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The relationship between reduced 
functioning kidney mass 
and chronic rejection in rats 

Abstract Interest has recently 
increased in the role of alloantigen- 
independent factors in chronic 
rejection. In this context, we 
examined the long-term effects of 
reduced functioning kidney mass in 
a F 344 + LEW allograft (A) 
model. Animals were divided into 
three groups depending upon the 
amount of retained kidney. Renal 
arterial branches in the hilus were 
ligated so that one-third or two- 
thirds of the graft remained viable 
(1/3 and 2/3 groups, respectively); 
organs were left intact in the third 
(3/3) group. Urine protein con- 
centrations were determined 4, 6, 8 
and 10 weeks after engraftment and 
organs (five/group/time) were 
harvested and examined mor- 
phologically and immunohis- 
tologically. Proteinuria increased 
progressively in all 1/3, 2/3 and 

313 A animals, but faster in those 
with reduced kidney mass. This 
functional decline correlated well 
with increasing numbers of mac- 
rophages followed by interstitial 
fibrosis and glomerular sclerosis, 
which had become prominent by 
week 6 in group 1/3A and by 8 
weeks in groups 2/3A and 1/31 (I, 
isografted), with animals beginning 
to die. IL-1, IL-6 and TNF produc- 
tion correlated well with the loca- 
tion and number of macrophages 
in all groups. These results suggest 
that kidney mass exerts a signi- 
ficant alloantigen-independent 
influence on chronic rejection. 
Allogenicity of the graft accelerates 
and amplifies the process. 
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Introduction 

Chronic rejection has long been thought to be a unique 
entity with features dependent upon allogenic differences 
similar to those important for more acute forms of 
rejection. However, alloantigen-independent factors have 
been implicated increasingly in late graft failure. These 
include injuries of warm and cold ischaemia, surgical 
trauma, reperfusion and kidney size [2,3]. The goal of the 
present study was to examine the importance of function- 

ing kidney mass as a risk factor for later graft 
deterioration. 

Materials and methods 

Animals 

Naive male 200-250 g inbred rats (Harlan Sprague-Dawley, In- 
dianapolis, Ind.) were used throughout the experiments. Lewis rats 
(LEW, RTI') acted as graft recipients, and Fisher (F344, RT1'") 
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animals as donors. F344+F344 served as isograft and naive 
controls. 

Experimental groups 

Bilaterally nephrectomized recipients bearing orthotopically placed 
allografts (A) and isografts (I) were studied in parallel and separated 
into three groups depending upon the amount of functioning renal 
tissue (n = S/group per time point). Kidneys with one-third and two- 
thirds functioning mass (1/3 and 2/3 groups, respectively) were 
prepared by selectively ligating appropriate arterial branches; the 
kidney was left intact in the third (3/3) group. All recipients were 
sustained by their transplanted organ; those dying immediately 
following removal of the contralateral kidney at 10 days were not 
included in the series. All animals were treated with low-dose 
cyclosporine (1.5 mg/kg per day) for the first 10 days after engraft- 
ment to suppress an initial acute rejection episode occurring in the 
allografted recipients. 

Tissue preparation 

Reduced-mass kidneys (1 /3 and 2/3) from all groups were harvested 
at 4,6,8 and 10 weeks after transplantation, and intact organs (3/3) 
at 2,4,8, 12, 16 and 24 weeks. All tissues were snap-frozen in liquid 
nitrogen and stored at - 70 "C, or fixed in 10% formalin for 
haematoxylin/eosin and periodic acid-Schiff (PAS) staining. 

Functional measurements 

Every 2 weeks 24-h urine samples were collected. Protein excretion 
was determined by measuring precipitation following interaction 
with 3 YO sulphosalicylic acid. 

Antibodies 

Monoclonal antibodies (mAbs) against ICAM-1 (1 A29) were 
provided by Prof. M. Miyasaka (Tokyo, Japan) [7 ] ;  those against T 
cells (CD5-OX-19) and monocytes/macrophages (ED-1) were ob- 
tained from BPS, Indianapolis, Ind., and those against TNFa, 
PDGF and IL-6R from Genzyme, Boston, Mass. 

Imrnunohistology 

Cryostat sections of frozen tissue were stained individually with 
mAbs from the above panel using alkaline phosphatase-anti- 
alkaline phosphatase (APAAP) or immune peroxidase (PAP). 
Stained cells were then counted using an ocular grid and expressed as 
cells per field of view (c/FV) ( x  600, > 30 fields counted per 
specimen, 2 or 3 specimens per kidney). The intensity of tissue 
staining was evaluated on a sclae of 1-4. 

