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ABSTRACT. We conducted clinical and genetic analyses of 52 cystic
fibrosis (CF) patients in Uruguay, which is about half of the known
affected individuals in the country. A relatively high proportion had a
mild presentation, characterized by pancreatic sufficiency (28%), a
strong pulmonary component (97%), and borderline sweat electrolyte
measurements (25%). Mutational analysis of CF chromosomes
demonstrated a relatively low incidence of the AF508 allele (40%) and
a large number of other cystic fibrosis conductance regulator mutations,
with an overall detection rate of about 71%. Fifteen different mutations
were detected in our patients: AF508, G542X, R1162X, G85E, N1303K,
R334W, R75Q, R74W, DI1270N, W1282X, AI507, 2789+5G—A,
R1066C, -816C/T, R553X, as well as RNA splicing variant IVS8-5T.
This group of Uruguayan CF patients has some characteristics in
common with other populations of similar origin (Hispanics), as well
as some unique characteristics.
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INTRODUCTION

Cystic fibrosis (CF) is a recessive, autosomal genetic disease most common among
Caucasian populations and caused by mutations in the cystic fibrosis transmembrane
conductance regulator (CFTR) gene (Welsh et al., 1995). The AF508 deletion (frequency of
68% worldwide) is the most common mutation, but the proportion of this allele and other
CFTR mutations varies considerably among populations and geographic locations (Tsui, 1992;
The Cystic Fibrosis Genetic Analysis Consortium, 1994; Welsh et al., 1995). There is much
clinical heterogeneity in CF, which can be partially explained by the various CFTR genotypes
(Zielenski and Tsui, 1995).

Little has been published on cystic fibrosis in Latin America (Valenzuela, 1988; Raskin
et al., 1993; Orozco et al., 1993; Rios et al., 1994; Chertkoff et al., 1997). It is difficult to
compare the known populations to that of Uruguay due to differences in ethnic compositions.
Latin Americans are principally a combination of three populations: Amerindians, Africans
and Caucasians. The genetic characteristics of South American admixed populations vary
throughout the continent according to location, origin of the Caucasian or African immigrants,
and the distribution of Amerindians.

Uruguay is a small country (130,000 km?) located between Argentina and Brazil. It
has about 3,200,000 inhabitants (INE, 1996), composed mainly of Caucasians (86% or more)
with 6-11% African-derived individuals and 1-2% Amerindian-derived individuals (Sans et
al., 1997). Very low proportions of ethnically non-admixed Amerindians remain, and no isolated
groups remained after the middle of the last century (Gonzalez and Rodriguez, 1992). Africans
were introduced into Uruguay as slaves between 1743 and 1842. In 1829, there were an estimated
8,500 African people among approximately 74,000 inhabitants (Sans and Barreto, 1998; Pi
and Vidart, 1969). There were several waves of European immigration to Uruguay in different
periods. Europeans came from Spain (mainly the Canary Islands, Galicia and Asturias), the
Basque region, Italy, Portugal and England. More recently, Central-European Jewish immigrants
also came to the country.

Uruguay has a small population and a low birth rate (18.9/1000), with a CF prevalence
of approximately 1/9600 inhabitants (H. Cardoso, unpublished results). Accordingly, the
resulting CF population is relatively small (approximately 100 registered individuals) and it
was possible to study a considerable proportion of it.

MATERIAL AND METHODS

A sample of 104 chromosomes corresponding to 52 unrelated, clinically confirmed CF
patients, was selected from a group of 160 individuals. These patients were referred to us for
molecular diagnosis or to confirm a clinical diagnosis. Genetic counseling was provided to the
family. The patients were diagnosed according to the following criteria:

a) Presence of lung disease. Each subject was considered to have pulmonary
symptomatology when at least one of the following was observed: bronchiectasis, atelectasis,
hyperinflation, airway obstruction, recurrent/chronic pneumonia, Pseudomonas sp. infections
or nasal polyps.

b) Presence of gastrointestinal and nutritional abnormalities. These were defined by:
chronic diarrhea, failure to thrive, meconium ileus and rectal prolapse. In our patients pancreatic
insufficiency was determined by abnormal fecal fat values or the need for pancreatic enzyme
replacement therapy.
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c¢) High sweat chloride concentrations. At least two sweat tests were made on each
patient (Gibson and Cooke, 1959). A borderline sweat test value (40-60 mEq/1) or a negative
test (<40 mEq/l) did not preclude molecular analysis if pulmonary and/or gastrointestinal
symptoms were also present.

The CFTR mutations were detected by using one or more of the following methods:

a) Reverse hybridization technique for eight mutations frequent in Europe (AF508,
G542X, N1303K, 1717-1G—A, W1282X, G551D, R553X and AI507), using a commercial
kit from Inno Lipa CF2, Innogenetics, Belgium.

b) The G85E, R334W and 3120+1G— A mutations, common in the Spanish population,
were analyzed by restriction enzyme analysis (Gasparini et al., 1991; Zielenski et al., 1991).

