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Table 3. BB aAT7TI VTV AT A

BAMILEMERMER $108% $115

ERRERCS
ANA or SMA >1:40 +1
ANA or SMA >1:80 +2
LKM-1 #ufk >1:40 +2
soluble liver antigen Hiff 5 +2
ERREN N3 0
1gG EwERD L1 E +2
EEEBRY L +1
IEF PN 0
FARRET R LAY +2
ATH ICEHT AT R FIE Lz +1
L 0
HBELBZTIANADT— 5 — L +2
HY 0

TS T HEME B

Sk 4) Hepatology. 48 : 169-76, 2008 & 1) FOFR.

7TETOBWIEZMEIL 8%, FEMIZ 9% T,
BZEL ) DBRBECF T TV L00HHTH
5.

COMBI Y AT MIPERI Y AT L LI L
THE R 720, BRAS CEEECHY SR TW
HEHEHMENG.

N EXI7YU>TYRT LORERE

CDEHITHERE, MBHED2ODAIT) v
VAT ANVEIET LA, BRIz X 5 hEsk
RN WIRZEICH T, AT WIR R
TBEWIBBLEHL. L2hoT, EDXH %
BERGEZETDEMCEL LDV AT LAEH NS
REPEHALPICLEVE, BHOREEL L%
U R D 5. %L%%mim%& THOLU B
ZUNRLELEEINTOEDTEENLETHS.

2 LI2BENS, F—ERAZERE, fH5E
WHDAATY ¥ 7Y AT ATEE% Tk
B9 B BRI ZE A R A E A & i S M7z, Czaja

W, PERELIBWTERSZVECENR, BORENRT
RASEL727% v ATH ERI 2 36w BIF TRl %
BANHY, HHEGREEICEN, BOREN
FrR2SH D ATH IZHEBL L 72 ER & ATH % #&51

(24)

THRIAND S LA L72Y. Gatselis & b FAE
OEmMEHRE L, MHE ATH &, GENER
B bWIREAPRET AEMZ AIH &
ZW L WEmSH Y, 29 Lz “BRIEE"
BEA TR SERBEEZHVTER§ & L £
LTw5Y BEE OIS A TIPSk BN U
SO OEEHHEINT 5205, 1gG RME HCV Btk
D ATHEFIZREFEL SNDEZEZMELL. &
F SIS T AIH & 2 W S e VIEBT D 89%
DVRERIITHER - BEB L SN, FhoDiFLA Y
A IgG I, ANABRIMETHL I L2 HMELT
")

EHOLVERFEZRNICAIH LB
21960 (B 248, =195 61) OB HEEF—
e, fERE, ARSI AFAIZL) a7
Y V7 RITCTIEE TR L % BRI O
BERIR 2 IR U720, ZORE, fEkiTI3ms -
B INLPHEHCTILAIH LB snhiwn
N, METHED - B2 L SNBERICIL,
IgG DA ZEIMK L, ANA D8 40 f5 LT &)
A BEILH 72 (Tabled). HICHEHI T

Z - RB L ENDIERATIE AIH L B &
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Table 4. fERBCHZ T35S, HHETAH ThwE SNZEFNOREKE
BEsE . 3k D - B
EEREEb L GEEE ow
AST 281+ 374 216 +£408
ALP 344+178 309 =140
1gG 2597 ? 733 1663 +T 483
P<0.001
ANA<40x 17.3% 62.6%
P<0.001

Table 5. fiZEICHERS F /- 135835,

PSRBT ATH Th\ & SN B EFOERE

5 . . éé\ . ::_—é\

Tl o B e
AST 281 +374 228+ 344

ALP 344178 379+206

IeG 2597733 2316 £ 369

ANA<40x 17.3% 15.3%

B wZs/AMA Btk 32.7% 84.6%

P<0.001

N VWEBIE, T THED - 2L SNDEHIC
WL, BEREREEE 7213 AMA BHEFIH &
DLEEPFEEICENIEPHLNE 2577 (Ta
ble 5).

DEOREZZERT S &, IgG % ANA fins
EWHBBI OB IIMBIAE L, #E5EERK
DBEIZIR o 2 REERAANCERTHS. L
L, s oiRIpT AR T2 IEE BIFIE il
SEITIE AIH EZH SN2 TR H ), €
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—F T, {EkD 5 outlier L ENTWAZH L7
FERER % ATH ICEBE LIBEET I NELE
PIZOVTE, E5RIRFHIPLETHA).
IV F%EREEETIERAORIATILYT

YRATFALILELBE

1. 2HFEER, BIRERRES
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HHENTWRH 29 LZERNE E Pk
fili%e IgGEAMEMER & AR L vz, fi
SR ERCTSBHT5 & REEL SNATREEDD
5.

Miyake 5B MHEFREG D 23%, HEFEHICE
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TlE9%, BB TIZ60% LH|EL Y. F7-
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WHERETH5.
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Table 6. F—/3—35 v FIEFEFEBE O /-0 @ Paris Criteria
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Abstract

Background Accumulating evidence indicates that mul-
tiple genetic factors are involved in the pathogenesis of
primary biliary cirrthosis (PBC). The aim of this study was
to investigate whether polymorphisms of the integrin oV
subunit gene (ITGAV), a component of integrin oV f6,
which plays an important role in the process of fibrosis, are
associated with susceptibility to the onset and/or progres-
sion of PBC.

Methods In the primary study, eight tag single nucleotide
polymorphisms (SNPs) in ITGAV were analyzed by
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polymerase chain reaction (PCR)-restriction fragment
length polymorphism, direct DNA sequencing, or high-
resolution melting curve analysis in 309 Japanese patients
with PBC who were registered in the National Hospital
Organization Study Group for Liver Disease in Japan (PBC
cohort I) and 293 gender-matched healthy Japanese vol-
unteers (control subjects). For the replication study, 35
PBC patients who progressed to end-stage hepatic failure
and underwent liver transplantation (PBC cohort II) were
also analyzed.

Results Three tag SNPs (rs3911238, rs10174098, and
1s1448427) in ITGAV were significantly associated with the
severe progression of PBC, but not with susceptibility to
the onset of PBC, in the primary study (PBC cohort I).
Among these SNPs, 151448427 was also significantly
associated with the severe progression to end-stage hepatic
failure in the replication study of PBC patients who
underwent liver transplantation (PBC cohort II).
Conclusions ITGAV is a genetic determinant for the
severe progression of PBC in Japanese patients. Genetic
polymorphisms of ITGAV may be useful for identifying
high-risk Japanese PBC patients, including those who will
require liver transplantation, at the time of initial diagnosis.

Keywords PBC - Integrin oV - Hepatic fibrosis -
Premature ductopenia - Progression

Introduction

Primary biliary cirthosis (PBC) is a chronic and slowly
progressive liver disease characterized by inflammation of
cholangiocytes in the interlobular bile ducts and sub-
sequent destruction of the bile ducts, leading to hepatic
cholestasis, ductopenia, fibrosis, cirrhosis, and eventually

-135-



J Gastroenterol (2011) 46:676-686

677

liver failure. PBC is considered to be an autoimmune dis-
ease because autoantibodies, such as antimitochondrial
antibodies, are present in more than 90% of PBC patients
[1]. At present, a majority of PBC patients undergoing
treatment with ursodeoxycholic acid (UDCA), which is the
only therapeutic agent approved by the Food and Drug
Administration, have a normal life expectancy without
additional therapeutic approaches. However, one-third of
PBC patients show severe progression and require addi-
tional treatments [2]. Ultimately, a few percent of PBC
patients who show resistance to UDCA undergo liver
transplantation or die within a decade of diagnosis [3].

