
Page 1/24

The Spectrum of Common Mutations in CFTR, AR
Gene, and the Y Chromosome Microdeletions and
Karyotyping Abnormalities in Phenotypic Male with
Very Severe Oligozoospermia
kyumars sa�nejad  (  q_sa�nejad@yahoo.com )

Islamic Azad University of Borujerd https://orcid.org/0000-0003-4122-6009
Leyla Jafari 

Islamic Azad University Arsanjan
Mahboobeh Nasiri 

Islamic Azad University Arsanjan
Mansour Heidari 

Tehran University of Medical Sciences
Massoud Houshmand 

National Institute for Genetic Engineering and Biotechnology

Research Article

Keywords: Spectrum, Microdeletions, Karyotyping, Severe Oligozoospermia

Posted Date: May 17th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-482507/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-482507/v1
mailto:q_safinejad@yahoo.com
https://orcid.org/0000-0003-4122-6009
https://doi.org/10.21203/rs.3.rs-482507/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/24

Abstract
Male infertility due to very severe oligozoospermia has been associated with a number of genetic risk
factors.This association in patients with sperm concentration lower than 1× 106 ml are not yet fully
studied.

The present study aims to investigate the distribution of the mutations in the CFTR gene, the CAG repeat
expansion of the AR gene as well as Y chromosome microdeletions and karyotyping abnormalities in very
severe oligozoospermia patients from the Iranian population.

In the present case-control study 200 severe oligozoospermia and 200 fertile males were enrolled. All
patients karyotyped for diagnosis of the chromosomal abnormalities using routine. Microdeletions were
evaluated using multiplex PCR. Five common CFTR mutations were genotyped using the ARMS-PCR
technique. The CAG repeat expansion in the AR gene was evaluated for the number of repeats in each
patient using sequencing.

Overall, 4% of cases have a numerical and structural abnormality. 7.5% of patients had a deletion in one
of the AZF regions on Yq, and 3.5% had a deletion in two regions. F508del was the most common (4.5%)
CFTR gene mutation, G542X, and W1282X were detected with 1.5% and 1% respectively. One patient was
found to have AZFa microdeletion and F508del in heterozygote form; one patient had AZFb microdeletion
with F508del. F508del was seen as compound heterozygous with G542X in one patient and with W1282X
in the other patient. The difference in the mean of the CAG repeat in the AR gene in patients and controls
were statistically signi�cant (P = 0.04).

Our study shows that ICSI in couples with very severe oligozoospermia can lead to an increase in children
who are at risk of unbalanced chromosomal complement, male infertility due to transmission of Y-
chromosomal microdeletion , AR- CAG repeat and cystic �brosis if both partners carry the CFTR gene
mutation. Genetic testing and counseling before considering ICSI is suggested for these couples.

Introduction
Among numerous types of male infertility, severe oligozoospermia has been described as a condition
with a sperm count of less than �ve million [1]. Hypogonadotropic hypogonadism, genetic
polymorphisms, and gene mutations most notably in cystic �brosis transmembrane conductance
regulator (CFTR) and androgen receptor (AR) genes as well as Y chromosome microdeletions are the
most common genetic causes of impaired sperm production and male infertility [2]. They are found in 5–
10% of men with severe oligozoospermia [2]. In many cases, diagnosis is performed based on
karyotyping, gene mutation screening, and Y chromosome microdeletion detection [3]. Chromosomal
anomalies are the most probable cause of male infertility and they are reported 10-time higher in infertile
men compared with fertile men [4]. The fundamental role of the Y chromosome in male reproduction is
mediated by the genes map on the critical azoospermia factor (AZF) region on the long arm of the
chromosome at Yq11 [5]. The AZF is divided into four sub-regions namely AZFa, AZFb, AZFc, and AZFd
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that have no overlap with each other [6]. Any deletion or microdeletion of this region can result in various
clinical manifestations in men. AZFa and AZFc deletions lead to Sertoli cell-only syndrome [7] and
different clinical outcomes respectively [8]. AZFb sub-region hosts many testis-speci�c genes such as
PRY, CDY2, and RBMY [9]. Finally, the microdeletion of the AZFd is associated with abnormal sperm
morphology and mild oligozoospermia [10].

