Transpl Int (1998) 11: 89-94
© Springer-Verlag 1998

Sascha Flohé
Nicola Speidel
Regina Flach
Reinhard Lange
Jochen Erhard
F. Ulrich Schade

ORIGINAL ARTICLE

Expression of HSP 70 as a potential
prognostic marker for acute rejection
in human liver transplantation

Received: 30 July 1997
Received after revision: 27 November 1997
Accepted: 9 January 1998

S. Flohé - R. Flach - F.U. Schade (=)
University Hospital of Essen,

Clinical Research Group Shock & MOF,
Hufelandstrasse 55.

D-45122 Essen, Germany,

Fax: + 49 201 723 1397

N. Speidel - R. Lange - J. Erhard
University Hospital Essen,
Department of Surgery.,
Hufelandstrasse S5,

D-45122 Essen, Germany

Abstract In experimental models,
the synthesis of heat shock protein 70
(HSP 70) has been recognized as an
intracellular response to ischemia
and reperfusion, insults inherent to
transplantation. In this study. the
HSP response in early stages of hu-
man liver transplantation was inves-
tigated. HSP 70 mRNA expression
was detected by means of reverse
transcriptase (RT)-PCR in liver bi-
opsies (n = 28) and in cells obtained
from the organ perfusate (n = 14)
following cold preservation. The ex-
pression of HSP 70 differed substan-
tially between individuals. Retro-
spective analysis revealed a close
correlation of the amount of

HSP 70 mRNA in perfusate cells
and biopsies with the onset of organ
dysfunction due to early graft rejec-
tion. Patients with early graft rejec-
tion had a significantly lower amount
of HSP 70 mRNA than patients
without rejection. These results sug-
gest a protective role of HSP 70 ex-
pression. Low levels of HSP 70 may,
therefore, represent a prognostic
marker for early graft rejection.
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Introduction

Heat shock proteins are a group of highly conserved in-
tracellular proteins produced by most organisms in re-
sponse to hyperthermia or other environmental insults.
Since these proteins assist in the proper folding and sta-
bilization of other proteins, they have been designated
as “molecular chaperones”. In myocardial ischemia
and after experimental liver transplantation in rats, in-
duction of heat shock protein 70 (HSP 70) has been
found to occur after ischemic periods and is strongly en-
hanced during reperfusion [16, 17]. Since high levels of
HSP 70 mRNA in rat hearts preconditioned by repeat-
ed ischemia correlate with a reduction in subsequent tis-
sue damage, it has been suggested that these protein
chaperones have a protective character [3]. This view is
supported by the finding that transgenic mice overex-
pressing HSP 70 show an increased resistance to ischem-
ic myocardial damage [10]. HSP 70 has been reported to

be induced in response to hepatic ischemia in rats [7].
Although the precise mechanism of HSP 70 action with
regard to ischemia/reperfusion protection is still un-
clear, its beneficial effects may be based on protein re-
folding, especially during the reperfusion period.

It has been shown in numerous studies that cytokines
are involved in the inflammatory syndrome that can re-
sult from liver transplantation. In particular, TNFo and
IL-8 were found to be induced during liver transplanta-
tion. The degree of their synthesis correlates with clini-
cal complications such as rejection or infection [11, 18].
Antibodies to TNFa have proved to be protective in he-
patic reperfusion injury [2]. It is, therefore, conceivable
that HSP 70, or other chaperones may constitute an in-
tracellular counterpart to proinflammatory cytokines
with the potential to limit an exaggerated inflammatory
response. The induction of hepatic heat shock proteins
has not been investigated in clinical liver transplanta-
tion. We investigated the expression of HSP 70 by semi-
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quantitative RT-PCR in liver biopsies and in cells ob-
tained from the storage solution, both taken at the end
of the cold preservation period before transplantation.
These measurements were compared with cytokine ex-
pression and clinical parameters.

Material and methods

Patients

Liver biopsies of 28 patients and liver perfusates of 14 patients un-
dergoing liver transplantation at the local transplantation center
were included in this study. The study protocol was approved by
the ethics committee of the university.

Cells from the cold perfusate

The first 10 ml of the cold storage solution that was flushed out of
the hepatic veins during back table preparation of the donor liver
(at a median time of 8 h after organ explantation and cold storage)
was pelleted by centrifugation (5 min at 700 g). The cell pellet was
washed once with sterile PBS and stored at —-80°C. Between 2 and
20* 10° cells were obtained and used for RNA isolation.

Liver biopsies
Liver biopsies were obtained by fine needle biopsy at the end of

the cold preservation period and about 1 h after reperfusion (0 bi-
opsy). Biopsies were stained with hematoxylin and eosin and eval-

Rejection: Yes No Rejection: Yes No

vated histologically. The biopsies for RNA isolation were immedi-
ately frozen in liquid nitrogen.

