility drugs (35). 

        Ultrasonographic measures the ovarian volume and antral follicles 

count ( AFC), it is the total number of antral follicles in both ovaries as 

determined by transvaginal ultrasonography through the early-follicular 

phase.  

 

https://en.wikipedia.org/wiki/Endometriosis
https://en.wikipedia.org/wiki/Cancer
https://en.wikipedia.org/wiki/Ovarian_follicle
https://en.wikipedia.org/wiki/Fertility_medication
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        AFC has been suggested as prognostic indicator of clinical outcome 

and ovarian reserve in variety types of infertility states , also play an 

important role in detection of ovarian response (36,37). 

1.1.3.4. Laboratory tests 

        Infertility has been diagnosed using a variety of laboratory 

investigations, such as: 

A. Prolactin 

         Prolactin is a polypeptide hormone that is generated and secreted 

from specific cells of the anterior pituitary gland, it promotes the breasts to 

grow and produce milk during pregnancy and after delivery ,prolactin 

levels are usually high in pregnant women and new mothers, it is usually 

low for non-pregnant women(38).  

        Elevated prolactin has an effect on reproduction through its negative 

effect on hypothalamic, gonadotropin releasing hormone (GnRH), neurons 

and, on the pituitary, gland which lead to decrease secretion of the 

gonadotropins [follicle-stimulating hormone (FSH) and luteinizing 

hormone (LH)]. Prolactin hypersecretion causes galactorrhea ,amenorrhea  

and infertility (39). 

B. Thyroid stimulating hormone (TSH) 

        It is synthesized and secreted, by the, pituitary gland ,, its importance 

in controlling, the secretion of thyroid, hormones via the thyroid  

stimulating hormone, receptors, TSH levels are, the most sensitive, 

accurate, and diagnostic indicator, of thyroid function(40). 

 

https://medlineplus.gov/pregnancy.html
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        TSH has a synergetic impact with follicle stimulating hormone  in the 

promotion of granulosa cell proliferation , regulates the FSH stimulation 

in follicles and inhibits their apoptosis, . In follicular fluid, ,TSH has an 

important role in the follicle development, while its dysregulation may 

effect on the follicular development, miscarriage risk and fertility by 

interfering with the  follicular growth(41).
 

C. Estradiol (E2) 

        Estradiol is the main form of estrogen, another name is 17 beta-

estradiol, it’s produced by placenta, ovaries, adrenal glands, breasts and 

during pregnancy. Estradiol promotes the development and growth of  

female sex organs, including breasts, vagina, uterus and fallopian tubes. 

Normal levels of E2 in females are critical to health and function of sexual 

organs and affects on other marker of health such as bone strength(42,43). 

D. Anti-Mullerian hormone (AMH).  

        AMH is a dimeric, glycoprotein belonging to transforming growth 

factor-beta superfamily, which acts on tissue growth and differentiation, it 

is produced by the granulosa cells from pre antral and small antral 

follicles. AMH is a, clinically beneficial marker of ovarian reserve, and 

hence of clinical value in the treatment, of infertility ,when it is crucial to 

measure the follicles reserve,. Serum AMH is used as a diagnostic test in, 

infertile women undergoing, controlled ovarian stimulation , assessment 

risk of ovarian hyperstimulation syndrome, predicting, of menopause and 

monitoring the effect of radiotherapy  and chemotherapy on ovarian 

function (44,45). AMH levels decrease with age from adulthood, toward 

menopause demonstrating the size of the ovarian follicle, pool (46). 

 

https://www.healthline.com/human-body-maps/ovary
https://www.healthline.com/health/adrenal-glands
https://www.healthline.com/human-body-maps/uterus
https://www.healthline.com/human-body-maps/fallopian-tubes
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         AMH levels remain constant throughout the menstrual cycle and 

thus can be accurately measured at any time unlike other hormone markers 

that must be tested in  early follicular phase (47). 

E. Luteinizing hormone (LH) 

         LH is a glycoprotein hormone produced from the anterior pituitary 

gland, it helps in the regulation of the menstrual cycle and triggers the 

release of an egg from the ovary. LH works closely with follicle 

stimulating hormone to regulate sexual functions and its level rapidly rise 

before ovulation(48). 

F. Follicle-stimulating hormone  

        FSH is a dimeric glycoprotein with a molecular weight of 35.5 

kilodalton (KDa), that is composed of, two polypeptide subunits alpha and 

beta, its structure is similar with other hormones including thyroid 

stimulating hormone, luteinizing hormone and human chorionic 

gonadotropin (hCG). The alpha subunits of the glycoproteins TSH, FSH, 

LH and hCG are similar and consist of 96 amino acids , whereas the beta 

subunits  differ which are hormone specific, both alpha and beta subunits 

are desired for biological activity. The 111-amino-acid beta subunit of 

FSH is responsible for interaction with the follicle-stimulating hormone 

receptor and confers its unique biologic action (49) . 

 

 

 

 

 

https://medlineplus.gov/menstruation.html
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        FSH is a gonadotropin, hormone produced by gonadotropic cells in 

the anterior pituitary, it plays essential role in the regulation of male and 

female reproduction and its synthesis is controlled by gonadotropin-   

releasing hormone (GnRH) pulse, that is produced, in hypothalamus(50). 

   
       FSH  regulates the growth, pubertal maturation, development and 

reproductive,, processes of the body. During the follicular phase of the 

menstrual cycle, it stimulates the growth, and maturation of eggs (follicles) 

in the ovaries(51).  

         Disorders affecting the ovaries ,pituitary gland and hypothalamus 

can cause, the production excessive or insufficient FSH,, resulting in 

different conditions such as abnormal menstrual cycles, infertility , 

delayed puberty or precocious (52).  

        In females, FSH deficiency causes impaired folliculogenesis prior to, 

the antral stage and infertility through the adult life (53)        

        FSH levels increase in late luteal phase through midfollicular phase 

of menstrual cycle, in addition to preovulatory rise corresponding to 

recruitment of a cohort of follicles to  the growing pool. FSH plays a key 

role during ovarian folliculogenesis, antral, follicle development and it 

stimulates preovulatory follicular growth when combined with luteinizing 

hormone .(54)  
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        FSH has an effect on the proliferation of granulosa cells, which 

produce estrogen essential for follicle growth ,development and 

maturation, of antral follicles, as well as preparing the dominant follicle 

for ovulation, in response to LH surge. Usually in humans, only one 

follicle, becomes predominant and, remain to grow to 18–28 mm in size 

and ovulate(55). 

         As serum estradiol levels increase , FSH production falls and LH 

production rises, the smaller follicles undergo atresia as a result of the fall 

in serum FSH levels, as they lack the sensitivity to FSH to survive(56).         

1.2. Recombinant follicle stimulating hormone (rFSH)         

        Recombinant DNA technology is a technique for combining DNA 

molecules from, two different species and inserting them into a host 

organism to produce new genetic combinations, useful in medicine, 

science, agriculture and industry, also it  plays a vital role in improving 

health, conditions by producing new vaccinations, medications, and 

treatment strategies by developing monitoring devices, diagnostic kits, and 

new therapy approaches(57). 

         The development of new varieties of experimental mutant mice for 

research purposes and the synthesis of synthetic human insulin, 

erythropoietin, and FSH by genetically modified bacteria are the most 

common examples of genetic, engineering in health(58). 
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        Exogenous FSH plays a crucial role in the treatment of infertility, it 

has been dispensed to induce follicular growth both when, monofollicular 

development was required and when multifollicular growth was desired to 

generate multiple oocytes (59,60).  

        Several techniques can be used to obtain follicle stimulating 

hormone, one of them is by extraction from women's urine in menopausal 

age and comprising FSH:LH activity at a ratio of 1:1 in addition to a 

variety of urinary proteins, but ovulation induction may be negatively 

affected by LH. As a result, only FSH must be extracted from urine 

(61,62). Usage recombinant DNA technique has better outcomes because 

it is not contaminated with other hormones and differences among batches 

are minimized (63). 

         Recombinant FSH is comparable to pituitary or urinary FSH in 

receptor binding capacity, glycosylation site ,amino acid sequence and in 

vitro biologic activity, while the recombinant  and natural, carbohydrate 

structure are the same(64). 

         Early formulations were derived from animal sources such pregnant 

mare serum or post-mortem extracts of the human pituitary gland, in the 

beginning the use of recombinant human FSH (r-hFSH) was widely 

recognized as a further progress in hFSH pharmacology, having higher 

purity, more intense specific activity, and superior efficacy in terms of 

pregnancy rate when compared with urinary human follicle stimulating 

hormone  u-hFSH (65,66) .Currently, there are different r-hFSH products 

on the market: follitropin α, β and δ (67). 
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         Follitropin α, β and δ have the same amino acid sequence; 

nevertheless, they differ in glycosylation, composition of sialic acid 

residues and isoelectric coefficients: follitropin α is more acidic than 

follitropin β, resulting in slightly different biological activity, half-life and 

metabolic clearance (68,69). 

1.3. Follitropin-alfa  

        It is a human FSH preparation obtained by  recombinant DNA 

technology, which consists of non-identical glycoprotein designed as α 

and β subunits which linked non-covalently, the two subunits consist of 92 

and 111 amino acids for α and β subunits respectively. The primary and 

tertiary structure of these subunits are indistinguishable from those native 

human follicle stimulating hormone, Recombinant FSH production  occurs 

in genetically modified Chinese hamsters ovary cells are cultured in 

bioreactors ,the product Purified by immune chromatography by using an 

antibody specifically  binding to FSH, the resulted preparation is highly 

purified with a consistent FSH isoform profile and a high specific activity 

(70,71). 

1.3.1. Therapeutic indication 

        Follitropin α is indicated for treatment of an ovulatory infertility in 

women who have not been responded to clomiphene citrate or when 

clomiphene citrate is contraindicated , and used for controlled ovarian 

hyperstimulation in women undergoing assisted reproductive 

technology(72). 

 

 

https://www.rxlist.com/script/main/art.asp?articlekey=5244
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1.3.2. Pharmacokinetic properties 

        After administration of intravenous follitropin α, it distributed to the 

extracellular fluid space with an initial half-life of about two hours and 

eliminated from the body with terminal half-life around one day .The 

fraction of follitropin α excreted in urine is one-eighth of the dose (73).  

        Maximal concentration of follitropin α reached earlier by 

subcutaneous (SC) administration which about sixteen hours ,as  

compared to intramuscular (IM) route which approximately twenty five 

hours, this situation was associated with the longer half-life observed with 

the IM administration (eight hours) than with the SC route (five hours). 

Thirty seven hours are the terminal half-life of IM and SC routes, and the 

greatest interindividual variability(70%)  occurs in these routes(74). 

       After multiple SC administration, the terminal half-life about 24 hours 

with little interindividual variability of (30 %) and comparable with the 

terminal half-life that recorded beyond single intravenous(IV) dose. The 

renal clearance, accounts  for 10%, of total clearance(73) 

         The primary volume of distribution is 4L, which is corresponded 

with serum volume. At steady state, the volume of distribution is 11L, and 

20 hours are the mean residence time , there is a strong correlation 

between increasing maximum serum estradiol level with maximal total 

follicular volume beyond SC administering of recombinant FSH along 

seven days (75,76), administered daily dose of rFSH cannot reach to 

maximal effect until three or four days after multiple doses, before 

increasing the dose it is advisable to wait for at least four days for efficacy 

effects (77). 

 



16 
 

     

Chapter one                                                                             Introduction 

1.3.3. Side effects 

        The main side effects of rFSH are listed below: 

         Ovarian hyperstimulation syndrome (OHSS): is a prevalent and 

dangerous side effect, that occurs as the ovaries produce very high number 

of eggs (overstimulated), and can cause suddenly accumulation of fluid in 

the heart, chest, and, stomach also development of blood clots may occur 

(78–80).  

        Twisting of ovary: It occurs when the woman has specific conditions 

like past abdominal surgery, pregnancy and OHSS. Fewer than 2% of the 

gonadotropin cycles the provoked ovary may spin on itself, so the ovary is 

heavier because the presence of more follicles, this twisting can cause cut 

off blood supply to the ovaries, surgery is required in order to untwist the 

ovary and in severe situations, may need to remove it (81,82).         

        Multiple babies pregnancy: Exogenous gonadotropin treatment 

elevates the occurrence of multifollicular formation, that leads to multiple 

pregnancy for 5-20% of periods. A 50% increase in rate of twin birth  has 

been detected during the last three decades accompanied with high-order 

rates  of multiple birth increasing even significantly (83,84). 

        Ectopic pregnancy: It means pregnancy outside womb, the 

occurrence of conceiving outside of uterus is elevated if there is fallopian 

tube problem. Ectopic pregnancies develop in normally occurring 

pregnancies for about 1-2 % ,the rate is slightly elevated in gonadotropin 

cycles (85,86). 
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  Another side effects also may occur but in low rates such as 

miscarriage, , bleeding between periods ,tumors of the ovary, headache, 

ovarian cyst , pelvic pain ,stomach pain , nausea. The most commonly 

local side effects include pain, itching, erythema, and bruising which 

appear  around the site injection(87). 

1.4. Follicle stimulating hormone receptor (FSHR) 

         FSHR is a type of G protein-coupled receptor (GPCR) belonging to 

glycoprotein hormone receptors (GPHRs) family, with a long extracellular 

domain (ECD), that consist mainly of 7 transmembrane domain (TMD), 3 

of which are short intracellular loops, 3 extra loops and, an intracellular 

tail  (88) .The molecular weight of FSHR is approximately 75 KDa ,that 

comprises 695 amino acids , which include a 17 amino acids signal 

peptide with three to four  potential glycosylation sites (89,90). 

         The ECD is connected to the TMD which is membrane spanning, by 

means of a hinge region. The hinge region carries a hairpin loop, and an a-

helix surrounded on each sides by two motifs of cysteine box that form 

cysteine bonds. The TMD which is responsible for transduction of signal 

is composed of seven α -helices joined to each other through three 

extracellular loops ELs, (EL1, EL2 and EL3), and three intracellular loops 

ILs, (IL1, IL2 and IL3) (56) , in the cytoplasm a short C-terminal tail is 

present as shown in Figure(1-1).  

 

https://www.rxlist.com/ovarian_cyst/definition.htm
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Figure(1-1): Tertiary structure and functional domains of FSHR (91). 

 

      The human FSHR gene is located on chromosome 2p21 and it is single 

copy gene composed from 54 Kilobase (kb) in length, the human FSHR 

gene involves 10 exons and 9 introns with a promoter region. The 

extracellular domain encoded by nine exons while the C-terminus and 

intracellular domain of extracellular domain, and transmembrane domain 

all of them are encoded by exon 10 (92).  

        Multiple isoforms of FSHR have been recorded and FSHR expressed 

on extra gonadal tissues that involve placenta, prostate, uterus, ovarian 

epithelium and bone tissue also ovarian cancer. FSHR has also been found 

to be selectively expressed on the surfaces of many tumor blood vessels, 

and related to tumor metastasis .FSH has high liability for binding to 

leucine rich repeats of beta strand in the ECD of  FSHR which form a 

horseshoe structure  (93). 
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        Comparison of the motifs sequences across GPHRs revealed little 

sequence identity for the ECD region that consistent with the stability of 

ligand binding specificity, while higher identity observed in the 

transmembrane region indicates a common stimulation mechanism(94,95). 

        The FSHR life cycle includes its synthesis, then appropriates folding, 

followed by post-translational modifications and, formation of highly-

ordered di/oligomers in the Golgi apparatus and endoplasmic reticulum, 

subsequently followed by anchoring to the cell surface in order to become 

functional for FSH signaling events and binding(96). 

       Following FSH binding the Gas protein is divorced from the receptor, 

and triggers pathways subsequently to Gas activation, namely protein 

kinase A mediated by phosphorylation of extracellular signal-regulated 

kinase and cyclic adenosine mono phosphate (cAMP) (97,98), that 

regulate transcription of cAMP response element-binding proteins 

(CREB),as phosphorylation and aromatase of downstream effectors of the 

mitogen-activated protein kinase  pathway essential for luteinization and 

ovulation events (Figure1-2). The desensitized receptor followed by 

phosphorylation in its C-terminal tail and ILs by means of G protein-

related kinases , the phosphorylated receptor subsequently acted upon by 

proteins is called beta arrestin to mediate its conjucation with clathrin-

coated pits,for endocytosis(99,100). 

         Most of the FSH–FSHR complexes upon internalization are reserved 

to a plasma membrane for recycling pathway, and only a little fraction is 

routed for degradation in lysosomal pathway (101). 
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Figure(1-2): Signaling pathway (cellular action of FSH and FSHR )  

by the usual cyclic AMP/ protein kinase A (102). 

