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SUMMARY

Primary biliary cirrhosis is an autoimmune disease of the liver in which T helper 1 cytokines

predominate over those of T helper 2 in the pathogenesis. Interleukin-18 (IL-18), for which the gene was

recently cloned, is a novel T helper 1 cytokine, which augments interferon-gamma production. We

designed this study to clarify the role of IL-18 in primary biliary cirrhosis and to examine whether serum

IL-18 level can be a prognostic indicator for the disease. Serum IL-18 levels were measured using an

enzyme linked immuno sorbent assay with mouse monoclonal antibodies. Twenty-two healthy

volunteers, 31 patients with primary biliary cirrhosis (Scheuer's stage I, 13; II, 10; and IV, 8), 20 patients

with autoimmune hepatitis, 11 patients with virus-related liver cirrhosis and six patients with obstructive

jaundice were enrolled. Significant differences of serum IL-18 levels were observed between patients

with Scheuer's stage IV and those with stage I, or II, virus-related liver cirrhosis and obstructive jaundice

(P , 0´05). The IL-18 levels in primary biliary cirrhosis increased according to the disease progression,

and fell promptly after living-related liver transplantation. Moreover, serum IL-18 levels in primary

biliary cirrhosis were correlated with serum bilirubin concentrations and the Risk scores of the Mayo

Clinic prognostic model for the disease. The IL-18 levels observed in patients with autoimmune hepatitis

were also elevated, and correlated with the activity of the disease. These results indicate that serum

interleukin-18 levels reflect the severity of primary biliary cirrhosis, the activity of autoimmune

hepatitis, and may be an additive prognostic indicator in primary biliary cirrhosis.
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INTRODUCTION

Primary biliary cirrhosis (PBC) is a disease characteristic of the

progressive inflammation in the intralobular bile epithelia which

occurs predominantly in middle-aged women [1]. Immunological

disorders in the intralobular bile ducts are involved in the

pathogensis of PBC, and the constitutive appearance of serum

antimitochondrial antibody is the most characteristic feature of

the humoral immune response and the most useful diagnostic

indicator [2,3]. Several lines of evidence have recently demon-

strated that the destruction of the bile duct epithelia is due to the

activated cellular immunity against the E2 component of the

mitochondrial enzyme pyruvate dehydrogenase complex [4,5].

Subtyping of the lymphocytes infiltrating in the liver has shown a

predominance of CD41 T cells over CD81 T cells [6,7]. Analysis

of the cytokine gene expression in the liver and cytokine levels in

the culture supernatants of lymphocytes from both the liver and

the peripheral blood has revealed that T helper 1 (Th1)-like cells

are predominantly activated in the progression of PBC [8,9]. Th1

cytokines such as interleukin (IL)-2 and interferon (IFN)-gamma

are expressed more strongly than the Th2 cytokines such as IL-4,

IL-5, IL-6 and IL-10 in the affected lymphocytes [10].

The gene for interferon-gamma-inducing factor was cloned in

1995 [11] and the protein was subsequently designated as IL-18

[12]. The fundamental function of IL-18 is an enhancement

of Th1 cytokine production by CD41 T cells [13,14]. Through

IFN-gamma production, IL-18 augments perforin-dependent

cytotoxicity of liver natural killer (NK)-T cells [15±17] and

Fas ligand-mediated cytotoxicity of Th1 cells [18]. In these

functions, macrophages and Kupffer cells are responsible for IL-

18 production in response to antigen-stimulation [19], and synergy

of IL-12 and IL-18 has been demonstrated [20].
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Based on this large body of evidence, there is increased

awareness of IL-18 participation in various human diseases.

