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Abstract

An abnormality of cystic fibrosis transmembrane conductance regulator (CFTR)
gene is known to be one of the etiologies of male infertility. CFTR gene muta-
tions are associated with cystic fibrosis (CF-severe phenotype) to congenital
bilateral absence of the vas deferens (CBAVD-mild phenotype). CF is the most
common autosomal recessive disorders in the Caucasians, characterized by
chronic lung disease, pancreatic insufficiency, rise in sweat chloride, and obstruc-
tive azoospermia. The milder phenotype is classified as congenital absence of the
vas deferens (bi- or unilateral) (CBAVD or CUAVD) or ejaculatory duct obstruc-
tion (EDO). Some of these CAVD cases are associated with unilateral renal
anomalies (URA). The role of CFTR gene in this subtype of CBAVD-URA is
still not understood clearly. The utility of advanced assisted reproductive tech-
nologies such as intracytoplasmic sperm injection (ICSI) helps CBAVD males to
become biological fathers. If female partner is CF carrier, there is a risk of having
a child with CF or CF-related disorders. The currently available CFTR mutation
panels cover the most common mutations of Caucasians. Recent studies con-
ducted in South Asian population suggested different spectrum of CFTR muta-
tions than Caucasians. There is a need to develop population-specific CFTR gene
mutation panels especially for South Asians where CF or CF-related disorders
were once considered rare.
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Key Points

e Male infertility is associated with both cystic fibrosis (CF) and congenital bilat-
eral absence of the vas deferens (CBAVD).

e CF and CBAVD are two distinct spectrums of CFTR gene abnormalities.

* CBAVD men carry different CF7TR gene mutations than classic CF.

* Renal anomalies are associated with ~11% men having CBAVD, more common
in individuals having congenital unilateral absence of the vas deferens.

e PESE-ICSI is the widely preferred and accepted treatment for men having
CBAVD.

o If female partner is CF carrier, there is a risk of having a child with CF or CF-
related disorders such as CBAVD.

e CFTR gene testing should be offered to both the partners before planning ICSI.

* Population-specific mutation panels are required for accurate diagnosis and cal-
culation of genetic risk in CBAVD men.

9.1 Introduction

Cystic fibrosis (CF) affects multiple organs of the body, and it is associated with
mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene.
CF is considered as the most common autosomal recessive disorder in Caucasians
with a frequency of 1/2000 (Nielson et al. 1988). Earlier, it was assumed that CF or
CF-related disorders (CFTR-RD) are rare in African and Indian populations.
However, recently with the advances in the diagnostic techniques as well as due to
the increased awareness, CF and CFTR-RDs are increasingly detected in these pop-
ulations. However, the incidence is still underestimated in Indian and black South
African populations. Moreover, studies have reported that the prevalence of CF var-
ies with geographical location (Casals et al. 1992).

CFTR gene is located on chromosome 7q31.2 and contains 27 exons (~250 kb of
DNA). More than 1800 CF-causing CFTR gene mutations have been reported in the
CFTR gene mutation database so far. Following are the databases of CFTR gene
mutations:

e http://www.genet.sickkids.on.ca/
e http://www.umd.be/CFTR/
e http://www.cftr2.org/

There is limited information on exact pathogenicity of the CFTR gene mutations
reported in different populations. Through CFTR 2 project, functional analysis of
identified mutations is being investigated. Six functional classes of CF mutations
are described (Fig. 9.1):


http://www.genet.sickkids.on.ca/
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Fig. 9.1 Classes of CFTR gene mutations

e Class I mutations: CFTR production is stopped early and the protein is defective
resulting into nonfunctioning CFTR chloride channels. Accounts for ~10% of
CFTR gene mutations causing CF worldwide. Mutation leads to premature stop
codon, which causes translation of mRNA to stop prematurely.

e Class Il mutations: No proper processing of CFTR and proteins is destroyed
within the cell. F508del (absence of phenylalanine at position 508) is the most
commonly reported Class II mutation. F508del occurs in around 88.5% of CF
patients worldwide as per the CF registry database.

e Class Il mutations: CFTR reaches cell surface but it does not open properly to
transport chloride. Only a small percentage CF (2-3%) cases have this
mutation.

e Class IV mutations: Defective conduction of chloride through the channel. These
are uncommon mutations and lead to disease ~2% of patients with CF.

e Class V mutations: The least common mutations. Splicing defects resulting into
improper processing of mRNA are the etiology for Class V mutation.

e Class VI mutations: Although function CFTR protein but unstable at cell
surface.