Diagnosis of acute rejection

Acute rejection was diagnosed by clinical parameters, proven by
histological assessment of liver biopsies, and graded from Al to
A3 according to the Hannover criteria [8]. Biopsies were obtained
in cases of clinical suspicion of rejection or graft dysfunction.

RNA isolation and RT-PCR

Cell pellets or biopsies were thawed in guanidine thiocyanate buffer
(GTC). Biopsies were homogenized and RNA was isolated using a
commercially available extraction kit (RNeasy Qiagen, Diisseldorf,
Germany). The amount of RNA was quantified by measuring the
optical density at 260 nm. One microgram of total RN A was subject-
ed to reverse transcription (Superscript, BRL, Eggenstein, Ger-
many) with 25 pmol of oligo-dT-primer (Perkin Elmer, Weilerstadt,
Germany) following the manufacturer’s instructions. Semiquanti-
tative PCR was achieved by using serial dilutions of cDNA and a
minimum of cycles to obtain a PCR product so that the amount of
the product reflected the quantity of the cDNA and mRNA, respec-
tively, present in the preparation. The PCR product was analyzed
after separation by 1.5 % agarose gel electrophoresis and ethidium
bromide staining. The amount produced was quantified using a Flu-
or-Imager (Molecular Dynamics, Krefeld, Germany). Each cyto-
kine was measured twice in two different cDNA dilutions. Very
low amounts of the PCR product were controlled by increasing the
amount of cDNA and the number of cycles. All PCR products mea-
sured were normalized to the amount of S-actin in each sample. -
Actin was also determined in the linear range of the reaction mea-
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sured in two different cDNA concentrations. All values were ex-
pressed as relative units per f-actin.

The following primers were used: STGAAGTCTGACGT
GGACATC and SACTCGTCATACTCCTGCTTG for -Actin
[8]. S TGTGAAAGCAGCAAAGAGGC and STGGGAGCGA
ATGACAGAGGGT for IL-6 [21], SACATACTCCAAA
CCTTTCCAC and STCTTCAAAAACTTCTCCACAA for IL-
8 [15}; and STGTGGCTTCCTTCGTTATTGG and 5GCCAG
CATCATTCACCACCAT for HSP 70 [4]. The expected size of
the PCR products was 229 bp for the IL-6 primers, 245 bp for the
f-actin primers, 168 bp for the IL-8 primers, and 342 bp for the
HSP 70 primers. In the mononuclear cells of the perfusate as well
as in the cold biopsy the mRNA of HSP 70 could be detected by
means of RT-PCR after 35 and 40 PCR cycles, respectively. The
mRNA of IL-6 and IL-8 could be detected in perfusate cells and bi-
opsies in almost all patients after 35 PCR cycles.

Statistics

For statistical evaluation, a two-tailed Student’s ¢ test was used. If a
normality test failed, a Mann-Whitney rank-sum test was applied
(evaluation of AST serum levels). A P value equal to or below
0.05 was considered statistically significant. Correlation coeffi-
cients were calculated by Pearson correlation.

Results

The semiquantitative analysis of the PCR products ob-
tained from biopsies and from cellular material perfu-
sates revealed marked interindividual differences with
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regard to the levels of mRNA expressed for HSP 70.
When the individual HSP 70 expression in perfusate
cells was compared to the patients’ later clinical course
with regard to the onset of an acute allograft rejection
within the first 30 postoperative days, two groups could
be distinguished. Patients undergoing acute early graft
rejection within the first 30 days after transplantation
showed significantly lower HSP 70 expression than pa-
tients without transplant rejection. Analogous to that,
the expression of HSP 70 mRNA in donor liver biop-
sies taken after cold storage was low in specimens of
patients with acute rejection and high in patients with-
out rejection (Figs.la, 2a). No correlation, however,
was observed between HSP 70, IL-6, or IL-8 expres-
sion during cold ischemia and complications such as lo-
cal infection of the liver (CMV infection n = 5 , hepati-
tis B or C n =1, cholangitis n =2) or systemic septic
events (7 = 5). In contrast to HSP 70, the levels of IL-
8§ mRNA in the perfusate cells and biopsies did not
show any significant difference between the patients
with and without allograft rejection, although there
seemed to be a tendency towards higher 1L.-8 expres-
sion in donor livers with subsequent rejection (Figs. 1 b,
2b).

