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ABSTRACT
Background: Complement receptor 1 (CR1) plays an
important role in immune complex clearance by
opsonisation and possibly protects subjects from
development of autoantibodies. Lower CR1 expression
has been associated with susceptibility to systemic
lupus erythematosus (SLE). In contrast, subjects
displaying lower CR1 expression are protected against
severe manifestations of falciparum malaria. This
study is the first of its kind to investigate the association
of CR1 variants with development of SLE in a
P. falciparum endemic population from Odisha, India.
Methods: CR1 polymorphisms (intron 27 (A>T), exon
22 (A>G) and exon 33 (G>C)) were typed by PCR and
restriction length polymorphism in 297 cases of female
patients with SLE and 300 age-matched and sex-
matched healthy controls from malaria endemic areas in
Odisha, India. CR1 expression on monocytes was
quantified by flow cytometry.
Results: The homozygous mutants of CR1 exon 22
(GG) and exon 33 (GG) and their minor alleles were
associated with susceptibility to SLE. Furthermore,
patients with SLE who harboured the GG genotype of
the exon 33 polymorphism had a 3.12-fold higher
chance of developing lupus nephritis. CR1 exon (22 and
33) variants were associated with lowered CR1
expression on monocytes in patients with SLE and in
healthy controls. Patients with lupus nephritis showed
significantly diminished CR1 expression than those
without renal involvement (p=0.01).
Conclusions: The results of the present study
demonstrate that common CR1 exon variants are
associated with diminished CR1 expression on
monocytes and increased susceptibility to development
of SLE and lupus nephritis in a malaria endemic area.

INTRODUCTION
Systemic lupus erythematosus (SLE) is an
autoimmune disorder characterised by for-
mation of autoantibodies, abnormalities in
immune complex (IC) production, its clear-
ance and deposition on various organ
systems leading to tissue damage.1 CR1

facilitates binding, transport and endocytosis
of IC bound to complements. Lower levels of
CR1 have been associated with SLE2 3 and
lupus nephritis (LN).4–6 Furthermore, func-
tional CR1 polymorphisms which are
believed to alter its expression on cells have
been associated with increased susceptibility
to SLE in different population.7 8

Deposition of IC on various tissues has been
linked to pathogenesis of several diseases.9

In primates, erythrocytes bind to IC and facili-
tate its safe disposal by transporting it to
Kupffer cells of the liver for phagocytosis.10 11

Complement receptor 1 (CR1, CD35, C3b/
C4b receptor) is the key molecule on the
surface of erythrocytes which mediate binding
with complement proteins C1q, C4b, C3b and
C3bi found in IC.12 CR1 is expressed on a wide
range of cells viz. erythrocytes, eosinophils,
monocytes, B lymphocytes, dendritic cells and
kidney podocytes.13 14 Presence of CR1 in
plasma and urine has also been reported.15 16

CR1 is a member of receptors for comple-
ment activation (RCA) located in the ‘cluster
RCA’ region of chromosome 1 band 32.17

Several single nucleotide polymorphisms
(SNPs) have been reported in both coding
and non-coding regions of the CR1 gene (ID
1378), but limited number of SNPs have
functional relevance. The association of
three common SNPs (intron 27: rs11118133,
exon 22: rs2274567 and exon 33: rs3811381)
have been well investigated in Plasmodium
falciparum malaria18 19 and autoimmune dis-
orders20 21 since they are believed to be asso-
ciated with CR1 expression. CR1 seems to
play an important role in pathogenesis of
P. falciparum malaria by facilitating rosetting,
a phenomenon by which plasmodium
infected red blood cells (RBCs) bind to unin-
fected RBCs.22 Rosetting is mediated by the
parasite ligand Plasmodium falciparum erythro-
cyte membrane protein 1 on the surface of
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infected RBCs which binds to CR1 molecules.23 Subjects
who express higher CR1 are believed to develop severe
pathology such as cerebral malaria due to enhanced
rosette formation leading to blockage of blood flow in
brain capillaries.23 Association of CR1 variants (intron 27,
exon 22 and exon 33) with severe P. falciparum malaria
has been well characterised. In a recent case-control
study and meta-analysis, we showed that the CR1 minor
alleles associated with lower levels of expression of CR1
are associated with protection against severe Plasmodium
falciparum malaria, and they are highly prevalent in
malaria endemic areas.18 In a murine model, Plasmodium
yoelli infection decreased CR1 expression on monocytes
and hindered IC internalisation which recovered after
the clearance of parasites.24 Furthermore, human sub-
jects infected with P. falciparum or P. vivax also display
lower CR1 expression on monocytes compared with unin-
fected individuals.24 Differential CR1 expression has
been reported based on malarial endemicity.25 26 In view
of the fact that in malaria endemic areas CR1 expression
is reduced, and lowered CR1 expression is associated with
improper clearance of IC, a feature observed in SLE, we
hypothesised that this factor could predispose genetically
susceptible subjects living in malaria endemic areas for
development of SLE.