The cystic fibrosis transmembrane conductance regulator (CFTR) protein is
expressed throughout the epithelial cells in the airways, gastrointestinal tract, and
reproductive organs (Quinton 2007). As a result, CF patients manifest symptoms
related to multiple organs that include repeated and chronic lung infection,
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insufficiency of the pancreas, and male infertility. CFTR gene mutations are the
main etiological factors due to defective electrolyte and fluid transport (Welsh and
Fick 1987; Welsh and Smith 1993; Quinton 2007).

In addition to regulating the chloride ion channel in the epithelial cells, CFTR is
involved in the following functions: (a) sodium transport through the sodium ion
channel, (b) regulation of the chloride flow outside the cell membrane, (c) regula-
tion of the ATP channels, (d) intracellular vesicle transport, (e) acidification of intra-
cellular organelles, (f) inhibition of endogenous calcium-activated chloride
channels, and (g) efficient bicarbonate—chloride exchange.

9.2 Pathogenesis

The CFTR protein is an epithelial membrane protein, an ATP-binding cassette
(ABC)-transporter-class ion channel. It regulates the chloride ions across epithelial
cell membranes. The CFTR protein is made of five domains: two membrane-
spanning domains (MSDs) that form the channel pores; two nucleotide-binding
domains (NBDs), which control channel gating; and one regulatory domain (R
domain), which determines the phosphorylation activity.

There are different hypotheses to explain the role of CFTR abnormalities in
developing CF or CFTR-RD. Following are the most relevant hypothesis; it may be
possible that the combination of these aspects could contribute to the pathogenesis
of the CF or CFTR-RD:

1. Low-volume hypothesis: Due to the CFTR dysfunction, there is loss of inhibi-
tion of epithelial sodium channels leading to excess sodium and water reab-
sorption ultimately resulting in dehydration of airway surface materials
(Matsui et al. 1998). The low airway surface water volume is not corrected by
the epithelium due to the associated loss of chloride. Reduction in periciliary
water leads to decrease in the lubricating layer between epithelium and mucus
and compresses the cilia by mucus causing inhibition of normal ciliary move-
ment and cough clearance of the mucus. According to this hypothesis, bacte-
ria such as Pseudomonas aeruginosa can grow due to the mucus on the
epithelium that leads to plaque formation with hypoxic niches (Boucher
2007).

2. High-salt hypothesis: Absence of functional CFTR protein leads to retention of
excess of sodium and chloride in airway surface liquid. The higher levels of
chloride in the periciliary layer then disrupt the function of innate antibiotic mol-
ecules such as human f-defensin 1 and thereby allow the growth of bacteria that
are normally cleared by normal airways to persist in the lungs (Goldman et al.
1997).

3. Dysregulation of the host inflammatory response: Cystic fibrosis cell cultures
and uninfected ex vivo tissue samples contain higher concentrations of inflam-
matory mediators (Freedman et al. 2004). Inflammatory mediators were detected
in the lung lavage samples of children as young as 4 weeks of age. The pro-
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inflammatory molecules (Interleukin 8, Interleukin 6, TNFa, and arachidonic
acid metabolites) were detected CF (Freedman et al. 2004). Studies also reported
the activation of NFkB pathway, platelet hyperreactivity, and neutrophil apopto-
sis abnormalities (Carrabino et al. 2006).

4. Primary predisposition to infection: Normally, P. aeruginosa binds to functional
CFTR, and rapid and self-limiting innate immune response is initiated. In CF,
increase in asialo-GM1 in apical cell membranes allows binding of P aeruginosa
and Staphylococcus aureus to the airway epithelium, without CFTR-mediated
immune response. The self-limiting response that eliminates P. aeruginosa from
the airways is lost in CF and at the same time as there is enhanced attachment of
bacteria to the epithelial surface.

9.3 Epidemiology

Incidence of CF is reported to be 1 in 2000-3000 in Caucasians with a carrier fre-
quency of 1 in 22-28. High prevalence of CF is reported in North America, Europe,
and Australia. Recent studies generated evidence of increased number of CF and
CF-related disorders in other ethnic populations residing in Africa, South America,
Middle East, and Asia (WHO 2004 and Cystic Fibrosis Foundation Patient Registry
2012 Annual Data Report). It has been reported that there is a variation in birth
prevalence due to CF worldwide with different ethnic backgrounds. Prevalence of
CF was reported as 1 in 3000 in white Americans, 1 in 4000-10,000 in Latin
Americans, and 1 in 15,000-20,000 in African Americans (Walters and Mehta al.
2007). Cystic fibrosis was earlier reported to be a rare disorder in Africa and Asia,
with a frequency of 1 in 350,000 in Japan (Yamashiro et al. 1997). Frequency
F508del mutation was higher in northwest region of Europe than southeast.
Similarly, Trp1282X is the most common mutation reported in Israel (O’Sullivan
and Freedman 2009).