1.5. Genetic variation (polymorphism) 

        Genetic polymorphism is difference in DNA sequence occurring 

among individuals, populations, groups, it can affect single phenotypes 

such as susceptible to diseases, color of skin or eyes, and respond to drug, 

chemical, pathogen, and vaccine. Its frequency ≥ 1% and occurs more 

widely than mutations amongst different individuals. Several forms of 

genetic variants are present in the human genome as deletions, sequence 

repeats, insertions, and the most common type of genetic variation is 

single nucleotide polymorphisms (SNPs) (103,104).  

        SNPs mean change in a genetic sequence which affects only one of 

basic building blocks cytosine (C), guanine (G), adenine (A), or thymine 

(T) in a segment of a DNA molecule, and that occurs more than 1 percent 

of population, two of every three SNPs involve the replacement of C with 

T as shown in Figure (1-3) (105,106). 
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      Figure(1-3): Single nucleotide polymorphism(107). 

 

        Approximately 90% of all human genetic variation is SNP, occurs at 

rate of one in each 100-300 nucleotides of human genome. The SNPs in 

the human genome can occur in both coding(exon) and non coding(intron) 

regions.  SNPs falling in the coding regions of genome can be further 

divided into: nonsynonymous and synonymous SNPs. The synonymous 

SNPs do not change in amino acid sequence of protein, or not affect the 

function of protein. The nonsynonymous can divided into two types: 

nonsense and missense (108,109) . 

        The missense SNP lead to amino acid changes that usually has 

pathogenic impacts on the structure, and/or function of protein by 

development of diseases, and affect physiological responses to drugs. The 

nonsense  point mutation in DNA sequence that changes to a stop codon 

which results in nonfunctional protein product  (110,111).   
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1.6. FSH receptor polymorphism and therapeutic response to 

FSH. 

        Pharmacogenetics explain the relationship between, genetic 

variability and, drug responses, also can be used to individualize 

pharmacological therapies, to the genetic characteristics,  of an individual 

patient as well as enhance the desired actions. and reduce the side effects 

of such treatments. Drug-genome interactions can occur in several ways 

including: 

a. genetic variation in the direct molecular target of a drug class. 

b. class of genes are those involved in drug absorption ,distribution, 

metabolism and excretion. Considering the large variability of the ovarian 

stimulation outcome, pharmacogenetics has a broad applicability in 

treatment of infertility also to develop diagnostic tests that can predict 

drug action, and modify therapy appropriately (112,113). 

        Genetic factors can explain the differences among individuals in the 

terms of drug response; although many non-genetic factors affect the 

action of medications, these differences evidently occur because of  

sequence variants in the genes that encoding drug targets (114). 

        Within the human genome more than 19 million of SNPs have been 

identified some of these SNPs already have been associated with changes 

in the effects of drugs (115).  
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         Defects in structure of FSHR as a result of polymorphisms, 

mutations and other anomalies might modify hormone action, endocrine 

feedback systems, and influence the ovarian action for the exogenous and 

endogenous FSH. This could result in variation between individuals in 

reproductive performance that could influence the success of assisted 

reproductive treatment (116,117). 

        Several variants that involve inactivating and activating of FSH-R 

have been identified. The most of the inactivating variants are located on 

exons 7 and 10. The major typical clinical manifestations of inactivating 

variants are infertility, elevated FSH levels, primary amenorrhea and 

premature ovarian failure; whereas activating mutations can predispose to 

ovarian hyper stimulation syndrome, as a consequence of exogenous FSH 

administration, or to a spontaneous onset(112,118,119). 

        The activating variants in FSH-R gene can appear in heterozygotes, 

while the inactivating variants change the phenotype only when found in 

the homozygous, or compound heterozygous form (42). 

        Recent genetic studies have revealed that the pathogenesis of 

infertility can be due to mutations in the follicle-stimulating hormone 

receptor (FSHR) gene. While mutations affecting FSHR are sporadic; 

polymorphism of the FSHR gene seems to be a common phenomenon. 

The FSH-R gene is highly polymorphic in nature and carries single 

nucleotide variants more than 2000, the most common of these SNPs are 

located at codon 307 and 680 of exon 10, which are related to ovarian 

response (120,121). 
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        The first SNP is found in the extracellular domain codon 307 

(rs6165), and the second lies in the intracellular domain codon 

680(rs6166).Both SNPs affect function of gene by changing the properties 

of gene product, and consequently modifying the response to FSH. 

Threonine (T) can be substituted by alanine (A) at position 307 and 

asparagine (N) can be substituted by serine (S) at position 680. These 

polymorphisms are in linkage disequilibrium, resulting in the most 

frequent allelic combination of T307-N680 and A307-S680. For the 

purpose of simplification, most studies focus almost exclusively on 

polymorphisms at codon680 as shown in figure (1-4)  (222,223) . 

 

 

Figure(1-4): FSH receptor protein, and usual sites for amino acid 

changes due to (SNP) (124). 
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1.7. Aims of study 

        The aims of this study was to investigate the effect of FSHR 

polymorphisms (rs6166 and rs6165) on the therapeutic response to FSH in 

Iraqi infertile women and the role of FSHR polymorphisms in the 

pathogenesis of infertility. 
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2. Materials and Methods 

2.1. Patients and Control 

        This prospective observational study was conducted on 210 Iraqi 

women aged 20-34 years with newly diagnosed infertility and 50 healthy 

women clinically without any diseases served as control group. All 

participated women were recruited by consultation of gynecologist 

according to the inclusion and exclusion criteria of the study. This study 

was conducted from November 2021 till June 2022. Samples were 

collected from private clinic in Kerbala city. The practical part was 

conducted at research laboratories in the University of Kerbala, College of 

Pharmacy, department of Pharmacology and Toxicology. 

        This research was approved by the Scientific and Ethical Committee, 

and all subjects were given an idea about the study and their written 

informed consent was taken. Demographic parameters, (questionnaire) 

were taken, from all patients, before taking the treatment which include 

(Age, body mass index(BMI), acne, age of menarche, family history of 

infertility, family history of other disease, Hirsutism, education, menstrual 

irregularity, history of previous conception, medication taken for another 

diseases)  

        All participants subjected to physical examination, vaginal 

ultrasonography for measurement of AFC by consultant gynecologist and 

basal levels of laboratory investigations (FSH, LH, Prolactin, TSH, E2, 

AMH) were measured in the follicular phase (2nd day of cycle). 
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         At the third day of menstrual cycle all infertile women were given 75 

international unit of follitropin- α (subcutaneously)(125,126) and after six 

days of stimulation, infertile women subjected to vaginal ultrasonography 

and E2 measurement. Follicular development, was monitored by 

transvaginal sonography every other day until at least one follicle reach 17 

mm then hCG 10,000 IU was given as a single I.M injection to trigger 

ovulation.  

2.1.1.Study groups 

        The study subjects divided into two groups:  

1.Control group: which include 50 healthy women.  

2.Patient group: which include 210 infertile women that distributed into 

three groups according to treatment response(127). 

-Poor responder: Which includes 70 infertile women suffering from 

failure to respond, adequately to ovarian stimulation treatment ,low 

ovarian reserve based on elevated basal FSH ,,AFC < 5 and/or AMH < 0.5.  

-Moderate responder: Which includes 61 infertile women with AFC 5-

12  and/or, AMH >2. 

-High responder: Which includes 79 infertile women were predicted to 

yield high ovarian response based on AFC, >12 and/or AMH, > 5. 

  

2.1.2. Patients criteria: All patients selected, or excluded according to 

the, following criteria: 
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2.1.2.A. Inclusion criteria: women included, in this study must have          

the following criteria: 

 Women with infertility, have newly been diagnosed, based on uterine 

ultrasonography, and hormonal levels. 

 age ≤34, years. 

 BMI ≤25. 

 cycle length, 27–32 days. 

2.1.2.B. Exclusion criteria: women are excluded if they have one or 

more, of the following criteria: 

 previous ovarian, surgery. 

  Ovarian, endometriosis.  

 Endocrine, and, systemic disorders, ((diabetes mellitus, renal or, 

cardiovascular diseases)). 

 Male factor, infertility. 

 Poly cystic ovarian, syndrome. 

2.2. Materials  

2.2.1. Instruments, Equipments, and their Suppliers 

        All instruments and equipments used in this study were listed in table 

(2-1), with their manufacturing, company. 
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Table (2-1): Instruments and equipments, with their manufacturing 

companies and ,countries 

Equipments Company Country 

Centrifuge Hettich Germany 

Cobas e411 analyzer Roche Germany 

Nanodrop Bio drop England 

Digital camera Canon England 

Distillatory GEL Germany 

Hood Lab Tech Korea 

Incubator Binder Germany 

Micropipettes Slamed Japan 

Nano pac 500 power supplierfor 

electrophoresis 

Cleaver UK 

PCR machine(Thermocycler) Verity United state 

Sensitive balance AND Taiwan 

UV-trans illuminator Syngene England 

Vortex mixer Human twist Germany 

Disposable syringe Slamed Germany 

Microcentrifuge tube Slamed Germany 

Disposable test tube Afma.despo Jordan 

Deep freezer GFL Germany 
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2.2.2. Chemicals, Kits and their Suppliers 

         All chemicals and kits, used in this study with their manufacturing 

company, were listed in the table (2-2) 

 

Table (2-2) Chemicals and kits ,and their producing companies 

 Chemicals and Kits Company Country 

 

Chemicals 

 

 

 

follitropin α Merck Switzerland 

Agarose powder Bio Basic Canada 

Ethanol 99.9 % Hayman Kimia UK 

Ethedium Bromide Sigma USA 

Nuclease free water Bioneer Korea 

TBE buffer Bioneer Korea 

 

Hormonal 

Kit 

 

 

 

FSH kit Roche Germany 

LH kit Roche Germany 

Prolactin kit Roche Germany 

TSH kit Roche Germany 

Estradiol Kit Roche Germany 

AMH Kit Roche Germany 

 

Kits For Genetic 

Study 

 

DNA extraction kit Favor China 

DNA ladder(100bp) Bioneer Korea 

PCR Pre Mix Kit Bioneer Korea 

Primers Macrogen Korea 
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2.3. Methods 

2.3.1. Samples Collections 

        Seven milliliters (7ml), of, venous blood was, withdrawn, from all 

patients and healthy, controls at the second day of menstrual cycle, (2 ml) 

was placed in, EDTA tube for DNA, extraction and (5ml) was placed in 

plain tube, for serum analysis (FSH, LH, Prolactin, TSH, E2, AMH), 

,serum was aspirated, after centrifugation of, blood at 3000 rpm for, 10 

minutes were it, used for measurement. After six days, of ovarian, 

stimulation (on day nine of menstrual cycle) another two milliliters (2 ml) 

of venous blood were, drawn from all infertile women included, in this 

study for serum analysis of E2. 

2.3.2. Biochemical Assay Methods 

2.3.2.1. Measurement of Serum, Follicle Stimulating Hormone  

        The quantitative determination, of FSH, in human, serum, is by an 

(Elecsys FSH), kit and, Cobas  e 411 analyzer and, dependent upon,, electro 

chemiluminescence, immunoassay method (128). 

Principle,  

Sandwich principle,, total duration of assay,: 18 minutes. 

 1
st
 incubation,: 40 microliter (μL) of sample,, a biotinylated monoclonal, 

FSH‑specific antibody,, and a monoclonal FSH‑specific antibody labeled, 

with aruthenium complex, form a sandwich complex. 

 2
nd

 incubation,: After addition of, streptavidin-coated, microparticles, the 

complex, becomes bound to the, solid phase via interaction of biotin, and 

streptavidin. 
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 The reaction mixture, was aspirated into, the measuring cell, where the 

microparticles, were magnetically captured, onto the surface, of the 

electrode. 

        Unbound substances were, then removed with, ProCell/ProCell, M. 

voltage Applicated, to the electrode then induces, chemiluminescent 

emission which was, measured by a photomultiplier. 

 Results were determined, via a calibration curve, which is instrument 

specifically generated by 2‑point calibration, and a master curve, provided 

via the reagent, barcode or e‑barcode. 

Reagents, 

The reagent rack pack, was labeled as FSH. 

M Streptavidin,-coated microparticles:, one bottle(6.5mL) of Streptavidin,-

coated microparticles, 0.72 milligram / milliliter( mg/mL). 

R1 Anti,-FSH-Ab~biotin:, one bottle,(10mL) of Biotinylated monoclonal, 

anti‑FSH antibody, 0.5 mg/L,, MES buffer 50 millimole/Liter (mmol/L). 

R2 Anti,-FSH-Ab~Ru(bpy): one bottle,(10mL) of, Monoclonal anti‑FSH, 

antibody (mouse) labeled, with ruthenium complex, 0.8milligram/liter( 

mg/L), MES buffer, 50 mmol/L. 
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2.3.2.2. Measurement of Luteinizing Hormone 

     The quantitative determination of luteinizing (LH) in human serum was  

done by an (Elecsys LH) kit and Cobas e 411 analyzer and dependent 

upon electro chemiluminescence immunoassay method (128). 

Principle 

Sandwich principle. Total duration of assay: 18 minutes. 

 1
st
 incubation: 20 μL of sample, a biotinylated monoclonal LH‑specific 

antibody, and a monoclonal LH‑specific antibody labeled with aruthenium 

complex form a sandwich complex. 

 2
nd

 incubation: After addition of streptavidin-coated microparticles, the 

complex becomes bound to the solid phase via interaction of biotin and 

streptavidin. 

 The reaction mixture is aspirated into the measuring cell where the 

microparticles were magnetically captured onto the surface of the 

electrode. Unbound substances are then removed with ProCell/ProCell M. 

voltage were applicated to the electrode then induces chemiluminescent 

emission which is measured by a photomultiplier 

 Results are determined via a calibration curve which was instrument 

specifically generated by 2‑point calibration and a master curve provided 

via the reagent barcode or e‑barcode 
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Reagents 

The reagent rack pack labeled as LH. 

M Streptavidin-coated microparticles: one bottle (6.5mL) of Streptavidin-

coated microparticles 0.72 mg/mL. 

R1 Anti-LH-Ab~biotin: one bottle (10mL) of Biotinylated monoclonal 

anti‑LH antibody (mouse) 2.0 mg/L; TRIS buffer 50 mmol/L. 

R2 Anti-LH-Ab~Ru(bpy): one bottle(10mL) of Monoclonal anti‑LH 

antibody (mouse) labeled with ruthenium complex 0.3 mg/L; TRIS buffer 

50 mmol/L.    

2.3.2.3. Measurement of Estradiol  

        The quantitative determination, of estradiol in human, serum was 

done by an, (Elecsys Esradiol III) kit, and Cobas e 411 analyzer, and 

dependent upon electro, chemiluminescence immunoassay method (129). 

Principle 

Competition principle,. Total duration of assay,: 18 minutes. 

 1
st
 incubation: 25 µL of sample, incubated with two estradiol, specific 

biotinylated antibodies,, immunocomplexes were formed,, the amount of 

which is dependent, upon the analyte concentration, in the sample. 
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 2
nd

 incubation: After addition of streptavidin-coated microparticles and 

an estradiol, derivative labeled with, a ruthenium complex, the still,-vacant 

sites of the biotinylated, antibodies become occupied, with formation of an 

antibody,-hapten complex. The entire, complex becomes bound to, the 

solid phase via interaction of biotin and streptavidin.  The reaction mixture 

is aspirated, into the measuring cell, where the microparticles are 

magnetically, captured onto the surface of the, electrode. Unbound 

substances were then, removed with ProCell/ProCell M. Voltage were 

applicated to the electrode then induces, chemiluminescent emission which 

is measured by, a photomultiplier.  

 Results were determined via, a calibration curve which is, instrument-

specifically generated, by 2-point calibration and a master, curve provided 

via the reagent barcode or e-barcode. 

Reagents 

    The reagent rack pack, labeled as E2 III.  

M Streptavidin-coated, microparticles: one bottle (6.5mL) of  Streptavidin-

coated, microparticles 0.72 mg/mL. 

R1 Anti-estradiol-Ab~biotin:, one bottle(9 mL) of two biotinylated 

monoclonal, anti-estradiol antibodies, (rabbit) 2.5 ng/mL and 4.5 ng/mL; 

mesterolone 130 ng/mL; MESb) buffer 50 mmol/L. 

           R2  Estradiol-peptide~Ru(bpy)²+3: one bottle( 9 mL) of Estradiol 

derivative,, labeled with ruthenium complex, 4.5 ng/mL; MES buffer 50 

mmol/L.   
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2.3.2.4. Measurement of AMH 

        The quantitative determination of anti-Müllerian hormone (AMH) in 

human, serum was done by an (Elecsys AMH Plus), kit and Cobas e411 

analyzer and, dependent upon electro chemiluminescence, immunoassay 

method(128). 

