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Immunisation of guinea-pigs with circulating immune
complexes from patients with rheumatoid arthritis
C. E. HACK,i H. G. LIM,2 AND R. C. AALBERSE'
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SUMMARY Sixteen guinea-pigs were immunised with immune complexes isolated from serum of
nine patients with rheumatoid arthritis. The resulting antisera were analysed by radioimmunoas-
says. All guinea-pig sera were extensively absorbed with normal human serum. After this
absorption eight guinea-pig sera contained antibodies specific for immune complexes isolated
from the sera of three patients. One of these antisera reacted not only with immune complexes
(and serum) from the corresponding patient but also with immune complexes (and sera) from
other patients with rheumatoid arthritis. The antigen(s) to which the guinea-pig antibodies were
directed sedimented as IgM, and they bound to IgG Sepharose. Therefore the guinea-pig sera
were absorbed with IgM-rheumatoid factors isolated from the serum of the corresponding
patient. After this absorption, the guinea-pig sera had lost their reactivity with immune
complexes. We conclude that these antisera did not detect an exogenous antigen in immune
complexes from patients with rheumatoid arthritis. The positive reactions found were due to
antibodies specific for (idiotypic?) antigenic determinants on IgM-rheumatoid factors.

Key words: immune complexes, rheumatoid arthritis, guinea-pig antisera, rheumatoid factors,
radioimmunoassay.

Immune complexes (IC) are thought to play a
central role in the pathogenesis of rheumatoid
arthritis (RA). 1 They can be detected in the synovial
fluid as well as in the circulation.2 3 Although there
is abundant evidence that most of these IC consist of
IgG as antigen and rheumatoid factor (RF) as
antibody,7 the participation of other antigen-
antibody systems is not entirely excluded.8-0 This is
especially interesting, because the presence of an
exogenous antigen (e.g., bacterial or'viral) may give
insight into the aetiology of RA.

In this study we analysed circulating immune
complexes (CIC) from RA patients for the presence
of such an exogenous antigen. For this purpose we
immunised guinea-pigs with IC material from RA
patients. The resulting antisera were analysed by
radioimmunological methods that have been suc-
cessfully used in this laboratory in detecting idio-
typic determinants on cerebrospinal fluid IgG from
patients with multiple sclerosis." 12

Accepted for publication 11 April 1984.
Correspondence to C. E. Hack, c/o Publication Secretariat,
Central Laboratory of The Netherlands Red Cross Blood Transfu'
sion Service, PO Box 9406, 1006 AK Amsterdam, The Nether-
lands.

The resulting antisera were first absorbed by
normal human serum. The antisera that still react
with IC material after this absorption can be
directed against: (1) allotypic variants of serum
proteins present in the IC material; (2) idiotypic
determinants of the immunoglobulins in the IC; (3)
neoantigens, exposed on aggregated immunoglobu-
lins or on fixed complement components; and (4)
human antigens not normally present in serum-
e.g., tissue-derived material. If all these possibilities
were rejected, these data might indicate the detec-
tion by these antibodies of an exogenous antigen in
the IC.

Materials and methods

Patients. Sera from nine patients were studied. They
were selected from a larger group of RA patients on
the basis of a high score in the 125I-Clq-binding
test.2 3 All patients had classical or definite RA. The
duration of their disease varied from 1 to 22 years.
All patients had seropositive disease, three had
extra-articular manifestations; six were female.
From one patient synovial fluid was also available.

