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Mutation and haplotype analysis of the
CFTR gene in atypically mild cystic
fibrosis patients from Northern Ireland

EDITOR—Although cystic fibrosis (CF) is a monogenic dis-
order of autosomal recessive inheritance, it displays a
diverse clinical phenotype. Over 1000 molecular lesions in
the cystic fibrosis transmembrane conductance regulator
(CFTR) gene together with the action of modifying genes
can result in the variable expression of CF.1 2

Classical CF causes dysfunction of the lung, sweat glands,
testis, ovary, intestine, and pancreas.3 However, there is con-
siderable variation in measurements of the onset age,
presence of pancreatic insuYciency, sweat electrolyte levels,
and progression of lung disease. Particularly mild manifesta-
tions of cystic fibrosis are conveniently grouped as “atypical
CF” and result from a diVerent CFTR mutation spectrum
from classical CF patients.4–8 Recognition of the wide range
of disease presentation in CF is important for appropriate
treatment and eVective counselling of those at risk. The rep-
ertoire of other disorders associated with CFTR variants
include various respiratory aZictions such as asthma,9

chronic bronchitis, disseminated bronchiectasis,6 7 10 allergic
bronchopulmonary aspergillosis,11 nasal polyposis,12 chronic
pancreatitis,13 and certain forms of male infertility character-
ised as congenital absence of the vas deferens (CAVD) and
obstructive azoospermia.8 14

This report details the CFTR variants, characterised by
fluorescent sequencing after screening the entire coding
and surrounding intronic sequences by denaturing
gradient gel electrophoresis (DGGE), in a panel of 31

unrelated atypical CF patients from Northern Ireland. The
frequencies of these variants in the normal population was
also examined. Automated detection of fluorescently
labelled multiplex PCR fragments was used to type three
intragenic CFTR dinucleotide repeats for assigning micro-
satellite haplotypes to the atypical CF alleles.15 The
genotypes for a functionally important polythymidine
branch/acceptor site of intron 8 in the CFTR gene
(Tn=IVS8-6(T)n)16 were also typed for our CF, atypical
CF, and normal chromosomes.

The aVected subjects from Northern Ireland were diag-
nosed during neonatal CF screening by two increased lev-
els of immunoreactive trypsin from Guthrie card samples,
followed by two sweat tests at one week intervals.17 Older
patients (those currently over 14 years) were diagnosed by
sweat testing after referral on clinical suspicion. Diagnosis
of “classical” CF is generally based on a pathological sweat
test, a CFTR mutation on each CF allele, and typical clini-
cal symptoms of gastrointestinal and pulmonary disease.3

Diagnostic problems arise when one or more of the above
criteria are not fulfilled. For example, Highsmith et al18

reported CF gene mutations in patients with normal sweat
chloride concentrations. The highest sweat electrolyte
results for the atypical CF group were in the diagnostic
range for CF (table 1), although they tended to provide
borderline results which required repeating before diagno-
sis was made. The overall clinical course is much milder
than for our CF patients, as shown by slower decline on
chest x ray appearances, Shwachman scores, deviation of
height and weight below the mean, and decline in pulmo-
nary function. They did not present with meconium ileus
and only a few have had Pseudomonas aeruginosa infections
(table 1). Only about half of the patients receive pancreatic

Table 1 The CFTR genotypes and clinical details for a panel of 31 atypical CF patients from Northern Ireland

