FR23F11A

=VuaybmgllHYTEE)THE. mAOAR
HOLEELETIX, #60% DERF T UDCA
HdHrWiEATuf FEOfHATHEHAIRLTY
5. L2L, ZORMFPEEKIIHLPICE-T
Wi,

AT7F0A4 FBIUREIHA L b1, AIHE
B ORI RN L OF£2 AR
CIHFEETH Y, BIEE DL <, BRIk
A E o TWA, ZOREOMEHTEL LT,
RERENZIEFREORBVSUHEL o TWa.
FEVFRICHZHE STV A IGEEL LTIE, A
BEA W UISENH % 35385 2 EMiiEEd 5 »
I TFREREE R &05H 5. HIEME T MIl8E, in vi-
tro THEETHZLLREL o TWAE. I,
PURAF R 2 FIA M T MR BRI RE
PERTLIHERELZEFTENT, FFE
BEL T REHYME, FEAEEFRE
WHFET L LT, BIERZEb Y 2
BENRREEZONS. F/, HEMEDC %
BV BRERBCRENZHRELZB AL Z LA
TENL, MORBETIEAONTNE XIS,
REBRNREBECEY ) 222 HFEER
2500,

o H CSRERE B CRRABRSED STV 5
FLwHA M A SRRSO TENEDIIfFE N
Twb, BEFHAEEZ IL101E, FREEETV
IZBWT, TNF-o LR Thl %4 M7 4 ¥ KIS
B e L b1, FORE &ML E ]
L7-%. BV < F I AHBBREL LT,
CTLA-4 #iBa AV 4838 & 1gG o Fe $E3% 5 5 72 5 b
&% 2327 (CTLAAlg) THEF7NF 7+
VAR THARRBINZD, AIH~NOIGH D H#F
ENhab.

2. YA NVARHEEDE ATH DR

B RUBMEIF 22 ATH %2 &8 L7238, ATH
W LTATa L FEREITHIHEL, 740
ABDEZZY YT ERTY, BEBR7 o r8H5 D
PR 5%, CRHEBERZOFICAIH OZ W £
HEEIZTEA>D S, IFN ZECRERE%
BAARELRILPHMOENTBY, AIHOHBFED
H 5 CHRIBMEIF &I IFN #2179 BRI I3# D

(15)
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LBWPEETHH. T, DIETOH LKM-
LR D% 13, HCVIikb BB TH 5.
LKM-1 $i4K1Z CYP450-2D6 # LR L 3 5 &
Ermohn, FO—EFCEFETIINVALD
SFHEEDDH 5. 1996 EICHKE] I N EE
B RO FREICE T 20198 826 CH
o A VARG A & D %) BORIEWETICHE
TLEW L BERIPH SN TWEY. ERSH
FEZ aT7ONHVVERNIRIFREA TS FO
BE5 217w, 237 PMEVERIX IFN 22 E§
B LiZoTWAED, HFEP, BBz EREL
BT LRMETH L. CRIEEFLDEE
BB RELRESEDY, IFNZE T L WVHE
EHYRBVWEEERTBY, CHFXRAH® AIH
LTHEOENZ WX o THREEZERI BV
& e BUTREED D 5.

3. B

2008 4E3K F TORIBIZ BT 2 IR 5250
Blos b, ATHXERTRBIEZ 2T 2BERZ75
Bl (14%) THHY. HEISEENTIIFHEERE
869 ik 54 Bl (62%), BUIFAaBE 527 fih
2161 (39%) THY, 90% LLEFIRABTH -
7o, BHGBOETEOBRBIIFHE, 2%FRe
b ATH DSOS E D B E O FAE & A 2.
F 7o, MIEHTBAE & AR 2 B L C b A
5% A MES:-y/ s NN