PBC is a multifactorial disease that is attributed to
genetic predisposition and environmental triggers. Genetic
factors have been implicated in previous studies identifying
familial clustering [4, 5] and a high concordance of
monozygotic twin pairs compared to dizygotic twin pairs
[6]. Furthermore, there are many reports describing asso-
ciations of susceptibility to PBC with genetic variations of
several genes, e.g., human leukocyte antigen DR and DQ
[3, 7, 8], cytotoxic T lymphocyte antigen 4 [9-11], vitamin
D receptor [12], interleukin-1 beta [13], interleukin-12
alpha and interleukin-12 receptor beta 2 [7], and interferon
regulatory factor S—itransportin 3 [14, 15]. Additionally, a
few genes have been confirmed as genetic factors affecting
the progression of PBC; namely, tumor necrosis factor
alpha [16], solute carrier 4, anion exchanger 2 [16], inter-
leukin-1 beta [13], and multidrug resistance protein 3 [17].
These genes are mainly related to the innate or adaptive
immune systems and the homeostasis of bile acids.

Liver fibrosis is a wound-healing process for chronic
liver injuries and is associated with major alterations in
both the quantity and composition of extracellular matrix
(ECM) components produced by hepatic stellate cells,
portal fibroblasts, and myofibroblasts, which are activated
by fibrogenic cytokines including transforming growth
factor beta 1 (TGF-p1) [18]. Integrin is a cell surface
receptor composed of o and f§ chains, and forms at least 24
different heterodimers which are employed in the process
of cell-cell and cell-ECM adhesion [19, 20]. Of the well-
known heterodimers, integrin V6 is a receptor for ECM
components such as fibronectin [21] and tenascin [22], and
activates TGF-f1 [23]. Integrin oV 6 is expressed in the

proliferative epithelial cells of the bile ducts of the liver in
parallel with the progression of fibrosis in PBC patients, as
well as chronic hepatitis C patients, but it is not expressed
in adult epithelial cells, where there is neither inflammation
nor fibrosis [24, 25]. Furthermore, polymorphisms of the
integrin oV subunit gene (ITGAV), encoding the «V chain,
are associated with chronic hepatitis B virus (HBV)
infection and the progression of hepatocellular carcinoma
[26]. Therefore, we investigated whether polymorphisms of
ITGAYV are associated with susceptibility to the onset and/
or progression of PBC.

Methods
Subjects

In the primary association study, the study subjects com-
prised 309 unrelated Japanese patients with PBC, referred
to as PBC cohort I, and 293 gender-matched healthy
Japanese volunteers as control subjects (Table 1). The PBC
patients were registered in the PBC cohort study in the
National Hospital Organization Study Group for Liver
Disease in Japan from August 1982 to September 2008.
The time of entry was defined as the time of initial diag-
nosis of PBC.

The definite diagnosis of PBC was made on the basis of
the following criteria: the presence of detectable antimi-
tochondrial antibodies in serum; elevation of liver enzymes
including alkaline phosphatase (greater than two times the
upper limit) at the time of initial diagnosis; and compatible
histological features. A liver biopsy was performed at the
time of the initial diagnosis in 232 of the 309 patients.
Patients receiving a maintenance dose of prednisolone
>5 mg/body weight for concomitant autoimmune hepatitis
or those with acute or autoimmune hepatitis (alanine
aminotransferase >500 IU/l, aspartate aminotransferase
>500 1U/1), persistent hepatitis virus B or C infection,
alcoholic liver disease, or other chronic liver diseases were
excluded from this study.

Among the 309 patients, 95 (30.7%) were complicated by
other autoimmune diseases: Sjogren’s syndrome (n = 42),
autoimmune hepatitis (n = 22), Hashimoto’s thyroiditis

Table 1 Characteristics of

. ristics
PBC patients and control Characte

Control subjects PBC cohort 1 PBC cohort II

subjects at the end of the Total number 293 309 35
observation period
Age, mean + SD (years) 412 £ 122 642 + 114 512 £ 8.1
Male/female (%) 36/257 (12.3/87.7)  43/266 (13.9/86.1)  3/32 (8.6/91.4)
PBC Observation period, mean & SD (months) 71.2 & 64.3 939 + 61.2
primary biliary cirrhosis, . ; ;
SD standard deviation Concomitant autoimmune disease (%) 30.7 8.6
@ Springer
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(Clinical stage III)

(Clinical stages
I and II)

stage III (Clinical stage I)  (Clinical stages
II and TIT)

stage 1T

stage I

17

292

85

224

68 17

224

Total number

0.044
0.071

58.8 £ 9.8

645+ 11.4

<0.005

67.5 £ 10.7

629 £ 114

58.8 9.8
27/197 (12.1/87.9) 11/57 (16.2/83.8) 5/12 (29.4/70.6) 27/197 (12.1/87.9) 16/69 (18.8/81.2) 0.125

62.9 + 11.4 69.7 £9.8

Age, mean + SD (years)

Male/female (%)

38/254 (13.0/87.0) 5/12 (29.4/70.6)

69.5 + 63.7

0.055

100.2 £+ 68.0

<0.001

91.8 & 70.9

63.3 £ 59.9

89.7 £ 72.0 100.2 &+ 68.0

63.3 + 59.9

Observation period,

mean == SD (months)
Concomitant autoimmune 28.6

>0.999

29.4

30.8

0.179

36.5

29.4 28.6

38.2

disease (%)

SD standard deviation

* Comparison between early stage and late stage in PBC cohort I

** Comparison between nonjaundice stage and jaundice stage in PBC cohort I

(n = 13), rheumatoid arthritis (n = 9), Raynaud’s syn-
drome (n = 8), systemic sclerosis (n = 7), CREST (calci-
nosis, Raynaud phenomenon, esophageal dysmotility,
sclerodactyly, and telangiectasia) syndrome (n = 4), auto-
immune thrombocytopenic purpura (n = 3), interstitial
pneumonitis (r = 2), hypothyroidism (n = 2), polymyosi-
tis (n = 1), Basedow’s disease (n = 1), sarcoidosis (n = 1),
systemic lupus erythematosus (n = 1), mixed connective
tissue disease (n = 1), and uveitis (n = 1).

During the observation period, patients received the
following treatment: UDCA (300-900 mg/day) alone
(n = 204), bezafibrate (200400 mg/day) alone (rn = 3),
maintenance prednisolone (<5 mg/day) alone (n = 4),
UDCA + bezafibrate (n = 58), UDCA + maintenance
prednisolone (n = 17), UDCA and/or bezafibrate + main-
tenance prednisolone (n = 12), or no medication (n = 11).

In addition to the primary association study, 35 addi-
tional Japanese PBC patients, referred to as PBC cohort II,
who underwent liver transplantation at Kyushu University
Hospital because of severe progression to end-stage hepatic
failure, were analyzed as a replication study (Table 1).

Classification of clinical stages of PBC

In the primary association study, PBC patients in PBC
cohort I were classified into the following three clinical
stages based on the findings of liver biopsy and/or clinical
manifestations: clinical stage I, Scheuer’s stage 1 or 2 [27]
in liver biopsy or unknown histological stage without any
signs indicating portal hypertension or liver cirrhosis;

- clinical stage II, Scheuer’s stage 3 or 4 in liver biopsy or

any. histological stage with signs indicating portal hyper-
tension or liver cirrhosis, but without persistent jaundice
{total bilirubin <2 mg/dl); and clinical stage III, any
Scheuer’s stage with persistent or progressive jaundice
(total bilirubin >2 mg/dl). The characteristics of the three
subgroups in PBC cohort I are shown in Table 2.

