
Glomerular Deposition of Properdin in Acute and Chronic

Glomerulonephnitis with Hypocomplementemia
N. GUNNARWESTBERG, GEORGEB. NAFF, JoHN T. BoYE, and
ALIE-D F. MICHAEL

From the Department of Pediatrics, University of Minnesota, Minneapolis,
Minnesota 55455 and Department of Medicine, Case Western Reserve
University, Cleveland, Ohio 44106

ABSTRA CT Kidney tissue from 97 patients was
studied by immunofluorescent techniques using antiserum
to purified properdin. All patients with acute poststrep-
tococcal glomerulonephritis showed deposition of proper-
din and the third component of complement (C3), either
as "humps" on the basement membrane, or in the
mesangium. In all cases of chronic membranoprolifera-
tive glomerulonephritis, properdin and C3 were localized
in the glomeruli, most commonly in a lobular pattern on
the basement membrane. Activation of C3 by the pro-
perdin system may explain the depressed serum levels
of C3 and terminal complement components even though
levels of earlier components are normal, and the deposi-
tion of C3, often without immunoglobulins, in the kid-
neys of patients with acute glomerulonephritis or chronic
membranoproliferative glomerulonephritis.

INTRODUCTION
The properdin system, described by Pillemer et al. in
1954 (1) and Pillemer in 1955 (2) has been shown
to inactivate C3, after interaction with zymosan, without
significant inactivation of the earlier complement com-
ponents. This discovery lead to extensive experimental
work, but the nature and biological role of properdin
remained controversial. Properdin has not been shown
to be important in the pathogenesis of human disease.
However, in a recent publication by Gewurz et al (3),
it was shown that serum levels of properdin were reg-
ularly decreased in patients with acute glomerulone-
phritis (AGN),' and in approximately one-half of pa-
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1 Abbreviations used in this paper: AGN, acute glomerulo-
nephritis; HCGN, hypocomplementemic glomerulonephritis;
FITC, fluorescein isothiocyanate; SLE, systemic lupus
erythematosus.

tients and chronic membranoproliferative glomerulo-
nephritis with hypocomplementemia (HCGN).

The present study was undertaken in order to clarify
the possible involvement of properdin in immunologic
kidney diseases, particularly those with decreased levels
of serum complement. This investigation was made
possible by the recent report of Pensky et al (4) which
describes a method for obtaining highly purified human
properdin.

METHODS
The diagnosis of specific renal diseases was made on the
basis of clinical history, physical findings, laboratory analy-
sis, and renal histopathology as outlined in previous publi-
cations (5, 6). Tissue obtained by kidney biopsy and neph-
rectomy over a 4 month period of time was studied by
immunofluorescent and light microscopy. In addition, mate-
rial obtained by percutaneous kidney biopsy from patients
with AGNand HCGNduring the previous 12 months and
kept in isopentane at -70°C was also studied. The tissue
was used only if the immunofluorescent staining for IgG,
,p1C, and fibrin had not changed during the period of storage
compared to the staining of the fresh tissue. Tissue from
97 patients was available for this study. Rabbit antisera
produced according to methods previously described (7, 8)
were tagged with fluorescein isothiocyanate (FITC) by the
method of Wood, Thompson, and Goldstein (9), as modi-
fied in our laboratory (8). Two FITC-tagged antisera to
human C3 were used, one prepared by immunizing rabbits
with human 81C isolated according to Miiller-Eberhard,
Nilsson, and Aronsson (10) (referred to in this publica-
tion as anti-flC), the other with 81C absorbed to zymosan
(11) (referred to as anti-fi1C-Z). Rabbit antisera to Clq
(kindly provided by Dr. R. M. Stroud) and C4 (12) (kindly
provided by Dr. H. Muiller-Eberhard), and goat antisera to
antigenic components of C3 (components B, A, and D) (13)
(kindly provided by Dr. Clark West) were used for in-
direct staining with FITC-tagged goat anti-rabbit or rabbit
anti-goat IgG in the in the second layer. Antiserum to
properdin was prepared by injecting rabbits at multiple
sites with 0.5 mg human properdin, purified according to
Pensky et al (4), mixed with complete Freund's adjuvant.
After 5 wk a booster injection was given and the rabbits
were bled on several occasions. IgG was isolated from the
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antiserum and labeled with FITC (8, 9). The specificity
of the anti-properdin, anti-p1,C and anti-,fiC-Z sera was
studied by absorption, double diffusion in agar (14), and
immunoelectrophoresis (15). For absorption, small volumes
of the tagged IgG or untagged serum were mixed and
incubated overnight at 40C with the appropriate antigen in
increasing amounts until the immunofluorescent staining or
reaction in agar double diffusion became negative, or until
the serum became too dilute for study. Clq (11S) was pre-
pared as described by Hinz and Mollner (16).

