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Abstract The hepatic acute phase 
response after orthotopic transplan- 
tation (OLT) was studied in patients 
with fulminant hepatic failure 
(FHF) and with cirrhosis, in relation 
to the pre-existing disease. Plasma 
levels of C-reactive protein (CRP) 
increased significantly on day 1 after 
OLT in both the FHF (A = 58 pg/ 
ml) and cirrhosis (A = 94 pg/ml) 
groups and reached a peak 4-5 days 
post surgery. a,-Antitrypsin reached 
normal levels on day 1 post-trans- 
plant and fibrinogen reached nor- 
mal levels on the 3rd day. The main 
stimulator of acute phase protein 
synthesis IL-6 was significantly in- 
creased pre-OLT in plasma in both 
FHF (median 54 pg/ml) and cirrho- 
sis (median 8.7 pg/ml) patients com- 
pared to controls (2.35 pg/ml, 
P < 0.05). After OLT, IL-6 de- 

creased rapidly in patients with 
FHF, indicating either removal of 
the source of IL-6 or clearance by 
the transplanted liver. In patients 
with cirrhosis, plasma IL-6 remained 
low, except in three patients who 
developed infection/rejection and 
whose IL-6 levels rose above 100 pg/ 
ml. In conclusion, there is a marked 
acute phase response in the liver 
graft after transplantation, irrespec- 
tive of the aetiology of the liver dis- 
ease for which the transplant was 
performed. 
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Introduction 
The acute phase response is observed during sepsis and 
after surgery [7,10] as a protective mechanism to limit 
the systemic effects of tissue injury to the organism. In 
patients with fulminant hepatic failure (FHF), there is 
a limited acute phase response as determined by small 
increases in the plasma levels of C-reactive protein 
(CRP) [S]. This is despite the presence of greatly in- 
creased levels of interleukin-6 (IL-6), a major stimulus 
of acute phase protein synthesis in the liver [4], and this 
presumably reflects a diminished synthetic capacity in 
FHF. Higher levels of a,-antitrypsin and fibrinogen, 
both acute phase proteins with important functions, 
were found in patients with FHF who survived com- 

pared to those who died 191, suggesting that the residual 
synthetic capacity of the liver for acute phase proteins 
could represent an important mechanism of host de- 
fence. In patients with FHF who undergo orthotopic li- 
ver transplantation (OLT) [l, 14, 171, the stress of the 
major surgery involved would be expected to stimulate 
an acute phase response in the transplanted liver. The 
aim of this study was to investigate the extent of the 
acute phase response in patients with FHF and cirrhosis 
treated by OLT in relation both to the pre-existing con- 
dition of the patients and to circulating stimuli for acute 
phase protein synthesis. 
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Table 1 Routine laboratory parameters in patients prior to liver transplantation (AST serum aspartate aminotransferase, WBC white 
blood cell counts, A H L  Tauxiliary heterotopic liver transplantation) 

Prothrombin AST (IU/I) Bilirubin Creatinine WBC (x 109/1) Platelets (x 109/1) 
time (INR) (pmol/l) (pmol/l) 

FHF (n 6) 
Median 12.2 1137 104 213 13.1 122 
Range 7.3-15.0 255-7594 60-445 61-479 5.8-28.1 

Median 1.5 104 122 87 4.5 99 
Range 1.3-5.0 83-155 21-494 64-251 2.3-12 16-286 

35-186 
Liver cirrhosis (n = 14) 

Normal range 0.9-1.2 10-so 3-20 45-105 5-9 150-400 
AHLT patient 5.3 - 64 206 14.7 197 

Materials and methods 
Two groups of patients were studied between September 1991 and 
June 1992. They comprised 7 cases of FHF, as defined by Trey and 
Davidson [19], who had been listed for emergency transplantation 
and were receiving intensive care and a group of 14 cases in a 
stable condition undergoing elective transplantation for end-stage 
liver cirrhosis. Selection for transplantation in the patients (three 
male, four female; mean age 34 years, range 20-57 years) with 
FHF was on the basis of poor prognostic criteria, as used at King’s 
College Hospital [15]. Aetiology of the FHF was paracetamol 
overdose in five patients and non-A non-B viral hepatitis in two 
patients. All patients were in grade 4 coma prior to transplanta- 
tion. Emergency liver transplantation was performed in six pa- 
tients on day 2 and in one on day 3 after admission. The remaining 
patient, a 36-year-old female who had taken an overdose of parace- 
tamol, underwent auxiliary heterotopic liver transplantation [13] 
on the basis that recovery of the liver was considered possible in 
the longer term. 

