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Abstract The ultrastructural localization of immunespace. The potential ability of C3 to solubilize ICs in the
complex (IC) and inflammatory mediator systems in tiseibendothelial region may be important in this process.
glomerulus was investigated in active in situ IC glomer&ndocytosis of subendothelial ICs by PMN and/or
lonephritis employing cationized ferritin in rats. Glomemonocytes and the movement of ICs to the mesangial
ulonephritis was induced by unilateral renal perfusion ofatrix may also contribute to the removal of IC from the
cationized ferritin as antigen (Ag) in preimmunized ratsubendothelial space.

and anti-ferritin antibody (Ab), C3 and the rat C5b-9

complex were localized by means of immunogold eleKey words In situ immune complex formation -

tron microscopy. Ag-Ab complexes were initiallyGlomerulonephritis - Complement - Membrane attack
formed subendothelially, associated with C3, and attractmplex - Inflammatory ce:il

ed platelets, polymorphonuclear leucocytes (PMN) and

monocytes. Then Ag—Ab complexes, without C3, passed

across the glomerular basement membrane to re-agéwéroduction

gate subepithelially accompanied by C3 deposition after

1 day. Ag—Ab complexes without C3 accumulated in ti8ubepithelial immune deposits in in situ immune com-
inter-podocyte space within 1 day and were seen in ffiex (IC) nephritis induced by means of a cationic anti-
epithelial cells at 6 h. C5b—9 complexes were found gen are initially formed in the subendothelial region [10,
subepithelial immune deposits and in membrane vesic33. The mechanisms for the translocation of subendo-
of the epithelial cells, but only in very small amounts ihelial deposits to the subepithelial space and the media-
subendothelial immune deposits. Accumulated platelets;s that contribute to this translocation are not well de-
PMN, and monocyte were in direct contact with endothined. The fate of those deposits that are not translocated
lial cells or subendothelial IC. PMN and monocytes cote the subepithelial space is not well documented.

tained Ag, Ab and C3 in intracytoplasmic vacuoles. In IC-mediated glomerulonephritis, various mediator
Ag—-Ab complexes were also found in the mesangial mgystems are involved in the induction of immunological
trix adjacent to the subendothelial region after 2 h agtbmerular damage. The activation of mediators occurs
increased slightly in number, with expansion of the merainly when IC is located on the subendothelial side of
sangial area thereafter. Most ICs formed in the suben¢iee glomerular basement membrane (GBM), where cel-
thelial space rapidly formed lattices of a size that activiitar and humoral mediators can easily gain access to IC
ed C3 and were then translocated to the subepithelal24]. Secondary mediators of inflammation might ini-
tiate and/or potentiate IC deposition in the GBM by en-
Y. Fujigaki ([]) - A. Hishida hancing glomerular permeability [1, 2]. Mononuclear
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cation of ICs in passive in situ IC nephritis [11], sugges
ing that the complement system promotes an effect
transfer of IC across the GBM, probably due to the sog:
bilizing effect of complement on IC lattices [8, 20]. &,
The C5b—-9 membrane attack complex of compleme  *
has been recognized as a major mediator of IC-media
glomerular injury through glomerular epithelial cel
damage [6, 7, 15]. However, the formation and the rc
of C5b—9 complex in the subendothelial region of th . .
GBM is poorly understood. Because C3 is activated ? .
the subendothelial region, we have examined whether # B%g 4
membrane attack complex is also formed in the suben #5«
thelial region. Rl
The mechanisms for the translocation of ICs and t.
contribution of complement to this translocation have n; =4
been studied in other models of IC-mediated glomeru. *
nephritis. We examined how subendothelial depos...
translocated to the subepithelial space in active in situ IC

P : : : . 1A, B Localization of rat 1IgG. x40,00(ars 0,5 pm. A No
nephritis induced with CF and the contribution of C3 a g? IgG is labelled in the GBM of negative control rats in which

the C5b-9 complex to this translocation. In addition W3 ajone was perfused, without cationized ferritin injectin.
explored the role of infiltrating cells in the clearance ®ote distribution of rat anti-ferritin Ab (large particles) and ferri-

subendothelial deposits that were not translocated. tin (small particles) in the GBM is essentially similar in nephritic
rats at 2 h, regardless of perfusion with PBS (cf. Fig 2B)

