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requirement for the NK/NK T-associated innate immune
effector mechanisms in the initiation of a breakdown of
tolerance and a potential major role of a continued adaptive
response in the natural history of disease.

Materials and methods

Murine immunization

Female C57BL/6] (B6) mice aged 8-9 weeks were obtained
from Kyudo (Kumamoto, Japan) and maintained in venti-
lated cages under specific pathogen-free conditions. Each
mouse was immunized intraperitoneally with a mixture
of 2-octynoic acid-bovine serum albumin (20A-BSA) con-
jugate (100 pg/25 pl) incorporated in complete Freund’s
adjuvant (CFA; Sigma-Aldrich, St Louis, MO, USA) con-
taining 10 mg/ml of Mycobacterium tuberculosis strain
H37Ra. The mice subsequently received biweekly booster
doses of 20A-BSA incorporated in incomplete Freund’s
adjuvant (IFA; Sigma-Aldrich), as reported previously [9].
Groups of these 20A-BSA-immunized mice were either
treated intravenously with 100 ug of NKI-1 antibody
(Cedarlane, Alexis, NC, USA) to deplete NK cells or NKT
cells (group A, n=32) or treated with control mouse
immunoglobulin (group B, # = 32) every week before 20A-
BSA treatment and up to the time of killing. As negative
controls, female B6 mice (group C, n = 12) were immunized
with BSA incorporated in CFA (Sigma-Aldrich) and
boosted using the same dose and schedule as the experi-
mental mice. Sera and spleens were collected before and at
every 6 weeks post-immunization to 24 weeks. Serological
AMA was determined by enzyme-linked immunosorbent
assay (ELISA) [10] and spleen mononuclear cells were iso-
lated for detection of NK1-1-positive cells by flow cytom-
etry and enzyme-linked immunospot (ELISPOT) assay. In a
nested study, liver samples were collected from eight mice
from groups A and B and three mice from group C, each at
6, 12, 18 and 24 weeks, and subjected to histological analysis
[11-13].

Flow cytometric analysis of the cell surface antigens

Two-colour flow cytometry was performed on cell suspen-
sions using a fluorescence activated cell sorter (FACS)Caliber
flow cytometer (BD Biosciences, San Jose, CA, USA), as
described previously [14]. Cell surface monoclonal antibod-
ies utilized included anti-CD3 and NK1-1 (BD Biosciences).
Splenic mononuclear cells (2:5-5-0 x 10°) were stained for
cell surface antigen expression at 4°C in the dark for 30 min,
washed twice in 2 ml phosphate-buffered saline containing
1% bovine serum albumin and 0-01% sodium azide, and
were fixed in 200 il of 1% paraformaldehyde. Isotype-
matched control antibodies were used to determine the
background levels of staining.

280

Peptide synthesis

Murine PDC-E2 peptides encompassing the inner lipoyl
domain, which correlates with human PBC-specific T cell
epitopes [15], were synthesized by fluorenylmethyloxycar-
bonyl (Fmoc) chemistry and the peptide purity was more
than 80%, as determined by high performance liquid
chromatography (HPLC). The synthetic peptide sequences
were aa 232-246 (GTVQRWEKKVGEKLS), aa 236-250
(RWEKKVGEKLSEGDL), aa 240-254 (KVGEKLSEGDL-
LAEI), aa 244-258 (KLSEGDLLAEIETDK), aa 248-262
(GDLLAEIETDKATIG), aa 252-266 (AEIETDKATIG-
FEVQ), aa 256-270 (TDKATIGFEVQEEGY) and aa 260-
274 (TIGFEVQEEGYLAKI), all purchased from Genenet
(Fukuoka, Japan).

Detection of AMA

AMA was determined by ELISA using the triple-expression
hybrid clone, pML-MIT-3 (pML-MIT-3-ELISA) [10,16,17].
Briefly, recombinant proteins containing the AMA-reactive
immunodominant epitopes localized to the three distinct
lipoyl domains of human pyruvate dehydrogenase complex
(PDC)-E2 [18], bovine branched chain 2-oxo acid dehydro-
genase complex (BCOADC)-E2 [19] and rat 2-oxoglutarate
dehydrogenase complex (OGDC)-E2 [10] were cloned and
co-expressed in the plasmid vector, pGEX-4T-1 (Pharmacia,
Alameda, CA, USA) and the product used as antigen. Sero-
logical AMA was determined using serum samples at a 1:250
dilution and the bound antibodies were defected by
peroxidase-conjugated goat anti-mouse immunoglobulin
(diluted 1:50 and 100 ul/well; Dako, Glostrup, Denmark).
The optical density (OD) was determined using a microplate
reader at 450 nm.