Clinical stage 1 was defined as early stage, whereas
clinical stages II and IIT were defined as late stage. Clinical
stages I and IT were also defined as the nonjaundice stage,
whereas clinical stage III was defined as the jaundice stage
(Table 2). In addition, the progression to clinical stage III
(late stage with jaundice) was defined as jaundice-type
progression, which is the most severe progression, resulting
in liver transplantation or death due to hepatic failure. The
observation period was defined as the time from the date of
the initial diagnosis until the date of death, liver trans-
plantation, death due to non-liver-associated disease, or the
end of follow-up, whichever came first.

In the secondary, replication, study, all PBC patients in
PBC cohort II progressed to clinical stage III and were
referred to Kyushu University Hospital where orthotopic
liver transplantation was performed.
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Ethics board

Written informed consent was obtained from each subject.
The study protocol was approved by the Committee for
Ethical Issues dealing with the Human Genome and Gene
Analysis at Nagasaki University, National Hospital Orga-
nization Nagasaki Medical Center, and Kyushu University.

Preparation of genomic DNA

Genomic DNA was extracted from whole blood samples
using a NucleoSpin Blood L Kit (Macherey—Nagel, Diiren,
Germany) according to the manufacturer’s protocol.
Genomic DNA was also extracted from the removed livers
of PBC patients who underwent liver transplantation, using
a QuickGene DNA Tissue Kit S (Fujifilm, Tokyo, Japan)
according to the manufacturer’s protocol.

Selection of tag single nucleotide
polymorphisms in ITGAV

Polymorphic information on single nucleotide polymor-
phisms (SNPs) in ITGAV (GenBank accession number:
NM_002210; MIM 193210) in the Japanese population
was obtained using data available on the International

chr2

187,170k 187,190k

187,210k

HapMap Website (http://www.hapmap.org). Candidate tag
SNPs were selected from all SNPs in the 2q31-32 chro-
mosomal region including 2-kbp upstream of ITGAV with
priority in minor allele frequency of more than 10% in the
International HapMap data. Subsequently, linkage dis-
equilibrium blocks and genotyped tag SNPs among the
candidate tag SNPs were determined using the Haploview
4.1 software program (Broad Institute, Cambridge, MA,
USA) [28]. The gene structure and positions of linkage
disequilibrium blocks and genotyped tag SNPs in ITGAV
used in this study are shown in Fig. 1.

Genotyping of tag SNPs in ITGAV

Eight SNPs, rs3911238 (intron 2), rs12611439 (intron 2),
1$1992898 (intron 4), rs10174098 (intron 4), rs4667107
(intron 6), rs3768785 (intron 12), rs1448424 (intron 12),
and 151448427 (intron 18) were selected as genotyped tag
SNPs for this study (Fig. 1). The analytic methods,
sequences of primer pairs, and annealing temperature for
genotyped tag SNPs in ITGAV are shown in Table 3.

One tag SNP, rs3911238, was analyzed by polymerase
chain reaction (PCR)-restriction fragment length poly-
morphism. The polymorphic region was amplified by
PCR with a T1 Thermocycler 96 (Biometra, Géttingen,

187,230k 187,250k

HiL,002210
L

Fig. 1 Location of genotyped tag single nucleotide polymorphmisms
(SNPs) in ITGAV and linkage disequilibrium blocks in the Interna-
tional HapMap data. The horizontal wavy line on the top indicates the
genomic sequence of ITGAV. The short vertical bars on the sequence
of ITGAYV indicate exons. Arrows indicate the positions of genotyped

tag SNPs used in this study, and their names are presented in open
rectangles. Linkage disequilibrium blocks are aslo shown. Each
diamond represents a pairwise linkage disequilibrium value (#%). The
black diamonds show an 7* value of 1.0
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Table 3 Analytic methods, sequences of primer pairs, and annealing temperature for genotyped tag SNPs in ITGAV

SNP Analytic method Primer sequence Annealing
temperature (°C)
Forward Reverse
rs3911238 PCR-RFLP TGGGCACCAGACAATGTTTA AGTGAATGTCTCTTTCCCTCAA 55
rs12611439 PCR-HRM TGAGACACTTCTGGGTCATCAT TCCCCAGCTAGGTTGAGAAA 57
rs1992898 PCR-HRM CCTAAGGGCTCTAGGCATAAAC CCCGCTACCCTTTGTTGAAT 55
rs10174098 PCR-HRM GGGGCATCTTGTTCAGAGAA AAGGCCCAGAGTGGTTAGGT 55
rs4667107 PCR-sequencing TTCTTGGTGGTCCTGGTAGC ACAGATTGGTTTCGCACACT 55
1s3768785 PCR-HRM ACATTGTCAAGGCAATGCTG ATGCCACCATAAAGGGAGAT 53
rs1448424 PCR-HRM GCCAACATCTCTTCCAGCTT TITTAGCCCTTTGTAAAATCATTG 55
rs1448427 PCR-HRM CCGTACCCAGCCTCAAATAC AGCAATGTCTTCCATGCTCA 55

SNP single nucleotide polymorphism, /TGAV integrin «V, PCR-RFLP polymerase chain reaction-restriction fragment length polymorphism,

HRM high-resolution melting curve

Germany) using 10 ng genomic DNA in a 15-pl reaction
mixture containing 1x Taq buffer (Invitrogen, Carlsbad,
CA, USA), 200 uM dNTPs (Promega, Madison, WI,
USA), 200 nM each of forward and reverse primers, and
0.05 U recombinant Taq DNA Polymerase (Invitrogen).
The amplification protocol consisted of initial denaturation
at 94°C for 3 min; followed by 40 cycles of denaturation at
94°C for 20 s, annealing at 55°C for 20 s, and extension at
72°C for 20 s; and final extension at 72°C for 5 min. The
PCR products were digested with Mva I (Fermentas, Bur-
lington, Ontario, Canada), separated by electrophoresis on
an 8% polyacrylamide gel (Nacalai Tesque, Kyoto, Japan),
and subsequently visualized with a UV transilluminator
(Alpha Innotech, San Leandro, CA, USA) after ethidium
bromide staining.

Another tag SNP, rs4667107, was analyzed by the PCR-
direct DNA sequencing method. The polymorphic region
was amplified by PCR. The primer pairs and annealing
temperature for rs4667107 are indicated in Table 3. The
other constituents of the PCR mixture were the same as
those described above. The PCR products were treated with
ExoSAP-IT (Amersham Pharmacia Biotech, Piscataway,
NJ, USA) and cycle sequenced using a BigDye Terminator
v3.1 Cycle Sequencing FS Ready Reaction Kit (Applied
Biosystems, Foster City, CA, USA). After the sequencing
reaction solutions were purified using Sephadex G-50
superfine columns (Amersham Pharmacia Biotech), the
samples were dried and sequenced with a 3730 DNA
Analyzer (Applied Biosystems).