Cystic �brosis (CF), an inherited life-threatening disease in children and adults, manifests due to
mutations in the CFTR gene. CFTR gene encompasses a region of 250kb on the 7q31 chromosome and
has 27 exons [11]. More than 95% of men with CF suffered from infertility because of the congenital
bilateral absence of vas deferens (CBAVD) [12]. Although some studies showed that even the
heterozygote mutations of the CFTR gene can increase the risk of non-CBAVD male infertility [13–15].
Besides, previous studies reported the association of the CFTR gene mutations with azoospermia form
like obstructive and secretary [16]. Also, the proper function of the CFTR channel is essential for sperm
fertilization capacity and quality [17].

Androgen receptor (AR) functions as a transcription factor to regulate genes involved in the development
of male phenotype and reproductive functions [18, 19]. Hence, mutations in the gene for this receptor, AR
gene, were considered and studied as a potential candidate gene in male infertility [20]. AR gene is
located at Xq12 positions and contains 11 exons [21]. Released data showed the prevalence of AR gene
mutations 2–3 % among azoospermic and oligozoospermic men [18].

The present study aimed to investigate the prevalence of the known mutations in CFTR and AR genes as
well as Y chromosome deletions or microdeletions in a population of men diagnosed as severe
oligozoospermia to establish a dataset of severe oligozoospermia-related prevalent mutations in the
Iranian population.

Materials And Methods

Subjects
The present case-control study included 200 infertile men with very severe oligozoospermia as cases and
200 healthy men as controls. For this study, 200 men were selected from ICSI couples who had at least
one year of infertility and semen analysis showing 1× 106 ml motile sperm. History taking focused on
urogenital development, chronic illness, pulmonary diseases, growth disturbances, medication, male
accessory gland infections (MAGI), previous inguinal and scrotal surgery and occupational exposure to
heat or chemicals. Abnormalities and ultrasound examination of the contents of the scrotum were
performed. Also 200 men of the some age with normal semen analysis who had at least one child and
also were recruited during the same time period and had no history of acute pancreatitis, CP, diabetes
mellitus (DM), pancreatic adenocarcinoma, and/or apparent biliary or pancreatic diseases, where studied
as control samples. Individual analysis was performed twice according to WHO guidelines for semen
analysis (WHO, 1992) at least one month apart. Laboratory tests included serum gonadotropins,
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testosterone, prolactin, TSH and sex hormone-binding globulin concentrations. The �owchart in Fig. 1 is
illustrated the step-by-step enrollment and exclusion of the cases and controls in the study. All patients
were selected from men who were eligible for admission based on our inclusion criteria to highly
specialized Academic Center for Education, Culture and Research (ACECR), Qom, Iran between May 2018
and May 2020. Useful information was taken from all subjects using a standard questionnaire. Informed
consent to participate in the study was signed in advance by both patients and controls. The study was
approved by the Ethics Committee in our local department.

DNA extraction, karyotyping and genotyping
Venous blood (5 ml) was taken from all participants and divided into 2 tubes including heparin tube and
ethylenediaminetetraacetic acid (EDTA)-containing tubes. Lymphocytes of fresh peripheral blood were
cultured for 72 h, and metaphase preparations were stained by trypsin-Giemsa banding (GTG) to evaluate
each patient's karyotype. At least 30 metaphasic cells were counted and analysed from each participant.
EDTA-blood samples were stored at -20oC for further molecular investigations.

Genomic DNA was extracted from EDTA-blood samples using a DNA extraction kit according to the
manufacturer's instructions (Cinnagen, Iran). The quality of the extracted DNA was evaluated using
Nanodrop spectrophotometry.

