Transpl Int (2001) 14: 80-86
© Springer-Verlag 2001

Stefan Tange
Yvonne Hofer
Martin Welte
Matthias Anthuber
Karl W.Jauch
Edward K. Geissler
Wolfgang Ertel

Received: 25 October 1999
Revised: 7 July 2000
Accepted: 22 November 2000

S.Tange (0) - M. Anthuber - K. W. Jauch
E.K. Geissler

Department of Surgery,

University Hospital Regensburg,
Franz-Josef-Strauss-Allee 11,

93055 Regensburg, Germany

Y. Hofer

Institute for Anaesthesiology,
Evangelic Hospital,

40217 Duesseldorf, Germany

M. Welte

Clinic for Anaesthesiology and
Operative Intensive Care Medicine,
Klinikum Benjamin Franklin,

Free University Berlin,

12203 Berlin, Germany

W.Ertel

Division of Trauma Surgery,
University Hospital Zurich,
8091 Zurich, Switzerland

ORIGINAL ARTICLE

Local secretion of TNF-o. from the liver
does not correlate with endotoxin, IL-6,
or organ function in the early phase
after orthotopic liver transplantation

Abstract Hepatic ischemia/reper-
fusion leads to an excessive release
of proinflammatory cytokines,
which promotes local and remote
cell damage. The value of cytokine
measurement in humans for pre-
dicting graft function after ortho-
topic liver transplantation (OLT)
remains unclear. Therefore, in this
study, tumor-necrosis-factor-a
(TNF-a), interleukin-6 (IL-6), and
endotoxin (ET) levels were deter-
mined in the blood taken from the
hepatic veins of 31 patients who un-
derwent OLT. Peak levels of TNF-a
in hepatic venous blood were mea-
sured shortly after reperfusion and
were significantly higher than con-
centrations in the systemic circula-
tion. IL-6 concentrations, peaking
90 min after reperfusion, only cor-
related with postoperative pulmo-
nary dysfunction. ET was detectable
in 21 patients, but levels did not cor-
relate with either IL-6 or TNF-a

concentrations. Additionally, serum
cytokine levels did not correlate
with the duration of ischemia or
with histological changes seen in liv-
er biopsies. In general, our study
suggests that local secretion of cyto-
kines does not predict liver function
in the early posttransplant phase.

Keywords Liver transplantation -
Ischemia - Endotoxin - Cytokines

Abbreviations ET Endotoxin - /L-6
Interleukin-6 - OLT Orthotopic liv-
er transplantation - TNF-a Tumor-
necrosis-factor a

Introduction

OLT has become an established procedure for end-stage
liver disease. However, primary graft dysfunction and
posttransplant pulmonary and renal failure still pose rel-
evant clinical problems [19]. Attempts have been made
to develop a strategy for determining graft function early
after OLT. One approach has been to monitor cytokine
release in the early postoperative phase. For instance,
ET is one of the most potent stimulators of cytokine syn-
thesis. As a result of gut ischemia, ET can be measured
in the circulation before it is eliminated mainly by the

reticuloendothelial system in the liver. Besides ET, is-
chemia/reperfusion is another stimulus for cells capable
of cytokine synthesis. It has recently been demonstrated
that resident liver macrophages (Kupffer cells) are acti-
vated by ischemia/reperfusion injury [4,29], with a subse-
quent release of proinflammatory mediators such as
TNF-a [6] and IL-6 [3]. In particular, high concentrations
of TNF-a are capable of inducing severe tissue damage.
Furthermore, previous experimental studies have shown
that an enhanced release of TNF-a by Kupffer cells fol-
lowing liver ischemia/reperfusion injury can not only
lead to local tissue damage, but may also cause signifi-
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cant tissue necrosis in remote organs [6]. Notably high
TNF-a levels, compared to those of patients without
graft rejection, have been measured in OLT patients ex-
periencing a rejection episode [16]. IL-6, on the other
hand, is known for its influence on protein synthesis in
hepatocytes, especially for the induction of acute phase
proteins. As for TNF-qa, increased IL-6 concentrations
were detected during rejection episodes in the serum
and bile of kidney and liver transplants.

Although increased levels of circulating proinflam-
matory cytokines after transplantation are now a well
accepted phenomenon, there is controversy about the
predictive value of circulating cytokines for determining
graft dysfunction in humans [13, 14, 15]. Consequently,
the present study was carried out to determine if the lo-
cal release of TNF-a and IL-6 into hepatic venous blood
differed from systemic blood cytokine levels. Results
were compared to endotoxin levels and various parame-
ters of hepatic and pulmonary function.

