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Abstract Acute rejection (AR) is 
the recipient’s inflammatory re- 
sponse to the grafted organ. Within 
the graft-infiltrating cells, a high ra- 
ti0 of IL-6 producing cells can be 
found, indicating local IL-6 produc- 
tion. Therefore, in cases of kidney 
transplantation, urinary (u) IL-6 
should be detectable. In order to es- 
tablish the dynamics and diagnostic 
relevance, uIL-6 levels were deter- 
mined daily by Quantikine IL-6 im- 
munoassay (R & D Systems, Min- 
neapolis, Minn.) in 101 kidney graft 
recipients (n = 1915 urine samples) 
during their post-transplant hospital 
stay. Immunosuppression consisted 
of azathioprine, steroids, cyclospo- 
rine and an intraoperative high-dose 
single antithymocyte globulin 
(ATG)-Fresenius bolus (9 mg/kg). 
In all the uncomplicated courses 
(n = 31) mean uIL-6 level was de- 
termined, after a post-transplant 
peak of 174 pg/ml, to be between 4 
and 8 pg/ml. In contrast, delayed 
graft function (n  = 16) was always 
associated with very high uIL-6 lev- 
els ( > 200 pglml), dropping down 
only with commencement of graft 
function. Steroid-sensitive AR 
(n = 14) was consistently associated 
with significantly increasing uIL-6 disease 
levels prior to antirejection therapy 

(from 23 to 82 pg/ml). In cases of 
steroid-resistant AR, following anti- 
rejection therapy with methylpred- 
nisolone (5  days 5 mglkg), there was 
no obvious trend towards normal- 
ization, indicating the persistence of 
inflammation (mean uIL-6 peak 
prior to OKT3 or ATG therapy: 
99 pg/ml). In addition, AR-associat- 
ed uIL-6 levels were found to be of 
much greater diagnostic relevance 
than AR-associated serum IL-6 lev- 
els. In bacterial urinary tract infec- 
tions (n = 201, increased uIL-6 levels 
(peak 53 pglml) coincided with the 
commencement of antibiotic thera- 
py. In mild cytomegalovirus diseases 
(n = 8), the development of leuko- 
cytopenia was associated with a 
slight increase of uIL-6 (peak 26 pd 
ml), showing graft involvement. All 
increased ulL-6 values returned to- 
wards baseline after successful 
treatment. Thus, uIL-6 provides in- 
formation about the intragraft in- 
flammatory situation. Its determi- 
nation is simple, expressive, non-in- 
vasive and can be recommended. 
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Introduction 

It is generally accepted that acute kidney graft rejection 
(AR) is mainly mediated by mononuclear ceIls infiltrat- 
ing the graft. In some recent investigations, polymerase 
chain reaction clearly showed that mRNA for IL-6 was 
present in renal biopsies from acute rejecting kidneys 
[5,  91. In irreversibly rejected kidneys, Merville et al. 
[lo] described a large number of IL-6 producing cells 
within the graft infiltrating cells (GIC; mean = 17,1141 
lo6 GIC). Some other investigators concluded from 
their studies that serial measurements of IL-6, in partic- 
ular in urine, may be of value in monitoring renal trans- 
plant recipients [l, 2, 14, 151. However, Newstead et al. 
[12] found no differences in the urinary IL-6 levels 
(uIL-6) between acute cellular rejection, acute tubular 
necrosis and chronic vascular rejections. Waiser et al. 
[15], describing uIL-6 as a sensitive indicator of rejec- 
tion, found a reduced specificity by infection, acute tu- 
bular necrosis and antithymocyte globulin (ATG) treat- 
ment. A marked increase in uIL-6 was also oberved in 
patients with urinary tract infections (UTI), [3, 13) or 
with active lupus nephritis [4]. 

In this study we investigated the pattern of uIL-6 lev- 
els in 101 patients submitted to kidney transplantation 
(KTx) in order to clarify the usefulness of serial uIL-6 
determinations in diagnosing AR. Values were also re- 
corded in patinets undergoing antirejection therapy or 
infectious episodes. The results were compared with 
levels of serum IL-6 and creatinine. 

