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Abstract

Purpose Congenital aplasia of vas deferens (CAVD) is an atypical form of cystic fibrosis (CF) and causes obstructive azoosper-
mia and male infertility. Compound heterozygous variants of CFTR are the main cause of CAVD. However, most evidence
comes from genetic screening of sporadic cases and little is from pedigree analysis. In this study, we performed analysis in a
Chinese pedigree with two CAVD patients in order to determine the genetic cause of this familial disorder.

Methods In the present study, we performed whole-exome sequencing and co-segregation analysis in a Chinese pedigree
involving two patients diagnosed with CAVD.

Results We identified a rare frameshift variant (NM_000492.3: ¢.50dupT;p.S18Qfs*27) and a frequent CBAVD-causing variant
(IVS9-TG13-5T) in both patients. The frameshift variant introduced a premature termination codon and was not found in any
public databases or reported in the literature. Co-segregation analysis confirmed these two variants were in compound hetero-
zygous state. The other male members, who harbored the frameshift variant and benign IVS9-7T allele, did not have any typical
clinical manifestations of CF or CAVD.

Conclusion Our findings may broaden the mutation spectrum of CFTR in CAVD patients and provide more familial evidence that

the combination of a mild variant and a severe variant in trans of CFTR can cause vas deferens malformation.
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Introduction

The majority of males with cystic fibrosis (CF) are infertile
because of obstructive azoospermia caused by congenital bi-
lateral aplasia of vas deferens (CBAVD, OMIM: 277180) [1].
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CBAVD is the most common subtype of congenital aplasia of
vas deferens (CAVD) and may occur in an isolated form or in
company with other typical manifestations of CF. Another less
common subtype, congenital unilateral aplasia of vas deferens
(CUAVD), was found in 0.5~1% of males [2]. It has been
estimated that 1~2% male infertility [3] and nearly one quarter
of obstructive azoospermia [4] were caused by this reproduc-
tive disorder.

Cystic fibrosis transmembrane conductance regulator gene
(CFTR, OMIM: 602421) is the main genetic cause of CAVD.
It encodes a transmembrane CI™ channel responsible for anion
transport and fluid reabsorption, and is widely expressed in
the apical membrane cells of efferent ducts in the lung, pan-
creas, sweat glands, and vas deferens [5]. The dysfunctions of
CFTR, caused by many types of genetic variants or improper
molecular signaling, may result in abnormal fluid reabsorption
in the efferent ducts in male reproductive system and the ob-
struction of the vas deferens [6]. Adhesion G protein—coupled
receptor G2 gene (ADGRG2, OMIM: 300572) on chromo-
some X is an additional causative gene of CBAVD identified
[7] and replicated by recent studies [8—10]. Males with
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hemizygous variants of ADGRG2 manifested obstructive in-
fertility phenotypes similar to that observed in knock-out mice
[11]. Further experiments showed ADGRG2 and CFTR may
function in a complex formation that was critical for Cl /acid-
base homeostasis and fluid reabsorption in the efferent ducts
[12]. However, the exact mechanism of CBAVD still remains
elusive.

Variants in CFTR are the main cause of CAVD and CF, and
more than 2000 variants have so far been identified and doc-
umented in the CFTR2 database (https://www.cftr2.org/). It
was estimated by meta-analyses that 78% of CBAVD [3]
and 46% of CUAVD [13] patients harbor at least one variant
of CFTR but the frequency of carrying CFTR variants varied
between different populations. Several variants including p.
F508del, p.M470V, p.R117H, and ¢.1210-7_1210-6delTT
(IVS9-5T, formerly known as IVS8-5T) were found in a high
frequency in CAVD patients [14]. The bi-allelic combinations
of variants with different severities may lead to different clin-
ical manifestations [15, 16]. In general, CAVD patients with-
out any other manifestations of CF are caused by compound
heterozygous variants composed of one mild and one severe
variant or two mild variants in trans [14]. However, most of
the bi-allelic variants were reported in sporadic cases lacking
familial evidence of inheritance pattern, and only a few were
found in pedigrees [17, 18].

Here, we reported a Chinese pedigree with two congenital
aplasia of vas deferens (CAVD) patients who carried com-
pound heterozygous variants of CFTR, one rare frameshift
variant (NM_000492.3: ¢.50dupT;p.S18Qfs*27) inherited
from the father and one mild variant (NM_000492.3:
¢.1210-33_1210-6GT[13]T[5], also known as IVS9-TG13-
5T) inherited from the mother.

