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The urinary excretion of the C5b-9 membrane at-
tack complex of complement correlates with glo-
merular deposition ofantibody in thepassive Hey-
mann nephritis (PHN) model of membranous ne-
phropathy (MN). To determine if this parameter
can be correlated with antibody deposition in a
model ofMN induced by an autologous mechanism
and thus more analogous to human MN, the rela-
tionship of urinary C5b-9 to ongoing glomerular
immune complexformation late in autologous im-
mune complex nephritis (AICN) was studied. Based
on urinary C5b-9, the animals were divided into
two groups at 12 weeks after induction of AICN,
those withpersistently high urinary C5b-9 excretion
and those in whom urinary excretion of C5b-9 re-
turned to undetectable levels. While all rats devel-
oped glomerular deposition of rat IgG and signifi-
cantproteinuria, high C5b-9 excretors had greater
proteinuria and prolonged positive staining for
glomerular C3. When normal syngeneic kidneys
were transplanted into rats (n = 3) from each
group, only those with persistent C5b-9 excretion
developed subepitbelial immune deposits ofrat IgG
in the transplanted kidney. As in the PHN model of
MN, proteinuria was dissociated widely from uri-
nary C5b-9 excretion, glomerular C3 staining, and
evidence of circulating antibody. Thus these find-
ings demonstrate that urinary excretion of C5b-9
serves as an index ofon-going immunologic disease
activity in the AICN model ofMN, whileproteinuria
does not. (Am J Pathol 1991, 138:203-211)

Membranous nephropathy (MN) is the most common
cause of idiopathic nephrotic syndrome in adults.' The

disease follows a variable and unpredictable course. Some
patients undergo spontaneous complete remission, while
others with apparently similar levels of proteinuria and glo-
merular morphology progress to renal failure.2 Because
the disease is mediated by subepithelial deposition of an-
tibody of unknown specificity, therapy generally has used
nonspecific suppression of the immune system with ste-
roids and cytotoxic agents.34 However the widely variable
and slowly progressive nature of the disease has made
assessment of therapeutic benefit difficult.5 This is com-
plicated further by the observation that proteinuria, the
most widely monitored parameter of disease activity, ap-
pears to persist in MN long after glomerular antibody de-
position ceases."

In previous studies using the passive Heymann ne-
phritis (PHN) model of MN in rats mediated by injected
heterologous antibody to glomerular epithelial cell mem-
brane antigens, we and others showed that proteinuria is
mediated by C5b-9 and involves glomerular epithelial cell
membrane insertion of C5b-9 with subsequent endocy-
tosis, transcellular passage, and excretion into the urinary
space.93 In the PHN model, urinary C5b-9 excretion is
related directly to the amount of glomerular antibody de-
position in both the heterologous and autologous phases
of the disease and serves as a more sensitive index of
disease activity than urinary protein excretion.14

In the present study we tried to relate the amount of
urinary C5b-9 excretion to disease activity in the autolo-
gous immune complex nephritis (AICN) model of MN. Au-
tologous immune complex nephritis is more analogous to
human MN than PHN because it is mediated by autologous
antibody, simulating the autoimmune process thought to
underlie human MN."5,'6 Like human MN, the clinical course
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is variable"7 and immunoglobulin deposition progresses
slowly over time.18 The glomerular morphologic changes
closely resemble those of chronic human MN."9 By com-
paring groups of rats with chronic AICN and nephrotic
range proteinuria with and without elevated urinary C5b-
9 excretion, we provided additional data in a model of
MN to establish the reliability of measurements of urinary
C5b-9 excretion as a marker of ongoing glomerular de-
position of antibody to glomerular epithelial cell and thus
of immunologic disease activity.

Materials and Methods

Experimental Design

Lewis rats with AICN induced by a single footpad injection
of Fxl a were subjected to weekly measurements of urinary
protein excretion and urinary C5b-9 excretion for 30
weeks. Renal biopsy material was obtained at 20 and 30
weeks. To test the hypothesis that elevated urinary C5b-
9 excretion represented on-going glomerular immune de-
posit formation, rats were divided into two groups based
solely on presence or absence of persistently elevated
C5b-9 excretion after week 12. This time was chosen
because while early in the course of AICN most rats (10
of 12) excreted urinary C5b-9, by week 12 a clear seper-
ation was observed between those rats that continued to
excrete large amounts of C5b-9 and those rats in whom
urinary C5b-9 had ceased completely. This separation
persisted throughout the final 18 weeks of observation.
Three rats with persistently elevated urinary C5b-9 excre-
tion and three rats in whom urinary C5b-9 excretion was
absent (normal urinary C5b-9) were selected at random
to receive a normal syngeneic renal transplant at 30 weeks.
The transplanted kidney served as a detector of on-going
immune disease activity. These detector kidneys then
were biopsied weekly for 4 weeks and studied by quan-
titative immunofluorescence (IF) densitometry for rat IgG
deposits and by electron microscopy for evidence of sub-
epithelial immune deposit formation.

