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Abstract

Circulating immune complexes (CIC) containing IgA and C3 were
elevated in 48% of IgA nephropathy patients; IgAl was the pre-
dominant subclass. IgAl-IgG CIC were detected in 44%, IgA2-
IgG CIC in 7%, and IgM-IgAl CIC in 16% of the patients. No
IgM-IgA2 CIC were detectable. Sucrose gradient ultracentri-
fugation indicated that IgG-IgAl CIC were predominantly of
intermediate (13-19S) size whereas IgAl-C3 CIC sedimented
from 11S to 19S. At acid pH, isolated CIC revealed the presence
of substantial amounts of 7S IgA. One third of the patients had
elevated serum IgA rheumatoid factor (RF) of both polymeric
and monomeric forms despite normal levels of IgM-RF; 87% of
patients with elevated IgA-RF had IgAl-IgG CIC. These results
indicate that the IgAl component of CIC in patients with IgA
nephropathy is not necessarily of mucosal origin and suggest
that a portion of these CIC consists of IgA RF immunologically
complexed with autologous IgG.

Introduction

IgA nephropathies (IgA NP)' represent one of the most common
groups of glomerulonephritides in humans (1). Diffuse mesangial
localization of IgA in kidney biopsy specimens from patients
with IgA NPis the most distinctive feature of the disease. None-
theless, it has now become clear that, in addition to idiopathic
IgA NP(Berger's disease), several other diseases, such as Henoch-
Schoenlein purpura, celiac disease, alcoholic liver cirrhosis, and
dermatitis herpetiformis share this commonimmunopathologic
feature (2-10).

A putative nephritogenic role has been ascribed to IgA-con-
taining circulating immune complexes (CIC) in mesangial IgA
NP( 1). This concept has arisen from early immunohistologic
studies performed on kidney biopsy specimens of IgA NP pa-
tients showing mesangial deposits of IgA with a granular pattern,
similar to that observed in other glomerulonephritides in which
CIC are thought to play a major inflammatory role (12). The
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IgA NP, IgA nephropathy; PAP, horseradish peroxidase IgG antiper-
oxidase antibody complexes; PEG, polyethylene glycol; RF, rheumatoid
factor; RIA, radioimmunoassay; SDU, standard deviation units.

frequent presence of complement components in these deposits
(1), the inability to demonstrate convincingly antimesangial an-
tibodies in the sera of IgA NP patients (7), and the recurrence
of IgA nephropathy in renal allografts (13) are compatible with
the view that IgA-containing CIC are deposited in the glomeruli.
This hypothesis has gained further support from recent studies
demonstrating elevated levels of CIC that contain IgA not only
in patients with primary IgA NP (14-20), but also in patients
with Henoch-Schoenlein purpura (16, 21-23), dermatitis her-
petiformis (23, 24), and IgA NP associated with liver cirrhosis
(25, 26). In rodents, IgA-containing CIC either infused (27) or
induced by enteral (28) or parenteral (29) immunization with
defined antigens can deposit in the mesangium and initiate a
proliferative glomerulonephritis similar to that observed in hu-
mans. Despite this, attempts to isolate a specific IgA-CIC-as-
sociated antigen in humans have been unsuccessful and the
pathogenic role of these CIC remains elusive.

Initial immunofluorescence studies with polyclonal antisera
suggested that IgA2 was the predominant subclass of IgA in glo-
merular deposits of patients with mesangial IgA NP (30). In
contrast, more recent studies with subclass-specific monoclonal
antibodies have indicated that IgA 1 is the predominant, often
exclusive, subclass present in these deposits (18, 31-34). In ad-
dition to the absence of detectable secretory component ( 15, 35,
36), these observations suggest that the IgA deposited may not
be of secretory origin. Less information (26) is available regarding
the properties of IgA present in CGC-like material detected in
patients with mesangial IgA NP. Such information could provide
clues as to the origin, be it mucosal or systemic, of the IgA
component of these CIC.

