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A B S T R A C T 154 of 255 individual human renal biop-
sies studied by immunofluorescence contained varying
combinations of immunoglobulins (Ig), complement (C)
components Clq, C3, C4, C5, C6, C8, C3 proactivator
(C3PA), and/or properdin. 10 patients had linear de-
posits of Ig in glomeruli characteristic of antiglomeru-
lar basement membrane (GBM) antibodies; nine pa-
tients had C3 deposits (minimal in three) with generally
lesser amounts of Clq, C4, C5, C6, and/or C8. 118 of
the patients had granular deposits of Ig, suggesting im-
mune complex glomerulonephritis; 114 of these had de-
posits of C3, usually accompanied by Clq, C4, C5, and/
or C6. These observations indicate that the entire C
sequence is deposited in glomeruli in most Ig-mediated
glomerulonephritides. However, certain cases of anti-
GBMglomerulonephritis with few or no C deposits may
utilize pathways of injury independent of C.

21 patients had granular C3 deposits without detec-
table Ig. C5, C6, and C8 were present in the majority
of these patients while Clq was absent and scant C4 was
observed in only two patients. The presence of only
late-acting C components in the absence of Ig, Clq, and
C4 suggests selective, possibly nonimmune activation
of the alternate C pathway. Finally, five patients had
granular deposits of C3, C5, C6, and/or C8 diffusely in
all or most glomeruli with a lesser number of glomeruli
having additional focal granular deposits of Ig, Clq, and
C4. This observation suggests that at least two patterns
of C activation can occur simultaneously, possibly trig-
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gered by antecedent immune complex deposition and then
perpetuated by an as yet undetermined mechanism.

INTRODUCTION

The concept that complement (C) participates in glo-
merulonephritis initiated by either nonglomerular anti-
gen-antibody complexes or anti-glomerular basement
membrane (GBM)' antibodies is supported by the as-
sociation of decreased serum C levels and more directly
by the demonstration of C3 deposits in the diseased glo-
meruli of experimental animals and humans (1). Most
immune complexes can activate C1, which in turn can
cleave C4 and C2 leading to the formation of the C3
convertase, C42. This enzyme can then initiate the se-
quential activation of the later components, C3 to C9,
which are responsible for the biological properties re-
lated to inflammation, including the attraction of poly-
morphonuclear leukocytes. The C sequence starting at C3
can also be activated via an alternate pathway (2). This
pathway, which may be activated selectively by immuno-
logic as well as nonimmunologic stimuli (3), is closely
related to the properdin system (4). It is believed that
these stimuli activate properdin, which can then interact
with C3 to acquire the capacity of activate C3PAse (5).
C3PAse can then activate C3PA, which in turn can
cleave C3 and activate C3 to C9. The C3b fragment gen-
erated in this process is by itself capable of activating
C3PAse, thereby generating a positive feedback mecha-
nism (6). As a consequence of this property of C3b, the
feedback mechanism can be brought into play inde-
pendently of properdin when C3b is produced by acti-
vation of the classical C142 pathway. The deposition of
C components in glomeruli was therefore studied to

'Abbreviations used in this paper: CHGN, chronic hypo-
complementemic glomerulonephritis; GBM, glomerular base-
ment membrane.
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delineate further the roles of these two pathways of
C activation in human glomerulonephritis. The patients
studied were categorized according to the presumed im-
munopathogenesis of their renal disease based on the
patterns of Ig deposition in their glomeruli. Clinical-
pathologic classifications, although helpful in patient
management, have little etiologic usefulness (1).

METHODS
Patient material. Snap-frozen renal biopsies from 255

patients (over 90% from adults) were submitted for im-
munopathological characterization from several transplan-
tation and nephrology centers. Clinical information was
obtained when possible from hospital summaries and a
questionnaire completed by the patient's referring physician.

