8 K. Yamamoto et al.

showed favorable outcome in patients with prothrom-
bin activity of more than 40% or PT-INR of less than
1.5, but the prognosis was not good enough in those
with prothrombin activity of 40% or lower and/or
PT-INR of 1.5 or higher. The efficacy of pulse steroid
treatment for ATH with severe liver disease needs to be
clarified in future’.] If anything, pulse steroid treatment
increased a risk of death from infectious disease in
patients showing prothrombin activity of 40% or lower
and/or PT-INR of 1.5 or higher. The physicians should
pay attention to the development of infectious disease,
especially fungal infection, when pulse steroid treat-
ment is performed.”

Human leukocyte antigen DR status is one of the
important genetic risk factors for ATH. DR3 and DR4
in Caucasians and DR4 in Japanese are independently
susceptible to type 1 AIH."* HLA DR status influences
the clinical features. In Caucasians, patients with DR3
develop the disease at younger age and show severer
form than those with DR4, while patients with DR4
have higher frequencies of extrahepatic concurrent
autoimmune diseases, especially autoimmune thyroidi-
tis. Autoimmune thyroiditis has been reported to be
associated with DR4." In this study, there was no dif-
ference in frequency of DR4 between patients in the
acute hepatitis phase and those in the acute exacerba-
tion phase, and this HLA allotype did not influence the
outcomes. Furthermore, the frequency of DR4 in this
study is similar to the previous national survey reported
in 1997 in which most patients showed histological
chronic disease.® Thus, in Japanese, HLA DR status may
not influence the form of clinical onset and the degree
of intrahepatic inflammation. On the other hand, in this
study, patients with DR4 had a higher frequency of
extrahepatic concurrent autoimmune diseases, espe-
cially autoimmune thyroiditis. This is consistent with
the report in Caucasians.

In conclusion, we evaluated the clinical features of
type 1 AIH patients showing acute presentation. The
survival of the patients showing acute presentation is
generally good, although approximately 10% of them
reach fatal outcomes and may require liver transplanta-
tion. Prothrombin activity and PT-INR are useful
prognostic factors and approximately 50% of patients
showing prothrombin activity of 40% or lower and/or
PT-INR of 1.5 or higher at presentation reach fatal out-
comes.” Conventional corticosteroid treatment is effec-
tive for the patients showing acute presentation. On the
other hand, the efficacy of pulse steroid treatment for
AIH with severe liver disease has been uncertain. [Cor-
rection made on 30 November 2012, after first online
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publication: 'the efficacy of pulse steroid treatment is

similar to that of conventional corticosteroid treatment’

was corrected to ‘the efficacy of pulse steroid treatment

for ATH with severe liver disease is uncertain’.] If any-

thing, pulse steroid treatment may increase a risk of
death from infectious disease. The above information

will be useful for clinical physicians. In addition, the

results of this study indicate that type 1 AIH patients in

the acute hepatitis phase will reach fatal outcomes more |
frequently than those in the acute exacerbation phase.

However, the sample size of this study is small. In order
to confirm these findings, further studies with large

sample size are required.

ACKNOWLEDGMENTS

HE MINISTRY OF Health, Welfare and Labor of

Japan supported this study as an official project of
the Intractable Liver Diseases Study Group of Japan
from Apiil 2008 to March 2011.

REFERENCES

1 Waldenstrom J. Leber, blutproteine und nahrungseiweisse.
Disch Ges Verd Stoffw 1950; 15: 113-9.

2 Krawitt EL. Autoimmune hepatitis. N Engl ] Med 1996;
334: 897-903.

3 Johnson PJ, McFarlane IG. Meeting report: International
Autoimmune Hepatitis Group. Hepatology 1993; 18: 998~
1005.

4 Alvarez F, Berg PA, Bianchi FB et al. International Auto-
immune Hepatitis Group Report: review of criteria for
diagnosis of autoimmune hepatitis. J Hepatol 1999; 31:
929-38.

5 Hennes EM, Zeniya M, Czaja A] etal. International
Autoimmune Hepatitis Group. Simplified criteria for the
diagnosis of autoimmune hepatitis. Hepatology 2008; 48:
169-76.

6 Toda G, Zeniya M, Watanabe F et al. Present status of
autoimmune hepatitis in Japan - correlating the character-
istics with international criteria in an area with a high
rate of HCV infection. Japanese National Study Group of
Autoimmune Hepatitis. ] Hepatol 1997; 26: 1207-12.

7 Abe M, Mashiba T, Zeniya M, Yamamoto K, Onji M, Tsub-
ouchi H, Autoimmune Hepatitis Study Group-Subgroup of
the Intractable Hepato-Biliary Disease Study Group in
Japan. Present status of autoimmune hepatitis in Japan: a
nationwide survey. J Gastroenterol 2011; 46: 1136-41.

8 Nikias GA, Batts KP, Czaja AJ. The nature and prognostic
implications of autoimmune hepatitis with an acute pre-
sentation. ] Hepatol 1994; 21: 866-71.

9 Abe M, Onji M, Kawai-Ninomiya K et al. Clinicopathologic
features of the severe form of acute type 1 autoimmune
hepatitis. Clin Gastroenterol Hepatol 2007; 5: 255-8.

-142-



Hepatology Research 2012

10

11

12

13

14

Kessler WR, Cummings OW, Eckert G, Chalasani N,
Lumeng L, Kwo PY. Fulminant hepatic failure as the initial
presentation of acute autoimmune hepatitis. Clin Gastroen-
terol Hepatol 2004; 2: 625-31.

Ichai P, Duclos-Vallée JC, Guettier C et al. Usefulness of
corticosteroids for the treatment of severe and fulminant
forms of autoimmune hepatitis. Liver Transpl 2007; 13:
996-1003.

Onji M, Autoimmune Hepatitis Study Group. Proposal of
autoimmune hepatitis presenting with acute hepatitis,
severe hepatitis and acute liver failure. Hepatol Res 2011;
41: 497.

Hanley JA, McNeil BJ. The meaning and use of the area
under a receiver operating characteristic (ROC) curve,
Radiology 1982; 143: 29-36.

Miyake Y, Iwasaki Y, Kobashi H et al. Autoimmune hepa-
titis with acute presentation in Japan. Dig Liver Dis 2010;
42: 51-4.

15

16

17

18

19

-143-

ATH with acute presentation 9

Onji M, Nonaka T, Horiike N, Moriwaki H, Muto Y, Ohta
Y. Present status of autoimmune hepatitis in Japan. Gastro-
enterol Jpn 1993; 28 (Suppl 4): 134-8.

Mochida S, Takikawa Y, Nakayama N etal. Diagnostic
criteria of acute liver failure: a report by the Intractable
Hepato-Biliary Diseases Study Group of Japan. Hepatol Res
2011; 41: 805-12.

Lee WM. Acute liver failure in the United States. Semin Liver
Dis 2003; 23: 217-26.

Czaja AJ. Genetic factors affecting the occurrence, clinical
phenotype, and outcome of autoimmune hepatitis. Clin
Gastroenterol Hepatol 2008; 6: 379-88.

Zeitlin AA, Heward JM, Newby PR et al. Analysis of HLA
class II genes in Hashimoto's thyroiditis reveals differences
compared to Graves’ disease. Genes Immun 2008; 9: 358-
63.

