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Complement receptor 1 
(CR1) is a polymorphic glycopro
tein ranging in molecular weight 
from 160 to 250 kDa which plays a 
critical role in the erythrocyte im
mune complex (lC) clearing mech
anismsY Four allotypes of CRt 
have been defined based on their 
structural polymorphism.) Kumar 
et al.4 have demonstrated polymor
phism by RFLP using Hind III 
restriction enzyme, which correlates 
with the level of expression of 
CRt. In blood, CRt is expressed 
on erythrocytes (ECRt), neutro
phiIs, eosinophils, monocytes and 
some T lymphocytes. Besides pre
venting the formation of classical 
and alternate pathway convertases, 
CRI serves as a cofactor for Factor 
I mediated cleavage of C3 into 
iC3b and C3dg and C4b into C4c 
and C4d. S This prevents immune 
complexes bearing fixed iC3b and 
IgG from triggering neutrophil de
granulation.S Bacteria and circu
lating immune complexes that acti
vate complement are rapidly bound 
to E-CR t and are transported to the 
liver where they are removed by 

. the reticulo-endothelial system. 

SUMMARY Complement Receptor 1 (CR1) is a polymorphic glycoprotein 
expressed on erythrocytes, leukocytes and glomerular podocytes and has a 
major role in immune complex proceSSing. In addition, it regulates the com
plement cascade activation by preventing formation of classical and alter
native pathway convertases and by acting as a cofactor for Factor I mediated 
cleavage of Cl. In this study, we have examined the expression of erythro· 
cyte CR1 (E·CR1) and glomerular CR1 (G·CR1) in different kinds of nephro
pathies using ELISA and immunofluorescence microscopy to understand 
their role in immune complex (IC) mediated renal diseases. E·CR1 was sig
nificantly reduced in all categories of lupus nephritis in comparison to nor· 
mal subjects and non·IC renal diseases. However, other IC mediated dis· 
eases like IgA nephropathy and membranoproliferative glomerulonephritis 
had normal E·CR1 levels. G-CR1 showed distinct differences between IC 
and non·IC mediated diseases. G·CR1 was virtually absent in lupus kid· 
neys. In other IC mediated diseases, there was a correlation of G·CR1 ex
pression to the IC and complement fragment deposition. G-CR1 serves as 
a useful diagnostic marker for IC mediated diseases while E·CR1 is useful 
as a prognostic marker to monitor the course of disease after the treatment 
has initiated. 

In the normal kidney, CR I 
is present exclusively in the podo
cytes (G-CRI), distributed homo
geneously on the plasma mem
brane.6 IC mediated renal diseases 
are associated with activation of the 
complement cascade leading to 
renal injury. Complement regula
tory proteins such as complement 
receptor 1, decay accelerating fac
tor (CD55), membrane cofactor pro
tein (CD46), CD59 and C8bp help 
to prevent tissue damage by inacti

vating the cascade at convertase 
and assembly points. Studies in our 
laboratory have shown that rheu
matoid arthritis patients with high 
levels of circulating immune com
plexes have significantly reduced 
number of CRI on their erythro-
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cytes,4 The aim of our study was to 
detennine CR1 expression on eryth
rocytes and podocytes in various 
types of glomerulopathies. We 
wanted to establish the utility of 
CRl as a diagnostic and prognostic 
marker, its ability to differentiate 
between IC mediated and non-IC 
mediated renal injury and the cor
relation of E-CR1 and G-CR1 ex
pression to the severity of immuno
inflammation. 

MATERIALS AND METHODS 

Patients admitted in the 
nephrology ward of All India Insti
tute of Medical Sciences, New 
Delhi, undergoing kidney biopsy 
for routine histolOgical diagnosis 
for renal diseases were included in 
this study. The healthy controls 
were the staff and students of the 
All India Institute of Medical Sci
ences. 

