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Abstract Serum levels of interleu- 
kin-8 (IL-8) were investigated in the 
perioperative phase of liver trans- 
plantation (LTx) in order to help 
determine whether this cytokine 
might serve as a parameter for pres- 
ervation injury. In a study of 45 pa- 
tients undergoing LTx, systemic IL- 
8 was estimated at the end of the 
anhepatic phase, at 30,60, and 
120 min after reperfusion of the 
graft, and 24 h and 7 days after LTx. 
A maximum mean concentration of 
665 f 135 pg/ml was seen 60 min af- 
ter LTx. The minimum was found on 
the 1st postoperative day (POD 1): 
328 f 33 pg/ml. Significant changes 
were found between 60 min and 
PODS 1 and 7, as well as between 
120 min and POD 1. Differences in 
cold ischemia time were not found 

to be significant. We conclude that 
monitoring of systemic IL-8 levels is 
not useful in the development of 
new liver preservation concepts. 
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Introduction 

Damage to the liver as a result of preservation and/or 
reperfusion is still associated with organ dysfunction in 
the early course following liver transplantation (LTx). 
Primary dysfunction (PDF) and primary nonfunction 
(PNF) are the most severe consequences [16, 17, 211. 
These problems of the immediate postoperative period 
are currently being addressed by several research 
groups as they work on the further development of pres- 
ervation concepts. In order to conduct comparative 
studies of preservation concepts, data about the out- 
come of preserved organs are essential. However, only 
a few sensitive serum markers have, as yet, been clini- 
cally established for the assessment of potential organ 
damage during the perioperative period. 

Cytokines play an important role in the regulation of 
interactions between blood cells and such nonparenchy- 

ma1 liver cells as organ-associated leukocytes and endot- 
helial cells [4]. These interactions include the recruit- 
ment of specific leukocyte subpopulations to hypoxic/ 
injured tissue [3, 22, 241. Interleukin-8 (IL-8) is part of 
this response and may contribute to leukocyte infiltra- 
tion [19]. 

IL-8 is an inflammatory cytokine that is produced by 
various cell types, among them Kupffer [25] and endot- 
helial cells [20], hepatocytes, neutrophils, and mono- 
cytes [23]. Important biological activities include potent 
neutrophil chemoattraction and activation. IL-8 may be 
part of the mediator cascade of graft destruction [2], in 
that allogeneic major histocompatibility complex anti- 
gens expressed on the allograft and/or on the passenger 
leukocytes induce IL-8 formation via CD4/T helper cell 
activation and IL-1 and IL-2-secretion, which is fol- 
lowed by IL-4 and IL-6 formation and ensuing tumor 
necrosis factor-a (TNF-a) production, which leads to, 
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among other things, IL-8 formation [2]. This may be 
only one aspect of cytokine interaction, which is part of 
the complicated balance of mediators. 

Like other cytokines, IL-8 was found to induce its 
own formation [8]. Lateveer et al. [lo] have calculated 
a half-life of 9.9 k 2.2 min for circulating IL-8 using rhe- 
sus monkeys. An IL-8 mRNA half-life of 4.6 h was cal- 
culated using blood from normal human volunteers 
[28]. Interesting physicochemical properties of IL-8 in- 
clude its extreme stability with resistance to proteolysis 
and denaturation, and prolonged biological activity in 
vivo [15]. These properties suggest that IL-8 may be a 
comparatively long-term acting mediator, rather than a 
short-term acting cytokine like, for example, TNF-a. 
Although other groups have reported on cytokine re- 
sponses to LTx, no information about the perioperative 
course of IL-8 has yet been provided. 

Forty-five patients undergoing orthotopic LTx were 
investigated during the preoperative, anhepatic, and 
postreperfusional phases. Systemic IL-8 concentrations 
were monitored to determine their potential value as a 
serum parameter for the evaluation of new preservation 
concepts. 

