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MUTATIONS IN CFTR GENE AND CLINICAL CORRELATION IN ARGENTINE PATIENTS WITH
CONGENITAL BILATERAL ABSENCE OF THE VAS DEFERENS
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Abstract Congenital bilateral absence of the vas deferens (CBAVD) is a form of male infertility in which
mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene have been iden-
tified. Here we identify different mutations of CFTR and the poly-T variant of intron 8 (IVS8) in Argentine patients
and analyze sweat test values and clinical characteristic related to Cystic Fibrosis (CF). For counseling purposes
the two most frequent mutations in Argentine CF population: AF508 and G542X were screened in wives. In all
cases, it was possible to reduce the risk of CF/CBAVD descendants in these couples because none of the muta-
tion were found in the 36 samples. Eight patients (23%) showed abnormal chloride values (> 60 mmol/l). A sec-
ond group of 6 patients (18%) had borderline values of sweat chloride (40-59 mmol/l). We defined another group
with 6 patients (18%), with normal sweat chloride levels (30-39 mmo/l) and a fourth group of 14 (41%) patients
with sweat chloride below 30 mmol/l. AF508, the most frequent CF mutation in the Argentine population, was found
on 15 of the 72 chromosomes (21%), R117H mutation was detected on 2 of 62 chromosomes (3%). Only one
R347P allele was found on 28 chromosomes analyzed (2%). On a sample of 27 patients, IVS8 analysis showed a
frequency of 6/56 chromosomes (11%) of 5T allele. Even though these findings present an improvement in the
detection of mutations related to clinical correlations in Argentine CBAVD population, the search for other com-
mon and uncommon mutations should be continued.

Key words: cystic fibrosis, CBAVD, CFTR, vas deferens, male infertility

Resumen  Correlacién de las caracteristicas clinicas con mutaciones del gen CFTR en pacientes ar-
gentinos con ausencia bilateral congénita de vasos deferentes. La ausencia bilateral congénita
de vasos deferentes (CBAVD) es una forma de infertilidad masculina en la que se han identificado mutaciones en
el gen de la conductancia transmembrana de la fibrosis quistica (CFTR). Hemos estudiado en pacientes argenti-
nos diferentes mutaciones en el CFTR y la variante poli T del intron 8 (IVS8) y analizado los valores de test del
sudor y las caracteristicas clinicas relacionadas a la Fibrosis Quistica (FQ). Para el asesoramiento genético se
han estudiado en las esposas de estos pacientes, las dos mutaciones mas frecuentes en la poblacién FQ del
pais, AF508 y G542X. Como no se encontraron mutaciones, el riesgo de descendencia CF/CBAVD fue reducido
del 2 al 0.7%. Ocho pacientes (23%) presentaban test del sudor anormales (> 60 mmol/l). Un segundo grupo de
6 pacientes (18%) presentaron valores dudosos (40-59 mmol/l). Hemos definido un tercer grupo de 6 pacientes
con valores normales de test del sudor (18%), comprendidos entre los 30 y 39 mmol/l, y un cuarto grupo de 14
pacientes (41%) con valores de cloruro en sudor inferiores a 30 mmol/l. La mutaciéon més frecuente en la pobla-
cioén CF argentina, AF508, fue encontrada en 15 de los 72 cromosomas (21%) analizados, la R117H fue encon-
trada en 2 de los 62 cromosomas estudiados (3%). Un Unico alelo R347P fue encontrado en los 28 cromosomas
analizados (2%). De los 27 pacientes a los que se les estudi6 el tracto VS8, 6/56 cromosomas (11%) presenta-
ban el alelo 5T. Si bien estos hallazgos representan un avance en relacion a la deteccion de mutaciones
correlacionadas con los sintomas clinicos en la poblacion CBAVD argentina, se debe continuar la biusqueda de
otras mutaciones comunes y raras con el fin de establecer una conducta terapéutica en estos pacientes.
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Congenital bilateral absence of the vas deferens
(CBAVD) occurs in 1-2% of men with infertility*. Obstruc-
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tion of the Wolffian ducts results in the absence or atro-
phy of the vas deferens, epididymal body and tail, semi-
nal vesicles and ejaculatory ducts?. CBAVD is an obstruc-
tive azoospermia, inherited in an autosomal recessive
way*#. Although isolated CBAVD is considered a distinct
clinical entity®; it was suggested in 1971 that some males
with CBAVD might have a mild form of Cystic Fibrosis
(CF)®. This hypothesis was corroborated after the identi-
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fication and cloning of the cystic fibrosis transmembrane
conductance regulator (CFTR) gene’. The observation
that mutations in the CFTR gene are present in men with
CBAVD has led to the proposal that CBAVD may be a
primary genital form of CF®°. The classic form of CF is a
disorder characterized by chronic pulmonary disease,
pancreatic exocrine insufficiency, elevated concentrations
of electrolytes in sweat, infertility in males (95% incidence)
because of obstructive azoospermia®®.

