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Abstract. Serum and urine interleukin-6 (IL-6) levels and 
serum neopterinkreatinine ratios were longitudinally stu- 
died in 86 renal transplant recipients until 4 months after 
transplantation. During acute rejection and acute tubular 
necrosis (ATN), serum and urine IL-6 levels were elevated 
compared to duringstable transplant function ( P  < 0.001). 
During acute rejection, serum IL-6 levels increased at least 
2 days before plasma creatinine started to rise ( P  < 0.05), 
indicating its early involvement in the rejection process. 
During cytomegalovirus (CMV) disease, serum, but not 
urine, IL-6 levels were higher ( P  < 0.01), and serum neop- 
terinkreatinine values were higher than during stable 
transplant function, ATN, or acute rejection ( P  < 0.01). No 
significant differences with stable transplant function 
occurred during cyclosporin A toxicity. Measurement 
ofserumIL-6providedasensitivityof84 YO andaspecificity 
of 85 YO for the diagnosis of acute rejection episodes not 
coinciding with ATN. All cases of CMV disease could be 
diagnosed by measurement of serum neoptedcrea- 
tinine, which provided a specificity of 73 YO. 
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Introduction 

Interleukin-6 (IL-6) has many different functions, both in 
vitro and in vivo. Among other things, it is involved in in- 
flammatory responses [31], induction of acute phase pro- 
teins [16], and stimulation of hematopoiesis [6]. In vitro, 
IL-6 induces IL-2 receptor expression and IL-2 produc- 
tion of mitogen-stimulated T cells [13] and it appears to be 
an essential factor for T-cell activation and proliferation 
121,261. Furthermore, IL-6 is a differentiation factor for 
cytotoxic T cells [28,35]. A variety of cells are able to pro- 
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duce IL-6 in vitro, e. g., monocytes and T cells 121, fibro- 
blasts [17], vascular smooth muscle cells [24], and mesan- 
gial cells [22]. IL-6 production is readily induced in vitro 
[16] and in vivo by lipopolysaccharide [9,30], interleukin- 
1 [30], and tumor necrosis factor-a (TNF-a) [7,30]. In a 
variety of diseases, such as sepsis [14], multiple myeloma 
[39], and rheumatoid arthritis [34], increased levels of 
serum IL-6 have been demonstrated. 

In a previous cross-sectional study, our group has 
shown a significant increase in IL-6 levels in the serum and 
the urine of renal allograft recipients during acute rejec- 
tion episodes [27], suggesting the possible involvement 
of IL-6 in the pathogenesis of renal allograft rejection. 
Yoshimura et al. [38] recently showed that the measure- 
ment of serum IL-6 could be used for the differential diag- 
nosis of cyclosporin A (CyA) toxicity and acute rejection 
episodes in renal transplant recipients. 

The first aim of the present study was to longitudinally 
correlate serum and urine IL-6 levels with the major com- 
plications that occur in the early course after renal trans- 
plantation, including CyA toxicity and acute rejection 
episodes, as well as ATN and cytomegalovirus (CMV) dis- 
ease. 

Elevated levels of serum neopterin, a product of 
gamma-interferon-stimulated monocytes and macro- 
phages with an unknown physiological function [lo], have 
been described during renal transplantation complicated 
by acute rejection episodes [3,4,23,29] or CMV infection 
[3,4]. However, its use as a marker of renal allograft rejec- 
tion is controversial [3, 4, 23,291. The second aim of the 
present study was to investigate the sensitivity and speci- 
ficity of serum and urine IL-6 levels and serum neop- 
terinkreatinine values for the differential diagnosis of 
complications such as those mentioned above. 