MATERIALS AND METHODS
Subjects
Patients with SLE admitted to the Department of
Medicine, under the unit of Clinical Immunology and
Rheumatology of SCB Medical College, Cuttack, Odisha,
were enrolled in the present study. The diagnosis of SLE
was based on revised American College of Rheumatology
classification criteria.27 Since, SLE affects mostly
women28 only female patients from coastal districts of
Odisha (Cuttack, Puri, Anugul, Khurdha and
Dhenkanal), endemic to P. falciparum infection,18 29 30

were included in the study. The average annual parasite
index of malaria in these districts is 6.67.31 After a
detailed clinical examination and laboratory investiga-
tions, patients were categorised into various clinical phe-
notypes. The clinical profiles of 297 patients with SLE are
summarised in table 1. Three hundred age-matched,
healthy female subjects from similar geographical areas
(costal districts) were included as healthy controls (HCs).
None of the controls reported history of autoimmune
disorder or malaria. Both, patients with SLE and HCs
were free of active P. falciparum infection as shown by
immunochromatography test and P. falciparum-specific
PCR.18 About 5 mL of blood was collected in EDTA tubes
from each participant. The methods were carried out in
accordance with approved guidelines. Informed consent
was obtained from each patient and HC.

DNA isolation and genotyping of CR1 variants
Genomic DNA was isolated from whole blood by the
GenElute Blood Genomic DNA Kit (SIGMA). As

described earlier,32 samples were genotyped for the
intron 27 HindIII A>T, exon 22 3650A>G and exon 33
5007 G>C genes by PCR-restriction length polymorph-
ism (RFLP). For intron 27 and exon 22 the restriction
fragment length polymorphism (RFLP) products were
separated on 3.5% agarose and visualised by ethidium
bromide staining under trans-UV illumination. To
resolve restriction fragments of exon 33 polymorphism,
16% non-denaturing polyacrylamide gel was used. For
quality control of genotyping results, about 25% of the
randomly selected samples were directly sequenced for
exon 22, exon 33 and about 15% were sequenced for
intron 27 and the results were observed to be 100%
concordant. Electropherograms of sequencing analysis
are shown in online supplementary figure S1.

Quantification of CR1 expression on monocytes
CR1 expression on monocytes was determined by flow
cytometry using two-colour fluorescence in 35 patients
with SLE and 33 HCs. Briefly, 50 μL of whole blood were
directly stained for 30 min at 4°C with phycoerythrin-
labelled anti-CR1 (eBiosciences) and fluorescein-
isothiocyanate labelled anti-CD14 (eBiosciences).
Appropriate isotype controls (eBiosciences) were also
used. Erythrocytes were lysed using fluorescence-acti-
vated cell sorting (FACS) lysis solution (BD Biosciences,
USA) and the cells were washed with washing buffer fol-
lowed by centrifugation at 300×g for 5 min. The cell
pellet was then resuspended in 500 μL of sheath fluid
and analysed by flow cytometry in FACS calibre using
CellQuest Pro software.

Table 1 Clinical characteristics of patients with SLE and

healthy controls

Clinical profiles SLE (n=297)

Healthy

controls

(n=300)

Sex (male/female) 0/297 0/300

Age in years (mean±SD) 28.05±9.22 30.65±5.28

Duration of disease in years

(mean±SD)

2.15±1.45 –

Anti-dsDNA (IU/mL)

(mean±SEM)

183.3±12.09

ACR criteria

Photosensitivity rash 98 (33) –

Malar rash 120 (40) –

Discoid rash 36 (12) –

Oral ulcer 158 (53) –

Arthritis 158 (53) –

NPSLE 16 (5) –

AIHA 9 (3) –

Serositis 13 (4) –

Nephritis 162 (55) –

Pneumonitis 12 (4) –

Data are no. (%) of participants unless otherwise specified.
ACR, American College of Rheumatology; AIHA, autoimmune
haemolytic anaemia; NPSLE, neuropsychiatric systemic lupus
erythematosus; SLE, systemic lupus erythematosus.
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Statistical analysis
The genotype and allele frequency were calculated by
direct counting. Deviations from the Hardy-Weinberg
equilibrium (HWE) were tested using the web-based
site http://www.oege.org/software/hwe-mr-calc.shtml.33

Linkage disequilibrium (LD) between CR1 polymorph-
isms (intron 27, exon 22 and exon 33) were calculated
by SNPAlyze software. Fisher’s exact test was used for
comparison of genotype, allele frequencies distribution
among patients with SLE and HCs, and also among
various clinical phenotypes. Ors and 95% CIs were cal-
culated by Graphpad prism V.5.01. A p value <0.003
(Bonferroni correction for three markers 0.01/3=0.003)
was considered statistically significant. Haplotype analysis
was performed by the SNAPStats online tool and an LD
plot was constructed in SNPAlyze software (Dynacom,
Japan). Student’s t-test was employed to compare the
mean CR1 expression on monocytes in patients with
SLE versus HCs and among patients with SLE with LN
(LN+) versus those without kidney involvement (LN−).
Association of CR1 genotypes (intron 27, exon 22 and
exon 33) with CR1 expression on monocytes was ana-
lysed by analysis of variance followed by Tukey’s post test

and a p value <0.05 was considered statistically
significant.

