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Abstract
We screened for 22 cystic fibrosis (CF)
mutations in DNA from a first cohort of
69 CF patients from southern Italy using
a semiautomated allele specific oligo-
nucleotide (ASO) dot blot procedure based
on two multiplex PCR amplifications.
Seven mutations (AF508, N1303K, G542X,
1717-1 G-÷A, W1282X, 1148T, and R553X)
identified 77-6% of CF chromosomes. De-
tection reached 79-8% with the 2183 AA- G
mutation analysed with the restriction
generating PCR method. Thus, we in-
cluded the 2183 AA-G mutation in the
ASO protocol and set up the conditions to
amplify the gene regions that include the
eight mutations in a single multiplex PCR
reaction. With this method we tested the
DNA of the first cohort of 69 CF patients,
a second cohort of 63 CF patients, and
300 carrier relatives; we also performed 12
prenatal diagnoses. The results from the
132 CF patients showed differences in the
distribution of CF mutations between the
south and north of Italy. The XV2c, KM19,
and intron 8 VNDR haplotypes suggested
the presence, in CF chromosomes bearing
undetected mutations, ofa limited number
ofunknown mutations typical of southern
Italy. Finally, for six ofthe eight mutations,
we compared the ASO procedure with the
methods based on restriction enzymes; the
results obtained with the two procedures
were identical for all the 57 chromosomes
compared.
( Med Genet 1996;33:475-479)
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Cystic fibrosis (CF) is the most frequent her-
editary disease in white populations, having an
incidence of about 1 in 2500.1 The disease is
caused by molecular alterations in the cystic
fibrosis transmembrane conductance regulator
(CFTR) gene, identified in 1989.2A More than
500 CFTR mutations have been identified so
far,5 most of which differ greatly in frequency
depending on the ethnic group examined. The
AF508 microdeletion accounts for about 75%
of the CF mutations in most of the populations
studied from northern Europe and America,'
but in southern Europe the incidence of the
AF508 mutation in CF chromosomes is below

or around 50%.'6 Thus, particularly in these
populations, the first step in the molecular
analysis of CF mutation bearing families is to
select a panel of mutations, in addition to
AF508, with which to maximise the percentage
of CF chromosomes that can be characterised.
We studied a series of 264 CF chromosomes

from Campania and Basilicata (southern Italy,
about 8 x 106 inhabitants), where no mutation
other than AF508 had been previously studied,
using an improved semiautomated procedure
based on a single tube polymerase chain re-
action (PCR) amplification followed by allele
specific oligonucleotide (ASO) dot blotting. We
found that (1) a panel of eight mutations (one
of which is new for Italy) identified about 80%
of CF chromosomes; (2) the method is rapid
and efficient and the results are comparable
with those obtained using restriction enzyme
analysis; (3) the distribution of CF mutations
in these regions is somewhat different from that
of northern Italy; and (4) the analysis of the
most used polymorphisms suggests the pres-
ence, in CF patients bearing unknown mut-
ations, of a limited number ofmutations typical
of southern Italy.

Materials and methods
PATIENTS
Two cohorts of a total of 132 CF patients were
enrolled in the study. They were referred to us
from the CF Regional Centres of Campania
and Basilicata (southern Italy); the families of
all patients were native to these regions for at
least two previous generations. The diagnosis,
made on clinical and anamnestic findings, was
confirmed by the sweat test for chloride and
sodium (cut off 60 mEq/l for both). The first
cohort, which consisted of 69 CF patients, was
analysed for the 22 CFTR mutations listed in
table 1 using a semiautomatic allele specific
oligonucleotide (ASO) procedure78 and for the
2183 AA--G mutation using the restriction
generating (RG) polymerase chain reaction
(PCR) method.9 The analysis was performed
twice on each sample in two different labora-
tories using a double blind procedure in all
cases. The second cohort consisted of 63 CF
patients; they were analysed for the panel of
eight mutations (AF508, N1303K, G542X,
R553X, 1717-1 G-+A, W1282X, 1148T, and
2183 AA-4G) previously identified in the first
cohort, with the improved ASO method based
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Table I Mutations tested on DNA from 138
chromosomes of CF subjects from Campania and Lucania
(southern Italy)

