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Introduction
Complement Receptor Type 1 (CR1) is a transmembrane 

multifunctional glycoprotein that plays a crucial role in the clearance 
of Immune Complexes (ICs) from the blood circulation; it is expressed 
on various cell types, including neutrophils, granulocytes, erythrocytes, 
B lymphocytes, T lymphocytes, follicular dendritic cells, macrophages, 
and monocytes [1,2]. More than 85% of CR1 in blood is present on 
erythrocytes [1]. Systemic Lupus Erythematosus (SLE) is a chronic 
systemic autoimmune disease with circulating autoantibodies, typically 
against self-antigens related to the nuclei [3]. The autoimmune 
mechanisms of autoantibodies and forming pathologic ICs may target 
diverse tissues and organs to induce damage. Numerous genetic and 
environmental factors can induce the development of SLE. Thus, 
abnormalities in complement activation and clearance of circulating 
ICs are important in the pathogenesis of SLE [4]. Multi-organ 
inflammatory injury in SLE appears to be caused by tissue-deposition 
of ICs consisting of autoantigens, autoantibodies and activated 
complement. This process can elicit a subsequent “cytokine storm” 
[5,6]. 

The reduced expression of CR1 is found in the patients with SLE and 
associated with autoimmune dysregulation. This defect presentation of 
CR1 can be seen in erythrocytes, B lymphocytes, leukocytes. Abnormal 
formation of ICs and increased circulating autoantibodies may develop 
under the low expression of CR1 in SLE. A previous study revealed that 
a reduction in Erythrocyte-Complement Receptor Type 1 (E-CR1) is 

associated with lupus nephritis [7,8]. In this study, we evaluated the 
circulating levels of E-CR1 in SLE patients and other autoimmune 
diseases patients. 

Materials and Methods
Study participants 

All study participants were 18 years of age or above, and each 
provided a written informed consent. None of the patients were 
excluded from participation on the basis of sex or ethnicity. This study 
was approved by the Tri-Service General Hospital Institutional Review 
Board (Grant no: 098-05-084) based on the declaration of Helsinki. 

SLE patients

Blood samples were collected from 36 SLE patients who met the 
1982 ACR revised criteria for the classification of definite SLE. This 
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Abstract
Objective: The expression of complement receptor type 1 on different cells is associated with autoimmunity. 

Erythrocyte-Complement Receptor Type 1 (E-CR1) is a candidate for early diagnosis of Systemic Lupus 
Erythematosus (SLE) and assessed the roles of disease activity. We evaluated the expression of E-CR1 in the 
patients with SLE and other autoimmune diseases. 

Methods: We conducted a cross-sectional investigation of 3 groups: (1) 36 patients with SLE; (2) 51 patients 
with other diseases including Rheumatoid Arthritis (RA), Sjögren’s syndrome, anti-phospholipid syndrome, Mixed 
Connective Tissue Disease (MCTD), Raynaud’s disease, ankylosing spondylitis, pulmonary Tuberculosis (TB); and 
(3) 26 healthy controls. Erythrocytes were analyzed by flow cytometry to determine levels of E-CR1. 

Results: We found a significant reduction in the mean levels of E-CR1 in SLE patients compared to patients with 
healthy controls (1.79 ± 0.16 versus 3.82 ± 0.32, P<0.05). However, in patients with RA, MCTD, and TB, decreased 
E-CR1 levels were also observed. There was a statistically significant correlation between reduced levels of E-CR1 
and SLE disease activity index (r=-0.326, P<0.05). The E-CR1 levels were inversely correlated with urine daily 
protein loss (r=-0.364, P<0.05).

Conclusions: Although E-CR1 levels may be a useful diagnostic marker for SLE, a possible limitation is that no 
significant differences in E-CR1 levels were observed among patients with SLE, those with MCTD and TB. Overall, 
E-CR1 levels in SLE patients are related to disease activity index and reflect renal clearance through urine daily 
protein loss.

