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Complement-regulatory protein expression and activation of complement cascade on
erythrocytes from patients with rheumatoid arthritis (RA)
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SUMMARY

It has been previously reported that the expression of the complement receptor, CR1, on erythrocytes is
reduced in patients with RA and that the reduced expression of CR1 is related to disease activity. In this
study we investigate the role of other regulatory proteins, i.e. decay-accelerating factor (DAF) and
CD59 (membrane inhibitor of reactive lysis), in the pathogenesis of RA by checking the expression of
DAF and CD59 on erythrocytes of RA patients to establish whether reduced expression of DAF and
CD59 on erythrocytes could be related to increased ability of erythrocytes to activate complement in
RA. Flow cytometry was used to measure the expression of DAF and CD59 on erythrocytes from RA
patients as well as the deposition of C3 fragments occuriingivo or afterin vitro complement
activation. Significantly reduced expression of DAF and CD59 was observed on erythrocytes of RA
patients. A significant inverse relationship was observed between DAF expressioin aiiitio
complement activation, whereas no significant relationship between CD59 and complement activation
was observed. Finally, we demonstrated an inverse relationship betwegnaCtivity and DAF
expression. Thus, determination of DAF on erythrocytes can emerge as an additional tool in the
assessment of extent of complement activation in RA.
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INTRODUCTION classical and alternative pathways. Findings that affected cells of
atients with paroxysmal nocturnal haemoglobinuria which lack
AF accumulate C3m vivo have established a physiologic role for

DAF in protection of cells from autologous complement [13—15].

D59 is a 18-kD phosphatidylinositol-linked membrane protein that
expressed on erythrocytes, lymphocytes, monocytes, neutrophils,

atelets, endothelia/epithelia, etc. It blocks C9 binding to C5b-8,

reventing membrane attack complex formation and lysis [16—18].
The present study was conducted to understand the role of DAF

and CD59 in the pathogenesis of RA. The study investigates the

The complement system is considered to be important in th
control of infections owing to its ability to act as an effector
molecule to lyse many microorganisms and cells [1]. In autoim-
mune diseases like RA, complement produces tissue damaq
because it is activated under inappropriate circumstances. Th@I
uncontrolled activation of the complement system is regulated b)P
several proteins, i.e. CR1/CD35, decay-accelerating factor (DAF)P
CD55, membrane cofactor protein/CD46, CD59, C8 binding

protein, Factor |, Factor H and C1 inhibitor [2]. expression of DAF and CD59 on erythrocytiesyivo deposition of

Erythrocytes of many patients with RA display a relative defi- L
ciency of complement receptor 1 (CR1) [3], and one of the functionalC3 fragm_e nts and cellular uptake Of_C3 fragmenteitro in order
to establish that reduced expression of complement-regulatory

consequences of this may be impaired clearance of immune com-_ ~= =" I
plexes from the circulation [4—7]. The deficiency of complement-pmtems is related to the decregsed ability of erythrocytes _to
regulatory proteins on erythrocytes of patients with RA is notregulate complement pathway. Finally, to correlate the protein

restricted to the CR1, and the role of other complement-regulatonz)(preslsmn(\jNIth the Cé‘_é activity, CI:H5|0 ac(;mty in sera of normal
proteins in the pathogenesis of this disease requires investigation. ontrols and RA patients was calculated.

DAF is an = 70-kD glycoprotein [8] that is expressed on
peripheral blood, vascular endothelial and extravascular epithelial MATERIALS AND METHODS

cell surfaces [9-12]. It inhibits the activity of C3 convertase of the _ .
Patients

Correspondence: Professor L. M. Srivastava, Head, Department of hirty-five patients (nine males and 26 females, mean age
Biochemistry, All India Institute of Medical Sciences, New Delhi- 35-9years, range 17-56 years) were selected from the Rheuma-

110029, India. tology Clinic of AIIMS. All patients fulfilled the American
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Fig. 1. Decay-accelerating factor (DAF) and CD59 expression on erythro-,:ig_zl C3 fragment deposition on erythrocytes from RA patierit§ (
cytes from 12 healthy individualsX) and 35 RA patients(), using flow  compared with normal controlj after in vitro complement activation
cytometry. Cells were gated on the forward and side scatter dot plot iny, homologous normal human serum (NH8).vivo bound C3 fragment
regions containing erythrocytes, and the fluorescent histogram of thaﬂeposition calculated on erythrocytes kept % 4fter isolation. Erythro-
population was used for determining protein expression. cytes incubated in buffer alone are taken as negative control.