In addition to IgA-CIC, CIC that contain IgG have been
detected in patients with IgA NP (16, 19, 20), Henoch-Schoen-
lein purpura (16, 19, 21, 22) and alcoholic liver cirrhosis (25,
37, 38). Although conflicting results were reported concerning
the frequency of IgG-CIC ( 18, 22, 37, 38), the pathogenic rele-
vance of these CIC has not yet been adequately explained.

The occurrence of IgA- and IgG-CIC, as well as the frequent
co-deposition of IgA and IgG in glomerular mesangia have
prompted us to examine the possible occurrence of CIC that
contain both IgG and IgA in IgA NP. Wenow report that sera
from a substantial proportion of such patients exhibit increased
levels of CIC containing both IgG and IgAl . In addition, IgA 1
rheumatoid factor (RF) activity was demonstrated in most pa-
tients with IgG-IgA 1-CIC in the absence of elevated serum IgM
RF, suggesting that at least a portion of these CIC consists of
IgA I RF immunologically complexed with autologous IgG.

Methods

Patients and controls. Studies were carried out in 32 patients with IgA
NP. The diagnosis of idiopathic IgA nephropathy (Berger's disease) was
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established in 28 patients by the demonstration of mesangial deposition
of IgA as the dominant or codominant immunoglobulin isotype (34)
and the absence of the manifestations of other systemic diseases. The
diagnosis of Henoch-Schoenlein purpura was established in one patient
in whomthe above immunofluorescence findings of IgA NP were ac-
companied by abdominal pain, joint pain, and purpura. Of the remaining
three patients, one had dermatitis herpetiformis, one had had a previous
kidney biopsy with diagnosis of focal glomerulosclerosis and one had
coincidental diabetes mellitus. 21 of the patients were white males, one
was a black male, and the remainder were white females; this distribution
is in keeping with previously reported demographic data (39, 40). Ages
ranged from 9 to 82 yr (median 26 yr). Serum creatinine concentrations
ranged from 0.5 to 15.2 mg/dl (median 1.0 mg/dl). Two patients had
received kidney transplants which function normally. The 24-h urinary
protein excretion ranged from 0 to 4.9 g (median 0.7) and the magni-
tude of hematuria from 0 to 1,000 red blood cells per high power field
(median 5).

21 healthy laboratory volunteers (median age 31 yr, ranging from
17 to 53 yr) were utilized as controls.

CIC assays. Freshly separated serum samples were precipitated with
polyethylene glycol (PEG) (PEG 6000, Fisher Scientific, Orangeburg,
NY) using the conditions detailed by Kauffman et al. (41) to prepare
fractions enriched for CIC. Before analysis, each PEGprecipitate was
redissolved in 1 ml of 0.01 Mphosphate buffer, pH 7.4, containing 0.5
MNaCl, 0.05% Tween 20 and 5% fetal bovine serum (FBS, Irvine Sci-
entific, Santa Ana, CA) (CIC buffer).