S
v‘\

Materials and methods rats fixed by perfusion as in rats fixed by immersion (Fig. 1B).
This suggests that labelled rat 1gG in the GBM or in the mesangi-
Active in situ IC glomerulonephritis was induced in 30 male Wism can be considered to be a constituent of IC interacting with the
star rats of 100-120 g body weight (Japan SLC, Shizuoka, Jap&BM or the mesangial matrix, and that the fixation procedure
which were preimmunized with s.c. injections of 500 native does not seriously affect the localization of IgG in the GBM or in
ferritin (Sigma Chemical, St. Louis, Mo.) in Freund’'s completthe mesangium. Since glomerular infiltrating cells not directly ad-
adjuvant. Twenty-one days later, 25 rats were each anaesthetimrgnt to the glomeruli may be removed by perfusion fixation, the
with an i.p. injection of sodium pentobarbital (Nembutaimmersion fixation method was adopted in this study.
50 mg/kg), and the abdominal cavity was opened by a midline in- In nephritic rats, following immersion fixation the distribution
cision. Microvascular clamps were placed on an aorta above afidabelled IgG varied among the capillary loops of the glomeru-
below the left renal artery. The left kidney was perfused withs, possibly because of leakage of plasma proteins from the capil-
0.5 ml of warm (37°C) phosphate-buffered saline (PBS), pH 7l4ry lumen during the fixation procedure. The labelling of IgG on
through a needle placed in the aorta below the left renal artery, fok inner side of the GBM was somewhat dependent on the
lowed by 0.5 ml of PBS containing 5Q@ CF (Sigma), and final- amount of plasma protein in the corresponding capillary lumina.
ly 0.5 ml of PBS at a constant rate of 0.5 ml/min. The whole pr8ince pronounced leakage of plasma protein affects the distribu-
cedure was carried out in less than 6 min. Blood flow was then tien of IC and cellular blood components in glomeruli, only glom-
stored to the left kidney. The times cited below are reckoned fremular tufts revealing labelled 1gG in the capillary lumen were cho-
the restoration of left renal arterial blood flow after the perfusiaren for investigation.
in nephritic rats. After the induction of nephritis, 2 or 3 rats were sacrificed at
Urine was collected in metabolic cages, and 24-h urinary ptb min, 2 h, 6 h, and 1, 2, and 7 days. Two rats not given CF were
tein excretion was estimated using Coomassie Brilliant Blue Gsed as controls 21 days after preimmunization. Left renal cortices
250 (Wako Pure Chemical Industries, Osaka, Japan) [3]. were trimmed and cut into small pieces and processed for immu-
It is possible that the localization of soluble endogenous IgGrmrelectron microscopy to visualize anti-ferritin Ab, rat C3 and rat
infiltrating cells might be affected by fixation procedures. To corft5b—9 complex. The non-perfused right kidneys were used as in-
pare the influence of the fixation procedures on the distributiontefnal controls.
endogenous 1gG (both immune and non-immune IgG) in glomeruli, For immunoelectron microscopic examination, renal cortices
both immersion and perfusion fixations were performed in threeere fixed by immersion for 4 h in 0.1 M phosphate-buffered 4%
preimmunized, non-Ag-perfused rats and two nephritic rats at eftelshly prepared paraformaldehyde, pH 7.4, at 4°C, dehydrated in
time point. For immersion fixation, the left kidney was trimmed amh ethanol series and embedded in Lowicryl K4 M (Chemische
cut into small pieces and then immersed in 4% paraformaldehyd@erke Lowi, Waldkraiburg, Germany) according to the method of
0.1 M phosphate buffer (pH 7.4) for 4 h at 4°C. For perfusion fix@arlemalm et al. [4]. The ultrathin sections, mounted on nickel
tion, a catheter was inserted into the distal abdominal aorta andgtiigs, were incubated for 15 min in 0.02 M Tris-HCI, pH 7.0, con-
aorta was clamped above the left renal artery. Shortly after perfuséning 0.1% bovine serum albumin, then incubated with: (1) rab-
was started, the aorta was clamped below the renal arteries andithenti-rat 1gG diluted 1:500 in Tris-HCI (E-Y Laboratories, San
inferior vena cava was cut. PBS was first perfused retrogradely Ntateo, Calif.); (2) rabbit anti-rat C3 diluted 1:1000 in Tris-HCI
2 min, and then 4% paraformaldehyde was perfused at 120 mn{Bgppel Laboratories, West Chester, Pa.) for 2 h, followed by goat
for 10 min, for immunoelectron microscopy (to detect rat IgG). Tianti-rabbit 1IgG 10-nm colloidal gold conjugate diluted 1:10 in
sue was immersed in the same fixative for 4 h at 4°C. Tris-HCI (Janssen Life Science Products, Olen, Belgium) for
In glomeruli fixed by perfusion in preimmunized, non-CF-per30 min at room temperature; or (3) monoclonal mouse anti-C5b-9
fused rats, the GBM was not labelled for rat IgG (Fig. 1A), sutgG (15pg/ml of 2A1, kindly provided by Dr. Couser; Schulze et
gesting that neither non-immune nor immune IgG has any affinél; [25]), followed by affinity purified goat anti-mouse IgG diluted
for the GBM. Qualitatively, the labelling pattern for rat IgG in th&:500 in Tris-HCI (Cappel), which was preabsorbed with rat 1gG,
GBM and in the mesangium was essentially the same in nephuid finally rabbit anti-goat IgG 10-nm colloidal gold conjugate di-
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Fig. 2 Immunoelectron micrographs of the GBM of nephritic rats.
Localizations of rat anti-ferritin Abldrge particle$ and ferritin
(small particle3 on GBM are shown & 15 min,B 2 h,C 1 day,

