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*Absence of mutations in the interspecies
conserved regions of the CFTR promoter region
in cystic fibrosis (CF) and CF related patients

Claudine Verlingue, Sandrine Vuillaumier, Bernard Mercier, Gerald Le Gac,
Jacques Elion, Claude Ferec, Erick Denamur

Abstract
This study was aimed at testing if a 5.2 kb
untranslated region on both sides of the
first CFTR exon, shown to contain regula-
tory elements, could carry mutations
responsible for cystic fibrosis (CF) or CF
related phenotypes. Selection of the DNA
segments studied within this region was
based upon the identification ofconserved
sequences throughout evolution (phyloge-
netic footprints, PFs). Comparison of the
CFTR sequences in eight species repre-
senting four orders of mammals (man,
gibbon, rhesus monkey, squirrel, monkey,
rabbit, cow, rat, and mouse) identified
four clusters of PFs within the 3.9 kb of
DNA sequence upstream from the initia-
tion codon, as well as two nearby PFs at +1
kb within intron 1. Six DNA segments
containing PFs were scanned for muta-
tions by denaturing gradient gel electro-
phoresis (DGGE) in patients with CF
(n=29), congenital bilateral absence of the
vas deferens (n=143), or disseminated
bronchiectasis (n=33), for whom only one
or no mutations had been identified
despite extensive DGGE analysis ofthe 27
CFTR exons and exon/intron boundaries.
Only one polymorphism (-966 T- G) was
identified with a frequency of2.2% and no
other sequence variations were found.
This study reinforces the idea that the
promoter region in the CFTR is not
frequently mutated.
(3Med Genet 1998;35:137-140)
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Cystic fibrosis (CF) is one ofthe most common
genetic diseases in white populations, affecting
1 in 2500 neonates.' While the AF508
mutation is the major molecular defect,
accounting for 20 to 90% of mutations
depending on the population," over 600
sequence alterations within the coding se-
quences and the exon/intron junctions have
been reported so far (Cystic Fibrosis Genetic
Analysis Consortium, personal communica-
tion). However, extensive and efficient screen-
ing procedures covering the whole CFTR
(cystic fibrosis transmembrane conductance
regulator) gene (cDNA and splicing sites) have
been unsuccessful in identifying mutations in
some CF patients. Furthermore, other pheno-
types, such as congenital bilateral absence of

the vas deferens (CBAVD) or disseminated
bronchiectasis (DB), have been described as
being linked to specific mild mutations of the
CFTR gene.5 6 In I thalassaemia, the paradigm
of most monogenic diseases, some mutations
are located in the promoter region of the ,B
globin gene or far upstream in the locus control
region.7 Thus, one would expect some CF
mutations to be present within CFTR regula-
tory regions. The CFTR gene is tightly
regulated and mainly expressed in epithelial
cells. The molecular mechanisms leading to
this regulation are largely unknown but some
recent investigations have identified potential
elements involved in transcriptional
regulation.-'4

In this study, we have screened for mutations
the sequences that are conserved between
mammals in 5.2 kb of untranslated DNA on
both sides of the first CFTR exon. The region
we studied spans over 3.9 kb of upstream
sequences, including the CFTR promoter,
down to 1.3 kb in the first intron. It has been
shown previously to contain potential regula-
tory elements.'-" 4 The CFTR cDNA is highly
conserved in a wide range of vertebrate
species'5 and we postulated that homologous
sequences between the promoter regions of
various mammals correspond to sequences
under strong positive selective pressure be-
cause of a specific functional role. Search for
sequences that have been conserved through-
out evolution in promoter regions has been
performed in other systems and referred to as
phylogenetic footprinting. A good correlation
was found between phylogenetic footprints
(PFs) and binding sites for nuclear proteins in
the a globin gene cluster.'6 By using this phylo-
genetic approach, we selected six DNA seg-
ments, containing 20 PFs altogether, which we
screened for possible mutations in patients
with various CF and CF related phenotypes
(CBAVD and DB).

Patients and methods
PATIENTS
Three groups of patients were included in this
study. The first was a cohort of 29 typical CF
patients for whom only one CFTR mutation
had been characterised, the other allele remain-
ing unidentified even though the CFTR gene
was extensively analysed by denaturing
gradient gel electrophoresis (DGGE scanning)
of the 27 exons and of the intron/exon
boundaries. The second group was a cohort of
143 CBAVD patients. Among them, 42 were
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identified carriers of one mut'ant CFTR allele
including the 5T variant; for the remaining 101
patients, no CF mutation was found by DGGE
scanning. The third group was a cohort of 33
patients with bronchiectasis and a borderline
sweat test; 11 of them were carriers of one

CFTR mutation.

