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Abstract  Mutations in the cystic fibrosis (CF) conduc- 
tance transmembrane regulator (CFTR) gene have been 
detected in patients with CF and in males with infertility 
attributable to congenital bilateral absence of the vas def- 
erens (CBAVD). Thirty individuals with CBAVD and 10 
with congenital unilateral absence of the vas deferens 
(CUAVD) were analyzed by single-strand conformation 
analysis and denaturing gradient gel electrophoresis for 
mutations in most of  the CFTR gene. All 40 individuals 
were pancreatic sufficient, but twenty patients had recur- 
rent or sporadic respiratory infections, asthma/asthmatic 
bronchitis, and/or rhino-sinusitis. Agenesia or displasia of 
one or both seminal vesicles was detected in 30 men and 
other urogenital malformations were present in six sub- 
jects. Among the 40 samples, we identified 13 different 
CFTR mutations, two of which were previously unknown. 
One new mutation in exon 4 was the deletion of glutamic 
acid at codon 115 (AE115). A second new mutation was 
found in exon 17b, viz., an A--~C substitution at position 
3311, changing lysine to threonine at codon 1060 (K1060T). 
CFTR mutations were detected in 22 out of  30 (73.3%) 
CBAVD patients and in one out of 10 (10%) CUAVD in- 
dividuals, showing a significantly lower incidence of 
CFTR mutations in CBAVD/CUAVD patients (P << 0.0001), 
compared with that found in the CF patient population. 
Only three CBAVD patients were found with more than 
one CFFR mutation (AF508/L206W, AF508/R74W + 
D 1270N, R 117H/712-1G--~T), highlighting L206W, R74W/ 
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D1270N, and R117H as benign CF mutations. Sweat elec- 
trolyte values were increased in 76.6% of CBAVD pa- 
tients, but three individuals without CFTR mutations had 
normal sweat electrolyte levels (10% of the total CBAVD 
patients), suggesting that factors other than CFTR muta- 
tions are involved in CBAVD. The failure to identify a 
second mutation in exons and their flanking regions of  the 
CFTR gene suggests that these mutations could be located 
in introns or in the promoter region of CFTR. Such muta- 
tions could result in CFTR levels below the minimum 
6%-10% necessary for normal protein function. 

Introduction 

Congenital bilateral absence of the vas deferens (CBAVD) 
(McKusick 277180) is present in 1%-2% of the infertile 
healthy male population and accounts for at least 6% of 
cases of obstructive azoospermia (Holsclaw et al. 1971; 
Jequier et al. 1985). CBAVD has also frequently been ob- 
served in males with cystic fibrosis (CF) (about 95%), the 
most common (1 in 2500 individuals) severe autosomal 
recessive disease in the Caucasoid population (Kaplan et 
al. 1968; Boat et al. 1989; Heaton and Pryor 1990). CF is 
characterized by chronic pulmonary infections, pancreatic 
enzyme insufficiency, elevated electrolyte levels in sweat, 
and CBAVD in males (Boat et al. 1989). The molecular 
link between CF and CBAVD has been provided by the 
analysis of the CF conductance transmembrane regulator 
(CFTR) gene and the identification of mutations in CF pa- 
tients (Kerem et al. 1989; Tsui 1992) and in CBAVD indi- 
viduals (Dumur et al. 1990; Rigot et al. 1991; Anguiano et 
al. 1992; Gervais et al. 1993; Osborne et al. 1993; Culard 
et al. 1994). CF mutations have been found in 65% of in- 
dividuals with CBAVD, suggesting that CBAVD patients 
with CFTR gene mutations have a primarily genital form 
of CF (Anguiano et al. 1992). 

