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Abstract

Previous reports have suggested the production of complement
components C4, C2, and factor B by renal tissue. However, the
cells involved in production of complement have not been iden-
tified. In this study metabolic labeling experiments demon-
strated that human proximal tubular epithelial cells (PTEC)
synthesize a 180-kD precursor of C3 that is secreted after pro-
teolytic cleavage into a disulphide linked two-chain molecule as
found in plasma. C3 present in culture supernatants of PTEC
was functionally active, however, during the culture period
there was a partial inactivation of the C3 molecule as assessed
by hemolytic titration. Recombinant IL-2 enhances the rate of
C3 synthesis in a dose-dependent manner reaching maximal
stimulation at doses of 200-400 U/ml IL-2. Northern blot anal-
ysis demonstrated a 5.2-kb C3 mRNAspecies present in PTEC
that was increased within 24 h of IL-2 treatment. IL-2-induced
enhancement of C3 production by PTECcould be neutralized
with specific antibodies to IL-2. This study demonstrates that
C3 synthesis in PTECis upregulated by IL-2, the major cyto-
kine produced by activated T cells. (J. Clin. Invest. 1991.
88:379-384.) Key words: complement synthesis - kidney- lym-
phokines

Introduction

The third component of complement (C3) is an important ef-
fector in immune response pathways because of its multiple
interactions with numerous serum proteins, cell surface mole-
cules, and foreign proteins (1). C3 is produced intracellularly as
a single chain precursor of 180 kD (pro-C3), which is processed
by proteolytic cleavage into the native two-chain molecule,
comprised of a 1 0-kD1a chain and a 75-kD # chain (2).

C3 has been shown to be synthesized mainly in liver hepa-
tocytes (3). However, C3 is also produced by several other cell
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types including: monocytes/macrophages (4-6), fibroblasts (7),
endothelial (8-10), and epithelial cells (11). It has been sug-
gested that this extrahepatic synthesis in tissues of C3 as well as
of other complement components may play an important role
in local inflammatory processes. Recently, mRNAtranscripts
for C4 and factor B have been demonstrated in normal human
kidney (12), and transcripts for C2, C3, C4, and factor B were
detected in murine kidneys (13). Complement components,
such as C3b and C4b, can also be present as part of immune
deposits in kidneys of patients with glomerulonephritis (14),
but it is unclear whether these activation products are derived
from the circulation or have been produced locally. In Lupus
Nephritis, marked differences in expression of complement
mRNAat local sites of inflammation suggest that local comple-
ment production mayplay a role in the pathogenesis of chronic
glomerulonephritis (13). This is to our knowledge the first
study to show that human proximal tubular epithelial cells
(PTEC)' synthesize and secrete C3 in vitro, and that an en-
hanced production of C3 occurs in the presence of recombi-
nant IL-2.

Methods

Reagents. Antipain, chymostatin, epidermal growth factor (EGF), hy-
drocortisone, insulin, leupeptin, pepstatin A, selenate, Staphylococcus
aureus crude cell suspension formalin-fixed, tri-iodothyronine, trans-
ferrin, trypsin (Sigma Chemical Co., St. Louis, MO), Vitrogen bovine
dermal collagen type I (Collagen Corp., Palo Alto, CA), DMEM,
Ham's F12 medium (Seromed, Biochrom K.G., Berlin, FRG), fetal
calf serum, newborn calf serum (HyClone Laboratories Inc., Logan,
Utah), streptavidin peroxidase conjugate (Zymed Laboratories Inc.,
San Francisco, CA), L-[35S]methionine (Amersham Corp., Arlington
Heights, IL), recombinant IL-2 (Sanbio, Uden, The Netherlands), and
sheep erythrocytes (Es) (National Institute of Public Health, Bilthoven,
The Netherlands) were purchased as indicated. Normal human serum
(NHS) was separated from clotted blood samples from healthy donors
and divided into aliquots and stored at -70°C. C3-deficient serum was
obtained from a patient with an inherited deficiency ofthe third compo-
nent of complement (15). Half-isotonic Veronal buffered saline (VBS,
pH 7.5) containing 0.05% gelatin, 0.5 mMMgCl2 and 0.15 mMCaCl2,
and 3% dextrose (DGVB++) was used as diluent in hemolytic assays.
Polyclonal goat IgG anti-human C3 was prepared from goat anti-hu-
man C3 serum as described (10). Monoclonal mouse anti-human C3
antibodies (16) were kindly provided by Dr. E. Hack (Central Labora-
tory for Blood Transfusion, Amsterdam, The Netherlands). Polyclonal
antibodies against human IL-2 were produced at our own institute by
immunizing a rabbit with recombinant IL-2 in complete Freund adju-
vant. IgG was purified from the antiserum and this was used to prepare