© 2012 The Japan Society of Hepatology



J Gastroenterol (2013) 48:109-114
DOI 10.1007/s00535-012-0616-x

Clinical features of hepatocellular carcinoma in patients

with autoimmune hepatitis in Japan

Hiromasa Ohira * Kazumichi Abe -
Atsushi Takahashi - Mikio Zeniya -
Takafumi Ichida

Received: 26 January 2012/ Accepted: 14 May 2012 /Published online: 13 June 2012

© Springer 2012

Abstract

Background The occurrence of hepatocellular carcinoma
(HCC) in patients with autoimmune hepatitis (AIH) is rare
compared to that in patients with viral hepatitis. To clarify

the status of HCC in patients with AIH in Japan, the clinical -

features of HCC in patients with AIH were analyzed.
Methods A primary survey gathered data from 496
member institutions of the Liver Cancer Study Group of
Japan, and a secondary survey collected additional infor-
mation from 250 HCC patients out of a total 4869 AIH
patients who were identified in the primary survey.
Results Of the 250 patients identified through the sec-
ondary survey, 127 patients (50.8 %) from throughout
Japan were found to have HCC. The mean age at diagnosis
of HCC was 69 years, and the male-to-female ratio was
1:5.7. The mean period from diagnosis of AIH to detection
of HCC was 8 years, and Child-Pugh status at the time of
HCC diagnosis was class A in 61.8 %; of the patients
analyzed, 77.9 % also had cirrhosis of the liver. The mean
value of maximum tumor diameter was 4.3 cm, and clini-
cal stages were I in 20.1 % of patients, Il in 47.6 %, III in
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23.4 %, and 1V in 8.9 %. The therapeutic modality used
was surgery in 30.2 %, percutaneous therapy in 29.5 %,
transcatheter arterial chemoembolization in 36.4 %.
Cumulative survival rate was 85.4 % at one year.
Conclusion The survey results showed that HCC devel-
oped in 5.1 % of patients with AIH in Japan, with cirrhosis
of the liver commonly found in elderly individuals; when
HCC was diagnosed at an early clinical stage, in many
cases, the liver function was relatively preserved. After
diagnosis of AIH, observation of its progression with close
attention to potential HCC complications is necessary.

Keywords Autoimmune hepatitis - Hepatocellular
carcinoma - Cirrhosis - Diabetes mellitus - Liver Cancer
Study Group of Japan

Introduction

The risk of hepatocellular carcinoma (HCC) developing in
patients with autoimmune hepatitis (AIH) is rare, and its
incidence is much lower than that in patients with viral
hepatitis [1, 2]. In recent years, however, since the disease
concept of AIH and its diagnostic criteria have become
better understood, cases of long-term survival have
increased, and consequently there have been sporadic
reports of complications with HCC [3-5]. In Japan, no
studies involving more than 100 cases had yet been
examined; typically, only a few cases arise in a single
facility, so it is difficult to ascertain the overall situation
and understand the pathology. With the convening of the
47th Liver Cancer Study Group of Japan in July 2011, we
had an opportunity to survey the member institutions by
questionnaire. Based on this survey, we report the clinical
features of HCC in Japanese patients with ATH.

@__ Springer
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Methods

A primary survey was first carried out among the 496
member institutions of the Liver Cancer Study Group of
Japan, and a secondary survey was then carried out to
analyze 250 cases of HCC in patients with ATH, a sample
that represented 5.1 % of an initial 4869 cases reviewed.
The database search was limited to the period from 1990 to
the present. The diagnosis of AIH was based on the
International Autoimmune Hepatitis Group (JAHG) crite-
ria. Patients with HCC were diagnosed with imaging
studies, clinical data, and/or histopathologic studies.
Patients positive for the hepatitis C virus (HCV) antibody
and hepatitis B surface (HBs) antigen were excluded.
Survey forms were distributed to obtain the following
information on the patients: age at the time of HCC diag-
nosis, sex, body mass index (BMI), history of alcohol
consumption, liver cirrhosis status, use of steroids or other
immunosuppressants, complication with primary biliary
cirrhosis (PBC), comorbidity with diabetes, years after ATH
diagnosis, Child—Pugh status, number of tumors, maximum
tumor diameter, clinical stage according to the tumor node
metastasis (TNM) staging system of the American Joint
Committee on Cancer (AJCC) [6], therapeutic modality,
prognosis, and laboratory findings (ALT, platelet count,
antinuclear antibodies (ANA), a-fetoprotein (AFP), des-y-
carboxy prothrombin (DCP), HBc antibody). We defined
an alcohol consumer as someone with a mean ethanol
intake of more than 20 g/day. Liver cirrhosis was com-
prehensively diagnosed by liver biopsy findings or clinical
parameters and imaging findings. The ethics committees of
the appropriate institutional review boards approved this
study in accordance with the Declaration of Helsinki.

Statistical analysis

Continuous data are presented as means and ranges.
Cumulative survival among HCC patients with AIH was
calculated using the Kaplan-Meier method. A commer-
cially available computer program, Prism (version 4.0a,
GraphPad Software, Inc.), was used for all statistical
calculations.

Results

Responses were received from 54 institutions throughout
Japan (response rate: 127/250, 50.8 %). Table 1 shows
clinical features at the time of HCC diagnosis for 127
cases. Mean age at diagnosis was 69 years, and the male-
to-female ratio was 1:5.7. Prevalence of liver cirrhosis was
high (77.9 %). There were no cases of obesity (mean BMI
of 23.8), and percentage of patients with diabetes mellitus

@ Springer

Table 1 Clinical features at diagnosis of hepatocellular carcinoma in
patients with autoimmune hepatitis

Number 127

Age (years) 69 (36-84)

Male:female 157

Body mass index (kg/mz) 23.8 (15.9-37.0)

Alcohol consumption (%) 6.9

Cirrhosis at accession (%) 719

Steroid therapy (%) 572

Azathioprine therapy (%) 7.3

PBC overlap (%) 5.6

Diabetes mellitus (%) 29.2

Period from AIH diagnosis to 8.0 (0-29)
HCC development (years)

Period from HCC development 3.3 (0-17)

to death (years)

PBC primary biliary cirrhosis, AIH autoimmune hepatitis, HCC
hepatocellular carcinoma

was high (29.2 %). Frequency of steroid use was high
(57.2 % of patients), but the percentage of patients using
other immunosuppressants was low (7.3 %). The median
period until detection of HCC after diagnosis of AIH was
8 years, but the period was as long as 29 years in some
cases. The mean and maximum survival periods after
diagnosis of HCC were 3.3 years and 17 years,
respectively.

Table 2 shows laboratory findings at the time of HCC
diagnosis. Mean alanine aminotransferase (ALT) was low
(40.8 IU/M), and mean platelet count was slightly low
(13.6 x 10%/ul). The mean AFP was 25599 ng/ml and
positivity was 67.2 %, with the level in 34.4 % of the
positive patients being 200 ng/ml or higher. The mean
DCP was 4132 mAU/ml and positivity was 51.8 %, with
the level in 24.5 % of the positive patients being
400 mAU/ml or higher. With respect to the role of the
hepatitis virus, HBc antibody positivity was 27.7 %.

Table 3 shows clinical features of HCC. Numbers of
tumors were 1 in 63.2 % of the patients, 2 in 18.4 %, and
multiple in 18.4 %. The mean value of maximum tumor
diameter was 4.3 cm, and maximum diameters were 2 cm
or lower in 20.5 % of the patients, 2.1-5 cm in 54.1 %, and
5.1 cm or more in 25.4 %. Rates of Child—Pugh status were
comparatively good, with class A in 61.8 %, class B in
309 % and class C in 7.3 %. Clinical stages were I in
20.1 % of the patients, II in 47.6 %, Il in 23.4 %, and IV
in 8.9 %. Therapeutic modality was analyzed for 129
treatments representing 116 cases, some of which included
multiple therapies; 11 cases were excluded due to missing
data. Treatment was by resection of the tumor in 30.2 % of
the patients, by percutaneous therapy, including radiofre-
quency ablation (RFA) and percutaneous ethanol injection
therapy (PEIT), in 29.5 %, by transcatheter arterial

- 145-



J Gastroenterol (2013) 48:109-114

111

Table 2 Laboratory features at diagnosis of hepatocellular carci-
noma in patients with autoimmune hepatitis
ALT (UM
Platelets (x 10% ul)
ANA median (range)
AFP (ng/ml)

Mean (range)

