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Summary. Six renal biopsies from patients with Systemie Lupus erythematosus were 
studied with the eIectron microscope. By light microscopy only mild endothelial and mesangial 
hiperceIlularity were present. Ultrastructurally the visceral epithelial cells were hyper- 
trophic with microvilli formation, hypertrophy of diverse cytoplasmic organelles and fusion 
of the foot processes. Four cases had subepithelial deposits. All four cases were given high 
doses of steroids suggesting that these deposits are not aßfeeted by the treatment. 

The basement membrane in all the cases had focal areas of thickening or nodularity. 
The endothelial cells showed proliferation. There was an increase in mesangial cells and 
matrix. In one case collagen fibers were present in the mesangial matrix. 

The finding in a significant number of cases of subepithelial deposits not detected by 
light microscopy indieates the need of routine ultrastructural studies for the complete evalua- 
tion of Lupus nephritis. 

Introduction 

The u l t r a s t r uc tu r a l  fea tures  of severe renal  i nvo lvemen t  b y  Sys temic  Lupus  
e ry thema tosus  (SLE) are  ex tens ive ly  deser ibed  in  the  l i te ra ture .  The e lect ron 
microscopic  fea tures  of speeimens found to have  min imal  lesions b y  l ight  miero- 
scopy are less well known. 

Several  authors ,  (Pirani  et al., 1961 ; Gr i shman  et al., 1963 ; P i ran i  and  Manali-  
god, 1966; Comenford and  Cohen, 1967; Pol lack  and  Pirani ,  1970) of genera l  
ar t ie les  on the  u l t r a s t r ue tu r a l  f indings in Lupus  nephr i t i s  men t ion  t h a t  in the  
mi lder  cases the  glomerul i  can show focal fusion of foot  processes, nodu l a r i t y  of 
the  basemen t  m e m b r a n e  and  a few dense deposits .  These deposi ts  ean be loca ted  
in the  basemen t  membrane ,  the  mesang ium or in the  subendothe l ia l  or sub- 
epi the l ia l  areas.  Only  one p a p e r  is found in the  l i t e ra ture  devo ted  speeif ieal ly 
to  th is  sub jec t  (Gr i shman and  Porush,  1964) and  t h e y  deseribe f indings s imilar  
to those  p rev ious ly  ment ioned.  

I n  this  paper ,  a selected group of renal  biopsies hav ing  mi ld  lesions b y  l ight  
microscopy  are  s tud ied  in de ta i l  wi th  the  e lect ron microseope.  The high ineidence 
of subepi the l ia l  deposi ts  found  in these eases is p rev ious ly  un repo r t ed  and  
emphasizes  the  impor t ance  of u l t r a s t r ue tu r a l  s tudies  in the  eva lua t ion  of pa t i en t s  
wi th  renal  lesions for t he rapy .  

* Part of this work was done under a Fellowship of the W. K. Kellog Foundation in the 
Department of Surgieal Pathology, Washington University, School of N[edicine, St. Louis, 
Missouri, United Stares of America. 
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M a t e r i a l s  a n d  M e t h o d s  

Six percutaneous renM biopsies were studied. For light microscopic studies the specimens 
were processed in the usual fashion, cut at 4 microns, stMned with Hematoxylin-eosin, 
Periodic-Acid-Schiff and Silver ~ethen~mine. For electron microscopy the specimens were 
inmediately fixed in glutarMdehyde and then post-fixed in 1% osmium tetraoxide in phos- 
phate buffer ~t pH 7.2 for four hours. The samples were embedded in Epon 812. Thick sections 
were cut a 1 micron, stMned with paraphenilendiamine ~nd examined with a phase micro- 
scope. In that  way, two to three glomeruli per specimen were localized. Multiple thin sections 
were cut from these blocks (golden-silver interference colours), mounted on uncoated copper 
grids, stained with uranyl acetate and examined with a Phitlips 200 electron microscope. 

The patient's charts were reviewed and pertinent clinicM and laboratory data was recorded 
including the treatment received. 

