Table 1. TNFSF15 SNP rs4979462 and POU2AFT SNP rs4938534 Associated with Susceptibility to PBC
PBC Cases Healthy Controls OR*
Nearest Risk  Allele
dbSNP rsID  Gene Allele (1/2) Stage 11 12 22 RAF 1 12 22 RAF 95% ClI p Value®
154979462 TNFSF15 T. T/C GWAS 154 244 86 0.57 98 230 146 045 1.63 1.21 x 1077
(31.8) (50.49) (17.8) (20.7) (48.5) (30.8) (1.36-1.95)
Replication 253 390 141 0.57 131 305 170 047 1.52 579 x 1078
(32.3) (49.7) (18.0) (21.6) (50.3) (28.1) (1.30-1.76)
Combined 407 634 227 057 229 535 316 046 156 2.84 x 107"
(32.1) (50.00 (17.9) (21.2) (49.5) (29.3) (1.39-1.76)
rs4938534  POU2AF1 A G/A GWAS 114 229 141 0.53 151 247 77 0.42 1.53 3.51 x 1076
(23.6) (47.3) (29.1) (31.8) (52.0) (16.2) (1.28-1.83)
Replication 179 391 215 0.52 179 299 130 0.46 1.29 9.32 x 10~*
(22.8) (49.8) (27.4) (29.4) (49.2) (219 (1.11-1.50)
Combined 293 620 356 0.52 330 546 207 0.44 1.39 2.38 x 1078
(23.1) (48.9) (28.1) (30.5) (50.4) (19.1 (1.24-1.56)

Parenthetical numbers indicate the percentage of allele 11, 12, or 22 among total alleles in PBC cases or healthy controls. The following abbreviations are used:
PBC, primary biliary cirrhosis; RAF, risk allele frequency; and GWAS, genome-wide association study.

20dds ratio (OR) of minor allele from the two-by-two allele frequency table.
bp value of Pearson’s chi-square test for the allelic model.

of 1,402 samples (787 Japanese PBC cases and 615 Japanese
healthy controls) and the original set of 963 samples (487
PBC cases and 476 healthy controls) using the DigiTag2'?
and custom TagMan SNP genotyping assays. Two SNPs,
1s6890853 and rs9303277 located in loci IL7R and IKZF3,
respectively, showed significant associations and the
STAT4 locus (157574865) showed suggestive association
with PBC in 2,365 Japanese samples (1,274 PBC cases and
1,091 healthy controls) (xs6890853, combined p value =
3.66 x 1078, OR = 1.47 for IL7R; 159303277, combined
p value = 3.66 x 1077, OR = 1.44 for IKZF3; 157574865,
combined p value = 1.11 x 107%, OR = 1.35 for STAT4)
(Tables S5 and S8).

Moreover, we genotyped 16 additional associated SNPs,
all of which were the same SNPs as identified in previous
studies,"“7 and revealed that six out of 16 SNPs (located
on CXCRS, NFKB1, CD80, DENNDIB, MAP3K7IP1, and
TNFAIPZ) were replicated (p < 0.05) in 2,365 Japanese
samples (Table $8). The SNP 152293370, located in the
CDS80 locus, showed a significant association and the
NFKBI locus (157665090) showed a suggestive association
with PBC in the Japanese population (rs2293370, com-
bined p value = 3.04 x 107%, OR = 1.48 for CD80;
187665090, combined p value = 1.42 X 1077, OR = 1.35
for NFKBI). Although further study for determining the
primary SNP at each locus is necessary, the remaining ten
loci (RAD51L1, PLCL2, IL12RB2, IRFS5, SPIB, RPS6KA4,
CLEC16A, TNFRSF1A, IL12A, and MMELI) did not show
significant association (p < 0.05) with PBC in the Japanese
population (Table S8).

In the current GWAS in the Japanese population, we
identified two significant susceptibility loci for PBC,
TNESF15 (rs4979462) and POU2AF1 (1s4938534), which
had not been identified in the previous GWAS in popula-
tions of European descent. In addition, of the 21 PBC
susceptibility loci that have been identified in populations

of European descent, three loci (IL7R, IKZF3, and CD80)
showed significant associations and two loci (STAT4 and
NFKB1) showed suggestive associations with PBC in the
Japanese population. Eight other loci (RAD51L1, CXCRS,
PLCL2, IL12RB2, DENNDI1B, MAP3K7IP1, TNFAIP2, and
7p14) also showed marginal associations with PBC in the
Japanese population. These results indicate the presence
of additional important disease pathways (via TNFSF15
and POU2AF1)—differentiation to T helper 1 (Th1) cells
(via IL7R and STAT4), B cell differentiation (via IL7R
and IKZF3), T cell activation (via CD80), and NF-xB
signaling—in addition to the previously reported disease
pathways in the development of PBC in Japanese popula-
tions.

TNFSF15 is a newly described member of the TNF super-
family that interacts with death receptor 3 (DR3 [MIM
603366], also known as TNFRSF25) not only to promote
effector T cell expansion (i.e.,, Thl and Th17 cells) and
cytokine production (i.e., interferon-y [IFN-y, MIM
147570)) at the site of inflammation, but also to induce
apoptosis in cells that overexpress DR3.'" Interestingly,
genetic polymorphisms in TNFSFI5 are associated with
susceptibility to CD, UC, ankylosing spondylitis (AS,
MIM 106300), and leprosy (MIM 609888)*¢2° (Table $8).
Strong association of five SNPs (153810936, 156478108,
156478109, 157848647, and 1s7869487) in the TNFSF15
region with CD was first reported for a Japanese popula-
tion,'® and the finding was replicated in an indepen-
dent Japanese population and in European-descent and
Korean populations.?*-?> Another SNP within TNFSF15
(154263839) is also associated with susceptibility to CD in
populations of European descent.’’?%?® In addition, the
risk alleles of the SNPs were significantly associated with
TNFSF15 mRNA expression in peripheral blood.?”"?® Given
that there exists strong LD among SNPs in TNFSF1S5,
including those in the promoter region (156478109 and
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157848647) and introns (rs4263839 and rs4979462), it is
very probable that the PBC susceptibility haplotype con-
taining 154979462 also influences TNFSF15 mRNA expres-
sion. Additionally, TNFSF15 signaling via DR3 synergizes
with interleukin-12 (IL-12) and IL-18 to promote IFN-y
production.’® The IL-12 signaling pathway includes
IL12A and IL12RB (MIM 601604), variants of which have
been identified as PBC susceptibility loci in. previous
GWASs of peoples of European ancestry, and has been
implicated as a key player in the pathogenesis of PBC.*”
STAT4 is essential for IL-12 signal transduction via the
IL-12 receptor (IL12R) for IFN-y production and Th1 polar-
ization.” Thus, the evidence that TNFSF15 and STAT4
were identified and confirmed as PBC susceptibility loci
in the present study might indicate that the IL-12 signaling
pathway via IL12R is also operative in PBC pathogenesis in
Japanese populations, as it is in populations of European
descent.

