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CFTR gene mutations in sarcoidosis
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Sarcoidosis is a complex disease of multiorgan granulomatous inflammation. Genetic susceptibility is
involved in the pathogenesis of the disorder. Two successive studies from Italy have shown a high
frequency of mutations of the cystic fibrosis transmembrane conductance regulator (CFTR) gene in
patients suffering from sarcoidosis. We have genotyped a panel of 63 families with two or more affected
siblings for the CFTR gene mutation R75Q, which was found to be present in three of 26 cases of the
Italian study. Although R75Q was present in seven families, it was neither associated with the sarcoidosis
phenotype in the German population (P=0.5), nor was it linked to sarcoidosis (P=0.54). In addition, a
screening for 34 functional CFTR mutations was performed in a subset of 54 patients from 25 families.
These patients were known to be concordant for at least one parental copy of the CFTR gene. With the
exception of the mayor CF mutation DF508, which was present in three patients and absent in one
patient from two families, we did not find any other CF mutation in these 54 patients. Our results do not
support the hypothesis that CFTR mutations have a major influence on the pathogenesis of sarcoidosis.
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Introduction
Sarcoidosis is a generalised inflammatory disorder with

increased macrophage and CD4+ T cell activity and granu-

loma formation in a variety of organs. The lungs and

intrathoracic lymph nodes are the sites that are primarily

affected, and eyes, joints, skin and heart are often involved.

Sarcoidosis occurs mainly in young adults with a prevalence

rate of approximately five in 10 000 in Germany. The course

of the disease is highly variable, and ranges from complete

healing within months in approximately one of three

patients, to progressive damage of affected organs in one

of 10 patients.1,2 Differences of the prevalence rates

between ethnic groups and occasional clustering in families

support the assumption of a genetic predisposition.3

According to current concepts, an exogenous, assumedly

inhaled agent triggers an unbalanced immune response in

susceptible individuals.4

Numerous studies have been performed to identify gene

variants that could predispose to sarcoidosis. Previously,

we have conducted a genome-wide search for predisposing

genes in 63 German sarcoidosis families with 138 affected

siblings that revealed evidence of linkage to the MHC gene

region.5,6 On chromosome 7, non-parametric LOD scores of

1.89 (P=0.03) and 1.47 (P=0.07) were obtained for the

microsatellite markers D7S821 and D7S1842 that flank the

CFTR gene at a distance of 10 and 9 cM, respectively. Two

successive studies from Italy reported a high frequency of

CFTR mutations in individuals suffering from sarcoidosis.7,8

The most frequent CFTR mutation was R75Q, which was

present in three of 26 cases.8 These findings prompted us

to screen the panel of 63 families with two or more patients

for R75Q. Additionally, 54 patients from 25 families, who

are concordant with their affected sibling for at least one

parental copy of the CFTR gene (as derived from chromo-

some 7q microsatellite haplotypes)6 were tested for 34

further mutations of the CFTR gene.Received 29 April 2002; revised 21 June 2002; accepted 28 June 2002
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Subjects and methods
The study population consisted of 63 German families with

siblings suffering from sarcoidosis, drawn from a DNA bank

of sarcoidosis families (233 Caucasian, German individuals;

138 patients, 42 unaffected siblings and 53 parents). Details

of these families are listed in Table 1, and further details are

given in an earlier report on a genome-wide microsatellite

marker linkage scan.6 Sarcoidosis was confirmed by biopsy

in 101 of 138 patients, and for the remaining 37 patients

the clinical course was consistent with that of sarcoidosis.

Based on microsatellite marker haplotype information

(D7S820, D7S821, D7S1842, D7S1824, D7S3070) from the

genome-wide genotype analysis, affected siblings were iden-

tified who have at least one parental chromosome 7 CFTR

gene region in common. These patients were re-contacted,

and 54 of 57 patients agreed to take part in a detailed CFTR

genotype analysis. This subset of patients represented 25

families (three, seventeen, three, and two families repre-

sented by one, two, three, and four patients, respectively).

All participants gave written informed consent for partici-

pation in the study, and the investigation was approved

by the institutional ethical review board.

The complete panel (63 families) was genotyped for the

CFTR gene mutation R75Q by PCR with primers 3i-5 and

3i-3 (according to ref9) and restriction enzyme digestion

of the corresponding PCR products. R75Q (G?A at nucleo-

tide position 356) creates a new Bsr DI cleavage site in the

mutated gene sequence. DNA from a R75Q heterozygous

subject from a previous study10 was used as control DNA.