Samples 

Heparinized blood was col
lected and plasma was separated by 
centrifugation at 800 x g for 10 
minutes at 4°C and stored at -70°C. 
Serum was separated from plain 
blood and stored at -70°C. Erythro
cytes were washed three times with 
phosphate buffered saline (PBS, 
100 mM, pH 7.4) at 800 x g for 10 
minutes and resuspended in PBS. 
Cell counting was done using a 
hemocytometer and the final con
centration was adjusted to 5 x 107 

cellsimI. 

Enzyme linked immunosorbent 
assay for quantification of eryth
rocyte CRt 

The assay was done in 
triplicates as described by Kumar et 
al.4 RBCs were prepared as des
cribed above. All steps were per
formed at room temperature. One 

hundred microliters of poly-L-Iy
sine (PLL; 0.1 mg/ml in PBS) was 
placed in a 96-well flat bottomed 
microtiter plate (flat bottomed high 
binding EIA plate, Costar, New 
York, U.S.A.) and incubated for 30 
minutes. The plate was emptied by 
turning it upside down and blotting 
on a filter paper. To each well, 100 
~l of erythrocyte suspension (con
taining 5 x 106 cells) was added. 
After 30 minutes, 100 ~l of 0.05% 
glutaraldehyde was gently added 
and left for an additional 30 min
utes. The glutaraldehyde was dis
carded and wells were washed 
thrice by adding 300 ~l of PBS-T 
(PBS with 0.1 % Tween). The plate 
was inverted to empty it and then 
blotted on an absorbent sheet for 
drying. The residual binding capac
ity of the polystyrene was blocked 
by incubating with 300 ~l of PBS
containing 1% BSA (Fraction V, 
Sigma Chemical Co., Mo., U.S.A.) 
for 1 hour and unbound albumin 
was removed by washing. 

One hundred microliters of 
mouse monoclonal antibody to 
human C3b receptor (Dako M71O, 
Dakopatts, Glostrup, Denmark) 
diluted 1: 1,000 in PBS was added 
to each well and incubated for 1 
hour. Wells were washed and 100 
~l of alkaline phosphatase conju
gated rabbit anti-mouse IgG (Dako
patts) diluted I :500 in PBS was 
added. After washing thrice with 
PBS-T and finally with PBS, 250 ~I 
of freshly prepared substrate solu
tion containing 1 mg/ml of p-nitro
phenyl phosphate in carbonate buf
fer (0.1 M, pH 9.6 with 1 mM 
MgC12) was added to each well. 
The enzymatic reaction was allowed 
to take place for one hour. Two 
hundred microliters of the reaction 
product of individual wells was 
transferred to the corresponding 
wells of another plate prefilled with 
I 00 ~l of 1 N NaOH. The absor

bance was measured at 405 nm in 
an ELISA reader (Anthos Instru
ments, Austria). A standard curve 
was plotted by using serial dilutions 
of RBCs (106_107 cells/well) iso
lated from the blood of a healthy 
individual having no symptom of 
rheumatic or infectious diseases. 
The E-CR 1 level in this individual 
had been estimated in the labora
tory using a radioreceptor assay and 
ELISA. 

Kidney specimens 

Seventy-five kidney tissue 
sections were obtained from the 
patients undergoing biopsy for rou
tine histopathological diagnosis 
from the Departments of Nephrol
ogy and Pathology, AlIMS. The tis
sues were classified according to. 
the final diagnosis and comprised 
30 cases of systemic lupus erythe
matosus associated glomerulone
phritis (LN; classified under WHO 
criteria). II The 48 cases of non
lupus nephritis included both IC 
associated glomerulopathies like 
IgA nephropathy (IgAN), mem
branous glomerulonephritis (MGN) 
and membrano-proliferative glo
merulonephritis (MPGN) non-IC 
associated glomerulopathies like 
minimal change nephrotic syn
drome (MCNS), focal segmental 
glomerulosclerosis (FSGS) diabetic 
glomerulosclerosis (DGS), polyar
teritis nodosa (PAN) and ischemic 
glomerulopathy. 

