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Key Points

Congenital bilateral absence of the vas deferens (CBAVD) is a common
cause of obstructive azoospermia. CBAVD is seen in most men with cystic
fibrosis, while isolated CBAVD is frequently associated with mutations in
the CFTR gene.

CBAVD associated with renal anomalies is often due to causes other than
CFTR mutations.

There are over 2000 mutations of the CFTR gene, and there is considerable
ethnic variation. Population-specific mutation panels and mandatory
guidelines are required for Asian and African countries.

Unilateral absence of the vas (CBAVD) may be due to CFTR mutations or
may be due to other causes when it is associated with ipsilateral renal
agenesis.

In CBAVD, spermatogenesis is essentially normal, and pregnancy can be
obtained through ICSI using sperm aspirated from the epididymis or testes.
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Clinical Scenarios

Case 1

VN (29 years old) and SN (25 years old), an unrelated South Indian couple, pre-
sented with primary infertility of 2 years duration. There was no family or personal
history of cystic fibrosis. The semen analysis showed low volume (<1 ml), azo-
ospermia, and absence of fructose. On examination, testicular volume was normal,
and bilateral vasa deferentia were not palpable. Hormone profile was normal.
Transrectal ultrasound (TRUS) revealed congenital bilateral absence of seminal
vesicles (CASV) with small Mullerian duct cyst. Ultrasound (USG) of the abdomen
showed bilateral normal kidneys. After obtaining informed consent and providing
counseling, blood samples of both VN and SN were collected and processed for
CFTR gene mutations screening. Direct DNA sequencing of essential promoter,
entire coding regions, and splice sites of 27 exons of the CFTR gene were carried
out in male and female partner. VN was found to carry two mutations: a common
mutation associated with classical cystic fibrosis (CF) c¢.1521_1523delCTT
(F508del) and a novel CFTR mutation L578I. There was no family history of CF or
past medical history of any respiratory, pancreatic, or gastrointestinal symptoms
suggestive of CF. SN was found to be heterozygous carrier of A1285V, a novel
CFTR mutation detected in North Indian men with CBAVD [1]. The couple was
counseled and advised prenatal genetic diagnosis in view of the risk of having a
child with classic CF or CFTR-related disorders such as CBAVD.

Case 2

RS (28 year old) and PS (26 years old), healthy, unrelated, Gujarati Indian couple
married since one and half years, were referred for primary infertility. Semen analy-
sis showed azoospermia with absent fructose and volume < I ml. On scrotal exami-
nation, testes were normal, only the head of the epididymis was palpable, and
bilateral vasa were found to be absent. TRUS confirmed CASV. Abdominal USG
showed absence of right kidney with left ectopic kidney in pelvis on left side of
urinary bladder with mild compensatory hypertrophy. RS was diagnosed as CBAVD
with unilateral renal agenesis (URA). Direct DNA sequencing of essential pro-
moter, entire coding regions, and splice sites of 27 exons of the CFTR gene could
not detect CF or CBAVD causing mutations except 3 previously reported potential
regulatory coding CFTR gene variants (AGA haplotype) ¢.1540G > A V470 M (het-
erozygous), ¢.2694 T > G T854 T (heterozygous), c.4521G > A Q1463Q (homozy-
gous), and TG12-5T/TG11-7T (heterozygous). The female partner was not a CF
carrier. Genetic counseling was provided to the couple. Percutaneous epididymal
sperm aspiration (PESA) revealed good-quality motile sperm. The couple under-
went one cycle of ICSI; however, there was no pregnancy.
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Case 3

SS (28 year old) and RS (26 year old), healthy, unrelated Jain couple, presented with
3 years of infertility. Semen analysis indicated low volume, azoospermia with
absence of fructose. Scrotal examination revealed a thick, palpable right vas defer-
ens and a non-palpable left vas deferens. TRUS confirmed the absence of left vas
deferens and left seminal vesicle. Right seminal vesicle was markedly dilated, filled
with intraprostatic fluid. The right terminal vas was not identified. USG abdomen
showed absence of the left kidney with compensatory hypertrophy of the right
kidney. SS was diagnosed as congenital unilateral absence of vas deferens with
unilateral renal agenesis (CUAVD-URA). Blood samples of both SS and RS were
collected and processed for CFTR mutation screening. Direct sequencing of essen-
tial promoter, entire coding regions, and splice sites of 27 exons of the CFTR gene
could not detect CF or CBAVD causing mutations except c¢.1210-12[5] [5T] vari-
ant. The female partner was not a CF carrier. After providing counseling, the couple
underwent two cycles of ICSI resulting into live birth of a female child in the second
ICSI cycle.