Levels of CIC containing C3 and IgA, IgG, or IgM were estimated
by a modification (42) of the solid-phase anti-C3 assay (43). Individual
wells of microtiter plates (Linbro, Flow Laboratories, Inc., McLean, VA)
were coated overnight with F(ab')2 fragments of goat anti-human C3
(Cooper Diagnostics, West Chester, PA) diluted to 10 ,ug/ml in 0.01 M
phosphate-buffered saline (PBS), pH 7. The anti-C3 reagent was absorbed
on insolubilized mouse immunoglobulins and affinity purified by chro-
matography on insolubilized human C3 (donated by Dr. J. Volanakis,
University of Alabama at Birmingham). 100 !l aliquots of redissolved
PEGprecipitates were added to anti-C3-coated wells at a dilution equiv-
alent to 1: 100 of the original serum volume. Plates were incubated at
37°C for 4 h, washed with PBScontaining 0.05% Tween 20 (PBS-Tween),
and subsequently exposed to biotinylated F(ab')2 fragments of goat anti-
human IgA, IgM, or IgG (Tago, Inc., Burlingame, CA) appropriately
diluted in PBS-0.05% Tween-5% FBS. The specificity of these reagents
was established as previously described (44, 45). After overnight incu-
bation at 4°C, the plates were washed and subsequently incubated for
60 min with horseradish peroxidase-conjugated avidin (Sigma Chemical
Co., St. Louis, MO)diluted to 0.5 ,g/ml in PBS-Tween-FBS. After wash-
ing, the plates were exposed to enzyme substrate consisting of 2,2'-azinodi-
(3-ethyl benzthiazoline sulfonic acid) (Sigma Chemical Co.) at a con-
centration of 0.25% (wt/vol) in 0. 1 Mcitrate phosphate buffer, pH 4.0,
containing 0.0075% H202. Color development was monitored spectro-
photometrically at 414 nm 30 min after addition of substrate using an
automated reader (Titertek Multiskan, Flow Laboratories).

Levels of CIC containing C3 and either IgAl or IgA2 were determined
essentially as described above except that monoclonal antibodies to hu-
man IgAl or IgA2 subclass (46) were substituted for the polyclonal anti-
human immunoglobulin reagents. All reagents were used at concentra-
tions determined to be optimal in preliminary checkerboard titration
experiments. The washed plates were then incubated for 2 h at 37°C
with biotinylated F(ab')2 fragments of affinity-purified, goat anti-mouse
IgG antibodies (Calbiochem-Behring Corp., San Diego, CA) previously
absorbed against human serum. Bound antiglobulins were detected as
above by stepwise addition of avidin-peroxidase and enzyme substrate.

Levels of CIC containing both IgG and IgAI or IgA2 were determined
by a solid-phase radioimmunoassay (RIA) using class- and subclass-spe-
cific monoclonal antiglobulins. Triplicate 100-Al aliquots of redissolved
PEGprecipitates diluted 1:100 in CIC buffer were incubated for 4 h at
370C in polystyrene Removawells (Immulon type II, Dynatech, Alex-
andria, VA) coated with monoclonal anti-human IgG (47). CIC con-
taining both IgM and IgAl or IgA2 were detected with monoclonal (IgGl,

K) mouse anti-human IgM (47) antibodies that were substituted for the
anti-IgG reagent. Wells coated with mouse monoclonal IgGI, K of irrel-
evant specificity were used for control purposes. After washing with PBS,
'25I-labeled monoclonal antibodies (100,000 cpm in 100 ul) to either
IgAl or IgA2 subclass were added. These reagents were radiolabeled by
the lactoperoxidase method (48) using 1O Mg of protein and 0.25 mCi
of Na 1251 (Amersham Corp., Arlington Heights, IL). After incubation
the plates were washed and bound radioactivity was measured in a gamma
counter (Beckman Instruments, Inc., Palo Alto, CA). Background binding
never exceeded 10% of the counts observed in antiglobulin coated wells.

Results of the different CIC assays are expressed in standard deviation
units (SDU) according to the formula: SDU= (Xt - Xn)/SD., where
Xt represents the mean value (counts per minute or absorbance) of each
test sample, Xn the mean value of a basic set of samples from at least
12 healthy blood donors assayed simultaneously, and SD. the standard
deviation of the mean value obtained for the panel of healthy donors.
Results were considered positive when the mean value of a test sample
run in duplicate or triplicate exceeded that of the basic set of normal
donors by at least 3 SDU.

