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ABSTRACT
O b j e c t ive. C o m p l e m e n t - m e d i ated injury
is regulated by many factors; among
these CD59 has been identified as a
w i d e ly distri buted gly c o p rotein that
inhibits membrane C5b-9 (term i n a l
complement component) fo rm at i o n .
The aim of the study was to assess ery -
throcyte CD59 expression in patients
with psoriatic arthritis in order to un -
derstand the role of CD59 in the patho -
genesis.
Methods. Washed ery t h ro cytes from 50
p atients with psori atic art h ri t i s , 8 with
cutaneous psoriasis and 24 healthy sub -
jects we re incubated with monocl o n a l
anti-CD59 antibody fo l l owed by a sec -
ond FITC conjugated antibody and fl u -
o rescence intensity analysed by FAC -
Scan fl ow cytometer to assess their
CD59 membrane ex p ression. SC5b-9
l evels we re measured in the plasma by
ELISA and results compared with CD59
values. Immune complexe s ,c o m p l e m e n t
C3 and C4 and rheumatoid factor we re
also determ i n e d.
Results. I m p a i red ex p ression of ery -
t h ro cyte membra n e - a n ch o red CD59
was found in patients with psori at i c
arthritis; the lowest levels were seen in
a c t ive patients (p < 0.01). Incre a s e d
SC5b-9 was seen in the plasma of pa -
tients with active disease. An inverse
c o rre l ation was also found betwe e n
plasma C5b-9 and the CD59 expres -
sion levels (r = -0.81, p<0.001). 
Conclusion. The low CD59 expression
on ery t h ro cytes from patients with psori -
atic art h ritis may be an index of a low
tissue CD59 ex p ression. This impair -
ment could fa c i l i t ate the activation of
complement pat h way and increase the
risk for art h ritis. Membrane at t a ck com -
p l ex fo rm ation in deficient membra n e
bound CD59 may also ex a c e r b ate syn -
ovial cell injury and infl a m m at i o n .

Introduction
Psoriatic arthritis (PsA) is an inflam-
matory arthritis which occurs in 8-10%
of patients with psoriasis (1). Knowl-
edge of the mechanism responsible for
damage of the articular tissue, cartilage
and bone in infl a m m ation art h ri t i d e s
such as PsA is limited (2). 
Activation of the complement system is
implicated in a wide range of immuno-

l ogical and non-immu n o l ogical dis-
eases. Complement activation occurs in
psoriasis (3). The complement system
is also thought to play an important role
in the recruitment of neutrophils within
the epidermis and in psoriatic lesional
skin. It can also activate synoviocytes.
Activation of the complement system
results in the production of biologically
a c t ive molecules culminating in the
generation of a cytolytic C5b-9 com-
plex on target membranes and of a non-
cytolytic fluid-phase (SC5-9) complex
that may be detected in the plasma (4). 
C o m p l e m e n t - m e d i ated destruction of
autologous cells is regulated by many
factors; among these CD59 (membrane
inhibitor of re a c t ive lysis) has been
identified as a glycoprotein widely dis-
t ri buted in tissues that inhibits the
transmembrane channel-forming func-
tion of homologous C8 and C9 at the
final stage MAC formation (6). CD59
belongs to a family of membrane pro-
teins that are attached to the outer leaf-
let of the cell membrane through a gly-
cosyl-phosphatydilinositol (GPI) moi-
ety (7). It has been recently demon-
strated that GPI-anchored proteins are
constitutively down-regulated in psori-
atic skin (8). Ery t h ro cytes of many
patients with arthritis display a relative
d e fi c i e n cy of complement re c eptor 1
(CR1) with impaired capacity to clear
immune complexes (9). CD59 is also
expressed on erythrocytes where it is
able to prevent MAC formation and ly-
sis (10). 
CD59 ex p ression on ery t h ro cytes of
p atients with psori atic art h ritis and the
role of complement-reg u l at o ry pro t e i n s
in the pat h ogenesis of this disease
re q u i re inve s t i gation. The present study
was conducted to study the role of CD59
in the pat h ogenesis of PsA. In this pap e r
we rep o rt the level of ex p ression of
CD59 on ery t h ro cytes of patients with
PsA and its corre l ation with the SC5b-9
m e a s u red in the plasma of these
p atients. Fi n a l ly, these results we re cor-
re l ated with the disease activ i t y. 