More than 400 mutations have been described in the 
CFTR gene (CF Genetic Analysis Consortium, CFGAC, 
personal communications). Phenotype/genotype correla- 
tion studies for common CF mutations have shown that 
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homozygos i ty  or compound heterozygosi ty  for these com- 
mon mutat ions is associa ted with severe CF  cl inical  pre- 
sentation (The CF Genotype-Phenotype  Consort ium 1993). 
On the other hand, individual  reports of  uncommon  muta-  
tions have indicated that some missense  mutat ions  are as- 
sociated with a mild  phenotype  (Dean et al. 1990; Strong 
et al. 1991; Chil l6n et al. 1993; Nunes et al. 1993). The in- 
vo lvement  of  the C F T R  gene in CBAVD is still not well  
understood.  At  the cl inical  level,  most  CBAVD patients 
have e levated sweat  electrolytes ,  but present  normal  gas- 
trointest inal  and respira tory function. Obl igate  male  C F  
carriers do not have cl inical  features of  C F  and their  fer- 
t i l i ty is not compromised ;  rather it may even be increased 
(Pri tchard 1991). It is be l ieved that CBAVD is not attrib- 
utable to only one mutated C F T R  allele, but that two 
mutat ions in the patient contr ibute  to the CBAVD pheno-  
type. If  CBAVD is a pr imar i ly  genital  form of  CF, most  
CBAVD males  should be compound  he terozygotes  for 
two mild  mutat ions or for one mild and one severe C F T R  
mutation.  Alternat ively,  mutat ions  in the p romoter  region 
or in non-coding  regions of  CFTR,  in associat ion with a 
severe mutation,  could  contr ibute to CBAVD. The com- 
plete character izat ion o f  CFTR in CBAVD patients  should 
reveal  the spectrum of  mutat ions involved in this type of  
inferti l i ty and poss ibly  also in modera te  forms of  CF. 

We report  here the cl inical  features and mutat ional  data 
obtained in the genetic screening for CFTR mutat ions  in 
40 unrelated men, 30 with CBAVD and 10 with unilateral  
congeni ta l  absence of  the vas deferens (CUAVD).  We 
have ident if ied 13 different  mutat ions in the C F T R  gene 
(in 73.3% of  CBAVD and 10% of  CUAVD individuals) .  
Two of  the mutat ions were previous ly  unknown and only 
three individuals  had two CFTR mutations.  

Patients and methods 

Patients 

Seventy six unrelated Spanish men, who had their fertility assessed 
from 1984 to 1993 and who were diagnosed as having CBAVD or 
CUAVD, were asked to participate in the study. This represents 
1.65% of the total infertile male population studied during this pe- 
riod in the Andrology Department of the I.U.N.A., Barcelona. 
Forty individuals, aged between 15 and 49 years, completed the 
study. Patients underwent scrotal exploration, transrectal and ab- 
dominal ultrasonography, and semen analysis (volume, pH, sperm 
count, fructose and citrate concentrations) (Table 1). CBAVD was 
confirmed in 30 patients, and 10 subjects had CUAVD. None of 
the patients showed pulmonary or gastrointestinal manifestations 
typical of CF. However, several patients had symptoms of respira- 
tory disease, sinusitis, or nasal polyps. Sweat chloride analysis was 
performed in all CBAVD and seven CUAVD individuals (Gibson 
and Cooke 1959) (Table 2). 

DNA analysis 

DNA was obtained from peripheral blood lymphocytes according 
to standard protocols. Genomic DNA from CBAVD and CUAVD 
subjects was first analyzed for the two most common mutations in 
the Spanish population, viz., AF508 and G542X (Casals et al. 
1993). After amplification by the polymerase chain reaction, 
CFTR gene exons and their flanking sequences were screened by 

denaturing gradient gel electrophoresis (DGGE) multiplex analysis 
(exons 3, 5, 6a, 8, 9, II ,  12, 14a, 14b, 15, 17b, 18, 20, 21, and 23), 
or by single strand contbrmation analysis (SSCA) (exons 4, 6b, 7, 
17a, 19, and 22), as described (Fanen et al. 1992; Audr6zet et al. 
1993; Chill6n et al. 1994a). Microsatellite analysis for three dinu- 
cleotide repeats within CFTR (IVS8CA, IVS17BTA and 
IVS17BCA) was perlbrmed as described previously (Mortal and 
Estivill 1992). Haplotypes associated with specific CF mutations 
were as described (Morral et al. 1993). 

Results 

The cl inical  and genetic data of  CBAVD and CUAVD pa- 
tients are shown in Tables 1-3. All 40 individuals  were 
pancreat ic  sufficient,  but one presented with pancreat i t is  
as a consequence  of  alcohol  consumption.  Recurrent  res- 
piratory infection was observed in six patients (15%), and 
sporadic  episodes  of  infection were detected in two cases. 
Other respiratory problems  included as thma and asth- 
matic bronchit is  in three cases, and rhino-sinusi t is  in nine 
patients (22.5%). Sweat  electrolytes ,  measured in 37 pa- 
tients, gave CI values over  70mEq/ l  in 26 cases (65%) 
(mean 85.8 mEq/1; range 15-170 mEq/1). 