POU2AF1 is a B cell-specific transcriptional factor that co-
activates octamer-binding transcriptional factors POU2F1
(MIM 164175) and POU2F2 (MIM 164176) on B cell-specific
promoters; thus, POU2AF1 is essential for B cell matura-
tion and germinal center formation.3® The E-twenty six
transcription factor Spi-B was recently identified as a direct
target of the coactivator POU2AF1.%" Spi-B is an important
mediator of both B cell receptor signaling and early T cell
lineage decisions.3>3% $pi-B also induces IL7R-induced
CD40 (MIM 109535, MIM 300386) expression.>* Given
that Spi-B has been identified as a PBC susceptibility gene
in previous GWASs of peoples of European ancestry,®’-3
variation of POU2AF1 might function along with Spi-B in
this pathway of B cell signaling and differentiation. The
lack of POU2AF1 reportedly prevents the development of
autoimmunity in Aiolos (also known as IKZF3) mutant
mice, which have a systemic lupus erythematosus (MIM
152700)-like phenotype, and in MRL-Ipr mice.®®3” IKZF3
and IL7R were both replicated and confirmed as PBC
susceptibility loci in this study; IKZF3 functions as a
transcription factor that participates in the generation of
high-affinity bone marrow plasma cells responsible for
long-term immunity, and IL7R participates in pre-B cell
expansion.>®3° Collectively, these results strengthen the
notion that the B cell signaling pathway is involved in
the development of PBC.

In conclusion, TNFSF15 and POU2AF1 were identified as
significant susceptibility loci for PBC in a Japanese popula-
tion. Our results provide further evidence for the presence
of (1) ethnic differences in genetic susceptibility loci (i.e.,
TNFSF15, IL12A, and IL12RB2), (2) a new autoimmune
pathway (i.e., TNFSF1S5 signaling) shared with other auto-
immune diseases (CD, UC, and AS), and (3) common
pathogenic pathways such as B cell differentiation (i.e.,
POU2AF1, IKZF3, and SPIB), IL-12 signaling (i.e., IL12A,
IL12RB2, and STAT4), and T cell activation (i.e., CD80)
for the development of PBC in individuals of European
descent and Japanese individuals (Table S8). Functional
analysis of these genetic loci, as well as the identification

of additional susceptibility loci associated with PBC in
eastern Asian populations, should facilitate the analysis
of the pathogenesis of PBC worldwide and aid the develop-
ment of rationale for therapies in the future.

Supplemental Data

Supplemental Data include two figures, eight tables, and Supple-
mental Acknowledgments and can be found with this article
online at http://www.cell.com/AJHG/.
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Long-term Outcome of Japanese Patients With Type 1

Autoimmune Hepatitis

Kaname Yoshizawa,"* Akihiro Matsumoto, Tetsuya Ichijo," Takeji Umemura,’ Satoru Joshita,"
Michiharu Komatsu,' Naoki Tanaka," Eiji Tanaka," Masao Ota,” Yoshihiko Katsuyama,’
Kendo Kiyosawa,” Masanori Abe,® and Morikazu Onji6

The long-term outcome of patients with autoimmune hepatitis (AIH) in Japan has not
been well-defined. The aim of this study was to clarify the outcome of this disease over a
long follow-up period compared with that of the general Japanese population as well as
that among patients. A total of 203 AIH patients were enrolled for a mean follow-up period
of 131 months. All patients were treated with corticosteroids with or without azathioprine.
The overall survival of ATH patients was similar to that of the general population in Japan.
The prognosis of ATH subgroups divided according to disease severity, sex, incidence of
relapse, liver histology, presence of cirrhosis, probable or definite AIH score, antibody to
hepatitis B core antigen antibody positivity, or human leukocyte antigen DR4—positivity did
not differ greatly among patients. However, the prognosis of patients experiencing two or
more relapses was significantly poorer than that of patients with remission or a single relapse
both in univariate (P < 0.001) and multivariate (P = 0.020) analyses. The development of
liver malignancy was also a possibility among AIH patients with multiple relapses. Severe
adverse effects of corticosteroids were rare, even in patients who underwent long-term treat-
ment. Conclusion: Repeated relapses of ATH are significantly associated with a poorer long-
term prognosis in Japan. AIH patients can expect a similar prognosis to that of the general
population, provided they are adequately managed with continuous low doses of immuno-

suppressive therapy, especially after the first relapse. (HeraroLoGy 2012;56:668-676)

utoimmune hepatitis (AIH) is an organ-specific
autoimmune disease characterized by chronic
inflammation of the liver, hypergammaglobuli-
nemia, and autoantibodies.!” Autoimmunity  is

believed to play a crucial role in AIH, although the

Abbreviations: AIH, autoimmune hepatitis; ALT, alanine aminotransferase;
AMA, antimitochondyial antibody; ANA, antinuclear antibody; anti-HBc,
antibody to hepatitis B core antigen; CCC, cholangiocellular carcinoma; CI,
confidence interval; HCC, hepatocellular carcinoma; HCY, hepatitis C virus;
HLA, human lenkocyte antigen.
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mechanisms of disease development and progression
remain unclear. Immunosuppressive therapies using
corticosteroids and/or azathioprine have been estab-
lished for AIH treatment'™ that lead to remission in
most patients. However, more than half of patients
relapse after treatment withdrawal,”® so the emerging
issue facing clinicians is if and when treatment should
be withdrawn. In Japan, the withdrawal criteria for
immunosuppressive therapies of AIH are not clearly
established, and most practitioners continue treatment
for long periods.

