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Learning objectives

After this presentation, the learner should be able to:

v Explain the currently known Genetics etiologies of 
impaired sperm production

v Delineate indications for complex laboratory and 
diagnostic Genetics testing in infertile men

v Identify genetic abnormalities that may affect the 
health of offspring if assisted reproductive techniques 
are to be employed
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Male and Female Infertility

• No conception after 1 yr of unprotected sexual intercourse  is 
defined as possible infertility
• 85% of couples conceive with in 1 yr
•   50% of infertility involves male factor.

.

• Male infertility is a problem in 7% of all men

http://library.med.utah.edu/kw/human_reprod/semina
rs/seminar2A.html
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Etiology of Male Infertility 
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Etiology of impaired sperm production

Ø Pre-testicular

Ø Testicular level

Ø Post-testicular

Genetic factors can be identified in each etiologic category
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Hypogonadotropic Hypogonadism

A fully efficient hypothalamic–pituitary–gonadal 
axis is required for both endocrine and reproductive 
functions of the testis

Genetic factors causing deficit of gonadotropins (LH, FSH) 
may act at the hypothalamic or pituitary level and are 
responsible for the congenital forms of hypogonadotropic
hypogonadism
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The diagnosis of congenital hypogonadotropic 
hypogonadism is normally made before adulthood 
because in the majority of cases it is associated 
with delayed puberty.

However, sometimes reduced spermatogenesis 
and mild hypoandrogenism may be the only 
symptoms and the diagnosis may be delayed till 
adulthood.

Hypogonadotropic Hypogonadism
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Genes can be screened for mutations in 
hypogonadotropic hypogonadism

Idiopathic hypogonadotropic hypogonadism (IHH)Kallman Syndrome
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Inheritance of Kallmann syndrome

Ø The inheritance of Kallmann syndrome can be X-
linked (gene KAL1), therefore an affected father will 
transmit the mutation to his daughter who will have a 
50% probability to generate a son with Kallmann 
syndrome.

 
Ø All other listed genes are autosomal, and the 

transmission of the disease maybe autosomal 
dominant (FGFR1) or recessive.
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Kallmann versus IHH

▪ Both can be managed by hCG or TRT

▪ Note that in some cases of IHH, long term 
testosterone treatment has lead to 
spontaneous reversibility of reproductive 
function
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Ø Patients with acquired hypogonadotropic hypogonadism should 
be evaluated for functioning and non-functioning pituitary 
tumors by measurement of serum prolactin and imaging of the 
pituitary gland.
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Ø Genetic anomalies related to primitive 
testicular failure can be detected in

   leukocytes or directly in spermatozoa

DNA integrity testing

sperm aneuploidy analysis fluorescence in situ hybridization (FISH)

Leukocytes

Spermatozoa
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Chromosomal Abnormalities

Ø Karyotype abnormalities occur in about 0.4% 
of the general population and can affect the 
number or the structure of chromosomes 

Ø The majority of chromosome abnormalities 
are generated during meiosis

Ø Patients with spermatozoa <10 million/mL   
show already a 10 times higher incidence

   (4%) of mainly autosomal structural     
    abnormalities in respect to the general  
    population
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Ø Among severe oligozoospermic men (with 
spermatozoa <5 million/mL), the frequency

   increases to 7%, whereas in nonobstructive  
   azoospermic men it reaches the highest   
   value,15%. 

Chromosomal Abnormalities

Klinefelter syndrome (47,XXY) represents the most 
common karyotype abnormality in severe male factor 
infertility, followed by 
Ychromosomen terminal deletions (Yq-) 
and 
structural autosomal abnormalities
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Klinefelter Syndrome

Ø Klinefelter syndrome is the most common sex 
chromosome abnormality in humans with an 
incidence of 1 in 600 live births and 1 in 300 
spontaneous miscarriage

Ø It is also the most frequent chromosomal 
anomaly in azoospermic men (14%)

Ø About 80% of patients bear a 47,XXY 
karyotype, whereas the other 20% are 
represented either by 47,XXY/46,XY mosaics 
or higher grade sex chromosomal aneuploidy 
or structurally abnormal X chromosome
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Microscopic Testicular Sperm Extraction
(Micro-TESE)37 y old non-mosaic 47, XXY

2 X Previous TESA/TESE
T 205 ng/dl
FSH 32
Testes sizes : R 4ml, L 4 ml

Wake Forest Male Fertility Program Case Series
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Inheritance of Klinefelter
Ø Although the large majority of subjects 

affected by Klinefelter syndrome are 
azoospermic, they may generate their own 
genetic children by undergoing TESE/ICSI, 
because they have an average of 30% to 50% 
of testicular sperm recovery rate.