Vas Aplasia

Congenital bilateral absence of the vas deferens (CBAVD) is associated with normal
spermatogenesis and obstructive azoospermia, involving a complete or partial
defect of the Wolffian duct derivatives [2]. CBAVD affects 2—-3% of all male infertil-
ity cases and is responsible for 25% cases of obstructive azoospermia [3-5]. The
etiology of CBAVD is not completely understood; however, there is a well-
established linkage between CBAVD, cystic fibrosis, and CFTR gene mutations [3,
6]. The human male internal genitalia originate from the paired Wolffian ducts
(WDs), which in the male embryo are stabilized by testosterone. The ducts develop
into separate but connecting organs, the epididymis, vas deferens, and seminal ves-
icles. During development at 6 weeks of embryonic growth, the WD opens to the
urogenital sinus at a site adjacent to the ureteral orifice (Fig. 13.1a). At 7-8 weeks,
there are discrete differences in the WD position along the mediolateral axis as well
as in the morphology of the urogenital sinus (Fig. 13.1b). At 8-9 weeks, the bilateral
upper angles of the urogenital sinus start upward growth toward the umbilicus.
During the ninth week depending on development of smooth muscles in the bladder
as well as rhabdosphincter muscles of the urethra, the descent of the vas deferens
becomes evident (Fig. 13.1c). At 10-11 weeks, a radical ascending development of
bladder smooth muscles as well as a developing prostate accelerates the descent of
the vas [7] (Fig. 13.1d). The effects of the CFTR mutations on the WD may occur
after the ninth week of development causing CF- or CFTR-related disorders
(CFTR-RD). In the embryo, the penetration of the metanephrogenic blastema by the
ureteric bud induces the development of the kidney. Any interruption of this process
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Fig. 13.1 Embryogenesis of male genitalia. (a) 6 weeks: WD Wolffian duct, MD Miillerian duct,
K kidney, U ureter, C cloaca. (b) 7-8 weeks: WD Wolffian duct, K kidney, U ureter, UGS urogenital
sinus. (¢) 8-9 weeks: WD Wolffian duct, K kidney, U ureter. (d) 10-11 weeks: VD vas deferens, E
epididymis, 7 testis, K kidney, U ureter, UB urinary bladder

before the complete separation of the WD and ureteric bud can result in renal agen-
esis (URA) and CUAVD, whereas interruption in the development of the WD after
the separation may lead to an isolated CUAVD [7].

Genetic Abnormalities in Vas Aplasia

The cystic fibrosis transmembrane conductance regulator (CFTR) gene was first
reported as causative factor in cystic fibrosis (CF) [8]. Almost 95% of CF men have
CBAVD [6]. CBAVD reported in infertile but otherwise healthy men (without CF)
is known as isolated CBAVD and is now classified as CFTR-related disorders [3].
There is a different spectrum of CFTR mutations in CBAVD and classical CF [9].
However, majority of CBAVD men (88%) have one severe and one mild CFTR
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mutation or two mild CFTR mutations (12%) but never carry two severe CFTR
mutations [3, 10]. The CFTR gene is located on the long arm of chromosome 7q31.2
and contains 27 coding exons that spread over 230 kb. Its 6.5-kb mRNA encodes a
1480-amino acid protein that regulates chloride channel in a variety of tissues [11,
12]. Any defect in CFTR gene contributes to abnormal electrolyte transport in the
epithelial cells of the respiratory tract, the pancreas, the intestine, the vas deferens,
the hepatobiliary system, and the sweat glands [13]. The CFTR mutations have been
traditionally classified into six classes based on clinical severity of CFTR mutations
(Table 13.1). Class I and II mutations are common, classes III and IV are uncom-
mon (1-5% of CF mutations), and class V and VI mutations are very rare (<1% of
CF mutations) [14]. CBAVD is typically caused by a residual function CFTR class
IV or V mutation, resulting in less than 10% of wild type CFTR function (Fig. 13.2).
Recently, De Boeck and Amaral suggested seven categories wherein classes I, II,
and III, and VII are defined as severe mutation, while classes IV, V, and VI are asso-
ciated with mild phenotypes [15].The traditional class I mutations have been divided
into class I (stop-codon mutations) and a new class VII mutation wherein there is no
mRNA transcription resulting in absence of the CFTR protein similar to the tradi-
tional class I mutation; however, it cannot be altered by drug therapy. Marson’s