Materials and methods 

Patients 

A group of 86 renal allograft recipients was studied longitudinally 
from the day before transplantation up until 4 months after trans- 
plantation. The group consisted of 46 males and 40 females with a 
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median age of 49 (range 19-72) years. Sixty-nine patients received a 
first renal transplant, 16 patients a second one, and 1 patient a third 
one. Patients with mesangial proliferative glomerulonephritis were 
excluded from the patient group in order to prevent bias due to their 
elevated urine IL-6 levels [22]. Serum samples and urine samples 
collected over a 24-h period were obtained before transplantation, 
three times a week during hospitalization, and once a week after dis- 
charge from the hospital. Immunosuppressive therapy consisted of 
prednisolone, 100 mgiday i.v., and CyA, 3 mgikg i.v., per day during 
the first 2 days after transplantation. Thereafter, basic immunosup- 
pressive therapy consisted of prcdnisolone orally (10 mgiday) and 
CyA orally (dosage based on whole blood trough levels of CyA: 
range 1.50-200 pgil during the first 3 months, 100-150 pg/l there- 
after). Whole blood parent compound CyA levels were measured 
with a commercially available radioimmunoassay (Cyclo-Trac; Inc- 
star, Minn., USA). Blood was always drawn before the administra- 
tion of immunosuppressive drugs. Samples were stored at - 80°C. 

Diagnosis of C y A  toxicity 

CyA toxicity was diagnosed when typical morphological changes 
were found in the fine needle aspiration biopsy (FNAB) [33], i.e., 
isomorphic vacuolization of tubular cells, together with deteriora- 
tion of transplant function, both of which improved after lowering 
the dose of CyA. The point in time chosen for statistical analysis of 
episodes of CyA toxicity was the day on which the diagnosis was 
made. 

Diagnosis of A T N  

An episode of ATN was diagnosed when there was initial nonfunc- 
tioning of the renal allograft, together with signs of tubular damage, 
detected in the FNAB and confirmed by a technetium MAG-I11 scan 
demonstrating technetium uptake but no excretion at all by the kid- 
ney and a tubular transit index of zero. The point in time chosen for 
statistical analysis of episodes of ATN was the last day of the oliguric 
phase (diuresis < 400 m1124 h), always after the 6th day post-trans- 
plantation. 

Diagnosis of acute rejection 

Acute rejection was diagnosed when an initially decreasing or stable 
plasma creatinine level started to increase, together with clinical 
symptoms of rejection, and when this was confirmed by FNAB [32]. 
Second rejection episodes were always confirmed by a needle 
biopsy. Data shown on this page include only acute cellular rejection 
episodes occurring between 6 days and 3 months after transplanta- 
tion. The point in time chosen for statistical analysis of acute rejec- 
tion episodes was determined by the first rise of an initially decrcas- 
ing or stable plasma creatinine level, always before the start of 
antirejection treatment. 

Diagnosis of CMV disease 

Serology and cultures of both urine and buffy coats were performed 
the day before transplantation and thereafter at intervals of 2 weeks 
or when indicated by clinical symptoms. CMV disease was defined as 
at least 3 days of fever ( 2 3X"C), together with other symptoms of 
CMV disease, such as pneumonitis, gastrointestinal symptoms, or 
disturbed liver function, and it was retrospectively confirmed by 
seruco~iversion or a fourfold rise in CMV antibody titer and a posi- 
tive culture of urine and/or buffy coat. Of 23 patients with proven 
CMV (re)infcction (11 primary and 12 secondary infections), 8 pa- 
tients experienced CMV disease, 6 by primary and 2 by secondary in- 
fection. The point in time chosen for statistical analysis was the 3rd 
day of fever. 

Stable graft,function 

Stable graft function was defined as the clinical situation at 4 months 
after transplantation, irrespective of prior complications, provid- 
ed there was acceptable graft function (creatinine clearance 
> 40 ml/min) and no signs of infection or other complications during 
the last 4 weeks. 

Assays 

IL-6 assay. IL-6 was measured using the highly sensitive B9 bioassay 
as described by Aarden et al. [I  1. The B9 bioassay is specific for IL-6 
[lS]. Briefly, serial dilutions of serum and urine samples were incu- 
bated with 5000 B9 cells in 96-well, flat-bottomed microtiter plates 
(Costar, Cambridge, Mass., USA) in Iscove's modified Dulbecco's 
medium (IMDM) containing 5 % fetal calf serum, 50 mmol2-mer- 
captoethanol, pcnicillin (100 IUlml), and streptomycin (100 ygiml). 
Cells were labeled after 66 h of culturing with 7.4 kBq [3H] thy- 
midine (74 GBq/mmol). One unitiml TL-6 is defined as half-maximal 
['HI thymidine incorporation and is equal to 1 pg IL-6lml. Samples 
were related to a standard preparation of human recombinant IL-6 
(Central Laboratory of the Blood Transfusion Service, Amsterdam, 
The Netherlands). 