1. Abbreviations used in this paper: DGVB++, half-isotonic Veronal
buffered saline (VBS) containing 0.05% gelatin, 0.15 mMCaCl2 + 0.5
mMMgCl2, and 3%dextrose; EC, human endothelial cells; NHS, nor-
mal human serum; PTEC, proximal tubular epithelial cells; TCGF, T
cell growth factor.
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F(ab')2 fragments by pepsin digestion (17). Monoclonal antibodies di-
rected against the adenosine-deaminase binding protein (ADBP) of
PTEC, designated 1071 and 1072(18), were generously donated by Dr.
Dinjens (University Hospital, Maastricht, The Netherlands). Human
complement C3 cDNA probe C3.AI was a kind gift from Dr. B. F.
Tack (Research Institute of Scripps Clinic, La Jolla, CA).

Proximal tubular epithelial cell cultures. PTECwere cultured fol-
lowing the protocol as described by Detrisac et al. (19) in serum-free
Dulbecco's modified Eagle's medium/Ham's F12 medium 1:1 supple-
mented with insulin (5 Ag/ml), selenium (5 ng/ml), transferrin (5 ,ug/
ml), triiodothyronine (4 pg/ml), epidermal growth factor EGF(10 ng/
ml), and hydrocortisone (36 ng/ml) on a matrix of bovine dermal colla-
gen type 1 matrix and FCS proteins. Explant cultures were obtained
from kidneys not suitable for transplantation because of technical rea-
sons or from healthy tissue of nephrectomy specimens obtained after
operation.

The kidney cell population obtained after culturing was character-
ized by light microscopy and immunofluorescence using various MAbs
as described (18). The MAbsused were anticytokeratin (RGE 53; Euro-
diagnostics, Apeldoorn, The Netherlands), anti-epithelial membrane
antigen (EMA; Dako, Glostrup, Denmark), and two MAbs directed
against the ADBP, designated 1071 and 1072. PTECmonolayers ob-
tained between passage 2 and 6 were cultured using multi-well tissue
culture plates (Costar Corp., Cambridge, MA). The cells were rinsed
and cultured for different time intervals in medium alone or in me-
dium containing various concentrations of recombinant IL-2. At the
end of the experiments culture supernatants were collected, centri-
fuged, and stored at -20'C. PTECwere trypsinized to determine the
number of cells, using a Coulter counter (Coulter Electronics Ltd.,
Luton, England). The viability and number of the IL-2-treated PTEC
during the experimental period did not differ from control cells.

Biosynthetic labeling and immunoprecipitation. Biosynthetic label-
ing experiments were performed by incubating PTEC monolayers in
methionine-free DMEMcontaining [35S]methionine (500 ACi/ml) for
2 h. At the end of the pulse period, monolayers were rinsed and either
lysed in buffer, containing 20 mMTris, 10 mMEDTA, 100 mMNaCl,
0.5% NP-40, antipain (1 ,ug/ml), pepstatin A (1 Ag/ml), chymostatin (1
,g/ml), and leupeptin (1 -g/ml), or transferred to medium containing
-1000-fold excess of cold methionine and incubated for various time

periods. At the end of each chase interval, extracellular media were
harvested and monolayers lysed. Before immunoprecipitation, media
and cell lysates were preabsorbed for four times at 4°C with 100 Al of
10% (vol/vol) formalin-fixed Staphylococcus aureus, and then 5 Ml of
mouse MAbdirected against human C3 was added to the samples.
After incubation for 16 h at 4°C, antibody-antigen complexes were
recovered by using 100 ,l of 10% S. aureus. The immunoprecipitates
were centrifuged, washed, and subjected to SDS-PAGE (7%) under
reducing conditions. The gels were fixed, impregnated with Amplify
(Amersham Corp.), dried, and exposed at -70°C to Kodak XAR-5
films (Eastman Kodak, Rochester, NY).

