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Summary. Intraglomerular extracellular microparticles
including so-called virus-like particles and striated mem-
branous structures have been observed in various renal
diseases. The presence and localisation of complement
components in these extracellular bodies was studied us-
ing the protein A-gold electron microscopy method. Ul-
trastructurally these particles were differentiated into mi-
crospherical structures (MSS) and thread-like structures
(TS). Both structures showed weak to moderate diffuse
labelling with C1s, whilst the intense labelling found with
C3d and C9 was confined to individual membrane-like
structures of both MSS and TS. Labelling with IgA,
IgG, fibrinogen and the complement components Clq,
Cilr, C3c C4 and C5 showed negative or trace results.
There were no differences between the immunolabelling
patterns of MSS and TS, nor among different renal dis-
eases in which these structures were found. These find-
ings raise the possibility that formation of so-called vi-
rus-like particles such as MSS and TS may be associated
with complement activation.
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Introduction

Several previous investigators have reported the pres-
ence of small coarse, round/oval or thread-like extracel-
lular glomerular particles in a variety of renal diseases
(Bariety and Callard 1972, 1975; Burkholder et al. 1973;
Carlson and Surerus 1986; Churg and Grishman 1972;
Duncan et al. 1965; Mazzucco et al. 1990; Nagel et al.
1969; Olsen et al. 1974; Zollinger and Mihatsch 1978).
Generally, classification of these electron-dense bodies
has been based on ultrastructural appearance, with a
number of descriptive terms being used, including virus-
like particles (Bariety and Callard 1972 ; Churg and Grish-
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man 1972), spherical microparticles (Burkholder et al.
1973) and striated membrane structures (Bariety and
Callard 1975; Carlson and Surerus 1986; Nagel et al.
1969; Olsen et al. 1974). Previous investigations using
conventional electron microscopy have concentrated on
their shape, size (diameter), density and location. Al-
though these structures often resemble viruses morpho-
logically, there has only been an occasional positive iden-
tification of viruses by using cytochemical methods
(Burkholder et al. 1973; Zollinger and Mihatsch 1978).
The origin and nature of these particles in renal glomeru-
li is still the subject of considerable speculation.

We have been using an immunogold labelling method
to investigate the subcellular localisation of immuno-
globulins, fibrinogen and complement components in
the glomeruli. In this study we demonstrate that comple-
ment components are uniformly associated with these
glomerular extracellular particles in various types of re-
nal disease.

Materials and methods

Renal biopsy tissue from 48 patients was examined ultrastructurally
for the presence of round/oval or thread-like extracellular particies.
The following primary diagnostic categories were considered: dia-
betic nephropathy (17 cases), IgA glomerulonephritis (8 cases), lu-
pus nephritis (7 cases), idiopathic membranous nephropathy (5
cases), crescentic glomerulonephritis with or without Goodpas-
ture’s syndrome (4 cases), mesangiocapillary glomerulonephritis
type I (1 case), thrombotic microangiopathy (2 cases), focal and
segmental hyalinosis and sclerosis (2 cases), and 1 case each of
mesangial proliferative glomerulonephritis (non-IgA) and pre-ec-
lamptic toxaemia.

Renal biopsy tissue was initially fixed in periodate-lysine-para-
formaldehyde (PLP) fixative (McLean and Nakane 1974) and post-
fixed in 1% osmium tetroxide for 10 min. After dehydration in
graded ethanol, the tissue was embedded in L.R. White resin (Lon-
don Resin, London, UK).

Immunoelectron microscopy using the protein A-gold tech-
nique was performed on serial sections in 8 of these patients. In
brief the method consisted of mounting sections consecutively on
top of a drop of the following reagents: (a) 1% ovalbumin in
0.01 M phosphate-buffered saline pH 7.4 (ovalbumin/PBS) for
5 min; (b) rabbit anti-human IgA, IgG, IgM, Clq C3c, C3, fibrino-
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gen (Dakopatts, Copenhagen, Denmark) or rabbit anti-human
Ctr, Cts (Calbiochem, San Diego, CA, USA) or rabbit anti-human
C4, C9 (Wako, Tokyo, Japan) for 16 h at 4° C; (c) ovalbumin/PBS
(3 times for 5 min); (d) protein A-gold complex solution (diameter
15 nm) for 30 min min; (e) ovalbumin/PBS (3 times for 5 min).
After washing with distilled water and drying, sections were stained
with uranyl acetate and then examined under the electron micro-
scope.

Colloidal gold was prepared according to the method of Frens
(1973) and was conjugated with protein A (Pharmacia, Uppsala,
Sweden) according to the method of Tanaka et al. (1984).