Ø Based on sperm–FISH studies showing an 
increased frequency of sex chromosomal 
abnormalities and increased incidence of 
autosomal aneuploidies (disomy for 
chromosomes 13, 18, and 21), concerns have 
been raised about the chromosomal normality 
of the embryos generated through ICSI.
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Inheritance of Klinefelter

Ø However, a study based on ICSI combined 
with PGD on 113 embryos shows that there is 
a significant fall in the rate of normal 
embryos for couples with Klinefelter 
syndrome, in respect to controls (54% vs. 
77.2%). Due to the significant increase of sex 
chromosomal and autosomal abnormalities in 
the embryos of Klinefelter patients, ICSI along 
with PGD or NIPT should be strongly advised
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NIPT (Non-Invasive Prenatal Testing)

Ø It's available any time after 9 weeks of pregnancy (10-22 weeks)
Ø Routinely covered by insurance for women 35 years or older and women at high risk for genetic abnormalities

https://www.webmd.com/health-insurance/default.htm
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Autosomal Abnormalities

Ø The most frequently found autosomal 
karyotype abnormalities are :
Ø Robertsonian translocations
Ø Reciprocal translocations
Ø Paracentric inversions, and marker 

chromosomes
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Robertsonian translocations

Ø  Fusion of two acrocentric chromosomes

Ø This abnormality is rarely observed in 
azoospermicmen (0.2%) but is often found in 
oligozoospermic patients (about nine times 
higher in infertile men than in newborns).
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Reciprocal translocations
Ø Exchange of chromosome material between 

arms of two nonhomologous chromosomes; 
usually the exchange is conservative without 
loss of genetic material

Ø The frequency of balanced reciprocal 
translocations is estimated to be 5 to10 
times higher in infertile men than in the 
general population
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Paracentric/Pericentric inversions
▪ These inversions result from two breaks within 

a single chromosome followed by a 180◦ 
rotation of the chromatin between these 
breaks

Ø These rearrangements are 13 times higher in infertile 
men and probably interfere with meiosis, leading to a 
reduced rate of postmeiotic sperm development.

Paracentric inversion Pericentric Inversion
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47,XYY Male

Ø The frequency of males with this karyotype is 
1:750

Ø Carriers of this abnormality show a great 
diversity in the degree of spermatogenic 
impairment, ranging from severe 
oligozoospermia to apparent normality

Ø Distortion of sex vesicle formation is probably 
the major cause of disturbed spermatogenesis 
in these men
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46 ,XX Male
Ø This is a disorder of sex determination and occurs in 

about 1:20,000 newborns

Ø In about 80% of cases, XX maleness can be 
explained by the translocation of the SRY gene 
(encoding the testis-determining factor) to the X 
chromosome

Ø The phenotypic features of the syndrome are 
gynecomastia, female hair pattern, and small testes 
with azoospermia. Genital malformations such as 
hypospadias are rare
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The Y Chromosome–Linked Infertility

Ø The long arm of the human Y chromosome 
(Yq) hosts a number of genes involved in 
spermatogenesis and several types of 
recurrent Yq deletions are firmly associated 
with spermatogenic failure
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The clinical significance of Yq deletions

Ø Y deletions were not found in normospermic men and thus have 
a clear-cut cause–effect relationship with spermatogenic failure

Ø  The highest frequency is found in azoospermic men (8–12%) 
followed by oligospermic men (3–7%)

Ø Deletions are extremely rare with a sperm concentration of 
spermatozoa >5 million/mL (approximately 0.7%) 