However, to date, there have been only a few reports of IL-18

participation in human diseases [21±23]. Since Th1 cytokines are

dominant in PBC, there was a possibility that serum IL-18 levels

would be elevated in the patients. On the other hand, several Th1

cytokines, especially IFN-gamma, are upregulated in transplant

rejection [24,25], suggesting a possibility that serum IL-18 levels

might increase after liver transplantation. In order to address this,

we have developed an enzyme linked immuno sorbent assay

(ELISA) system specific for measuring human IL-18 concentra-

tion in serum [26]. In a preliminary study, we examined the serum

levels before and after living-related liver transplantation (LRLT)

in three patients with end-stage PBC. As a result, we found that

serum IL-18 levels were markedly elevated before LRLT, but

decreased rapidly after the operation. Therefore, we examined

serum IL-18 levels in patients with various stages of PBC, and

report here that IL-18 in serum increases according to the disease

progression, and the level is a useful prognostic indicator in

patients with PBC.

MATERIALS AND METHODS

The subjects in this study were 31 patients with PBC; 20 with

autoimmune hepatitis (AIH) (10 cases each before and during

corticosteroid treatment), and 11 with virus-related advanced liver

cirrhosis (LC, HBV, two cases; HCV, nine cases). Additionally,

six patients with obstructive jaundice who were admitted to our

hospital were included. Twenty-two healthy volunteers of hospital

staff (eight males and 14 females, average age 45 years) were also

enrolled. The current medical examination in the healthy

volunteers showed that HBs-antigen and HCV-antibody were

negative and their liver function tests were normal. The diagnosis

of PBC, AIH and LC was made histologically from liver samples

obtained by peritoneoscopic examination, and the staging of PBC

was determined by Scheuer's classification [27]. Of the 31

patients with PBC, 13, 10 and eight patients were in stage I, II and

IV, respectively. Among the eight patients with stage IV disease,

two died from hepatic failure and four patients received LRLT.

Most samples were obtained after fasting and before treatment

was given except for half of the cases of AIH. In three patients

with PBC, serum IL-18 levels were examined serially during the

course of disease progression. Serum IL-18 levels were measured

by a specific human IL-18 ELISA using two neutralizing

monoclonal antibodies as previously reported [26]. The minimum

level detectable and the upper limit with this assay are 10 and

1000 pg/ml, respectively, and the levels in all samples were

measured in duplicate. Serum IL-12 and IFN-gamma were also

measured in healthy volunteers and patients with PBC using

enzyme immunoassay kits (Immunotech, Marseille, France). In all

measurements, each standard cytokine preparation was used as an

internal control. Laboratory data were also examined on the day

when the samples for IL-18 measurement were taken. Risk scores

(R) in the formula of the Mayo prognostic model for PBC [28]

were calculated for individual patients. Statistical analyses of

the differences between the groups were performed with the

Tukey±Kramer's test using the StatView-J5´0 program (Abacus

Concepts Inc., Berkeley, CA). P , 0´05 were considered

significant. The study was approved by our institutional review

board, and informed consent for the use of the samples for

research was obtained from all patients.

RESULTS

In the laboratory examination, serum bilirubin levels in patients

with obstructive jaundice or Scheuer's stage IV PBC were

significantly higher than those of other groups. Serum alkaline

phosphatase levels in patients with stage IV PBC or obstructive

jaundice were higher than those in patients with stage I PBC

(Table 1).

Serum IL-18 levels (mean ^ SD) of healthy volunteers, LC

and obstructive jaundice were 140´7 ^ 62´4, 183´7 ^ 110´3,

236´0 ^ 48´9 pg/ml, respectively. In patients with PBC, the

IL-18 levels were 158´1 ^ 65´9, 289´9 ^ 236´4 and 508´8 ^

200´5 pg/ml in Scheuer's stage I, II and IV, respectively, as shown

in Fig. 1. Significant differences of IL-18 levels were also

observed between Scheuer's stage IV patients and patients with

stage I or II disease, LC, obstructive jaundice and healthy

volunteers (P , 0´05). These results suggest that serum IL-18

levels increased according to the disease progression (Fig. 1).

The changes in serum IL-18 levels in three PBC patients in whom

serum IL-18 levels were measured serially are shown in Fig. 2. Of

these three patients, two have received LRLT and one is being

followed-up at an out patient clinic. Serum IL-18 levels were elevated

concomitantly with or prior to the increase of serum bilirubin and

continued to be elevated up to the time of LRLT (Fig. 2).