¢) Single strand conformation polymorphism (SSCP) according to Orita et al. (1989).

d) Multiplex heteroduplex analysis using the mutation detection enhancement gel matrix
(mHET; Aznarez et al., 1998)

e) Denaturing gradient gel electrophoresis (DGGE; Fanen et al., 1992).

In ¢, d and e, the mutation characterization was performed by direct sequencing of the
implicated DNA fragments (Sanger and Coulson, 1975).

Patients were tested for the CFTRdele2,3 (21kb) allele (Dork et al., 2000) and variants
in the T-tract of the branch/acceptor splice signal of intron 8 (Chillon et al., 1995).

RESULTS

Genetic analysis led to the detection of 15 different mutations: AF508, G542X, R1162X,
G85E, N1303K, R334W, R75Q, R74W, D1270N, W1282X, AI507, 2789+5G—A, R1066C,
R553X and -816C/T. In addition to these well-defined CFTR mutations, RNA splicing
chromosomes carrying the IVS8-5T variant were also detected. The mutations that had
frequencies above 1% are shown in Table 1.

Table 1. Frequencies of CFTR mutations observed in Uruguayan cystic fibrosis patients.

Mutation N % Cumulative (%)
AF508 42 40.4 40.4
G542X 6 5.7 46.1
R1162X 3 2.9 49.0
G85E 3 2.9 51.9
N1303K 3 2.9 54.9
R334W 2 1.9 56.7
R75Q 2 1.9 58.6
Other mutations* 13 12.5 71.1
Unknown 30 28.9 99.9

*R74W, D1270N, W1282X, AI507, 2789+5G—>A, R1066C, -816C/T, R553X, 5T (3 cases associated to other
mutations, 2 cases without known second mutation). N = number of alleles out of 104 in 52 patients.

The most prevalent mutation, AF508, was found in 42/104 CF chromosomes, with the
second most common allele being the G542X (6/104). Although we used multiple techniques,
about 29% of the mutations remained unidentified (Table 1). Besides the listed mutations the
following polymorphisms were also present in our patients: -8§95G-T, 1001+11C/T, 1540A/G,
1898+152T/A, 875+40A/G, 3041-92G/A, 2377C/T and 3212T/C.
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The different CFTR genotypes are shown in Table 2. The most frequent was AF508/
AF508 (8/52). Other common genotypes were: AF508/other, found in 15 patients, AF508/
unknown observed in 11, other/other, in 6 and unknown/unknown, in 6. Of the 52 patients
tested, 28 had both mutations detected, 18 only one mutation known, and in 6 both mutations
unknown. T-tract analysis revealed the [IVS8-5T variant pairing with AF508 (2 patients) and
-816C/T mutations (one patient), as well as unknown mutations in 2 patients.

Table 2. Frequencies of the observed CFTR genotypes (total N = 52).

Genotypes N Percent
AF508/AF508 8 154
AF508/R1162X 3 5.8
AF508/G85E 3 5.8
AF508/G542X 3 5.8
AF508/5T 2 3.9
AF508/R334W 2 3.9
AF508/1303X 1 1.9
AF508/R1066C 1 1.9
AF508/Unknown 11 21.2
AI507/2789+G-A 1 1.9
R74W/D1270N 1 1.9
N1303K/G542X 1 1.9
N1303K/R553K 1 1.9
-816C-T/5T 1 1.9
5T/Unknown 2 3.9
G542X/Unknown 2 3.9
R75Q/Unknown 2 3.9
W1282X/Unknown 1 1.9
Unknown/Unknown 6 11.5

All individuals had pulmonary symptoms. All those carrying the AFS08/AF508 genotype
had pancreatic insufficiency. Pancreatic sufficiency was high and observed in about 1/3 of the
remaining patients. There was an association between sweat test values (classified as <40
mEq/1, 40-60 mEq/l and >60 mEq/1) and genotypes in 48 individuals from our sample. A high
proportion of individuals carrying genotypes with 1 or 2 AF508 mutations (AF508/AF508 6/6,
AF508/other 13/16 and AF508/unknown 7/9) had CI” values higher than 60 mEq/1. In contrast,
few individuals carrying non-AF508 genotypes such as other/other (3/6) and other/unknown
(3/10) mutations, had high sweat chloride levels (>60 mEq/l) (x> = 12.0; 1 d.f.; P<0.001).

DISCUSSION

CF is described as a genetic disease characterized by three major features; chronic
obstructive pulmonary disease, pancreatic insufficiency and abnormally high sweat electrolyte
levels. The number of patients evaluated in this study is not sufficient to obtain a statistically
significant estimate of the clinical aspects of the disease. However, our study population appears
to be different from other CF populations.