Antisera. The mechanism of immunopathologic injury
was investigated by using antisera monospecific for im-
munoglobulin (Ig) G, A, and M. Clq, C4, C5, C6, C8,
and C3PA were prepared by previously described methods
(2). Antisera to Clq, C3, C4, C5, and C8 were obtained
by repeated immunization of goats with 2-20 ,ug of the
purified component in incomplete Freund's adjuvant. Anti-
sera to C6 and C3,PA were produced in rabbits immunized
with 50 ug of purified C6 or C3PA. Before use, most of
these antisera were absorbed with Cohn fraction II, FIII,
FV, IgM, or IgA. When tested by immunodiffusion against
normal human serum (neat or diluted), they gave only
one line, which fused completely with the line obtained by
reacting the antiserum with the immunizing protein. The
anti-C3 used was also capable of detecting the C3 break-
down products C3b, C3c, and C3d. Fluoresceinated IgG
fractions of each antisera were used to stain fixed cryostat
sections of snap-frozen tissue for inmmunofluorescent mi-
croscopy (7). The specificity of each antiserum was further
ascertained at the level of sensitivity of immunofluores-
cence by blocking positive reactions by prior absorption
with the relevant antigen. Other specificity controls in-
cluded the lack of staining of "normal" renal biopsy tissue
obtained from kidneys nephrectomized for neoplasia, as
well as staining with fluoresceinated antialbumin and trans-
ferrin. Fluoresceinated antiproperdin was provided by Dr.
N. G. Westberg (8).

RESULTS

The patients were divided into four groups according to
the presence or absence of Ig and/or C3 in their glo-
meruli.

Group I-no Ig and C3. Biopsies from 101 patients,
presumably nonglomerulonephritic or with advanced re-
nal damage, had no detectable glomerular Ig, Clq, C3,
or C4.

Group II-linear deposits of Ig. 10 patients, including
eight with Goodpasture's syndrome, had linear deposits
of Ig indicating anti-GBM antibodies (Table I). The
presence of anti-GBM antibody was confirmed by elution
of kidney tissue available in three patients and by de-
tection in serum from six of eight patients studied. As
previously described (7), the staining for C3 was con-
siderably less intense than that for Ig in all patients
except two, and in four did not exceed equivocal or trace
amounts. The patterns of C3 deposition were often more
irregular than that of IgG, tending to be interrupted and
segmental (Fig. 1). Clq, C4, C5, C6, and C8 deposits
were also more focal than Ig deposits and could not be
detected in the patient without any definite C3 deposits.
Scant irregular deposits of properdin were found in three
of seven patients studied. Eight biopsies stained for
C3PA were negative. All patients had proliferative
glomerulonephritis, which in six was accompanied by
marked crescent formation (Table II).

The presence or absence of C components in these pa-
tients did not clearly relate to the severity of their
clinical course. Eight patients had rapidly progressive
renal failure, including those four with only minimal or
equivocal C component deposition. In contrast, the two
patients who did not progress to severe renal functional
impairment had detectable amounts of C bound in their
glomeruli.

Group III-granular deposits of Ig and C3. Granular
deposits of IgG with or without accompanying IgA or
IgM, suggesting the presence of immune complexes,

TABLE I
Glomerular Ig and C Component Deposition In 149 Patients

C3 Clq C4 C5 C6 C8

Linear: IgG* 9/10 5/10 6/10 7/10 8/9 6/8
Granular: IgG 44/46 39/46 36/46 13/16 7/7 ND

IgG, IgA 29/29 18/29 27/29 9/10 ND ND
IgG, IgM 17/19 14/19 13/19 9/12 8/10 ND
IgG, IgA, IgM 24/24 23/23 22/22 20/20 5/5 ND

tNo IgG, IgA, or IgM 21/21 0/21 2/21 14/16 16/18 12/13

ND, not done.
* IgA and IgM were detected in one patient each in addition to IgG.