RFassays. Serum IgA- and IgM-RF were estimated by two different
procedures. First, we used a solid-phase RIA (46) with polyclonal human
IgG as solid-phase and either '251-labeled affinity purified goat anti-human
IgA (49) or anti-human IgM (50) antibodies as indicator reagents to
detect bound RF. In addition, 25I-labeled mouse monoclonal anti-human
IgA l or IgA2 antibodies were used to detect bound RF(49). Wells coated
with bovine serum albumin (Sigma Chemical Co.) were used for control
purposes. In some experiments, wells were coated with Fc and F(ab')2
fragments of human IgG to examine the specificity of the anti-IgG an-
tibodies detected (50).

Additionally, we used a modification of a solid-phase enzyme-linked
immunosorbent assay (ELISA) (42) for detection of RF. Affinity-purified
F(ab')2 fragments of rabbit anti-human IgA or IgM (Pelfreeze, Rogers
AZ) were used to capture immunoglobulins of the relevant isotype from
serum samples. In order to detect RF activity in the bound immuno-
globulins, soluble immune complexes consisting of horseradish peroxidase
and rabbit IgG antiperoxidase antibodies (PAP) (Dakopats, Copenhagen,
Denmark) were incubated on the plate. After washing and addition of
enzyme substrate, the concentration of PAPbound to immobilized IgA
or IgM RF was determined colorimetrically. IgG-RF levels were also
examined by this procedure using a coating of affinity-purified F(ab')2
fragments of rabbit anti-human IgG (Jackson Laboratories, Inc., Avon-
dale, PA). This technique will be referred to as ELISA-PAP. Results of
the different RF assays are expressed in SDUas described above for the
CIC assays.

Sedimentation properties of CIC. Samples (0.3 ml) of freshly redis-
solved PEGprecipitates were applied onto 4.7-ml linear gradients of 12-
30% (wt/vol) sucrose preformed in 0.01 MPBS, pH 7.4. After ultracen-
trifugation at 37,500 rpm at 4°C for 16 h in a Beckman L2 ultracentrifuge
using a SW50.1 rotor, fractions (0.25 ml) were collected from the top.
Prior to analysis for IgG-IgA1- or C3-IgAl-containing CIC, fractions
were diluted (1:4 to 1:10) in CIC buffer. Standards consisted of purified
IgG and IgM paraproteins.

Characterization of IgA molecularforms in isolated CIC. Redissolved
PEGprecipitates equivalent to 2 ml of serum from three patients with
high levels of IgA-CIC were incubated for 4 h at 370C with 1 ml of
packed cyanogen bromide (CNBr)-activated Sepharose 4B beads (Phar-
macia Fine Chemicals, Piscataway, NJ) to which F(ab')2 fragments of
anti-human C3 or anti-human IgG Fc h4d been covalently coupled.
Bound material was eluted with 0.1 Msodium acetate buffer, pH 3, and
concentrated to the original volume by centrifugation using Centricon
microconcentrators YM10 (Amicon Corp., Danvers, MA) and applied
onto linear sucrose gradients in 0.1 Macetate buffer, pH 4, and ultra-
centrifuged as described above. Collected fractions (250 Ml) were neu-
tralized with 30 MAl of Na2HPO4to a final pH of 7.5 prior to analysis for
IgA content by RIA as described elsewhere (44).

Sedimentation properties of IgA RFin serum and isolated CIC. Serum
samples (0.3 ml), diluted 1:2 to 1:10 in PBS containing 5% FBS, were
ultracentrifuged on sucrose gradients, and the fractions were analyzed
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for the presence of polymeric and monomeric forms of IgA RFby solid-
phase RIA (51). Parallel analyses were carried out under dissociating
conditions by ultracentrifugation on linear sucrose gradients in 0.1 M
sodium acetate buffer, pH 4.

IgG-IgAl CIC were isolated from redissolved PEG precipitates
equivalent to 2 ml of serum from five patients with high levels of serum
IgA RF. After dissociation and sucrose gradient ultracentrifugation at
acid pH, the fractions were collected, neutralized and assayed for IgA
RF activity.