Journal of Molecular Biomarkers 
& DiagnosisJo

ur
na

l o
f M

ole
cular Biomarkers &

Diagnosis

ISSN: 2155-9929



Citation: Yang DH, Chen CH, Wei CC, Cheng YW (2014) Expression of Complement Receptor Type 1 on Erythrocytes in Autoimmune Diseases. J 
Mol Biomark Diagn 5: 163. doi:10.4172/2155-9929.1000163

Page 2 of 6

Volume 5 • Issue 2 • 1000163
J Mol Biomark Diagn
ISSN:2155-9929 JMBD an open access journal 

Biomarkers Discovery & Validation

group of patients consisted of 33 women and 3 men with age ranging 
from 18 to 77 years (mean age=38 years). Disease activity was evaluated 
in each patient according to the Systemic Lupus Erythematosus 
Disease Activity Index (SLEDAI). E-CR1 levels were measured by flow 
cytometry. Serum levels of anti-dsDNA, C3, C4, white blood count, 
hemogloblin, platelets, Blood Urea Nitrogen (BUN), creatinine (Cr), 
C-Reactive Protein (CRP), and urine Daily Protein Loss (DPL) were 
also assessed. 

Patients with other diseases 

Fifty one randomly selected patients with various other rheumatic, 
autoimmune, or infectious diseases were recruited. The other diseases 
included Rheumatoid Arthritis (RA, used 2010 ACR / EULAR 
rheumatoid arthritis classification criteria), Sjögren’s Syndrome (SS, 
used American-European consensus Sjögren’s classification criteria), 
Anti-Phospholipid Syndrome (APS, used Sydney criteria), Mixed 
Connective Tissue Disease (MCTD, used Alarcon-Segovia diagnostic 
criteria), Raynaud’s Disease (RD, used Allen Brown criteria), 
Ankylosing Spondylitis (AS, used modified New York criteria), and 
Pulmonary Tuberculosis (TB, positive sputum culture). 

Healthy controls 

Twenty-six healthy individuals were recruited as controls. These 
participants were required to complete a brief questionnaire regarding 
previous or current medical conditions. 

Flow cytometric characterization of erythrocytes

For each assay, 1 mL of blood was collected from every participant. 
Blood samples were placed in a Vacutainer tube containing EDTA. 
Five microlitres of whole blood was removed and incubated with 
50 µL of anti-CR1 monoclonal antibody 2B11 (5 µg/mL) at a 1:250 
dilution. After incubation, cells were washed twice with 1 mL of diluent 
buffer and centrifuged at 1500 g for 3 minutes at 4°C. One microlitre 
of Fluorescein Isothiocyanate (FITC)-conjugated goat anti-mouse 
immunoglobulin-specific polyclonal antibody (BD Pharmingen™, 
NJ, USA; 500 µg/mL) was added to the supernatant for 30 minutes 
at 4°C. Cells were then washed again as previously described and 
resuspended in 1 mL Phosphate Buffered Saline (PBS). The samples 
were analyzed by flow cytometry using a FACSCalibur flow cytometer 
(BD Immunocytometry System, San Jose, CA). Erythrocytes were 
electronically gated for 30,000 cells on the basis of their forward and 
side scatter properties. Surface expression of CR1 on gated cells was 
detected by specific Mean Fluorescence Intensity (sMFI) (CR1-specific 
mean fluorescence minus the isotype control mean fluorescence).

Statistical analysis 

SPSS version 15.0 software (SPSS Inc., Chicago, IL, USA) was 
used to perform all statistical analyses. Differences between the 
median values of defined patient groups were compared using the 
nonparametric Mann-Whitney U test. A Spearman’s rank correlation 
was used to detect correlations among different study parameters. A P 
value of less than 0.05 was considered statistically significant. 

Results
Characteristics of the three study groups 

The study population consisted of 36 patients with SLE, 51 patients 
with other diseases, and 26 healthy controls. The SLE patients had a 
mean age of 38.3 ± 2.6 years (33 women and 3 men) and were divided 
into 4 subgroups as follows: SLE without nephritis or hemolytic 
anemia, SLE with nephritis, SLE with Chronic Renal Failure (CRF), 
and SLE with hemolytic anemia. The laboratory data and SLEDAI are 
shown in Table 1. Fifty-one patients identified to have various types of 
other disease were distributed as follows: RA (n=11), SS (n=12), APS 
(n=3), MCTD (n=5), RD (n=4), AS (n=11), and TB (n=5). The healthy 
controls had a mean age of 31.5 ± 2.2 years (18 women and 8 men). 
The patients with other disease and healthy controls had normal renal 
function.

