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Study on occurrence of the IVS8-5T allele of the CFTR
gene in Ukrainian males with spermatogenesis failure
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Aim. To study the IVS8-5T allele of the CFTR gene and it is involvement in spermatogenesis failure in men
with azoospermia and oligozoospermia. Methods. The IVSS8-nT polymorphism was analyzed by PCR
followed by «A.L.F.-express» fragment analysis in the infertile men group, consisting of 113 azoospermic
and 217 oligozoospermic patients, and the control group of 150 fertile men with proven paternity. Results.
The frequency of the IVSS-5T allele among infertile males was higher than in controls. A statistically
significant difference (P < 0.05) was observed in the frequencies of the IVS8-5T allele in azoospermia
patients (5.3 %) when compared with the control group (2.0 %). Conclusions. The IVSS-5T allele of the
CFTR gene contributes to spermatogenesis failure and/or sperm maturation.
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Introduction. Many genes are likely to be involved in
the complex process of reproduction [1]. The main
genetic causes of male infertility are microdeletions in
the Y chromosome (4ZF region) connected with oligo-
zoospermia or azoospermia. Infertility, or at least
subfertility, in males with Cystic Fibrosis (CF) was
first suspected in the 1960s. Abnormalities in semen
parameters have also been identified in males with CF
and CBAVD (congenital bilateral absence of the vas
deferens) [2]. It were suggested that the frequency of
CFTR (cystic fibrosis transmembrane conductance
regulator) gene mutations in infertile males was signi-
ficantly higher than the expected CF carrier frequency
in the general population [3].

The CFTR gene contains 27 exons encompassing
~180 kb of DNA on chromosome band 7q31.2. The
CFTR gene encodes a transmembrane protein that
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forms a cAMP-regulated chloride channel. It is expres-
sed in epithelial cells of exocrine tissues, such as the
lungs, pancreas, epididymal glands, vas deferens and
seminal vesicles [4]. Three length variations of a poly-
thymidine tract within the splice acceptor site in the
introne 8 of the CFTR gene (GenBank accession no.
M55106) have been associated with variable efficiency
of the exon 9 splicing [5].

The most frequent CFTR mutation conferring a
mild phenotype found in CBAVD patients is the
IVSS8-5T allele [6]. IVS8-5T is one of the alleles found
at the polymorphic nT locus in the intron 8 of the CFTR
gene. A stretch of 5, 7, or 9 thymidine residues is found
at this locus. Less efficient splicing occurs when a lo-
wer number of thymidines are present, resulting in the
CFTR transcripts that lack the exon 9 sequences [7].

Alternatively, the spliced CFTR transcripts lacking
the exon 9 sequences are found in any individual, but
the extent varies depending on the alleles present at the
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nT locus. In individuals homozygous for the I[IVS8-5T
allele up to 90 % of the CFTR transcripts lack the exon
9 [7]. It has been shown that the CFTR transcripts la-
cking the exon 9 sequences result in the CFTR proteins
that do not mature [8, 9]. The IVS8-5T variant pro-
duces a lower level of the normal CFTR mRNA trans-
cripts than the 7T and 9T alleles and is associated with
disseminated bronchiectasis, CBAVD and epididymal
obstruction [7]. In addition to the classic CFTR muta-
tions, up to 40 % of CBAVD patients show the [VS8-
ST allele, thatis five thymidines tract within the intron
8 [6, 10, 11], which results in a reduction of the CFTR
gene splicing efficacy [7].

The aim of this study was to establish the as-
sociation between the IVS8-5T allele and defects of
spermatogenesis. For this we analyzed the IVS8-nT
CFTR gene polymorphism in infertile men.

Materials and methods. The analysis of the
IVS8-nT polymorphism of the CFTR gene was per-
formed in 330 infertile men from Ukraine (113 with
azoospermia — no sperm found in the ejaculate even
after centrifugation and 217 with oligozoospermia —
sperm count < 20 million/ml). All patients from
«ISIDA-IVF», «NADIJA» clinics and Institute of Ge-
netics and Reproduction were involved in ICSI
(intracytoplasmic sperm injection) program. The con-
trol group consisted of 150 fertile men of proven fer-
tility (have fathered at least one child each, paternity
being proven). Blood samples (5 ml) from both infer-
tile and fertile men were collected after their informed
written consent.