Material and methods

Patients

Thirty consecutive patients undergoing 31 liver transplantations
were enrolled in this study and followed up for 1 month (22 male,
8 female; mean age 49.1 + 7.3 years, range 28-66 years) (Table 1).
Posthepatitic cirrhosis was the most common indication, followed
by hepatocellular carcinoma and alcoholic cirrhosis. Two patients
died during the postoperative course. Five patients had to undergo
emergency transplantation.

Surgical procedures

Liver transplantation was performed following the standard tech-
nique, as described previously [5]. A veno-venous-bypass was con-
structed in all patients. University of Wisconsin solution was used
for graft preservation and benching. Prior to reperfusion, the liver
was flushed with S00 ml of cold human albumin (5%). Initial re-
perfusion of the graft was established by declamping the portal
vein, arterial recirculation followed approximately 20 min later.
Immunosuppression was started intraoperatively with methylpred-
nisolone (500 mg) and azathioprine (2 mg/kg). As postoperative
immunosuppression, a quadruple regimen, of methylprednisolone
(tapered to 10 mg/day within 6 weeks), azathioprine (1-2mg/
kg/day), anti-thymocyte-globulin (4 mg/kg/day, day 1-10) and cy-
closporine (1-6 mg/kg/day) was administered.

For the sampling of blood from the hepatic vein, the standard
central venous line was passed through the internal jugular vein
to the vena cava inferior and finally into the hepatic vein. The cor-
rect position of the catheter was controlled using x-rays and by in-
traoperative digital palpation by the surgeons.

Collection of blood and biopsies
Blood was obtained from arterial lines placed into the radial artery

and from the hepatic vein catheter. Blood samples were taken be-
fore laparotomy (BL), at the beginning of the anhepatic phase

Table 1 Demographic data and indications for liver transplanta-
tion

Patients
Mean age (years)
Male/female

49.1+73
23/8

Indications for liver transplantation
Posthepatitic cirrhosis
Hepatocellular carcinoma
Alcohoilic cirrhosis
Primary biliary cirrhosis
Acute liver failure
Graft failure

Cryptogenic cirrhosis
Retransplantation
Carcinoid metastasis

Mortality (1-month)
Graft survival (1-month)

o

_— = N W W RO

2/30
26/31

(AP), 10 min before reperfusion (0), and 5-, 15-, 30-, 60-, 90-, 120-
and 240 min following reperfusion. Blood was immediately centri-
fuged to obtain serum, which was aliquoted and stored at-70 °C un-
til assayed. The liver enzymes GPT, GOT and GLDH were mea-
sured daily during the immediate posttransplant phase and used for
statistical evaluation of liver function. Intraoperative biopsies were
performed on livers that showed visual evidence of poor reperfu-
sion. All biopsies were stained by the hematoxylin & eosin method.

Cytokine assays

Serum levels of TNF-a were determined by measuring the cytotox-
ic effect on a murine fibrosarcoma cell line, WEHI 164 subclone 13
(kindly provided by Dr. S. Kunkel, Ann Arbor, MI), as previously
described [12]. Briefly, 5 x 10° WEHI cells were incubated with se-
rial dilutions of serum samples for 20h in 96 - well microtiter
plates (Greiner Labortechnik, Frickenhausen, Germany). During
the last 4h of incubation, 3-[4,5-dimethylthiazol-2-yl]-2,5-diph-
enyltetrazoliumbromide (MTT, 5 mg/ml; Sigma Chemical, Dei-
senhofen, Germany) was added to each well. Cellular activity was
proportional to the formation of dark blue formazan, measured at
650 nm using a spectophotometer. The biological activity of TNF-
o in serum samples could be completely abolished by the addition
of a rabbit monoclonal anti-human TNF-a antibody (Genzyme,
Boston, MA), demonstrating specificity of the WEHI 164 cytotox-
icity assay. The detection sensitivity of the cytotoxicity assay was
0.1 U/ml [11].

An IL-6 dependent hybridoma cell line, 7TD1 (obtained from
ATCC, Rockville, MD), was used to assay IL-6 levels [28]. Cells
(1 x 10%well) were added to 96 — well microtiter plates and were
incubated with serial dilutions of serum samples for 96 h. Prolifera-
tion of 7TD1 cells was measured using the MTT-assay, as described
above. To further confirm that 7TD1 cells uniquely proliferated in
response to 1L-6, a monoclonal anti-human IL-6 antibody (Gen-
zyme) was added to serum samples containing peak concentrations
of IL-6. The antibody completely inhibited proliferation of 7TD1
cells, thus confirming the specificity of the assay.
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Table 2 Spearman’s correlation coefficient comparing mean val-
ues of ET, TNF-a and IL-6 (see Figs.1, 2, 3), and the duration of is-
chemia and anhepatic phase, respectively