CFTR region Mutations

Multiplex 1
Exon 4 R117H, Y122X, I148T
Intron 4 621 + 1G--T
Exon 10 Q493X, AI507, AF508
Intron 10 1717-1 G--A
Exon 11 G542X, G551D, R553X, R560T
Intron 19 3849 + 10 Kb C-T
Exon 20 W1282X

Multiplex 2
Exon 7 G314E, 1078AT, R334W, R347P
Exon 9 A455E
Exon 19 R1162X, 3659AC
Exon 21 N1303K
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on a single PCR amplification described below.
All the chromosomes positive for W1282X,
N1303K, G542X, 1717-1 A-+G, 2183
AA-+G, and R553X were also analysed with
the restriction enzyme methodology.

ASO ANALYSIS
DNA was extracted from peripheral blood with
the classical phenol/chloroform protocol. '° The
semiautomated allele specific oligonucleotide
(ASO) dot blot procedure used to detect the
22 CFTR gene mutations in the first cohort of
CF patients has been described elsewhere.78
The improved method for the detection of the
eight CF mutations in the second cohort of
samples, included the following changes. (1) A
single multiplex PCR reaction was used, with
the following PCR conditions: 950 for five min-
utes, 10 cycles at 940 for 30 seconds, 650 for
30 seconds, and 720 for 30 seconds (decreasing
the annealing temperature 10 per cycle); 30
cycles at 940 for 30 seconds, 600 for 30 seconds,
and 720 for 30 seconds, and finally 700 for five
minutes. The amplimers described by Bozon
et al9 were used for the 2183 AA-÷G mutation.
(2) The oligonucleotides used for the ASO
analysis of the 2183 AA-+G mutation were:
normal probe: 5'-CTTT-GTTTl-TT-lGTT-
AGA; mutant probe: 5'-GAAACAAAAA-
GCAATCT. (3) The washing temperature for
the 2183 AA-+G analysis was 420C.

ANALYSIS OF CF POLYMORPHISMS
The XV2c polymorphism was analysed by PCR
amplification and enzyme incubation with
TaqI" using the following modified am-
plification conditions: 950 for four minutes, 30
cycles at 940 for 30 seconds, 520 for 15 seconds
and 700 for 45 seconds, and finally 700 for five
minutes. The KM19 polymorphism was also
detected by PCR amplification and enzymatic
digestion with PstI.L2 The modified am-
plification conditions were: 940 for five min-
utes, then 26 cycles at 940 for 30 seconds, 550
for 15 seconds, and 700 for 45 seconds, and
finally 650 for five minutes. The intron 8VNDR
was detected using a modified PCR am-
plification with the following conditions: 950
for five minutes, 30 cycles at 940 for 15 seconds,

*;.'1 0 00 * 0

.....0
.._X. _ 0

?e-*, *,.,
> >f 's:0

Figure 1 Eight CF mutations in eight CF patients
bearing different genotypes, analysed with the improved
allele specific oligonucleotide procedure. The genotypes are
indicated at the bottom; on the left are indicated the
mutations searched for, each with the wild type and
mutated oligonucleotide.

500 for 15 seconds, and 650 for 45 seconds,
and finally, 700 for five minutes, followed by
polyacrylamide gel electrophoresis."3 For both
XV2c and KM19, the haplotype numbering
corresponds to the absence (allele 1) or pres-
ence (allele 2) of the restriction sites, and to
the number of GT repeats for the intron 8
VNDR.