Principle  

Sandwich principle., Total duration of assay,: 18 minutes. 

▪ 1st incubation: 50 µL of sample,, a biotinylated monoclonal, AMH-

specific antibody,, and a monoclonal AMH-specific, antibody labeled with 

a ruthenium complex, form a sandwich complex. 

▪ 2nd incubation: After addition, of streptavidin-coated microparticles, 

the complex, becomes bound to the solid phase via, interaction of biotin 

and streptavidin. 

▪ The reaction mixture was, aspirated into the measuring cell, where the 

microparticles were magnetically captured onto the surface, of the 

electrode. Unbound substances, are then removed with ProCell/ProCell M. 

Avoltage were applicated to, the electrode then induces chemiluminescent 

emission which, is measured by a photomultiplier. 

▪ Results were determined via a calibration, curve which was instrument 

specifically generated, by 2-point calibration and a master, curve provided 

via the reagent, barcode or e-barcode. 
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Reagents  

The reagent rack pack, labeled as AMHP. 

-M Streptavidin-coated microparticles:,one bottle(6.5 mL) of Streptavidin-

coated ,microparticles 0.72 mg/mL; preservative. 

-R1 Anti-AMH-Ab~biotin:, one bottle (8 mL) of Biotinylated monoclonal 

anti-AMH, antibody (mouse) 1.0 mg/L, phosphate buffer 50 mmol/L,, 

pH 7.5; preservative. 

-R2 Anti-AMH-Ab~Ru(bpy): one bottle (8 mL) of Monoclonal anti-AMH 

antibody, (mouse) labeled with ruthenium, complex 1.0 mg/L, phosphate 

buffer, 50 mmol/L, pH 7.5; preservative. 

2.3.2.5. Measurement of Prolactin 

        The quantitative determination of prolactin, in human serum was 

done by an (Elecsys Prolactin II ), kit and Cobas e 411 analyzer, and 

dependent upon electro chemilumine-scence immunoassay, method (128). 

Principle  

Sandwich principle. Total duration, of assay: 18 minutes. 

▪ 1
st
 incubation: 10 μL of sample, and a biotinylated monoclonal prolactin 

specific antibody, form a first complex. 

▪ 2
nd

 incubation: After addition, of a monoclonal prolactin‑specific 

antibody, labeled with a ruthenium complexa and, streptavidin-coated 

microparticles, a sandwich complex was formed, and becomes bound to 

the solid phase via, interaction of biotin, and streptavidin. 
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▪ The reaction mixture was aspirated, into the measuring cell where the 

microparticles, were magnetically captured onto the, surface of the 

electrode. Unbound substances, then removed with ProCell/ProCell M. 

Avoltage were applicated, to the electrode then induces chemiluminescent 

emission which is measured, by a photomultiplier. 

▪ Results were determined via, a calibration curve which is, instrument 

specifically generated by 2‑point, calibration and a master curve provided 

via the reagent barcode or e‑barcode. 

Reagents 

The reagent rack pack, labeled as PRL II. 

M. Streptavidin-coated microparticles:, one bottle (6.5 mL) of 

Streptavidin-coated, microparticles 0.72 mg/mL. 

R1. Anti-prolactin-Ab~biotin:, one bottle(10mL) of Biotinylated 

monoclonal, anti‑prolactin antibody (mouse), 0.7 mg/L; phosphate buffer 

50 mmol/L. 

R2. Anti-prolactin-Ab~Ru(bpy), one bottle(10mL) of Monoclonal 

anti‑prolactin antibody, (mouse) labeled with ruthenium complex 0.35 

mg/L;, phosphate buffer 50 mmol/L. 
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2.3.2.6.  Measurement of Thyroid Stimulating Hormone  

The quantitative determination of, thyroid stimulating hormone (TSH) in 

human serum, was by an (Elecsys TSH), kit and Cobas e 411 analyzer and 

dependent, upon electro chemiluminescence immunoassay, method (128). 

Principle 

Sandwich principle. Total, duration of assay: 18 minutes 

 1
st
 incubation: 50 μL of sample,, a biotinylated monoclonal TSH,‑specific 

antibody and a monoclonal TSH‑specific antibody labeled with 

aruthenium complex react ,to form a sandwich complex. 

2
nd

 incubation: After addition of streptavidin,-coated microparticles, the 

complex becomes, bound to the solid phase via, interaction of biotin and 

streptavidin. 

 The reaction mixture was aspirated, into the measuring cell where the 

micro particles were magnetically captured, onto the surface of the 

electrode. Unbound substances, are then removed with ProCell/ProCell. 

 A voltage were applicated to the, electrode then induces chemiluminescent 

emission ,which is measured by a photomultiplier. 

 Results were determined via a calibration, curve which is instrument 

specifically, generated by 2‑point calibration, and a master curve provided 

via, the reagent barcode or e‑barcode. 
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Reagents 

The reagent rack pack, labeled as TSH.  

M. Streptavidin-coated microparticles:, one bottle (12 mL) of Streptavidin-

coated, microparticles 0.72 mg/mL.  

R1.  Anti-TSH-Ab~biotin:, one bottle (14 mL) of, Biotinylated monoclonal 

anti-TSH, antibody (mouse) 2.0 mg/L; phosphate, buffer 100 mmol/L. 

R2.  Anti-TSH-Ab~Ru(bpy):, one bottle (12 mL) of, Monoclonal anti-TSH 

antibody, (mouse/human) labeled with ruthenium, complex 1.2 mg/L; 

phosphate, buffer 100 mmol/L. 

  2.3.3. Determination of Body Mass Index (BMI) 

        It is a value derived from the, mass (weight) and height of, an 

individual. The BMI was calculated by dividing, the body weight by the 

square, of the body height, according to the following, equation: 

BMI in kg/m 
2
 = Weight (kg), / Square Height (m 

2 
) 

 Normal weight falls between BMI values of 18.5-24.9, overweight 

between 25-30 and obese above 30 (130). 
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2.3.4. Genetic Analysis 

2.3.4.1.The selection of FSHR gene SNPs 

        The SNPs that involved in the current study were selected depending 

on NCBI (national center for Biotechnology Information), the clinical var 

reported a higher susceptibility for modulating ovarian response and 

FSHR function ,these two SNPs rs6166 and rs6165 were the most  

common in the FSHR gene. Table (2-3). 

 

Table (2-3): SNPs ,Gene ,Nucleotide change ,Amino acid substitution 

that involved in current study(108). 

SNP 

 

Gene Nucleotide 

change 

Amino acid 

substitution 

Consequence 

rs6166 FSHR C>T Asn680Ser 

 

missense 

variant 

rs6165 FSHR C>T Thr307Ala missense 

variant 

 

        The position of rs6166 (C\T) SNP on FSHR gene was illustrated in 

figure (2-1) and for rs6165 (C\T) on FSHR in figure (2-2) 
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[AGGCAAGACTGAATTATCATTCAATACTCAGATACATTTTCAC

ATTGTGTTTTAGTTTTGGGCTAAATGACTTAGAGGGACAAGTAT

GTAAGTGGAACCA[C>T]TGGTGACTCTGGGAGCTGAAGAGCAG

TGGCCATTCCTTGGATGGGTGTTGTGGACAGTGGATGAAGTTTC

TGTCCTATAAATTTGGGCTTGCATTTCATA] 

Figure (2-1): Position of SNP  rs6166 (C\T) SNP on FSHR gene. 

 

 

[TCATTGCATAAGTCATAGTCAAACTCAGTGTACGTCATGTCAA

ATCCTCTGCTGTAGCTGGACTCATTGTCTTCTGCCAGAGAGGAT

CTCTGACCCCTAG[C>T]CTGAGTCATATAATCAACTTCTTGCCTT

AAAATAGATTTGTTGCAAATTGGATGAAGCTCAGAGCTAGAAA

AATACAAAAAGAAATAGAATCAACATCTC] 

Figure (2-2): Position of SNP  rs6165 (C\T) SNP on FSHR gene. 
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2.3.4.2. Extraction of Genomic DNA ,from Blood Sample 

        In most genetic analytical research and recombinant DNA techniques, 

the initial step is extraction of nucleic acids, A numerous number of 

procedures, based on different  methods and principles, exists for the 

extraction and purification of nucleic acid, all of them share the common 

requirements that the biological material must be lysed, cellular nucleases 

must be inactivated, and the desired nucleic acid must be purified from the 

cellular debris(131). 

        The DNA extraction was accomplished at College of Pharmacy / 

University of Kerbela. Genomic DNA was extracted from a blood sample 

according to the protocol of (FavorPrep™) genomic DNA extraction kit 

for blood. 

        Extraction procedure was carried out in four steps, including : lyses,, 

binding, ‘washing and elution as. the following steps:  

 200 µl of whole blood was added into 1.5 ml microcentrifuge tube. 

  30µl of proteinase K enzyme was added to the sample tube then they 

were  mixed briefly and incubating for 15 minutes at 60 ºc. 

  200µl of FABG buffer was added into the sample tube then mixed 

thoroughly by vortexing to produce a lysis solution. 

 The mixture was incubated  at 70 ºc temperature for 15 minutes. 

  200µl of absolute, ethanol was added to the sample then mixed by 

vortex. 
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 The mixture was carefully added to the spin column, and centrifuged at 

14,000 rpm for 1 min, filtrate was then  discarded and a new collection 

tube was placed 

 400µl of W1 buffer was added to the spin column and centrifuged for 30 

sec. at 14,000 rpm and discard the filtrate. 

   600µl of wash buffer was added to the spin column and centrifuged for 

30 sec. at 14,000 rpm and discard the filtrate then the collection tube was 

backed to spin column for additional centrifuged for 3 min to dry the 

column. 

 The spin-column was placed  to a new 1.5 ml microcentrifuge tube then 

100 µl of preheated elution buffer was added directly to membrane center 

of spin column and incubated for 10 min at 37 ºc  then centrifuged for 

1min at 14,000 rpm to elute  the DNA, then stored at -20ºc(deep freezing). 
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2.3.4.3. Determination of purity and concentration of DNA 

         The concentration and purity of DNA were determined by using 

spectrophotometric method (NanoDrop). 

Principle: 

        The Nano drop instrument was used to measure the purity and 

concentration of extracted DNA samples by absorbance method. The 

absorbance readings were done at 260 nm and 280 nm. The DNA absorbs 

light significantly at 260 nm, while the protein absorbs light most strongly 

at 280 nm. The purity of DNA was measured by the A260/A280 

ratio(132).  

        The A260/A280 ratio 1.8-2.0 was commonly accepted as a good 

indicator of a high-quality DNA sample. Highly sensitive micro detector 

of nanodrop as blank. The micro detector was cleaned up from blank, then 

1 μL of sample was applied on the micro detector of nanodrop. The 

concentration and A260/A280 ratio of DNA were documented from the 

instrument(133).(Fig 2-3) illustrate the results of nano drop which 

expressed the  (purity and concentration ) of DNA. 
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Figure(2-3):Nano drop results(purity and concentration ) of DNA.  

2.3.4.4. Polymerase Chain Reactions  

       Polymerase chain reactions (PCR) were accomplished using 

thermocycler, which amplified a desired region of the genome. The 

concentration of required target sequence rises from one molecule to many 

million copies. Any PCR cycled 25-45 times has three steps, which 

include: 

A. Denaturation: This step involves unwinding double strands DNA into 

two single strands at 94-95oC.  

B. Annealing: This step takes place at 55-65
o
C. A pair of short nucleotide 

sequences (primers) anneal to the ends of strands of DNA and start the 

reaction. 

C. Extension: This step takes place at 72-74
o
C and the primers were 

extended to generate a new strand that is complementary to the template 

strand. This happens when Taq DNA polymerase was present(134).  
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2.3.4.5. Allele Specific Polymerase Chain reaction 

        Allele specific PCR is a polymerase chain reaction (PCR) 

application that allows for the detection of any a mutation or a 

polymorphism in human DNA, also called as an ARMS-PCR 

(amplification refractory mutation system) or PASA (PCR amplification 

of specific allele). Some reagents and components are crucial for ARMS-

PCR, these components consist of DNA target (DNA template), primers 

(forward and reverse primer), Thermus aquaticus DNA polymerase (Taq 

polymerase) enzyme, deoxy nucleotide tri- phosphates (dNTPs) and buffer 

solution ,This technique is mostly used for detecting known SNPs. Allele-

specific PCR was used for detection of FSHR (rs6166 C>T) and (rs6165 

C> T) genetic polymorphisms (135). 

2.3.4.5.A. Primer Design. 

        Polymerase Chain Reaction (PCR) was accomplished by using a 

specific primers to amplify FSHR gene rs6166 and rs6165. The primers of 

this study were designed by Asst. Prof. Dr. Ahmad Abdul Jabar using, 

primer-blast software, and, purchased from Macrogen , Korea as a 

lyophilized product of different picomols concentrations(136). 

        The primers were dissolved in 250 µl of nuclease-free water to get a 

concentration of 100 pmol/µl (stock solution) then, 10 µl of each primer 

(stock solution) was diluted with 90µl of nuclease-free water to get a 

(work solution) . Both stock and work solution were stored at -20°C until 

further use. Table (2-4) illustrates the primers were used to amplify the 

gene alleles. 
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Table (2-4) Primers sequences of FSHR rs6166 and rs6165. 

Primers  Sequence 

(5'        3') 

Product 

Size 

(bp) 

 

Primers 

sequences 

of FSHR 

rs6166 

Reverse CTGCTATGAAATGCAAGCCCAAATTTAT - 

Allele C 

F1 

TTAGAGGGACAAGTATGTAAGTGGAACCAC 134 

Allele T 

F2 

TTAGAGGGACAAGTATGTAAGTGGAACCAT 134 

 

 

Primers 

sequences 

of FSHR 

rs6165 

Reverse CCCTTGAGGTTAGCCTCAAGGGCAGG 

 
- 

Allele C 

F1 

CTG CCA GAG AGG ATC TCT GAC CCC 140 

Allele T 

F2 

CTG CCA GAG AGG ATC TCT GAC CCT 140 
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2.3.4.5.B. Optimization of PCR Conditions. 

        Optimization of PCR was accomplished after several trials, to 

determine the best annealing temperature, number of amplification cycles 

that was appropriate for the allele-specific PCR reaction and the best 

concentration for both DNA and primer .The total reaction volume 

was(25µl) which centrifuged for 10 seconds at 2000 rpm in a 

microcentrifuge for mixing the sample tubes and then placed in 

thermocycler. The components of PCR for genotyping of FSHR rs6166 

and rs6165 were shown in Tables (2-5). 

 

Table (2-5): The components of PCR , for genotyping of FSHR rs6166 

C>T and rs6165 C>T. 

Component Volume (µl) 

Forward primer 1.5 

Reverse primer 1.5 

DNA template 4 

Nuclease free water 13 

Premix 5 

Total  25 
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2.3.4.5.C. Polymerase Chain Reaction Run 

        The reaction was carried out by mixing PCR ingredients with the 

optimized concentrations and used the optimized PCR programs as 

displayed in the Tables (2-6),(2-7) PCR Run for genotyping of FSHR gene 

rs6166 and rs6165. 

 

Table (2-6): PCR run conditions for genotyping of FSHR gene rs6166 

C>T. 

Steps Temperature(c) Time  Cycle 

Initial denaturation 94 3minutes 1 

Denaturation 94 30Sec  

 

30 Annealing 63 40Sec 

Extension 72 55Sec 

Final extension 72 5minutes 1 
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Table (2-7): PCR run conditions for genotyping of FSHR gene rs6165. 

C>T. 

Steps Temperatures(c) Time Cycle 

Initial 

denaturation 

94 3 minutes 1 

Denaturation 94 30 sec  

 

 

30 Annealing 58 45 sec 

Extension 72 55 sec 

Final extension 72 5 minutes 1 

 

 

 

 

 

 

 

 

 

 

 

 

 



52  
 

     

Chapter two                                                          Materials and Methods                                 

2.3.4.6. Agarose Gel Electrophoresis 

       Electrophoresis is a typical method for identifying, separating, and 

purifying DNA fragments of varying sizes ranging from 100 bp to 1000 bp 

throughout the agarose gels. Agarose gel electrophoresis was selected to 

validate the presence of PCR amplification (137). 

        1X TBE buffer (tris borate EDTA) was obtained by diluting 10X 

TBE buffer with deionized water (one volume of 10X TBE buffer, with 9 

volume of deionized water: 1:10 dilution). 