There could be multiple reasons for lower reporting of CF and CF-related disor-
ders in developing countries in South Asian subcontinent. Majority among them is
the lack of awareness about CF and CF-related disorders, limited clinical expertise
for diagnosis and management, and limited molecular diagnostic facilities. There
has been a good progress in the past few years, and evidence is emerging on CFTR
gene mutations in CF and CFTR-RD from the South Asian population. A heteroge-
neous spectrum of CFTR gene variants was identified in Asians (Fig. 9.2), with a
lower frequency of F508del in Asians as compared to Caucasians (Sharma et al.
2009). Evidence is very limited to prove whether low incidence of CF in Asian
populations is due to genetic drift or it is due to misdiagnosis. This needs to be thor-
oughly investigated especially in South Asian countries. Earlier reports indicated
the incidence of CF in immigrant Asians residing in Canada as 1/9200, 1/10,000 in
the UK, and 1/40,000 in the USA (Powers et al. 1996; Mei-Zahav et al. 2005).
Researchers now hypothesize that India may hold the largest CF and CFTR-RDs
population in world with up to 1,00,000 undiagnosed CF patients (CFRI News
2013).
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9.4 Diagnosis

The preliminary diagnosis of CF is based on elevated sweat chloride level (>60
mmol/L). In a more classical condition, CF is diagnosed if the sweat chloride levels
are in the intermediate range (for infants >6 months, 30-59 mmol/L and for old
individuals, 40-59 mmol/L) and two severe disease-causing mutations are identi-
fied in an individual (Rosenstein et al. 1998; De Boeck et al. 2006; Welsh et al.
2001). Patients with intermediate range (30—60 mmol/L) of sweat chloride levels
might have CFTR genotype combining two CF-causing mutations. The American
College of Medical Genetics recommended a panel of 23 CF-causing mutations.
More than 1800 CFTR gene mutations have been reported and included in the CF
registries. The number of novel mutations is also exponentially increasing
(Table 9.1). The diagnosis of CF becomes more problematic when sweat chloride
levels are intermediate and patient still has symptoms suggestive of CF. A more
severe lung disease is observed among the patients with abnormalities in NPD

Table 9.1 List of high prevalence of CFTR gene mutations

Mutation legacy

Mutation cDNA name Mutation protein name | name Significance
¢.54-5940_273+10250del21kb | p.Ser18ArgfsX16 CFTRdele2,3 CF-causing
c.178G>T p.Glu60X E60X CF-causing
c.223C>T p.Arg75X R75X CF-causing
c.224G>A p-Arg75GIn R75Q Non-CF-

causing
c.254G>A p-Gly85Glu G85E CF-causing
€.262_263delTT p.Leu88llefsX22 394delTT CF-causing
¢.328G<C p-Aspl10His DI110H CF-causing
¢.350G>A p.Argl17His R117H Varying

clinical

significance
c.489+1G>T No protein name 621+1G>T CF-causing
c.579+1G>T No protein name 711+1G>T CF-causing
¢.1040G>C p.Arg347Pro R374P CF-causing
c.1364C>A p-Ala455Glu A455E CF-causing
¢.1519_1521delATC p.lle507del 1507del CF-causing
c.1521_1523delCTT p.Phe508del F508del CF-causing
c.1585-1G>A No protein name 1717-1G>A CF-causing
¢.1624G>T p.Gly542X G542X CF-causing
c.1652G>A p-Gly551Asp G551D CF-causing
c.1657C>T p.Arg553X R553X CF-causing
¢.2052_2053insA p.GIn685ThrfsX4 2184insA CF-causing
¢.2052delA p-Lys684AsnfnsX38 2184delA CF-causing
c.2657+5G>A No protein name 2789+5G>A CF-causing
¢.3196C>T p-Argl066Cys R1066C CF-causing

(continued)
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Table 9.1 (continued)

Mutation legacy

Mutation cDNA name Mutation protein name | name Significance
¢.3454G>C p.Aspl152His D1152H Varying

clinical

consequence
¢.3484C>T p-Argl162X R1162X CF-causing
¢.3528delC p.Lys1177SerfsX15 3659delC CF-causing
¢.3717+12191C>T No protein name 3849+10kbC>T CF-causing
c.3846G>A p-Try1282X W1282X CF-causing
¢.3909C>G p-Asn1303Lys NI1303K CF-causing

measurement or two CFTR gene mutations (Goubau et al. 2009). However, their
disease symptoms are milder as compared to those with a sweat chloride levels
above 60 mmol/L. In children with multiple organ involvement with marginal levels
of sweat chloride concentration and/or presence of at least one CFTR gene mutation
of unknown clinical significance, a terminology of “nonclassical” or “atypical” CF
is applicable (Rosenstein et al. 1998). Due to the varied spectrum of clinical pheno-
types, now the new terminology of “CFTR-related disorders” (CFTR-RDs) is gain-
ing wider acceptance (Dequeker et al. 2009; Castellani et al. 2008). It is very
essential to understand the complete clinical phenotype along with biochemical and
molecular tests for reaching out the correct diagnosis of CF or CFTR-RD.

