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Abstract

Twenty-one patients with a clinical suspicion of cystic fibrosis (CF) were analyzed for common muta-
tions in the Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) gene. The purpose of the study was
the identification of mutations in order to confirm the diagnoses. The methods of analysis were: extraction of
deoxyribonucleic acid (DNA) from blood, amplification of DNA by Polymerase Chain Reaction (PCR), analysis
of PCR products by electrophoresis or by digestion with restriction enzymes followed by electrophoresis; the lat-
ter technique is called Restriction Fragment Length Polymorphism Analysis (RFLPA).  Seventeen chromosomes
with the F508del mutation, 3 with G542X, 1 with W1282X, and 1 with R347P were detected. These results update
the profile of mutations present in CF patients from Romania.
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Rezumat

Au fost analizaŃi 21 pacienŃi cu suspiciune clinică de fibroză chistică (FC) pentru mutaŃii comune în
gena CFTR (Cystic Fibrosis Transmembrane Conductance Regulator). Scopul studiului a fost identificarea mu-
taŃiilor pentru confirmarea diagnosticelor. Metodele de analiză au fost: extracŃia ADN din sânge, amplificarea
ADN prin tehnica Polymerase Chain Reaction (PCR), şi analiza produşilor PCR prin electroforeză sau prin di-
gestia cu enzime de restricŃie urmată de electroforeză; această ultimă metodă este numită Restriction Fragment
Length Polymorphism Analysis  (RFLPA). S-au detectat 17 cromozomi cu mutaŃia F508del, 3 cu G542X, 1 cu
W1282X şi 1 cu R347P. Aceste rezultate actualizează profilul mutaŃiilor prezente la pacienŃii cu fibroză chistică
din România.
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Introduction

Cystic fibrosis (CF) is the most frequent
autosomal recessive genetic disease in Caucasian
populations  and  one  of  the  most  severe,  and
therefore better documented, chloride ion chan-
nel defects (1). The CFTR gene, situated on the
long arm of chromosome 7 (2,3,4), encodes the
Cystic  Fibrosis  Transmembrane  Conductance
Regulator  (CFTR)  protein,  a  cyclic  AMP-de-
pendent chloride ion channel, and mutations in
the CFTR gene give rise to defective chloride
ion transport.  The subsequent reduced hydration
of  secretion  from liver,  gallbladder,  duodenum,
pancreas, lung, salivary glands and genital  tracts
and the viscid mucus-rich secretions are deleterious
to normal function in the aforementioned organs
(1), and hence responsible for the clinical features
of the disorder: characteristic lung disease and pan-
creas insufficiency. These are criteria for diagnosis,
together with the increased concentration of sweat
chloride, a positive family history and at least one
mutation detected in the CFTR gene (1,5).  The
most frequent CFTR gene mutation is a deletion of
three bases (CTT) resulting in the deletion of the
phenylalanine residue at position 508 of the CFTR
protein; this mutation, named  F508del [formerly
known as ∆F508; HGVS (Human Genome Vari-
ation  Society) nomenclature:  p.Phe508del;
c.1521_1523delCTT], was described by Kerem et
al. (1989) (4), and accounts for 66% of CF chro-
mosomes worldwide (6,7).

We studied a group of  twenty-one pa-
tients for common mutations in the CFTR gene,
in order to establish their genotypes and, con-
sequently, to confirm the diagnoses. These res-
ults update our previous data (8).

Material and methods

The patients were recruited in the pedi-
atric  hospitals  from  Bucharest,  Cluj-Napoca
and  ConstanŃa.  We  selected  for  this  study

twenty-one patients from twenty-one unrelated
families, with  relevant  clinical  symptoms and
sweat test values. The samples of venous blood
were taken in EDTA at the place of consulta-
tion and were sent  by mail  or  courier  to our
laboratory. DNA extraction was performed us-
ing the phenol-chloroform method (9).

The  specific  DNA fragment  for  each
mutation was amplified by PCR in a Hybaid
thermal  cycler  (Hybaid  Limited,  Teddington,
UK) and was analyzed by electrophoresis. We
used recognized methods: heteroduplex analys-
is (HA) (9), multiplex PCR (10,11) and RFLPA
(9,11). The following 18 mutations could be iden-
tified  (Table  1):  F508del,  1677delTA,  G542X,
W1282X, N1303K, CFTRdele2,3(21kb), I507del,
R117H,  621+1G->T,  R334W,  R347P,  R553X,
G551D,  2143delT,  2184insA,  394delTT,
3821delT and 1717-1G->A.

Results

The distribution of genotypes is presen-
ted in  Table 2.  Seventeen  chromosomes with
the F508del  mutation,  3  with  G542X,  1 with
W1282X, and 1 with R347P were detected. The
chromosomes with F508del mutation included
4 homozygotes, 7 heterozygotes with F508del
on one chromosome, and two compound het-
erozygotes with F508del and G542X or R347P
on the second chromosome. The chromosomes
with the G542X mutation included one homo-
zygote and one heterozygote mentioned above.
The chromosome with W1282X was found in a
heterozygote with an unknown mutation on the
second chromosome. Six cases remained with
unknown mutations.

The detection of G542X mutation using
RFLPA  is  presented  in  Figure  1.  G542X
(c.1624G>T)  destroys  a  MvaI  restriction  site
and is thus distinguishable from the wild-type
allele  by  restriction  digestion  with  MvaI  fol-
lowed by agarose gel electrophoresis.
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Table 1. Methods employed in the detection of common CFTR mutations

Mutation HGVS nomenclature Method Sequence of primers Restriction
enzyme

Ref.

