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Abstract  

Background: Infertility is considered as one of the main health problems affecting 

about 10- 15% of couples seeking children. However, in 50% of these the male partner is 

responsible for infertility.Y chromosome classical microdeletions in the azoospermia 

factor (AZF) regions are known to be associated with spermatogenic failure.  

Spermatogenesis is an essential reproductive process that is regulated by many Y 

chromosome specific genes. The Y-chromosome is the smallest chromosome that 

consists of 2-3% of the haploid genome and may contain between 70 and 200 genes. 

Objective:  This study was carrying out to understand prevalence and patterns 

microdeletions in azoospermia factor (AZF) region of Y chromosome in infertile Libyan 

men  using  PCR.  

 Material and methods:  In the current study,  50 patients from  male infertility and 

10 healthy controls. were studied in order to explore the Y chromosome disorders  of 

male infertility in Misurata of Libya. AZF microdeletions and their associated 

phenotypes in infertile males have been extensively studied, have been identified by 

sequence-tagged site polymerase chain reaction (STS-PCR). 

Results : The results of  this study showed deletions in two cases  ( 3.33%) as one of 

them had a deletion in AZFc and AZFd  regions and the other had a deletion in AZFd 

region 

Conclusion: our study showed that the prevalence of Y chromosome microdeletions  is 

3.33% in our population ,  also  our study proves that molecular  analysis is mandatory in 

any diagnostic workup of idiopathic  infertile males. Moreover,. the importance of 

examining a molecular genetics approach including AZF deletions must be emphasized 

for those men who are considering  intracytoplasmic sperm injection ICSI, because this 

genetic defect is transmitted to their sons, affecting their fertility. 

Keywords: male infertility,  Y chromosome  micro deletion, PCR. 
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  ملخصال

 األزواج من % 15 حوالي تصيب اذ العربي عالمنا في خاصة اعتيادية غير عامة صحية مشكلة العقم المقدمة:

من  AZFوالحذف الكلي في مناطق   .الحالت ذهھ من  % 50 عن مسئولا  يكون والرجل الراغبين باإلنجاب

ويعتبر تكوين من المسببات المعروفة بارتباطها بقصور انتاج الحيوانات المنوية وبالتالي العقم .  Yالكروموسوم 

. وتقع  yالكروموسوم  لىالمحددة ع الحيوانات المنوية عملية تناسلية أساسية ينظمها العديد من الجينات الصبغية

 Yفي  الذراع الطويلة من الكروموسوم البشري  AZFمعظم هذه الجينات في منطقة معينة تعرف باسم منطقة 

 جين. 200-70من اصغر الكروموسومات البشرية ويحتوي على  Yالكروموسوم 

في حالت العقم عند  Yعلى الكروموسوم  AZFتهدف  هده الدراسة لفهم الحذف الجزيئي في مناطق الهدف:  

 . PCRالرجال الليبيين باستخدام تقنية سلسلة تفاعل البلمرة 

أصحاء بهدف الكشف عن اعتالل  10مريضا يعانون من العقم و 50شملت الدراسة  الطرق والمواد:

واألنماط  AZFوقد تم دراسة الحذف الجزئي  في منطقة الرجال المصابين بالعقم  في ليبيا .  الكروموسوم في 

الظاهرية المرتبطة بها في الرجال المصابين  بالعقم على نطاق واسع، تم تحديدها من قبل تسلسل المواقع لسلسلة 

 .PCRتفاعل البلمره 

٪( حيث أن أحدهما كان لديه حذف في 3.33عمليات حذف في حالتين ) أظهرت نتائج هذه الدراسة  :النتائج 

  AZFd. منطقة واآلخر كان لديه حذف في AZFdو  AZFcمناطق 

٪ في عدد سكاننا ، كما  3.33هو  Yأظهرت دراستنا أن انتشار الحذف الجزئي على الكروموسوم :  الخالصة 

ي لتشخيص حالت العقم الغير معروفة السبب لدى الرجال ف ضرورة تأكيد اجراء الفحص الكروموسوم تثبت دراستنا

بالنسبة  AZF. عالوة على ذلك،. يجب التأكيد على أهمية دراسة نهج الوراثة الجزيئية بما في ذلك الحذف مجتمعنا 

ألن هذا العيب الجيني ينتقل إلى أبنائهم ، مما يؤثر على  ألولئك الرجال الذين يفكرون في الحقن المجهري ،

 خصوبتهم.

 ., تفاعل تسلسل البلمرة Y : عقم الرجال ,الحذف الجزيئي لكروموسوم المفتاحية الكلمات
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Chapter I 

1 Introduction 

1.1 Overview 

Infertility is considered as one of the main health problems affecting about 10- 15% of 

couples.  The male partner is responsible for infertility in approximately half  of  these cases 

(Foresta et al., 2001). Sperms in human are produced by synergy of genes and proteins, 

through a complicated process called spermatogenesis, defective spermatogenesis is the 

result of several different disorders, such as  systemic disease, endocrinological disorders, 

obstruction in seminal pathways, and infection or immunological factors , (Foresta et al., 

2001 ; Pandey et al .,2010). However, the cause of male infertility is unknown in up to 50 % 

of cases (Vogt., 2004). In these cases, genetic aetiology may be associated with abnormal 

spermatogenesis and chromosomal abnormalities in male (Tiepolo & Zuffardi., 1976).   

Genetic factors have been claimed to be responsible for about 10 % of cases. These genetic 

disorders affect semen parameters by causing alteration of chromosome materials such as 

Klinefelter syndrome and Y chromosome microdeletions (O'Brien et al., 2010). Human Y-

chromosome is a sex determining chromosome and required for maintenance and 

development of male germ cells (Kuroda-Kawaguchi et al., 2001).  

Earlier in 1976, Tiepolo and Zuffardi established the strong association between Yq 

chromosome microdeletions with abnormal spermatogenesis which has given a new insight 

in the study of Y chromosome long arm for identification and characterization of genetic 

grounds in spermatogenesis process (Tiepolo & Zuffardi., 1976). After this, Bardoni and 

colleagues identified the human spermatogenesis locus at Yq 11 interval , A genetic factor 
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located at Yq11.23  is important for the genes male germ cell development and the gene 

cluster is known as azoospermia factor ( Bardoni et al., 1991). 

In 1996, Vogt and colleagues had given evidence that three sub regions on long arm of  Y 

chromosome designated AZFa, AZFb and AZFc  are responsible for male germ cell 

development  (Vogt et al., 1996). This was followed by the description of the fourth AZF 

region termed the AZFd (Kent-First et al., 1999). 

A large number of sequence tagged sites (STS) have been generated and mapped for the 

above AZF regions on Y chromosome (Foresta et al., 2001). STS are known sequences of 

genomic DNA that can be amplified by PCR (van der Ven  et al., 1997; Foresta et al 1998). 

Yq chromosome microdeletions are the second most important genetic cause for 

spermatogenic arrest in male with infertility after Klinefelter syndrome (Katherine et al., 

2010), as it contain several genes which are involved in spermatogenesis (Vogt et al., 1996; 

Foresta et al., 2001).  

A microdeletion is defined as a chromosomal deletion that spans several genes but not large 

enough to be detected using conventional cytogenetic methods. Studies have revealed that 

microdeletions are more prevalent in men who are azoospermic and severely 

oligozoospermic  (Katagiri et al., 2004). 

AZF microdeletions result from intra chromosomal homologous recombination between 

repeated sequence blocks organized into palindromic structures in the long arm of the Y 

chromosome (Vogt., 2004).  

file:///C:/Users/حسام/Desktop/offff/اخر%20نسخة%20-%20نسخة11.docx%23_ENREF_4
file:///C:/Users/حسام/Desktop/offff/اخر%20نسخة%20-%20نسخة11.docx%23_ENREF_13
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These microdeletions are associated with different testicular histological profiles, ranging 

from Sertoli cell-only syndrome (SCOS), hypo-spermatogenesis (HS) to spermatogenic 

arrest (SGA) to SCO type II syndrome (Vogt et al., 1996; Foresta et al., 2001). 

The last decades have seen a great deal of development with respect to assisted reproductive 

techniques one of which, intracytoplasmic sperm injection (ICSI) as a leading method of 

treatment for male factor infertility. However, one risk consists in a potential increase in the 

genetic causes of infertility in the future; thus, identification of genetic factors has become good 

practice for appropriate management of infertile couples, and genetic testing for infertile men 

has increased in importance in the reproductive clinic (koh et al., 2010). 

 In this study we are investigating the roles of several genes on Y chromosome by looking at 

AZF microdeletions and try to understand how this kind of abnormality may cause infertility 

in Libyan men.  
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1.2 Objectives 

1.2.1 General objective 

The overall objective for this project is to investigate the microdeletions in azoospermia 

factor (AZF) region of Y chromosome by PCR using primers corresponding to four genes of 

the AZF region (Table 1) in infertile Libyan men. 

1.2.2  Specific objectives 

• To determine the frequency of microdeletion in the Y chromosome in idiopathic 

cases of male infertility in Libya. 

• To identify the sequence Tagged Site (STS) markers that would be most suitable for 

the diagnosis of microdeletion of Y chromosome in Libya. 
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Literature review 
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Chapter II 

2 Literature review 

2.1  Male infertility 

Infertility is defined as the inability to achieve a successful pregnancy after 12 months of 

unprotected intercourse (Practice Committee of the American Society for Reproductive 

Medicine., 2013). The World Health Organization defines the lower reference limit for Time 

to Pregnancy (TTP) by 12 months. Infertility is divided into primary or secondary infertility. 