#1C globulin (C3) was a gift from Dr. Mfiller-Eberhard
(17) and C5 from Dr. Ulf Nilsson (17). All tissues were
stained with antisera to IgG, fibrin, #1C, and properdin. Kid-
ney sections from patients with AGNand HCGNwere also
stained for IgM and complement factors Clq and C4. The
stained sections were read as negative, trace, or 1+-3+
"trace" indicating a staining just stronger than that of the
background or of normal control tissue.

RESULTS
Specificity of antisera. After absorption of the FITC-

labeled antiserum to properdin with 15 ieg properdin
per mg IgG, the antiserum no longer stained kidney
tissue that reacted strongly with unabsorbed antiserum
(Table I). The staining was not affected by absorption
with ARC, Clq, or C5. FITC-tagged antisera to PiC
(anti-PiC) or to PiC prepared by absorption on zymosan
(anti-PC-Z) and diluted untagged antisera to Clq, C4,
and antigenic determinants of C3, (A, B, and D) did
not show a decrease in their staining ability after ab-
sorption with high concentrations of properdin. Anti-
P1C, anti-Clq, anti-A, anti-B, and anti-D could all be
absorbed out by their appropriate antigens. The staining
by the anti-PlC-Z antiserum could not be abolished by
absorption with piC or properdin, used alone or to-
gether. The results are summarized in Table I.

In double diffusion in agar, the antiserum to proper-
din gave one line with normal human serum showing
a reaction of identity with the line formed between
properdin and antiproperdin (Fig. 1 a). Anti-properdin
did not react with purified Clq (11S), C3 (PC), or
CS. The anti-PiC serum did not react with the purified
properdin but the anti-,8pC-Z gave a weak precipitation
reaction with properdin (Fig. 1 b) which could be re-
moved by absorption with properdin (Fig. 1 c). In im-
munoelectrophoresis against fresh or aged human serum,
anti-PiC was found to react with PiC and PA, while
anti-PiC-Z reacted with PA only.

In the staining of kidney tissue, it was repeatedly
observed that many sections that stained strongly for
properdin did not stain with one or more of the antisera
to IgG, IgM, fibrin, Clq, and C4 and vice versa. All
properdin-positive glomeruli reacted with anti-PiC
serum; however, renal tissue from patients with other
diseases frequently contained PiC but not properdin.
Tubular cells and casts in the tubular lumina often
stained for P1C, but only in a few cases for properdin.

Results of immunofluorescent studies (Table II). All
eight patients with chronic membranoproliferative glo-
merulonephritis with low serum levels of C3 showed
positive glomerular staining for properdin. The staining
had a characteristic lobular distribution in six cases
(Fig. 2), and showed a coarse deposition of properdin
on the basement membrane without clear lobulation in
two other cases (Fig. 3); the staining for properdin
had always the same distribution as that for SAC. Clq
and C4 were found in 3/5 and 4/5 biopsies respectively
(Table III). In four cases, the staining for IgG was

TABLE I
Inhibition of Glomerular Fluorescence by Absorptions of Antisera with Various Antigens