The long-term outcome of patients with AIH
treated with corticosteroids and/or azathioprine has
not been fully evaluated in Japan, but some reports
have analyzed prognostic factors. Miyake et al.’
showed that the prognosis of Japanese AIH patients
was good if aminotransferases were sustained at normal
levels, and Hino et al.'® revealed the importance of
achieving a good response to immunosuppressive
therapies at treatment onset. No definitive reports exist
as well on the survival of AIH patients compared with
the general population in Japan. Among Caucasian
patients with ATH, Kanzler et al."' reported that long-
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term survival in well-managed patients was excellent
compared with that of the general population in Ger-
many, although long-term or permanent immunosup-
pressive therapy was required. Montano-Loza et al.'?
revealed that multiple relapses were associated with
poorer prognosis than sustained remission or single
relapse in the United States.

In this study, we evaluate the long-term outcome of
patients with AIH compared with the general popula-
tion in Japan for the first time. We also clarify the
factors affecting the outcome of this disease and the
development of hepatic malignancies over a long fol-
low-up period, especially with regard to age, sex, pre-
senting symptoms, histology at presentation, human
leukocyte antigen (HLA) phenotype, probable or defi-
nite AIH score, antibody to hepatitis B core antigen
(anti-HBc) positivity, and incidence of relapse.

Patients and Methods

Study Design. This was a prospective cohort study
performed at Shinshu University Hospital and its affili-
ated hospitals in Nagano prefecture and Ehime Uni-
versity Hospital dating from 1990. The medical
records of patients diagnosed from 1974 to 1989 were
retrospectively re-estimated using the international cri-
teria for AIH" and diagnosed as having probable or
definite AIH. This study was approved by the Ethics
Committees of the Shinshu University School of Med-
icine and Ehime University School of Medicine. Writ-
ten informed consent was obtained from each subject.

Study Population. Between 1974 and 2010, a total
of 246 patients of Japanese ethnicity were diagnosed as
having probable or definite AIH. Twenty patients were
excluded because of incomplete medical records or
hepatitis C virus (HCV) infection. Patients referred
from other hospitals for liver transplantation were also
excluded. Eleven patients died from fulminant hepatic
failure due to poor treatment outcome within several
weeks of diagnosis. Three patients died from hepatic
failure after they stopped taking prednisolone without
prior consultation with a doctor. Nine patients were
treated with ursodeoxycholic acid only and thus
excluded, leaving a total of 203 patients for evaluation
of the long-term outcome of AIH for a mean period
of 131 months (range, 13-432 months) (see Table 1
and Fig. 1), 95 of whom were followed for more than
10 years. Follow-up began from the time of diagnosis
and was terminated with the most recent outpatient
appointment at the hospital or at the time of death.
No patients had a history of excess alcohol consump-
tion. All patients were seronegative for hepatitis B sur-
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Table 1. Characteristics of the Long-term Follow-up AIH
Cohort (n = 203)

Characteristics Values
Age at diagnosis, years 55.5 (12-86)
Sex, women/men 177/26
Mean observation period, months 131 (13-432)
IAIHG score before treatment 17.4 (10-22)
Definite AlH 172 (84.7)
Acute onset 142 (70.0)
Chronic onset 61 (30.0)
Severe symptom at diagnosis* 72 (35.5)
Cirrhosis at diagnosis 26 (12.8)
Stage F3 or F4 at diagnosis (n = 198) 88 (44.4)
HLA-DR4 (n = 169) 121 (71.6)
Overlap with primary biliary cirrhosis 8 (3.9)
Achieved remission 203 (100)
Treatment withdrawal 13 (6.4)
Relapse 48 (23.6)
Relapse two or more times 27 (13.3)
Death 22 (10.8)
Liver-related death 7(3.4)
ANA x40 or more 194 (95.6)
AMA or M2-positive 11 (5.4)
Platelet count, x10%/mm? 17.3 (3.9-33.6)
Bilirubin level, mg/dLt 5.7 (0.3-30.4)

ALT level, U/Lt

ALP level, U/L§

18G level, mg/dLS®
Anti-HBc (n = 193)

622.1 (47-5,586)
498.1 (101-1,984)
2,981.2 (1,110-7,600)

26 (13.5)

Abbreviations: ALP alkaline phosphatase; AIHG, International Autoimmune
Hepatitis Group; IgG, immunogloblin G.

Data are presented as median (range) or no. (%) unless noted otherwise.

*Severe symptom: total bilirubin >5.0 mg/dL and/or prothrombin time
>40%.

tNormal range: 0.3-1.2 mg/dL.

fNormat range: 7-45 U/L.

§Normal range: 124-367 U/L.