A z o o s p e r m i a  was found in all CBAVD patients in 
whom semen analysis  was per formed (Table 1). In men 
with CUAVD, sperm concentrat ions  ranged from azoo-  
spermia  to normal  values.  Semen volume and the concen-  
trat ion of  b iochemica l  markers  reflected a wide spectrum 
of  seminal  vesicle  involvement .  Other mafformat ions  of  
the geni tour inary system (cryptorchidism,  renal agenesia)  
and hernias of  the abdominal  wall  were fair ly frequent 
(Table 3). 

We ident if ied 13 different  CFTR mutat ions in the 40 
samples  analyzed (80 chromosomes) .  The overal l  fre- 
quency of  C F  mutat ions detected in this populat ion was 
32.5% (26/80), s ignif icant ly higher  than that expected in 
the general  populat ion (P << 0.0001), but also signif icant-  
ly lower  than in our C F  patient  populat ion (P << 0.0001). 
The two most  frequent  CF  mutat ions in the Spanish pop-  
ulation (AF508 and G542X) were found on 14 chromo-  
somes (10 AF508 and 4 G542X).  When  exon 10 was ana- 
lyzed  for AF508, one sample  showed a different  heterodu- 
plex pattern that cor responded to mutat ion 1677delTA. 

S S C A  of  exon 4 a l lowed the identif icat ion of  two dif- 
ferent changes (Fig. 1 ). Direct  sequencing of  these two ab- 
normal  f ragments  identif ied mutat ion R l l 7 H ,  a known 

Table 1 Semen analysis of patients with CAVD, given as the 
mean (range) 

CBAVD CUAVD 
(n = 27) (n = 10) 

Sperm (x 106/ml) 0 10.6 (0-90) 
Seminal volume (ml) 0.9 (0.2-3.1) 2.5 (0.4 5.4) 
pH 6.7 (6.0-8.0) 7.3 (6.4-7.7) 

Fructose (retool/l) 2.6 (0-9) 10.3 (3-18) 
'~ Citrate (mmol/l) 77.5 (11-188) 48.6 (36-88) 

~ Reference values: fructose, 8 28 retool/l; citrate, 10 35 retool/1 



Table 2 CFTR mutation 
analysis in 30 CBAVD and 
10 CUAVD patients (CBAVD 
congenital bilateral absence of 
the vas deferens, CUAVD con- 
genital unilateral absence of 
the vas deferens, ND not deter- 
mined, - absence of mutations, 
RRI recurrent respiratory in- 
fection, R rhinitis, RS rhino- 
sinusitis, BR.ASTH bronchitis 
asthmatic) 

Table 3 Congenital malfor- 
mations associated with CAVD 
in 40 patients 
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Patient Age Phenotype Sweat test Mutation Other clinical 
(years) (mEq/l) features 

1 37 CBAVD 108 1677delTA 

2 28 CBAVD 50 G542X 
3 28 CBAVD 118 - 
4 33 CBAVD 90 AF508/L206W RRI, R 
5 26 CBAVD 118 R117H/712-1G-+T 
6 42 CBAVD 66 - RS 
7 31 CBAVD 170 AF508 R 
8 27 CBAVD 100 AF508/R74W + D1270N RRI, R 
9 32 CBAVD 74 AE115 RS 

10 35 CBAVD 90 - Nasal polyps 
11 33 CBAVD 78 KI060T RI, family history 
12 45 CBAVD 150 R334W RS 
13 42 CBAVD 60 - 
14 40 CBAVD 110 R 1070W RS 
15 29 CBAVD 110 G542X 
16 37 CBAVD 80 R117H RI, RS, BR.ASTH 
17 37 CBAVD 85 - Asthma 
18 46 CBAVD 15 R1162X 
19 37 CBAVD 110 AF508 RS, diarrhoea 
20 42 CBAVD 45 2789+5G--)A RI 
21 49 CBAVD 95 AF508 
22 36 CBAVD 70 AF508 RRI, RS 
23 42 CBAVD 90 - 
24 15 CBAVD 150 AF508 
25 26 CBAVD 60 - 
26 39 CBAVD 100 AF508 RRI, RS 
27 33 CBAVD 57 AF508 RRI 
28 33 CBAVD 80 G542X 
29 34 CBAVD 78 - 
30 32 CBAVD 113 G542X 

