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Abstract. Focal small mononuclear cell infiltrates 
were found in renal allograft biopsies of 13/14 
transplant recipients with a stable function after 
long-term cyclosporin A (CsA) therapy. Phenotypi- 
cal analysis of the infiltrating cells using mono- 
clonal antibodies showed a slight preponderance of 
T cells (56% f 8%), with only small percentages of 
B cells (5% f. 2%), NK cells (2% f. lo/), and mono- 
cytes (2% f 1 %). Within the T-cell population the 
inedian calculated CD4/CD8 ratio was 1 :3. Thirty- 
five percent of the infiltrating mononuclear cells re- 
mained unidentified with the monoclonal antibody 
panel used (silent cells). Three months after immu- 
nosuppressive therapy had been changed from CsA 
to azathioprine (MA), the size of the infiltrates was 
significantly increased and there was a marked in- 
vasion of mononuclear cells between tubular epi- 
thelium despite a significant improvement in crea- 
tinine clearance (P< 0.01). The phenotypical com- 
position of these infiltrates was dominated by 
T cells (84% f 3%), with a median CD4/CD8 ratio 
of 2:7 due to an increase in CD4+ cells and a de- 
crease in CD8+ cells after conversion (P<0.05). 
The percentages of Bcells, NKcells, and mono- 
cytes showed no significant changes after conver- 
sion. During M A  therapy nearly all infiltrating 
mononuclear cells were stained with the monoclo- 
nals used, leaving no silent cells postconversion. 
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The use of the immunosuppressive agent cyclo- 
sporin A (CsA) in organ transplantation and autoim- 
mune diseases is hampered by its nephrotoxic side 
effects [2, 91. In an attempt to minimize the adverse 
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effect of CsA on the kidney but preserve the long- 
term benefits for graft survival, we switched the im- 
munosuppressive regimen from CsA to azathioprine 
(MA) 1 year after renal transplantation [14]. 

Recently, we reported on the histology of biop- 
sies from stable kidney allografts taken after 1 year 
of continuous CsA therapy [16]. Typical morpho- 
logical lesions indicative of CsA nephrotoxicity in- 
cluded isometric vacuolization in proximal tubular 
epithelial cells and arteriolar deposits of IgM and 
complement factors. In control renal biopsies taken 
3 months after conversion we observed a significant 
regression of the CsA-induced morphological le- 
sions. At the same time, we also noticed a striking 
increase in the interstitial mononuclear cell infil- 
trates in combination with tubulitis; although this 
suggested graft rejection, we found no clinical evi- 
dence of it. On the contrary, creatinine clearance 
markedly improved in all patients and remained 
stable during an 18-month follow-up period. In the 
present study we looked in more detail at this phe- 
nomenon of mononuclear cells infiltrating the renal 
allograft in the absence of rejection after conversion 
from CsA to AZA therapy. Monoclonal antibodies 
were used for phenotypical characterization and 
quantification of these cells. 

Materials and methods 

Twenty recipients of a cadaveric renal allograft were entered in 
this study. All patients had received CsA and low-dose prednisone 
(10-15 mg) from the day of transplantation. CsA plasma concen- 
trations were aimed at trough levels of 50-150 ng/ml (polyclonal 
radioimmunoassay) to avoid toxicity. One year after transplanta- 
tion renal function was evaluated during a hospital admittance. 
On the last day a percutaneous Tru-cut needle biopsy of the kid- 
ney allograft was performed and CsA was stopped. The next day 
AZA was started at a mean dose of 2 mg/kg per day. At the time 
of conversion, all patients had stable kidney function and rejec- 
tion episodes had not occurred in the previous 6 months. Three 
months after conversion a biopsy specimen was taken from those 
patients who had successfully converted. Part of the biopsy spe- 



206 

100 - 

.80 - 

60 - 

LO - 

20 - 

0 -  

Table 1. Monoclonal antisera used to assess antigenic determi- 
nants 

Monoclonal antibody Specificity 

anti- Leu 2a 
anti-Leu 3a 
anti-Leu 4 
anti- Leu 7 
anti-Leu 14 
anti- Leu M3 Monocytes/macrophages 

Suppressor/cytotoxic T cells (CD 8 +) 
Helper/inducer T cells (CD 4+)  
Pan-T-lymphocytes (CD 3 +) 
Natural killer cells 
Pan-B cells (CD 22 +) 