DNA was extracted out from the peripheral blood
leukocytes by standard phenol-chloroform extraction
methods using proteinase K («Fermentasy, Lithuania)
[12]. For DNA extraction and purification we used ep-
pendorf centrifuge 5415C («Eppendorf», Germany).

The CFTR mutation analysis was performed for 6
mutations: delF508, CFTRdele2,3 (21kb), N1303K,
R117H, 1677delTA and 621 + 1G-T as previously
described [13].

For the IVS8-nT polymorphism the PCR amplifi-
cation was performed with specific oligonucleotide
primers, as described by Chillon M. et al. [6]. The PCR
reaction was performed in a final volume of 25 ul
containing 1 x PCR buffer, 1.5 mM MgCl,, 200 MM of
each ANTP, 1 uM of each primer, 0.2 units of Taq-DNA

polymerase («Fermentasy, Lithuania) and 200 ng of the
DNA template.

The cycling conditions for the IVS8-nT polymor-
phism were as follows: initial denaturation at 96 °C for
4 min up to 5 cycles, consisting of denaturation at 96 °C
for 40 s, annealing at 66 °C for 40 s, extension at 72 °C
for 1 min 50 s, up to 23 cycles, consisting of dena-
turation at 95 °C for 30 s, annealing at 64 °C for 40 s,
extension at 70 °C for 1min 30 s, and final elongation
step at 72 °C for 3 min. For these experiments Applied
Biosystems GeneAmp PCR system 2720 Termal Cyc-
ler («Applied Biosystems», USA) was used. Electro-
phoresis of the PCR products was performed in 1.8 %
agarose gel.

For fragment analysis of the IVS8-nT polymor-
phism in an automated laser fluorometer «A.L.F.-exp-
ress» («Amersham Pharmacia Biotech», Sweden) the
Cy5-labeled PCR products were used. The PCR frag-
ment analysis was performed using the Fragment Ma-
nager Computer program (Fragment Manager Softwa-
re V2.1, «Amersham Pharmacia Biotech») (Fig. 1).

The statistical analysis was performed using
Genepop software [14]. Differences were considered
significant at P < 0.05 value of Fisher exact test.

Results and discussion. Genotypes and allele fre-
quencies of the IVS-nT polymorphism analyzed
among 330 infertile men are presented in Table.

In the patients’ group of we have found 21 indivi-
duals with the IVS8-5T allele in compound heterozy-
gosity with the IVS8-7T and IVS8-9T alleles. Two pa-
tients were identified as homozygous for the [IVS8-5T
allele. In the control group we have found 4 individuals
with the IVS8-5T allele in compound heterozygosity
with the [VS8-7T and IVS8-9T alleles. One patient was
identified as homozygous for the IVS8-5T allele.

It is important to note that genotypes which inclu-
ded the IVS8-5T allele were significantly prevalent
(P < 0.01) in patients with azoospermia (9.7 %) com-
pared to the control group (3.3 %) (OR =3.128, 95 %
CI 1.055-9.275). The frequency of the IVS8-5T allele
among infertile males was 3.8 %, 1.9-fold higher than
in the controls (2.0 %). A statistically significant diffe-
rence (P < 0.05) was observed in the frequency of the
IVSS8-5T allele in azoospermia patients (5.3 %) when
compared with the control group (2.0 %) (OR =2.748,
95 % CI11.015-7.437).
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Genotype and allele distribution among the infertile and control
groups