RESULTS
Prevalence of CR1 polymorphisms in the studied population
Three hundred healthy women were genotyped for the
CR1 polymorphisms intron 27, exon 22 and exon 33.
As shown in table 2, and similar to our earlier observa-
tion,18 heterozygous and homozygous alleles were more
frequent than major alleles (intron 27: AT=51%,
TT=27%; exon 22: AG=41%, GG=44%; exon 33:
CG=50%, GG=35%). Distributions of CR1 genotypes in
HCs were in HWE (intron 27: χ2=0.25, p=0.61; exon 22:
χ2=3.18, p=0.07; exon 33: χ2=0.45, p=0.50). The pairwise
LD analysis of all the three loci showed that exon 22
(A>G) and exon 33 (G>C) were in LD with |D0|=0.93,
r2=0.72, Akaike’s information criterion (AIC)=509.02.
The other combinations were not in LD in the studied
population (for intron 27 (A>T) and exon 22 (A>G)
pair: |D0|=0.79, r2=0.38, AIC=256.82; for intron 27
(A>T) and exon 33 (G>C) pair |D0|=0.72, r2=0.39,
AIC=250.77).

Table 2 Frequency of CR1 genotypes and alleles found among HCs and Indian patients with SLE

CR1 polymorphisms Genotype or allele HCs (n=300) SLE (n=297) p Value OR (95% CI)

CR1 intron 27 (A>T) Genotype

rs11118133 AA 66 (22) 60 (20) 1 Ref

AT 154 (51) 150 (50.5) 0.75 1.07 (0.70 to 1.62)

TT 80 (27) 87 (29.5) 0.48 1.19 (0.75 to 1.90)

Dominant AT+TT 234 (78) 237 (80) 0.61 1.11 (0.75 to 1.65)

Recessive AA+AT 220 (73) 210 (70.5) 1 Ref

TT 80 (27) 87 (29.5) 0.52 1.13 (0.79 to 1.62)

Allele

A 286 (48) 270 (45) 1 Ref

T 314 (52) 324 (55) 0.45 1.09 (0.87 to 1.37)

CR1 exon 22 (A>G) Genotype

rs2274567 AA 46 (15) 14 (5) 1 Ref

AG 124 (41) 114 (38) 0.0007 3.02 (1.57 to 5.78)

GG 130 (44) 169 (57) 2.22E-6 4.27 (2.25 to 8.10)

Dominant AG+GG 254 (85) 283 (95) 0.00001 3.66 (1.96 to 6.81)

Recessive AA+AG 170 (56) 128 (43) 1 Ref

GG 130 (44) 169 (57) 0.001 1.72 (1.24 to 2.38)

Allele

A 216 (36) 142 (24) 1 Ref

G 384 (64) 452 (76) 5.28E-6 1.79 (1.39 to 2.30)

CR1 exon 33 Genotype

(G>C) CC 46 (15) 20 (7) 1 Ref

rs3811381 CG 150 (50) 104 (35) 0.12 1.59 (0.89 to 2.85)

GG 104 (35) 173 (58) 2.40E-6 3.82 (2.14 to 6.82)

Dominant CG+GG 254 (85) 277 (93) 0.001 2.50 (1.44 to 4.35)

Recessive CC+CG 196 (65) 124 (42) 1 Ref

GG 104 (35) 173 (58) 0.0001 2.62 (1.88 to 3.66)

Allele

C 242 (40) 144 (24) 1 Ref

G 358 (60) 450 (76) 2.63E-9 2.11 (1.64 to 2.70)

Bold indicates statistical significance.
Data are no. (%) of participants unless otherwise specified.
HC, healthy control; SLE, systemic lupus erythematosus.
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Further, we constructed LD plots for patients with SLE
and HCs (see online supplementary figure S2). LD plots
of codon 22 and codon 33 were similar in patients with
SLE (D0=0.94) and HCs (D0=0.93). However, D0 values
for intron 27 and codon 22 or between intron 27 and
codon 33 were different in patients with SLE (intron
27-exon22: D0=0.74; intron 27-exon33: D0=0.63) and HCs
(intron 27-exon22: D0=0.79; intron 27-exon33: D0=0.72).