Materials and methods 

Liver allograft recipients 

Forty-five adult patients (28 male, 17 female) consecutively under- 
went orthotopic LTx at our unit. The patients' age ranged from 20 
to 62 years. Indications for LTx included chronic active hepatitis, 
alcoholic cirrhosis, fulminant hepatitis, cryptogenic cirrhosis, pri- 
mary biliary cirrhosis, Budd-Chiari syndrome, hepatocellular car- 
cinoma, autoimmune hepatitis, and PNF. The mean cold ischemia 
time, starting from the interruption of circulation during organ har- 
vesting until the beginning of the anastomosis, was 633 f 35 min 
(median 625 min, range 280-1023 min). The mean anastomosis 
time was 70.2 k 3.2 min. Patients were randomized to treatment 
with cyclosporin A (CyA) or tacrolimus-based immunosuppres- 
sion prior to transplantation. 

500 mg before and 6 h after reperfusion. PRED treatment was 
commenced on POD 1 at 20 mgiday and was reduced to 15 mgi 
day after 4 weeks. 

Collection of samples 

Heparinized arterial blood samples were obtained via a radial arte- 
rial catheter and were collected sterile. In a few cases, samples on 
POD 7 were taken from a central venous catheter. Plasma was col- 
lected following blood centrifugation at 4 "C and immediately fro- 
zen at -80 "C. 

Time points of sampling were immediately preoperatively and 
at the end of the anhepatic phase in the recipient. Plasma was also 
sampled 30, 60, and 120 min post-LTx as well as 24 h and 7 days 
postoperatively. 

IL-8 Assay 

An enzyme immunoassay was performed as a sandwich-type ELI- 
SA in 96-well microtiter plates and coated with a polyclonal goat 
anti-human IL-8 antibody (British Bio-technology BD A26). IL-8 
in standards (hr-IL-8,30-100-300-1000-3000 pg/ml R&D systems 
#208-IL) and samples was detected by a series of incubations with 
(1) biotinylated (Pierce #21335) goat anti-human IL-8, (2) avidin- 
peroxidase (Calbiochem #189733), and (3) TMB substrate for col- 
or development. The signal was measured biochromatically at 450 
and 630 nm (Dynatech MR.5000). There was no cross-reactivity 
with recombinant human IL-la, IL-lP, TNF-a, TNF-/3, or IL-6. 
The limit of sensitivity was 50 pg/ml. 

Statistics 

Data analysis was performed using a notched box-and-whisker plot 
analysis [ l l ] .  The boxes in Fig. 1 show the range from 25 YO to 75 YO 
quartiles. The bars represent the 10th and the 90th percentiles. A 
notch is added to each box corresponding to the width of a confi- 
dence interval for the median. The results given in the text are ex- 
pressed as mean _+ SEM. Differences between values were calcu- 
lated using the Mann-Whitney U-test. Significance was estimated 
in relation to the recipient values before LTx. Differences were 
considered significant when P was less than 0.05. 

Liver transplantation and concomitant treatment 

The surgical procedure was performed as reported elsewhere [13], 
including preservation with University of Wisconsin solution and 
the use of venovenous bypass in all cases. Aprotinin administra- 
tion, i. v. antibiotic treatment, selective bowel decontamination, 
and other forms of prophylaxis were performed as previously de- 
scribed [12]. 

Immunosuppressive protocol 

Patients in the tacrolimus and CyA-based treatment groups fol- 
lowed an immunosuppressive regimen described elsewhere [14]. 
This included methylprednisolone (PRED), azathioprine, and an- 
tithyniocyte globulin (ATG; Fresenius, Bad Homburg, Germany). 
PRED was administered by i.v. bolus injection at a dosage of 

Results 

During the postoperative course, 33 % of the patients in 
our study suffered from intra-abdominal infections, 
20 YO from bacterial pneumonias, and 3 YO from CMV in- 
fection. Thirthy-two percent of the patients developed a 
mild rejection and 22% showed a moderate to severe 
rejection. Two percent had initial nonfunction. 

