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A 3 bp deletion of codon 508 (phenylalanine) 
of the cystic fibrosis (CF) gene constitutes the 
mutation of most CF chromosomes. The fre- 
quency of this mutation (referred to as AF508), 
varies considerably between populations, 
ranging from 26% of the CF mutations in Tur- 
key to 88% in Denmark. To determine the fre- 
quency of the AF508 mutation in Brazilian 
Caucasoid CF patients, we used direct poly- 
merase chain reaction (PCR) amplification of 
DNA obtained from dried blood spots on 
Guthrie cards, followed by ethidium bromide 
staining of gels. Although the overall fre- 
quency of the AF508 mutation was 47% of 380 
CF chromosomes from Brazilian Caucasoids 
born in five different states, significant inter- 
state differences were observed, ranging 
from a AF508 frequency of 27% to 53%. While 
our method could be used to screen patients 
and their relatives for carrier testing and pre- 
natal diagnosis, the efficacy of screening only 
for the AF508 mutation would be low, and 
would vary from state to state. Screening for a 
panel of local mutations will be needed to in- 
crease the mutation detection rate and opti- 
mize genetic counseling. o 1993 wiley-~iss, Inc. 
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INTRODUCTION 
A worldwide survey found that 9,027113,291 (68%) of 

CF chromosomes have the AF508 mutation, a 3 bp dele- 
tion causing the loss of phenylalanine residue at posi- 
tion 508 in its tenth exon [Riordan et al., 1989; Rommens 
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et al., 1989; Kerem et al., 19891. Interestingly, the fre- 
quency of the AF508 mutation differs between popula- 
tions, ranging from as low as 26% of the CF alleles in 
Turkey to as high as 88% in Denmark [Tsui, 19901. Since 
local and regional differences in the frequency of AF508 
affect the false negative rates that arise when AF508 
analysis is used for the diagnosis of CF and CF carrier 
testing, such data should be derived for each country. 

Brazil has a population of approximately 146 million 
people [Brazilian Census, 19911, making it the sixth 
most populous country in the world. The five large re- 
gions of Brazil (North, Northeast, Southeast, South, and 
Center-West) vary in racial background, which includes 
European, Black, and Amerindian groups. Caucasoids 
make up 54% of the total population, mixed 39%, blacks 
6%, and Asian 1%. Brazil was conquered and colonized 
by Portugal in 1500, but the major European migration 
flow started in 1802 and decreased dramatically after 
1950. Eighty percent of the Caucasoid immigrants came 
from Portugal, Italy, Spain, and Germany. Although 
this racial group is ethnically heterogeneous and race 
admixture was widespread, European descendants rela- 
tively free from admixture are found primarily in the 
Southeast and South [Salzano and F’reire-Maia, 1967; 
Salzano and Pena, 19871. To determine the frequency of 
the AF508 mutation in these 5 states of Southeast and 
Southern Brazil, 190 Brazilian CF patients were ge- 
notyped by direct PCR amplification of DNA obtained 
from dried blood spots on Guthrie cards. 

MATERIALS AND METHODS 
Subject Population 

Mutation analyses were done on samples from 190 
nonrelated Caucasoid CF subjects from 5 different states 
of Southeast and Southern Brazil 160 subjects were born 
in Rio Grande do Sul (RS), 24 in Santa Catarina (SC), 17 
in Parana (PR), 58 in SZio Paulo (SP), and 31 in Minas 
Gerais (MG)] (Table I). The subjects were 54% male and 
the mean subject age was 6.7 years, ranging from 2 
months to 32 years. All patients and almost all parents 
were born in Brazil and most are members of the first 
four generations of immigrants. 