31 33 CUAVD ND AF508 RS, pancreatitis 
32 37 CUAVD ND - 
33 31 CUAVD 77 - BR.ASTH 
34 39 CUAVD ND - 
35 40 CUAVD 40 - 
36 33 CUAVD 59 - 
37 40 CUAVD 90 - 
38 47 CUAVD 40 - RRI 
39 39 CUAVD 50 - 
40 35 CUAVD 100 - 

No. mutations/individual 

CBAVD CUAVD Total 

2 1 0 2 1 0 

Agenesia or displasia 3 12 7 - 1 7 30 (75%) 
of seminal vesicles 
Renal agenesia - - 2 - - 4 6 (15%) 
Cryptorchidism - 1 - - - 1 2 (5%) 

Hernia - 4 1 - - 1 6 (15%) 

m i l d  p h e n o t y p e  m u t a t i o n  f o u n d  in C F  and  C B A V D  pa-  

t i en t s  ( D e a n  et  al. 1990; G e r v a i s  et  al. 1993).  Th i s  m u t a -  

t ion  h a d  no t  p r e v i o u s l y  b e e n  d e t e c t e d  in the  S p a n i s h  C F  

p o p u l a t i o n  (Ch i l l6n  et  al. 1994a).  A s e c o n d  R l l 7 H  m u -  

ta t ion  w a s  d e t e c t e d  in a n o t h e r  C B A V D  pat ient .  T h e  se-  

q u e n c e  o f  a n o t h e r  a b n o r m a l  e x o n  4 f r a g m e n t  s h o w e d  the  

d e l e t i o n  o f  c o d o n  G A G  at p o s i t i o n  4 7 5 - 4 7 7 ,  w h i c h  co r r e -  

s p o n d s  to  a g l u t a m i c  ac id  at p o s i t i o n  115 (AE115) ,  a p re -  

v i o u s l y  u n k n o w n  m u t a t i o n  in the  C F T R  g e n e  (Fig.  2). T h e  

pa t i en t  w i th  A E l l 5  p r e s e n t e d  C B A V D ,  rh ino - s inus i t i s ,  

and  a b o r d e r l i n e  s w e a t  tes t  (74mEq/1) .  A n  a b n o r m a l  

S S C A  pa t t e rn  w a s  d e t e c t e d  in e x o n  19 o f  pa t i en t  18; th is  
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Fig. 1 SSCA of exon 4 of the CFTR gene using primers 14Dl and 
I4R1 (Chill6n et al. 1994a). Lane 2 corresponds to mutation 
R117H and lane 7to  mutation zXE115 
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Fig.2 Direct sequencing of exon 4 of the CFTR gene in a normal 
control and in a patient heterozygous for mutation AE115. At the 
GAG deleted trinucleotide (underlined), the intensity of the G and 
A is increased and the second G is decreased, in agreement with 
the GAG deletion 

corresponded to mutation R l162X, which accounts for 
about 1.8% of Spanish CF chromosomes. 

Fifteen exons were analyzed by multiplex DGGE. For 
the observed changes, we considered the strong associa- 
tion between mutations and CFTR microsatellite haplo- 
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Fig.3 Direct sequencing of exon 17b of the CFTR gene in a nor- 
mal control and in a patient heterozygous for mutation KI060T. 
Sequencing involved the use of primer 17bi5' (Zielenski et al. 
1991). The mutated nucleotide is indicated with an arrow on the 
trace and is underlined on the sequence 

types (IVS8CA, IVS17BTA and IVSI7BCA) (Morral et 
al. 1993). The analysis of this specific mutation/haplotype 
association allowed us to identify mutations L206W (16- 
7-17), 712-1G-+T (23-31-13), R334W (17-46-13), and 
2789 + 5G--->A (17-7-17), on one mutated chromosome 
each. All mutations were confirmed by sequencing or by 
restriction enzyme analysis. 