Exon 22 and exon 33 polymorphisms are associated with
susceptibility to SLE
We used a hospital based case control study to investi-
gate the association between common polymorphism of
the CR1 gene and SLE. Three functional CR1 poly-
morphisms (intron 27, exon 22 and exon 33) were
typed in patients with SLE and HCs and results are
shown in table 2.
For the CR1 exon 22 polymorphism, the frequency of

the GG genotype and variant allele G were significantly
higher in patients with SLE compared with HCs (GG:
p<0.0001, OR=4.27; G: p<0.0001, OR=1.79). Similarly,
distributions of homozygous allele (GG) and minor

allele (G) for CR1 exon 33 polymorphism were more
frequent in patients than controls (GG: p<0.0001,
OR=3.82; G: p<0.0001, OR=2.11). Furthermore, both
dominant and recessive genetic models revealed signifi-
cant association of the CR1 codon (22 and 33) poly-
morphism with SLE (codon 22 (dominant model:
p=0.00001, OR=3.66; recessive: p=0.001, OR=1.72);
codon 33 (dominant model: p=0.001, OR=2.50; reces-
sive: p=0.0001, OR=2.62). For CR1 intron 27, the geno-
type and allele distribution in patients with SLE and
HCs were comparable.
Since codon 22 and codon 33 were associated with

SLE, we further analysed haplotype association by the
SNAPStat online tool and results are shown in table 3.
The GG haplotype was more frequent in patients with
SLE compared with HCs (p=0.0004, OR=1.94).

CR1 expressions on monocytes are lower in SLE and in LN
CR1 expression on monocytes was measured by flow
cytometry in patients with SLE (n=35) and HCs (n=33).
As shown in figure 1A, HCs displayed significantly
higher levels of CR1 expression compared with patients
with SLE (p=0.005). Patients with SLE were further cate-
gorised into two broad groups: (1) LN+, and (2) LN−.
As shown in figure 1B, LN+ patients had lower CR1
expression on monocytes compared to LN- (p=0.01).

Association of polymorphisms with monocyte expression
of CR1
Association of common CR1 polymorphisms (intron 27,
exon 22 and exon 33) with expression of CR1 on ery-
throcytes has been demonstrated earlier.19 25 26 32 34 35

We hypothesised that common CR1 polymorphisms
may lead to its altered expression on monocytes which

Table 3 Haplotype analysis of CR1 codon polymorphism

(22 and 33) in patients with SLE and HCs

Haplotypes

(codon

22/33) SLE HC p Value OR (95% CI)

GG 74.73 58.25 0.0004 1.94 (1.34 to 2.79)

AC 22.88 34.59 Ref 1

GC 1.36 5.75 0.09 0.35 (0.11 to 1.11)

AG 1.02 1.41 1 1.14 (0.24 to 5.28)

Data are shown in percentage.
HC, healthy control; SLE, systemic lupus erythematosus.

Figure 1 Differential CR1 expression on monocytes of patients with systemic lupus erythematosus (SLE) and healthy controls.

(A) CR1 expression (mean fluorescence intensity, MFI) on monocytes was quantified by FACS in patients with SLE (n=35) and

healthy controls (n=33). The mean MFI was compared by Student’s t-test. Patients with SLE displayed significantly lowered CR1

levels on monocytes compared with healthy controls (p=0.005). (B) Patients with SLE were categorised into two broad groups,

presence (n=20) or absence of kidney involvement (n=15) and mean CR1 expression was compared among them. Patients with

LN showed significantly lowered CR1 expression on monocytes compared with those patients devoid of kidney involvement

(p=0.01)". MFIs of CR1 on monocytes among different clinical categories were compared by Student’s t-test. LN+, patients with

SLE with lupus nephritis; LN−, patients with SLE without kidney involvement.
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may be a possible trigger in the development of SLE.
In patients with SLE, major alleles for exon 22 (AA)
and exon 33 (CC) polymorphisms displayed signifi-
cantly higher levels of CR1 on monocytes compared
with their respective heterozygotes (exon 22: AG; exon
33: CG) and homozygous (GG) alleles (figure 2D, F).
Furthermore, CR1 expression on monocytes of the CG
genotype (exon 33) was observed to be higher than
the homozygous mutants (GG). Such difference
between heterozygous (AG) and homozygous minor
alleles (GG) was not observed in CR1 exon 22 poly-
morphism (figure 2D, F). Expression of CR1 on mono-
cytes of subjects with various genotypes of intron 27
polymorphisms was comparable (figure 2B).
Interestingly, similar genotype-phenotype association
results were also observed in HCs (figure 2A, C, E).

Distribution of CR1 polymorphisms in LN
Patients with LN display lowered levels of CR1 on mono-
cytes and its expression was associated with common
CR1 variants (exon 22 and exon 33), We analysed for
possible association of CR1 polymorphisms with suscepti-
bility/resistance to LN. As depicted in table 4, the GG
genotype of CR1 exon 33 polymorphism was more fre-
quent in LN+ patients compared with LN− patients.
However, the difference was not statistically significant
(p=0.03, OR=3.12). Distributions of other polymorph-
isms (intron 27 and exon 22) in clinical phenotypes (LN
+ vs LN−) were comparable (table 4).

Association between CR1 expression and autoantibodies
Diminished CR1 expression is functionally associated
with defective clearance of ICs which could be a possible
trigger for autoantibody formation in SLE. We analysed
the association between CR1 polymorphisms and levels
of anti-dsDNA and the results are depicted in figure 3.
The GG genotype of CR1 exon 22 and exon 33 poly-
morphisms displayed higher anti-dsDNA titres than their
respective reference genotypes (exon 22: AA; exon 33:
CC). However, the difference was not statistically signifi-
cant. Anti-dsDNA titres were comparable among geno-
types of the CR1 intron 27 polymorphism. Furthermore,
we analysed correlation between CR1 expression on
monocytes and levels of anti-dsDNA (figure 3). A nega-
tive correlation was observed between CR1 expression
and anti-dsDNA (p=0.0007, Spearman’s r=−0.54), sug-
gesting a possible role of CR1 in facilitating increased
production of anti-ds DNA.