9.5 Fertility in Men Having CF

Spermatogenesis is a well-orchestrated process by which the totipotent primordial
spermatogonia undergo meiosis to produce daughter cells called spermatozoa. In
order to form a mature sperm, the spermatozoa undergoes a series of morphological
and functional differentiation processes under the influence of hormones including
follicle-stimulating hormone (FSH), luteinizing hormone (LH), and testosterone.
These processes occur within the seminiferous tubules, which are supported by
Sertoli cells that are in close contact with the germ cells. Defects at any stage of
spermatogenesis may cause male infertility including azoospermia, oligospermia,
and teratospermia. However, the importance of CFTR in spermatogenesis is still
controversial, even after its experimental evidence of expression in the testis (Trezise
and Buchwald 1991). Histological studies with testicular tissues of men with CF
and CBAVD tried to resolve this controversy but resulted in contradictory findings
such as normal spermatogenesis (Tuerlings et al. 1998) to severely decreased sper-
matogenesis with abnormal sperm and a reduced sperm count (Larriba et al. 1998).

Puberty in men having classic CF and chronic lung disease, malnutrition is usu-
ally delayed due to lower levels of follicle-stimulating hormone (FSH) and lutein-
izing hormones (LH). In spite of the delayed onset of puberty, majority of CF
patients
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(>90%) achieve normal height. Around 2-5% of CF men are fertile. There is a
normal production of immature sperm in testes. Bilateral vas deferens is either atro-
phied or absent in approximately 95% of CF males. Seminal vesicles are hypoplas-
tic or absent and normal maturation of sperm is impaired. As a result of this, there
is reduced seminal volume, no mature sperm, and high acid content, absent or low
fructose in semen.

9.6 CFTR-Related Disorders Associated with Male Infertility

A CFTR-related disorder (CFTR-RD) is a separate clinical condition associated
with CFTR gene abnormalities and does not fulfill the diagnostic criteria of CF. Four
main clinical entities illustrate these phenotypes:

e Congenital bilateral absence of the vas deferens (CBAVD) with CFTR
dysfunction

e CBAVD having renal anomalies

e Congenital unilateral absence of the vas deferens (CUAVD)

* Ejaculatory duct obstruction (EDO)

9.6.1 Congenital Bilateral Absence of the Vas Deferens (CBAVD)

CBAVD is a condition in which there is a complete or partial failure of development
of vasa deferens before birth. CBAVD in otherwise healthy men also known as iso-
lated CBAVD accounts for ~3% of male infertility. The incidence of CBAVD is
~1:1000 men (Holsclaw et al. 1971; Oates and Amos 1993; Mak and Jarvi 1996).
Isolated CBAVD (MIM#277180) is an autosomal recessive genetic disorder known
to be associated with CFTR gene abnormalities. Milder phenotype such as CBAVD
is due to the CFTR gene variants that retain the CFTR function to its minimum.
CBAVD is either due to the one inherited CFTR gene mutation (Dumur et al. 1990;
Anguiano et al. 1992; Patrizio et al. 1993) or due to the inheritance of mutations in
both the copies of the CFTR gene (70-90% of cases) (Bombieri et al. 2011). CBAVD
and CF are now considered as two different spectrums of CFTR due to the distinct
genotype and phenotype (Colin et al. 1996).

The diagnosis of CBAVD is based on scrotal examination—bilateral absence of
the vas deferens and normal testicular volume (>15 mL) and absence of body and
tail of epididymis. Semen analysis is very important in diagnosis as it reveals azo-
ospermia with low seminal volume (<1.0 mL), low pH (average <6.8), and low or
absent fructose levels (Casals et al. 1995, Holsclaw et al. 1971). The abnormal
CFTR protein could affect the multiple organs including reproductive tract.
Transrectal ultrasonography (TRUS) reveals the morphology and size of the semi-
nal vesicles, prostate, and ejaculatory ducts. In CBAVD, body and tail of the epi-
didymis are either atrophic or absent or the epididymis remnants are distended,
whereas the head or caput of the epididymis is usually present (McCallum et al.
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2000a, b). The sweat chloride levels are usually normal, and testicular biopsy shows
normal spermatogenesis in majority of CBAVD cases.