Preparation of the immunisation material. IC were
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precipitated from serum by polyethylene glycol 6000
(PEG) (Koch-Light Laboratories Ltd, Colnbrook,
UK). The conditions for this precipitation were
those used in the 125I-Clq-binding test2 3 except that,
instead of 125I-Clq, phosphate-buffered saline
(PBS), pH 7-4, was added and larger volumes were
used: 500 pl of serum were incubated with 1 ml of
0*2 M EDTA, pH 7-5, for 30 min at 37°C. Then 500
[il PBS and 10 ml of 3% PEG in borate buffer2 3
were added; the tubes were incubated for 60 min in
an ice bath and subsequently centrifuged at 1300 g
for 30 min. The supernatant was discarded, and the
precipitate was washed once with ice-cold 2-5%
PEG in borate buffer. The precipitate was dissolved
in 500 ,ul PBS containing 0-5 M NaCl in addition. 50
pl of the precipitate were diluted into 450 RI 0-1 N
NaOH, and the optical density at 280 nm was
measured. The protein content of the dissolved
precipitate was estimated, assuming an
A280 nm of 10 for the total protein mixture.
Immunodiffusion analysis revealed that the dis-
solved precipitates contained IgM, IgG, and Clq in
all instances, and sometimes IgA and C4. Trace
amounts of albumin were also found.

Immunisation procedure. Guinea-pigs were im-
munised three times with 100 ,ug of the dissolved
PEG precipitate in 250 RI PBS, the first time
together with an equal volume of Freund's complete
adjuvant, the other times together with Freund's
incomplete adjuvant. The interval between the
injection was three weeks. One week after the last
injection the guinea-pigs were bled.

Measurement of the response of the guinea-pigs.
The guinea-pig sera were analysed by radioimmuno-
logical procedures which are essentially the same as
those described by Nagelkerken et al."l 100 ,ug of
PEG precipitate were coupled to 100 mg CNBr-
activated Sepharose (Pharmacia Fine Chemicals,
Uppsala, Sweden), and dissolved in 100 ml PBS
containing Tween 20 (1 g/l) EDTA (10 mM) and
sodium azide (1 g/l) (IC-Seph). Results obtained
with this IC-Seph were compared with those
obtained with Sepharose to which 50 Rl of serum
from a normal donor was coupled (NHS-Seph). This
NHS-Seph was suspended at the same concentration
(i.e., 1 mg per ml,=1 g per 1) in the same buffer as
the IC-Seph. A larger amount of NHS-Seph was
prepared in the same way to absorb the guinea-pig
sera.
The response of the guinea-pigs was measured by

incubating 50 Rl of a dilution of their serum,
extensively absorbed with NHS-Seph, with 0-5 ml of
IC-Seph suspension. The guinea-pig antibodies
bound to the Seph were measured by a subsequent
incubation with 125I-labelled rabbit-anti-guinea-pig
IgG (125I-a-Gp IgG). Results obtained with IC-Seph

were compared with those obtained with NHS-
Seph. The guinea-pig sera were considered to
contain antibodies specific for IC when the results
obtained with IC-Seph were substantially higher
(i.e., more than 2% binding of 125I-a-Gp IgG) than
those with NHS-Seph.

Analysis of the guinea-pig antibodies specific for
IC. An inhibition assay was used to characterise the
antigen(s) to which the guinea-pig antibodies speci-
fic for IC were directed. 50 tl of a dilution (usually
1:1000) of the guinea-pig serum were incubated with
an equal volume of either diluted patient serum or
with serum fractions. After 1 h of incubation 0-5 ml
of IC-Seph (1 mg/ml) was added and incubated for 5
h at room temperature. Then the Sepharose was
washed and subsequently incubated with '25I-a-Gp
IgG as described above. Results were expressed as
percentage inhibition with regard to the results
obtained when the guinea-pig serum was incubated
with PBS.
To estimate the molecular weight of the material

recognised by the guinea-pig antibodies 5 to 25%
isokinetic sucrose gradients were prepared as de-
scribed earlier. 12 They were prepared in either PBS
or in 0-1 M glycine-HCl buffer, pH 3-2, containing
in addition 0.1 M NaCl. 50 jl of serum, mixed with
an equal volume of the appropriate buffer, was
layered on to the gradients. For some experiments
50 [tl of serum was treated with an equal volume of
10 mM dithioerythritol (Sigma Chemical Company,
St Louis, Mo, USA) in PBS for 1 h at room
temperature. This mixture was then layered on to
the gradients.