Azoospermia | Oligozoospermia Infertile Control

group. n (%) | groupn (%) | growpn (%) | group n (%)
Genotype
ST/ST  1(0.9) 1(0.5) 2006) 1(0.7)
ST/IT  5(4.4) 10(4.6)  15(46)  3(2.0)
ST/OT 5 (4.4) 1(0.5) 6(1.8)  1(0.7)
7TAT  81(TL7) 161 (74.2) 242 12583.3)
(73.3)
TTOT  16(142)  39(17.9)  55(16.7) 12 (8.0)
OT/OT 5 (4.4) 5(2.3) 103.00  8(5.3)
Allele
ST 12 (5.3) 1329  2538)  6(2.0)
7T (5315.39) 371 (85.5) (535";) 265 (88.3)
OT  31(13.7)  50(11.5)  81(12.3)  29(9.7)

Azoospermia group, n = 113; oligozoospermia group (n = 217);
infertile group (n = 330); control group (n = 150)

This increased IVS8-5T allele frequency in men
with azoospermia suggests that the CFTR protein could
be involved in the process of spermatogenesis or sperm
maturation. It could also play a crucial role in the deve-
lopment of the epididymis glands and the vas deferens
[15].

The IVS8-5T allele is known to give rise to an aber-
rantly spliced mRNA that mostly lacks the exon 9.
Such anomalous mRNA is translated into the abnormal
CFTR protein which cannot function as a CI” channel.
Therefore, men with the IVS8-5T variant in the non-
coding region of the gene would produce low level of
normal CFTR protein in the epididymis, especially in
homozygous mutant individuals [16]. Chillon showed
that the [VS8-5T allele was significantly more frequent
in the chromosomes of patients with CBAVD than in
the European general population [6].

In our study the proportion of the men with azo-
ospermia (part of which may have undiagnosed
CBAVD) who had the IVS8-5T allele (9.7 %) was
higher than that in the European general population
(5.2 %), and in our control group (3.3 %). Appro-
ximately the same percentage of the IVS8-5T allele
carriers was found in the men with CBAVD from dif-
ferent countries [17].
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Fig. 1. An example of analysis of the IVS8-nT polymorphism with
the use of «A.L.F.-express». Genotypes: / —5T/5T; 2-7T/9T; 3 —
ST/7T; 4—-5T/9T; 5 - 7T/7T; 6 — 9T/9T

Also, it has been shown that mutations of the CFTR
gene expressed in the proximal epididymis can lead to
agenesis of the distal epididymis and vas deferens [18].

The results of CFTR gene mutation analysis per-
formed in the group of infertile males (z = 330) show
that the delF508 mutation was found in 16 patients
(4.8 %), CFTRdele2,3 (21 kb) in 2 patients (0.6 %) and
R117H in 1 patient (0.3 %). It is important to note that
the R117H mutation was not found either in the general
population or in the group of CF patients from Ukraine
[13]. Therefore, the frequency of CFTR gene mutation
carriers in the azoospermia group (n=113) was 10.6 %.
The frequency of CFTR gene mutation carriers in the
infertile men (n =330) was 5.8 %. In our previous study
we showed that the total frequency of the CFTR gene
mutations in Ukrainian population (n = 621) was
0.97 % [13]. It is significantly lower (P < 0.01) than in
the group of men with spermatogenesis failure (n =
=330).

It has been shown that the compound heterozygotes
for the IVS8-5T allele and other CFTR mutation dis-
play a variable phenotype, ranging from normal to ma-
le infertility or nonclassic CF [17]. For example, when
the IVS8-5T allele is found in the compound hete-
rozygosity with a severe CFTR mutation, or even the
IVSS8-5T allele, the pathology such as CBAVD was
observed. The IVS8-5T allele, in combination with a
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single mutation in the other chromosome, is common in
CBAYVD and accounts for the observed Wolffian duct
abnormalities [19].

However, not all males who are compound he-
terozygous for the severe CFTR mutation and IVS8-5T
allele develop CBAVD. In our study four patients
(1.2 %) with azoospermia and oligozoospermia have
the CFTR mutation in combination with the ST/7T and
S5T/9T genotypes. Therefore, the results of this study
confirm that the IVS8-5T allele can be classified as a
disease mutation with partial penetrance [20] and a
high risk genetic variant for male infertility. This
suggesting is quite possible since the level of the CFTR
gene expression is very high in the cells from different
departments of male genital.