The 14 patients with end-stage liver cirrhosis (6 male, S female; 
mean age 45 years, range 17-65 years) had primary biliary cirrhosis 
(n = 5), autoimmune chronic active hepatitis (n = 2), hepatitis C 
with cirrhosis (n = 2), primary sclerosing cholangitis (n = l), Wil- 
son’s disease (n = l ) ,  and cryptogenic cirrhosis (n  = 3). The differ- 
ences in condition pre-transplant of the two groups of patients is 
reflected in the INR values (median 12.2 in FHF and 1.5 in cirrho- 
sis) and the AST values (1137 IU/l and 104 IU/l), respectively (Ta- 
ble 1). 

Mean cold ischaemic time of the donor liver was 11.8 h (range 
6-20 h). All patients received transfusion of blood products dur- 
ing the transplant procedure and the mean amounts (range) gi- 
ven were as follows; whole blood 6.0 (3-9) units, packed cells 5.2 
(1-8) units, platelets 3.6 (0-6) units, fresh frozen plasma 6.2 (2- 
12) units, cryoprecipitate 6.0 (0-12) units. Immunosuppression 
post-transplant was with methylprednisolone (40 mg i. v.), aza- 
thioprine (75 mg oral) and cyclosporin (50 mg b.i. d.). Two cases, 
one in each patient group, received FK 506 (0.15 mg/kg i.v.) in- 
stead of cyclosporin. Therapy was switched to  oral administra- 
tion on day 2 or 3 when the patient was eating, with prednisolone 
(20 mg) substituted for methylpredisolone and the dose of cyclos- 
porin adjusted to give a trough blood level in the range of 100- 
250 pg/ml. 

Blood samples were taken from patients prior to transplanta- 
tion and then daily until 7 days after transplantation or 12 days in 
the case of the patient who underwent auxiliary heterotopic liver 
transplantation. Citrated blood samples were collected on ice and 
were immediately centrifuged for 10 min at 2000 g at 4°C. The re- 
sulting plasma was stored in aliquots at -70°C until assay. Normal 

control samples were obtained from 20 laboratory staff (10 male, 
10 female; mean age 32years). Approval for the study was ob- 
tained from the local ethics committee. 

Assays 

The acute phase proteins, CRP, a,-antitrypsin and fibrinogen, and 
IL-6 were determined in plasma prior to OLT and then serially 
for 1 week after surgery. CRP was assayed by an enzyme linked im- 
munosorbent assay (ELISA) based on the method of Highton and 
Hessian [8]. Antisera, peroxidase conjugated antisera and CRP 
standard were obtained from Dako (High Wycombe, UK). Micro- 
elisa plates (Dynatech, Billingshurst, UK) were coated with anti- 
body to CRP (diluted 15000 in barbitone buffer pH 8.8) by incuba- 
tion overnight. Sera were diluted (1:1000 and 1:lOOOO) in phos- 
phate buffered saline pH 7.4 containing 0.05 % Tween and 0.1 YO 
bovine serum albumin. The peroxidase substrate was 3,5’,5,5’ tet- 
ramethyl benzidine in citrate/acetate buffer pH 6.0. A standard 
curve was run on each plate and all samples were measured in du- 
plicate. The final colour change was measured at 450 nm using a 
MR-5000 microplate reader (Dynatech, Billingshurst, UK). 

a,-Antitrypsin activity was determined using an indirect chro- 
mogenic substrate assay (Quadratech, Epsom, UK). Plasma was 
initially diluted in buffer containing methylamine in order to de- 
grade a,-macroglobulin. The colour change was measured at 
405 nm using an Ultrospec 111 spectrophotometer (Pharmacia 
LKB, Milton Keynes, UK). Fibrinogen was measured using the 
method of Clauss [5] with a Fibrintimer (Behring, Hounslow, 
UK). IL-6 was measured using a quantitative ’sandwich’ enzyme 
immunoassay - Quantikine Human IL-6 Immunoassay - with a 
monoclonal antibody specific for IL-6 coated onto a microtitre 
plate. The kit was obtained from British Bio-technology (Abing- 
don, UK). IL-1 was assayed with an ACE enzyme immunoassay 
based on a double-antibody ’sandwich’ technique kindly supplied 
by SPI BIO (Saclay, France). 