These five states well represent the Brazilian Cau- 
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TABLE I. AF508 Mutation in CF Subjects From Different Populations 

CF CenotvDes 

Chromosomes AF508 (%I AF508lAF508 AF508INon-AF508 Non-F508INon-AF508 
State 

RS 120 49 .32 .35 .33 
sc 48 27 .08 -38 .54 
PR 34 44 .18 .53 .29 
SP 116 52 .24 .55 .21 
MG 62 53 .35 -35 .30 
Total 380 47 .26 .43 .31 

Brazil" 380 47 
U.S.AGb 439 76 
England' 224 81 
Portugal' 84 53 

Italy' 122 47 

Country 

Spain' 466 51 

Argentinad 92 62 
a Data from this studv. 

Lemna et al. [19901: 
Tsui [19901. 
Pivetta and Olek [19921. 

casoid population because demographic data [Brazilian 
Census 1989 and 19911 show that: (1) they comprise 
almost 50% (70 million) of the Brazilian population, (2) 
their white population comprises about 65% of all Cau- 
casoids in Brazil, and (3) in all but one (MG) > 75% of the 
population is comprised of European descendants rela- 
tively free from admixture. 

Each of these states are served by well-established CF 
regional centers. The 190 CF subjects studied comprise 
around 80% of all living patients with CF referred to 
regional reference centers in the entire country [Macri 
et al., 19921. 

Criteria for Diagnosis of CF 
Criteria for diagnosis included clinical findings of 

chronic pulmonary disease and positive iontophoresis. 
Patients were characterized as pancreatic sufficient if 
the stool fat content was normal without oral enzyme 
replacement. The presence or absence of meconium ileus 
(MI) was determined by review of medical records and 
questionnaires. The clinical evaluation was carried out 
from 1990 to 1992. Case reports of each patient were 
evaluated carefully for presence or absence of MI, sweat 
chloride concentration values, age of diagnosis, age of 
onset of first symptoms, and current age. Age at onset 
was defined as the age at  the start of characteristic 
symptoms of CF (mainly respiratory and gastrointesti- 
nal, including MI), as evaluated by careful retrospective 
analysis of the case report, this analysis was done with- 
out prior knowledge of the DNA typing results. 

Blood Samples 
Blood samples were collected by fingerstick on Guth- 

rie cards. Care was taken to avoid contamination of 
samples by use of gloves and plastic bags to separate 
samples during collection, mailing and analysis. 

DNA Analysis 
Following receipt of filter papers, a 1 mm' piece was 

cut from each filter and added to a 50 p1 reaction mix- 

ture containing 200 pM of each oligonucleotide primer 

ATGCTTTGATGACGCTTC-3') [Kerem et al., 19891 10 

gelatin and 200 d of each deoxynucleotide triphos- 
phate [Saiki et al., 19881. The contents of the reaction 
tube were denatured at 96°C for 3 minutes and annealed 
at  64°C for 3 minutes 3 times in a Perkin Elmer Cetus 
Thermocycler. Two units of Taq polymerase were then 
added to each tube, and one extension cycle was done at 
72°C for 1 minute. Next, 33 cycles of PCR amplification 
consisting of 94°C for 60s, 64°C for 30s and 72°C for 60s 
were done followed by a 10 minute extension period at 
72°C and the products were cooled on ice. Next, 30 ~1 
aliquots of each reaction mixture were subjected to elec- 
trophoresis in 8% polyacrylamide gels in 1 x TBE (Tkis- 
Borate-EDTA, pH 8.0) for 2 hours at 400 mV. The PCR 
products were then visualized by ethidium bromide 
staining and exposure to U.V. light [Raskin et al., 
1992a,bl (Fig. 2). 

(5'GTTTTCCTGGATTATGCCTGGCAC3' B'GTTGGC- 

mM Tris (pH 8.0); 50 mM KC1, 1.5 mM MgC1,; 0.001% 

Fig. 1. AF508 in different states of Brazil. MG, Minas Gerais; SP, 
Sao Paulo; PR, Parana; SC, Santa Catarina; and RS, Rio Grande do Sul. 
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49%. The observed prevalence of AF508 deletion is dif- 
ferent between Brazil and the US. and Brazil and Eng- 
land (P < 0.0001 for each), but not between Brazil and 
Portugal, Spain, Italy, or Argentina (P > 0.25 for each 
comparison). 