Materials and methods
CAVD pedigree

A Chinese pedigree with two CAVD patients were recruited
from the Affiliated Hospital of Zunyi Medical University (Fig.
1). The proband was 28 years old and referred to the hospital
for having been infertile for 2 years after marriage. Physical
examination showed an impalpable vas deferens of the left
side and an extremely thin vas deferens of the right side.
Semen examination showed a total absence of sperm, de-
creased volume (0.5 mL) and pH value (5.5), and normal
liquefaction time (30 min), while percutaneous epididymal
sperm aspiration (PESA) showed motile sperms in the epidid-
ymis. The patient had normal karyotype but no microdeletions
in the Y chromosome, normal serum follicle-stimulating hor-
mone (FSH, 4.4 mIU/mL), luteinizing hormone (LH, 7.4
mlU/mL), and total testosterone (TT, 21.86 nmol/L). He had
two normal kidneys. Therefore, this proband was diagnosed
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with congenital unilateral aplasia of vas deferens (CUAVD).
The other patient, 25 years old, claimed infertility for 1 year
after marriage. Physical examination showed impalpable bi-
lateral vas deferens. The results of other examinations were
similar to his brother (semen volume, 0.5 mL; pH, 6.0; lique-
faction time, 25 min; PESA: motile sperms; serum FSH, 10.9
mlU/mL; LH, 8.0 mIU/mL; TT, 20.1 nmol/L). The other
symptoms of CF were not found and bilateral normal kidneys
were present. Thus, he was diagnosed with CBAVD. Both of
the patients received in vitro fertilization treatment in our hos-
pital and gave birth to a boy and a girl, respectively.

We collected the peripheral blood samples from both pa-
tients, their parents and the son of the proband and extracted
the genomic DNA. Written informed consent was obtained
from all participants. This research was approved by the
Research Ethics Committee of the Affiliated Hospital of
Zunyi Medical University.

Whole-exome sequencing and validation

Whole-exome sequencing was performed on both patients
to identify the genetic cause. The exomes were captured by
SureSelect Human All Exon V5 Enrichment kit (Agilent,
USA) and parallel-sequenced on the Illumina Hiseq 4000
platform (Illumina, USA). Burrows-Wheeler Aligner
v0.7.15 was used to map the reads to human reference
genome (hgl9), and GATK v3.3.0 best practice was per-
formed to detect SNPs and indels. Finally, SnpEff was used
to annotate all the variants.

Two variants of CTFR were validated by Sanger sequenc-
ing in all family members with available DNA using the fol-
lowing primers: forward 5'-ACGTAACAGGAACCC
GACTA-3" and reverse 5'-GTGCCAAGAAGACA
ATCAAG-3" for ¢.50dupT, and forward 5'-GCTT
TGAAAGAGGAGGAT-3" and reverse 5'-CAAG
ACACTACACCC ATAC-3' for ¢.1210-33 1210-
6GT[13]T[5].

Results

By whole-exome sequencing, we identified two heterozygous
variants in CFTR shared by both patients. One was a frame-
shift variant (NM_000492.3: ¢.50dupT;p.S18Qfs*27,
rs397508714) that introduced a premature termination codon
downstream the variant and led to protein truncation. The
variant was totally absent from 1000Genomes (http:/www.
internationalgenome.org) or EXAC (http://exac.
broadinstitute.org), and was not documented in the CFTR2
database or reported in the literature. It had an extremely
low frequency of 0.009% as documented by the Kaviar
database (http://db.systemsbiology.net/kaviar/) which
incorporates high-throughput sequencing data from various
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projects. The other heterozygous variant was NM_000492.3:
¢.1210-33 1210-6GT[13]T[5] AVS9-TG13-5T for short, for-
merly known as IVS8-TG13-5T) in the boundary between the
9th intron and 10th exon, a known pathogenic variant of
CBAVD. We did not find any non-synonymous variants in
ADGRG?2.

Familial segregation analysis using Sanger sequencing
confirmed that these two variants in the patients were in
compound heterozygous state (Fig. 1). For the T inser-
tion, the patients and the father had a heterozygous vari-
ant and the mother was wild-type (Fig. 2a). For the
IVS9-(TG)m(T)n alleles in both chromosomes, the pa-
tients were TG11-7T/TG13-5T, the father was TG11-7T/
TG12-7T while the mother was TG12-7T/TG13-5T (Fig.
2b). Therefore, the patients inherited the T insertion from
the father and TG13-5T from the mother. Additionally,
the son of the proband carried a heterozygous T insertion
and had TG11-7T/TG12-7T on each chromosome.