ANALYSIS OF CF MUTATIONS BASED ON
RESTRICTION ENZYMES
The R553X mutation was analysed by di-
gestion of the amplified product with the en-
zyme HincII,'4 W1282X using the restriction
enzyme Mnll,15 the 1717-1 G--A mutation
by PCR mediated site directed mutagenesis
followed by digestion with AvaIH,`6 and the
G542X and the N1303K mutations were ana-
lysed by the restriction site generating PCR
followed by digestion with ScrFI and DdeI,
respectively."7 The 2183 AA-+G mutation was
analysed by RG-PCR followed by digestion
with AluII.9
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Figure 2 Prenatal diagnosis ofCF by direct ASO
analysis (panel A), by XV2c polymorphism analysis
(panel B), and analysis of intron 8 VNDR (panel C).
1 = Child affected by CF; 2 =father of 1; 3= mother of 1;
4=proband (chorionic villi from 3); PC=positive control
for TaqI digestion. The ASO analysis excluded, in the
index case, the presence of zF508 (panel A), XV2c
analysis did not exclude or confirm, in the index case, the
presence of the unknown mutation of maternal origin
(panel B). Intron 8 VNDR analysis in the proband
showed the presence of the unknown mutation of maternal
origin and thus the carrier state for CF (panel C).

Results
The 69 CF patients in the first cohort were

tested twice in double blind conditions by two
different operators in two different laboratories
(Houston and Naples) and the results obtained
were identical. Seven ofthe 22 tested mutations
were identified in the 69 patients tested. The
seven mutations identified 77-6% of the CF
chromosomes compared to 58-7% when the

Table 2 Frequency of eight cystic fibrosis (CF) mutations
in 264 CF chromosomes ofpatients from Campania and
Basilicata (southern Italy)

Mutation CF chromosomes Cumulative
firequency (%)

No %

AF508 149/264 56-4 56-4
N1303K 18/264 6-8 63-2
G542X 15/264 5-7 68-9
W1282X 10/264 3-8 72-7
1717-1 G-+A 6/264 2-3 75 0
2183 AA-G 5/264 1.9 769
R553X 3/264 1.1 78 0
I148T 2/264 0-7 78-7
Undetected 56/264 21-3

screening was performed only for AF508. The
analysis ofthe 2183 AA-÷G mutation increased
the detection rate to 79-8%.

Fig 1 shows the results of the improved ASO
analysis (see Materials and methods) of the
eight mutations in eight CF patients bearing
different genotypes. Also in this case the results
are clear and no cross interference from the
different mutations was identified. With this
procedure, in addition to the 132 CF patients,
we also analysed about 300 CF carriers and 12
samples ofchorionic villi for prenatal diagnoses.
In all instances the results were clear and un-

ambiguous (fig 2).
The panel of eight mutations detected about

78-7% of CF chromosomes in our sample of
264 CF chromosomes (table 2) compared to

56-4% when the screening was performed only
for AF508. Table 3 shows the XV2c, KM19,
and intron 8 VNDR haplotypes associated with
each mutation; the haplotype was not es-

tablished in a few (about 10%) chromosomes.
Most of the chromosomes bearing one of the
eight mutations show haplotype 1 and 2 for
XV2c and KM19, respectively. These haplo-
types are associated with allele 23 (or 17 in a

small percentage of cases) for the intron 8
VNDR. However, the majority of CF chro-
mosomes bearing an undetected mutation
shows allele 16 on the intron 8 VNDR, which
in our population is usually associated with
non-CF chromosomes (table 2, last line).
Three haplotypes, different from those as-

sociated with the eight detected mutations, are

expressed by about 70% of CF chromosomes
bearing unknown mutations. The 57 chro-
mosomes bearing one of the following mut-

Table 3 Number of haplotypes typed in chromosomes associated with the eight mutations identified in CF patients from southern Italy. Typing is made
on the basis of the following three polymorphisms: XV2c (1 or 2), KMl9 (1 or 2), and intron 8 VNDR (rom 16 to 25)