40.8 (5-197)
13.6 (2.6-60.5)
160 (0-20480)

25,599 (2-1816620)

<10 (%) 32.8
10-200 (%) 3238
>200 (%) 34.4

DCP (mAU/ml)

Mean (range) 4132 (0.05-105000)

<40 (%) 482
40-400 (%) 27.3
>400 (%) 24.5
HBc antibody-positive (%) 27.7

ALT alanine aminotransferase (normal 8-42 IU/1), ANA antinuclear
antibody (<40x), AFP o-fetoprotein (<10 ng/ml), DCP des-y-car-
boxy prothrombin (<40 mAU/ml)

Table 3 Clinical features of and therapy for hepatocellular carci-
noma in patients with autoimmune hepatitis

Number of HCC tumors

Single (%) 63.2

Double (%) 184

Multiple (%) 18.4
Maximum tumor size

Mean (range) (cm) 4.3 (1.0-30.0)

<2 (%) 20.5

2.1-5.0 (%) 54.1

>5.1 ( %) 254
Child-Pugh score

A/BIC (%) 61.8/30.9/7.3
Stage

IV (%) 20.1/47.6/23.4/8.9

Therapy choices for HCC Total 129
Surgery (%) 39 (30.2)
RFA, PEIT (%) 38 (29.5)
TAE (%) 47 (36.4)
Others (%) 539

HCC hepatocellular carcinoma, RFA radiofrequency ablation, PEIT
percutaneous ethanol injection therapy, TAE transcatheter arterial
embolization

chemoembolization (TACE) in 36.4 %, and by other
means (liver transplantation, proton-beam radiotherapy,
sorafenib) in 3.9 %.

Figure 1 shows cumulative survival according to the
Kaplan—Meier method based on 117 cases; 10 cases were
excluded due to missing data. Cumulative survival rates
were 854 % at 1 year, 65.8 % at 3 years, 56.4 % at
5 years, and 39.4 % at 10 years.

100 =

Cumulative Survival (%)
8
1

0 ¥ ¥ L] 1

0 5 10 15 20
Follow-up {yr)

Fig. 1 Kaplan—-Meier curve showing survival of autoimmune hepa-
titis patients with hepatocellular carcinoma. Median survival at 1 year
for all patients was 85.4 %

Discussion

As the first analysis of over 100 cases of HCC in patients
with AIH, our survey showed the clinical features of these
types of cases in Japan. Mean age at the time of HCC
diagnosis was relatively high (69 years). The male-to-
female ratio was 1:5.7, a higher ratio of males than the ratio
of 1:6 or 1.7 in prior reports on AIH [7, 8]; Table 4
demonstrates these changes [9, 10]. Liver cirrhosis was
previously reported as a risk factor [9-13], and the rate of
liver cirrhosis was also high in our study. Past studies
reported that ATH patients with an older age of onset are
likely to develop cirrhosis [14], while cases of HCC from
liver cirrhosis of non-viral hepatitis has also been reported,
but these cases are thought to include AIH or nonalcoholic
steatohepatitis (NASH) [15]. Complications with diabetes
in our study were also comparatively frequent, but this
finding may reflect the influence of therapeutic use of
steroid agents in the majority of cases and the inclusion of
many liver cirrhosis cases.

In the EU and USA, and even in Japan, steroid resis-
tance in AIH patients using other immunosuppressants
(e.g., azathioprine), and attendant carcinoma has also been
reported in these cases [16, 17], but in our study, the
frequency of use of other immunosuppressants was low
(7.3 %). While steroids are used as the first-line of therapy
for ATH, about 10 % of AIH patients in Japan have dem-
onstrated resistance to steroid therapy. For steroid-resistant
patients, azathioprine, which is not covered by national
health insurance, is considered first-line therapy. When the
maintenance dose of steroid was higher, the incidence of
HCC was significantly higher. However, neither steroid nor
azathioprine therapies were significant factors for the
development of HCC, andthere was no significant differ-
ence between the two therapies [18]. In our survey, the
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Table 4 Comparison of clinical features of reported hepatocellular carcinoma in patients with autoimmune hepatitis

Author Yeoman Montano-Loza Watanabe Our study
Year 2008 2008 2009 2012
Number 15 9 38 127
Mean age (years) 61 49 68 69
Male:Female 1:4 1:1.3 1:4.4 1:5.7
Cirrhosis at accession (%) 73.3 44 58.1 71.9
Period from AIH diagnosis to HCC development (years) NA NA 10.2 (0-22) 8.0 (0-29)
Period from HCC development to death (years) 2.3 (0.1-17) 1.3 (0.2-2.8) 1.2 (0.2-3) 3.3 (0-17)
Maximum tumor size

Mean + SD (cm) 28 £ 1.6 NA 37+24 43+ 44
AFP

Mean £ SD (ng/ml) 6291 + 15562 600 + 100 2340 + 8823 25599 -+ 180028

AIH autoimmune hepatitis, HCC hepatocellular carcinoma, AFP o-fetoprotein (<10 ng/ml), NA not available

proportion of cases positive for HBc antibody was partic-
ularly high (approximately 30 %). In Japan, approximately
25 % of cases have a prior history of infection, and the role
of prior history of HBV infection in hepatocarcinogenesis
is unknown. A recent study shows that 73 % of patients
with apparently unidentifiable causes for HCC were HBV-
related [19].

As shown in Table 4, the mean period until detection of
HCC after diagnosis of AIH was 8 years, which is shorter
than the period of approximately 10 years in prior reports
[20]. This difference may reflect the fact that age at diag-
nosis of HCC in our study was older than other reported
cases. The rate of HCC onset has also been reported to
increase at 10 years or longer after diagnosis of AIH [21].
Positivities for the HCC tumor markers AFP and DCP were
67.2 % and 51.8 %, respectively, on par with follow-up
study results for primary liver cancer as a whole [22].
These markers are unrelated and are thought to improve
diagnostic capability in complementary fashion through
combination assay of both markers. Number of tumors,
maximum tumor diameter, and other clinical features of
HCC often reflect a single focus, but the mean maximum
tumor diameter in our survey was larger than that of gen-
eral HCC [23]. This finding may be due to the fact that the
risk of carcinogenesis in AIH is lower than that in viral
hepatitis and image-based screening is thus less frequent.

In our study, Child—Pugh status in many cases was good,
at class A, and clinical stage was also I or I in many cases,
but treatments such as percutaneous therapy and TACE
were more frequent than surgery. We attributed this to the
large proportion of elderly patients in our study and the
tendency to select less invasive treatment. Mean survival
period was 3.3 years, and 10 patients survived for 10 years
or longer. Cumulative survival rates were 85.4 % at 1 year,
65.8 % at 3 years, 56.4 % at 5 years, and 394 % at
10 years. These rates were better than the cumulative
survival rates reported by the Follow-up Study Committee

@ Springer

of the Liver Cancer Study Group of Japan: 79.1 % at
1 year, 55.0 % at 3 years, 37.9 % at 5 years, and 16.5 % at
10 years [22]. These differences may reflect the fact that
many cases in our study were in early clinical stages of
disease at the time of HCC diagnosis and preserved liver
function was maintained. Indeed, the mean maximum
tumor diameter of 4.3 cm in our survey was larger than that
of HCC in viral hepatitis, but there was only one tumor in
most of our cases. As of yet, there are no reports on
recurrence of HCC in AIH, but one report has shown that
the cause of death in cases of HCC in ATH is most fre-
quently liver failure, unlike HCC in viral hepatitis and
other such diseases, in which cancer deaths are frequent
[20]. ATH patients with liver cirrhosis, who are at high risk
for HCC, should be screened by ultrasonography and
measurement of AFP and DCP [24]. Since AIH patients
with an older age of onset are likely to develop cirrhosis,
careful observation is necessary for such patients. Because
our study was conducted with a survey at a single point in
time, and we have not yet reaffirmed the data, there is a
possibility that we do not show the actual features of HCC
in patients with AIH. Further study with a view to long-
term prognosis is needed.
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Summary