Antigens used for absorption

Proper- Aged
Antisera used for immunofluorescence din C3(,8iC) Clq C5 serum

Anti-properdin (FITC-tagged IgG) 15 >900 >600 >1000
Anti-#IC (FITC-tagged IgG) >320 75
Anti-#l1C-Z (FITC-tagged IgG) >230 >700
Anti-Clq serum, diluted 1:20 > 160 40
Anti-C4 serum, diluted 1:20 > 160
Anti-A serum, diluted 1:10 >160 40
Anti-B serum, diluted 1:10 > 160 40
Anti-D serum, diluted 1:4 >160 3 parts*

The numbers indicate the amount of antigen necessary to completely remove the staining ability
of the tagged antiserum for glomeruli from patients with HCGH, expressed as micrograms of
antigen per milligrams IgC or per milliliters of diluted untagged antiserum. The symbol (>)
indicates that the highest amount used did not diminish the staining.
* After addition of undiluted antiserum to three parts of human serum, the staining became
negative.
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FIGURE 1 Double diffusion in agarose showing reactions
of the anti-properdin and anti-p1C-Z sera. (a) One line of
identity is formed between anti-properdin serum (AP),
normal human serum (NHS) and purified properdin (P).
(b) Antiserum to 8,C prepared with absorption of C3 to
zymosan (A-,6,C-Z) gives a line when reacted with purified
DISC and a weak line with purified properdin (P). (c) When
anti-,81C-Z is absorbed with purified properdin (A-pC-Z*),
the reaction with properdin completely disappears.

completely negative and in three of these, the staining
for IgM was also negative.

1 patient, a 27 year old man with an 11 yr history of
hematuria and decreasing kidney function, had the
characteristic renal pathology of chronic membrano-
proliferative glomerulonephritis but had a normal serum
complement. Immunofluorescent microscopy revealed the
presence of DIC and properdin in the mesangium of the
glomeruli, but no IgG was found. We have observed
that the level of serum complement in several children
with HCGNmay increase to normal as they approach
adulthood (5).

All eight patients with acute poststreptococcal glo-
merulonephritis had strongly positive glomerular fluores-
cence for properdin. In three cases the distribution was
mostly peripheral with characteristic "humps" (Fig. 4)
on the basement membrane while in the other five both
,8,C and properdin were found predominantly in the
mesangium (Fig. 5). This type of immunofluorescent
pattern has been described for jPiC late in acute post-
streptococcal glomerulonephritis (18). Three biopsies
were negative for IgG and in no case was IgM found.
Of patients with AGN, one patient out of seven showed
positive staining of the glomeruli for C4, but none for
Clq. (Table III)

Tissue obtained on two occasions by kidney biopsy
from one patient with subacute glomerulonephritis
showed 1 + mesangial deposition of properdin and PC.
This patient had evidence of a preceding streptococcal
infection with elevated serum titers of antistreptococcal
antibodies and the serum level of total hemolytic com-
plement was low. He may very well represent a serious
form of acute poststreptococcal nephritis.

1 of 11 patients with systemic lupus erythematosus
(SLE) with nephritis showed 1 + staining for proper-
din in deposits on the basement membrane and in some
areas of the mesangium, while 8iC was found with a
3 + intensity only in the mesangium. 19 kidneys from
patients with end stage renal failure, most of them re-
moved before transplantation, were also stained for
properdin. In two cases properdin was found together
with C3 with an irregular focal deposition on the
periphery of the capillary loops of a few glomeruli.
One of those two patients had bilateral hydronephrosis
as the cause of uremia, while the other patient was
diagnosed clinically as having chronic glomerulone-
phritis. A pathological diagnosis was not possible on
this end stage kidney.

In tissue from four patients with diabetes mellitus,
linear staining of trace-positive intensity for properdin,
and a 1-2 + staining for 81C was seen on the base-
ment membrane together with variable amounts of IgG
and albumin. The kidney biopsy tissue from one patient
with malignant hypertension showed a 2 + deposition
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FIGURE 2 Section of kidney obtained from a patient with chronic membrano-
proliferative glomerulonephritis. The glomeruli show lobular staining for both
properdin (left) and for 81C (right). This pattern was seen in tissue from six
out of eight patients. Fluorescent microscopy. X 400.