E-CR1 levels in controls, SLE patients, and patients with 
other diseases

The SLE patients showed significantly lower levels of E-CR1 
relative to healthy controls and patients diagnosed with RA, SS, APS, 
RD, and AS (Figure 1). In patients diagnosed to have RA, MCTD, 
and TB, significantly lower levels of E-CR1 were found than that in 
healthy controls (2.71 ± 0.46, 2.28 ± 0.52, 1.83 ± 0.43 versus 3.82 ± 0.32, 
P<0.05). Levels of E-CR1 were significantly lower in SLE patients than 
in patients with RA (1.79 ± 0.16 versus 2.71 ± 0.46, P=0.036). Reduced 
levels of E-CR1 were found in SLE, MCTD, and TB patients, but the 
differences among these groups were not statistically significant (1.79 
± 0.16 versus 2.28 ± 0.52, P=0.377, and 1.79 ± 0.16 versus 1.83 ± 0.43, 
P=0.727). The mean sMFI values for SLE patients, patients with other 
diseases, and healthy controls are shown in Table 2. In SLE patients, 
there was a statistically significant correlation between reduced levels 
of E-CR1 and SLEDAI (r=-0.326, P<0.05, Figure 2). No correlation 
was detected between E-CR1 and levels of anti-dsDNA, C3 or C4. 
The E-CR1 levels were inversely correlated with urine DPL (r=-0.364, 
P<0.05, Figure 3). 

Laboratory manifestations SLE without  renal disease or hemolytic 
anemia (n=19) SLE with nephritis (n=11) SLE with CRF (n=2) SLE with hemolytic anemia (n=4)

Anti-dsDNA (IU/mL) 87 ± 15 124 ± 11 47 ± 6 78  ± 54
C3 (mg/dL) 74 ± 5 53 ± 10 74 ± 6 53 ± 7
C4 (mg/dL) 14 ± 6 9 ± 8 20 ± 10 6 ± 2

White blood cell /uL 4.332 ± 410 6,303 ± 510 9,650 ± 2,771 6,302 ± 570
Hemoglobulin (g/dL) 10.7 ± 0.9 11 ± 0.8 9 ± 0.6 8.2 ± 0.75

Platelet /uL 195,444 ± 12,299 211,636 ± 14,271 245,000 ± 12,231 167,750 ± 27,211
BUN (mg/dL) 14.4 ± 1.9 24.1 ± 2.9 94.5± 5.85 14.7± 1.28
Cr (mg/dL) 0.6 ± 0. 06 1.0 ± 0. 16 9.2± 1.85 0.6± 0.07
DPL (mg) 288 ± 399 5,167 ± 1,551 3,010 ± 1,391 1,773 ± 1,032

CRP (mg/dL) 0.5 ± 0. 08 1.2 ± 0. 07 0.4 ± 0. 04 0.1 ± 0. 05
SLEDI 6.74 ± 1.21 13.18 ± 2.71 15 ± 3.71 5.25 ± 2.62

SLE= Systemic Lupus Erythematosus; CRF= Chronic Renal Failure; DPL= Daily Protein Loss

Table 1: Laboratory manifestations of SLE patients.
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E-CR1 levels in different subgroups of SLE patients
Significantly lower mean levels of E-CR1 were found in SLE 

patients with nephritis than in SLE patients with CRF or hemolytic 
anemia (1.25 ± 0.18 versus 3.69 ± 0.31, 2.45 ± 0.56, P<0.05). The mean 

levels of E-CR1 in SLE patients with nephritis were lower than that in 
SLE patients without nephritis, but the difference was not statistically 
significant (1.25 ± 0.18 versus 1.76 ± 0.20, P=0.102). In the subgroup 
of SLE patients with CRF, the levels of E-CR1 were not significantly 

1= Systemic Lupus Erythematosus, 2= Rheumatoid Arthritis, 3= Sjögren’s Syndrome, 4= Anti-Phospholipid Syndrome, 5= Mixed Connective Tissue Disease, 6= 
Raynoud’s disease, 7= Ankylosing Spondylitis, 8= Pulmonary Tuberculosis, 9= Healthy Controls

Figure 1: Levels of E-CR1 in different diseases.