Ischemia Anhepatic phase
(Arterial/ (Arterial/
hepatic vein) hepatic vein)
ET (Mean value)
5-30 min 0.23/0.2 0.001/-0.17
60-120 min 0.12/0.27 —-0.15/-0.18
5-120 min 0.18/0.23 —-0.06/-0.09
TNF-o (Mean value)
5-30 min 0.4/0.35 0.03/0.07
60-120 min 0.28/0.34 -0.07/-0.06
5-120 min 0.4/0.34 -0.05/0.002
IL-6 (Mean value)
5-30 min 0.15/0.22 0.34/0.48
60-120 min 0.14/0.24 0.20/0.3
5-120 min 0.17/0.22 0.25/0.33
Endotoxin measurement

ET levels were determined with a modified turbidimetric limulus
amoebocyte lysate test (Pyroquant GmbH, Walldorf, Germany)
[2]. Samples were diluted 1:10 in pyrogen-free water and were
heated at 100°C for 10 min to remove nonspecific inhibitors. Ki-
netics of the reaction were determined spectrophotometrically
(340 nm) every 30s for 100 min, and measurements were based
on ET standards (Novo Pyrexal, Salmonella abortus equi endotox-
in, Associates of Cod, Woods Hole, Mass.). All measurements
were performed in duplicate. The sensitivity of the assay was 1 pg/
ml.

Statistical analysis

Data are presented as the mean = standard deviation (SD). Spear-
man’ s correlation coefficient was calculated to correlate cytokine
levels with the duration of ischemia, anhepatic phase, or various
parameters of individual organ function. The Wilcoxon matched-
pair test was used to compare different serum samples, and the
Mann-Whitney test was used for unpaired data. Significance is in-
dicated at P < 0.05.

Results

Graft survival and ischemia

Overall one-month graft survival was 84% (26/31).
Three re-OLTs had to be performed within the follow-
up period, of which one patient re-entered the study.
Three other patients who had received a first liver trans-
plant before initiation of the study were included in the
study for their second graft. Since two patients died dur-
ing the study, 1-month patient survival was 93 % (28/30).
One patient died from cardiac arrest 2 h postoperative-
ly, and the other due to multiple organ failure 3 days af-
ter OLT.

140

120
100
£
2 80
3
z
Z 6
40
20
0 \ S B L Bt S e S
BL AP 0 5 15 30 60 90 120 240

Timepoints

Fig.1 Concentration of TNF-a in arterial (-QO-) and hepatic vein
(—@-) blood samples, obtained before laparotomy (BL), at the be-
ginning of the anhepatic phase (AP), 10 min before reperfusion
(0), and 5-240 min after reperfusion. Data are presented as the
mean = SD. Comparisons were made between arterial and hepatic
vein samples, and a *P < 0.05 was considered significant

In spite of the use of improved preservation solutions,
the duration of ischemia was kept as short as possible
for better graft function. The mean total ischemia time
was 535 + 205 min (range 210-1050 min). Duration of
ischemia with early graft loss did not differ from the du-
ration of ischemia with long-term graft survival. Neither
the TNF-a, nor IL-6 concentration correlated with the
duration of ischemia (Table 2). In addition, no signifi-
cant correlation could be detected between ET levels
and either the duration of the anhepatic phase, or hepa-
tocyte integrity, as measured by liver enzyme release
and total ischemia time (Tables 2, 3).

In order to estimate the impact of organ preservation
and to exclude preexisting liver damage, intraoperative
biopsies were performed in grafts showing signs of inju-
ry. Biopsies from 13 transplants showed 5 grafts without
pathological changes, whereas 8 were damaged by or-
gan preservation; only 1 of the 13 grafts showed major
signs of fatty change. However, there was no correlation
between histological preservation damage and the dura-
tion of ischemia or cytokine concentrations (data not
shown). Predictably, the levels of liver enzymes were
significantly increased in the serum of patients with
grafts showing histological damage, compared to those
with no obvious damage (GOT day 1: 878 £ 956 vs.
94 + 68 U/ml, GPT day 1: 591 + 540 vs. 105 + 83 U/ml,
GLDH day 3: 308 + 382 vs. 24 + 27 U/ml, respectively).
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Fig.2 Concentration of IL-6 in arterial (~O-) and hepatic vein
(-@-) blood samples. Data are presented as the mean + SD. Com-
parisons were made between arterial and hepatic vein samples.
There was not a significant difference (P < 0.05) at any of the time-
points tested

