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Analysis of circulating immune complexes from
patients with ankylosing spondylitis by gel
electrophoresis and immunoblotting using

antiserum against a psoriasis associated
retrovirus-like particle
EYVIND R0DAHL AND OLE-JAN IVERSEN

From the Department of Microbiology, Faculty of Medicine, University of Trondheim, N-7000 Trondheim,
Norway

SUMMARY Circulating immune complexes (CIC) were isolated from patients with ankylosing
spondylitis (AS) and healthy blood donors by isopycnic ultracentrifugation in sucrose gradients.
The CIC were analysed by sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) and immunoblotting. The major components of the CIC were identified as

albumin, immunoglobulins, and complement factors. A 70 kD component and several low
molecular weight components (Mr 19 kD and 14 kD (doublet)) were detectable only in CIC from
patients with AS. An antiserum raised against the envelope glycoprotein, gp7O, of a psoriasis
associated retrovirus-like particle was applied to check for cross reacting activity. This antiserum
reacted with both a 70 kD and a 40-45 kD component in CIC from three out of six patients but
not with CIC from any of the blood donors.

Key words: isopycnic ultracentrifugation, silver staining, antigen characterisation, envelope
glycoprotein.

Circulating immune complexes (CIC) are frequently
detected in patients with chronic inflammatory
disorders,' including ankylosing spondylitis (AS).2 3

Characterisation of the immune complex antigens
has been desirable in order to identify antigens that
may elicit the inflammatory reaction in affected
tissues. Several investigators have attempted to
identify immune complex antigens.47
The aetiology of most chronic inflammatory

disorders of man is, however, still unknown. In
goats and cats disorders closely resembling rheuma-
toid arthritis have been observed as a consequence
of retrovirus infections.8 9In inbred strains of mice
(NZBxW, male BXSB, MRL/l) endogenous retro-
viruses participate in the pathogeneis of chronic
arthritislU and a systemic lupus erythematosus (SLE)
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like disorder1l characterised among others by im-
mune complex formation with viral envelope glyco-
protein, gp7O.

Previously we have described the isolation of a
retrovirus-like particle which was composed of a 70
kD surface glycoprotein (gp7O) and three internal
proteins with molecular weights of 27 kD (p27), 15
kD (p15), and 12 kD (p12) from a patient with
psoriasis.12-'4 Evidence has been presented for the
participation of particle antigens in the disease
process in psoriasis. 15'7 Recently, we also described
the expression of antigens cross reacting with the
psoriasis associated retrovirus-like particle in pa-
tients with AS. 18

In AS very little information has been provided
with respect to a molecular characterisation of the
antigens participating in the formation of CIC. In
this report we have analysed CIC preparations from
patients with AS for the identification of patient
related components. Among these we were able to
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identify a 70 kD antigen reacting with antiserum
against the envelope glycoprotein, gp7O, of the
psoriasis associated retrovirus-like particle.

Materials and methods

CLINICAL SPECIMENS
Sera were obtained from 10 patients with ankylosing
spondylitis. All patients were HLA-B27 positive and
fulfilled the New York criteria for ankylosing
spondylitis. Sera were also collected from 10 healthy
blood donors. The blood donors were HLA-B27
negative.

ISOLATION OF CIRCULATING IMMUNE
COMPLEX ES
Serum immune complexes were isolated by iso-
pycnic ultracentrifugation in 20-65% (w/w) sucrose
gradients as described previously.2 19 Fractions were
collected with continuous monitoring of the absorb-
ance at 280 nm. The amount of IgG and IgM in
gradient fractions was determined in single radial
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immunodiffusion using commercial immunoplates
(Behringwerke AG). The gradient fractions were
assayed for the presence of immune complexes by
the anti-C3 enzyme linked immunosorbent assay
(anti-C3 ELISA).2"

GEL ELECTROPHORESIS
Gradient fractions containing immune complexes
were dialysed against 0*01 M phosphate buffer pH
7 0 containing 1% SDS. The protein concentration
of the fractions was determined by recording the
absorbance at 280 nm using measured amounts of
human immunoglobulins (Kabi) as standard.

