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Increase of chemokine interferon-inducible protein-10 (IP-10) in the serum
of patients with autoimmune liver diseases and increase of its mRNA expression
in hepatocytes
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SUMMARY

To clarify the role of IP-10 in autoimmune liver diseases, we studied the serum levels of IP-10 in 14
patients with autoimmune hepatitis (AIH), 23 patients with primary biliary cirrhosis (PBC), and 65
patients with chronic viral hepatitis (20 type B and 45 type C). The hepatic expression of IP-10 mRNA
and the correlation between the serum levels of IP-10 and clinical parameters were also evaluated. In
addition to 20 healthy controls, 16 rheumatoid arthritis (RA) patients were included as an extrahepatic
inflammatory disease. The serum level of IP-10 was significantly (P < 0-02) higher in patients with
AIH, PBC, and chronic hepatitis B and C than in healthy controls, and it was significantly correlated
(P < 0-05) with the serum levels of aspartate aminotransferase and alanine aminotransferase in patients
with AIH, PBC, and chronic hepatitis B and C. The serum level of IP-10 was not elevated in RA
patients. After successful treatment of AIH and chronic hepatitis C, the serum level of IP-10 decreased to
the same level as in healthy volunteers. As we previously showed in cases with chronic hepatitis B or C,
in situ hybridization in both AIH and PBC cases demonstrated the expression of IP-10 mRNA in
hepatocytes around focal or lobular necrosis surrounded by infiltrating mononuclear cells, whereas IP-10
mRNA was not expressed in areas around the damaged bile ducts in PBC cases. The present results
suggest that IP-10 is specifically produced by hepatocytes in inflammatory areas irrespective of the
aetiology of hepatitis, and that IP-10 may help to recruit T cells to the hepatic lesions in autoimmune
liver diseases as well as in chronic viral hepatitis.

Keywords chemokine
hepatitis
INTRODUCTION

Autoimmune liver diseases are characterized by marked infiltra-
tion of mononuclear cells. These mononuclear cells play crucial
roles in the pathogenesis of autoimmune liver diseases and
chronic viral hepatitis, and T cells are dominant among them
[1-3]. Chemokine—chemokine receptor interactions [4,5] and
cell adhesion molecules [6] are the two key elements in the T cell
recruitment process at the site of inflammation. In a previous
report, the importance of cell adhesion molecules in the
pathogenesis of hepatic inflammation was demonstrated [7];
however, the specific chemokines involved in the recruitment of T
cells to the inflamed liver are not yet well understood.
Chemokines constitute families of low molecular weight
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proteins that induce chemotaxis of specific subsets of leucocytes.
Chemokines are classified into four or more groups based on the
relative positions of the first two of the four conserved cysteine
residues, and two of these groups, the CC chemokines and CXC
chemokines, have been widely investigated [4].

IP-10 was identified by Luster et al. as a 10-kD protein [8] and
classified as a member of the CXC chemokine subfamily. While
CXC chemokines with an N-terminal ELR (Glu-Leu-Arg) motif,
such as IL-8, are specific chemoattractants for neutrophils, those
lacking the N-terminal ELR motif, such as IP-10 and monokine
induced by interferon-gamma (IFN-vy) (Mig), do not act as
chemoattractants for neutrophils [5,9,10], but do act as chemo-
attractants for activated T cells, similarly to the CC chemokines,
macrophage inflammatory protein-la (MIP-1«), MIP-18, mono-
cyte chemoattractant protein-1 (MCP-1), and regulated upon
activation, normal T cell expressed and presumably secreted
(RANTES) [5,11].

We have previously reported that the mRNA of IP-10 was
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expressed in hepatocytes in chronic hepatitis B (CHB) and C
(CHC) patients, as demonstrated by in sifu hybridization, and that
the serum level of IP-10 was significantly increased in CHC
patients [12]. In the present study we measured the serum level of
IP-10 in autoimmune hepatitis (AIH) and primary biliary cirrhosis
(PBC) patients and examined the cell types that expressed IP-10
mRNA in the livers of these patients. In addition, to characterize
further the significance of IP-10 in hepatic inflammation, we
examined the correlation between the serum level of IP-10 and
the serum levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), y-glutamyl transpeptidase (y-GTP), y-
globulin, total protein (TP), and total bilirubin (T-Bil) in patients
with chronic liver diseases. We also examined the serum level of
IP-10 after successful treatment of AIH and CHC in order to
clarify the correlation between the serum level of IP-10 and
hepatic inflammation.