Table 13.1 Classification of CFTR mutations

Effect on CFTR Functional CFTR

Class | Molecular defect Protein present Examples

1 Mutations cause Defective protein No Trp1282X,
premature stop codon to | synthesis Arg553X, Gly
prematurely stop the 542X
translation of mRNA

I Mutations cause Misfolded protein not | No/reduced Phe508del,
defective protein transported to surface Asn1303Lys,
processing and impaired Ala561Glu
trafficking

11T Mutations result in Reduced or lack of No (nonfunctional | Gly551Asp,
amino acid substitution | chloride channel CFTR present in Ser549Arg,
disrupting regulation of | opening apical membrane) | Gly1349Asp
channel

v Mutations cause amino | Misshaped pore Yes Argl17His,
acid substitution inhibits the flow of Arg334Trp,
resulting in a defectin | chloride ions through Ala455Glu
the CFTR structure that | the channel
forms a pore

\ Missense mutations Reduced normal Yes/reduced 3272-26A—G,
disrupt mRNA synthesis | protein synthesis 3849 + 10 C—>T
generating both normal | causing lesser protein
and alternative being transported on
transcripts the surface

VI Mutations increase Excess CFTR is Yes (unstable) 120del23,
production of protein at | unstable and degraded rescued
cell surface by cell machinery F508del, N287Y
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Fig. 13.2 Cystic fibrosis transmembrane conductance regulator (CFTR)-related male infertility

group proposed that CFTR mutation class VII is important and be retained as class
IA, which includes mutations with severe phenotype where corrective therapy is
unavailable, followed by classes IB to VI [16].

More than 2000 CFTR gene sequence variants have been reported since the dis-
covery of the CFTR gene [17], and there are three different CFTR databases — http://
www.genet.sickkids.on.ca/, http://www.umd.be/CFTR, and http://www.cftr2.org/
[18]. F508del is the most common severe mutation detected in CF and CFTR-RDs
with 50-80% frequency among Caucasians, while other known mutations occur
with a lower frequency (<6%) [3]. Additionally, mild variants in intron 9 (IVS9)
with poly thymidine 5, 7, and 9 affect the splicing of exon 10. The TG repeats
(TGm) located upstream to the poly T tract in IVS9 and the polymorphism
c.1408G>A, p. (Met470Val) (M470V) rs213950 in exon 11 (HGVS) have been
implicated in CBAVD [19, 20]. The frequencies of mutations have been reported to
vary with different geographical and ethnic variations [3, 5, 21]. Majority (95%) of
CF-CBAVD patients have mutations in the CFTR gene [22] as compared to isolated
CBAVD, wherein CFTR gene mutations are detected in 60—70% of patients [23].
Failure to detect CFTR abnormality in isolated CBAVD men could be due to limita-
tions of the mutation detection methods or due to etiology other than CFTR gene.
The most common CBAVD genotypes reported in European population are the
F508del in trans (located in two different chromosomes) with IVS8-5T (28%) and
F508del in trans with R117H (6%) [3, 22]. However, there is a variation in fre-
quency of most common CBAVD causing known CFTR mutations [F508del,
c.1210-12[5] (5T)] in CBAVD men residing in different geographical regions
(Table 13.2). Although there is significant variability in the frequency of F508del
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Té;?le 13.2 .E;hnic ) Country F508del (%) 5T (%)

