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Complement Membrane Attack Complex Stimulates Production of Reactive
Oxygen Metabolites by Cultured Rat Mesangial Cells

S. Adler, P. J. Baker, R. J. Johnson, R. F. Ochi, P. Pritzl, and W. G. Couser
Division of Nephrology, Department of Medicine, University of Washington, Seattle, Washington 98195

Abstract

To explore possible mechanisms by which complement mem-
brane attack complexes (MAC) that are deposited in the glo-
merular mesangium might be pathogenic, we stimulated rat glo-
merular mesangial cells grown in vitro with nascent MACs
formed from the purified human complement components C5b6
and normal human serum and measured production of superoxide
ion (0-) and hydrogen peroxide (H202). Mesangial cells incu-
bated with C5b6 + serum, which results in cell membrane in-
teraction with the MAC, produce 0.9±0.15 nmol O2/i0S cells
per 30 min, which was significantly greater than the amount
produced by cells incubated with C5b6 alone, serum alone, or
decayed MACsthat can no longer interact with the cell membrane
(0.3±0.2, OA±0.1, 0.3±0.2 nmol 0-/10' cells per 30 min, re-
spectively, P < 0.02). Production of 0°- after stimulation with
MACsincreased during the first 20 min of incubation but then
plateaued. Cells exposed to decayed MACs produced small
amounts of 0°-, which did not increase from 20 to 60 min. Pro-
duction of H202 was also observed after stimulation with MACs,
and continued to increase during 60 min of incubation (1.22±0.16
umol H202/10 cells per 60 min), whereas H202 production could
not be detected after exposure to decayed MACs. Cell viability
was not adversely affected by exposure to nascent MACsas
determined by trypan blue exclusion or chromium-51 release.
These results demonstrate that glomerular mesangial cell mem-
brane interaction with the MACstimulates the production of
the toxic oxygen metabolites 0- and H202. Activation of the
terminal complement pathway by mesangial immune deposits in
vivo might lead to tissue injury by stimulation of local production
of toxic oxygen-free radicals.

Introduction

The complement system is well established as an important me-

diator of immune renal disease (1-3). Studies carried out pri-
marily in models of antiglomerular basement-membrane
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(GBM)' antibody-induced glomerulonephritis have elucidated
an indirect role for complement acting through chemotactic
(C5a) or immune adherence (C3b) mechanisms to attract cir-
culating inflammatory cells that have been shown to be the prin-
cipal mediators of tissue injury and proteinuria in these models
(2-5). Wehave documented an additive direct effect of com-
plement in mediating proteinuria induced by the in situ for-
mation of subepithelial immune complexes that involve both
endogenous cell membrane and exogenous planted antigens (6,
7). In these models of experimental membranous nephropathy,
there is no participation of inflammatory cells, and the patho-
genic mechanism has been postulated to involve instead the
assembly of the complement membrane attack complex (C5b-
9 [MAC]) (6, 7). Support for this hypothesis has been derived
from subsequent studies demonstrating a requirement for C6 in
the production of glomerular injury in several models of immune
glomerular disease (8-10). MACneoantigens have also been
demonstrated in glomeruli in various human and experimental
glomerular diseases and appear to correlate with complement-
dependent glomerular injury in appropriately studied experi-
mental models (1 1-22).

The mechanism by which the MACproduces glomerular
injury is not known. Recent studies suggest that reactive oxygen
metabolites (ROM) produced by activated neutrophils are im-
portant mediators of glomerular injury in several experimental
diseases that are neutrophil-mediated (23-25). Moreover, it has
recently been demonstrated that resident glomerular mesangial
cells are also capable of producing ROMin response to certain
stimuli (26, 27). This raises the possibility that resident glomer-
ular cells may also participate in the mediation of some glo-
merular lesions. The MAChas recently been shown to be a
potent stimulus to production of several potential inflammatory
mediators by glomerular mesangial cells, including prostaglan-
dins and an interleukin 1-like cytokine (28), and a similar effect
of the MAChas been demonstrated in stimulating arachidonic
acid metabolism in platelets and macrophages (29, 30). We
therefore tested the hypothesis that the effect of the MACin
producing glomerular disease may involve a similar nonlethal
activation of resident glomerular cells to produce ROM. Our
findings demonstrate that sublethal quantities of the MACare
a potent stimulus to mesangial cell release of ROM,which may
play a role in mediating glomerular lesions that are MAC-de-
pendent.