The remaining tag SNPs (rs12611439, 1s1992898,
rs10174098, rs3768785, rs1448424, and rs1448427) were
genotyped by PCR-high-resolution melting curve (PCR-
HRM) analysis [29]. The primer pairs and annealing tem-
perature for each SNP are indicated in Table 3. The other
constituents of the PCR mixture were the same as those
described above. HRM was performed with a LightCycler
480 Instrument (Roche Diagnostics, Basel, Switzerland) in
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a 15-pl reaction mixture containing 10 ul of the PCR
product, 2 uM fluorescent DNA intercalating dye SYTO®
9 (Invitrogen), and 4% dimethylsulfoxide (DMSO: Wako
Pure Chemical Industries, Osaka, Japan). The melting
program includes four steps: denaturation at 95°C for
2 min; renaturation at 40°C for 1 min; melting consisting
of a continuous reading of fluorescence from 65 to 85°C at
the rate of 25 acquisitions for each degree Celsius; and
cooling at 40°C for 30 s. HRM raw melting curve data
were normalized and temperature-shifted, and then ana-
lyzed to distinguish heterozygosity from homozygosity
using the LightCycler 480 Gene-Scanning Software Ver-
sion 1.5 program (Roche Diagnostics). Subsequently, we
added 5 pl of the PCR products preliminarily genotyped as
major allele homozygous samples into the HRM reaction
mixture of homozygous samples and re-performed HRM to
distinguish minor allele homozygosity from major allele
homozygosity. At least 16 samples per each tag SNP were
re-genotyped by PCR-direct DNA sequencing to confirm
the accuracy of PCR-HRM genotyping.

Statistical analysis

Differences in age and the observation period among PBC
patients and control subjects were evaluated by unpaired
Student’s z-test, using the PASW 18 statistical software
package (SPSS Japan, Tokyo, Japan). Likewise, differ-
ences in gender and concomitance of autoimmune disease
were compared by the y* test or Fisher’s exact test, using
the PASW 18 software package. To determine whether
each SNP was in Hardy-Weinberg equilibrium, the %* test
with Yates’ correction was performed using the SNP Alyze
7.0 standard software package (Dynacom, Yokohama,
Japan). The frequencies of alleles and genotypes among
subgroups of PBC patients were compared by the % test in
three different models: the allele model, the minor allele
recessive model, and the minor allele dominant model,

- 139~



J Gastroenterol (2011) 46:676-686

681

using the SNP Alyze 7.0 standard software package. The
odds ratio (OR) with 95% confidence interval (CI) was
calculated using the SNP Alyze 7.0 standard software
package. A P value of less than 0.05 was considered to be
statistically significant.

Results

Comparison of demographics among PBC patients
and control subjects

The characteristics of PBC patients in PBC cohort I were
compared between early stage and late stage as well as
nonjaundice stage and jaundice stage subgroups (Table 2).
The mean age and observation period of PBC patients in
the early stage were significantly younger and shorter,
respectively, than those of patients in the late stage
(P < 0.005 and 0.001, respectively). These results imply
that a few patients in the early stage might progress to more
severe stages (clinical stage II or III) in the future. In
addition, the mean age of PBC patients in the jaundice
stage was significantly younger than that of patients in the
nonjaundice stage (P = 0.044). This result indicates that it
is unlikely that any PBC patients in the nonjaundice stage
would progress to the jaundice stage in the future.

With regard to a comparison of the characteristics
between the PBC patients who underwent liver transplan-
tation in PBC cohort II (Table 1) and the nonjaundice-stage
PBC patients in PBC cohort I (Table 2), the mean age of
the PBC patients who underwent liver transplantation in
PBC cohort I was significantly younger than that of
patients in the nonjaundice stage in PBC cohort I (51.2 vs.
64.5 years, P < 0.001 in Tables 1, 2). However, the mean
observation period of PBC patients who underwent liver
transplantation in PBC cohort II was significantly longer
than that of the nonjaundice-stage PBC patients in PBC
cohort I (93.9 vs. 69.5 months, P = 0.035 in Tables 1, 2).
These results indicate that it is unlikely that any PBC
patients in the nonjaundice stage would progress to
requiring liver transplantation; that is, progress to the state
of PBC cohort I, in the future because PBC patients who
underwent liver transplantation tended to progress to more
severe stages at younger ages.

Association between tag SNPs in ITGAV
and the severe progression of PBC

The minor allele frequencies and genotype distributions of
eight tag SNPs in /TGAV are indicated in Table 4. One tag
SNP, rs1448424, was excluded from this study because the
distribution of genotypes of this SNP in control subjects
was not in Hardy—Weinberg equilibrium (P = 0.045).

The distributions of alleles and genotypes of seven tag
SNPs in ITGAV were identified and compared between
control subjects and PBC patients in PBC cohort I
(Table 5). There were no significant associations with
susceptibility to the onset of PBC in any genetic models.

The distributions of alleles and genotypes of tag SNPs
were also compared between early- and late-stage patients,
as well as between nonjaundice- and jaundice-stage
patients, in PBC cohort I in the primary association study
(Table 5). No significant associations were observed
between ITGAV polymorphisms and the progression to late
stage. On the other hand, three tag SNPs, rs3911238,
rs10174098, and rs1448427, were significantly associated
with the progression to jaundice stage in two genetic
models. With regard to the minor allele recessive model,
the frequencies of a minor homozygous C/C genotype at
rs3911238 SNP and a minor homozygous G/G genotype at
1510174098 SNP were significantly increased in jaundice-
stage patients compared with those in nonjaundice-stage
patients (P = 0.003, OR = 5.3 and P = 0.003, OR = 6.7,
respectively; Table 5). Conversely, with regard to the
minor allele dominant model, the frequency of PBC
patients possessing a minor G allele at rs1448427 SNP was
significantly increased in jaundice stage as compared to
that of the patients in nonjaundice stage (P = 0.031,
OR = 2.9; Table 5).

Association of 151448427 SNP in ITGAV
with the severe progression of PBC
in the secondary replication study

The secondary replication study in PBC cohort I was
carried out by comparing the frequencies and distributions
of the three tag SNPs that had shown a significant associ-
ation with the jaundice-type progression of PBC in the
primary association study, between nonjaundice-stage PBC
patients in PBC cohort I and PBC patients who underwent
liver transplantation in PBC cohort 11, in order to validate
this association in the primary association study (Table 6).
With regard to the minor allele dominant model, the fre-
quency of PBC patients possessing the minor G allele at
rs1448427 SNP was significantly increased in PBC patients
who underwent liver transplantation in PBC cohort II as
compared to that in the patients in nonjaundice stage in
PBC cohort I (P = 0.033, OR = 2.13; Table 6). However,
the other two tag SNPs showed no significant association
with the severe progression of PBC in the secondary rep-
lication study.