Cytokine levels

To examine the local release of cytokines, the TNF-a
and IL-6 levels of hepatic vein samples were compared
to concentrations in the systemic circulation. Before
laparotomy, TNF-a was detected at low concentrations
in arterial blood and in blood from the hepatic vein
(Fig.1). Concentrations of TNF-o increased between 5
and 30 min after reperfusion of the liver, with a subse-
quent decrease to pre-OLT levels at 90 min. While simi-
lar concentrations of TNF-a in the systemic circulation
and blood samples from the hepatic vein were measured
before laparotomy, an approximately 2-fold higher level
was observed in blood samples from the hepatic vein at
5, 15, and 30 min after reperfusion (Fig.1). These data
suggest that TNF-a is primarily secreted locally in the
liver during OLT.

IL-6 was detected in small amounts before laparoto-
my and rose steadily to peak levels at 90 min after reper-
fusion, declining again after the operation (240 min). In
contrast to TNF-a, there was no significant difference
between either arterial- or hepatic vein blood IL-6 lev-
els at any of the time points tested (Fig.2).

Endotoxin levels

ET, a possible stimulator of cytokine synthesis, was de-
tectable in the serum of 21 of the 31 transplantations
performed (68 % ). ET serum concentrations increased
during the anhepatic phase (0), and peak levels were ob-
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Fig.3 Concentration of ET in arterial (-O-) and hepatic vein
(—@-) blood samples. Data are presented as the mean + SD. Com-
parisons were made between arterial and hepatic vein samples.
There was not a significant difference (P < 0.05) at any of the time-
points tested

served between 5 and 30 min after reperfusion (Fig.3).
Arterial and hepatic vein blood samples showed similar
concentrations of ET at all time points tested, except
5min after reperfusion (Fig.3). However, circulating
ET levels (5-120 min) did not correlate with the concen-
trations of TNF-a (r=0.22) or IL-6 (r=0.24) at the
same time points.

Cytokines, endotoxin and organ function

In order to estimate the influence of the local release of
proinflammatory cytokines on hepatocyte integrity, cy-
tokine levels were compared to liver enzyme measure-
ments (GOT, GPT, GLDH). Using the mean values, no
correlation was found between ET- , TNF-a-, or IL-6
concentrations and the levels of GOT, GPT, and
GLDH (Table 3).

Since 15 patients had to remain on mechanical venti-
lation for more than 48 h post OLT, we compared the
cytokine levels of these patients to those of patients
without this complication. Results showed that IL-6
concentrations were significantly higher at all time
points after reperfusion in both arterial and hepatic
vein blood samples (Fig.4). Particularly noteworthy
was the rapid increase of IL.-6 during the anhepatic
phase. However, ET- and TNF-a concentrations, and
the duration of ischemia did not differ significantly
from those patients without prolonged respiratory com-
plications. It is noteworthy that transfusion of red blood
cells and fresh frozen plasma was significantly increased
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Fig.4 IL-6 concentrations in hepatic vein samples from patients
developing respiratory failure (- A—; mechanical ventilation > 2 -
days) postoperatively, compared to patients with an uneventful
clinical course (-} mechanical ventilation < 2 days). Data are
presented as the mean + SD, and a *P < 0.05 was considered signif-
icant

in patients developing respiratory failure after OLT,
compared to patients without respiratory problems
(23.1 £16.7 vs 9.6 + 8.1 units; 49.2 +24.7 vs 22.7 £ 17.1
units, respectively).

Discussion

Hepatic ischemia and reperfusion due to liver transplan-
tation results in detectable concentrations of ET and
proinflammatory cytokines both in hepatic outflow as
well as in the systemic circulation. The present study
shows that in the early period of reperfusion, levels of
TNF-a are significantly increased in blood samples
from the hepatic vein, compared to the systemic circula-
tion. This may indicate that the liver represents a major
source of TNF-a after OLT, as has been demonstrated
in animal models of liver ischemia/reperfusion injury.
However, we could not show a correlation between the

local release of TNF-a and stimulating factors such as
the duration of ischemia or ET. Since previous studies
indicate that proinflammatory cytokines in high concen-
trations may be partly responsible for tissue necrosis
and the development of infection or trauma-related
multiple organ dysfunction [1, 8], we suggest that a sim-
ilar pathophysiological mechanism may be operative af-
ter OLT. In these previous studies, partial or total hepat-
ic ischemia resulted in elevated serum concentrations of
TNF-a.Furthermore, Wanner et al. [29] provide evi-
dence that Kupffer cells are the principal source of over-
whelming cytokine release after hepatic ischemia and
reperfusion. Kupffer cells may trigger systemic inflam-
mation both locally and in remote organs.