e e (N =T K

CBAVD men Spain [29] 18 23
France [10] 22 19
Egypt [58] 2.5 43.7
Turkey [56] 2.9 19.6
Taiwan [59] 0 44.4
Japan [26] 0 29
China [60] 0 46.5
India [24, 58] 11 394

mutation in CBAVD men of different ethnic origins, the 5T variant is found to be
present at the same or very similar frequency in CBAVD men from Asia and Europe
[Indians, 25-39.4% [24, 25]; Japanese, 30% [26]; Turkish, 19.6% [27]; Iran, 25.9%
[28]; Spanish, 23% [29]; Portuguese, 27.4% [30]]. This evidence suggests that the
5T variant plays a role in the pathogenesis of CBAVD even in populations consid-
ered to have low CF incidence [3].

The identification of large rearrangements and deletions in the CFTR gene of
CBAVD patients with absence of mutations has become possible due to improved
techniques of mutation analysis [31-33]. Polymorphisms in genes such as
Tr2GFBI1 (transforming growth factor) and EDNRA (endothelin receptor type A)
may increase the penetrance of CBAVD-related mutations [34]. Mutations are
usually detected in 80% CBAVD cases; however, failure to detect mutations in the
remaining 20% indicates the involvement of genetic etiology other than CFTR
gene. Recently, a new pathogenic gene, ADGRG2, encoding the efferent duct and
epididymal-specific G protein-coupled receptor with an X-linked inheritance pat-
tern, has been reported in CBAVD patients who were negative for CFTR mutations
[2, 35, 36]. A study in a Chinese population indicated differences in the mutations
of the promoter region of the CFTR gene as compared to Caucasians. The homo-
zygous ¢.-966 T >G mutation state had the highest frequency, which reduced the
CFTR transcription level [37]. The use of next-generation sequencing (NGS) in
evaluating CBAVD men will further improve our understanding of the novel genes
that might be involved in the pathogenesis of CBAVD and related phenotypes [38].

Clinical Diagnosis of Vas Aplasia and Associated Subphenotypes

CFTR-related male infertility is subdivided into following subphenotypes:

(a) CBAVD
(b) CUAVD
(c) CBAVD-URA
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(d) Congenital absence of seminal vesicles (CASV)
(e) Bilateral ejaculatory duct obstruction (BEDO)

CBAVD

CBAVD is usually detected at adulthood during evaluation of infertility in otherwise
asymptomatic males or at the time of a surgical procedure as an incidental finding.
In CBAVD men, there is bilateral absence of the vas deferens along with the body
and tail of the epididymis and also bilateral or unilateral absence of seminal vesi-
cles. The head of the epididymis is present in all CBAVD cases and has normal
function [39]. In some of the CBAVD men, vasa deferentia may be palpable in the
scrotum, but during surgical exploration, a fibrous cord or a nonpermeable duct or a
blind-ending vas is observed [3]. Isolated CBAVD is now suggested to be a CFTR-
related disorder (CFTR-RD) though as per the latest consensus it does not fulfill the
diagnostic criteria for CF [3].

CBAVD can be easily diagnosed by a semen analysis showing azoospermia, low
seminal volume (<1 ml), low or absent fructose and low semen pH (<6.8) [3], and
an impalpable vas deferens on scrotal examination; however, there may be a delay
of 4.3 years in correct diagnosis of CBAVD as it can be overlooked by first investi-
gators [40]. Transrectal ultrasonography (TRUS) would usually reveal absent semi-
nal vesicles and ejaculatory ducts, though seminal vesicle-like structures can be
observed in 15% of men with vas aplasia and can be a cause of diagnostic confu-
sion. Abdominal and pelvic USG is required to diagnose abnormalities of the upper
urinary tract. In majority of CBAVD men, testicular volume and serum gonadotro-
phins levels are normal, and testicular biopsy shows normal or slightly defective
spermatogenesis [40].