Subsequently, two tag SNPs, 151448427 and rs3768785,
which showed an association with the jaundice-type pro-
gression of PBC in PBC cohort I and are in the same
linkage disequilibrium block, were utilized to infer haplo-
type structure and analyze haplotype frequencies, using the
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Table 4 Distributions of

genotypes of tag SNPs in SNP Subject Major/major (%)  Major/minor (%)  Minor/minor (%) MAF
[TGAV among control subjects 13911938 Control 156 (53.2) 117 (39.9) 20 (6.8) 0.27
and PBC patients in PBC
cohort I G>C PBC cohort [ 162 (52.4) 127 (41.1) 20 (6.5) 0.27
Early stage 117 (52.2) 95 (42.4) 12 (5.4) 0.27
Late stage 45 (52.9) 32 (37.6) 8 (9.4) 0.28
Nonjaundice stage 157 (53.8) 119 (40.8) 16 (5.5) 0.26
Jaundice stage 5(29.4) 8 (47.1) 4 (23.5) 0.47
rs12611439  Control 194 (66.2) 90 (30.7) 9 (3.1) 0.19
A>C PBC cohort I 218 (70.6) 81 (26.2) 10 (3.2) 0.16
Early stage 162 (72.3) 56 (25.0) 6 (2.7 0.15
Late stage 56 (65.9) 25 (29.4) 4 (4.7) 0.19
Nonjaundice stage 206 (70.5) 76 (26.0) 10 (3.4) 0.16
Jaundice stage 12 (70.6) 5 (29.4) 0 0.15
r$s1992898 Control 220 (75.1) 71 (24.2) 2(0.7) 0.13
>C PBC cohort I 233 (75.4) 71 (23.0) 5 (1.6) 0.13
Early stage 171 (76.3) 49 (21.9) 4(1.8) 0.13
Late stage 62 (72.9) 22 (25.9) 1(1.2) 0.14
Nonjaundice stage 222 (76.0) 66 (22.6) 4(1.4) 0.13
Jaundice stage 11 (64.7) 5(29.4) 159 0.21
rs10174098  Control 187 (63.8) 98 (33.4) 8 (2.7) 0.19
A>G PBC cohort I 190 (61.5) 107 (34.6) 12 (3.9) 0.21
Early stage 137 (61.2) 80 (35.7) 7(3.1) 0.21
Late stage 53 (62.4) 27 (31.8) 5(5.9) 0.22
Nonjaundice stage 182 (62.3) 101 (34.6) 9 (3.1) 0.20
Jaundice stage 8 (47.1) 6 (35.3) 3 (17.6) 0.35
184667107 Control 73 (24.9) 152 (51.9) 68 (23.2) 0.49
C>T PBC cohort I 75 (24.3) 169 (54.7) 65 (21.0) 0.48
Early stage 51 (22.8) 127 (56.7) 46 (20.5) 0.49
Late stage 24 (28.2) 42 (49.4) 19 (22.4) 0.47
Nonjaundice stage 72 (24.7) 161 (55.1) 59 (20.2) 0.48
Jaundice stage 3 (17.6) 8 (47.1) 6 (35.3) 0.59
rs3768785 Control 154 (52.6) 123 (42.0) 16 (5.5) 0.26
G>A PBC cohort I 172 (55.7) 124 (40.1) 13 (4.2) 0.24
Early stage 124 (55.4) 91 (40.6) 9 (4.0) 0.24
Late stage 48 (56.5) 33 (38.8) 447 0.24
Nonjaundice stage 166 (56.8) 115 (39.4) 11 (3.8) 0.23
Jaundice stage 6 (35.3) 9 (52.9) 2 (11.8) 0.38
rs1448424 Control 224 (76.5) 69 (23.5) 0 0.12
A>G PBC cohort I 245 (79.3) 60 (19.4) 4(1.3) 0.11
Early stage 181 (80.8) 40 (17.9) 3(1.3) 0.10
Late stage 64 (75.3) 20 (23.5) 1(1.2) 0.13
Nonjaundice stage 235 (80.5) 54 (18.5) 3 (1.0) 0.10
Jaundice stage 10 (58.8) 6 (35.3) 1(5.9) 0.24
rs1448427 Control 178 (60.8) 108 (36.9) 724) 0.21
A>G PBC cohort I 202 (65.4) 97 (31.4) 10 (3.2) 0.19
Early stage 146 (65.2) 71 (31.7) 7(3.1) 0.19
Late stage 56 (65.9) 26 (30.6) 3(3.5) 0.19
Nonjaundice stage 195 (66.8) 88 (30.1) 9 3.1 0.18
Jaundice stage 7 (41.2) 9 (52.9) 1(5.9) 032

MAF minor allele frequency
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Table 5 Associations of tag SNPs in ITGAV with the progression of PBC

SNP Model Primary association study
Control subjects vs. PBC cohort I Early stage vs. late stage Nonjaundice stage vs. jaundice stage
OR 95% CI Pvalue OR 95% CI P value OR 95% CI P value
Low  High Low High Low High
rs3911238  Allele model 099 077 1.28 0.928 1.09 073 1.61 0676  2.55 1.27 5.13 0.007
Recessive model 1.06 056  2.01 0.862 1.84 072 466 0.196 531 1.55 18.14 0.003
Dominant model 0.97  0.70 133 0.841 097 059 1.60 0911 2.79 0.96 8.12 0.051
rs12611439  Allele model 116 0.86 1.56 0.339 135 085 2.13 0204  0.88 0.33 232 0.791
Recessive model 0.95  0.38 2.37 0.908 1.79 049 652 0369 - - - 0.438
Dominant model 1.22  0.87 1.72 0.252 1.35 079 231 0.268 1.00 0.34 2.92 0.997
rs1992898  Allele model 097  0.69 1.36 0.874 1.13 0.67 1.88 0.647 1.79 0.75 4.25 0.184
Recessive model 042  0.08  2.17 0.285 0.65 0.07 594 0705 450 0.48 42.63 0.152
Dominant model 1.02  0.70 147 0.928 120 0.68 2.11 0.536 1.73 0.62 4.85 0.292
1510174098  Allele model 090  0.68 1.19 0.453 1.05 0.68 1.61 0832 213 1.03 443 0.039
Recessive model 0.69  0.28 1.72 0.430 194 0.60 628 0.263 6.74 1.64 27.67 0.003
Dominant model 0.91  0.65 1.26 0.554 095 057 159 0.848 1.86 0.70 4.97 0.209
154667107  Allele model 1.03 082 1.29 0.791 093 0.65 1.32 0.685 1.56 0.77 3.15 0.210
Recessive model 1.13  0.77 1.67 0.521 1.11 061 204 0726 215 0.77 6.06 0.138
Dominant model 0.97  0.67 1.40 0.855 0.75 043 132 0317 1.53 0.43 547 0.512
153768785  Allele model 1.12 0.87 1.46 0.385 0.99 0.65 149 0956  2.02 0.99 4.14 0.051
Recessive model 132  0.62 278 0.473 1.18 035 394 0788 341 0.69 16.76 0.110
Dominant mode]l 1.13  0.82 1.56 0.445 096 0.58 158 0860 242 0.87 6.71 0.082
151448427  Allele model .13 0.85 1.49 0.412 099 0.63 156 0966 2.16 1.02 4.56 0.040
Recessive model 0.73  0.27 1.95 0.531 1.13 029 449 0.858 1.97 0.23 16.48 0.526
Dominant mode]l 1.22  0.88 1.70 0.240 097 057 L.o64 0908  2.87 1.06 7.78 0.031

CI confidence interval, OR odds ratio

SNP Alyze 7.0 standard software package. Although sig-
nificant associations between ITGAV haplotype and the
jaundice-type progression of PBC were observed, these
associations were completely dependent on the rs1448427
SNP in both the primary association and secondary repli-
cation studies (data not shown).

Discussion

This study is the first to report that /TGAV polymorphisms
are associated with the severe (jaundice-stage) progression
of PBC in Japanese patients, but not with susceptibility to
the onset of PBC. The primary association study indicated
that three tag SNPs (1s3911238, rs10174098, and
181448427) in ITGAV were associated with the jaundice-
type progression of PBC. One of these associations was
reproducible in the secondary replication study for vali-
dation. In particular, in the PBC patients possessing the
minor G allele of the rs1448427 SNP in ITGAV in the
minor allele dominant model, an approximately 2.9-fold
increase in susceptibility to the jaundice-type progression

was shown in the primary association study and a 2.1-fold
increase in susceptibility to requiring liver transplantation
was shown in the secondary replication study, although
such PBC patients accounted for only approximately 59%
(10/17 = 58.8% in the primary association study, Table 5)
and 51% (18/35 = 51.4% in the secondary replication
study, Table 6) of the genetic variance observed in PBC.
These findings suggest that ITGAV is a genetic determinant
for predisposition to the jaundice-type progression of PBC
in Japanese patients.