Isolation of IgM-rheumatoid factors. Because
the experiments indicated that most, if not all, of the
guinea-pig antibodies were directed against determi-
nants on the IgM-rheumatoid factor (IgM-RF),
IgM-RF were isolated. As a typical example, the
protocol used for patient 1 will be described. An
appropriate amount (usually 10 ml serum) was
dialysed against 0.01 M acetate buffer, pH 5-5. The
precipitate was washed and dissolved in 3 ml 0-01 M
acetate buffer, pH 4.0, containing 0-5 M NaCl in
addition, and fractionated on a Sephacryl S-300
column (3 x 100 cm) that had been equilibrated
with the same acetate buffer. The IgM peak was
collected (10 ml) and dialysed against PBS. The
IgM-RF was then absorbed on to 300 mg Sepharose
to which 10 mg rabbit IgG had been coupled. The
Sepharose was washed and IgM-RF was eluted with
0-1 M glycine-HCl buffer, pH 2-5, containing in
addition 0-5 M NaCl. The eluate was then adjusted
to an pH of 7*0 with 0-1 M NaOH and dialysed
against PBS. When analysed by double immuno-
diffusion, the resulting preparation contained only
IgM. For solid-phase absorptions of the gp sera,
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about 1 mg of isolated IgM-RF was coupled to
100 mg CNBr-activated Sepharose. Before being
coupled, the IgM-RF was reduced with 10 mM
dithioerythritol. As a control, CNBr-activated
Sepharose to which glycine had been coupled was

used.

Results

Response of guinea-pigs to IC
Prior to the immunisation none of the guinea-pigs
had significant amounts of antibodies that reacted
with either NHS-Seph or with IC-Seph-that is, less
than 1-5% binding of 125I-a-Gp IgG when 1 [tl of
serum was tested. After the immunisation all
guinea-pigs had antibodies that reacted with NHS-
Seph (20 to 35% binding of 125I-a-Gp IgG when 0-05
[tl (i.e., 50 Rl of a 1:1000 dilution in PBS) of serum

was tested). Therefore prior to testing with IC-Seph
all guinea-pig sera were extensively absorbed with
NHS-Seph. Initially 0-05 [tl of absorbed guinea-pig
serum was incubated with IC-Seph; however, when
no significant binding of Gp-IgG to IC-Seph was

found, 0-5 ,ul (i.e., 50 [tl of a 1:1000 dilution) of
serum was also tested. Results of the 16 guinea-pig
sera are given in Table 1. As can be seen, four sera

contained considerable amounts of antibodies speci-
fic for IC. When 0-5 RI of serum was tested, four
additional guinea-pig sera also contained significant
amounts of antibodies specific for IC. Positive sera

were obtained only from those guinea-pigs that had
been immunised with IC from patients I, II, and III.

Two of these positive antisera were raised against IC
isolated from synovial fluid from patient I.

Characterisation of the material to which the
IC-specific Gp-IgG is directed
First, we studied whether the IC-specific Gp-IgG
were directed either against allotypes on immuno-
globulins of the patient not present in the NHS used
for the absorption, or against neoantigens exposed
on either complexed antibodies or fixed comple-
ment components. The guinea-pig sera, absorbed
with NHS, were tested against a panel of 11 RA
patients and of 10 normal donors. This was done by
coupling 50 [tl of serum to 100 mg Seph in the same

way as described for NHS-Seph. Then 0-5 mg of
Seph was incubated with 0-5 ,tl (i.e., 50 Rl of a 1:100
dilution) of NHS-absorbed guinea-pig serum, and
Gp-IgG bound to the Seph was detected as de-
scribed above. In general guinea-pig serum reacted
only with either serum-Seph or IC-Seph from the
corresponding patient. However, one guinea-pig
serum also reacted with IC-Seph and serum-Seph
from other RA patients but not with serum-Seph
from normal donors. The results with this guinea-pig
serum are given in Fig. 1, together with the results of
a guinea-pig serum that did not show such cross-

reactions. The guinea-pig sera also did not react
with Seph to which a serum pool from 100 donors
was coupled. These results suggest that the IC-
specific gp-IgG are not directed against allotypes on

the immunoglobulins. The IC-specific Gp-IgG also
did not bind to Sepharose to which a polyethylene-