PATIENTS AND METHODS

FPatients and sera

Thirty-seven patients with autoimmune liver diseases (23 PBC
and 14 AIH) and 65 patients with chronic viral hepatitis (20
CHB and 45 CHC) treated at the University Hospital of Kyoto
Prefectural University of Medicine between April 1992 and March
1998 were enrolled in this study. Twenty healthy volunteers
served as controls. To obtain additional data on an extrahepatic
inflammatory disease, 16 patients with rheumatoid arthritis (RA)
with normal serum levels of AST and ALT were also included in
this study.

The diagnoses of chronic liver diseases were based on the
appropriate international criteria [13,14]. The patients with RA
were diagnosed according to the criteria of the American
Rheumatism Association [15]. The AIH and PBC patients were
evaluated for liver histology, routine liver tests, and serum levels
of IP-10 and serum autoantibodies. The CHB patients were
positive for hepatitis B surface antigen (HBsAg) and negative for
second- or third-generation anti-hepatitis C virus (HCV) antibody
(Ortho-HCV; Ortho Diagnostic Systems, Raritan, NJ). The CHC
patients were positive for anti-HCV antibody, positive for serum
HCV-RNA detected by reverse transcriptase-nested polymerase
chain reaction, and negative for HBsAg. The CHB patients were
examined by routine liver tests and evaluated for liver histology
and serum levels of IP-10 and HBV-DNA. The CHC patients were
evaluated for liver histology, HCV genotype, routine liver tests,
and serum levels of IP-10 and HCV-core protein.

HCV genotypes were determined by an ELISA (Kokusai
Shiyaku, Kobe, Japan) as previously described [16,17] and
the serum level of HCV core protein was quantified using a
fluorescent enzyme immunoassay (FEIA; Kokusai Shiyaku, Kobe,
Japan) [18]. The detection limit of the HCV core protein assay
was 8 pg/ml. Healthy volunteers were verified to have normal
liver tests.

All of the 45 CHC patients received IFN-a therapy. The
treatment began with intramuscular injection of 6 million units
of natural IFN-a (Sumitomo Pharm. Co., Osaka, Japan) or
recombinant IFN-a2b (Schering-Plough Co., Osaka, Japan) daily
for 2 weeks, followed by three injections weekly for the next
22 weeks. Complete responders (CR) were defined as patients
who showed normal serum AST and ALT levels and were
negative for serum HCV-RNA (Amplicore test; Nippon Rosche,
Tokyo, Japan) for > 6 months after IFN therapy. Non-responders

(NR) were defined as patients who showed elevated serum AST
and ALT levels and failed to clear HCV-RNA in the serum after
IFN therapy. Twenty-four patients were CR and 21 were NR. The
sera were collected from 24 CHC patients with complete response
after IFN therapy, and from 14 AIH patients after successful
prednisolone therapy to measure the serum levels of IP-10.
Percutaneous liver biopsy was performed in all patients using
a Surecut needle (Tochigi Seiko Inc., Tochigi, Japan). Liver
specimens were fixed in formalin, stained routinely with
haematoxylin and eosin, and with Masson’s trichrome for light
microscopy. Histological diagnoses were determined according to
the criteria of Desmet et al. [19]. Histological activity of the
disease was also evaluated by Knodell’s histological activity index
(HAI) score [20]. The inflammatory score of chronic hepatitis was
the sum of the scores for periportal necrosis, portal inflammation,
intralobular degeneration and focal necrosis. Parts of the liver
specimens of AIH and PBC patients were fixed in 4% buffered
paraformaldehyde overnight for use in in situ hybridization.
Informed consent was obtained from all patients and from the
healthy volunteers, and this study was approved by the Human
Research Committee of our Hospital as conforming to the ethical
guidelines of the 1975 Declaration of Helsinki.