DNA SEQUENCES
A 5.2 kb region containing the promoter region
of the CFTR gene and part of the first intron
(3.9 kb upstream and 1.3 kb downstream from
the first exon) was analysed for nucleotide
sequence similarities between human, non-

human primate, cow, rabbit, and rodent
sequences. Sequence comparisons were per-

formed using the CLUSTAL V multiple align-
ment program.7 The human promoter region
sequence was obtained from GenBank (acces-
sion number M58478) and the intron 1
sequence was completed by sequencing the
pDAN1 plasmid clone (a kind gift from Dr A
Harris, Institute of Molecular Medicine, Ox-
ford, UK) using the primer DEN2R (5'-
GAAGTTATATCCAACTGAC-3'). The
mouse sequence was kindly provided by Dr R
Rozmahel and Dr L C Tsui (Hospital for Sick
Children, Toronto, Canada). The remaining
sequences have been published previously'5
and are available under the following GenBank
accession numbers: X95930 (gibbon), X95929
(rhesus monkey), X95928 (squirrel monkey),
X95931 (rabbit), X95926 (cow), and X95927
and Y10147 (rat). For all the compared
sequences, nucleotide numbering was related
to the human ATG initiation codon.

DGGE

Oligonucleotides for amplification of the inter-
species conserved regions are: 3855-5': 5'-
GGTTGTAGGGAAGAGGGGTT-3'; 3720-
3' GC: 5'-CGCCCGCCGCGCCCCGCGC
CCGTCCCGCCGCCCCCGCCCCGGGC
CACAGTGATTACCTAGGAT-3'; 3650-5'
GC: 5'-CGCCCGCCGCCGCGCCCCGC
GCCCGTCCCGCCCCCGCCCCACTGT
GGCCCACTGT TGAAGAGCTG-3'; 3281-
3': 5'-ATATATGAAAGATTATAAGTGATA
ACC-3'; 1440-5': 5'-CATCATGAAATGCA
CATTTTATTTG-3'; 1200-3' GC:5'-CGCCC
GCCGCGCCCCGCGCCCGTCCCGCCG
CCCCCGCCCCTTTTGTGTAGGATTGC
CTGTGTCTC-3'; 1200-5' GC: 5'-CGCCCG
CCGCGCCCCGCGCCCGTCCCGCCCC
CGCCCCGCCTTCTCAGAAGGAAGGCG
CCTACGC-3'; 881-3': 5'-GTAAGAGGAG
ATAATGCTTTG-3'; 240-5' GC: 5'-CGCC
CGCCGCGCCCCGCGCCCGTCCCGCC
GCCCCCGCCCCGCAAATTTGGGGCCG
GACCAG-3'; 60-3': 5'-AGACCTACTACT
CTGGGTG-3'; 990-5': 5'-GCTCATATAT
GTGTGTAGGG-3'; 1180-3' GC: 5'-CGC
CCGCCGCGCCCCGCGCCCGTCCCGC
CGCCCCCGCCCCTAACATCAACACAAA
AAGAT-3'.

Conditions for the DGGE analyses have
been described elsewhere.4 '1 Amplification
products were run on 6.5% polyacrylamide
gels containing a linear gradient from 20% to

70% of denaturant, where 100% denaturant

Table 1 Sequences and positions of the phylogenetic
footprints (PFs) within a region extendingfrom 2.5 kb
upstream from the ATG initiation codon to 1. 3 kb
downstream from thefirst CFTR exon

Sequence 5' to 3' Position *

PF +1 AGGAGA +1I10 to +1116
PF +2 AGAAGA +1138 to +1143
PF -1 AAAAGGG -97 to -91
PF -2 TGACATCAC -119 to -111
PF -3 TGGGTGGGGG -143 to -134
PF-4 GGTGTG -160 to -155
PF -5 AACCTGGGC -203 to -195
PF -6t AAGGAGCG -295 to -288
PF -7 AG--TTTA -1012 to -1007
PF -8 TTI`TTGCT -1053 to -1047
PF -9 GCTTCA - 1098 to - 1093

*Nucleotide numbering refers to the human ATG initiation
codon.
tPF -6 was not analysed.

equals 7 mol/l urea with 40% formamide (v/v).
Electrophoresis was performed at 75 V for
seven to nine hours, depending upon the melt-
ing properties of the amplified sequence. PCR
fragments displaying altered behaviour in the
gel, indicative of the presence of a mutation or
polymorphism in this particular region of the
gene, were subsequently sequenced.

DNA SEQUENCING
Single stranded DNA was obtained in an
asymmetrical PCR reaction. Each single
stranded product was concentrated using a
Centricon 100 (Amicon, Danver, Mass, USA)
and sequenced by the dideoxynucleotide chain
termination method.