A couple with primary infertility has never been able to conceive while secondary infertility 

is defined as the inability to conceive or carry a pregnancy to term after successfully and 

naturally conceiving one or more children(WHO.,2010). A male factor is responsible in 

about 50 % of infertility cases; it is the sole reason in about 20 % of the cases, and is a 

contributory factor in 30- 40 % of the cases (Foresta  et al., 2001). 

The diagnostic workup of idiopathic cases involves semen analysis which usually reveals 

decreased number of spermatozoa (oligozoospermia), decreased sperm motility 

(asthenozoospermia) or presence of morphologically abnormal spermatozoa (teratozoospermia). 

These abnormalities also occur together and the co-occurring of all these abnormalities is 

described as oligoastheno- teratozoospermia (OAT). In contrast, idiopathic cases also present 

with normal semen parameters (normozoospermia). Idiopathic male infertility may be caused 

by several factors such as chronic stress, endocrine disruption due to environmental pollution, 

reactive oxygen species and genetic abnormalities (WHO., 2010). 

Most men with azoospermia or severe oligozoospermia require ICSI (with ejaculated or 

testicular spermatozoa) to overcome their infertility. Because all spermatozoa from men with Y 

microdeletions harbor the same microdeletions, ICSI allows the transmission of these genetic 

file:///C:/Users/حسام/Desktop/marwa/finaly/propozal%20submeted%20Dec%202016new%20222.docx%23_ENREF_4
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changes(Kleiman et al 1999 ; Kihaile  et al.,2004 ). Male offspring of men with Yq 

microdeletions will therefore also carry the deletion and will have spermatogenic impairment in 

adulthood. Transmission of AZF deletions appears not to affect the psychological and physical 

development of children derived from ICSI (Katagiri  et al ., 2004).  

Screening for Y chromosome microdeletions provides crucial information in the counseling of 

couples seeking infertility treatment. 

2.2. Etiology of male infertility 

Male infertility is manifested as quantitative abnormality (azoospermia, and 

oligozoospermia), or as qualitative abnormality (asthenospermia, teratozoospermia and 

necrospermia) or both (Ferlin et al., 2007). The causes of male infertility are numerous and 

can be divided into five major diagnostic categories: (i) disorders related to motility or 

sperm function; (ii) disorders related to obstructive lesions; (iii) disorders related to 

spermatogenic failure; (iv) sexual dysfunction disorders of erection and ejaculation; (v) 

endocrine dysfunction. Both environmental and genetic factors, combined or separate, have 

been suggested (Vogt., 2005). No clear causal factor could be diagnosed in about 50% of 

cases coining the term idiopathic male infertility. These men usually present with no 

previous history associated with fertility problems and have normal findings on physical 

examination. Genetic abnormalities contribute to a fair enough percentage of these 

idiopathic cases (Vogt., 2004). 
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2.2.1  Idiopathic male infertility  

 Idiopathic male infertility often associated with genetic and epigenetic abnormalities. The 

possibility that many cases of idiopathic male infertility might have genetic background was 

bolstered by the failure of most clinical therapies to correct deficient spermatogenesis. 

However, genetic causes account for 10-15% of severe male infertility cases (Vogt et al., 

1996; Ferlin et al., 2006). 

2.3 Spermatogenesis 

Spermatogenesis is a long and complex process needing about 70 days and involving a 

series of continuous cellular changes of separate cell types generated by mitotic and meiosis 

cell divisions. The process of spermatogenesis can be conveniently divided into the three 

major stages 1) mitotic spread of spermatogonia, 2) meiosis and 3) spermiogenesis (Figure 

1) (Clermont ., 1966 ; Clermont et al., 1970).   In the initial stages, spermatogonia division 

through mitoses, giving rise to primary spermatocytes, which successively go through the 

first meiosis division leading to secondary spermatocytes. Through the second meiosis these 

cells produce haploid cells or round spermatids, which elongate during the spermiogenesis 

process and finally differentiate into mature spermatozoa, by condensation of the chromatin, 

substitution of histones with protamines, and formation of the acrosome and the other sperm 

constituents. However, the information of the mechanisms regulating spermatogenesis is 

still poor, and the genes involved in spermiogenesis regulation become of interest (Matzuk 

et al., 2002;  Dym., 1994). 
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Figure 1.  stages of Spermatogenesis  (taken from bio1151.nicerweb.com) 

 

2.4  The roles of hormones in male infertility  

The spermatogenesisis process is controlled by the two pituitary gonadotrophins, FSH and 

LH through hypothalamic anterior pituitary testicular axis (Figure 2). 

 Testosterone biosynthesis is stimulated by pulsatile LH, especially at the rate-limiting step 

of catalysis by the cholesterol side-chain cleavage enzyme (CYP11A1). LH caused 

testosterone diffusing from the Leydig cells acts along with FSH on the Sertoli cells to 

stimulate spermatogenesis. The secretion of LH and FSH is organized by gonadotropic 

releasing hormone (GnRH). Testosterone inhibits the release of LH more than FSH , with a 

minor contribution from peripherally converted oestradiol and dihydro testosterone (DHT). 

The secretion of FSH is selectively inhibited by the Sertoli cell hormone, inhibin (Holt & 

Hanlley., 2012).  

Zhang and colleagues observed that FSH receptor signaling stimulates proliferation of 

sertoli cells and maintain normal sperm production (spermatogenesis) by promoting 

intercellular communication with neighboring germ cells as well as other somatic cells 
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(Zhang et al., 2012). Moreover, FSH can help to determine testicular size and germ cell 

number per testis (Wang  et al.,2014). 

 

Figure 2.  Regulation of FSH through hypothalamic-anterior pituitary-testicular axis. PRL: 

Prolactin, GnRH: Gonadotropic Releasing Hormone, FSH: Follicle stimulating hormone, LH: 

Luteinizing Hormone, DHT: Dihydrotestosterone. (Holt & Hanlley., 2012). 

Increase in FSH and LH levels due to primary testicular failure. The causes may be congenital 

or acquired; congenital causes include chromosomal abnormalities such as  46,XX male.   or 

genetic mutations in enzymes or receptors such as Single gene disorders that present 

hypergonadotropic  hypogonadism of which LH and FSH resistance. 

LH resistance is caused by LH receptor mutations. LHR (LH receptor) is G-protein coupled 

receptor with seven transmembrane domains (MIM152790). There are two ligands for binding 

the receptor: LH or CG (coriogonadotropin). Mutations in the receptor prevent ligand bindings, 
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therefore, preventing activation cascade mediated by c-AMP. This will lead to Leydig cell 

hypoplasia (complete or relative absence of Leydig cells) in testes, hence, no androgen 

biosynthesis. Complete loss-of-function mutations are characterized by male 

pseudohermaphroditism (female external genetalia with internal undescended testes, vas 

deference and epididymis), low testosterone, high LH, normal FSH in most cases, and 

abnormally elevated in a minority 29  of patients (Kremer et al., 1995). Mutations with a 

residual activity are characterized by micropenis, severe hypospadias, hypogonadism without 

sexual ambiguity, and isolated infertility.  FSH resistance is caused by FSH receptor mutations, 

FSHR (FSH receptor)  is also G-protein coupled receptor with seven transmembrane domains 

(MIM 136435). Only one complete  Loss-of-function mutation in the FSH receptor was 

described (Tapanainen et al., 1997), which may indicate that the resulting phenotype is subtle 

and escapes identification. In the study of Tapanainen et al, five men had a homozygous FSH 

mutation. They had normal testosterone levels, normal or slightly elevated LH levels, 

moderately elevated FSH levels, and slightly to markedly reduced testicular volume. They have 

variable degrees of spermatogenic failure, but, surprisingly, do not show azoospermia or 

absolute infertility; two of the men had successfully fathered two children each. So, FSH 

hormone is not essential to the onset of spermatogenesis at puberty, as believed, it may 

contribute to testicular size and quality of the ejaculate. 

A low testosterone level is one of the best indicators of hypogonadism of hypothalamic or 

pituitary origin. Low LH and FSH values together with low testosterone levels indicate 

hypogonadotropic hypogonadism. Elevated FSH and LH values help to distinguish primary 

testicular failure (hypergonadotropic hypogonadism) from secondary testicular failure 

(hypogonadotropic hypogonadism). Most patients with primary hypogonadism have severe, 

irreversible testicular defects. On the other hand, secondary hypogonadism has a 

hypothalamic or pituitary origin and infertility may be correctable (Shaqalaih.,2007). 
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Moreover, elevated FSH levels are usually a reliable indicator of germinal epithelial damage 

and are usually associated with azoospermia or severe oligozoospermia , depicting 

significant and usually irreversible germ cell damage. In azoospermic and severely 

oligozoospermic patients with normal FSH levels, primary spermatogenic defects cannot be 

distinguished from obstructive lesions by hormonal investigation alone. Therefore, further 

investigation such as scrotal exploration and testicular biopsy should be considered. 

(Shaqalaih.,2007). 

2.5 Chromosomal content 

Human chromosomes are divided to autosomal chromosomes and sex chromosomes (figure 3). 