Statistics 

Results were evaluated using Student's t-test. 

Results 

Function 

Deteriorating renal function, as assessed by proteinuria, 
became manifest in all animals with a 113 kidney within 
4-6 weeks (about 40mg/24h vs < 5mg in 3/31, 
P < O.OOl), deteriorating progressively before death. 
Proteinuria also developed in all animals sustained by a 
2/3 kidney, albeit later (8-10 weeks), and developed by 
16-20 weeks in allografted recipients with intact (313) 
grafts, increasing thereafter, but did not develop in 313 
isografted during the period of observation. 

Morphological changes 

Morphological events associated with chronic rejection 
occurred in predictable sequence in the 3/3A model 
evolving eventually into sclerosis. Large numbers of cells 
infiltrated the kidneys transiently during a reversible 
episode of actue rejection at 1-2 weeks. By 16 weeks, 
sclerosis of the interstitium, vessels and > 25% of the 
glomeruli was becoming intense in most animals, com- 
mensurate with the onset of proteinuria and the death of a 
few recipients. Similar patterns developed earlier in mass- 
reduced kidneys (4 - 6 weeks in 1 /3 A and 1 /3 I, 6- 8 weeks 
in 2/3A). Negligible changes occurred in 2/31 and 3/31 
kidneys during the observation period. 

Immunology 

Macrophage infiltration peaked in similar fashion in 
1/3A and1131 animals during weeks 4-6 (88/FV) press- 
ing thereafter (40/FV at week 10). In contrast, numbers of 
lymphocytes remained relatively stable, higher in al- 
lografted than in isografted animals (A 88/FV vs I 33/FV, 
P < 0.01). Both macrophages and lymphocytes peaked in 
group 2/3A by 6-8 weeks (120/FV and 11 3/FV respec- 
tively). Macrophages peaked in group 3/3 A at 16 weeks 
(1 20/FV); there was no increase in groups 2/3 I and 3/3 I. 

The presence of IL-6R, TNFa and PDGF correlated 
strongly with the onset and location of macrophage 
infiltration in the individual groups, and was particularly 
striking in perivascular areas and in glomeruli. PDGF 
and TNFa were also strongly associated with vascular 
endothelium and related to the degree of glomeruloscle- 
rosis, invariably being found in those kidneys with 
> 30 % and not in those with < 20 YO sclerosis. IL-6R was 



S 330 

present in areas around or in glomeruli, always correlat- 
ing with the presence of macrophages, while MHC class I1 
and ICAM-1 expression corresponded to the number of 
cells infiltrating the graft. 

Discussion 

Late failure of transplanted organs has been attributed 
to alloantigen-mediated activities, although alloantigen- 
independent factors have also been implicated [5,6] .  The 
progressive functional and morphological deterioration 
that occurs in chronically rejecting renal grafts mimics 
those changes developing in kidneys failing progressively 
from chronic glomerulonephritis, hypertensive nephro- 
pathy, and other conditions [I, 61. 

These findings have been unified into a theory focusing 
on the relative lack of functioning kidney mass [4], which 
suggests that compensatory hyperfunction of the remain- 
ing nephrons leads to sclerosis, hyalinosis, and eventual 
dropout. These progressive events reinforce the stimulus 
of hyperfiltration, thereby establishing a self-sustaining 
vicious cycle. A single transplanted kidney with twice the 
workload of the two kidneys in a normal patient increases 
its glomerular filtration rate (GFR) and develops struc- 
tural hypertrophy [3]. In addition, further nephron loss 

may potentially occur through the injurious effects of 
warm and cold ischaemia, reperfusion, episodes of acute 
rejection and cytomegalovirus infection [2]. 

In the present transplant model, the influence of 
functioning mass on the process of functional and 
morphological deterioration was striking. In those uni- 
nephrectomized hosts in which the kidney mass was 
reduced to one-third, non-alloantigen-dependent events 
resulted in changes that made the differentiation between 
allografts and isografts difficult. Conversely, with a 
kidney mass of two-thirds and with intact kidneys in 
uninephrectomized rats, alloantigen-dependent factors 
gained importance, with more striking manifestations 
developing in allografts. 

In conclusion, a reduction in functioning kidney mass 
regardless of allogenicity correlates with the onset of 
changes characteristic of chronic rejection in kidney 
allografts. These results suggest that kidney mass exerts a 
significant alloantigen-independent influence which may 
contribute to ultimate dysfunction and sclerosis. Allogen- 
icity of the graft accelerates and amplifies the process. 
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