Materials and methods 
Study population 

A total of 101 recipients [mean age 45.2 * 10.5 years, 35 females 
(34.7 %), 66 males (65.3%)], who underwent cadaveric renal trans- 
plant (first: 88, second: 13) between February 1993 and January 
1994 at the Kidney Transplant Center Berlin-Friedrichshain, were 
included in this retrospective study. 

Immunosuppressive protocol 

All recipients received 4 m a g  azathioprine (AZA) in their dialy- 
sis unit immediately before being called to the transplant center. 
Post KTx they received 40 mg methylprednisolone (MP) for 
7 days, subsequently switching to 35 mg/kg prednisolone for 
14 days. After further reduction, the maintenance dose was 
10-15 mglday. AZA was restarted after surgery at a dose of 1 mgl 
kg orally. Oral cyclosporine (CyA) was started within 24 h of sur- 
gery. A maintenance CyA level of 100 nglml (radioimmunoassay, 
Incstar, Stillwater, Minn.) during the 1st postoperative week and 
200 ng/ml thereafter was aimed for. In addition, all recipients re- 
ceived the Friedrichshain variant of ATG induction therapy, de- 
tails of which have already been published [7, 81. Briefly, this in- 
duction consisted of an intraoperative high-dose single ATG bolus 
(e. g. ATG Fresenius 9 mg/kg bw) in the operating theater before 

completion of anastomoses (i. e., removal of clamps). To avoid a 
cytokine release syndrome, 500 mg MP was administered about 
1 h prior to ATG. 

Monitoring for rejection and infection 

For the diagnosis of rejection, the following clinical and laboratory 
signs were decisive: enlargement and tenderness of the graft, in- 
crease in serum creatinine and C-reactive protein, concomitant 
change in blood urea nitrogen, oliguria, immunoglobulinuria, 
sonographic changes and immunoactivation in fine-needle aspira- 
tion cytology [6]. The treatment consisted of 5 mg/kg bw MP for 5 
consecutive days. Attempts to reverse biopsy-proven MP-resistant 
rejections were carried out by ATG using a dose-by-T-cell protocol 
(aspired values: 50-150 T celldpl). The relative number of T cells 
(CD 3') was determined by flow cytometry (FACScan, Becton 
Dickinson, Heidelberg) using DIANOVA (Hamburg) monoclonal 
antibodies (abs). OKT3 (10 days 2.5 mg; CILAG, Sulzbach) was 
given as rescue therapy or primarily in cases of humoral/vascular 
rejections. Humoral rejection crises were proven by the detection 
of donor-reactive lymphocytotoxic complement dependent abs 
(DRA) using cryopreserved (liquid nitrogen) donor spleen lym- 
phocytes as target cells. 

Serological diagnosis of cytomegalovirus (CMV) infections was 
done by the detection of CMV-specific IgM (seroconversion) and/ 
or IgG abs ( 2 fourfold rise in titer or doubling of arbitrary units; 
January-November 1993: CMV ELISA Enzygnost, Behring, Mar- 
burg; December 1993 onwards: IMx CMV IgM and IgG, Abbott, 
Wiesbaden). CMV disease was diagnosed using clinical criteria in- 
cluding leukocytopenia, spike-like fever, elevation of amin- 
otransferases, thrombocytopenia, deterioration of graft function, 
etc. The treatment of CMV disease depended on the severity of 
clinical symptoms and included the application of human immuno- 
globulins with a high content of CMV-specific abs (Cytotect, Bio- 
test, Dreieich.) and/or ganciclovire (Syntex, Aachen) as well as 
the cessation or dose reduction of AZA. 

For microbiological studies an aliquot of urinary sediment 
(from 10 ml urine) was inoculated into the appropriate medium 
(blood and McConkey agar plates) and colonies were counted 
24 h later. The diagnosis of bacterial urinary tract infection (UTI) 
was based on the presence of at least lo5 colony-forming units of 
micro-organisms per milliliter in urine culture. 