FIGURE 3 Tissue from two patients with HCGHdemonstrated coarse deposition
of properdin (shown) and DIC on the glomerular basement membrane, without
the lobular pattern noted in Fig. 2. Fluorescent microscopy. X 600.
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FIGURE 4 Representative glomerulus from a patient with early acute poststrepto-
coccal glomerulonephritis. Anti-properdin antiserum stains "humps" on the basement
membrane. Fluorescent microscopy. X 750.

FIGURE 5 Kidney biopsy from a patient with acute poststreptococcal glomerulo-
nephritis obtained 4 wk after onset of hematuria. Characteristic mesangial staining
for properdin (shown) which is identical with the staining for 8,C. Flourescent
microscopy. X 600.
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of PiC and a trace positive deposition of properdin in
the mesangial stalk and in the glomerular arterioles. Tis-
sues showing "trace" staining are not included in Table
II. In no other cases was properdin found. No glomeru-
lar deposition of properdin was observed in kidney tis-
sue from patients with vasculitis, periarteritis nodosa,
Goodpasture's syndrome, hemolytic anemia-uremia syn-

drome, and cryoglobulinemia with nephritis.

DISCUSSION

The isolation of properdin and several components of
the classical complement sequence in a chemically and
immunologically pure form has now made it possible
to attack the problems of inactivation of complement
independent of antigen-antibody complexes with more

confidence than was possible when properdin was first
described. Highly purified human properdin was shown
by Pensky et al (4) to be unrelated to the immunoglo-
bulins on the basis of physical, chemical, and antigenic
properties and by its functional behavior in immuno-
logic systems. Antigenic determinants in common with
Clq, C3, C4, or C5 were not found. The properdin
antiserum in the present investigation often did not re-

act in immunofluorescence with renal tissue that stained
for IgG, IgM, albumin, fibrin, Clq, C4, and C3 and its
staining properties were abolished only by absorptions
with properdin and not affected by the addition of iGC,
Clq, and C5. Not unexpectedly, it was found that the
antiserum to PiC prepared after absorption of comple-
ment to zymosan (anti-PiC-Z) contained antibodies to
both 81C/P1A and properdin.

This investigation has shown that in all cases of AGN
and HCGNthat we have studied, properdin is deposited
in the glomeruli. In other diseases, even with intense
immunofluorescence for PiC and/or IgG, properdin was,

as a rule, not found (Table II). The only clear excep-

tions are 2 out of 19 end stage kidneys, and 1 kidney
with SLE nephropathy that also showed rather ad-
vanced histological destruction of the glomeruli.

The immunopathology of AGN and HCGNdiffers
from that observed in systemic lupus erythematosus and
in experimental immune complex nephritis in three im-
portant ways. Firstly, immunoglobulins are often not

TABLE I I
Glomerular Localization of Properdin

in Patients with Renal Disease

Disease

Chronic membranoproliferative glomerulonephritis
with low C3

Chronic membranoproliferative glomerulonephritis
(normal serum complement)

Acute poststreptococcal glomerulonephritis
Subacute glomerulonephritis
Membranous glomerulonephritis
Chronic glomerulonephritis (normal serum

complement)
Systemic lupus erythematosus
Anaphylactoid purpura

All other kidney diseases with positive
immunofluorescence

Nephrosis, idiopathic or congenital
Transplant rejection
End stage kidney disease
Normal kidneys

8/8*

1/1
8/8
1/4
0/4

0/3
1/11
0/3

0/13
0/4
0/4
2/19
0/10

21/92

* Number of patients with significantly positive immuno-
fluorescence for properdin in the glomeruli/total number
studied. Trace positive results are not included (see text).