Y chromosome microdeletion (AZF region) analysis
Eight sequences in the AZF region on Yq were selected based on previously reported mutations to detect
Y chromosome microdeletions. Two different sequences evaluated in AZFa (320bp and 326bp), two
sequences in AZFb (274bp and 301bp) as well as two sequences in AZFc (400bp and 126bp). ZFY
(495bp) and SRY (472bp) genes were considered as internal controls. The appropriate primers were
designed by Oligo5, checked, and blasted in the NCBI primer blast database for speci�cities and
e�ciencies (Table 1).
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Table 1
Primers sequences, the ampli�ed product sizes, and annealing temperatures

Genes Primers Primer sequence (5’ to 3’) Size (bp) Ta (℃)

AZF

region

ZFY- F ACCGCTGTACTGACTGGTGATTACAC 495 57

ZFY- R GCACCTCTTTGGTATCCGAGAAAGT 495

SRY- F GAATATTCCCGCTCTCCGGA 472

SRY- R GCTGGTGCTCCATTCTTGAG 472

AZFa1- F GTGACACACAGACTATGCTTC 320

AZFa1- R ACACACAGAGGGACAACCCT 320

AZFb1- F GGCTCAACCACGAAAAGAAA 274

AZFb1- R CTGCAGGCAGTAATAAGGGA 274

AZFc1- F GGGTGTTACCAGAAGGCAAA 400

AZFc1- R GAACCGTATCTACCAAAGCAGC 400

AZFa2- F AGAAGGGTCTGAAAGCAGGT 326

AZFa2- R GCCTACTACCTGGAGGCTTC 326

AZFb2- F GTCTGCCTCACCATAAACG 301

AZFb2- R ACCACTGCCAAAACTTTCAA 301

AZFc2- F GTTACAGGATTCGGCGTGAT 126

AZFc2- R CTCGTCATGTGCAGCCAC 126

AR gene AR-1-F GCT GTG AAG GTT GCT GTTCCTCAT variable 52

AR-1-R TCC AGA ATC TGT TCC AGA GCG TGC

CFTR gene ΔF508 GACTTCACTTCTAATGATGATTATGGGAG

GTATCTATATTCATCATAGGAAACACCAC

GTATCTATATTCATCATAGGAAACACCAT

160

157

50–53

G542X GACTTCACTTCTAATGATGATTATGGGAG

ACTCAGTGTGATTCCACCTTCTAC

CACTCAGTGTGATTCCACCTTCTCA

256

257

R117H CACATATGGTATGACCCTCTATATAAACTC

CCTATGCCTAGATAAATCGCGATAGAAC′

CCTATGCCTAGATAAATCGCGATAGAAT

237

237
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Genes Primers Primer sequence (5’ to 3’) Size (bp) Ta (℃)

N1303K CTCAATTTCTTTATTCTAAAGACATTGG

GATCACTCCACTGTTCATAGGGATCCAAG

GATCACTCCACTGTTCATAGGGATCCAAC

328

328

W1282X CCCATCACTTTTACCTTATAGGTGGGCCTC

CCTGTGGTATCACTCCAAAGGCTTTCCAC

CCTGTGGTATCACTCCAAAGGCTTTCCAT

178

178

All the above-mentioned sequences were ampli�ed by two separate reactions as multiplex PCR by a
thermocycler (Kyratec Thermal Cycler, Australia). For each multiplex-PCR two microtubes were used, each
tube includes 3µl (50–100 ng) of DNA template, 5µl of 3 primer pairs for one of the sequences in each
AZF region plus 2 primer pairs for internal controls and 12.5µl master mix (Amplicon), and 4.5µl of
distilled water.

CFTR gene mutations identi�cation

The ampli�cation-refractory mutation system (ARMS-PCR) method was used for CFTR–F508del, G542X,
N1303K, W1282X, and R117H mutations genotyping. Primers were designed using the primer 3 free
online software. Primers sequences and their annealing temperature (Ta) are presented in Table 1.
Genotypes were assigned on the agarose gel following electrophoresis based on different sizes of PCR
products and staining the gel using DNA safe stain dye (Pishgam Company, Iran).