As natural killer (NK) T cells play an important role in the development of
autoimmune diseases, they should have significant roles for the pathogenesis
of autoimmune liver disease. Implication of the NK T cells in the generation
of autoimmune-related hepatic inflammation was investigated using a novel
mouse model. Immunization of mice with dendritic cells (DCs) loaded with
hepatocyte-mimicking hepatocellular carcinoma cells (DC/Hepal-6) induces
cytotoxic T lymphocytes (CTL) capable of killing hepatocytes. Subsequent
administration of interleukin (IL)-12, a potent interferon-gamma (IFN-y)
inducer, to the immunized mice generates autoimmune hepatic inflamma-
tion (AHI), as reported previously. Upon onset of the AHI response, the
number of intrahepatic CD3*NK1-1* NK T cells increased markedly, along
with a decrease in the number of splenic NK T cells, augmented expression
of CXCR6 on intrahepatic NK T cells and CXCL16 in hepatic tissue, suggest-
ing that NK T cells were recruited into the inflamed liver. The NK T cells
were strongly positive for CD69 and produced IFN-y, but not IL-4. AHI
activity was attenuated markedly in CD1d™ NK T cell-deficient mice, indi-
cating that NK T cells play a pivotal role in the development of AHI. Mice
treated with DC/Hepal-6 and alpha-galactosylceramide, a potent NK T cell
activator, also exhibited similar hepatic inflammation, in which activated
NK T cells producing IFN-y and CD8" T cells cytotoxic to hepatocytes were
induced in liver-infiltrating mononuclear cells. Activated NK T cells produc-
ing IFN-y potentiate DC-based AHI in the mouse model.
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prevalent in patients with acute-onset AIH than those with

Introduction ) o .
chronic AIH. After treatment with immunosuppressive

Autoimmune hepatitis (AIH) is an immune-mediated
chronic inflammatory liver disease that predominantly
affects women genetically predisposed to its development
[1]. Although the pathogenic mechanism of AIH and aetio-
logical agents involved are not known, it has been postu-
lated that autoreactive T cells targeting at hepatocytes play a
central role in the development of AIH [2]. Until recently,
autoreactive CD4" T cells were considered to be critical for
disease development [3], but increasing evidence has shown
that CD8* T cells also play significant roles [4]. CD8" T cells
are observed mainly in areas of interface hepatitis of AIH,
and CD4" T cells are found in the central part of the portal
tract [5]. Peripheral CD8'CD25" lymphocytes are more
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therapies, the number of CD8"CD25* T lymphocytes in the
blood decrease in parallel with the serum aminotransferase
level [6]. Although hepatic tissue in ATH exhibits abundant
apoptosis of hepatocytes [7], and highly activated infiltrat-
ing T lymphocytes [8] may play an important role in the
induction of hepatocyte apoptosis, the mechanism of estab-
lishment and progression of AIH remains unclear.

Natural killer (NK) T cells are innate immune cells that
were described originally as expressing both T cell and NK
cell phenotypes [9]. NK T cells are activated in a CD1d-
dependent manner in response to glycolipid antigens such
as o-galactosylceramide (a-GalCer) [10,11], and rapidly
produce large amounts of T helper type 1 (Thl) cytokine,
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interferon-gamma (IFN-y) and Th2 cytokine, interleukin
(IL)-4 [12]. The implication of NK T cells in autoimmune
diseases such as multiple sclerosis [13-15] and diabetes
[16-18] has been shown using well-established animal
models. In mice, NK T cells represent up to 30% of T cells
in the liver, where they reside within the sinusoids and
appear to provide intravascular immune surveillance
[19,20], and may also be associated with the development of
liver injury in the setting of hepatitis [21,22]. In humans, it
has not been clarified whether NK T cells are beneficial or
harmful in the setting of liver disease [23]. The importance
of NKT cells in the pathogenesis of autoimmune liver
disease also remains unknown.

We have reported previously a mouse model of autoim-
mune hepatic inflammation (AHI) generated by immuni-
zation of C57BL/6 mice with dendritic cells (DC) loaded
with well-differentiated hepatocellular carcinoma cells
(Hepal-6), followed by IL-12 administration [24,25]. In
this model, liver specific inflammation is mediated by
hepatocyte-responsive autoreactive T cells. Our findings
indicate that two independent steps are necessary for the
development of autoimmune-mediated liver damage:
one step concerns the induction of autoreactive T cells
responsive to hepatocytes. Because of similar phenotypic
expression between normal hepatocytes and Hepal-6
cells, cytotoxic T lymphocytes (CTLs) recognizing shared
antigen between them are induced by immunization of
mice with DCs loaded with Hepal-6 [24]. The other step
is the modulation of the hepatic microenvironment to
promote recruitment of autoreactive T cells into the liver
and CTL response to hepatocytes, because the sole induc-
tion of autoreactive T cells cannot generate autoimmune
hepatic injury in vivo. The key cytokine for this response is
IFN-y induced by IL-12, which provides the enhanced
expression of major histocompatibility complex (MHC)
class I, adhesion molecules and chemokines on hepato-
cytes [24]. In fact, treatment of the immunized mice
with anti-IFN-y monoclonal antibody or immunization
of IFN-y knock-out mice abolishes AHI activity [24].
Although, unlike human AIH, histological features of AHI
are characterized by an acute inflammatory response
located mainly in hepatic parenchyma, this model could
contribute to analysis of the mechanism of the liver-
specific autoimmune response [25].

In this study we show, using our mouse model, that
intrahepatic NK T cells play a pivotal role in promoting the
CTL-mediated autoimmune hepatic inflammation.

Materials and methods

Animals

Eight-week-old female C57BL/6 wild-type (WT) mice were
purchased from Sankyo Labo Service Co., Ltd (Tokyo,
Japan). CD1d™ mice (C57BL/6 genetic background) were
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kindly provided by Dr Shinsuke Taki (University of
Shinshu, Japan). All animals were maintained in our facili-
ties and received humane care according to the criteria out-
lined in the Guide for the Care and Use of Laboratory
Animals prepared by the National Academy of Sciences
(NIH publication 86-23, revised 1985). Mice were used at
the age of 8—10 weeks and were matched for sex and age.

Cell lines, cytokines and antibodies

Hepal-6, a well-differentiated murine hepatocellular carci-
noma cell line, was obtained from the American Type
Culture Collection (Manassas, VA, USA). Recombinant
murine granulocyte—macrophage colony-stimulating factor
(GM-CSF) and recombinant IL-2, IL-4 and IL-12 were pur-
chased from PeproTech (Rocky Hill, NJ, USA). Anti-CD8a
monoclonal antibody (mAb) (clone 53-6-7) conjugated
with fluorescein isothiocyanate (FITC) was purchased from
BD Biosciences (San Diego, CA, USA). Anti-CD69 mAb
(clone HI:2F3) conjugated with allophycocyanin (APC)
and anti-CD62L mAb (clone MEL-14) conjugated with
phycoerythrin (PE) were purchased from BioLegend (San
Diego, CA, USA). Anti-CXCR6 mADb (clone 221002) conju-
gated with PE was purchased from R&D Systems, Inc. (Min-
neaoplis, MN, USA). Anti-IFN-y (clone XMG1-2), anti-IL-4
(clone 11B11) conjugated with APC for intracellular
cytokine staining were purchased from eBioscience (San
Diego, CA, USA).