Five patients studied for the presence of IgE were negative.
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FIGURE 1 Linear deposits of lgG were present along the GBMof a patient (group II)
with elution-confirmed anti-GBM antibody-induced glomerulonephritis. C3 deposits were less
intense and not uniformly linear while even lesser quantities of Clq and C4 were present
along segments of the GBM. (Stained with fluorescein isothiocyanate-conjugated antisera
specific for the antigen listed in the lower left corner of each photomicrograph, original
magnification X 250.)

were present in 118 patients (Table I). The clinicopa-
thological information available from 48 of these patients
was sufficient to include them in Table II. Serum C
levels, measured as either C3 or CH50, were subnormal
in 5 of 14 cases. No obvious correlation was evident be-
tween C deposition and the Ig class present in the glo-
meruli, serum C level, or clinicopathological diagnosis.
However, the initial components Clq and C4 were least
frequent in patients with membranous and advanced
chronic glomerulonephritis.

C3 was found in all but four of the 118 patients, and
C5 or C6 or both were detected in almost all patients
studied. Only two patients lacked both C5 and C6. One
had diffuse proliferative glomerulonephritis with cres-
cent formation and a rapidly progressive course and the
other had membranous glomerulonephritis. The to-
pography and the intensity of the staining for Ig and C
were generally the same (Fig. 2); however, in some pa-
tients there was less Clq or C4 than other C compo-

nents. Both Clq and C4 were found in 87 patients; Clq
alone appeared in 9 patients, and C4 alone in 11 pa-
tients. Neither Clq nor C4 could be detected in 11 cases.
Information available from eight of these 11 patients re-
vealed membranous glomerulonephritis in 3, advanced
chronic glomerulonephritis in 2, and diffuse proliferative,
focal proliferative, and proliferative crescent-forming
glomerulonephritis in 1 each. Ig was present in only
trace to 1+ quantities in nine of these patients, while two
patients with membranous glomerulonephritis had Ig in
2-3 + quantities.

Group IV-granular deposits of C3 in the absence of
Ig. In 21 of 26 patients, deposition of C3 was observed
in the absence of detectable Ig (Table I, Fig. 3). The
clinicopathological diagnoses available on 19 patients
(Table II) were similar to those in group III except
for the absence of membranous glomerulonephritis and a
higher proportion of advanced chronic glomerulonephri-
tis. Serum C levels available from the referring physi-
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cians in nine patients were decreased only in the patient
with membranoproliferative glomerulonephritis. Either
C5, C6, or C8 was detectable in 16 of 18 patients stud-
ied, with 11 having all three components, 5 having C5
and C6, and 2 having C6 and C8. In contrast to group
III, however, no Clq was evident and traces of C4 ap-
peared in only two patients. In 12 patients studied, C3PA
was present in a trace amount in one with an "embolic"
glomerulonephritis associated with Staphylococcus aureus
endocarditis and was present questionably in another
with advanced chronic glomerulonephritis. Small amounts
of properdin were detected in 6 of 14 patients studied
and had no obvious predilection for any clinicopathologic
category. One unusual woman in this group who had
rheumatoid arthritis, nephrotic syndrome, and minimal
glomerular changes on light microscopy had small quan-
tities of C3 in glomeruli, a finding unusual for this
histopathology.

The remaining five patients were remarkable because

two distinct staining patterns of Ig and C component
deposition were present in adjacent glomeruli. Whereas
heavy diffuse granular deposits of C3 and later C com-
ponents (four biopsies studied) could be detected in al-
most all glomeruli, Ig (presumed immune complex),
Clq, and C4 were found in a less intense granular pat-
tern in a minority of glomeruli (usually the least dam-
aged ones). Properdin found in two patients involved all
the glomeruli in one and only the least damaged in the
other. One biopsy stained for C3PA was negative. Four
patients had advanced renal damage with normal C lev-
els. One patient had membranoproliferative glomerulo-
nephritis and decreased serum C levels; a previous biopsy
had shown diffuse granular IgG and C3 deposits, which
suggested immune complex deposition. These five pa-
tients would appear to represent a period of transition
between patients in group III and group IV. As in the
group IV patients, a large proportion had advanced
chronic glomerulonephritis.