Patients and methods
Patients
Fifty adult patients (28 males and 22
females, mean age 47 ±15 years, range
20-75) who had moderate to seve re
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plaque psoriasis and arthritis (11) and
who were negative for rheumatoid fac-
tor were included in the study. Twenty-
two patients were classified as having
asymmetrical oligoarthritis (<4 locali-
sation), 28 as having polyarthritis (2
with and 26 without axial involvement.
Twe n t y - t wo of the patients (6 with
oligoarthritis and 16 with polyarthritis
included patients with spondylitis) had
active disease. Criteria for activity were
at least 3 swollen and tender joints,
morning stiffness of at least 30 min.
duration, pain on a visual analog scale
( VAS) > 20 mm, the pat i e n t ’s global
assessment of disease activity ≥ 2 on a
5-point ordinal scale, and ab n o rm a l
ESR and CRP levels. The normal con-
trols consisted of volunteers and labo-
rat o ry personnel with no history of
rheumatic and/or psoriatic disease; 16
were males and 8 females ranging in
age between 23 and 62 years (mean 43
± 11 yrs.). Eight patients (5 males, 3
females) with cutaneous psoriasis but
no arthritis were also included in the
study as disease controls. The diagno-
sis of psoriasis in both art h ritic and
non-arthritic patients was confirmed by
a derm at o l ogist. The study was re-
viewed by the ethics committee of our
department and all patients gave their
consent to participate after they were
informed of the nature and purpose of
the study.

Cell preparation
Venous blood was collected in EDTA.
After separation of plasma by centrifu-
gation at 800 g per 10 minutes at 4°C,
erythrocytes were washed three times
with PBS (0.1 M, pH 7.4) containing
1% BSA and cells resuspended in the
same buffer.

Measurement of CD59 erythrocyte ex-
pression by flow cytometric analysis
The method used was similar to that
recently described for CD59 measure-
ment on isolated vein endothelial cells
(12). Washed erythrocytes were resus-
pended at 2 x 106 cell/ml and a 300 µl
cell suspension was reacted with the
first (unconjugated) monoclonal (mo-
Ab) antibody (anti-CD59 10 µg / m l ;
ICN Biomedicals, Irvine, CA) on ice
for 20 minu t e s , washed three times

with PBS-BSA and incubated for an
additional 20 minutes with the second
antibody (FITC-conjugated F(ab2) goat
anti-mouse IgG. Isotype control IgG
was used as a negat ive control. Th e
stained cells we re washed twice and
then analysed by FACScan flow cyto-
meter (Becton Dick i n s o n , M o u n t a i n
View, Calif., USA). All measurements
were carried out in duplicate and the
results were expressed as mean fluores-
cence intensity (MFI). To study the
p o s s i ble effect of autoantibodies and
immune complexes on CD59 detection,
normal erythrocytes were pre-incubat-
ed with patient sera and CD59 expres-
sion was measured as above. No signs
of haemolysis we re observed duri n g
the washing procedures. Soluble CD59
was also measured by ELISA (12) in
synovial fluid obtained from two of the
patients. 

Measurement of plasma SC5b-9
SC5b-9 was measured by ELISA in a
p ro c e d u re based on monoclonal and
polyclonal antibodies against a neoan-
tigen of the complex, as recently des-
cribed (13). Results were expressed as
a r b i t ra ry units (AU)/ml. The norm a l
range, defined as a 2.5 – 97.5% interval
of the values obtained from 87 healthy
subjects, was 3.5 – 12 AU/ml.
Other laboratory variables

C3 and C4 complement frag m e n t s
were measured by standard laboratory
procedures. Circulating immune com-
plexes (ICs) were determined by the
use of an anti-C3 enzyme immunoas-
say (14).

Statistics
Results were expressed as the mean ±
SD. Results were compared by the Stu-
dent t-test for unpaired data. Correla-
tions were calculated with Spearman’s
correlation coefficient. P values < 0.05
were considered significant.

