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Abst rac t
Introduction: Lupus erythematosus (LE) is an autoimmune disease with a strong influence of genetic and environmen-
tal factors. C-C motif chemokine receptor 5 (CCR5) gene expression may affect the development and intensity of LE. 
Aim: To evaluate the possible association between the 32bp deletion in rs333 locus located within the CCR5 gene 
and the development of LE or the occurrence of various clinical symptoms in the course of the disease.
Material and methods: One hundred and twenty patients with LE (77 with systemic lupus erythematosus (SLE) and 
43 with discoid lupus erythematosus (DLE)) and 100 healthy controls from the Polish population were genotyped 
for deletion in rs333.
Results: 32 bp deletion in the rs333 was significantly more frequent among healthy individuals than DLE patients. 
Moreover, heterozygotes and homozygotes with deletion in rs333 were significantly more frequent within the 
control group than the group of patients with discoid lupus erythematosus. In contrast, any statistically significant 
differences in allele or genotype frequencies between healthy persons and SLE patients were observed. Further-
more, nucleotide sequence variability of rs333 was not associated with certain clinical symptoms of LE patients.
Conclusions:  Deletion in the rs333 might be a protective factor for DLE, but not SLE in the Polish population. Nev-
ertheless further studies performed on larger populations are needed to confirm these observations.
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Introduction 

Lupus erythematosus (LE) is a complex autoimmune 
disorder with still unclear aetiology. The disease is recog-
nized worldwide, but the frequency, symptoms or fatality 
depends on ethnic origin [1, 2] as well as age and gender 
[3–5]. It is worth noting that ethnicity also influences the 
genetic profile of the illness [6–8]. The clinical picture in 
the course of LE is very diverse, therefore several sub-
types have been identified. Lupus erythematosus may 
involve only changes within the skin but may also take 
a systemic form. The most common form of cutaneous 
LE is discoid lupus erythematosus (DLE). The most se-

vere form of LE is systemic lupus erythematosus (SLE), 
in which the functioning of many internal organs is dis-
turbed. Epidemiological data indicate that about 15% of 
DLE patients are progressive to SLE [9, 10]. It should be 
noted that the clinicopathological profile of skin lesions 
is practically identical in both LE subtypes [11, 12] and 
inflammation is a crucial element in their development 
[13]. Numerous factors are involved in the pathogenesis 
of the chronic inflammatory process, including chemo-
kines and their receptors [14–17]. As far as the latter are 
concerned, one of the most widely studied receptor is C-C 
chemokine receptor 5 (CCR5).
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The CCR5 receptor occurs on the surface of specif-
ic cells in the immune system (e.g. T lymphocytes and 
dendritic cells [18]). Ligands for CCR5 receptors are C-C 
chemokines. Binding of chemokine molecules by the 
CCR5 receptor activates T lymphocytes and leads to 
development of inflammatory reaction in the body [18]. 
Expression of the CCR5 gene can modify the suscepti-
bility, progression and intensity of many inflammatory 
diseases [19], including LE. The presence of a functional 
CCR5 receptor can be associated with the occurrence of 
inflammation in patients with LE. The deletion of 32 base 
pairs in the CCR5 gene (in rs333 locus) results in a non-
functional receptor [20–23]. While some studies suggest 
that this deletion may have a protective effect on the de-
velopment and progression of LE [24–28], the other show 
the lack of association [29–34]. In human populations the 
allele with deletion occurs with different frequency de-
pending on biogeographic origin. In the European popula-
tion its frequency is estimated at about 11%, while in the 
African and Asian populations it does not exceed 1% [35]. 
Although the CCR5 receptor is associated with the ap-
pearance of inflammation, it is still unclear whether the 
variability of rs333 is associated with LE development. 
Taken together, these observations indicate the need for 
further research into CCR5 gene variability of LE patients 
and controls of the same biogeographic ancestry.

Aim

The aim of this study was to analyse nucleotide se-
quence variability of the rs333 in the Polish population. 
We also evaluated the possible association between the 

presence/absence of 32bp deletion in this gene and the 
development of DLE and/or SLE. Furthermore, we inves-
tigated whether the occurrence of various clinical symp-
toms is related to the mutation in rs333.

