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Summary. Recurrent glomerulonephritis in kidneys transplanted to glomerulonephritic 
recipients is becoming more obvious. I t  has been suggested that the disease process which 
caused the original disease in the recipient is also operative in the transplanted tissue. This 
study compared the ultrastructure and immunofluoreseence of the native kidneys of four 
patients with their respective sequential, transplant biopsies. In each case, subepithetial 
humps and IgG, characteristic of a complex type of nephritis, were observed in both the 
original diseased kidneys and in the transplants. This would indicate that the immuno- 
pathologic process which caused the original glomerulonephritis and led to transplantation 
is also operative in the transplanted tissue. 

Key words: Glomerulonephritis - -  l~enal - -  Homograft. 

Recurrent glomerulonephritis in human renal transplants is becoming increas- 
ingly apparent.  The question whether the immunopathologic process which 
caused the lesion in the recipients' original kidneys may  repeat itself in the trans- 
planted renal tissue has not been answered. Great advances in prolonging graft 
survival have been made in the areas of immunosuppression and histocompati- 
bility matching; these advances may  leave recurrent nephritis as the major com- 
plication of renal transplantat ion for the t rea tment  of glomerulonephritis. 

Glassoek et al. (1968, 1967) reported the recurrence of glomerulonephritis in 
eleven of seventeen twin renal grafts, correlating rejection with the duration of 
the nephritis in the recipient. Porter  et al. (1967, 1968) described recurrent nephri- 
tis of an antigen-antibody complex type in three homografts of seventy-one eases. 
In  another series of thirty-nine renal allografts, Dixon et al. (1969) described 
thirteen eases with anti-GBM nephritis and twenty-six grafts with complex type 
nephritis. Of the former, seven patients demonstrated immunohistological evidence 
of recurrent nephritis, and of the latter, six patients demonstrated definite evi- 
dence of recurrent complex-type nephritis. Dixon et al. (1969) suggest tha t  the 
frequency of recurrent nephritis may  be greater than previously reported, and 
tha t  recurrences may  be confused with graft rejection. 

I t  seemed important ,  in order to confirm or deny the recurrence and fre- 
quency of glomerulonephritis in renal homografts, to compare the ultrastructure 
of sequential biopsies removed from the transplanted kidney with the ultra- 
structure of the recipient's original kidney. Immunofluorescent eva]uation of 
these biopsies was also carried out and reported in detail (Bryant et al., 1972). 
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)Iaterials and Methods 
Biopsies from four patients who had glomerulonephritis and underwent renal transplan- 

tation are described; the original diagnosis having been made on a pathologic (light micro- 
scopy) and clinical analysis. All patients were hospitalized at the Clinical Transplant Center 
at Virginia CommonweMth University. The details of surgical technique and early immuno- 
suppressive program (Hume et al., 1966), as well as techniques employed for EM study 
(Weymouth et M., 1970), have been described previously. 

All patients at the time of transplantation are free of infection, have undergone hemo- 
dialysis, and are being treated with Imuran and prednisone. Patients are treated postopera- 
tively with prednisone, Imuran, diet, radiation therapy, and dialysis. Wedge biopsies for the 
purposes of ultrastructural and immunofluorescent studies were taken from: ,(1) recipients 
original diseased kidney (nephrectomy biopsy); (2) control biopsies from the donor kidney 
just prior to removal so that direct comparisons were possible; (3) one-hour from the time 
of completion of the vascular anastomoses; and (4) open percutaneous biopsies were obtained 
sequentially during regular followups (12-20 weeks). 

Results 

N ephreetom y Biopsies (Glomerulonephritis ) 
Significant and similar endothelial cell alterations were observed in all of 

the biopsies from the four patients (Figs. 1, 5, 7). H y p e r t r o p h y  and hyperplasia 
of these cells, often to the extreme of luminal occlusion, were noted frequently,  
and endothelial pores were decreased. The endothelial " expans ion"  f requent ly  
took the form of volmninous cytoplasmic arcades. 

