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INTRODUCTION 

Cystic fibrosis (CF) is characterized primarily by 
pulmonary disease, pancreatic exocrine insuffi- 
ciency, and elevated sweat concentrations (Collins 
1992). Although best known as the most common 
autosomal recessive disorder in the Caucasian pop- 
ulation, CF is also present in other populations, 
such as African-Americans, albeit at a lower fre- 
quency. The disease is caused by mutations in the 
cystic fibrosis transmembrane conductance regula- 
tor (CFTR) gene. The most common mutation in 
Caucasians is a three base pair deletion (AFSOs), 
which accounts for approximately 70% of CF 
chromosomes (Cystic Fibrosis Genetic Analysis 
Consortium, 1990). Over 150 additional, rarer 
mutations have been reported (Tsui, 1992a,b), in- 
cluding 9 from Black CF patients (Cutting et al., 
1990a, 1992). We report here a novel frameshift 
mutation in exon 13 of CFTR, identified in an 
African-American patient. 

MATERIALS AND METHODS 

Lymphocyte genomic DNA was obtained from a 
30-year-old, female, African-American CF pa- 
tient. The patient is pancreatic insufficient with a 
sweat chloride concentration of 104 mmol/liter. 
Her height is 164 cm (50% for age), and weight is 
53.9 kg (25-50% for age). Pulmonary function 
testing revealed severe lung disease with FVC of 
1.6 liters (44%) and FEV, of 0.55 liters (18.1%). 
She is colonized with Pseudomonas cepacia. No 
family history is available as the patient is adopted. 

CFTR exon 13 was amplified from genomic 
DNA by the polymerase chain reaction (PCR). 
Standard conditions were used for all PCRs de- 
scribed in this report (Sambrook et al., 1989) with 

35 cycles of 1 min at 94”C, 1 min at 55”C, and 2 
min at 72°C. Intron specific PCR primers flanking 
exon 13, with the addition of BumHI restriction 
sites, were used: S’ATACGGATCCTGCTAA- 
AATACGAGACATAlTGCA3’ and 5’ATA- 

GAT?’. The amplified region was screened by 
chemical mismatch cleavage (CMC), as described 
elsewhere (Strong et al., 1991), and sequencing, 
using the Sequenase 2.0 kit (United States Bio- 
chemical). 

For the diagnostic restriction enzyme digest, 
DNA was amplified by the PCR with exon 13 
specific primers: 5’ATACGGATCCCAATCT- 
TTTAAACAGACTGGAGAGTT3’ and 5‘A- 

CCTGAGG3’. The PCR products were digested 
with MboII and visualized in a 3% agarose gel. 

Nasal tissue was obtained from the patient and 
a normal subject by nasal scrape as described else- 
where (Strong et al., 1992). RNA was extracted 
from nasal epithelial cells of the patient and a nor- 
mal subject using RNAzol B (Tel Test), according 
to the manufacturer’s instructions. One microgram 
of total RNA was reverse transcribed in a volume 
of 50 pl containing 1 pg of random hexamers, 200 
units moloney murine leukemia virus reverse tran- 
scriptase (RT) (BRL), 40 units RNasin (Promega), 
50 mM Tris, pH 8.3, 50 mM KC1, 8 mM MgCl,, 
and 10 mM DTT. PCR amplification was per- 
formed using 5 p1 of the RT reaction as template 
and the following CFTR primers: S’ATACCT- 

CGGATCCTACACCTTATCCTAATCCTAT- 

TACCTCGAGCCAGTTCAGTCAAGTTTG- 
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FIGURE I. Partial DNA sequence of CFTR exon 13 from a 
patient homozygous for 2307insA. Insertion of an adenine is 
indicated by the arrow. 

CGAGACAACAGGAGAAGGAGAAGGAA- 
GAG3’ (exon 18) and 5‘ATACCTCGAGG- 
GGCTTAGACTTGCACT3 ’ (exon 24). A 
second round of amplification was performed using 
nested primers: 5 ’ATACCTCGAGGGCCTCT- 
TGGGAAGAACTGGATCA3’ (exon 20) and 

CAGTTTCT3’ (exon 24). As a control for the 
efficiency of the RT reaction, 5 pl of RT product 
was amplified using primers to the c-abl gene: 

CTTGGAGTT3’ and 5’TTTATGGGGCAGC- 
AGCCTGGAAAAGTACTTGGG3’. RT/PCR 
products were visualized in a 2% agarose gel. 