R e s u l t s  

I n  al l  s ix cases, t he  l igh t  mic roscop ic  s t u d y  showed  a L u p u s  g lomeru l i t i s  

(Muehrcke  et al., 1957). Cri ter i~ for  th is  were  endo the l i a l  (Fig. 1) or  mesang iM 

h y p e r c e l ] u l a r i t y  (Fig. 2) a n d  focM t h i c k e n i n g  of t h e  g l o m e r u l a r  b a s e m e n t  m e m -  

brane .  F o c M  f ibr inoid ,  h e m a t o x y ] i n  bodies  or  o t h e r  morpho log i cM fea tu re s  of 

a c t i v i t y  were  abseht .  Tubu les ,  i n t e r s t i c i u m  and  vessels  were  no rma l .  

Al l  p a t i e n t s  h a d  an  u n e q u i v o c M  diagnos is  of S L E  on t h e  basis  of cl inicM a n d  

sero logiea l  d a t a  (Tables  1 a n d  2). T h e  k i d n e y  b iopsy  was  p e r f o r m e d  for  t h e  

e v a l u a t i o n  of possible  r ena l  disease.  

Table 1. Clinical data 

Case Age Sex Duration Duration Rash At- Pleu- Edema 
(years) of SLE of renM thritis ritis 

(months) involvement 
(months) 

1 8 ~ 42 32 + + 0 0 
2 36 ~ 16 12 @ + 0 0 
3 14 ~ 12 12 0 @ 0 0 
4 14 9 i0 7 0 + + 0 
5 11 ~ 8 8 + + 0 0 
6 5 ~ 3 1 + 0 0 0 

Table 2. Laboratory values 

g.. 
0 

¢¢ 

H 

1 40 8600 20 ~- + 26.7 
2 39 4500- 18 @ -- 19.4 
3 37 4600 20 + @ 16.3 
¢ 42 8600 28- -k- - -  11.0 
5 45 7600 20 ~- - -  20.6 
6 26 10000 25- + + 25.0 

16 0.77 1.0 + +  ABN 72 
18 1.20 - -  - -  N 86 
14 0.50 - -  ~- ABN 139 
17 0.78 - -  + N 63 
10 0.54 0.33 ÷ N 87 
13 0.63 0.20 + ABN 72 
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Fig. 1. Case 4. Lupus glomerulitis with focal endothelial hypercellularity. Hematoxylin-eosin, 
× 350 

In  the Tables 1 and 2, the clinieal and laboratory results obtained immediately 
before the renal biopsy are shown. 

Ultrastructural Findings 
All the biopsies were abiaormal under the electron microscope. There was 

hypercellularity of parietal and visceral glomerular epithelial cells and hyper- 
trophy of their endoplasmic reticulum and Golgi apparatus. Cytoplasmic micro- 
filaments and multivesicular vacuoles were seen. Bowman's capsule was normal. 

In  five of the six cases, there was fusion of the foot processes. This was more 
extensive in areas overlaying alterations of the basement membrane, and was 
seen in both the juxtamesangial and peripheral portions of the capillary. 

In  live cases, microvilli formation was seen in the epithelial cells (Fig. 3). 
These microvilli were found to arise from areas of cytoplasm almost devoid of 
organelles and with an increase in cytoplasmic matrix. Free organelles were 
found in Bowman's space (Fig. 3). Both changes have been named by Comenford 
and Cohen (1967) "disruption" and interpreted as a form of damage of the 
epithelial cytoplasm. 

In none of the cases was the basement membrane normal. In four of the six 
cases, subepithelial deposits were present (Fig. 4). They were woll delimited, 
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Fig. 2. Case 1. Glomerulus showing mesangial hypercellularity. Hematoxylin-eosin, ×350 

measured up to 3000 • in greatest  diameter and surrounded by  a clear halo. 
The deposits were finely granu!ar and had an eleetron densi ty similar to t ha t  
of the basement  membrane.  