The basement  membrane  appeared extremely variable in diameter  and densi ty 
in all four cases, ranging from 5,000-20,000 4 ;  in most  areas the three layers 
were not  discernable, being masked by  an extreme increase in thickness and/or  
edema. Neither  subendothelial  densities nor humps  were observed. In  some 
instances electron dense deposits, variable in size, contour and densi ty were 
observed to be positioned in the middle of the thickened basement  membrane  
(Fig. 1). Perhaps the most  striking observation was the appearance of the sub- 
epithelial humps  in all four cases (Figs. 1, 5, 7). These bodies were hemispherical, 
consisting of homogeneous electron dense material  and si tuated on the epithelial 
surface of the capillary basement  membrane.  The humps were usually focal 
and seldom confluent in distribution. 

The pedicels appeared broadened and confluent in most  areas (Figs. 1, 5, 7). 
I n  those locations overlying a subepithelial hump,  the pedicels were f requent ly  
fused, but  delineated pedicels were also present. 

I gG  and complement  were present in all four cases. IgM was positive in two 
cases and fibrin in one (Table 1). The distr ibution and location of these immuno-  
globulins has been reported previously (Bryant  et al., 1972). 

Fig. 1. Patient G.L.; Nephrectomy. Endothelial (END) hypertrophy almost completely 
occludes the capillary lumen; the basement membrane (BM) demonstrates variations in 
thickness and density and a subepithelial hump (HU). Fusion of the pedicels of the podocytes 

(P) should be noticed. PMN polymorphonuelear leukocyte; N nucleus. • 8,920 

Fig. 2. Patient G. L. ; 1 h biopsy. When compared to Figure 1, the basement membrane (BM) 
appears more normal. Although endothelial pores are not obvious, the endothelium (END) 
exhibits little hypertrophy. A subepithelial hump (HU) is illustrated. P podocyte. • 9,850 
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Table 1. Ultrastructure and immunofluorescent analyses 

Patienta Donor Anephric- Biopsies Clinical 
weeks 

Neph-x 1 h ~ Sequential 

G.L. P~LD 0 
(13 wks) 

Endothelium 3.5 1.5 2.5 (13 wks) 
Basement membrane 3 1.5 2 Bun 17 

Cr 0.6 

F.E. RLD 2 
(12 wks) 

Endothelium 3 2 2.5 (32 wks) 
Basement membrane 3.5 2.5 2.5 Bun 16 

Cr 1.0 

A.L. Cad 3 
(20 wks) 

Endothelium 3 2.5 3 
Basement membrane 3 2.5 2.5 reported 

not 

H.U. RLD 3 
(12 wks) 

Endothelium 3 2 3.5 (60 wks) 
Basement membrane 3 2 3 Bun ~ 35 

Cr = 1.7 

a All four patients were originally diagnosed to suffer from glomerulonephritis; all biopsies 
exhibited subepithelial humps, and all except the 1 h biopsy of patient G.L. were positive 
for IgG and complement 
0 = Normal; 4 = maximum change; RLD = related living donor; Cad = Cadaver 

One-Hour Biopsies 

To a vary ing  extent ,  the endothel ium and  basement  membrane  approached 
a more normal  cytological appearance in  all of these biopsies (Fig. 2). However,  
in  most  of the glomerular  capillary lumina  of all four cases there was noted  an  
increase in  size and  n u m b e r  of the endothelial  cells, as well as th ickening of the 
basement  membrane ,  when compared to the u l t ras t ruc ture  of the normal  h u m a n  
glomerulus (Weymouth  et al., 1970). Subepithelial  humps  were observed in  all 
cases; these were similar to those described in  the respective nephrec tomy biop- 
sies (Fig. 2). I gG  and  complement  were observed in  three of the four cases. 