Rheumatism Association (ARA) revised criteriafortheclassificationimm noalobulins to human C3d were obtained from Dakopat
of RA. There was no renal or skin involvement in any of the above, unoglobufins to numa ere obtained 1o akopatts

mentioned patients. Each sample was separately tested for erythrg-'agnOStICS (Copenhagen, Denmark). The anti-human C3d anti-

cyte sedimentation rate (ESR) and rheumatoid factor (RF). RF wa Of_ly pé%p?:rglt)log 3'73 kngvg:nséo ri/‘]’mt_ WIthI if)tl,tofe; :;(pre dssé%jSSn

estimated by latex fixation test (LFT) using Rapi Tex-RF supplied by\r/]vaerl\(;ea g’enero,l:s gif?rflrom F;?o.fesusrcl)r:eM OR SDa?ha (L;r(;en The

Behri ke AG (M . LFT i i- S iy
ehringwerke AG (Marburg, Germany) was considered posi Netherlands). FITC-labelled goat anti-rabbit IgG was obtained

tive when agglutination was present in more than 1:12 dilution of g . .

serum corresponding to 40 U/ml. The normal population consisted Ol}rom the National Institute of Immunology (India).

laboratory personnel and non-laboratory volunteers. Normal subject L

were studied, four of whom were females (age 20—35years, meaﬁompl_e_ment activation and measurement of C3 fragment

27-5years) and eight males (age 20—35 years, mean 27-5 years),%?lp.osmon R . . .

having no history of rheumatic diseases. In"vitro complement actllvatlon was carried out by incubating the
cell preparation at 3T with 25% pool of normal human serum for

Cell preparation 0-5hin VB?". The reaction was stopped by transfer of the samples

Venous blood was collected in EDTA (10pH 7-5). Plasma and to an ice path and addition of EDTA at a final concentration of
buffy coat were separated by centrifugation at §86r 10 min at 20 mv. In vivobound C3 fragments were measured on cells kept at

4°C. Erythrocytes were washed three times with PBS g04iH 4°C after isolation. _To detect thg erythr_ocyte_-bound C3 fragments,
7-4) containing 1% bovine serum albumin (BSA) at 1§0@r erythrocytes were |ncub_ated with rabbit _antl-hgman C3d antibody
10 min and the cells were suspended in PBS—BSA. for 2h at 4C. FITC-conjugated goat anti-rabbit IgG was used to
detect the cell-bound C3 fragments. After incubation, the cells
Buffer and solution were washed at°€ with PBS—BSA buffer and then fixed in 1%
PBS—BSA buffer consisted of PBS pH 7-4, containing 1% BSAParaformaldehyde before they were analysed by flow cytometry.
(Sigma Chemical Co., St Louis, MO) and 0-05% NaMeronal
buffer (VB) was at pH 7-4, and VB consisted of VB supple- Receptor quantification

mented with 0-8 m MgCl, and 0-15 m CaCb. Erythrocytes were washed, resuspended in PBS—BSA buffer at
2x10° cells/ml and incubated for 2 h at@ with mouse anti-DAF
Antibodies and anti-CD59 antibody. After washing with PBS—BSA buffer,

FITC-labelled rabbit anti-mouse IgG (Dako F313) and rabbitcells were incubated with FITC-labelled anti-mouse antibody. The
© 1998 Blackwell Science LtdClinical and Experimental Immunolog$11:102—-106
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Fig. 4. Scatter diagrams. Relation between expression of erythrocyte
Fig. 3. The correlation between decay-accelerating factor (DAF) levels (a)decay-accelerating factor (DAF) (a), erythrocyte CD59 (b) anddaidsay.
and CD59 levels (b) and C3 deposition aftevitro complement activation

on erythrocytes from RA patients.
CD59 on erythrocytes from normal individuaB <€ 0-001) and the

cells were analysed using a flow cytometer (Coulter, Hialeah, FLyT€@n fluorescence of DAF on erythrocytes of RA patients was
after fixing in paraformaldehyde. _44-30/9 of DAF P<0-001) on erythrocy_tes from normals (Fig. 1). To
The amount of EITC-MoAb bound to CD59 and DAF on nvestigate whether reduced expression of DAF and CD59 was due
erythrocytes was determined from the means of fluorescencl the masking by autoantibodies or immune complexes (IC),
intensity. ery_throcytes from norma}l cc_mtrol persons were incubated with
patients’ sera. No alteration in the expression of DAF and CD59
CHso assay after incubation with the patients’ sera was observed. Decreased
The total activity of Comp|ement components C1-C9 was meaBXpl’ESSion of CD59 correlated significantlywith that of DAF among
sured using a Ckp assay [19] to assess disease activity in RA the patientsr(=0-4776,P<0-05,n=35).
patients. Test sera in various dilutions were mixed with antibody- o
sensitized sheep erythrocytes. The samples were then incubated't/T complement activation on erythrocytes
37°C for 1h and centrifuged. The amount of lysis was determined! © ShOW a correlation between the expression of complement-