CAG-repeat length of the androgen receptor (AR) gene investigation

Conventional PCR was used to amplify AR-CAG repeats. The primers were designed by Oligo5 software,
checked, and blasted by primer blast online software (Table 1).

Statistical analyses
The statistical analyses were performed using SPSS statistical software (version 16.0, SPSS Inc.,
Chicago, IL, USA). Distribution of the mutations and chromosomal abnormalities in cases and controls
were expressed as number and frequency (percentage). The sequencing graphs were analyzed for the
number of CAG repeats in the AR gene using Finch software
(https://www.ch.cam.ac.uk/computing/software/�nchtv). Fisher's Exact Test was performed in case of
CAG repeat analysis.

Results

Karyotypes
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Karyotypes of 200 very severe oligozoospermia patients showed that 96 % of cases had a normal
karyotype.

As shown in Table 2, four of the patients were men with Klinefelter's syndrome (47, XXY) and others have
a different structural chromosomal abnormality.

Table 2
Structural and numerical chromosomal abnormalities

abnormality Karyotype N Percent

Normal 46,XY 192 96%

Numerical chromosomal abnormality 47,XXY 4 2%

Structural 45,XY,rob(13;14)(q10;q10) 1 0.5%

46,XY,inv(8)(p22;q21) 1 0.5%

46,XY,t(16;17)(q12.1;q23) 1 0.5%

46,XY,t(11;14)(q13;q24) 1 0.5%

rob: robertsonian translocation, inv: inversion; t: translocation; q: long arm; p: short arm

Y chromosome microdeletions
Differential banding patterns of the ampli�ed sequences of different AZF sub-regions are shown in Fig. 2.
As the frequencies in Table 3 show, 89 % of cases had a normal AZF region without any microdeletions in
any sub-regions. 7.5 % had microdeletion in only one region and 3.5 % had microdeletion in two regions
simultaneously.

Table 3
AZF microdeletions distribution

AZF Mutation Number Frequency (%)

Normal 178 89

Microdeletion a 6 3

Microdeletion b 5 2.5

Microdeletion c 4 2

Microdeletion a & b 3 1.5

Microdeletion b & c 4 2

CFTR gene Mutations
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The most frequent mutation in the CFTR gene was F508del that accounted for 4.5 % of cases. Two
nonsense mutations, G542X and W1282X were the second and third most common mutations in this
gene with 1.5 and 1 % respectively. N1303K and R117H occurred at equal frequencies (0.5 %) in the study
population (Table 4). Examples of the ampli�ed mutations are shown in Fig. 2.

Table 4
CFTR gene mutations distribution

Mutations Protein change cDNA position Mutant cases

(Heterozygote)

F508del p.Phe508del c.1521_1523delCTT 9 (4.5%)

G542X p.Gly542X c.1624G > T 3 (1.5%)

W1282X p.Try1282X c.3846G > A 2 (1%)

N1303K p.Asn1303Lys c.3909C > G 1 (0.5%)

R117H p.Arg117His c.350G > A 1 (0.5%)

CAG trinucleotide repeats expansion in AR gene

The ampli�ed products of the AR-CAG repeat are shown on 2 % agarose gel (Fig. 5). All PCR products
were loaded on 8% acryl amid gel (Fig. 6) and PCR products with different sizes were sequenced. AR gene
sequencing showed that CAG repeat in fertile men ranged from 13 to 32 repeats while the expansion of
the trinucleotide repeats among severe oligozoospermic men was between 11 and 33 (Fig. 7). The mean
number of trinucleotide expansion in severe oligozoospermic men was 25.09 ± 1.5 and in fertile men was
23.16 ± 1.8. The difference was statistically signi�cant (P = 0.04). The most frequent trinucleotide
expansions in fertile and infertile men were 25 (19 %) and 21 (18 %) respectively. There was no case with
18 repeats in the study cases (Fig. 8).