Patient CFTR mutations Tn genotype* Sex/age (y)
Sweat
chloride†

Bacterial
infection‡

Pancreatic
status§

Shwachman
score3 FEV1 %¶

1 ÄF508/R75Q + 5T 9/(11) 5 M/32 93 PA PI 18/25 80
2 ÄF508/R117H + 5T 9/(12) 5 M/9 74 HI PI 21/25 90
3 ÄF508/R75Q 9/7 F/32 65 n PS 23/25 92
4 ÄF508/5T 9/(11) 5 M/7 83 n PS 24/25 —
5 ÄF508/U 9/7 F/23 81 HI PS 19/25 87
6 ÄF508/U 9/7 F/11 63 n PS 23/25 103
7 ÄF508/U 9/7 F/24 103 PA PI 13/25 66
8 ÄF508/U 9/7 F/13 83 n PS 18/25 81
9 R75Q/U 7/7 F/20 117 HI PI 20/25 88
10 R75Q/U 7/7 M/6 84 HI PS 19/25 —
11 R75Q/U 7/7 M/33 96 n PI 21/25 86
12 S1235R/U x/x F/18 69 HI PI 24/25 90
13 S1235R/U 7 or 9/7 or 9 M/22 76 n PI 20/25 119
14 R117H + 5T/U (12) 5/7 M/17 91 PA PI 20/25 77
15 R297Q + 5T/U (11) 5/7 F/14 62 n PI — —
16 5T/U (11) 5/7 M/13 79 n PI 21/25 75
17 5T/U (12) 5/7 F/20 74 n PS 22/25 100
18 5T/U (11) 5/7 M/28 55 n PI 19/25 68
19 U/U 7/7 M/8 58 HI PS 19/25 94
20 U/U 7/9 M/26 74 n PS 23/25 106
21 U/U 9/7 M/8 55 HI PS 22/25 —
22 U/U 7/7 M/8 77 n PS 21/25 —
23 U/U 7/9 M/12 58 HI PI 21/25 92
24 U/U 7/7 M/12 61 n PI 19/25 91
25 U/U 7/7 M/21 72 n PS 22/25 96
26 U/U 7/7 F/7 89 n PI 21/25 87
27 U/U 7/7 M/8 65 n PS 23/25 —
28 U/U 7/7 F/15 78 HI PI 20/25 76
29 U/U 7/7 F/28 111 PA PI 16/25 72
30 U/U 9/7 M/10 84 n PS 20/25 81
31 U/U 9/7 M/9 66 n PI 22/25 93

*The number of TG repeats (IVS8GT) upstream of the Tn tract is given in brackets only before a T5 score as their number can modulate alternative splicing only
when this is activated by the T5 allele.16 U = unknown (no mutation detected), M = male, F = female, x = uncharacterised.
†High sweat levels, diagnostic of CF, are those above 70 mmol/l chloride, borderline levels are 40–70 mmol/l, and normal levels are below 40 mmol/l.17 In the atypi-
cal cohort, 20 patients have high sweat levels and 11 have borderline values.
‡HI = Haemophilus influenza, PA = Pseudomonas aeruginosa, n = no bacterial growth detected.
§PI = pancreatic insuYcient, PS= pancreatic suYcient.
¶FEV1/FVC % = forced expiratory volume in one second / forced vital capacity, as a percentage. — = no value available.
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enzyme supplements (Aileen Redmond, Royal Victoria
Hospital, Belfast, personal communication).

DNA samples from the atypical CF patients were
analysed by DGGE and variants characterised by fluores-
cent sequencing as for our CF cohort.19 This screening
procedure enabled detection of all 80 control CFTR
variants spread through all the exons.

The six CFTR variants and their associated Tn genotypes
found in the atypical CF samples are shown in table 1. They
were present on 22 of the 62 CFTR alleles examined (35%).
Only four patients (Nos 1-4 in table 1) had CFTR defects
detected on both chromosomes. Of the 31 subjects tested 18
had at least one CFTR defect characterised (58%), which is
significantly diVerent from both normal and cystic fibrosis
populations from Northern Ireland (the 30 CFTR mutations
found in our CF population account for 94% of the CF alle-
les in Northern Ireland19). Twelve of the chromosomes car-
ried one of three pathogenic mutations typically found in
CF: ÄF508 (eight alleles), R117H (two), and S1235R (two).
The latter defect is also associated with disseminated bron-
chiectasis.6 Three of the amino acid changes detected,
R75Q, R297Q, and S1235R, were not observed in CF
patients from Northern Ireland.19

A 5T tract in the splice acceptor site of intron 8 (Tn),
which greatly decreases the amount of available full length
CFTR mRNA,16 20 21 was typed from eight alleles. There is
a wide clinical variation, from no disease to CAVD,22–25

chronic idiopathic pancreatitis,26 bronchiectasis, aspergil-
losis, and moderate CF,6 27 in association with this Tn
allele that depends on the diVerences in levels of normal
CFTR mRNA. The T5 allele eVect on exon 9 skipping has
been shown to increase the phenotypic severity of the
R117H mutation (R117H occurs on two chromosomal
backgrounds, one associated with T5 and the other with
T7).28 The frequency of the T5 allele is 12.9% in the
atypical cohort and has been estimated to be some 5% in
the general population.14 22 After typing the Tn genotype
in 200 normal chromosomes from Northern Ireland in
this study, T5 was found to occur at a frequency of 7.1%.