Abnormal DGGE fragments with no microsatellite 
haplotype associations were further analyzed by sequenc- 
ing. One abnormal pattern in exon 17b was caused by an 
A--~C substitution at position 3311, changing lysine to 
threonine at codon 1060 (K1060T); this is a new missense 
mutation in the CFTR gene (Fig. 3). The patient with mu- 
tation K 1060T also belonged to the group of CBAVD, had 
an increased sweat C1 level (78 mEq/l), and a history of 
recurrent respiratory infections. A second change in exon 
17b corresponded to R1070W (M. Macek Jr., personal 
communication to CFGAC), which has not previously 
been detected in Spanish CF chromosomes (Chill6n et al. 
1994b). Another abnormal DGGE fragment detected in 
exon 3 was the result of mutation R74W (Claustres et al. 
1993); this mutation was found to be associated with mu- 
tation D1270N in exon 20 (Anguiano et al. 1992; C. F6rec 
and M. Claustres, personal communication). 



Discussion 

The relationship between CBAVD and CFFR gene muta- 
tions has previously been demonstrated (Dumur et al. 
1990; Anguiano et al. 1992; Gervais et al. 1993; Osborne 
et al. 1993; Culard et al. 1994). In the majority of  cases, 
the mutations have only been found in the heterozygous 
state, i.e., only one mutation per CBAVD individual, even 
after extensive analysis of  the CFTR gene (Osborne et 
al. 1993; Culard et al. 1994). We have also analyzed most 
of  the CFTR gene in a sample of  30 CBAVD and 10 
CUAVD individuals. CFTR mutations were detected in 22 
out of  30 (73.3%) CBAVD patients and in one out of 10 
(10%) CUAVD individuals. These results show a signifi- 
cantly lower incidence of CFTR mutations in CBAVD/ 
CUAVD patients, compared with that expected in the CF 
patient population (P << 0.0001). 

Only three CBAVD patients were found with more 
than one CFTR mutation. One patient was heterozygous 
AF508/L206W and had recurrent pulmonary infection and 
rhinitis episodes from the age of 24. Our data on Spanish 
CF patients with the mutation L206W (Claustres et al. 
1993) suggest that L206W is a mild mutation associated 
with a benign CF phenotype (T. Casals, unpublished). The 
second patient was heterozygous for mutations R l l 7 H /  
712-1G---)T, and had only a CBAVD phenotype, probably 
because of the benign mutation R117H (Dean et al. 1990). 
The third patient had AF508/R74W + D1270N, with clin- 
ical features of rhinitis and recurrent respiratory infec- 
tions. We do not know which of the two mutations (R74W 
or D1270N, or both) is involved in the CBAVD pheno- 
type. The proportion of these patients with more than one 
mutation in their CFTR gene (10%) is similar to that re- 
ported by others in previous extensive analyses of  the 
CFTR gene (Osborne et al. 1993; Culard et al. 1994). 

Nineteen patients (63.3%) had only one identified 
CFTR mutation. In 13 cases, the mutations are known to 
be associated with severe CF (AF508, G542X, Rl162X 
and 1677delTA), whereas in five cases, the phenotypic ef- 
fect of  the mutation is still unknown (AEll5 ,  K1060T, 
R334W, R1070W, and 2789 + 5G---)A); in one case 
(Rl l7H) ,  the mutation is known to result in mild CE Of  
these mutations, R334W seems to cause pancreatic in- 
sufficiency with a variable age of onset (X. Estivill, in 
press), whereas mutation 2789 + 5G--)A (W. E. Jr. High- 
smith, personal communication to the CFGAC) has fre- 
quently been found in adult CF patients and is probably 
involved in a mild phenotype (T. Casals et al. unpub- 
lished). Genotype/phenotype information for the other CF 
mutations has still not been obtained. 

It is unknown why most CBAVD patients have only 
one CFTR mutation. This is particularly important since 
the sequences have been determined for all the CFTR ex- 
ons and their neighboring intronic regions in several sam- 
ples from CBAVD individuals; only one CFFR mutation 
has been detected in most cases (Culard et al. 1994; C. 
FErec, personal communication). Studies on CFTR pro- 
tein function show that only 6%-10% of CFTR is suffi- 
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cient for normal ion transport (Chu et al. 1992; Johnson et 
al. 1992). The failure to find a second mutation in the 
CFTR gene exons and their flanking regions suggests that 
mutations could be located in intronic or promoter re- 
gions. These mutations could cause a high proportion of 
an abnormal, alternatively spliced CFTR mRNA, with lit- 
tle normal CFTR, and thus could be responsible for the 
CBAVD phenotype. Further studies should be performed 
to elucidate molecular changes, in addition to mutations 
in the CFTR coding region that cause CBAVD. 