$8Normal range: 800-2,000 mg/dL.

face antigen, anti-HCV antibody (second and third
generation), and HCV RNA. Hepatitis C viral markers
of patients diagnosed before 1992 were tested using
sera at diagnosis that had been stored at —80°C. Anti-
HBc was positive at a low titer in 26 patients
(13.5%), in whom serum hepatitis B surface antigen
or hepatitis B virus DNA never appeared during corti-
costeroid therapy, even at a relapse. In Japan, anti-HBc
positivity is approximately 10%-15% in the general
population above 30 years old.'* Antinuclear antibod-
ies (ANAs) were detected by indirect immunofluores-
cence on HEp-2 cells. ANAs were found in 95.6% of
patients at a titer of x40 or more and in 91.1% ar a
titer of x80 or more. Only 9 patients did not have de-
tectable ANAs, although 5 of them were positive for
anti-smooth muscle antibodies (X80 or more). One
hundred twenty-three patients were tested for liver-kid-
ney microsomal antibody type 1, and all but one
patient, who was also ANA-positive and diagnosed
with type 1 AIH, were negative. Type 1 AIH patients
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AlH enrolled
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Self discontinuation of PSL
n=3
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Fig. 1. Schematic of patient selection. PSL, prednisolone; UDCA,
ursodeoxycholic acid.

were classified based on antibody profiles or liver his-
tology. Histological material at diagnosis was available
in 198 of 203 patients. Five patients received a biopsy
after treatment, revealing abnormal activated partial
thromboplastin time in one and prolonged prothrom-
bin time or ascites in the others, all of which were
improved by treatment. Histological examination was
performed by a pathologist and classified according to
the Metavir scoring system.'” A follow-up liver biopsy
was done in only a few nonrelapse patients who were
judged to be in remission using laboratory data. Six of
19 patients underwent biopsy following a single
relapse, which revealed histological relapse with no
progression of staging in most cases. A repeated biopsy
was performed in 13 of 27 patients with two or more
relapses and showed histological stage progression in
the majority of cases after the second or third relapse.
All patients were assessed clinically and subjected to
biochemical tests every 1 or 2 months. Twenty-one
patients died during follow up (Table 2). One hundred
sixty-nine patients were tested for HLA class I and II
genotypes.

Treatment. Most patients with AIH were initally
treated with prednisolone at an oral dosage of 20-
50 mg/day that was gradually tapered after remission.
Eighteen patents with fulminant hepatic failure or
severe hepatitis were treated with a 500 to 1,000 mg
methyl-prednisolone pulse for 3 days, followed by oral
doses of 50-60 mg/day. Azathioprine at a dose of
50 mg/day was added for nine patients whose serum ala-
nine aminotransferase (ALT) level did not normalize
within 3 months or severe side effects were seen from
prednisolone therapy. If patients exhibited an increase in
serum ALT levels to more than twice the upper limit of
normal (>90/L) during follow-up, prednisolone therapy
was reinstituted. Most patients also took bisphosphonate,
vitamin D, and/or vitamin K supplements.
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Outcomes. We evaluated the outcomes of this dis-
ease for total patients, patients with definite AIH
score, and patients with histological stage F3-F4 or
grade A3 over a long follow-up period compared with
survival rates of the general Japanese population. For
evaluation of long-term disease outcome among AIH
patients, we compared age, sex, disease severity, histo-
logical stage and activity, HLA-DR positivity, anti-
HBc positivity, and incidence of relapse as indicators
of liver-related death. Remission was defined as a
return of ALT level (<45 U/L), serum immunoglobu-
lin G level (<1,700 mg/dL), and bilirubin values to
normal levels that was sustained for at least 6 months.
A relapse of AIH was defined as an increase in serum
ALT level to more than twice the upper limit of nor-
mal (>90 U/L). The maintenance of serum ALT levels
of less than twice the upper limit of normal during
follow-up constituted a sustained remission. With-
drawal of therapy was considered if remission was
achieved and maintained for at least 2 years and the
patient agreed to cessation.

Statistical Analysis. A cumulative survival curve
was constructed for AIH patients followed for more
than 1 year. Because the general population sample
size was very large, the widths of its 95% confidence
intervals (Cls) were nearly zero. Comparisons between
patients and the age- and sex-matched general popula-
tion in Japan were calculated using Kaplan-Meier sta-
tistics, and differences between groups were analyzed
using a log-rank test. Information about the general
population in Japan was obtained from the life tables
published from 1974 to 2010 by the Japanese Ministry
of Health, Labor, and Welfare.

Cutoff values were decided using receiver operating
characteristic curve analysis, and results were evaluated
by measuring the area under the curve. Fisher’s exact
and Pearson’s chi-square tests were adopted to test for
differences between subgroups of patients. To compare
continuous data, the Mann-Whitney U test was
employed. The Kaplan-Meier method was used to

Table 2. Causes of Death Among Long-Term Follow-up AlH
Patients (n = 203)

Cause Values
Hepatic malignancy (HCC or CCC) 6 (3.0)
Malignancy of other organs 7(3.4)
Liver failure 1 (0.5)
Rheumatoid arthritis 1 (0.5)
Cerebral bleeding 1 (0.5)
Old age 3 (1.5)
Other 3 (1.5)

Data are presented as no. (%).
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estimate rates of liver-related death or development of
hepatocellular carcinoma (HCC). The log-rank test
was used to test hypotheses concerning differences in
liver-related death or development of HCC between
selected groups. Multivariate analyses were performed
using the Cox regression model. Variables associated
with a 2 < 0.5 in univariate analyses were included in
a stepwise Cox regression analysis to identify inde-
pendent factors associated with liver-related death or
development of HCC. All tests were performed using
the IBM SPSS Statistics Desktop for Japan (version
19.0; IBM Japan Inc., Tokyo, Japan). P values of less
than 0.05 were considered statistically significant.