D 2 days,E 7 days. Note that Ag and Ab shift from the subendo-
thelial to subepithelial region with time, maintaining similar pat-
terns of distribution. x40,00®ar 0.5 um

Fig. 3A—C Immunoelectron micrographs of rat anti-ferritin Ab
(large particle3 and ferritin émall particle$. Bars 0.2um. A Ar-

rows indicate Ag and Ab accumulated at the inter-podocyte space,
nondistorted foot processes (2 h). x40,080.C The epithelial
cells contain Ag—Ab complexafrows) in vacuole (6 h). x54,00:)

luted 1:10 in Tris-HCI (Janssen). The sections were then was#'égults
with Tris-HCI buffer, rinsed three times with distilled water an

air-dried. To confirm immunospecificity, the first antibody was, . . L

omitted. Staining with 2% uranyl acetate for 10 min was conduiﬂ-”nary protein excretion increased to 42.0 + 7.2 mg/24 h
ed prior to observation under a JEM-200CX electron microscoff@eans + SD) on day 1 and reached its maximum level
(JEOL, Tokyo, Japan). Rat IgG, C3 and the C5b-9 complex w¢®8.0 + 17.4 mg/24 h, means = SD) on day 7. Abnormal

visualized by immunoelectron microscopy as 10-nm colloidal gof}gteinuria (> 10.0 mg/24 h) was not observed in rats
particles; CF was also visible as 5.5-nm particles. Qéi_or to CF perfusion.

For each antiserum, three or more glomeruli were observ .
The density of Ag and the intensity of gold labelling for Ab, C3 At 15 min, large amounts of both CF (Ag) and rat IgG
and C5b-9 in the left kidneys of nephritic rats were assessed s€piesumably anti-ferritin Ab) were detected in the suben-
quantitatively on a scale of — to +++; the following areas: subengqythelial space of the GBM in the left kidneys (Fig. 2A).

thelium, lamina densa (LD), subepithelium, inter-podocyte spa T
epithelium and mesangium, were estimated separately. The de his time small amounts of both Ag and Ab were also

of recruitment of platelets, PMNs and monocytes in capillary lunfi€€n in the subepithelial space and beneath the slit mem-
na was also assessed semiquantitatively on a scale of — to +++. brane (Fig. 2A). With time, Ag and Ab migrated to the
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and anti-rat C3 Ablérge particle3. CL capillary lumen,US uri-
nary spaceBar 0.5um