Table 1 Reactivity of (anti-IC) guinea-pig sera after absorption with NHS

Guinea-pig gl tested IC from patient Percentage of
'251-rabbit-anti-GP IgG bound

IC-Seph NHS-Seph

43989 0-05 I 15-6 2-8
44504 0 05 I 15-1 1*6
43992 0 5 I (synovial fluid) 9-6 2.1
43993 0-5 1 (synovial fluid) 8-7 2-1
43988 0-05 II 11-4 2-5
44426 0-05 11 9 0 1.6
43991 0-5 III 7-7 2-5
44509 0-5 III 7-2 2.2
43953 05 IV 3-1 2.3
44508 0-5 IV 1-3 1-5
43984 0-5 V 3-7 2-0
43985 0-5 VI 4-3 3-3
43987 0-5 VII 2-4 2-5
44510 0-5 VII 1-7 1I8
43990 0-5 VIII 1-7 2-0
43975 05 IX 3-4 1-7

Guinea-pig sera, extensively absorbed with NHS-Seph, were incubated with either IC-Seph or NHS-Seph. Guinca-pig antibodics bound
to the Seph, were detected by a subsequent incubation with '251-labelled rabbit-anti-GP IgG.
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Fig. 1 Cross-reactivity of
guinea-pig serum 43989 (anti-I).
IC-Seph (from RA patients) and
serum-Seph (from patients and
normal donors) were prepared, as
described in 'Materials and
methods'. 0-5 mg ofSeph was
incubated with 0-5 Mil (i.e., 50 til
ofa 1:100 dilution) ofguinea-pig
serum absorbed with NHS.
Binding ofguinea-pig antibodies
to the Sepharose was detected by a
subsequent incubation with
'251-rabbit-anti-GP IgG.
A =indicates the patient to whose
IC guinea-pig antisera were raised.

glycol precipitate of NHS, containing aggregated
IgG (1 mg/ml), was coupled in the same way as was

done to prepare IC-Seph. Furthermore, the guinea-
pig sera also did not react with Seph to which
a polyethylene-glycol precipitate of tetanus-anti-
tetanus IC was coupled. The tetanus-antitetanus IC
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were prepared by adding tetanus toxoid to a fresh
normal human serum containing a high titre of
antitetanus antibodies. So the IC-specific Gp-IgG
were probably not directed against neoantigens
exposed on IC.
A sucrose gradient analysis was performed to

A20 i

- Fig. 2 Sedimentation pattern of
the antigen(s) recognised by the

_ guinea-pig antiserum 43989
(anti-I). 100 ,u ofserum (patient
1), 1:2 diluted in PBS (A), or 50 jul
serum incubated with 50 ,ul

0 10mM DTT (B) were layered on
20 to sucrose gradient (top right).

50 1l ofthe fractions were tested
for their capacity to inhibit the
binding ofGp-IgG to IC-Seph as

10 described in 'Materials and
methods'. Results were expressed
as percentage inhibition
(O -O). IgG (A A) and
1gM (- ) were measured by
a turbidimetric assay.
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Table 2 Absorption of the guinea-pig sera with isolated IgM-RF

Patient Guiniea-pig serum Absorbed with No absorption

RF-Seph Glvcine-Seph

I 43989 25 189 21-1
1 44504 1-7 18.1 20-2
I SF 43992 1-6 8.8 10 1
I SF 43993 1-8 8 2 9-8
II 43988 2-1 16-3 19 1
II 44426 18 151 184

43991 19 69 81
III 44509 2-4 7-0 8-0

Guinea-pig sera containing antibodies specific for IC-Seph were absorbed with either RF-Sepharose or glycine-Sepharose (negative
control); 0 5 RI (i.e., 50 RI of a 1:100 dilution) of these absorbed sera were incubated with IC-Seph. Bound guinea-pig antibodies were
detected by a subsequent incubation with '251-labelled rabbit-anti-GP IgG. The figures represent percentage of the '25I-rabbit-anti-GP IgG
that bound to the IC-Seph.