A substitution of arginine for glutamine at codon 75 in
exon 3 was found on five chromosomes. This R75Q variant
is not thought to cause multiorgan CF but has been found to
be associated, like R117H, S1235R, and T5, with atypical
CF manifestations, such as CAVD14 22 29 and bronchiectasis.6

This amino acid variant was also found in two out of 200
normal alleles but was not detected on 412 CF chromo-
somes. Thus, the R75Q allele is significantly more frequent

in our group of atypical CF patients than in the general
population (p=0.01, Fisher’s exact text). This observation
suggests an association of the R75Q substitution with mild
CF symptoms, as proposed by Zielenski and Tsui.30

Another Arg to Gln change, in codon 297 of exon 7, was
previously reported as the CF mutation R297Q.31 The
female sibs (aged 14 and 17) carrying this variant are now
classified in the atypical group as they present with a quite
mild CF phenotype (NB, only one of the R297Q alleles is
counted in the cohort). R297Q was found in cis with T5
which would probably augment any deleterious eVect of
the amino acid change. Previously, R297Q was also
reported in two healthy French sibs who both carry CF
mutations on their other chromosomes.32 However, in this
case the mutation occurs on a diVerent haplotype
associated with T7. Other evidence that R297Q may con-
tribute to disease, in conjunction with a second site varia-
tion like T5, is that no further mutations were found after
DGGE screening of the entire CFTR coding and flanking
regions. R297Q was not detected in 206 CF or 100 normal
subjects after DGGE analysis. Interestingly, the ovine
equivalent of this variant was reported as the first putative
CF mutation to be detected in another species.33

Three intragenic CFTR microsatellites, IVS8CA,
IVS17bTA, and IVS17bCA , were also typed for the atypical
CF cohort. These haplotypes plus the Tn scores (table 2)
help to postulate whether chromosomal background would
modulate the eVect of variants that are found in both CF and
atypical CF. Microsatellite haplotypes associated with
ÄF508, R117H, and S1235R are equivalent, and thus
genetic background is probably similar to those obtained
from CF patients with these mutations in Ireland and
Britain.15 34

The R75Q and T5 defects were associated with several
haplotypes and so would appear to be carried on diVerent
genetic backgrounds that might regulate their severity.
R75Q was associated with two main haplotype back-
grounds; 16-T7-31 or 46-13 and 17-T5-07-17. In addition
to R117H (the two R117H alleles occur on the more
pathogenic T5 background), T5 occurs in cis with both
R75Q and R297Q respectively. Examination of the Tn
genotypes for the 30 mutations in our independent CF
cohort showed that only R117H was associated with T5
(12 out of the 16 R117H CF alleles). All the other CF
mutations were associated with T7 or T9. There were 23
diVerent haplotypes typed from the 40 uncharacterised
atypical CF alleles, which suggests that there could be

Table 2 Haplotypes defined for 62 atypical CF alleles and their associated CFTR variants

Mutation No of alleles Atypical CF frequency* (%) CF frequency† (%) Normal frequency‡ (%) Haplotype§ 8CA-Tn-17bTA-17bCA

ÄF508 8 12.9 68 2 23-9-31-13 (4)
23-9-32-13 (2)
21-9-31-13 (1)
17-9-31-13 (1)

5T 8 12.9 3.4 7.1 17-5-07-17 (3)
16-5-30-13 (2)
16-5-07-17 (2)
16-5-29-13 (1)

R75Q 5 8.1 0 1 16-7-46-13 (3)
16-7-31-13 (1)
17-5-07-17 (1)

R117H 2 3.2 4.1 1 16-5-30-13 (2)
S1235R 2 3.2 0 0 17-7/9-31-13 (2)
R297Q 1 1.6 0 0 17-5-07-17 (1)
Not known 40 64.5 5.6 — 16-7-30-13 (7)

