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Abstract

A single nucleotide polymorphism (SNP) C5507G of the complement receptor 1

(CR1) gene has been associated with genetic susceptibility to sarcoidosis in an

Italian population. In order to provide further data on the possible involvement of

CR1 gene polymorphisms in sarcoidosis, CR1 SNPs C5507G and A3650G were

investigated in Czech (n ¼ 210) andDutch (n ¼ 116) patients with sarcoidosis with

ethnically matched groups of healthy control subjects (Czech, n ¼ 203; Dutch,

n ¼ 112). CR1 C5507G and A3650G SNPs were not associated with susceptibility

to sarcoidosis or its clinical course. Further, CR1 messenger RNA expression in

bronchoalveolar lavage cells investigated by quantitative reverse transcriptase–

polymerase chain reaction did not differ between sarcoidosis patients and control

subjects and was not associated with the presence of the CR1 5507*G allele.

Sarcoidosis is a chronic granulomatous disorder resulting

from the exposure of genetically susceptible individuals to

unknown environmental triggers (1–3). An interaction of

unknown ‘sarcoidosis antigen(s)’ with specific antibodies

may lead to the formation of immune complexes (ICs),

potentially important in the pathogenesis of the disease (4).

Complement receptor 1 (CR1) expressed mainly on the

membrane of erythrocytes mediates transport of ICs to the

phagocytes in the liver and spleen and is, therefore, involved

in the clearance of ICs from the circulation (5). The

hypothesis implicating ICs in the pathogenesis of sarcoid-

osis together with the presence of a well-documented

functional polymorphism of the CR1 gene (6, 7) led to

a genetic association study performed in an Italian

population in which the G allele of a single nucleotide

polymorphism (SNP) at position 5507 of the CR1 gene was

found to be associated with susceptibility to sarcoidosis (4).

In the present study, we aimed not only to confirm previous

findings by investigating the CR1 C5507G gene poly-

morphism and its closely linked nonsynonymous SNP CR1

A3650G in two other Caucasian populations but also to

address functional aspects of CR1 gene variants by

determining CR1 messenger RNA (mRNA) expression in

bronchoalveolar cells of patients with sarcoidosis and

healthy control subjects.

A total of 641 unrelated Caucasian individuals were

enrolled into this case–control study, in which 210 Czech

[age,median (range): 45 (25–83);males/females: 98/112] and

116 Dutch [35(17–64); 65/51] patients with sarcoidosis were

compared with 203 Czech [33 (18–54); 105/98] and 112

Dutch [47 (21–73); 58/54] healthy individuals serving as

control populations. The diagnosis of sarcoidosis was made

according to the criteria of ATS/ERS International

Consensus Statement (8). To assess the particular disease
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phenotypes, the patients were further subdivided according

to their chest radiographic stage of the disease, requirement

for glucocorticosteroid treatment and the presence/absence

of Löfgren’s syndrome. All patients were recruited and

diagnosed at single tertiary referral centre for both the

Czech (Palacky University Hospital in Olomouc) and the

Dutch (St. Antonius Hospital in Nieuwegein) populations.

The controls were blood donors or healthy participants of

the bone marrow donor registry recruited from the same

region as patients. Absence of lung disease in the control

subjects was checked by health questionnaire and interview

emphasising family history and symptoms of respiratory

disease. All subjects agreed to the anonymous usage of their

biological samples [DNA or an aliquot of bronchoalveolar

lavage (BAL) fluid] for the purposes of the study, which was

performed with the approval of Ethical Committees of

Medical Faculty in Olomouc and St. Antonius Hospital in

Nieuwegein.

In order to determine the distribution of theCR1C5507G

SNP (GenBank SNP ID: rs3811381) in patients with

sarcoidosis by comparison with the control population,

the Czech and Dutch Caucasian patients with sarcoidosis

with ethnically matched healthy control subjects were

genotyped by polymerase chain reaction with sequence-

specific primers (9). Both the Czech and the Dutch

populations were found in Hardy–Weinberg equilibrium

with regard to distribution of the CR1 C5507G genotypes

(P > 0.05). The statistical power of the present study to

replicate the results originally reported in the Italian study

(4) was 99% for the Czech population and 93% for the

Dutch population (10). In contrast to the increased

frequency of the G allele of CR1 C5507G SNP reported in

Italian sarcoidosis patients (4), the frequencies observed in

Czech andDutch patients did not differ from those obtained

in the relevant control groups (Table 1). Importantly, the

frequencies of the G allele in normal subjects from all three

Caucasian populations were similar (Table 1). However,

there was a difference betweenG allele frequencies in Italian

patients (34%) and in our two patient groups (Czech, 18%;

Dutch, 23%). This difference was because of the over-

representation ofGGhomozygotes in Italian patients: while

the frequency of GG homozygotes among the Czech and

Dutch patients was nomore than 5%, theGGgenotype was

more frequent in the Italian sarcoidosis group (18%).