by measuring the absorption of the supernatant at 541 nm and froﬁ?gulatory proteins on erythrocytes and the degree of complement
that CHy, values were calculated activation, complement was activated on the erythrocytes of

normal and RA patients. C3 deposition was checked on erythro-
Statistical analysis cytes using anti-C3d antibody by flow cytometry analysis. Sig-

Comparison between groups was performed by calculating confidenddificantly increased amounts of C3 deposition were found on the
interval (CI) for the means usirigtest. The correlations between the erythrocytes of RA patients (157-9% of the mean of the normal
biological parameters (CD59 and DAF expression, C3 fragmeng@roup,P<0-001) (Fig. 2).

deposition) were evaluated by linear regression analysis, using Stu- In vivodeposition of C3 fragments on the erythrocytes was also

dent'st-test to determine whether the correlation was significant. ~ calculated. Erythrocytes from RA carried raised levelsnofivo
deposited C3 compared with normal individuals (161-4% of the

RESULTS mean of the normal grouf,< 0-001) (Fig. 2), and this C3 was not
readily dissociable from the surface during incubation with serum-

Quantification of CD59 and DAF on erythrocytes from RA patientsfree buffer for 30 min at 3.

To study the role of CD59 and DAF in RA, expression of CD59 and

DAF was studied on the erythrocytes of normal and RA patients. IrRelationship between complement-regulatory protein expression,

the RA patients, the expression of CD59 and DAF was significantlyC3 deposition and Ck}

reduced compared with expression on erythrocytes from healthy he relationship between the expression of complement-regulatory

individuals. In RA patients, mean fluorescence of CD59 was 61% oproteins on erythrocytes, the extent of complement activation on

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$11:102—-106
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erythrocytes and Ckj activity in patients’ sera were investigated. correlation was observed between CD59 expression on erythrocytes
A statistically significant inverse relationship was observedandin vitro complement activation.

between DAF expression and complement activatioa @-694, Reduced expression of DAF on erythrocytes appeared to be
P <0-01). The relationship between CD59 expression and complegredominantly an acquired phenomenon, because the reduced
ment activation was not significant (Fig. 3). A significant inverse expression of DAF was significantly correlated to gHh RA
relationship was observed between DAF expression on erythrofP <0-01). However, only weak correlation was observed between
cytes and Clg activity (r =0-615,P<0-01). On the other hand, CD59 expression and Glactivity. Several explanations can be
there appeared to be a tendency for an inverse relationship betwegnoposed to explain reduced expression of DAF and CD59 in RA:
erythrocyte CD59 expression and ggHactivity, which, however, (i) a decreased synthesis; (ii) blockage by autoantibodies or IC; (iii)
was not significant (Fig. 4). A highly significantr £0-755,  proteolytic cleavage in relation to activation of complement on
P<0-001) positive correlation was observed betweeuitro C3 erythrocyte surfaces [26—31]. Proposed masking by autoantibodies
deposition and CH}, activity. could not sustain the experimental evidence, since we observed no
alteration in the expression of DAF and CD59 after incubating the
normal erythrocytes with patients’ sera. It has been suggested that
spontaneous vesiculation occurred from erythrocytes incubated
Normal mammalian cells are protected from complement-with C5b-9 [32], and these vesicles contain CR1, DAF and
mediated destruction by regulatory membrane proteins, includingcD59 [33]. This might be the reason for acquired loss of erythro-
CR1, MCP, DAF and CD59. Our previous investigation, usingcyte DAF and CD59 in diseases associated with complement attack
ELISA, reported that patients of RA have reduced numbers of CRDn erythrocytes, such as RA. The results of the present investiga-
on their erythrocytes [3]. To elucidate the role of other regulatorytions suggest that erythrocyte DAF levels may emerge as an
proteins, i.e. DAF and CD59, in the pathogenesis of RA, weadditional diagnostic tool.

evaluated the levels of DAF and CD59 on erythrocytes of RA

patients, and their relationship to g&and complement-activating

ability of those erythrocytes was assessed. DAF and CD59 receptor ACKNOWLEDGMENTS
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