Sandwich ELISA for the detection and quantification of C3. C3 was
quantitated by sandwich ELISA. Wells in microtiter plates (Titertek
Flow Laboratories, Zwanenburg, The Netherlands) were coated with
affinity purified goat anti-human C3 for 2 h at 37°C. After washing,
samples were incubated in the wells at a 1:20 dilution for 1 h at 37°C.
The wells were subsequently treated with biotin-labeled goat anti-hu-
man C3, peroxidase-labeled streptavidin, and o-phenylene-diamine as
a substrate. Between the incubation steps the wells were thoroughly
washed with PBS/0.05% Tween 20. The amount of reacted substrate
was determined using a Titertek Multiskan (Titertek Flow Laborato-
ries, Zwanenburg, The Netherlands) at 0D492 after the reaction was
stopped with 1 NH2SO4. A standard curve was constructed using dilu-
tions of NHSwith known concentrations of C3. The amount of C3 in
the samples was determined from the standard curve.

Hemolytic assayfor C3. Samples to be tested for the presence of
hemolytically-active C3 were diluted in 100 l DGVB+. A 100-,l ali-
quot of sheep erythrocytes (E') in DGVB+ (1.108 cells/ml), optimally
sensitized with rabbit anti-El antibodies, was then added together with

a 1:50 dilution of C3-deficient serum. After an incubation of 60 min at
370C in a shaking waterbath, hemolysis was measured spectrophoto-
metrically. The number of effective molecules was expressed as Z val-
ues as described by Borsos et al. (20). Z was plotted against dilutions or
concentrations of C3 sources.

RNAextraction and Northern blot analysis of C3 mRNAin PTEC.
Total cellular RNAwas extracted from monolayers by lysis with guani-
din thiocynate and isolated by cesium chloride density gradient ultra-
centrifugation (21). 20 ,ug of total RNAwere separated on a formalde-
hyde-containing agarose gel and blotted to nitrocellulose filters (Gene
Screen Plus; DuPont, Wilmington, DE). Gel electrophoresis, RNA
transfer, and hybridization of blots were done by standard techniques
(22). The utilized cDNA probes were radiolabeled with [32P] by ran-
dom primed labeling (23). The intensity and area of density of the
relevant bands on the autoradiograms were determined with an Ultro-
Scan XL (LKB, Woerden, The Netherlands).

Binding assay of '25I-IL-2 to monolayers of cells. Pure rIL-2 was
labeled with Na'25I (Amersham Corp.) using chloramine-T, and the
radioligand was purified by gel filtration chromatography. For binding
experiments, replicate cultures were incubated with 20 nM 1251-IL2
alone or in the presence of unlabeled IL-2 (20-200 nM) for 1 h at 4VC.
Monolayers were subsequently washed three times and assessed for
bound radioactivity. Binding studies were performed using monolayers
of PTEC, and human endothelial cells (EC) isolated from umbilical
cords as described previously (10).

Results

In a preliminary study it was found that in conditioned me-
dium of human PTEC, complement component C3 was detect-
able as assessed by ELISA (data not shown). To determine
whether this C3 is synthesized de novo, confluent monolayers
of PTECwere metabolically labeled with L-[35S]methionine for
2 h; the cultures were then incubated in medium containing
unlabeled methionine. At timed intervals C3 was immunopre-
cipitated from the supernatants and cell lysates, and analyzed
by SDS-PAGEunder reducing conditions and autoradiogra-
phy. As shown in Fig. 1 (lanes 1-4), C3 was synthesized as a
single chain precursor of - 180 kD (proC3). The gradual disap-
pearance of pro C3 from the cellular material and the conco-
minant extracellular appearance of disulphide-linked two-
chain native C3 (lanes 5-8), suggests a conversion by limited
proteolysis to native functional C3, as also described in mono-
cytes (6), hepatocytes (24), and fibroblasts (25). The extra C3
forms of 40-45 kD probably represent products of protease
digestion or autolytic fragmentation (26).