• In order to prepare agarose gel, 1.5 g of agarose powder was dissolved in 

100 ml of 1x TBE buffer (pH 8) (138). 

•The solution heated by using heater till all of the gel particles were     

dissolved and the gel solution was looked clear and pure. 

 • The solution was cooled to 50˚C. 

 • 3.5 microliters of ethidium bromide were added to solution 

 • The comb was placed to the end of the tray to create wells for the 

loading of PCR products. 

 • The agarose was poured into the tray and allowed to solidify at room 

temperature for 30 min. 

 • The comb was removed carefully from the tray. 
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 • The tray was fixed in an electrophoresis chamber and it was filled with a 

TBE buffer. 

• PCR products were directly loaded into the wells  

• The voltage of the electrophoresis device was fixed to make sure an 

electrical field regulated with 5 v.cm-1 for distance between cathode and 

anode.  

• At the end of the run, bands were detected using an ultraviolet trans-

illuminator at 320–336 nm. 

 • A digital camera was used to take pictures of the gel. 
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2.4 Statistical Analysis 

        By using Statistical Package for Social Science (SPSS 26 IBM, 

Armonk, USA), one-sample Kolmogorov-Smirnov test is used to know 

how the values are distributed. If the values are distributed normally, then 

t- test is used and if the values are not distribution normally, so Mann-

Whitney test should be applied. In this study the t-test was used for study 

data. 

        The results were expressed as mean ± standard deviation (SD). The 

differences in means of the variables between control and patient groups 

(poor, moderate, and high responder groups) were analyzed by analysis of 

variance (one-way ANOVA) test. Differences in biochemical parameter 

for patient groups (poor, moderate, and high responder groups) before and 

after treatment with FSH were compared using paired t-test.  

        The genotyping results were expressed as frequency and percentage 

and Hardy-Weinberg equilibrium online calculator used for all genotypes 

in the study to obtain allele frequency. Odds ratio (OR) and confidence 

interval 95% (CI-95) were used to examine the association of these 

genotypes on the study   clinical and biochemical markers also on the 

development of infertility. P value of less than 0.05 was regarded to be 

statistically significant (P<0.05). 
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3. Results  

3.1. Socio-demographic Data 

        Socio-demographic data for 210 infertile women (patients group) and 

50 healthy women (control group) demonstrated in the table (3.1). The 

mean ± SD of age was 25.78 ±2.66 years for control group and for patients 

group were 26.27 ±2.95, 25.39±3.09, 26.42 ±3.16 years in (Poor, 

Moderate, and high responder infertile women) respectively, there was 

non-significant statistical difference in age between the two groups 

(p>0.05).The mean ± SD result of BMI for control group was 24.62 ±0.74 

Kg/m
2
 and for patient groups were 24.13±3.05, 23.96±2.38, 24.26. ±2.68 

years for (Poor, Moderate, and high responder infertile women) 

respectively, there were non-significant statistical difference in BMI 

between the two groups (p>0.05).  

        The age of menarche was expressed as mean ± SD for control group 

12.76±1.3 years and were for infertile group 13.19 ±1.49, 12.95 ±1.37, 

13.13 ±1.1 years for (Poor, Moderate, and high responder infertile women) 

respectively, there were non-significant statistical difference in age of 

menarche between the two groups (p>0.05). 

        Forty-eight of women in control group had no family history of 

infertility and two had family history of infertility while in patient group 

the number and percent (%) of women had no family history of infertility 

for (Poor, Moderate, and high responder infertile women) were 66 

(94.3%),59 (96.7%), and 77 (97.5%) respectively, and those had family 

history for the same group were 4 (5.7%),2 (3.3%), and 2 (2.5%) 

respectively, these results were obtained statistically considered non-

significant.  
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        All women in control group have previous conception while all 

patients group participants have no   previous conception. There were no 

significant statistical differences regarding socio-demographic 

characteristics like smoking and family history (p>0.05) of the infertile 

and control groups. All the participants in this study (control and patient) 

groups have regular menses, have no Hirsutism, and no Acne. 

 

Table (3-1): Socio-demographic data of control and patient groups 

(Poor, Moderate, and high responder infertile women) 

 

      Mean ± SD 

Control 

 

Poor 

responder 

Moderate 

responder 

High 

responder 

Number 50 70 61 79 

Age(year) 25.78 ±2.66 26.27 ±2.95 25.39±3.09 26.42 ±3.16 

Body mass index 

 ( Kg/m2) 

24.62 ±0.74 24.13±3.05 23.96±2.38 24.26. ±2.68 

Age of menarche 

(Year) 

12.76±1.3 13.19 ±1.49 12.95 ±1.37 13.13 ±1.1 

Family 

History 

N (%) 

 

No 48(96%) 66(94.3%) 

 

59(96.7%) 77(97.5%) 

 

Yes 2(4%) 4(5.7%) 2(3.3%) 2(2.5%) 

N=Number, %= percent  
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3.2. Results of study markers  

3.2.1.Hormonal and clinical parameters in control and 

patient groups Before treatment. 

        The results of biochemical markers for present study were shown in 

table (3.2), all results were expressed as mean ± standard deviation (SD) 

for serum levels of FSH, LH, TSH, prolactin, AMH, E2, and antral follicle 

count for both control group and patient groups (poor, moderate, and high 

responder infertile women) before treatment.  

        The mean ±SD of serum FSH levels for control and patient groups 

(poor, moderate, and high responder infertile women) were 6.27 ±(1.43) 

mIU/mL, 9.64 ± (0.45) mIU/mL, 6.64±(1.48) mIU/mL, 5.67 ± (0.26) 

mIU/mL respectively. 

         There were insignificant statistical differences (P > 0.05) in means of 

serum levels of FSH for control and moderate groups ,while  there were 

very highly significant increase (P < 0.001) in mean serum levels of FSH 

for poor responder group as compared with control group, and highly 

significant drop (P < 0.01)  occur in  high responder infertile women group 

when compared with control group, very highly significant decrease (P < 

0.001)  occurs between (moderate, and high responder infertile women) 

when compared to poor responder group,  also there were very highly 

significant statistical decrease (P < 0.001) in mean serum levels of FSH 

for high responder group as compared with moderate responder group. 
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         The mean ±SD of serum LH levels for control and patient groups 

(Poor, Moderate, and high responder infertile women) were 5.85 ± (0.72) 

mIU/mL, 8.09± (1.14) mIU/mL, 5.48± (1.52) mIU/mL, 7.42. ±(0.66) 

mIU/mL respectively.  

        The test of ANOVA showed that there were no statistical differences 

(P > 0.05) in mean serum levels of LH between moderate responder group 

and control group, in contrast there were high significant increases (P ˂ 

0.001) in mean of LH in high and poor responder groups when compared 

to moderate responder and control groups, there were very high significant 

decrease (P ˂ 0.001) in mean of LH in high responder group in 

comparison with poor responder groups.  

        The mean ±SD of serum TSH levels for control and patient groups 

(Poor, Moderate, and high responder infertile women) were 1.9 ± (0.39) 

mIU/mL, 2.06 ±
 
(0.57) mIU/mL, 2.04 ± (0.41) mIU/mL, and 2.06 ± (0.44) 

mIU/mL respectively and for prolactin were19.55±2.26 ng/mL, 19.91 

±2.38
 
ng/mL, 20.08 ±2.51

 
ng/mL, and 19.23 ±3.22 ng/mL respectively. 

        There were insignificant statistical differences (P > 0.05) in these 

means of serum levels of TSH and prolactin for control group and patient 

groups (Poor, Moderate, and high responder infertile women), also there 

were insignificant statistical differences (P > 0.05) in mean serum levels of 

TSH and prolactin between patient groups. 
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        Table 3.2 demonstrated the levels of serum AMH as mean ±SD were 

3.24±0.96 ng/mL, 0.63±0.12
 
ng/mL, 2.89±0.66

 
ng/mL, and   7.98±1.46 

ng/mL for control and patient groups (Poor, Moderate, and high responder 

infertile women) respectively. 

        Very high significant decrease (P ˂ 0.001) in mean of AMH found in 

poor responder group compared with the control group, while no 

significant difference between moderate responder group compared with 

control group (P > 0.05), but very high significant increase (P ˂ 0.001) in 

mean serum AMH level found in high responder group when compared 

with control group. 

        Very high significant increase was found (P ˂ 0.001) in mean of 

AMH for high and moderate responder groups compared with the poor 

responder group, also for high responder group compared with moderate 

responder group. 

        The mean ±SD for serum levels of basal E2 for control and patient 

groups (Poor, Moderate, and high responder infertile women) were 

31.17±6.35 pg/mL, 38.96±6.52
 
pg/mL, 33.22±5.62

 
pg/mL, and 30.23±5.24 

pg/mL respectively. 

        Comparison of the results of the basal E2 using ANOVA showed 

very high significant increase (P ˂ 0.001) in the mean of basal E2 in the 

poor responder group as compared with control group, yet there is 

insignificant statistical difference (P>0.05) between high and moderate 

responder groups and control group, there was very high significant 

decrease (P ˂ 0.001) in mean of basal E2 in moderate responder group 

compared with poor responder group. 
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        There was very high significant decrease (P ˂ 0.001) in mean of basal 

E2 reported in the serum of high responder group as compared to moderate 

and poor responder groups.  

        The mean ±SD of Antral follicle count for control and patient groups 

(Poor, Moderate, and high responder infertile women) were 11.7±1.23, 

4.14±0.72, 11.16±1.01, and 16.59±2.16 respectively. 

        The ANOVA showed that there were no statistical differences (P > 

0.05) in mean of antral follicle count between moderate responder group 

and control group, in contrast there was very high significant decrease (P 

˂ 0.001) in mean of antral follicle count in poor responder groups when 

compared to control group, while there was very high significant increase 

(P ˂ 0.001) in mean of antral follicle count in high responder group in 

comparison with control group.  

       Very high significant increase reported (P ˂ 0.001) in mean of antral 

follicle count for high and moderate responder groups compared with the 

poor responder group, also for high responder group compared with 

moderate responder group.  
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Table (3-2): Comparison between hormonal and clinical parameters 

in control and patient groups (Poor, Moderate, and high responder 

infertile women) using ANOVA test, all data expressed as mean ±SD. 

a= ANOVA test between poor, moderate, high responder groups versus control group.   

b= ANOVA test between moderate, high responder groups versus poor group.
 
 

c= ANOVA test between high and moderate responder groups. 

 ▼***
= very high significant decrease (P˂0.001);

 ▼**
= high significant decrease 

(P˂0.01); 
 ▲***

=very high significant increase (P˂0.001); NS= non-significant 

difference. 

 

 

 

 

 

Hormonal and 

clinical 

parameters 

Control 

 

N=50 

Poor 

responder 

N=70 

Moderate 

responder 

N=61 

High 

responder 

N=79 

FSH (mIU/mL) 6.27 ±1.43 9.64 ±0.45
 

a▲***
 

6.64±1.48 
 a NS, b▼***

 

5.67 ±0.26 
a▼**,b▼***,c▼***

 

LH (mIU/mL) 5.85 ±0.72 8.09±1.14
 

a▲***
 

5.48±1.52  
a NS, b▼***

 

7.42. ±0.66
 

a▲***,b▼***,c▲***
 

TSH (mIU/mL) 1.9 ±0.39 2.06 ±0.57
  

a NS
 

2.04 ±0.41 
a NS, b NS

 

2.06 ±0.44 
a NS, b NS, c NS

 

Prolactin 

(ng/mL) 

19.55±2.26 19.91 ±2.38
  

a NS
 

20.08 ±2.51
  

a NS, b NS
 

19.23 ±3.22 
  a NS, b NS, c NS

 

AMH (ng/mL) 3.24±0.96 0.63±0.12
 

a▼***
 

2.89±0.66
  

a NS, b▲***
 

7.98±1.46 
a▲***,b▲***,c▲***

 

Basal E2 

(pg/mL) 

31.17±6.35 38.96±6.52
 

a▲***
 

33.22±5.62
 

a NS, b▼***
 

30.23±5.24
aNS,b

▼***,c▼***
 

Antral follicle 

count 

11.7±1.23 4.14±0.72 
a▼***

 

11.16±1.01
  

a NS, b▲***
 

16.59±2.16
 

a▲*** b▲***,c▲***
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3.2.2. Biochemical and clinical parameters in patient groups 

after treatment. 

 

         The concentrations of E2 for the studied groups (Poor, Moderate, 

and high responder infertile women) were re-measured. The results were 

compared with their respective mean values prior to treatment. 

        Table (3-3) expressed the results of E2 after six days of stimulation  

with FSH as mean ± SD as the following 80.26±4.67
 

pg/mL, 

311.02±34.61
 
pg/mL, 704.78±138.85

 
pg/mL for (Poor, Moderate, and high 

responder infertile women) groups respectively.  

        The ANOVA test revealed very high significant increase (P ˂ 0.001) 

in the mean of E2 after six days of stimulation  with FSH for moderate and 

high responder groups when compared with poor responder group, also 

there were very high statistical significant increase (P ˂ 0.001) in the mean 

of E2 after six days of stimulation  with FSH for high responder group in 

comparison with moderate responder group. 

        Comparison of the results of the basal E2 and after 6 days of 

stimulation treatment with FSH using paired t-test showed very high 

significant increase (P ˂ 0.001) in the mean of E2 in the poor, high, and 

moderate responder groups after six days of stimulation  compared with 

the E2 mean value of the same groups before treatment with FSH.  
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        The mean ± SD of size of graafian follicle for patient groups (Poor, 

Moderate, and high responder infertile women) after treatment with FSH 

were (9.76±2.23) mm, (18.31±1.16) mm, (21.91 ±0.9) mm, respectively. 

Using ANOVA test there were very high significant increase (P ˂ 0.001) 

in the mean size of graafian follicle for moderate and high responder 

groups when compared with poor responder group. 

        The mean ± SD of number of graafian follicle for patient groups 

(Poor, Moderate, and high responder infertile women) after treatment with 

FSH were (1.04±0.2), (2.07±0.25), and (3.05±0.22), respectively. 

ANOVA test revealed very high significant increase (P ˂ 0.001) in mean 

number of graafian follicle in moderate and high responder groups as 

compared with poor responder group. 
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Table (3-3): The mean ±SD of basal E2 and after 6 days of 

stimulation, Size of graafian follicle, Number of graafian follicle in 

patient groups (Poor, Moderate, and high responder infertile women). 

a= ANOVA test between moderate, high responder infertile women 

groups versus poor responder group.   

b= ANOVA test between moderate and high infertile women groups. 

c= Paired t-test between basal E2 and after 6 days of stimulation for poor, 

moderate and high responder infertile women groups. 

 ▲***
=very high significant increase. 

 

 

 

Hormonal and 

clinical parameters 

Poor 

responder 

Moderate 

responder 

High responder 

N=70 N=61 N=79 

 

Basal 38.96±6.52 33.22±5.62 30.23±5.24 

After 6 days 

of 

stimulation 

80.26±4.67
 

c▲***
 

311.02±34.61
  

a▲***,c▲***
 

704.78±138.85 

        a▲***,b▲***,c▲***
 

Size of graafian 

follicle (mm) 

9.76±2.23 18.31±1.16
  

a▲***
 

21.91 ±0.9
  

a▲***,b▲***
 

Number of graafian 

follicle 

1.04±0.2 2.07±0.25
 

a▲***
 

3.05±0.22
  

a▲***,b▲***
 

E2  

(pg/mL) 
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3.3.Result of Genotypes Analysis  

3.3.1 Results of amplification reactions among the genotypes 

 of rs6166 and rs6165. 

        The amplification of SNPs of FSH receptor gene: FSHR (C>T) 

(rs6166) was shown in 134 bp as presented in figure (3-1) and FSHR 

(C>T) (rs6165) genetic polymorphism was shown in 140 bp as presented 

in figure (3-2). The size of amplicons was determined by comparing with 

molecular weight marker (ladder) 100 - 1000 bp. 

 

 

Figure (3-1): Agarose gel electrophoresis for allele specific PCR 

product of FSH receptor gene polymorphisms for (rs6166): 

(M): represented molecular weight marker 100 - 1000 bp, Lane (1): 

represented (one sample) which was heterozygous CT (Cyt\Thy) 

genotype was shown in (134bp),Lane(2): represented (one sample) 

homozygous (Wild type) CC (Cyt\Cyt) genotype was shown in 

(134bp). 
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Figure (3-2): Agarose gel electrophoresis for allele specific PCR 

product of FSH receptor gene polymorphisms for(rs6165): 

(M): represented molecular weight marker 100 - 1000 bp, Lane (1): 

represented (one sample) heterozygous CT (Cyt\Thy) genotype 

,Lane(2,3): each two lane represented (one sample) which was 

homozygous (Mutant type) TT (Thy\Thy) genotype were shown in 

(140bp), Lane (4): represented (one sample) which was homozygous 

genotype (Wild type) CC (Cyt\Cyt) genotype was shown in (140bp). 
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3.3.2. Distribution of genotyping and allele frequencies of 

FSHR gene polymorphism (C>T) (rs6166) in control and 

patient groups (Poor, Moderate, and high responder infertile 

women): 

        All subjects were categorized as being (CC) for homozygous wild 

genotype of (rs6166) FSHR gene, (CT) for heterozygous polymorphism, 

and (TT) for homozygous mutated genotype.  