Fig. 5A, B Immunoelectron micrographs of mesangial regions.
x22,500.A Rat anti-ferritin Ab [arge particle3 and ferritin émall
particleg are co-localized in the mesangial matrix adjacent to the
subendothelial regioraéterish of the GBM at day 1. Small sub-
epithelial IC in mesangial region are also semmov). B Both in

the mesangial matrix and in the subepithelial region, the size and
number of anti-ferritin Ablarge particleg and ferritin émall par-
ticles) increased slightly at day arfows). M mesangial cellUS
urinary spaceBar 0.5um

Fig. 6 Immunoelectron micrographs of the GBM of nephritic rats,
showing sequential localizations of rat darge particle3 and

Fig. 4A, B Immunoelectron micrographs of the GBM of nephritierritin (small particle3 on GBM atA 15 min,B 2 h,C 1 day,D 2

rats at day 1. x22,50@ Co-localization of ferritin gmall parti-
cleg and anti-ferritin Ab large particle$ within the entire width
of the GBM and large subendothelial IC formatiarrgw). B
Large subendothelial deposits containing ferrismall particle$

days,E 7 days. From 15 min to 2 h, C3 is found in the subendo-
thelium together with ferritin, and from 1 day C3 appears in the
subepithelium together with ferritin, which has become incorpo-
rated into the IC. x40,00@ar 0.5um
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Fig. 7A, B Immunoelectron
micrographs of oblique section
from nephritic rat at 2 h. Note
localization of rat anti-ferritin
Ab (A large particle$, rat C3
(B large particleg and ferritin
(A, B small particle3. Many

rat anti-ferritin Ab molecules
are present in the lamina densa,
along with ferritin @), but C3
remains in the subendothelial
region together with ferritin
(B). CL capillary lumenUS
urinary spaceA x15,000, B
x22,500bars1.0um

subepithelial side, showing similar patterns of distribafter 2 h. These deposits increased slightly in number
tion at any given time point (Fig. 2). From 2 h to 1 dawith expansion of the mesangial area (Fig. 5B), and sub-
many Ag and Ab particles appeared in the LD (Fig. 2Bpithelial Ag and Ab in mesangial GBM also increased
C). Most Ab was located close to Ag particles in the L{Fig. 5). Ag and Ab were not observed in mesangial cells
(Fig. 2B, C and Fig. 7A) and aggregated Ag alone wasat the vascular pole of the mesangium.
never found within the LD. Within 1 day, Ag and Ab C3 was found in the subendothelial space in the vicin-
were found to be accumulated in the inter-podocyitg of Ag at 15 min (Fig. 6A). During the passage of Ag
space beneath non-distorted foot processes (Fig. 3@)d Ab through the LD from 2 h to 1 day, only a few
This finding was most prominent at 6 h, at which timgarticles of C3 were seen in the LD (Fig. 6B, C and
some epithelial cells were found to contain Ag and Ab ig. 7B). After 1 day, C3 was seen distinctly in the ag-
vacuoles (Fig. 3B, C). At day 1 the distribution of Agregated subepithelial deposit containing Ag, while sub-
and Ab varied from loop to loop (Fig. 2C and Fig. 4Akndothelial C3 decreased with the disappearance of the
even within the same glomerulus. In some loops Ag—Ag and Ab (Fig. 2C, D, E and Fig. 6C, D, E). After 2
complexes were predominant in the subendothelial spdegs, C3 was seen prominently in the subepithelial re-
(Fig. 4), while in other loops Ag—Ab complexes wergion (Fig. 6D, E). C3 was not found in the epithelial
found predominantly in the subepithelial space (Fig. 2Gkglls.
In some loops large subendothelial Ag—Ab complexes Very little C5b—9 complex was found at the subendo-
were observed at day 1 (Fig. 4A). After 2 days, Ag—Ahelial site of Ag and Ab deposition (Fig. 8A, B). No
complexes were found in the subepithelial space in m@&b-9 complex attached to the endothelial cell mem-
capillary loops of glomeruli (Fig. 2D, E). brane was found. After 1 day, C5b—9 complex was de-
In the mesangium Ag and Ab were also observed aeeted in the subepithelial Ag and Ab aggregation and in
jacent to the subendothelial region of the GBM (Fig. 5Aembrane vesicles in the epithelial cells (Fig. 8C, D).



its (Fig. 9B, E). Granules containing Ag, Ab and C3
could be seen in intracytoplasmic vacuoles of these
PMNs, but rarely in monocytes (Fig. 9B—E). This endo-
cytotic process was also seen at 15 min. The findings de-
scribed above are summarized by semiquantitative as-
sessment in Table 1.