Ø  The most frequently deleted region is AZFc (approximately 65–
70%), followed by deletions of the AZFb and AZFb+c or 
AZFa+b+c regions (25–30%), whereas deletions of the AZFa 
region are extremely rare (5%)

Ø  The complete removal of the AZFa and AZFb regions are 
associated with severe testicular phenotype Sertoli cell-only 
syndrome and spermatogenic arrest, respectively.
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Inheritance of Y deletions
Ø Those Y deletions that are compatible with the 

presence of spermatozoa in the testis or in the 
ejaculate, are obligatory transmitted to the male 
offspring, therefore genetic counseling is mandatory

Ø It has been reported that a significant proportion of 
spermatozoa from men with Y microdeletion are 
nullisomic for sex chromosomes. This result indicates a 
potential risk for the offspring to develop 45,X0 Turner’s 
syndrome and other phenotypic anomalies associated 
with sex chromosome mosaicism, including ambiguous 
genitalia.

Ø PGD can be offered to the couple both for sex selection 
and for avoiding the transfer of 45,X0 embryos
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Microscopic Testicular Sperm Extraction
(Micro-TESE)26 y old. AZFc deletion (DAZ & SPGY)

T 270 ng/dl (T 809 on Clomid + Anastrozole)
FSH 3.6 (FSH 12.4 on Clomid + Anastrozole)
LH 3.4 (LH 26.1 on Clomid + Anastrozole)
Testes sizes : R 18ml, L 28 ml

Embryology Lab

Wake Forest Male Fertility Program Case Series
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Pathology versus Embryology

PGP9.5/UCHL1

Wake Forest Male Fertility Program Case Series



Wake Forest School of MedicineWake Forest School of Medicine

Mutations and Polymorphisms in the Androgen 
Receptor

Ø The androgen receptor (AR) gene is located on the long arm of the X 
chromosome (Xq11-q12)

Ø Mutations in the AR gene may result in mild-to-complete androgen 
insensitivity

Ø The phenotypic features of complete androgen insensitivity syndrome 
are female external genitalia and absence of pubic hair (Morris 
syndrome)

Ø In partial androgen insensitivity syndrome, several different phenotypes 
are evident, ranging from predominantly female phenotype (female 
external genitalia, pubic hair with or without clitoromegaly, and partial-
to-completely fused labia) through ambiguous genitalia to 
predominantly male phenotype with micropenis, perineal hypospadias, 
and cryptorchidism

Ø Patients with mild androgen insensitivity syndrome (MAIS) have male 
infertility as their primary or even sole symptoms
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Sperm Chromosome Abnormalities

Ø Sperm DNA FISH analyses showed that even 
subjects with normal chromosomal 
constitution in their lymphocytes, but affected 
by infertility, have an increased risk for 
spermautosomal and sex chromosomal 
abnormalities (varying from 2–10 times higher 
than controls).

Ø Specific infertile phenotypes are at even 
higher risk than others such as round head 
only syndrome, macrocephaly, or a high 
percentage of multiflagellated sperm
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Role for FISH analysis?

▪ Chromosomes that are generally analyzed in FISH 
(13, 18, 21, X, and Y)

▪ 1.  Men who despite normal semen parameters 
suffer recurrent pregnancy loss

▪ 2.  Men with normal semen parameters, who are 
undergoing IVF but still experiencing recurrent 
implantation failure

▪ 3.  As a screening tool, to aid in reproductive and 
genetic counseling of affected couples, or those 
who have previously experienced failure of ART
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Sperm DNA Fragmentation (SDF)

Ø Sperm of infertile men 
has  level of DNA 
damage

Ø DNA damage is 
associated with 
impaired post 
fertilization embryo 
cleavage

Ø Seen as unexplained 
infertility or repeated 
early miscarriage

General Concepts
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SDF and Varicocelectomy

Majid Mirzazadeh, Hooman Sadri-Ardekani TAU 2017
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SDF, Ejaculatory and Testicular Sperm

Majid Mirzazadeh, Hooman Sadri-Ardekani TAU 2017
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Ø Karyotyping and genetic counseling should be offered to all 
patients with nonobstructive azoospermia and severe 
oligospermia (<5 million sperm/ml).