Certain genetic traits are linked to a person's sex and are passed on through the sex 

chromosomes, the autosomes however contain the rest of the genetic hereditary information. 

 

Figure 3. Anormal G-banded male karyotype. (Mitra et al .,2008). 

2.5.1 Genetics alteration in Y chromosome 

https://en.wikipedia.org/wiki/Sex_chromosome
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Chromosomal abnormalities may be numerical or structural and involve either sex or 

autosomal chromosomes. Chromosomal aberrations whether numerical or structural have 

been reported to be associated with sperm abnormalities, practically 14% of azoospermic 

men and 5% of oligozoospermic men (Foresta et al., 2002; Vogt., 2004). These aberrations 

play a prime role in male infertility with abnormal semen parameters (Nagvenkar et al., 

2005). several studies have documented that the frequency of chromosomal abnormalities 

increases with decline in semen quality (Dohle et al., 2002). Chromosomal aneuploidies and 

microscopic structural abnormalities are usually detected by cytogenetic methods, such as 

banding techniques and Fluorescence Insitu Hybridization (FISH) techniques, these 

techniques may face shortage to detect any invisible abnormalities as in Y chromosome 

microdeletions, therefore molecular techniques such as PCR is recommended. 

Numerical chromosome abnormalities may be responsible for male infertility one of which 

is Klinefelter syndrome (47, XXY). KFS is considered by testicular hypotrophy, 

azoospermia, elevated plasma FSH levels; however, severe oligozoospermia occasionally 

may be present in many cases. (Ferlin et al., 2006). 

Double Y chromosome men (47, XYY) are less frequent than the KFS with its variants, but 

their fertility status is variable, and if infertile, they are usually oligozoospermic (Vogt., 

2004).  

Structural chromosome anomalies, balanced Robertsonian translocations, balanced reciprocal 

translocations, balanced inversions, deletions, or duplication may affect the human cell (Vogt., 

2004; Ferlin et al., 2006). Structural aberrations are found 10 times more frequently in infertile 

men than in the fertile men population, and the most frequent structural chromosome 
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abnormalities in human and can affect male fertility is robertsonian translocations (Vogt ., 

2004).  

Robertsonian translocations occur only between two acrocentric chromosomes (13, 14, 15, 21, 

and 22), leading to a single abnormal chromosome, generally, dicentric and contains most of the 

long arms of the original two chromosomes and subsequent loss of their short arms, this will 

leave the resulting balanced cell with only 45 chromosomes including the translocated one 

(Vogt., 2004; Ferlin et al., 2006).  

Pericentric inversion is also common structural abnormality specially in chromosomes 1, 3, 5, 

6, and 10 and are associated with reduced rate of sperm production and therefore may lead to 

male infertility, with expected phenotype ranges from oligozoospermia to azoospermia  (Vogt., 

2004; Ferlin et al., 2006). 

2.5.2 Y chromosome microdeletions and male infertility:  

After the Klinefelter syndrome, Y chromosomal microdeletions are the second most 

common genetic cause of male infertility (Katherine et al., 2010). A microdeletion is 

defined as  a chromosomal deletion spanning several genes that is very small to be detected 

by conventional cytogenetic techniques but can be  easily identified using advanced 

molecular techniques include PCR (Katagiri et al., 2004). 

The incidence of Y chromosome microdeletions also differs study to another as they vary 

from 4% in severely   oligozoospermic men to 14% in idiopathic severely oligozoospermic 

men, and from 11% in azoospermic men, to 18% in idiopathic azoospermic patients (Akin et 

al., 2011; Foresta et al., 2001).  
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Microdeletions occur in about 1 in 4000 men in the general population but its frequency is 

significantly increased among infertile men, and azoospermic men have a higher incidence 

of microdeletions than oligozoospermic men (Krausz et al., 2014). 

2.5.2.1  Structure and Gene content of the human Y chromosome  

 The Y-chromosome is the smallest chromosome that consists of 2-3% of the haploid 

genome and may contain between 70 and 200 genes (Dhanoa et al., 2016) Approximately 95 

% of the sequence is non-recombining . This is structure of the Y chromosome and the so 

called azoospermia-factor region AZF . Genes for male germ cell development are present 

on the Y chromosome in different species groups in men (Lian., 2006). 

Human Y chromosome is made up of short and long arms designated as Yp and Yq 

respectively. There are two pseudoautosomal regions (PAR) on the short (Yp) and long (Yq) 

arms of the Y chromosome, respectively (Figure 4). These PAR1 and PAR2 consist of 5% 

of the entire chromosome (Dhanoa et al., 2016) .The rest of the Y chromosome regions 

which compromise 95% of the entire Y chromosome are called male-specific region of the 

Y chromosome (MSY), which are flanked by the PAR1 and PAR2 ( Skaletsky et al., 2003) .  

The euchromatic and heterochromatic regions lie between the PARs, both Yp and the 

proximal portion of Yq consist of euchromatin, whilst the distal segment of Yq is composed 

of heterochromatin. This latter region generally varies in length and normally comprises 

between one-half to two-thirds of Yq. Therefore, Yq is cytogenetically dichotomized into 

aeuchromatic proximal region (Yq11) and a heterochromatic distal region (Yq12) (Lian ., 

2006). 

 



15 
 

 

Figure 4. Diagram of the human Y chromosome showing the AZF loci, associated genes and STS markers. 

A. Schematic representation of the structure of the human Y chromosome showing the pseudo autosomal 

regions (PAR1, PAR2), Yp (short arm), Yq (long arm) and MSY (male specific region). B. Schematic 

locations of the four AZF loci. C. Corresponding candidate genes in the AZFa, AZFb and AZFc regions. The 

black, red, blue and pink colors represent the genes in the AZFa, AZFb, AZFc and overlapping AZFb/AZFc 

regions, respectively. D. Conventional STS markers associated with the AZFa, AZFb, AZFc and AZFd 

regions. The black, red, blue, pink and green colors represent the STS markers for the genes in the AZFa, 

AZFb, AZFc, overlapping AZFb/AZFc and AZFd regions, respectively (Dhanoa et al., 2016). 

2.5.2.2 Molecular mapping of the human Y chromosome 

The Yq may be cytogenetically divided into an euchromatic proximal region (Yq11, subdivided 

into Yq11.1, 11.21, 11.22, and 11.23) and a heterochromatic distal region (Yq12), whereas the 

euchromatic short arm is called the Yp11(Foresta et al. 2001) Recently, molecular methods 

have identified the loci involved in the production and differentiation of the sperm. The Y 

chromosome has been divided by Vergnaud et al. (1986) into 7 deletion intervals (1 to 7) 

(Figure 5): the short arm and the centromere contain intervals 1-4, distal to proximal; the 
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euchromatic part of Yq is represented by intervals 5 and 6, proximal to distal; the 

heterochromatic region is defined as interval 7, Deletion interval 5 corresponds approximately 

to Yq11.21 through the middle part of Yq11.22, and deletion interval 6 corresponds to the 

middle part of Yq11.22–Yq11.23( Vergnaud et al., 1986). In 1992, Vollarth and colleagues 

further divided the seven intervals map into 43 subintervals (A, B, C, etc.) (Vollrath et al., 

1992). The 43 interval deletion map of human Y chromosome is based solely on PCR 

technology which contained an ordered array of DNA landmarks or specific monomorphic 

molecular markers that occurs only once in the human genome, called STSs (sequence tagged 

sites), across the entirety of the Y chromosome. These detailed molecular deletion mapping 

studies have explored many of the Y chromosome defects, especially deletions and 

microdeletions, in addition, it revealed there exact breakpoints (Vogt, 2005). 

 

Figure 5. The cytogenetic bands and deletion interval map of human Y chromosome (Foresta et al. 

2001; Dada et al., 2003). 

 



17 
 

2.5.2.3 Azoospermic factors and the Y chromosome: 

Tiepolo and Zufardi in 1976 found a deletion of distal portion of band q11 of the long arm 

of the Y chromosome in six azoospermic men. They suggested that this portion contains 

factors controlling spermatogenesis (Tiepolo & Zuffardi., 1976). They termed this region the 

azoospermia factor (AZF)  In 1996 Vogt et al subgrouped AZF region into 3 regions; AZFa, 

AZFb and AZFc (Vogt et al., 1996). In 1999, Kent-First and colleagues defined a fourth 

AZF region between the AZFb and AZFc, termed the AZFd (Kent-First et al., 1999) After 

the sequence of the MSY was clarified, a new model of deletions was defined by Repping et 

al, in which the AZFb and AZFc regions are overlapping. In addition, the AZFb and AZFbc 

deletions have been suggested to be the consequence of at least three different deletions 

patterns (Repping et al., 2002).  Nomenclature system have been out to describe the location 

of these deletions  which are:  AZF, AZFb (P5/proximal P1), AZFbc (P5/distal P1 or 

P4/distal P1),  AZFc (P2/P4) (Figure 6). 

Interstitial and terminal deletions in AZFa, or AZFb, or AZFc along with a fourth recently 

proposed AZFd region alone or in any combination of the Y chromosome long arm (Yq) are 

all connected with dramatic non obstructive spermatogenic failure. (Ferlin et al., 2007).  
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Figure 6. The map of Y chromosome palindromes on  Human Y chromosome and previous and 

current AZF deletions models. The green areas of Y chromosome represent Pseudoautosomal 

region1 and re gion2 (PAR1, PAR2). Under Y chromosome, the previous model of deletions 

mapped by (Vogt et al., 1996) and the current model mapped by (Repping et al., 2002). Adapted 

from (Repping et al., 2002). 