Induction of AICN

Autologous complex nephritis was induced in 200-g Lewis
rats (Charles River, Wilmington, MA) by a single injection
of Fxl a in complete Freunds adjuvant into each rear foot.
The Fxl a antigen was prepared from cortical tissue of
Sprague-Dawley rats, as has been described elsewhere.0

Measurement of Urinary C5b-9 Excretion

All urine specimens were collected in 10% (vol/vol) buffer
containing a mixture of protease inhibitors, including 10

mmol/l (millimolar) benzamidine (Sigma Chemical Co., St.
Louis, MO), 10 mmol/l epsilon aminocaproic acid (Sigma),
20 mmol/l ethylenedinitrilo tetraacetic acid (EDTA), and
100 kallikrein inhibitor units/ml of apotinin (Sigma). Detec-
tion of C5b-9 was performed by an enzyme-linked im-
munoabsorbent assay (ELISA) that used two mouse
monoclonal antibodies to a neoantigen of C5b-9 (2A1),
and to C6 (3G1 1), which were raised, purified, and char-
acterized as described elsewhere.12 Briefly, MAbs were
identified by their reactivity on immunoblots to rat EDTA
plasma and zymosan-activated rat serum separated by
sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE). Antibodies to human-complement
components that demonstrated cross-reactivity with rat
proteins were used as references.12 3G1 1 identified the
same protein in EDTA plasma as did the antibody to hu-
man C6, as well as a second high-molecular-weight band
in zymosan-activated serum, presumably representing the
C5b-9 complex of complement. 2A1 reacted intensely
with this same high-molecular-weight component in zym-
osan-activated serum but failed to react with EDTA plasma
and therefore presumably represents antibody to a C5b-
9 neoantigen.12

Microtitration plates (NUNC, Roskilda, Denmark) were
coated with 4 ,ug/well (2A1) in carbonate buffer. After
blocking with 0.05% casein (Sigma) in phosphate-buffered
saline (PBS), serial dilutions of urine samples were incu-
bated in wells overnight at 4°C. After washing with PBS-
0.05% Tween 20 (Sigma), biotinylated 3G1 1, 400 ng/well,
was added for 2 hours, followed after washing by horse-
radish peroxidase coupled to avidin D (Vector, Burlingame,
CA). After 1-hour incubation, the wells were washed once
again, followed by addition of 100 ,ul of solutions containing
0.2 mmol/l 2.2'-azine-di-(3-athylbenythiazolinesulfonate)
ABTS (Boehringer-Mannheim, Indianapolis, IN) and 3.0
mmol/l H202 in 100 mmol/l acetate buffer at pH 5.0. The
extinction at 405 nm was read after 30 minutes at room
temperature using Dynatech MR560 microtiterplate reader
(Dynatech, Alexandria, VA). C5b-9 units were calculated
using previously defined zymosan-activated rat serum
reference standard.12

Renal Transplantation

All transplants were carried out in syngeneic Lewis rats.
The left kidneys of normal rats were harvested using
aseptic techniques following induction of anesthesia with
equethesin (Drug Services, University of Washington,
Seattle, WA). A cuff of vena cava and a segment of aorta
were included to facilitate the vascular anastomoses. A
generous length of ureter was obtained for direct implan-
tation into the recipient bladder. The kidney was flushed
in situ with 4°C normal saline containing 0.1 mg/ml Ii-
docaine and 10 units/ml heparin. Topical papaverine was
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applied to the renal artery to prevent spasm. The kidney
was stored on ice until the recipient was prepared. Prep-
aration consisted of dissection of a length of vena cava
and aorta. End-to-side vascular anastomoses were per-
formed using 10-0 monofilament nylon using the micro-
surgical technique of Silber2" followed by uretererocys-
tostomy.

