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ABSTRACT. Circulating immune complexes have been
described in both juvenile rheumatoid arthritis and in
AIDS. We isolated high-molecular-weight complexes from
plasma of children with juvenile rheumatoid arthritis and
congenital human immunodeficiency virus infection by se-
quential gel filtration followed by affinity chromatography
on protein A-Sepharose. We demonstrate that /) mixed
IgG-, IgM-, and IgA-bearing immune complexes can be
found in both juvenile rheumatoid arthritis and congenital
human immunodeficiency virus infection and 2) complexes
isolated via affinity chromatography on protein A-Sepha-
rose do not have detectable C4 but activate the classic
complement pathway in vitro. (Pediatr Res 34: 781-784,
1993)

Abbreviations

JRA, juvenile rheumatoid arthritis
HIV, human immunodeficiency virus
RF, rheumatoid factor

CIC, circulating immune complex
NHS, normal human serum

The presence of complement-fixing CIC has been described in
both JRA (1) and congenital HIV infection (2). Although both
groups of patients also have elevated levels of complement acti-
vation fragments in plasma (2, 3), there is no correlation between
either the presence or level of CIC, as detected by ELISA with
solid-phase anti-C1q and anti-C3d antibodies, and levels of com-
plement activation fragments in either of these diseases. Thus,
the exact nature of the interaction between complement and CIC
in these diseases remains unknown.

This lack of correlation between plasma complement activa-
tion fragments and immune complexes has caused us to question
the origin of the complement-binding immune complexes seen
in JRA and congenital HIV infection (3). Clues about the origin
of these complexes might be derived from a better understanding
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of their composition and biologic behavior. The studies described
here were therefore done in an effort to determine /) the com-
position of high-molecular-weight complexes isolated from chil-
dren with JRA and congenital HIV infection and 2) their ability
to activate complement in vitro via either the classic or alternative
pathways.

MATERIALS AND METHODS

Patients. Children attending either the rheumatology or HIV
clinic at the Children’s Hospital of Michigan were subjects of
this study. Children with JRA all had the polyarticular form of
the disease as defined by accepted criteria (4). One child had
IgM-RF detected by latex agglutination tests. The other three
had IgM-RF detectable by ELISA as previously described (5).
The diagnosis of HIV infection was established by the persistence
of HIV antibody, confirmed by Western blot, beyond the age of
18 mo in children with supportive clinical and laboratory find-
ings as previously described (2).

Children with JRA ranged in age from 7 to 16 y (mean + SD
11 £ 3 y). Disease duration ranged from one month to 5 y (mean
3.5 £ 1.7 y). Children with congenital HIV infection ranged in
age from 23 to 48 mo (mean 35 = 10 mo). Controls consisted of
a single HIV-exposed, seroreverted child born to an HIV-infected
mother, a child referred for recurrent upper respiratory infections
subsequently shown to have normal immunologic function (in-
cluding normal immunoglobulin and IgG subclass levels), and
four healthy children from the General Pediatrics clinic.

All children with JRA were receiving nonsteroidal anti-inflam-
matory drugs at the time of study. In addition, one child was
taking weekly oral methotrexate, 5.0 mg/wk, and one was taking
oral gold, 6.0 mg/d. All children with HIV infection were taking
zidovudine, 9.0 mg/kg/d.

Blood was drawn into sterile, heparinized tubes and placed
immediately on ice. Plasma was separated from red cells by
centrifugation and stored at —70°C until used.

Proteins and antibodies. Purified human IgG, IgM, and IgA,
which were used as positive controls for Western blots, were
purchased from Sigma (St. Louis, MO). Polyclonal rabbit IgG
anti-human IgG, IgM, and IgA, and horseradish peroxidase-
conjugated goat anti-rabbit IgG were purchased from Sigma.

Buffers. Solubilizing buffer for SDS-PAGE consisted of 0.25
M Tris, 10% SDS, 2% glycerol, and 5% B-mercaptoethanol.
Transfer buffer for Western blotting consisted of 20 mM Tris,
150 mM glycine, 0.1% SDS, 20% methanol, pH 8.0.

Chromatography media. Sephacryl-300 was obtained from
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Pharmacia (Uppsala, Sweden). Protein A immobilized on cyan-
ogen bromide-activated Sepharose was obtained from Sigma.

Isolation of high-molecular-weight IgG-containing complexes
from JRA and HIV plasma. JRA and HIV plasma samples were
screened for the presence of complement-fixing immune com-
plexes by ELISA using solid-phase MAb to Clq and C3d as
previously described (3). Plasma was then diluted 1:20 and placed
on a column containing Sephacryl-300 equilibrated with PBS.
Absorbance of the eluate was monitored at 280 nm and the first
eluted peak collected and saved. The matenial from this high-
molecular-weight fraction was then passed over a column con-
taining Protein A-Sepharose equilibrated with PBS. The column
was washed thoroughly with PBS and the bound protein eluted
with 0.1 M glycine, pH 2.5. Fractions with OD higher than
background were saved (Fig. 1). This material was then dialyzed
against PBS and concentrated by ultrafiltration to 0.5-1.0 mL
after 300 uL were saved for rheumatoid factor assays (see below).
Protein concentration of the fractions was then determined by
the method of Lowry et al. (6).