~

Results

Table 1 shows the baseline characteristics of the 203
patients treated with immunosuppressive therapy who
were followed for more than 12 months. Of the 214
patients treated with corticosteroids, 203 (94.9%)
achieved remission and 11 died without remission in
several weeks. One hundred forty-two patients had
acute onset of symptoms prior to initial presentation.
Seventy-two patients had severe disease symptoms
(total bilirubin >5.0 mg/dL and/or prothrombin time
<40%). Sixty-one patients had chronic onset AIH,
with 35 of them having symptoms (fatigue, anorexia,
or arthralgia) for more than 3 months before presenta-
tion. The remaining patients were asymptomatic at
presentation, but abnormal liver findings were detected
during health screening or examination for coexisting
autoimmune diseases or other diseases that were not
thought to affect AIH development, such as hyperten-
sion or diabetes mellitus. Twenty-three patients had a
coexisting autoimmune feature, including rheumatoid
arthritis in nine (4.4%), primary biliary cirrhosis in
eight (3.9%), Sjogrens syndrome in eight (3.9%),
autoimmune thyroiditis in 13 (6.4%), systemic lupus
erythematosus in two (1.0%), and hyperthyroidism
and CREST syndrome in one each (0.5%). Antimito-
chondrial antibody (AMA) or AMA M2 was positive
in 11 patients who met the international AIH group
criteria,'” and eight of them were thought to have
overlap syndrome based on their liver histology. His-
tology or laboratory data at diagnosis revealed cirrhosis
in 26 patents, and histological findings showed F3 or
F4 status in 88. Two hundred patients achieved remis-
sion within 3 months of prednisolone treatment. The
remaining three patients entered remission within 6
months after the addition of azathioprine, which was
administered to a total of nine patients because of
poor response or adverse reactions to prednisolone.
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Immunosuppressive therapy was successfully with-
drawn without relapse for more than 1 year in only 13
patients. In the remaining patients, prednisolone treat-
ment was continued at 2.5-10.0 mg/day until the
study endpoint. Forty-eight patients experienced at
least one relapse during tapering or after cessation of
immunosuppressive therapy. Twenty-seven patients
experienced relapses two or more times (Fig. 1). The
occurrence of relapse did not differ between acute and
chronic onset patients.

As shown in Table 2, 22 patients died during the
follow-up period. Five died from HCC and 1 from
cholangiocellular carcinoma. One patient who experi-
enced repeated relapses died from hepatic failure. We
defined these seven patients as having succumbed to a
liver-related death. Two patients developed HCC but
were alive at the study endpoint. Seven patients died
from a malignancy of other organs. Three elderly
patients who presented at 59, 67, and 73 years of age
succumbed to old age after follow-up periods of 22.0,
17.2, and 14.8 years, respectively. Another patient who
presented at 75 years of age died from cerebral bleed-
ing after 13.1 years of follow-up.

The overall survival of AIH patents was similar to
that of the general population in Japan (Fig. 2A). The
survival of AIH patients with definite AIH score was
also similar to that of the general population (Fig. 2B),
as were the cumulative survival curves of AIH patients
with histological stage F3-F4 or grade 3 (A3) compared
with F1-F2 or A0-A2, respectively (Fig. 2C,D). Among
AIH padents, the liver-related death rates of ATH sub-
groups divided by sex, HLA-DR4 positivity, anti-HBc
positivity, age at diagnosis, acute onset of disease, dis-
ease severity, presence of cirrhosis, or liver histology did
not differ significantly. The incidence of relapse was sig-
nificant on univariate analysis (2 = 0.001) and the log-
rank test (P = 0.016) (Table 3). The prognosis of two
or more relapses was poorer than that of remission or a
single relapse in both Fisher’s exact test (2 < 0.001)
(Table 3) and log-rank test (” = 0.003) (Table 3 and
Fig. 3A). On multivariate analysis, the prognosis of
repeated relapses was selected as the only risk factor
associated with liver-related death (hazard ratio, 12.8;
95% CI, 1.5-109.9; P = 0.020) (Table 3).

During the follow-up period, eight AIH patients
developed hepatic malignancy (see Table 4) over a
mean period of 14.5 years (range, 9-21 years). Six of
these patients experienced multiple relapses, and four
of them were biopsied two or more times. Histological
stages had progressed in three patients, reaching F4
from F3 in two patients and F3 from F2 in one
patient. -One patient with AIF1 histology at AIH
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Fig. 2. (A) Cumulative overall survival curve (solid line) and its 95% Cl (dotted lines) for patients with AlH. The estimated survival of the age-
and sex-matched Japanese general population is represented by a broken line. The survival of patients is similar to that of the general popula-
tion in Japan. (B) Cumulative overall survival curve (solid line) and its 95% CI (dotted lines) for patients with definite AlH. The estimated survival
of the age- and sex-matched Japanese general population is represented by a broken line. The survival of patients is similar to that of the gen-
eral population in Japan. (C) Cumulative survival curve of patients with histological stage 1 and 2 (F1 and F2) (solid line) and of patients with
histological stage 3 and 4 (F3 and 4) (dotted lines). The survival curves of both groups of patients is similar. (D) Cumulative survival curve of
patients with histological grade 3 (A3) (solid line) and of patients with histological grade 0-2 (AC-A2) (dotted lines). The survival curves of both

groups of patients is similar.

diagnosis who did not undergo follow-up biopsy had
cirthosis at HCC development based on laboratory data
and computed tomography findings. Another patent
with cholangiocellular carcinoma (CCC) was diagnosed
by computed tomography, angiography, and a serum
carcinoembryonic antigen level of 310.9 (normal,
<5.0). Her alpha-fetoprotein and PIVKA-2 levels were
within the normal range. We had inidally thought she
had a metastatic tumor, but found no lesions other
than in the liver. Therefore, we concluded that her liver
tumor was CCC. An autopsy was not performed.

On univariate analysis, the incidences of relapse
(seven of eight patients) and two or more relapses (six
of eight patients) were significant risk factors associated
with hepatic malignancy; P values were both <0.001 in
Fisher’s exact test and were 0.002 (Table 5) and 0.001
(Table 5 and Fig. 3B), respectively, in log-rank testing.
Three patients (37.5%) were positive for anti-HBc.
Accordingly, the risk of hepatic malignancy was found
to be higher in ant-HBc positive patients than in

anti-HBc negative ones (log-rank test, 7 = 0.021) (Ta-
ble 5). On multivariate analysis, the prognosis of two
or more relapses was identified as the only risk factor
for development of hepatic malignancy (hazard ratio,
9.1; 95% CI, 1.8-45.5; P = 0.007) (Table 5).