Serum was heat-inactivated at 56°C for 30 min to remove toxicity 
of serum complement. After centrifugalion of the urine samples at 
1000 g for 10 min, low molecular weight inhibitors of the IL-6 assay 
were removed by filtration, using a YM-10 filter (cut-off point 
10 kDa; Amicon, Lexington, Mass., USA). In the urine filtration 
procedures a standard IL-6 preparation was used as a positive con- 
trol. In these controls, mean ( k SEM) IL-6 activity after filtration 
was 94% k4% (n  = 20) of IL-6 activity before filtration. In control 
experiments the assay was not influenced by therapeutic concentra- 
tions of prednisolone of Cy A. The addition of sheep polyclonal anti- 
bodies against IL-6 (CLB, Amsterdam, The Netherlands) to serum 
or urine samples taken during acute rejection episodes always 
resulted in an at least five- to tenfold reduction in the amount of 
measured counts (data not shown). The interassay variation coeffi- 
cient was 16.5 YO (n  = 48). 

Neopterin assay. Serum neopterin was measured with a commer- 
cially available radioimmunoassay (1MMUtest Neopterin, Henning, 
Berlin, FRG). In brief, standard curve concentrations were deter- 
mined in triplicate; 100 p1 of '"I neopterin and 100 p1 preprecipitat- 
ing antibody complex (sheep antineopterin and donkey anti-sheep 
IgC) were added to 2 0 4  serum samples. The suspension was incu- 
bated for 1 h at room temperature. Then, washing solution was 
added and samples were centrifuged for 10 min at 2000 g. Superna- 
tant was removed and pellet radioactivity was counted in a gamma 
counter. As neopterin is almost exclusively cleared by the kidney 
[29], all data concerning neopterin are expressed as ratios of serum 
neopterin divided by plasma creatinine to correct for renal dysfunc- 
tion ([nmol/l): ( p n  OM)] *1 Oh). 

Statistics 

Statistical analysis was performed using the Mann-Whitney U-test 
or the Wilcoxon signed rank test, as indicated in the text. Logistic re- 
gression analysis was performed to evaluate the relative contribu- 
tions of the different parameters (covariates) to the diagnosis of 
acute rejection. 

Results 

The longitudinal course of serum IL-6 (pg/ml), urine IL-6 
(ng/24 h), and serum neopteridcreatinine during the first 
4 months of uncomplicated transplantation is shown in 
Fig. 1. During the 1st week after transplantation, serum 
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Table 1 shows levels of serum IL-6, urine IL-6, and 
serum neopterinkreatinine during stable transplant 
function, CyA toxicity, ATN, acute rejection episodes, 
and CMV disease. There were no significant differences 
between data obtained during CyA toxicity and stable 
transplant function. Serum IL-6 levels during ATN, acute 
rejection episodes, and CMV disease were significantly 
higher than those during stable transplant function 
( P  <0.001). Urine IL-6 levels during ATN and acute 
rejection episodes were significantly higher than those 
during stable transplant function ( P  < 0.001) or during 
CMV disease ( P  < 0.01). Urine IL-6 levels during CMV 
disease were not significantly different from those during 
stable transplant function. Serum neopterinkreatinine 
was significantly higher during ATN, acute rejection epi- 
sodes, and CMV disease than during stable transplant 
function ( P  < 0.001). Furthermore, serum neopteridcrea- 
tinine was significantly higher during CMV disease than 
during ATN or acute rejection episodes ( P  = 0.001; Mann- 
Whitney U-test). 

Figure 2 shows the serum IL-6 levels and plasma crea- 
tinine values (mean k SEM) during the days preceding 
acute rejection (day 0). Only rejection episodes available 
for paired statistical analysis with the preceding days are 
shown. These results show a significant increase in serum 
IL-6 levels occurring at least 2 days before a significant 
rise in the plasma creatinine level was detected. Although 
urine IL-6 levels showed the same trend as serum IL-6 
levels, no significance was reached (data not shown). 