estimate the molecular weight of the material to
which the guinea-pig antibodies were directed. The
material was detected by an inhibition assay, as
described in 'Materials and methods'. In Fig. 2 the
results of one of the guinea-pig sera are given. It can
be seen that the antigen(s) recognised by this
guinea-pig serum was (were) found in the IgM-
containing fractions. This sedimentation pattern did
not change when the gradient was prepared in a
buffer with pH 3-2. However, when the serum
proteins were reduced by dithioerythritol before
layering it on the gradient, the antigen(s) recognised
by the guinea-pig serum was (were) found in the
fractions containing the monomeric IgM (Fig. 2).
Results with the other guinea-pig sera were the
same. Because the antigen(s) to which the guinea-
pig antibodies were directed could be absorbed by
IgG-Seph (data not shown), it was very likely that
this (these) antigen(s) was (were) located on the
IgM-RF. Therefore absorptions with IgM-RF iso-
lated from the serum from the corresponding
patients were performed. Before being coupled the
isolated RF were reduced, as this treatment destroys
the RF activity without affecting their reactivity with
the guinea-pig antibodies (Fig. 2). Results are
shown in Table 2. It can be seen that the guinea-pig
antibodies specific for IC were absorbed by isolated
homologous IgM-RF and that no activity of the
guinea-pig sera towards IC-Seph was left after this
procedure, even when more guinea-pig serum was
tested.

Discussion

In this study we looked for the presence of an
exogenous antigen in IC from RA patients. For this
purpose guinea-pigs were immunised and the result-
ing antisera were analysed by very sensitive radioim-
munoassay procedures.

Because the unknown exogenous antigen, espe-
cially when present in small amounts, might be lost
during the isolation procedure, we avoided exten-
sive manipulation or harsh isolation procedures.
The resulting antisera were then extensively
absorbed with serum from one normal donor to
remove guinea-pig antibodies directed against con-
taminating proteins and against common antigenic
determinants on immunoglobulins and on comple-
ment factors. As the antigen (e.g., a viral antigen)
might by accident also be present in the serum used
for the absorption, we also used serum from another
healthy donor to absorp the guinea-pig antisera. The
results were the same (not shown).

Eight of the 15 antisera contained antibodies
specific for IC. These antibodies were probably not
directed against allotypic variants of the proteins
present in the IC material, as the guinea-pig sera,
after absorption with NHS, did not react with sera
from normal donors. Furthermore, they were also
not directed against neoantigens on IC or on fixed
complement components, because they did not react
with either aggregated IgG or tetanus-antitetanus IC
added to NHS. Sucrose-gradient analysis, and also
gel-filtration studies (data not shown), revealed that
these antibodies were directed against IgM and,
because this IgM could be absorbed by IgG-Seph,
probably against IgM-RF. This was confirmed by
absorbing the antisera with IgM-RF purified from
the sera of the same patients the IC were purified
from. After this absorption no antibodies specific
for IC were left in the antisera. Although we did not
further investigate to which part of the IgM-RF the
gp antibodies were directed, probably they are
directed against idiotypic determinants. 14 15 Interes-
tingly, one of the antisera cross-reacted with RF
from other RA patients, a phenomenon which has
previously been observed.14-16 This might provide
tools to discriminate between several types of RF.
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The results of this study are in agreement with the
concept that IgG is the primary antigen in IC in RA,
and RF act as antibodies.4-7 However, a role for
exogenous antigens cannot be totally excluded for
several reasons. First, a negative result is no proof,
but might be a technical failure. However, other
techniques also failed to demonstrate such an
exogenous antigen,4 though in some cases, apart
from IgG as antigen, other body constituents also
may participate in the formation of IC.17 19 Sec-
ondly, the exogenous antigens may only be present
in the IC in the very early stage of RA. It should be
noted in this respect that the patients studied here
all had RA for at least one year. Probably the most
interesting groups of patients to study are those who
are in the very early stages of RA. In fact there is
some evidence that in these patients RF are not the
major constituents in the IC.18 This point clearly
needs further investigation.
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