1. Abbreviations used in this paper: GBM, glomerular basement mem-
brane; GVB-EDTA, 4 mMveronal buffered saline, pH 7.5, with 0.1%
gelatin and 10 mMEDTA; HPO, horseradish peroxidase; KRPG, Krebs-
Ringer phosphate buffer containing 0.5 mMCa", 1.2 mMMg", 0.1%
glucose, pH 7.4; MAC(s), membrane attack complex(es); NHS, normal
human serum; ROM, reactive oxygen metabolites; and SOD, superoxide
dismutase.
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Methods

Mesangial cell culture. Glomeruli were isolated from the kidneys of male
Sprague-Dawley rats weighing 100-150 g (Tyler Laboratories, Bellevue,
WA) using stainless steel sieves, as described previously (31). After treat-
ment with collagenase (1,200 U/ml; Cooper Biomedical, Malvern, PA)
for 30 min at 370C, the glomeruli were plated on culture dishes in RPMI
1640 media containing 15% heat-inactivated fetal calf serum, penicillin
(100 U/ml), streptomycin (100 Mg/ml), amphotericin (0.25 Mg/ml), and
insulin (0.66 U/ml) (Irvine Scientific, Santa Ana, CA). Cultures were

maintained at 370C in 5%CO2 in air and passaged every 7-10 d using
trypsin-EDTA (Gibco Laboratories, Santa Clara, CA).

The initial outgrowth from glomeruli consisted of spindle- or stellate-
shaped cells as described by others (32). Whenthese cells were passaged
they exhibited other characteristics of mesangial cells, including con-

traction in response to 10-6 Mangiotensin II (33). Immunofluorescent
staining of the cells was negative with antibody to Factor VIII (Atlantic
Antibodies, Scarborough, ME). Intracellular fibrils of myosin and smooth
muscle cell actin and the matrix components collagens type III and IV
were demonstrated with monospecific antibodies (generous gifts of Drs.
L. and G. Striker and A. Gown). Epithelial cell contamination was ex-

cluded by the absence of cells with morphologic characteristics of epithelial
cells and the ability of the passaged cells to grow in media containing
aminonucleoside of puromycin (10 zg/ml; ICM Pharmaceuticals, Cleve-
land, OH) but not mitomycin C (10 gg/ml; Sigma Chemical Co., St.
Louis, MO) (34). Macrophage contamination was excluded by the absence
of immunofluorescent staining with antibody to rat common leukocyte
antigen (Pel-Freez Biologicals, Rogers, AR), negative staining for non-

specific esterase (Sigma Chemical Co.) and the inability of the cells to
ingest latex particles (Sigma Chemical Co.). Cells were used for experi-
ments after the second or third passage.

Isolation and purification of C5b6. CSb6 was isolated according to
the method of Yamamoto and Gewurz (35). Briefly, a 20%sodium sulfate
precipitate of fresh frozen normal human serum was applied to a column
of DEAE-cellulose (Whatman Laboratory Products, Clifton, NJ) in 0.1
Mphosphate buffer, pH 7.5, conductance 7.0 millisiemens/cm and eluted
with a linear NaCl gradient in the same buffer (7-25 millisiemens/cm).
Column fractions were assayed for C5, C6, and C7 hemolytic activity
by conventional hemolytic assays ( 11). Zymosan (Sigma Chemical Co.)
was activated by incubation in normal human serum (4 mg/ml) for 30
min at 37°C. Fractions containing C5 and C6, but free of C7, were

pooled and incubated with activated zymosan at 37°C for 60 min to
form C5b6. After centrifugation to remove the zymosan, this pool was