Evaluation of splenic PDC-E2 peptide-specific T cell
responses by ELISPOT

Splenic mononuclear cells were obtained from mice before
and at 6, 12, 18 and 24 weeks post-immunization and were
treated with either NK1-1 antibody (n = 8 each time) or with
control immunoglobulin (n=8 each time) or negative
control (1= 3 each time). A total of 1 X 10° cells were dis-
pensed into each well of a 24-well plate and cultured with
murine PDC-E2 synthetic peptides, as mentioned below.
After 3 days of culture, viable splenocytes were harvested and
ELISPOT assays were performed [RSD ELISPOT set, mouse
interferon (IFN)-y ELISPOT set, Minneapolis, MN, USA].
Briefly, 96-well nitrocellulose plates were coated with an
optimized capture monoclonal antibody (mouse anti-
IFN-y) in phosphate-buffered saline (PBS) and incubated
overnight at 4°C. Unbound antibody was removed by
washing with PBS containing 0-05% Tween (PBS-Tween).
Viable cells were added at 3 x 10° cells/well in 100 pl RPMI-
1640 in triplicate. The plates were incubated at 37°C, 5% CO,
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for 24 h; the plates were then washed, labelled with biotin-
labelled anti-IFN-y and developed by incubation with
streptavidin—alkaline phosphatase, followed by incubation
with a final substrate solution (BD™ AEC substrate reagent
set, San Diego, CA, USA). The reaction was stopped by
rinsing the contents with distilled water, and the number of
spots was counted by using a KS ELISPOT Reader (Zeiss,
Thornwood, NY, USA). Known positive and negative
samples were included throughout. In addition, antigen-
specific spot-forming cells (SFC) were quantitated as SFC in
the presence and absence of antigen and the net SFC
calculated. The average number of SFC in the absence of
antigen was fewer than 10 (data not shown).

Histological analysis of murine liver sections

Immediately after killing, liver was harvested, cut into small
fragments and fixed in 10% buffered formalin, embedded in
paraffin, and cut into 5-(m sections. Liver sections were
deparaffinized, stained with haematoxylin and eosin and
evaluated under light microscopy by a ‘blinded’ qualified
pathologist; the degree of liver inflammation, portal inflam-
mation, bile duct damage, parenchymal inflammation and
granuloma was scored as described previously [20-22].
Briefly, each section (except for those that showed bile
duct damage or granuloma) was scored as either 0=no
significant change, 1 = minimal, 2 = mild, 3 = moderate or
4 = severe pathology. The sections that showed bile duct
damage and granuloma were scored as either 0=no
significant observation, 1=Ilow frequency observed or
2 = frequently observed.

Statistical analysis

All experiments were performed in triplicate and the data
points shown are means of these triplicate analyses. The data
are expressed as mean * standard deviation (s.d.), and the
significant differences between samples was determined
using Student’s #-test. All analyses were two-tailed and
P-values < 0-05 were considered significant. Statistical analy-
ses were performed using Intercooled Stata 80 (Stata Corp,
College Station, TX, USA).

Results

Depletion of NK and NK T cells

To evaluate the role of NK and NK T cells, we depleted NK
and NK T cells by administering NK1-1 antibody. This treat-
ment was confirmed to be effective due to the marked reduc-
tion in the frequency of NK1-1-positive NK cells or NK T
cells by Stanford flow cytometry (Fig. 1).

Anti-mitochondrial antibodies

Atboth 6 and 12 weeks post-immunization, serum AMA were
decreased significantly in the NK1-1-depleted mice immu-
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Fig, 1. Effect of natural killer (NK)1-1 antibody deletion. Cell surface
markers were determined in spleen mononuclear cells by flow
cytometry. Splenic mononuclear cells contained 30-7% CD3"NK1-1~
cells, 29-5% CD3*NK1:1" cells, 36:8% CD3 NKI1-1* cells and 3-1%
CD3*NK1-17 cells (a). After NK1-1 antibody treatment, NK1-1-positive
cells decreased from 39-9% to 5:1% (b).

nized with 20A-BSA (n = 8) compared to sera from control
mice immunized with 20A-BSA. Interestingly, however,
after 18 weeks there was no significant difference
in AMA titres in the two groups of animals (Fig.2). As
expected, there were no detectable AMA in BSA control mice.

Detection of IFN-y-secreting T cells recognizing mouse
PDC-E2 peptides

We evaluated T cell responses to PDC-E2 at 6, 12, 18 and 24
weeks using our ELISPOT assay in individual NK1-1-
depleted and control 20A-BSA immunized mice (Fig. 3). As
noted, the numbers of IFN-y-secreting T cells from the

(OD) MIT3-ELISA
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2 L
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1 - __20A-BSA immunized
""" mige with NK 11 Ab
20A-BSA immunized
05 mice with control Ab
—QO— BSA immunized mice
OO0
0

0 6 12 18 24 (weeks)

Fig. 2. Antibody to mitochondrial antigens. Quantification of
anti-mitochondrial antibody (AMA) in the sera by enzyme-linked
immunosorbent assay (ELISA) at 6-week intervals after immunization
shows significant increases in optical density (OD). Sera obtained
from mice before and at 6, 12, 18 and 24 weeks post-immunization
were treated with either natural killer (NK)1-1 antibody (n=8

each time) or with control immunoglobulin (= 8 each time)

or negative control (n= 3 each time). In immunized mice,

NK1-1 antibody-treated mice had lower OD than control
immunoglobulin-treated mice (P < 0-05) within 12 weeks.
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Fig. 3. Enzyme-linked immunosospot assay (ELISPOT) assay
[interferon (IFN)-y] of 2-octynoic acid-bovine serum albumin
(20A-BSA)-immunized mice with natural killer (NK)1-1 antibody
and with control immunoglobulin. Cytokine production of splenic
mononuclear cells in response to pyruvate dehydrogenase complex
(PDC)-E2 synthetic peptides using ELISPOT. The y-axis indicates
the number of IFN-y-producing T cells reactive to PDC-E2 synthetic
peptides/3 X 10° splenic mononuclear cells, Note that NK1-1
antibody-treated mice had lower frequencies of autoreactive T cells
than those with control immunoglobulin (P < 0-05) within 12 weeks.

control 20A-BSA-immunized mice both at 6 and 12 weeks
were significantly higher than the 20A-BSA-immunized
NK1-1-depleted group. However, the mean number of such
IFN-y-secreting T cells was similar in both groups at 18 and
24 weeks.