Detection of IL-6 

IL-6 levels in serum and urine were determined by the Quantikine 
IL-6 immunoassay (R & D Systems, Minneapolis, Mass.) according 
to the instructions of the manufacturers. Serum for IL-6 assay was 
taken before transplantation and three times a week thereafter (al- 
ways between 7.00 and 8.00 a.m.) up to discharge and also after re- 
hospitalization. Urinary samples were collected daily from the pati- 
ents. A 10-ml portion of the 24-h urine sample was alkalized by sodi- 
um hydroxide after checking with litmus paper, and centrifuged at 
3500 U/min for 10 min. The supernatant was taken for IL-6 determi- 
nation. IL-6quantificationinserumand urinewasdone either imme- 
diately or after storing at -2O"C, but for no longer than 2 weeks. 

Study design 

After finishing the study we divided our patients according to their 
post-transplant course into five groups. In order to get insight into 
the post-transplant dynamics of uIL-6 excretion we evaluated the 
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Fig. 1 Post-transplant dynamics 
of IL-6 excretion in immediate 
and delayed kidney graft func- 
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data of recipients with immediate (n = 31) as well as delayed 
(n = 16) graft function, but without any other complication. In the 
second part we looked for patients with only one post-transplant 
complication, e. g. steroid-sensitive (n = 14) and steroid-resistent 
(n = 10) rejections, CMV disease (n = 8) and urinary tract infec- 
tions (n = 20). 

Resutts 
Urinary IL-6 according to post-transplant graft function 

Figure 1 shows the behavior of post-transplant uIL-6 ex- 
cretion in kidney graft recipients with immediate (no di- 
alysis needed) or delayed graft function but no addition- 
al complication. Patients with excellent functioning kid- 
ney grafts who had serum creatinine levels lower than 
177 pmol/l at post-KTx day 7 (group Al,  n = 15) were 
characterized by a rapid decrease of uIL-6 concentra- 
tion, with a mean value less than 20 pg/ml by day 3. In 
a second group of patients with immediate graft function 
(group A2, n = 16) but a serum creatinine level at day 7 
greater than 177 pmol/l, the mean uIL-6 level dropped 
below 20 pg/ml only by day 10. In contrast to these two 
groups, patients with delayed graft function ( n  = 12) 
had very high uIL-6 levels. Only with the commence- 
ment of graft function did the uIL-6 level start to drop 
day by day. 

Urinary IL-6 and steroid-sensitive rejection episodes 

A total of 24 recipients experienced at least one rejec- 
tion episode - a rejection rate of 23.8 YO. As shown in 
Fig.2, in 14 Patients with steroid-sensitive AR, uIL-6 
levels (mean values) increased continuously in the pre- 
rejection Period from 23 pgml 4 days prior to  therapy 
to 82 pg/@ on the day anti-rejection therapy began 
(day 8 ifl F1g*2). At the same time, the mean serum IL- 
6 levels increased from 6 to 15 pglml, and serum creati- 
nine frofl 221 to 289 pmol/l. After the second MP bolus 
of 5 mg/@ bw, Prompt normalization of uIL-6 concen- 
tration Nas noted. 

UrinaW ILm6 and steroid-resistant rejection episodes 

A differen'' of UIL-6 in ten steroid-resistant re- 
jections i:::i:Q in Fig. 3. It is clear that uIL-6 excretion 
was onl$fst-lii:Qtly decreased during the steroid treat- 
ment (f d h therapy) in the pre-ATG or - 0 K m  
phase, a!' tolad.started to  increase again by 2 to 3 days 
before ylta;Fal (biopsy) and clinical diagnosis of ste- 
roid-res ensiti,,@kctions was established. In contrast to  1 
steroid-5 the (r" AR, in the more serious steroid-resis- 
tant AP/ter ini{crease of UIL-6 levels happened only 
slowly a bl ation Of ATG or OKT3 therapy. But in 
a camp$$ :pay, the rejection-associated uIL-6 peaks 
were "16 incr2Qger and more impressive than the se- 
rum IL- %S. 
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serum in connection with 
steroid-sensitive kidney graft 
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Fig. 3 IL-6 levels in urine and 
serum in connection with ste- 
roid-resistant kidney graft re- 
jections (n = 10) 
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Urinary IL-6 and CMV disease 