Results
SELECTION OF THE DNA SEGMENTS STUDIED

CFTR sequences of eight species representing
four orders of mammals (man, gibbon, rhesus
monkey, squirrel monkey, rabbit, cow, rat, and
mouse) were compared over a region spanning
from 2.5 kb upstream from the human ATG
initiation codon to 1.3 kb downstream from the
first exon. A phylogenetic footprint (PF) is
defined as a non-coding sequence motif that
shows 100% conservation in several species
over a region of 6 contiguous base pairs.'6
Our analysis allowed the identification of 11
PFs (table 1, fig 1). Two of them (PFs + 1 and
+2) are located at +1 kb in the first intron and
are separated by only 21 bp. Five PFs (-1 to -5)
are clustered in a 116 bp region, 95 bp
upstream from the ATG. This region has been
defined as the minimal promoter, both in
human and mouse, by transfection assays with
reporter genes.81' PF -6 is located at position
-288. Three PFs (-7 to -9) cluster in a 100 bp
region 1.3 kb upstream from the ATG. Lastly,
between nucleotides (nts) -1246 and -1236, we
observed a region in which eight out of 11 nts
are conserved between all the species studied.
However, since this region does not contain 6
contiguous bp, it cannot be considered as a PF,
and we will refer to it as a "region of similitude"
(RS).
Comparison was extended further upstream

for the three species for which sequence data
are available, that is, human, rat, and mouse
(fig 2). No similitude was observed between the
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Figure 1 Map of the human CFTR promoter region and localisation of the phylogenetic footprints (PFs) and of the
region of similitude (RS) studied by DGGE. PFs and RS are indicated by arrows. The upper arrow indicates the
transcription start (position -132 with reference to the ATG initiation codon) while the vertical bar represents the first exon.
The six fragments designedfor DGGE analysis (A to F) are indicated. Nucleotide numbering of the region explored is with
reference to the human ATG initiation codon and has been used to designate the corresponding PCR primers (see
Methods).

three sequences from -2.5 to -3.3 kb upstream
from the ATG, but 11 PFs (-10 to -20) are
clustered in a 500 bp region between nts 3840
and -3340.
Thus, four clusters of PFs and one RS are

observed within the 3.9 kb of DNA sequence
upstream from the initiation codon of CFTR.
In addition, two nearby PFs are located at +1
kb in intron 1 (fig 1). The length of these PFs
varies from 6 to 12 nts (table 1, fig 2). From
these data, six DNA segments ranging from
125 to 370 bp were selected to be studied by
DGGE: segment A (nts -3855 to -3720),
segment B (nts -3650 to -3281), segment C
(nts -1440 to -1200), segment D (nts -1200 to
-881), segment E (nts -240 to -60), and
segment F (nts +990 to 1180) (fig 1). PF -6
was not analysed.

DGGE AND SEQUENCE ANALYSIS OF SEGMENTS A
TO F
Altogether, 366 chromosomes were studied by
DGGE analysis of the six DNA segments
described above. We observed no variations in
the pattern of migration of any of the
corresponding PCR products except for frag-
ment D where a T-.G nucleotide change was
identified at position -966 from the ATG
initiation codon. This change does not fall into
a PF and has not been reported so far. Familial
segregation clearly indicates that this nucle-
otide change is a polymorphism and it has been
observed in the homozygous state in some par-
ents of affected patients. Moreover, in two
families, the father was a carrier of the -966
T-.G and the variant was not transmitted to
his affected CF child. The overall frequency of

-3839
MAN - ---------------GGGGT-- --ATGAAT-GTATGTAAATAGAAGSrGGTGTGCGTGTGTGT-----------'----TTATAAACAGAAT
RAT TGTATCCATTTCTGTG AA CTAT ATCAGAT- G GTG GTGT GT T G-GTTTTCATGAGTGT C T
MOUSE TGTCTCCATTTCTGTG AA CTAT ACCAAATG G GTG GTGT GT T G-GTTTTCATGAGTGT C T

-5060 PF-20 PF-19 Pr-ls

MAN
RAT
MOUSE

PF-17

C AATG GA G A GT -- GGA--TG CC-T C7`CGC TTAGCTC AA G G AT - GC TGC AAGC G G
T GCTG AC G C TC -- AAACATG CC-A CTGAT T-GACTA AA A G -- - -C TT C TTAA A G

PF-16

MAN GACTGTAATG-TGTGTTTACATCCTAGGTAATCACTGTOGCCCACTGTTGAAGAGCTGTGGCTGTTCTTACCCTTCTAGTTAGATAACTTATAAGCACA
RAT T CA GA A CA -- GA GG CTT A AAGG G GA GG A A CC C TCCTACC TGG GT T T
MOUSE A GG -A A TG -- GA GG CCC G AAGG A GG AA T A CC C TCCTACT TAA GT T T