Although Zorzetto et al. (4) observed an increase of the

proportion of CR1 5507 GG homozygotes especially in

females with sarcoidosis, we observed no differences inCR1

5507 GG genotype when male and female patients were

compared with controls separately. Furthermore, no

relationship of the investigated CR1 SNP with clinical

course of sarcoidosis as assessed by chest radiographic

stage, requirement for glucocorticosteroid treatment and

the absence/presence of Löfgren’s syndrome was observed

(P > 0.05 in all cases). Because the frequencies ofCR1 5507

GG genotypes in the Czech and Dutch sarcoidosis patients

were similar and, also, not different from those observed in

control subjects, we speculate that overrepresentation of

GG genotype in Italian sarcoidosis female patients could

Table 1 Genotype and allelic frequencies of the CR1 C5507G SNP and estimated proportion of the CR1 A3650G–C5507G haplotypes in Czech, Dutch

and Italian populations (sarcoidosis patients and control subjects). Data are given as proportions of genotypes and alleles with their absolute numbers in

parentheses. Distribution of CR1 haplotypes estimated by expectation–maximisation algorithm (11) is presented as relative valuesa

Czech patients Czech controls Dutch patients Dutch controls Italian patients Italian controls

Genotype frequency n ¼ 208b n ¼ 203 n ¼ 116 n ¼ 112 n ¼ 91 n ¼ 94

CC 0.67 (140) 0.66 (133) 0.58 (67) 0.57 (64) 0.50 (46) 0.64 (60)

CG 0.30 (62) 0.33 (66) 0.39 (45) 0.38 (42) 0.32 (29) 0.30 (28)

GG 0.03 (6) 0.02 (4) 0.03 (4) 0.05 (6) 0.18 (16) 0.06 (6)

Allelic frequency 2n ¼ 416 2n ¼ 406 2n ¼ 232 2n ¼ 224 2n ¼ 182 2n ¼ 188

C 0.82 (342) 0.82 (332) 0.77 (179) 0.76 (170) 0.66 (121) 0.79 (148)

G 0.18 (74)† 0.18 (74) 0.23 (53)‡ 0.24 (54) 0.34 (61) 0.21 (40)§

CR1 haplotype 3650–5507 2n ¼ 412c 2n ¼ 404c 2n ¼ 232c 2n ¼ 116c 2n ¼ 168c 2n ¼ 182c

AC 0.81 0.82 0.74 0.79 0.66 0.78

AG 0.01 0.00 0.00 0.00 0.01 0.01

GC 0.01 0.00 0.03 0.01 0.01 0.02

GG 0.17 0.18 0.23 0.20 0.33 0.20

a The data on Italian population are based on the Zorzetto et al. (4). The genotyping was performed in Czech and Dutch populations by polymerase chain

reaction with sequence-specific primers (PCR-SSP). The sequences of specific primers are available on request. Polymerase chain reaction cycling

conditions and composition of the PCRmixes were adopted from the ‘phototyping’ methodology described elsewhere (24). The specificity of PCR-SSP

for both polymorphismswas verified by sequencing of the amplicons in randomly selected samples. Differences between the frequencies of CR1 gene

variants in the patient and control groups were assessed by chi-squared test using Woolf–Haldane correction in cases of small numbers. Allelic

frequencies compared between the groups of patients and relevant (ethnically matched) controls: †P ¼ 0.86, ‡P ¼ 0.75, §P ¼ 0.01.
b The genotypes were not determined in two patients.
c Only sarcoidosis patients and control subjects with known both CR1 C5507G and A3650G genotypes were included into the analysis.
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reflect a higher proportion of a specific disease phenotype,

which was rare or absent in our groups of patients.

However, such a hypothetical phenotype remains unclear

because subanalysis according to the clinical characteristics

revealed no differences in distribution of CR1 5507 SNP

both in the Italian and in our groups of patients.

Because we could not find any significant difference

between the distribution of theCR1C5507Gpolymorphism

in sarcoidosis patients and control groups in bothCzech and

Dutch populations, we extended our investigations to

another nonsynonymous SNP of the CR1 gene (CR1

A3650G, rs2274567). However, there was no difference in

allelic frequencies of the A3650G SNP between patients

with sarcoidosis and control groups of Czech/Dutch origin.

The frequencies of the CR1 A3650G/C5507G haplotypes

estimated by expectation–maximisation algorithm (soft-

ware ARLEQUIN, version 3.000) (11) are listed in Table 1.