Statistical analysis 

Significance was assessed between groups using the Mann Whitney 
U-test. Correlation between parameters was assessed with the 
Spearman rank correlation coefficient. Results are reported as ei- 
ther median and range or mean k SEM, as appropriate. 



342 

Table 2 Plasma levels of acute phase proteins and cytokines in patients prior to liver transplantation (CRP C-reactive protein, AA T al- 
antitrypsin, A H L  Tauxiliary heterotopic liver transplantation) 

CRP AAT Fibrinogen IL-1 IL-6 
(PLgW ("/.I (g/l) ( P g W  ( P g w  

FHF (n = 6) 
Median 12.0* 56.6** *** 0.76** 1.18 54* 
Range 0.9-19.7 26.3-1i6 0-1.30 0-5.86 0-303 

Liver cirrhosis (n = 14) 
Median 13.4** 139 - - 8.7** 
Range 2.4-46.6 46.3-203 4.2-32 

Controls (n = 20) 
Median 0.80 126 2.48 1.03 2.35 
Range 0.30-2.90 75.4-148 1.82-3.39 0-4.48 1.50-8.2 

AHLT patient 15.5 97.5 1.12 0 2.6 
* P < 0.001 and ** P < 0.01 vs controls: *** P < 0.05 vs liver cirrhosis 

Results 

Despite the differences in liver function prior to trans- 
plantation between the two groups of patients, levels of 
plasma CRP, the most sensitive acute phase protein 
measured, were similar in both groups, with values sig- 
nificantly higher than in controls (Table 2). After OLT, 
there was an immediate increase in plasma CRP in 
both groups (CRP on day 1, FHF median 61.5 pg/ml, 
range 43.2-210 pg/ml; cirrhosis median 107 pg/ml, 
range 38.0-256 pg/ml). Levels then increased further to 
reach a peak on days 4-5 after OLT, which was fol- 
lowed by a slight decrease by day 7 (Fig.1). Levels in 
the FHF and cirrhosis patients were not significantly dif- 
ferent. 

Plasma a,-antitrypsin, a less sensitive acute phase 
protein, was significantly lower in the FHF group be- 
fore OLT than in normal controls (Table 2). In the cir- 
rhosis group, the levels were significantly higher than in 
the FHF group, and were marginally higher than those 
in the controls. Following OLT, plasma a,-antitrypsin 
in patients with FHF returned to normal levels on day 
1 after OLT (median 103 YO, range 60.0 %-165 %) and 
continued to increase gradually thereafter (Fig. 2). In 
patients with cirrhosis, levels were unchanged for the 
first 2 days after OLT (on day 1 median 137Y0, range 
65.0 %-203 Yo) and then increased to values significant- 
ly (P < 0.05) greater than those in controls (day 3 med- 
ian 168 %, range 73.1 %-223 YO; Fig.2). Comparison of 
the plasma a,-antitrypsin in the FHF and cirrhosis 
groups showed no significant differences, although the 
levels in the cirrhotic cases tended to remain higher 
than in those with FHF. 

As with a,-antitrypsin, plasma fibrinogen in the FHF 
group prior to transplantation was significantly lower 
than in controls (Table 2). After OLT, plasma fibrino- 
gen gradually increased (day 1 median 1.70 g/l, range 
1.37-4.0 g/l) to reach normal levels on day 3 (day 3 med- 
ian 1.82 gil, range O.fG3.59 gil). 

p 
0 

P r e 1 2 3 4 5 6 7  

Days after liver transplantatlan 

Fig.1 Changes in plasma C-reactive protein levels after orthotopic 
liver transplantation (mean k SEM). ( 0  fulminant hepatic failure, 
0 liver cirrhosis) 

200, 

Pre 1 2 3 4 5 

Days after liver transplantation 

Fig.2 Changes in plasma a,-antitrypsin levels after orthotopic li- 
ver transplantation (mean * SEM). ( 0  fulminant hepatic failure, 
0 liver cirrhosis) * P < 0.05 vs liver cirrhosis 