Immunofluorescence Studies

All renal biopsies of native kidneys were performed with
the animals anesthetized with ether via a lateral flank in-
cision. Biopsies obtained from transplanted kidneys were
accessed via a midline abdominal incision. Hemostasis
was achieved with gelfoam (Upjohn, Kalamazoo, Ml). The
tissue was flash frozen in dry ice-isopentane and stored
at -70°C until processed. Cryostat sections were cut,
stained, and studied with the fluorescein-conjugated IgG
fractions of monospecific antisera to rat IgG, and rat C3
(Cappel Laboratories, Inc., Cochraneville, PA), as de-
scribed elsewhere.22 Indirect IF for rat C5b-9 was per-
formed by incubating tissue with an appropriate dilution
of biotinylated 2A1 for 1 hour followed by staining with
fluorescein-conjugated strepavidin (Amersham, Arlington
Heights, IL). Semiquantitative immunofluorescence (IF)
evaluations of native AICN kidneys were graded 0, trace,
or 1 + to 4+, as described previously.14

Quantitative IF densitometry of biopsy material from
transplant kidneys was evaluated using a Leitz 560 im-
munofluorescent microscope (Leitz, Wetzlar, FRG) with
visual output connected to a photomultiplier and quanti-
tated. All densitometry readings were done under im-
mersion oil and the biopsy material was magnified 640
times. The densitometry field was fixed such that an av-
erage glomerular cross-section extended beyond all bor-
ders of the field by 10% to 20%. Whole glomeruli that
completely filled the defined field were identified by light
microscopy scanning. The photomultiplier was adjusted
to assign a value of 80 to the rat C3 IF of a day 5 PHN
glomeruli (which we read semiquantitatively as 2+) and
a value of 10 to tubular background. Five representative
glomeruli from each tissue section were read and aver-
aged. All tissues were cut, stained, and analyzed at a
single sitting to minimize changes due to processing of
tissue or to intensity of the immunofluorescence source.

Electron Microscopy (EM) Studies

Tissue from transplanted kidneys was placed immediately
into half-strength Karnovsky solution and cut into 0.5-mm
pieces with two new razor blades. Tissue was preserved
in this solution at 40C until embedding in 504 epon. Sec-
tions of 2 ,um were cut and scanned by a renal pathologist

(CA) without knowledge of tissue code. This observer
was told to look specifically for presence of glomerular
subepithelial deposits. Representative photomicrographs
were obtained on all samples.

Miscellaneous Measurements

Urine protein excretion was measured by a sulfosalicyclic
acid method23 using a whole serum standard (Lab Trol,
Dade Diagnostics, Aquado, Puerto Rico). For statistical
analysis, all results of 24-hour urine C5b-9 determinations
and urine protein measurements are expressed as mean
+ standard error.

Results

Development of AICN

All rats (n = 11) developed AICN within 6 to 10 weeks,
as shown by urinary protein excretion of more than 30
mg/day (normal urinary protein excretion, less than 10),
the typical appearance of deposits of IgG, C3, and C5b-
9 by IF. Proteinuria increased to peak at week 13 (279
+ 39 mg/day) and then declined to a low of 117 ± 10
mg/day at week 17. In rats followed from week 12 to 30,
proteinuria fluctuated in a sinusoidal pattern on a bimonthly
basis (Figure 1). This pattern was demonstrated by indi-
vidual rats as well as by the group as a whole.

Urinary C5b-9 Excretion

Urinary C5b-9 excretion became elevated in 9 of 11 rats
between weeks 6 and 10, as defined as more than than
0.6 units/day, a level that previously we demonstrated to
be the lower detection limit of the assay.12 Levels of urinary
C5b-9 varied in periodic evaluations, with intermittent
peaks at weeks 13, 17, 20, 25, and 30, which correspon-
ded with peaks in average protein excretion in the group
as a whole and in individual rats.

Comparing Elevated C5b-9 Excretion Group
with Negative C5b-9 Group

Rats with persistently elevated urinary C5b-9 excretion
levels after week 12 are contrasted with rats that had
normal C5b-9 excretion levels in Table 1 and Figures 2a
and b. Rats that exhibited persistently elevated urinary
C5b-9 excretion after week 12 had an earlier onset of
proteinuria (week 5 versus week 6.5) and a slightly higher
time-averaged protein excretion calculated from week of
onset to week 30 (239 + 13 mg/day versus 154 + 23
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mg/day, P < 0.05). Both groups exhibited similar oscil-
lations in week-to-week level of urinary protein excretion
(Figure 2a). Proteinuria at 20 and 30 weeks was somewhat
higher in the urinary C5b-9 excretion group compared to
the negative group (Table 1).

