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Abstract

Guinea pigs genetically deficient in the second (C2) or fourth
component of complement (C4) generally appear healthy in con-
trast to humans with a C2 or C4 deficiency. However, upon in-
vestigation of these genetic deficiencies in guinea pigs for signs
of dysregulation in the humoral immune system and especially
autoantibodies, many complement-deficient guinea pigs (>50%)
had elevated levels of serum IgM and higher concentrations of
anti-hapten (dinitrophenyl) antibodies as signs of polyclonally
stimulated antibody synthesis. In addition, a significant number
of the complement-deficient animals, on average 30%, had IgM
rheumatoid factors in their sera compared with <1% of the nor-
mal animals. These observations, therefore, indicate that guinea
pigs, genetically deficient in C2 or C4, show characteristics of
immune complex disease in general.

Introduction

Numerous reports have established that humans, genetically de-
ficient in components of the classical pathway of complement
(C),! are suspectible to immune complex diseases in general and
the juvenile type of systemic lupus erythematosus (SLE) in
particular (for reviews, 1-3). Generally, patients with SLE
have multiple autoantibodies, e.g., against DNA or serum pro-
teins (4).

In contrast, guinea pigs genetically deficient in the second
(C2D-GP) or fourth component of C (C4D-GP) appear healthy
(5, 6), even though an impaired humoral immune response was
previously shown for both C4D-GP (5, 7) and C2D-GP (5). Al-
though these animals have no overt clinical symptoms, we tested
the sera of these genetically C-deficient guinea pigs for serologic
abnormalities in order to determine whether they are predisposed
to autoimmunity. In particular, we tested for circulating immune
complexes, antibodies against complement proteins, and so-
called rheumatoid factors, which is a collective term for im-
munoglobulins of the IgM or IgG class specific for antigenetic
determinants on homologous or heterologous aggregated IgG
(6, 8-12). We also determined levels of serum IgM, IgG, and
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antibodies against the hapten dinitrophenyl (DNP), in that a
common feature of human SLE and murine SLE models is hy-
pergammaglobulinemia and spontaneously elevated levels of
various anti-hapten antibodies (13, 14).

Our results suggest, that these C-deficient guinea pigs may
serve as an experimental model to study the contribution and
pathogenetic role of C deficiency during the development and
sustaining of auto-immune diseases, especially for the role of
these deficiencies in SLE in humans.

Methods

Experimental animals. C4D-GP (National Institutes of Health origin
1974) and C2D-GP (15) came from our in-house breeding colony. Both
strains are partially inbred up to the tenth generation. The C-deficiency
state was confirmed by negative results in C2 or C4 hemolytic assays
(15, 16). Guinea pigs of inbred strains 2 and 13 served as controls. The
strain 13 is major histocompatibility complex (MHC) identical to the
C4-deficient strain (17). Healthy animals of both sexes, at least 6-9 mo
old were used for the studies and the different strains were comparable
in terms of age and sex. All animals were held in closed colonies and
received the same standardized diet. In addition, C-deficient guinea pigs
of both sexes between 2 wk and 5 mo of age were examined for a possible
age-dependent development of the investigated parameter.

Blood was obtained by cardiac puncture, allowed to clot for 2 h at
room temperature, and then centrifuged. Serum was stored in small
aliquots at —70°C. All cardiac punctures were done under anesthesia (5
ml of 50 mg/ml Ketanest [Parke-Davis, Munich, Federal Republic of
Germany] and 1 ml atropine 0.0005% [Fresenius, Oberursel, Federal
Republic of Germany}—~0.6 ml i.m. per animal).