Histological studies

The coded series of liver tissues from the various groups of
mice were studied by a pathologist blinded to the groupings
of the donor mice. As seen in Fig. 4, there were no major
differences in the degree of lymphoid cell infiltration in
tissues from mice treated with the NK1-1 antibody compared

Fig. 4. Microscopic examination of liver tissue from 2-octynoic
acid-bovine serum albumin (20A-BSA) with natural killer (NK)1-1
antibody and contro] immunoglobulin. (a) Light microscopy (x400)
with NK1-1 antibody shows mild infiltration of lymphocytes in portal
tracts, particularly surrounding damaged intralobular bile ducts. (b)
Light microscopy (x400) with control immunoglobulin demonstrates

similar findings to those shown in (a).
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with tissues from the control mice at 24 weeks. Both the
levels of bile duct lesions and lymphoid cell infiltration
appear to be mild in the NK1-1-depleted and control mice.
These data suggest that NK1-1 depletion initiated prior to
immunization does not appear to influence the degree of
lymphoid cell infiltrates and/or severity of the ductal lesions
(data not shown).

Discussion

Recent work has emphasized that the unique destruction of
biliary cells requires the triad of macrophages from patients
with PBC, biliary epithelial cell apotopes and AMAs; this
leads to a burst of proinflammatory cytokines [23]. In addi-
tion, there is evidence that NK cells are involved in biliary cell
cytotoxicity, and in this respect it is noteworthy that there is
considerable heterogeneity among the NK and perhaps also
the NK T cell lineages [24,25]. Thus, previous dogmas with
regard to NK cells require re-examination, particularly with
regard to function, as there is now evidence for NK cell
memory and a regulatory function has also been ascribed to
NK cells [25]. One of the strongest cases for NK cell hetero-
geneity comes from studies of the phenotypical and func-
tional differences of the NK cell lineages that reside within
the gut compared with the blood and lymph nodes [26,27].
Thus, while organ-resident NK cells control the magnitude
of organ inflammation, they also have a role concurrently in
influencing the generation of autoimmunity and pathology
[28,29]. Peripherally derived NK cells have an impact upon
autoimmune responses which are manifested by their ability
to synthesize cytokines rapidly that, in turn, influence the
quality and quantity of acquired immune responses [30-34].
While the CD1d-deficient mouse [35-38] and the use of
o-GalCer to activate NK T cells [39-41] are both available
to perform standard addition/subtraction experiments in
efforts to define a role for the NK T cell lineage, reagents are
not readily available for a similar study of the role of NK
cells. This is due to the fact that the use of the classical NK1-1
monoclonal antibody (mAb) to deplete NK cells also deletes
NK T cells, because the latter lineage also expresses NK1-1.
As NK T cells have been shown to contribute to the exacer-
bation of disease in PBC [5,6], results of the findings
reported herein indicate that the depletion of both NK
cells and NK T cells prior to immunization has a minimal
role in the overall breakdown of tolerance. Thus, and as
shown herein, while depletion of NK1-1 cells appeared to
delay significantly the generation of autoimmune-specific
acquired humoral and cellular responses, the data indicate
clearly that depletion of the NKI-1 lineage did not lead
to any detectable differences in the pathology seen in the
NK1-1-depleted versus control mice.

It is well known that liver contains NK cell subsets which
have reduced effector function [42,43], but under appropri-
ate inflammatory conditions become potent killers [44]. NK
cells sense normal or abnormal cells with their inhibitory
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or activating receptors [32]. Thus, under normal circum-
stances, NK cells will not damage autologous cells due to the
engagement of inhibitory receptors. Nevertheless, NK cells
have the capacity to spontaneously kill autologous immature
dendritic cells [45], stromal cells or fibroblasts [46], and
under special conditions such as the presence of restricted
innate immune stimulation NK cells destroy autologous
biliary epithelial cells [24]. The natural history of autoim-
mune cholangitis in this model requires, first, the loss of
tolerance to PDC-E2 and secondly, the inflammatory portal
infiltrates in liver. Our data imply that there are different
phases to the natural history of disease, a theme which is
similar to our previously published work [47,48]. In other
words, one factor which can facilitate the onset of autoim-
munity is NK and NK T cell populations. However, once
tolerance is initiated, the disease will be perpetuated via
other mechanisms, again highlighting the promiscuous
nature of autoimmunity and the involvement of multiple
effector pathways.
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WEINTEX,

K TIE PBCICE T 3 IHEHEICOVT,
AIRA N WK T DB IR, EIiRbRE
12 BT 3 B nanuscript, in preparation) & #8
95 (FR).
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£ PBCILHU3HERE—THERESHE

1. PBCIcHIF3 HOC ; Bk
RIEZR

PBC DkkED LAY U —Z > JEOEED RGN
EBEEMADTE

2. PBCICBITA3HE R 750

a EmEOBFHM
b, AEBEREBERT BRFS) O

3. PBC DREBETFRT—H— | flgp 210 EB LU POXTHACRE | BHX-
CRTE B 2 BEHIR O
4. PBC OBEERIE & FE Fibrate SI5| HHAAAATE PBC BEAR S 5T | B X8
BINE DT

5. PBCICHWIBHEBY —~1Z | A

ERFICED U ATFHE/BRIMCEN LA U—2

>R > DERL

B. AFHCC R RI1 2 (PIVKA- 11 &) DB

6. PBC Aff HCC DREEETH | A.

EEITOFREEEHE SRBEDEIR |« 71 L AR
3k HCC & DiFE
B. BIEERSOEE

I. PBCICHF3 HCC: BREL
HiEER

COEDHEA b

o EGE AL ET SICHET L TWD IR~ KT
ld BRE 3 34~3.54%.