Although the reason is not clear why the two SNPs
rs3911238 and rs10174098 in ITGAV showed no signifi-
cant association with severe progression of PBC in the
secondary replication study, this finding may be attribut-
able to the difference in treatment during the pre- and post-
ursodeoxycholic acid (UDCA) eras between clinical stage
IIT patients in cohort I and those who underwent liver
transplantation in cohort II, or to a strong linkage dis-
equilibrium across the ITGAV region including these two
SNPs (Fig. 1). Thus, it remains to be confirmed whether
these associations are reproducible in a larger number of
Japanese PBC patients with the jaundice-type progression
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Table 6 Comparison of distributions of tag SNPs in ITGAV between PBC patients in nonjaundice stage in PBC cohort I and PBC patients

requiring liver transplantation in PBC cohort II

SNP Subject Major/major Major/minor Minor/minor MAF  Model Replication study
% %
%) (%) (%) Nonjaundice stage vs. liver
fransplantation
OR 95% C1 P value
Low High
rs3911238  Nonjaundice-stage 157 (53.8) 119 (40.8) 16 (5.5) 0.26  Allele model 159 094 269 0.079
(PBC cohort I)
G>C Liver transplantation 14 (40.0) 17 (48.6) 4(11.4) 0.36  Recessive model 2.23 0.70 7.08 0.165
(PBC cohort II)
Dominant model 1.74 0.85 3.56 0.123
rs10174098 Nonjaundice-stage 182 (62.3) 101 (34.6) 9 (3.1 0.20  Allele model 098 053 181 0941
(PBC cohort Iy
A>G Liver transplantation 22 (62.9) 12 (34.3) 1(2.9) 0.20  Recessive model 092 0.11 7.53 0.942
(PBC cohort II) )
Dominant model 098 047 2.02 00951
rs1448427  Nonjaundice-stage 195 (66.8) 88 (30.1) 931 0.18  Allele model 1.80 1.03 3.16 0.037
(PBC cohort 1)
A>G Liver transplantation 17 (48.6) 16 (45.7) 2 (5.7) 0.29  Recessive model 191 0.39 920 0414
(PBC cohort II)
Dominant model 2.13 1.05 431 0.033

CI confidence interval, OR odds ratio

and those who underwent liver transplantation, as well as in
other ethnic populations.

Integrin oV 6 is highly expressed in the proliferative
epithelial cells of the bile duct in the livers of rodents and
humans during fibrosis, including PBC [24, 25, 30]. In
rodent models of biliary fibrosis, inhibition of integrin ¢V 6
reduced the levels of activated TGF-f1 and fibrogenic
transcripts and induced fibrolytic transcripts, resulting in the
retardation of biliary fibrosis [24]. Therefore, it is possible
to speculate that integrin oV f6 may play a crucial role in the
progression of liver fibrosis, a key component of the path-
ogenesis of PBC. In this context, it would be interesting to
investigate the role of ITGAV SNP rs1448427 in the pro-
gression of fibrosis in other liver diseases, such as hepatitis
C virus (HCV) and HBV infection and alcoholic liver dis-
eases, in patients who underwent liver transplantation.

Another possible mechanism for the contribution of
integrin oV (ITGAV) to the severe progression of PBC is
via the epimorphin signaling pathway. Epimorphin is one
of the ligands of the integrin aV 1 receptor located on the
cellular membrane [31] and is expressed in hepatic stellate
cells and myofibroblasts during liver injury in mice [32,
33]. After binding to its receptor, epimorphin signals reg-
ulate normal bile duct formation by mediating mitosis
orientation [34]. Because integrin oV, coded by ITGAV, is
a component of the integrin «Vf1 receptor, the minor G
allele at rs1448427 SNP in ITGAV in PBC patients may
affect the expression of integrin V1 receptor and its
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affinity to epimorphin, leading to diminution of the func-
tion of integrin oV, as well as the diminution of epimor-
phin-integrin  «VB1 receptor signaling. Therefore,
accumulation of the diminution of epimorphin-integrin
oV 1 receptor signaling caused by ITGAV polymorphisms
may lead to the reduction of bile duct formation and an
increase in abnormal bile duct regeneration, resulting in the
severe progression of PBC with premature ductopenia.
We propose the following two modes for the clinical
progression of PBC: one is the typical slow progression,
similar to that of hepatitis, which leads to cirrhosis over a
period of 10-20 years; the other is the very rapid pro-
gression, which leads to premature ductopenia before the
beginning of fibrosis, resulting in severe chronic cholesta-
sis and jaundice in less than 5 years; this occurs in 5-10%
of PBC patients [2, 35]. The latter mode of progression
occurred in the PBC patients with jaundice-type progres-
sion in PBC cohort I, as well as in the PBC patients who
underwent liver transplantation in PBC cohort II in our
study. The ITGAV polymorphisms in this study were
associated with the jaundice-type progression, but not with
the progression to late-stage, indicating that an alteration of
integrin «V due to /ITGAV polymorphisms may affect the
process of premature ductopenia and subsequent jaundice
rather than affecting the progression of fibrosis in some
PBC patients with jaundice-type progression. ‘
Polymorphisms of ITGAV are associated with suscepti-
bility to various diseases; e.g., 1s3738919 SNP is associated
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with rheumatoid arthritis [36] and rs2290083 SNP and its
affiliated haplotype are associated with chronic HBV
infection and HBV-infected hepatocellular carcinoma.
These two SNPs were not analyzed in the present study
because the minor allele frequency of the rs3738919 SNP
was less than 0.10 in the Japanese population and therefore
did not qualify as a genotyped tag SNP in this study, and
the other SNP, rs2290083, was not included in the Inter-
national HapMap data. In our study, the rs1448427 SNP
was associated with the progression to jaundice and this
association was independent of the status of anti-gp210
antibodies (data not shown), the strongest risk factor
reported so far for jaundice-type progression in PBC [37].
Although these two studies [36, 37], as well as our own, did
not investigate alterations of the expression and function of
ITGAV due to these polymorphisms, it seems that the
intronic polymorphisms of rs3738919, rs2290083, and
rs1448427 SNPs in ITGAV may influence its expression
and function by acting as enhancers or silencers.

ITGAV appears to be a genetic determinant for suscep-
tibility to the severe progression of PBC, but not for sus-
ceptibility to the onset of PBC. Polymorphisms of ITGAV
may be useful as new genetic biomarkers not only for
predicting the progression and prognosis of PBC in Japa-
nese patients, but also for identifying high-risk Japanese
PBC patients, who may require liver transplantation in the
future, at the time of the initial diagnosis.
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syndrome: A rationale for corticosteroids use based on a
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Aims: Primary biliary cirrhosis (PBC) and autoimmune hepa-
titis (AIH) may simultaneously coexist in some patients, des-
ignated as PBC-AIH overlap syndrome. Previous studies
suggest that combination therapy of ursodeoxycholic acid
(UDCA) and corticosteroids may be effective. In the current
study, we aimed to describe clinical features of these cases
and to propose a rationale for combination treatment in PBC-
AlH overlap.