The adverse effects of long-term immunosuppres-
sive therapy included steroid-related osteoporosis in
25 (12.5%), diabetes mellitus in 20 (10.3%), fatty
liver change in 19 (9.4%), cataract in five (2.5%), and
compression fracture of spine, cerebral bleeding, gas-
tric ulcer, and psychiatric problems in one (0.5%)
each. These adverse effects were mild to moderate and
controllable by medication. Only two patients experi-
enced severe side effects (cerebral bleeding and necro-
sis of the femoral head in one patient each). All
patients but one with diabetes mellitus were
adequately managed with insulin injection therapy
and/or antidiabetic medicine. The remaining patient
was treated with prednisolone dose reduction and aza-
thioprine administration.
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Table 3. Comparison of Factors Between AIH Patients with and Without Liver-Related Death and Survival Analysis

Liver-Related Death

Cox Proportional Hazard Mode!

Factors - (n = 196) +(=7) P Kaplan-Meier Log-Rank Test HR (95% CI) P
Background
Sex, women/men 172/24 6/1 1 0.469
HLA-DR4+/HLA-DR4—/ND 116/49/31 5/0/2 0.273 0.187
Anti-HBc-+/anti-HBc—/ND 24/163/9 2/5/0 0.398 0.524
At diagnosis
Age, years, median (range) 57 (12-86) 49 (33-58) 0.069 0.7051
Acute onset 138 4 0.431 0.842
Severe symptom* 68 2 1 0.243
Liver cirrhosis 25 0 0.600 0.205
Histology at diagnosis
F3-F4/F1-F2/ND 83/108/5 5/2/0 0.305 0.587
A2-A3/AQ-A1/ND 162/29/5 5/2/0 0.571 0.542
Treatment and response
Relapse 42 6 0.001 0.016
Relapse two or more times 21 6 <0.001 0.003 12.8 (1.5-109.9) 0.02

Abbreviations: HR, hazard ratio; ND, not determined.
Data are presented as no. of patients unless noted otherwise.

*Severe symptom: total bilirubin >5.0 mg/dL and/or prothrombin time <40%.

tAge >58 years.

Discussion

In this study, the overall survival of Japanese AIH
patients diagnosed between 1974 and 2010 was found
to be similar to that of the Japanese general population.
The survival of ATH patients with definite AIH score
was also similar to that of the general population, as
were the cumulative survival curves of AIH patients
with histologically severe stage or grade. These findings
imply that the long-term prognosis of even severe AIH
patients is good if adequate therapy is maintained over
an extended period. Kanzler et al.'' observed that the
survival of German AIH patients followed for a long
time did not differ from the age- and sex-matched nor-
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mal German population. They described that long-term
or life-long immunosuppressive therapy was needed in
most cases and that only 6.8% of patients achieved sus-
tained remission without the need of further immuno-
suppressive therapy. Similarly, only 6.4% of patients
were successfully withdrawn from prednisolone (mean
cessation time, 38.4 months; range, 29-52 months)
with sustained remission in the present study. On the
other hand, Hoeroldt et al.'® reported the long-term
mortality of AIH patients to be greater than that of the
general population in England. This may be explained
in part by genetic differences among races. Montano-
Loza et al.'* reported that multiple relapses are associ-
ated with a poorer prognosis than sustained remission or

B
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Fig. 3. (A) Cumulative liver-related death rates of patients who experienced no or a single relapse (broken line) and those with two or more
relapses (solid line). The prognosis of patients with repeated relapses was poorer than those with remission or a single relapse (P = 0.003).
(B) Cumulative hepatic malignancy rates of patients who experienced no or a single relapse (broken line) and those with two or more relapses
(solid line). The development rate of hepatic malignancies was higher in patients with repeated relapses than in those with remission or a single

relapse (P = 0.001).
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Table 4. Cases of HCC or CCC Among AlH Patients
Patient Age/Sex Histology at Presentation (at Diagnosis*) No. of Relapses Periods of HCC or CCC Development Anti-HBc Resuit
33/F A3/F3 (F4) 4 12 years + Death
49/M A3/F3 (F4) 7 9 years + Death
49/F A3/F4 (LCT) 5 10 years - Death
56/F A3/F3 (F3) 1 21 years - Death
60/F A1/F3 (no LCYT) 3 17 years (CCC) - Death
58/F A1/F1 (LCT) 6 12 years - Death
56/ A3/F3 (F2) 2 14 years + Survival
63/F A3/F4 (LCH) 0 21 years - Survival

Abbreviation: LC, liver cirrhosis.
*At diagnosis of HCC or CCC.

tLiver cirthosis was diagnosed by laboratory findings and computed tomography.

a single relapse episode. Hoeroldt et al.'® reported that
more than four relapse episodes per decade were associ-
ated with a poor outcome. Similarly, our data revealed
that repeated relapse episodes were the only factor affect-
ing the long-term prognosis of AIH patients in Japan.

There is currently debate about the impact of cir-
rhosis on the natural history of ATH. Roberts et al.'”
reported similar outcomes in patients with and with-
out cirrhosis at presentation. In contrast, other studies
showed that cirrhosis at presentation was associated
with a poorer prognosis.'®'® Here, cirrhosis at presen-
tation was not associated with mortality, but five of
the seven patients who died with liver-related disease
experienced repeated relapses, and all ultimately devel-
oped cirrhosis.

Conflicting data also exist on the influence of sex
on long-term AIH outcome and survival. Whereas Al-
Chalabi et al."® reported that male patients had better
long-term survival rates and outcomes than female

patients, Czaja and Donaldson®® showed that sex did
not influence the outcomes of their AIH cohort. Our
data are consistent with the latter study.

