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Abstract. T lymphocyte expansion is triggered through in- 
teraction of interleukin 2 (IL-2) with its high-affinity re- 
ceptor (IL-2R). This molecule is a heterodimer compris- 
ing an antigen-inducible component, the Tac chain (P55). 
Activation of T lymphocytes also generates a soluble form 
of this P55 called S-IL-2R. S-IL-2R is elevated in many T- 
cell-related pathologies (leukaemia, autoimmunity, etc.). 
In graft recipients, rejection is a result of T-cell activation 
by graft antigens and therefore might induce a release of 
S-IL-2R in the circulation; this parameter is now said to be 
a good indicator of rejection. We have performed a study 
in renal graft recipients in order to assess the usefulness of 
circulating S-IL-2R particularly to discriminate the origin 
of renal failure in cases of rejection or of cyclosporin-A 
(CsA)-induced nephrotoxicity. We demonstrated that 
there are no differences between isolated values in the 
clinical groups at the time of diagnosis. Variations in S-IL- 
2R are increased compared to steady-state periods during 
rejection and cytomegalovirus infections, although not in 
CsA toxicity episodes. However, at the individual level 
there are too many false-positive and false-negative re- 
sults, making this parameter no more meaningful than 
serum creatinine levels alone or even in association (as 
tested in logistic discriminant analysis). In addition, it 
seems that the variations in S-IL-2R are partly related to 
renal function itself, as suggested by the correlation be- 
tween S-IL-2R levels and serum creatinine levels. This as- 
sociation may explain the increase in S-IL-2R that can be 
observed without T cell activation. In conclusion, S-IL-2R 
may not be of major interest in discriminating between re- 
jection of kidney and CsA-induced nephrotoxicity epi- 
sodes in kidney allograft recipients. 
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The Tac chain (P55 or  achain) of the interleukin 2 recep- 
tor (IL-2R) is the low-affinity component of IL-2R [37]. 
This molecule, lacking on resting T cells, is induced upon 
T-cell receptor and antigen interaction [5,36], generating, 
with the P75 component [a, 461 and a recently described 
ychain [8,41], the high-affinity conformation of IL-2R. In 
addition, a truncated soluble Tac chain has been demon- 
strated in culture supernatants of stimulated T lympho- 
cytes [39] and in sera [31]. This soluble receptor (S-IL-2R) 
retains its reactivity for monoclonal antibodies raised 
against the membrane form of the Tac chain and exhibits 
binding characteristics for IL-2 similar to the cellular Tac 
chain [22]. 

In vitro, the amounts of soluble Tac chain found in the 
culture supernatant are closely related to the level of the 
membranous anchored form on cultured cells [30,34]. For 
this reason, the circulating levels of soluble Tac chain have 
been proposed to reflect the total activated pool of T lym- 
phocytes in several clinical situations including organ 
transplantations in animals [4] and humans [l, 9, 13, 32, 
421, autoimmune diseases [35,44] or T lymphocyte malig- 
nancies [17,29,47]. 

In this paper, we report on and discuss the usefulness of 
the measurement of S-IL-2R in recipients of kidney allo- 
grafts in clinical states including rejection, cytomegalovi- 
rus infection and cyclosporin A nephrotoxicity episodes. 

Patients, materials and methods 

Patients 

All patients included in the study received kidney allografts between 
February and December 1989. Cases of technical failure, those with 
relapse of the initial nephropathies and patients from whom infor- 
mative blood samples were missing were excluded from the study, as 
were those with multiple intricated clinical episodes. Finally, a total 
of 54 patients were investigated (including five with combined kid- 
ney-pancreas transplantation). Fifty.-one patients were given immu- 
nosuppressive treatment combining antithymoglobulins (ATG, In- 
stitut MCrieux, I4 days, 2 mg/kg per day). prednisone (1 mgtkg per 
day, decreased by 10 mg/week until definitive withdrawal) and aza- 
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Fig.l. Kinetics of blood S-IL-2R (-0-) and creatinine (-0-) in 
stable recipients: median (*standard deviation) of the 14 patients 
serially studied for the first 14 weeks after transplantation and with- 
out rejection, infection or CSA toxicity 
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Fig.2a-c. Variations in S-IL-2R levels between the steady-state 
period and the onset ofeach type of clinical event: a rejection, b CsA 
induced nephrotoxicity and c CMV infections 

thioprine (2 mg/kg per day). At day 14, cyclosporin A (CsA) was 
started at a dosage of 8 mglkg per day and adapted to  maintain CsA 
trough levels between 150and 300 ng/ml (measured by RIA,Sandoz 
kit).The other three patients were treated with an anti-IL-2R mono- 
clonal antibody (MoAb) 33B3.1 (10 mg/day for 10 days) according 
to  a randomised study on second kidney graft (33B3.1 vs. ATG [43]. 
The initial combined treatment (steroids, azathioprine and CsA) 
and the maintenance regimen were the same. 