 2.5.2.3.1  AZFa gene 

The AZFa region has been estimated to span 800 kilobases (kb) with four candidate genes 

have been isolated. The two main genes located in the AZFa region are DFFRY (Drosophila 

fat facets related Y) later named USP9Y (Ubiquitin-specific protease 9) and DBY (dead box 

on the Y). DFFRY, might be involved in male germ cell development, and deletion of 

DFFRY will cause reduction of germ cells rather than their complete absence (Foresta et al., 

2001). Distal to DFFRY there are two genes designated DBY (DEAD/H box polypeptide,Y 

chromosome) and UTY (uboquitously transcribed tetratricopeptide repeat gene,Y 

chromoosome).  Deletion of DBY alone or in combination with UTY has been observed in a 

subset of patients with spermatogenesis defects. Deletions in the AZFa region that remove 

both of these genes cause Sertoli cell-only syndrome, a condition  characterized by the 
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presence of Sertoli cells in the testes but a lack of spermatozoa in the ejaculate (Vogt., 

2005).  

DBY the major gene located in the AZFa region has a feasible role in infertility because it is 

localized in the testis and is involved in the development of premeioticgerm cells. The 

USP9Y gene is also involved in spermatogenesis (Smith et al., 2008). Deletion of the 

USP9Y gene have been reported to cause azoospermia (Galan et al., 2007), oligozoospermia 

or oligoasthenozoospermia (Ehrmann et al., 1998). Deletions of isolated genes of the AZFa 

region, involving only the USPY9 gene or the DBY gene were also reported related to a 

variable testicular phenotype (Foresta et al., 2000). 

 2.5.2.3.2 AZFb gene  

AZFb region has been estimated to spans around 1-3Mb of DNA. It can be a deletion of the 

region cause arrest of spermatogenesis at the primary spermatocyte stage, indicating that the 

region is essential for fertility.  The main gene in the AZFb region is RBMY (RNA binding 

motif on the Y) and there are six copies of the gene located on the Y chromosome. RBMY1 

codes for an RNA binding protein which is a testis-specific joining - together factor 

expressed in the nuclei of spermatogonia, spermatocytes and round spermatids. RBMY1 

expression was  reduced  in azoospermic men . Families of PRY( PTP-BL related on the Y 

chromosome )  genes are involved in the regulation of apoptosis, an essential process that 

removes abnormal sperm from the population of spermatozoa (Repping et al., 2002). 

All the genes in the AZFb region except RBMY and PRY are deleted, patients present with 

hypo spermatogenesis. However if both the RBMY and PRY genes are removed 

spermatogenesis is arrested completely, indicating that RBMY and PRY are the major genes 

involved in fertility in the AZFb region (Vogt., 2005). 
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 2.5.2.3.3  AZFc  gene 

The AZFc is a 3.5-Mb region of the euchromatin and its complete deletion is one of the 

most frequent causes of male infertility (Kuroda-Kawaguchi et al., 2001).  Kuroda-

Kawaguchi et al (2001) together with his colleagues constructed a meaningful map of the 

AZFc region after sequencing the entire AZFc region. 

They found that AZFc consisted of three palindromes with six distinct ampliconic families 

These amplicons have been given the names: turquoise (t), gray (gr), green (g), yellow (Y), 

blue (b), and red (r) (Figure 7) the AZFc region is delimited by two amplicons, proximal and 

distal, termed b2 and b4 respectively Deletions in the AZFc region produce a wide range of 

phenotypes, many of which are related to low sperm concentration due to reduced 

spermatogenesis. AZFc deletions causes about 12% of interfere with azoospermia and 6% of 

severe oligozoospermia (Kuroda-Kawaguchi et al., 2001).  Candidate genes within the 

AZFc region include 4 copies of the DAZ (Deleted in Azoospermia Gene) , 3 copies of 

BPY2 (Basic Protein on Y chromosome, 2) and 2 copies of CDY1 (CDY1a and CDY1b; 

Chromo domain protein,Y chromosome1) (Kuroda-Kawaguchi et al., 2001). The strongest 

candidate among them, in which its deletion is responsible for the AZFc phenotype , is the 

DAZ gene family which encode putative RNA-binding proteins, that are exclusively 

expressed in the male germ cells, specifically in the spermatogonia and early primary 

spermatocyte(Moro et al., 2000; Kuroda-Kawaguchi et al., 2001; Repping et al., 2002). 

Almost all b2/b4 AZFc deletions are essentialy identical in molecular extention, however, in 

dividals carrying these microdeletions show variable grades of testicular failure, ranging 

from severe hypospermatogenesis (HS) , to spermatoenic arrest (SGA) to Sertoli cell only 

syndrome (SCOSII) (Vogt., 2005).  
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Several studies have been observed that only the AZFa and AZFb regions are needed to 

initiate spermatogenesis but that without the AZFc region, spermatogenesis will not be 

completely normal (Foresta et al., 2001; Kuroda-Kawaguchi et al., 2001; kamp et al.,2001; 

Repping et al., 2002).  

 

Figure 7. The reference ampliconic structure of the AZFc locus. AZFc amplicon structure is drawn 

according to the color code of (Kuroda-Kawaguchi et al.,2001). Red stars numbered 1 to 4 show 

the location of the four DAZ genes. 

2.5.2.3.4  AZFd region 

It was first described by Kent-First and colleagues a  fourth AZF region  located between the 

AZFb and AZFc termed the AZFd ( Kent‐First et al ., 1999) which was related with mild 

oligospermia or abnormal sperm morphology ( Kent‐First et al ., 1999; Muslumanoglu et 

al.,2005) Until now, no candidate gene has been identified for this reign. The AZFd region 

remains controversial. Simoni et al. assert that the MSY sequencesand microdeletion 

mechanism clearly indicate that AZFd locus cannot exist between the AZFb and AZFc 

regions (Simoni et al., 2004). However, deletion of the DYS237 locus in the AZFd region 

has frequently been identified and the genes located in this region indicated as a possibly 

important in spermatogenesis (Muslumanoglu et al.,2005). Many variations in AZFd 

deletion have been reported. STS markers SY133, SY145, SY153 and SY152 are suitable 
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for screening the AZFd region ( Kent‐First et al ., 1999). The the most frequently noted 

deletion extends from the STS marker, SY153, in AZFd to the junction of the euchromatic 

and heterochromatic regions  (Poongothai et al .,2009). Moreover, recent studies reporting 

AZFd deletions in infertile men add further credence to the existence and involvement of the 

AZFd locus in male fertility ( Al-Achkar et al., 2013; Balkan et al ., 2008; Ceylan et al., 

2009; Hussein et al ., 2015). 

 2.5.2.4  AZF microdeletion phenotypes    

The phenotypes connected with deletions in the different AZF regions are changeable 

(Foresta et al., 2001). Complete deletions of AZFb and AZFb+c (P5/proximal P1, P5/distal 

P1, P4/distal P1) are characterized by a histological picture of Sertoli cell-only (SCO) 

syndrome where no germ cells are visible in any seminiferous tubules (SCOI)  or a failure to 

complete differentiation and maturation of spermatocytes and spermatids, leading to the 

degeneration of germ cells within most tubules  (Foresta et al., 2001; Kuroda-Kawaguchi et 

al.,2001) (SCOII) or spermatogenetic arrest  resulting in azoospermia. Deletions in AZFa 

region have been connected with SCOI syndrome and azoospermia (kamp et al.,2001 ; 

Foresta et al., 2001).  

However, deletion of AZFc (b2/b4) region only is found to be connected with a wide range 

of phenotypes ranging from hypo spermatogenesis to SCO II syndrome.  Deletions in the 

supposed AZFd region may have a mildly depressed or even normal sperm count, but 

abnormal sperm morphology (Kent‐First et al., 1999). Muslumanoglu and colleagues 

reported three azoospermic men with maturation- arrested testicular histology. These three 

patients were found to carry a single locus (sY152) microdeletion confined to the putative 

AZFd region (Muslumanoglu et al., 2005).  
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 2.5.2.5 Mechanism of microdeletion 

AZF deletions are caused by homologous recombination of specific repeating sequence 

blocks (Vogt., 2004) . A homologous recombination between these identical repeats will 

cause a deletion and loss of genetic materials between repeats, and this is the mechanism by 

which microdeletions of Y chromosome occur (Noordam & Repping., 2006). 

AZFa deletions result from homologous intra chromosomal recombination between two 

human endogenous retroviral sequences HERV15yq1 and HERV15yq2 that are located in 

the proximal Yq11 region (figure 8). these deletions usually lead to SCO syndrome 

histologically and azoospermia (Kamp et al., 2000; Choi et al., 2008). 

 

Figure 8 . Schematic representation of the deletion mechanism in AZFa region (Kamp et al., 2000). 