Table 2. Percentages of mononuclear cell and T-cell subsets 
in kidney allograft biopsies before and after conversion from 
cyclosporin A (CsA) to azathioprine (AZA) (mean f SEM). 
* P< 0.01 ; ** P< 0.05 

CsA (%) AZA (%) 

Leu 4 +  5 6 f 8  8 4 f 3 *  
Leu 3a+ 54f6 13 f 3** 
Leu 2a+ 46f6 27 f 3** 
L e U l +  2 f  1 2 f  1 
Leu 14+ 5 f 2  1 0 f 3  
Leu M3+ 2f 1 3 f l  

CD 6 .  

CSA AZA 
P .z 0.05 

8 -  

6 -  

4 -  

2 -  

CO L A D  8 
ratio 

A 
P < 0.05 

Fig.1. PercentagesofCD4+ (Leu3a+)and CD8+ (Leu2af)  
cells and CD4/CDS ratio in the individual kidney allograft 
biopsy before and after conversion from cyclosporin A (CsA) to 
azathioprine (AZA) 

cimen was fixed in 4% formaldehyde and embedded in paraffin 
wax. For light-microscopic examination serial 2-pm-thick sections 
were cut from paraffin-embedded tissue and stained with hema- 
toxylin-azafloxin, Jones and Jones azan. Another part of the biop- 
sy specimen was quickly frozen in liquid nitrogen and stored. This 
biopsy material was used partly for immunomorphological 
studies with monoclonal antibodies. A panel of monoclonal 
antisera (Becton-Dickinson, Mountain View, Calif., USA) was ap- 
plied to assess the antigenic determinants of the mononuclear cells 
infiltrating the graft tissue (Table 1). Cryostat sections were 
stained by a standard indirect immunoperoxidase technique. Cells 
with a plasma membrane distinctly stained brown were con- 
sidered positive. After all biopsies were coded. light-microscopic 
examination was performed by two observers who were unaware 
of the treatment that each patient had received at the moment of 
biopsy. The following charadenstics of the interstitiurn were as- 
sessed and graded according to seventy on a semiquantitative 
scale (absent, mild, moderate, and severe): cellular infiltrates 
classified as diffuse or focal., consisting of mononuclear or poly- 

nuclear (neutrophilic and eosinophilic) cells; presence of tubulitis 
(mononuclear cells infiltrating the tubular epithelium) and vas- 
culitis (mononuclear cells infiltrating the vessel wall). After immu- 
nohistochemical labeling with monoclonal antibodies the percent- 
age of positive-staining cells was estimated semiquantitatively and 
expressed as a percentage (i.e., 5%, lo%, 20%, 3ou/0, etc.) of the 
total number of infiltrating mononuclear cells in at least four high- 
power fields. Repeated scoring of the percentage of positive-stain- 
ing cells yielded reproducible results. The ratio of CD4+ and 
CDS + cells was calculated by dividing the estimated percentages 
of Leu-3a reactive cells by that of the h 2 a  reactive cells. Statis- 
tical analysis was performed using the Student’s t-test for paired 
data, the Mann-Whitney U test, and the Fisher exact test. 

Results 

Clinical data 
In 16 patients elective conversion from CsA to AZA 
was successfully performed, showing an improve- 
ment in kidney function without signs of rejection. 
In two patients a second biopsy specimen taken at 
the readmission was omitted because of a pro- 
longed bleeding time. Consequently, in 14 patients 
with a stable graft function a renal allograft biopsy 
specimen was obtained before and 3 months after 
conversion. 

In all these patients, CsA plasma trough levels 
before conversion were within the therapeutic range 
(101 f 22 ng/ml, mean f SEM). Median serum crea- 
tinine before conversion was 165 (range 103-255) 
pmol/l and fell to 131 (95-168) pmol/l 3 months 
after conversion ( P <  0.01) with a concomitant in- 
crease in median creatinine clearance from 44 
(range 31-72) ml/min to 59 (50-100) ml/min 
( P <  0.01). Thereafter, these parameters remained 
stable during a follow-up period of 18 months. 

Morphological data 
Sufficient biopsy material for light-microscopic 
examination was obtained from all 14 patients, and 
satisfactory indirect immunoperoxidase staining 
was achieved with all monoclonal antibodies. 