Due to the compound heterozygosity (either one severe and one mild mutation or
two mild mutations) in CBAVD, the spectrum of CFTR gene mutations differs from
that of the classical CF. In CF patients two severe CFTR gene mutations (88%) or one
severe and one mild or variable CFTR mutations (12%) are detected. In CBAVD, one
severe and one mild or variable (88%) or two mild CFTR gene mutations (12%) are
detected (Bombieri et al. 2011). p.F508del along with IVS8-5T (28%) and p.F508del
in trans with p.R117H (6%) are the most common compound heterozygous geno-
types found in CBAVD. A significant difference in the frequency is found in the most
CF-causing mutations. The frequency of p.F508del is found to be 21-33% in the
USA, Canada, and Northern Europe (Oates and Amos 1993; Jarvi et al. 1998; Dork
et al. 1997; Claustres et al. 2000; Jarvi et al. 1998) and 12-18% in Southern Europe
and India (Kanavakis et al. 1998; Grangeia et al. 2004; Sharma et al. 2009). However,
p.F508del is found in lower frequencies in CBAVD men from non-European popula-
tions. The IVS8-5T allele is found in similar frequency in Indian (25%) and Japanese
(30%) (Sharma et al. 2009; Anzai et al. 2000) or higher frequencies in Egyptians
(44%) and Taiwanese (44%) population (Lissens et al. 1995; Wu et al. 2004).
IVS8-5T is seen in 5% of general population and is reported in many countries where
CF was once considered as a rare disorder. Due to the limited studies in South Asian
populations, many of the common CFTR gene mutations are yet to be reported in
these populations. IVS8-5T allele is 5-8 times higher in CBAVD men than the gen-
eral population. Hence, it is the most common “mild” CFTR allele, present in at least
5% of general population worldwide (Bombieri et al. 2011). Studies have found that
34% of CBAVD men from European descent inherit at least one IVS8-5T allele
(Casals et al. 1992). However, due to mild pathogenicity, IVS8-5T allele alone or in
combination with other CFTR gene mutation cannot result in severe CF phenotype.
IVS8-5T causes alternative splicing of exon 9 of the CFTR gene and leads to
decreased levels of functional CFTR protein to develop isolated CBAVD phenotype
(Casals et al. 1992). It has been reported that Wolffian tissues are the most prone tis-
sues to splicing of exon 9, resulting in reduced full-length CFTR mRNAs as com-
pared to other tissues. IVS8-5T splicing variant also produces low transcript level of
full-length CFTR protein which is necessary for normal Wolffian tissues phenotype
(Teng et al. 1997). The vas deferens is most sensitive to reduced functional CFTR
protein due to the above mentioned mechanisms.

The IVS8-5T allele is known as a genetic modifier of p.R117H mutation when
associated in cis position. The IVS8-5T allele is considered a CBAVD mutation with
partial or incomplete penetrance. The efficiency of exon 9 splicing is influenced by
the (TG),, repeat which lies immediately upstream of the IVS8-T, tract (Cuppens
et al. 1998). Thus, chances of exon 9 skipping is higher in the presence of longer
IVS8-TG,, and shorter IVS8-T, repeats leading to misfolded and/or nonfunctional
CFTR protein (Cuppens et al. 1998). It has been found that CBAVD men have longer
IVS8-TG repeats (12 or 13) as compared to healthy men, who have shorter IVS8-TG
repeats (10 or 11) (Cuppens et al. 1998). Longer IVS8-TG repeats (IVS8-TG12 or
TG13) in cis with IVS8-5T were found to correlate with CBAVD or CFTR-RD
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disease status. Therefore, the polymorphic dinucleotide (TG),, repeats could be the
reliable predictor for the penetrance of IVS8-5T as a disease-causing allele. So far,
the pathogenicity of TG12-5T and TG13-5T is much higher than that of TG11-5T
allele. The TG,,T, allele represents a model of CBAVD “polyvariant mutant CFTR.”

Point mutations are extensively identified in the CFTR gene of CBAVD men.
Often, large rearrangements such as deletions or duplications within the CFTR
locus are also identified in 6-10% CBAVD cases, which is lower than the rearrange-
ments found in CF patients (15-25%). Overall, large rearrangements (null muta-
tions, classified as “severe”) represent <1% of CBAVD alleles, a lower proportion
than in CF, which reflects the higher contribution of severe alleles to the pathogen-
esis of CF (Bombieri et al. 2011).