The second aim of our study was to evaluate the sensi- 
tivity and specificity of serum IL-6, urine IL-6, and serum 
neopterinkreatinine for the differential diagnosis of com- 
plications occuring during the early course after renal 
transplantation. 

During ATN, both serum and urine IL-6 levels were 
significantly elevated and within the same range of values 
as those during acute rejection episodes. Therefore, IL-6 
was of no use in the differentiation of ATN and acute 
rejection and, what is even more important, it was of no 
value in the diagnosis of acute rejection episodes occur- 
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Fig.l. Longitudinal course of serum and urine 1L-6 and serum neop- 
terinlcreatinine in the absence of complications. Mean * SEM are 
shown for serum IL-6 ( A; pgiml), urine IL-6 (m; ngi24 h) and serum 
neopterinlcreatinine (+). The number of samples at the different 
points in time vanes from 15 to47, except n = 6 for urine IL-6 before 
transplantation due to anuria 
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Fig.2. Serum IL-6 and plasma creatinine on the days preceding 
acute rejection. Mean ? SEM are shown for serum IL-6 (A; pglml) 
andplasmacreat inine(~;~moll l )  on the daysprecedingacute rejec- 
tion (day 0). Only rejection episodes available for paired statistical 
analysis are shown (n  = 31). * P  < 0.05 compared to the prior point in 
time (Wilcoxon signed rank test) 

IL-6 levels were significantly elevated during stable trans- 
plant function, with a peak level of about two times the 
value occurring during stable transplant function, on the 
2nd day after transplantation ( P  < 0.001). Urine IL-6 lev- 
els also showed a significant increase during the 1st week 
after transplantation, with a peak level of about five times 
the stable level, also on the 2nd day after transplantation 
( P  < 0.001). Both serum IL-6 and urine IL-6 reached a 
level within the range of stable transplant function at the 
end of the 1st week after transplantation. In contrast to 
IL-6, serum neopterinkreatinine was significantly higher 
before transplantation than during stable transplant func- 
tion ( P  < 0.001) and showed a decrease as early as the 2nd 
day after transplantation. 

Table 1. Serum and urine TL-6 levels and serum neopterinicrea- 
tinine values during stable transplant function and complications in 
the first 4 months after transplantation. Values given are the median 
and 10th and 90th percentiles (within parentheses). *p  < 0.01 com- 
pared to stable transplant function (Mann-Whitney W e s t )  

Serum IL-6 Urine IL-6 Serum neopte- 
(ngi24 h) rinicreatinine ( P g w  

( x 10-6) 
Stable 7.4 9.2 11 1 
(n  = 46) (3.9-12.5) (0.0-40.5) (67-172) 
CyA toxicity 8.6 15.8 125 
(n  = 14) (5.3-18.5) (5.3-33.8) (78-172) 
ATN 19.4* 56.0* 186* 
(n  = 11) (6.1-41.8) (18.6-157) (107-385) 
Acute rejection 17.6* 72.4* 236* 
(n = 38) (7.5-66.7) (18.3-340.2) (126495) 
CMV disease 13.7* 16.0 732* 
(n  = 8) (8.625.5) (9.g24.2) (4661040) 
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Fig.3. Serum IL-6 at the time of an increase in the plasmacreatinine 
level. The usefulness of serum IL-6 in differentiating first rises of a 
stable or decreasing plasma creatinine retrospectively caused by 
acute rejection from those not caused by acute rejection is shown. 
Each dot represents the value of one patient. The line represents the 
cut-off level (12.5 pg/ml) that provided the best sensitivity (84%) 
and specificity (85 YO) 

CMV Disease Fever 
(no CMV) 

Fig.4. Serum neopteridcreatinine during episodes of fever retro- 
spectively caused by CMV disease and periods of fever not caused by 
CMV. Each dot represents the value of one patients. The line repre- 
sents the cut-off level (410) that provideda sensitivityof 100 YO and a 
specificity of 73 Yo 

ring during episodes of ATN. For the same reason, serum 
neopterinkreatinine could not be used (Table 1). 