Different reports have shown a high frequency of CFTR
mutations in CBAVD patients!**4. The 5T allele in intron
8 of the CFTR gene leads to a higher proportion of mMRNA
transcripts lacking exon 9 than the two others alleles, 7T
and 9T. The 5T variant is a mutation frequently associ-
ated to the CBAVD phenotype®®. However, many studied
CBAVD patients did not seem to carry mutations in both
copies of the gene. This may be explained by the high
molecular heterogeneity of CBAVD and the different spec-
trum of CFTR mutations when compared with CF pa-
tients?s.

At present, for Latin American populations, there is
not enough data on the molecular basis of CBAVD. The
ethnic origin of the Argentine population is heterogene-
ous and geographically unevenly distributed'’. Currently,
no information is available about the real frequency and
distribution of mutations in the CFTR gene of CBAVD
Argentine patients. For these reason, the purpose of this
study was to investigate the prevalence of 12 of the most
frequent CF mutations and the 1VS8 polymorphism in
Argentine CBAVD patients, and the most distinctive CF
clinical characteristics, including the sweat test and pos-
sible correlations with their genotype.

Moreover, patients with CBAVD are infertile because
of obstructive azoospermia. Assisted reproduction tech-
niques allows these patients to inseminate'®. Men with
CBAVD, however, have an increased risk of CF if their
partners also carry a CF mutation. Therefore to render
more accurate counseling, we screened the two most fre-
guent mutations in Argentine CF population: AF508% and
G542X?% in wives.

Materials and Methods

Patients

Our study group comprised 36 unrelated infertile men (35
CBAVD and 1 CUAVD, congenital unilateral absence of vas
deferens) undergoing fertility treatment (since July, 1997 un-
til April 2001) who were diagnosed as having obstructive
azoospermia. All patients were found to have absence of the
vas deferens by scrotal exploration and clinical observation
of impalpable vasa. Absence of seminal vesicles was con-
firmed in most cases by biochemical semen analysis (lower
concentration of fructose, low volume, and low pH). The pa-
tients were 26-50 years of age (average 34.6) and were born
in Argentina. None of them had a familial history of cystic fi-
brosis.
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We also included the 36 wives of the patients, who also
had no familial history of cystic fibrosis.

Sweat tests

Sweat test were performed using iontoforesis with pylocarpine
stimulation?’. In most of the patients it was possible to deter-
mine the chloride and sodium ion concentrations (Table 1).

Clinical picture

Respiratory and gastrointestinal symptoms as well as a fa-
milial history of CF, were reported using a model question-
naire.

Mutation analysis

Genomic DNA was extracted from peripheral blood leukocytes
by standard procedures??. The AF508 (exon 10), G542X (exon
11) and N1303K (exon 21) mutations were detected by allele
specifics - polymerase chain reaction AS-PCR method?.