Results
Quantification of CD59
To study the role of CD59 on PsA, the
expression of CD59 was studied on the
erythrocytes of normal and PsA sub-
jects. In PsA patients the expression of
CD59 was signifi c a n t ly reduced in
c o m p a rison with the ex p ression of
healthy subjects. In PsA patients, the
mean MFI was 60.4 ± 5.3, while in
healthy individuals it was 71.7 ± 5.9 (p
< 0.01). MFI levels were found to be
55.8 ± 4.07 in patients with active dis-
ease and 63.6± 6.56 in inactive patients
( p < 0.01) (Fi g. 1). Levels similar to
those found in inactive patients were
o b s e rved in subjects with cutaneous
psoriasis without arthritis (64.7 ± 2.9).
Although MFI levels were found to be

Fig. 1. CD59 membrane expression of erythrocytes from patients with active or inactive psoriatic
arthritis and from healthy subjects and patients with cutaneous psoriasis only. MFI:mean fluorescence
intensity.
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slightly lower in patients with polyar-
thritis than in patients with oligoarthri-
tis, the difference did not reach statisti-
cal significance (not shown). No rela-
tionship was found either between MFI
levels and the type of treatment, the
duration of disease or the extent of skin
involvement. The amounts of CD59 on
normal erythrocytes was not modified
by pre-incubation of normal cells with
patient sera (Table I). High levels of
soluble CD59 were found in synovial
fluids (OD case 1: 0.340; OD case 2:
0.590; OD saline: 0.045 ± 0.012).

SC5b-9 and ICs measurement
Plasma levels of SC5b-9 were 18.8 ±
5.4 AU/ml in active PsA patients, 6.2 ±
3.1 AU/ml in inactive PsA patients and
5 . 4 ± 3.8 AU/ml in healthy subjects
(Fig. 2). A significant inverse correla-
tion was found between SC5b-9 levels
and erythrocyte surface CD59 levels in
patients with active arthritis (r = -0.80;
n = 22,p < 0.01) (Fig. 3). High levels of
SC5b-9 we re found in the synov i a l
fluid (case 1: 98 AU/ml; case 2: 84 AU/
ml), which were comparable to those

found in the synovial fluid of patients
with rheumatoid art h ritis (13). ICs
we re detected in a small number of
both active and inactive patients at low
levels (not shown). Levels of C3 and
C4 fragments we re not signifi c a n t ly
different between patients and healthy
c o n t ro l s , nor we re they comparabl e
with the other variables (not shown).
No relationship was found between IC
levels and SC5b-9 or CD59 levels (not
shown).

Discussion
The complement system is constantly
activated in vivo and could induce dam-
age to autologous cells including epi-
dermal and synovial cells. Recent func-
t i o n a l , s t ru c t u ral and genetic studies
have demonstrated the existence of sev-
e ral molecules embedded in the cell
m e m b ranes that inhibit complement
activation on the cell surface and there-
by protect them from autologous com-
plement (15). The formation of mem-
brane attack complex (MAC) on self
cells is strictly regulated by a recently
d e s c ribed 18,000-20,000 KDa gly c o-
protein (membrane inhibitor of reactive
lysis, CD59) (16). In particular, CD59
was identified as a glycoprotein that is
w i d e ly distri buted in the tissues and
inhibits the tra n s m e m b rane ch a n n e l -
fo rming function of homologous C8
and C9 at the final stage of MAC for-
mation (6). CD59, together with other
molecules, belongs to a family of mem-
brane proteins that are attached to the
outer leaflet of the cell membra n e s
through a GPI (glycosyl-phosphatidyli-
nositol) moiety (17). CD59 can be re-
moved from cell surfaces by PI-PLC