Antibodies 

Fluorescein isothiocynate 
(FITC) labeled goat antibodies 
against IgG, IgM and IgA, mouse 
monoclonal antibodies to human 
CR1 (Dako M71O), FITC-Iabeled 
rabbit anti-mouse IgG (Dako F313) 
and alkaline phosphatase conju
gated rabbit anti-mouse IgG (Dako 
D314), rabbit anti-human C3c 
(Dako A062) and HRP-rabbit IgG 
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to human C3d (Dako P387) were 
obtained from Dakopatts. 

Immunofluorescent staining 

The processing and staining 
procedures were based on the meth
od of Endoh et al.s In brief, the 
fixed 6 )lm sections were incubated 
with the first antibody diluted in 
PBS-BSA. In parallel, control tis
sues were incubated with corres
ponding amounts of irrelevant 
mouse monoclonal antibodies of 
IgG class which had no specificity 
for the renal tissues. After three 
washes with PBS, sections were 
incubated with second antibody 
diluted in PBS-BSA for 45 minutes 
to one hour. The washed sections 
were then mounted in glycerol buf
fer and examined under Nikon epi
fluorescence microscope. 

Diagnostic classification and clin
ical parameters 

The cases were classified 
on the basis of the histopathological 
diagnosis under light and immuno
flourescence microscopy. 

Statistical analysis 

A two sample Student t-test 
was used to compare the means of 
CR 1 receptor numbers on erythro
cytes in the different groups. 

RESULTS 

E-CRI in normal subjects 
and patients with various immune 
complex and non immune complex 
associated renal diseases are shown 
in Table 1. The mean CR 1 IE in 
normal controls ± standard devia

tion were 646 ± 260, with no sig
nificant age and sex differences. 
Non-immune complex associated 
renal diseases, namely, MCNS, 
MGN, DGS and PAN did not show 
any significant variation from the 
controls. The mean CRIIE in 
MCNS ± standard deviation were 
602 ± 127. Diabetic glomeruloscle
rosis and polyarteritis nodosa also 
did not show any significant differ
ence, however, the sample size in 
these cases was insufficient. 

All categories of lupus 
nephritis classified according to the 
WHO criteria showed significant 
reduction in E-CRI. The mean E
CR 1 in Type III was 198 ± 18 while 
that in Type IV was 176 ± 4.5. In 
contrast, other IC mediated diseases 
like IgAN and MPGN had near 
normal levels ofCRIIE. 

Table 1 A correlation of CR1 expression in erythrocytes and kidney biopsies with complement 
deposition in IC and non-IC mediated renal diseases 

Diagnosis No. IgG IgM IgA C3b C3d G-CR1 E-CR1 

Normal controls 46 nd nd nd nd nd nd 646 ± 260 

Non-IC associated" 

MCNS 20 +++ 602 ± 127 

Chronic TIN 2 ++ 646, 600 

OGS 3 +++ 466 ± 64 

PAN 4 ++ ++ 614 ± 45 

IC associated 

IgAN 6 +++ ++ ++ ++ 648 ± 138 

MGN 4 + + ++ + + 496 ± 67 

MPGN 6 + + + + 676 ± 20 

Lupus Nephritis" 

Type III 8 +++ + ++ +++ 196 ± 18 

Type IV 12 +++ + + + +++ 176:t 5 

Type V 6 + + ++ + 267:t 86 

Type VI 4 +++ ++ ++ ++ ++ 123 ±48 

Intensity grading: (-) negative. (+) moderate. (++) strong. (+++) intense. nd: not determined. 

MCNS:minimat change nephrotic syndrome; TIN: tubulo-interstitial nephritis; DGS: diabetic glomerulosclerosiS; 

PAN: polyarteritis nodosa; IgAN: IgA nephropathy; Type III: focal segmental lupus nephritis; Type IV: diffuse proliferative 

lupus nephritis; G-CR1: glomerular complement receptor 1; E-CR1: erythrocyte CR1. 

Immunofluorescent grading was done with the most fluorescent segment of the glomerulus as the most positive. Other 

segments were graded accordingly. 