9.6.2 CBAVD Having Renal Anomalies (CBAVD-URA)

CBAVD is associated with congenital malformations or agenesis of the upper uri-
nary tract in 12-21% of cases. The association of CFTR gene mutations with
CBAVD-URA is controversial as majority of cases failed to detect CFTR gene
mutation (Anguiano et al. 1992; Augarten et al. 1994; Casals et al. 1995; Mickle
et al. 1995; Schlegel et al. 1996; Dork et al. 1997; de la Taille et al. 1998; Claustres
et al. 2000; McCallum et al. 2001). As a result, CBAVD with renal malformation
was considered as a distinct clinical phenotype termed “CBAVD-URA” (McCallum
et al. 2001). There was no statistically significant difference in physical, laboratory,
and radiographic findings of the reproductive derivatives as well as in fertilization
and pregnancy rates between CF/CBAVD and CBAVD-URA (Robert et al. 2002).
The hypothesis that CBAVD-URA could be a separate clinical disorder is further
supported by the marked difference between the renal portions of the mesonephric
duct in the two cohorts. The physical separation between the two mesonephric duct
derivatives (seminal and renal) occurs by week 7 of gestation (Oates and Amos
1993). During embryonic development, the mesonephric duct gives rise to the vas
deferens, seminal vesicle, ejaculatory duct, and distal two-thirds of the epididymis,
while the ureteric part induces renal development. The genital ridge extends to form
the caput of the epididymis (which is present in men with CBAVD or CF) and the
testis. Any abnormalities at the embryonic developmental phase before week 7
could lead to abnormal development of the entire mesonephric duct resulting in
CBAVD-URA phenotype (Hall and Oates 1993; McCallum et al. 2001) or CUAVD-
URA phenotype (Donohue and Fauver 1989). By contrast, the genetic defect in
CBAVD-URA appears to affect the embryo after the division of the mesonephric
parts in the seventh week of gestation, so that only the seminal tract will be altered.
A few number of patients with CBAVD and URA have now been reported to be
heterozygous for a CFTR gene mutations (Mak and Jarvi 1996); the significance of
these mutations is undetermined as it could be in conjunction with the IVS8-5T car-
rier status found in the general population and the lack of investigations in large
number of CBAVD-URA patients. Hence, a complete family studies are required in
both the CBAVD and CBAVD-URA cohort to determine the genetic causes, the



142 R. Gajbhiye and A. Gaikwad

mode of inheritance, and the penetrance of genetic factors in CBAVD and nephro-
genesis. More studies are required to prove or disprove the association of CFTR
gene with CBAVD and renal anomalies.

9.6.3 Congenital Unilateral Absence of the Vas Deferens
(CUAVD)

Congenital unilateral absence of the vas deferens (CUAVD) occurs in less than 1/1000
men and hence is a rare condition. Mickle et al. (1995) defined CUAVD as the absence
of one of the scrotal vasa deferentia and considered as a clinically and genetically dis-
tinct phenotype. The frequency of ipsilateral renal agenesis is higher (40-80%) in
CUAVD and no CFTR gene mutations were detected (Mickle et al. 1995; Mak and Jarvi
1996; Weiske et al. 2000; McCallum et al. 2001; Kolettis and Sandlow 2002). A large
variation is observed in the clinical presentation of CUAVD. Surprisingly, patients could
be diagnosed of CUAVD during a clinical evaluation for vasectomy or other urologic
conditions. Others may be diagnosed due to infertility and azoospermia because of con-
tralateral testicular or Wolffian duct abnormalities. CUAVD exists as two different forms
with and without renal anomalies suggesting different pathophysiological processes.

9.6.4 Ejaculatory Duct Obstruction

It was suggested that azoospermia not related to vas aplasia may be in some cases
associated with CFTR gene mutations, including idiopathic forms of epididymal
obstruction (Jarvi et al. 1998; Mak and Jarvi 1996). Bilateral ejaculatory duct
obstruction (BEDO) was associated with a higher frequency of CFTR gene muta-
tions (Meschede et al. 1997; Mak and Jarvi 1996). In a study involving 16 men with
isolated anomalies of the seminal vesicles (IASV), only one was found to be hetero-
zygous for a missense mutation and one for the 5T allele, with a frequency not dif-
ferent from the general population, so that JASV was not considered a CFTR-related
entity (Meschede et al. 1997). The association of chronic bronchopulmonary dis-
ease with azoospermia due to a complete bilateral obstruction of the epididymis
characterize Young’s syndrome, but, in contrast to CBAVD or CF, there is no ana-
tomical malformation of the seminal ducts.