Conclusions. The prevalence of the IVS8-5T allele
(P < 0.05) and the CFTR mutation in males with
azoospermia, suggests that the CFTR protein may play
a crucial role in the spermatogenesis and/or sperm ma-
turation, independently of its functioning in the deve-
lopment of epithelial ducts such as the vas deferens.
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Hocnimxenns yactoru anens [VS8-5T rena CFTR B ykpaiHCBKUX

YOJIOBIKIB 13 MOPYILICHHSIM CIIEPMAaTOrCHE3Yy

Pesrome

Mema. [{ocnioumu anenv IVSSE-5T cena CFTR i tioeo 3anyuenHs 00
NOPYWEHHAM chnepmamozeHnesy y 4Y0N08IKI6 13 azoocnepmieo ma
onicozoocnepmieto. Memoou. 1VSS-nT-nonimopghizm ananizyeanu y
epyni 6e3nniOHux 4on08ikie, aAxy ckaaiu 113 nayienmis i3 azoo-
cnepmicto ma 217 nayicumis i3 onicozoocnepmiclo, ma 8 KOH-
mpoawHitl epyni, 00 axoi yeitwau 150 ¢epmurbnux 1on06iKig i3
niomeepodcenum oOamovkiscmeom, 3 euxopucmanuam IIJIP ma
¢ppacmenmuozo ananizy «A..L.F.-express». Pesynomamu. Yacmo-
ma noseu anens IVSS-5T cepeo be3nnionux 4onogikie oyna euwoio,
Hidc y konmponi. Cmamucmuuno 0ocmosipry pisnuyto (P < 0,05)
susnaveno 3a wacmomamu IVS8-5T-anens y nayicumis i3 azoo-
cnepmiero (5,3 %) nopisnsano 3 konmpoavrorw epynoio (2,0 %). Buc-
Hoexu. Anenv IVS8-5T cena CFTR cnpuse nopywennio cnepmamo-
2enesy i/abo 003pieanHio cnepmamosoiois.

Kurouosi crosa: yonogive 6e3nnioos, nopyuienns cnepmamoze-
nesy, IVS8-nT-nonimopgism.

0. A. ®@ecaii, C. A. Kpasuenxo, B. M. 3unyenxo, JI. A. JTuswuy

Hccnenopanue yactorsl ajmnenst IVS8-5T rena CFTR y ykpanHCKHX

MY KUHH C HApYIICHHEM CIIepMaToreHe3a

Pesome

Lenw. Usyuenue annens IVS8-5T eena CFTR u eco 6o6neuenue 6 Ha-
pyuwenue cnepmamozenesd y Myjucuun ¢ azoocnepmuel u oaue030-
ocnepmueu. Memoowvt. IVSS-nT-noaumopdusm uccredosanu 6
epynne 6ecnioOHbIX MydCcuuH, Komopyio cocmasunu 113 nayuen-
mog ¢ asoocnepmuen u 217 nayuenmog ¢ 01u20300cnepmuell, u KoH-
mponvHou epynne, kyoa eowau 150 ¢pepmunvHbix myoxcuun c
nOOMEePIHCOEHHBIM OMYOBCMEOM, ¢ ucnonvzosanuem I1L[P u ¢ppae-
menmnozo ananuza ¢ «A.L.F.-expressy. Pesynomamur. Yacmoma
nosaenenus 1VS8-5T-annens cpeou 6ecnnoouvix myoucuun Ovlia
eviute, yem ¢ konmpone. Cmamucmuyecku 00Cmosepnas pasnuya
(P <0,05) onpeoenena no uacmome 1VS8-5T-annensn y nayuenmos c
aszoocnepmueil (5,3 %) no cpasnenuio ¢ KOHMPOJIbHOU 2PYRNOU
(2,0 %). Boieoowt. 1VS8-5T-annenv cena CFTR cnocob6cmeyem na-
PYWeEHUIO cnepmamozenesd u/uiu 003pesanuio Cnepmanmo3’0udos.

Kurouegvie cnosa: myscckoe becniooue, Hapyuienue cnepmamo-
cenesa, IVS8-nT-nonumoppusm.
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