Material and methods

The research was approved by the Local Ethics Com-
mittee of the Nicolaus Copernicus University in Torun, 
Poland (statement no. KB 562/2013). The study included 
120 patients from the Polish population: 77 with SLE and 
43 with DLE. SLE was diagnosed according to the guide-
lines of the American Rheumatological Society updated 
in 1997 [36], while DLE was diagnosed based on the 
guidelines indicated by Giliam et al. [37]. Clinical charac-
teristics of Polish patients are summarized in Table 1. The 
control blood samples were taken from 100 healthy Poles 
without autoimmune diseases and/or cancer. 

Genomic DNA was extracted from peripheral blood 
(100 individuals from the control group and 60 patients 
with SLE and 31 patients with DLE) or cheek swabs (17 pa-
tients with SLE and 12 patients with DLE) using GeneMA-
TRIX Bio-Trace DNA Purification Kit (EURX, Gdansk, Poland) 
according to the manufacturer’s protocol. The CCR5 gene 
was amplified by polymerase chain reaction (PCR) using 
primers developed by Rector et al. [38]. PCR products of 
238 bp and 206 bp were analysed by electrophoresis in 
3% agarose gels and stained with ethidium bromide. To 
check the accuracy of the amplification, PCR products 
from 2 persons were selected (one from a homozygote 
with deletion and the other for a homozygote without de-
letion) and sequenced using dideoxy method. Sequencing 
reactions were performed with BigDye® Terminator v3.1 
Cycle Sequencing Kit (Life Technologies) according to the 
manufacturer’s protocol. PCR and sequencing reactions 
were performed using GeneAmp PCR System 9700 (Ap-
plied Biosystems). 3130xl Genetic Analyzer (Applied Bio-
systems) was used for capillary electrophoresis. Obtained 
sequences of the CCR5 gene fragment were compared 
with the respective reference sequence (GeneBank acces-
sion number: NG_012637.1) [39] using the SeqScape v. 2.5 
software (Applied Biosystems). 

The conformity of the obtained genotypes with 
Hardy-Weinberg Equilibrium (HWE) was checked using 
Arlequin software v. 3.5.2.2 [40]. Statistical differences 
in allele frequencies and genotypes between individu-
als with diagnosed SLE and/or DLE as well as the con-
trol group were examined using c2 or c2 tests with Yates 
correction (Statistica software v. 7.1, StatSoft, Inc., USA). 
Associations between the clinical traits of patients and 
the obtained genotypes and alleles were studied with the 
c2 test with Yates correction or the Fisher’s exact test. In 
the latter case, the control group consisted of patients 
with LE, but not showing a given clinical symptom, while 
the study group included patients with these attributes. 
Symptoms that occurred in less than 5% or more than 

Table 1. Clinical characteristics of Polish LE patients

Feature DLE
n (%)

SLE
n (%)

Women 26 (60.5) 69 (89.6)

Malar rash 19 (44.2) 60 (77.9)

Discoid rash 34 (79.1) 10 (13.0)

Photosensitivity 36 (83.7) 73 (94.8)

Oral ulcers 8 (18.6) 21 (27.3)

Arthritis 12 (27.9) 33 (42.9)

Pleuritis 1 (2.3) 3 (3.9)

Proteinuria or presence of urine 
crystal formation

6 (14.0) 20 (26.0)

Convulsions or psychosis 11 (25.6) 17 (22.1)

Anaemia with leukopenia, 
lymphopenia or thrombocytopenia

10 (23.3) 48 (62.3)

Raised antinuclear antibodies value 28 (65.1) 76 (98.7)

Spleen disorders 0 (0.00) 2 (2.6)

Joint pain 23 (53.5) 59 (76.6)

Raynaud syndrome 12 (27.9) 44 (57.1)
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95% of patients with LE (raised antinuclear antibodies 
value or spleen disorders and pleuritic) were excluded 
from the analysis. 

Results

Rs333, located within the CCR5 gene, was successful-
ly genotyped in all patients with LE as well as in healthy 
subjects. Population samples of both cases and controls 
were found to be in Hardy-Weinberg equilibrium. The al-
lele and genotype frequencies in all groups are given in 
Table 2.

Associations of rs333 polymorphisms with LE

The allele with deletion in rs333 was significantly less 
frequent in the group of all LE (SLE and DLE) patients 
than in healthy controls (p = 0.0346, odds ratio, OR = 
2.0455 with 95% confidence interval (CI): 1.0149–4.0157). 
The power of the c2 test used (with correction for conti-
nuity) was approximately 25.0%. Meanwhile, differences 
between LE patients and healthy controls were not sig-
nificantly different for any genotype.

Associations of rs333 polymorphisms with SLE

There was no statistically significant difference in the 
allele or genotype frequencies of rs333 between SLE pa-
tients and healthy individuals. 