Figure 4 shows the uIL-6 levels in eight patients suffer- 
ing from a mild CMV disease. The diagnosis was con- 
firmed by CMV-IgM antibody detection. Leukocytope- 
nia below 4000/p1 was a common sign in all patients. In 
order to compare the eight individual courses, the labo- 
ratory data were arranged according to the 1st day of 
the leukocytopenia. In this Figure, day 8 is the 1st day 
of leukocytopenia in all patients. The development of 

this leukocytopenia was associated with a slight increase 
of both uIL-6 and serum creatinine levels. With regard 
to the uIL-6, it is worth noting that the highest mean val- 
ue was only 26 pg/ml (compared with obviously higher 
levels in rejection crises). 
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Fig.5 Increased urinary IL-6 
level in kidney graft recipients 
suffering from bacterial urinary 
tract infection coincides with 
the commencement of antibiot- 
ic therapy 
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Urinary IL-6 and bacterial urinary tract infections therapy resulted in an accompanying decrease of UIL-~;  
after 10 days the pre-therapy values were reached again, 

In an analogous manner, the individual uIL-6 data of 20 
recipients with bacterial UTI were arranged according 
to the 1st day of antibiotic treatment. Figure 5 repre- Urinary IL-6 in different post-transplant complications 
sents the mean values, and day 8 is the starting point of - a summary 
antibiotic treatment. Interestingly, increased uIL-6 lev- 
els coincided with the beginning of the therapy, which Comparing (Fig.6) the four different types of I L - ~  
depended on the cultural detection of more than 2 105 I curves (from Figs.2-5). it can be said with certainty 
ml bacteria in urine samples. A SuCcessfUl antibiotic that clear increases of uIL-6 levels preceded clinical di- 
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agnosis of acute rejection by a mean period of about 
3 days, and that ulL-6 levels also predict biopsy-proven 
steroid-resistant rejections. The lower urinary IL-6 
peak in patients with UTI coincide with the day of cul- 
tural detection of bacteria and commencement of anti- 
biotic therapy. The lowest peak was seen in recipients 
with mild CMV, indicating graft involvement in the dis- 
ease. In every case, successful treatment was accompa- 
nied with decreasing uIL-6 levels. 

Discussion 

IL-6 is the prototype of pleiotrophic cytokines. It is a 
promotor of hematopoiesis, serves as an immunoregula- 
tor of T cell growth and differentiation, induces plasma 
cell development, modulates bone resorption, initiates 
production of acute phase reactants in hepatocytes, etc. 
Human IL-6 is a 22-27 kDa glycoprotein expressed by 
a variety of cells including T and B cells, monocytes, fi- 
broblasts, endothelial cells, granulocytes, etc. 

IL-6 production is generally correlated with cell acti- 
vation. Together with IL-1 and TNFq it is one of the 
main pro-inflammatory cytokines. In 72 serum samples 
from healthy adults (C-reactive protein c 5 mg/L, HBs 
antigen negative, lues serology negative) the IL-6 
concentration was determined by us to be between 0 
and 2.82pg/ml ( x +  3 SD; Quantikine, R & D sys- 
tems).Therefore, detectable IL-6 must be the result of 
its production by a variety of cell types in response to a 
variety of different stimuli. From an immunological 
point of view, the acute rejection is the recipient’s in- 
flammatory response to the grafted organ. Within the 