BHRTOX 704 Faedull U7 feE skl
PIFBEOFHITHE Y RITTWEEESE. &
PIEHFKOMED H 270, FYWIEORED %
VBN B IR L IBR B e T 5 DIZHEET B RET
Ho. EBIC, WEBEOEAZEKRTIE, EiE
ATHEMICEA T L FE#EERIfTIC LR
{, 2EMBECHBEENETHE, BRICE
AYBEFDE VL) THE. FF—BIBEREL
TWABRIETIHIZE A EVBEERTFBIETH B0
RLEEBTAT O FERPEHICRAERN»S
v, TTREZR IR D BRI O EER] (FRIC AT
) Tk, A7uA4 PR 3ERUACEHE
B EDNEFLL, ark st AOMELHD
BTHA . :
FREBEO ATHER T 12~50% L HERTH
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A0 HEZ MmMEMT CATIF—EE By
Fu7y yifE, MBERFEET R b RE IR
T 5N, HESHIITEBRENTRPLEATH
5. FARREREEE M A U5 RNCHEBREN TR
BAETT 2282800, EYR 2 FERY
VETHLH. AITHEREOFHEE&REE LTI, #
BIGICIEBE O ATH & FIHRIZ interface hepatitis
BAHRLNDD, NENREFEROBMEFRETHE
FET BHBb L. BRIEHIL, RIEIGIHEED
WIRETV, ROIIHET 5.

—7, BREINAH CTLRWEEDOFBHEIC
FHET 5 AIHB R E & L Tdenovo AIH %% %
D, FFBHBAED3~5% OHEETAHALNS LR
HINTWEY, IR EMEZ & EMR
212 X 5 interface hepatitis # 23 5 BMF %
&, BCHAOMH, Byru7) VilE, Mo
BIERIEEDORI, OREBWTLENS. de
novo ATH ORERIHUE O RS & L T glutathione S-
transferase T1, cytokeratin 8/18 7 &34 X
NTWwBEY 257u4 FPRIYT 5H105% »
S, EFIOBREICL VHEBOMBEINELNS.

VI 455 7%& AIH

L. A== v TR

AIH & PBC OTE DGR, 5 Wi
BEMICHEETAREBIEL —N—F v TEERL
I <Twa, L2 L, REERIZ 1 DDA en-
tity E LTORIIZ L, HEDEZF L LT
i, BEAEDF —N—F v TIEEEIXPBC
H5H Wi AIH O variantform TH Y, HE D
mixed form I FEFNTHELLVIZEZFVE L
ENTWABH™YSD,

F—N—F v TREGHOSIERIIHEL I N
bOVEV., 2DODFRENEF—N"—=F vy TLTw
5T % XYBRL Twv 5% Chazouilléres S @
# (Paris criteria) "2SHW OB Z L%, L
L, TDIFATIVTHERETHENIZONT
DOREEIXZ SN Twizv, ThPshe, F—3—
v TR O ATH OB ICERZREE R o
TORBEHLNTWEHED DDA, ZOME
RARIE D TATHG @ position paper T
TBY, F—N"—F v TEGHRODIIIERD

(16)
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HAHLSRFE LM F108% $115

WEREZ AT ZHVARITIELZWERBINT
Wwa, FbH%3H, TDBoberg i, F—nN—3F v
THEBER L V) REMSEAIEEET, AlH
7213 PBC L W) £ B ESELEL, FOL
WADFHREDMb o 72bDTHBELTEHY,
REOREOHER 2 HAXFET LD TH 5.
Bz, REFMESIEST PBC OREH I ATH #
RBTLILENEVEVI T ENLEZTY,
PBC D F&#ZE1L (hepatic form) &WHEZ K
BERICZLTERERD S, 5, ZOREIZD
WTOFUEIBIE I N T ZEIZRBETHA
.

F—=N—=F v TEFEHOERIIOWT, BET
TIRBEELZERABIZITbh Ty, AIH
DFEHFHEICH L Z EPZ N L b, RN
WCA5FuaAf FEMD S\ WIZUDCA BFAXThI
T3 Z D%, MEFHDOBRMIRIRVE
THMENS . BEAEFEHE [HREO - HE -
BB 2RAHZE ] BETEE 8 Mgk D Rk
F—N—F v TEEER 33 61 O MR G ORI DT

bh7=®. ZOBERTE, F—1N"—7 v TEER
O AIH OB MBS MERZETEEZ 7Y%

bLIESLNTWS, TDZ T4 5Y 7 Paris
criteria ICHART, A 704 FIEENULE L IE
DOWMHIZEL TWAZ L2 b, HBEFZHRET
5 ETBEIILD.

B, ATHBZEOBCREERRETHLE
R LEIRE S (PSC) LDF—N—F v Th
HoONBYR, AETOREN ISR, AIH L
PSC & #HI3/NRETIZS .