16-7-07-17 (5)
16-7-32-13 (5)
16-7-44-13 (2)
17-7-07-17 (2)

and one each of: 16-7-07-13, 16-7/9-07-17, 16-7-21-19, 16-7-24-13, 16-7-29-13, 16-7-31-13, 16-7-31-14, 16-9-32-13, 16-7-33-13, 16-7-34-13, 16-7-35-13,
16-7-37-13, 16-9-44-13, 16-7-46-13, 16-7-47-13, 17-9-43-13, 17-7-54-11, 20-9-30-13, not typed (1)

*Frequency of the variant in the panel of 62 atypical CF chromosomes.
†Frequency of the variant in 412 chromosomes from 206 Northern Irish CF patients.
‡Frequency of the variant in 200 normal chromosomes from Northern Ireland.
§The figures in brackets after each haplotype denote the number of atypical alleles found with that particular haplotype.

Letters 137

www.jmedgenet.com

http://jmg.bmj.com


many other variants still to be found in the non-coding
region of the CFTR gene. Recent reports suggest that some
cases of atypical CF also could result from other genetic or
environmental factors.2 35

The CFTR gene has been shown to be a predisposing fac-
tor for the development of various atypical manifestations of
CF. Examination of the entire coding and flanking
sequences of the CFTR gene by denaturing gradient gel
electrophoresis was undertaken to screen for mutations in 31
patients who express a markedly mild form of CF. They have
borderline or increased sweat electrolyte levels with pulmo-
nary dysfunction but no substantial bacterial colonisation.
Three intragenic CFTR microsatellites and a Tn tract, whose
T5 allelic variant causes aberrant splicing and is strongly
associated with atypical CF, were typed to construct haplo-
types for the disease alleles. There were six variants (includ-
ing T5) characterised on 22 of the 62 alleles tested (35%),
though only 12 of these chromosomes harboured mutations
commonly found in CF. While only four patients were found
to be compound heterozygotes for CFTR defects, 18 (58%)
had at least one mutant CFTR allele. The CFTR genotypes
for the atypical cohort are markedly diVerent from both nor-
mal and cystic fibrosis populations from Northern Ireland.

The apparatus and optimisation of DGGE for analysis of
the CFTR gene is described by Hughes et al.19 Briefly, sam-
ples were loaded in a 6% polyacrylamide gel with a linearly
increasing concentration of denaturing gradient from 0% to
80% denaturant (100% denaturant: 6 mol/l urea, 40%
formamide v/v) and analysed on a modified Biorad Protean
11 vertical electrophoresis system at a constant temperature
of 60°C. Fragments displaying altered gel mobilities were
visualised by ultraviolet light after ethidium bromide
staining. The corresponding PCR products were sequenced
in both directions with fluorescent dyedeoxy chain termina-
tor nucleotides on an Perkin Elmer ABI 373A sequencer.
For each DGGE amplicon, control samples carrying known
mutations were analysed under the same conditions and in
parallel with the uncharacterised samples.

IVS8CA, IVS17bTA, and IVS17bCA were amplified by
fluorescent multiplex PCR.15 34 The reverse primers were 5'
end labelled with fluorescent phosphoramidites (Perkin
Elmer). Samples were loaded onto 6% polyacrylamide gels
(Sequagel, National Diagnostics) and analysed on a Perkin
Elmer ABI 373A DNA sequencer. Markers of known size,
labelled with a diVerent phosphoramidite, were run with
the samples to determine allele sizes using the Genescan
672 software according to the manufacturer’s instructions.
IVS8GT and IVS8-6(T)n were typed by a combination of
SSCP, restriction digests, and direct sequencing as
described by Dörk et al.36
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Risk perception and cancer worry: an
exploratory study of the impact of
genetic risk counselling in women with
a family history of breast cancer

EDITOR—An important aim of genetic risk counselling is to
confirm a level of cancer risk and oVer risk management
strategies.1 By giving counsellees accurate information
about their risk, in place of ignorance, uncertainty, or a
false assumption of the inevitability of breast cancer, it is
hoped that some of the associated worry about personal
risk may be alleviated.

Earlier work by the authors showed that women
frequently overestimate their risk of breast cancer,2

creating the possibility of reassuring women by providing
a more realistic risk value. Subsequent research showed
that risk counselling significantly improved risk accuracy
over a one year follow up period, both for women who
overestimated and underestimated risk.3 This improve-
ment was more likely if women were sent a personal letter
containing the risk information after their visit.3 However,
there was concern that accurate risk information may
induce or increase anxiety in women referred for genetic
counselling, especially in those who initially under-
estimated their risk.