reapplied to a column of DEAE-cellulose in 0.01 Mphosphate buffer,
pH 7.5, conductance 12 mmho/cm, containing 25% glycerol, and the
C5b6 was isolated by elution with a linear NaCl gradient in the same

buffer (12-28 mmho/cm). The fractions containing C5b6 assayed as

described below were pooled, concentrated, and chromatographed twice
in 0.1 Mphosphate, 0.15 MNaCI buffer, pH 7.3, on a column of Bio-
gel A 1.5 m(Bio-Rad Laboratories, Richmond, CA) for final purification.
C5b6 was stored at -70°C and dialyzed against Krebs-Ringer phosphate
buffer (KRPG) containing 0.5 mMCa", 1.2 mMMg", 0.1% glucose,
pH 7.4, immediately before use in experiments.

C5b6 hemolytic activity was titered by combining equal volumes of
dilutions of the sample, a suspension of guinea pig erythrocytes (5
X 108 cells/ml) in 4 mMveronal buffered saline, pH 7.5, with 0.1%
gelatin and 10 mMEDTA(GVB-EDTA), and a 1:20 dilution of human
serum in the same buffer followed by incubation for 30 min at 37°C.
Absorbance of the supernatants was determined at 541 nm in a spectro-
photometer and the percent lysis calculated by comparison with an equal
number of cells lysed in distilled water. The dilution giving 50% lysis
was calculated from a linear regression plot of -ln (1-%lysis) vs. sample
dilution. The reciprocal of this value is the number of hemolytic com-

plement units per milliliter.
Experimental design. To produce MACscapable of interacting with

the mesangial cell membrane, we used the stable complement inter-
mediate CSb6. This complex can associate with cell membranes and in
the presence of a source of the other terminal complement components

will result in assembly and membrane binding of the MAC(36-38). If
C5b6 is allowed to react with serum in the absence of cells, a decayed
MACis formed that can no longer bind to cell membranes (37, 38).

In initial experiments to evaluate ROMproduction by mesangial
cells in response to MAC, we removed cells from culture plates with 0.6
mMEDTA, washed twice with KRPG, aliquoted into individual tubes
(I0O cells per tube), and assayed °2 production as described below after
the addition of the MACand control stimuli to cells. MACformation
in the presence of mesangial cells was initiated by addition to the cell
suspension of C5b6 (17 U/ml final concentration) followed by fresh nor-
mal human serum (NHS) diluted 1:20 with KRPGcontaining 10 mM
EDTA. Decayed MACs, which do not bind to cell membranes, were
formed by incubating the C5b6 and NHStogether for 15 min at 370C
before addition to the cells. Other controls included cells incubated with
similar final concentrations of C5b6 alone, or NHSalone. Reagents for
the assay of 0° production, described below, were immediately added
and all tubes incubated for 30 min at 370C. All reactions were run in
duplicate or triplicate. The reaction was stopped by putting the tubes on
ice and separating the supernatants by centrifugation at 4VC. Absorbance
was measured at 550 nm, the amount of cytochrome c reduced was
calculated as described below and then converted to nanomoles 02 pro-
duced/ 105 cells per 30 min.

In later experiments, we added reagents directly to the culture plates.
Cells were stimulated with MACsby addition of C5b6 (14 U/ml final
concentration) and NHS(1:20) or with the same amount of decayed
complexes. Reagents for the assay of 0- or H202 production, described
below, were immediately added, and the plates were incubated in du-
plicate or triplicate for 10, 20, 30, or 60 min at 370C in 5%CO2 in air.
Supernatants were removed and 0- or H202 release measured as de-
scribed below. All cells were removed from culture plates with trypsin-
EDTA(Gibco Laboratories), counted in a hemocytometer, and the results
expressed as nanomoles O-or H202 produced/105 cells per unit of time.