» Scheuer DR8I+ IV BED D D 10 FRIEFEXR
T+ CH LERICHE

PBC & » HCC H¥HE3 (prevalence) IZBH L
T, BF, WA 7Y 7, ALV, £FY
A) 05 DEREDH B, 2002 £EIC Shibuya 5 1,
1980~1998 fE Iz 21} TR X TEH I N7z
396 A PBC BEZ X5 L L (L ERLEE
e = ~Hi ) & B (PBC Forum 21) 217>,
PBC & ? HCC BiRE % 3.54% L FHE L
720, 2009 #EHM D 3 RIFEFIHRED & DK
FLBBDRINCART 20 TH 27 (4
%) 7 Padova 3. 36 %3z LN X A » Barcelo-
na3d.34%). Zh ok, HCCEHHR 7 V) —=v
7 & U CHiG T (B8 S ; USG) 2 K12
FTLWTLTwak— Fh s OWETH
b, 1997 % HE Newcastle 5 FEI iz,
HCC A7V == 7 D eI A8 7 B ek i 3k
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BEENMOAKRE 2.39% L B0 TH
3.

SR BEHERE 31 MEskd» & 7 5 % HEsk PBC 3t
FIRFZE (NHOSL]) Tid, 1989 4E X b 1, 000 {514
Eo PBCEGIZERL, FHIER X ETICE
?%@%@%ﬁ%‘@fm%.ﬂ:¢—bW?
i3 28 B> HCC 238Wr & N7z, HCC ks
PBC 232l S L= MR 2 WiHl 6 41 b & 717%
PRI 2.76% TH D, EEIEVDDTH-
7z,

Shibuya 5 IZZ2WRE D L { WERERBERFD
PBCHHHICREAMLL 7- BEBEELMEL T
D, Scheuer ZHEIM + NVEED»S D 10 R
BAEERIL, AI+I25050ICNLERI
BETH 572 (12.3% vs. 7. 7%, P=0.021)".
HETPBCIKIR- T, ZDFHEY A 7 I1ZAH
ICRT % C BB (CHC) F1-2 D 4E [ F
L)L THD, CHC & PBC o BT 2 IF45E
DHE, BEDE, BLOTANZADES R KR
L7cbDEHERZ N3, Barcelona 25— F T
% Scheuer Z7HI + VEE 0 10 £ RBRER
13 11.2% & S, Shibuya 5 DIRE & KRS nE
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Fnds, A4 Tk HCV HEFEZ
(LCC) L LR le e REFRIERTH 2 L fEm
T3, NHOSL] Tl ZHUcH L, Sig
LR IFEZ (LCO)RESI T 10. 3%, FEEE
ZPBC TI30.945% &\ 35 BRBIEH I 1
72 (P<0.001).

I. PBC B %»%F Y za&ﬁ
. BiE, WO FamrnLrwrrbs HoC
FEICHL LTEEd 3. i
. REfakREF O

—RHSO KR~ bR ELY

Lindor 5 & 1976~2002 £ D &2 Mayo Clin-
ic T & L7 IR FFBEZS & OF T B E E
225, PBC AHFHCC 17 #lZHhH L, Rz
PBC & #ZWi S L7 EH & DT case-control
study ZHEfT L 72, ZO#EHE, SUHERE LT
i (70 <), S, WifkE, FIRFETTERE D
FAED, HCC FEEIHZ L CEET2 L%
RH L7 (AUC 5 0.90)”, HCC AffEE AR
W ARF A F AR 0.6%THDZDITHL
T, AEFITRTHI ) BETIE 98. 9%~ 7T
2 L#E LT3, $CIZ Shibuya & DEEN
FTH, LERMMTIC LD PBC 2WiREl, B
M, WILESERETE L Thisntsh?,
M 3 EREFOREESHERINL LTk
%,

R L, BRMTIX Padova i (NC Barce-
lona 13638 L 7= HCC f@B A F (case-control
study) SHERGETERZ T TH Y, BERT
13 Padova T ARER X 417z (B 13 ES &
NTwizn)?,

F oA T v OSBRI BT &
U A7 & OBEICE TREN LR S HEMA
bEIN T, BiFldax—FAT
34% % ) BHBA 7 — ARG R BRA L 72D
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DTHY, BIHREYLE Y (T-BDEWLT
W7 S v (Alb) fEEE &> ) L E O prognostic
class % PBC Mayo risk score 232 & #@HTT
BRBHEV A VETFLER>T0EHT, PBC
ETLRBOBERZ BET 2 HDTIRE,
btiond, LERFOLZLTHEEE L UE
R LC BEME T 70 9 %5, NHOSL]
PBC 24/ — k4 case-control study 12 & = T
fEtr 24T o 7. ZOREHE, HCC A4F odds ratio
Z BT 2. 77T (95 % XM 5 CI 1. 27~6. 05,
P=0.011), IR 8 LC T 12.49 (95% CI
6.23~25.01, P=0.00001) &72 Y, Lindor &
DEBRTFD ) b Z oI HREIHER T ¥ /-,
BRI B L 3B S BTN TE kd o
7253, BEEFHMELSAIRECH - 7z HCC 24 fl 5~
TR IZFR O Tk,