“Stable patients” (n = 14) were defined as those with unmodified 
blood creatinine levels throughout the follow-up period, without any 
rejection or infectious episodes and without elevation of blood CsA 
levels above accepted standards (between 150 and 300 ng/ml). The 
rejection episodes (n = 21, occurring in 17 patients), were common 
acute rejection crises. When technically possible a biopsy was per- 
formed (65% of the cases). CsA nephrotoxicity ( n  = 21, in 20 pa- 
tients) was diagnosed when an increase in blood creatinine levels 
was associated with high blood CsA levels ( > 300 ngtml) and fur- 
thermore with improved renal function after CsA intake adjust- 
ments. Overt cytomegalovirus (CMV) diseases ( n  = 9) were diag- 
nosed when patients presented fever, neutropenia, pulmonary 
infection andlor hepatic cytolysis, associated with positive blood 
and/or urine cultures, seroconversion or an important rise in anti- 
CMV antibody titres. 

S-IL-2R assays 

Serum samples were collected serially from the day of transplanta- 
tion, twice a week during hospitalisation, once a week until the end 
of the 2nd month and then once a week. They were stored frozen at 
- 20°C until used. The S-IL-2R levels were measured in an enzyme- 
linked immunosorbent assay [MI. Briefly, 96-well polystyrene plates 
(Immulon. Nunc, Denmark) were coated with 11H2 MoAb directed 
against the human P55 (kindly provided by M. Him, Immunotech, 
Marseille, France), at 0.5 pglwell in phosphate buffer saline (PBS, 
Seromed). After 2 h at 37°C they were saturated with PBS contain- 
ing 0.5% bovine serum albumin (PBS-BSA). The tested samples 
(40 N) then had 10 pl peroxydase-linked 33B3.1(0.8 pllml, from Im- 
munotech) added to  them for 1.5 h. After washing, substrate (diam- 
monium salt of 2,2’-azinodi-(3-ethylbenthiazoline sulphonate-6, 
ABTS, Boehringer, Mannheim, FRG) was added and the optical 
density at 405 nm measured 30 min after catalase addition. Serum 
samples tested in duplicate (CV c 10%) were three-fold diluted (or 
more when necessary) and compared to a standard curve obtained 
with a calibrated supernatant of cells transfected with truncated 1L- 
2R cDNA (pgL 21). Thesensitivity of the assay has been previously 
determined and is between 5 and 10 pM. 

Statistical analysis 

Because of the abnormality of the distribution of S-IL-2R and crea- 
tinine levels, the comparisons between groups were performed by 
non-parametric tests. The relevance of S-IL-2R dosage was tested by 
logistic discriminant analysis [12]. 

Results 

S-IL-2R in stable patients 

Figure 1 shows serum S-IL-2R and creatinine levels in the 
14 recipients who experienced no rejection, infection or 
CsA-mediated nephrotoxicity episodes during the first 
14 weeks after transplantation. Pre-graft blood samples 
contained significantly more S-IL-2R (130 f 46.4 pM) 
than those of normal individuals (31.5 f. 12.2 pM, n = 2 0  
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Table I. S-IL-2R levels before (steady-state) and during various types of clinical event 

Steady-state period Clinical event Ip 

(days) ( P W  (days) ( P W  
S-IL2-R T h e  before S-IL2-R Time of onset 

Mean (range) Mean ( f SD) Mean (range) Mean ( f SD) 
Rejection 14 119 50.2 144 
n =21 (4-32) ( f 71.3) (1 6-226) ( f 98.3) P = 0.002 
CsA nephrotoxicity 10 102 37.9 114 
n =21 (3-23) ( f 84.3) (1 1-90) ( f 87.6) NS 
CMV infections 8 86 
n = 9  (6-14) ( f 69) 

34.6 226 
(24-47) ( f 79.2) P = 0.009 . ~ 

NSb 
between the 
3 groups 

Comparison between steady-state period and cIinical event with Wilcoxon signed rank test 
Comparison between the three groups by Kruskal-Wallis test 

P < 0.001). S-IL-2R plateaued at high levels (-130 pM) 
during the 2 weeks following transplantation during treat- 
ment with ATG, but this plateau did not statistically differ 
from pregraft levels. Thereafter, there was a progressive 
drop to reach levels significantly lower than the pregraft 
ones at week 6 after transplantation ( P  = 0.032); the 
values became close to those found in the healthy control 
population during the 3rd month of the transplantation 
( P  = 0.056 at week 11). 