Several studies from ethnically different countries
have clarified strong genetic bases for both disease sus-
ceptibility and behavior.”'* In Japan, approximately
80% of AIH patients have the HLA-DR4 antigen, and
most of them are HLA-DRB1*0405.2"*%*%% Npo
patient or control case had the HLA-DR3 antigen in
these studies. Caucasian AIH patents with HLA-DR4
have disease characteristics similar to those of Japanese
patients with regard to age and effectiveness of treat-
ment.”**® HLA-DR phenotypes were not associated
with prognosis in this study (P = 0.273). We previously
surveyed for susceptible or resistant genes in the HLA
region”® and whole genome® using genome-wide micro-
satellite analysis. However, no genes or genetic regions
influencing the severity or prognosis of ATH were found
in the present study (data not shown). Newly developed

Table 5. Comparison of Factors Between AlH Patients With and Without Occurrence of HCC and Survival Analysis

HCC Cox Proportional Hazard Model
Factors — (n = 195) + (n=8) P Kaplan-Meier Log-Rank Test HR (95% CI) P
Background
Sex, women/men 171/24 7/1 1 0.982
HLA-DR4-++/ HLA-DR4—/ND 115/49/31 6/0/2 0.255 0.220
Anti-HBc-+/anti-HBc—/ND 23/163/9 3/5/0 0.093 0.021
At diagnosis
Age, years, median (range) 57 (12-86) 53 (33-58) 0.136 0.3061
Acute onset 136 6 1 0.545
Severe symptom* 67 3 1 0.710
Liver cirrhosis 24 1 1 0.640
Histology at diagnosis
F3-F4/F1-F2/ND 82/108/5 6/2/0 0.179 0.270
A2-A3/A0-A1/ND 161/29/5 6/2/0 0.679 0.615
Treatment and response
Relapse 42 7 <0.001 0.002
Relapse two or more times 21 6 <0.001 0.001 9.1 (1.8-45.5) 0.007

Abbreviations: HR, hazard ratio; ND, not determined.
Data are presented as number of patients unless noted otherwise.

*Severe symptom: total bilirubin >5.0 mg/dL and/or prothrombin time <40%.

tAge >58 years.
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genome-wide association studies may be useful to detect
other genes influencing the prognosis of AIH.

HCC has been reported in AIH with cirrhosis at
the risks of 1.1%°° and 1.9 %°" per year. Among the
seven ATH patients with HCC in our study, two had
cirthosis at presentation. In three patients withour F4
histological stage, however, their liver histology or clin-
ical stage progressed during relapses and reached cir-
rhosis at diagnosis of HCC. The other HCC patients
were F3 and F2 stages. Based on this, cirrhosis
appeared to be a risk factor for HCC development in
our AIH patients. One patient with CCC in our study
showed F3 in histology at AIH diagnosis in 1986. She
experienced three relapses, but her laboratory data and
computed tomography findings did not show liver cir-
rhosis at CCC diagnosis in 2003. Only three AIH
cases complicated with CCC have been reported to
date,*%* suggesting that CCC is a rare but possible
complication in AIH patients.

Miyake et al.” described that the prognosis of Japa-
nese AIH improved when serum ALT levels were per-
sistently normal (<40 IU/L) during follow-up. Because
our findings show that the survival of AIH patients
with normal aminotransferase levels or having a single
relapse is better than that of patients with multiple
relapses, we must emphasize the importance of sustain-
ing remission, especially after first relapse, by main-
taining small but sufficient doses of immunosuppres-
sive agents for an extended period.

Historically, immunosuppressive therapy was recom-
mended to be withdrawn after remission was achieved."”
However, more than half of patents discontinuing ther-
apy relapse.”® Muratori et al.”® described that a small
amount of immunosuppressive agents should be contin-
ued for an extended period. In most of our cohort,
prednisolone monotherapy was continued indefinitely,
even if remission was achieved, suggesting that long-
term or life-long immunosuppressive therapy was safe,
well tolerated, and effective. Severe side effects from
corticosteroids were rare, but clinicians should be proac-
tive; most patients in this study concurrentdy took
bisphosphonate, vitamin D, and/or vitamin K supple-
ments to prevent osteoporosis, as most of them were
elderly women. It will be crucial to find the withdrawal
point, if any, of immunosuppressive therapy and estab-
lish therapeutic guidelines for AIH.

In conclusion, repeated relapses were associated with
a poorer long-term prognosis in Japanese AIH patients
in our relatively large, multicenter, long-term study,
which has been deemed necessary for this rare dis-
ease.’® Tt is therefore preferential to reduce predniso-
lone doses carefully and/or maintain them for an
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indefinite amount of time, especially if a first relapse
occurred during the drug’s reduction or withdrawal.
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Sal-Like Protein 4 (SALL4), a Stem
Cell Biomarker in Liver Cancers

Tsunekazu Oikawa,"* Akihide Kamiya,®" Mikio Zeniyal,4 Hiromi Chikada,®> Ahn Dong Hyuck,” Yuji Yamazaki,’
Eliane Wauthier,? Hisao Tajiri,' Lance D. Miller,® Xin Wei Wang,” Lola M. Reid,®*" and Hiromitsu Nakauchi®*

Liver cancers, including hepatocellular carcinomas (HCCs), cholangiocarcinomas (CCs),
and fibrolamellar HCCs (FL-HCCs) are among the most common cancers worldwide and
are associated with a poor prognosis. Investigations of genes important in liver cancers
have focused on Sal-like protein 4 (SALL4), a member of a family of zinc finger transcrip-
tion factors. It is a regulator of embryogenesis, organogenesis, pluripotency, can elicit
reprogramming of somatic cells, and is a marker of stem cells. We found it expressed in
normal murine hepatoblasts, normal human hepatic stem cells, hepatoblasts and biliary
tree stem cells, but not in mature parenchymal cells of liver or biliary tree. It was strongly
expressed in surgical specimens of human HCGCs, CCs, a combined hepatocellular and
cholangiocarcinoma, a FL-HCC, and in derivative, transplantable tumor lines in immune-
compromised hosts. Bioinformatics analyses indicated that elevated expression of SALL4
in tumors is associated with poor survival of HCC patients. Experimental manipulation of
SALL4’s expression results in changes in proliferation versus differentiation in human
HCC cell lines iz vitro and in vive in immune-compromised hosts. Virus-mediated gene
transfer of SALL4 was used for gain- and loss-of-function analyses in the cell lines. Signifi-
cant growth inhibition in vitro and in vivo, accompanied by an increase in differentiation
occurred with down-regulation of SALL4. Overexpression of SALL4 resulted in increased
cell proliferation in vitro, correlating with an increase in expression of cytokeratin19
(CK19), epithelial cell adhesion molecules (EpCAM), and adenosine triphosphate (ATP)-
binding cassette-G2 (ABCG2). Conclusion: SALLA’s expression is an indicator of stem
cells, a prognostic marker in liver cancers, correlates with cell and tumor growth, with re-
sistance to 5-FU, and its suppression results in differentiation and slowed tumor growth.
SALL4 is a novel therapeutic target for liver cancers. (HepaToLoGY 2013;557:1469-1483)

iver cancers, comprised primarily of hepatocellu- cause of cancer mortality in the world." Cancers have
lar carcinomas (HCCs), cholangiocarcinomas —a subpopulation of cancer stem cells (CSCs) or tumor-
(CCs), and fibrolamellar HCCs (FL-HCCs), are initiating cells (TICs), which have properties shared
the fifth most common cancer and the third leading with normal stem cells.>> CSCs and TICs have highly