The systemic IL-8 concentrations measured at the 
end of the anhepatic phase, at 30,60, and 120 min after 
reperfusion of the graft, and at 24 h and 7days post- 
LTx were compared to preoperative and postoperative 
levels. Figure 1 shows the course of these IL-8 plasma 
levels. A wavelike course of concentrations with a peak 
in-between 60 and 120 rnin postreperfusion is seen. In 
the recipients, the mean was 451 * 63 pg/ml. A maxi- 
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Fig. 1 Time course of systemic IL-8 levels in pg/ml in 4.5 patients 
during the perioperative phase of LTx. Significance was calculated 
for the recipients before LTx (P < 0.05). The values are given in 
notched-box plot-and-whisker diagrams. Time points of measure- 
ments were immediately before LTx (recipient), at the end of the 
anhepatic phase (anhepatic phase), 30 min, 60 min, and 120 min af- 
ter reperfusion, as well as 24 h after reperfusion (POD 1) and on 
the 7th postoperative day (POD 7) 

mum mean concentration of 665 f 135 pg/ml was seen 
60 min after LTx. The minimum - 328 k 33 pg/ml - was 
seen on POD 1. Significant changes with respect to the 
recipient values before LTx were found between 
60 min and PODs 1 and 7, as well as between 120 min 
and POD 1. 

Patients were divided into two groups according to 
the cold ischemia times. In group 1, this was 240- 
600 min; in group 2, 601 -1023 min. No significant dif- 
ferences were observed. 

The influence of the duration of anastomosis time on 
the cytokine response was also calculated. Again, the 
patients were divided into two groups. In group A, anas- 
tomosis time ranged from 30 to 70 min; in group B, from 
71 to 107 min. IL-8 was not found to be sensitive. 

Discussion 

For clinical studies on liver preservation, noninvasive 
serum parameters that react quickly to consequences 
of preservation damage are of interest. IL-8 is a chemo- 
kine that is generated only after specific stimuli, such 
as oxidant stress [6] and bacterial lipopolysaccharide 
(LPS) [l]. This is of interest because oxidant stress has 
been shown to have little effect on the synthesis of the 
inflammatory cytokines IL-lP, TNF-a, and IL-6 [14]. 
Reactive oxygen intermediates induced by liver anoxia 
and reoxygenation are at least partly generated by intra- 

sinusoidal enzyme systems [9, 18, 311. LPS, one of the 
powerful stimuli for 1L-8 synthesis, is interesting be- 
cause of possible bacterial translocation in LTx with 
the subsequent risk of PNF [30]. A recently suggested 
aspect of the biological activity of IL-8 is haptotaxis 
[23]. It implies that leukocyte migration is directed by a 
gradient of insoluble, fixed chemokines. 

Both IL-1 and TNF-a, at nanomolar concentrations, 
appear to be important early response cytokines that 
can stimulate the expression of IL-8 [23]. This study re- 
veals that the signal responsible for the gene expression 
of IL-8 is related to the generation of reactive oxygen 
metabolites. IL-8 can also be produced in response to 
IL-6 and interferons. 

In a study reported by Tilg et al. [26], IL-8 serum con- 
centrations were elevated in liver allograft recipients 
during bacterial infection, cytomegalovirus (CMV) dis- 
ease, and acute rejection, whereas patients with un- 
eventful recovery showed IL-8 concentrations below 
the detection limit. Correlations between IL-8 and 
TNF-a were not seen in acute cellular rejection episodes 
or in other complications, such as bacterial infections or 
CMV disease. 

Yagihashi et al. investigated systemic IL-8 concentra- 
tions in rats after experimental LTx [29]. Allogeneic 
LTx induced elevated IL-8 serum concentrations in the 
early postoperative period (PODs 0 4 )  without acute 
cellular rejection, while acute moderate cellular rejec- 
tion resulted in a delayed increase in systemic IL-8 lev- 
els (PODs 13-19). A correlation between IL-8 peak lev- 
els and histological grades of rejection was not seen. 

As suggested by Dallman [5], perioperative systemic 
cytokine levels may be interpreted mainly as a general 
response to inflammation that accompanies surgery, in- 
cluding inflammation due to ischemia and reperfusion, 
rather than as specific organ alterations like graft rejec- 
tion. Moreover, cytokine formation and secretion de- 
pend to a great extent on the perioperative immunosup- 
pressive treatment [7]. Surgical procedures alone influ- 
ence cytokine levels [27]. 

The time points we chose focused on the early postre- 
perfusional period. We found no significant changes, 
i. e., there were no statistical differences between pa- 
tients with longer or shorter preservation times or be- 
tween patients with different anastomosis times. This 
lack of significant changes in the IL-8 serum level in 
the immediate postreperfusional phase suggests that 
this mediator should not be used as a tool for the further 
development of liver preservation concepts. 
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