S-IL-2R in unstable patients 

Rejection episodes. There were 21 acute cellular kidney 
rejection episodes in 17 patients. Figure 2 shows the S-IL- 
2R values measured before diagnosis of the episode, dur- 
ing a steady-state period (mean 14 days before rejection, 
range 4-32), and at the time of diagnosis of rejection, im- 
mediately before initiation of rejection treatment. 

Table 1 shows a statistically significant ( P  = 0.002) in- 
crease in S-IL-2R levels between pre-rejection (stable) 
and rejection values. As expected, blood creatinine levels 
were also significantly higher ( P  c 0.001) at the time of 
rejection diagnosis than during the pre-rejection period. 
However, when examined individually, 23.8 % of the 
patients had no modification or even a decrease of their 
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Days after transplantation 
Fig.3. Serial analysis of S-IL-2R (-*-) and creatinine (-0-) in a 
patient who illustrated the close evolution of the two parameters 

S-IL-2R levels, and 33.3% had only a low elevation 
( < 1.3-fold). In addition, the rise in S-IL-2R levels during 
rejection generally parallelled that in creatinine levels. 
A representative pattern of a case of this kind in which 
a large number of serial serum samples were tested is 
shown in Fig.3. Among other cases in which enough 
samples were collected between the pre-rejection steady- 
state period and the onset of rejection, S-IL-2R appeared 
to increase before the blood creatinine in a single case 
only. 

CsA toxicity episodes. Twenty-one unambiguous CsA- 
mediated nephrotoxicity episodes were studied in 20 pa- 
tients at a mean time of 38 days (range 11-90 days) after 
transplantation (Table 1). The serum levels of S-IL-2R at 
the time of nephrotoxicity diagnosis were not statistically 
different from those observed in cases of rejection or 
CMV infection ( P  = 0.15 from Kruskal-Wallis test per- 
formed within these three groups). Furthermore, when 
S-IL-2R levels in samples obtained during CsA nephro- 
toxicity episodes were compared to samples from the 
steady-state time before the episodes (at mean time of 
10 days), no significant difference was found (paired Wil- 
coxon matched-pairs test). However, when analysed indi- 
vidually, 5 out of the 21 episodes (23.8 %) were associated 
with a rise of S-IL-2R above 1.3-fold. 

CMV infection episodes. Owing to the low number of in- 
fectious epidsodes (urinary tract infections, septicaemia, 
pneumopathies) occurring in the patients in this study, 
only CMV diseases could be analysed. However, when the 
various non-CMV infectious episodes were studied indi- 
vidually, no modifications in S-IL-2R levels were ob- 
served (data not shown). In contrast, as shown in Fig. 2, in 
all of the nine patients with overt CMV diseases (mean 
time 35 days after transplantation), S-IL-2R values in- 
creased ( > 1.3-fold in seven of them), resulting in a highly 
significant variation of this parameter ( P  = 0.009) without 
significant changes in the blood creatinine. 
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Predictive value of S-IL-2R 

When the stable population was checked retrospectively 
for a rise in S-IL-2R levels, 10 out of the 14patients 
(71.4%) had had such a rise (>  1.3-fold in 50% of the 
cases, and 1.5-fold in 30%) from 1 week to another with- 
out any explanation. 

To analyse these data all together and examine the re- 
levance of the dosage of the S-IL-2R in the various types 
of clinical events occurring in the grafted patients, we used 
the logistic regression analysis that makes it possible to 
test the discrimination between rejection and CsA-in- 
duced nephrotoxicity by means of to two selected parame- 
ters: variations in S-IL-2R and/or blood creatinine levels. 
As can be seen from Table 1, there were no differences be- 
tween isolated values of S-IL-2R in the different groups at 
the time of clinical episodes; therefore we used the vari- 
ations of this parameter and of blood creatinine between 
the onset and the steady-state period. The occurrence of 
CMV episodes could not be included in the test due to the 
small sample size. 

According to the data given in Table 2,64.3 % of the 
clinical events were correctly classified by the blood crea- 
tinine alone. However, both factors in association did not 
allow better discrimination between the episodes. There- 
fore S-IL-2R, did not help to distinguish the origin of a rise 
in creatinine levels. 