9.7 Infertility Management in CBAVD
9.7.1 Assisted Reproduction

Obstructive azoospermia (OA) is due to the blockage in sperm delivery pathway
occurring anywhere in the reproductive tract including the vas deferens, epididymis,
and ejaculatory duct. The most common etiology of OA is CBAVD, vasectomy,
failed vasoepididymostomy, post-infective epididymitis, and other irreparable
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obstructions (Chen et al. 1995; Mansour et al. 1997). Intracytoplasmic sperm injec-
tion (ICSI) with percutaneous epididymal sperm aspiration (PESA) is the treatment
of choice in men with OA due to CBAVD (Celikten et al. 2013).

It is a well-established fact that spermatogenesis is usually normal in majority of
CBAVD men (Meng et al. 2001). There are various techniques of sperm retrieval
such as microsurgical epididymal sperm aspiration (MESA) and testicular sperm
extraction (TESE) allowing biological paternity to CBAVD patients.

There is an increased risk of having a child with CF or CFTR-RD if female part-
ner of CBAVD is CF carrier. The percentage of 5T alleles in intron 8 of CFTR gene
was reported as 26.25% in CBAVD, 20% in CUAVD, and 5% in controls in Indian
population (Sharma et al. 2009). Thus, a male with CBAVD and F508del/7T alleles,
if partnered with a female of normal phenotype possessing the 9T/5T, according to
Mendelian expectation, provides a ratio of one in four embryos with F508del/5T
genotype, which would result in CF phenotype. The other three predictions would
be F508del/9T male having same phenotype as their father, i.e., CBAVD, 7T/9T
offspring of normal phenotype, and 7T/5T offspring having normal phenotype (in
females) and CBAVD (in males) (Persson et al. 1996). The evidence from follow-up
study of children born after ICSI in CBAVD couples suggested 16% increased risk
of CF or CBAVD suggesting the mandatory screening for CFTR gene mutations in
both the partners prior to ICSI (Bonduelle et al. 1998). The first pregnancy for a
couple in which the male partner was having CBAVD was reported in 1987 (Silber
et al. 1988). The initial IVF cycles yielded poor oocyte fertilization rates. Since
1993, ICSI is the treatment of choice for CBAVD patients. Although lower fertiliza-
tion (Patrizio et al. 1993) or lower embryo implantation (Hirsh et al. 1994) rates
have been reported in couples with CBAVD, the presence of CFTR mutations in
men with CBAVD does not seem to affect sperm function during IVF with micro-
manipulation (Schlegel et al. 1996; Silber et al. 1995). The success rate of ICSI in
CBAVD was reported to be around 31% per cycle and a “take-home baby rate” was
23% (Silber et al. 1990). The meta-analysis of the ICSI outcome suggested that
ICSI outcome is independent of whether retrieved spermatozoon is fresh, frozen,
epididymal, or testicular. However, it suggested a lower fertilization rate and high
miscarriage in CBAVD-CFTR as compared to acquired causes of obstructive azo-
ospermia (Nicopoullos et al. 2004). Liu et al. (1994) reported the first successful
PGD for a couple with CBAVD (both partners F508del heterozygous). Three carrier
embryos were transferred and a healthy boy was born. The data suggested that the
presence of CF- or CBAVD-causing CFTR gene mutations in CBAVD does not
compromise significantly in fertilization rates, embryo implantation rates, or the
successful delivery of asymptomatic child after PGD (McCallum et al. 2000;
Phillipson et al. 2000).

9.7.2 Genetic Counseling

Genetic counseling prior to ICSI provides an estimated risk of transmitting the CF
mutation from each of the parents. The probable CF or CFTR-RD phenotype of the
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offspring is calculated based upon the female partner’s genotype, the severity of the
mutation identified in the male partner, and the presence of intron 8 splice site vari-
ant. Even if the female partner is not detected to be a CF carrier by available CF
mutation panels, the risk of being a carrier of a missed mutation is 0.1%. The genetic
risk for couples having CFTR gene mutations to have a CF child is 1/4000 and
1/2000. The main rationale for CFTR testing in CBAVD, irrespective of the fact that
they will be using their sperm for ICSI, is that this information is important from the
point of genetic counseling regarding future health impacts of CFTR mutations as
well as counseling of the siblings regarding their risk of being CF carriers. Therefore,
men with CBAVD should be offered genetic counseling and CFTR testing. The
CFTR screening should also be carried out in female partner before undergoing
ICSI that utilizes the sperm of CBAVD partner.

9.7.3 Sperm Collection Techniques

9.7.3.1 Percutaneous Epididymal Sperm Aspiration (PESA)
PESA is used in obstructive azoospermia due to CBAVD. A small needle is inserted
in the scrotum and sperm are collected from the epididymis. Obstructive azoosper-
mia cases can be greatly benefitted from PESA as it is a useful technique to find
sperm in the male partner.