2. OERFOREEIZOVT

X 512 NHOSL] PBC =k — FNIZIXIE LC-
HCC 23 7 BIRER T E 7720, BERO R
FITnz2 <, BRmaHE, SIEEE, HBV BRRg
MFEIBIZBEE LY 2, FLC FHE(case) &
LC #J¥& B (control) & @[T case-control
study #fT- 7. WE® PBC 8 X O HCC 217
Eﬁ”c o3 ERoRFEERICERER
AT, PBC IKHEEBEEL 2\ I s DEFD
PBC HENDOESIZH L > Thd o7,

| . PBC OiREEETTRIv—H—&

H#b ik NHOSL] PBC 2 & — b D &L
LY, FIREASARTH B9 gp 210 Hifk &
it v b X 7HUREMER, PBC T (BER,
FRE TOEREED) O EBRFTHh 5 Z L 2HS
AL Tw3”, LA L, NHOSL] PBC =& —
;A HCC &6F PBC FEA (case) & FE HCC &4
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FE (control) BT i, W NOFURGIERIC D
EEERAD LD o . i gp 210 FiklE %
PBC FF iz R B 7o S0E & FEIE DA 1T 12 B A3
Bl ERB I N, FEFIBE ML TOmR
HPBETHS ).

V. PBC@E#?(& T’:‘)c‘:%ﬁ:

OEOEITR : '
#17 PBC EE%OJ?;«# i, UDCA cl_cté%#?}m
K HMRPSHHENS—BPEEND.

PBC B # I 8 1J % ursodeoxycholic acid
(UDCA) Iz 55 2 I8 KB A fr P 5 1 B
T2 LW I ERS, UDCA DRIEZHE
T2 X F X E 7 criteria BIREIN TS, L
L5, WBEMGEZR Y LIE PBC It T
BIRBEDEE L FEOBIEIC DWW T O E T
QY

B4 7 v ¥ ax— bk, £z UDCA
(13~15mg/kg) D5 HERZ N T3 375
AD PBCiEMZ 5 E L, 1990~2007 ££i2bH
7o D EREHAR O R BN 9. T FD 2K — F AT
9 Az HCC 2582l & -, SERIFERIZ 0.2%
TH o753, UDCA BEA 14412 T-Bil and/
or Alb fH 2% IE % 1k (“Rotterdam £ #”) L %
2o fc “UDCA RIGHE” @ 10 FRBERERE
9% 1z £ 7%, B Tokyo(Shibuya &) 3R
IZ Barcelona 24— M IZE 1} A Scheuer 2%
I+ IV RS o BREFER & I RE 2 Fl R ©
®%. UDCA EAMZ, T-Bil % 5\t Alb @
W, b LIRS B 7 BRERE (mod-
erately advanced~advanced) D#J 50% & UD-
CARIGEETH o7 ¥NB L5y, EFT
PBC BF D v izid, UDCA Iz k 2 E6TH
WEICMAT, FEIHEIE LSS —8
VBEENBLEEZ NG,

K L, NHOSL] PBC 24— F AT
HCC 22Ul ic PBC HEhsiEsR s /- B (“R
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RFRE”) 1k, PBC DWREER X OB (FFIfE 9.0
) HFICHRE L o B R & R RIEE
WMICEREE2RD o7, BiBDar— iz
BIIoHERLHE 2 L, UDCABREDORET
BEEIERDSZ L \WiEfT PBC BENHFET B Z &
LRI NI,

V. PBCI a‘oh‘%%?:'b‘ ’\’(7/2

*Ff ml %&%u']zt,

UDCAODV_‘J%;&W /\‘4’—3\/7\0)@ 4

| BTBIEHREM. e ;
DX 97 PBC %%%umw_xﬁ V—=v

79 %k, HCC DREIZW LBl 2 FHB®K

BIZORDVE00%, lRRICEERZIETH 5

1. Mayo Clinic Z#

Mayo Clinic "TlZ, 2000 E2> 6 Bt & L7z
PBC £l 7 2 EERE L O AFP 1T X 29—
RA 7 ADRGERZW S L7z HCCEEH I,
historical control & b 7% %% —A 7 > ZAFKME
1THED © DFEBIEPN HR, EEHMI BRI
BEwlof@Engentns? 513, £
FEFED L5% U LOENHTHCC AV Y —=
VIRBETRETHD LI TR D FFRE
2L (AASLD) A4 R4 VIc#EHLL, BHED
IFENE D 4 JF Rl (70 <), B, i
FE, FIRETGERERT) ofiadbeic kb F
JEEEBHE VAR, A7) —= v T ORR
ETAIEERBELCVS, BEL AL, stage
2~3 D5 DHEBHIORD 722 &5, FRY R
7 D EITREAT %, K, KERE &
EEIREOWITN»OBE &) “FIIRETLE
FEF” EEEEI TWEIRTHA ).