Immunofluorescence studies showed identical 3+
granular deposits of rat IgG in both groups at 20 and 30
weeks and identical 1 + glomerular C5b-9 staining. How-
ever animals with high urinary C5b-9 excretion had 1-2+
IF staining for C3 at 20 weeks, which persisted at 30
weeks (Table 1), whereas C5b-9-negative rats had trace
to negative C3 at 20 weeks and no detectable C3 at 30
weeks (Table 1).

Renal Transplant Study

To determine if persistently elevated urinary C5b-9 excre-

tion reflected active disease, three rats in each group un-

derwent syngeneic renal transplantation at week 30. The
characteristics of the recipients are presented in Table 2.
Recipients reflected the general differences observed be-
tween persistent C5b-9 excretors and nonexcretors. All
had 3-4+ glomerular deposition of rat IgG, 1 + glomerular
C5b-9, and significant proteinuria, although C5b-9 excre-

tors had somewhat more proteinuria. As previously men-
tioned, only C5b-9 excretors showed IF evidence of C3.

Sequential biopsies of the transplanted kidneys from
rats with negative C5b-9 excretion were never positive for
rat IgG by IF, nor could subepithelial deposits be identified
by EM. In contrast, rats with elevated urinary C5b-9 ex-

cretion developed finely granular deposits of rat IgG at 1
week, with a steady increase during the next 3 weeks as

assessed by quantitative IF densitometry (Figure 3). Elec-
tron microscopy at 3 weeks confirmed the presence of
subepithelial deposits in recipients that were elevated uri-
nary C5b-9 excretors (Figure 4). Electron microscopic
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Table 1. Comparison ofPersistently High Urinary
C5b-9 Excretors (C5b-9+) with Negative C5b-9
Excretors (C5b-9-)

C5b-9+ C5b-9-
(n = 6) (n = 5)

Average onset of
proteinuria
(wks) 5 6.5

Average urinary protein
excretion 239 ± 13 154 + 23*

Protein excretion
Week 10 381 ± 54 110 ± 38*
Week 20 208 ± 85 150 ± 25t
Week 30 338 ± 63 258 ± 56t

IF of glomeruli for RIgG
Week 20 3+ 3+
Week 30 3+ 3+

IF of glomeruli for C3
Week 20 1-2+ tr-neg
Week 30 1 + neg
* Pm<o0.05; tPr<c0.10.
IF, immunofluorescence.

survey of glomerular tissue obtained at 3 weeks from the
transplanted kidneys in C5b-9-negative animals revealed
no deposits (Figure 4).

Discussion

The findings reported here provide strong evidence that
increased urinary C5b-9 excretion is an accurate mea-

sure of disease activity in markedly proteinuric rats in
whom the AICN model of MN has been established,
when disease activity is defined as continuing formation
of immune deposits in glomeruli. Conclusive proof of
this hypothesis would require correlation of urinary C5b-
9 excretion with deposition of a specific nephritogenic
antibody. However, in AICN, the exact nephritogenic
antigen-antibody system has not been well defined.

30

Figure 1. Average weekly urinary C5b-9
(closed circles) and protein excretion
(open circles) ofall rats. The periodic na-
ture of both urinary protein and urinary
C5b-9 was noted in the group of rats as a
whole and in each individual rat.
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Figure 2. Comparison of weekly urinary
protein excretion (a) and urinary C5b-9
excretion (b) between the two groups. Per-
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sistant urinary C5b-9 excretors (n = 6) u. I

(closed circles) are contrasted with AICN B 5
rats in whom urinary C5b-9 has returned
to zero (n = 5) (open circles).