Solid-phase enzyme-linked immunosorbent assay (ELISA) for cir-
culating immune complexes. A solid-phase C3 immunoassay was used
as described previously (18) with minor modifications to detect circulating
immune complexes bearing C3b. A mouse monoclonal antibody of y1
subclass with a weak affinity for native guinea pig C3 but a strong affinity
for its fragments C3b and C3c was used (19). U-shaped wells of flexible
polyvinyl chloride microtiter plates (Dynatech Germany, Niirtingen,
Federal Republic of Germany) were coated with 20 ul of anti-C3 (purified
by ammonium sulfate precipitation) in 0.1 M NaHCO;, pH 9.6 (15 ug/
ml, protein concentration was determined according [20] to Bradford)
overnight at 4°C. Plates were then washed with phosphate-buffered saline
(PBS) and 200 ul of PBS-bovine serum albumin (BSA) was added to
each well for 1 h at 4°C to cover unreacted sites. Then 50 ul of either
standard (see below) or serum diluted 1/21 in PBS-BSA-EDTA 0.1 M,
pH 7.2, was added for 1 h at room temperature. After washing with PBS
containing 0.05% Tween, 20 ul of peroxidase-labeled rabbit anti-guinea
pig Ig (Dakopatts, Hamburg, Federal Republic of Germany) 1:500 in
PBS-BSA was added and developed using 2,2-azino-di(-3-ethylbenzthi-
azoline sulfonate [5]) (Boehringer, Mannheim, Federal Republic of Ger-
many) as substrate. Optical densities (OD) were read in an automatic
ELISA reader at 414 nm (Flow Laboratories, Meckenheim, Federal Re-
public of Germany).

The standards were prepared by adding heat-aggregated (20 min,
63°C) guinea pig gamma-globulin (AGG) to fresh guinea pig serum and
incubating for 30 min at 37°C. The binding of AGG to the anti-C3-
coated wells was proportional to the amount of AGG, whereas the same
gamma-globulin preparation, not heated or aggregated, showed no re-
action. This indicated that it was C3—previously activated and bound
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by AGG—which was detected by the antibody, and monomeric IgG did
not interfere with the assay. A sensitivity of 2-4 ug AGG/ml was con-
sistently obtained.

Detection of rheumatoid factors. Guinea pig antibodies directed against
heterologous mouse gamma-globulins were detected by solid-phase
ELISA. Different subclasses of mouse monoclonal antibodies were used
as a_iltigens to detect subclass-specific rheumatoid factors. These mono-
clonal antibodies were directed against antigens not present in animal
sera, i.e., bacterial antigens. In particular, we used: monoclonal 1, spe-
cificity for antiplasmid-encoded outer membrane protein of Escherichia
coli (anti-TraTp) (21); monoclonal v 3, specificity anti-K 12 lipopolysac-
charide (unpublished); and monoclonal ~2a, specificity anti-TraTp (21).

The 1 monoclonal antibody was purified by 40% ammonium sulfate
precipitation, the y2a and 43 monoclonals by Protein A-Sepharose
(Deutsche Pharmacia, Freiburg, Federal Republic of Germany) as de-
scribed (22). Each antibody was bound to U-shaped wells of flexible
microtiter plates (Dynatech Germany) in duplicate overnight at 4°C
using 20 ul of a 15 ug/ml solution of protein in 0.1 M NaHCO;, pH
9.6. The remaining steps were carried out as described above.

A similar solid-phase immunoassay was performed to assess the serum
levels of guinea pig IgM-rheumatoid factor (RF) for homologous IgG.
Guinea pig 2 was prepared according to Furuichi et al. (23) and further
purified by preparative isoelectric focusing in granulated gels (Sephadex
G-25). A solution of 30 ug/ml covered the microtiter plates. IgM-RF
were detected by polyclonal sheep anti-guinea pig IgM (Nordic, Tilburg,
The Netherlands) diluted 1:1,000 in PBS-BSA, and developed with per-
oxidase-labeled rabbit anti-sheep Ig (Dakopatts), 1:500 in PBS-BSA.