ELISAs for chemokines

The concentration of serum IP-10 was measured using an ELISA
as previously described [12]. In brief, 96-well ELISA plates
(Corning Costar Corp., Corning, NY) were coated overnight at
4°C with 50 p1/well of anti-human IP-10 MoAb «hIPb (20 wg/ml
in PBS). The antibody-containing solution was removed and
unbound sites were blocked with 100 wl of blocking agent
(Block-Ace™; Dainippon-Seiyaku, Osaka, Japan) for 2 h at room
temperature. After plates were washed with PBS containing
0-05% Tween-20 (Tween—PBS), 50 w1 of a standard solution of
IP-10 or of a serum sample were added and incubated for 1 h.
Next, the plates were washed three times with Tween—PBS and
50 w1 of biotinylated anti-human IP-10 MoAb ahIPd (0-3 wg/ml
in PBS containing 1% bovine serum albumin (BSA)) were added
as the second antibody to detect human IP-10 bound to the first
antibody, ahIPb. The plates were incubated for 1 h and washed
three times with Tween—PBS, and then 50 wl of streptavidin-3-D-
galactosidase diluted to 1:1000 was added to each well. After
another incubation for 1 h, the plates were washed three times,
and then 50 ul of 0-01% 4-methyl-umbelliferyl-3-p-galactoside
were added, and the plates were shaken for 10 min.

To stop the reaction, 100 wl of 2 M sodium carbonate were
added, and the fluorescence intensity was determined at 460 nm
using a Fluoroscan II microplate fluorometer (Labosystems,
Helsinki, Finland). The samples influenced by the same IgG
subclass were excluded from the data. The detection limit of IP-10
was 10 pg/ml in this assay. Intra- and interassay variations were
<10%.

The concentrations of MIP-18 and MCP-1 were measured
using a commercially available ELISA kit (Quantikine ELISA;
R&D Systems, Minneapolis, MN), and that of MIP-la was
measured using a commercially available ELISA kit (Amersham
Int. plc, Aylesbury, UK) according to the manufacturer’s
instructions.

In situ hybridization
The preparation of human IP-10 cDNA [8] by reverse transcrip-
tase-polymerase chain reaction (RT-PCR) and the procedures for
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GAGACATTCCTCAATTGCTTAGACATATTCTGAGCCTACAGCAGAGGAACCTCCAGTCTC
AGCACCATGAATCAAACTGCGATTCTGATTTGCTGCCTTATCTTTCTGACTCTAAGTGGC
ATTCAAGGAGTACCTCTCTCTAG AACCGTACGCTGTACCTGCATCAGCATTAGTAATCAA

AAA A AA A A A

.,

TCAGAATCTCAAATAACTAAAAGGTATGCAATCAAATCTGCTTTTTAAAGAATGCTCTTT
ACTTCATGGACTTCCACTGCCATCCTCCCAAGGGGCCCAAATTCTTTCAGTGGCTACCTA
CATACAATTCCAAACACATACAGGAAGGTAGAAATATCTGAAAATGTATGTGTAAGTATT
CTTATTTAATGAAAGACTGTACAAAGTATAAGTCTTAGATGTATATATTTCCTATATTGT
TTTCAGTGTACATGGAATAACATGTAATTAAGTACTATGTATCAATGAGTAACAGGAAAA
TTTTAAAAATACAGATAGATATATGCTCTGCATGTTACATAAGATAAATGTGCTGAATGG
TTTTCAAATAAAAATGAGGTACTCTCCTGGAAATATTAAGAAAGACTATCTAAATGTTGA
AAGATCAAAAGGTTAATAAAGTAATTATAACT
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Fig. 1. The cDNA sequence of human IP-10. The underlined nucleotides at positions between 144 and 714 were used for the antisense and

sense probe (571 bp).

in situ hybridization were essentially the same as reported
previously [12]. In brief, radiolabelled 33S-cRNA antisense and
sense probes for IP-10 were prepared by in wvitro transcription
from T3 and T7 RNA polymerase promoters in a plasmid that
contained human IP-10 cDNA. The full length of the human IP-10
coding sequence was 1172 bp [8] and we used 571 bp nucleotides
at positions between 144 and 714 for the IP-10 probes (Fig. 1).
In vitro transcription and labelling of the RNA probes were
performed as previously described [21]. Briefly, 62-5 uCi of
33S-CTP was added to a mixture containing 40 mm Tris—HCI
pH 75, 6 mm MgCl,, 2 mM spermidine, 10 mm NaCl, 10 mm
DTT, 1 U/ul RNase inhibitor, ATP, UTP, and GTP, each at
0-5 mMm, 10 M unlabelled CTP, linearized template equivalent to
1 ng of whole plasmid, and 40 U of either T3 or T7 RNA
polymerase, in a total volume of 20 wl. The mixture was
incubated for 3—4 h at 37°C, and then the DNA template was
removed by incubation with 1-5 U of RNase-free DNase for
30 min at 37°C. Proteins and free ribonucleotides were removed
by phenol-chloroform-isoamyl alcohol extraction followed by

ethanol precipitation, and all probes were brought to roughly 350
bases in length by controlled alkaline hydrolysis.