Complete AZFb deletions are caused by homologous recombination between the 

Palindrome P5 and the proximal arm of palindrome P1 in the Yq arm (Mannan et al., 2001; 

Repping et al., 2002) This recombination removes 6.2 Mb, including 32 genes and 

transcripts. P5/distal-P1 deletions have breaks in the P5 and P1 palindromes spanning 

7.7Mb, namely the AZFb+c deletion, as classically defined (Figure 9). The P4/distal-P1 
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deletion is also caused by homologous recombination between these palindrome pairs 

spanning 7Mb  including 42 genes  .Complete deletions of AZFb or AZFb+c lead to 

azoospermia associated with SCO syndrome or pre-meiotic spermatogenic arrest.(Ferlin et 

al., 2003). 

 

Figure 9. The AZFb and AZFbc deletions are now described as P5/proximal P1 and P5/distal P1 

deletions, respectively. The AZFb deletion removes 6.2 Mb of the Yq, and the AZFbc, 7.7 Mb of 

this region. The deleted genes in each pattern are demonstrated in dashed line ( Repping et al., 

2002) . 

 AZFc deletions have been demonstrated to result from homologous recombination between 

the sub-amplicons b2 and b4 in palindromes P3 and P1, including 21 genes (Figure 10) and 

removes all four copies of the DAZ gene and three copies of the BPY2 gene. These deletions 

have resulted in spermatogenic failures. AZFc deletion leads to azoospermia or severe 

oligozoospermia, associated with different spermatogenic phenotypes in the testis (Kuroda-

Kawaguchi et al., 2001). The mechanisms underlying other types of microdeletions require 

further investigation. 
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Figure 10. The amplicons and palindromes in the AZFc in relation to the protein-encoding 

genes are demonstrated. Below, the complete deletion is seen and the b2/b4 recombination 

removes all the AZFc (Kuroda-Kawaguchi et al., 2001 Repping et al., 2002). 

Several study have been carried out to investigate the cause of infertile in relation to Y 

chromosome microdelation  in many countries Including France, Denmark, Brazil, Austria, 

northern India, Spain, Egypt , Japan and Africa (Tanzanian),  Taiwan ,Tunisia, Saudi Arabia  

Kuwait, Morocco,  Gaza Strip of Palestine, India, Japan,  West Azarbaijan , Sri lankan 

,Turkey, china, Khartoum ,Tunisia , Korea All of these studies have been shown to have 

cases of AZF  microdeletion on y chromosome  in  male infertile (Tzschach et al., 2001; Bor 

et al ., 2002; Thangaraj et al., 2003; Gruber et al.,2003;  ; Mitra et al .,2004; Buch et al  

.,2004; El Awady et al., 2004; Kihaile .,et al 2005; Carvalho et al ., 2006;  Hsu et al.,2006;  

Hadj-Kacem et al., 2006; Hellani et al., 2006 ; Mohammed et al ., 2007 ; Imken et al., 2007; 

Shaqalaih., 2007; Mitra et al., 2008; Shaqalaih et al., 2009; Omrani et al ., 2009; Koh  et  

al.,  2010; Wettasinghe et al., 2010; Alkhalaf & Al-Shoumer., 2010; Akin et al ., 2011; Wu 

et al.,  2011; Lardone et al.,  2013; Elhawary et al .,2014;  Elsaid et al ., 2014;  Kdous et al 

.,2015; Kim et al.,  2017; Zhu et al.,  2017; Nailwal et al., 2017 ). 
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Chapter III 

3 Materials and Methods 

3.1  Sample collection:  

A total of 60 blood/semen samples were collected from Libyan men at lamis clinic/ Misurata 

during the two months of April and May 2017.  90 % of the samples were from  infertile 

patients (oligospermic and azoospermic) and the rest of the subjects were considered as fertile 

controls. 

3.2 Semen examination  

Semen parameters covered the study of semen  volume, PH, the number of sperm, sperm 

concentration, sperm normal morphology  and the proportion that are moving, known as 

motility. Motility is further divided into rapid, slow and non-progressive movement 

(WHO.,2010) see Appendix 4. 

Semen ejaculate from each subject was obtained by masturbation at the fertility centre after 

3 days of abstinence in  sterile container( Citoplus, China)  . 10 μL of each semen sample 

was then examined for the number of sperms under phase contrast microscopeCX21i 

(Olympus, japane) using slid (Citoplus, china ).   

According to the semen profile there are four (4) major categories namely oligozoospermic 

(low sperm count), asthenozoospermic (low motility), teratozoospermic (abnormal shape 

and size) and azoospermia (complete absence of sperm). Male infertility is manifested as 

quantitative abnormality (azoospermia, and oligozoospermic), or as qualitative abnormality 

(asthenospermic, teratozoospermic and necrospermic) or both (Ferlin et al., 2007). 
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3.3 Hormones examination   

The study focused upon the main three basic hormones that are strongly related to fertility / 

sterility which are FSH, LH, and Testosterone. 

3.3.1 Blood sample collection and processing 

Approximately 10 ml venous blood was collected from each patient in addition to one 

healthy male and one female as positive and negative control respectively. The 10 ml were 

divided into two tubes, one containing EDTA and frozen at – 4 0C until needed for DNA 

extraction and molecular testing, and the other plain tube for the Biochemical examination.  

The serum hormone levels were analyzed by FSH, LH , Testosterone reagents (Johnson, 

UK)    using  VITROS 3600 system (Johnson, American) at ,Alamal reproduction center / 

Misurata.  The serum was obtained  from  the plain tube by centrifugation (Eppendorf , 

Germany ) at 4000 r.pm for 4 min,  then 500 μl  of serum were and analyzed using device. 

3.4 Molecular analysis 

 In present study of Y chromosome microdeletions were analyzed using multiplex 

polymerase chain reaction (PCR), for this purpose DNA was isolated from the each blood 

sample separatly. 
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3.4.1 DNA extraction 

Total genomic DNA was extracted from peripheral blood. 5 ml of blood stored in EDTA 

vacutainers was incubated in 10 ml of lysis buffer (sucrose-hypotonic medium, MgCl2 

(promega, USA) - chelating agent, Triton X 100- detergent). It digests the RBC’s and 

separates them from lymphocytes. The sample was centrifuged at 3000 rpm for 20 minutes. 

Supernatant was discarded and pellet was given another wash with lysis buffer. Procedure 

was repeated till the pellet was pale. Pellet was dissolved in 5 ml of DNA extraction buffer. 

40 μl of proteinase K (promega, USA ) (breaks down proteins) of 40 μg/ml stock(Invitrogen, 

USA) was also added and incubated at 37°C overnight. 5 ml of equilibrated phenol 

(Invitrogen, USA)  and 5ml of chloroform (Invitrogen, USA) : isoamyl alcohol (Invitrogen, 

USA) was added (the two layers, one aqueous and other organic layer were formed. DNA 

was suspended in aqueous solution and proteins were precipitated in organic layer. Upper 

viscous layer was transferred with a cut tip and transferred into a fresh centrifuge 

(Eppendorf, Germany) tube. DNA was precipitated by ethanol (promega, USA ). DNA was 

transferred into 1.5 ml of centrifuge tube or eppendorf and washed with 70% ethanol 

(promega, USA) twice and then DNA was air dried. The DNA was then dissolved in 100 μl 

of TE or double distilled water. DNA quantity and quality were performed using Nanodrop. 
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3.4.2 Primer desigen 

Multiple regions on Y long arm were targeted using forward and reverse primers which were all 

sythesised by Eurofins MWG Operon (see table 1). 

Table 1 . Primers sequence and size for AZF microdeletions detection used in this study. 

STS 
Y- 

Region 
Primer sequence 

Size 

(bp) 

sY81 AZFa  

 

Forward         5′- AGG CAC TGG TCA GAA TGA AG-3′  

Reverse          5′- AAT GGA AAA TAC AGC TCC CC-3 

 

200 

bp 

sY164  AZFb 

 

Forward            5′- AAT GTG CCC ACA CAG AGT TC-3  

Reverse            5′- TGG AAG ACC AGG ATT TCA TG-3′ 

 

590 

bp 

sY277 AZFc  

 

Forward 5′- GGG TTT TGC CTG CAT ACG TAA TTA-3′  

Reverse 5′-CCT AAA AGC AAT TCT AAA CCT CCA G-3′ 

 

275 

bp 

sY153 
AZFd 

 

Forward             5′ -GCA TCC TCA TTT TAT GTC CA-3′  

Reverse            5′-CAA CCC AAA AGC ACT GAG TA-3 

135 

bp 

 
 

 

3.4.3 PCR and Yq microdeletion analysis 

As described above, DNA was extracted from peripheral blood leucocytes according to standard 

procedure and the presence of sub-microscopic deletions of the AZF region on the Y 

chromosome long arm was analysed using a multiplex PCR for Y-specific markers, including 

sY81(AZFa) and sY164 (AZFb), sY277 (AZFc) and sY153 (AZFd). These sequence-tagged 

sites (STS) were chosen based on the laboratory guidelines described by Simoni et al. (Simoni 

et al., 1999). 

PCR was carried out in a 25-μL reaction volume containing: 200ng genomic DNA, 1.5mmol/L 

MgCl2, 200μmol/L dNTP, 0.1–0.5μmol/L of each primer, PCR buffer with mg++ (Qiagen, 
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Germany) and 1 U HotStarTaq DNA polymerase (Qiagen, Germany). Thermocycling (Techne 

Cambridge Ltd, Duxford- Cambridge U.K.) were used for multiplex PCR and all samples were 

performed together under the same PCR conditions as follows: initial denaturation at 94°C for 5 

min; followed by 40 cycles of denaturation at 94°C for 40 s, annealing at 62°C for 1 min, 

extension at 72°C for 1.5 min and a final extension at 72°C for 10 min. PCR products were 

separated on 3% agarose gel electrophoresis (Invitrogen), stained with ethidium bromide 

(Invitrogen), and visualized using gel documentation system. The deletion of one PCR fragment 

was confirmed in single-primer pair PCR under the same experimental conditions. This analysis 

was performed at least three times on microdeleted sample. In each multiplex PCR assay, one 

sample from healthy female was used as negative control, and healthy fertile male was used as 

positive control. 