Solid-phase ELISA for antibodies to C3b or C3. Guinea pig C3 was
prepared according to Burger et al. (19) and further purified by fast protein
liquid chromatography over a column containing the anionic exchanger
Mono Q (Deutsche Pharmacia). The elution buffer was 0.01 M Tris-
HC], pH 8.5, and an NaCl gradient ranged from 0.03 to 0.42 M NaCl.
The preparation, which eluted at 0.21 M NaCl, had a protein content
of 24 mg/ml; it gave a single homogeneous line with the appropriate
molecular weight (180,000 mol wt) when applied to an analytical SDS-
PAGE, and it was hemolytically active.

Guinea pig C3b was prepared according to Burger et al. (19) and
further purified by fast protein liquid chromatography with the same
procedure as described above for C3. The preparation, which eluted at
0.22 M NaCl, had a protein content of 3 mg/ml; it gave a single ho-
mogenous line on sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (170,000 mol wt), and it was hemolytically inactive.

20 ul of C3b (40 ug/ml) or C3 (100 ug/ml) in PBS was bound to U-
shaped wells of flexible microtiter plates (Dynatech) overnight at 4°C.
The following steps were the same as described above, except serum was
diluted in PBS-EDTA 0.01 M, pH 7.4. The reaction was developed with
peroxidase-labeled rabbit anti-guinea pig Ig (Dakopatts). Inhibition studies
were performed with different monoclonal mouse antibodies to guinea
pig C3b (19). Monoclonal antibodies 101, 105, and 110 recognized C3,
C3b, and C3c, respectively, but not C3d.

Solid-phase immunoassay for IgM antibodies to DNP. Serum levels
of IgM antibodies to DNP were assayed with an ELISA using DNP-
albumin (Calbiochem, Frankfurt, Federal Republic of Germany) as an-
tigen. 20 ul of a 1 pg/ml solution in 0.1 M NaHCO;, pH 9.6, was bound
to each well. The remaining steps were done as described above, except
that a biotinylated mouse monoclonal anti-guinea pig IgM (1:100 in
PBS-BSA) of the 1 subclass was used, (the latter was induced by im-
munization with the guinea pig B-cell leukemia line EN-L2C and kindly
provided by Dr. R. Burger, Heidelberg, Federal Republic of Germany).
We then developed with peroxidase-labeled streptavidin (Amersham
Buchler, Braunschweig, Federal Republic of Germany) 1:1000 in
PBS-BSA.

 Quantitative determination of serum IgM and IgG. For determinatiori
of the serum IgM level, wells of microtiter plates were coated with the
above described monoclonal mouse anti-guinea pig IgM (20 ul/well of
a 15 ug/ml solution in 0.1 M NaHCO; pH 9.6) overnight at 4°C. Plates
were then washed and coated with PBS-BSA. 20 ul of either standard
guinea pig IgM (Paesel, Frankfurt) or serum diluted 1:1,000 in PBS-BSA
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was added and developed with polyclonal sheep anti-GP IgM (Nordic)
diluted 1:1,000 in PBS-BSA and peroxidase-labeled rabbit anti-sheep Ig
(Dakopatts) diluted 1:500 in PBS-BSA.

Serum IgG levels, y1 and 2 subclass (24), were determined in a
similar manner using affinity-purified goat anti-guinea pig IgG Fc (20
ul/well of a 10 ug/ml solution, Jackson Immuno Research, Avondale,
PA), serum dilutions of 1:5,000 and peroxidase-labeled rabbit anti-guinea
pig Ig 1:500 (Dakopatts). As internal standard we used the above described
42 preparation. In addition, the levels of serum IgG were analysed by
radial immunodiffusion using goat anti-GP IgG and kindly performed
by Dr. Baudner (Behring-Werke, Marburg, Federal Republic of Ger-
many).

Statistical methods. Meanx1 SD was calculated, and values above
2 SD were considered positive. Data were examined by Fisher’s exact 2
X 2 table test. P values were given. For correlation analysis, logarithms
of the data were used.