About 27% of CBAVD patients, 37.5% of whom have 
normal sweat electrolytes, were negative for the muta- 
tional analysis of most of their CFTR gene. For patients 
with one mutation previously identified, a second molec- 
ular defect in CFTR would be expected. However, those 
cases with negative results for CFTR gene analysis and 
with no CF-associated phenotypic abnormalities (which 
have also been found in other analyses: Culard et al. 1994; 
Oates and Amos 1994) suggest that there might be addi- 
tional factors and genes involved in the CBAVD male in- 
fertile phenotype. 

CFTR mutations were not detected in patients in which 
CBAVD or CUAVD was associated with unilateral renal 
agenesia (Table 3). These data further support the hypoth- 
esis of an alternative etiologic mechanism for CBAVD 
and CUAVD in several patients. 

The two new mutations detected here (AEl l5  and 
K1060T) are located in transmembranic domains of CFTR, 
where it is well known that changes affect ion-channel 
transport (Cheng et al. 1990). Mutation AE 115 occurs in a 
codon of the first transmembrane domain, which is not 
conserved in several species (Tucker et al. 1992). How- 
ever, the loss of a charged residue in the transmembrane 
domain would probably modify the conformation of the 
protein and alter the ion permeability of the cell. For mu- 
tation K1060T, the lysine residue is conserved in the 
mouse, bovine, and Xenopus (Tucker et al. 1992), sug- 
gesting that this position in the second transmembrane do- 
main might be more crucial. On the other hand, some mis- 
sense mutations involving charged residues in transmem- 
brane domains are associated with milder CF phenotypes 
(Chill6n et al. 1993; Nunes et al. 1993). Although there is 
no doubt about the involvement of  AE115 and K1060T in 
CBAVD, the genuine clinical significance of these two 
new mutations cannot be established, since only one mu- 
tation was detected in each individual. Further examples 
of mutations AE115 and K1060T should provide appro- 
priate phenotype/genotype correlations. 

The identification of CFTR mutations was not limited 
to CBAVD patients, as mutations were also found in 
CUAVD individuals. Although the detection rate in this 
group was lower (10%) than in CBAVD, a complete 
analysis of  CFTR in CUAVD patients has not been per- 
formed. On the other hand, 42.8% of the CUAVD patients 
tested have elevated sweat test values, which suggests the 
involvement of CFTR in some CUAVD cases. Our data 
are in agreement with that of  Culard et al. (1994), who 
also detected a CFTR mutation in a CUAVD man. CFTR 
seems to play a critical role in spermatogenesis and in the 
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differentiation of  the male genital tract (Trezise et al. 
1993; Tizzano et al. 1993). It is unknown whether the mor- 
phogenic alterations occur during development  or whether 
they are the result of  obstructions produced by abnormal se- 
cretions caused by CFTR abnormalities. The unilateral cases 
of  vas deferens absence associated with C F T R  mutations 
would suggest a later involvement  of  the C F T R  gene or a 
non-uniform tissue response to C F T R  dysfunction. 

The identification of  C F T R  mutations in CBAVD and 
C U A V D  patients has important implications for genetic 
counsel ing in these individuals and constitutes an indica- 

tion for the diagnostic screening of  them and their female 
partners. This is particularly true for those cases consider- 
ing in vitro fertilization after microsurgical  aspiration of  
sperm (Silber et al. 1990), especially if  the partner is also 
a CF carrier. Al though this situation would not be very 
common,  the severity of  each C F T R  allele must be known 
to offer appropriate genetic counsel ing in each case. 

In conclusion, we report here the characterization of  30 
CBAVD and 10 C U A V D  patients for most of  the C F T R  
gene, with the identification o f  mutations in 73% of  
C B A V D  and 10% of  C U A V D  individuals. Most  CBAVD 
patients (63%) are heterozygous for a C F T R  mutation, but 
only three patients (10%) have two mutations, being prob- 
ably compound  heterozygous for a severe and a mild mu- 
tation. Some 27% of  patients are negat ive for C F T R  mu- 
tations, 37.5% of them with negative values for the sweat 
test. We also present the identification of  two new C F T R  
nmtations (KI060T  and AE115) involved in CBAVD. 
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