We have analysed the correlation between serum IL-18 levels

and various clinical parameters in all PBC patients. Serum IL-18

Table 1. Clinical characteristics of patients

Age

(years)

ALT

(IU/l)

ALP

(IU/l)

PLT

(� 104/ml)

Total bilirubin

(mg/dl)

Total cholesterol

(mg/dl)

Scheuer I (n � 13) 49 ^ 12 64 ^ 56 209 ^ 119 22 ^ 8 0´6 ^ 0´3 246 ^ 61

Scheuer II (n � 10) 53 ^ 6 33 ^ 20 237 ^ 162 23 ^ 9 0´8 ^ 0´5 196 ^ 47

Scheuer IV (n � 8) 49 ^ 10 65 ^ 32 521 ^ 498 19 ^ 12 7´8 ^ 7´8 236 ^ 117

AIH (n � 20) 52 ^ 14 168 ^ 235 160 ^ 76 18 ^ 8 3´0 ^ 4´7 188 ^ 33

LC (viral) (n � 11) 58 ^ 7 56 ^ 34 161 ^ 91 8 ^ 3 1´0 ^ 0´6 153 ^ 29

Obstructive jaundice (n � 6) 66 ^ 3 114 ^ 51 567 ^ 235 22 ^ 8 9´1 ^ 4´2 195 ^ 56

Control (n � 22) 45 ^ 10 25 ^ 6 99 ^ 21 ND 0´7 ^ 0´2 ND

Values are expressed as means ^ SD. ND, not determined; AIH, autoimmune hepatitis; LC, liver cirrhosis; ALT, alanine aminotransferase; ALP, alkaline

phosphatase; PLT, platelet count.
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levels were not correlated with age, serum ALT, AST, ALP,

cholesterol level or blood platelet counts. The levels were

correlated significantly with serum bilirubin levels and the R

scores calculated by the Mayo Clinic prognostic model, indicating

that serum IL-18 levels reflected the severity of PBC (Table 2 and

Fig. 3).

We also measured the levels of serum IL-12 and IFN-gamma

in patients with PBC. Serum IFN-gamma levels in most cases of

PBC were below the detection limit, and no significant differences

in levels of either cytokines was observed among the groups with

Scheuer's stage IV, I or II disease and healthy volunteers (Fig. 4).

Furthermore, serum IL-18 levels were correlated with neither the

serum IFN-gamma nor IL-12 levels (data not shown).

Serum IL-18 levels in patients with AIH before and during

treatment with corticosteroid were 617´2 ^ 534´0 and

625´9 ^ 486´3 pg/ml, respectively. The IL-18 levels in AIH were

significantly higher than those in all groups except for stage IV

PBC patients (P , 0´05). Concerning the correlation with

parameters of liver function, the IL-18 levels were significantly

correlated with serum ALT and bilirubin levels, indicating that

serum IL-18 also reflected the activity of AIH (Table 3).

DISCUSSION

Our data demonstrated that serum IL-18 levels increased

significantly in PBC patients with Scheuer's stage IV, showing

the significant differences between PBC patients with stage IV

and healthy volunteers, LC, obstructive jaundice and those with

stage I or II PBC. The levels also correlated significantly with

serum bilirubin levels and the R scores in the Mayo Clinic

prognostic model. These results indicate that serum IL-18 levels

reflect the severity of PBC, and that the increase is not simply

caused by the deteriorated liver function observed in advanced LC

or cholestasis.

In Scheuer's histological staging of PBC, the inflammation

of bile duct epithelia is more pronounced in stage II than in

stage IV. Therefore, if IL-18 is produced as a proinflammatory

cytokine, the levels should be higher in patients with stage II than

in those with stage IV. However, our results were not consistent

with this hypothesis. One possibility is that active inflammation

may still remain in the stage IV disease since PBC is hetero-

geneous in histology [29]. Another is that early PBC conditions

are characterized by eosinophilic reactions which may represent

inflammation due to a Th2 response initially that is then shifted to

a Th1 response later in Stage IV disease [30]. This may explain

why inflammation is seen early on but not reflected in a Th1

cytokine profile until later. Furthermore, there is a possibility that

the elevation in stage IV PBC may be due to the disturbed

excretion of this cytokine into the biliary tract by severe

cholestasis. Different mechanisms might be responsible for the

elevation of the serum IL-18 level in PBC, but this remains

speculative.