Serum levels of immunoglobulins. Serum levels of IgA, IgM, and IgG
were measured by radial immunodiffusion. Concentrations of IgA ranged
from 61 to 1,247 mg/dl (median 298 mg/dl), IgM from 45 to 623 mg/
dl (median 123 mg/dl), and IgG from 191 to 2,575 mg/dl (median 1,060
mg/dl).

Statistical analyses. Differences between groups were determined by
the Mann-Whitney rank sum test. Associations between the variables
studied were determined by the Spearman rank-order correlation test.

Results

Circulating immune complexes. The results of the assays for C3-
containing CIC are summarized in Fig. 1. CIC containing C3
and IgA were elevated in 48% (12/25) of the patients studied.
With subclass-specific monoclonal anti-IgA reagents, 44%
(11/25) of the patients had significantly higher levels of IgA 1-
C3-containing CIC as compared with healthy volunteers (P
< 0.001). In contrast, none of 28 patients examined had evidence
of IgA2-G3-containing CIC. Levels of IgA l-C3 CIC correlated
with the magnitude of proteinuria (r = 0.44; P = 0.045) but not
with serum creatinine concentrations (P > 0.5) or with the mag-
nitude of hematuria (P > 0.5). IgG-C3-containing CIC were
detected in 24% (5/21) of the patients studied and correlated
with levels of CIC containing IgA l-C3 (r = 0.72, P = 0.0003).
IgM-G3-containing CIC were elevated in only 9% (2/21) of the
patients tested.

CIC containing both IgG and IgA 1 were found significantly
increased in 46% (12/30) of IgA NPpatients as compared to a
panel of sera from 14 healthy blood donors (P < 0.005) (Fig.
2). IgG-IgA2-containing CIC were elevated in only 2 of 30 (7%)
patients, both of whomalso had IgG-IgA 1 CIC. There were no
significant correlations between levels of IgG-IgA I CIC and ei-
ther serum creatinine concentrations or magnitudes of protein-
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Figure 1. Levels of CIC containing IgAl, IgA2, IgG, or IgM in IgA NP
patients and normal controls as determined by the anti-C3 assay. Val-
ues are expressed in standard deviation (SD) units as described in
Methods.
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Figure 2. Levels of CIC containing both IgA I and IgG in IgA NPpa-
tients and normal subjects as determined by the RIA. Values are ex-
pressed as in Fig. 1.

uria or hematuria. Increased levels of CIC containing both IgM
and IgAl were detected in 16% (5/30) of the patients studied;
all five patients also had increased levels of IgG-IgA 1 CIC.
However, no correlation was observed between levels of CIC
containing IgAl and either IgG or IgM. In addition, none of
these patients had evidence of CIC containing both IgA2
and IgM.

Sedimentation characteristics ofIgA-containing CIC. Sucrose
gradient ultracentrifugation analyses of redissolved serum PEG
precipitates obtained from four patients with high levels of CIC
containing IgA I -C3 revealed that these CIC sedimented over a
wide range of sizes, from 1 IS to >19S (Fig. 3). CIC containing
IgG and IgAl were predominantly of intermediate (13-19S) and
occasionally of large (> 19S) size (Fig. 4). Sucrose gradient anal-
yses of affinity-isolated CIC containing C3 and IgA revealed the
presence of a significant proportion of 7S IgA and of polymeric
(or aggregated) IgA upon acid dissociation (Fig. 5). The same
type of analyses performed on isolated CIC containing both IgA
and IgG indicated that the IgA component of these CIC was
predominantly monomeric (Fig. 6).