        Table (3.4) summarize the genotyping and allele frequencies 

genotyping of different study subjects. The heterozygous genotype (CT) of 

FSHR gene was more abundant than (CC) and (TT) genotypes in control 

group with a frequency of (46,40,14%) respectively with major allele 

frequency of 63(63%) and minor allele frequency of 37(37%).  

        In poor responder group there were 21 homozygous patients (30%), 

32 heterozygous (45.7%), and 17(24.3%) homozygote mutant type with an 

allele frequency of 74(53%) for (C) allele and 66(47%) for (T) allele, 

while in moderate responder group (39.3%) had homozygote wild type, 

(44.3%) heterozygous and (16.4%) with homozygous mutated genotype, 

the allele frequency was 75 (61%) for major allele (C) and 47 (39%) for 

minor allele (T). 

        Among 79 high responder patients, there were 36 heterozygous (CT) 

genotypes (45.6%),30 (CC) genotypes (38%) and 13 (TT) genotypes 

(16.4%) for the SNP rs6166 gene, so minor allele frequency was 

62(39%)for allele T, and major allele frequency was 96 (61%).  
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Table (3-4): Genotypes and allele frequencies expressed as number 

and percentage detected of FSHR Gene (rs6166) in control and 

patient groups (Poor, Moderate, and high responder infertile women). 

 N=number, %= percentage 

 

 

 

 

 

Genotypes 

Group 

Control Poor 

responder 

Moderate 

responder 

High 

responder 

(n=50) (n=70) (n=61) (n=79) 

CC Homozygote 

wild type 

20 (40%) 21 (30%) 24(39.3%) 30 (38%) 

CT 

Heterozygous 

23 (46%) 32(45.7%) 27(44.3%) 36(45.6%) 

TT 

(homozygote 

mutant type) 

7 (14%) 17(24.3%) 10(16.4%) 13(16.4%) 

 

Allele 

frequency 

N (%) 

Allele 

 

 

 

63(63%) 

 

  

74(53%) 

 

 

75(61%) 

 

 

 

96 (61%) 
C 

T 37(37%)  66(47%) 47(39%) 62(39%) 

Total 100(100%

) 

140(100%) 122(100%

) 

158(100%

) 
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3.3.3. Distribution of genotyping and allele frequencies of 

FSHR gene polymorphism (C>T) (rs6165) in control and 

patient groups (Poor, Moderate, and high responder infertile 

women): 

 
         All groups subjects were categorized as being (CC) for homozygous 

wild genotype of (rs6165) FSHR gene, (CT) for heterozygous 

polymorphism, and (TT) for homozygous mutated genotype.  

        The allele frequencies and genotyping of different study subjects 

were listed in table (3.5) .In control group the heterozygous genotype (CT) 

of FSHR gene was more abundant than (CC) and (TT) genotypes with a 

frequency of (58,34,8%) respectively with major allele frequency of (63%) 

and minor allele frequency of (37%).  

        There were 16 homozygous patients (22.9%), 41 heterozygous 

(58.6%), and 13(18.5%) homozygote mutant type with an allele frequency 

of 73 (52%)for (C) allele and 67 (48%) for (T) allele in poor responder 

group, while in moderate responder group 21(34.4%) had homozygote 

wild type, 35(57.4%) heterozygous and 5 (8.2%)with homozygous 

mutated genotype, the allele frequency was 77 (63%) for major allele (C) 

and 45 (37%) for minor allele (T). 

        Among 79 high responder patients, there were 45 heterozygous (CT) 

genotypes (57%),27 (CC) genotypes (34.2%) and 7 (TT) genotypes (8.8%) 

for the SNP rs6165 gene, so minor allele frequency was 59(38%) for allele 

T, and major allele frequency was 99 (62%).  
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 Table (3-5): Genotypes and Allele frequencies expressed as number 

and percentage detected of FSHR Gene (rs6165) in control and 

patient groups (Poor, Moderate, and high responder infertile women). 

 N=number, %= percentage 

 

 

 

 

 

Variables 

Group 

Control Poor 

responder 

Moderate 

responder 

High 

responder 

genotype (n=50) (n=70) (n=61) (n=79) 

CC Homozygote, 

wild type 

17 (34%) 16(22.9%) 21(34.4%) 27(34.2%) 

CT 

heterozygous 

29 (58%) 41 

(58.6%) 

35(57.4%) 45(57%) 

TT  (homozygote, 

mutant type) 

4 (8%) 13 

(18.5%) 

5 (8.2%) 7(8.8%) 

 

Allele 

frequency 

N (%) 

Allele 

 

 

 

63(63%) 

 

 

73 (52%) 

 

 

77 (63%) 

 

 

99 (62%) 
C 

T 37 (37%) 67 (48%) 45 (37%)  59(38%) 

Total 100(100%) 140(100%) 122(100%

) 

158(100%) 
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3.3.4. Association Between Allele Frequencies in (poor, 

moderate, and high responder) and control groups with 

FSHR(rs6166) (C ˃ T) Genetic Polymorphism  

        In the present study, the women enrolled in final data analysis were 

subdivided into control and patient (poor, moderate and high responder) 

groups, then comparison between those groups related to their genotyping 

were made, the results is best presented in table (3-6). 

        In poor responder group when compared with control group the odd 

ratio (OR) of CT genotype was 1.32, CI 95% was 0.58-2.98 and (P =0.49) 

as compared to wild (reference) which represented by CC genotype, while 

the TT genotype of this SNP has the odd ratio of 2.31, CI 95% was 2.79-

6.75and (P =0.04) as compared to wild genotype(reference). 

        As shown in table (3-6), the (OR), CI 95% and P value of CT 

genotype for moderate responder group when compared with control 

group were 0.97, 0.43-2.2 and (0.95) respectively as compared to wild 

(reference) genotype that represented by CC genotype, while the TT 

genotype of this SNP has the odd ratio of 1.63, CI 95% was 0.52-5.05and 

(P =0.39) as compared to (CC) wild genotype that considered as 

(reference).   

        The high responder group as compared with control group show odd 

ratio (OR) of CT genotype equal to 1.04, CI 95% was 0.48-2.25 and (P 

=0.91) as compared to wild (reference) which represented by CC 

genotype, as well as the TT genotype of this C<T polymorphism has the 

odd ratio of 1.48, CI 95% was 0.51-4.3 and (P =0.46) as compared to wild 

genotype(reference).   
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Table (3-6): Odds ratio (OR), P-value and Confidence interval (CI) of 

the FSHR (rs6166) C/T genotypes in different (poor, moderate, and 

high responder) groups versus control group.     

Groups Genotype OR CI 95% P value 

Poor 

responder 

versus 

control 

group 

CC( Reference) --- --- --- 

CT 1.32 0.58-2.98 0.49 

TT 2.31 1.79-6.75 0.04 

moderate 

responder 

versus 

control 

group 

CC( Reference) --- --- --- 

CT 0.97 0.43-2.2 0.95 

TT 1.63 0.52-5.05 0.39 

High 

responder 

versus 

control 

group 

CC( Reference) --- --- --- 

CT 1.04 0.48-2.25 0.91 

TT 1.48 0.51-4.3 0.46 

OR (odd ratio), CI 95% (confidence interval) 
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3.3.5. Association Between Allele Frequencies in (poor, 

moderate, and high responder) and control groups with 

FSHR(rs6165) (C ˃ T) Genetic Polymorphism  

        Table (3-7) represents the results of comparison related to genotype 

differences between all women enrolled in the study that subdivided into 

control and patient (poor, moderate, and high responder) groups were 

made, the results is best presented as odd ratio, confidence interval, and p 

value. 

        The first comparison was made for poor responder group for (CT) 

genotype when compared with control group the odd ratio (OR) of was 

1.5, CI 95% was 0.65-3.45 and (P =0.33) as compared to wild (reference) 

which represented by CC genotype, while the TT genotype of this single 

nucleotide polymorphism has the odd ratio of 3.45, CI 95% was 2.92-

12.82 and (P =0.03) as compared to wild (CC) genotype(reference). 

        Odd ratio (OR) of CT genotype was 0.97, CI 95% was 0.43-2.18 and 

(P =0.95) for moderate responder group when compared with control 

group, the (CC) genotype taken as wild (reference) for the comparison, 

while the odd ratio of 1.01, CI 95% equal to 0.23-4.36 and (P =0.98) for 

TT genotype of this SNP when compared to wild (CC) (reference 

genotype).   

        In high responder group when compared with control group the odd 

ratio (OR) of CT genotype was 0.97, CI 95% was 0.45-2.1 and (P =0.95) 

as compared to wild (reference) which represented by CC genotype, while 

the TT genotype of this SNP has the odd ratio of 1.1, CI 95% was 0.27-

4.33 and (P =0.88) as compared to wild genotype(reference).   
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Table (3-7): Odds ratio (OR), P-value and Confidence interval (CI) of 

the FSHR (rs6165) C/T genotypes in different (poor, moderate, and 

high responder) groups versus control group.     

Groups Genotype OR 

 

CI 95% 

 

P value 

 

Poor 

responder 

versus 

control 

group 

CC( Reference) --- --- --- 

CT 1.5 0.65-3.45 0.33 

TT 3.45 1.92-12.82 0.03 

moderate 

responder 

versus 

control 

group 

CC( Reference) --- --- --- 

CT 0.97 0.43-2.18 0.95 

TT 1.01 0.23-4.36 0.98 

High 

responder 

versus 

control 

group 

CC( Reference) --- --- --- 

CT 0.97 0.45-2.1 0.95 

TT 1.1 0.27-4.33 0.88 

OR (odd ratio), CI 95% (confidence interval) 
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3.3.6. Effect of genetic polymorphism of FSHR gene (C>T) 

(rs6166) on biochemical parameters among patient groups 

(poor, moderate, high responder). 

        The results of the present study were shown in tables (3-8 and 3-9) 

using one-way ANOVA, the table showed biochemical parameters in each 

genotype of FSHR (C> T) (rs6166). To examine the individual differences 

between patients, the association between genotypes and the levels of 

biochemical markers including (FSH, LH, TSH, prolactin, AMH, basal E2  

and antral follicle count) should be detected. 

        The mean ± standard deviation (SD) of FSH serum level for (CC, CT, 

and TT) genotype for poor responder group were 8.56 (±0.46) mIU/mL, 

9.37 (±0.28) mIU/mL, 10.99 (±0.34) mIU/mL, respectively. 

      The test of ANOVA showed in poor responder group a high 

significant increases (P ˂ 0.01) in mean serum FSH in (TT) genotype 

compared with the (CC) genotype, while there were significant increases 

(P ˂ 0.05) as compared with CT genotype, yet there were insignificant 

differences (P > 0.05) between CC and CT genotype, also there were no 

significant differences (P > 0.05) for FSH serum levels in moderate and 

high responder groups between all genotypes (CC, CT, and TT). 

        The mean ± (SD) of serum LH levels in (mIU/mL) for (CC, CT, and 

TT) genotype in poor responder group were 6.76±0.63
 
mIU/mL, 7.51 

±0.96 mIU/mL, 9.68 ±0.74
 
mIU/mL, respectively, by applying ANOVA 

test, there was non-significant changes in serum level of LH between (CC 

and CT). 
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       The pattern of changes and the level of statistical significance in the 

concentration of LH for (TT) genotype revealed very high significant 

increase  (P < 0.001) as compared with (CC and CT) genotypes belong to 

poor responder group. 

       The ANOVA test when applied to compare the statistical differences 

in TSH levels (mIU/mL) and serum prolactin (ng/mL) reveal insignificant 

statistical difference (P<0.05), between (CC, CT, and TT) genotypes when 

compared in each group alone for ( poor, high ,and moderate responder  ) 

groups.  
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 Table (3-8): Comparison between mean ± SD of the studied 

biochemical parameters (FSH, LH, TSH, and prolactin) with different 

genotypes of (rs6166) SNP of FSHR gene in patient groups (poor, 

moderate, high responder). 

 c= ANOVA test between (CT, TT) and CC genotype. 

d= ANOVA test between TT and CT genotype. 

 ▲*
= significant increase (P˂0.05);

 ▲**
= high significant increase (P˂0.01); 

▲***
= very 

high significant increase (P˂0.001); NS= non-significant difference (P > 0.05). 

 

 

 

Biochemical 

parameters 

Genotype Poor 

responder 
N=70 

Moderate 

responder 
N=61 

High 

responder 
N=79 

FSH 

(mIU/mL) 

CC 8.56 ±0.46 6.59±0.72 5.39 ±0.17 

CT 9.37 ±0.28
 c NS

 7 ±1.01
  c NS

 5.83±0.09
  c NS

 

TT 10.99 ±0.34
 

c▲**,  d▲*
 

7.29 ±0.12
  

c NS, d NS
 

5.93±0.35
   

c NS,  d NS
 

LH 

(mIU/mL) 

CC 6.76±0.63 5.46±1.24 7.05 ±0.92 

CT 7.51 ±0.96
  c 

NS
 

5.37 ±0.92
  c NS

 7.64±0.2
  c NS

 

TT 9.68 ±0.74
 

c ▲***,  d▲***
 

6.01 ±0.69
 

c NS,  d NS
 

7.66±0.24
  

 c NS,  d NS
 

TSH 

(mIU/mL) 

CC 1.82±0.31 1.83 ±0.16 1.96 ±0.37 

CT 1.95 ±0.66
 c NS

 2.25 ±0.25
   c NS

 2.06±0.52
   c NS

 

TT 2.26 ±0.59
  

 c NS,  d NS
 

2.24 ±0.32
  

 c NS,  d NS
 

2.14±0.42
  

 c NS,  d NS
 

Prolactin 

(ng/mL) 

CC 19.33 ±1.4 20.26 ±2.28 18.74 ±3.37 

CT 19.87 ±1.56
  

 c NS
 

20.08 ±2.17
   

 c NS
 

19.14±3.52
    

c NS
 

TT 20.01 ±1.41 
 c NS,  d NS

 

21.05 ±3.03
  

 c NS,  d NS
 

20.61±1.12
  

 c NS,  d NS
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        The results in table (3-9) expressed the mean ±SD of serum levels for 

AMH (ng/mL), basal E2 (pg/mL), and antral follicle count for patient 

groups (poor, moderate, high responder).  

        The mean ± standard deviation (SD) of serum AMH level for (CC, 

CT, and TT) genotypes were 0.78 (±0.08) mIU/mL, 0.65
 
(±0.07) mIU/mL, 

0.46 (±0.18) mIU/mL, respectively for poor responder group. 

        The ANOVA showed in poor responder group a significant decrease 

(P < 0.05) in mean serum AMH in (TT) genotype compared with the (CC 

and CT) genotypes, while there was insignificant difference (P > 0.05) 

between CC and CT genotype, also there were no significant differences 

(P > 0.05) for AMH serum levels in moderate and high responder groups 

between all genotypes (CC, CT, and TT). 

        The mean ± standard deviation (SD) of serum basal E2 (pg/mL) 

concentration for (CC) genotype in poor responder group was 36.36±10.17 

(pg/mL), while 37.29±3.19 (pg/mL), and 41.77±4.2
 (
pg/mL), for (CT and 

TT) genotypes respectively. 

        The ANOVA showed in poor responder group there was insignificant 

difference (P > 0.05) in mean serum of basal E2 in (CT) genotype 

compared with the (CC) genotype, while there were very high significant 

increase (P < 0.001) in mean serum levels of basal E2 in (TT) genotype as 

compared with CT, and CC genotypes. ANOVA revealed insignificant 

differences (P > 0.05) in serum levels of basal E2 in moderate and high 

responder groups between all genotypes (CC, CT, and TT). 
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        In poor responder group, the mean ± (SD) of antral follicle count for 

(CC, CT, and TT) genotypes were 5.41 (±0.61), 4.19(±0.79), 2.9 (±0.75) 

respectively. 