DISCUSSION
The present study investigates, for the first time, an asso-
ciation between CR1 common variants with possible
development of SLE in genetically susceptible indivi-
duals residing in areas endemic for P. falciparum malaria.
It demonstrates that CR1 variants (exon 22 and 33 poly-
morphisms) are significantly associated with patients
with SLE and the exon 33 polymorphism is associated
with LN. CR1 exon polymorphisms (22 and 33) are also

Figure 2 Association of CR1 polymorphisms and CR1 expression on monocytes in patients with systemic lupus erythematosus

(SLE) and healthy controls. Expression of CR1 on monocytes was measured by flow cytometry. CR1 expression on monocytes

was quantified in both healthy controls (A, C and D) and patients with SLE (B, D and E) correlated with their respective

genotypes (A, B: intron 27; C, D: exon 22 and E, F: exon 33). Mean fluorescence intensity of CR1 on monocytes among various

genotypes was compared by analysis of variance followed by Tukey’s multiple comparison post test. p Value <0.05 was

considered statistically significant (*p<0.05, **p<0.01, ***p<0.001).
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Table 4 CR1 polymorphisms distribution in patients with SLE with nephritis (LN+) and patients with SLE without

nephritis (LN−)
CR1 polymorphisms Genotype or allele LN− (n=135) LN+ (n=162) p Value OR (95% CI)

CR1 intron 27 (A>T) Genotype

AA 24 (18) 36 (22) 1 Ref

AT 70 (52) 80 (49) 0.44 0.76 (0.41 to 1.40)

TT 41 (30) 46 (29) 0.40 0.74 (0.38 to 1.45)

Allele

A 118 (43) 152 (47) 1 Ref

T 152 (57) 172 (53) 0.45 0.87 (0.63 to 1.21)

CR1 exon 22 (A>G) Genotype

AA 8 (6) 6 (4) 1 Ref

AG 55 (41) 59 (36) 0.58 1.43 (0.46 to 4.38)

GG 72 (53) 97 (60) 0.40 1.79 (0.59 to 5.40)

Allele

A 71 (26) 71 (22) 1 Ref

G 199 (74) 253 (78) 0.24 1.27 (0.87 to 1.85)

CR1 exon 33 Genotype

(G>C) CC 14 (10) 6 (4) 1 Ref

CG 47 (35) 57 (35) 0.05 2.83 (1.00 to 7.93)

GG 74 (55) 99 (61) 0.03 3.12 (1.14 to 8.51)

Allele

C 75 (28) 69 (21) 1 Ref

G 195 (72) 255 (79) 0.06 1.42 (0.97 to 2.07)

Note: Data are no. (%) of participants unless otherwise specified.
p Values were calculated by Fisher’s exact test.
SLE, systemic lupus erythematosus.

Figure 3 Association between CR1 expression and anti-dsDNA. Plasma levels of anti-dsDNA was compared in different

genotypes of CR1 polymorphisms (A: intron 27; B: exon 22 and C: exon 33). Anti-dsDNA levels were compared by analysis of

variance and Tukey’s post test. No statistically significant association was observed. (D) Correlation between CR1 expression

and plasma levels of anti-dsDNA was compared by Spearman’s rank correlation test and a significant negative correlation was

observed. MFI, mean fluorescence intensity.
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significantly associated with reduced CR1 expression on
monocytes, and patients with SLE display lower CR1
expression on monocytes compared with HCs.
Interestingly, LN+ patients had lower CR1 levels com-
pared with LN− patients.
SNPs have been reported in the CR1 gene.32 However,

studies indicating their association with SLE susceptibil-
ity are limited. Most studies were focused on CR1
HindIII intron 27 polymorphism and the results were
contradictory. A recent meta-analysis reported absence
of association between the CR1 intron 27 polymorphism
and SLE.20 Our observations were similar with regard to
the CR1 intron 27 variant. However, exon 22 and exon
33 polymorphisms showed significant association with
SLE. Homozygous and minor alleles were more preva-
lent in patients with SLE compared with HCs, indicating
that subjects with the GG genotype of exon 22 and exon
33 have 4.27-fold and 3.82-fold higher associations with
SLE. Furthermore, CR1 exon 33 homozygous (GG)
alleles were more frequent in LN+ patients compared
with LN− patients. CR1 exon polymorphisms (22 and
33) were associated with CR1 expression on monocytes:
homozygous (GG) alleles displayed lower levels of CR1
compared with their respective major alleles. The mech-
anism(s) related to reduced expression of CR1 in codon
variants (22 and 33) is not known. It is possibly asso-
ciated with formation of defective CR1 proteins that are
quickly degraded resulting in lower expression on the
cell surface. To the best of our knowledge, this is the
first study to investigate an association between CR1
exon polymorphisms (22 and 33) with SLE in malaria
endemic areas. However, there are several factors
responsible for the development of SLE and mutation in
the CR1 gene could be one among them.
CR1 expression on erythrocytes has been reported to