Between the deposits the basement  membranë  formed irregular projeetions 
or "sp ikes" .  Oeeasionally, the deposits were eompletely surrounded by  the 
basement  membrane,  being in t ramembranous  instead of subepithelial. No sub- 
endothelial deposits were found. I n  all eases the basement  membrane  had foeal 
areas of nodular i ty  and thiekening in the peripheral as well as juxtamesangial  
areas. A few, ovoid membrane-bound,  in t ramembranous  inelusions, t ha t  measured 
up to 3 000 A in diameter,  werë found. They  were simflar to the type  I I  inelusions 
deseribed by  Comenford and Cohen (1967). 

The endothelial eells showed proliferation with oeeasional obliteration of the 
eapillary lumen by  the eell bodies. As in the epithelial eells hyper t rophy  of diverse 

Fig. 3. Case 4. There are numerous cytoplasmie projections of viseeral epithelial eells that 
have developed mierovilli (tuv). In the eytoplasmie projeetions are lysosomes (L) and also 
mitoehondria (m) with a dense matrix and Ioartial loss of eristae. There are also free organelles 
in Bowman's sloaee (BS). A fragment of normal Bowman's eapsule (BC) and eapillary lumen 

(CAP) are seen. (Approx. 6000) 
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Fig. 3 



Fig. 4. Case 3. Subepithelial deposits (D) and a thickened basement membrane (bin). The 
deposits measure up to 3 000 A in diameter and are surrounded by a clear halo. Some of the 
deposits ~re intr~membranous. In Bowm~n's space (BS) there is fusion of the foot processes 

of the epithelial cells. (Approx. 11250) 



Fig. 5. Case 4. Proliferation of endothelial (EN) cells with hyper t rophy of cytopl~smic 
organelles. There are areas of reticulation (arrow), bet ter  shown in the insert. In  the capillary 
lumen there are red blood cells and a leukocyte. (Approx. 11200, insert approx. 31200) 



26 B. Elsner: 

Fig. 6. Case 3. Increase in eells and mesangial matrix. Note the presence el collagen fibers 
(arrow). (Approx. 11200) 

ey top lasmic  organelles was seen (Fig. 5). A change in the  endothe l ia l  cy top la sm 
t e rmed  re t ieu la t ion  (Fig. 5) was seen in three  of the  six eases. The appea rance  
was t h a t  of a del icate  ne twork  t h a t  involved  the  per inue lear  er pa r i e t a l  cyto-  
p lasm and  was eaused b y  en la rgement  and  dis tors ion of the  endothe l ia l  fenes t rae  
(Fa i th  and  Trump,  1966). I n  the  capi l la ry  lumen red  blood cells and  neut rophi l s  

were seen. 
I n  the  mesangia l  a rea  there  was increase in the  number  of eells and  in the  

a m o u n t  of mat r ix .  One case showed eollagen fibers in the  mesangia l  m a t r i x  

Table 3 

C~se Steroid treatment Type of ultrastructural 
prior to renal biopsy deposit present 

1 High dose a Subepithelial deposit 
2 High dose Subepithelial deposit 
3 High dose No deposit present 
4 High dose Subepitheli~l deposit 
5 High dose Subepithelial deposit 
6 No treatment No deposit present 

a High dose is defined as no less than 40 mg of Prednisone daily for a continued period 
of at least six months. 
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(Fig. 6). No dense deposits were seen in the mesangium. As seen in Table 3, five 
patients received treatment with high doses of steroids and in four of these 
subepithelial dense deposits wert seen. 

Discussion 

None of the ehanges deseribed above is speeffic for SLE. Among the ab- 
normalities found in the epithelial cells, microvilli formation can be seen in the 
various glomerulonephritides, amyloidosis and diabetie glomerulosclerosis. Together 
with the hypertrophy of the Golgi apparatus and an abundant rough endoplasmic 
reticulum, it suggests a non-specific form of damage of a labile active and highly 
specialized cell (Trump and Benditt, 1962). 