t re atment (18). This is in agre e m e n t
with the finding that CD59 (and CD55)
expression is absent from the surface of
affected erythrocytes in patients suffer-
ing from paroxysmal nocturn a l
h a e m og l o b i nu ri a , wh e re gly c o l i p i d s
are not expressed on their surface (19).
Hyperproliferation of keratinocytes in
psoriasis has been found to be associat-
ed with ex c e s s ive activation of the
phospholipase C (PLC)/protein kinase
(PKC) signal transduction system (20).
It was also observed that GPI-specific
PLC was activated in the membrane of
p s o ri atic ep i d e rmal cells, re n d e ri n g
these cells devoid of proteins which are
anchored to the cell membrane through
their GPI moiety. The ex p ression of
GPI proteins was found to be decreased
in non-lesional psoriatic skin and virtu-
ally abolished in lesional psoriatic skin
(8).
There is evidence that the complement
system participates in the pathogenesis
of rheumatoid arthritis (RA) (21). Re-
duced complement-reg u l at o ry pro t e i n
ex p ression and activation of comple-
ment cascade on erythrocyte from pa-
tients with RA was also more recently
demonstrated (22). 
To elucidate the role of regulatory com-
plement protein, i.e CD59, in the path-
ogenesis of psoriatic arthritis, we eval-
uated the levels of CD59 on erythro-
cytes from PsA patients and their rela-
tionship with the plasma levels of the
t e rminal complement components
(SC5b-9). We considered in fact the

Table I. CD59 expression on erythrocyte
(E) membranes from 3 normal subjects (N)
after incubation with sera from 3 different
patients with active psoriatic arthritis (S).

E BL S1 S2 S3

N1 71 74 70 68
N2 80 80 80 75
N3 77 73 79 75

BL:CD59 expression on untreated erythrocytes.
Results are expressed as mean fluorescence in-
tensity.

Fig. 2. SC5b-9 levels in the plasma from patients with active or inactive psoriatic arthritis and from
healthy subjects and patients with cutaneous psoriasis only. AU/ml: arbitrary Units/ml.

Fig. 3. Correlation between erythrocyte CD59
expression and plasma SC5b-9 levels in patients
with active psoriatic arthritis. 
MFI: mean fluorescence intensity; AU/ml: arbi-
trary units/ml; r = -0.81 (n = 22), p < 0.001



BRIEF PAPER CD59 expression on erythrocytes in PsA / G. Triolo et al.

228

erythrocyte CD59 levels as representa-
tive of the CD59 tissue distribution in
psoriasis. Abnormal CD59 erythrocyte
expression was found in psoriatic pa-
tients in comparison to normal subjects,
the lowest expression being seen in the
patients with arthritis. There are still no
clinical examples of altered CD59 ex-
pression on erythrocytes from PsA pa-
tients, nor studies indicating the failure
of erythrocyte CD59 to act as a down-
reg u l ator of complement activat i o n .
Our present findings, although not spe-
cifically addressing the question, show
an inverse correlation between erythro-
cyte CD59 and SC5b-9 levels wh i ch
could indicate a role of CD59 in the con-
trol of complement activation in PsA. 
It is still an open question whether low
CD59 levels may be the cause or only
indicate a risk for arthritis in psoriasis.
Recently an acute arthritis model in rats
triggered by functional suppression of
the membrane complement reg u l at o r
CD59 in knee joints was descri b e d
(23), as well as the effects of systemic
and intra-articular inhibition of com-
plement on progression of arthritis in a
model in which the injury was induced
by blocking CD59 (24). Moreover, as
p rev i o u s ly stat e d, l ow CD59 leve l s
were found in patients with active rheu-
matoid arthritis (22), suggesting a role
of complement activation reg u l at o ry
molecules in different types of arthritis. 
In concl u s i o n , p s o riasis is associat e d
with low CD59 in both plaques and
unaffected tissue and, according to the
present study, with a decrease in CD59
e ry t h ro cyte ex p ression. This lack of
ex p ression seems to be due to a
m e t abolic defect leading to GPI
hydrolysis and consequently to a loss
of membrane-bound CD59. Low CD59
may in turn favour complement activa-
tion at membrane sites as demonstrated
in various conditions (15) and recently
by us in in vitro studies (12). The loss
of membrane regulators of complement

activation in psoriasis could facilitate
the activation of complement pathway
and increase the risk for art h ritis in such
patients or exacerbate synovial cell in-
jury and inflammation.
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