Liver tissues were fixed in 4% buffered paraformaldehyde
overnight, and then embedded in paraffin, sectioned, and placed
on slides coated with Vectabond (Vecta Labs, Burlingame, CA).
After deparaffinization in xylene and hydration through a graded
series of ethanol, sections were digested with proteinase K (1 wg/
ml) for 30 min at 37°C, washed in distilled water, and acetylated
with a freshly prepared solution of acetic anhydride, pH 8.0, for
10 min. After washing in 2 X SSC, sections were dehydrated
through the graded series of ethanol. A hybridization mixture
(600 mm NaCl, 10 mm Tris—HCl pH 8:0, 1 mm EDTA, 50%
formamide, 1 x Denhardt’s solution, 10% dextran sulphate,
100 uwm DTT, 0-2% SDS, and 0-5 mg/ml yeast tRNA) containing
the radiolabelled RNA probe was applied to each section and
covered with a silanized coverslip.

Hybridization was carried out for 16 h at 45°C in light mineral
oil. Excess probe was removed by washing in chloroform
followed by 4 x SSC containing 1 mm DTT for 1 h. After

Table 1. Clinical characteristics of the patients

Healthy control CHC CHB AIH PBC RA
n=20 n =45 n =20 n=14 n=23 n=16

Gender (M:F) 10:10 22:23 13:7 1:13 3:20 1:15
Age (years) 464 + 14-4 523 = 103 419 + 115 546 + 8-8 578 = 115 63-8 = 77
AST (U/]) 167 = 3.2 69-0 = 46-8 1172 = 109-0 202-0 = 208-7 59-4 + 36-3 18:0 = 55
ALT (U/l) 97 + 4.1 100-9 £ 78-1 210-1 = 2027 2377 £ 184-8 54.7 + 42.3 13:6 = 67
y-GTP (U/l) 10-0 = 3.97 42.0 = 364 573 = 47-8 75-8 + 333 271-5 = 2513 189 = 63
T-Bil (mg/ml) 049 = 0-14 0-83 = 0-29 094 = 0-56 110 = 061 174 = 2.44 0-43 = 0-1
y-globulin (g/dl) 1-15 = 0-17 1-57 = 0-40 1-52 = 048 2:55 = 098 2-04 = 0-81 2:25 = 078
HAI score ND 802 = 3.63 875 = 3.48 13-1 = 44 ND ND

CHC, Chronic hepatitis C; CHB, chronic hepatitis B; AIH, autoimmune hepatitis; PBC, primary biliary cirrhosis; RA, rheumatoid arthritis; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; y-GTP, vy glutamyl transpeptidase; T-Bil, total bilirubin; HAI score, histological activity index score as
determined by Knodell’s scoring system; ND, not determined. Data are expressed as means * s.d.
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Fig. 2. The serum levels of IP-10 in healthy controls, Chronic hepatitis C (CHC). Chronic hepatitis B (CHB), autoimmune hepatitis (AIH),
primary biliary cirrhosis (PBC), and rheumatoid arthritis (RA) patients. The bars show mean * s.d. in each group.

dehydration, the slides were washed at high stringency at 60°C for
15 min in a buffer containing 300 mm NaCl, 10 mm Tris—HCI
pH 80, 1 mm EDTA, 50% formamide, and 100 um DTT. Next,
after washing the slides briefly in 2 x SSC, the sections on the
slides were digested for 30 min at 37°C with 25 wg/ml RNase A
in buffer containing 500 mm NaCl, 10 mm Tris—HCI pH 8-0, and
1 mM EDTA. The sections were then washed for 30 min at 37°C
in the same buffer without the enzyme, and were further rinsed in
4 ] of 2 x SSC, washed at high stringency in 0-1 x SSC at 60°C,
dehydrated in a graded series of ethanol containing 300 mm
ammonium acetate, and air dried. The slides were dipped into
NTB-2 autoradiography emulsion (Eastman Kodak, Rochester,
NY) diluted to 1:1 with 600 mM ammonium acetate at 45°C. The
slides were dried, and then stored in light-proof boxes containing
desiccant and exposed at 4°C for 5 days. The exposed slides were
developed in Kodak D19 developer (Eastman Kodak) for 2-5 min,
rinsed in 2% acetic acid for 30 s, and fixed in Fixer (Eastman
Kodak) for 15 min. The slides were washed in tap water, and then
counterstained with haematoxylin.