3.5 Agarose electrophoresis of DNA 

DNA was separated by molecular size by electrophoresis through a 1.5% agarose gel containing 

0.3 g/ml ethidium bromide with TBE as the running buffer. The voltage used to run the gel 

was normally 60 V. The use of lower voltages aided separation of nucleic acid molecules and 

these were used for isolation of fragments for the genomic DNA library. Gel visualisation was 

by UV transilluminator (UVP Products). 

3.6 Statistical analysis 

 All analyses were performed using the SPSS software for Windows (SPSS, version 17, SPSS 

Inc., Chicago, IL, USA). Results are reported as percentage  or mean ± SD. Data were carried 

out by means of Chi-square test (χ2) in 2X2 contingency tables and ANOVA test following by 

Post Hoc test (LSD),  A P value of  less than 0.05 (P < 0.05) was adopted to indicate statistical 

significance for each test. 
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Chapter IV 

4 Results & Discussion 

4.1 Results 

 4.1.1 Sample and sperm parameter 

A total of 50 infertile men were subjected to this study, in addition to 10 cases of healthy fertile 

men were used as control. According to our finding and statistical analysis 9 cases out of 60 

were found to be azoospermic with percentage of 15 %, and 8 cases showed to be sever 

oligozoospermic with percentage of  5 % , 7 cases were oligozoospermic with percentage of 

11.7% , men with Teratozoospermics were counted 5 cases with percentage of 8.3%,  however  

Terato together with A stheno zoospermics were counted   26 cases with percentage of 43.3% in 

contrast to the normal control which are 10 cases with percentage 16.7 %  in total (table 2).  

Based on the above gamed results, we have divided the total cases included in this study into 6 

groups (table 2), this grouping system will be used in the coming hormonal and molecular 

investigations. 

Table 2     Shows the distribution of patient groups with infertility. 

Semen Analysis Results Frequency Per cent 

Azoospermic 9 15.0 

Sever Oligozoospermic 3 5.0 

Oligozoospermic 7 11.7 

Astheno&Teratozoospermic 26 43.3 

Teratozoospermic 5 8.3 

Normal 10 16.7 

Total 60 100.0 
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Figure 11  prevalence rate  of patients  corresponding to their semen analysis results 

4.1.2 Biochemical and hormone studies 

Hormonal profile for the three hormones LH, testosterone and FSH were created for each 

person included in this study individually. Table 3 summaries the minimal a maximal values of 

each hormone individually. 

Table 3. Summary of the hormonal values in entire patient population. 

Statistics FSH  MIU/ML LH MIU/ML TESTO Ng/ml 

Mean ± Std. Deviation 6.57  ± 4.03 4.97 ± 2.33 11.15 ± 5.96 

Minimum 2 1 3 

Maximum 16 11 27 

Total 60 60 60 
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4.1.1.1 Luteinizing hormone (LH) 

The LH serum level were measured in the six groups and found to be normal in all of them. 

Statistically, independent Chi-Square value were (54.335a), and P value of (0.330) with no 

significant difference (P > 0.05) between semen analysis and the standard LH hormone  levels 

as shown in table 4 .another Statistical  analysis  for LH serum level as shown in appendix (5).  

Table 4. the levels and P-value of LH hormone for different groups of infertility patients. 

Groups 

LHMIUML Levels 

(0.9 – 10.6) Total 

Normal High 

Semen Analysis 

Azoospermic 8 1 9 

Sever Oligozoospermic 3 0 3 

Oligozoospermic 7 0 7 

Astheno&Teratozoospermic 26 0 26 

Teratozoospermic 5 0 5 

Normal 10 0 10 

Total 59 1 60 

Significant P value .330 

 

 

4.1.1.2 Testosterone  

The Testosterone serum level were measured in the six groups and found to be normal in all of 

them. Statistically, independent Chi-Square value were (3.791a), and P value of (0.580) with no 

significant difference (P > 0.05) between semen analysis and the standard Testosterone 

hormone  levels as shown in table 6, another Statistical analysis  for Testosterone serum level as 

shown in appendix (6).  
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Table 5.    the levels  and P-value   of Testosterone hormone for different groups of infertility 

patients. 

Groups 

testosterone Ng/ ml 

Levels 

(4.56 – 28.2) 
Total 

Low Normal 

Semen Analysis 

Azoospermic 2 7 9 

Sever Oligozoospermic 0 3 3 

Oligozoospermic 1 6 7 

Astheno&Teratozoospermic 2 24 26 

Teratozoospermic 1 4 5 

Normal 0 10 10 

Total 6 54 60 

Significant P value .580 

 

4.1.1.3 Follicle-stimulating hormone (FSH) 

FSH levels were measured within the six groups and found to be elevated in two groups 

(azoospermic and sever oligozoospermic), whilst were normal in other groups (Table 6).  Non- 

independent Chi-Square value was (54.335a) with P value (0.000) which is significantly 

different (P < 0.05) in contrast to slandered FSH levels (table 8). Anova test showed also 

significant difference of this Means (0.000) and the standard FSH levels (P < 0.05), see table 7 

this Statistical  analysis  for FSH serum level as shown in appendix (7). 
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Table 6.  the levels  and P-value of  FSH  hormone for different groups of infertility patients. 

Groups 

FSH MIU/ ml Levels 

(1.55 - 9.74) Total 

Normal High 

Semen Analysis 

Azoospermic 0 9 9 

Sever Oligozoospermic 0 3 3 

Oligozoospermic 7 0 7 

Astheno&Teratozoospermic 25 1 26 

Teratozoospermic 5 0 5 

Normal 10 0 10 

Total 47 13 60 

Significant P value .000 

 

 

Table 7.  The Mean FSH hormone profile values for different groups of infertility patients and  P-value of 

FSH hormone levels in  between groups of infertility patients. 

FSH  MIU/ml 

 
N 

Mean ± 

Std. Deviation 
Minimum Maximum 

Azoospermic 9 
13.19 ± 1.48 

 
11 16 

Sever Oligozoospermic 3 
14.41 ± 1.63 

 
13 16 

Oligozoospermic 7 
4.37 ± 2.05 

 
3 9 

Astheno&Teratozoospermic 26 5.07 ±  2.38 2 10 

Teratozoospermic 5 
4.25 ± 1.49 

 
2 6 

Normal 10 
4.87 ±  1.86 

 
2 8 

Total 60 

Significant P value .000 
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Table 8.  P-value of the Mean FSH hormone profile values for different groups of infertility 

patients 

(I) Semen Analysis (J) Semen Analysis Sig. 

Azoospermic 

Sever Oligozoospermic .378 

Oligozoospermic .000 

Astheno&Teratozoospermic .000 

Teratozoospermic .000 

Normal .000 

Sever Oligozoospermic 

Azoospermic .378 

Oligozoospermic .000 

Astheno&Teratozoospermic .000 

Teratozoospermic .000 

Normal .000 

Oligozoospermic 

Azoospermic .000 

Sever Oligozoospermic .000 

Astheno&Teratozoospermic .427 

Teratozoospermic .921 

Normal .622 

Astheno&Teratozoospermic 

Azoospermic .000 

Sever Oligozoospermic .000 

Oligozoospermic .427 

Teratozoospermic .418 

Normal 

 
.797 
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(I) Semen Analysis (J) Semen Analysis Sig. 

 

 

 

Teratozoospermic 

Azoospermic 

 
.000 

Sever Oligozoospermic 

 
.000 

Oligozoospermic 

 
.921 

Astheno&Teratozoospermic 

 
.418 

Normal  

 
.583 

Normal 

Azoospermic 

 
.000 

Sever Oligozoospermic 

 
.000 

Oligozoospermic 

 
.622 

Astheno&Teratozoospermic 

 
.797 

Teratozoospermic 

 
.583 

 

Looking at  Table 8, there is a difference statistical  significant in FSH values between 

azoospermic group  the three groups of  oligozoospermic, astheno&teratozoospermic and 

teratozoospermic toghether.   Nonetheless,   sever oligozoospermic showed no statistical 

significant difference with azoospermic group with P value of (P= 0.378), but significantly 

significant with the other groups. 

LH and testosterone analysis showed no statistical significant difference between all groups. 

Given that we can clearly conclude that there are a strong relation between FSH levels and the 

degree of spermatogenic failure. 
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4.1.3 Molecular investigation  

Y-chromosome contains genes responsible for spermatogenesis and is found in the AZFa, b,c 

and d regions. Deletions these regions caused remove many genes likely involved in male germ 

cell development and maintenance (Kuroda-Kawaguchi et al., 2001) .These microdeletions are 

too small to be detected by karyotyping they can be easily identified using polymerase chain 

reaction PCR. The table 13 shows the types and number of cases that have undergone molecular 

analysis in this study. 