Fig. 3. Patient G. L. ; 13 weeks posttransplant. Thickening of the basement membrane (BM) 
absence of endothelial pores (END), a subepithelial hump (HU), and fusion of the pedicels 

of the podocytes (P) are well illustrated. N nucleus. • 12,830 

Fig. 4. Patient G. L. ; 13 weeks posttransplant. A subepithelial hump (HU) is apparent. The 
pedicels of the podoeytes (P) are well preserved over the hump. BM basement membrane. 

• 6,430 
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Sequential Biopsies 
In three of the cases (G. L., A.L., H. U.) an increase in the severity of ultra- 

structural observations, approaching that  of the respective nephreetomy biopsies, 
was observed. In these three cases, when compared to their one-hour biopsies, 
the basement membrane was thicker and the endothelial cells demonstrated more 
hypertrophy and hyperplasia, frequently occluding the glomerular lumen (Fig. 6). 
In  one case (F. E.) the glomerular ultrastructure of the twelve week biopsy was 
similar to the one hour biopsy. SubepitheliM humps, similar to those observed 
in the nephreetomy and one-hour biopsies, were again present in all four cases 
(Figs. 3, 4, 8). The pedicels appeared more confluent and similar in cytoarchitec- 
ture to the nephreetomy biopsies, in all eases (Figs. 3, 4, 6, 8). IgG and com- 
plement were observed in all sequential biopsies. 

Discussion 

Recurrent glomerulonephritis in kidneys transplanted to recipients who orig- 
inally had glomerulonephritis is becoming more evident and is a threat  to the 
renal transplants in these recipients. A similar immunopathologic process which 
caused glomerulonephritis in the native kidney and may be repeated in the 
recipient, has been postulated. However, a correlative ultrastruetural and immu- 
logic study of the sequential transplant biopsies compared to the original glo- 
merulonephritie tissue has not been fully attended to. 

Glomerulonephritis appears to be caused by one of two distinct mechanisms. 
The first of these involves the production of antibodies by the patient, reacting 
with his own glomerular basement membrane (anti-GBM). Generally speaking, 
this type of nephritis is characterized by subendothelial deposits of antibody. 
The deposits resemble those produced by antig]omeru]ar antibodies in nephrotoxie 
serum nephritis and are located in a fine continous, linear pattern along the 
inner portion of the glomerular membrane. The second mechanism is dependent 
upon the production of antibodies by the patient which react with non-glomerular 
antigens (exogenous or endogenous), resulting in the formation of antigen-anti- 
body complexes and these complexes subsequently being trapped within the 
glomerular basement membrane. This type of nephritis is characterized by depos- 
its of antigen-antibody complexes along the outer portion of the glomeru]ar 
basement membrane, giving a lumpy-bumpy appearance to the subepithelial 
layer. These deposits are identifiable both by electron microscopy and immuno- 
fluorescence and are similar to the deposits observed in serum sickness nephritis 
and acute post streptococcal glomerulonephritis. 

]rig. 5. Patient F. E.; Nephreetomy. A subepithelial hump (HU) is shown. Pedicels of the 
podocytes (P) exhibit some fusion as well as delineation. There is moderate endothelial 
arcading (arrow) and a decrease in the number of pores. BM basement membrane; N nucleus. 

• 9,350 

Fig. 6. Patient F. E. ; 12 weeks posttransplant. Deposits (D) of irregular shape and density 
are illustrated within the basement membrane (BM). Endothelial (END) hypertrophy is 

noticeable. P podoeyte. • 10,690 
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I t  would seem, from the literature, that  the anti-GBM type of nephritis, 
with its fine linear and continuous pattern of antibody deposits located along 
the subendothelial aspect of the glomerular basement membrane, may some- 
times be confused with the cytoarchitectural pattern observed in the rejection 
of renal grafts. In a series of seventy-one renal homografts, Porter  et al. (1967, 
1968) reported that  three of the grafts demonstrated subepithelial deposits and 
a distribution of IgG typical of complex induced nephritis. These three grafts 
were considered to present recurrent nephritis; however, comparative studies 
were not made with the recipients original diseased kidney. Electron microscopic 
examination revealed that  fifty-four grafts contained subendothelia] deposits, 
and forty-nine of the above allografts also demonstrated IgM distributed along 
the inner aspect of the glomerular basement membrane in a fine, linear pattern. 
Porter et al. (1968) related these changes to graft rejection since five of the 
54 patients had not had glomerulonephritis as their original disease. 