As S-IL-2R levels did not clearly discriminate between 
the causes of creatinine increase, and as superimposable 
profiles for creatinine and S-IL-2R were observed (exem- 
plified in Fig. 2), we looked for a possible mechanistic rela- 
tionship between these two parameters, since the molecu- 
lar weight of S-IL-2R (40000) allows the regulation of its 
serum level by the kidneys. 

A Correlation analysis between S-IL-2R and creatinine 
levels was thus performed in the group of stable patients 
whose graft function improved regularly after grafting. 
The Spearman rank correlation coefficient showed a high- 
ly significant association between the two parameters 
( r  = 0.3481, P = 0.0001). Moreover, when the analysis was 
extended to patients of the symptomatic groups (i. e. those 
with rejection, CsA toxicity or CMV infections) and re- 
stricted to samples obtained in their steady-state period 
(before their clinical episode), the correlation was further 
increased ( r  = 0.365, P < low4). This analysis performed 

on this larger cohort of patients with more dispersed 
values was probably even more informative. 

Relevance of pre-graft S-IL-2R levels 

To predict graft outcome we systematically compared the 
levels of S-IL-2R before transplantation and clinical 
events occurring later. There were no differences between 
pre-graft S-IL-2R levels among the four clinical groups as 
assessed in a Kruskal-Wallis test ( P  = 0.34). In addition, 
S-IL-2R levels in patients with rejection episodes (in- 
cluding episodes not used for this study) were no different 
from those in all the other patients (with or without 
non-rejection episodes in the follow-up period) (150 f 
215.9 pM vs 130 f 68.1 pM respectively, compared by a 
Mann-Whitney test). 

Discussion 

In this paper, we have demonstrated the presence of in- 
creased S-IL-2R levels in patients before and during the 
weeks following transplantation. It has been previously 
shown that uraemic patients treated by chronic haemodia- 
lysis present a state of T-lymphocyte activation with an in- 
creased number of IL-2R-positive cells [7], or with in- 
creased cytokine release [20,23], which has been related 
to a bioincompatibility of dialysis membranes [2, 231, as 
well as to the uraemic state itself [20]. Pre-graft S-IL-2R 
levels cannot be used as a predictive parameter of the 
clinical outcome of the transplantation in the way that pre- 
operative IL-2 levels can, for instance, which have been 
found to be elevated in patients with a higher rejection in- 
cidence [42]. 

The elevated plateau in S-IL-2R levels observed imrne- 
diately after transplantation may correspond to a prolon- 
gation of this stage of T-lymphocyte activation or to an ac- 
tivation stage related to the presence of graft. 
Alternatively, S-IL-2R could also be induced by direct ac- 
tivtion of lymphocytes following ATG treatment [3], 
which could mimic what occurs with OKT3 [ l l ,  161. An- 
other explanation of this early increase in S-IL-2R levels 
could be related to the impaired graft function which 
usually follows surgery. 

As S-IL-2R levels slowly decreased after transplanta- 
tion, the values of S-IL-2R measured in the different clini- 
cal circumstances could not be compared to a “normal” 
value defined for the same period of time since our cohort 
of stable patients was not large enough to define thre- 
sholds varying with time. Accordingly, control values of 
S-IL-2R in steady-state periods showed wide variations. 
This was mainly related to variations in the time of occur- 
rence of the pathological episodes. Indeed, less than 10 YO 
of the values were below the median ( + 2 SD) of the levels 
measured in stable patients at the same time. This vari- 
ation was also observed within the patient groups for the 
same reason, and comparison of the three clinical groups 
did not reveal significant differences in S-IL-2R levels ac- 
cording to a given clinical event. Therefore, S-IL-2R le- 
vels could not be used alone and had to be compared to 
S-IL-2R levels observed during a steady-state period. In- 



149 

Obviously one might expect that IL-2R expression and S -  
IL-2R production would be decreased in CsA-treated pa- 
tients. However no change in peripheral blood lympho- 
cyte phenotype has been reported in patients treated by 
CsA. Moreover, IL-2R gene expression was less inhibited 
than that of lymphokines in vivo [14]. 