Before conversion focal cellular infiltrates were 
present in 13 of 14 renal allograft biopsies. Their in- 
tensity ranged from mild to moderate. Mononuclear 
cells predominated over a variable but small admix- 
ture of polynuclear cells. A minimal infiltration of 
mononuclear cells between the epithelial tubular 
cells was found in only two biopsies. No relation- 
ship could be found between graft function or CsA 
trough level and extent or intensity of infiltration. 
Phenotypical characterization of the mononuclear 
cells showed 56%+8% Leu-4+ @an-T) cells. The 
percentages of Leu-14+ (B) cells, Lm7+ (NK) 
cells, and Leu-M3 + (monocytic) cells were respec- 
tively 5% f 2%, 2% f 1%, and 2% st 1% (Table 2). 
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Within the T-cell population the percentage of Leu- 
3a+ (CD4) cells was 54%+6% and of Leu-2a+ 
(CD8) cells 46%f6%. The median calculated 
CD4/CD8 ratio was 1:3 (range 0.1-4.0). With the 
monoclonal antibody panel used, 35% of the infil- 
trating cells could not be identified. The percent- 
ages of unstained cells were not correlated with the 
CsA trough levels. 

Three months after conversion of immunosup- 
pressive therapy from CsA to AZA the light-micro- 
scopic appearance of the interstitiurn showed a sig- 
nificant increase in the intensity of the cellular infil- 
trates ranging from moderate to severe (P< 0.01). 
The location was still focal in 11 but had become 
diffuse in three patients. These infiltrates consisted 
mainly in mononuclear cells. In nine biopsies a 
marked increase in mononuclear cells between the 
epithelial tubular cells (tubulitis) was found 
(P< 0.01). A focal infiltration of mononuclear cells 
within the arteriolar wall was present in one patient. 
Phenotyping of the mononuclear cells within the in- 
filtrates showed 84% * 3% Leu-4+ cells versus 
56% f 8% before conversion (P< 0.01 ; Table 2). 
The other mononuclear cell subsets tested (B-cells, 
NK-cells, and monocytes) showed no significant 
changes after conversion. T-cell subsets showed a 
rise in Leu-3a + cells from 54% St 6% to 73% f 3% 
(P<0.05), while the percentage of Leu-2a+ cells 
decreased from 46%*6% to 27%+3% (P<0.05; 
Fig. 1). The median calculated CD4/CD8 ratio after 
conversion was 2:7 (range 1.3-8.1) compared with 
1:3 (range 0.1-4.0) during CsA (P<0.05). In all 
postconversion biopsies the CD4/CD8 ratio ex- 
ceeded 1 :O. No relationship could be established 
between morphological or phenotypical changes 
and improvement in kidney allograft function. 

Discussion 

In the present study we have tried to characterize 
the phenotype of the mononuclear cells invading 
renal allografts in the absence of rejection after con- 
version from CsA to AZA therapy. Before conver- 
sion we found a slight preponderance (56%) of T- 
lymphocytes (CD3 + cells) in small focal interstitial 
infiltrates. Within the T-cell population, the CD4 + 
cells slightly dominated the CD8 + cells, resulting 
in a median CD4KD8 ratio of 1:3. The contribu- 
tion of B cells, NK cells, and monocytes was only 
minor [lo]. Surprisingly, 35% of the cells in the infil- 
trates could not be identified within the limits of the 
monoclonal antibody panel used. 

The presence of neutrophilic and eosinophilic 
polymorphonuclear cells, or even of noninflamma- 
tory cells, might be of relevance to the unstained 

cell population. However, on light-microscopic 
examination only a very small admixture of these 
cells was found in the interstitial infiltrates. This 
agrees with recent reports showing that infiltrating 
polynuclear cells are rarely found in stable allo- 
grafts but are associated with irreversible rejections 
[6, 181. 