The subset of 54 patients was analysed for 34 mutations

of the CFTR gene that are known to affect the function of

the gene. Initially, the samples were screened for the most

frequent CF mutation DF508 and for other deletions or

insertions such as DI507 or 1677delTA by PCR and polya-

crylamide gel electrophoresis.11 Using the Inno-Lipa CFTR

12 and CFTR 17+Tn line probe assays (Innogenetics, Ghent,

Belgium), we screened 45 of the samples for 27 further

CFTR mutations and IVS8-5T (5T allele). The remaining

nine samples were tested with ARMS technology (ELUCI-

GENE CF20 and ELUCIGENE CF polyT, Zeneca

Diagnostics, Oxfordshire, UK) for 18 further mutations

and IVS8-5T. The mutation spectra of both commercially

available kits (Innogenetics and Zeneca) overlap each other

to a high extent (for details please refer to the suppliers’

protocols). A list of the corresponding mutations with

detailed frequencies in the German population is given in

ref. 12 Finally, we tested all 54 samples for the presence of

I336K, Y1092X, 3272-26A?G and CFTRdel2,3 (21 kb) by

PCR and restriction enzyme digestion with the respective

enzymes (for mutation references, refer to the Cystic Fibro-

sis Genetic Analysis Consortium database). Using this

method, we are normally able to detect more than 90%

of CF mutations among German CF patients.12,13 Differ-

ences in the genotype frequencies between patients and

controls were assessed by Fisheŕs exact test, and non-para-

metric linkage analysis was performed using Genehunter

2.0.14

Results
R75Q was identified in eight patients, three parents and in

one unaffected sibling from a total of seven families. In

these families, R75Q was not present in 13 patients, six

parents, nor in three unaffected siblings. In six of the seven

families at least one affected sibling was negative for R75Q.

The frequency of R75Q heterozygosity in the group of unre-

lated founders (parents) was 0.057 (three in 53), which was

slightly higher but statistically not significantly different

(P=0.5; Fisher’s exact test) from the frequency of 0.011 (four

in 94) among healthy German controls.10 The frequency for

R75Q among patients was 0.05 (eight in 138), which was

statistically neither different compared to the group of

healthy controls (P=0.43) nor to the parents (P=0.64) nor

to the healthy siblings (P=0.35). To stratify for non-related

patients, we randomly selected one patient from each

family. Again, the frequency among patients (0.031; two

in 63) did not differ (P=0.55) from the frequency among

controls. We conclude that R75Q is not associated with

sarcoidosis in our study group. In addition, we did not

obtain any evidence for linkage between sarcoidosis and

R75Q by linkage analysis. Actually, non-parametric two

point linkage analysis using Genehunter 2.0 resulted in

an NLP score of 70.11 (P=0.54). To conclude it can be said

that, R75Q and the sarcoidosis phenotype segregate as inde-

pendent traits (Figure 1).

In the subset of 54 patients from 25 families, who are

concordant with their affected sibling for at least one

parental copy of the CFTR gene, no mutation other than

the DF508 deletion was identified. Three patients from

two families were heterozygous for DF508, a finding consis-

tent with the presumed DF508 carrier frequency of

approximately one in 35 in the German general population.

In one of the two families the pair of siblings suffering from

sarcoidosis was concordant for the DF508 carrier status and

in the other it was discordant.

Table 1 Details of the structure of 63 families with siblings
suffering from sarcoidosis

Family structure Families

Two siblings 54 families (23/17/14)*
Sisters 20 pairs
Mixed pairs 24 pairs
Brothers 10 pairs

Two siblings/two cousins 1 family (0/1/1)*
Mixed pairs 2 pairs

Three siblings 6 families (4/2/0)*
Female/male 11/7

Four siblings 2 families (0/1/1)*
Female/male 3/5

Total 138 patients 63 families
(80 female/58 male)

*With (no/one/two) parents included in the study.
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Discussion
Sarcoidosis is a complex disorder. Exogenous as well as

inherited components are assumed to be involved in the

development and progression of the characteristic granulo-

matous inflammation. The contribution of predisposing

genes is demonstrated by the recurrence of the disease

within families. Based on a nation-wide thoracic radio-

graphic screening programme in Germany, Jörgensen

found pulmonary sarcoidosis in 39 first-degree relatives

out of a total of 2471 cases.15 Kirsten performed a question-

naire inquiry of the German patients’ organisation, the

Deutsche Sarkoidose-Vereinigung, and found a familial

recurrence of sarcoidosis in 36 close relatives of 621 people

that responded.16 These data match a recurrence risk of

roughly one in 100 for first degree relatives, contrasting

to a prevalence rate of approximately five in 10 000 in the

general German population.