Taken together, these results do not suggest that moni- 
toring of S-IL-2R in rejection or CsA-induced toxicity epi- 
sodes after kidney grafting might be of practical value. 
Moreover, we have shown that the level of S-IL-2R is most- 
ly related to the level of the kidney graft function, making it 
difficult to assess a specific immune component through 
S-IL-2Rassessment in the case of renal failure. Thisconclu- 
sion may not apply to the potential usefulness of S-IL-2R 
measurements during rejection of organs other than the 
kidney, as is suggested by the results obtained in recipients 
of heart or  liver grafts [l, 321. However, even in heart trans- 
plant patientsnon-specific increases in S-IL-2Rlevels were 
alsonoted without any clinical event,aswe observedinkid- 
ney graft recipients [lo, 191. 

Other studies have suggested the relevance of some 
lymphokines, such as IL-2 126,421. Other activation mole- 
cules have been tested: tumour necrosis factor, IL-1 and 
IL-6 [24,25,48]; they could not discriminate between re- 
jection and infection episodes, although they might be of 
some value to differentiate rejection and CsA toxicity, as 
was suggested recently for IL-6 [48]. 

Pertinent combinations of various lymphokines at dos- 
ages have yet to be tested to obtain predictable and non- 
invasive immunological monitoring of graft patients. 
Acknowledgements. We thank D. Douillard for the computcriscd 
management of thesamplescollcctcd for the study,and we arc grate- 
ful to Mrs. Aline Bertho for her sccretarial assistance. 

deed the S-IL-2R levels increased significantly in patients 
undergoing rejection episodes studied as a whole group. 
This is in agreement with the data reported by others and 
ourselves in animals, where rejection was clearly associ- 
ated with a rise in serum S-IL-2R levels 141. However, the 
immunosuppression regimen that is a m l e  in the clinic 
probably modified the strength of the recipient immune 
response during rejection. 

There are now several reports on S-IL-2R levels in 
human kidney graft recipients [9, 13,421. In these studies 
rejecting patients had significantly higher levels than 
stable ones, but the predictive value varied according to 
the time after grafting. In these studies patients with CsA- 
mediated nephrotoxicity episodes had unmodified S-IL- 
2R levels, which conferred some value on measurement of 
S-IL-2R levels to discriminate rejection crisis from CsA 
nephrotoxicity in the majority of cases. However, in the 
study of Colvin et al. [9] the renal failure in the toxic group 
was very low compared to that in the patients with rejec- 
tion. The linkage our results show between S-IL-2R levels 
and renal function might explain why in their study S-IL- 
2R levels rose so little. Patients with overt CMV diseases 
had a statistically significant increase in S-IL-2R, probably 
related to a stage of lymphocyte activation, and our obser- 
vation is concordant with that of Colvin et al. [9] and Sim- 
pson et al. [42]. The other infectious episodes tested were 
only of bacterial origin and not numerous enough to be 
analysed as a separate group. However, we did not find in- 
creased S-IL-2R levels in any of these episodes, which sug- 
gests that S-IL-2R elevation is mostly restricted to gener- 
alised viral diseases, as would be expected of a product of 
activated T lymphocytes. 

According to the in vitro release of S-IL-2R after activa- 
tion, this parameter has been suspected of having a com- 
parable significance in vivo as an indicator of T-cell activa- 
tion. In fact. although thereseemsto beanaverageincrease 
in S-IL-2R levels in such cases (rejection or viral infection), 
we showed that this is not always true in individual circum- 
stances. Several in vitro studies have demonstrated that S- 
IL-2R levels parallel the cellular expression of the Tac 
chain [17,30,34]. Indeed,in vivo, inleukaemicprocesses,S- 
IL-2R levels correlated well with leukocyte counts [29]. 
However, in kidney patients lymphocyte counts decreased, 
In addition, no significant increase in activated cells during 
rejection had beenobservedin the peripheralblood [15,28] 
except in one study [38]. These authors, using two-colour 
flow cytometry, detected more CD4 + IL-2R + cells in re- 
jection. but this correlation was only observed during the 
5 weeks after transplantation, many false-positive results 
being noted later. Better sensitivity may be obtained by 
measuring IL-2R expression in graft-infiltrating cells [45], 
but the test will then lose its non-invasive advantage. Inter- 
estingly, S-IL-2R levels measured locally (synovial liquid) 
had a betterprognosticvalue than thosemeasuredinserum 
in another disease (rheumatoid arthritis) [27]. However, 
even in the kidney itself, no significant difference could be 
evidenced between rejection and CsA-induced nephro- 
toxicity in another study [49]. 

CsA is well known to act through inhibition of gene 
transcription particularly of several lymphokines, includ- 
ing IL-2 [21] and also, but to a lesser extent, IL-2R [6.33]. 
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