Subjects Mean sMFI of E-CR1
SLE (n=36) 1.79 ± 0.16 a b

RA (n=11) 2.71 ± 0.46 a

SS (n=12) 3.06 ± 0.31
APS (n=3) 3.75 ± 0.35

MCTD (n=5) 2.28 ± 0.52 a

RD (n=4) 3.26 ± 0.63
AS (n=11) 3.83 ± 0.49
TB (n=5) 1.83 ± 0.43 a b

Healthy controls (n=26) 3.82 ± 0.32
aSignificant difference (P < 0.05) compared to healthy controls.
bSignificant difference (P < 0.05) compared to RA patients.
SLE= Systemic Lupus Erythematosus, RA= Rheumatoid Arthritis, SS= Sjögren’s Syndrome, APS= Anti-Phospholipid Syndrome, MCTD= Mixed Connective Tissue 
Disease, RD= Raynoud’s Disease, AS= Ankylosing Spondylitis, TB= Pulmonary Tuberculosis

Table 2: Mean sMFI values of E-CR1 in SLE patients, patients with other diseases, and healthy controls.
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Figure 2: Correlation between sMFI values for E-CR1 and SLEDAI at the time of analysis.

Figure 3: Correlation between sMFI values for E-CR1 and urine daily protein loss at the time of analysis.
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lower than those of healthy controls (3.69 ± 0.31 versus 3.82 ± 0.32, 
P=0.5). In the subgroup of SLE patients with hemolytic anemia, the 
levels of E-CR1 were not significantly decreased compared to those of 
healthy controls (2.45 ± 0.56 versus 3.82 ± 0.32, P=0.089). The mean 
MFI values for E-CR1 in the 4 subgroups of SLE patients are shown 
as Table 3. 

Discussion
CR1 contains 30 Short Consensus Repeats (SCRs) that are organized 

into 4 groups from SCR1 to SCR28 [1]. Different protein can bind the 
different site of CR1 to present different biological function [2-4]. CR1 
is a multifunctional polymorphic glycoprotein, including cell surface 
and nonmembrane bound soluble forms. It expressed on erythrocytes 
has an important role in complement pathway regulation and 
clearance of ICs, while CR1 expressed on polymorphonuclear cells and 
monocytes is involved in inducing phagocytosis [3]. When expressed 
on B cells, CR1 appears to be involved in controlling proliferation 
of these cells [5,6]. Several anti-E-CR1 monoclonal antibodies with 
binding specificity for SCR1 to SCR28 have been used in preliminary 
studies for the evaluation of autoimmune disorders and infectious 
diseases associated with E-CR1. Here, we used the specific anti-E-CR1 
monoclonal antibody, 2B11, which binds within the SCR29-30 region 
of CR1. CR1-2B11 enables more accurate quantification of E-CR1; 
further, compared to other anti-E-CR1 monoclonal antibodies, it forms 
more stable complexes that are likely to be resistant to degradation 
during storage or handling of erythrocytes [7]. 