Discussion

Although almost all of CF males are infertile due to obstruc-
tive azoospermia and CAVD is regarded as atypical form of
CF, CAVD can occur in isolation without any typical mani-
festations of CF. This may be caused by the difference in
alternative mRNA splicing or sensitivity to dysfunctional
CFTR protein between various organs [19, 20]. Therefore,
the mutation spectrums of typical CF and CAVD are

distinguished.
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TG11-7T/TG12-7T TG12-7T/TG13-5T
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Fig. 1 Pedigree structure of the CBAVD family. Black squares indicate
CBAVD patients. Arrow indicates the proband. WT wild type

The poly-T polymorphism in intro 9 of CFTR, IVS9-(T)n,
is commonly found in CAVD patients. IVS9-5T, the shortest
form of (T)n, may alter the splicing pattern of exon 10 and
result in the skipping of exon 10. It is considered a pathogenic
variant with incomplete penetrance [15]. (TG)m, another
polymorphism adjacent to (T)n, can increase the penetrance
by reducing the splicing efficiency of exon 10, especially in
the presence of longer TG repeats in cis with shorter T repeats.
Analysis of CFTR transcripts showed that TG13-5T allele had
the lowest level (less than 10%) of exon 10 intact, followed by
TG12-5T [21]. The other (TG)m(T)n polymorphisms, includ-
ing TG12-7T and TG11-7T that are the most common alleles
in the general population, had high exon 10 splicing efficiency
[21]. The skipping of exon 10 on both chromosomes results in
dysfunctional CFTR protein without channel activity and
causes the malformation of the vas deferens. However,
CAVD patients with IVS9-TG13-5T may not have lung prob-
lems. It was found that, in bronchial epithelial cells, even a
low level of normal CFTR transcripts was sufficient for the
maintenance of normal airway function, suggesting a high
tolerance of lung tissue to dysfunctional CFTR protein [22].

In CAVD patients, [IVS9-TG13-5T allele is usually accom-
panied with a mild or severe variant in trans. Radpour et al.
detected one mutation (missense, nonsense, in-frame deletion,
or splicing site) combined with one TG13-5T allele in 28 out
of 112 CBAVD patients and with one TG12-5T allele in 4
patients [21]. Groman et al. found the combination of a
TG13-5T allele and a severe CFTR mutation had 34.0 times
of pathogenicity than TG11-5 T [23].

In present study, we identified a rare mutation
(NM_000492.3: c.44_45insT;p.S18Qfs*27) leading to a trun-
cated protein of which only a small proportion of the N-
terminal retained. Co-segregation analysis confirmed that both
patients harbored one frameshift variant in trans with the
IVS9-TG13-5T allele, which may result in extremely low ex-
pression of functional CFTR protein and cause CAVD. This
frameshift, causing a null variant (PVS1) at extremely low
frequency in public databases (PM2), being in trans with a
known pathogenic variant IVS9-TG13-5T (PM3) and in co-
segregation with CAVD in the family with two affected pa-
tients (PP1), should be classified as a pathogenic variant ac-
cording to the ACMG guideline [24] and considered as a
severe variant. Similar pathogenicity class related to this var-
iant has been given in the Varsome database (https://varsome.
com/variant/hg19/NM_000492.3%3Ac.44 45insT). The
father and the son of the proband, although also having the
frameshift variant, carried the TG11-7T/TG12-7T genotype.
They did not have any clinical manifestations of CF or CAVD
as they had only one copy of severe variant but no IVS9-5T
allele. This is in accordance with previous conclusions that
only one copy of pathogenic variant of CFTR is not sufficient
to cause CAVD and that the combination of a frequent variant
with a rare variant may be the main cause of this disorder [14,
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Fig. 2 Validation of both variants of CFTR among family members by Sanger sequencing

25]. However, most of previous studies were performed in
sporadic cases and the compound heterozygous state of two
CFTR variants they identified cannot be confirmed if the DNA
samples from parents were unavailable. Together with the
present study, several studies have reported evidence from
pedigrees comprising multiple CAVD patients and confirmed
the compound heterozygous state of CF7TR variants [18]. The
pedigrees may provide more evidence to classify the pathoge-
nicity class of the variants identified.

In addition to the aplasia of vas deferens, renal agenesis
was not found in both patients. Renal agenesis is a usual com-
plication of CAVD and is more frequent in CUAVD (26.8%)
than in CBAVD (6.7%) [13]. However, there was significantly
a lower frequency of CFTR variant in CUAVD patients with
renal agenesis than in those without renal agenesis [26], indi-
cating that CFTR variants may not be the genetic cause of
renal agenesis in CAVD patients.

Conclusion

In conclusion, we identified a rare frameshift variant in trans
with the IVS9-TG13-5T allele of CFTR in a Chinese pedigree
with two CAVD patients. Our findings have broadened the
CAVD-associated mutation spectrum of CFTR and provided
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more familial evidence of the pathogenicity of compound het-
erozygous variants of CFTR.
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