Control experiments were performed with the omission of the
primary antiserum incubation step, but with the application of
the secondary antiserum and/or protein A-gold.

Intensity of immunolabelling was graded semi-quantitatively
according to density of gold particles on photographs with equiva-
lent final magnification (x 12000). This was represented as: (—)
not significantly different from background staining, (4-) barely
above background, (+), (+ +), (+ + +) increasing degrees of pos-
itive labelling with 10-20, 21-50 and greater than 50 gold particles/
cm? respectively.

Results

To preserve antigenicity for immunoelectron microsco-
py, tissue was fixed in PLP and prolonged post-fixation
in osmium tetroxide was avoided (Nakajima et al. 1989).
Preservation of ultrastructure was sufficient to identify
these particles but the detailed membrane structures
were blurred, so we differentiated generally between mi-
crospherical structures (MSS) (often referred to as virus-
like particles) and thread-like structures (TS).

Either MSS or TS were observed extracellularly in
28 out of 48 renal biopsies. In 7 of 48 cases, both MSS
and TS were seen. The incidence of these extracellular
particles in various renal diseases is shown in Table 1.
MSS were observed as spherical homogeneous electron-
dense structures (Fig. 1a), whilst TS appeared to form
circular or whorled patterns (Fig. 1b). Both types were
either present in isolation or grouped in a single mass,
often in association with a matrix material that resem-

Table 1. Incidence of microspherical structures (MSS) and thread-
like structures (TS) in various renal diseases

Diagnosis Cases MSS TS  MSS
) and TS
Diabetic nephropathy 17 9 11 6
IgA glomerulonephritis 8 2 1 1
Lupus nephritis 7 2 1 0
Idiopathic membranous 5 0 3 0
Crescentic GN 4 0 2 0
MCGN 1 0 1 0
FSHS 2 0 2 0
Mesangial proliferative GN 1 1 0 0
PET 1 0 0o o0
Thrombotic microangiopathy 2 0 (N

Total 48 14 21 7

MCGN, Mesangiocapillary glomerulonephritis; FSHS, focal and
segmental hyalinosis and sclerosis; PET, pre-eclamptic toxaemia

bled protein deposit. MSS, which usually occurred in
clusters and sometimes in association with TS, were lo-
cated in the subepithelial space of the basement mem-
brane, often between two contiguous basement mem-
branes lying over the mesangial area (Fig. 1a). This phe-
nomenon occurred in 14 out of 48 patients. In 20 out
of 48 patients, TS were observed in association with
MSS in sclerotic tissue. In a patient with idiopathic
membranous nephropathy, the basement membrane
contained many areas of TS encapsulated within depos-
its as well as degradation granules (Fig. 2). Neither MSS
nor TS were observed in subendothelial location. These
data are summarized in Table 1.

The intensity of immunogold labelling of MSS and
TS found in serial sections with 12 different antisera
is detailed in Table 2. All MSS and TS showed intense
labelling with antiserum to C3d and C9 and weak to
moderate labelling with antiserum against Cls (Figs. 3,

Fig. 1. Electron micrographs of sub-epithelial microspherical struc-
tures (arrows) surrounded by folds of glomerular basement mem-
brane in a case of diabetic nephropathy (a). Thread-like structures

(arrows) are seen in the mesangial matrix in a case of diabetic

nephropathy (b). CL, Capillary lumen. Bar=1 pm
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Fig. 2. a, b Immunoelectron micrographs of ultra-thin sections

from a patient with membranous nephropathy labelled for C9.
Some electron-dense deposits are replaced by thread-like structures
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(arrows), which show intense labelling with gold particles. CL, Cap-
illary lumen. Bar=1 pm

Table 2. Immunolabelling of microspherical and thread-like structures in various renal diseases

Case no. Primary diagnosis Clq Cir Cis C4 Cic C3d C5 (&) IgA IgG IgM Fg
1 Diabetic nephropathy - - + + — — + 4+ - + 4+ — — — —
2 Diabetic nephropathy — — + — — +++ — +++ NF NF NF —
3 Diabetic nephropathy - — + + - — +++ - +++ NF NF NF NF
4 Diabetic nephropathy - - + — — + 4+ + — + 4+ + — — — —
5 Diabetic nephropathy - - + — NF +++ — +++ NF NF NF NF
6 Diabetic nephropathy ~ — — + -+ — — 4+ + - +++ - — - —
7 Diabetic nephropathy — - + — — + 4+ - + 4+t — - — —
8 Diabetic nephropathy ~ — - + - = +++ = +++ ND ND ND ND
9 Idiopathic MN — - + + - +++ - +++ - — — _