       By using ANOVA test  to compare the differences in antral follicle 

count  between genotypes in poor responder group, the test show a non-

significant statistical difference (P >0.05) in mean of antral follicle count  

in (CT) genotype compared with the (CC) genotype, while there were very 

high significant decrease (P < 0.001) in mean of antral follicle count in 

(TT) genotype as compared with (CC and CT) genotypes, also there were 

no significant differences (P > 0.05) for antral follicle count in moderate 

and high responder groups between all genotypes (CC, CT, and TT). 

 

 

 

 

 

 

 

      

 

 

 

 



81  
 

      

Chapter three                                                                                   Results 

 Table (3-9): Comparison between mean ± SD of the studied 

parameters (AMH, basal E2 , and antral follicle count) with different 

genotypes of (rs6166) SNP of FSHR gene in patient groups (poor, 

moderate, high responder). 

c= ANOVA test between (CT, TT) and CC genotype. 

 
d= ANOVA test between TT and CT genotype. 

 ▼*
= significant decrease (P˂0.05);

 ▼***
= very high significant decrease 

(P˂0.001);
 ▲***

=very high significant increase (P˂0.001); NS= non-

significant difference. 

 

 

 

Biochemical 

parameters 

 

Genotype Poor 

responder 

N=70 

Moderate 

responder 

N=61 

High 

 responder 

N=79 

AMH 

(ng/mL) 

CC 0.78±0.08 3.19±0.65 8.51±0.32 

CT 0.65±0.07 
 c NS

 

3.1±0.57
  

 c NS
 

8.56±1.16
   

c NS
 

TT 0.46±0.18
  

 c ▼*,  d ▼*
 

2.47±0.49
   

c NS,  d NS
 

7.61±0.91
  

 c NS,  d NS
 

Basal E2 

(pg/mL) 

CC 36.36±10.17 33.53±5.96
 
 30.76±4.1 

CT 37.29±3.19
  

c NS
 

33.25±2.19 
 

c NS 
 

30.25±5.38
  

 c NS
 

TT 41.77±4.2
   

c ▲***,  d ▲***
 

34.26±0.03 
  

c NS,  d NS
 

31.56±4.31
  

c NS,  d NS
 

Antral 

follicle count 

CC 5.41±0.61 11.7±1.13
  
 17.84±1.28 

CT 4.19±0.79
  

c NS
 

10.75±0.73
  

c NS
 

16.44±1.52
  

 c NS
 

TT 2.9±0.75
   

c ▼***,  d ▼***
 

10.7±0.48
  

 c NS,  d NS
 

16.44±1.52
  

 c NS,  d NS
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3.3.7. Effect of genetic polymorphism of FSHR gene (C>T) 

(rs6165) on biochemical parameters among patient groups 

(poor, moderate, high responder). 

        The results of the present study were shown in tables (3-10, 3-11), 

using one-way ANOVA, the table showed biochemical parameters in each 

genotype of FSHR (C> T) (rs6165), to examine the individual differences 

between patients, the association between genotypes and the levels of 

clinical and biochemical markers including (FSH, LH, TSH, prolactin, 

AMH, basal E2 and antral follicle count) should be detected. 

The levels of serum FSH were expressed in table (3-10), the mean ± 

standard deviation (SD) of FSH serum level for (CC, CT, and TT) 

genotype in poor responder group were 8.38 (±0.35) mIU/mL, 8.59 

(±0.44) mIU/mL, 11.96 (±0.38) mIU/mL, respectively. 

       ANOVA showed in poor responder group very high significant 

increases (P ˂ 0.001) in mean serum FSH in (TT) genotype compared with 

the (CC and CT) genotypes, while there were insignificant differences (P 

> 0.05) between CC and CT genotype, also there were no significant 

differences (P > 0.05) for FSH serum levels in moderate and high 

responder groups between all genotypes (CC, CT, and TT) within same 

group. 

        The mean ± (SD) of serum LH levels in (mIU/mL) for (CC, CT, and 

TT) genotype in poor responder group were 7.58±0.59 mIU/mL, 7.25 

±1.14
 
mIU/mL, 9.63 ±0.72

 
mIU/mL, respectively. 
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       By applying ANOVA test, there was non-significant change (p>0.05) 

in serum level of LH between (CC and CT), yet, the pattern of changes 

and the level of statistical significance in the concentration of LH for (TT) 

genotype revealed high significant increase (P value< 0.01) as compared 

with (CC and CT) genotypes belong to poor responder group. There were 

no significant differences (P > 0.05) in LH concentrations for moderate 

and high responder groups among all genotypes (CC, CT, and TT) within 

same group. 

        The levels of TSH (mIU/mL) were expressed in table (3-10) and   

ANOVA test applied to compare the statistical differences between serum 

levels among (CC, CT, and TT) genotypes, when compared in each group 

alone for (poor, high, and moderate responder) groups, revealed non- 

significant differences (P<0.05).  

       ANOVA test applied to make comparison in serum prolactin (ng/mL) 

levels for finding the statistical differences among (CC, CT, and TT) 

genotypes and showed non- significant differences (P<0.05) when 

compared these genotypes for each group alone (poor, high, and moderate 

responder) groups. 
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Table (3-10): Comparison between mean ± SD of the studied 

biochemical parameters with different genotypes of (rs6165) SNP of 

FSHR gene in the study groups.  

c= ANOVA test between (CT, TT) and CC genotype. 

d= ANOVA test between TT and CT genotype. 

 ▲**
= high significant increase (P˂0.01); 

▲***
= very high significant 

increase (P˂0.001); NS= non-significant difference (P > 0.05). 

 

 

 

 

Biochemical 

parameters 

Genotype Poor 

responder 
N=70 

Moderate 

responder 
N=61 

High  

responder 
N=79 

FSH 

(mIU/mL) 

CC 8.38 ±0.35 6.3±0.64 5.36 ±0.15 

CT 8.59 ±0.44
 c NS

 7.34 ±1.01
  c NS

 5.83±0.1
 c NS

 

TT 11.96 ±0.38
 

c▲***,  d▲***
 

7.2 ±0.53
 

c NS, d NS
 

5.91±0.24
 

c NS,  d NS
 

LH 

(mIU/mL) 

CC 7.58±0.59 4.9±1.27 6.99 ±0.23 

CT 7.25 ±1.14
 c NS

 5.56 ±0.55
 c NS

 7.59±0.2
 c NS

 

TT 9.63 ±0.72 
c ▲**,  d▲**

 

5.41 ±0.81
 

c NS,  d NS
 

7.66±0.23
 

c NS,  d NS
 

TSH 

(mIU/mL) 

CC 1.73 ±0.26
 NS

 1.59 ±0.14 1.9 ±0.34 

CT 1.9 ±0.67
 c NS

 2.24 ±0.27
 c NS

 1.9±0.51
 c NS

 

TT 2.25 ±0.56
 c 

NS,  d NS
 

2.52 ±0.34
 

c NS, d NS
 

2.18±0.46 
c NS,  d NS

 

Prolactin 

(ng/mL) 

CC 18.37 ±3.79 19.23 ±2.42 18.33 ±3.20 

CT 19.87 ±1.2
 c NS

 20.2 ±2.94
  c NS

 19.61±3.39
  c NS

 

TT 20.52 ±1.61 
c NS,  d NS

 

20.58 ±2.43 
c NS,  d NS

 

20.28±0.48
 

c NS,  d NS
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        The results in table (3-11) expressed the mean ±SD of serum levels 

for AMH (ng/mL), basal E2 (pg/mL), and antral follicle count for patient 

groups (poor, moderate, high responder).  

        The mean ± standard deviation (SD) of serum AMH level for (CC, 

CT, and TT) genotypes for poor responder group were 0.7 (±0.09) 

mIU/mL, 0.73
 
(±0.04) mIU/mL, 0.48 (±0.1) mIU/mL, respectively. 

       ANOVA showed a significant decrease (P < 0.05) in mean serum 

AMH level for (TT) genotype compared with the (CC and CT) genotype 

in poor responder group, while there were insignificant difference (P > 

0.05) when comparing CC and CT genotypes, also there were no 

significant differences (P > 0.05) for AMH serum levels in moderate and 

high responder groups between all genotypes (CC, CT, and TT). 

        Table (3-11) involve the mean ± standard deviation (SD) of serum 

basal E2 in (pg/mL) concentration for (CC) genotype in poor responder 

group was 36.83±11.22 (pg/mL), while 37.27±3.84 (pg/mL), and 

42.84±3.94 (pg/mL), for (CT and TT) genotypes respectively. 

       ANOVA showed in poor responder group there was insignificant 

difference (P > 0.05) in mean serum of basal E2 in (CT) genotype 

compared with the (CC) genotype, while there were very high significant 

increase (P < 0.001) in mean serum levels of basal E2 in (TT) genotype as 

compared with CT, and CC genotypes, also in ANOVA test there were in-

significant differences (P > 0.05) in serum levels of basal E2 in moderate 

and high responder groups between all genotypes (CC, CT, and TT). 
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        All results of antral follicle count were listed in table (3-11) and mean 

± (SD) for (CC, CT, and TT) genotypes in poor responder group were 5.3 

(±0.25), 4.14(±0.72), 3.02 (±0.42) respectively. 

        ANOVA test used to compare the differences in antral follicle count 

between genotypes in poor responder group, the test showed a non-

significant statistical difference (P >0.05) in mean of antral follicle count 

in (CT) genotype compared with the (CC) genotype. 

          The levels of antral follicle count mean in (TT) genotype for poor 

responder group show high significant decrease (P < 0.01) as compared 

with (CC) genotype, while there was significant decrease (P < 0.05) in 

(TT) genotype in comparison to (CT) genotype. 

        ANOVA test results reveal insignificant statistical differences (P > 

0.05) for antral follicle count in moderate and high responder groups 

between all genotypes (CC, CT, and TT). 
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Table (3-11): Comparison between mean ± SD of the studied 

parameters (AMH, basal E2, and antral follicle count) with different 

genotypes of (rs6166) SNP of FSHR gene in patient groups (poor, 

moderate, and high responder). 

c= ANOVA test between (CT, TT) and CC genotype. 

 
d= ANOVA test between TT and CT genotype. 

 ▼*
= significant decrease (P˂0.05);

 ▲***
= very high significant increase 

(P˂0.001); NS= non-significant difference (P > 0.05);
▼**

= high significant 

decrease (P˂0.01). 

 

 

 

Biochemical 

parameters 

Genotype Poor 

responder 

N=70 

Moderate 

responder 

N=61 

High 

responder 

N=79 

AMH 

(ng/mL) 

CC 0.7±0.09 3.9±0.71 8.37±0.18 

CT 0.73±0.04
 c NS

 2.96±0.32
  c NS

 8.63±1.02
 c NS

 

TT 0.48±0.1
  

c ▼*,  d ▼*
 

2.54±0.49
  

c NS,  d NS
 

7.44±0.78
  

c NS,  d NS
 

Basal E2 

(pg/mL) 

CC 36.83±11.22 32.91±6.13
 
 29.13±4.9

 
 

CT 37.27±3.84
  

c NS
 

33.15±2.56 

 
c NS

 

30.8±3.35 
 c NS

 

TT 42.84±3.94
  

c ▲***,  d ▲***
 

33.99±2.07  
 c NS,  d NS

 

30.8±5.01
   

c NS,  d NS
 

Antral 

follicle count 

CC 5.3±0.25 11.54±1.12
  
 16.99±1.51

  
 

CT 4.14±0.72
  

c NS
 

11.01±0.92
   

c NS
 

16.57±1.13
  

c NS
 

TT 3.02±0.42
  

c ▼**,  d ▼*
 

10.57±0.59
  

c NS,  d NS
 

15.96±2.16
    

c NS,  d NS
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3.3.8. Effect of genetic polymorphism of FSHR gene (C>T) 

(rs6166) on response to FSH in studied parameters (E2 after 

six days of stimulation  , Size of graafian follicle and Number 

of graafian follicle) among patient groups (poor, moderate, 

high responder). 

        Table 3-12 expressed the results of E2 after six days of stimulation  in 

(pg/mL), size of graafian follicle in (mm) and number of graafian follicle 

for patient groups (poor, moderate, high responder) after six days of 

stimulation  with FSH that allowing study the effect of SNP in FSHR gene 

(6166) on response to FSH.  

        The mean ± standard deviation (SD) of serum E2 levels after six days 

of stimulation with FSH in (CC, CT, and TT) genotypes for poor 

responder group were 83.74±5.31 (pg/mL), 82.83±4.64 (pg/mL), 

74.54±4.11
 
(pg/mL), respectively. 

       ANOVA showed a non-significant difference (P > 0.05) in mean 

serum E2 levels after six days of stimulation  for (CT) genotype compared 

with the (CC) genotype in poor responder group, while there was high 

significant decrease (P < 0.01) when comparing TT genotype with (CC 

and CT) genotypes in the same group. 

        The results of comparison in means of E2 levels after six days of 

stimulation between genotypes (CC, CT, and TT) for each group in 

moderate and high responder groups reveal no significant differences (P > 

0.05).  
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       Table (3-12) involves size of graafian follicle levels in (mm) after 

treatment with FSH for all groups, mean ± (SD) for poor responder group 

in (CC, CT, and TT) genotypes were 11.37±1.86, 10.94±2.4, 6.64±2.16, 

consequently. 

        By applying ANOVA test, the results for size of graafian follicle in 

(mm)   for poor responder group reveal there was non-significant changes 

(p>0.05) in between (CC and CT) levels, yet, the pattern of changes and 

the level of statistical significance in the mean size of graafian follicle in 

(TT) genotype revealed very high significant decrease (P < 0.001) in 

comparison to (CC and CT) genotypes belong to poor responder group. In 

moderate and high responder groups, the results of comparison in mean 

size of graafian follicle levels after treatment between genotypes (CC, CT, 

and TT) for individual group reveal no significant differences (P > 0.05). 

        The results in table (3-12) listed the mean ±SD of number of graafian 

follicle for patient groups (poor, moderate, high responder), for poor 

responder group mean ± standard deviation (SD) levels for number of 

graafian follicle to (CC, CT, and TT) genotypes were 1.21 (±0.25), 1.17 

(±0.72), 0.75
 
(±0.53), subsequently. 

         ANOVA test when applied to compare CT with CC genotypes for 

number of graafian follicle in poor responder group showed insignificant 

difference (P > 0.05), while there were significant decrease (P < 0.05) for 

(TT) genotype when compared with the (CC and CT) genotypes. The 

results of comparison in means number of graafian follicle after treatment 

for moderate and high responder groups between genotypes (CC, CT, and 

TT) in individual group reveal insignificant differences (P>0.05). 

 



89  
 

      

Chapter three                                                                                   Results 

Table (3-12): Comparison between mean ± SD of the studied 

parameters (E2 after six days of stimulation  , size of graafian follicle 

and number of graafian follicle) after treatment with FSH on different 

genotypes of (rs6166) SNP of FSHR gene in patient groups (poor, 

moderate, high responder). 

c= ANOVA test between (CT, TT) and CC genotype. 

 
d= ANOVA test between TT and CT genotype. 

 ▼*
= significant decrease (P˂0.05);

 ▼**
= high significant decrease 

(P˂0.01);
 ▼***

=very high significant decrease (P˂0.001); NS= non-

significant difference. 

 

 

 

Biochemical 

and clinical 

parameters 

Genotype Poor 

responder 

N=70 

Moderate 

responder 

N=61 

High responder 
N=79 

E2  after 6 

days of 

stimulation  

(pg/mL) 

 

CC 83.74±5.31 302.51±13.49 762.1±97.45
 
 

CT 82.83±4.64
  

c NS
 

331.36±15.88
 

c NS
 

721±109.46
   

c NS
 

TT 74.54±4.11
  

c ▼**,  d ▼**
 

318.5±6.23
   

c NS,  d NS
 

691.73±43.53 
 c NS,  d NS

 

Size of 

Graafian 

follicle (mm) 

 

CC 11.37±1.86 19.15±1.29
 
 22.75±0.94

 
 

CT 10.94±2.4
 c NS

 18.56±0.94
cNS

 21.9±0.9
   c NS

 

TT 6.64±2.16 
 c ▼***,  d ▼***

 

17.91±0.78 
  

c NS,  d NS
 

21.3±0.74 
 c NS,  d NS

 

Number of 

Graafian 

follicle 

 

CC 1.21±0.25 2.2±0.12
  
 3.1±1.51

 
 

CT 1.17±0.72
 c NS

 2.01 ±0.9
 c NS

 3.09±1.13
  c NS

 

TT 0.75±0.53
  

c ▼*,  d ▼*
 

2.09±0.51 
 c NS,  d NS

 

3.01±0.48
   

 c NS,  d NS
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3.3.9. Effect of genetic polymorphism of FSHR gene (C>T) 

(rs6165) on response to FSH in studied parameters (E2 after 

six days of stimulation  , Size of graafian follicle and Number 

of graafian follicle) among patient groups (poor, moderate, 

high responder). 