Serum levels of RF. The presence of IgA l-IgG CIC in ap-
proximately one half of IgA NP patients raised the possibility
that IgA anti-IgG antibodies might be a constituent of these
complexes. In order to examine this possibility, RF levels were
assayed in the serum of these patients. Serum levels of IgA RF
were elevated in 28% (7/25) and 32% (8/25) of the patients as
detected by RIA and ELISA PAP, respectively (Fig. 7). IgM RF
levels were within the normal range by both procedures with
the exception of one patient who had increased serum levels of
both IgA RFand IgM RFby RIA. IgG RF levels, as assessed by
the ELISA-PAP procedure, were increased in only 14% of the

Immunoglobulin A Nephropathies: Immune Complexes and Immunoglobulin A Rheumatoid Factor 1933



pIgA mIgA

5 fractions

fractions

Figure 3. Sedimentation properties of IgA 1-C3 CIC. Redissolved PEG
precipitates from the sera of two IgA NPpatients were ultracentri-
fuged on linear sucrose gradients. Collected fractions were assayed by
the anti-C3 method for IgA I-3 CIC. Arrows indicate the position of
IgM (19S) and IgG (7S) standards.

patients. IgA I was the exclusive subclass of IgA RF detected in
all of five sera examined. In addition, the IgA RF detected in
these sera was reactive with the Fc portion of human IgG as

determined by RIA using solid-phase Fc fragments and F(ab')2
of human IgG. There was no significant correlation between
serum IgA RF levels and levels of CIC containing C3 and IgA.
Borderline statistical significance was observed between serum

IgA RF levels and levels of CIC containing both IgG and IgAl
(r = 0.38; P = 0.06). It should be emphasized that six of seven

(85%) patients with elevated IgA RF had CIC containing IgA
and IgG (Table I).

Sedimentation characteristics of IgA RF present in serum

and in isolated CIC. Sucrose gradient ultracentrifugation analyses
of serum samples from four patients with high levels of IgAl
RF showed that the RF sedimented in fractions corresponding
to monomeric as well as polymeric IgA (Fig. 8). Parallel analyses
performed at acid pH yielded similar results. Thus a portion of
the IgA RFdetected was truly polymeric and was not composed
of aggregates. Analogous experiments performed on isolated
IgG-IgA CIC from selected patients showed that part of the IgA

n
00

x

E
0.

pellet fractions

Figure 4. Sedimentation profile of CIC containing both IgG and IgA 1.
Redissolved PEGprecipitates from the sera of two IgA NPpatients
were ultracentrifuged on linear sucrose gradients. Collected fractions
were analyzed for IgG-IgA I CIC by the RIA procedure.

Figure 5. Sedimentation profile of IgA present in CIC containing C3
and IgA. Redissolved PEGprecipitates from the sera from two pa-

tients with IgA NPwere incubated with anti-C3-conjugated Sepharose
4B. Bound material was eluted with acid buffer. After ultracentrifuga-
tion on linear sucrose gradients in acid buffer, the collected fractions
were neutralized, diluted 1:50, and subsequently assayed for IgA con-

tent by solid-phase RIA. Arrows indicate the position of the standards.
These consisted of purified monomeric IgA (mIgA) and polymeric IgA
(pIgA) paraproteins.

exhibited RF activity upon dissociation at acid pH. IgA RFwas

found predominantly in fractions corresponding to polymeric
IgA (Fig. 9).

Discussion

Although IgA CIC levels have been correlated with episodes of
nephritis and with recurrence of mesangial IgA nephropathy
after renal transplantation (15), others have shown that IgA CIC
persist irrespective of clinical nephritis (20, 21, 25, 36). This
discrepancy may be due to the use of assays that detect different
types of CIC or to utilization of different procedures for the
detection of IgA in CIG. The assays described here offer sensitive
and specific methods for estimation of CIC containing IgA and
C3 and of CIC of mixed immunoglobulin classes regardless of
the presence of complement components. Initial experiments

pIgA mIgA

12 T

8
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E 6

4-

20 15 10 5 fractions

Figure 6. Sedimentation profile of IgA present in CIC containing both

IgG and IgA. Redissolved PEGprecipitates from three patients with

IgA NPwere incubated with anti-IgG conjugated Sepharose 4B.