SDS-PAGE. After dialysis, the IgG-containing high-molecular-
weight complexes were solubilized in 5x solubilizing buffer and
heated at 90°C for 2 min. The complexes were then subjected to
SDS-PAGE using the method of Laemmli (7). Gels were stained
with Coumassie blue and the visualized protein bands compared
with IgM, IgG, IgA, and molecular weight standards applied to
the same gels.

Western blot analysis of immunoglobulin content from IgG-
containing high-molecular-weight fractions. Thirty uL of the
complexes were subjected to SDS-PAGE as described above. The
gels were then equilibrated with transfer buffer and the proteins
electrophoretically transferred to nitrocellulose. The nitrocellu-
lose membranes were then incubated with 1.0% powdered milk
in PBS (blocking buffer) at room temperature for 1 h and then
at 4°C overnight. The membranes were washed thoroughly with
deionized distilled water, then incubated 1 h with rabbit anti-
human IgG, IgM, or IgA diluted 1:100 in blocking buffer. After
incubation with antibody, the membranes were again washed
with deionized distilled water and incubated at room temperature
for 1 h with HRP-conjugated goat anti-rabbit IgG diluted 1:100
in blocking buffer. The membranes were again washed with
deionized distilled water and the colorimetric reaction was de-
veloped with 4-chloro-1-napthol (CN), 3,3’-diaminobenzidine/
urea (Sigma). Results were compared with positive controls
consisting of IgG, IgM, or IgA.
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Fig. 1. Elution profile of complexes eluted from a column containing
3.0 mL of protein A-Sepharose by 0.1 M glycine, pH 2.5. Three-mL
fractions were collected and the OD of each fraction was measured at
OD 280. Small amounts of protein are eluted from fractions number 2
and 3. Results from a patient with congenital HIV infection are compared
with results obtained from an uninfected control.
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ELISA assay for IgA, IgM, and IgG RF. The rheumatoid
factor assays were adapted from an assay that we have previously
described (2). In brief, multiwell plates were coated with human
IgG (or, for the IgG-RF assay, rabbit IgG), 10 ug/well. One
hundred uL of each of the high-molecular-weight fractions were
then added in triplicate to the wells and incubated at 37°C for 4
h (the 100 nL of the high-molecular-weight fractions used for the
RF assays were taken before concentrating the fractions for
immunoblotting). The plates were washed and incubated with
alkaline phosphatase-conjugated goat anti-human IgG, IgM, or
IgA at 37°C for 4 h. The plates were then washed and the
colorimetric reaction was developed with p-nitrophenylphos-
phate. After the reaction was stopped with 2 N sodium hydroxide,
plates were read at 405 nm. Results were compared with a
standard curve derived from four high-molecular-weight frac-
tions prepared on the S-300 column (but not subjected to further
purification on protein A-Sepharose) from plasma samples from
the negative controls. Results greater than 2 SD from the mean
of the controls were considered positive.

Complement activation studies. Ten ug of the high-molecular
weight complexes were added to 30% normal human serum in
PBS (final volume 0.5 mL). The reaction mixtures were then
incubated at 37°C for 1 h, and any further complement activation
was stopped immediately by adding an equal volume of ice-cold
PBS-Tween with 20 mM EDTA. Samples were then assayed for
levels of either complement fragment Bb (formed principally
during alternative pathway activation) and C4d (produced during
classic pathway activation) using previously described ELISA
assays (3). Controls consisted of 30% NHS on ice (“zero time”)
and 30% NHS incubated at 37°C for 1 h (“thermal control”).
Positive controls consisted of 10 ug of soluble BSA-anti-BSA
immune complexes formed at 2X antigen excess and added to
30% NHS and incubated as above.