Cytokines levels pre- and post-OLT 

Plasma IL-6 in patients with FHF was significantly high- 
er pre-transplant than in control subjects (Table 2). 
After OLT, IL-6 levels decreased significantly (on day 
2 median 5.85 pg/ml, range 3.1-19.4 pgiml, P < 0.05), 
but continued to be at significantly higher levels than in 
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Fig.3 Changes in plasma interleukin-6 levels after orthotopic liver 
transplantation (mean & SEM). ( 0  fulminant hepatic failure, 0 li- 
ver cirrhosis) 

controls for 5 days after OLT (on day 5 median 11.95 pg/ 
ml, range 3.9-38.2 pg/ml, P < 0.01; Fig. 3). There was no 
correlation between the increased plasma IL-6 and the 
plasma creatinine. In the cirrhosis patients, the plasma 
IL-6 pre-OLT level was significantly elevated to ap- 
proximately three times normal, and after transplanta- 
tion IL-6 increased slightly to values similar to those 
found in the FHF patients. On day 4, plasma IL-6 va- 
lues were greater than 100 pg/ml in 3 of the 14 cases 
transplanted for cirrhosis (Fig. 3). 

Plasma IL-1, determined only in the FHF cases, re- 
mained within normal limits prior to and after OLT (on 
day 1 median 0.36 pg/ml, range 0-15.0 pg/ml). There 
were no significant correlations between IL-6 and IL-1 
and any of the changes in acute phase proteins after OLT. 

Relationship to post-transplant complications 

Of the six FHF patients who underwent OLT, three had 
proven sepsis prior to transplantation and the other 
three had pyrexia after transplantation. Only one pa- 
tient had a complication of clinical significance with 
acute graft rejection evident on day 7 post-transplant. 
The plasma CRP in this patient was considerably eleva- 
ted on day 6 (313 pg/ml), although the plasma IL-6 had 
only reached 38 pg/ml before this. Of the 14 patients 
transplanted for cirrhosis, 3 developed complications 
and all had rises in IL-6 ( > 100 pg/ml) on day 4, though 
IL-6 returned to the previous levels on day 5. One pa- 
tient became pyrexial on day 2 and septicaemic on day 
4 with a plasma IL-6 level of 530 pg/ml, the highest va- 
lue observed in this study, and subsequently the plasma 
CRP on day 6 (382 pg/ml) was also the highest value ob- 
served after OLT. The second patient with increased IL- 
6 had an episode of infection together with graft rejec- 
tion on day 4, and the other patient had acute rejection 
on day 4; however, in these two patients, the plasma 
CRP levels on day 5 were not greater than in those with- 
out complications (179 and 175 pg/ml, respectively). 

300 

200 

100 I 
Days after liver transplantation 

Fig.4 The clinical course of patient who underwent auxiliary het- 
erotopic liver transplantation 

In the one patient with FHF treated by auxiliary het- 
erotopic liver transplantation, plasma CRP increased 
immediately after transplantation and reached a peak 
on day 2 (262 pg/ml), indicating an acute phase re- 
sponse. Levels then declined until day 5 ,  when the pa- 
tient developed fungal sepsis (Fig. 4), with a second 
peak of CRP on day 8, after a laparotomy to close the 
abdominal wound. This was different from the pattern 
seen after OLT, where the plasma CRP continues to 
rise gradually post-transplant to a peak at day 5. In the 
patient with the heterotopic graft, the CRP level de- 
creased when the donor liver was removed on day 9 
due to intractable sepsis. Plasma IL-6 in this patient 
was in the normal range pre-transplant (Table 2), but in- 
creased immediately after the transplant, a response not 
seen after OLT (Fig. 3), and it reached a peak on day 1 
(336 pg/ml) before that of CRP (Fig. 4). The level of IL- 
6 subsequently decreased, followed by another peak on 
day 8 after the laparotomy (202 pg/ml). No change in 
plasma IL-1 was observed. 

Discussion 

The results of the present study show that there is a 
marked acute phase response in the recipient liver after 
transplantation, as shown by changes in CRP level, and 
that the response is similar irrespective of whether the 
patient was transplanted for FHF or for end-stage 
chronic liver disease. It is possible that stimulation in- 
duced in the donor liver during the surgery to retrieve 
the organ or in the subsequent preservation and storage 
process could have contributed to the effects observed. 
Increases in plasma CRP of a similar magnitude are 
seen after abdominal surgery of patients with liver cir- 
rhosis [16]. CRP decreases towards normal levels with- 
in 5-7 days after major surgery [21], whereas after liver 
transplantation the CRP level only started to fall on 
day 7, in both groups of patients, suggesting a prolon- 
ged acute phase response. In the FHF patient who had 
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an episode of acute rejection, plasma CRP was greatly 
elevated; this was not seen in the cirrhotic patient who 
had a less severe rejection episode. This finding is in 
keeping with that of a previous study of patients with 
chronic liver disease undergoing transplantation, where 
plasma CRP was not found to be a good marker of 
acute graft rejection [12]. The highest CRP value was 
observed in a cirrhotic patient with infection, indicating 
that CRP levels can be further stimulated by the differ- 
ent complications of transplantation. 