Case reports
One patient was heterozygote for F508del and had AZFb deletion. In the other patient, a heterozygote
F508del was found with AZFa deletion on the Y chromosome. In one patient, the F508del was found in
the compound heterozygous form with W1282X and one patient in the form of compound heterozygous
with G542X. The overall frequency of the patients with two different genetic changes in the CFTR gene
and/or Y chromosome was 2% (Table 5).
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Table 5
The simultaneous occurrence of genetic changes in Yq or CFTR and AR genes

F508del G542X R117H W1282X AZFa AZFb number Frequency (%)

√       √   1 0.5

√         √ 1 0.5

√ √         1 0.5

√     √     1 0.5

Discussion
The successful application of current assisted reproductive technologies used for infertile couples
requires a precise understanding of the involved genetic factors as one of the important causes of male
factor infertility [22]. Therefore, in this study, some common genetic risk factors such as chromosomal
abnormalities, Y chromosome microdeletions, CFTR gene mutations, and length of the CAG repeat in the
N-terminal transactivation domain of the AR gene in severe oligozoosperimc Iranian men were
investigated and compared with fertile men as a control group.

We found chromosomal abnormality at a rate of 4% (8 individuals) of severe oligozoospermic men which
is consistent with previous studies reporting the range of occurred abnormalities between 2% -16% in
infertile patients [23, 24]. Foresta et al in 2005 studied 750 oligozoospermic men and reported a
frequency of 5.6% for chromosomal aberrations, and klinefelter was the most chromosomal abnormality
in patients [25]. In the case of klinefelter syndrome as the most common karyotype abnormality in men
with severe male factor infertility, four patients (2%) have been identi�ed, while structural chromosomal
abnormalities including robertsonian translocations, chromosomal inversions, and translocations 16;17
and 11;14, overall accounted for 2% (Table 2). Our results were consistent with the obtained data of a
study on 935 infertile men whose karyotypes were evaluated and the rate of 6.9 % of chromosomal
abnormalities was reported [26]. A smaller sample size, different inclusion criteria, and ethnicity may
justify the slight differences in the data between the two studies. The probability of producing
unbalanced genetic content gametes and abnormal sperm in men with chromosomal translocation is
higher, whereas in men with robertsonian translocation a wide range of 3.4%-40% abnormal sperm have
been observed [27].Previous studies have reported the frequency of Y chromosome microdeletions as the
second leading cause of spermatogenic failure [28], varies from 1 to 58% across the world [29–31]. The
most prevalent and frequent deletion occurs in AFZc (approximately 80%) following by those in AZFb (1–
5%), AZFa (0.5-4%), and AZFbc (1–3%) [28]. The differences in patients enrollment criteria, sample size,
used STS primers, ethnical and geographical and other genetic backgrounds and environmental
in�uences may lead to variation in reported frequencies [29, 31–33].