To identify other cystic fibrosis mutations in this patients,
amplification of exons 4, 7, 11, 19 and 20 and the flanking
sequences were performed by PCR as previously described
by Zielinski?*. After amplification, R334W, R347P (exon 7),
G551D, R553X (exon 11), and R1162X (exon 19) mutations
were identified by restriction enzyme analysis as previously
described by Gasparini? 26 and Shrimpton?’.

The intronic mutation 3849 +10Kb C - T was analyzed as
described by Highsmith?®.

R117H (exon 4), 1717-1G - A (intron 10) and W1282X
(exon 20) were identified by hybridization with allele specific
oligonucleotides??. The probes sequences were obtained from
Shrimpton?” and Kerem?.

The technique of detection of the CFTR intron 8
polypirimidine tract length variants was modified from Chillon?®.

Statistical analysis

Differences between frequencies were tested by the X? statis-
tic with Epi-info program for personal computers (version 6).

Results

The results of clinical and genetic data of the 36 patients
(35 CBAVD and one CUAVD) are summarized in Table 1,
where the patients have been listed in decreasing order of
average of two independents sweat chloride levels.

Sweat test and clinical picture

Sweat test was performed on 34 of the 36 patients, with a
mean CI value of 42.4 mmol/l (range 13.5-105 mmol/l)
and a mean Na* value of 46 mmol/l; (range 17-118 mmol/
), Na* was measured in 30 patients. The sweat test is
considered positive for CF when the chloride concentra-
tions is higher than 60 mmol/I*°. Borderline values are
between 40-59 mmol/l. Although values lower than 39
mmol/l are considered normal. Our results allow us to
discriminate among four groups with respect to sweat
chloride levels.
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TABLE 1.— Summary of the clinical and genotype findings in a population of 34 CBAVD and one CUAVD patients

Patients Sweat test Genotype
Age CI- (mmol/L) Na*(mmol/L) CF Mutation IVS8 (poly Clinical symptoms
T variant)