Haplotype AF508 N1303K G542X W1282X 1717-1 I148T R553X 2183 Unknown Normal
typing G-*A AA-G mutation subjects

2,2,16 0 0 0 0 0 0 0 0 1 0
1,1,16 0 0 0 0 0 0 2 0 8 7
1,2,16 1 0 0 0 6 0 0 5 7 2
2,1,16 0 0 0 0 0 0 0 0 16 11
1,2,17 27 0 0 9 0 0 0 0 0 1
1,1,17 1 0 0 0 0 0 0 0 2 6
2,2,17 1 0 0 0 0 0 0 0 1 2
1,1,18 0 0 0 0 0 0 1 0 0 0
2,2,21 0 1 0 0 e 0 0 0 0 0
1,2,21 3 0 0 0 0 0 0 0 0 0
1,1,23 0 1 0 0 0 0 0 0 0 0
2,2,23 9 0 0 0 0 0 0 0 3 0
2,1,23 0 0 0 0 0 0 0 0 4 0
1,2,23 84 14 13 0 0 2 0 0 2 0
1,2,24 2 1 0 0 0 0 0 0 0 0
1,2,25 1 0 0 0 0 0 0 0 0 0
Not defined 20 1 2 1 0 0 0 0 12 0

A

B
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ations, N1303K, G542X, W1282X, R553X,
2183 AA-÷G, or 1717-1 A--G, were also ana-
lysed with restriction enzyme techniques. The
results obtained with this technique totally
matched those obtained with our improved
ASO procedure.

Discussion
We describe an improved ASO method and
the results of the molecular analysis of CF
patients from Campania and Basilicata (south-
ern Italy), previously analysed in part only for
the AF508 mutation.6 This study confirms the
efficiency of the ASO dot blot procedure, and
our double blind analysis, performed on the
first cohort of cases, shows that it is highly
reproducible and robust.
The changes to the original ASO

methodology78 described in this paper, con-
sisting of the use of a single multiplex PCR
and the ASO procedure for eight mutations
including 2183 AA-+G, allow more rapid de-
tection of the eight most frequent mutations in
southern Italy. With this method, as many as
96 DNA samples can be tested in a single run
and identical results were obtained when we
analysed six of these mutations with the re-
striction enzyme based methodology.
The molecular analysis of the study popu-

lation of CF patients from southern Italy
showed that the eight mutations screened ac-
count for 79% of CF chromosomes; this result
shows higher genetic homogeneity for mut-
ations in CF patients from southern Italy than
in those from northern Italy, where screening
for 62 mutations identified about 74% of CF
chromosomes bearing 14 known mutations.18
The incidence of AF508 in our population on
the basis of 264 CF chromosomes is 56-4%,
slightly higher than that (about 50%) previously
reported,6 but much lower than that in northern
Europe.' The frequency of the G542X muta-
tion is higher in our regions of southern Italy
than in northern Italy (5 7% versus 2 6%)."
The high frequency of G542X in our regions
could result from the spreading ofthe mutation
along Mediterranean coastal areas by the Arabs
or from the Spanish domination of southern
Italy for several centuries'9; indeed, G542X is
the second most frequent mutation in Spanish
Mediterranean coastal areas.'9 One of the
G542X bearing subjects, who was homozygous
for this mutation, was the first case ever among
seven showing very severe liver involvement
(Castaldo et al, personal communication).
The Rl 162X mutation, which is the second

most frequent mutation (about 10%) in north-
ern Italy, was absent from our population, and
the 2183 AA--G, which is present in about
10% of CF patients from northern Italy,20 had
a much lower frequency (about 2%) in our CF
population. These findings confirm that there
are differences in the genetic background be-
tween southern and northern Italy. In addition,
we found the first two Italian cases of the rare
I148T mutation, recently reported in 0-1% of
French2' and in 9 1% of French Canadian5
CF patients, in two patients with compound
heterozygosity for AF508; the mutation has

never been reported previously in Italy. These
patients had very severe pancreatic and lung
disease.22