This was not borne out by a study of first time attendees
at the Family History Clinic, who were followed for a one
year period after genetic risk counselling. Women were
found to adopt a more accurate perception of their risk
without an increase in scores on general measures of anxi-
ety at any time point post-counselling.4 There was a
suggestion from questionnaire data that women with an
accurate appraisal of risk after genetic counselling had the
best levels of mental health and psychiatric diagnoses
derived by interview were not caused by risk counselling.
However, some women with psychiatric morbidity re-
ported that the early loss of a mother was very diYcult to
resolve,4 a problem also reported in adolescent daughters
of breast cancer patients.5 The relationship between early
loss and cancer worry in high risk women has not been
previously reported. Death of a mother in adolescence may
be associated with a greater fear of cancer as an adult,
because of exposure to the disease at this vulnerable age.
Adolescent daughters of women with breast cancer find it
diYcult to put the illness behind them and report higher
symptom scores for distress.5

Our previous study showed that genetic risk counselling
did not adversely eVect mental health, but the study lacked
a specific measure of cancer worry. A previous UK study
reported that specific cancer worry was not relieved by
genetic risk counselling.6 Perceived risk was the best
predictor of cancer worry and intuitively one would expect
women who overestimate to have more cancer worries but
be amenable to reassurance from accurate risk knowledge.
Thus, we considered it important to assess cancer worry
prospectively and longitudinally in women at risk and, sec-
ondly, to find out whether the early loss of a mother had a
bearing on the level of cancer worry.

It was hypothesised that (1) cancer worry scores would
be greater in women who overestimated risk than in those
who underestimated or had an accurate risk perception; (2)
cancer worries would be greater in women whose mothers
died from breast cancer before the daughters were aged 20,
with those aged 10 to 20 (that is, adolescents) at the time
of death being the most vulnerable; and (3) cancer worry
scores would show no significant change following risk
counselling.

At the time of study, the Family History Clinic service
oVered risk assessment to women with a family history of
breast/ovarian cancer who had a minimum two-fold
increased risk compared with the general population, but
who were unaVected. The service was staVed by a consult-
ant cancer geneticist, a consultant medical oncologist with
expertise in risk assessment, and a Research Fellow in can-
cer genetics. Earlier research showed that women’s risk
perceptions post-counselling did not vary according to
which clinician had provided risk counselling.4 Referrals
were received from general practitioners (>70%) and from
surgeons/other clinicians but women could not self-refer. A
detailed pedigree was first obtained by a mailed question-
naire which was then computed and risk level estimated
using the Claus model.7 Women reaching criterion risk
were oVered an appointment at which the family history
was discussed and a personal risk level presented. Risk was
given in two ways, including an odds ratio for lifetime risk.
Clinical breast examination and mammography (where
appropriate) were also provided. All women were sent a
detailed letter after the consultation, summarising the dis-
cussion and including the lifetime risk value. Very few
women attending the service would be able to consider
genetic testing because many were not from obviously
“dominant” breast cancer families, which is where most
testing is focused.

An assessment of pre-counselling risk perception and
cancer worry has formed part of the routine work up for
new referrals to the Manchester Family History Clinic in
recent years. The study population was formed by 500
newly referred women oVered an appointment at the clinic,
who had completed Lerman’s Cancer Worry Scale
(CWS)8 9 and the Manchester Family History Clinic
Questionnaire4 (to assess risk perception) before their first
attendance at the Family History Clinic.

A second pair of questionnaires was posted to 460 of
these women in July 1998, a minimum of two and
maximum of 21 months after genetic risk counselling with
a letter requesting completion. Forty women who had
already been approached to participate in another research
study running concurrently were not recontacted. (These
women were participating in the Tamoxifen Chemopreven-
tion Trial, IBIS.) The CWS is a six item (originally four
item) scale designed to measure worry about the risk of
developing cancer and the impact of worry on daily func-
tioning. Reference population norms are available,8 9 but
no clinical case threshold values are derived.The Family
History Clinic Questionnaire provides information on
source of referral, reason for attending, risk perception, and
concern about risk. It has been used in several previous
research studies2–4 and showed consistency over time. Risk
perception is assessed through selection of the appropriate
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