The appearance of the subepithelial deposits is what Ehrenreich and Churg 
(1968) have named ':membranous transformation",  and when it affects the 
glomerulus diffusely it is characteristie of membranous glomerulonephritis. As 
deseribed by these authors, these deposits are first subepithelial, and then ar t  
gradually surrounded by spikes. In a later stage, they became ineorporated in 
the basement membrane substance and disappear leaving a thickened and nodular 
basement membrane. 

Areas of membranous transformation can be found also in the kidneys of 
patients with renal vein thrombosis, diabetes and SLE. They were found in six 
of forty-six cases oB SLE studied ultrastructurally by Grishman (1968). 

By immunofluorescence these deposits were shown to contain gamma globulin 
and complement. According to Dixon (1968), the subepithelial location of the 
deposits indicates that  circulating immune complexes are trapped in the glomerular 
walls. When the antibody involved is antibasement membrane, the deposits are 
located in a linear pat tern along the inner aspect the glomerular basement mem- 
braue. 

The proliferation of the endothelial cells and hypertrophy of diverse cyto- 
plasmic organelles can be considered as a non-speeific reaction to injury. The 
presence of reticulation is described in many glomeru]ar lesions such as glomerulo- 
nephritis, eclampsia, nephrotoxic serum nephritis and SLE (Faith and Trump, 
1966). I t  can be found isolated or associated with subendothelial deposits and is 
related to endothelial phagocytosis or other meehanisms of transendothelial 
transport. 

The presence of collagen mesangial fibers occurs infrequently in SLE (Comen- 
ford and Cohen, 1967) and in other ehronie glomerular diseases. Jones (1963) 
showed that  the initial structural event in glomerular obsolescense is not the 
produetion of collagen, but  the increase in mesangial matrix. Collagen fibers 
appear in a later stage and trend to aceumulate particularly in the urinary space 
(Nagle et al., 1969). 

Pirani et al. (1961) ; Grishman et al. (1963) ; Grishman and Pórush (1964) ; 
Pirani and Manahgod (1964); Pollak and Pirani (1970), mention in their reports 
that  in kidneys from patients with SLE that  appear either normal or have mildly 
involved by light microscopy, diverse ultrastructural lesions can be found. They 
describe focal fusion of foot processes of the epithelial cells, thickening and 
nodularity of the basement membrane and focal subendothelial or mesangial 
dense deposits. 
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Comenford and  Cohen (1967) examined  in g rea t  de ta i l  13 k idney  biopsies 
from 12 pa t i en t s  wi th  SLE.  They  d iv ided  thei r  cases u l t r a s t r ue tu r a l l y  in three  
groups.  The first  group had  no dense deposits ,  b u t  had  diverse abnormal i t i es  in 
the  epi the l ia l  and  endothe l ia l  cells and  in the  g lomerular  basemen t  membrane .  
The second group had  group I abnormal i t i es  and  in add i t ion  subepi the l ia l  de- 
posits.  I n  the  t h i rd  group there  were group I abnormal i t i es  and  subendothe l ia l  
deposits .  Seven of the i r  pa t i en t s  had  cl inieal ly mi ld  renal  disease and  under  
the  l ight  microscope showed sl ight  prol i fera t ive  or membranous  changes. F ive  
of these pa t i en t s  had  u l t r a s t r uc tu r a l  group I lesions, i .e.  no dense deposits .  Two 
cases had  subepi thel ia l  deposits .  

Compared  to the  s tudies  prev ious ly  ment ioned,  the  cases descr ibed here are 
different  in t h a t  t hey  show t h a t  in four  out  of six eases subepi thel ia l  deposi ts  
were found wi th  the  electron mieroseope in pa t i en t s  wi th  min imal  renal  disease 
by  l ight  mieroseopy.  

As all  four pa t i en t s  had  been t r e a t ed  wi th  high doses of s teroids i t  can be 
specula ted  t h a t  the  subepi thel ia l  deposi ts  m a y  be no t  affeeted b y  the  t r ea tmen t .  
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