F508del, I507del,
1677delTA

p.Phe508del
p.Ile507del

c.1521_1523delCTT
c.1519_1521delATC
c.1545_1546delTA

HA

5’-GTT TTC CTG GAT
TAT GCC TGG GCA C- 3’

5’-GTT GGC ATG CTT
TGA TGA CGC TTC -3’

(4, 12,
13, 14,

15) 

F508del, I507del,
1677delTA,
CFTRdele2,3(21kb),
2143delT, 
2184insA, 
394delTT, 3821delT

p.Phe508del
p.Ile507del

c.1521_1523delCTT
c.1519_1521delATC

c.1545_1546delTA

c.2011delT
c.2052dupA
c.262delTT
c.3689delT

Multiplex PCR
and HA with
the CF-8 kit

(4, 10,
11)

G542X p.Gly542X c.1624G>T RFLPA

5’-TGC AGA GAA AGA
CAA TAT AGT TCC T-3’
5’-GCA CAG ATT CTG
AGT AAC CAT AAT-3’

MvaI (16)

W1282X p.Trp1282X c.3846G>A RFLPA

5’-GTC AGG ATT GAA
AGT GTG CA-3’

5’-GTA CAA GTA TCA
AAT AGC AGT A-3’

MnlI (17, 18)

N1303K p.Asn1303Lys c.3909C>G RFLPA

5’-GAA ATA TTT TAC
AAT ACA ATA AGG G-3’

5’ CTC CAC TGT TCA
TAG GGA TCT AA-3’

DdeI (19)

R117H p.Arg117His c.350G>A RFLPA

5’-CCC GGA TAA CAA
GGA GGA GC-3’

5’-GGC CTG TGC AAG
GAA GTG TTA-3’

Hin6I (16)

621+1G->T c.489+1G>T RFLPA

5’-CCC GGA TAA CAA
GGA GGA GC-3’

5’-GGC CTG TGC AAG
GAA GTG TTA-3’

HincII (16)

R334W p.Arg334Trp c.1000C>T RFLPA

5’-CAG AAC TGA AAC
TGA CTC GG-3’

5’-TGC TCC AAG AGA
GTC ATA CC-3’

MspI (20)

R347P p.Arg347Pro c.1040G>C RFLPA

5’-CAG AAC TGA AAC
TGA CTC GG-3’

5’-TGC TCC AAG AGA
GTC ATA CC-3’

Hin6I (20)

R553X
G551D

p.Arg553X
p.Gly551Asp

c.1657C>T
c.1652G>A

RFLPA

5’-CAA CTG TGG TTA
AAG CAA TAG TGT-3’
5’-GCA CAG ATT CTG
AGT AAC CAT AAT-3’

HincII
Sau3A

(21)

1717-1 G->A c.1585-1G>A RFLPA

5’-GCA CAG ATT CTG
AGT AAC CAT AAT-3’

5’-CTC TAA TTT TCT ATT
TTT GGT ACT A-3’

DdeI (19)
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The F508del  mutation is the most fre-
quent in these 21 patients, but the relatively small
patient  cohort  prevents  accurate  calculation  of
mutation frequencies. Previous data indicate a fre-
quency of 56.3% for F508del, 3.9% for G542X,
and 2.3% for W1282X (8). The finding of a ho-
mozygote for G542X suggests the importance of
this mutation in Romania; this is the second most
frequent mutation in our country and after addi-
tion of these new data, its frequency will increase.
This mutation is of Phoenician origin and is char-
acteristic for  the Mediterranean area (6,7).  The
R347P mutation, which was not found in the pre-
vious cases (8), is common in the south of Bul-
garia (3.8%) and has a total frequency of 2.2% in
CF patients from this country (6,7). This is the
second most common CFTR mutation in Slavic
populations  [after  CFTRdele2,3(21kb)]  that  is
present in Romania. The presence of mutations
that are frequent in the Mediterranean region, as
well as mutations of Slavic origin in Romanian
patients, is in agreement with our previous sug-
gestion correlating CF mutations with the origin
of Romanian people (8).

Conclusions

We studied the genotypes of 21 CF pa-
tients and found mutations in 15 patients, 7 of
whom had two mutations. The remaining 8 had
one mutation identified. This confirms the clinic-
al diagnosis in about a third of cases and yields a
strong suspicion of CF in a further third. 

The results reported in this work update
the  knowledge  regarding  the  distribution  of
CFTR mutations in Romanian patients. On one
hand the frequencies of common CF mutations
were essentially confirmed; on the other hand
new aspects were found, such as an increased
frequency of G542X and the identification of a
compound heterozygote of F508del and R347P.
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Table 2. The distribution of genotypes in 21 CF
patients from Romania

Genotype Number

F508del/ F508del 4

F508del/x 7

F508del/G542X 1

F508del/R347P 1

G542X/G542X 1

W1282X/x 1

x/x 6
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Abbreviations

CF: Cystic Fibrosis 
CFTR: Cystic Fibrosis Transmembrane

Conductance Regulator 
DNA: deoxyribonucleic acid 
HGVS: Human Genome Variation Society
PCR: Polymerase Chain Reaction 
RFLPA: Restriction Fragment Length Poly-

morphism Analysis 
bp: base pairs 
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