Table 9.  The  number and type cases of patients groups with infertility for molecular test. 

Semen Analysis Frequency Percent AZF deletion  

Azoospermic 6 33.3 No deletion 

Sever Oligozoospermic 3 16.7 1AZFc+d, 1AZFc 

Oligozoospermic 3 16.7 No deletion 

Astheno&Teratozoospermic 5 27.8 No deletion 

Teratozoospermic 1 5.6 No deletion 

Total 18 100.0 No deletion 

 

 

Figure 12.  The   prevalence rate  of patients groups with infertility for molecular test 
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Therefore, all DNA samples were processed for Yq microdeletions analysis using PCR. Each of 

these samples was analyzed using 4 sets of primers the STS and used were for: AZFa: sY81 

(200bp),AZFb: sY164 (590 bp), AZFc: sY277(275bp), AZFd sY153(135bp) Fertile male and 

female samples were used as positive and negative  control as Showed (figure 13)  .  

From the above results for y chromosome microdeletions using 4 STSs, this study showed 

deletions in two cases (figure 13) belong to sever oligozoospermic group only, as one of them 

had a deletion in AZFc and AZFd  regions and the other had a deletion in AZFd region. 

Distribution and frequency of different types of microdeletion in infertile men is shown table 14 

 

Figure 13  Results from multiplex polymerase chain reaction analysis; lanes M show 100-bp 

molecular weight markers. Lanes 1 – 18 are the randomly collected suspected samples. Lane 7 

shows a deletion of sY153 whereas lane 10 shows deletions of both sY277 and aY153. The rest are 

undeleted samples, lane 19 shows positive control (normal male); lane 20 shows negative control 

sample of female DNA. 
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Table 10 .  The distribution of frequency of different types of microdeletion in infertile men. 

Molecular Test 
Frequency Per cent 

 

AZFc+d 1 5.6 

AZFd 1 5.6 

No deletion 16 88.9 

Total 18 100.0 

 

 

Figure 14. The distribution of frequency of different types of microdeletion in infertile men 
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Figure 15.  Pie diagram showing distribution of frequency of different types of microdeletion in 

infertile men 

4.1.1.3.1 Confirmation of M-PCR results  

A single-primer pair PCR under the same condition described above to confirm the multiplex 

PCR results.  

 
Figure 16.  Lane M: molecular ladder. Lane 1 is a positive control from healthy male. Lane 2 

and 3 represents sample 7 targeting sY153 and sY275 respectively. Lane 4 and 5  Lane 2 and 3 

represents sample 7 targeting sY153 and sY275 respectively.  Confirming a deletion of sY153 

region from sample 7, whereas, both sY153 and sY275 are deleted from sample 10. 
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4.2 Discussion 

Molecular genetics techniques have unveiled a number of aetiopathogenetic factors, including 

microdeletions of the long arm of the Y chromosome (Yq) associated with male infertility.  

Deletions of AZF regions are deletions of the euchromatine part of the Y chromosome long 

arm. Deletions of this part of Y chromosome can lead to or may damage genes in this region 

that is responsible for the proper course of spermatogenesis (Katagiri et al., 2004). 

Furthermore, endocrine disorders are part of the parameters used as a diagnostic tool for the 

analysis of infertility (Sigman & Jarow, 1997). This study focused upon three major analysis 

including sperm parameters, biochemical analysis, and molecular investigations.  

The sperm parameters results showed number of sperm defects which have been used in this 

study to divide the cases into 6 groups. These groups varies between (azoospermics, sever-

oligozoospermic, oligozoospermic, astheno&teratozoospermic and teratozoospermic )  

The hormonal analyses have showed no changes in the LH and testosterone values in all cases 

in contrast to controls.  However, FSH values were inappropriate in many cases especially in 

azoospermics sever oligo zoospermics groups and claimed higher compare to the other groups 

and controls.  This finding agrees with other studies in infertile men with or without deletions in 

AZF region. Thus, FSH concentration is a good parameter for evaluation of testicular function 

but still yet do not help differentiate cases with or without Yq microdeletions (Peterlin  et al ., 

2002; Oates et al., 2002; Mitra et al ., 2008 ; Wang  et al.,2014).   

The molecular work applied in this project showed that there were 2 cases with a microdeletion 

on their long arm of Y chromosome, these findings agree with other previous studies. We have 
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found that patients with a microdeletion of AZFd alone or AZFc along with AZFd suffer from 

severe oligo zoospermia, meanwhile patients with such abnormalities have elevated FSH levels. 

This finding also agreed with other studies carried by Kumar and his group in 2006 where they 

reported increment of serum FSH levels in all of his patients who have severe malfunction of 

their germ cell function, irrespective of the presence or absence of AZF deletions (Kumar et al., 

2006). 

 Other studies on the other hand, carried by Foresta  and  Ferlin  and their group in 2011, 2007 

respectively, reported a low FSH levels in patients with AZF microdeletion when compared to 

infertile men without deletion (Foresta et al .,2001; Ferlin  et al ., 2007). 

Therefore, and from the above discordant findings, we can conclude that hormonal data are not 

a useful tool to confirm any Y chromosomal deletion. 

It was also reported that microdeletions in AZF region can lead to a variable phenotype with a 

significant reduction in sperm count and increased loss of germ cells and progressive decline in 

semen quality. According to European Andrology Association (EAA) guidelines for diagnostic 

(Krausz et al.,2014; Simoni et al .,2004) and most recent works( Kdous  et al.,2015; 

Sathyanarayana et al .,2015) 

AZF microdeletions are observed in 10 to 15% of infertile men with azoospermia or severe 

oligozoospermia, and are very rare in fertile men or men with a sperm density greater than 5 

million/ml (Vineeth et al., 2011), frequency of AZF microdeletions was 31.71% in azoospermia 

and 21% in oligozoospermia patients (Nailwal  et al., 2017).  

This study showed the presence of microdeletions  in  AZFb, AZFc and AZFd regions produced  

a unique phenotypes  in 2 cases out of 60 cases leading to sever oligozoospermia  as explained 
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above. The cause of this kind of chromosome abnormality is not clear yet, but still carrying 

further investigations such as family history or linkage analysis may help to uncover the 

confusion. 

The frequency of Yq microdeletion presented in this present study is (3.33%) out of the selected 

population. This result disagree with some previously published studies of which of Buch and 

colleagues (2004) in Spain and Shaqalaih (2009) in Palestine , Which Their results no were 

shown any   type deletion on AZF regions. 

 While this result agrees with some previously published studies of which of Kihaile and 

colleagues (2005) studied the occurrence of Y chromosomal microdeletions within Japanese 

populations, and the prevalence was found to be 6.2% ( Kihaile et al., 2005) . 

Carvalho et al (2006 ) conducted study on Brazilian infertile males and found Y chromosome 

microdeletions with 10%  frequency,  and the most frequent of them being characterized by a 

complete deletion of AZFc region  (Carvalho et al., 2006) . Hsu et al (2006) as well reported a 

total incidence of 24 (5.2%) in 460 infertile men in Taiwan the deletion was only region AZFc  

( Hsu et al., 2006).  

Interestingly, the study that was presented by Ferlin and his group (2007) after carrying a 

prospective study that extended for 10 years (from January 1996 to December 2005) reported a 

total incidence of 3.2% in 3073 infertile men in Italy (Ferlin et al., 2007).  

This puts our results in scale with many studies particularly with countries in the rejoin such as 

Italy.  

With regards to the Arabic region, this kind of studies was first carried out by El Awady (2004) 

in Egypt where he reported a frequency as high as 12% (4/33), two with AZFc deletion, one 

file:///C:/Users/حسام/Desktop/offff/اخر%20نسخة%20-%20نسخة11.docx%23_ENREF_2
file:///C:/Users/حسام/Desktop/offff/اخر%20نسخة%20-%20نسخة11.docx%23_ENREF_2
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with AZFa deletion, and one with AZFa-b-c deletion. The two patients with AZFc deletion 

described in the study were found to be deleted only for a single STS (sY272) and not for the 

other AZFc STSs they used ,This will substantially reduce the frequency of microdeletions in 

the Egyptian study to 6% (El Awady et al., 2004).  

The second study conducted by Hellani et al (2006) in Saudi Arabia they reported a frequency 

as low as 3.2% (8/247) of microdeletions (Hellani et al., 2006). Another   study was conducted 

among Moroccan infertile men by Imken and his group (2007) reported prevalence of 3.15% 

(4/127), with two cases with AZFc deletions and, two cases with AZFb + AZFc deletions. All 

the deletions were found only in azoospermic subjects (Imken et al., 2007).  

Other studies in the Asian Arabic region was carried on Kuwaities by Mohammed et al (2007) 

where they reported 7 cases with AZF microdeletion out of 266 samples with prevalence of 

2.4% (Mohammed et al., 2007).  

This study is the first study run in Libya in the field, and from the above argument, it is very 

obvious that our finding aggress greatly with those studies with regards to Y chromosome 

microdeletion frequencies, despite neither ethnic nor the geographical differences. 
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Chapter V 

5 Conclusion& Recommendations 

 

5.1 Conclusion 

Carrier screening for Yq microdeletions helps in male infertility diagnosis and expand the 

current knowledge on spermatogenesis. Understanding the actual role played by the AZF 

candidate genes in spermatogenesis will provide important advances to our understanding of 

the biology of spermatogenesis, as well as the analysis of novel Y-chromosomal genes and 

their potential role in male germ cell development. This may also clarify other important 

features of this important chromosome.  