Treatment of mice

AHI was induced in mice as described previously [24,25].
Briefly, bone marrow-derived DCs loaded with Hepal-6
cells (DC/Hepal-6) were generated by quick treatment of a
mixture of the DCs and Hepal-6 cells with 50% polyethyl-
ene glycol (Peg solution; Sigma-Aldrich, Inc., St Louis, MO,
USA). DC/Hepal-6 cells were injected subcutaneously into
8-week-old female C57BL/6 WT mice or CD1d™ mice on
days 1 and 14. Then, IL-12 (500 ng/mouse) was injected
intraperitoneally on days 15, 17 and 19. The mice were sac-
rificed on day 21. To analyse the role of activated NK T cell
in this mouse model, o-GalCer (KRN7000; Funakoshi Co.,
Ltd, Tokyo, Japan) was dissolved in 0-1 ml phosphate-
buffered saline (PBS) and injected intraperitoneally (0-5 pg/
mouse) instead of IL-12 to DC/Hepal-6 pretreated and
untreated WT mice on day 15. The mice were sacrificed
48 h after at-GalCer administration.

Assay for serum transaminase levels

Serum alanine aminotransferase (ALT) levels were meas-
ured using the DriChem system (L3500V; Fuji Film Medical
Co., Ltd, Tokyo, Japan), according to the manufacturer’s
instructions.
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Histology

Liver tissue was fixed in 10% formalin for at least 24 h and
paraffin-embedded. Sections of 2 wm thickness were stained
with haematoxylin and eosin (H&E) to determine morpho-
logical changes. The numbers of inflammatory foci were
determined as described previously [24].

Preparation of liver mononuclear cells

Hepatic mononuclear cells (MNCs) were isolated from
murine liver, as described previously [24].

Quantitative reverse transcription—polymerase chain
reaction (QRT-PCR)

Liver RNA extraction and messenger RNA (mRNA) quanti-
fication by real-time qRT-PCR were performed as
described previously [25]. The expression levels of CXCL16
were normalized relative to that of glyceraldehyde-3-
phosphate dehydrogenase (GAPDH).

Flow cytometry and intracellular cytokine staining

For cell-surface staining, after blocking with anti-FcR (clone
93; eBioscience), cells were incubated with various mAbs in
darkness at 4°C for 30 min and examined by flow cytometry
[fluorescence activated celll sorter (FACS)Calibur, BD Bio-
sciences Immunocytometry Systems, San Jose, CA, USA].
For intracellular cytokine staining, isolated intrahepa-
tic MNCs were stimulated with phorbol 12-myristate
13-acetate (PMA) (50 ng/ml); Sigma-Aldrich, Inc.) and
ionomycin (1pg/ml; Sigma-Aldrich, Inc.) in the presence of
Brefeldin A (10 pg/ml; Sigma-Aldrich, Inc.) for 5 h. After
labelling the cell-surface antigens, cells were fixed and per-
meabilized using a Cytofix/Cytoperm plus kit (BD Bio-
sciences) and then stained with anti-IFN-y or IL-4
conjugated with APC. The stained cells were analysed by
flow cytometry. The data were analysed using CellQuest Pro
version 52 software (BD Biosciences Immunocytometry
Systems, San Jose, CA, USA).

Isolation of hepatocytes and cytotoxicity assay

Hepatocytes were isolated as described previously [24]. A
cytotoxicity assay against primary murine cultured hepato-
cytes was performed as described previously [24]. Briefly,
isolated hepatocytes were seeded at 1x 10* cells/well into
96-well collagen-coated plates (Iwaki, Asahi Techno Glass,
Chiba, Japan). After overnight incubation, 4 x 10° effector,
intrahepatic whole MNCs or CD8" T cells or non-CD8" T
cells, which were isolated using a magnetic cell sorting
system (CD8" T Cell Isolation kit II; Miltenyi Biotec, Ber-
gisch Gladbach, Germany), were co-cultured for 24 h.

276

Aspartate aminotransferase (AST) activity of the culture
supernatant was determined and percentage of cytotoxic
activity was calculated as [(experimental AST release —
spontaneous AST release)/(total AST release — spontaneous
AST release) x 100], according to the formula described
previously [24].

Statistical analysis

The significance of difference among the groups was ana-
lysed with Tukey’s test for multiple group comparisons.
Unpaired Student’s t-test was used for comparison of
means in two groups. Differences were considered to be
significant at a P-value less than 0-05.

Results

Accumulation of activated NK T cells producing IFN-y
in the AHI liver

As shown in Fig. la,i, the number of NK T cells increased
significantly in the AHI liver generated by treatment of mice
with DC/Hepal-6 and IL-12. The number of NK T cells was
higher in combined treatment with DC/Hepal-6 and IL-12
than treatment with DC/Hepal-6 or IL-12 alone (Supple-
mentary Fig. S1A-a). The absolute number of intrahepatic
CD69* activated NK T cells was high in AHI (Fig. 1a,ii).
Conversely, the number of NK T cells in the spleen was
lower than in the untreated control at maximum hepatic
inflammation (Fig. 1a,iii). Expression levels of CXCL16, a
ligand of CXCR6, in hepatic tissue and the population
of CXCR6" intrahepatic NK T cells were elevated in AHI
liver (Fig. 1b,iiii). Although the population of IFN-y-
producing intrahepatic NK T cells increased at maximum
hepatic inflammation (Fig. 1c,i,iil), the population of
IL-4-producing intrahepatic NK T cells was not affected
which show a Thl phenotype might have been accumulated
into the liver of AHIL Because of a vigorous increase in the
number of intrahepatic T cells by generation of AHI, fre-
quency of NKT cells in the intrahepatic MHCs was
decreased in spite of an increase in absolute number of
NK T cells (Supplementary Fig. S2).

The activity of AHI was suppressed in the livers of
CD1d”" mice

When AHI was generated in NK T cell-deficient CD1d™"
mice, the inflammatory activity was markedly attenuated
(Fig. 2a). The level of serum ALT, number of clusters of
MHCs (inflammatory foci, IF) in hepatic tissue and abso-
lute number of MNCs in the liver (Fig. 2b—d) were signifi-
cantly lower in the AHI livers of CD1d™”" mice compared
with those in AHI of WT mice. Although CD8'T cells were
found in CD1d”" mice, they were significantly fewer than in
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Fig. 1. The dynamic statistics of natural killer (NK) T cells in the autoimmune hepatic inflammation (AHI) liver and spleen. (a) Absolute number
of total NK T cells (i) and CD69*NK T cells (ii) in the liver and NK T cells in the spleen (iii) in AHI The number was determined as [total number
of mononuclear cells (MNCs) in the liver or spleen] X [the frequency of CD3*NK1-1* cells or CD3*NK1:1* CD69%cells] in each group [n =5,

mean * standard deviation (s.d.), *P < 0-001]. (b) (i) Expression of CXCL16 in hepatic tissue. Levels of CXCL16 mRNA in each group were
determined by quantitative reverse transcription—polymerase chain reaction (QRT-PCR). Bars indicate mean = s.d., *P < 0-001. (ii) Population of
intrahepatic CXCR6*NK T cells (n =5, mean = s.d., *P < 0-001). (iii) Representative flow cytometry of intrahepatic CXCR6"NK T cells in control
and AHI. Grey-filled histograms; CXCR6*cells, dotted histogram; isotype control. The value shows the frequency of CXCR6" cells and the numbers

in parentheses shows mean fluorescence intensity (MFI) of CXCR6. (c)

(i) Prequency of interferon (IFN)-y" NK T cells in each group (n=>5,

mean * s.d., *P < 0-001). (ii) Frequency of interleukin (IL)-4* NK T cells in control and AHI. (iii) Representative flow cytometry of IFN-y* or IL-4*
intrahepatic NK T cells in each group. Grey-filled histograms; IEN-y" or IL-4 cells, dotted histogram; isotype control. The value shows the frequency
of IFN-y- or IL-4-producing cells and the numbers in parentheses shows MFI of IFN-y or IL-4. All experiments were repeated at least three times.