2. Rotterdam Z#
L2 LEWB6F T ¥ ak—r1id Mayo F&
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¥ score OFREICHBENTHY, UDCA I
T 2RERIEER HCC R 2 ) — =y JHME L
RELTW3Y, v Y —# T-Bil/Alb fi#
EEZFEar— A PBC £% (“early PBC”)
id, EHESHEEE L A EaFRICENL Y,
Rotterdam ZEIEIIBBERIGED I A —F —
&L 72 ERRAVHETT PBC O D IAAREIMETH B
EHEZEIN S,

BeETsE, FRELUERNETET—X
FVAA % L 729 Z (annually) T, UDCA O%h
Btk ) —_4 5 20MER X e T
L2 EDBREN»EEZONL . HERIZ,
PBC Z BB OMETRERFTH 2, HORE
PERFA (AIH) & @ overlap, T gp 210 itk &
Ok v b a X 7 HEBHES] 2 — KRB GIAZIC
MHAANSE Z Litdh, BFfiddvwEEBbns.
WMEOEEICE L TIZX 5% 2B B%ET
Hb., bHLAA, HBs HUEEME, HLHCV Hiffk
Bk, T7%b5, BERFSR, CEFLAEHEIL,
ZFNEFNTANVAFRDY —RA 5V RAIZHED
RETHA5,

3. REAVV—Z T EE~Y—H—

PBCHEA 7 U —= v 7B 2 @E < —
A—IZBEL T, ENOWETIE AFP O HZHMH
AEnTw5b, NHOSL] PBC 2% — r§ HCC
HlcRWIRIES ~ — 2 —{E M L < 2 EH
(N=19) &, AFP(20ng/mi<)#liZ 89.4% T
H o Tz, PIVKA-T A0 mAU/mI<) #l 1%
78.9%I2DIF Y, MERBHEMZED LD o7,
JEH 9 oIz X % vitamin K WIS 4 1388 E-
R EE-GEEIC OB 2 b H 2D,
PBC iz B W T HARFD HCC WA A F o4 v
ICHEHLL 72 PIVKA-T DB EE L\ & #
25,

gw PBC &6t HCC DEHE & T8

Mayo Clinic 1%, PBC &8 HCC #ild 5 44
FFEIL 49.4%, 10 FFEFEIT 31 7% & L
Tz

FIERE DAY stage 135 & B,
FREEIC DRV LIBEEIBEOATH -
7o, WIHARHIBRRFRARE T & 7% 2@
H ol (P=0.0746) T & IFHBREE,

BHUIC

— g\ SEFEEYE PBC B ORISR L T,
Y3 B8 % IEME 1 4848 (PBC-AIH overlap D B4t
AR R E DR HEEREHE % &) L7 9 2T,
1 gp 210 Fifk B X ik v b o X 7 Hkom
B, X512 UDCA B LU fibrates BANZ K5
DRERINEZRFHE L, BIHFHREZTFHETS Z
EDVRETH B, BRIGETHTRTY, Z
D & H Iz LTHEEA PBC TR HCC
EfEEE O\ AADTRED £ Bbits, PBC
WZE 3 HCC VY 2 7 0 IERE R BRIz )
T, BKEIZBWTH 5% 5008 SBENAD
ERNWEE L,
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Summary

Hepatocellular Carcinoma in Primary Biliary
Cirrhosis

Atsumasa Komori®, Minoru Nakamura*
and Hiromi Ishibashi”

Hepatocellular carcinoma (HCC) occurs with increased
frequency not only in patients with chronic viral hepatitis,
but also in those with primary biliary cirrhosis (PBC). The
prevalence of HCC in patients with PBC is estimated to be
between 2.4% and 3. 8% through analysis of retrospective
and prospective cohort studies, which were performed in
Japan as well as in Western countries after 2000. Subjects
over age 70, who were males, with a history of portal
hypertension or advanced stage PBC, a history of blood
transfusions, and who did not exhibit a response to UDCA
were concidered to be at risk for HCC in relation to PBC. In
daily practice, patients who should be screened for
development of HCC may primarily be identified due to the
extent of disease progression in conjunction with age.
Response to UDCA may serve as a practical alternative and
provide additional clues to the necessity of HCC surveil-
lance. Utilization of appropriate imaging and tumor markers
(AFP and PIVKA-1 ), components of the clinical guidelines
for diagnosis of HCC in Japan, is recommended for patients
with PBC.

Key words : PBC, hepatocellular carcinoma, portal hyperten-
sion, advanced stage, prevalence, surveillance

*Clinical Research Center, National Hospital Organization
Nagasaki Medical Center, 2-1001-1 Kubara, Omura-shi,
Nagasaki 856-8562, Japan
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JESE PR PRt 22
— WP UNE ZTTHATAET 2D ?—

o R
T OHE O B

5| HEE - WERE, HRPORE, MRRaME, vy T4 R a—- g (UDCA)

NHET 4 TF— b

 FLBIC

JF R AE PP %8 (Primary Biliary
Cirrhosis; PBOIZDWTIE, R, EE, b
KOZTNh S Thhb 5 HTORNE EICBL
TP EELTED, 656728 ET VR
QERULODH 5. FEIRE A B L OFEER
DIRFIZDONT E SN ALNS.