Evidence has been presented to implicate glomerular
epithelial cell membrane antigens, particularly gp330,
various circulating tubular antigens, and anti-idiotypic
antibodies that may form glomerular deposits through
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Table 2. Comparison ofIndividual Rats with High and Low Urinary C5b-9 Levels Before Transplantation

C5b-9+ C5b-9-

Rat 1 2 3 4 5 6

Average proteinuria (mg) 290 220 260 173 192 201
Onset of proteinuria (wks) 6 7 8 9 8 9
Proteinuria

Week 10 596 276 399 115 215 50
Week 20 286 169 235 158 194 169
Week 30 426 341 398 283 356 295

Glomerular RIgG
Week20 3+ 3+ 3+ 3+ 3+ 3+
Week 30 3+ 3+ 3+ 3+ 3+ 3+

Glomerular C3
Week 20 2+ 1 + 1 + tr tr -

Week 30 1 + 1 + tr - - -

an autoimmune mechanism involving antibodies to glo-
merular epithelial cell membrane antigens.16,27'28 It is prob-
able that in both the rat and human diseases that more
than one antigen-antibody system is involved. In the ab-
sence of a specific nephritogenic antibody response to
monitor, assessment of disease activity is necessarily in-
direct. In this study, normal detector kidneys transplanted
into proteinuric recipients with AICN were used to docu-
ment on-going disease activity. Our results clearly show
that rats with elevated urinary C5b-9 excretion are con-
tinuing to form glomerular immune deposits, whereas rats
with similar glomerular lesions and levels of protein ex-
cretion but without detectable urinary C5b-9 appear to
have no active disease as judged by the failure to form
subepithelial deposits in transplanted detector kidneys. A
similar heterogeneity in chronic AICN rats was reported
by Edgington et al,18 who found that 4 of 17 rats with
AICN at 15 weeks failed to develop deposits in normal
transplanted kidneys.

In previous studies using the PHN model of MN induced
with an injected heterologous antibody to Fx1A, we
showed that urinary C5b-9 excretion is a specific marker
of disease induced by antibody to glomerular epithelial
cell membrane antigens,12 does not occur when subep-
ithelial immune deposits are induced by other mecha-
nisms,12 parallels the quantity of deposits formed in both
the heterologous and autologous phases of disease,14
and ceases immediately when on-going immune deposit
formation is halted by transplanting nephritic kidneys into
normal recipients, despite persistence of proteinuria.14 The
present study extends these observations in several ways.
Documentation that urinary C5b-9 excretion also is ele-
vated in AICN provides evidence that the mechanism in-
volving antibody to glomerular epithelial cell antigens re-
sulting in subepithelial immune deposits is apparently a
major mechanism of immune deposit formation in this
model as well, an hypothesis that has not been accepted
uniformly (reviewed in Couser and Abrass16). Furthermore
the AICN model is probably more analogous to human
idiopathic membranous nephropathy than is PHN because

of the insidious rather than abrupt onset of disease, vari-
ability among animals in severity and duration of disease,
and protracted course. Finally the results clearly show a
phase of chronic persistent proteinuria in the absence of
on-going disease activity that we believe is probably anal-
ogous to the situation observed in humans.

Our finding that proteinuria persists in a subset of an-
imals without evidence of on-going disease confirms our
earlier studies in PHN'4 and studies by others in AICN'930
documenting that the alterations in glomerular barrier
function that occur in MN are not readily reversible and
persist long after disease activity ceases. In parallel studies
conducted in patients with membranous nephropathy and
other diseases, we showed that C5b-9 excretion is ele-
vated in a subset of patients with idiopathic membranous
nephropathy and nephrotic range proteinuria.3' Further-
more patients with elevated urinary C5b-9 levels are de-
tected earlier in the course of disease and exhibit higher
levels of urine protein excretion, characteristics that are
consistent with a higher likelihood of active disease.3' Thus
the ability to detect on-going disease activity in membra-
nous nephropathy indirectly by measuring urinary C5b-9
excretion may have significant implications as a guide to
administration of potentially toxic immunosuppressive
therapy to patients with idiopathic nephrotic syndrome
and membranous nephropathy.

These findings confirm the relative insensitivity of urine
protein excretion as an index of disease activity. They
also support our earlier findings in PHN that glomerular
staining for C3 closely parallels urinary C5b-9 excretion
and therefore also may serve as a marker of disease ac-
tivity in biopsy specimens.'4 As previously reported in PHN,
we found that all AICN rats had evidence of glomerular
C3 activation in the early stages of disease. However
complete C3 disappearance was noted in the group
judged to be inactive by absence of urinary C5b-9 and
failure to form deposits after transplantation, while C3 per-
sisted in those rats that were shown to have active disease.
Observations by us& and otherse demonstrated the rapid
clearance of glomerular C3 deposits when complement
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to investigate this. It has been suggested that anti-idiotypic
antibody production may occur late in AICN and contribute

;
Figure 3. Appearance of rat IgG
neys. Quantitative immunofluore.
displayed as a function of time d
triangle, square, and circle corn
and 3; open symbols correspond i
three C5b-9+ rats developed dep
creasing RlgG immunofluoresce7
9- rats remain negative. Deriv
scribed in the text.