Cell viability after exposure to the concentration of complement
components and serum used in these experiments was assessed by trypan
blue exclusion and by chromium-5 1 (Cr5') release. Cells in culture plates
were incubated with KRPGalone, C5b6 plus NHS, or decayed complexes
for 30 min at 37°C in 5%CO2 in air. Trypan blue exclusion was deter-
mined on cells removed with trypsin-EDTA after mixing with an equal
volume of 0.1% trypan blue (Gibco Laboratories). Cr5' release was de-
termined on cells previously incubated overnight with 0.5 mCi of Cr5'
(New England Nuclear, Boston, MA) and washed twice with KRPG
buffer before addition of buffer or complement and serum. Cell super-
natants and cells solubilized in 1% Triton X-100 (Sigma Chemical Co.)
were counted in a gammacounter (Packard Instrument Co., Downers
Grove, IL) and the percent Cr5' release calculated from counts in su-
pernatant/(counts in supernatant + counts in cells).

Measurement of ROMproduction. Production of superoxide ion
(02) was measured as the superoxide dismutase (SOD) inhibitable re-
duction of cytochrome c as described by others (39). Mesangial cells plus
the desired stimulus were incubated in KRPGbuffer containing a final
concentration of 80 MMcytochrome c, with or without SOD(40 .g/ml;
Sigma Chemical Co.). Incubations were carried out for various periods
up to 1 h at 370C in 5% CO2 in air as outlined above. Reactions were
run in duplicate or triplicate. The amount of cytochrome c reduced was
determined from the difference between the absorption of the superna-
tants with and without SODat 550 nm, using the extinction coefficient
ES = 2.1 X 104/M per cm.

Production of hydrogen peroxide (H202) was measured by its ability
to oxidize the fluorescent compound scopoletin to its nonfluorescent
form in the presence of horseradish peroxidase (HPO; Sigma Chemical
Co.) (40). Mesangial cells plus the desired stimulus were incubated in
KRPGbuffer containing a final concentration of 2 gM scopoletin and
0.1 mg/ml HPO. Incubations were carried out for various periods up to
1 h at 37°C in 5%CO2in air. Reactions were run in duplicate or triplicate.
The decrease in fluorescence compared with a reagent blank at 460 nm
with excitation at 350 nmwas measured in a spectrophotofluorometer
(American Instrument Co., Silver Springs, MD) and compared with a
standard curve obtained with known amounts of H202.

Complement Membrane Attack Complex Stimulates Mesangial Cells 763



Analysis ofdata. All values are expressed as mean±SEM. Results of
cell viability studies and levels of production of oxygen metabolites were
compared with controls and each other using Student's t test (41) applying
a correction for multiple comparisons when appropriate (42). P values
<0.05 were regarded as significant.

Results

Cell viability. After exposure to C5b6 plus serum for 30 min, a
process that results in the active production of MACs, 80.2±6.8%
(n = four culture plates) of mesangial cells excluded trypan blue.
This was not significantly different from cells exposed to buffer
alone (78.5±3.6%, n = 8, P > 0.20) or to decayed C5b-9 com-
plexes incapable of cell membrane insertion (77.4±4.5%, n = 4,
P> 0.20). Similarly, cells exposed to MACs released only
3.8±0.2% (n = 3) of the Cr3' label after 30 min, which was not
significantly different from cells exposed to buffer alone
(3.2±0.2%, n = 6, P> 0.10) or to decayed complexes (6.3±1.8%,
n = 3, P > 0.20). These results demonstrate that C5b6 in the
concentrations used did not induce cell lysis or adversely affect
cell viability.

Production of °2 by mesangial cells. In initial experiments,
mesangial cells were removed from culture plates and incuba-
tions were carried out with cells in suspension. Mesangial cells
incubated with serum alone or decayed complexes, which do
not interact with cell membranes, produced small amounts of
O2 (0.4±0.1 and 0.3±0.2 nmol O/10 cells, respectively; Fig.
1) during the 30-min incubation period that were not significantly
different from cells incubated with buffer alone (0.08±0.03 nmol
0O/I05 cells, n = 6, P> 0.05, data not shown). Cells incubated
with C5b6 alone produced small amounts of O2 that just reached
significance when compared with cells incubated with buffer
alone (0.3±0.2 nmol O/105 cells, P < 0.05). When cells were
incubated with C5b6 + serum, resulting in cell membrane ex-
posure to actively forming MACs, 0.9±0.15 nmol O2/lI5 cells
were produced during the 30-min incubation (n = 7 experiments,
Fig. 1). The amount of 0° produced by MAC-stimulated cells
was significantly greater than that produced during incubation
with C5b6, serum, or decayed complexes (P < 0.02).