This can be done by two methods: (1) testicular sperm extraction (TESE), surgi-
cal biopsy of the testis, or (2) testicular sperm aspiration (TESA), sticking a needle
in the testis and aspirating fluid and tissue with negative pressure.

9.7.3.2  Microsurgical Epididymal Sperm Aspiration (MIESA)

MESA is a highly advanced sperm retrieval technique. The optimal area of the epi-
didymis is selected using operating microscope. The retrieved sperm are used for
intracytoplasmic sperm injection (ICSI). MESA is now considered as a gold stan-
dard for sperm retrieval obstructive azoospermia cases. High fertilization and preg-
nancy rates and low risk of complications are some of the advantages of MESA
(Bernie et al. 2013).

9.8  Our Experience

9.8.1 CFTR Gene Variants in Isolated CBAVD in Indian
Population

Due to the limited information in Indian population, studies were initiated through
NIRRH-ICMR, Mumbai. The andrology clinic at NIRRH is providing regular clini-
cal and laboratory services to males with obstructive azoospermia due to vas apla-
sia. Currently, the clinic has one of the largest cohorts of obstructive azoospermia
cases due to congenital absence of the vas deferens in India. Studies in Indian popu-
lation observed heterogeneous spectrum of CFTR gene mutations suggesting the
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need to develop population-specific CFTR gene mutation panel. We detected ten
novel and nine reported CFTR gene mutations in Indian CBAVD men (Gajbhiye
et al., unpublished data). Further studies are ongoing to carry out screening of larger
cohorts of CAVD representing different ethnic groups in India. Studies are also
being undertaken to functionally characterize the novel CFTR gene mutations
reported in Indian CBAVD.

9.8.2 CBAVD-URA

At NIRRH-ICMR, Mumbai, out of 85 CBAVD men, ten patients (11.76%) were
found to have unilateral renal anomalies (URA). We detected CFTR gene variants
in CBAVD having renal malformations. Congenital bilateral absence of seminal
vesicles (CASV) and CBAVD are uncommon anomalies, and such patients usually
have normal kidneys. Direct DNA sequencing of the CFTR gene in five CBAVD-
URA men detected ¢.1210-12[5] (IVS8-5T) mutation in four out of five CBAVD
males having renal anomalies with an allelic frequency of 40%. Four novel CFTR
gene variants (c.2751+85_88delTA, ¢.2752+106A>T, ¢.3120+529InsC, c.4375-
69C>T); four coding SNPs, V470M, T854T, P1290P, and Q1463Q; and ten previ-
ously reported CFTR gene variants were also detected in CBAVD males having
renal anomalies (Gajbhiye et al. 2016). Normally, in addition to prostatic secretions,
seminal vesicular secretions also contribute to the alkalinity of the ejaculate and
make up approximately 90% of fluid in ejaculate. Thus, patients having CASV and
CBAVD present with history of infertility, and usually patients with URA remain
undiagnosed until there is some pathology in the contralateral kidney.

Two CBAVD-URA patients in our study were found to have longer IVS8-TG
repeats (TG12 or TG13) in cis with 5T and M470V polymorphism. Previous studies
reported that M470V along with short poly-T (5T) and long TG-repeat tracks
(TG12, TG13) may contribute to CBAVD risk. This genotype was not detected in
normal male participants suggesting that longer TG-short T repeats in association
with M470V and other variants might be responsible for CBAVD-URA
phenotype.

9.9  Future Perspectives

Evidence suggests that CFTR-related male infertility is now well established. The
epidemiologic data also suggested variation in CF and CBAVD incidence by eth-
nic groups indicating that population-specific CFTR gene mutation database and
mutation panels should be used for CF or CBAVD men undergoing ICSI. The
major challenge is to identify disease-causing CFTR gene mutations in CFTR-
related male infertility. This would help us to understand the genotype—phenotype
correlation and provide accurate genetic counseling to the CF or CBAVD men
undergoing ICSI. Further research should be focused on screening large number
of infertile men due to vas aplasia and also to detect the CF carrier frequency in
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populations where CF or CF-related disorders (CFTR-RDs) were considered to be
low. Studies are also required to functionally characterize the novel ethnic-spe-
cific mutations. There is a great need to create awareness about the CF and
CFTR-RD worldwide. The genetic screening and counseling should be made
available through public health care, especially in low- and middle-income coun-
tries. The global network of clinicians, scientists, and policy makers shall be
established to provide standard care to patients having CF and CFTR-RD. The
international experts and NGOs should come forward and empower the health-
care providers in developing countries to diagnose and provide treatment to CF
and CFTR-RD patients.
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