Associations of rs333 polymorphisms with DLE

The allele with deletion in rs333 was statistically 
less frequent among the DLE patients in comparison to 
healthy persons (p = 0.0171, OR = 5.7273 with 95% CI: 
1.3225–24.8037). The power of the c2 test used (with cor-
rection for continuity) was approximately 28.7%. More-
over it was found that homozygotes without deletion 
were statistically more frequent in DLE patients than in 
healthy individuals (p = 0.0214, OR = 0.1729 with 95% CI:  
0.0387–0.772; the test power with continuity correc-
tion was approximately 66.8%). Heterozygotes occurred 
about three times less frequently in DLE patients than in 
healthy controls, and the results were statistically signifi-
cant (p = 0.0375; OR = 5.125 with 95% CI: 1.1418–23.0039; 

the power of the test with continuity correction being 
55.7%). There were no statistically significant differences 
in the prevalence of homozygotes with deletion between 
the DLE patients and the control group.

�Associations of rs333 polymorphisms with clinical 
features

No statistically significant differences were revealed 
in the allele or genotype frequencies of rs333 between 
patients with SLE and/or DLE with and without specific 
clinical features (Supplementary Tables S1–S10). 

Discussion

In this study, rs333 located within the CCR5 gene was 
genotyped in 100 healthy individuals and 120 patients 
with diagnosed LE (including 77 with SLE and 43 with 
DLE) of the same biogeographic origin. The investigated 
population of healthy individuals was in Hardy-Weinberg 
equilibrium, which indicates the correctness of the per-
formed genotyping and random selection of people from 
the control group. About 12% frequency of the allele with 
deletion in rs333 was revealed in the Polish healthy per-
sons; the value being consistent with the data available 
in current databases [40–42]. Indeed, the deletion allele 
occurs in about 11% of Europeans included in the “1000 
Genomes Project” [41]. It is worth noting that in popula-
tions outside Europe, this allele occurs with a frequency 
below 3% (about 3% in people of unknown ethnic origin 
living in America, about 0.9% in the population of South 
Asia, about 0.3% in Africa and virtually no occurrence in 
East Asia). A similar distribution of allele frequencies ap-
pears in the ALFRED database [42], including the Polish 
population (11.7% of the deletion allele), which is consis-
tent with the results of this study. 

Careful analysis of the data available in population da-
tabases and published papers reveals some relationships 
between the incidence of SLE and the distribution of the 
rs333 genotypes in subjects of different ethnicities. In gen-
eral, higher frequencies of the deletion allele are usually 
accompanied by lower prevalence of SLE. For example, in 
the Swedish population, the frequency of the allele with 
deletion is relatively high (about 14%) [42], while the SLE 

Table 2. Associations between rs333 and the occurrence of lupus erythematosus in the Polish population. P – values 
are given for the c2 test with Yates correction; WT – allele without deletion in rs333; DEL – allele with deletion in rs333; 
*p-values for the c2 test

Allele/genotype Controls
N (%)

SLE
N (%)

P-value DLE
N (%)

P-value LE (SLE + DLE)
N (%)

P-value

WT 176 (88.0) 141 (91.6) 0.3630 84 (97.7) 0.0171 225 (93.8) 0.0346*

DEL 24 (12.0) 13 (8.4) 2 (2.3) 15 (6.2)

WT/WT 78 (78.0) 65 (84.4) 0.3779 41 (95.3) 0.0214 106 (88.3) 1.0000*

WT/DEL 20 (20.0) 11 (14.3) 0.4283 2 (4.7) 0.0375 13 (10.8) 1.0000*

DEL/DEL 2 (2.0) 1 (1.3) 0.8189 0 (0.0) 0.8749 1 (0.8) 0.8735
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prevalence is relatively low (55–65 cases per 100 000) [5]. 
Similarly, frequency of the deletion allele in Estonians of 
14.4% [42] corresponds to the SLE prevalence of 37–40 
cases per 100 000 [5]. On the other hand, a higher preva-
lence of SLE (103 cases per 100 000) was observed in the 
population of the United Arab Emirates [5], characterized 
by a relatively low frequency of the deletion allele (about 
5%) [42]. These observations may suggest a protective ef-
fect of the rs333 deletion on the development of SLE.

Meanwhile, association data presented in this study 
showed that allele with deletion in rs333 was signifi-
cantly less frequent in all patients with LE than in the 
control population (p = 0.0346). Simultaneously, it was 
found that the occurrence of this mutation has no sig-
nificant impact on the development and progression of 
SLE (p > 0.05).