graft infiltrating cells a high ratio of IL-6 producing cells 
can be found, indicating local IL-6 production, e. g. by T 
cells and macrophages upon immune challenge. Na- 
kamura et al. [ll], investigating patients with Kawasaki 
disease, IgA nephropathy and renal hypoplasia conclud- 
ed from the data obtained that IL-6 in renal tubular flu- 
id may be reabsorbed and catabolized, as well as excret- 
ed, by the renal tubule, indicating that uIL-6 excretion 
could be influenced by both mesangial proliferation 
and renal tubular dysfunction. Therefore, in the case of 
kidney transplantation, uIL-6 should be detectable 
when the local production predominates over the tubu- 
lar reabsorption. 

In 1988, van Oers et al. [14], using a sensitive bio-as- 
say, reported very high levels of uIL-6 on day 2 after 
transplantation (49.5 i 6.6 U/ml) and &3 days before 
clinical AR (182 * 60 U/ml). During successful antire- 
jection therapy with MP, uIL-6 levels returned to nor- 
mal within 2-3weeks. The authors concluded from 
these data that serial measurements of uIL-6 may be of 
value in monitoring renal transplant recipients. In a 
small series (46 urine and 57 serum samples), Newstead 
et al. [12], using a homemade sandwich ELISA, found 
no difference in the levels of IL-6measured in serum 
and urine among AR, acute tubular necrosislCyA toxic- 
ity, and chronic vascular rejections. Casiraghi et al. [2] 
described an AR-associated uIL-6 increase from 
121 pg/h (day 4) to 225 pg/h (day -1) before steroid 
therapy. Antirejection therapy resulted in prompt nor- 
malization Of uIL-6. In 415 patients with steroid-resis- 
tant AR, uIL-6 excretion only transiently decreased 
during MP treatment of AR and started to increase 
2-3 days before the diagnosis was established. In con- 
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nection with infections (7 x UTI, 3 x CMV, 1 x sepsis, 
1 x epididymitis), no significant changes in uIL-6 were 
observed. This observation is in sharp contrast to the 
findings of Ohta et al. [13], who consistently detected in- 
creased amounts of uIL-6 in patients with culture-prov- 
en acute UTI. In a small series (n = 8 patients) Bloema 
et al. [I] described a markedly elevated uIL-6 excretion 
at the start of first and second rejection episodes. Treat- 
ment with both MP and OKT3 resulted in a decrease of 
uIL-6 from commencement on. With respect to the di- 
agnostic relevance of uIL-6 for AR, Waiser et al, [15] re- 
ported a 93% sensitivity but a reduced specificity 
(60%), being unable to distinguish AR from infections, 
acute tubular necrosis or ATG treatment. 

Taken together, in most reports the number of pati- 
ents is relatively small (especially in certain treatment 
groups) and sequential (i. e. daily) examinations of uIL- 
6 not common. In addition, some conflicting results do 
exist. Therefore, we included in our study 101 cadaveric 
renal allograft recipients and investigated the pattern of 
uIL-6 on a daily basis. 

In 15 patients with excellent functioning kidney 
grafts, characterized by a serum creatinine level lower 
than 177 pmol/l at post-transplant day 7, uIL-6 rapidly 
decreased post-KTx (peak at day 1: 174 pg/ml), falling 
to a mean uIL-6 value of less than 20 pgml by day 3. A 
second group of recipients (n = 16), with immediate 
functioning grafts and uncomplicated courses, but se- 
rum creatinine levels at post-KTx day 7 higher than 
177 pmolll, the mean uIL-6 level of less than 20 pglml 
was reached only at post-KTx day 10. 

In contrast to these two groups, delayed graft func- 
tion (n = 12 recipients, no additional complication) was 
accompanied with very high uIL-6 levels (during the 
first post-KTx week, between 180 and 274 pg/ml). Only 
in connection with the commencement of graft function 
did the uIL-6 levels rapidly decrease. Thus, post-trans- 
plant increased uIL-6 levels seem to reflect cellular al- 
terations, possibly induced by cold ischemia time or oth- 
er factors. In addition, the regeneration of cellular or re- 
nal function was always accompanied by the disappear- 
ance or normalization of uIL-6. This observation means 
that during delayed graft function uIL-6 level can not be 
used for detecting AR, a problem also discussed by 
Newstead et al. [12] and Waiser et al. [15]. 