Abbreviations: ABCG2, ATP-binding Casseste-G2; AFE alpha-fecoprotein; ALB, albumin; BD, bile duct; CASP3, caspase-3; CC, cholangiocarcinoma; CK19,
yrokeratinl9; CSCs, cancer stem cells; DAPI, 4',6-diamidino-2-phenylindole; DB ductal plate; EMT, epithelial-mesenchymal sransition; EpCAM, epithelial cell
adhesion molecules; FACS, fluorescent-activased cell sorter; FL-HCC, fibrolamellar hepatocellular carcinoma; 5-FU, S5-fluorouracil; hBISCs, human biliary tree
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aggressive phenotypes in oncogenesis and are resistant
to chemotherapies and radiation therapies. Expression
of membrane pumps, adenosine triphosphate (ATP)-
binding cassette-G2 (ABCG2), account for the resist-
ance to chemotherapies and are responsible for elimi-
nation of DNA-binding dyes causing the cells to be
displayed as a side fracton, a “side population
(SP).”4> Epithelial cell adhesion molecule (EpCAM), a
key factor in the Wnt signaling pathway, was reported
as a specific cell surface markers of human hepatic
stem cells (hHpSCs), of some, but not all, subpopula-
tions of human biliary tree stem cells (hBTSCs)®® and
liver TICs.” CDI133 (prominin), CD90 (Thy-1),
CD44 (hyaluronan receptor), and CD13 (alanine ami-
nopeptidase) have also been found in liver TICs.!%1?
In parallel, CD133 and CD90 have been found on
angioblasts or other mesenchymal cells tightly associ-
ated with thSCs,13 and so some data discussing
CD90 or CD133 may actually be interpreted as rele-
vant to the mesenchymal cell components of the
tumors. Several lines of evidence implicate genetic
alternations during hepatocarcinogenesis, particularly
the Wat signaling pathway, p53 and alterations in ma-
trix-degrading enzyme secretion, 1420

Sal-like Protein 4 (SALL4), a homolog of the Dro-
sophila homeotic gene spalt, is a zinc finger transcrip-
tion factor required for proliferation and maintenance
of pluripotency through interactions with OCT3/4,
SOX2, and NANOG. It is found at high levels in em-
bryonic stem cells (ESCs),” 1-26 2nd is one of the genes
capable of eliciting reprogramming of somatic cells to
become induced pluripotent stem cells (iPSCs).2"%8
Mutations in SALL4 cause Okihiro syndrome, known
as an autosomal dominant disorder and characterized
by multiple organ defects.”® Recent studies have dem-
onstrated that SALL4 is constitutively expressed in he-
matopoietic stem cells and a potent regulator of their
expansion.”®?! SALL4 transgenic mice exhibit symp-
toms like myelodysplastic syndrome (MDS) and subse-
quently develop acute myeloid leukemia (AML). Pri-
mary AML and MDS patients have higher SALL4
expression levels than that in controls, indicating that
SALL4 plays a major role in leukemogenesis. Further-
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more, SALL4 contributed to the maintenance of SP
cells and chemosensitivity in leukemia by regulating the
ABC drug transporter genes.” > Solid tumors, such as
germ cell tumors, breast, and alpha-fetoprotein (AFP)-
producing gastric cancers also express SALL4.3+%7
Taken together, these data suggest that SALL4 is a novel
stem cell marker, a gene involved in embryogenesis and
organogenesis and a putative stem cell gene associated
with CSCs. We now report that SALL4 expression
occurs in diverse liver cancers including HCCs, CCs,
and FL-HCCs, and that SALL4 increases growth and
blocks differentiation in liver cancer cell lines.

Materials and Methods

Cell Proliferation and Chemoresistance Assays.
Liver cancer cell lines were infected with a retroviruses
or lentivirus at a multiplicity of infection of 40 in the
presence of 10 pg/ml protamine sulfate. After infec-
tion, cells were cultured for 3 days. Cells then were
collected and isolated using a MoFlo fluorescence-acti-
vated cell sorter (FACS) (DAKO, Glostrup, Denmark).
Then 2 x 107 cells were seceded into 96-well plates
and cultured in the presence or absence of 2 pig/mL 5-
fluorouracil (5-FU) for 3 to 7 days. Cell proliferation
was cvaluated in triplicate using the Cell Counting
Kit-8 (Dojindo Laboratory, Kumamoto, Japan). After
incubation at 37°C for 2 hours, the absorbance at 450
nm was measured.

Immunobhistochemistry. The tissues were embedded
in paraffin and cut into 5-um sections. After deparaffi-
nization, antigen retrieval was performed with sodium
citrate buffer for EpCAM, CK19, or ethylenediamine-
tetraacetic acid (EDTA) buffer (pH 8.0) for SALL4 in
a steamer for 20 minutes. Endogenous peroxidases
were blocked by incubation for 30 minutes in 0.3%
H,O,. After blocking, primary antibodies (Supporting
Table 3) were applied at 4°C overnight. The M.O.M
immunodetection kit (Vector Laboratories, Burlin-
game, CA) was used for detecting primary mouse anti-
human SALL4 antibody on mouse xenotransplant FL-
HCC tumor to avoid the inability of the antimouse
secondary  antibody to  endogenous  mouse
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