AHI liver of WT mice (Fig. 2e). These results demonstrate
that NK T cells play a pivotal role in the establishment of
AHI.

o-GalCer treatment of DC/Hepal-6 immunized mice
produced severe hepatic inflammation

Hepatic inflammation was induced when mice immunized
with DC/Hepal-6 were treated with ¢-GalCer instead of
IL-12 (Fig. 3a,i). This was characterized by the emergence of
abundant IF in hepatic lobules, similar to the AHI gener-
ated by treatment with DC/Hepal-6 and IL-12. Impor-
tantly, the hepatic inflammatory activity generated by
treatment with DC/Hepal-6 and o-GalCer was greater
than that induced by treatment with o-GalCer alone

© 2012 The Authors

(Fig. 3a,i,ii,b,c). The population of IFN-y-producing NK T
cells were enhanced but the population of IL-4-producing
NKT cells was not affected in hepatic inflammation
induced by treatment with o-GalCer alone or DC/Hepal-6
and o-GalCer (Fig. 3d,1,ii).

Autoreactive CD8" CTLs cytocidal to hepatocytes
were induced by treatment of mice with DC/Hepal-6
and 0.-GalCer

When DC/Hepal-6 immunized mice were treated with
o~GalCer and hepatic inflammation was generated, the
population of CD8" T cells in intrahepatic MNCs was
increased (Fig. 4a,i). Among these CD8" T cells, the percent-
age of CD62L" active cells was increased (Fig. 4a,iiiii).
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Fig. 2. Autoimmune hepatic inflammation
(AHI) activity was attenuated in natural killer

(b)
S-ALT

(NK) T cell-deficient CD1d™~ mice. AHI was (um e —
generated in wild-type (WT) or CD1d™- 80
mice. (a) Histological change of AHI liver 60
(haematoxylin and eosin staining, X 200). 40
Arrows indicate inflammatory foci (IF). (i) 20
Representative hepatic tissue of AHI in WT
mice. (ii) Representative hepatic tissue of 0 Cont. AH[ Cont. AHI
AHI in CD1d™" mice. (b) Serum alanine TTWT  TDI1dKO
aminotransferase (ALT) levels in WT and © (d) (e)
CD1d™" mice (n = 5, mean * standard I
deviation (s.d.), *P < 0-001). (c) Number 2 —t——y —— s —_
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Cont. AHI Cont. AHI Cont. AHI Cont. AHI O "Cont. AHI Cont. AHI

mice (n =5, mean =* s.d., *P < 0-001). All
experiments were repeated at least three times.

Notably, CD8" T cells from the livers of mice treated with
DC/Hepal-6 and o-GalCer showed high cytotoxic activity
against hepatocytes, while the cytotoxic activity of intrahe-
patic CD8" T cells of mice treated with o.-GalCer alone was
lower (Fig.4b). These results indicate that treatment of
mice with DC/Hepal-6 and a-GalCer could induce CTLs
cytocidal to autologous hepatocytes, as for the treatment of
mice with DC/Hepal-6 and IL-12.

Discussion

AHI is generated in mice by induction of hepatocyte-
responsive CTLs by immunization with DC/Hepal-6 and
accumulation of these autoreactive CTLs to the liver by
enhanced expression of adhesion molecules, chemokine
ligands and MHC in hepatic tissue by IFN-y induced by
IL-12 [24]. As IFN-y makes hepatocyte vulnerable to
CD8*CTL attack by up-regulation of MHC class I expres-
sion [3], IFN-y is a key cytokine to generate AHI in this
mouse model [24]. It is probable that activated NK T cells,
accumulated into the liver upon onset of AHI, may contrib-
ute to the generation of the AHI as producers of IFN-y.
Because IL-12 is a potent IFN-y inducer [26], it may stimu-
late various immune cell types to produce IFN-y. Thus, the
involvement of NK T cells as IFN-y producers in the gen-
eration of AHI has not been clear. When CD1d™” mice,
which show NKT cell deficiency, were immunized with
DC/Hepal-6 and treated with IL-12, the resultant AHI was
suppressed significantly, indicating that IFN-y produced by
NK T cells has an important role in development of AHIL.
Although the number of CD8" T cells in the AHI liver was
decreased significantly in CD1d™" mice, CD8" T cells existed
in infiltrating cells of the AHI liver of CD1d™" mice. This
result suggests that IFN-y produced by IL-12-activated
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WT CD1d KO WT

CD1d KO WT CD1d KO

immune cells other than NK T cells might have stimulated
the CD8"T cell response.

The involvement of NKT cells in the generation of
AHI was studied further by treatment of DC/Hepal-6-
immunized mice with o-GalCer. Because treatment with
o-GalCer itself causes hepatic injury [27], the minimum
dose of o-GalCer that induced hepatic injury (0-5pg/
mouse) was used to analyse the combined effect with
DC/Hepal-6 immunization and o-GalCer on generation of
hepatic inflammation. The activity of hepatic inflammation
was significantly higher in mice treated with DC/Hepal-6
and o.-GalCer than o-GalCer alone. CD8* T cells from mice
treated with DC/Hepal-6 plus o-GalCer showed higher
percentage of CD62™ cells and significant cytotoxicity
against primary cultured hepatocytes, but CD8" T cells
from mice treated with o-GalCer alone showed low cyto-
toxicity. These results suggest strongly that antigen-specific
activated T cells capable of killing hepatocytes, which were
induced by immunization with DC/Hepal-6, had accumu-
lated in the liver following modulation of the hepatic
microenvironment by IFN-y secreted from o-GalCer-
activated NK T cells. Although infiltration of CD8" T cells
was seen in the liver of mice treated with DC/Hepal-6
alone, inflammatory activity of the liver in such mice was
somewhat low, as reported previously [24]. Accordingly,
because of few numbers of intrahepatic CD8" T cells of
mice treated with DC/Hepal-6 alone, it was extremely hard
to collect them and examine their cytotoxic activity. Cyto-
toxic activity of CD8* T cells in the AHI liver of CD1d™~
mice is important for interpretation of the role of NKT
cells. According to our previous data, splenic CD8" T cells
from sole DC/Hepal-6 immunized mice without IL-12
treatment could elicit significant cytotoxic activity to
autologous hepatocytes in vitro. However, without the effect
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each group. All experiments were repeated at
least three times.

of IFN-y, which was provided by systemic IL-12 treatment
or activation of intrahepatic NK T cells, to increase the
expression of MHC class I or several adhesion molecules in
hepatic tissue, such CD8" cytotoxic T cells could not recruit
into the liver. Thus, it might be probable that CD8* T cells
in the AHI liver of CD1d™ mice could show cytotoxic activ-
ity to hepatocytes, but because of lack of IFN-v effect pro-
vided by activated NKT cells and less infiltration of
CD8'CTLs into the liver, hepatic inflammatory activity was
reduced in CD1d™" mice.

Non-CD8" T cells among the hepatic MHCs showed con-
siderable cytotoxic activity to hepatocytes, although the
activity was lower than that of CD8" T cells. Under Thl
conditions rich in IFN-y, activated intrahepatic bystander
cells such as macrophages and NK or NK T cells might elicit

non-specific cytotoxic activity to hepatocytes [28]. As intra-

hepatic NK T cells express FasL [29], it cannot be excluded
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that activated NK T cells might elicit direct hepatocyte
injury, possibly through Fas-FasL interaction, and this point
should be studied further.