RESULTS

Purification of high-molecular-weight IgG-containing fractions.
Figure 2 shows representative polyacrylamide gel of high-molec-
ular-weight IgG-containing fractions from patients with congen-
ital HIV infection and JRA. Prominent 65-kD bands are seen
on Coumassie-stained gels for both HIV and JRA patients. These
bands corresponded with IgM on immunoblotting (see below).
Such complexes were also isolated from two HIV-infected chil-
dren with negative ELISA assays for immune complexes using
anti-Clq and C3d MAD (patients 9 and 10, Table 1). Negative
controls had no visible bands on Coumassie-stained gels.
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Fig. 2. Coumassie-stained 10% polyacrylamide gel from immune
complex preparations from HIV-infected children and children with
JRA. Lane I, negative control. Lanes 2-4, immune complexes from
children with congenital HIV infection (patients 5, 8, and 6, respectively).
Lane 5, negative control. Lanes 6 and 7, complexes from children with
JRA (patients 7 and 2, respectively). Prominent 65-kD bands seen in all
patients corresponded with immunoblots for IgM heavy chain (Fig. 3).
The 50-kD bands seen in lanes 2 and 3 correspond with IgG heavy chain.
Specific identification of the other bands was not undertaken.
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Table 1. Analysis of high-molecular-weight complexes from children with JRA and congenital HIV infection*

Patient Diagnosis 1gG IgM IgA 1gG-RF IgM-RF IgA-RF
1 JRA + + Weak - + +
2 JRA + + + + + +
3 JRA + + + + + +
4 JRA + + Weak - + +
5 HIV + + + + + +
6 HIV + + Weak ND ND ND
7 HIV + + + ND ND ND
8 HIV + + + - + -
9 HIV Weak + + ND ND ND

10 HIV + + Weak - + -

* ND, not done.

In addition to the prominent 65-kD band, additional bands at
approximately 60, 50, and 45 kD are seen in patient 2; the 45-
kD band is also seen in patients 3 and 6. The 50-kD band
corresponds to IgG heavy chain on immunoblotting. Current
investigations in our laboratory are aimed at identifying the other
bands in these complexes. The 30-kD band seen in patients 2, 3,
6, and 7 may represent immunoglobulin light chain (molecular
mass = 25 kD; the 10% minigels used in these studies may not
be efficient at resolving molecular masses to within 5 kD if large
amounts of protein are present).

Immunoblotting for IgG, IgA, and IgM. Results from Western
blots for IgG, IgA, and IgM are shown in Figure 3 and Table |.
All Western blots from children with JRA and HIV infection
were positive for IgG by immunoblotting (however, the blot for
patient 9 was weak; Table 1). This was to be expected in view of
the method used for their purification: the binding to protein A-
Sepharose. In addition, strongly positive bands for IgM were
seen in high-molecular-weight material from all six HIV-infected
children and all four children with JRA. Strongly positive blots
for IgA were seen in four of six children with HIV infection (and
weaker blots were seen in the other two), whereas two of the four
children with JRA had strongly positive blots for IgA and the
other two had weakly positive blots.

ELISA for C4d. C4d assays were performed on all 10 high-
molecular-weight complex preparations. None of the high-mo-
lecular-weight fractions contained C4d at levels =0.050 ug/mL,
the limits of the ELISA.

RF activity in immune complexes. Sufficient material was
available to perform RF assays on seven of the 10 immune
complex preparations (three from children with HIV infection
and four from children with JRA; Table 1). IgM-RF activity was
detected in all the immune complex preparations. In addition,

Fig. 3. Immunoblotting for IgM, IgA, and IgG: representative West-
ern blots of immune complex preparations from HIV-infected children
and children with JRA. Lane I, negative control. Lanes 2 and 3,
complexes from children with HIV infection (patients 9 and 7, respec-
tively). Lanes 4 and 5, complexes from children with JRA (patients 4
and 1, respectively).

IgA-RF were detected in all JRA immune complex preparations
and in one of the three HIV preparations. IgG-RF activity was
detected in two of the four JRA preparations and one of the
three HIV preparations.

Complement activation experiments. Figure 4 summarizes the
results of complement activation experiments, which were per-
formed on nine of the 10 immune complex preparations. High-
molecular-weight complexes from both HIV-infected children
and children with JRA activated the classic complement pathway
as efficiently as model BSA-anti-BSA immune complexes
formed at 2x antigen excess. The exception was the high-molec-
ular-weight fraction from a single child with congenital HIV
infection who was negative for immune complexes by the anti-
Clq and anti-C3d assays. Incubation of 10 wg of this child’s
complexes in NHS resulted in C4d levels that were 67% of the
levels in the BSA-anti-BSA controls. When the complexes from
children with JRA and HIV infection were incubated in 30%
NHS, alternative pathway activation, as measured by production
of complement cleavage fragment Bb, was not seen (data not
shown).

DISCUSSION

We used gel filtration and affinity chromatography on Protein
A-~Sepharose to purify high-molecular-weight IgG-containing
complexes from the plasma of children with JRA and congenital
HIV infection. We have shown that /) these complexes are
composed of IgG and IgM and/or IgA and 2) these complexes
activate complement via the classic pathway in vitro.