Statistical analysis

Data are expressed as mean = s.d. Statistical analyses were
performed using Mann—Whitney U-test and Spearman’s rank
correlation tests. P < 0-05 was considered significant.

RESULTS

The serum level of IP-10 in AIH and PBC in comparison with
CHB, CHC, RA, and healthy controls

Table 1 summarizes the clinical characteristics of the 102 patients
with chronic liver diseases of different aetiologies (AIH, PBC,
CHB, and CHC), 16 patients with RA, and 20 healthy volunteers
examined in this study. The serum levels of IP-10 in all groups of
chronic liver diseases were significantly (P < 0-02) higher than
the level in healthy controls (Fig. 2). The serum levels of IP-10 in
AIH, CHC, and CHB patients were comparable and significantly

(P < 0-05) higher than the level in PBC patients. The serum level
of IP-10 in RA patients was not significantly different from that in
healthy controls.

Correlation between the serum level of IP-10 and clinical
parameters in chronic liver diseases
The serum levels of IP-10 were compared among the 45 CHC
patients on the basis of their histological diagnoses (Fig. 3). The
serum level of IP-10 was significantly lower in patients with minimal
to mild hepatitis (264-8 = 161-5 pg/ml) than in patients with
moderate hepatitis (376-0 = 167-8 pg/ml; P = 0-0321) and severe
hepatitis (457-1 = 232.9 pg/ml; P = 0-0010). The serum level of
MIP-1a was below the limit of detection and the serum levels of
MIP-13 and MCP-1 were not significantly different depending on
the histological diagnoses of these patients (data not shown).
Table 2 shows the correlations between the serum level of
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Fig. 3. The serum levels of IP-10 were compared in 45 chronic hepatitis C
(CHC) patients divided into three groups classified by the method of
Desmet et al. [19]. Minimal to mild = minimal hepatitis or mild hepatitis;
Moderate = moderate hepatitis; Severe = severe hepatitis. The bars show
mean =* s.d. in each group. *P < 0-05; **not significant.
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Table 2. Correlations between serum IP-10 and clinical parameters

CHC CHB AIH PBC
n =45 n =20 n=14 n=23

r P r r P r P
AST 0-590 0-0001 0-704 0-0005 0-889 0-0014 0-604 0-0023
ALT 0-497 0-0009 0-565 0-0094 0-846 0-0040 0-456 0-0288
y-GTP 0-447 0-0021 0-190 0-4214 NS 0-232 0-5476 NS 0-291 0-1781 NS
y-globulin 0-022 0-8840 NS 0-457 0-0429 0-001 0-9990 NS 0-109 0-6202 NS
TP 0-014 0-9280 NS 0-438 0-0533 NS 0-086 0-8391 NS 0-174 0-4270 NS
T-Bil 0-197 0-1936 NS 0-114 0-6315 NS 0-530 0-1425 NS 0-410 0-0522 NS

CHC, Chronic hepatitis C; CHB, chronic hepatitis B; AIH, autoimmune hepatitis; PBC, primary biliary cirrhosis; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; y-GTP, y glutamyl transpeptidase; TP, total protein; T-Bil, total bilirubin. Data were analysed by Spearman’s correlation test.

NS, Not significant.

IP-10 and the serum levels of AST, ALT, y-GTP, y-globulin, TP,
and T-Bil. The serum level of IP-10 was significantly (P < 0-05)
correlated with the serum levels of ALT and AST in PBC, AIH,
CHC, and CHB patients. The serum level of IP-10 was also
significantly correlated with the inflammatory scores in AIH
(r = 0-808, P = 0:005, n = 14), CHC (r = 0-369, P = 0-0143,
n = 45), and CHB (r = 0-613, P = 0-0075, n = 20). In PBC, the
serum level of IP-10 was not significantly correlated with the
staging of Scheuer [1] (data not shown).

In CHC, the serum levels of IP-10 did not significantly differ
between the different HCV genotypes (data not shown), and was
not significantly correlated with the serum level of HCV core
protein (r = 0-280, P = 0-0653, n = 45). In CHB, the serum
levels of IP-10 were not significantly correlated with the level of
HBV-DNA (r = 0-255, P = 02662, n = 20).