In patients with SLE, lower levels of CR1 have been found on various 
cells, including erythrocytes, leukocytes, neutrophils, reticulocytes, 
and B cells [8-10]. Circulating E-CR1 can bind with complement 
and affect the disease activity of SLE [11]. In addition to SLE, E-CR1 
levels are decreased in other pathological conditions such as hemolytic 
anemia, HIV infection, malaria, lepromatous leprosy, tuberculosis, 
and RA [4,12-15]. The formation of ICs is an important mechanism 
of the adaptive immune response that promotes removal of foreign or 
self antigens. In this process, complements maintain solubility of the 
ICs via complement receptors, and clearance by phagocytosis occurs 
through mechanisms involving Fcγ receptors [16,17]. With increasing 
levels of circulating ICs, reductions in E-CR1 levels occur in patients 
with pulmonary TB [15]. In SLE, E-CR1 is the major vehicle for the 
clearance of circulating ICs [18]. E-CR1-mediated clearance of ICs is 
involved in the pathogenic mechanism of these autoimmune or chronic 
infectious disorders. A previous study revealed that abnormally high 
levels of E-C4d and low levels of E-CR1 are useful for the diagnosis 
of SLE because of their high sensitivity and specificity for lupus [19]. 
In SLE patients with active nephritis, lower numbers of E-CR1 are 
found than in SLE patients who do not have clinically apparent renal 
disease [8]. In this present study, significant reductions in sMFI values 
for E-CR1 were observed in SLE patients compared to those in healthy 
controls; this finding was consistent with those reported in previous 
studies [8,10,19]. In SLE patients with renal problems, a reduction in 

sMFI values for E-CR1 was found compared to SLE patients without 
significant nephritis. This finding could be linked with a significant 
inverse correlation between urine DPL and sMFI values for E-CR1 
(Figure 3, r=-0.364, P<0.05). The levels of E-CR1 in SLE patients also 
correlated inversely with SLEDAI (Figure 2, r=-0.326, P<0.05). Because 
the number of SLE patients was small, the relationship was not strong, 
but there was still a statistically significant. This result may be due to 
significantly greater peripheral E-CR1 consumption in SLE patients 
presenting with renal flare [14]. Reduced levels of E-CR1 may reflect 
disease activity in lupus patients (associated with level of circulating 
ICs). However, in SLE patients also presenting with CRF, E-CR1 levels 
could not be used as a biomarker for the evaluation of disease activity 
or diagnosis because our data did not indicate any significant reduction 
in E-CR1 levels in these patients when compared with healthy controls 
(3.69 ± 0.31 versus 3.82 ± 0.32, P=0.5). 

In patients with other autoimmune disorders such as MCTD, the 
use of sMFI values for E-CR1 as a diagnostic marker of SLE would 
not be viable because a reduction in E-CR1 levels was also found in 
this disorder (Table 2). MCTD is a systemic autoimmune disease 
with manifestations including polyarthritis, Raynaud’s phenomenon, 
sclerodactyly, swollen hands and myopathy. Renal involvement 
with hypocomplementemia is one of major complication in MCTD 
[20]. Significant reduction of E-CR1 could be observed in our result 
and might be due to the involvement of complement systemic with 
formation of ICs in MCTD. A previous study revealed the mean 
number of E-CR1 is significantly lower in RA patients than in healthy 
controls [14]. Circulating CR1 can inhibit the differentiation of B cells 
and production of immunoglobulin [21]. In our study, a reduction 
in E-CR1 levels was also found in RA patients, but these were higher 
than in SLE patients. Except for poor differentiation with MCTD, our 
results indicated E-CR1 was still an effective diagnostic biomarker for 
SLE among autoimmune disorders, including RA, SS, APS, RD and 
AS. In patients with TB, consumption of E-CR1 antigens occurs. This 
prevents SLE from being differentiated from this infectious condition 
on the basis of E-CR1 levels. In the peripheral circulation, E-CR1 is 
an important mediator involved in the clearance of ICs; therefore, the 
degree of the reduction in levels of E-CR1 is likely to vary in disorders 
caused by abnormal deposition of circulating ICs [22-24]. 

In summary, our study supported the conclusion that reduction in 
E-CR1 levels was not absolutely specific for SLE diagnosis. Reduction 
of circulating E-CR1 was also observed in other autoimmune diseases 
(RA and MCTD) and non-autoimmune disease (TB). Reductions in 
E-CR1 represented a transient phenomenon associated with the levels 
of circulating ICs. However, it could be a useful parameter for evaluating 
disease activity as well as for assessment of renal involvement in SLE. 
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