Mercaptoethanol (Bio-Rad) and glycerol were
added to the samples to 1% and 10%, respectively.
Bromophenol blue served as a tracking dye. A
corresponding amount of protein was applied from
each sample. Standard proteins (Bio-Rad) were run
in parallel lanes. The sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE)
was performed in 30 cm slab gels containing 12.5%
acrylamide at 30 mA continuous current.21
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Fig. 1 Isolation ofserum immune
complexes from a patient with AS
by isopycnic ultracentrifugation.
Gradientfractions were collected
with continuous monitoring ofthe
optical density at 280 nm (OD280).
IgG and IgM were measured by
single radial immunodiffusion.
The presence ofimmune
complexes in the banding area is
indicated by the anti-C3 ELISA.
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STAINING OF POLYACRYLAMIDE GELS
The polyacrylamide gels were stained with silver
using the procedure recommended by the manufac-
turer (Bio-Rad), followed by staining with Coomas-
sie brilliant blue R-250.
ANTISERA
Antisera against the following human proteins were
applied for the characterisation of components
present in the CIC preparations: Rabbit anti-
albumin (Behringwerke AG), peroxidase conju-
gated rabbit antibodies against IgM (i chain)
(DAKO), rabbit anti-IgA (a chain) (Behringwerke
AG), rabbit anti-IgG (Fc fragment) (Behringwerke
AG), mouse monoclonal anti-kappa light chains
(Becton Dickinson), mouse monoclonal anti-
lambda light chains (Becton Dickinson), F(ab')2
fragments of goat anti-C3 (Cappel Lab.), rabbit
anti-Clq (DAKO), rabbit anti-C reactive protein
(anti-CRP) (Behringwerke AG), rabbit anti-162 mic-
roglobulin (DAKO), and rabbit anti-fibrinogen
(Behringwerke AG). Normal rabbit serum served as
a control. Peroxidase conjugated antibodies against
mouse, rabbit, or goat immunoglobulins (DAKO)
served as second antibodies.

In addition, rabbit antiserum against the en-
veloped glycoprotein, gp7O, of a psoriasis associated
retrovirus-like particle was applied. The retrovirus-
like particles were isolated from urine by sucrose
gradient ultracentrifugation. The glycoprotein,
gp70, was purified by affinity chromatography on a
Con A-Sepharose column (Pharmacia) followed by
immunosorbent chromatography. Rabbits were
immunised with gp7O obtained from 4 litres of urine.
The testing for antibody sPecificity was performed
with a radioimmunoassay. 4

IMMUNOBLOTTING
Electrophoretic transfer of proteins from polyacry-
lamide gels to nitrocellulose membranes (Schleicher
and Schull) was performed in a Bio-Rad Trans Blot
cell containing 25 mM sodium phosphate buffer pH
6-5 at 20 V for 18 h. The nitrocellulose membrane
was cut into strips, and the standard proteins were
stained with amidoblack. The strips were washed
with phosphate buffered saline pH 7-2 containing
3% Tween 20 (PBS-3T20) for two hours, followed
by incubation with antisera or normal rabbit serum
diluted in PBS-3T20 for two hours. All steps were
followed by thorough washing with PBS-3T20. The
binding of the primary antibodies was detected by
incubating the strips for two hours with peroxidase
conjugated second antibodies diluted 1:1000 in
PBS-3T20. For the colour reaction the blots were
incubated with 40 mg diaminobenzidine in 100 ml of
0-1 M citrate-phosphate buffer pH 5-0 containing
0-03% H202.