The serum level of IP-10 after successful treatment of AIH and
CHC

In 14 AIH patients, the serum level of IP-10 was measured before
and after successful prednisolone therapy (Fig. 4a). The serum
level of IP-10 before steroid therapy (552-7 * 228-1 pg/ml) was
significantly (P < 0-0001) higher than that after resolution of the
hepatitis (34-1 £ 9-2 pg/ml), when the serum levels of ALT and
AST were within the normal ranges.

The serum level of IP-10 was measured in 24 CR patients with
CHC prior to IFN therapy, and at 3 months and 12 months after
the completion of the therapy (Fig. 4b). The serum level of IP-10
before IFN therapy (375-3 % 286-7 pg/ml) was significantly
(P = 0-0056 and P < 0-0001, respectively) higher than the
levels at 3 months after IFN therapy (162-1 * 209-9 pg/ml) and
12 months after the therapy (22-9 = 31-7 pg/ml). The serum level
of IP-10 at 12 months after therapy was not significantly different
from the level in healthy volunteers.

The serum levels of the other T cell chemokines, MIP-13 and
MCP-1, were not significantly related to the histological activity
of the hepatitis, nor did they significantly change after the IFN therapy
in these CR patients (data not shown). In NR patients with CHC,
the serum level of IP-10 after IFN therapy was not significantly
different from the level before the therapy (data not shown).

In situ hybridization of IP-10 mRNA in AIH and PBC
We investigated IP-10 mRNA expression in the liver tissues of
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Fig. 4. (a) Changes in the serum levels of IP-10 in autoimmune hepatitis
(AIH) patients who received prednisolone therapy (n = 14). Before
therapy, before prednisolone therapy; after resolution, after successful
prednisolone therapy. (b) Changes in the serum levels of IP-10 in chronic
hepatitis C (CHC) patients who showed complete response to the IFN
therapy (n = 24). Before IFN, before IFN therapy; 3 M after IFN, 3 -
months after the completion of IFN therapy; 12 M after IFN, 12 months
after the completion of IFN therapy. *P < 0-0001.
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Fig. 5. Representative results of in situ hybridization analysis of IP-10 mRNA expression in autoimmune hepatitis (AIH) and primary biliary
cirrhosis (PBC) patients. A liver section of AIH, around the intralobular necrosis, hybridized with antisense probe (a,b) and sense probe (c)
for IP-10. (x 400, original mag.) A liver section of PBC, around the intralobular necrosis, hybridized with antisense probe (d,e) and sense
probe (f) for IP-10 (x 400, original mag.). A liver section of AIH, portal and periportal area, hybridized with antisense probe (g,h) (x 200,
original mag.). A liver section of PBC, portal and periportal area, hybridized with antisense probe (i,j) (x 200, original mag.). Light field
microscopy is shown in (a,d,g,i); dark field microscopy is shown in (b,c,e,f,h,j). The arrows indicate intralobular infiltration of mononuclear
cells, the arrowheads show damaged bile ducts, and the asterisks show portal areas.

patients with AIH and PBC using in situ hybridization (Fig. 5).
Hybridization with the sense probe of IP-10 was poor in all
sections, which we considered as control backgrounds (Fig. Sc,f).
Hybridization of the antisense IP-10 probe demonstrated that the
expression of IP-10 mRNA was localized in hepatocytes around
intralobular focal necrosis or lobular necrosis (Fig. 5a,b) and
poorly detected in portal areas (Fig. 5g,h) in the liver sections of
AIH patients, which is similar to the results in chronic viral
hepatitis B and C [12]. In PBC patients, the expression of IP-10
mRNA was also localized mainly in hepatocytes in areas of focal
or lobular necrosis (Fig. 5d,e); however, mRNA expression of IP-
10 was not detected in portal areas, including the damaged bile
ducts (Fig. 5i,j).

DISCUSSION

We have previously reported that the mRNA of IP-10 was expressed
in hepatocytes around the necrotic areas surrounded by infiltrating
mononuclear cells in CHC and CHB patients using in situ
hybridization, and that the serum level of IP-10 was elevated in
CHC patients, and that it decreased in CR patients after IFN therapy
[12]. To clarify whether or not the production of IP-10 is related to
the hepatic inflammation in autoimmune liver diseases, we studied
the serum levels of IP-10 in AIH and PBC patients, and assessed the
cell type-specific expression of IP-10 mRNA in their liver tissues.