be low in patients with SLE3 and grossly reduced in LN+
patients.4–6 In the present study, we observed diminished
CR1 expression on monocytes of patients with SLE com-
pared with HCs. Comparison of CR1 expression on dif-
ferent clinical manifestations revealed significantly lower
levels of CR1 on monocytes in LN+ patients compared
with LN− patients. The relationship between CR1 and
clearance of IC has already been indicated earlier.
Reduced expression provides a basis for increased circu-
lating IC that has the potential to facilitate development
of autoantibodies in SLE. Lower CR1 expression has
been associated with improper IC clearance in mice
models.24 Furthermore, CR1 expression was found to be
inversely correlated with IC deposition in the kidney24

increasing the possibility of renal damage.
The current study also corroborates our earlier obser-

vation18 on CR1 polymorphisms in malaria endemic
areas. Mutants of CR1 exon 22 and intron 27 were more
prevalent in the studied population compared with their
respective major alleles (exon 22: AG+GG=85%; intron
27: AT+TT=78%). The present study also revealed a
higher prevalence of the CR1 exon 33 variant (CG
+GG=85%) among the same population. A higher

prevalence of the CR1 intron 27 minor allele has been
reported in various malaria endemic areas viz.,
Thailand34 and India19 25 while in non-endemic areas,
their frequency has also been found to be significantly
low.26 36 The other CR1 variant (exon 22) also showed a
similar pattern: higher frequency of variants in endemic
populations like Papua New Guinea,26 Thailand,34

India19 25 and lower prevalence in non-endemic
areas.25 26 Similarly, the minor allele of the exon 33 poly-
morphism is more frequent in malaria endemic than
non-endemic areas.26 The occurrence of a higher fre-
quency of CR1 minor alleles in malaria endemic areas
has been attributed to their protective function against
severe P. falciparum malaria and its mortality.18 26 The
association between SLE and CR1 variants in these areas
has not been studied earlier.
The area in the current study is endemic to

P. falciparum malaria. Earlier, we had reported a protect-
ive association between of CR1 variants (for mutations
in exon 22) against severe P. falciparum malaria and mor-
tality.18 We had proposed that higher prevalence of CR1
variants in malaria endemic areas could have been a
result of selection pressure.18 Our current observation of
increased prevalence of CR1 mutations (possibly
selected out by malaria) in patients with SLE suggests an
interesting possibility that malaria could be a contribut-
ing factor in the development of SLE in genetically
susceptible individuals in malaria endemic regions of
the world. The prevalence of SLE has been reported to
be threefold to fourfold higher in African-Americans
compared with Caucasians,37 and they are the people
who have migrated from the malaria endemic regions of
Africa. Validation of the observations reported in this
study, in regions of high endemicity for P. falciparum
infection, could provide novel insights into the natural
history of SLE.

CONCLUSIONS
The results of the present study demonstrate that
common CR1 exon variants are associated with dimin-
ished CR1 expression on monocytes and possibility of
increased susceptibility to development of SLE and LN
in malaria endemic areas.

Acknowledgements The authors thank the patients and controls who
participated in the study. The authors also thank Ratnadeep Mukherjee,
Birendra Prusty and Harishankar Mahto for their immense help in flow
cytometry, PCR and sequencing.

Contributors AKP was involved in the design, performing experiments,
analysis, interpretation, statistics and writing the first draft of the manuscript.
BKD and BR contributed to the design, data interpretation, work supervision
and critical revision of the manuscript. All authors read and approved the
manuscript.

Funding The Institute of Life Sciences is supported by the Department of
Biotechnology, Government of India. AKP is supported by DST-INSPIRE
Faculty grant (IFA12/LSBM-46) from the Department of Science and
Technology, Government of India.

Competing interests None declared.

Panda AK, Ravindran B, Das BK. Lupus Science & Medicine 2016;3:e000145. doi:10.1136/lupus-2016-000145 7

Genetics



Patient consent Obtained.

Ethics approval Institutional Human Ethics Committee of S C B Medical
College Cuttack.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional data are available.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

REFERENCES
1. Tsokos GC. Systemic lupus erythematosus. N Engl J Med

2011;365:2110–21.
2. Arora V, Verma J, Dutta R, et al. Reduced complement receptor 1

(CR1, CD35) transcription in systemic lupus erythematosus. Mol
Immunol 2004;41:449–56.

3. Wilson JG, Ratnoff WD, Schur PH, et al. Decreased expression of
the C3b/C4b receptor (CR1) and the C3d receptor (CR2) on B
lymphocytes and of CR1 on neutrophils of patients with systemic
lupus erythematosus. Arthritis Rheum 1986;29:739–47.