There were no significant differences between the 3 
genotype groups in sweat chloride values at diagnosis, 
current age, or age of onset of first symptoms, either 
including or excluding patients with MI. When we ex- 
cluded patients that presented with MI, there was a 
significant difference between the mean ages of diag- 
nosis for the three genotypes ( p  = 0.023, Krushal-Willis 
test). This was due to the difference b&ween the AF508 
homozygous group (mean = 1 .9 years, range 1 month 
to 4 years) and the group homozygous for the absence 
of AF508 (mean = 4.8 years, range 1 month to 19 years) 
(P = 0.011, Wilcoxon Rank Sum test). 

1 2 3 4 5 6 7 8 9  

Fig. 2. Ethidium bromide-staining patterns of DNA fragments ob- 
tained by PCR amplification of DNA blood spots. Fragment sizes are 
shown on right. Additional upper fragments seen in heterozygotes are 
due to heterodimer formation which occurs when different strands of 95 
and 98 bp PCR Products anneal. 95/95 bp (lanes 4-6): AF508/AF508. 
98/98 bp (lane 2): Non-AF508Non-AF508.98/95 bp (lanes 1,3,7-9): 
AF508/Non-AF508. 

Statistical Methods 
We used Chi-square tests for comparing the preva- 

lence of AF508 deletions over all states, and Fisher’s 
exact test (two-sided) for comparison between pairs of 
states, or between the observed prevalence of AF508 
deletions in Brazil and those of other countries. In order 
to estimate the overall prevalence of AF508 deletion in 
Brazil, we weighted the observed prevalence in each 
state by the Caucasoid population of the state based on 
the 1989 census. 

Since continuous variables such as age were not nor- 
mally distributed, we used nonparametric tests. For 
comparisons between all three genotypes, we used the 
Kruskal-Wallis test (the nonparametric equivalent of 
an analysis of variance), while for comparisons between 
two genotypes we used the Wilcoxon-Rank Sum test (the 
nonparametric equivalent of a t-test). 

RESULTS 
While the AF508 deletion was present on 47% 

(180/380) of all CF alleles examined, its frequency var- 
ied (49,27,44,52 and 53%) in patients from RS, SC, PR, 
SP and MG, respectively (Fig. 1 and Table I). Overall, 
the rate of AF508 deletions in CF cases are significantly 
different between states (X2 = 9.96 on 4 df, P = 0.041). 
This difference is due to the results in SC. Without SC, 
the rates in the other four states are not significantly 
different (X2 = 0.89 on 3 df, P > 0.8). The rate of AF508 
deletion in SC is significantly lower than that in RS, SP, 
and MG (P < 0.01, Fisher’s exact test, two-sided, for each 
comparison). When the prevalence in the individual 
states is weighted by the white population of the state, 
the estimated overall prevalence for the five states is 

Of the subjects, 28/190 (15%) were pancreatic SUE- 
cient (PSI and the remaining 162/190 (85%) were pan- 
creatic insufficient (PI) (Table 11). Virtually all of our 
subjects (98%) who were homozygous for AF508 were PI. 
Twelve of 190 (6%) of the subjects had presented with 
MI, and all of these 12 were PI. Tabulations of the pan- 
creatic status and meconium ileus and AF508 genotypes 
are shown in Table 11. 

DISCUSSION 
Our observed frequency of the AF508 mutation (47%) 

among Brazilian Caucasoid subjects with CF is lower 
than that reported for Northern European CF subjects 
and similar to that seen in Southern European countries 
and Argentina (Table I) [Tsui, 19901. These findings 
agree with the colonization of Brazil through South Eu- 
ropean immigration. 