TABLE I I
Correlation of Ig, C-Deposition and Clinical Pathologic Diagnosis in those

Patients with Sufficient Clinical Information

Clinical-pathologic diagnosis IgG IgA IgM Clq C3 C4 C5 C6 C8

Linear glomerular Ig deposits
PGN

Diffuse with crescents 6/6 1/6 0/6 3/6 6/6 4/6 5/6 5/5 4/5
Diffuse 4/4 0/4 1/4 2/4 3/4 2/4 2/4 3/4 2/3

Granular glomerular Ig deposits
PGN

Diffuse with crescents 4/4 0/4 1/4 3/4 3/4 3/4 3/4 0/1 ND
Diffuse 4/4 2/4 1/4 2/4 4/4 3/4 2/2 1/1 ND
Focal 7/7 6/7 5/7 6/7 6/7 6/7 5/5 1/1 ND

MGN 13/13 4/13 1/13 9/13 11/13 10/13 5/7 2/3 ND
ACGN 10/10 5/10 6/10 7/10 10/10 5/10 6/6 2/2 1/1
MPGN 6/6 2/6 1/6 6/6 6/6 6/6 1/1 ND ND
SLE* 4/4 2/4 1/4 4/4 4/4 4/4 2/2 ND ND

Grangular glomerular C deposits in the absence of Ig
PGN

Diffuse 0/3 0/3 0/3 0/3 3/3 0/3 1/2 2/2 1/2
Focal 0/2 0/2 0/2 0/2 2/2 0/2 1/1 1/1 ND

ACGN 0/11 0/11 0/11 0/11 11/11 1/11 10/11 11/1 9/9
MPGN 0/1 0/1 0/1 0/1 1/1 0/1 0/1 0/1 ND
MC 0/1 0/1 0/1 0/1 1/1 0/1 0/1 0/1 ND
"Embolic" GNof

endocarditis 0/1 0/1 0/1 0/1 1/1 1/1 1/1 1/1 1/1

Differing granular Ig and C3 deposits in adjacent glomeruli
ACGN 4/4 0/4 4/4 1/2 4/4 4/4 4/4 2/2 2/3
MPGN 0/1 0/1 1/1 1/1 1/1 1/1 ND ND ND

minimal change lesion; MGN-
not done; PGN, proliferative
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Abbreviations: ACGN, advanced chronic glomerulonephritis; GN, glomerulonephritis; MC,
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glomerulonephritis; SLE, systemic lupus erythematosus.
* One patient each with diffuse PGNwith crescents, diffuse PGN, focal PGNand MGN.
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DISCUSSION
The presence of both early- (Clq, C4) and later- (C3,
C5, C6, C8) acting C components in most cases of pre-
sumed immune complex and anti-GBM antibody-in-
duced nephritis suggests activation of the entire C se-

quence via the classical pathway. This in turn could
lead to feedback activation of the alternate C pathway
by production of C3b. The immunofluorescent evidence
of complement component deposition does not allow
quantitation of the contribution of either pathway. Ad-
ditional evidence of simultaneous classical and alternate
pathway activation in Ig (presumed immune complex)-
induced glomerular injury is that seen in systemic lupus
erythmatosus in which glomerular deposits of C4 and
properdin (9) as well as decreased serum levels of C4
and C3PA (10) have been observed. In this situation the
presence of properdin would indicate the activation of

the alternate C pathway independent of C3b feedback.
The properdin deposition does not correlate with the
presence of IgA (9) and its mechanism of activation is
currently unknown.