The serum level of IP-10 in AIH and PBC patients was
significantly elevated to a level similar to that in CHC or CHB
patients (Fig. 2), indicating that the mechanism up-regulating the
serum IP-10 was not dependent on the aetiology of hepatitis. The
increased serum level of IP-10 was not a common feature in
inflammatory diseases of other organs, since the serum level of IP-
10 in RA patients was similar to that in healthy controls (Fig. 2).

The serum level of IP-10 increased in proportion to the degree
of histological activity (Fig. 2) and was significantly correlated
with the serum levels of ALT and AST in chronic liver diseases
(Table 2). In addition, the serum level of IP-10 was significantly
(P < 0-001) decreased in CR patients with CHC after IFN therapy

and in AIH patients after successful prednisolone therapy (Fig. 4).
This specific correlation between the serum level of IP-10 and
hepatic inflammation in chronic liver diseases stands to reason if
IP-10 is induced in the liver by IFN-y or tumour necrosis factor-
alpha (TNF-«) secreted by liver-infiltrating mononuclear cells, as
we hypothesize [12]. In fact, the administration of IFN-y or TNF-
a was shown to induce the expression of IP-10 mRNA in the liver
[22,23].

We do not argue that IP-10 is involved exclusively in the
pathogenesis of inflammatory liver diseases, since we know that it
may also play an important role in inflammatory skin or bowel
diseases [24,25]. However, we suppose that IP-10 is not likely to
be induced in extrahepatic organs in patients with chronic liver
diseases, since the serum concentrations of IFN-y, TNF-a and
other proinflammatory cytokines that may be spilt from the
inflamed liver are low in chronic liver diseases [26,27].

The serum level of IP-10 was not correlated with the serum
level of HCV-core protein or HBV-DNA. However, IP-10 can be
directly induced by viruses in rat astrocytes and microglias [28]
and in mouse liver tissues [29], so we cannot discount the
possibility of direct induction of IP-10 by HBV or HCV.

To clarify the cell type-specific expression patterns of IP-10
mRNA in AIH, in situ hybridization was performed in the liver
tissues of AIH patients, and the results revealed that the
expression of IP-10 was mainly induced in hepatocytes (Fig. 5-
a,b,c). This finding is corroborated by the recent detection of IP-
10 mRNA in primary cultured hepatocytes [30]. In the PBC
patients of the present study, the IP-10 mRNA was not expressed
in the areas of damaged bile ducts but was expressed in the
hepatocytes around the focal necrotic areas surrounded by
infiltrating mononuclear cells (Fig. 5d,e.f,j,i). These results
indicate that the IP-10 in PBC and AIH patients derives not from
the biliary epithelial cells but from the hepatocytes, as we found in
our previous investigation of CHC and CHB patients [12]. Using
immunohistochemistry, Haycock et al. [31] reported that MIP-1«,
MIP-13, and MCP-1 were localized in the biliary epithelium or
infiltrating mononuclear cells, whereas IP-10 was localized in the
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portal tract or periportal hepatocytes in chronic liver diseases. In
human liver allografts, in situ hybridization and immunohisto-
chemistry showed that MIP-1ae and MIP-183 were localized in
sinusoidal endothelial cells in the early phase after transplantation
[32]. These previous reports suggest that the expression of
chemokines in the inflamed human liver is cell type- and disease-
specific.

We have shown in the present study that IP-10 is specifically
induced in hepatocytes in patients with AIH and PBC. Recently,
the receptor of IP-10 was identified on the cell surface of type 1 T
helper cells (Thl cells) and termed CXC chemokine receptor 3
(CXCR3) [33,34]. This receptor is important for the chemotaxis of
Thl cells in conjunction with another chemokine receptor, CC
chemokine receptor 5 (CCRS) [35]. We have shown here that IP-
10, a chemokine that reflects necroinflammation of hepatocytes,
was produced by hepatocytes around the focal necrosis irrespec-
tive of the aetiology of hepatitis. Therefore, we suggest that the
IP-10 produced by hepatocytes may be one of the key components
leading to the chemotaxis of activated T cells, including Th1 cells,
to the liver in chronic liver diseases of various aetiologies,
including autoimmune liver diseases such as AIH and PBC.
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