Results

Determination of serum IgM and IgG concentrations. Serum
samples from strain 13 guinea pigs and strain 2 guinea pigs were
analyzed for their IgM levels (Fig. 1). The mean value for these
control animals was 706292 ug IgM/ml (+1 SD). Three control
animals (3.7%) had slightly elevated IgM levels above 2 SD
(1,320, 1,340, and 1,390 ug/ml, respectively). In contrast, serum
levels far exceeding 2 SD were obtained for the majority of the
C-deficient animals: 59.7% of the C2D-GP and 88.2% of the
CAD-GP. P values in every case were <0.001. Thus, even the
mean serum IgM level of both C-deficient strains was elevated:
1,981+1,416 ug/ml for the C2D group and 2,424+1,606 ug/ml
for the C4D group.

Determination of serum IgG levels—in the ELISA system
as well as in the radial immunodiffusion—revealed a remarkable
variation even in the control animals. The same was true for
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Figure 1. Serum IgM concentrations: control guinea pigs (GP) (n

= 81; 48 animals of strain 13 and 33 animals of strain 2), C2D-GP (n
= 67), C4D-GP (n = 68). The dotted line indicates normal mean + 2
SD.
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the C-deficient guinea pigs. The statistical analysis of the data
gave no hint for elevations of this class of gamma-globulins for
the C-deficient guinea pigs in comparison with the control an-
imals (data not shown).

IgM antibodies to DNP. Serum samples were analyzed for
IgM antibodies to DNP (Fig. 2). The mean value (expressed as
OD) of the control animals was 92+40. Three control guinea
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Figure 3. Titration of guinea pig (GP) antibodies to monoclonal
mouse immunoglobulin by ELISA: (reactivity expressed as OD) con-
trol GP (n = 124; 91 animals of strain 13 and 33 animals of strain 2),
C2D-GP (n = 138), C4AD-GP (n = 130); each serum is represented by
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pigs (3.3%) had levels exceeding 2 SD, whereas 34.3% of the
C2D-GP and 80.3% of the C4D-GP had elevated levels of IgM
antibodies to DNP. These differences were highly significant (P
< 0.001).

Antibodies against heterologous mouse gamma-globulins and
rheumatoid factors in guinea pig sera. The normal concentration
of guinea pig antibodies to heterologous mouse gamma-globulins
of the y2a, v3, or v1 subclass was assessed by testing serum
samples from 124 normal guinea pigs of two different strains.

Three control animals (2.4%) had levels above 2 SD in the
anti-mouse y2a assay (Fig. 3 A4). In contrast, 12 of 138 C2D-GP
(8.7%) had values exceeding 2 SD. Using Fisher’s exact 2 X 2
table test, the difference compared with the control animals
proved to be significant (P = 0.05). Likewise levels above 2 SD
were found in the C4D group: 12 of 130 animals (9.2%); com-
pared with the control animals, the difference was significant (P
= 0.04). Using mouse v 3 globulin as antigen (Fig. 3 B), the sera
of four control animals (3.2%) exceeded 2 SD. Again a higher
number of the C-deficient GP were positive (= >2 SD) in this
assay, i.e., 17 of the C2D-GP group (12.2%) and 16 animals of
the C4D-GP group (12.3%). P values in every case were <0.005.
As in the anti-y2a assay, those values above 2 SD were consis-
tently higher in the C-deficient animals than in the control an-
imals.

After testing the guinea pig sera for antibodies against mouse
v1-globulin (Fig. 3 C), similar results were found. Two control
sera (1.6%) had levels above 2 SD, whereas this applied to 16
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a single point; the dotted line indicates normal mean + 2 SD (4) using
mouse y2a as antigen, (B) using mouse 3 as antigen, (C) using
mouse 1 as antigen.
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C2D-GP (11.6%) and 12 C4D-GP (9.2%). P values were <0.01
in every case.