To test the hypothesis that mutations in the CFTR gene

may represent one of the genetic factors, which predispose

to sarcoidosis, we focused our attention on a panel consist-

ing of 63 families, each one including two or more affected

siblings. We identified the CFTR mutation R75Q in seven

families but could not find any evidence, which would

prove that this mutation has a predisposing effect on the

disease, neither by association nor by linkage analysis.

Instead, R75Q segregated independently from the sarcoido-

sis phenotype in these families. Previously, we and others

reported a relatively high frequency of R75Q among

patients with congenital absence of the vas deferens

(CAVD),10,17,18 bronchiectasis,7,19 atypical mild cystic fibro-

sis,20 chronic idiopathic pancreatitis,21 allergic

bronchopulmonary aspergillosis,22 and sarcoidosis.7,8

Bombieri et al. concluded from their study that R75Q may

be a CFTR gene mutation characteristic of sarcoidosis.8

Our results do not support this hypothesis. Moreover,

R75Q is listed as a polymorphism (356G/A) in the Cystic

Fibrosis Genetic Analysis Consortium database. The exact

role of R75Q still remains unclear, but the results from

the studies mentioned above suggest that R75Q may be

associated with mild CF symptoms.

To further address the question of an involvement of

CFTR mutations in the pathogenesis of sarcoidosis, we

referred back to the genotype data of our previous genome

scan6 and identified siblings concordant for at least one

parental CFTR gene. These siblings formed a most informa-

tive group of patients for the study of CFTR gene mutations

in sarcoidosis. The set of assays that we used in our study

normally detects approximately 90 of 100 mutated CFTR

genes in the German population.12,13 With the exception

of DF508, we did not find any of the 34 pathogenic CFTR

mutations amongst the sarcoidosis patients. The observed

frequency of the DF508 mutation was close to the expected

value, and the segregation pattern was compatible with that

of independent segregation. In conclusion, our results do

not support the hypothesis that CFTR gene mutations

contribute significantly to the development of sarcoidosis.

In addition, one should consider that if carriers of CFTR

mutations are over-represented among sarcoidosis patients,

one would expect an increased prevalence of cystic fibrosis

in their families. Although there are a few reports of

patients affected with both CF and sarcoidosis,23,24 we are

not aware of any German family that shows the coexistence

of sarcoidosis and cystic fibrosis, even though this issue and

our results have been discussed in the journal of the

German patients’ organisation that has been sent to

approximately 3000 patients.

On the other hand, the results of our study do not mean

that the CFTR gene is irrelevant in the pathogenesis of

sarcoidosis. Sarcoidosis shows a considerable degree of

variability with respect to its clinical and epidemiological

characteristics. There seems to be a significant gradient in

sarcoidosis prevalence rates in Europe with higher rates in

the north-western region, but standardised epidemiological

information is missing. However, there is convincing

evidence of geographical differences in the clustering of

sarcoidosis within families. Extended multicase families

have been reported from Sweden.25 An increased recurrence

risk has been shown for Germany,15,16 The Netherlands,26

United Kingdom,27 and the Irish Republic,28 while the

phenomenon is virtually absent in Spain.29 It is not clear

whether or not clustering is a characteristic of a specific

type of sarcoidosis different from the sporadic disease repre-

sented by the study population of the Italian report. If this

were true, then the methods that we used to test the

hypothesis derived from the Italian study, would have been

prone to fail. Clearly, a concerted Europe-wide approach

Figure 1 Detection of R75Q (356G/A) by PCR and restriction
digestion in three families. In each of the families Sar024, Sar132
and Sar144, one male and one female sibling are affected with
sarcoidosis (black symbols). PCR products with primers
encompassing R75Q were digested with the restriction enzyme
Bsr DI and visualised by agarose gel electrophoresis. The PCR
product of the common allele (G) does not contain a Bsr DI
restriction site and is represented by a single band of 309 bp
(size of the uncleaved PCR product). The rare allele (A) contains
a Bsr DI site and is represented by two bands of 179 and 130 bp.
In each of the three families, only one of the affected siblings is
heterozygote for R75Q (three bands), while the other affected
siblings are homozygous for the G allele (one band). Lane C: Bsr
DI digested PCR product from R75Q heterozygous control DNA.
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would be highly desirable to clarify the contrasting results

concerning the importance of CTFR gene mutations in

sarcoidosis.
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