In the non-perfused right kidneys of nephritic rats (in-
ternal control), virtually no immunoreactants were
found. On immunoelectron microscopic observation,
very few gold particles were seen in the glomeruli of ne-
phritic rats when first antibodies were omitted.

Discussion

We have examined the ultrastructural localization of Ag,
Ab, C3, C5b-9 complex and inflammatory cells in active
in situ IC glomerulonephritis induced with CF.

Initially Ag and Ab were deposited in the subendothe-
lial space and then passed through the GBM. C3 was
found in Ag and Ab aggregations in the subendothelial
space but was not found in the LD when Ag and Ab
passed through the GBM. Later C3 reappeared in the
subepithelial space in the vicinity of Ag—Ab complex.
Only a few C5b—9 deposits were found in the subendo-
thelial space when Ag, Ab and C3 were found in the sub-
endothelial space, but later significant amount of C5b-9
was observed in the subepithelial space with Ag—Ab
complexes.

These findings suggest the following. Ab first bound
to Ag in the lamina rara interna, where Ag—-Ab aggre-
gates (IC formation) appeared and activated comple-
ment. The activation of complement in the subendothe-
lial space may contribute to the translocation of Ag—Ab
e ; o, : complexes through the GBM, since the depletion of
U IR AT @  complement lessened this translocation [11]. The activat-
ed C3 split products in the subendothelial space were
Fig. 8 Immunoelectron micrographs of the GBM of nephritic ratgjissociated from Ag-Ab complexes. Smaller Ag—Ab

Sequential localization of rat C5b—9 compléarde particle$ and ; ;
ferritin (small particle3 on GBMs atA 15 min,B 2 h, C 1 day,D complex then left the subendothelial region and passed

7 days. Few C5b-9 complexes were seen in the subendotheliaffEOUgh the GBM. The kinetics of Ag and Ab transfer
gion (small arrows, and from day 1 onwards, C5b—9 complexedCross the GBM in active in situ IC nephritis in this ex-
e O Lomichte e Seah i b menbrche seotcs 1 gpmer as essentiall the same as n passive n st 1C

pathtady hritis [10]. Ag—Ab deposits might also be formed di-
S%ISﬂ'al cells grrowheads. A-C 40,000, D 30,000, Bars rectly at outer side of the GBM, since some Ag-Ab ag-

gregates were noted at the subepithelial side of the GBM

after as little as 15 min and 2 h. The above events in the
However, no C5b-9 complex attached to the epithelddvelopment of the subepithelial IC formation seem to
cell membrane was observed. C3 and C5b-9 were disoessential in models of both active and passive in situ
found in aggregated mesangial immune deposits. IC nephritis employing cationic Ag.

From 15 min to 2 h after induction of nephritis nu- The C5b—9 membrane attack complex is considered
merous platelets accumulated in some capillary lumiia.be a major mediator of IC-mediated glomerular injury
Some of these appeared to be in contact with subentihwough glomerular epithelial cell damage [6, 7, 15].
thelial Ag—Ab complexes (Fig. 9A). Focal endothelidHowever, little is known about the formation and the role
cell denudation and swelling were seen at this tinwf. C5b—9 complex in the subendothelial region. In con-
From 2 h to 1 day there was significant PMN and moniwast to C3, very small amounts of C5b—9 complex were
cyte infiltration into capillary lumina, the former beindound in the subendothelial region in this experiment,
more prominent. The cytoplasmic processes (pseudod no evidence showing that the C5b—9 complex at-
pods) of PMNs and monocytes were in direct contaeched to the endothelial cell membrane was obtained.
with endothelial cells and subendothelial immune depddiis might reflect the role of the alternative complement
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Fig. 9 Immunoelectron micro-
graphs of glomerulus from ne-
phritic rats at 2 h, showing lo-
calizations ofA, D rat C3