For subsequent experiments, reagents were added directly
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Figure 1. Superoxide ion production by cultured rat mesangial cells.
Cells were incubated for 30 min in suspension with stimuli and cyto-
chrome c and production of °2 was measured. Cells incubated with
C5b6 + serum, which results in active MACformation, produced sig-
nificantly more O° than the three controls (P < 0.02; n, number of
experiments).

to cells in culture plates. To assess the time course of O2 pro-
duction by mesangial cells in response to the MAC, cells were
incubated with C5b6 + serum or with decayed complexes and
production of O2 was measured in duplicate or triplicate samples
after different periods of incubation up to 1 h (Fig. 2). Stimulation
of cells with C5b6 + serum resulted in significantly greater pro-
duction of O2 when compared with cells incubated with decayed
complexes at all times studied (P < 0.05). Production of O2
increased during the first 20 min of observation, but then pla-
teaued with a small but insignificant increase between 20 and
60 min (1.8±0.5 and 2.5±0.5 nmol 0-/105 cells, respectively;
P > 0.20). Cells incubated with decayed complexes produced
small amounts of O2 that did not increase significantly from 20
to 60 min (P > 0.10).

Production of H202 by mesangial cells. Production of H202
by mesangial cells stimulated with C5b6 + serum (Fig. 3) could
be detected as early as 10 min but did not become significant
until 20 min (0.68±0.08 nmol H202/105 cells, P < 0.02). H202
production continued to increase up to 1 h of incubation
(1.22±0.16 nmol H202/105 cells) although the increase did not
achieve significance (P > 0.05). Incubation of mesangial cells
with decayed complexes did not result in measurable production
of H202.

Discussion
The importance of the C5b-9, or membrane attack portion, of
the complement pathway as a direct mediator of glomerular
injury has recently been established (43). A role for the MAC
in glomerular injury was first suggested by the observation that
proteinuria in experimental models of membranous nephropathy
induced by in situ immune complex formation, involving both
fixed and planted subepithelial antigens, was complement-de-
pendent but inflammatory cell-independent (6, 7). Clarification
for this hypothesis derived from studies of animals genetically
deficient in or depleted of C6 (8-10). Thus, in rabbits with
chronic serum sickness induced by repeated injections of cat-
ionized bovine serum albumin, proteinuria is reduced in C6-
deficient rabbits (8). The same is true in rabbits with nephritis
induced by deposition of anti-GBM antibody (9). Finally, in the
passive Heymann model of experimental membranous ne-
phropathy in rats, depletion of C6 totally prevents the devel-
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Figure 2. Superoxide ion production by cultured rat mesangial cells.
Cells in culture plates were incubated with cytochrome c and C5b6
+ serum or decayed complexes. C5b6 + serum-stimulated cells pro-
duced significantly more O2 than cells incubated with decayed com-
plexes at all times studied (P < 0.05). Each point represents
mean±SEMof 5 experiments.

764 Adler et al.



2.0

1.5

to
Eu

S)

1.0 I.

0.5

0

C5b6 * Serum

a~~~~~~~~~~

To 1/ ~~~~~~~~Decayei0 to 20 30~~~-

10 20 30
Time (min.)