Bound material was eluted, concentrated, and analyzed for IgA con-

tent as in Fig. 5.
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Figure 7. Serum levels of IgM-, IgA-, and IgG-RF in patients with IgA
NPand in healthy volunteers as determined by solid-phase RIA (.)
and ELISA-PAP (o). Values are given in standard deviation (SD) units
as in Figs. 1 and 2.

performed in our laboratory established that PEGprecipitation
was preferable to the use of whole sera because it provided more

discriminative results in both CIC assays. Our experience is in
agreement with Kauffman et al. (41), who have demonstrated
the efficacy of PEGprecipitation for the detection of IgA CIC.
In this regard, pretreatment with PEGprobably minimizes the
competitive effects of free C3 and immunoglobulin present in
whole serum.

In agreement with previous reports (14-26), we found that
approximately half of the patients with IgA NP had increased
levels of IgA-CIC detectable in the F(ab')2 anti-C3 assay. In ad-
dition, the IgA component of the anti-C3-reactive material was

confined exclusively to the IgAl subclass. This finding is at vari-

Table I. Comparison between Serum Levels
of IgA RFand IgA 1-containing CIC

IgG-IgAI CIC C3-IgAl CIC

Positive Negative Positive Negative
(10/25) (15/25) (11/25) (14/25)

IgA RF-positive (7/25) 6* 1 3t 4
IgA RF-negative (18/25) 4 14 8 10

P = 0.06.
P = 0.53.

,, 8
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Figure 8. Sedimentation profile of serum IgA RF in a patient with IgA
NPas determined by sucrose gradient ultracentrifugation. Collected
fractions were assayed by solid-phase RIA for IgA RF activity. The
shaded area indicates the difference in IgA RF activity between frac-
tions treated and fractions not treated with mouse monoclonal anti-
IgA antibody as cross-linking agent. Arrows indicate the position of
polymeric IgA (pIgA) and monomeric IgA (mIgA) RF paraprotein
standards.

ance with an earlier report (52) in which both IgA and IgA2
were detected in conglutinin-reactive CIC material. The reason

for this discrepancy may be related to the use of different CIC
assays and/or anti-IgA subclass reagents. A substantial proportion
of our patients had increased levels of CIC that contained both
IgG and IgA 1, whereas those that contained IgM and IgA I were

elevated in only a few patients. IgA2 was rarely detected in as-

sociation with IgG or IgM thus providing further evidence that
this subclass is not a commoncomponent of IgA-CIC detected
in IgA NPpatients.

The presence of IgG in IgAl-containing CIC may explain
the unexpected detection of IgA CIC by the Clq-binding test in
43% of IgA NP patients (1 1). This procedure is often used for
the demonstration of CIC containing IgG or IgM (53, 54) but
not IgA, which does not appear to activate complement by the
classical pathway (55). Thus, it is likely that the Clq-reactive
material may have been due to the presence of IgG and IgA in
the same CIC matrix.

Our results revealed considerable heterogeneity of CIC in
IgA NPpatients. First, IgA I -IgG CIC did not correlate with CIC
containing either IgAl-C3 or IgG-C3. Secondly, sucrose gradient
ultracentrifugation analyses demonstrated that IgA l-IgG CIC
had different sedimentation profiles from those containing IgA 1

and C3. Thirdly, isolated IgA CIC contained polymeric and sub-
stantial amounts of monomeric IgA after acid dissociation. The
predominance of IgA monomers and the rarity of IgA2 suggest
that CIC containing IgA1 are not likely to be formed at mucosal
sites (56).