4. Emancipator SN, Iida K, Nussenzweig V, et al. Monoclonal
antibodies to human complement receptor (CR1) detect defects in
glomerular diseases. Clin Immunol Immunopathol 1983;27:170–5.

5. Kazatchkine MD, Fearon DT, Appay MD, et al. Immunohistochemical
study of the human glomerular C3b receptor in normal kidney and in
seventy-five cases of renal diseases: loss of C3b receptor antigen in
focal hyalinosis and in proliferative nephritis of systemic lupus
erythematosus. J Clin Invest 1982;69:900–12.

6. Moll S, Miot S, Sadallah S, et al. No complement receptor 1 stumps
on podocytes in human glomerulopathies. Kidney Int 2001;59:160–8.

7. Cornillet P, Gredy P, Pennaforte JL, et al. Increased frequency of the
long (S) allotype of CR1 (the C3b/C4b receptor, CD35) in patients
with systemic lupus erythematosus. Clin Exp Immunol 1992;89:22–5.

8. Katyal M, Tiwari SC, Kumar A, et al. Association of complement
receptor 1 (CR1, CD35, C3b/C4b receptor) density polymorphism
with glomerulonephritis in Indian subjects. Mol Immunol
2004;40:1325–32.

9. Schifferli JA, Taylor RP. Physiological and pathological aspects of
circulating immune complexes. Kidney Int 1989;35:993–1003.

10. Hebert LA. The clearance of immune complexes from the circulation
of man and other primates. Am J Kidney Dis 1991;17:352–61.

11. Cosio FG, Shen XP, Birmingham DJ, et al. Evaluation of the
mechanisms responsible for the reduction in erythrocyte
complement receptors when immune complexes form in vivo in
primates. J Immunol 1990;145:4198–206.

12. Rojko JL, Evans MG, Price SA, et al. Formation, clearance,
deposition, pathogenicity, and identification of
biopharmaceutical-related immune complexes: review and case
studies. Toxicol Pathol 2014;42:725–64.

13. Wilson JG, Wong WW, Murphy EE III, et al. Deficiency of the C3b/
C4b receptor (CR1) of erythrocytes in systemic lupus
erythematosus: analysis of the stability of the defect and of a
restriction fragment length polymorphism of the CR1 gene.
J Immunol 1987;138:2708–10.

14. Wilson JG, Andriopoulos NA, Fearon DT. CR1 and the cell
membrane proteins that bind C3 and C4. A basic and clinical review.
Immunol Res 1987;6:192–209.

15. Pascual M, Steiger G, Sadallah S, et al. Identification of
membrane-bound CR1 (CD35) in human urine: evidence for its
release by glomerular podocytes. J Exp Med 1994;179:889–99.

16. Pascual M, Danielsson C, Steiger G, et al. Proteolytic cleavage of
CR1 on human erythrocytes in vivo: evidence for enhanced
cleavage in AIDS. Eur J Immunol 1994;24:702–8.

17. Liu D, Niu ZX. The structure, genetic polymorphisms, expression
and biological functions of complement receptor type 1 (CR1/CD35).
Immunopharmacol Immunotoxicol 2009;31:524–35.

18. Panda AK, Panda M, Tripathy R, et al. Complement receptor 1
variants confer protection from severe malaria in Odisha, India.
PLoS ONE 2012;7:e49420.

19. Rout R, Dhangadamajhi G, Mohapatra BN, et al. High CR1 level and
related polymorphic variants are associated with cerebral malaria in
eastern-India. Infect Genet Evol 2011;11:139–44.

20. Nath SK, Harley JB, Lee YH. Polymorphisms of complement
receptor 1 and interleukin-10 genes and systemic lupus
erythematosus: a meta-analysis. Hum Genet 2005;118:225–34.

21. Kumar A, Malaviya AN, Sinha S, et al. C3b receptor (CR1) genomic
polymorphism in rheumatoid arthritis. Low receptor levels on
erythrocytes are an acquired phenomenon. Immunol Res
1994;13:61–71.

22. Stoute JA. Complement receptor 1 and malaria. Cell Microbiol
2011;13:1441–50.

23. Rowe JA, Moulds JM, Newbold CI, et al. P. falciparum rosetting
mediated by a parasite-variant erythrocyte membrane protein and
complement-receptor 1. Nature 1997;388:292–5.

24. Fernandez-Arias C, Lopez JP, Hernandez-Perez JN, et al. Malaria
inhibits surface expression of complement receptor 1 in monocytes/
macrophages, causing decreased immune complex internalization.
J Immunol 2013;190:3363–72.

25. Sinha S, Jha GN, Anand P, et al. CR1 levels and gene
polymorphisms exhibit differential association with falciparum
malaria in regions of varying disease endemicity. Hum Immunol
2009;70:244–50.

26. Cockburn IA, Mackinnon MJ, O’Donnell A, et al. A human
complement receptor 1 polymorphism that reduces Plasmodium
falciparum rosetting confers protection against severe malaria. Proc
Natl Acad Sci USA 2004;101:272–7.

27. Hochberg MC. Updating the American College of Rheumatology
revised criteria for the classification of systemic lupus
erythematosus. Arthritis Rheum 1997;40:1725.