Figure 3. H202 production by cultured rat mes

culture plates were incubated with horseradish
and C5b6 + serum or decayed complexes. COb
cells produced significant amounts of H202 aftc
Cells incubated with decayed complexes did no

H202. Each point represents mean±SEMof fiv

opment of proteinuria (10). Thus, clear (

important functional role of the MACin rr

of antibody-induced glomerular disease.
nism of this effect remains unclear. Sino
matory cells are not involved in several of I
lesions, the possibility of a pathogenic effec
glomerular cells was explored in this stud

Our results demonstrate for the first t

quantities that are not cytotoxic, can act as

for the production of reactive oxygen m(

sembly of the MACin these studies was in
of C5b6 plus fresh serum to glomerular
stable C5b6 complex is normally formed
of C6 with C5b produced by the sponta

(37, 38). Binding of C7 to C5b6 produces
plex, C5b-7, which can insert into the lipid
branes, bind C8 and C9, and thereby le
MAC(38, 44). This process results in the1

erythrocytes, but nucleated cells are mor

and some possess a mechanism for rapi(
from their surfaces (45). In our studies,
cells was achieved by allowing C5b-9 to f
viable mesangial cells. In the absence ofc
the presence of serum, the C5b-7 comple
serum protein, the S-protein, resulting in
decayed MACthat has no affinity for me

activity (44, 46). Weused these decayed
and prepared them by incubating C5b6
dition of this stimulus to mesangial cells

When cultured mesangial cells wer

forming MACs, significant production
occurred. In contrast, exposure to decal
stimulate significant production of H202
unstimulated cells. This suggests that me

the MACis required in the process of s
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The suggestion that production of ROMby glomerular mes-
angial cells may be of pathogenic significance is supported by
comparisons of the quantities of ROMproduced by these cells
with those produced by phagocytic leukocytes that are known

*p<0.02 to induce ROM-mediated glomerular injury. We found that
mesangial cells produced -28-68 nmol O- and -30 nmol
H202/mg cell protein per 30 min (based on -30 ug protein/! 05

id Complexes cells) when stimulated by MAC. These quantities are comparable

40 50 s0 to the 3-172 nmol O- and 7.3-438 nmol H202/mg protein per

30 min produced by macrophages from several species exposed
angial cells. Cells in to various particulate and soluble stimuli (47). The amounts of
peroxidase, scopoletin, O2 and H202 production by stimulated mesangial cells in our

)6 + serum-stimulated 2
er 20 min (P < 0.02). studies are also comparable to levels of production by stimulated
)t produce detectable neutrophils that have been reported in the range of 0.3-2.3 nmole experiments. OF- and 0.14-0.75 nmol H202/ I0 cells per 15 min (47). The

time course of OF and H202 production we observed in MAC-
stimulated mesangial cells is similar to that reported by Baud et

evidence exists for an al. (26) for mesangial cells stimulated with opsonized zymosan,
Mediating several forms although the overall levels produced were slightly lower. These
However, the mecha- findings extend the observations of Lovett et al. (28) who have
ce circulating inflam- shown MACto be a stimulus for release of prostaglandin E2,
these MAC-dependent thromboxane, and an interleukin 1-like growth factor by rat
at of C5b-9 on resident mesangial cells. A similar effect of exposure to C5b-9 on ara-

ly. chidonic acid metabolism has been reported with platelets, mac-
Lime that the MAC, in rophages, and tumor cells in vitro (29, 30, 48).
a membrane stimulus ROMare important mediators of tissue damage (reviewed

etabolites (ROM). As- in references 47, 49, 50). Their importance in the production
iitiated by the addition of renal injury has only recently been appreciated. In ischemic

mesangial cells. The acute renal failure in the rat, administration of SOD, an O2
from the combination scavenger, or dimethylthiourea, a hydroxyl radical scavenger,

neous cleavage of C5 improves renal function after reperfusion as does the xanthine
an amphiphilic corm- oxidase inhibitor allopurinol (51). In three models of neutrophil-

d bilayers of cell mem- dependent proteinuria, produced by intra-renal infusion of cobra
ad to assembly of the venom factor, anti-GBM antibody, or phorbol myristate acetate
ysis of antibody-coated (a potent stimulator of ROMproduction by phagocytic leuko-
e resistant to lysis (36) cytes), both histologic injury and proteinuria were reduced by
dly eliminating MACs administration of catalase that catalyses the conversion of H202
MACstimulation of to oxygen and water (23-25). Several mechanisms by which