'No significance 

"p <0.05. 
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Fig. 1 Number of CR1/E in normal controls and patients at different 
time intervals (the patients were on treatment 

Glomerular CRI (G-CRI) 
showed clear difference between 
immune complex and non immune 
complex associated diseases (Table 
I). G-CRI was virtually absent in 
lupus kidneys. In other immune 
complex mediated diseases, the 
extent of decrease correlated with 
the degree of deposition of immune 
complexes (Table I). IC mediated 
diseases also showed high levels of 
complement fragment deposits i.e. 
C3band C3d. 

Follow-up studies of E
CR I levels were carried out in nor
mal controls, non-IC disorders and 
lupus nephritis (Type IV) patients. 
The CRl levels were assayed at the 
time of diagnosis and after the ini
tiation of treatment at regular inter

vals. Mean levels of E-CRl is rep
resented in Fig. 1 

DISCUSSION 

The complement system 
protects against antibody and im
mune complex mediated renal dis
eases by a variety of mechanisms 
as exemplified by the occurrence of 
lupus like syndrome in individuals 
with genetic deficiencies of com
plement components.7 Under cer
tain circumstances, the kidney be
comes a victim of the friendly fire 
that emanates from activation of the 
complement system.6

.
8
•
9 

Complement mediated 
binding of circulating immune com
plexes (CIC) to E-CR I protects 

against IC mediated renal diseases. 
E-CR I levels are decreased as a 
result of damage to CRl from IC 
transport and metabolism. Catabo
lism of E-CR I may also be related 
to CRI phenotype, age of the eryth
rocyte and age of the individual in 
addition to the CIC load. 

On the other hand, the role 
of CR I on the podocyte is not 
clear. Fischer et a/. w have shown 
that each podocyte bears approxi
mately 200,000 CR 1 molecules. It 
has been suggested that podocyte 
CRI may be involved in the trans
port of immune complexes. This 
appears unlikely, since significant 
amounts of immune complexes do 
not cross the glomerular filtration 
barrier in the physiological state. 
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Pascual et aC have shown that 
vesicles containing CRl released 
from the podocytes are excreted in 
nonnal urine. It has also been 
shown that most proteins of the 
complement cascade are syn
thesized in the renal glomeruli and 
tubules, especially C3 and C4. II 
Thus, the physiological role of 
podocyte CR 1 might be in the 
prevention of complement activa
tion in the renal tubular system. 
Conclusive proof awaits the study 
on CRl knockout animal models. 

In IC mediated glomerulo
nephritis such as lupus nephritis, 
the extent of decrease in G-CR 1 
was found to correlate with in
creased amount of immune com
plex deposits and reduced levels of 
E-CRl. However, we did not find 
reduction in E-CRl and G-CRl 
values in some cases of IC medi
ated diseases such as IgAN and 
MPGN. In IC mediated glomerulo
nephritis, complement activation by 
immune complexes might trigger 
the release of CRt from the podo
cytes. In IgAN, IgA bearing com
plexes do not activate the comple
ment cascade significantly/ and 
hence do not alter G-CR land E
CRl levels markedly. E-CRl also 
was found to be restored as the 
disease activity declined in lupus 
nephritis. 

Since expression of G-CRl 
was reduced in all IC mediated 

glomerulopathies, its quantitation 
can serve as a useful diagnostic 
marker of IC mediated disease 
activity. The differential loss of 
CR 1 may be attributable to the 
specialized physiological roles·of 
E-CRl and G-CR!. Further large 
scale studies are required to con
fiInn these observations and to vali
date the utility in diagnosis, prog
nostication and follow-up of pa
tients with IC mediated glomerulo
nephritis (GN). 

Further, on monitoring the 
E-CR 1 expression at the onset and 
at different time point of treatment, 
it was observed that there is a 
dramatic increase in E-CRl expres
sion once the patients were kept on 
steroids and anti-inflammatory drugs. 
This makes E-CR 1 expression a 
very reliable and easily usable diag
nostic marker. Instead ofperfonning 
an' invasive biopsy again to ascer
tain if the disease has been con
trolled, assaying E-CRl on blood 
sample from a patient will be much 
more convenient and cost effective. 
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