activation is terminated by syt

tion. Thus the presence of C3
gests on-going deposit formati
late in the course of AICN in
that deposit formation ceased
relate with the earlier work of r
complement fixing antibody de
the development of proteinurik
We are intrigued by the d

that document a waxing and v

of both protein and C5b-9 aft(
sinusoidal pattern of oscillatio
was observed in individual anir
as a whole and has not been
implication of this finding is tha
immunologic disease mechanis
manner. The mechanism for
immediately apparent and no

to tormation Ot glomerular immune deposits.0 It is con-

ceivable that this variation in disease activity could rep-
resent alterations in B-cell activity and antibody production
under anti-idiotypic antibody control.25

The relationship between the increased urinary C5b-9
excretion and the mechanism of proteinuria in AICN re-
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9 does not appear to derive from filtered circulating C5b-
9 complexes or from antibody reacting with tubular brush-
border antigens in proteinuric animals.12 In humans, some
urinary C5b-9 formation appears to occur spontaneously
in the bladder when high protein concentrations are pres-
ent and is limited by the amount of C5,31 but previous
studies in several proteinuric rat models indicate that
spontaneous C5b-9 generation does not appear to occur
in the rat.12 We believe that urinary C5b-9 represents
membrane-inserted C5b-9, which is derived as a conse-

quence of complement activation from the interaction of
antibody with antigens expressed on the glomerular epi-
thelial cell membrane.12 After membrane insertion, C5b-
9 complexes are engulfed by the cell, transported intra-
cellularly, and exocytosed into the urinary space.13 Al-
though urinary C5b-9 may contain S-protein, a circulating
protein that binds to active C5b-9 and prevents cell mem-

2 3 4 brane insertion,?536 it is likely that S-protein binding may

WEEKS occur after exocytosis of membrane-inserted C5b-9 com-
in transplanted normal kid- plexes into the urine.37 Although C5b-9 was shown clearly

scence densitometry readings to be the principal mediator of proteinuria in experimental

respond to C5b-9+ rats 1, 2, membranous nephropathy (reviewed in Scott et a19), the
to C5b-9- rats 4, 5, and 6 All cellular mechanism is unclear. Studies by others have

osets as demonstrated by yn- shown that sublytic C5b-9 attack on the epithelial cell can
ation of density units is de- result in cell activation as assessed by an increase in

cytosolic Ca2+, activation of phospholipase C, and pro-

duction of inositol triphosphate and 1,2 diacylglycerol.38
The consequences of cell activation by sublytic C5b-9

stemic complement deple- include an increase in epithelial cell production of pros-

staining by IF strongly sug- taglandins and type IV collagen.3940 However the exact
ion, and C3 disappearance relationship between these phenomena and the loss of
certain animals suggests glomerular barrier function remains to be defined.

J. These findings also cor- Our findings document an increase in urinary C5b-9
qoble, who suggested that excretion in the AICN model of membranous nephropathy,
position was necessary for thereby implicating an antibody to glomerular epithelial
a in AICN.1734 cell membrane antigens in the pathogenesis of subepi-
lata presented in Figure 1 thelial immune deposit formation and a role for C5b-9 in
vaning of urinary excretion the development of proteinuria in this classical animal
er 12 weeks in AICN. This model of human membranous nephropathy. Our studies
)n about an 8-week mean show further that urinary C5b-9 excretion (and glomerular
nals as well as in the group C3 deposition by immunofluorescence) accurately reflect
discussed previously. The on-going disease activity as documented by the devel-
Lt severity of the underlying opment of immune deposits in transplanted detector kid-
;m may oscillate in a similar neys. The persistence of nephrotic-range proteinuria and
such an oscillation is not glomerular morphologic changes in the absence of dis-
further studies were done ease activity as assessed here suggest that urinary C5b-
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Figure 4. Electron microscopy of represen-
.... tative transplant kidneys into a C5b-9+ rat

(A) and into a C5b-9- rat(B). Subepithelial
immune deposits demonstrated with arrows

$ .. ~are present exclusively in the glomeruli of
W~~~~ C5b-9+ rats. Magnification of both micro-

~. graphs is 23,00OX. U, urinary space; C,
.~capillary, lumen.

9 excretion may be useful as an index of immunologic
disease activity in this experimental model.
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