2. MNREEEE D AIH

ANBBITIE, BRABNCE LAMRERS
1% IgG ME A% 2000mg/dl K il DEBI AL .
7z, HOWMAEBES DA% 2w N AIH
DTW b ERSHEEZ 27 ) ¥ 7 EAVD )
/NRTIZ ALP OEBEPEENICENZ E 25
ALP ORb Y IZyGTP 25 &/NE AIH 0%
BreEm B A™. 742, /NR AIH T PSC 7%
COREREZETAILELDY, REPLET
HbH. BEZOWTIE, RAFIEERICTL F=
Vo ARk AH, BREER EONBICE
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BN LREWERYRH . AF VTV F=va o
WAFEFR T T4 7)) YO R EDRBENT
KHBEEINTVEY, ZOFREICOWTIZESHD
EBOERH N5,

CEEEO ATHIZREEML TWaA. ZOWHE
TBERINZ W ET2HEDH LD, EEMDD
D, BEDAMH ERBIIIKREREVITEZVE
ENTWB®, L7zdoT, BB L BRI
BThb, A7T0A4 FHEICHT 2R EILER
DAHERETHY, F—RRTHB. A7 0
4 FRERICE, BHBRE~NONKEDLETDH
5. EEEDOHEEICIIZ S OREREFD Y &S
Wi EMETH LY, AITHOFHEZENTIER D
2\,

3. 28 AIH

Pt LKM-1 FuhBFEE o 2 B ATH 13D ASE T
EEDDTHLVY, FOERBIRTHETHY, 5
BREFLETH S, 28 ATH X, EEAHO
JFEE, JEHE ATH, RI/NROFKRETIIE
AZWICHITTBLLEFIH S, $LLKM-1 Hik
rHETAHZEVBH ORI E 2 5. SLA/LP
PRI EEZED 2R ATH IZ R S 2™ 7
Ot X7 A% VBT, BUSLA BiEo R
TSR OEME 121, sulfotransferase, o-enolase
L ocatalase BEF N TWB & I Hi LKM-

LHRIEZ, BARAD LE ATHES O 6.7% THRE

SN, BRBER HLA 2 0fEIZALN
TR o 728,

4. TgG4 B9# ATH :

B TSR B 48 T M 1gG4 A3 1l T 1G4
GUEEMRORBEIFETH Y, EILEHEE
%, BHEEGHEELR EOAHE D L0, 5%
BRELTESZLNTWA, Umemura 513,
ARG 7 ATHER T, MiEIgG4 HETH D,
FEPICE A 7 1gG4 BT MR B L Tw 5
2B %G LY, [1gG4 B# ATH] & vy FLw
METREB LA EFOAIH ERICA TS
PSRBT 5. MiE 1gG4 HIEF T, BN
DA 1gG4 B E T BRI 254 5 M A IEBI DO ELY i
Wi Y, RHEHEN R 07— LR EES
PUETHA £DH 2T, IgG4BI#E AIH ¢

an
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IgGAED B TORIMTH 5D, FoF/z%
AIH THEPIIEGBOBETH 5.
¥ EH

AH B HEBEIAHTH Y, Lz > TR
RICEDS W BW L BEDPTE RV, 207D
2, BAZEIPLETH S L DI, HOHER(E
WHHUR, PUEHEUE) & ORI
BMEFLETH L. Tz, FIRTILER RIES
T LERTREIFRERA T, FeEkE L
IR R SRIEIHEEIRETFRE 2o T 5,
TR DR & BERBOMAIC LY, FHIEE
FEORBEFEE NS, HIEME T MR 6l 7k
DC # W EWRBEBEOREIRA LN T
wa,

R AL, BIEB X R EOEAS WA RSB
REMBEIC L 205 (R0 @R B RRIEESE)
[HER O - IBERBCHEST 2REMRIE] 2608
KEATERREFPELETATHEY. ARSI VKR -
MEDFES, EEREICIHIVARZETI LS 0
BOEEFIERPFLETES

AR LIRS 528 ORI
“&L
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Cytokine profiles affetting the pathogenesis of
autoimmune hepatitis in Japanese patients
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Aim: Autoimmune hepatitis (AIH) is a chronic hepatitis of
unknown etiology, although several cytokines have been
implicated in its pathogenesis and severity. This study inves-
tigated the relationship between circulating cytokines in the
pretreatment phase and remission following corticosteroid
therapy phase in Japanese AlH patients.

Methods: A total of 28 cytokines were measured simulta-
neously by multiple bead array technology in the sera of 40
patients with AIH collected during pretreatment and remis-
sion phases.

