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Summary .  The round "virus-like" extracellular particles (t~EP), observed in 86 of 
190 renal biopsies are round or oval entities with an outer diameter ranging from 400 to 
1200 A. Sometimes they are electron-dense, homogeneous particles; sometimes they assume 
the shape of small vesicles with or without an electron-dense core. The I~EP are localized 
between the podocytes or the mesangial cells on one side and membranous material (glomerular 
basement membrane or mesangial matrix) on the other side. Their number ranges from a few 
units to several hundreds. They occur in widely differing instances. No evidence supports the 
hypothesis of their viral identity; a localized degenerative process is more likely. 

Several  au thors  have  ment ioned  the  presence of small  round  or oval  par t ic les  in 
the  glomerul i :  in subepi thel ia l  spaces of the  capi l la ry  wall  ( gowlands  et al . ,  1970; 
Bar i6 ty  et al. ,  1971 ; Churg and  Grishman,  1972), in basement  m e m b r a n e  (Busch 
et al . ,  1971) or in e x t r a m e m b r a n o n s  deposi ts  (Bar i6 ty  et al . ,  1970). Those par t ic les  
were suggested to  be herpes-l ike vi rus  (Busch et al. ,  1971) or pa r t i cu la r  forms of 
p ro te in  deposi ts  (Churg and  Grishman,  1972) or t hey  were s imply  called " v i r u s -  
l ike"  (gowlands  et al . ,  1970). 

I n  the  presen t  pape r  we will s t udy  the shape and  the  local izat ion of such par-  
t icles as well as the i r  prevalence  and  oeeurenee according to the  types  of nephro-  
pa th ies  which necess i ta ted  the  biopsies. 

Mater ia l  

190 renal biopsies were studied by light and electron microscopy and 138 of these were 
also studied by immunohistochemistry. The 190 renal biopsies showed a broad spectrum of 
diagnoses (Table 1): amyloidosis, diabetes mellitus, systemic lupus erythematosus with or 
without nephropathy, rheumatoid arthritis without nephropathy, toxemia of pregnancy, 
essential hypertension, chronic pyelonephritis, kidney transplants more than one year after 
transplantation, immediate renal graft biopsies, acute glomerulonephritis, minimal glomerular 
changes with or without nephrotic syndrome, focal hyalinosis (Habib and Kleinkneeht, 1971), 
glomerulonephritis with diffuse subepithelial deposits (Barigty et al., 1970; Rosen, 1971), 
membranous and proliferative glomerulonephritis (Burkholder et al., 1970; Bari6ty et al., 1971 ; 
Seymour et al., 1971), glomerulonephritis with extraeapillary proliferation (ttabib and Klein- 
kneeht, 1971; Seymour et al., 1971), glomerulonephritis with IgA mesangial deposits (Berger, 
1969; Druet et al., 1970), miscellaneous and unclassified renal lesions. 
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Table 1. Occurrence of REP in different instances 

Diagnosis Cases I~EP 
studied observed 

Amyloidosis 6 2 
Rheumatoid arthritis 2 1 
Diabetes 8 7 
SLE 18 9 
Toxemia 3 0 
Essential hypertension 5 2 
Pyelonephritis 3 1 
KT 11 6 
RGB 30 14 
Minimal glomerular changes 19 7 
Focal hyalinosis 6 2 
GN with diffuse extramembranous deposits 14 9 
Membranoproliferative GN 13 6 
GN with IgA mesangial deposits 17 6 
Acute GIN 11 5 
GN with extracapillary proliferation 4 1 
Miseellaneous and unclassified 20 8 

SLE=systemic lupus erythematosus; KT=kidney  transplants more than one year after 
transplantation; R GB = immediate renal grait biopsies. 

Methods 

The techniques for light microscopy and for immunohistochemistry have been previously 
described (Bariéty et al. ,  1970; Druet et al. ,  1970). :For electron microscopy, portions of renal 
cortex vere fixed by immersion at 4°C for 11/2 hours in 1.557/o glutaraldehyde and were 
post-fixed for 1 hour in 2% osmium tetroxide. Both solutions were buffered at pH 7.35 with 
Millonig's buffer. Dehydratation was effected through ~ graded series of alcohols and propylene 
oxide. Specimens were embedded in epoxy resin stained with aqueous uranyl acetate and 
with lead citrate, and were examined in a Zeiss E ~  9 electron microscope. 

Results 

R E P  were observed in  86 out  of 190 renal  biopsies. They  were seen elose to the 
podocytes and  to the mesangial  cells hu t  never  close to the endothelial  cells or to 
the cells of the Bowman ' s  capsule. 