ET was detected in 68% of the patients. Because
Kupffer cells have been shown to be a main source of
ET clearance [20], the increase of ET during the anhe-
patic phase might be explained by the absence of these
cells. Intraoperative manipulation of the intestine, or
the partial gut ischemia resulting from taking down the
porto-systemic bypass and the surgery associated with
the portal-venous anastomosis, may also contribute to
the increase of ET [7]. More specifically, we observed a
concomitant increase in ET concentrations immediately
after reperfusion, followed by a decrease of ET concen-
trations 15 min after reperfusion. It is possible that this
rapid ET clearance is mediated by Kupffer cells of the
reperfused graft. A second peak of ET, which appeared
immediately after reestablishing hepatic arterial circula-
tion, was probably due to a flush effect from insufficient
perfusion of the liver acini by only the portal circulation
[24). How ET levels affect hepatocyte function remains
controversial [21,25]. In this study we did not find a cor-
relation between hepatocyte damage and ET, IL-6 or
TNF-a. Although other reports show a correlation be-
tween increased TNF-a concentrations following ET
administration [18, 22], our results could be explained
by the fact that previous studies were either performed
in animal models under standardized conditions or in
healthy volunteers. In addition, there is evidence that
intraoperatively administered immunosuppression can
modify TNF-a and IL-6 concentrations [9, 17]. There-
fore, performance of the present study in actual patients
receiving a transplant introduces multiple physiological
factors that could possibly have influenced TNF-a or

Table 3 Spearman’s correla-

tion coefficient comparing CPT got GLDH
. . . i .

mean values of ET, TNF-a and i(Sarlti(zi;rlnn Postoperative day Postoperative day Postoperative day

IL-6 and the liver enzymes blood)

GPT, GOT, and GLDH on

postoperative days 1, 3, and 5 1 3 5 1 3 5 1 3 5
ET 0.03 0.09 0.05 0.03 011 -008 -005 015 -015
TNF-a -031 -006 006 -017 003 -023 005 -014 -0.14
IL-6 -0.04 -013 -0.16 019 -0.04 0.02 013 -0.05 0.03
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IL-6 secretion. Our data suggest there is no significant
correlation between ET levels and cytokine concentra-
tions, even considering that peak cytokine concentra-
tions can appear with delay after an ET stimulus.

IL-6 is a well known acute phase protein associated
with sepsis and physical stress, including surgical proce-
dures [26]. Although inconsistent changes in IL-6 levels
have been detected with sepsis [10], increases of this cy-
tokine appear to be predictive for infectious complica-
tions following OLT [13]. In the present study, IL-6 con-
centrations increased steadily during surgery, with a
non-significant trend towards higher levels in hepatic
venous samples, when compared to arterial samples.
We regard this increase of IL-6 a result of general surgi-
cal tranuma [26]. Comparisons between elective patients
and those undergoing liver transplantation as an emer-
gency procedure showed significant differences. Emer-
gency patients presented with significantly higher IL-6
levels at the beginning, likely as a result of preexisting
acute liver failure [23]. However, the higher IL-6 con-
centrations decreased to the same levels as those of pa-
tients without acute liver failure. In contrast to the ob-
servation by Steininger et al., according to which the liv-
er appears to clear IL-6 from the systemic circulation
[27], we actually detected higher serum concentrations
in hepatic venous samples, than in arterial samples.
These data suggest that cells within the liver are capable

of synthesizing IL-6. However, in patients with impaired
pulmonary function after OLT, the most significant in-
crease in IL-6 concentrations was measured during the
anhepatic phase. According to studies investigating re-
spiratory failure, macrophages in the lung could be the
main source for IL-6 under these circumstances.

As expected, liver enzymes were elevated after OLT,
particulary in patients with grafts showing histological
ischemia/reperfusion damage. Serum liver enzymes
were significantly higher in these patients, compared to
those of patients that received an organ not showing ev-
idence of ischemia/reperfusion injury. We could not find
a correlation between the duration of ischemia and
hepatocyte damage, which might be due to relatively
short preservation periods in general.

In summary, this study provides evidence for in-
creased ET-, TNF-a-,and IL-6 release after ischemia/re-
perfusion in human OLT. TNF-a concentrations peaked
at 5 and 30 min after reperfusion, and TNF-o levels
were significantly higher in hepatic vein samples in the
early reperfusion phase. IL-6 concentrations steadily in-
creased throughout the operation in almost all patients,
and increased IL-6 levels correlated with postopertive
pulmonary disfunction. However, our data did not
show a correlation between liver function and ET or cy-
tokine concentrations, which is probably related to the
multiple influences present with human OLT.
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