CUAVD

CUAVD is a rare entity with a reported incidence of 0.5-1% and is often associated
with renal agenesis [41]. Due to the possibility of pregnancy because of the normal
function of the other vas deferens, it is likely that the incidence of CUAVD is under-
estimated [42]. There is a higher incidence of renal anomalies in CUAVD men than
in CBAVD men, with an absolute risk increase of 20.1% [43]. Renal anomalies in
CUAVD men are reported as malrotation of the solitary kidney, multicystic kidney,
ectopic kidney, and horseshoe kidney [44]. CFTR mutations were reported in
CUAVD with a lower frequency than in CBAVD [3]. Recently, Klinefelter’s syn-
drome (KS) cases were reported in association with CUAVD harboring CFTR gene
mutations including delta F508 in KS-CUAVD cases [45]. Recent meta-analysis
demonstrated a fairly high frequency of overall CFTR variants in CUAVD men with
very low frequencies of the heterozygous genotypes F508del/ST and F508del/
R117H [43]. Additionally, CUAVD men showed increased of 5T risk allele with a
15.5% frequency [43]. These observations suggest the need for detailed physical
examination and genetic screening in CUAVD patients.
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CBAVD Men Having Renal Anomalies (CBAVD-URA)

A proportion of CBAVD men (11-20%) suffer from concomitant urogenital abnor-
malities including unilateral renal agenesis [3]. Therefore, CBAVD or CUAVD men
should undergo ultrasound examination of the abdomen and pelvis for detection of
renal abnormalities. There is limited information on the exact mechanisms involved
in the etiology of CBAVD-URA. The role of CFTR gene mutations in this subset of
patients is questionable as majority of studies have failed to detect CFTR gene
mutations in CBAVD-URA [3, 46]. Genetic factors other than CFTR gene are sug-
gested to be involved in etiology of CBAVD-URA [3].

Congenital Absence of Seminal Vesicles (CASV) and Ejaculatory Duct
Obstruction (BEDO)

CBAVD men usually have bilateral or unilateral absence or hypoplasia of seminal
vesicles. CFTR gene mutations were detected in infertile men with BEDO and con-
comitant seminal vesicle anomalies suggesting CFTR gene abnormalities as molecu-
lar basis of the genital tract anomalies and the resulting infertility in this subset of
obstructive azoospermia [47]. The authors further suggested that BEDO with con-
comitant seminal vesicle anomalies to be considered as CFTR-associated disorder
confined to the male genital tract as there was considerable overlap of CFTR gene
mutations in CBAVD and in BEDO with concomitant seminal vesicle anomalies [47].
Infertile men with BEDO are now able to become biological fathers with the
support of assisted reproductive technologies [48]; however, such men and their
female partners should be provided genetic counseling and CFTR gene mutation
analysis to prevent the transmission of genetic abnormalities to the offspring.

CBAVD, Assisted Reproduction, and Genetic Counseling

Although majority of the CBAVD men show normal spermatogenesis on testicular
biopsy and sperm from CBAVD men are capable of fertilizing an egg, these men
were deprived of biological fatherhood until 1987. Since the caput of epididymis is
always present in CBAVD men, recent advances in assisted reproduction technolo-
gies as well as sperm retrieval techniques now allow these obstructive azoospermic
men to enjoy biological fatherhood. However, once the clinical diagnosis of CBAVD
is confirmed, counseling should be offered to the CBAVD male and female partner
to screen for CFTR gene mutations because of the high risk of transmitting CFTR
mutation(s) to the offspring. Silber and coworkers [49] documented the first preg-
nancy for a couple in whom the male partner had CBAVD. They utilized the micro-
surgical epididymal sperm aspiration (MESA) technique and in vitro fertilization in
1988. Since then, other techniques such as PESA (percutaneous epididymal sperm
aspiration), FNA (fine-needle aspiration), and TESA (testicular sperm aspiration)
have also been used to obtain sperm from men having CBAVD, and the advent of
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ICSI (intracytoplasmic sperm injection) dramatically improved fertilization and
pregnancy rates [6]. Kamal et al. reported no difference in the rates of fertilization,
clinical pregnancy, and miscarriage between CBAVD men (n = 434) and infertile
men having other causes of obstructive azoospermia (n = 687) [50]. This study also
reported similar rates of fertilization, pregnancy, and miscarriage with use of epi-
didymal spermatozoa and testicular spermatozoa for ICSI [50]. However, another
study suggested that CFTR mutations may lead to increased risk of miscarriage and
stillbirth and a reduced rate of live birth in CBAVD men compared with non-
CBAVD men [51]. Another study in Chinese men found no significant difference in
fertilization, implantation, or clinical pregnancy rates between CBAVD and non-
CBAVD patients who had PESA followed by ICSI, but there was a significantly
lower live birth rate and significantly higher miscarriage rate in CBAVD men as
compared to non-CBAVD men. The authors suggested that this increased risk of
miscarriage or stillbirth may be associated with the CFTR mutations [23]. Finally, a
10-year ICSI outcomes data analysis evaluating the impact of the quality of testicu-
lar spermatogenesis (as determined histopathologically) in CBAVD men suggested
that impaired spermatogenesis had a negative impact on early-stage biological out-
comes of ICSI [52].