The presence of CIC that contain IgAl and IgG raises several
questions as to the nature and the possible mechanisms of their
formation. First, IgG and IgAl might be bound to the same

antigen(s) through either identical or different epitopes. Second,
the IgG and IgA1 components may specifically interact with
each other. In this regard, we demonstrated the presence of IgA
RF in the sera of approximately one third of IgA NP patients
in the absence of increased IgM RF. IgA RF was confined ex-

clusively to the IgA I subclass and occurred in both monomeric
and polymeric forms. It is likely that part of the IgAl RFactivity
detected may be associated with autologous IgG and as such
contribute to the population of CIC that contain IgAl. This
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view is supported by the demonstration of increased levels of
IgAl-IgG CIC in most patients with elevated serum levels of
IgA RF, and by the detection of IgA RF in isolated IgA-IgG
CIC. The observation that IgAl-IgG CIC could occur in the
absence of detectable serum IgA RF raises the possibility of ad-
ditional recognition systems such as idiotype-anti-idiotype in-
teractions or IgG auto-anti-IgA I antibodies. On the other hand,
it may also reflect in vivo competitive binding of IgA I RFmol-
ecules to an excess of endogenous IgG which could interfere
with the detection of IgA RF in some patients.

The selective increase of IgA RF observed in our study has
not so far been reported in patients with IgA NP or, to our
knowledge, in other diseases. This observation has several im-
plications. It supports the contention that IgA RF production
and IgM RF production are controlled by distinct regulatory
mechanisms (57). Thus, selective production of IgAl RF may
reflect altered immunoregulatory function in this disease. Al-
though the mechanisms of IgA RF induction are unknown, they
could be analogous to those implicated for IgM RF. IgA RF
may represent a secondary response to immunologically com-
plexed IgG as recently demonstrated with regard to IgM RF
production in mice (58, 59) and humans (42). Because C3 and
even IgM co-deposit with IgA in glomeruli more frequently than
IgG (34), the possibility that IgA anti-C3 or IgA anti-IgM au-
toantibodies occur in the circulation of these patients was con-
sidered. However, we have been unable to demonstrate free IgA
antibodies to either C3 or IgM in sera of selected patients (un-
published results).

There is a voluminous literature, often contradictory, con-
cerning abnormalities of immunoregulatory mechanisms of the
IgA system observed in IgA NPpatients (for review, see Clarkson
et al. [7] and Lomax-Smith et al. [60]). These include increased
serum levels of IgA, often elevated numbers of IgA-bearing B
cells in the peripheral blood, and increased IgA production in
vitro, possibly owing to the decrease of T suppressor cells and
increase in T helper cells. Our study provides further evidence
for altered immunoregulation of IgA synthesis by showing the
selective presence of IgAl CIC and IgAl RF in these patients.
This IgAl subclass restriction is remarkable in view of the fact
that most IgA antibody responses to a variety of antigens involve
both subclasses (34, 61).

Levels of IgAl-C3 CIC correlated with the magnitude of
proteinuria but not with the degree of renal insufficiency or the
magnitude of hematuria. However, neither IgAl-IgG CIC nor
IgA RFcorrelated with any of these indices of glomerular dam-
age. This suggests that the different types of IgAl CIC may have

Figure 9. Sedimentation profile of IgA RF present in
isolated CIC from two patients with IgA NP. CIC con-
taining IgG and IgA were isolated by affinity chromatog-
raphy on anti-IgG Sepharose 4B. After acid elution and
sucrose gradient ultracentrifugation at acid pH, fractions
containing polymeric (pIgA) or monomeric IgA (mIgA)
were neutralized and assayed for IgA RF activity by

5 Ifrotcs solid-phase RIA as in Fig. 8.

different roles. Nevertheless, the clinical significance of our ob-
servations, their relationship to the development or progression
of renal insufficiency in IgA NP, and their role in the pathogenesis
of the disease must remain speculative at this time.

In conclusion, our immunochemical data taken together with
previous immunohistochemical findings (18, 31-34) suggest a
dominant role of the IgA1 subclass in the pathogenesis of IgA
NP. The lack of detectable alterations of the IgA compartment
of mucosa-associated tissues (62) and the physical properties of
the IgA1 associated with IgA CIC as well as IgA RF suggest a
nonmucosal origin for a large proportion of these components.
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