Results: Interleukin (IL)-12p40, interferon-yinducible protein
(IP-10), macrophage inflammatory protein (MIP)-10, MIP-15,

IL-17F and IL-18 were significantly decreased during remission
from pretreatment stage levels. The level of IP-10 in the pre-
treatment phase was correlated with serum levels of alanine
aminotransferase.

Conclusion: Our results suggest that a complex interplay of
several cytokines, especially pro-inflammatory and T-helper
17 cytokines and regulatory T-cell suppression by IL-12p40
may play a pivotal role in the pathogenesis of AlH.

Key words: autoimmune hepatitis, interferon-y-inducible
protein-10, interleukin-12p40, interleukin-17, interleukin-18,
Luminex bead array system

INTRODUCTION

UTOIMMUNE HEPATITIS (AIH) is an organ-

specific autoimmune disease characterized by
chronic inflammation of the liver, hypergammaglobu-
linemia and autoantibodies.’® We previously reported
that human leukocyte antigen (HLA) class II is a particu-
larly important genetic factor participating in AIH sus-
ceptibility* and investigated other genetic participation
factors through microsatellite and single nucleoside
polymorphisms analyses.>” However, the etiology and
pathology of AIH has not yet been fully elucidated
through its immunological features.

Cytokines are bioactive substances that play an
important role in many physiological and pathological
processes. CD4* T cells, which are critical in the immune
response, can be subdivided according to two
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390-8621, Japan. Email: kanamey@shinshu-u.ac.jp
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predominant secretion profiles originally described in
mouse T-cell clones;® T-helper (Th)1 cells produce
cytokines that are important factors for promoting the
cell-mediated immune response, and Th2 cells produce
cytokines involved in the humoral response®*! and pos-
sibly the counter-regulation of the cytolytic effects of
Th1 cytokines.'***!® Furthermore, recent studies have
reported that Th17 cells are independently derived from
naive T cells and produce interleukin (IL)-17,"* which
has also been implicated in the pathogenesis of several
autoimmune diseases.”® Several cytokines have been
linked to the pathogenesis and severity of ATH.**'8 Czaja
et al. measured the serum levels of IL-2, IL-4, IL-10 and
interferon (IFN)-yin ATH patients and reported that IL-2
and 1L-4 were significantly lower than normal subjects.’®
They also showed that the serum level of IL-10 at pre-
sentation did not differ from that of normal subjects,
but decreased during therapy.’* The expression of
1L-12p40 in the liver and peripheral blood was found to
be significantly upregulated in AIH children compared
to healthy controls.’” The serum level of IFN-y-inducible
protein (IP)-10 was observed to be significantly higher
in patients with AIH as well, but decreased to levels in
healthy controls after successful treatment.'®

© 2011 The Japan Society of Hepatology
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Many previous studies on AIH development and pro-
gression are limited by the number of cytokines mea-
sured and have not been able to elucidate the interplay
of cytokines as a whole. This study was designed to
analyze several cytokines and chemokines simulta-
neously using the Luminex system'® to investigate cytok-
ine profiles in the pretreatment and remission following
treatment phases and evaluate the association between
cytokines and clinical states in Japanese patients with
AIH.

METHODS

Patients

ORTY AIH PATIENTS who were regularly seen at

Shinshu University Hospital were enrolled in this
study. Sera stored at —-80°C collected from these
patients at presentation before treatment (pretreatment
phase) and in the remission following corticosteroid
therapy phase were measured. Remission was defined
as the sustained return of transaminase and bilirubin
values to normal for at least 6 months. All remission
phase samples were taken after an interval of more
than 6 months from the onset of remission. The
patients had been diagnosed as definite or probable
ATH according to the scoring system from the Interna-
tional Autoimmune Hepatitis Group (IAIHG).> Char-
acteristics of these patients at treatment onset are
summarized in Table 1. The female: male ratio was

Table 1 Clinical data of autoimmune hepatitis patients at
presentation

Mean (range)

Age (years) 57 (32-81)
Female/male 33/7

AST (IU/L) 578 (62-1800)
ALT (IU/L) 564 (54-1976)
T-bil (mg/dL) 2.4 (0.4-30.2)

IgG (mg/dL) 3,032 (1175-7248)
ANA positivity 40/40

Histological activity AO/A1/A2/A3 0/3/22/15

Fibrosis stage FO/F1/F2/F3/F4 0/8/14/16/2
IATHG scoret 18.7 (15-22)

+IATHG score was calculated after treatment and included
histological findings.