In a series of 39 patients with renal allografts, Dixon et al. (1969) reported 
on the basis of immunohistological evidence, a recurrence of anti-GBM nephritis 
in seven of thirteen grafts. In the same study, a recurrence of complex type 
nephritis in six of twenty-six grafts was reported. IgG and C distribution were 
reported in both anti-GBM and complex nephritis and a correlation between 
the native kidney and respective allograft was possible. Therefore, Dixon et al. 
(1969) suggest that  the recurrence of glomcrulonephritis in renal grafts may be 
higher than reported by Porter et al. (1967, 1968). G]assock et al. (1967, 1968) 
described recurrent pathology in eleven of seventeen twin renal grafts, whose 
original diagnosis was glomeru]onephritis. In those cases where recurrent glo- 
merulonephritis was associated with renal failure, both subepithelial and sub- 
endothelial deposits of IgG were reported in the isografts, however, no com- 
parative study of the isografts and the original diseased kidney was conducted. 

In the four reported cases, glomerulonephritis was the original, primary 
disease process as determined by clinical and histologie evidence. The nephrectomy 
biopsies from these four cases also demonstrated ultrastruetural subepithelial 
humps similar to the lesions produced in the complex-type of nephritis. Correl- 
ative immunofluoreseence studies of these biopsies indicated the presence of IgG 
and C. In  addition, pronounced fusion of the pedicels, thickening of the basement 
membrane and arcading and hyperplasia of the glomerular endothelial cells was 
observed. Again utilizing electron microscopy and immunofluorescence, sub- 
epithelial humps were observed in each of the respective one hour post-vascular 
anastomosis and sequential biopsies. These deposits or humps were essentially 
the same in cytoarehitecture and distribution as those observed in the native 
kidney of each patient. IgG and C were also detected in these sequential biop- 

Fig. 7. Patient A. L. ; Nephreetomy. A subepithelial hump (HU) is exhibited. P podocyte; 
END endothelium; BM basement membrane. • 10,150 

Fig. 8. Patient A.L.; 20 weeks posttransplant. The basement membrane (BM) exhibits 
variations in thickness and subepithelial humps (HU) are illustrated. END, endothelium; 

pedicels of podocytes (arrows) ; BS Bowman's space. • 9,620 
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sies. Subepi the l ia l  humps  were present ,  even a t  one hour,  bu t  cy to logy  of the  
endothe l ia l  cells, basemen t  m e m b r a n e  and  podoey tes  app roached  a no rma l  ap- 
pearance .  I n  3 of the  4 eases the  sequent ia l  biopsies d e m o n s t r a t e d  hyperp las ia ,  
arcading,  h y p e r t r o p h y  of the  endothe l ia l  cells, th ickening  of the  basement  mem- 
brane  and  pedicel  fusion which r eminded  the  au thors  of the  na t ive  k idneys .  Sub- 
epi thel ia l  humps,  I g G  and  C were cons is ten t ly  present  in all of these sequent ia l  
biopsies. A follow-up of these  pa t i en t s  a t  th i r t een  to s ix ty  weeks pos t  t rans-  
p l a n t a t i o n  indicates  t h a t  the  B U N  ranges f rom 16-35 and  serum creat inine f rom 
0.6 to  1.7 r ag%.  All pa t i en t s  are on immunosuppres ive  the rapy .  

Our evidence indica tes  t h a t  complex  t y p e  of nephr i t i s  is r ecur ren t  in the  allo- 
graf ts  of all  four  pa t i en t s  and  p r o b a b l y  m e d i a t e d  b y  mechanisms  similar  to 
those  in the  na t ive  k idney .  
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