I%EP were round  or oval juxtaposed s t ruetures  of different sizes along the 
outer side of the plasma membrane  (Figs. 1-8). Most orten they were spherieal 
homogeneous electron dense structures.  Sometimes, they  were granules appearing 
as clear areas l imited by  a th in  membrane .  Other partieles assumed the shape of 
"coekades":  an  electron dense center  was surrounded by  a lueent  halo, l imited 
by  a single membrane  (Fig. 2). The tota l  diameter  of the particles ranged from 
400 to 1200 • with an  average diameter  of 500 A. Their  number  varied, ranging 
from a few granules in a single l inear pat tern ,  to hundreds  of granules occuring 
in  clusters (Fig. 1). However,  rarely more t h a n  one cluster was observed in  one 
section of a glomerular  ruft .  

Most often, ]~EP were observed near  the podoeytes, between the basement  
membrane  and  the plasma membrane  of the podoeyte. Usually,  they  were present  : 
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Fig. 1. SLE. Clusters of small cytoplasmic particles (*). Small cell particles set in a linear 
pattern (arrow). Remaining cytoplasmic vesicules (arrows). Podoeyte (P), lumen (L), 

raesangiM matrix (M), basement membrane (BM) (× 30500) 
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Fig. 2. Nephroungiosclerosis. REP enclosed within the mesangial matrix. Some of them 
assume the shape of cockades (arrow). Mesangial mutrix (M), podocyte (P), endothelial cell (E) 

( × 27800) 

1. beneath fused foot proeesses (Figs. 1, 3, 4); 2. adjacent to the cytoplasmic strips 
which t ightly joined together two contiguous capillary loops (Figs. 3, 4); 3. at  the 
end of the cytoplasmic expansions which were inserted into the infoldings formed 
by  the basement membrane lying over the mesangial area. Sometimes R E P  
clusters seemed intracytoplasmic, bound witbin a vacuole (Fig. 4). This pat tern  
was probabty due to tangential section. I~EP were also observed near the mesangial 
cells, and general]y occured: 1. at  the end of the cytoplasmic ramifications of the 
mesangial cel] in a centrolobu]ar position (Fig. 5) ; 2. along the cytoplasmic mem- 
brane of mesangial cells interposed in capillary loops (Arakawa and Kimmelstie], 
1969). 

Occasionally, R E P  were observed within some subepitheliul deposits (Fig. 6), 
witbin the basement membrane or within the mesangial m~trix (Fig. 2), far from 
the cells. In  these cases, the granules were orten associated wirb membranous 
structures formed by 2 paralle] densities from 200 A to 300 A apart.  Along their 
length, a transverse banding periodicity was seen (Fig. 8). The presence of these 
membranous structures was seen in 65 out of the 86 biopsies with observed R E P  
(76 % ), and in 47 of the 104 specimens wi thout /~EP (45 % ). No R E P  were observed 



"Virus-Like" Extracellular Particles in Glomerular Tufts 129 

Fig. 3. SLE. Podocytes (P) joining two capillary loops. Lumen (L). Cluster of REP (*) in a 
site normally filled by a strip of podoeyte cytoplasm (× 20000) 

either in the cytoplasm or in the nuclei of glomerular cells. Nevertheless some 
foot processes seemed to be completely transformed into t~EP (Fig. 7). 

Moreover, intraendothelial mierotubulur virus-like structures identical to 
those reported previously (GySrkey et al., 1969; Sinkovics et al., 1969) were 
frequently observed in patients with or without proved systemic lupus ery- 
thematosus:  in 22 cases out of the 104 without I~EP and in 27 cases out of the 
86 cases with REP.  Typical herpes-like particles (Epstein, 1962; Swanson et al., 
1966) were very rare. 

R E P  occured in a great variety of instances (Table 1). No correlation has been 
found between the oeeurence of R E P  and pathological or immunohistochemieM 
features. No relationship could be estabhshed between their presence and clinical 
or biological findings (sex, age, proteinuria, nephrotie syndrome, renal function, 
LE cells, antinuelear antibodies). Several patients were biopsied before any 
treatment,  others had been treated by immunosupressive agents, steroid or 
anti inflammatory drugs. 

Discussion 

There exists a high prevalence of R E P  in glomerular tufts since they were 
detected in 86 out of the 190 specimens reviewed. Their prevalence is certainly 
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Fig. 4. Acute glomerulonephritis. Podocyte (P) joining two contiguous loops. Lumen (L). 
0ne of the two clusters is apparently enelosed within a cytoplasmie vacuole (arrow) ( × 25000) 

under-rated, as in most biopsies no more than four glomeruli were examined. 
They were found in very different instanees, but no signifieant eorrelation could 
be surmised from their varying eoneentration and distribution. They even oceured 
in morphologieally normal Mdneys, for instanee in patients with postural protein- 
uria or in immediate renal-graft biopsiës. Moreover, in the absence of a eontrol 
group it eannot be established that  the presenee of I~EP is pathological in nature. 
I t  may be the physiologieal situation. 

The nature of the REP  is unknown. Three hypotheses may be diseussed: 
1. their viral identity; 2. their non speeifie eytoplasmie origin; 3. a speeial form 
of protein deposit. 