BRREADERDEE SN

PBCIZHRIR b, FZfERBFERs, #yE, &
W IR, REAK, FFMEROEZ & RFREE I D
< BREEIR & & 9 5 GEE M (symptomatic)
PBC (sPBO) &, Zh b DfER%E K< MEAEE
¥ (asymptomatic) (aPBC) & 1= 4 3 & R,
aPBCIXBREMRD & F BF LI BB T 5. IE
BEEPBC O 5 5 2.0 mg/dl A LOB L ) L
VIEAET 58 D% s2PBC LMY, Zh

K% s1IPBC & FERD,

PBC DI 25 W £L¥E 113 1992 41 TEEIRME DT
2 I FARIHFCIEIC & - TIERL & 1, 200541
WET & iz, ZORETOBTFIERERE | DORR
DEFTH 5. 1992FMTEMATREEICED
< BRAER TR ERER, BEAE LR
XN T =g Db, 2005FMTIEI R ER
Bk, BV, BEEERE, HEAK, APERGRE &
ElEEBRPTD bz ZhiZkD, ®ET
AT EEHIRE, THEELFAT IS8 0
DO THERER, FUEN ROl EERE
MEPBCIE 2N Tn=d 0, WETHRIT,
FEFERRPERS, FOEA A < T RERMIVE, B
K, BFHERGRE & & AP IC 5D < ERL &
NIETEBRMEPBCI &2 Eah b K20k -
7z. ¥ 52, PBCEFIOAEERAIZE VT,
FEBEMEPBCD S b EEROART 2D %
s1PBC, #JE(TBil>2.0mg/dD & 2T 55D

Hiromi ISHIBASHI et al : Primary biliary cirrhosis (PBC) -Do any ideas exist?
"EN RS RIS E R v & — BRI v 4 — [T 856-8562 BIFE AR ATAE 2-1001-1]

SN KR eI R

FFAERS 64 (3) : 335-341, 2012 335
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=1

R R PR IERTREZ (PBC) DRI (PR 22 -, R & HTFEHE)

fEREEMEPBC (aPBC) | FRDEEIRZ K <
HERMEPBC (sPBC) @ IR, #H, REEHIVE HEA, FFERLEZ &
‘ JFRREE oD < BRI 2 1 5

s1PBC
s2PBC

BB EDEVERY Y LY VB 2.0 mg/dIRT)
BEA S BY Y LY VE 2.0 mg/dIBILE)

2 PBC DR

181 ; Stage 1 (S1) (no progression)

28 ; Stage 2 (S2) (mild progression)

34 ; Stage 3 (S3) (moderate progression)
4% ; Stage 4 (S4) (advanced progression)
JEEEITHA ; JSREVERZE A PIIREC BRSE,
BEE, PEE PRI BRE,

EEEITH ; ATHEZE.

=3 PBCOMMMFRIRIMSE(PERZ 5, 2006, EHWIFRIERE, 2010)

PRI T DIHEIL D T2y, B B Wi 0 G e A 0
LA PRI RS

FIRRE R DAL, & 2 WIEARTELR 1 1/3 AT OMIRK CREEH A & A % 1
MEPERRBEE & 1 5 PIIRISARHE(L

T D/NERE DOELI & FF 5 B HERMEL 2 1/3~2/3 DFIRIS CREE MK % 2% 2
FRAEAEA & 8 DAHEAL 2 PE S HTIEA 3 2/3 L L DM CHEEHE & A % 3

Stagel (no progression) 0

Stage2 (mild progression) 1~2
Stage3 (moderate progression) 3~4
Staged (advanced progression) 5~6

Ds2PBCEEREN T2 B DA, E¥E
MEEAMEORT - IHERRBIZEE & 2 A g2 9E
Vo 22 F IR (PPN ECIER) (2011) V043,
sPBCD 9 b 2mg/dIl EDOFEE Y L v

- HPHER

R
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4 PBCOZED 5 AR

/a
1) BT R A
2) PUREE AR A7 v
3) M RAA e
FEAR
FEEE
| |EER
=
S1 PBCOHAER

| SRR, R
NizNakanumab5 Q5 5EhHIE S

NdKSICHEoI

PBCOMEE, T, RELEEZEZELSD
AT, MR O EITEETH S, LaL,
PBC T AT DFALIZ & 0 RER AR AS 3 2
BHZEBHENTED, HFeHERTIEY v
TV ISLT - DRERBIZDEZE 5T
7o, XD, FERMH T 7 Scheuer
A2, Ludwig B & AR E TR
ANBH 0, EMERASESEETS - 7.
Z AR LT, Nakanuma 512X O Loy
FHQ009%F) (F2, RDMVHFE SN/,
KB FRISTEEE & REIOR 7 2 B At
7ZZPBCOF L WK - WEESETH 5.
WEDARE—Enfmicksy 7)) vrx
5 — ZR/NRIZT 27002, FFofiEk e B
BEIEROISRES Z a7 & h, WEEE
SFE L U C & 4 cholangitis (CA) DTEE A
CAO ~3iZ, = 7=HF4% hepatitis (HA) DFEE
BHAO ~ 3z sz mEGEE LT
FEMEfL DR L BB THAOTREE D 21 H % M
U (%E3), &L LU Tstagel ~ 41255 &
W5, SEIOEEEASE - mHAMEIZ &
D, PBCREEDORRE, WENLEENIZF
fiT&, 4 —/5—F v TEFOZE YA