Methods: We enrolled patients with PBC-AIH overlap from
eight referral centers for liver diseases in Japan, and clinical,
biochemical and immunological features were examined.
Liver histology of all patients at diagnosis were analyzed alto-

gether in detail. Eighty-nine and 44 patients with PBC and AIH

alone were included and served as controls.

Results: We identified 33 patients with PBC-AIH overlap.
The mean follow-up period was 6.1 years. On liver histology,
the HA (hepatitis activity) score was significantly higher
than the CA (cholangitis activity) score (P <0.001). At the
end of the follow-up period, corticosteroids were used in 23
patients {72%), and neither liver-related death nor liver trans-
plantation had been noted. The sensitivity and specificity of

the simplified AlH scoring system for prediction of patients
who required corticosteroids during clinical course was
92% and 75% in the training set (n=17), and 91% and 80%
in the validation set (n=16) of overlap. Only 3% of PBC
patients were diaghosed as having indication for corticoster-
oid use.

Conclusion: In PBC-AIH overlap, AlH-like features are domi-
nant in liver histology. The simplified AIH scoring system
could predict patients who needed corticosteroids with a
higher specificity.

Key words: corticosteroids, the revised International
Autoimmune Hepatitis Group scoring system, the simplified
scoring system

Abbreviations: AlH, autoimmune hepatitis; ALP, alkaline
phosphatase; AMA, anti-mitochondrial antibodies; CA, cho-
langitis activity; GGT, gamma-glutamyltranspeptidase; HA,
hepatitis activity; PBC, primary biliary cirrhosis; SMA, anti-
smooth muscle antibody; UDCA, ursodeoxycholic acid.
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INTRODUCTION

RIMARY BILIARY CIRRHOSIS (PBC) and autoim-
mune hepatitis (AIH) are the two main autoim-
mune liver disorders. PBC is a chronic and progressive
cholestatic liver disease, characterized by elevated
cholestatic liver enzymes, presence of serum anti-
mitochondrial antibodies (AMA), and pathologically
chronic nonsuppurative destructive cholangitis.’* On
the other hand, ATH is defined as a chronic and progres-
sive hepatitis, characterized by elevated aminotrans-
ferases, hypergammaglobulinemia, detectable serum
autoantibodies, and histological findings such as inter-
face hepatitis and portal plasma cell infiltration.?* In
general, differential diagnosis of PBC and AIH is not
problematic, and is easily performed by biochemical
findings, autoantibody profiles and liver histology.
However, both clinical features of PBC and AIH may
simultaneously or successively exist in some patients,
and this relatively rare variant form of autoimmune liver
disorders has been designated as PBC-AIH overlap
syndrome.®
Although the first appearance of PBC-AIH overlap in
the literature was back in the 1970s,%” there has been no
general agreement on the etiological concept and diag-
nostic criteria that could distinguish PBC-AIH overlap
from various atypical forms of autoimmune liver dis-
ease.® By definition, simultaneous or successive presence
of both PBC and AIH features are required for diagnosis
of PBC-AIH overlap. In most cases the diagnosis of
PBC features is straightforward, presumably because it
usually depends on detection of serum AMA, an effec-
tive diagnostic tool for PBC with very high sensitivity
and specificity. However, controversies exist in the con-
firmation of AIH features, which lacks diagnostic
markers with acceptable sensitivity and specificity.’ The
revised scoring system proposed by the International
Autoimmune Hepatitis Group (TAIHG)'®!! has served as
an international standard for diagnosis of AIH, and
several clinical studies describing PBC-AIH overlap used
the revised IAIHG scoring system as inclusion crite-
ria.’*** However, the revised IAIHG scoring system was
not suitable for the purpose of diagnosis of PBC-AIH
overlap,™* because AMA paositivity and biliary changes,
both of which are essential in PBC, are regarded as
negative score, —4 and —3, respectively.'® In 2008, the
IAIHG proposed a new simplified scoring system for
AIH to assist early diagnosis,’® with no negative scores
for AMA positivity and biliary changes. A recent study
demonstrated the simplified scoring system could be
used for diagnosis of PBC-AIH overlap as well.’ On the

© 2011 The Japan Society of Hepatology
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other hand, Chazouilleres et al. proposed another diag-
nostic criterion for PBC-AIH overlap, later called the
“Paris criteria”."” The Paris criteria was initially proposed
in the dinical study for PBC-AIH overlap, and several
following studies have adopted Paris criteria as inclu-
sion criteria of patients.'®>

In spite of the diagnostic criteria, it seems that the
clinical studies describing treatment and prognosis of
PBC-AIH overlap generally agree that prognosis of
patients with PBC-AIH overlap could be worse than
those with PBC, and combination therapy of ursodeoxy-
cholic acid (UDCA) and immunosuppressive agents
such as corticosteroids for overlap patients may be jus-
tified, #1522 yet there seems to be no agreement on
which cases should be treated with immunosuppressive
drugs in addition to UDCA. In the current study, we
aimed to describe clinical features of PBC-AIH overlap
cases retrospectively enrolled in a nation-wide manner,
compared to those with PBC and AIH alone, and to
propose a rationale for combination treatment with
UDCA and corticosteroids in PBC-AIH overlap based on
this cohort.

METHODS

Study population and data collection

N THIS NATION-WIDE retrospective study, we col-

lected currently followed-up patients with PBC-AIH
overlap syndrome from eight referral centers for liver
diseases in Japan. The diagnosis of PBC-AIH overlap
was established by simultaneous presence of clinical,
biochemical, serological and histopathological features
of both PBC and AIH at presentation. We excluded
patients with sequential development of PBC and AIH
features in the current study due to two reasons; first, in
the current study we mainly paid attention to liver
histological findings of PBC-AIH overlap, and it
was obvious that liver specimens at presentation from
simultaneous forms included enough histological infor-
mation, both PBC and AIH features. Second, most
recent studies regarding PBC-AIH overlaps enrolled
only simultaneous forms of PBC-AIH.'*?'* Patients
were diagnosed as having PBC features if they met
at least two of three criteria: (i) chronic elevation of
cholestatic liver enzymes, alkaline phosphatase (ALP)
and gamma-glutamyltranspeptidase (GGT), for at least
6 months; (ii) presence of serum AMA detected by
either indirect immunofluorescence or enzyme linked
immunosorbent assay (ELISA) using commercially
available kits; and (iii) typical histological findings of
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biopsied liver specimens.’* The diagnosis of ATH fea-
tures was based on the revised scoring system according
to the IATHG, ™! in which the allocation of AMA posi-
tivity was modified as described below. The patients
with other etiologies for chronic liver diseases, incud-
ing viral hepatitis, excess drinking of alcohol, drug-
induced liver diseases, fatty liver, were excluded in this
study, even if clinical parameters of the patient met the
criteria of PBC and/or AIH. The diagnosis of PBC-ATH
overlap syndrome was initially made at each referral
center, and finally re-evaluated and confirmed alto-
gether with recalculating the AIH scores with histo-
pathological findings. Liver biopsied specimens of each
patient at diagnosis were collected and interpreted alto-
gether by two blinded pathologists independently (Y.N
and K.H.). Six categories of histopathological findings,
i.e. interface hepatitis, rosette formation, plasma cell
infiltration, bile duct injury, bile duct loss and atypical
ductular reaction, were mainly analyzed and scored as
four grades, from 0 (no finding) to 3 (very strong find-
ings) in each case. Also, grading of necroinflammatory
activities (CA; cholangitis activity and HA; hepatitis
activity) was performed as previously reported; CA and
HA 0 (no activity), 1 (mild activity), 2 (moderate activ-
ity) and 3 (marked activity).”