ALT, alanine aminotransferase; ANA, anti-nuclear antibodies;
AST, aspartate aminotransferase; IATHG, International
Autoimmune Hepatitis Group; 1gG, immunoglobulin G; T-bil,
total bilirubin.
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33:7, and the median age and the levels of aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), total bilirubin (T-bil) and immunoglobulin
(Ig)G were 57 years, 578 IU/L, 564 IU/L, 2.4 mg/dL
and 3032 mg/dL, respectively. Antinuclear antibodies
(ANA) were positive in all patients by indirect immu-
nofluorescence of murine tissue sections. An index of
greater than 40 times was considered a positive result.
Pretreatment liver biopsies were done in all patients.
Histological findings (Metavir score)®® are shown in
Table 1. TAIHG scores were calculated after corticoster-
oid treatment and included histological findings. The
mean [AIHG score was 18.7 and ranged 15-22. All
patients received corticosteroid monotherapy and
achieved remission. A group of 10 sex- and age-
matched healthy individuals with normal transami-
nases were used as the control. To evaluate the
association between cytokines and clinical states, we
examined the correlation between serum levels of
cytokines with those of AST, ALT, IgG and T-bil
All participants provided informed written consent for
this study, which was approved by the institutional
ethics committee of Shinshu University School of
Medicine.

Assessment of cytokines

Measurement of 28 cytokines was performed all at once
using Luminex multiple bead array technology with
Multiplex Antibody Kits from BioSource (Hitachi Soft-
ware, Tokyo, Japan). Specifically, we evaluated IL-1J,
IL-2, IL-4, 1L-6, IL-10, IL-12p40, IL-12p70, IL-13,
IL-17A, IL-17F, 1L-18, IL-20, 1L-21, IL-22, 1L-23, IL-31,
IFN-a, IFN-y, tumor necrosis factor (TNF)-a, IL-8, eosi-
nophil chemotactic protein (eotaxin), IP-10, monocyte
chemoattractant protein (MCP)-1, macrophage inflam-
matory protein (MIP)-1a, MIP-13, nerve growth
factor (NGF), regulated on activation, normally T cell-
expressed and -secreted (RANTES) and transforming
growth factor (TGF)-B.

Statistical analysis

Comparisons of cytokine levels in pretreatment phase
with those in remission phase were calculated using
the Wilcoxon rank sum test. Comparisons of measured
cytokines and clinical states were assessed using Spear-
man’s rank correlation coefficient. Comparisons of
cytokines in AIH patients and controls were calculated
using the Mann-Whitney U-test. A P-value of less than
0.05 was considered statistically significant.

© 2011 The Japan Society of Hepatology
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RESULTS phase was 117 pg/mL, which was also significantly
) decreased in remission after treatment at 47.1 pg/mL
Cytokine trends (P=3.79x107°) (Fig. 1a). However, serum IL-12p70

EVEN CYTOKINES (IL-12p40, IL-17F, IL-18, IL-23, showed no significant differences between pretreatment
IP-10, MIP-1qa, MIP-1f) were higher than normal and remission phases (P = 0.0958) (Fig. 1b). The serum
controls in the pretreatment phase, but were signifi- level of 11-23 was also high before treatment and
cantly decreased to normal ranges in remission (Fig. 1). decreased after remission (P=0.0445) (Fig. 1c). The
The median level of serum IL-12p40 in the pretreatment remission levels of serum IL-17F and IL-18 showed sig-