To determine whether the C-deficient guinea pigs have IgM-
RF recognizing homologous gamma-globulin, we tested reactiv-
ity against homologous guinea pig immunoglobulin, using pu-
rified guinea pig y2-globulins as antigen (Fig. 4). One control
guinea pig (0.84%) had levels exceeding 2 SD. In contrast 15 of
67 C2D-GP (22.4%) and 27 of 71 C4D-GP (38.0%) were positive
in this assay. Using Fisher’s exact 2 X 2 table test, these differences
were highly significant (P < 0.001). Most C2D-GP and all C4D-
GP reactive against heterologous mouse y2a had also IgM-RF
recognizing homologous y2 (P, Pearson chi-square <0.001).

Circulating immune complexes in guinea pig sera. The results
of the C3 assay (see Methods) for detecting immune complexes
bearing C3b were hampered by the fact that guinea pig antibodies
against mouse y! globulins did interfere with this assay (the
anti-C3 is of y1 subclass). In fact, three of the four control an-
imals (3.2%), which had levels above 2 SD, were also reactive
against a panel of four different v 1 monoclonals, indicating that
their positive reaction in the immune complex assay was prob-
ably due to anti-y1 antibodies. Comparably most of the 19 C2D-
GP (13.8%) and 19 C4D-GP (14.6%) positive in the immune
complex assay also reacted with these different 1 monoclonals
except two animals of each group, which reacted exclusively
with the anti-C3 antibody for detection of immune complexes
(data not given).

Antibodies against C3b. The mean value in the ELISA for
antibodies to C3b was 87+61 (+1 SD), expressed in OD, for the
control animals (data not shown). However, the difference be-
tween the C-deficient and normal guinea pigs was not significant:
six control guinea pigs (4.8%), seven C2D-GP (5.1%), and eight
C4D-GP (6.15%) had levels above 2 SD. None of these sera were
reactive with native C3 in the ELISA (data not shown). Therefore
reactivity against C3b may have been due to an antigenetic neo-
determinant not shared by native C3.

One C2D-GP had exceedingly high antibody titers to C3b.
We investigated this further with an inhibition ELISA: C3b was
bound to the wells of a microtiter plate as described above. We
then tried to block binding of the guinea pig autoantibody to
C3b by preincubation of bound C3b with different mouse
monoclonal antibodies to guinea pig C3b (all of 1 subclass).
As shown in Fig. 5 constant, albeit weak, inhibition was seen
with two of three anti-C3b monoclonal antibodies; this inhibition
was slightly enhanced when adding both monoclonals together.
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Figure 5. Inhibition of binding of a C2D guinea pig serum to C3b by
different mouse monoclonal aritibodies to guinea pig C3b (all /1 sub-
class). (x) Inhibition without ascites; (O) control ascites; (#) mono-
clonal 105; (0) monoclonal 110; (A) monoclonal 101; (a) monoclonals
110 and 101 together.

Interassay correlation in C-deficient guinea pig sera. No cor-
relation was found between the results of the different guinea
pig-anti-mouse 1, ¥2, or v3 assays, because most animals were
only positive in one of these assays (data not given).

When comparing serum IgM levels with levels of guinea
pig-anti-mouse immunoglobulins or IgM-RF, the correlation
was significant, albeit weak; e.g., r = 0.298 and P = 0.001 for
IgM-RF. In addition, serum IgM levels correlated well with levels
of IgM antibodies to DNP, as shown in Fig. 6.

Influence of sex and age. Matching the C-deficient guinea
pigs for sex revealed no difference in any of the assays described
above. When young C-deficient animals (between 2 wk and 5
mo of age) were examined, they clearly had elevated IgM and
IgM anti-DNP antibody levels (Fig. 7; for comparison see Fig.
1 and 2). Both parameters exclusively reflect antibodies of chil-
dish origin and transferred maternal antibodies are therefore
excluded.