For the differential diagnosis of acute rejection not 
coinciding with ATN, levels of serum IL-6, urine IL-6, and 
serum neopteridcreatinine obtained during a first rise in 
an initially stable or decreasing plasma creatinine level, 
retrospectively caused by acute rejection of the allograft, 
were compared with those obtained during a rise in plas- 
ma creatinine not caused by acute rejection (including 
14 cases caused by CyA toxicity). Figure 3 shows the value 
of serum IL-6 for the differential diagnosis of acute rejec- 
tion. The best sensitivity (84%) and specificity (85 YO) 
were found when a cut-off level of 12.5 pg/ml was chosen. 
For urine IL-6, the best sensitivity (73 YO) and specificity 

(77%) were found at a cut-off level of 35 ng/24 h. The 
measurement of serum neopterin/creatinine provided the 
best sensitivity (67 YO) and specificity (68 YO) for the dif- 
ferential diagnosis of acute rejection at a cut-off level of 
185. Table2 shows the relative contributions of serum 
IL-6, urine IL-6, and serum neopterin creatinine to the dif- 
ferential diagnosis of acute rejection calculated by logistic 
regression analysis. 

For the differential diagnosis of CMV disease, levels of 
serum IL-6, urine IL-6, and serum neopterinkreatinine 
obtained on the 3rd day of episodes of fever retrospective- 
ly proven to be caused by CMV infection were compared 
with those obtained on the 3rd day of episodes of fever not 
caused by CMV infection. Serum IL-6 and urine IL-6 were 
of no value in this differential diagnosis. However, Fig. 4 
shows that measurement of serum neopterinkreatinine 
was highly sensitive for this differential diagnosis. When a 
serum neopterinkreatinine cut-off of 410 was chosen, all 
cases of CMV disease were classified correctly with a spe- 
cificity of 73 YO. 

Discussion 

In uncomplicated renal transplantation, serum and urine 
IL-6 levels remained elevated up until the 6th day after 
transplantation, probably due to tissue injury caused by 
surgical procedures [27]. The increased levels of serum 
neopterinkreatinine before transplantation but also dur- 
ing episodes of ATN were probably due to the fact that 
during these periods most patients were treated with 
hemodialysis, which is known to cause elevated serum 
neopterin levels [ll]. However, hemodialysis cannot ex- 
plain the elevated IL-6 levels during ATN [20]. Therefore, 
at least part of this elevation in IL-6 levels would appear to 
have been caused by tissue injury of the allograft during 
ATN. Indeed, Fukatsu et al. [12] recently showed that 
tubular atrophy positively correlated with the intensity of 
IL-6 expression in renal tubules, as determined by immu- 
nohistochemical staining. 

In this study we confirm our previous finding of signifi- 
cantly elevated levels of IL-6 in serum and urine during 
acute rejection episodes as compared to during stable 
transplant function [27]. From animal studies it is known 
that IL-6 is cleared almost completely by the liver [S]. 
Moreover, no increased levels of urine IL-6 were found in 

Table 2. Table of coefficients showing the relative contributions of 
serum IL-6, urine IL-6, and serum neopteridcreatinine to the dif- 
ferential diagnosis of acute rejection, as determined by logistic 
regression analysis 

Variable Coefficient SE P value 
Serum IL-6 4.09 1.24 0.001 
( > 12.5 pg/ml) 
Urine IL-6 2.01 0.98 0.040 
( > 35 ng/24 h) 

creatinine 
Serum neopterini 2.30 1.18 0.052 

( 1185) 
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The serum neopteridcreatinine ratio showed extre- 
mely high values during CMV disease, greatly exceeding 
those obtained during stable transplant function, CyA 
toxicity, ATN, or acute rejection episodes, something 
which points to strong, probably gamma-interferon-medi- 
ated, activation of monocytes and macrophages during 
CMV disease. Although our study included only a limited 
number of patients who experienced CMV disease, we 
consider the measurement of serum neopteridcreatinine 
to be very sensitive and, to a lesser degree, specific for the 
diagnosis of CMV disease. 