To determine the functional activity of C3 produced by
PTEC in vitro, culture supernatants were used in a hemolytic
C3 titration assay. Culture supernatants of different PTECcul-
tures that had been in culture for 48 h were harvested and
pooled. The amount of C3 in this pool was assessed by ELISA.
Subsequently the pool was diluted in DGVB++and titrated in a
hemolytic assay using C3-deficient serum. The functional activ-
ity of PTEC-C3 was compared with dilutions of pooled NHS
with the same amounts of C3, as depicted in Fig. 2 a. The
titration curve was linear and demonstrated a difference of 27%
between the functional activities of C3 present in NHSand C3
present in culture supernatants of PTECon a weight basis (Fig.
2 a). Because of this difference, culture supernatants of PTEC
were harvested at different time points and assessed for the
concentrations of C3 and for hemolytically-active C3 to study a

possible inactivation of the C3 molecule during the culture
period. There was a time-dependent linear increase in both the
amount of C3 and the number of effective C3 molecules pro-
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Figure 1. Pulse-chase experiment for C3 synthesis in PTEC. Mono-
layers of PTECwere incubated at 370C in the presence of [35Sj-
methionine (500 MCi/ml) for 2 h, rinsed, and transferred to medium
containing unlabeled methionine, and the incubation was continued.
Lysates and culture supernatants were harvested at time 30 (lanes I
and 5), 60 (lanes 2 and 6), 120 (lanes 3 and 7), and 180 min (lanes 4
and 8) thereafter, and were immunoprecipitated with a monoclonal
antibody to human C3. Immunoprecipitates were analyzed on 7%
SDS-PAGEgel under reducing conditions and fluoroautoradio-
graphy. Numbers on the right are in kD.

duced by PTEC(Fig. 2 b). However, the ratio between hemoly-
tically active C3 and total C3 protein showed a steady decline
between 24 and 72 h, suggesting a partial inactivation of C3
during the culture period.
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tures were incubated for 24, 48, and 72 h; subsequently, culture su-
pernatants were collected and assessed for the amount of C3 by
ELISA and for functionally active C3, using C3-deficient serum as
described in Methods. The ratios of hemolytically-active C3 as com-
pared with total C3 protein for each time point are also depicted. The
data are expressed as the mean±SDof duplicate determinations of
triplicate cultures.

C3 production by PTECwas increased after treatment with
conditioned medium of mitogen and PMA-stimulated PBMC,
so called, T cell growth factor (TCGF) (data not shown). Be-
cause the main constituent of TCGFis IL-2, monolayers of
PTECwere cultured for 24 h in the presence of recombinant
IL-2 (200 U/ml) or in medium alone and then pulse labeled
with [35S]methionine. Cell lysates and extracellular media were
immunoprecipitated with a MAbspecific for human C3 and
the products analyzed by SDS-PAGEand autoradiography. IL-
2 enhanced the synthesis of C3, as judged by amounts of intra-
cellular and extracellular proteins at the end of the pulse period
(Fig. 3). The stimulation of C3 synthesis occurred in a dose-de-
pendent fashion, and a 2.5-fold increase was observed with a
dose of 400 U/ml IL-2 (Fig. 4). However, the upregulation of
C3 synthesis between 200 U/ml and 400 U/ml IL-2 was not
significant, therefore, 200 U/ml IL-2 was used in the following
stimulation experiments. The kinetics of C3 production, as de-
picted in Fig. 5, showed a linear increase in the amount of C3
production. After treatment with IL-2 (200 U/ml) the amount
of C3 was significantly increased by 80%.

To indicate whether IL-2 is mediating C3 synthesis at a pre-
or posttranslational level, analysis of C3 mRNAtranscripts was
performed by Northern blotting. PTECmonolayers were incu-
bated for various time periods with IL-2 or medium alone.
Then total RNAwas isolated from each culture and 20 ug of
RNAwere electrophoresed, blotted onto nitrocellulose, and C3
mRNAtranscripts were detected by hybridization using a spe-
cific cDNAprobe. As a control, the amount of fl-actin mRNA

300 Figure 4. Effect of in-

^ 250 T creasing concentrations
of IL-2 on the produc-i 200 tion of C3 by PTEC in

150 culture. Confluent cells

> 100, l were cultured for 72 h100

and subsequently, cul-
50 ture supernatants were

o collected and assessed
0 100 200 400 for C3 protein by

IL-2 (U/mI)
ELISA. The data are

expressed as the mean±SD of duplicate measurements of triplicate
cultures.
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Figure 5. Kinetics of C3
-U- IL-2 (200 U/mI) production by PTEC

-0-Medium
/a in the presence of IL-2.
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and the number of cells. Values are the mean±SD for duplicate de-
terminations of triplicate cultures.