Concanavalin A (ConA) hepatitis is used widely as a
mouse model of immune-related hepatitis, although the
specific autoimmune response to hepatocytes has not been
defined. Several studies have shown convincingly the
involvement of NK T cells in the pathology of ConA hepati-
tis. Depletion of hepatic NK T cells in ConA-administered
mice, or treatment of NK T cell-deficient mice with ConaA,
reduced the activity of ConA hepatitis significantly [30].
Moreover, in the interaction between CD8* T cells respon-
sive to ovalbumin in a MHC class I-restricted manner (OTI
T cells) and hepatocytes expressing transferrin-membrane-
bound ovalbumin (Tf-mO transferrin-mOVA) in Tf-mOVA
mice, specific effector function to antigen was stimulated by
co-activation of Vou14 NK T cells using o-GalCer [31]. Also,
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Fig. 4. Treatment of dendritic cell (DC)/Hepal-6 pre-immunized mice with o-galactosylceramide (o-GalCer) generated active CD8" T cells which
were cytocidal to hepatocytes. (a) (i) Population of intrahepatic CD8* T cells in each group. The mice were sacrificed 48 h after o-GalCer
administration (17 days after the first DC/Hepal-6 treatment). Intrahepatic mononuclear cells (MNCs) were isolated and the percentage of CD8* T
cells was determined by flow cytometry [n =5, mean * standard deviation (s.d.), *P < 0-001]. (i) Representative flow cytometry of each group.
Intrahepatic MNCs were isolated and analysed by flow cytometry using anti-CD8 and anti-CD62L monoclonal antibodies (mAbs). Upper left;
control, upper right; DC/Hepal-6, lower left; a-GalCer only, lower right; DC/Hepal-6 + 0.-GalCer. Values in the upper and lower right indicate the
frequency of cells in each area. (iii) Frequency of CD8" CD62L" activated T cells in total intrahepatic CD8" T cells of each group (n= 5, mean * s.d.,
*P < 0-001). (b) Cytotoxic activity of intrahepatic whole MNCs, CD8" T cells and non-CD8" T cells to autologous hepatocytes. Cytotoxic activity to
primary cultured autologous hepatocytes was examined using aspartate aminotransferase (AST) release assay. Effector : target ratio was 40:1. All

experiments were repeated at least three times.

in an animal model of primary biliary cirrhosis, in which
infection of mice with Novosphingobium aromaticivorans
induces antibody against mitochondrial component and T
cell-mediated autoimmunity, disease induction requires
NK T cells [32]. These results suggest that NK T cells play
pivotal roles for development of immune-related liver
disease.

Our AHI model seems to be an artificial model gene-
rated by extreme treatment of mice. However, we demon-
strated that in order to generate liver-specific autoimmune
response, two independent factors, induction of hepatocyte-
responsive CD8* T cells by immunization with DC/Hepal-6
and recruitment of such CD8" T cells into the liver by
modulation of hepatic environment with IFN-y, were
required. In humans, the similar mechanism for develop-
ment of autoimmune hepatitis might be considered. Prior
to onset of human autoimmune hepatitis, infection of
hepatitis virus or drug-induced liver injury might contrib-
ute to induction of hepatocyte-responsive T lymphocytes
just as does immunization with DC/Hepal-6. Some pro-
moting factors such as massive cytokine production from
NK T cells for activation of these autoreactive T cells might
be associated with onset of autoimmune hepatitis.

Although this study showed an important role for acti-
vated NK T cells in the generation of AHI, the implication
of NK T cell activation in patients with autoimmune hepa-
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titis remains obscure. Several potential physiological ligands
for NK T cells have been reported [33,34], but the specific
endogenous ligand for NKT cell activation remains
unknown [35]. Recently, several reports suggested the
involvement of Toll-like receptors (TLRs) in the pathogen-
esis of autoimmune diabetes, inflammatory bowel diseases,
multiple sclerosis and systemic lupus erythematosus
[36,37]. It may be possible that the inflammatory activity in
human AIH is affected by activation of IFN-y-producing
NK T cells in the liver through TLR stimulation by intesti-
nal microbial components. If so, the regulation of intrahe-
patic NK T cell activity might lead to the establishment of a
new modality for controlling disease activity in human
AIH.
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Fig. S1. The dynamic statistics of natural killer (NK) T cells
in the autoimmune hepatic inflammation (AHI) liver and
spleen. (A) Absolute number of NK T cells in the liver (a)
and spleen (b) in AHI. The number was determined as
[total number of mononuclear cells (MNCs) in the liver
or spleen] X [the frequency of CD3*NKI-1* cells] in
each group [n=5, mean * standard deviation (s.d.),
*P<0-001]. (B) (a) Population of intrahepatic CXCR6"
NK T cells (n=5, mean = s.d., *P < 0-001). (b) Expression
of CXCL16 in hepatic tissue. Levels of CXCL16 mRNA in
each group were determined by quantitative reverse
transcription—polymerase chain reaction (qRT-PCR). Bars
indicate mean * s.d., *P<0-:001. (C) (a) Frequency of
interferon (IFN)-y* NKT cells in each group (n=5,
" mean * s.d., *P<0-001). (b) Frequency of interleukin

282

(IL)-4" NKT cells in each group. All experiments were
repeated at least three times.

Fig. S2. Frequency of natural killer (NK) T cells in the
liver and spleen in autoimmune hepatic inflammation
(AHI). Frequencies of NK T cells in intrahepatic major his-
tocompatibility complexes (MHCs) and splenocytes were
determined by flow cytometry (n=5, mean =* standard
deviation, *P < 0-001). Experiments were repeated at least
three times.

Please note: Wiley-Blackwell are not responsible for the
content or functionality of any supporting materials sup-
plied by the authors. Any queries (other than missing mate-
rial) should be directed to the corresponding author for the
article.
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Diagnostic Criteria for Autoimmune Hepatitis :
Historical Review and Present Problems

Mikio ZENIYA and Hiroki TAKAHASHI

Department of Gastroenterology and Hepatology, The Jikei University Hospital

ABSTRACT

Autoimmune hepatitis (ATH) is a chronic hepatitis of unexplained etiology. Because no specific
clinical marker has been identified, ruling out other liver diseases of known etiology is important
when diagnosing AIH. The International Autoimmune Hepatitis Group JAIHG) has prepared di-
agnostic criteria aimed at standardizing diagnosis. The IATHG scoring system has been used ex-
tensively for diagnosing AIH. However, because this scoring system covers a variety of elements,
using it at the bedside can be difficult. Recently, the IATHG proposed simplified criteria system
composed of only 4 elements which reportedly has excellent diagnostic capabilities. Problems have
also been identified in assays for serum autoantibodies. Although the IAIHG recommends the in-
direct immunofluorescent method with frozen sections of rodent liver, kidney, and stomach to check
for autoantibodies involved in ATH, this method is now used at only a few institutions, and a enzyme-
linked immunosorbent assay and a method with established cell lines are more widely used. In any
event, the method for autoantibody detection must be standardized and quantified. Liver biopsy is
important for diagnosis ; however, histological findings are not always specific. In this review we

describe the history of the diagnosis of ATH and related problems.

(Jikeikai Med J 2011 ; 58 : 89-93)

Key words : autoimmune hepatitis, diagnostic criteria, autoantibody

INTRODUCTION

Autoimmune hepatitis (AIH) is a chronic hepatitis of
unexplained etiology. It has been strongly suggested that
autoimmune mechanisms are intimately involved in the on-
set and progression of ATH' Clinically, AIH has been charac-
terized by elevated serum levels of gamma-globulin or im-
munoglobulin (Ig)G ; the presence of autoantibodies, e.g.,
antinuclear antibodies (ANAs) and anti-smooth muscle
antibodies ; histological signs of highly active chronic
hepatitis ; and an abundance of plasma cells among infiltrat-

“ing cells. However, these signs and findings are not al-

ways specific to ATH but are also seen in cases of viral hep-
atitis and drug-induced liver injury. To date, no clinical
marker specific to ATH has been identified. For this rea-
son, ruling out other liver diseases of known etiology is im-
portant in the diagnosis of ATH, as well as checking for the
above-mentioned clinical manifestations. Furthermore,
because cases of AIH can be atypical, e.g., complicated by
or overlapping with other autoimmune diseases or autoim-
mune liver diseases’, the diagnosis of ATH becomes more
difficult.
to a delay in the start of treatment and a poor prognosis,
Patients with ATH, particu-

Because a delay in the diagnosis of AIH can lead

prompt diagnosis is essential.
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larly Japanese patients with AIH, usually respond well to
corticosteroid therapy, and a definite diagnosis of AIH can
be made in suspected cases by evaluating the responses to
corticosteroid therapy, i.e., therapeutic diagnosis. Howev-
er, if ATH becomes severe because diagnosis has been de-
layed, the response to corticosteroid therapy can be unsat-
isfactory. Therefore, the early, definite diagnosis of AIH is

important.