With respect to the presence of IgM-RF, it was interesting
to observe that a tendency of the adult guinea pig, namely the
more common presence of IgM-RF in the C4D-GP vs. the C2D-
GP (38% vs. 22.4%; see Fig. 4) was even more pronounced in

log IgM
Hg/ml
r = 0,457 .
10,20 1 p < 0,001
9,60 4 .
90049 o o o o
8‘0- 00 0000 0.:. oo
" ecug o
o 00000.0 ...ooé%.: .0 .
80 ‘emEat Bl
O e e 00 . .
7_20 4 oo 30 oDo(g §m o %es o o°
° @ o g e OO0 : ¢ °
6.60 4 oowooooo
| . .
6,00 4, °
375 425 475 55 &7 625 675

log IgM anti - DNP antibodies

Figure 6. Correlation of serum IgM levels to IgM anti-DNP activity in
sera of C-deficient guinea pigs (n = 182); (0) C2D-GP (n = 91); (o)
C4AD GP (n = 91).
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Figure 7. Serum IgM concentrations (in ug/ml, 4) and IgM antibodies
to DNP (expressed as OD, B) in sera of young (>2 wk < 5 mo) C2D-
GP (n = 38) and C4D-GP (n = 11). The dotted line indicates each
normal mean + 2 SD, respectively.

young animals: only 1 of 38 C2D-GP (2.6%) had elevated levels
of IgM-RF compared to 6 of 11 C4D-GP (55%). The seemingly
more common presence of [gM-RF in young C4D-GP in com-
parison to their adult counterparts is due to the small number
of young animals available and statistically not significant.

Discussion

The etiology and many of the details of pathogenesis of SLE
and related syndromes have not been elucidated, but it is well
established that autoimmune diseases frequently are associated
with multiple autoantibodies (for review, 4). It is known, how-
ever, that humans, genetically deficient in components of the
classical C pathway, are prone to immune complex diseases,
particularly juvenile SLE (1-3).

The experiments described here show that guinea pigs, ge-
netically deficient in either C2 or C4, have unusual antibodies
such as rheumatoid factors in their sera, although they appear
healthy. By necessity this phenomenon was limited to only a
subpopulation of all C-deficient animals tested, e.g., 22.4% of
the C2D-GP and 38.4% of the C4D-GP had levels of IgM-RF
exceeding normal mean + 2 SD, compared with 0.8% for control
animals.

Taking together the results of the RF assays for heterologous
mouse gamma-globulin of vy 1, 43, or y2a subclass, 25.7% of the
C-deficient guinea pigs vs. 6.5% of the control animals had an-
tibodies against heterologous mouse gamma-globulin. The RF
assays specific for certain subclasses did not correlate well with
one another, i.e., most C-deficient guinea pigs were positive in
only one of these assays. We therefore assume that by further
extending the number of antigens tested, the absolute number
of C-deficient guinea pigs showing autoantibodies will increase.

Some C-deficient guinea pigs had high titers of antibodies
against C3b but not native C3, which is of particular interest,

in that it is known that some SLE patients have autoantibodies
against the classical pathway C3 convertase (25). However, the
difference in incidence to normal animals did not prove to be
significant.

The results of our solid-phase C3 immunoassay for detection
of circulating immune complexes were impaired because guinea
pig antibodies against mouse <y 1-globulin interfered with this
assay. In preliminary attempts to demonstrate deposited immune
complexes in kidneys, the results were equivocal. In fact, normal
guinea pigs spontaneously showed deposits of IgG and C in their
kidneys, which is in accordance with observations reported pre-
viously (26).