28. Danchenko N, Satia JA, Anthony MS. Epidemiology of systemic
lupus erythematosus: a comparison of worldwide disease burden.
Lupus 2006;15:308–18.

29. Pattanaik SS, Tripathy R, Panda AK, et al. Bacteraemia in adult
patients presenting with malaria in India. Acta Trop 2012;123:136–8.

30. Panda AK, Panda SK, Sahu AN, et al. Association of ABO blood
group with severe falciparum malaria in adults: case control study
and meta-analysis. Malar J 2011;10:309.

31. NVBDCP. Government of India Report. Ministry of Health and Family
Welfare, 2010.

32. Xiang L, Rundles JR, Hamilton DR, et al. Quantitative alleles of
CR1: coding sequence analysis and comparison of haplotypes in
two ethnic groups. J Immunol 1999;163:4939–45.

33. Rodriguez S, Gaunt TR, Day IN. Hardy-Weinberg equilibrium testing
of biological ascertainment for Mendelian randomization studies. Am
J Epidemiol 2009;169:505–14.

34. Nagayasu E, Ito M, Akaki M, et al. CR1 density polymorphism on
erythrocytes of falciparum malaria patients in Thailand. Am J Trop
Med Hyg 2001;64:1–5.

35. Wilson JG, Murphy EE, Wong WW, et al. Identification of a
restriction fragment length polymorphism by a CR1 cDNA that
correlates with the number of CR1 on erythrocytes. J Exp Med
1986;164:50–9.

36. Kumar A, Sinha S, Khandekar PS, et al. Hind III genomic
polymorphism of the C3b receptor (CR1) in patients with SLE: low
erythrocyte CR1 expression is an acquired phenomenon. Immunol
Cell Biol 1995;73:457–62.

37. Gilkeson G, James J, Kamen D, et al. The United States to Africa
lupus prevalence gradient revisited. Lupus 2011;20:1095–103.

8 Panda AK, Ravindran B, Das BK. Lupus Science & Medicine 2016;3:e000145. doi:10.1136/lupus-2016-000145

Lupus Science & Medicine

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1056/NEJMra1100359
http://dx.doi.org/10.1016/j.molimm.2004.03.004
http://dx.doi.org/10.1016/j.molimm.2004.03.004
http://dx.doi.org/10.1002/art.1780290606
http://dx.doi.org/10.1016/0090-1229(83)90067-3
http://dx.doi.org/10.1172/JCI110529
http://dx.doi.org/10.1046/j.1523-1755.2001.00476.x
http://dx.doi.org/10.1111/j.1365-2249.1992.tb06871.x
http://dx.doi.org/10.1016/j.molimm.2003.12.003
http://dx.doi.org/10.1038/ki.1989.83
http://dx.doi.org/10.1016/S0272-6386(12)80488-4
http://dx.doi.org/10.1177/0192623314526475
http://dx.doi.org/10.1007/BF02918091
http://dx.doi.org/10.1084/jem.179.3.889
http://dx.doi.org/10.1002/eji.1830240332
http://dx.doi.org/10.3109/08923970902845768
http://dx.doi.org/10.1371/journal.pone.0049420
http://dx.doi.org/10.1016/j.meegid.2010.09.009
http://dx.doi.org/10.1007/s00439-005-0044-6
http://dx.doi.org/10.1111/j.1462-5822.2011.01648.x
http://dx.doi.org/10.4049/jimmunol.1103812
http://dx.doi.org/10.1016/j.humimm.2009.02.001
http://dx.doi.org/10.1073/pnas.0305306101
http://dx.doi.org/10.1073/pnas.0305306101
http://dx.doi.org/10.1002/1529-0131(199709)40:9<1725::AID-ART29>3.0.CO;2-Y
http://dx.doi.org/10.1191/0961203306lu2305xx
http://dx.doi.org/10.1016/j.actatropica.2012.04.001
http://dx.doi.org/10.1186/1475-2875-10-309
http://dx.doi.org/10.1093/aje/kwn359
http://dx.doi.org/10.1093/aje/kwn359
http://dx.doi.org/10.1084/jem.164.1.50
http://dx.doi.org/10.1038/icb.1995.71
http://dx.doi.org/10.1038/icb.1995.71
http://dx.doi.org/10.1177/0961203311404915

	CR1 exon variants are associated with lowered CR1 expression and increased susceptibility to SLE in a Plasmodium falciparum endemic population
	Abstract
	Introduction
	Materials and methods
	Subjects
	DNA isolation and genotyping of CR1 variants
	Quantification of CR1 expression on monocytes
	Statistical analysis

	Results
	Prevalence of CR1 polymorphisms in the studied population
	Exon 22 and exon 33 polymorphisms are associated with susceptibility to SLE
	CR1 expressions on monocytes are lower in SLE and in LN
	Association of polymorphisms with monocyte expression of CR1
	Distribution of CR1 polymorphisms in LN
	Association between CR1 expression and autoantibodies

	Discussion
	Conclusions
	References