29 108 102 92 91 AF508/- 7TI7T Bronchiectasias + pancreatitis

34 82 nd 118 nd AF508/- 9T/9T Recurrent bronchial infections

35 80 79 60 65 AF508/- nd Respiratory allergy + sibilances

36 79 nd 75 nd AF508/- 9T/9T No symptoms

33 78 77 79 90 -/- nd Apnea

46 74 70 72 70 N1303K/- nd Pneumonia, diarrhea, Nasal
polyposis/ CUAVD

38 66 63 72 65 AF508/- 5T/5T No symptoms

45 67 54 59 49 AF508/- nd Pneumothorax + reflux

40 58 56 45 54 AF508/- 9T/9T No symptoms

30 59 54 47 42 -/- TTI7T Respiratory allergy, surgery
nose

36 49 52 45 49 AF508/- nd No symptoms

30 48 44 42 45 -/- TTI7T No symptoms

42 49 46 43 50 R347P/- 9T/9T Recurrent bronchial infections

30 42 39 38 38 AF508/- 5T/9T No symptoms

42 41 37 44 35 -/- nd Asthma, Gastrointestinal
problems

36 37 36 43 36 AF508/- 7T/9T Respiratory allergy

30 36 35 28 31 AF508/R117H 7TI9T No symptoms

36 38 31 30 21 AF508/- 5T/9T No symptoms

37 31 nd 28 nd R117H/- 7TI7T Bronchospasms sibilances

50 35 26 39 40 AF508/- 7T/9T Recurrent bronchial infections

26 31 27 35 27 -/- nd Adenoids

32 26 30 18 29 AF508/- 7TI9T No symptoms

29 28 nd nd nd -/- TTI7T Recurrent bronchial infections

30 33 22 42 30 -/- 9T/9T Recurrent bronchial infections

32 23 25 29 36 -/- TTI7TT Diarrheas

29 27 21 nd Nd -/- TTI7TT No symptoms

37 27 20 35 29 -/- 5T/9T No symptoms

33 26 21 30 31 -/- TTI7T No symptoms

31 23 23 31 30 -/- TTI7T No symptoms

28 25 21 28 27 -/- 5T/9T Rectal prolapse + colds

35 24 22 23 22 -/- TTITT Sinusitis

32 17 16 18 16 -/- TTI7T No symptoms

29 17 11 nd nd -/- TTI7T No symptoms

40 15 12 nd nd -/- TTITT Bronchitis

nd nd nd nd nd AF508/- nd nd

nd nd nd nd nd -/- nd nd

nd: No determinate. -/-: mutation not found

The sweat test was abnormal in 8 of 34 patients
(23%). Seven of these, presented at least one mutation
(88%). One patient was 5T/5T homozygous. The patient
with the higher sweat test value (108-102 mmol/l) had
chronic pancreatitis and bronchiectasis. The others 5

patients, who presented clinic symptoms of CF, pre-
sented pulmonary symptoms such as pneumothorax and
recurrent bronchial infections. The CUAVD patient was
included in this group because he had chloride value of
72 mmol/l (74-70 mmol/l).
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A second group of 6 patients (18%) had borderline
values of sweat chloride. Four of these patients had at
least one mutation. Only one patient presented the 5T
allele of the IVS8 polymorphism.

We defined another group with 6 patients (18%), with
normal sweat chloride levels (30-39mmo/l) Five of them
had at least one CF mutation. In this group it was possi-
ble to perform the complete genotyping of one patient,
AF508/R117H, who did not have any CF symptoms. Four
of the 6 patients in this group reported respiratory prob-
lems.

The last group of 14 (41%) patients had a sweat chlo-
ride below 30 mmol/l, and only one patient with 28 mmol/l
(30-26 mmol/l) had a CFTR AF508 mutation.

Two patients could not, or refused to, undergo the
whole protocol.

Recurrent respiratory problems only, including bron-
chitis, sinusitis, nasal polyps, etc, were detected in 13/34
patients (38%). Gastrointestinal disorders only, in gen-
eral recurrent diarrheas, were referred by 1/34 patients
(3%). Both, respiratory and gastrointestinal symptoms
were referred by 5/34 patients (15%).

Biochemical analysis and urogenital abnormalities

All patients were found to have absence of the vas defer-
ens by scrotal exploration and the clinical observation of
impalpable vasa. The patient with CUAVD, had the other
vas disrupted by traumatic inflamation.

Azoospermia was present in all patients. Semen analy-
sis showed all volumes < 1 ml, pH < 7.0, fructose < 8
mmol/l and citrate < 10 mmol/l, in accordance with previ-
ous reportstt.

Genetic analysis

Of the 36 patients with CBAVD screened for mutations in
the CFTR gene, 20 (55%) had at least one CFTR muta-
tion.

The overall frequency of CF mutations detected AF508,
which was found on 15 of 20 patients with a detectable
mutation (75%); AF508 is also the most frequent CF
mutation in the Argentine CF population'®. The other
mutations found were: R117H in 2 of 31 patients screened,
one combined with AF508 and R347P in one patient. The
presence of the 5T polymorphism was found in 6 of the
27 patients with CBAVD (22%), one of them homozygous,
5T/5T. The patient with CUAVD had the N1303K muta-
tion (Table 1).

For counseling purposes the two most frequent muta-
tions in Argentine CF population: AF508 and G542X were
investigated in the CBAVD patient’s wives, but no muta-
tion was found in any of the 36 samples.
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Discussion

In the present study we describe the genotypic and clini-
cal phenotypic characteristics of an Argentine CBAVD
population. More than half of the patients with CBAVD
(54%) and the patient with CUAVD had at least one de-
tected CFTR mutation.

Previous studies screening for CFTR gene mutations
in CBAVD patients have reported different frequency of
patients having one or two mutations'*4. However our
results completely agree with Attardo® in Sicilian popula-
tion. Using the same panel of mutations, we identified
two mutations in 57.6% of the patients with CF coming
from the same geographical area, a single mutation in
34.4% and no mutation in the remaining 8%. AF508 is
the most frequent CF mutation worldwide®! and in Argen-
tina (64%)*° and is also the most frequent CFTR muta-
tion in our CBAVD patients (21%), followed by R117H
present in two of the 58 chromosomes screened (3.5%).
R117H has been found with elevated frequency in these
patients®* *. This mutation has not been reported previ-
ously in patients with CF in Argentina. R117H and the
R347P were detected in this study for first time in Argen-
tine CF or CBAVD populations.

