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Abstract. In summary. we established that a significant
production of the monokines interleukin-6. tumor ne-
crosis factor apha, and interleukin-1 occurred during or-
thotopic liver transplantation whereas the lymphokines
interferon gamma and interleukin-2 were not detected.
Levels of interleukin-6 reached their maximum values be-
fore and especially at the end of the anhepatic phase. They
remained high after the anhepatic phase. i.e. after reper-
fusion of the new livers. Tumor necrosis factor alpha and
interleukin-1 reached their maximum values after the an-
hepatic phase. Not only were interleukin-6. tumor ne-
crosis factor apha. and interleukin-1 present in the serum
but they could also be detected in the bile produced by
these new livers. Mechanisms of monokine production
during orthotopic liver transplantation is multifactorial in
origin and further studies will have to evaluate the relative
contribution of the various factors involved. The possi-
bility of an association between peroperative monokines
and transplant outcome and their potential clinical impli-
cation will have to be elucidated.
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The liver plays a pivotal role in the cytokine network: cy-
tokines act on the liver. liver cells produce cytokines. and
the liver is a major clearance organ for circulating cyto-
kines [1]. Orthotopic liver transplantation (OLTx) is a
major abdominal surgical procedure in which a diseased
liver is removed and a new liver is transplanted. Operative
induced tissue injury. endotoxinemia. and kupffer cell ac-
tivation after liver graft reperfusion are various conditions
encountered during OLTx [2. 9. 11. 14]. Since each of
these conditions has been shown to stimulate cytokine
synthesis. OLTx should thus be accompanied by a signifi-
cant production of cytokines. Moreover. the absence of
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hepatic clearance during hepatectomy and during the an-
hepatic phase is likely to interfere with cytokine elimina-
tion [1]. OLTx should thus impose a considerable impact
on both cytokine production and metabolism.

The aims of this study were twofold. The first was to
determine peroperative cytokine production during
OLTx by measuring cytokines in the serum during the dif-
ferent phases of OLTx. The second was to assess whether
cytokines could be detected in the bile produced by the
new liver.

Materials and methods

Patients. This study included 7 recipients of hepatic allografts. Indi-
cations for OLTx were as follows: hepatocellular carcinoma. 1= 2.
primary graft nonfunction.n = 2. alcoholic cirrhosis.nn = 1. secondary
biliary cirrhosis. 71 = 1. and posthepatitic cirrhosis.n = 1.

OLTx. The principles of OLTx were removal of the diseased liver
and placement of the graft followed by circulation reestablishment
and biliary tract reconstruction. During hepatectomy and placement
of the graft. a venovenous bypass was routinely used.

Collection of serum samples and bile. Serum samples of systemic
venous blood were collected preoperatively in the right atrium
through a swan ganz catheter immediately before the anhepatic
phase { < AP). at the end of anhepatic phase (AP). after reperfusion
of the transplanted liver (> AP). and at day 1 posttransplant. Bile
was recovered from the transplanted liver > AP, and at day 1 post-
transplant.

Cvtokine innnunoassays. The cytokines interleukin-1 beta (IL-1).1n-
terleukin-6 (IL-6). and tumor necrosis factor alpha (TNF) were
measured in the serum and bile of all patients. Moreover. the lym-
phokines interleukin-2 (IL-2) and gamma interferon (IF) were
measured in four patients. These cytokines were measured by using
specific commercially available immunoassays from Medgenix Di-
agnostics (Medgenix Diagnostics. Fleurus. Belgium). The methods
used. type of tracer sensitivity. precision. reproducibility. and accu-
racy are described in Table 1.

By performing recovery tests. we established in an earlier study
that cvtokines can be detected in the bile. using similar immunoas-
says (Cviokines measurement in the bile. manuscript in prepara-
tion).
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Table 1. Characteristics of cvtokine immunoassays

Cytokine Type of assay Tracer*  Sensitivity  Precision  Reproducibility Accuracy  Int. Std. origin Correspondence
weight/units

IL-1 IRMA Mab- 4 pg/ml 32% 72% 98 % MRC:86/532 1 ng/150 1U
1step I

IL-6 IRMA Mab- S pg/ml 5.6% 75% 89% MRC:88/514 1 pg0.25 1L
2 steps I

TNF IRMA Mab- S pg/ml 6% 7% 101% MRC:87/650 1 pg/24miG
1 step =

IL-2 RIA Mab-  05Uml 8% 11% 82% BRMP:ISDP  100pg11U
sequential = 841
saturation

IF IRMA Mab- 0.2 U/ml 38% 9.9% 97% NIH:Gg S0pg/lIU
1 step = 23/901/530

IRMA. Immunoradiometric assay. 1 step. standards or samples + tracer incubated together. 2 steps. standards or samples incubated in a firs;
step: washing and incubation of the tracer in a second stepRIA. classical radioimmunoassay