5 ’ATACCTCGAGAGGCTCCTCTCGTTCAG- 

S’TCACTGGGTCCAGCGAGAAGGTTTTC- 

RESULTS 

Exons 9-13 were screened by chemical mis- 
match cleavage. A n  insertion of a single adenine 
at nucleotide 2307 (2307insA) of CFTR was de- 
tected in an African-American CF patient (Fig. 
I ) .  The resulting shift of the reading frame at 
codon 726 introduces two consecutive stop codons 
at amino acid positions 729 and 730. The muta- 
tion also destroys an MboII site. Restriction anal- 
ysis revealed that the patient is homozygous for 
2307insA. The frameshift mutation was not found 

FIGURE 2. Ethidium bromide staining of RTiPCR products. 
Lanes 1-5: reverse transcription and two rounds of amplifi- 
cation performed using nested CFTR primers. Lanes 6-10 
reverse transcription and amplification performed using 
primers to the c-abl gene. cDNA template for lanes 1, 3, 6 
and 8 is from patient (2703insN2307insA) nasal epithelial 
RNA. Template for lanes 2 , 4 , 7  and 9 is from a control nasal 
epithelial RNA sample. Lanes 3 , 4 , 8  and 9 are controls with 
no RT added. Lanes 5 and 10 are negative H,O controls. M 
indicates a 100 bp marker ladder. 

on 26 normal chromosomes, nor on 32 non-AF508 
CF chromosomes. 

To examine the mRNA level associated with 
the 2307insA mutation, RNA from nasal epithe- 
lial cells of the patient and a normal subject were 
reverse transcribed. Subsequent amplification of 
the cDNA revealed that the CFTR message level 
associated with 2307insA was markedly reduced 
compared to the normal control, while both the 
patient and the normal subject showed similar lev- 
els of expression of the c-abl control mRNA (Fig. 
2).  

DISCUSSION 

We have identified a frameshift mutation 
(2307insA) in exon 13 of CFTR. 2307insA is ex- 
pected to result in a truncated protein which would 
lack the second half of the normal protein. Reverse 
transcription and PCR indicate that 2307insA is 
associated with severely diminished CFTR mRNA 
in nasal epithelial cells, although the analysis is 
not quantitative. The reduced message level prob- 
ably results in markedly reduced CFTR protein lev- 
els as well. This phenomenon is not unexpected as 
it has been observed for several nonsense muta- 
tions in ClTR (Hamosh et al., 1991, 1992) and in 
other genes (Kinniburgh et al., 1982; Atweh et 
al., 1988; Daar and Maquat, 1988). In addition, 
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this is more common when the nonsense mutation 
is in a proximal exon, as it is in this case (Cheng 
et al., 1990). 

2307insA was detected in an African-American 
CF patient who appears to be homozygous for the 
frameshift, although hemizygosity cannot be ex- 
cluded by this analysis. It is possible that the pa- 
tient’s genotype is a result of consanguinity in the 
family which cannot be assessed since she is 
adopted. Uniparental disomy, previously described 
for this region (Spence et al., 1988), could also 
account of the homozygosity. Clinically, the pa- 
tient has severe disease, as evidenced by pancreatic 
insufficiency and impaired pulmonary function. 

Other CF patients found to be homozygous or 
compound heterozygous for nonsense or frameshift 
mutations have been reported (Cuppens et al., 
1990; Cutting et al., 1990a; Beaudet et al., 1991; 
Ferec et al., 1992; Nunes et al., 1992; Shoshani et 
al., 1992). They are all pancreatic insufficient yet 
some of these individuals have had mild pulmonary 
involvement. The severe lung disease observed in 
this patient homozygous for 2307insA contrasts 
with the original suggestion that truncation muta- 
tions might have a greater effect on pancreatic 
function than on pulmonary function (Cutting et 
al., 1990a). The original observation may reflect 
the large, genotype-independent variability ob- 
served in CF pulmonary function (Kerem et al., 
1990) and argues for the use of pancreatic rather 
than pulmonary status for defining an allele as mild 
or severe. 
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