Within our patient cohort, 14 out of 101 experienced 
steroid-sensitive and 10 steroid-resistant AR. In connec- 
tion with steroid-sensitive AR we observed a significant 
and continuous (fourfold) increase of uIL-6 levels be- 
tween 4 days prior to and the commencement of antire- 
jection therapy with MP (from 23 to 82 pg/ml). Interest- 
ingly, the serum IL-6 levels rose at the same time from 6 
to only 15 pglml. This means that uIL-6, but not serum 
IL-6, concentrations are sensitive indicators of AR. A 
second important finding is the prompt decrease of 
uIL-6 as early as after the second MP bolus of 5 mgfkg 

JW, reflecting the efficacy of the therapy used. Similiar 
2bservations were reported by Bloema et al. [I], Casi- 
raghi et al. [2], van Oers et al. [14] and Waiser et al. 
[15]. In ten cases of steroid-resistant AR, uIL-6 excre- 
tion was only transiently decreased during MP treat-  
ment, indicating the persistence of the inflammatory 
process, and started to increase again by 2-3 days before  
the diagnosis was confirmed by biopsy. After initiation 
of ATG or OKT3 therapy, reduction of uIL-6 was not 
as rapid as that seen after MP therapy of steroid-sensi- 
tive AR. Comparing IL-6 levels in urine and serum, the 
U I L - ~  peaks were much higher than the serum peaks in 
steroid-resistant AR as well. 

The only data on uIL-6 and CMV infection were re- 
ported by Casiraghi et al. [2]. 'Rvo of three patients had 
a peak of uIL-6 (144 and 650 pg/h) on the day of diagno- 
sis of CMV infection. We report on uIL-6 levels in eight 
kidney graft recipients suffering from a mild CMV dis- 
ease. In all recipients the development of a leukocy- 
topenia of less than 4000/p1 (as the first sign of CMV dis- 
ease) was associated with a slight increase of both uIL-6 
and Serum creatinine, but the highest mean uIL-6 value 
was only 26 pglml, compared with obviously higher 
uIL-6 levels prior to AR. This observation is further ev- 
idence for involvement of the renal graft in CMV dis- 
ease. 

The association of uIL-6 and UTI is hotly debated. In 
kidney graft recipients, Waiser et al. [15] described a re- 
duced specificity of uIL-6 for detecting A R  caused by 
infection, but Casiraghi et al. [2] observed no uIL-6 
peaks in patients with infectious episodes. We were 
able to evaluate the data of 20 kidney graft recipients 
with bacterial UTI. All patients were treated with anti- 
biotics on the basis of culture-proven bacteriuria. At 
that time no other complication was detected. Interest- 
ingly, the increase of uIL-6 levels coincided with the 
commencement of the therapy, but did not precede it. 
Successful antibiotic therapy resulted in an accompany- 
ing decrease of uIL-6; the mean pre-therapy value was 
reached again after 10 days. 

In summary, our data show that meaningful immuno- 
logical monitoring of kidney allograft recipients may be 
achieved by careful sequential examination of U I L - ~  
levels. An additional advantage is that the analyses 
may be be performed daily with minimal patient dis- 
comfort and without invasive procedures. All data 
show that uIL-6 level is a sensitive indicator of AR as 
well as of the efficacy of antirejection therapy. It Seems 
also clear that the specificity is lower than the sensitivity 
for detecting AR, but from an practical point of view the 
diagnosis of AR is always made in the context of all clin- 
ical and laboratory paramenters available. Beside this, 
we found typical uIL-6 patterns associated with various 
types of complication. Because. uIL-6 determination is 
simple, expressive and non-invasive, we can recommend 
it. 
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