We conclude that elevated serum and urine IL-6 levels 
are not specific for acute rejection episodes. Increased 
levels of both serum and urine IL-6 were also found after 
surgery and during periods of ATN. Nevertheless, we 
found that the measurement of serum IL-6 may provide a 
tool for the differential diagnosis of acute rejection that 
may be superior to the measurement of serum neop- 
teridcreatinine levels. With the development by Helle et 
al. of a highly sensitive ELISA for IL-6 that showed good 
correlation with the B9 bioassay [19], measurement of 
serum IL-6 may come within the reach of clinical practice. 
Thus, measurement of serum IL-6 may be of value in 
those organ transplantations, e. g., heart transplantation, 
that lack a noninvasive parameter of acute rejection, like 
plasma creatinine in renal transplantation. Finally, the 
measurement of serum neopteridcreatinine appears to be 
very sensitive for the differential diagnosis of CMV dis- 
ease in renal transplantation. 
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the patients who experienced an episode of CMV disease, 
whereas the serum IL-6 levels were significantly elevated. 
Therefore, we assume that the increased levels of urine 
IL-6 found during acute rejection episodes are at least 
partly caused by local production of IL-6 in the renal allo- 
graft. Evidence for the latter was recently shown by Van- 
denbroecke et al., who reported elevated amounts of 
mRNA for IL-6 found by in situ hybridization of renal 
biopsies taken during acute rejection episodes [36]. 

During the days preceding acute rejection, a significant 
rise in serum IL-6 levels was found, at least 2 days before a 
rise in plasma creatinine or other clinical symptoms of 
acute rejection were detected. IL-6 is a potent T helper 
factor and killer-helper factor in vitro [13,21,26,28,35]. 
Since allospecific cytotoxicity is considered to be an im- 
portant mechanism of acute allograft rejection, the role of 
IL-6 in the mixed lymphocyte culture, together with its T 
helper and killer-helper activity in vitro, might indicate 
the direct involvement of IL-6 in the pathogenesis of acute 
allograft rejection. However, to obtain direct evidence, 
animal experiments have to be performed in which the in- 
fluence of recombinant IL-6 and antibodies anti-IL-6 or 
anti-11-6-receptor on transplant survival can be studied. 

For the differential diagnosis of an elevated plasma cre- 
atinine level caused by acute rejection not coinciding with 
ATN versus an elevated plasma creatinine level retrospec- 
tively caused by other forms of renal transplant dysfunc- 
tion, of the three parameters tested, the best sensitivity and 
specificity was provided by serum IL-6. After successful 
antirejection treatment, both serum and urine IL-6 levels 
were back within the range of values found during stable 
transplant function, as we reported earlier [5]. 

Measurement of urine IL-6 provided a sensitivity and 
specificity almost as good as that of serum IL-6. However, 
we do not consider it to be a useful tool for the diagnosis of 
acute rejection in renal transplant recipients. Up to 30 % of 
the patients that we studied had more or less permanently 
positive urinary bacterial cultures, and an additional 15 % 
of the patients had such a culture at least once. Asympto- 
matic bacteriuria resulted in high urine IL-6 levels without 
elevated serum IL-6 levels (data not shown), as was also 
demonstrated by others [15,25].Therefore, the interpreta- 
tionofurine IL-6levels issubject to bias. 

Even though we found a significant increase in the 
serum neopteridcreatinine during acute rejection epi- 
sodes compared to that during stable transplant function, 
the measurement of serum neopterinicreatinine during a 
first rise of plasma creatinine hardly contributed to the dif- 
ferential diagnosis of acute rejection. Moreover, logistic 
regression analysis showed that the measurement of 
serum neopterinicreatinine did not contribute significant- 
ly to the measurement of serum IL-6 for the diagnosis of 
acute rejection (Table 2). 

For the differential diagnosis of CyA toxicity and acute 
rejection, we were able to use the measurement of serum 
IL-6, like Yoshimura et al. [38], as well as that of urine 
IL-6. In contrast to a previous report by Walz et al. [37] on 
the in vitro upregulation of mRNA and bioactivity of IL-6 
by CyA, neither Yoshimura et  al. [38] nor we in the pre- 
sent study found increased levels of serum or urine IL-6 
during CyA toxicity. 
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