in IL-2-treated or -untreated cells was also determined. The
Northern blot analysis (Fig. 6) demonstrated the presence of a
full length 5.2 kb-species of C3 mRNAin all cultures. Analysis
with laser densitometry showed that the content of C3 mRNA
was increased 2.0+0.5-fold after stimulation with IL-2 for 24 h
and a significant increase of 3.5±0.2-fold was seen at 72 h (P
<0.01), suggesting a pretranslational control by IL-2. The
amount of fl-actin mRNAwas comparable in all cultures (Fig.
6). These findings at the RNAlevel are in agreement with the
results already found at the protein level. To confirm that the
regulation of C3 production by PTECis a specific property of
IL-2, antibody blocking experiments were performed. There-
fore F(ab'2 fragments of rabbit IgG anti-human IL-2 and nor-
mal rabbit IgG were used to prevent any possible Fc interaction
on PTEC. Replicate PTECmonolayers were cultured in the
presence of IL-2 and/or the various antibodies. The results in
Fig. 7 demonstrate a 74% increase in C3 production after IL-2
treatment as compared with medium alone. Addition of F(ab')2
fragments of rabbit IgG anti-human IL-2 to the IL-2-stimu-
lated cultures completely neutralized the regulating effect of
IL-2, whereas F(ab')2 fragments of normal rabbit IgG had no
effect. One way analysis of variance showed that there was no

Figure 6. Northern blot
analysis of the effect of
IL-2 on the expression
of C3 mRNAby PTEC
in culture. Cells were
incubated in the pres-
ence of 200 U/ml IL-2
(+) or in medium alone

5.2 kB (-). After 24, 48, and
72 h of IL-2 treatment
total RNAwas isolated,
and from each culture
20 ,g RNAwere elec-
trophoresed, blotted,
and hybridized. The up-
per row shows hybrid-
ization to a human C3
cDNAprobe, whereas
the lower row shows hy-
bridization to a ,B-actin

1.9 kB probe. The figure shows
one representative
Northern blot analysis
of three separate experi-
ments.

F(ab')2 IgG anti IL-2

IL-2 + Normal Rabbit F(ab')2 igG

IL-2 + F(ab')2 IgG ant IL-2

Normal Rabbit F(ab')2 IgG

0 100 200 300 400
C3 (ng/10 cells/24 h)

Figure 7. Effect of rabbit anti-human IL-2 on IL-2-mediated C3 pro-
duction by PTEC. PTECwere incubated with IL-2 (200 U/ml), IL-2
together with F(ab')2 fragments of rabbit IgG anti-IL-2 (1:250),
F(ab')2 anti-IL-2, or F(ab')2 firgments of normal rabbit IgG. After 72
h, culture supernatants were harvested and analyzed for C3. Values
represent the mean±SDof duplicate determinations of quadruplicate
cultures.

significant difference between all controls and the IL-2-neutral-
ized culture and that the difference between controls and
IL-2-stimulated cultures was significant (P < 0.01).

The response to IL-2 suggests the presence of a receptor for
IL-2 on PTEC, therefore, binding experiments were performed
using radiolabeled IL-2. Monolayers of PTECwere incubated
with 20 nMof 1251-IL-2 alone or in the presence of increasing
concentrations of unlabeled IL-2. Results of IL-2 binding to
PTECare shown in Table I. Inhibition of '251-IL-2 binding to
PTECby unlabeled IL-2 indicates that specific binding of IL-2
occurs to PTEC, whereas under identical conditions no signifi-
cant binding of radiolabeled IL-2 to ECwas observed.

Discussion

The complement system plays an important role in the hu-
moral immune response. Several studies have shown that he-
patocytes in the liver are the main site for systemic comple-
ment synthesis. However, many of the complement compo-
nents are also synthesized by other cell types at extrahepatic
sites, such as mononuclear phagocytes (27), fibroblasts (7), and
epithelial cells of the lung ( 11) and intestine (28). In the case of