10° Idiopathic MN — — ++ - — +++ - +++ — — - -

11 Idiopathic MN - - + - ND +++ ND +++ - — — —

12 FSHS — - + - - +++ - +++ - - — —

13 FSHS — - + - — +++ - +++ - - - -

* Were seen in basement membrane

NF, not found; ND, not done; Fg, fibrinogen; MN, membranous nephropathy; FSHS, focal and segmental hyalinosis and sclerosis

4). The labelling patterns for C1s were diffuse and ran-
dom (Fig. 3a, 4a), whilst immunolabelling for C9 was
confined to individual membrane-like structures within
the mass of MSS and TS (Figs. 3¢, 4¢). C3d labelling
of MSS and TS showed a distribution pattern intermedi-
ate to that of Cls and C9 (Figs. 3b, 4b). Immunogold
labelling with other antisera resulted in negative labelling
of both MSS and TS, except for weak positive labelling
of C4 in one case of idiopathic membranous nephro-
pathy.

None of the control experiments showed any specific
labelling pattern.

Discussion
Since these extracellular bodies were first reported in

Goodpasture’s syndrome by Duncan et al. (1965) they
have been observed in a number of renal diseases (Bar-

iety and Callard 1972, 1975; Burkholder et al. 1973;
Carlson and Surerus 1986; Churg and Grishman 1972;
Mazzucco et al. 1990; Nagel etal. 1969; Olsen et al.
1974; Zollinger and Mihatsch 1978). These extracellular
particles include so-called round/oval virus-like parti-
cles, spherical microparticles and striated membranous
structures.

In our preliminary investigation we frequently found
MSS within the subepithelial region of glomerular capil-
lary walls. These structures correspond to the round/
oval virus-like particles seen by other investigators. Al-
though these structures have been traditionally referred
to as virus-like particles, in the majority of renal diseases
there is no direct evidence that they are in fact viruses
(Burkholder et al. 1973; Zollinger and Mihatsch 1978).
On the contrary, they are thought to be of a degenerative
cytoplasmic, rather than viral origin on the basis of their
appearance, location and association with membrane
profiles (Bariety and Callard 1972). Striated membrane
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Fig. 3a—c. Immunoelectron micrographs
of ultra-thin sections from patients with
diabetic nephropathy. Microspherical
structures show weak labelling for Cls
(a) and intense labelling for C3d (b) and
C9 (¢). Bar=1 pm
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Fig. 4a—c. Immunoclectron micrographs
of ultra-thin sections in a case of diabet-
ic nephropathy. Thread-like structures
show weak labelling for C1s (a) and in-
tense labelling for C3d (b) and C9 (c).
C1s and C3d labelling demonstrate a
random distribution pattern whilst gold
particles for C9 are confined to individ-
ual threads. MM, Mesangial matrix;
MC, mesangial cell. Bar=1 pm
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structures, which are the same as our TS, are also
thought to represent fragmented cellular processes, from
their ultrastructural appearance (Ferrans et al. 1976; Na-
gel etal. 1969). The occurrence of these inclusions in
aetiologically unrelated renal conditions suggests the
view that they occur as a cellular response, rather than
of viral nature.

In the present study, MSS and TS found in various
renal diseases were consistently labelled for the comple-
ment components C1s, C3d and C9, suggesting that for-
mation of these structures may be non-specific to each
type of renal disorder. Furthermore, universal positive
labelling of C1s, C3d and C9 was observed in association
with these structures, regardless of variations in their
structure and intraglomerular location. These findings
imply that these structures may be derived from the same
origin and that complement components may be asso-
ciated with the occurrence of so-called virus-like parti-
cles in glomeruli.

Gold particles labelling against C1s within a mass
of MSS/TS were not found isolated to these structures,
but rather showed a scattered distribution pattern in
the overall mass of particles. On the other hand, gold
particles against C9 were always found confined to indi-
vidual membrane-like structures. The distribution of
gold particles against C3d was in between that of Cls
and C9. Although speculative, these findings raise the
possibility that in situ activation of the complement
pathway may result in the formation of these structures,
and that membrane-like structures within a mass of
MSS/TS could be poly C9 complex or membrane attack
complex (MAC; C5b-9 complex). In fact, the ultrastruc-
ture of poly C9 or MAC, as demonstrated by Podak
(1986), in many respects resembles that of our MSS/TS.
Furthermore, MAC was demonstrated recently using a
pre-embedding immunoperoxidase electron microscopy
method to label structures similar to our MSS and TS
(Hinglais et al. 1986; Miyamoto et al. 1988). At the same
time the observation of complement in cell remnants
in normal human kidneys has led to the suggestion that
complement plays a role in the shedding process of plas-
ma membranes from aging cells (Hinglais et al. 1986).