The classical triad of CF is not always present at the time of diagnosis. At that time,

Genetics and Molecular Research 1 (1): 32-38 (2002) www.funpecrp.com.br



G. Luzardo et al. 36

(14/52) of our patients did not need pancreatic enzyme supplements and were classified as
pancreatic sufficient. This value is significantly higher than that obtained for other populations
such as the U.S. (U.S. Cystic Fibrosis Foundation, 1997), where the reported proportion of
registered patients who did not require enzymatic supplements was 17%. We detected a
significant number of patients (12/48) with borderline sweat chloride (SWCI) test values. On
the other hand, the SWCI™ distribution seems to be influenced by the types of mutations and
genotypes (all the AF508/AF508 patients had high SWCI™ values, while those with other
genotypes had lower SWCI values). As was observed in other populations, almost all the
patients (49/52) had mild to severe pulmonary disease.

These results suggest that our patients could represent a specific clinical population
group, as proposed by the Cystic Fibrosis Foundation Consensus Panel (Rosenstein and Cutting,
1998). More studies are needed to confirm borderline sweat electrolyte levels and pancreatic
insufficiency as a clinical entity.

Uruguay has one of the highest health care standards among Latin American countries,
92.5% of the population having access to health care (PNUD, 1997). The country also has a
low neonatal mortality (16.5/1000 live births, 1997) and a relatively low (1.7/1000) rate of
deaths due to respiratory diseases. These data and the method of selection employed in this
study suggest that bias due to early death without diagnosis would be unlikely in our sample.

Patients with a typical clinical CF presentation and an incomplete genotype, but with
several polymorphisms or variants other than IVS8-5T deserve further consideration. More
research is necessary to elucidate the role played by variants in the etiology of this disease. It
is possible that some mutations were undetected by the screening or mutation detection methods
employed. This could be true for mutations located in introns or spanning multiple exons.

The CF mutations and their relative frequencies observed in Uruguay are different
from those described for other Latin countries. As in other predominantly Caucasian populations
AF508 is the most frequent mutation, but its prevalence is relatively lower than in other
populations, as it accounts for only 40% of the CF chromosomes. Various frequencies have
been reported for the AF508 mutation in Latin American countries. It was 47-48.4% among
Brazilians (Raskin et al., 1993; Bernardino et al., 2000) but significant interstate differences
(27-53%) were observed (Raskin et al., 1993). Only 29.2% of the CF chromosomes in the
Chilean population carry AF508 (Rios et al., 1994), and the frequency of this mutation in the
Mexican population is about 39% (Orozco et al., 1993). Finally, in Argentina, whose population
is ethnically similar to Uruguay, 57% of the analyzed CF chromosomes carry the AF508 deletion
(Chertkoffetal. 1997). These differences could be partially explained by variations in diagnostic
criteria. For example, two positive sweat tests were required for the molecular analysis in the
Argentine study, whereas borderline sweat chloride results were sufficient for analysis in
Uruguay. We have also observed differences in the distribution and frequencies of non-AF508
mutations between Uruguayans and patients from other Latin American countries, in particular
compared to the Argentinean population. Among Argentine CF patients, seven mutations (AF508,
G542X, W1282X,N1303K, 17171G—A, R553X, R1162X) constituted 67.5% of the observed
alleles (Chertkoff et al., 1997), while in our population 15 mutations corresponded to a similar
cumulative percentage (71%). There is an agreement between the most common Uruguayan
CFTR mutations (AF508, G542X, R1162X, N1303K, R334W, W1282X and R553X) and those
reported in the geographical regions from where most Uruguayans’ ancestors originated, namely,
Spain, the Canary Islands, Italy and the Basque regions.

The Uruguayan population consists predominately of Caucasians, who immigrated to
our country in several waves from different regions of Europe. Similar events occurred in the
U.S. The overall CF incidence among Caucasians in the U.S. is 1/3300, with a 68% frequency
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of AF508 among CF chromosomes. However, the CF incidence in the U.S. ethnic Hispanic
group is only 1/8-9000 and the prevalence of AF508 mutation in this group is only 46% (Cutting,
1997). These U.S. Hispanic population estimates are very similar to those obtained in Uruguay,
with a CF incidence of 1/9600 and a frequency of 40% for the AF508 mutation. This similarity
can be partially explained by a similar ethnic composition of Hispanics from the U.S. and the
Uruguayan population (Caucasians, Amerindians and Africans) although the actual proportions
are different. We have no information about the other mutations observed among Hispanics,
which are only 4.9% of the total U.S. CF patients. Comparison of our mutation screening data
with those from the U.S. Caucasian population, or with countries from where Uruguayan
populations originated (Spain, France and Italy) indicates that the Uruguayan mutation spectrum
is different.

In U.S. CF patients, only three mutations (AF508, G542X, G551D) have gene frequencies
higher than 2%, and altogether represent 72.5% of the CF chromosomes with a AF508 frequency
of 68% (Cystic Fibrosis Foundation, 1997). The Argentine study shows similar proportions, with
three mutations with a gene frequency exceeding 2% and covering 64% of the total number of
chromosomes (AF508 = 57.0%, G542X = 3.94%, W1282X = 3.07%; Chertkoff et al., 1997). In
Uruguay, however, seven mutations have a frequency of at least 2% and cover 59% of the tested
CF chromosomes (Table 1).
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