Table L Binding of '251-IL-2 to Proximal Tubular Epithelial Cells

Cells Inhibitor Bound radioactivity*

cpm

PTEC 5227±396
PTEC 20 nM IL-2 4322±286
PTEC 200 nM IL-2 1605±206
EC 348±54
EC 20 nM IL-2 378±81
EC 200 nM IL-2 302±39

* Monolayers of PTECand human ECas control, cultured in 24-well
tissue culture plates, were incubated in quadruplicate for 1 h at 4VC
with various concentrations of '25I-IL,2 alone or in the presence of
unlabeled IL-2. Cells were then washed and assessed for bound ra-
dioactivity.
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several renal diseases, complement deposits associated with
immune complexes are found in the kidney. However, it has
been demonstrated that complement components can be
found without deposition of immunoglobulins (29), suggesting
a possible local production of complement in the kidney. In-
deed, it has been demonstrated that C4 mRNAis expressed in
normal human kidney (12). Previously, Passwell et al. (13) ob-
served a higher expression of C2, C3, C4, and factor B mRNA
in a SLE-sensitive mouse strain compared with normal mice
that correlated with macrophage infiltrates. But in these studies
it still remained unclear which cell type was responsible for the
local complement production. In this study it is demonstrated
that human PTECsynthesize and secrete complement C3 in
vitro and this synthesis is regulated by IL-2. Studies were per-
formed with more than 20 cell lines obtained from 8 different
kidneys. The amount of C3 produced by these cells was be-
tween 89 and 210 ng/ 106 cells per 24 h, however, in all of these
cell lines IL-2 was able to enhance C3 production to the same
relative extent. Reasons for the variation in the amount of C3
produced is not clear at present. No relationship with clinical
conditions of the kidney donor was found. However, it was
observed that the production of C3 decreased gradually after
repeated passages, therefore, experiments were done using
PTECbetween passage 2 and 6. The size and subunit structure
of C3 produced in PTECwere similar to that observed in both
Hep-G2 cells (24) and in human monocytes (6). The functional
activity of PTEC-C3 increased linearly with time and was com-
parable to plasma C3. During culturing, however, there is prob-
ably a partial inactivation of the C3 molecule. Addition of IL-2
to the cultures increased synthesis of C3 in a dose-dependent
fashion, with a maximal 2.5-fold increase above the baseline
rate of C3 production (Fig. 4). The effect of IL-2 was also stud-
ied at the mRNAlevel using Northern blot analysis, demon-
strating that the increase in rate of C3 protein synthesis after
IL-2 treatment correlated with the increase in C3 mRNAlev-
els. This suggests that IL-2 regulated C3 synthesis at a pretrans-
lational level. Blocking studies with neutralizing antibodies to
IL-2 demonstrated that the effects mediated by IL-2 on C3
production was specific for this cytokine. The ability of human
PTECto respond to IL-2 indicates the presence of a functional
receptor for IL-2 on these cells. Indeed, in this study it was
found that radiolabeled IL-2 bound to PTECand the binding
could be inhibited by unlabeled IL-2, suggesting that IL-2 was
specifically associated with PTEC(Table I). Nevertheless, with
FACSO(Becton Dickinson & Co., Mountain View, CA) analy-
sis the expression of IL-2 receptor-a, which is recognized by the
Tac MAb (30), could not be demonstrated under the same
conditions (data not shown). This could mean that the expres-
sion of IL-2 receptor-a is low or that only the IL-2 receptor-, is
present, as has been described recently for human monocytes
(31). Characterisation of the IL-2 receptors on PTEC is
currently in progress.

IL-2 has the ability to induce the synthesis of IFN-'y, IL- 1,
lymphotoxin, and tumor necrosis factor by PBMCin vitro (32,
33), this could mean that in PTEC, for instance, IL-2 also in-
duces other cytokines that could be responsible for the ob-
served effects. Cancer patients receiving high dose IL-2 treat-
ment develop marked changes in serum concentrations of
complement proteins (34). It has been suggested that this effect
of IL-2 on hepatic synthesis is mediated by IL-1 (35). Studies
have demonstrated that the cells that infiltrate renal allografts
during rejection include alloproliferative, IL-2 producing T

lymphocytes (36). Whether there are more complement com-
ponents synthesized by PTECand whether other mediators are
also involved in regulation of tissue specific complement pro-
duction is currently under investigation.

This study indicates that PTEC synthesize reasonable
amounts of C3 that could play a possible role in the pathogene-
sis of renal inflammation caused by immune complexes. Fur-
ther studies using isolated kidney cell preparations of other
types, such as mesangial cells and glomerular epithelial cells
and studies on kidney material in situ, are needed to determine
whether local complement synthesis correlates with disease ac-
tivity.
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