In the present study, other complement components
(Clq, Cir, C3c, C4, and C5) gave either negative or
almost negative labelling of MSS/TS. This may relate
to the relative stability of the various antigens under
the present processing conditions. On the other hand,
we have previously demonstrated the preservation of
IgA, IgG, IgM and fibrinogen antigenicity when using
this fixation procedure (Nakajima et al. 1989). The nega-
tive labelling for immunoglobulins and fibrinogen sug-
gests that the association of complement with MSS and
TS may not be due to immune complex or coagulation
processes.

In conclusion, so-called virus-like particles found in
glomeruli are possibly associated with complement acti-
vation rather than of a viral nature or due to fragmented

cellular processes. However, the aetiology of these struc-
tures remains unclear.

References

Bariety J, Callard P (1972) Round ¢ virus-like” extracellular parti-
cles in glomerular tufts. An electron microscopic study of 190
human renal biopsies. Virchows Arch [A] 357:125-135

Bariety J, Callard P (1975) Striated membranous structures in renal
glomerular tufts. An electron microscopy study of 340 human
renal biopsies. Lab Invest 32:636—641

Burkholder PM, Hyman LR, Barber TA (1973) Extracellular clus-
ters of spherical microparticles in glomeruli in human renal
glomerular diseases. Lab Invest 28:415-425

Carlson EC, Surerus K (1986) SEM studies of acellular glomerular
basement membrane in human diabetic glomerulopathy. Anat
Rec 216:349-358

Churg J, Grishman E (1972) Ultrastructure of immune deposits
in renal glomeruli. Ann Intern Med 76:479-486

Duncan DA, Drummond KN, Michael AF, Vernier RL (1965)
Pulmonary haemorrhage and glomerulonephritis: report of six
cases and study of the renal lesions by the fluorescent antibody
technique and electron microscopy. Ann Intern Med 62:920-
938

Ferrans VJ, Thiedemann KV, Maron BJ, Jones M, Roberts WC
(1976) Spherical microparticles in human myocardium. An ul-
trastructural study. Lab Invest 35:349-368

Frens G (1973) Controlled nucleation for the regulation of the
particle size in monodisperse gold suspensions. Nature Phys
Sci 241:20-22

Hinglais N, Kazatchkine MD, Bhakdi S, Appay M, Mandet C,
Grossetete J, Bariety J (1986) Immunohistochemical study of
the C5b-9 complex of complement in human kidneys. Kidney
Int 30:399-410

Mazzucco G, Casanova S, Donini U, Rollino C, Zucchelli P, Picolli
G, Monga G (1990) Glomerulonephritis with organized depos-
its: a new clinicopathological entity? Light-, electron-micro-
scopic and immunofluorescence study of 12 cases. Am J Neph-
rol 10:21-30

McLean IW, Nakane PK (1974) Periodate-lysine-paraformalde-
hyde fixative. A new fixative for immunoelectron microscopy.
J Histochem Cytochem 22:1077-1083

Miyamoto H, Yoshioka K, Takemura T, Akano N, Maki S (1988)
Immunohistochemical study of the membrane attack complex
of complement in IgA nephropathy. Virchows Arch [A]
413:77-86

Nagel RB, Khonen PW, Bulger RE, Striker GE, Benditt EP (1969)
Ultrastructure of human renal obsolescent glomeruli. Lab In-
vest 24:519-526

Nakajima M, Mathews DC, Hewitson TD, Kincaid-Smith P (1989)
Modified immunogold labelling applied to the study of protein
droplets in glomerular disease. Virchows Arch [A] 415:498-499

Olsen S, Bohman SO, Peterson VP (1974) Ultrastructure of the
glomerular basement membrane in long term renal allographs
with transplant glomerular disease. Lab Invest 30:176-189

Podak ER (1986) Assembly and functions of the terminal compo-
nents. In: Ross GD (ed) Immunology of the complement sys-
tem; an introduction for research and clinical medicine. Aca-
demic Press, New York, pp 115-136

Tanaka H, Haga S, Takatsuki K, Yamaguchi K (1984) Localization
of adult T-cell leukemia-associated antigen by the immunocol-
loidal gold method. Cancer Res 44:3493-504

Zollinger HU, Mihatsch MJ (1978) Renal pathology in biopsy.
Springer, Berlin Heidelberg New York, pp 96