Ø There are insufficient data to recommend a minimal 
number of sequence tagged sites to test for in patients 
undergoing Y chromosome microdeletion analysis. 
Although the prognosis for sperm retrieval is poor in 
patients having large deletions involving AZF region a or 
b, the results of Y chromosome deletion analysis cannot 
absolutely predict the absence of sperm.
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Ø All patients with non-obstructive azoospermia due to primary 
testicular failure should be offered genetic testing
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CFTR (cystic fibrosis transmembrane conductance
regulator) mutations

Ø The autosomal CFTR (cystic fibrosis transmembrane 
conductance regulator) gene (7q31.2)is highly mutated with 
more than 1500 mutations and variants described in the gene 
bank

Ø Depending on the severity of the reduction of functionally normal 
CFTR protein, the phenotype can be cystic fibrosis (CF) 
(generally due to the presence of two “severe” mutations) or 
“mild forms” of CF (combination of less severe mutations with a 
consequent reduction of functional CFTR protein below 50% but 
above 10%).

Ø Congenital agenesis of vas deferens (CAVD) is considered a 
“mild form” of CF.

Ø The most widely diffused mutation both in CF and CAVD is the 
severe delta F508 mutation (about70%of the total CF 
mutations in patients).
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CFTR and Male Infertility

Ø Patients affected by CAVD may have sperm 
in their ejaculate (monolateral absence of vas 
deferens) or be azoospermic (congenital 
bilateral absence of vas deferens; CBAVD).

Ø All patients with CF have CBAVD.
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Inheritance of CFTR mutation

Ø The possibility to combine testis biopsy with 
intracytoplasmic sperm injection (ICSI), both 
CF or CBAVD patients may now generate 
their own biological children therefore they 
can transmit their CFTR mutations to their 
descendants

Ø Because the carrier frequency of CFTR 
mutations in persons with Northern European 
descent is high (1:25), the screening for CF 
gene mutations in the female partners of men 
with CAVD should be performed before 
assisted reproduction
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CFTR mutation and PGD
▪ If mutations are detected in both partners (possibly 

performing a whole gene screening), the risk of an 
offspring with CF (or mild forms of CF such as CAVD, 
depending on the type and combination of mutations) 
is very high so preimplantation genetic diagnosis 
(PGD) should be advised to the couple
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Ø Men with congenital bilateral absence of the vasa deferentia 
should be offered genetic counseling and testing for cystic 
fibrosis transmembrane conductance regulator mutations. The 
female partner should also be offered cystic fibrosis 
transmembrane conductance regulator mutations testing 
before proceeding with treatments that utilize the sperm of a 
man with congenital bilateral absence of the vasa deferentia. 

Ø Imaging for renal abnormalities should be offered to men with 
unilateral vasal agenesis or congenital bilateral absence of the 
vasa deferentia and no evidence of cystic fibrosis 
transmembrane conductance regulator abnormalities.
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Ø Testing for cystic fibrosis transmembrane conductance 
regulator abnormalities should include at minimum a 
panel of common point mutations and the 5T allele. 
There currently is no consensus on the minimum 
number of mutations that should be tested

Ø Gene sequencing may be considered in couples where the 
wife is a carrier and the husband with congenital bilateral 
absence of the vasa deferentia tests negative on a routine 
panel of cystic fibrosis transmembrane conductance 
regulator mutations.
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Ø Patients with unilateral absence of the vas and low 
volume azoospermia, may have a varient of CBAVD and 
should have CFTR and 5T testing and if positive do not 
need TRUS.
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Genetics of male infertility 
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FUTURE SESSIONS

v Session One: Clinical investigation of the infertile male
v Session Two: Genetic causes of male infertility and 

their impact on future generations
v Session Three: Medical Treatments for Male Infertility
v Session Four: Surgical Treatments and Assisted 

Reproductive Technology (ART) for Male Infertility 
v Session Five: Ejaculatory disorders
v Session Six: Clinical investigation and laboratory 

analyses in male hypogonadism
v Session Seven: Testosterone deficiency syndrome, , 

Androgen replacement—indications and principles
v Session Eight: Female-to-Male Transsexualism
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