The mRNA expression of I1.-6 also showed obvious
interindividual differences. Although the correlation
between the clinical course and IL-6 mRNA expression
was not stafistically significant, there was a trend to-
wards lower IL-6 mRNA levels in the perfusate of livers



Table 1 Clinical details of patients with and without acute rejection periods

Patients Without rejection Acute rejection P
(uneventful course)
Allograft rejection - Al:n=11 -
A2:n=5
Age of the recipient 50.7+9.8 43.1+£104 NS
Cold ischemia time (h) 85+£23 8845 NS
Warm ischemia time (min) 520+ 11.5 482+ 176 NS
Number of erythrocyte concentrates given 9.8+ 11.1 13.7+183 NS
Sex of the recipient: male/female 8/10 10/8 NS
Histological changes in biopsies after reperfusion No changes: n =2 No changes:n=2 -
Mild reactions: n =11 Mild reactions: n =7
Moderate/severe reactions: n =2  Moderate/severe reactions: n = 1
Serum AST (U/dl) peak on days 1-3 728 £ 651 1195 + 2145 NS
onday 5 34122 113 £ 206 < 0.05
on day 10 17+15 38+31 <0.05
Serum LDH (U/dl) peak on days 1-3 1801 £1052 2101 + 3555 NS
Serum bilirubin (mg/dl) on day 5 6.7x5.6 9.2+42 NS
on day 10 6.6+75 13.6+8.8 <0.05

that were acutely rejected in the postoperative course
(110 £ 100 relative units IL-6/f-actin with rejection vs
264 £ 205 relative units IL-6/8-actin without rejection;
Fig. 1¢). In the biopsies obtained at the end of cold stor-
age, no significant differences in IL-6 expression were
observed (Fig.2c¢).

Allograft rejection was diagnosed by histological
evaluation of biopsies obtained upon clinical suspicion
of a graft rejection [9]. Patients with or without graft
rejection could not be differentiated as far as duration
of cold or warm ischemia or sex and age of the donor
or recipient was concerned (Table 1). The mean maxi-
mum AST serum level during the first 3 days after
transplantation was higher in the patients who devel-
oped an acute rejection than in those without rejec-
tion; however, this difference was not statistically sig-
nificant (P = 0.259, Table 1). Moreover, there was no
significant correlation between the expression of
HSP 70 during cold ischemia and the peak AST level
(r =0.13). In addition, no correlation between maxi-
mum AST or LDH serum levels within the first 3 days
after transplantation and the duration of either cold
preservation (AST/LDH vs cold ischemia r=0.275/
-0.049) or warm ischemia (AST/LDH vs warm is-
chemia r=0.29/0.318) was determined. Furthermore,
the histologically observed signs indicating preserva-
tion injury in the biopsy obtained after reperfusion
were not reflected in corresponding increases in serum
AST or LDH. Bile flow or bile acid concentrations
could not be routinely considered for assessment of liv-
er function after transplantation since a T drain was in-
serted in only 50% of the patients. These findings il-
lustrate the difficulties in quantifying preservation and
reperfusion injury.

Death of the organ donors was predominantly
caused by intracerebral bleeding, stroke, or brain trau-
ma, and only one donor died after a status asthmaticus.
There was no obvious relationship between the cause
of death of the donor and the onset of rejection in the
recipient. Therefore, the available clinical data are not
sufficient to relate the extent of HSP 70 expression after
cold storage to donor history.

The patients suffering from acute allograft rejection
also showed reduced liver function, as determined by
significantly higher serum AST and bilirubin levels on
days 5 and 10 after transplantation (Table 1). The histo-
logical evaluation of the liver biopsies obtained approx-
imately 1 h after reperfusion (0 biopsies) did not show
any differences between the two groups as far as histo-
logically detectable cell damage is concerned. Mostly
minor or no ischemic damage to the liver tissues was di-
agnosed in both groups (Table 1). The differences in
HSP 70 expression during cold ischemia were, there-
fore, not reflected in histological changes. The mean
cold preservation time was 8.6 £ 3.6 h (SD) and did not
correlate with the expression of HSP 70.