Results

ISOLATION OF CIC
Sera from 10 patients with AS and sera from 10
blood donors were subjected to isopycnic
ultracentrifugation. Gradient fractions were col-
lected with continuous monitoring of the absorbance
at 280 nm. The fractions were assayed for the
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Fig. 2 SDS-PAGE ofCICfrom patients with AS (lanes
1-6) and healthy blood donors (lanes 7-9). The protein
bands were visualised by silver staining. Arrows indicate
low molecular weight components detectable only in CIC
from patients with AS. The position and molecular weights
ofthe standard proteins are shown on the left margin. The
position ofthe protein bands reacting with the antisera
depicted in Fig. 4 is shown on the right margin.
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presence of IgG, IgM, and complement fixing CIC.
A distinct band containing CIC (Fig. 1) was formed
in the gradients after centrifugation of six out of 10
sera from patients with AS and three out of 10 sera
from the blood donors. The density of the fractions
comprising the banding area was 1-24-1-26 g/cm3.

SDS-PAGE OF CIC PREPARATIONS
CIC were isolated from patients with AS or from
blood donors by sucrose gradient ultracentrifugation
and subjected toSDS-PAGE. The protein bands were
visualised by staining with silver (Figs 2 and 3). In all
cases a very complex pattern of protein bands was
observed. The major protein bands were present in
CIC from patients and blood donors. Several minor
protein bands, however, were detectable only in
CIC from patients with AS. As indicated in Fig. 2
the migration of these components corresponded for
two of the proteins to an Mr of 14-14-5 kD and for
one to an Mr of 19 kD. In addition, a 70 kD
component was detected in four out of six patients
but not in any of the blood donors (Fig. 3). Proteins

2 3 5 8 7
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Fig. 3 SDS-PAGE of CICfrom patients with AS (lanes 2,
3, and 5) and blood donors (lanes 7and 8). The
polyacrylamide gel was stained with silver. Arrows indicate
a 70 kD component detectable in CICfrom patients with
AS.

with Mr of 45, 42, and 22 kD were more prominent
in CIC from the patients than from the controls (Fig.
2). Staining with Coomassie brilliant blue after the
staining with silver did not reveal any additional
components.

IMMUNOBLOTTING
For the identification of the components of the CIC,
CIC from the patients were pooled, the proteins
separated by SDS-PAGE, transferred elec-
trophoretically to nitrocelluose membranes, and
blotted with various antisera against normal human
serum proteins. As shown in Fig. 4 the major
protein bands reacted with antisera against albumin,
i chain, a chain, and y chain. The protein bands
corresponding to kappa and lambda light chains and
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Fig. 4 Immunoblot analysis ofpooled CICfrom patients
with AS. The strips were incubated with antisera against
albumin (Alb), IgM (p chain (p)), IgA (a chain (a)), IgG
(Fcfragment (y)), kappa light chains (x), lambda light
chains (X), C3, and Clq. Arrow indicates the 95 kD
component ofactivated C3.
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896 R0dahl, Iversen

the polypeptides of activated C3 and Clq were also
identified by this procedure. Antiserum against 12
microglobulin showed a faint reaction with a protein
with an Mr of approximately 12 kD, while no
reaction was observed with antisera against CRP or
fibrinogen (data not presented).
As indicated in Fig. 3 a 70 kD protein was

detected in CIC from patients with AS. An anti-
serum raised against the envelope glycoprotein,
gp7O, of a psoriasis associated retrovirus-like par-
ticle was applied to check for cross reacting activity.
In three out of six patients (1, 4, and 5) the anti-gp70
antiserum reacted with a 70 kD component (Figs 5
and 6). In addition, the anti-gp70 antiserum also
reacted with a component with an M, of 40-45 kD.
This component was present only in CIC from the..... t d. ... . ! *... ........... .... ... . ... ... .....
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Fig. 5 Immunoblot analysis ofCCfrom a patient with AS
(P5) and a healthy blood donor (BD 8). The strips were

incubated with antiserum against the envelope glycoprotein,
gp70, ofa psoriasis associated retrovirus-like particle (a-gp)
or normal rabbit serum (NRS). Arrows indicate a 70 kD
and a 40-45 kD component reacting with the anti-gp70
antiserum.