Consistent with the previous results (4, 12), we detected

strong linkage disequilibrium (LD) (likelihood ratio test,

software ARLEQUIN) between the less common alleles of these

two SNPs, i.e. allele G of the C5507G SNP and allele G of

the A3650G SNP in all study groups (D# ¼ 0.95 for Czech

patients, and D# ¼ 1.00 for Czech controls and for both

Dutch patients and controls; P < 0.00001 for all four

groups) (13).

It could be argued that an adjacent, hypothetically ‘true’

gene variant is in LD with the CR1 5507*G allele only in

the Italian population but not in the Czech or Dutch

populations (14). Major CR1 haplotypes are, however,

strongly conserved across ethnic groups (12). Importantly in

this context, the CR1 C5507G SNP is associated with the

number of functional CR1 molecules on the erythrocyte

surface in Caucasians but not in African Americans (7).

Accordingly, the number of functional CR1 molecules on

erythrocytes must, therefore, be controlled by another

(further) genetic factor not present in African Americans

(15). While this genetic element remains unknown (15), we

cannot completely reject a hypothesis that the association

observed in the Italian study was caused by LD of the CR1

5507*G allele with such a causative variant.

Because direct evidence for the involvement ofCR1 in the

pathogenesis of sarcoidosis is still lacking (16–18) and

because of the wide implication of CR1 in the regulation of

immune response (5), we were interested to see if sarcoid

inflammation is accompanied by any change in the local

CR1 mRNA expression. CR1 mRNA expression in BAL

cells was investigated by quantitative reverse transcriptase–

polymerase chain reaction (RotorGene 3000 system;

Corbett Research, Sydney, Australia) in a subset of Czech

sarcoidosis patients from the genetic association study in

whom BAL fluid sample was available (n ¼ 52) and in 14

healthy control subjects. These control individuals with no

evidence of lung inflammation and with normal BAL fluid

cytology were selected independently from the Czech control

group used for the genetic association study. Primers

and probes forCR1 (GenBank ID: NM_000651.4) and refer-

ence housekeeping PSMB2 (GenBank ID: NM_002794.3)

genes were designed using ProbeFinder assay design tool

(www.universalprobelibrary.com; Roche Applied Science,

Indianapolis, IN) and their sequences are available on

request. The relative CR1 2expression was calculated

using second derivative method (ROTORGENE Software

6.1.71; Corbett Research) as follows: expression ¼ average

amplification(CTt calibrator 2 CTt target gene)/average amplifi-

cation(CTt calibrator 2 CTt reference gene), and transcribed human

universal reference RNA (Stratagene, La Jolla, CA) was

used as calibrator. No difference in the CR1 mRNA

expression was observed between sarcoidosis patients and

healthy control subjects (P ¼ 0.69,Mann–WhitneyU-test).

In order to analyse any possible effect of CR1 C5507G

variants on the gene transcription, CR1 mRNA levels were

compared between subjects carryingCR1 5507 CC (n ¼ 44)

and CG (n ¼ 20) genotypes in the whole population as well

as in groups of patients and controls separately. A presence

of the less commonCR1 5507*G allele had no effect onCR1

mRNA expression (CC vs CG genotypes: P ¼ 0.44).

It may be argued that the absence of data on quantitative

‘systemic’ levels of erythrocyteCR1 in sarcoidosis is a major

limitation of the present study.We have tried to compensate

for this ‘limitation’, caused by the nonavailability of

material from investigated subjects, by analysis at the

transcript level. Our results may be interpreted as demon-

strating that sarcoidosis is not accompanied by local

changes of CR1 mRNA expression at sites of ongoing

granulomatous inflammation and that any genetic effect

associated with HindIII restriction fragment length poly-

morphism/CR1G5507CSNPvariants (HandL alleles) (6, 7)

is not apparent at the CR1 mRNA level in nucleated

bronchoalveolar cells. The latter finding is in line with the

previous reports connecting CR1 H and L alleles with the

CR1 expression only on erythrocytes but not in cells of other

lineages (6) and may further support a hypothesis that these

alleles modify erythrocyte CR1 density by (yet unknown)

‘post-translational’ mechanism (7).

In conclusion, despite an adequate methodical approach

including sufficient statistical power, we could not confirm

in the Czech and Dutch populations previous report

associating SNP C5507G in the CR1 gene with sarcoidosis

(4). Further, our functional data do not provide support for

the likelihood local CR1 upregulation playing a role in the

development of sarcoid granulomas in the lung; by contrast,

our data support the concept that functional CR1 alleles

(H and L) do not affect CR1 gene transcription. Further-

more, the present report stresses the importance of ethnicity

in evaluation of particular genetic variants as disease

susceptibility factors, even within subpopulations of Cau-

casians. In addition, it emphasises the need for replication of

genetic studies across ethnic boundaries and also the
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necessity for appropriate definition of clinical phenotype,

both important prerequisites for conducting and evaluating

genetic association studies, particularly in genetically

complex diseases (19–23).
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