“ By a modification of the chloramine T method

Table 2. Preoperative values as compared with control values. Con-
trol sera were obtained from normal healthy voluntcers

Control Values Preoperative values

IL-1 <15(n=40) Range: 0-3
(pg/ml) Mean: 0.5
IL-6 0(n=49) Range: 0-205
(pg/mi) 3-8.5(n=29) Mean: 78

4 (n=1)

(n=1)
TNF 3-20(n=72) Range: 7-30
(pg/ml) O(n=8) Mean: 20
Results

A. Preoperative values of IL-6, TNF, and IL-1

Preoperative values of 1L-6 and TNF were increased as
compared with a group of 80 normal healthy volunteers
{Table 2). Preoperative values of IL-1 were not increased
as compared with 40 normal sera.

B. Peroperative production of monokines IL-6, TNF,
and IL-1

Serum. Peroperative production of monokines IL-6. IL-1.
and TNF are shown in Fig. 1 a~c. These three monokines
were elevated during OLTx as compared to preoperative
values. IL-6 reached its maximal value at the end of AP.
IL-6. however. was already elevated before AP and con-
tinued to display high levels after AP.i.e. after reperfusion
of the new liver. TNF reached its maximal values after AP,
i.e. after reperfusion of the new liver. IL-1 had a produc-
tion pattern similar to TNF with maximum values reached
after AP, i.e. after reperfusion of the new liver. The levels
reached. however. were low. The levels reached by all
these three monokines had returned to preoperative
values by day 1 posttransplant.

Bile. High levels of IL-6. TNF. and low levels of IL-1 were
detected in the bile produced by the new livers (Fig. 2a-c).

Except for IL-1. biliary levels of these cytokines had sig-
nificantly decreased by day | posttransplant.

C. Perioperative production of IL-2 and IF

IL 2 and IF were not detected in serum in bile during
OLTx.

Discussion

There were high serum levels of the cytokines IL-6. and
TNFE. and low serum levels of IL-1 during OLTx. IL-6.
TNF. and IL-1 were also detected in the bile produced by
the newly transplanted liver. We believe that this cytokine
production was triggered by intraoperative events occur-
ring during OLTx procedure as these cytokines reached
their maximal value during OLTx and subsequently re-
turned to preoperative values by day 1 posttransplant. A
similar observation has already been made by Tono et al.
who found a transient but significant elevation of IL-6 in
the bile soon after OLTx inrats [13]. The lymphokines IL-
2 and IF were detected in the serum in the bile during
OLTx. This demonstrated that the cytokine production
we observed reflected merely a major stimulation of
monokine synthesis by monocytes/macrophages in the ab-
sence of lymphocyte activation and detectable lympho-
kine production at this early stage of recipient immune ac-
tivation.

At present. there is evidence supporting four possible
mechanisms of monokine production during OLTx. These
involve the stimulation of cytokine production by (1')
tissue trauma. (2) endotoxinemia. (3) lack of hepatic
clearance. and (4) kuppfer cell activation. Tissue trauma
induced by surgery can lead to monokine synthesis which
in turn can initiate the acute phase response that is gener-
ally observed after surgical operations [11]. The signifi-
cance of both monokine production and acute phase 1€
sponse have been shown to correlate with the significance
of the surgical operation. Since OLTx is a major abdomi-
nal surgical procedure. it should trigger considerable
monokine production. Endotoxinemia has been shown 10




Intraoperative production of IL 6

wr
o
a3
el

Intraoperative production of TNF

20001 400
P
- 300+
_ Bl :
£ 1000f . S 200F
@ a
%_.
- :—; //- ; 100
£ 0
ol_cz=2 1] P’ - 5D, 0
o [a 9 a Qo -
g << < < >
s o “ - o
R S
1] c <
a m w b
Intraoperative production of IL 1
10
B minimum ﬂ
8
mean
I D maximum
6 -
E
= i
o
L ~
L pa
il
2k ] o
iyl
I
- i\ | J
0 ZRE N
o o o. o —
9 < < < >
& @ s 5 o
2 2 %
[ [aa] Lt

occur during OLTx. especially at the end of AP [9. 10. 14].
Monokines are among the various biologically active sub-
stances that are released following monocyte exposure to
endotoxin. Thus. endotoxinemia would explain. at least
partly. the high levels of monokines that we observed dur-
ing OLTx. in particular IL-6 whose serum levels reached
their maximal value at the end of AP.