        The results of E2 after six days of stimulation  in (pg/mL), size of 

graafian follicle in (mm) and number of graafian follicle were expressed in 

table (3-13) for patient groups (poor, moderate, high responder) after six 

days of stimulation  with FSH that allowing study the effect of SNP in 

FSHR gene (6165) on response to FSH. 

        The mean ± standard deviation (SD) of serum E2 levels after six days 

of stimulation with FSH in (CC, CT, and TT) genotypes for poor 

responder group were 85.74±5.55 (pg/mL), 84.59±4.33
 

(pg/mL), 

71.79±4.5
 
(pg/mL), respectively. 

       By using ANOVA test the results exhibit insignificant difference (P > 

0.05) in mean serum E2 levels after six days of stimulation for (CT) 

genotype compared with the (CC) genotype in poor responder group, 

although there was very high significant decrease (P < 0.001) when 

comparing TT genotype with (CC and CT) genotypes in the same group. 

        The results of comparison in means of E2 levels after six days of 

stimulation between genotypes (CC, CT, and TT) for each group in 

moderate and high responder groups reveal no significant differences (P > 

0.05).  
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        Size of graafian follicle in (mm) results after treatment with FSH 

were involved in table (3-13) which expressed as mean ± (SD) for (CC, 

CT, and TT) genotypes that belong to poor responder group were 

11.96±1.61, 11.04±2.33, 5.84±2.44, consequently. 

        By applying ANOVA test, the results for size of graafian follicle in 

(mm)   for poor responder group reveal there were non-significant changes 

(p>0.05) between (CC and CT) levels, yet, the pattern of changes and the 

level of statistical significance in the mean size of graafian follicle in (TT) 

genotype revealed very high significant decrease (P value< 0.001) in 

comparison along (CC and CT) genotypes belong to poor responder 

group. In moderate and high responder groups, the results of comparison 

in means size of graafian follicle levels after treatment between genotypes 

(CC, CT, and TT) for individual group reveal no significant differences (P 

> 0.05). 

        The results in table (3-13) listed the mean ±SD of number of graafian 

follicle for poor responder group and the mean ± standard deviation (SD) 

for (CC, CT, and TT) genotypes were 1.23±0.43, 1.27±0.72, 0.65±0.49, 

subsequently. 

        ANOVA test when applied to compare CT with CC genotypes for 

number of graafian follicle in poor responder group showed insignificant 

difference (P > 0.05), while there was high significant decrease (P < 0.01) 

for (TT) genotype when compared with the (CC and CT) genotypes. 

        The results of comparison in mean number of graafian follicle after 

treatment for moderate and high responder groups between genotypes 

(CC, CT, and TT) in individual group reveal insignificant differences 

(P>0.05). 



92  
 

      

Chapter three                                                                                   Results 

Table (3-13): Comparison between mean ± SD of the studied 

parameters (E2 after six days of stimulation , Size of graafian follicle 

and Number of graafian follicle) after treatment with FSH on 

different genotypes of (rs6165) SNP of FSHR gene in patient groups 

(poor, moderate, high responder). 

c= ANOVA test between (CT, TT) and CC genotype. 

 
d= ANOVA test between TT and CT genotype. 

 ▼*
= significant decrease (P˂0.05);

 ▼**
= high significant decrease (P˂0.01);

 ▼***
=very 

high significant decrease (P˂0.001); NS= non-significant difference.

Biochemical 

and clinical 

parameters 

Genotype Poor 

responder 

N=70 

Moderate 

responder 

N=61 

High 

 responder 

N=79 

E2  after 6 

days of 

stimulation  

(pg/mL) 

 

CC 85.74±5.55 319.62± 1.78 763.89± 86.65
 
 

CT 84.59±4.33
  

c NS
 

329.76± 18.57
  

c NS
 

734.26±98.75
  

c NS
 

TT 71.79±4.5
 

c▼***,  d ▼***
 

303.66± 1.78
  c 

NS ,  d NS
 

695.84± 21.43
  

c NS,  d NS
 

Size of 

graafian 

follicle (mm) 

 

CC 11.96±1.61 18.11±1.29
 
 21.75±0.94 

CT 11.04±2.33
 c 

NS   

 

19.01±0.93
 c NS

 21.97±0.86
  c NS

 

TT 5.84±2.44
 c 

▼***,  d ▼***
 

18.6±0.41 

 
c NS,  d NS

 

22.29±0.79
  

c NS,  d NS
 

Number of 

graafian 

follicle 

 

CC 1.23±0.43 2.09±1.12
  
 3.17±0.53

 
 

CT 1.27±0.72
 c NS

 2.06±0.92
  c NS

 3.11±1.13
  c NS

 

TT 0.65±0.49
 c 

▼**,  d ▼**
 

2.01±0.44
  

c NS,  d NS
 

3.01±0.48
   

c NS,  d NS
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4. Discussion 

        One of the main hormones influencing the growth and enhancement 

of eggs in the ovaries is the FSH hormone and its action is mediated, by 

FSH receptor (FSHR).Genetic defects are caused by, mutations in the 

FSHR ,which result in gain ,or loss of function(139).  

4.1.Socio Demographic characteristics of the study groups. 

        Women below the age of 34 were selected for the present study 

because the prevalence of poor ovarian response increase with age and 

women above the age of 40  have more than 50% possibility of poor 

ovarian response. Follicle depletion, increases six times once the 

individual passes  the age of 39, and a great number of clinical 

experiments have found important fluctuations regarding the ovarian 

response after the age of 38 (140), so any woman  above 34 and below 20 

years old were excluded from this study. 

        The results of  this prospective observational study showed that there 

were insignificant statistically differences in patients groups )poor, 

moderate, high responder) when compared with control group regarding 

age, BMI and age of menarche ,also there were non-significant differences 

between poor, moderate and high responder groups (Table 3-1). 

         Siddiqui et al. reported that age had weak related to number of 

follicles restored and not be used as index for ovarian response to ovarian 

stimulation treatment(141), other study showed that the average age in 

poor responder group was higher than in good and hyper responder groups 

and reported that this marker of ovarian reserve was one of the important 

predictive parameters in ovarian response(142). 
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        BMI is a further, indicator of ovarian, response, a greater BMI 

decreases,, the number of mature oocytes, that can be, produced, also 

obesity is a significant, risk factor, for female infertility, because obesity is 

associated with menstrual disorders, miscarriage, an ovulation, and, 

hormonal disturbances and all of which, could contribute to, infertility 

(143), therefore women with BMI more than 25 were excluded from the 

present study. 

4.2. Biochemical analyses of the study groups. 

         In current study, there were very high significant increase in mean of 

serum FSH in poor responder group as compared with control group, 

while there was very high significant decrease occurred between 

(moderate and high responder infertile women ) when compared to poor 

responder group as shown in table (3-2),as egg quality, and quantity, 

declined the pituitary gland increases, the level of FSH in order to 

maintain normal follicular development, so the basal FSH level give an 

indicate, of response to ovarian stimulation treatment (144),these results 

were in line with  Jaiswar et al. who conducted that basal serum FSH 

concentration were important in predicting ovarian reserve/response and 

infertile women with high serum FSH level were at high risk of 

development poor response to ovarian stimulation treatment (145). 

        The results of the current study were also in agreement with studies 

(144,146) which stated that patients having  high serum FSH levels had 

decreased fecundity ,while the observation of current study was different 

from study(147) which demonstrated that no significant differences in the 

level of FSH among different groups of responders to ovarian stimulation 

treatment. 
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        In this study there was significant increase in mean of LH serum level 

in poor responder group and in high responder group as compared to 

control group . FSH and LH are crucial for follicles development in 

female. LH enhances the growth of large follicles as well as increases 

granulosa cell FSH activity by increasing androgen synthesis then 

promotes the recruitment of follicles, so when LH level was abnormal that 

lead to abnormal follicular development(148).These results were in 

agreement with findings of study (149) which showed that level of FSH 

and LH were higher in poor responder, group than in high responder 

group, while these findings were different from study(150) that found no 

significant differences in the level, of LH between these group.  

        The result of present study showed that there was no significant 

difference in the mean of serum TSH and prolactin in patients with poor, 

moderate and high responder compared with the control group, also there 

was insignificant difference between (poor, moderate and high 

responder)groups, among the, factors  affecting, the functional of the ovary, 

is thyroid disorders .TSH regulates the stimulation role of FSH in 

follicular growth and development (41). 

        Thyroid diseases are one of  most common endocrine problems 

which may cause menstrual ,ovulation disorders and infertility in 

reproductive age(151).Kuroda et al. reported that increase in TSH serum 

level was associated with diminished ovarian reserve and 

function(152),according to these findings all the subjects included in this 

study are within the normal TSH level . 
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         High prolactin levels can alter or interrupt ovulation as well as cause 

irregular or missing the period by interfering with the normal production 

of other hormones like estrogen ,the hyperprolactinemic state, could be 

contributed to, the cause of infertility ,and this is to be considered, in the 

management, of infertility (153), so all women included in this study  are 

within normal prolactin level. 

         The observed data in table (3-2) indicate very high significant 

decrease in AMH serum level in the poor responder group as compared to 

the control group, while there was very high significant increase occur in 

(moderate and high responder infertile women ) when compared to poor 

responder group, AMH is an indicator of ovarian reserve and it is a single 

best predictor, of poor response to ovarian stimulation 

treatment(154).AMH is produced, by granulosa cells of pre antral and 

small antral follicles and poor responder group have lower number of 

antral follicles,  these results suggested that poor responder group be more, 

likely to have decreased ovarian, reserve.  

        There was very highly significant increase in AMH level in high 

responder group when compared to poor responder group, that means high 

responder group have high level of ovarian reserve ,this finding is 

consistent with studies (155,156) that listed the AMH level which was 

different between, poor responder ,and normal responder and it was an 

accurate marker for poor response to ovarian stimulation . 
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          Vase-parab et al. showed that in poor responders, with decreasing 

AMH levels the, antral follicle and mature follicles would also decrease so 

the poor ovarian response and low serum AMH are connected 

tightly(157). 

        The basal level of E2 in current study revealed that there were very 

high significant increase in poor responder group as compared with 

control group ,yet there were very high significant decrease occurred in 

(moderate and high responder infertile women ) when compared to poor 

responder group as shown in table (3-2) while there was insignificant 

difference in moderate and high responder groups as compared to control 

group. Basal E2 serum levels in women  was measured as part of ovarian 

reserve testing, it may be used, to guide the clinician,, as to whether the 

stimulation,, with gonadotropins, can be, started or not(158). 

        Carvalho et al. has demonstrated the measurement of both basal 

FSH and E2 may help to diminish, the incidence of, false-negative tests, 

based, on measurement of FSH, alone,, when both markers, are, 

precociously,, elevated, poor ovarian response, is, likely to occur (159), 

Prasad et al. shows that the number of graafian follicles and pregnancy 

rate decrease with increasing basal level of E2 . In addition, alternative 

stimulation protocols for patients with elevated basal E2 levels should be 

considered (160). 

        This study predicted that AFC which measured on second day of 

menstrual cycle showed very highly significant increase in high responder 

and no significant differences in moderate responders compared to control 

group.  
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        The number of antral follicles that measured by vaginal ultrasound is  

depend on the  primordial follicle pool from which they are recruited, the 

more primordial follicles which are  available mean more follicles will 

grow. Therefore, the diminishing primordial follicle pool is reflected in the 

declining antral follicle count, this may help to explain why the AFC is a 

marker for ovarian response prediction(161). 

        Decreased number of AFC indicates lower ovarian reserve and lower 

response to ovarian stimulating drugs (162) these finding suggested that 

high and moderate responder groups have adequate ovarian reserve while 

there was very highly significant decrease in poor responder group as 

compared to control, moderate and high responder groups , these results 

mean that poor responder group have low ovarian reserve. These  findings 

were in line with study (163) which showed that groups with low AFC, 

may have higher opportunity ,of diminished ovarian, reserve ,ultrasound 

determination, of AFC is an effective technique for the prediction of 

ovarian response.  

        Barbakadze et al. reported that the use of AMH combined with AFC 

may improve ovarian, reserve evaluation, and there is significant 

correlation, between serum AMH and AFC (164). 

        In the current study, the serum level of estradiol following the 

administration of exogenous FSH for six days in patient groups (poor 

,moderate and high responder) were expressed in table (3-3) which 

revealed very high significant increase in moderate and high responder 

groups as compared to poor responder group and very high significant 

increase in high responder when compared to moderate responder group.  
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        Measurement of E2 level after ovarian stimulation treatment would 

be helpful to estimate follicle maturation and to predict the ovarian 

response to treatment. E2 is a steroid hormone, secreted by granulosa cells, 

of developing ovarian follicles. The low level of estradiol indicates a 

reduction in the ability of ovarian follicles to grow and produce estradiol 

in response to FSH (165), because the main functions of FSH is follicular 

development and stimulation of estradiol production which might be 

uncoupled and/or involve different downstream pathways of the FSH 

receptor  

        The findings of present study were similar to study(166) which found 

that decreased estradiol level in poor responder group was associated with 

decrease maturation of the follicles and significantly decrease pregnancy 

rate. Malathi et al. reported that estradiol levels were important clinical 

tool in the prediction of  mature follicles  after ovarian stimulation  

treatment and it is strongly correlated with size and numbers of graafian 

follicles(42).    

        The results of current study after treatment of exogenous FSH 

regarding size and number of graafian follicles showed that very highly 

significant increase in moderate and high responder group as compared to 

poor responder group and very high significant decrease in moderate 

responder group when compared to high responder group. 

         FSH promotes the, follicular growth, through the process of, 

folliculogenesis(maturation of ovarian, follicles from primordial follicles, 

to their final, stage of maturation) (167)and this action is mediated by 

binding to its receptor (FSHR) so any factor affects this process  leads to 

decreased ovarian growth and maturation. 
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        These findings suggested that decreased sensitivity of ovarian 

follicles to FSH in poor responder group and decreased stimulation of 

granulosa cell ,this contributes to, poor follicle development these results 

were in agreement with  Abbara et al. who reported that elevated FSH 

level in poor responder group was associated with decreased size and 

number of mature follicles (168).  

4.3. The Association of Follicle Stimulating Hormone 

Receptor  Gene Polymorphisms with the Incidence of 

Infertility. 

        The results of present study that show the allele frequency were listed 

in table(3-4) and (3-5)for rs6166 and rs6165 revealed that heterozygous 

genotype of both SNPs were more abundant than homozygous mutant and 

wild genotypes in control and patient groups. These results were 

consistent with those of Andre et al. which shows that the heterozygous 

genotype frequency of rs6166and rs6165 was higher than wild and 

homozygous mutant genotypes in both control and infertile women 

groups(169). 

         In poor responder group TT genotype is higher than TT genotype in 

control ,moderate and high responder group in rs6166 ;yet these increment  

in TT genotype was much higher in rs6165 for poor responder group as 

compared with TT genotype in control, moderate and high responder 

groups, these observations, were consistent with, the results obtained by 

Rod et al. who noticed that position, 307 of FSHR SNP(rs6165) was more 

representative, than position 680 of SNP(rs6166)(170),Motawi et al. 

indicated that the mutant genotype was 2.5 fold higher in poor responders 

group than in good responders group(171). 
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         The results of this study disagree with study(172)finding that no 

statistically significant differences in genotypes distributions between 

infertile women with poor ovarian response and control group regarding 

rs6166 and rs6165.  

        The expression of odd ratio and association between allele 

frequencies for rs6166 in (poor ,moderate and high responder groups) and 

control group displayed in table (3-6).Odd ratio for CT genotype of rs6166 

for moderate, high and poor responder groups reveal insignificant 

differences that mean no association between CT genotype in all groups 

with infertility occurrence. 

         The odd ratio for the TT genotype in the moderate and high 

responder groups have the same level of insignificancy. The odd ratio for 

TT genotype in the group of poor responder was greater than two 

indicating a link between this genotype with occurrence of infertility ,this 

significant difference means that polymorphism occurrence (C>T) in 

rs6166 play a role in pathogenesis of infertility.         

        Table (3-7)enrolled the results of odd ratio and allele frequency for 

rs6165 showed insignificant differences in the odd ratio of rs6165 for CT 

genotype for moderate, high and poor responder groups that mean no link 

between CT genotype in all group with infertility prevalence ,as well as 

the odd ratio for the TT genotype in the moderate and high responder 

groups which revealed insignificant differences .The odd ratio for TT 

genotype in poor responder group was more than three which indicate an 

association between this genotype with prevalence of infertility. 
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        The odd ratio in poor responder group for mutant genotype (TT) that 

belong to rs6165 have more risk than rs6166 on the occurrence of 

infertility in Iraqi infertile women, these findings were in agreement with 

Kaviani et al. which reported that rs6165 was associated with increased 

risk of infertility(149).  