In addition, we included patients with PBC and AIH
alone in this study. Overall, 89 patients with PBC and
44 patients with AIH, both being currently followed up
at the out-patient department of Teikyo University Hos-
pital, were served as controls. The diagnosis of PBC was
established using the similar criteria described above:
chronic elevation of cholestatic liver enzymes, presence
of serum AMA, and typical histological findings."* The
diagnosis of AIH was made using the revised scoring
system according to the IAIHG,'** without modifica-
tion in the allocation of AMA positivity.

Application of the revised IAIHG scoring
system for the diagnosis of AlH features

We demonstrated the variables required for the calcula-
tion of the revised IAIHG scores in Table 1. The current
study was designed as a multi-center collaborative study,
and upper normal limits (UNL) of liver enzymes varied
with the liver centers. Therefore, we obtained UNL of
aspartate aminotransferase (AST), alanine aminotrans-
ferase, (ALT), ALP and GGT as well as values of enzymes
from each center, and used UNL of AST/ALP for calcu-
lation of ALP : AST ratio in the revised IAIHG system, as
suggested in the original report.® AMA positivity
was graded as -4 in the revised IAIHG scoring

PBC-AIH overlap and corticostreroid 879

Table 1 The variables required for the revised International
Autoimmune Hepatitis Group (IAIHG) scoring system and the
number of patients allocated in each item

Clinical parameters Score n (%)
Female gender +2 31 (94)
ALP : AST ratio

<15 +2 31 (94)

1.5-3.0 0 2 (6)

>3.0 -2 0
Serum globulin or IgG above normal

>2.0 +3 8 (24)

1.5-2.0 +2 8 (24)

1.0-1.5 +1 11 (33)

<1.0 0 5 (15)

Missing 1(3)
ANA, SMA, LKM-1

>1:80 +3 19 (58)

1:80 +2 6 (18)

1:40 +1 2 (6)

<1:40 0 6 (18)
AMA positivity

Positive —4 29 (88)

Negative 0 4(12)
Hepatitis viral markers

Positive -3 0

Negative +3 33 (100)
Micit drug use history

Positive —4 0

Negative +1 33 (100)
Average alcoholic intake

<25 g/day +2 33 (100)

>60 g/day -2 0
Histological findings

Interface hepatitis +3 32 (97)

Predominant lymphoplasmacytic +1 33 (100)

infiltrate

Rosetting of liver cells +1 8 (24)

None of the above -5 0

Biliary changes -3 27 (82)

Other changes -3 25 (76)

Other autoimmune disease +2 9 (27)
Response to therapy

Complete +2 33 (100)

Relapse +3 0

system, and this allocation for AMA positivity for exclu-
sion of patients with PBC features is rational to the
diagnosis of “pure” AIH. However, negative score for
AMA positivity seems to be inadequate for diagnosis of
PBC-ATH overlap, since patients with PBC-AIH overlap
are usually AMA seropositive. In this regard, we did not
apply this negative allocation for AMA positivity to diag-
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nose AIH features in this study. The -3 allocation for
biliary changes was adopted in this study. Both “defi-
nite” AIH (>15 at pre-treatment and >17 at post-
treatment) and “probable” AIH (10-15 at pre-treatment
and 12-17 at post-treatment) are included in this study
as having ATH features.

Application of the simplified 1AIHG scoring
system for the diagnosis of AIH features

On the other hand, the simplified IAIHG scoring
system included only four items; autoantibodies (ANA,
SMA, LKM, SLA), serum immunoglobulin G (IgG)
level, liver histology and absence of viral hepatitis. In
liver histology, “typical” AIH is defined as presence of
all three findings; interface hepatitis, emperipolesis and
hepatic rosette formation, and is regarded as 2 points.
“Compatible” AIH is a picture of chronic hepatitis with
lymphocytic infiltration without all the features con-
sidered typical.’® However, it seems that emperipolesis
is not familiar to dinicians and even pathclogists in
Japan. Therefore, we adopted the grading of necroin-
flammatory activities, especially the HA scores, instead
of these histological findings. We defined allocations
using the HA scores as follows: 0 point for HA 0 and
1, 1 point for HA 2 and 2 points for HA 3. The diag-
nosis of “definite” AIH and “probable” AIH is estab-
lished if the score is 27 and 26 points, respectively,*
and both were defined as having AIH features in the
current study.

Statistical analysis

Continuous variables are presented as means * standard
deviations (SD) if they were normally distributed, or
medians if not. Comparison was performed using Stu-
dent's t-test for normal distributed variables, or Mann-
Whitney U-test for non-normal distributed variables.
Dichotomous variables were compared using y? test. All
tests were two-tailed and conducted at a 5% level of
significance.

RESULTS

Characteristics of the identified patients
with PBC-AIH overlap syndrome

E IDENTIFIED 33 patients with PBC-AIH overlap
who fulfilled both PBC and AIH criteria. In eight
referral centers, the number of patients with PBC and
AIH were 1081 and 597 overall, respectively. Thus, the
frequency of PBC-AIH overlap was 3.1% (33/1 081) of
PBC and 5.6% (33/597) of AIH. In Table 2, we dem-
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onstrated the baseline characteristics of these patients,
with those of patients with PBC or AIH alone. Here, we
demonstrated minimum values of liver enzymes of the
enrolled patients, and indeed some patients diagnosed
as having PBC-AIH overlap had normal cholestatic
enzyme or normal AST/ALT. However it should be kept
in mind that a single patient having PBC features never
had normal values in both ALP and GGT; instead all
patients with PBC features had either elevated ALP (two
patients out of 33) or elevated GGT (2/33), or both
elevated (29/33) at presentation. Similarly, all patients
with AIH features had either elevated AST (1/33) or
elevated ALT (2/33), or both elevated (30/33). In PBC-
AIH overlap cases, the mean follow-up period was
6.1 years. Ten patients out of 33 (30%) developed any
symptom at presentation: jaundice in five patients,
ascites in four, pruritus in four and varices in one. The
concomitant autoimmune diseases of the patient were
found in nine patients (27%), including Sjégren syn-
drome in six patients and chronic thyroiditis in three.
By comparison with patients with PBC alone, patients
with PBC-AIH overlap developed at younger age, and
had more symptoms at presentation, higher values of
AST, ALT, IgG and IgM, and higher positive rate of
ANA/SMA. By comparison with patients with AIH,
patients with PBC-AIH overlap had higher values of
ALP, GGT and IgM, and higher positive rate of AMA.

Revised IAIHG scoring system

The number of patients who fulfilled each item of the
revised IATHG scoring system was shown in Table 1, and
the interpretation of the revised IAIHG aggregate scores
was shown in Table 3. We did not apply negative allo-
cation for AMA positivity in the revised IATHG scoring
system for diagnosis of AIH features in this study. As a
result, although six patients were diagnosed as “Not
AIH” according to the revised IATHG scoring system due
to negative scoring for AMA positivity, all 33 patients
were defined as either “probable AIH" or “definite AIH”
after dismissal of this negative allocation for AMA posi-
tivity (Table 3).

Histopathological findings

We collectively analyzed histopathological findings at
diagnosis in each case, and the results are summarized
in Table 4 and Figure 1. Among three AIH-like patho-
logical features (interface hepatitis, rosette formation
and plasma cell infiltration), the grades of interface
hepatitis were 2.0 £ 0.8 (mean* SD), while those of
rosette formation and plasma cell infiltration were

- 149-