Interestingly, serum IL-18 levels in AIH patients are also

elevated, and correlate significantly with serum ALT in contrast to

stage IV PBC and bilirubin levels similar to PBC. Since serum

bilirubin level is a most important variable for the prediction of

prognosis in PBC patients [31±33], and ALT is also an important

marker for decision of liver transplantation in AIH patients [34],

serum IL-18 levels might be an useful indicator for the severity of

both diseases.

Complement mediated cytolysis or antibody-dependent cyto-

toxic reactions are proposed to be main pathogenetic mechanisms

in AIH [35]. However, T cell mediated cytotoxicity against

hepatocytes has been indicated in animal models of AIH [36,37].
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Fig. 1. Serum IL-18 levels in healthy volunteers and patients with virus-

related liver cirrhosis, obstructive jaundice and primary biliary cirrhosis

(mean ^ SD). Significant differences of the levels were observed between

PBC patients with Scheuer's stage IV and those with I or II disease,
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Although a significant elevation of serum IL-18 suggests a

possibility that Th1 cells are involved in the pathogenesis of AIH,

further investigation is necessary in the future.

Serum IL-18 levels have previously been shown to correlate

with serum IFN-gamma and IL-12 levels [20]. However, in this

study, neither the IFN-gamma nor the IL-12 levels were correlated

with the serum IL-18 level or the severity of PBC. Particularly,

IFN-gamma levels in the peripheral blood were very low. Since

the number of IFN-gamma mRNA-positive cells is correlated with

the inflammatory activity in the affected portal areas in PBC

[8], the low level of IFN-gamma in the peripheral blood may be

due to the localization of this cytokine in the liver. Examination of

these cytokine levels in the tissue may elucidate a role of IL-18

and the relationships between IL-18 and IFN-gamma or IL-12 in

PBC more precisely.

PBC is one of the most favourable candidates for orthotopic

liver transplantation. Compared to the expected survival predicted

by the formula of the Mayo Clinic far superior survival following

transplantation has been mentioned [38]. As we have shown,

serum IL-18 levels increased simultaneously with or prior to

the elevation of serum bilirubin and fell promptly after LRLT

in patients with stage IV PBC. Furthermore, the level was

significantly correlated with the prognostic index outlined by the

Mayo Clinic. These results suggest that the serum IL-18 level may

be an additive prognostic indicator before and after liver

transplantation in PBC. In conclusion, we first found that serum
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Fig. 3. Scatter plots of serum IL-18 levels and the R scores calculated by

the Mayo prognostic model in 24 PBC patients. The correlation coefficient

was 0´617 (P , 0´001).
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Table 3. Correlation coefficient and P-value between

serum IL-18 level and various parameters in patients with

autoimmune hepatitis

Correlation coefficient P-value

ALT 0´578 0´0077*

Total bilirubin 0´797 , 0´001*

ALP 0´204 0´3876

*Significant.

ALT, alanine aminotransferase; ALP, alkaline phos-

phatase.

Table 2. Correlation coefficient and P-value between

serum IL-18 level and various parameters of patients with

primary biliary cirrhosis

Correlation coefficient P-value

Age 0´067 0´719

ALT 0´095 0´612

ALP 0´308 0´243

PLT 0´115 0´538

Total bilirubin 0´621 0´0002*

Total cholesterol 0´080 0´668

R (risk score) 0´617 0´001*

*Significant.

ALT, alanine aminotransferase; ALP, alkaline phospha-

tase; PLT, platelet count.
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IL-18 levels increased in patients with stage IV PBC and those

with AIH, and reflected the severity or activity of the diseases.

Further studies will be required to identify IL-18-producing cells and

the degradation pathway of IL-18 in these autoimmune diseases.
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