After auxiliary liver transplantation there was an ear- 
ly peak of CRP with a second peak on development of 
sepsis, as would be expected and CRP decreased when 
the implanted donor liver was removed, suggesting that 
the graft was the main site of acute phase protein synth- 
esis. In terms of the other acute phase proteins studied, 
which have important physiological functions, the plas- 
ma levels of both a,-antitrypsin and fibrinogen in FHF 
patients reached normal levels soon after transplanta- 
tion. Plasma a, -antitrypsin continued to increase in 
those with FHF, confirming an acute phase response 
post-transplantation. This was also observed in patients 
transplanted for liver cirrhosis who had normal levels 
of a,-antitrypsin initially. Such levels are sufficient to 
protect against any release of elastase from activated 
neutrophils, which is expected after abdominal surgery 
[6] and has been found in the circulation of patients 
with FHF [ll] .  It is unlikely that the rise in plasma le- 
vels of acute phase proteins was due to the infusion of 
blood products during the operative procedure, as CRP 
is only present in trace amounts in normal plasma, al- 
though this may have contributed to the levels of a,-an- 
titrypsin and fibrinogen. The immunosuppressive drug 
regimen used, which was similar in both groups of pa- 
tients, is also unlikely to have influenced the acute 
phase response observed, as the synthesis of CRP and 
a,-antitrypsin have been shown not to be directly affec- 
ted by corticosteroids [20], although there may have 
been effects due to the other immunosuppressive drugs 
administered. 

The high plasma levels of IL-6 pre-transplantation in 
both the FHF and cirrhotic patients could provide an 
early stimulus for acute phase protein synthesis in the 
transplanted liver. As already mentioned, in FHF pa- 
tients who die, plasma levels of IL-6 remain elevated 

during the course of the illness [9], despite the expected 
short half-life of this cytokine. In the present study 
there was no relationship between plasma IL-6 and re- 
nal failure in the small group of patients with FHF. This 
situation is similar to that found in our study of 50 FHF 
patients without liver transplantation [9], indicating 
that impaired renal elimination is not a major factor in 
the increased plasma IL-6. After transplantation in 
FHF there is a rapid reduction in the IL-6 level, prob- 
ably due to clearance of circulating IL-6 by the graft, as 
the liver rather than the kidney has been shown to be 
the main site of IL-6 removal from the circulation [3 ] .  
In addition, removal of the necrotic liver at the trans- 
plant will have reduced the source or stimuli for IL-6 
production. In the patient treated by an auxiliary liver 
graft, a different pattern of plasma IL-6 was seen, with 
a major increase on the 1st day post-transplantation. 
This may have been the stimulus for the peak in CRP 1 
day later, and this further suggests that the necrotic li- 
ver is a source of IL-6 production. In patients without li- 
ver disease, plasma EL-6 reaches a peak at 24 h after sur- 
gery [16], and in sepsis it rises at onset and rapidly de- 
creases to undetectable levels within approximately 
24 h [2], whereas in our study IL-6 remained slightly in- 
creased after OLT during the study period in both pa- 
tient groups. The reason for this is unknown; it may be 
part of the immune response to the graft and may re- 
flect a low level of graft damage. This would provide a 
continuing stimulus to acute phase protein synthesis, 
which is prolonged in both groups, compared to conven- 
tional surgery. In three of the chronic patients there was 
a rise in IL-6, coincident with the development of infec- 
tion and with an episode of rejection. However, in the 
FHF patient who developed severe graft rejection, no 
large rise in IL-6 was seen. A similar lack of diagnostic 
power for IL-6 after transplantation was also found in 
the recent study of Tilg et al. [18]. In conclusion, a simi- 
lar marked acute phase response was observed after li- 
ver transplantation in patients with FHF and in those 
with liver cirrhosis. 
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