Discussion

A number of investigators have previously reported that
HSP 70 increases as a result of ischemia and subsequent
reperfusion in experimental models [12]. In order to de-
termine whether this also holds true in human hepatic
ischemia during liver transplantation, we analyzed
mRNA for HSP 70 in cellular material of the effluent
and in biopsies of donor livers after cold preservation.
The severity of preservation injury has been found to
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be associated with a higher risk of subsequent acute al-
lograft rejections. This has been shown by correlating
serum levels of liver enzymes (e.g. ALT) early after
transplantation with the rate of graft rejections [6]. In
the present study, no significant correlation was found
between maximum AST serum levels after transplanta-
tion and acute rejection episodes. RT-PCR analysis of
cellular effluents and biopsies obtained after cold pres-
ervation of human donor livers revealed that
HSP 70 mRNA is expressed in transplants and is detect-
able subsequent to cold preservation before transplan-
tation and reperfusion of the organ. Moreover, retro-
spectively it was found that high levels of HSP 70
mRNA correlate with a lower incidence of acute rejec-
tion periods later on. Therefore, elevated levels of
HSP 70 during cold preservation may protect the liver
from ischemia and reperfusion damage. Evidence to
support this suspected protective effect of HSP 70 was
found by Currie et al., who reported that HSP 70 is ex-
pressed preferentially at the border of the ischemic
area in myocardial infarction, and who concluded that
it thereby limits the extent of the infarct [3]. Ischemic
preconditioning is known to provide protection against
a subsequent myocardial infarction and is accompanied
by an increase in HSP 70 expression [16]. It has also
been shown that anaerobic metabolism strongly induces
HSP 70 expression in ischemic rat hearts [12]. Finally,
overexpression of HSP 70 in transgenic mice has been
found to reduce the susceptibility for ischemic injury
[10]. Thus, HSP 70 expression appears to represent an
endogenous protective mechanism against ischemic in-
jury.

Schiaffonati et al. reported that HSP 70 is barely de-
tectable in rat livers during the ischemic period but that
it is strongly enhanced after reperfusion [14]. In contrast
to this finding, we observed increased mRNA levels of
HSP 70 already before reperfusion. A possible explana-
tion for these discrepant findings could be the substan-
tially longer ischemic periods during human liver trans-
plantation (the mean cold preservation time in this
study was > 8 h). On the other hand, the trauma or dis-
case that led to the death of the organ donor may have
resulted in induction of HSP 70. Hyperthermia and is-
chemic periods are very likely to occur in the donor be-
fore organ explantation. In mice, induction of HSP 70
could not be detected until 24 h after the injection of en-
dotoxin [20]. This suggests a delayed response of
HSP 70 to an inflammatory stimulus. Hence, when
searching for a cause for elevated mRNA levels of
HSP 70 in liver biopsies and perfusate cells at the end
of the cold preservation period, one should not only
consider a longlasting ischemia, but also possible host
deterioration before organ explantation. The fact that
the expression of HSP 70 does not correlate with the du-
ration of the cold storage period may also support the
possibility of HSP 70 induction before organ explanta-

tion. Since, in the present study, all patients died of cere-
bral injuries or diseases, one may conclude that events
preceding organ explantation do not necessarily deter-
mine the extent of HSP 70 expression. In order to eluci-
date whether HSP 70 expression pre-exists in the donor
organ or is induced during the cold preservation period,
future studies should include biopsies taken prior to or-
gan harvesting.

Other possible inflammatory mediators, such as IL-6
and IL-8, have been investigated in liver transplantation
[9, 13]. IL-8 serum levels have been reported to be in-
creased during acute rejection, bacterial infection, and
CMYV disease as early as 2 days before the appearance
of clinical symptoms [18]. We did not observe a signifi-
cant association of IL-8 expression and acute rejection,
but merely a tendency towards higher 1L-8 expression
in donor organs with subsequent rejection. However, in
this study, a very early phase of liver transplantation
(i.e., the cold preservation period) was analyzed. High
systemic and bile IL-6 levels after human liver trans-
plantation have been found to correlate with the onset
of acute graft rejection [19]. Yet, Bishop et al. reported
that low levels of IL-6 mRNA occurred in liver biopsies
during the rejection period compared to high levels in
biopsies of nonrejected organs [1]. Since IL-6 has been
said to possess potentially anti-inflammatory activity
via the induction of the acute phase reaction [5], locally
expressed IL-6 in the transplanted organ itself may be
beneficial.

In conclusion, a variety of endogenous protective
mechanisms may exist, including the stress protein
HSP 70. To fully ascertain its prognostic value, a larger
number of patients needs to be examined. In addition,
the situation after reperfusion and during the rejection
period should be analyzed in the same fashion to deter-
mine whether HSP 70 remains low during acute rejec-
tion periods and high in uneventful courses, which
would support its role as a protective factor. However,
before one begins manipulating organ donors in order
to examine HSP induction in human liver transplanta-
tion, such procedures need to be extensively evaluated
in experimental studies. The methodology outlined
here may represent an approach to identifying donor or-
gans at risk of acute allograft rejection and, thus, con-
tribute to organ evaluation. More generally, the identifi-
cation of factors involved in the local response of the do-
nor organ by means of sensitive techniques such as RT-
PCR early during transplantation may provide some in-
sight into the mechanisms leading to organ dysfunction
and early graft rejection.
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