Bringing in molecular techniques to fertility investigation and clinics is very important in 

order to screen for microdeletion presence in males complaining from delay production of 

progeny. Due to the presence of high frequency of Yq chromosome microdeletions in 

infertile men in many regions around the world, this study were carried out to compare the 

results to other studies as well as to show  importance of study the AZF microdeletion on 

Libyan patients and possibly understand their role in male spermatogenesis dysfunctioning. 

The outcome of this study can be summarized in the coming points; first of all it showed the 

direct relationship between FSH levels and the high degree of spermatogenic failure, 

secondly; it is impossible use of the hormones data to differentiate Yq microdeletions.  We 

initially managed to predict the incidence of Y chromosome microdeletions at 3.33% in our 

population. Finally, this study confirmed the importance of using molecular analysis as a 

tool of diagnosis in the field of infertility.  Moreover, the importance of applying the 

molecular genetics approach including AZF deletions for those men who are considering 
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ICSI, as these genetic defects could be transmitted to their future sons and may affect 

fertility. 

5.2 Recommendations 

We strongly recommend that, another larger study should follow our study to confirm actual 

incidence of classical Y- AZF deletions in Libya. For this we also recommend that libraries 

should be created where collected sampled could be collected from clinics and IVF units and 

stored with clear history and numbering system. 

The results obtained from this study has been carried for the first time in Libya on Libyan 

patients and could be used as a reference for further infertility investigation and possible 

treatment in order to decrease the cost and safe time for the patients, clinics, IVF centers. 

Finally, due to the situation facing the country, we faced many difficulties struggling to 

afford the working material such as disposables, working stocks and solutions specially the 

molecular analysis working materials. The main problem was the high exchange rate of 

foreign currency besides the spending long time as a result of the delay of receiving the 

goods after being ordered. 

We therefore strongly recommend for the higher ministry of education and the Libyan higher 

academy to set a strategy to find a reasonable solution and possibly support MSc projects in 

a way enables students to arrange and buy any working materials for their projects without 

difficulties.    
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Appendix 1: 

Sample information sheet 

Year ………………… 
Marriage 

Period: 
Year  ………… Age: ………………… Case No.: 

………………..…………… 
Family 

History: 
……………………….…………………………………………………. Occupation: 

…………………………………..……………..……………………………………………………………………...……… Diagnosis: 

Semen Analysis: 

……………

…….. 
Auto agglutination: 

………………

……. 
Viscosity: ml. 

……

… 
Volume: 

...………………….. pH X 106 Ej. 
……

… 
Total NO.:  X 106 ml. 

……

… 
Concentration : 

     

Morphology:  Motility: 

% 
……

… 
Normal:  % ……… Progressive: 

 

% 

 

……

… 

With Devotion  
% ……..  Non Progressive: 

% ……… Immotile: 

………………………

…… 
Bacteria: X 106 ml. 

……

… 
WBC: X 106 ml. 

…………

… 
Pus Cells: 

 

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………… 

Conclusion: 

FSH : 

Reference Range 1.55 - 9.74 mlU/ml ………….… 

LH: 

Reference Range 0.9 – 10.6 mlU/ml ………….… 

Testoterone  

Reference Range 4.56 – 28.2 N mol/l ………….… 

Genetic PCR: 

Type of sample:  whole Blood                                                     Amount: ……………………………  

 

Sample No: ……………    Date of Collection: ……………………... Place of collection: …………………………. 

 

 Storage: …………………………… 
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Appendix 2: 

Form approval 

The Ministry of Higher Education and Scientific Research 

Libyan academic- Misurata Branch 

Proposal purely provider to complement the requirements for obtaining (Msc) for  study of  

Detection of Y-chromosome microdeletions in infertile Libyan men using multiplex 

PCR in Misurata to Infertility patients from  lamis clinic  

Through routine analyzes that are usually performed for infertility patients and PCR will be 

taken A blood sample of 5 mL of the vein . 

All the tools used for sampling are sterilized and all scientific safety methods are followed. 

There are no side effects of the process. The purpose of sampling is scientific research and 

the results will be kept in strict confidence. Thank you very much for your cooperation with 

us. 

I have stated above to take a blood sample for the study. 

Signature ………………………….. 

Date………………………………… 
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Appendix 3  

Country 
Company Disposables and tools 

United 

Arabian 

Emirates  

Medeco Needle 23G, Syringes 5ml/cc 

France Pharma plus Cotton wool, Silk plaster 

Germany Katch kuff Tourniquet 

Germany Premium 

diagnostics 

Plain tube, color code red, 5ml, lot 160405, size 

:13*75 mm 

Germany Premium 

diagnostic 

K3EDTA tube, color code green, 3ml, lot 160405, 

size : 13*75 mm 

Malaysia Care plus Gloves 

Libya Markazia Ethyle alcohol 75% 

American Johnson& 

Johnson 

Sample cups 

Germany Eppendorf 

style 

Tips yellow, blue 

Germany Humapette-

Eppendorf- 

Glindiag 

Pipettes 

China Citoplus Glass slides 

China Citoplus Cover slide  

China Citoplus Container 
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Appendix 4: 

 

Appendix 5: 

 

 

 

Descriptives 

LH MIU/ML 

 
N Mean 

Std. 

Deviation 
Minimum Maximum 

Azoospermic 9 5.40 2.916 2 11 

Sever Oligozoospermic 3 5.04 1.536 4 7 

Oligozoospermic 7 5.88 2.350 4 10 

Astheno&Teratozoospermic 26 4.32 1.958 1 9 

Teratozoospermic 5 4.71 3.299 2 10 

Normal 10 5.72 2.390 2 9 

Total 60 4.97 2.333 1 11 

 

ANOVA 

LH MIU/ML 

 Mean Square Sig. 

Between Groups 4.902 .493 

 

Test Value 
Significant P 

value 

Pearson Chi-Square 5.763a .330 
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Multiple Comparisons 

LH MIU/ML 

 

(I) Semen Analysis (J) Semen Analysis Sig. 

Azoospermic Sever Oligozoospermic .818 

Oligozoospermic .687 

Astheno&Teratozoospermic .238 

Teratozoospermic .600 

Normal .767 

Sever Oligozoospermic Azoospermic .818 

Oligozoospermic .605 

Astheno&Teratozoospermic .616 

Teratozoospermic .849 

Normal .660 

Oligozoospermic Azoospermic .687 

Sever Oligozoospermic .605 

Astheno&Teratozoospermic .123 

Teratozoospermic .398 

Normal .891 

Astheno&Teratozoospermic Azoospermic .238 

Sever Oligozoospermic .616 

Oligozoospermic .123 

Teratozoospermic .733 

Normal .113 

Teratozoospermic Azoospermic .600 

Sever Oligozoospermic .849 

Oligozoospermic .398 

Astheno&Teratozoospermic .733 
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Appendix 6: 

Test Value 
Significant P 

value 

Pearson Chi-Square 3.791a .580 

 

Descriptives 

TESTO Ng/ml 

 
N Mean 

Std. 

Deviation 
Minimum Maximum 

Azoospermic 9 7.71 3.586 3 14 

Sever Oligozoospermic 3 11.50 7.005 6 19 

Oligozoospermic 7 10.24 4.353 3 17 

Astheno&Teratozoospermic 26 11.67 6.613 4 27 

Teratozoospermic 5 8.57 5.028 4 16 

Normal 10 14.74 5.817 5 23 

Total 60 11.15 5.959 3 27 

 

 

 

ANOVA 

Testosterone Ng/ml 

Normal .434 

Normal Azoospermic .767 

Sever Oligozoospermic .660 

Oligozoospermic .891 

Astheno&Teratozoospermic .113 

Teratozoospermic .434 
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 Mean Square Sig. 

Between Groups 56.328 .156 

 

 

Multiple Comparisons 

Testosterone Ng/ml 

(I) Semen Analysis (J) Semen Analysis Sig. 

Azoospermic 

Sever Oligozoospermic .331 

Oligozoospermic .391 

Astheno&Teratozoospermic .083 

Teratozoospermic .791 

Normal .011 

Sever Oligozoospermic 

Azoospermic .331 

Oligozoospermic .753 

Astheno&Teratozoospermic .963 

Teratozoospermic .492 

Normal .400 

Oligozoospermic 

Azoospermic .391 

Sever Oligozoospermic .753 

Astheno&Teratozoospermic .565 

Teratozoospermic .626 

Normal .121 

Astheno&Teratozoospermic 

Azoospermic .083 

Sever Oligozoospermic .963 

Oligozoospermic .565 

Teratozoospermic .279 

Normal .160 
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Teratozoospermic 

Azoospermic .791 

Sever Oligozoospermic .492 

Oligozoospermic .626 

Astheno&Teratozoospermic .279 

Normal .057 

Normal 

Azoospermic .011 

Sever Oligozoospermic .400 

Oligozoospermic .121 

Astheno&Teratozoospermic .160 

Teratozoospermic .057 

 

 

Appendix 7: 

 

Test Value 
Significant P 

value 

Pearson Chi-Square 54.335a .000 

 

 

FSH  MIU/ml Sum of Squares Mean Square 
Significant P 

value 

Between Groups 726.397 145.279 .000 
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