orm in the presence of ROMmay contribute to tissue injury have been identified that
xell membranes, but in may be important in the production of renal injury. Endothelial
Mx binds C8, C9, and a cell damage in models of pulmonary injury and immune com-

formation of a soluble plex-induced vasculitis appears to involve production of H202
mbranes or hemolytic and hydroxyl radicals by infiltrating leukocytes (52-54). Inter-
complexes as controls action of ROMwith serum or arachidonic acid also leads to
plus serum before ad- production of chemotactic lipids that may cause further accu-

mulation of inflammatory cells (55, 56). ROMmay enhance
exposed to actively tissue injury due to proteases released by infiltrating cells by
of both OF and H202 inactivating antiproteases such as alpha-l-antitrypsin (57, 58).
ed complexes did not Paradoxically, they may also participate in the activation of pro-

or OFcompared with teases, as evidenced by the recent demonstration that hypochlo-
mbrane interaction of rous acid generated in neutrophils from H202 and chloride by

timulating the cellular myeloperoxidase is important in the activation of a latent col-
h C5b6 or serum alone lagenase present in these cells (59). The myeloperoxidase-H202-
re only marginally sig- halide system canalso leadto halogenation ofproteins, an im-

I with controls. When portant mechanism of microbial killing by phagocytes, that we
re plates on which they have recently demonstrated to also be capable of producing glo-
roduced in response to merular injury in rats (60). Studies of the interactions of OF and
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other ROMwith joint components have demonstrated their
ability to degrade hyaluronic acid (a glycosaminoglycan) in sy-
novial fluid and proteoglycans and collagen in cartilage (61-63).
Furthermore, exposure of cultured cartilage to an °2 generating
system inhibited synthesis of proteoglycans (64), and exposure
of GBMand fibronectin to H202 was shown to enhance their
susceptibility to proteolysis (65).

With regard to the possible pathogenic significance of MAC
stimulation of mesangial cells in human renal disease, small
deposits of MACneoantigens, usually in the absence of im-
munoglobulins and C3, are found in the mesangium in a wide
variety of lesions, many of which are not generally considered
to be of immunologic origin, and are also seen in sclerotic areas
as well as in normal kidneys (16-20). The frequent association
of MACdeposits with cell membrane fragments (20) and the
capacity of damaged cells to activate complement (66) suggest
that the MACsmay form locally in the glomerulus rather than
being trapped from the circulation. Whether the MACis patho-
genic in the absence of immune deposits is unclear, but the
ability of MACwithout immune complexes to stimulate pro-
duction of ROMand other inflammatory mediators by mes-
angial cells, as described above, might contribute to local injury.

Of particular interest with regard to our studies are the mes-
angial MACdeposits associated with IgG and C3 in several im-
mune-mediated renal diseases, including lupus (sytemic lupus
erythematosus) nephritis, types I and II membrano-proliferative
glomerulonephritis, IgA nephropathy, Henoch-Schonlein pur-
pura, and poststreptococcal nephritis (16-22). In all these lesions,
cellular proliferation and mesangial matrix expansion are typical
morphologic findings. These morphologic abnormalities may
be linked to the production of inflammatory mediators such as
ROMby either endogenous glomerular cells or by infiltrating
cells stimulated by exposure to the MAC.

In summary, exposure of rat glomerular mesangial cells in
culture to MACstimulates the production of the reactive oxygen
metabolites Q- and H202. These highly reactive molecules are
known to contribute to glomerular injury induced by circulating
inflammatory cells and may therefore be pathogenic when re-
leased locally by resident glomerular cells. The commonfinding
of MACneoantigen localization in the mesangium in many hu-
man and experimental renal diseases is consistent with the sug-
gestion that a similar phenomena may occur in vivo and could
contribute to the production of glomerular injury through any
of the mechanisms outlined above. These studies, therefore, de-
fine a new mechanism that may relate to the established patho-
genic role of the terminal complement pathway in mediating
several forms of immune glomerular disease.
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