A third hypothesis needs to be taken into account. The
liver is the principal clearance organ of circulating cyto-
kines [1]. Hepatic clearance is obviously absent during AP.
and is already severely compromised before AP due to
both surgical manipulation of the diseased recipient liver
and (o the presence of the venovenous bypass that we rou-

N,

End of AP
After AP

Before AP

Fig.1a—c. Peroperative production of a IL-6. b TNFE. and cIL-1

tinely use. Lack of hepatic clearance might account for im-
paired cytokine elimination and the increased serum lev-
els that are observed before the new liver is functioning.
Again. this would be. true mainly for JL-6 whose levels
reached their maximum value before and especially at the
end of AP, Reduction of hepatic clearance in patients with
liver failure might also account for the observation that
preoperative serum levels of IL-6 and TNF are increased
when compared to normal values [1].

Maximum levels of the monokines IL-1 and particu-
larly TNF were detected after AP, i.e. by the time the
newly transplanted livers were revascularized. Interes-
tingly. these monokines were present in the bile produced
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by the transplanted livers. Based on these two findings. it
is attractive to speculate that the new livers might be a
major source of monokine synthesis. This fourth hypo-
thesis is substantiated by several published observations.
Kupffer cells are biologically capable of producing large
amounts of IL-1. IL-6. and TNF when activated [6]. Cald-
well-Kenkel et al. have demonstrated that activation of
Kuppfer cells occurs after increasing periods of cold
ischemic storage and reperfusion of rat livers [2]. Rao et
al. have shown that reperfusion following cold preserva-
tion not only results in significant activation of Kupffer
cells but also in the subsequent release of IL-1 and TNF
[12]. Finally. Colletti et al. have demonstrated that TNF is
released following hepatic ischemia and reperfusion in a
rat model [3. 4].

Although the appearance of IL-1 was demonstrated in
serum and bile. this cytokine did not reach as high levels as
IL-6 and TNF. A discrepancy between the levels of TNF
and IL-1 has already been shown in other pathological cir-
cumstances such as sepsis [5]. Coproduction of an IL-1 in-
hibitor. or presence of the soluble form of the IL-1 recep-
tor might neutralize IL-1 and explain our inability to
detect IL-1 in circumstances in which this cytokine is like-
ly to be produced.

High levels of endotoxin at the end of AP have been
shown, more than any other factor. to have more serious
prognostic implications in terms of graft failure. difficulty
of convalescence. and ultimate outcome [9. 10. 14]. Given
the fact that endotoxin is a major stimulus for monokine
relcase, it is possible that the effects of endotoxinemia
could be mediated. at least partly. by the liberation of cy-
tokines. The monokines IL-6. TNF. and IL-1 exert impor-
tant effects on hepatocyte metabolism [1]. Increased le-
vels of cytokines during OLTx might thus have important
implications with regards to function of the new liver and
particularly to the pathophysiology of liver graft dys- and
non-function. Because of the positive effect of TNF on cell
membrane MHC expression. and on intercellular adhe-
sion molecule expression. these observations might also
be significant in terms of graft immunogenicity and pre-

disposition to the rejection process. Interestingly. it has
been shown by Howard et al. that preservation injury re-
sults in a significantly higher incidence of rejection [8].
The hypothesis that this vulnerability to rejection might
be mediated through the effect of cytokines is substan-
tiated by a recent observation that intraoperative ele-
vation of TNF seems to precede early postoperative rejec-
tion [7]. OLTx still has a significant peroperative
morbidity and mortality [14]. Problems such as coagulo-
pathy. cardiovascular collapse. renal failure. and respir-
atory insufficiency are still observed. These problems
have been attributed. at least partly. to endotoxin [14]. Itis
possible. however, that high levels of the cytokines IL-6.
TNF. and IL-1 would explain better some of these per-
operative and early postoperative pathophysiological
changes that are currently observed in the course of OLTx
and that can jeopardize or even preclude transplant suc-
cess. For example. TNF has been shown to be directly in-
volved in the development of a severe pulmonary injury
following hepatic ischemia and reperfusion [3. 4]. Overall
then, peroperative assessment of monokines might be a
useful prognostic premonitor in predicting short and long
term outcome after OLTx. In order to assess a possible
correlation between peroperative monokine production
and both graft and patient outcome. we are now conduct-
ing a prospective long-term analysis including a larger
number of patients.

In summary. we established that a significant produc-
tion of the monokines IL-6. TNF. and IL-1 occurred dur-
ing OLTx whereas the lymphokines IF and IL-2 were not
detected. Levels of 1L-6 reached their maximum values
before and especially at the end of AP. They remained
high after AP. TNF and IL-1 reached their maximal values
after AP. i.e. after reperfusion of the new livers. The
mechanisms of monokine production during OLTx aré
multifactorial in nature and further studies are needed t0
evaluate the relative contribution of the various factorsi-
volved. The possibility of an association between peropet
ative monokine levels and transplant outcome and theif
potential clinical implication will have to be elucidated.
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