The term "small extraeellular partieles" was used by Moses et al. (1968) to 
designate formations observed in cultured lymph eells from patients with infeetious 
mononueleosis. Large aggregates of REP,  identieal to those deteeted in out 
speeimens, were viewed only in eell eultures whieh eoneomitantly happëned to 
eontain typieal herpes-like partieles. In those eell eultures arrays of tubules 22 m B 
in diameter, similar to the intraendothelial virus-like structures (Györkey et al., 
1969; Sinkovies et al., 1969) were also prësent. Partieles similar in shape to R E P  
were deteeted in the glomeruli of transplanted kidneys. These formations, ealled 
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Fig. 5. Amyloidosis. Amyloid fibrils (A). Cluster of REP (*) in the vicinity of ~ mesangial 
cell (M). Notice the differing sizes of some particles (× 13000) 

virus-like by  Rowlands et al. (1970), suggested to be herpes virus capside by 
Busch et al. (1971) were localized in subepithelial space (t~owlands et al., 1970) 
or in the subepithelial portion of the glomerular basement membrane (Busch 
et al., 1971). 

Though the viral identity of the R E P  cannot be absolutely dismissed, in our 
series morphological grounds for this hypothesis were absent: 1. absence of intra- 
nuclear particles ; 2. absence of the prominent nuclear changes which are currently 
observed in the course of herpes virus infections; 3. absence of budding processes 
along the cytoplasmic membrane;  4. lastly, the heterogeneous sizes of the I~EP. 

No evidence supports the hypothesis tha t  the R E P  are virus-associated 
particles: 1. entities which might have been human herpes virus (Epstein, 1962; 
Swanson et al., 1966) were scarcely detected. 2. Intraendothelial virus-like struc- 
tures (GySrkey et al., 1969; Sinkovies et al., 1969) were often observed in the 
endothelial cells of our specimens. But  a non-significant positive relationship 
existed between the presence of intraendothelial microtubular virus-like struc- 
tures and tha t  of I~EP. 

On the other hand several arguments support the hypothesis of a degenerative 
cytoplasmic origin: 1. the ut ter  change of a whole foot process into a cluster of 



Fig. 6 

Fig. 7 
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Fig. 8. Transplant kidney. Cluster of differing formations: I~EP, vesicles (arrow), mem- 
branous structures (arrows). Podocyte (P), basement membrane (B~l~r), mesangial matrix (M), 

lumen (L) (×36500) 

granules may  be accounted for only by  a cell lysis. 2. As a rule the granules were 
localized within an area ~hat should be filled with cytoplasm. Some clusters of 
R E P  took the place of a strip of cytoplasm joining two contiguous loops. Other 
clusters, incorporated within membranous  material, seemed to be the remains of 
the cytoplasmic process which they  continued. The high prevalence of I~EP in a 
subepithelial or mesangial localization m ay  be accounted for if it is born in mind 
tha t  these entities, t rapped between the cygoplasmie membrane  on one side and 
membranous  material  on the other side cannot, be eliminated into the ur inary 
space or into the capillary lumen. 3. Their frequent association with large vesicular 
structures or membranous  profiles which probably  arise f rom eells (Nagle et al., 
1969) also support  the hypothesis  of a degenerative origin of R E P .  

Fig. 6. Glomerulonephritis with extramembranous deposits. Podocyte (P), endothelial cell (E), 
sparse REP in the subepithelial deposits (D) ( × 23 500) 

Fig. 7. Diabetes mellitus. Two clusters of I~EP (arrow) have tgken the places of foot processes. 
Podocyte (P), basement membrane (BM), lumen (L). :Notice the degeneration lesions in the 

cytoplasm of the adjacent podocyte (arrows) ( × 15500) 
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The granules may  be a speeial form of prote in  deposit  ; however, their  occurence 
in  eell cultures (Moses et al., 1968) and  their  presenee in  some glomeruli  where no 
homogeneous or finely granular  deposit  was deteeted make this hypothesis 
improbable .  Also the elusters eannot  be eonsidered as i m m u n e  deposits for they 
are very orten seen in glomeruli  where no immunoglobul in  or fil C-fll  A-globulin 
ean be deteeted by  immunohis toehemis t ry .  

The eauses, mechanism and  eonsequences of R E P  arë unknown.  I-Iowever 
they  do no seem to hinder  the e laborat ion of the basement  membrane  or the 
mesangial  matr ix .  The oceurenee of R E P  in these eomponents  and  even in  the 
subepithelial  deposits m a y  represent  the different steps of the partieles '  ineorpora- 
t ion  in to  the newly formed membranous  mater ia l  or in to  developing subepithelial 

deposits. 

We gratefully aeknowledge the expert teehnical cooperation of Miss J. Grossetete and 
the fine seeretarial assistanee of Miss G. Bachet. We are indebted to Mfs. D. Cernigoj for the 
translation. 
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