A further characteristic of both C-deficient strains was a
spontaneous increase of serum IgM and anti-DNP antibodies.
Both parameters correlated well, signifying a more active poly-
clonal antibody synthesis than in the normal strains. These results
agree with several observations made in human and murine
SLE. First of all, peripheral blood lymphocytes from patients
with SLE show increased levels of anti-hapten plaque forming
cells (27) and increased in vitro spontaneous immunoglobulin
synthesis (28). Secondly, a general feature of all murine SLE
models (14) is hypergammaglobulinemia and increased anti-
hapten antibody levels (13). Interestingly, experimentally in-
duced polyclonal B cell stimulation in mice in vivo also led to
elevated levels of IgM-RF, anti-DNP antibodies, anti-DNA an-
tibodies (29-31), and other autoantibodies (32), as well as to
hypergammaglobulinemia, whereby elevation of IgM was a gen-
eral phenomenon, but elevation of IgG dependent on the stim-
ulus used for polyclonal activation (33). However, we could only
show a weak correlation between levels of serum IgM and IgM-
RF in C-deficient guinea pigs. This is in accordance with obser-
vations made in murine SLE strains, where hypergammaglob-
ulinemia and increased anti-hapten antibody levels are a general
phenomenon, but expression of the different autoantibodies is
markedly strain-dependent and only weakly correlates with
serum IgM levels (34).

Several points, however, indicate that these C-deficient guinea
pigs are a distinct entity: in contrast to murine SLE models there
is no sex dependency and even young GP show these phenom-
ena. Most remarkable are the normal levels of serum IgG. In
this regard, it is interesting that the onset of clinical disease in
various murine SLE strains is often at a time, when hypergam-
maglobulinemia and autoantibodies switch from IgM to IgG
(35, 36).

It is noteworthy that the serologic abnormalities reported
here are persistent: longitudinal studies for at least 3 mo have
shown that they were detectable during the whole period (data
not given).

Several mechanisms have been proposed to explain the as-
sociation of C deficiency and autoimmune disease in humans:
one is based on the observation that C may directly neutralize
virus (37, 38). Therefore, C deficiency may lead to defective
antigen clearance or make the individual suspectible to certain
infectious agents, which in turn leads to the development of
immune complex disease. Another is based on the finding that
prevention of immune complex precipitation or solubilization
of immune aggregates in vitro requires C (39-42). It was hy-
pothesized that C deficiencies of the early components lead to
ineffective clearance of immune complexes in vivo and therefore
to immune complex disease. Immune complexes by themselves
have been shown in vitro to stimulate B cells in a polyclonal
fashion (43-46), which may explain the development of auto-
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antibodies; however, this has been refuted by others (47, 48).
On the other hand, it has been suggested that the genes for C2
or C4, which are located within the MHC complex (49, 50),
may be linked to suspectibility genes for such diseases (51)—
genes which may or may not be related to the presumed human
immune response genes. Therefore deficiency in C2 or C4 may
only function as a marker without a causal role for the deficiency
state itself. This explanation seems a less likely possibility, since
although the C2 QO allele is often linked with the same extended
MHC haplotype, this does not hold true for C4 deficiency (1).
In addition deficiencies in C1 or its subunits—their genes are
probably not MHC-linked—are also associated with IC-disease.

Regarding the question of linkage it is noteworthy that C2-
and C4-deficient guinea pigs differ in their MHC alleles (15, 17).
It is important to note that the strain 13, which has the same
MHC alleles as the C4D strain but normal C4 levels, was com-
pletely normal in all assays tested. These observations strengthen
the hypothesis that C deficiency itself is responsible for the as-
sociation of C deficiency and autoimmune disease in humans.

Recently, C2D-GP and C4D-GP were shown to have an
impaired humoral immune response to a T cell-dependent an-
tigen (5). We therefore proposed that C3 contributes to reaching
a normal humoral immune response in guinea pigs. Our findings
here support the concept that the C system might have a regu-
latory role in cells associated with the production of immuno-
globulins. With regard to T cell functions, earlier observations
have failed to show an influence of C4 deficiency in guinea pigs:
C4D-GP respond well to specific antigen or mitogen-induced
proliferation in vitro (52) and induction of immunologic tol-
erance appeared normal (53).

Independent of the mechanism, our results suggest that C2-
and C4-deficient guinea pigs may serve as an experimental model
to study the mechanism of the association of C deficiency and
autoimmune disease in humans.
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