A single nucleotide substitutions may have a profound
effect on the splicing efficiency inducing both exon inclu-
sion and skipping. The changes in the splicing pattern
were modulated by the composition of the polimorphic
TG/T locus in intron 8%. The variant 5T, an important
pathogenetic factor for CBAVD, was present in five of the
27 patients analyzed (18.5%), one of wich was ho-
mozygous.

All patients with CBAVD came for evaluation of infer-
tility, and no other symptoms were referred spontane-
ously. However, an accurate evaluation of the history of
the patient revealed that many patients with CBAVD had
suffered from or were at the time complaining of distur-
bances similar to those commonly encountered in pa-
tients with CF. In our sample seven patients (21%) and
the CUAVD patient had an abnormal sweat test and six
CBAVD (18%) had borderline values. Respiratory prob-
lems like nasal polyps and recurrent bronchial infections
were reported by 38% of the patients, digestive altera-
tions were described by 3%, and both respiratory and
digestives simultaneously by 15% of CBAVD. Eighty per-
cent of patients with sweat test over 30 mmol/l had at
least one CF mutation. Only two patient AF508/- were
not included in this group, one with a chloride value of
28 mmol/l (30-28 mmol/l), no sweat test was available
for the other.

A proportion of 10-30% of CBAVD males with no de-
tectable CFTR mutation have been noted by others'* 1
1535 Argentina has an ethnic mixture with a Mediterra-
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nean profile. Accordingly mutations that appear princi-
pally in Spain and Italy should receive special emphasis
in genetic analysis. However, a significant contribution of
native CF alleles should be considered in the characteri-
zation of CFTR gene in Argentine CBAVD patients.

Genetic counseling remains difficult in couples with
CBAVD infertility due to the wide spectrum of mutations.
When we screened for the two most frequent mutations
in the Argentine CF population in the patient’'s wives, it
was in all cases to reduce the apparent risk of descendans
CF/CBAVD in these couples. Based in the Bayes theo-
rem, as in our area the prevalence of CF carriers is about
0.04, since our routine panel in women covers 67% of
CF mutations, we predict a risk a priori of a CF offspring
equalto 1 x 0.04 x 0.5 =0.02, or a combined risk of 1 x 1
x 0.5 = 0.5 when the female partner is positive and 1 x
0.0135 x 0.5 = 0.007 when she is negative for AF508 or
G542X mutations.

These data provide a better characterization of CBAVD
patients in Argentina; however, the search for other com-
mon and uncommon mutations should be continued.
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There is a special truth about science that seems not to be widely appreciated. The success of sci-
ence requires individual talent, but it is driven by personal values. Preeminent among these values is
honesty. Scientists depend on the truthfulness of their colleagues. Each of us builds our discoveries on
the work of others. If that work is false, our constructions fall like a house of cards and we must start all
over again. Little wonder, then, that science places high value on the reproducibility of discoveries.

Hay una cierta verdad asociada a la ciencia que no parece ser generalmente apreciada. El éxito de
la investigacion requiere talento individual, pero este Ultimo esta determinado por los valores personales.
De estos, la honestidad es preeminente. Los investigadores cuentan con la veracidad de sus colegas.
Cada uno de nosotros construye sus descubrimientos sobre el trabajo de los demés. Si ese trabajo es
falso, nuestras construcciones se derrumban como un castillo de naipes y tenemos que empezar todo
de nuevo. No es sorprendene, entonces, que la ciencia ponga un valor muy alto en la reproducibilidad

de los descubrimientos.

J. Michael Bishop

How to win the Nobel Prize: An unexpected life in science.
Cambridge MA: Harvard University Press, 2003, p. 60