Our findings of low AF508 frequencies compared with 
Northern European countries and United States, and 
disparate haplotype distributions [Raskin et al., 1992b, 
1993a,b] suggest that significant heterogeneity exists 
in the Brazilian CF gene pool. This heterogeneity would 
have important consequences for both genetic counsel- 
ing and population screening in the Brazilian popula- 
tion. Since only 47% of all CF chromosomes were AF508, 
only 22% of all CF carrier couples would be identified 
and the utility of screening would be limited. Moreover, 
there were significant differences between states, with 
patients born in one state (SC) having only a 27% fre- 
quency of AF508 among their CF chromosomes. There- 
fore, further studies to determine what other mutations 
constitute the Brazilian CF pool are needed to increase 
the mutation detection rate. Despite this heterogeneity, 
linkage analysis in families known to be at  risk would be 

TABLE 11. Comparison of Pancreatic Insufficiency (PI), Meconium Ileus (MI), and CF 
Genotype Percentages 

Genotype (%) 

Subjects Number AF508/AF508 AF508lNondF508 Non-AF508/Non-AF508 
All 190 26 
PI 162 30 
PS 28 3 
MI 12 25 

43 
44 
36 
50 

31 
26 
61 
25 
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useful in cases in which direct mutation detection is not 
feasible. 

Interestingly, the frequency of the AF508 mutation 
differed significantly between CF subjects born in Santa 
Catarina (SC) state as compared to the other states (P = 
0.041). Several factors could be responsible for this find- 
ing: (1) genetic drift; (2) founder effect; (3) internal mi- 
gration flow; (4) different origin of ancestors; (5) the 
small size of the sample of chromosomes analyzed from 
this state; or (6) a combination of these factors. Racial 
admixture with the nonwhite population is an unlikely 
explanation of this finding, since SC, having the lowest 
frequency of AF508, has the highest white population 
percentage (91%) of the entire country as opposed to 
MG, where only 57% of the population is considered 
white [Brazilian Census, 19891. 

The incidence of CF in Brazil and Latin American is 
unknown. Considering the heterogeneity of the Bra- 
zilian population, and given the different ethnic compo- 
sition of the North, Northeast, and Center-West popula- 
tions, one might expect that the frequency of AF508 and 
other CF mutations, as well as the incidence of CF, will 
vary between different regions of Brazil, as well as in 
Latin America, due to different patterns of admixture, 
external and internal migration, and selection pres- 
sures. Based on the results of this study, we are now able 
to determine the frequency of AF508 in the general 
population, and estimate the incidence of CF in Brazil 
and its different regions. While the heterogeneity dem- 
onstrated by this study and on haplotype data indicates 
that a large and varied number of non-AF508 alleles are 
expected in the CF population, screening close relatives 
of probands having the AF508 mutation should be useful 
for certain families. 

The correlation previously reported between the CF 
genotype and the pancreatic function phenotype (PS or 
PI) [Kerem et al., 1990; Borgo et al., 19901 is supported 
by our finding that 98% of homozygous AF508 subjects 
were PI. The only exception is a 6-year-old boy, who was 
diagnosed at age one year with pulmonary disease and 
sweat test of 90 meq/l, but remains PS although being 
homozygous for AF508. This exception may belong to a 
group of PS patients whose pancreatic function deterio- 
rates over a period of time [Waters et al., 19901 or his PS 
may result from other genetics and environmental fac- 
tors. The frequency of MI in our subjects (6%) is similar 
to that found in other studies [Kerem et al., 19891. 

Diagnosis of CF was made almost 3 years earlier in 
subjects homozygous for AF508 than in subjects homo- 
zygous for the absence of AF508. This confirms previous 
findings suggesting that the AF508 mutation is associ- 
ated with a more severe CF phenotype [Johansen et al., 
1991; Kerem et al., 19901. 

The rapid and relatively inexpensive techniques used 
in this study to determine the AF508 genotype utilize 
dried blood spots from subjects that could not be conve- 
niently sampled otherwise [Raskin et al., 19921. Further 
application of these methods could determine the fre- 
quency of different mutations and haplotype distribu- 
tions, estimating the incidence of CF, and screening to 
identify a t  risk individuals. Knowledge gained regard- 
ing these parameters in Brazil and Latin America would 

undoubtedly lead to more efficient approaches to diag- 
nosis and counseling of CF. 
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