(@) IL-12p40 (b) IL-12p70 (©) IL-23 (d) IL-17F
pg/ml pg/mi pg/mi pg/mi
P=3.790 x 10 25 P=0.0958 30 P=0.0445 250 P=0.0025
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Figure 1 Changes in serum levels between pretreatment phase and remission following corticosteroid therapy phase for interleukin
(IL)-12p40, IL-12p70, IL-23, IL-17F, 1L-18, IP-10, macrophage inflammatory protein (MIP)-1o and MIP-1f. (a) IL-12p40. The
mean serum level decreased significantly, from 117.0 pg/mL to 47.1 pg/mL (P=3.79 x 107%). (b) IL-12p70. Serum IL-12p70
showed no significant differences between pretreatment and remission phases. The mean serum level slightly decreased from
8.0 pg/mL to 5.0 pg/mL (P=0.0939). (c) IL-23. The mean serum level decreased significantly from 26.3 pg/mL to 18.5 pg/mL
(P=0.0445). (d) IL-17F. The mean serum levels decreased significantly after treatment from 27.5 pg/mL to 18.1 pg/mL
(P=5.563x107). (e) IL-18. The mean serum level decreased significantly from 19.5 pg/mL to 2.4 pg/mL (P =1.868 x 107). (f)
Interferon-y-inducible protein (IP-10). The mean serum level decreased significantly after treatment from 436.1 pg/mL to
69.8 pg/mL (P=1.86x10"%). (g) MIP-10. The mean serum level decreased significantly from 23.1 pg/mL to 12.9 pg/mL
(P=1.36 x 10®). (h) MIP-1B. The mean serum level decreased significantly from 145.1 pg/mL to 87.0 pg/mL (P=2.19 x 107). A,
pretreatment phase; B, remission phase.
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Table 2 Levels of non-significant cytokines between pretreatment and remission phases in autoimmune hepatitis patients

Cytokine (pg/mL) Pretreatment n=40

Detection (%)

Median (range)

Remission n=40

Detection (%) Median (range)

IL-1B 4 (10) 0 (0-0) 0 (0) 0 (0-0)
IL-2 12 (30) 0 (0-16.5) 12 (30) 0 (0-7.86)
IL-4 5 (12.5) 0 (0-24.0) 1 (24) 0 (0-11.2)
IL-6 5 (12.5) 0 (0-42.82) 0 (0) 0 (0-0)
IL-10 2 (5) 0 (0-22.94) 0 (0) 0 (0-0)
IL12p70 8 (20) 0 (0-5.60) 4 (10) 0 (0-5.44)
IL-13 2 (5) 0 (0-95.6) 1 (2.5) 0 (0-34.5)
IL-17A 0 (0) 0 (0-0) 0 (0) 0 (0-0)
1L-20 29 (72.5) 18.8 (0-3519) 20 (50) 4.40 (0-1913)
IL-21 18 (45) 0 (0-47.8) 14 (35) 0 (0-19.9)
IL-22 31 (77.5) 0 (0-195.7) 28 (70) 0 (0-203.7)
1L-31 30 (75) 8.4 (0-3,003) 26 (65) 14.4 (0-168.3)
IFN-a. 11 (27.5) 0 (0-6.55) 2 (5) 0 (0-6.11)
IFN-y 2 (5) 0 (0-96.9) 0 (0) 0 (0-0)
TNF-at 14 (35) 0 (0-43.8) 11 (27.5) 0 (0-4.39)
IL-8 13 (32.5) 0 (0-72.3) 3 (7.5) 0 (0-32.0)
Eotaxin 26 (65) 30.4 (0-104.8) 26 (65) 30.4 (0-78.6)
MCP-1 38 (95) 14.5 (0-593.2) 38 (95) 17.2 (0-76.6)
NGF 2 (5) 0 (0-58.3) 0 (0) 0 (0-0)
RANTES 39 (97.5) 1000.1 (0-2000) 40 (100) 756.5 (75.2-2000)
TGF-B 6 (15) 0 (0-258.7) 5 (12.5) 0 (0-103.7)

1L, interleukin; IEN, interferon; MCP, monocyte chemotactic protein; NGF, nerve growth factor; RANTES, regulated on activation,
normally T cell-expressed and -secreted; TGF, transforming growth factor; TNF, tumor necrosis factor.

nificant decreases from those in the pretreatment phase,
from 27.5pg/mlL and 19.5 pg/mL to 18.1pg/mL
(P=0.0025) (Fig. 1d) and 2.4 pg/mL (P =2.104 X 107)
(Fig. 1e), respectively. The median level of serum IP-10
behaved similarly, decreasing from 436.1 pg/mL to
69.8 pg/mL (P=1.86x10°) (Fig 1f), as did levels
of MIP-1o0 and MIP-1B, which were lowered
from 23.1pg/mL and 145.1 pg/mL to 12.9 pg/mL
(P=1.36x107) (Fig. 1g) and 87.0 pg/mL
(P=2.19 x 107°) (Fig. 1h), respectively. Interestingly, all
of the elevated cytokine levels at presentation in the AIH
patients became comparable to control levels in the
remission phase (data not shown). Most samples of
IL-1B, 1L-2, IL-4, 1L-6, IL-12p70, IL-13, IL-17A, IL-21,
IEN-o, IEN-y, TNF-o, IL-8, NGF and TGE-f were
undetectable. IL-20, IL-22, IL-31, eotaxin MCP-1 and
RANTES showed no significant differences between
phases (Table 2) and were comparable to controls, as
were IL-2 and IL-4 which were reported to be lower than
normal controls by Czaja etal.’® (data not shown).
There were no significant relations between cytokine
levels and histological activity or fibrosis stage (data not
shown).