Actually, there are conflicting reports as to how the 
deletion within the CCR5 gene affects the SLE develop-
ment. While some studies showed its protective effect for 
disease propensity [18, 24], other reports demonstrated 
no influence [43–47] or even an increased risk of develop-
ing SLE [25, 26].

Carvalho et al. [18] examined 219 patients with SLE 
and 205 healthy individuals from the same region of 
Portugal. They noted a lower frequency of heterozygotes 
in SLE patients than in healthy controls and suggested 
a protective effect of deletion in rs333 on SLE develop-
ment. A similar relationship was revealed by Schauren  
et al. [24] among European-derived patients in Brazil. In 
the same study, 87 patients with SLE and 200 healthy 
individuals of African origin were examined and no as-
sociation between the development of SLE and the oc-
currence of a specific allele was observed. This would 
suggest the role of biogeographic background in the as-
sociation of the rs333 variability and the susceptibility 
to SLE. On the other hand, the lack of association was 
also reported in patients from Poland [43], Iran [44] the 
Netherlands [45] and Spain [46]; the observation being 
consistent with that made in this study. Conversely, the 
association was revealed in a mixed cohort of patients 
from Ohio, Colombia and San Antonio (Texas) [26] as 
well as in a female sample from Brazil [25]. Overall, in 
the light of all these findings, the issue of possible as-
sociation between the rs333 locus and the development 
of SLE remains unresolved and requires further research. 

SLE is a multiorgan disease with many different clini-
cal manifestations. Therefore, some groups also analysed 
the effect of deletion in the rs333 on the development of 
symptoms in the course of SLE. Carvalho et al. [18] noted 
absence of homozygotes with deletion in the patient’s 
group with nephritis, central and peripheral nervous sys-
tem and arthritis involvement. Several studies did not 
exclude an association of lupus nephritis with the dele-
tion allele [24, 26, 45, 46]. Meanwhile, in the study of 
Heydarifard et al. [44] no significant association between 
the rs333 status and clinical features of SLE was revealed. 

In this study, no statistically significant associations be-
tween the symptoms (or lack thereof) in patients with 
SLE and/or DLE were found with any allele or genotype. 

Until now, no rs333 association studies have been 
conducted in DLE patients. In this research, it was ob-
served that the occurrence of deletion 32 bp in the CCR5 
gene may be a protective factor reducing the risk of DLE 
development. In fact, the allele with deletion in rs333 
was about three times less frequent in DLE patients than 
in the control group (p = 0.0171). It was also observed 
that the homozygote without deletion was significantly 
more frequent in DLE patients than in healthy individuals  
(p = 0.0214). Moreover, it was found that the heterozy-
gote was about three times less frequent in DLE patients 
than in the control group (p = 0.0375). 

CCR5 is a chemokine receptor expressed on various 
cell types, including Th1 lymphocytes, macrophages,  
fibroblasts, endothelial cells or smooth muscles [18]. The 
presence of a functional CCR5 receptor may be associ-
ated with the initiation and/or maintenance of inflam-
mation in patients with LE. Deletion of 32 bp in the CCR5 
gene [18] results in a shorter, non-functional protein. 
CCR5 gene expression is reduced in heterozygotes and 
absent in homozygotes with deletion. Inactivated CCR5 
receptor is not able of binding chemokines, thus block-
ing inflammation [25]. Patients with active SLE showed 
an increased expression of CCR5 receptors on CD4+Th1 
cells compared to patients in remission or healthy con-
trols [47]. This would suggest a significant contribution 
of CCR5 to inflammatory processes in the progression of 
this disease. 

An increased expression of genes associated with 
the signal pathway activated by γ interferon, and conse-
quently, increased activity of Th1 lymphocytes was previ-
ously observed in DLE patients [48–50]. Inactivation of 
the chemokine receptor could play an important role in 
the prevention of DLE formation. Thus, the presence of 
deletion in rs333 could be a protective factor against DLE, 
as the results of this study consistently suggest.

To our knowledge, this is the first study suggesting 
that the variability of the CCR5 gene sequence may have 
an impact on DLE development in individuals of Central 
European descent. However, uncertainties resulting from 
the power of the implemented statistical tests (< 66.8%) 
indicate the need for examining larger groups of patients 
and healthy controls (at least 166 individuals per group) 
from biogeographically homogenous populations.
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