GENETIC FACTORS RELATED TO DIAGNOSIS

Some persons have increased genetic susceptibility to
AIH. Genes reported to confer increased susceptibility to
ATH include human leucocytes antigen (HLA)-DR4 for Jap-
anese people’ and HLA-DR3 for people in Europe and the
United States”. Because HLA-DR3 is seldom found in
Japanese people, the clinical features of ATH in Japan differ
from those in Western countries. Subsequent studies
have demonstrated that in HLA-DR3-free patients with
ATH in Western countries HLA-DR4 serves as a second
disease susceptibility gene and that the clinical features of
ATH in HLA-DR4-positive patients in Western countries
are similar to those of AIH in Japanese patients in that the
prevalence among middle-aged women is high and respons-
es to treatment are goods. Briefly, there are 2 susceptibili-
ty genes for AIH, and the clinical features of AIH differ
slightly depending on the gene. Interestingly, subsequent
studies have revealed that the peptide-binding site is simi-
lar for both HLA-DR3 and HLA-DR4%. Despite these
findings, the target antigen for ATH has not been identified,
and the etiology of AIH remains unclear. Nevertheless,
the major clinical findings of AIH are similar in patients
with HLA-DR3 and patients with HLA-DR4 and have al-
lowed international diagnostic criteria to be established.

DIAGNOSTIC SCORING SYSTEMS

Considering these findings, the International Autoim-
mune Hepatitis Group (IAIHG) has prepared diagnostic cri-
teria aimed at standardizing the diagnosis of AIH and has
proposed a highly convenient scoring system for the diag-
nosis of ATH”. Table 1 shows the brief history of the es-
tablished criteria, with a focus on the criteria of the IAI-
HG. The scoring system, proposed in 1998, was aimed at
eliminating, as far as possible, factors known to be involved

Vol. 58, No. 3

in the onset of hepatopathy. This diagnostic system has
enabled the pathophysiological assessment of ATH to be
standardized, thereby establishing a firm basis for research
on AIH. This scoring system has been extensively used
as a means of diagnosing AIH®. If this scoring system
were applied, most patients with AIH in Japan would re-
ceive diagnoses of suspected or definite AIH’. When the
ratings based on this diagnostic system were reviewed in
North America®, Europeu, and Japan12 the sensitivity was
97% to 100% and the overall rate of accurate diagnosis was
89.8%.
has been reached regarding the validity of this scoring sys-

We may thus say that, by and large, a consensus

tem.

However, because this scoring system aimed at stan-
dardizing the diagnosis of AIH covers a variety of elements,
it can be difficult to use at the bedside. In addition, the di-
agnosis of AIH with this scoring system can be delayed ow-
ing to several problems, such as cases diagnosed as AIH
despite low scores and the large number of criteria, includ-
ing items for which data collection is difficult™,

The TATHG has recently proposed simplified criteria to
facilitate clinical application™. The simplified criteria sys-
tem includes only 4 elements (i.e., seropositivity for anto-
antibodies, elevated serum levels of IgG, histological fea-
tures, and ruling out viral infection responsible for liver
damage) and has been reported to have excellent diagnostic
capabilities, with a specificity of greater than 99% and a
sensitivity of 81%. Because adequate follow-up assess-
ments of the simplified criteria system have not been per-
The diag-
nostic capability of the simplified criteria system is
reportedly low in atypical cases of AIH" and is insufficient

formed, we can draw no conclusions about it.

in cases of acute-onset AIH'. However, the simplified
criteria system appears to be useful for rapidly identifying
typical cases of ATH and starting treatment on the basis on
this rapid diagnosis. Katsushima et al. have reviewed 59
cases of AIH in Japanese patients using this new criteria
system and found it simple to use and highly useful’. Ac-
cording to their report, the percentage of definite cases
with the new scoring system was 74.6% and markedly
higher than with the original revised scoring system
(37.6%).

enables an early start to treatment and is of high clinical

We may, therefore, say that this set of criteria

value for bedside use.
On the basis of the diagnostic criteria reported to date,
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Table 1. Brief history of classification of autoimmune hepatitis by International autoimmune hepatitis Study Group JAIHG)

Year IAIHG activities

Publications

1967 A classification of chronic hepatitis and advocated
the term of autoimmune hepatitis
1992  The first meeting at IASL Brighton
First TAIHG group chair : L. R. McFarlane 1992-2006
followed by D Vergani (2006-)

1994 IASL Meeting Cancun : Classification of chronic hepatitis

1998 AASLD: IATHG Report: Review of criteria for diagnosis

of autoimmunehepatitis

Mackay IR,Whittingham S.

Postgrad Med 1987 ; 41: 72-83.

JohnsonPJ, McFarlane IG, and IATHG members.
Hepatology 1993 ; 18: 998-1005.

Desmet V, Gerber B, Hoofnagle J, et al.
Hepatology 1994 ; 19: 1513-20.
Alvarez E Berg PA, Bianchi L, et al.

J Hepatol 1999 ; 31: 929-38.

Scoring system was firstly proposed involving descriptional criteria

Many papers have been published for evaluating this score system

2004  IAIH serology

In this paper, rodent frosen tissue should be uused for de-
tecting ANA

2005 AASLD: Simplified scoring system
2008 Simplified Criteria

2009  Pediatric autoimmune hepatitis

Vergani D, Alvarez E Bianchi FB, et al.
J Hepatpl 2004 ; 41: 677-83.

Abstract only

Hennes EM, Zeniya M, Czaja A], et al.
Hepatology 2008 ; 18: 169-76.

Mieli-Vergani G, Heller S, Jara B et al.

J Pediatr Gastroenterol Nutr 2009 ; 49 : 158-64.,

liver biopsy is indispensable. Histological features of ATH
include interface hepatitis with plasma cell infiltration, he-
However,
none of these features are specific for ATH, and making a
definitive diagnosis of ATH is difficult on the basis of liver
biopsy findings alone. However, liver biopsy is useful for

ruling out other diseases for the differential diagnosis of

patocyte rosette formation, and emperiporesis.

ATH. Another problem with the simplified criteria system
is confusion about how to incorporate these characteristic
pathological features into the diagnosis. The criteria fail to
describe in detail about when the presence of pathologically
typical features may be affirmed (e.g., when all findings pre-
sented are typical or when at least 2 of the presented find-
According to our empirical rules, the

finding of interface hepatitis accompanied by at least one of

ings are typical).

the typical pathological features of ATH (hepatocyte rosette
formation, plasma cell infiltration, and emperiporesis) will
justify affirmation of the presence of pathologically typical
features, and all findings need not be typical. However,

the validity of this empirical approach is not assured be-

cause the criteria do not clearly specify how pathological
findings should be selected. Further review of this point
for verification is essential.
the diagnosis of AIH is to rule out other diseases similar to

Because a fundamental step in
ATH (diagnosis by exclusion), liver biopsy is useful. How-
ever, difficulties can be encountered when attempting to
perform liver biopsy in a timely fashion. This difficulty of
timely liver biopsy is a significant problem with current di-
agnostic criteria. We often encounter cases in which treat-
ment is started when a diagnosis of AIH is suspected but
not yet proven with biopsy ; the diagnosis of ATH is then
established by the marked response to treatment with cor-
ticosteroids. Further attempts with a similar approach are
important for achieving the goal of establishing a simpler
and more rapid means of diagnosing ATH.

THE PROBLEMS OF ANA ASSAYS

Problems have been noted regarding assays for serum
autoantibodies, a striking feature of ATH. Although the
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