Association between cytokines and
clinical states

The serum level of IP-10 was significantly correlated
with those of AST and ALT in the pretreatment phase.
Similarly, MIP-1a. levels were significantly correlated
with AST. Regarding the other cytokines, which included
IL-12p40, IL-17F and IL-18, no relations were found,
nor were any statistical differences noted between serum
IgG and the measured cytokines (Table 3). Because most
Th2 cytokine levels were low or undetectable, the rela-
tionship between Th2 cytokine level and IgG could not
be clarified.

DISCUSSION

HIS IS THE first study to simultaneously evaluate

numerous serum cytokines in both pretreatment
and remission phases in patients with AIH using mul-
tiple bead array technology. Such cases are usually
characterized by increased expression of HLA class II
antigens in hepatocytes and predominant CD4* T-cell
infiltration of the portal space®*** and might indicate
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Table 3 Correlations between cytokines and clinical states

Hepatology Research 2011; 41: 350-357

IL-12p40 IP-10 MIP-1a MIP-1b IL-17F IL-18

AST IS 0.152 0.417 0.337 0.136 0.174 0.030
P 0.348 0.007 0.033 0.402 0.282 0.852

ALT IS 0.119 0.345 0.290 0.185 0.112 0.189
P 0.469 0.032 0.074 0.260 0.498 0.248

T-bil s 0.152 0.270 0.201 0.081 0.064 0.013
P 0.348 0.092 0.213 0.621 0.696 0.938

IgG IS 0.041 0.101 0.093 0.070 0.181 0.136
P 0.803 0.536 0.568 0.669 0.264 0.403

Comparisons of cytokines and clinical states were calculated using Spearman’s rank correlation coefficient.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; IgG, immunoglobulin; IL, interleukin; IP-10, interferon-y-inducible
protein; MIP, macrophage inflammatory protein; s, Spearman’s rank correlation; T-bil, total bilirubin.

the involvement of Th cells and their related cytokine
secretions in the pathogenesis of AIH. IL-12 is a 75-kDa
heterodimer (p70) composed of covalently linked p35
and p40 subunits.* 11-12 triggers IFN-y production by
natural killer (NK) cells during acute inflammation and
regulates the expansion and function of IFN-y-secreting
Th1 CD4* T cells during antigen-specific cellular immu-
nity.**? 1L-12p40 binds not only to p35 but also to a
p19 chain to form another IFN-y-inducing cytokine,
1L-23.%° The levels of IL-12p70 were not increased in this
study. IL-23 was slightly higher in the pretreatment
phase, but was later decreased in the remission phase.
Therefore, monomers or homodimers of I1L-12p40 may
be increased in pretreatment phase ATH. In systemic
lupus erythematosus (SLE) patients, the serum IL-12p40
monomer was significantly increased but dropped
after immunosuppressive therapy.?’ The IL-12p40
homodimer is reported to suppress regulatory T cells
(Treg) by inhibiting the expression of forkhead-box P3
(Foxp3)®® which is a major regulatory factor for Treg.?
The IL-12p40 homodimer also negatively regulate the
action of IL-12,%**! which may be one of the reasons
why IFN-y was not increased in the pretreatment phase.
Treg have been reported to be suppressed in AIH
patients.’> Taken together, IL-12p40 might have an
important role in the regulation of AIH pathogenesis,
although we could not determine whether the increased
IL-12p40 in pretreatment phase AIH was a monomer or
homodimer.