PF-15

ACCAGACTlACATATATAAGCTAAGAGACCT- -TGTCrrlllwwwAACGAGCTTITCrCCCGATAGG-AGTGACTA=SCIITTCICTTCCACATTTTC
G TC GTGT G GG A T GT GCCT C C GGG GCC GTC T TC - A AGA ----T C CA C T T -TCT
G TC GTCC U AA A T GT GCTT C C GG- AT GTC T TC - AAGA ----T C CA C T T -CCT

AGGTTTTAGTGTACTTGTGATTGCTACCCACTTATCACTATTAAAGTCTACTCAG AGAAATCTAAACACTCTCAAAT AAGCATAA
CA C GC TCCAT
GA C AT TCCAC

PF-14

T G ---- CTCCC A T G ----T TA ----

T G ---- ATCCT A T T ----T CA AAAT
PF-13 P7-12

G T -

A CG G

-333 0
MAN T- -AAGTAAAGTAT TGAAAGTTCACTCTCATGATTTCTAATGGTGAA-ACCTG -- GCAG

RAT CAG TGGA G A GT CA TA C G A- G GACAATTTTCCA A
MOUSE CAG GAGA G A AT TA TC C G GC C AGCCACTTTCTA G

P7-11 PF-10 -4516

Figure 2 Alignment ofhuman, mouse, and rat sequences of the CFTR promoter region 3.3 kb upstream from the ATG.
Areas of 100% conservation produce a blank space or phylogenetic footprint (PF). - indicates a deletion. Numbering of the
human sequence is indicated with reference to the ATG.
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this polymorphism was around 2.2% in the
sample studied.

Discussion
To look for mutations within the CFTR
promoter region, we used a targeted approach
based on evolutionary clues. Recently, phyloge-
netic footprinting has been successful in iden-
tifying a cAMP responsive element (CRE) and
a 1 2-0-tetra decanoylphorbol- 13 acetate
(TPA) responsive element (TRE) within the
CFTR promoter. These two elements are
located at -0.1 and -1.3 kb relative to the ATG,
respectively (that is, in the PF -7/-9 and PF
-1/-5 clusters). In vitro analysis of protein/
DNA interactions and ex vivo transfection
assays have confirmed the functional relevance
of these two conserved sequences in the
transcriptional regulation of CFTR'2 14 Once
these potential regulatory elements were iden-
tified, we used a GC clamp DGGE assay to
scan these regions for possible mutations in
patients with various CF related phenotypes.
Based upon our previous results, this DGGE
approach should be the most effective in iden-
tifying sequence variations in the region
studied, even if this region is particularly GC
rich. Except for clear polymorphisms found in
CF and non-CF subjects, the assignment of a
base change in a non-coding sequence as a
molecular defect is difficult to assess2- (CF
Genetic Analysis Consortium, personal com-
munication). Actually, we have been surprised
by the very low level of polymorphism
exhibited by the sequences we tested. Indeed,
only one polymorphism (-966 T-*G) was
identified and we did not find any other
sequence variations. We have looked at the dis-
tribution of the -966 T--G variant in CF,
CBAVD, or disseminated bronchiectasis pa-
tients and the percentage of -966 T-*G
carriers is the same in these three groups, so the
chance that this change could be a mild muta-
tion, like, for example, the intron 8 5T variant
in CBAVD patients, is very low.

This may be a sign that these regions
containing PF are under selective pressure even
for sequences that surround the PFs. Among
the 600 mutations reported so far, only a very
few nucleotide changes have been reported in
the promoter region20 (CF Genetic Analysis
Consortium, personal communication). In this
study, DNA of the CF or CBAVD patients had
been previously thoroughly studied for muta-
tions throughout the whole coding sequence of
the CFTR gene. We have previously shown that
DGGE scanning can detect up to 100% of the
mutations in a PCR fragment.2' 22 The fact that
we have been unable to find any abnormalities
reinforces the idea that the promoter region in
the CFTR is not frequently mutated. However,
our approach could have missed some impor-
tant sites involved in the regulation of the
human CFTR gene because, firstly, the con-
sensus regulatory sequences are usually rela-
tively short and they may vary by one or two
nucleotides between species and, secondly,

species specific regulatory elements seem to
exist.'2 Conversely, no functional studies have
been performed for regions encompassing PFs
-10 to -20 and PFs +1 and +2 and this prevents
definite conclusions being drawn concerning
their role in CFTR regulation. Still, we think
that this approach should certainly be pursued
and extended, in particular to the CFTR regu-
latory element newly described as the 181 + 10
kb element.'3
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