40 Percent Activation C4d

BSA Anti-BSA = 100%

Fig. 4. Complement activation by IgG-containing high-molecular-
weight fractions. Ten ug of each of the high-molecular-weight fractions
were placed in 30% normal human serum at 37°C for 60 min. C4d
produced was then measured by ELISA and compared with a positive
control consisting of BSA-anti-BSA formed at 2 antigen excess. Patients
AJ, AO, BB, and J4 (patients |, 4, 3, and 2, respectively) are children
with JRA. Patients SG, CJ, VM, BS, and DP (patients 10, 5, 8. 7, and 9,
respectively) have congenital HIV infection.
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The presence of CIC is well documented in JRA. The com-
position of such complexes has been described by Moore et al.
(8, 9). Our results differ somewhat from those reported in their
studies. Using radioimmunodiffusion, these authors reported IgA
in only one of 14 preparations from children with JRA in one
study (9) and in none of 10 in another study (8). However, their
studies examined complexes isolated by affinity chromatography
on anti-Clq or anti-C3-Sepharose, and it seems possible that the
complexes examined were different from the ones reported here.
Furthermore, the immunoblotting techniques used in our studies
may be more sensitive than immunodiffusion for detecting low
concentrations of IgA.

Our findings suggest that high-molecular-weight immune com-
plexes seen in pediatric HIV infection are similar to those re-
ported in adult AIDS-related complex/AIDS. Euler et al. (10)
used laser nephelometry to characterize polyethylene glycol-
precipitable immune complexes from HIV-infected adults. These
authors found IgM as the principal immunoglobulin in these
complexes, with less IgG and little IgA. These authors also
reported that C4 content of these complexes decreased as IgM
content increased. On the other hand, Jackson et al. (11) reported
the frequent association of IgA-RF with polyethylene glycol-
precipitated immune complexes of HIV-infected adults.

One noteworthy finding in these studies relates to the ability
of these complexes to activate complement in vitro while appar-
ently not having bound C4 in vivo. C4d, measured by a sensitive
ELISA, was not detected on any of the complexes separated by
affinity chromatography on protein A-Sepharose. However,
these same complexes were as efficient as model BSA-anti-BSA
complexes formed at 2X antigen excess in activating the classic
complement pathway. It is therefore interesting to speculate that
there may be a tissue or vascular reservoir of IgG-containing
complexes continually shed into the circulation of children with
JRA and HIV infection. Although some of these complexes may
have been in circulation long enough to bind complement and
thus to be detected via complement fixation assays, a portion of
these complexes may have been recently released into the circu-
lation and able to be isolated before they have bound C4. This
seems unlikely, however, because the activation of the classic
pathway by immune complexes occurs very rapidly (12). Alter-
natively, these may represent complexes already processed by
the alternative complement pathway. Complement interactions
with immune complexes have been shown to involve two distinct
processes (13). Immune complex solubilization, whereby large,
preformed aggregates are solubilized, requires an intact alterna-
tive pathway. The prevention of immune precipitation, whereby
the formation of large, insoluble aggregates during the formation
of nascent immune complexes is inhibited, requires an intact
classic pathway. The biologic behavior of immune complexes,
including their binding to staphylococcal protein A, may differ
depending upon whether these complexes interacted with the
complement system by the process of solubilization or the pre-
vention of immune precipitation (14). However, even if the
complexes described here were processed by immune complex
solubilization rather than the prevention of immune precipita-
tion, this would still not explain why these complexes were then
able to activate the classic pathway in vitro.

There is another explanation for why these complexes have
not fixed C4b in vivo and yet are able to activate the classic
pathway in vitro. All seven of the immune complex preparations
tested had IgM-RFO0. within them as detected by ELISA. Ng et
al. (15) showed that IgG aggregates bearing monoclonal IgM-RF
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efficiently activate both C3 and C4 in vitro but bind each of these
components poorly. Similarly, we have shown that IgM-RF from
patients with adult rheumatoid arthritis impede the covalent
binding of C4b to IgG within immune complexes, even when
C4 is efficiently cleaved in the fluid phase by C1 (16). It is
possible therefore that small amounts of Cl1 bound to these
complexes either in vivo or in vitro can efficiently cleave fluid-
phase C4 without such C4 becoming incorporated into the
immune complex.

We conclude that high-molecular-weight IgG-containing im-
mune complexes can be found in both congenital HIV infection
and JRA. These complexes appear to have a property that would
be predicted from previously reported work with IgM-RF-bear-
ing immune complexes (15, 16): the ability to activate the classic
complement pathway in vitro without having bound C4 in vivo.
Therefore, the presence of such complexes in JRA and HIV
plasma may explain our previous findings showing a lack of
correlation between complement activation fragments and Clq/
C3d-binding immune complexes in these diseases.

Although these data do not clearly indicate (or refute) a tissue
or vascular origin for these complexes, we believe that a further
understanding of the origin and composition of such complexes
will provide important insights into the biology of immune
complex processing and its role in such diverse diseases as HIV
infection and JRA.
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