Inconsistent with most of the previous reports in which AFZc was the most frequent Yq deletion [33–36],
our data showed that deletions occurred most frequently in the AZFa sub-region (3%). While it is well
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documented that men with AZFc deletions and partial deletions in AZFb show different types of fertility
status from normal fertility to oligozoospermia and azoospermia [37, 38]. In Kim et al study that was
done in Korea, most microdeletion in severe oligozoospermia belongs to AZFc (87.1%) and then AZFb
(36%)[5].Screening of Y chromosome microdeletions as a diagnostic, prognostic and preventive tool has
great importance.Although the genetic correlation between CFTR gene mutations and male infertility due
to CBAVD is well documented, recently, it has been found to play roles in other forms of male infertility
besides the CBAVD phenotype. However, the link between the alteration of sperm parameters and CFTR
seems to be weak and remains largely unknown [25, 39–41]. There is some evidence about the
involvement of CFTR protein in reducing the cytoplasmic volume of sperm during spermiogenesis that is
derived from a study on rat testicular tissue in which CFTR mRNA restriction to pre-meiotic round
spermatids and principle cells, covering the primary part of the human and rodent epididymis, was
observed [42].However, different studies on the frequency of CFTR mutations in infertile males without
CBAVD have been reported contradictory results, while in some cohorts it was found that the elevation of
CFTR mutation rate is associated with reduced sperm quality [43], male idiopathic infertility [44] and
cryptozoospermia [45]. In contrast, others detected no increase in CFTR mutation frequency in males with
non-obstructive azoospermia or oligoasthenoteratozoospermia [40, 46]. Therefore, the necessity of CFTR
mutations screening in infertile men before intracytoplasmic sperm injection (ICSI) for example, has not
been yet fully de�ned. In the present study, the total frequency of CFTR mutations was 8%, which is in
agreement with a study on the male of the German population with reduced sperm quality who were
evaluated in the case of CFTR mutation frequency. In Schulz et al study 7.69% of patients with severe
oligozoospermia had a single CFTR mutation [47]. It should be noted that other studies have been
reported no difference between the two groups in the case of CFTR variants between Italian people cases
and controls [16, 25].Regarding androgen receptor-CAG trinucleotide repeat, our �ndings revealed the
association between the increase in CAG-repeat expansion and the risk of severe oligozoospermia in
men. There is not any standard relationship between CAG-repeat length and the risk of male infertility due
to previous reports [48–50]. The correlation between CAG repeat length and Kennedy’s disease has been
reported [51–53]. While this gene is located on the X chromosome, applying ICSI to treat patients with
severe oligozoospermia may raise the potential risk of Kennedy disease in 2 generations (54). Also, it has
been reported that AR binding activity in infertile male is decreased [55–57]. The mechanism by which
CAG repeat length may affect fertility is still unknown. But in studies that have investigated the role of AR-
CAG repeats in some diseases, three pathogenic mechanisms including loss of protein function, the gain
of protein function, and the gain of function of RNA containing CUG repeats are suggested [58). To �nd
the exact role of the mentioned mechanisms in male infertility future studies are needed. Komori et al
reported that mean of CAG repeat in oligozoospermic men was 21.4 and in the control group was 21.2, so
their study was inconsistent with our data[59]. In the current study the difference between two groups
was signi�cantly and the mean CAG repeat in the case and control group was 25.09 and 23.16
respectively. Our data were consistent with Patrizio et al study that reported CAG- repeat length in
oligozoospermic men was 25.04 and in fertile men was 22[54]. In Mobasseri et al study in 2018, there
was no signi�cant difference between the two groups (Case 18.34 and control 17.53 CAG repeat length)
so inconsistent with our study [22].It is necessary for couples with chromosomal structural abnormalities
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to have genetic counseling and apply a preimplantation genetic diagnosis test. Unfortunately, we did not
assay the abnormal sperm ratio in men with chromosomal abnormalities in comparison with those
without and this could be considered as the main limitation of our study.
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Figure 1

Study �owchart
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Figure 2

1. Electrophoretic patterns of different Yq AZF microdeletions on agarose electrophoresis. Normal 2.
AZFa microdeletion 3. AZFb microdeletion 4. AZFc microdeletion
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Figure 3

CFTR gene mutations genotyping on 2% agarose gel electrophoresis. 1. W1282X normal (178bp) 2.
W1282X heterozygote (178bp) 3. G542X normal (257bp) 4. G542X heterozygote (256bp) 5. R117H
normal (237bp) 2. R117H heterozygote (237bp)
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Figure 4

CFTR gene mutations genotyping on 2% agarose gel electrophoresis. 1. N1303K normal (328bp) 2.
N1303K heterozygote (328bp) 3. F508del normal (160bp) 4. F508del heterozygote (157bp)
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Figure 5

AR- CAG repeat expansion ampli�cation using PCR. 1 to 5: 285-300 bp
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Figure 6

AR- CAG repeat expansion ampli�cation in 8% acryl amid gel by 50bp ladder
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Figure 7

Sequencing graphs of the AR-CAG expansion

Figure 8
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Androgen receptor-CAG repeat distribution pattern in case and control groups