The present American Society for Reproductive Medicine (ASRM), American
College of Obstetricians and Gynecologists (ACOG), and American College of
Medical Genetics and Genomics (ACMG) recommendation for genetic diagnosis or
risk prediction of CBAVD includes either expanded CFTR mutation testing or car-
rier screening for the 23 most prevalent CFTR mutations [53]. The CFTR mutation
panels are well characterized for Caucasians as compared to Asians, Africans, and
other populations. The existing CFTR mutation panels were derived from the data
of CF patients of Caucasian and Northern European descent and have limited utility
for CBAVD men of non-Caucasian origin. Additionally, there are large rearrange-
ments such as exon deletions, insertions, or duplications in 2% of CBAVD men,
which are undetected by standard sequencing analysis [54]. The role of modifier
genes TGFf-1 and EDNRA in development of CBAVD has also been reported [34,
55]. Recently, mutations in the ADGRG2 gene are reported in CFTR-negative
CBAVD men [2, 36]. Therefore, the current ASRM, ACOG, and ACMG recommen-
dations for genetic diagnosis or risk prediction of CBAVD have limitations, and
there is a need to develop regional guidelines based on the ethnic-specific CFTR
mutation screening, especially for the people of Asian and African origin.

Future Perspectives

Evidence suggests that majority of CBAVD is associated with CFTR gene abnor-
malities; however, there are limitations to the currently available CFTR screening
panels. Additionally, new information suggesting genetic involvement other than
CFTR needs to be taken into consideration while offering the genetic counseling to
the CBAVD men and female partners enrolled for an ART program. There is growing
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evidence suggesting similar incidence of CBAVD in Asian, African, and non-
European population to that of Caucasians. Therefore, larger studies should be con-
ducted in Asian, African, and non-European CBAVD populations to determine the
CFTR mutation spectrum and other genes involved in etiology of CBAVD. Similarly,
female CF carrier frequency should also be determined in these populations which
were once considered as having low incidence of CF and CFTR-RD. Regulatory
guidelines need to be framed and should be strictly implemented, especially for
Asian and African populations, on mandatory CFTR screening and genetic counsel-
ing before undergoing ART. This can be achieved with the support of the WHO and
international NGOs working for CF and CFTR-RD patients globally.

Also, CUAVD has been given less attention in clinical practice. Recent meta-analysis
demonstrated 5T and F508del as the most common CFTR abnormalities in CUAVD
men [43]. Additionally, if there is a delay in the diagnosis of CUAVD, it may lead to
increased mortality and morbidity due to urogenital defects [56]. Taking into consider-
ation the high frequency of renal anomaly risks in men having CUAVD, it is essential
to conduct imaging of urogenital system to improve the quality of life and also provide
whole exon/flanking sequencing of CFTR to avoid genetic risks to progeny [43].

Review Criteria

A thorough search of medical literature was done on genetics of vas aplasia
using the following search engines: PubMed, Google Scholar, Medline, and
Science Direct. The keywords “vas aplasia,” “genetics,” “cystic fibrosis,” “azo-
ospermia,” “CFTR,” “CBAVD,” “CUAVD,” “CFTR and renal anomalies,” and

“genetic counseling” were used for the study identification and data extraction.
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