(large particle3, B, C, E rat
anti-ferritin Ab (arge parti-
cles andA—E ferritin (small
particles. A Marked platelet
(P) accumulation is seen in the
capillary lumen, some patelets
appearing to be in contact with
IC localized in the subendothe-
lium. B A polymorphonuclear
leucocyte (PMN), which has
endocytosed ICsarows), ap-
pears to be in direct contact
with IC localized in the suben-
dothelium @sterisk$. C, D In-
tracytoplasmic vacuoles of a
polymorphonuclear leucocyte
containing C) ferritin and anti-
ferritin Ab andD intracytoplas-
mic vacuoles of a monocyte
containing ferritin and anti-rat
C3.E A monocyte MO), in di-
rect contact with IC in the sub-
endothelium &sterish is en-
gulfing IC (arrow). CL capil-
lary lumen,USurinary space,
BM basement membrang, B
x15,000,C-E x30,000,bars
0.5pum

pathway. C3 activated by Ag—Ab complex might solubitiuded, since focal endothelial cell denudation was seen
ize ICs [8, 20] and stimulate the translocation of 1Gs the current model. C5b—9 complex was found both in
[11], and the activation of C3 would not then be followetie subepithelial ICs and in membrane vesicles in the
by C5b-9 formation. A contribution of the membrane atpithelial cells. However, the existence of IC and C5b—9
tack complex to endothelial cell damage cannot be @x-the subepithelial space in this model does not neces-
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Table 1 Time course of local- ) .
ization of Ag, Ab, complement Time 15 min 2h 6 h Day 1 Day 2 Day 7

and inflammatory cel’:

Ag Subendo +++ +++ ++ +(+++) - -
Intra-GBM * +(++) +(++) +(++) () (€3]
Subepi + +(++) ++ ++(+++) +++
Inter-pod * *(+) + * - -
Epi - - +) - - -
Mes + *(+) + + +(++) +(++)
Ab Subendo +++ +++ ++ +(++4) - -
Intra-GBM * +(++) +(++) +(++) (€3] (€3]
Subepi + +(++) ++ ++(+++)  +++ +++
Inter-pod + +(+) + + - -
Epi - - (+) - - -
Mes - + + + +(++) +(++)
C3 Subendo ++ +++ ++ () - -
(Subendsubendothelial re- Intra-GBM - - - - - -
gion, Subepsubepithelial re- Subepi - - - +(+) HH(HHE)
gion, Inter-podinter-podocyte Inter-pod - - - - - -
space, Epi epitheliunMesme- Epi - - - - - -
sangial region, Pt platelet in Mes - * + + +(++) +(++)
capillary lumenPMN poly- C5b-9 Subendo (= (€3] - - -
morphonuclear leucocyte in Intra-GBM - - - - - -
capillary lumenMo monocyte Subepi - - - + +(++) +(++)
in capillary lumen, +++ strong Epi - - - (+) + +
and massive, ++ moderate and Mes - + * () + +
frequent, + mild and infre- Plt St T4 + + - -
quent,+ weak and very infre-  pyN + . + +(++) () ()
quent,— almost negative, Mo (* + + + +(+) +(+)