found deposited in the glomeruli in AGNand HCGN
(5, 6, 18). Although this phenomenon can be observed
late in "one shot" serum sickness in rabbits (19), it
is not seen acutely or in the chronic disease model.
Secondly, there is depression of C3 and terminal com-

plement components in the serum with C1, C4, and C2
not being significantly decreased (20). Thirdly, a heat-
labile anticomplementary factor is present in sera from
patients with AGN and HCGNthat can inactivate
guinea pig C3 (21) or in the case of HCGNhuman
C3 (22). In the latter disease a cofactor is lacking
which is present in normal human serum or the pseu-

doglobulin fraction prepared from normal serum. Pro-
perdin, being a euglobulin, is probably distinct from
this cofactor. The possibility that properdin may be one

of the factors involved in this inactivation of C3 became

TABLE I I I
Immunopathological Studies in Acute and Chronic Glomerulonephritis with Hypocomplementemia

Glomerular deposits demonstrated by immunofluorescent microscopy

IgG IgM Fibrin CIq C4 C3 Properdin

Chronic membranoproliferative glomerulonephritis
with low C3 4/8* 3/6 6/8 3/5 4/5 8/8 8/8

Acute poststreptococcal glomerulonephritis 5/8 0/5 4/8 0/6 1/5 8/8 8/8

* Number of patients with deposits/total number of patients studied.

Glomerular Deposition of Properdin 647



more likely after the demonstration by Gewurz et al
(3) that serum levels of properdin were low in all cases
of AGN studied and in about one-half of the cases of
HCGN. The in vivo inactivation of C3 in those two
diseases were challenged by Alper, Levin and Rosen
(23) who found no evidence for increased turnover of
isotope labeled PC in patients with HCGN. However,
later results by Herdman et al (6) obtained with the
same technique showed that these patients do have an
increased consumption of P1C in vivo.

Sera from patients with HCGNand AGN have a
diminished ability to react with endotoxic lipopolysac-
charide with a reduction of the C3 activity and decreased
formation of a C3-fixing intermediate (24). Properdin
may be involved in those reactions. It is interesting to
note that in many of our patients, Clq and C4 seem to be
present in the glomeruli. However, the specificity of the
antisera to Clq and C4, when used for indirect immuno-
fluorescence, could not be tested exhaustively due to
lack of reagents and kidney biopsy tissue, and the results
obtained must be regarded as preliminary.

At the present time, it is not clear whether properdin
is directly involved in the inactivation of C3 in AGN
and HCGN. Properdin inactivates C3 in vitro after
formation of a complex with polysaccharides such as
zymosan or inulin (25). It is tempting to speculate that
polysaccharides in streptococci or other microorganisms
could activate the properdin system in vivo. Another
possibility is that the glomerular capillary filter is
changed in AGNor HCGNin such a way that its car-
bohydrate groups are accessible for interaction with
properdin. Additional factors may also be involved in
the properdin system and could be of importance in
these diseases.

The immunological injury to the kidney in glomerulo-
nephritis, recently reviewed by Dixon (26) and by
Fish, Michael, and Good (27), is generally regarded
as being caused by deposition in the glomeruli of either
antibodies to glomerular basement membrane, as in
Goodpasture's disease, or of antigen-antibody com-
plexes. On the basis of experimental analysis and cor-
relative morphologic techniques, antigen-antibody com-
plexes have been considered pathogenetically important
in certain diseases, namely SLE, AGN, chronic glo-
merulonephritis, nephritis in chronic infections, and ex-
perimental nephritis induced by foreign proteins. How-
ever, in HCGNthe antigen is unknown, IgG can often
not be found in the glomerulus, and the selective de-
pression of the terminal complement components differs
from the reduction of all complement components, caused
by the reaction of antigen-antibody complexes with
serum. The finding of a deposition of properdin to-
gether with C3 in the kidney in HCGNand AGNmay
point to a mechanism other than that involving antigen-

antibody complexes for complement activation and glo-
merular injury.

Note added in proof. Since the completion of this manu-
script, we have noticed in the glomeruli of two patients with
SLE, a weak staining for properdin together with a heavy
deposition of 81C.
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