        This study revealed that the minor allele frequency for rs6166 and 

rs6165 were very high for T allele in poor responder group when 

compared with T allele in control, moderate and high responder groups as 

shown in tables(3-4) and(3-5),these findings suggested that the (T allele) 

of rs6165 and rs6166 was associated with possible risk of female 

infertility in Iraqi infertile women and these SNPs seem to exert, 

pathogenic contribution  to female infertility. 

         These results were in contrast to a study performed in the Indian 

population 2019 which states that rs6166 had no association with 

infertility pathogenesis (173), while results of current study were agree 

with several studies that show the T allele of rs6166,rs6165 were 

associated with increased risk to infertility, in several population as stated 

by Kaviani et al. and Motawi et al. (149,171). 
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4.4.Influence of FSHR Polymorphisms on FSH Response. 

        Understanding of genetic factors related, to infertility will affect on 

the clinical management, of infertility ,also it will help to make sure that 

families with or at risk of genetic disorders  related to infertility(174).  

      Exogenous FSH is utilized for controlled ovarian, stimulation for 

various infertility, treatment in female. Despite similar dose of exogenous 

FSH are used, the ovarian response varies, greatly ranging from, poor to 

hyper responder ,and it's critical to identify the factors that contribute to 

this variability, especially in the field ,of personalized medicine(175). 

         Several parameters, such as age, ,basal serum FSH level , serum 

levels of AMH and AFC ,have been used as an indicator to estimate the 

ovarian, response, but haven't been proven(176). FSH receptor, has a major 

role in regulating the physiological response, of FSH in the ovary .The 

gene encoding FSH receptor was found on second chromosome, so any 

changes in the structure of this region lead to amino acid configuration 

change for FSH receptor gene resulting in changes in the function of gene, 

many of these changes may enhance the function of  receptor ,yet other 

changes reduce gene function(89). Polymorphisms in FSHR, gene are the 

most extensively studied in relation to, ovarian, response in different 

population(177).  

        The present study which has been, done to illustrate and evaluate the 

effect of FSHR  genetic polymorphisms on FSH response in Iraqi infertile 

women. 
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        In the current study we investigated, the relationship between the  

FSHR polymorphisms (rs6166,rs6165) with the clinical and, 

,endocrinologic parameters of the patient groups ,there were, great 

individual, variations among infertile women, which  were carrying 

different, FSHR SNPs (rs6166 and rs6165) genotypes.  

As the two SNPs of FSHR(rs6166 and rs6165) are located on the same 

exon, they have been suggested and even shown to be linked in several 

studies(122,178).         

        It has been reported that FSH levels differ significantly among the 

rs6166 and rs6165 genotype variants as shown in tables (3-8)(3-10), there 

were significant, increment of FSH level  in poor responder group with TT 

genotype rather than in the  CC genotype and in the CT genotype for both 

(rs6166) and (rs6165), basal FSH serum level was used to evaluate the 

ovarian reserve, ,in which high serum FSH level usually, predicts a high 

ovarian, threshold to exogenous FSH responses, these findings suggested 

that poor responder group with TT genotype were less responsive to FSH, 

also the analysis of allele frequency revealed that poor responders had a 

greater frequency of the allele T so the T allele is associated, with poor 

ovarian response to FSH treatment .The presence of polymorphisms for 

both (rs6166,rs6165)in poor responder group were related to elevated level 

of FSH and decreased sensitivity to it, while  there was no significant 

difference in FSH level between the three genotypes(CC, CT and TT) in 

moderate and high responder groups, this means that  no association 

between FSHR genotypes with ovarian response in moderate and high 

responder groups. 
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         The findings of present study were similar to studies, reported by 

many researches (179–181),which show that the infertile women carriers 

mutant variant in poor responder group have high basal, FSH level, and 

poor response to exogenous FSH. Jun et al. and Achrekar et al. which 

conclude that ovarian response to exogenous FSH may be depended on 

FSHR genotypes and these genotypes used as marker to predict individual 

responses to FSH (182,183). 

       The results of the current study disagreed with Trevisan et al.which 

concludes that polymorphisms of Thr307Ala(rs6165) and 

Asn680Ser(rs6166) did not affect the FSH and estradiol serum levels and 

not to be associated with ovarian response(184). 

        In this study, the AMH levels were different among, genotypes 

variants tables(3-9)(3-11), infertile women with TT genotype in poor 

responder group had lower AMH level compared to women with CC and 

CT genotypes in the same group for both FSHR SNPs(rs6166and rs6165) 

.AMH serum level may describe both the number and quality of ovarian 

follicles pool ,so decreased level of it represents decreasing, the ovarian 

reserve, and decreases response to FSH,  it was a good predictor of poor, 

ovarian response (155).It can be concluded, that TT genotype was strongly 

associated with poor response to FSH treatment. However, the presence of 

CC and CT among poor responders indicated that TT may not be the only 

cause of poor response to FSH ,other genetic and ,environmental factors 

,may contribute to the, low ovarian response to FSH ,furthermore, there 

were no significant differences in CT and TT genotypes in moderate and 

high responder groups, so in these groups there was no association 

between FSHR genotypes and ovarian response for both 

SNPs(rs6166,rs6165). 
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        The data of current study were similar to Tanase et al. who showed 

that FSH receptor gene polymorphisms (rs6166,rs6165) influenced AMH 

serum level in response to FSH treatment in patients with homozygous 

mutant, (TT)(185).  

        The present  study disagreed with Mohiyiddeen et al. which listed no 

association between variants, in the FSH receptor polymorphisms and 

AMH levels as marker of ,ovarian reserve (186). 

        In this study, there was highly significant reduction in AFC value in 

poor responder group with TT genotype compared to CC,CT genotype in 

the same group for both rs6166 and rs6165 tables(3-9)(3-11). AFC is a 

good indicator of  the number of mature follicles, that will be able to 

stimulate, in women's ovary(163). Ovarian response to gonadotropin 

stimulation is influenced by a number of factors such as diminished 

ovarian reserve which thought to be the principal factor, of poor ,ovarian 

response . The most frequently utilized predictive tests for evaluating 

ovarian reserve are basal serum FSH and antral follicle count(187). 

        These finding suggested that FSHR polymorphisms affect the number 

of the antral follicle and it was strongly linked to poor response to 

exogenous FSH treatment, while there was no significant difference 

between three genotype in moderate and high responder groups for both 

rs6166and rs6165.These results mean no association between these SNPs 

and ovarian response to FSH in moderate and high responder groups. 

These findings were, in agreement with Mohiyiddeen et al. research 

findings (188),but the results of this study were different from study(122) 

which reported that no association between FSHR polymorphisms and 

value of AFC.  
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        The present study, was revealed, a statistically insignificant variation 

in TSH and prolactin genotypes in poor ,moderate and high responder 

groups for both FSHR gene SNPs ,these finding mean there was no effect 

of these SNPs on the level of TSH and prolactin hormones. 

         In the present study, the same FSH, dose for ovarian, stimulation 

resulted, insignificantly lower, serum levels of estradiol, in infertile women 

with the TT genotype in poor responder group compared to women with 

the CC and CT genotypes. 

         The important, role of FSH, in the regulation, of female reproduction 

by binding to its specific FSHR, which is located in, granulosa cells of, the 

ovary. Interaction between FSH, and FSHR induces, intracellular signaling 

pathway, to determine ,differentiation and proliferation of granulosa cells. 

The FSH stimulated, granulosa ,cells produce, E2.Therefore, impaired 

FSHR activity by rs6166 and rs6165 leads to poor proliferation,, and 

differentiation of granulosa, cells and reduced production, of E2 

(168,189).These results suggested that the polymorphisms in FSHR 

(rs6166and rs6165) was associated with poor response to FSH and the T 

allele may be responsible for decrease sensitivity of FSH receptor to FSH.  

        Regarding the CC,CT and TT genotypes in moderate and high 

responder groups ,there was no significant difference between them 

suggested that no association between these genotypes, and  estradiol 

serum level  in moderate and high responder groups for both rs6166 and 

rs6165. 
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        The current study was in line with many studies such as 

(182,190,191) which realized that infertile women with homozygous 

mutant genotypes for both study SNPs (rs6166 and rs6165) showed lower 

E2 level and fewer mature oocyte than other genotypes ,but the data of 

present study disagreed with Trevisan et al. findings which showed FSH 

and estradiol serum levels were not associated with polymorphisms of 

FSHR (rs6166 and rs6165)(184).  

        In the present study the size and number of graafian follicles was 

significantly lower in FSHR (rs6166 and rs6165) TT genotype carriers in 

poor responder group than in CC and CT carriers .  

        The dominance of estradiol and FSH, in follicular fluid is essential for 

sustained, accumulation in granulosa cells ,continued follicular growth, 

and estradiol production (192) so the genetic change involved in FSHR 

SNPs (rs6166 and rs6165) was suggested to potentially decreased 

sensitivity of FSHR to FSH, hence decrease the action of FSH reflected by 

decreased size and number of graafian follicles while there was no 

significant difference among CC,CT and TT carriers in moderate and high 

responder groups ,that mean no association of FSHR polymorphisms with 

genotypes of these groups. 
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        These results were in agreement with Sheikhha et al. that showed the 

lower ovarian, response in poor responder group with TT genotype 

including high basal FSH, and lower number of, mature oocytes(193).        

Ahmed et al. and Boudjenah et al. showed that SNPs of FSH receptor 

impact on number of graafian follicles and this affects the response to 

ovarian stimulation in infertile women(150,179). 

        The findings of current study were different from Allegra et al. 

showed that no association between FSHR polymorphisms and mature 

follicles (194). 
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Conclusions  

The findings of this study revealed: 

1. The FSHR polymorphisms(rs6166 and rs6165) can be considered as 

one of the genetic factors responsible for variability in response to 

FSH in Iraqi infertile women. 

2. The heterozygous genotype CT was more predominant than other 

genotypes CC and TT for both SNPs. 

3. The odd ratio indicated an association between presence of both 

SNPs in FSHR gene and incidence of infertility in Iraqi women.  

4. The TT genotype of rs6166 and rs6165 are strongly linked to poor 

ovarian response to FSH treatment in clinical and hormonal 

parameters as observed by significant reduction in mean of AFC, 

AMH ,E2 and significant increase in basal FSH levels. 
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Recommendations 

1.Study another SNPs of FSHR gene with their effects on response to 

FSH. 

2.Use genetic test to help the clinician, to individualize, person's response, 

according to genotype and developing a personalized, drug that is more, 

effective, and safe. 

3. Larger scale studies, including more, infertile women and healthy 

control participants, from different Iraqi, cities are preferred.
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                                                                                                       Appendix 

 

   

Name:                                                   mobile: 

Age: 

Weight:                                        Height:  

Age of menarche:  

 

 

FSH  TSH  

LH  Basal estradiol   

AMH  Estradiol (after treatment)  

Prolactin  Size of grafiaan follicles  

AFC  number of grafiaan follicles  

 

Acne                                                               yes/no  

Family history for infertility                          yes/no  

Family history for other disease                    yes/no  

Hirsutism                                                       yes/no  

Menstrual irregularity                                   yes/no  

Smoking                                                         yes/no  

Education                        primary/secondary/college  

History of previous Conception  

  

Clinical and hormonal results 

Research questionnaire for all participants  
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 الخلاصة

تشكل مشكلة صحٌة عامة عالمٌة والتً عند النساء حالة متعددة العوامل  العقمٌعد : خلفٌة البحث

هذا  ٌرتبط  و وهو اساسً للتكاثر فً الغدة النخامٌة(FSH) الهرمون المنبه للجرٌب  ٌنتج. 

معبرا عنها فً الخلاٌا الجسدٌة للغدد  (FSHR)على وجه التحدٌد بمستقبلات الغشاءالهرمون 

 Gلعدٌد من الخصائص الممٌزة مقارنة بمستقبلات با FSH / FSHRنظام  تمٌزٌ و التناسلٌة

و  803تعد الأشكال المتعددة فً الكودونٌن  حٌث ((GPCRsالكلاسٌكٌة المقترنة بالبروتٌن 

 (.(FSHRهً المتغٌرات الألٌلٌة الأكثر شٌوعًا لجٌن مستقبل الهرمون المنبه للجرٌب 080

 :اهداف الدراسة

لمستقبل الهرمون المنبه  ةالكشف عن تعدد الأشكال الجٌنٌ الىهذه الدراسة  تهدف

خاصة تلك المرتبطة بالاستجابة  rs6165 (C> T)و  FSHR  rs6166 (C> T)للجرٌب

 النساء العراقٌات. عندمسببات العقم  فًوتأثٌراتها  FSHلعلاج 

 :طرق العملالاشخاص و

 امرأة للمشاركة فً هذه الدراسة ونوست مئتان على المراقبةفً هذه الدراسة القائمة اختٌر 

أن خمسٌن  حٌثسن الحٌض, ومؤشر كتلة الجسم  كذلك فً وفً العمر فارق نجمٌعهم لٌس لدٌه

شخصت فقد  وعشرة من النساء مئتانما البقٌة ا ٌتمتعن بصحة جٌدة  المشاركاتمن النساء 

ضعٌف إلى  للعلاج حسب استجابة المبٌض مجامٌعمؤخرًا بالعقم حٌث تم تقسٌمهم إلى ثلاث 

وعالً  امرأة مصابة بالعقم( 06) معتدل الاستجابة امرأة مصابة بالعقم( 30 ) الاستجابة

لجمٌع المشاركات فً  المسبقة د اخذت الموافقاتوق امرأة مصابة بالعقم(. 37) الاستجابة

 لأجراء فً الٌوم الثانً من الدورة الشهرٌة المجامٌععٌنات الدم من جمٌع  سحبت والدراسة 

الهرمون المضاد , الهرمون اللوتٌنً,  الهرمون المنبه للجرٌبالوراثٌة والهرمونٌة ) التحالٌل

جمٌع النساء المصابات  تم فحص(,الاسترادٌول, البرولاكتٌن و هرمون الغدة الدرقٌة,  للمولرٌان

عٌنة  تسحبولقٌاس عدد الحوٌصلات  ونار الروتٌنًبالعقم اللائً شملتهن الدراسة بواسطة الس

التصوٌر بالموجات  اجريبعد ستة أٌام من العلاج ,  الاسترادٌول الدم مرة أخرى لقٌاس مستوى

هذه الدراسة تفاعل  فً استخدم .الناضجة فوق الصوتٌة أٌضًا لقٌاس حجم وعدد الحوٌصلات

طفرات مستقبل للكشف عن (ARMS PCR) از المتسلسل لنظام الطفرة التضخمٌةرالبولٌمٌ

 .rs6165 (C> T)و  FSHR  rs6166 (C> T)الهرمون المنبه للجرٌب

 



 
 

   

 :النتائج

عند النساء المصابات بالعقم إلى أن الأنماط الجٌنٌة المتعددة بوضوح  الدراسة  اشارت نتائج هذه 

 (rs6165)و  (C> T) (rs6166)بشكل خاص  (FSHR) الهرمون المنبه للجرٌب لجٌن

(C> T),  التً تشمل النمط الجٌنً البري متماثل(CC) , متحولة متماثل الزٌجوت(TT) 

فً   (P <0.05)بشكل ملحوظ Tزٌادة ألٌل  حٌث تم .(CT) والنمط الجٌنً متغاٌر الزٌجوت

فً  (rs6165)و  (rs6166)الاستجابة الضعٌفة لكل من  ذوات المصابات بالعقم النساء

FSHR))  والتً ترتبط بشكل كبٌر بضعف الاستجابة لـFSH  فً النساء العراقٌات المصابات

 بالعقم.

 :الاستنتاج

 (FSHR)للجرٌب المنبههرمون ال مستقبلاتاستنتج من هذه الدراسة  بأن التغاٌر الجٌنً فً 

 علاقةان هذا التغاٌر الجٌنً كان له و(FSH)  لهرمون المحفز للجرٌبالاستجابة ل قلةٌرتبط ب

 فً محافظة كربلاء. النساء العراقٌات عند العقم ٌةبإمراض

 

 

 

 

 

 

 

 

 

 

 

 



 
 

   

   

 

 بسمِ اللهِ الرحمنِ الرحيمِ 

قاَلوُاْ سبحَانكَ لََ علمَ لنَاَ إلَِا مَا  

 عَلامتنَاَ إِنكََ أنَتَ العلَِيمُ الحَكِيمُ 
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