() segmental finding

sarily indicate a contribution of C5b-9 to the epitheligkreasing slightly in number with expansion of the mesan-
cell damage or to the development of proteinuria, and gial area thereafter. Modest subepithelial IC formation in
did not find C5b—9 complex attached to the epithelitde mesangial GBM also developed. Ag and Ab were ob-
cell membrane. The contribution of the C5b—9 mergerved 15 min after the perfusion of Ag in the subendo-
brane attack complex to the development of epitheltaklial area but not in the mesangium, and no immunore-
cell damage has been defined [6, 7, 15], and Kerjasch&tants were found in the right kidney. These findings in-
et al. [15] have demonstrated C5b—9 complex on the sdizate that the contribution of circulating IC was negligi-
epithelial cell membrane in passive Heymann nephritide in this model and that mesangial IC deposits in the
These authors also reported that C5b—9 was observelfinkidney seemed to be derived from subendothelial IC.
the subepithelial deposits, as well as in membrane vea3ite et al. [21] also reported paramesangial deposition of
cles in epithelial cells in passive in situ IC nephritis enGF in active in situ IC nephritis and suggested that some
ploying cationic IgG. However, it is unclear whether thaf the CF located subendothelially is transported into the
C5b-9 complex attached to the epithelial cell membramegsangium as part of its clearing function. However, the
because of the limitations of the technique used. precise kinetics of IC in the mesangial region is still un-
In this study Ag—Ab complexes without C3 were oflear. Large-latticed IC in the subendothelial space could
ten seen at the interspaces of the foot processes withbeIswept laterally into the mesangial region, as suggest-
day, and in some epithelial vacuoles at 6 h. These firedt by Makino et al. [16]. The clearance of subendothelial
ings indicate that non-aggregated IC too small to activé=seems to be a minor event, since in comparison with
complement might pass through the slit membrane in@in the peripheral GBM, subepithelial IC in the mesan-
the urinary space or be taken up into the epithelial cajial GBM were small. The hypothesis that ICs were re-
via endocytosis [22, 27]. From 1 day onwards theoved by mesangial cell phagocytosis [17] or transport-
Ag-Ab complexes aggregated in the subepithelial spatkto the vascular pole of the mesangium could not be
were large enough to activate complement and enscoafirmed by the current experiment.
persistence. Ag—Ab aggregation in this space was associGenerally the formation of subendothelial immune
ated with retraction of foot processes. C3 in the subegéposits was accompanied both by inflammatory cell in-
thelial region might either come from the circulation diltration and by complement activation [9, 24]. The ac-
be locally synthesized by the epithelial cells, as reporteemulations of platelets and PMN are reported to be
by Sacks et al. [23], but the mechanisms of IC retentioomplement dependent in concanavalin A-anti-conca-
in the subepithelial space and the fate of subepitheliali@valin A-induced nephritis [14]. In agreement with this
remain to be clarified. hypothesis, the accumulation of platelets and PMN was
Ag-Ab complexes were also found in the mesangi@bserved 15 min after the induction of active in situ IC
matrix adjacent to the subendothelial region after 2 h mephritis, when C3 deposition in the subendothelial
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space was found. This does not exclude the possibili Gabbiani G, Badonnel MC, Vassalli P (1975) Experimental fo-

that Complement actlvatlon |S not essentlal for PMN ac- cal g|0meru|ar lesions elicited by insoluble immune COmpIeX-

- es. Ultrastructural and immunofluorescent studies. Lab Invest
cumulation [29]. The accumulated platelets, PMN, and 3523”42

monocytes were in direct contact with endothelial celis. Golbus SM, Wilson CB (1979) Experimental glomerulone-
or subendothelial IC, and PMN and monocytes containedphritis induced by in situ formation of immune complexes in
Ag, Ab and C3 in intracytoplasmic vacuoles. These in- glomerular capillary wall. Kidney Int 16:148—-157

: . Johnson RJ, Alpers CE, Pruchno C, Schulze M, Baker PJ,
flammatory cells may therefore function as phagocytjré Pritzl P, Couser WG (1989) Mechanisms and kinetics for

scavengers and e”_minate SUbendOthe”al immune réaCyplatelet and neutrophil localization in immune complex ne-
tants [5, 26, 28]. Since platelet influx has been seen inphritis. Kidney Int 36:780-789 _ _ _
many other models of IC-mediated glomerulonephritl§. Kerjaschki D, Schulze M, Binder S, Kain R, Ojha PP, Susani

_ P +ic M, Horvat R, Baker PJ, Couser WG (1989) Transcellular
[2, 9, 12-14, 18, 19], it is probably a feature of nephritis transport and membrane insertion of the C5b-9 membrane at-

in which ICs fo_rm primarily on the luminal Si_de of the tack complex of complement by glomerular epithelial cells in
glomerular capillary wall. The exact roles of inflamma- experimental membranous ~nephropathy. J  Immunol
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