In agreement with previous results,23 the
analysis of the polymorphisms associated with
the CFTR gene showed that in the CF popu-
lation from southern Italy the most frequent
CF mutations are usually associated with
homogeneous haplotypes, that is, allele 1 for
XV2c, allele 2 for KM1 9, and allele 23 or, less
frequently, allele 17 for the intron 8 VNDR.
The AF508 mutation is frequently associated
with haplotype 1, 2, 23, (XV2c, KM19, and
intron 8 VNDR, respectively) and, in a small
percentage of cases, with haplotype 1, 2, 17.
The G542X mutation was associated with
haplotype 1, 2, 23 and this reinforces the notion
of the common origin of the mutation and the
close ethnic and genetic relationship between
the southern Italian and Spanish populations. 9
Of the three chromosomes bearing the R553X
mutation, one is associated with haplotype 1,
1, 18 for the three polymorphisms respectively;
the other two homozygously show haplotype
1, 1, 16. These findings, together with earlier
reports describing the association of this muta-
tion with both alleles 1 and 2 for both XV2c
and KM19 polymorphisms,2426 confirm the
recurrent origin of the R553X mutation,27
which is located in a hypervariable CpG region.
The haplotype patterns of 1717-1 G--A and

W1282X were homogeneous (table 3), which
is in agreement with previous data.24 For
N1303K all but two chromosomes showed the
intron 8 VNDR allele 23, while one single
chromosome carried allele 21 and another allele
24; other polymorphisms will be analysed to
define whether they could derive from the most
frequent variant 23. Finally, all the five CF
chromosomes bearing the 2183 AA-*G muta-
tion showed haplotype 1, 2, 16 and the two
I148T chromosomes were associated with the
1, 2, 23 haplotype. This is the first report of
the haplotype pattern for chromosomes bearing
these mutations.

In our sample of patients, most of the CF
chromosomes with unidentified mutations
showed the three most frequent haplotype pat-
terns, in which alleles 1 and 2 (for either XV2c
or KMl 9) are always associated with allele 16
of the intron 8 VNDR, which is the most
frequent allele in non-CF chromosomes. These
results suggest that a limited number of un-
known mutations might be present with a high
frequency in a large percentage of CF chro-
mosomes bearing unknown mutations from our
region; we are now screening to try to unravel
the nature of these mutations by DGGE and
sequencing analysis. This observation is in
agreement with studies conducted in other
Italian regions on the T3381 mutation, which
is peculiar to the Sardinian CF population,28
on 2183 AA--G,20 and on Rl162X,'820 both
of which are very frequent in some areas of
northern Italy. However, in other geographical
areas such as Spain29 and Germany30 the anal-
ysis of the polymorphisms associated with the
CFTR gene suggest that there are probably
more than 100 different unidentified mut-
ations. Furthermore, in our population the high
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frequency of the intron 8 VNDR allele 16
among CF chromosomes bearing unknown
mutations and among non-CF chromosomes
indicates that no linkage disequilibrium exists
between intron 8 VNDR haplotypes and nor-
mal or CF chromosomes.

In conclusion, our results confirm the ex-
cellent analytical performance of the improved
semiautomated robotised ASO dot blot pro-
cedure for the analysis of CF mutations. We
suggest the semiautomated ASO technique be
used if panels of mutations and large series of
samples are analysed, whereas the methods
based on restriction analysis are more suitable
for the study of single cases in families bearing
known CF mutations. In addition, the most
frequent CF mutations in patients from south-
ern Italy are different from those found in
northern Italy, and our analysis may also sug-
gest the presence of a limited number of un-
detected mutations peculiar to our geographical
area. These results have an impact on other
populations, given the migration of quite large
groups of people from southern Italy in the last
200 years, and the consequent genetic mixing,
particularly in northern Italy, Switzerland, Ger-
many, and the United States.
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