Fig. 6 Immunoblot analysis of CICfrom patients with AS
(lanes 1-5) and healthy blood donors (lanes 6 and 7). The
strips were incubated with anti-gp70 antiserum. Arrows
indicate the 70 kD and 40-45 kD components reacting with
the anti-gp70 antiserum.

patients also showing a reaction of anti-gp7O anti-
serum with the 70 kD component. No reaction with
anti-gp7O antiserum was detectable in CIC from the
blood donors.

Discussion

The identification of tentative antigens in immune
complex preparations from patients with chronic
inflammatory disorders has been attempted by
several investigators." In this report we have
analysed CIC from patients with AS. The CIC were

isolated by isopycnic ultracentrifugation in sucrose

gradients and analysed by SDS-PAGE. The major
components of the CIC were identified as normal
serum proteins expected to be present in immune
complexes. A 70 kD component and several low
molecular weight components (Mr of 19 kD and 14
kD (doublet)) were present in detectable amounts
only in CIC from patients with AS.

Previously, we have described the expression of
antigens related to a psoriasis associated retrovirus-
like particle in patients with AS.'8 The observation
of a 70 kD component in CIC led us to the
application of an antiserum against the envelope
glycoprotein, gp7O, of the psoriasis associated par-
ticle in immunoblot analysis of the CIC. The
antiserum reacted with a 70 kD and a 40-45 kD
component. In SLE two unidentified components
with approximately the same molecular weights
have been detected in CIC.6

Antisera against animal retroviral glycoproteins
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Analysis of circulating immune complexes from patients with ankylosing spondylitis 897

may cross react with normal human cell surface
components. 22 23 The reaction of the anti-gp7O
antiserum, however, was restricted to CIC from
three of the patients, which indicates that the 70 kD
antigen is not a normal cellular component co-
sedimenting with the CIC during sucrose gradient
centrifugation.
The anti-gp7O antiserum reacted with a 40-45 kD

component in addition to a 70 kD component. A
40-45 kD component has also been detected in
particle preparations from the urine of patients with
psoriasis.'3 14 In several animal retroviruses the
apoprotein of the 70 kD envelope glycoprotein has a
molecular weight of approximately 40 kD.24 Thus
the 40-45 kD antigen reacting with anti-gp7O anti-
serum could represent the non-glycosylated form of
the 70 kD component. The observation that pro-
teolytic digestion of the 70 kD envelope glycopro-
tein from primate retroviruses may result in a 40-45
kD component24 may also explain our observations.
The implication of retroviruses in the pathogene-

sis of chronic inflammatory disorders in animals is
well established,25 and retroviral envelope antigens
have been detected in immune complexes.I 126 7 In
humans, antigens related to a retrovirus from a
human embryonal lung cell line have been detected
in glomeruli of patients with SLE.28 Recently, we
have described the isolation of a retrovirus-like
particle from a patient with psoriasis and suggested a
possible role of particle antigens in the pathogenesis
of psoriasis. 12- Antigens related to the major
internal protein, p27, of the particle are expressed
in patients with psoriatic arthritis, sero-
negative rheumatoid arthritis, and ankylosing
spondylitis.'8 19 Immune reactions are important in
the pathogenesis of chronic inflammatory disorders
caused by retroviruses." 29 Recently, immune reac-
tions against HTLV-I have been suggested to be
responsible for the development of tropical spastic
paraparesis.30 The neurological symptoms observed
in patients with acquired immune deficiency syn-
drome have been attributed to immune reactions
against brain cells expressing viral antigens.3' In
HTLV-I infections, viral antigens have been de-
tected in CIC.32
The identification of a 70 kD component reacting

with anti-gp7O antiserum in CIC preparations from
patients with AS indicates that antigens related to
the psoriasis associated retrovirus-like particle may
participate in immune reactions in AS and may be
implicated in inflammatory reactions in affected
tissues.
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