Interleukin-17F is an IL-17 family member that is
believed to have similar roles as IL-17 (IL-17A).%***
IL-17 is produced by Th17 cells and is a key factor for

© 2011 The Japan Society of Hepatology

activation and recruitment of neutrophils, which play
pivotal roles in inflammation and autoimmune dis-
eases.'*** 1L-17F, and not IL-17A, was increased in the
pretreatment phase of AIH in this study. The serum level
of IL-23, which promotes proliferation and mainte-
nance of Th17 cells,* was elevated in the pretreatment
phase as well. Thus, Th17 cells may factor in AIH patho-
genesis in concert with 1L-23. TGF-B and IL-6 promote
differentiation of naive CD4* T cells to Th17 cells.?
These cytokines were not detected in most cases in this
study, but might have been increased in an earlier phase
before the patient came to the hospital.

Interleukin-18 is a pro-inflammatory cytokine that
derives dendritic cell maturation and mediates IFN-y
production.’” IL-18 and IL-12p40 are reported to act in
concert and play an important antiviral role through the
upregulation of IFN-y production and cell-mediated
immune responses.*® In the pretreatment phase of AlH,
both IL-18 and IL-12p40 may be a key factor.

Our results also showed that serum IP-10 in the pre-
treatment phase was significantly higher than in remis-
sion. IP-10 is classified as a member of the CXC
chemokine subfamily and acts as a chemoattractant for
monocytes, macrophages, T cells, NK cells and dendritic
cells, similarly to the CC chemokine subfamily, that
includes MIP-1v and MIP-1B.2"*" Our results support
these reports in that serum levels of IP-10 were signifi-
cantly higher in patients with AIH, decreased to the
levels of healthy controls following successful treat-
ment,'® and were correlated with the serum levels of ALT
and AST. Additionally, our findings that the MIP-10, and
MIP-1B were significantly higher in the pretreatment
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Figure 2 Schematic of the cytokine network in autoimmune
hepatitis pathogenesis. Naive CD4" T cells are differentiated to
T-helper cell (Th)1, Th2, Th17 or regulatory T cells (Treg) by
cytokines. Cytokines shown in bold were higher in the pre-
treatment phase but were decreased in the remission phase.
Th17 cells are maintained by interleukin (IL)-23 and secrete
IL-17, which is related to autoimmunity. IL-12p40 may inhibit
Treg induction by suppressing forkhead-box P3 (Foxp3). The
pro-inflammatory chemokines interferon-y-inducible protein
(IP-10), macrophage inflammatory protein (MIP)-1ot and
MIP-1B promote liver inflammation and IL-18 might factor
strongly in inflammation. APC, antigen-presenting cells; IFN,
interferon; iTreg, induced regulatory T cells; T-bet, T-box tran-
scription factor; TGF, transforming growth factor.

phase, suggested that these CC chemokines are attrib-
uted, along with IP-10, to liver inflammation in pretreat-
ment phase ATH. Together, these chemokines may be
one of the main culprits in disease progression.

Other cytokines were detected in this study, but were
either present in only a few samples or remained
unchanged. Thus, it is unclear what relation they had to
AIH, but it is conceivable that some levels may have
changed throughout the disease course and had a role in
pathogenesis.

Based on our findings, we have proposed a cytokine
network in an AIH pathogenesis schematic in Figure 2.
Naive CD4* T cells are differentiated to Th1, Th2, Th17
or Treg cells by cytokines. Th17 cells are maintained by
IL-23 and secrete IL-17, which is related to autoimmu-
nity. IL-12p40 may inhibit Treg induction by suppress-
ing Foxp3. The pro-inflammatory chemokines IP-10,
MIP-10r and MIP-1B may also promote liver inflamma-
tion, and 11-18 may factor strongly in the inflammatory
response.

Further longitudinal studies in larger samples evalu-
ating more cytokines are needed to clarify the multi-
functional nature of cytokine profiles in ATH. Messenger
RNA expression of cytokines in the liver of AIH patients

Cytokine profiles in Japanese AIH patients 355

should also be investigated to elucidate the local
cytokine network, and reveal new models of therapy.
Recently, anti-cytokine therapies have been introduced
to patients with autoimmune diseases; a clinical trial
of a humanized anti-IL-17 monoclonal antibody
was started for patients with rheumatoid arthritis,*?> and
ustekinumab (anti-IL-12/23 monoclonal antibody) was
reported to be effective for psoriasis.” For ATH, espe-
cially the fulminant type, a similar anti-cytokine therapy
is needed.

In conclusion, the complex interplay of several cytok-
ines, especially pro-inflammatory chemokines, Th17
cytokines and IL-12p40, play a pivotal role in AIH
pathogenesis.
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