A mononuclear cell population not expressing 
surface markers or silent cells has not been de- 
scribed before in kidney allograft biopsies. Recent- 
ly, McWhinnie et al. reported on the phenotypic 
composition of cellular infiltrates in biopsies of 
CsA-treated patients who had stable graft function 
3 months after transplantation [8]. Forty percent of 
the leukocyte infiltrate was composed of CD3 + 
cells, while the other cells were mainly macro- 
phages. An almost equal percentage of CD4+ and 
CD8+ cells was found, but no mention of the 
presence or absence of nonstaining mononuclear 
cells was made. In contrast, nonstaining infiltrating 
mononuclear cells have been reported in CsA- 
treated cardiac allografts in the absence of rejection 
[12]. Although this finding was not discussed in any 
detail, Pomerance and Stovin tried to identify the 
nature of these endocardia1 infiltrates, and they sug- 
gested that these cells are of histiocytic origin [ll]. 
We found no evidence of the presence of macro- 
phages in our material using monoclonal anti- 
bodies, but the timing of biopsies after organ trans- 
plantation is obviously important and might explain 
the discrepancies between the various studies. For 
that matter, we are not aware of infiltrate analysis in 
biopsies of stable kidney or cardiac allografts in pa- 
tients treated for l year with CsA. During the pro- 
cess of engraftment, suppression of immunological 
activity with loss or modulation of cell surface mar- 
kers can be imagined, as has been described for 
major histocompatibility complex (MHC) products 
in preclinical studies [l, 71. 

In fine-needle aspiration biopsies during periods 
of quiescence, 50% of the infiltrating cells were 
defined as T cells but no mention was made of non- 
staining cells [15, 191. Three months after conversion 
from CsA to AZA a significant increase in the num- 
ber of cells infiltrating the interstitium was detected. 
Invasion of the tubular epithelium and even of the 
arteriolar wall was found. Phenotypical analysis 
showed that the majority of these cells (84%) were 
CD3 + cells (pan-T-lymphocytes). Under AZA 
treatment the relative proportion of CD4+ cells in- 
creased from 54% to 73%, while that of the CD8+ 
cells decreased. The number of B cells, NK cells, 
and monocytes was not affected by the change in 
immunosuppressive regimen. It should be noted 
that, in contrast to the situation under CsA therapy, 
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all infiltrating mononuclear cells could be pheno- 
typically analyzed after conversion to M A .  

Our finding that the majority of the cells infil- 
trating the graft in MA-treated renal allograft reci- 
pients with stable function are T-lymphocytes is in 
agreement with the findings of Burdick et al. [3]. We 
have now shown that these T-lymphocytes can be 
classified predominantly as CD4+ cells, and that 
both their absolute and relative numbers increase 
after conversion from CsA to M A ,  resulting in a 
rise in the CD4/CD8 ratio. While the mononuclear 
invasion between tubular epithelial cells might rep- 
resent rejection, we found no clinical evidence of 
graft-function loss. This is in line with the reports of 
Hancock et al., Waltzer et al., and Sako et al., who 
observed during acute rejection an increase in 
CD8+ but not in CD4+ cells (thus, a fall in the 
CD4/CD8 ratio) accompanied by an increase in 
monocytes and NK cells [5, 13, 171. In contrast, 
other investigators have reported a preponderance 
of CD4+ cells during rejection [4]. These differen- 
ces are difficult to explain. It may be that the inter- 
pretation of staining is a source of discrepancy, es- 
pecially if staining is weak or poor, or that the tech- 
nique used influences the outcome. Also, the meth- 
ods of assessing the cellular infiltrates may be of re- 
levance. Not only a semiquantitative scoring tech- 
nique but even morphometric analysis are potential 
sources of error in assessing the infiltrates. 

However, the CD4 + cell predominance after 
conversion could be due to the expression of sur- 
face markers on the silent mononuclear cells that 
were present under the CsA therapy. CsA restores 
interleucine-2 production capacity, and the perma- 
nent antigenic stimulus of renal allograft tissue will 
activate resting (silent) T cells, resulting in gener- 
ation of more Tcells and leading to an increased 
size of the infiltrates and invasion of the tubular 
epithelium. Our finding that this phenomenon did 
not lead to rejection might reflect the formation of a 
new immunological balance between host and 
transplanted organ after a change of the immuno- 
suppressive regimen. 

In conclusion, after successful conversion from 
CsA to M A  we found a striking increase in the in- 
terstitial mononuclear cell infiltrates in the absence 
of rejection. Phenotypical analysis revealed that 
these cells were predominantly CD4+ lympho- 
cytes. The disappearance of cells not expressing sur- 
face markers, which are present during treatment 
with CsA but not with M A ,  suggests that the 
CD4 + cells under M A  are derived from a “silent” 
T-cell population under CsA. 
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