The fact that 11 patients in this study had granular
Ig and C3 deposits in the absence of detectable Clq and
C4 suggests that in these cases activation favored the
alternate pathway. The C component pattern could not
be related to a predominance of IgA, which was present
in only small amounts in three patients, and there were
no other obvious clinicopathologic differences noted in
this subgroup of granular Ig (presumed immune com-
plex)-induced glomerulonephritis. Since serial studies
were performed in only one patient in this report, differ-
ences in deposition and turnover rates cannot be ex-
cluded as a cause for different patterns of Ig and C3
component deposition. Little or no quantitative infor-
mation is available regarding deposition or relative turn-
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FIGURE 3 Intense granular deposits of C3 and more terminal C components, C5 and C8,
were found in the absence of immunoglobulin (IgG, IgA, IgM) and initial C components
Clq and C4 in a patient (group IV) with advanced chronic glomerulonephritis. (Stained
with fluorescein isothiocyanate-conjugated antisera specific for the antigen listed in the lower
left corner of each photomicrograph, original magnification X 250.)

over rates of glomerular-bound Ig and C components;
however, examination of experimental models of glo-
merulonephritis and of limited numbers of humans who
have had serial biopsies suggests that C3 may persist af-
ter Ig is no longer detectable.2

IgG deposits without detectable C component deposi-
tion occur rarely in immune complex glomerulonephritis
and in possibly 25% of anti-GBM antibody-induced glo-
merulonephritides (7), although the IgG subclasses
deposited in the latter condition have an intrinsic ca-
pacity to fix C (11, 12). Glomerular injury in these in-
stances may be mediated by C-independent pathways
similar to those utilized by avian and some mammalian
anti-GBM antibodies (13, 14).

The presence of glomerular C3, C5, C6, and C8 oc-

aWilson, C. B. Unpublished observations.

casionally with properdin in the absence of Ig, Clq, and
C4 in 21 patients in this study suggests that alternate C
pathway activation by nonimmune mechanisms may gen-
erate C3 and terminal C component deposition. The
presence of C deposits in the absence of Ig (15) as well
as depression of terminal serum C component levels
(16, 17) in patients with chronic hypocomplementemic
glomerulonephritis (CHGN) suggests the possibility of
a similar mechanism. Although the serum of these pa-
tients may contain substances (18) that persist after
nephrectomy and are capable of activating the alternate
C pathway (19), there is as yet no evidence that this ac-
tivation is responsible for glomerular C deposition. In-
deed, we have attempted to induce glomerular C deposi-
tion in rabbits by daily administration of activators of
the alternate C pathway such as inulin and zymosan.
Although C3 deposits were observed in acute experi-
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ments, chronic administration did not result in selective
C3 deposition.'

The initiating role of nonimmune C activation in
CHGNmust be accepted with further caution in view
of the finding that granular deposits of Ig, Clq, and C4
are present at some time in over two-thirds of such pa-
tients (15). Not all these CHGNpatients had Ig de-
posits when first examined, and some patients have been
observed to lose detectable Ig when studied serially
(15, 20). This finding plus our observation that roughly
10% of glomerulonephritic kidneys, usually those with

advanced damage, contain C3 and more terminal C com-

ponents in the absence of Ig suggest the possibility that
the C3-associated phlogogenic response is perpetuated
by alternate C pathway activation and is independent of

continued Ig deposition.
Wehave observed that in some patients C component

deposition suggesting alternate C pathway activation may

occur in some glomeruli while adjacent glomeruli may

contain Ig-associated classical pathway constituents.
This may represent a transition between these two modes
of complement activation. Several possibilities can be

proposed to explain the change in the pathway of C

activation: a) some of the immune-complex antigens
may possess the capacity for direct activation of the al-
ternate pathway; b) a large antigen excess may produce
small complexes capable of activating the alternate
pathway (21); c) bound C3b may activate the alternate
pathway by the feedback mechanism (6); or d) the
ability of pronase-altered GBMto activate the alternate
pathway suggests that a parallel role may apply to GBM
altered by previous immunological injury.4 There is

currently little evidence leading us to favor one of these
possibilities over another.
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