HHRERE 64%:3% - 20124E3 A

BOERBLOMRHBICEEFHEEZEL N
5. EEE BATLIOFIREONhTE
0¥, 53, PBCOMMEIRIISEE L
TRADEEMERT 2 Z s N5,

b 75 AlZ, Scheuer 73 2H % PBC I RFEIAY /2
B - BERAE #FIC 1~ 4BicafEahTn
%. 1H];CNSDC, 2 JEE Rl MRRE 4,
SHA ; SRME(L, FME, 480 FFEZEH. —%,
Ludwig 73 2838 T 2 D & H3 9 B 3 1S
By AnohnTxb, 18 FIRE D J&IE
(Portal hepatitis), 281; 1 v 4 —7 =4 %
JiF7¢ (Periportal hepatitis), 3Hf ; SRMEMERREE
TERk, ZEFEMEEESE Septal (Bridging) fibrosis,4
H ; BFREZE B (Cirrhosis) E FHEE T 5,

RAEEEAE CEBRETE, I
IRETTERERITE, HENTE2E
DIBUCHIEEND

PBC L@ %, MEAEMEMPBCH 65— B
R OERMPBCICRAT T 248, £ OHIM
BRAZESTRELSL BAE S, BEOTHE
FHIT 5, HH0IETHETEIL TRETA
179 7201213, BRADEREE, #ERL,
WA MBI HNBEETH 5.

PBC DEERFGEIE, K& L 41T T38IH
Mahb(GRe, BDYO. ZLOEFITEE
WHEAR O BIE R 2 R TR A ISET T 58
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UDCA Control Peto OR Weight  Peto OR
Study n/N n/N (95% ClI Fixed) % (95% Cl Fixed)
01 Death
Poupon 1994 6/73 10/73 —_— 13.0 0.57 (0.20~1.87)
Kilmurry 1996 20/111 17/ e £ ] 27.9 1.21 (0.60~2.46)
Pares 2000 10/99 4/93 e 1.8 2.35 (0.79~6.95)
Jorgensen 2002 14/89 23/91 ———-l:-— 26.7 0.56 (0.27~1.15)
Combes 2004 16/77 12/74 T 207 1.35 (0.60~3.06)
Subtotal (95%CI) 66/449 66/442 # 100.0 0.99 (0.68~1.44)
Test for heterogeneity chi-square=6.78 df=4 p=0.15
Test for overall effect z=-0.06 p=1
02 Liver transplantation
Poupon 1994 5/73 13/73 - 127 0.37 (0.14~0.98)
Kilmurry 1996 15/111 22/111 — 24.8 0.64 (0.31~1.29)
Pares 2000 7/99 7/93 —— 104 0.93 (0.32~2.77)
Jorgensen 2002 14/89 19/91 ——t— 217 0.71 (0.33~1.51)
Combes 2004 32/77 40/74 —T 304 0.61 (0.32~1.15)
Subtotal (95%CH 73/349 101/442 -~ 100.0 0.62 (0.44~0.89)
Test for heterogeneity chi-square=1.79 df=4 p=0.77
Test for overall effect z=-2.64 p=0.008
03 Death/liver transplantation
Poupon 1994 9/73 20/73 ————— 135 0.39 (0.17~0.88)
Kilmurry 1996 35/111 39/111 — 285 0.85 (0.40~1.48)
Pares 2000 17/99 11/93 B et 138 1.53 (0.69~3.41)
Jorgensen 2002 28/89 42/91 —— ] 24.7 0.54 (0.30~0.98)
Combes 2004 48/77 52/74 e e 19.5 0.70 (0.36~1.38)
Subtotal (95%Cl) 137/449 164/442 g 100.0 0.72 (0.53~0.96)
Test for heterogeneity chi-square=6.84 df=4 p=0.14
Test for overall effect z=-2.20 p=0.03
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Simplified diagnostic criteria for autoimmune hepatitis

ANA or SMA =1:40 1
ANA or SMA =1:80 2
or LKM =1:40
or SLA positive
IgG > Upper normal limit ’ 1
> 1.1 times Upper normal limit 2
Liver histology Compatible with ATH 1
(evidence of hepatitis is a necessary condition) | Typical ATH 2
Absence of viral hepatitis Yes 2
Total points =6: probable ATH
=7 definite ATH

(Hennes EM et al : Simplified criteria for the diagnosis of autoimmune hebatitis, International Autoimmune

Hepatitis Group. Hepatology 48 : 169-176, 2008)
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Abstract

Background We previously reported a mouse model of pri-
mary biliary cirthosis (PBC)-like chronic nonsuppurative
destructive cholangitis (CNSDC), in which frequent injec-
tions of Streptococcus intermedius induced CNSDC and
autoantibody production. The present study was performed
to verify the model by examining 1) the reappearance of the
PBC-like CNSDC after lymphocyte transfer from model to
naive mice, 2) the involvement of autophagy, and 3) the
influence of the strain difference.

Methods Mice were inoculated with S. intermedius weekly
for 8 weeks, then sacrificed to obtain samples. Spleen cells

L. Haruta (<)) - H. Kato - J. Yagi

Department of Microbiology and Immunology,
Tokyo Women’s Medical University,

8-1, Kawada-cho,

Shinjuku-ku, Tokyo 162-8666, Japan

e-mail: haruta@research.twmu.ac.jp

L. Haruta - E. Hashimoto * K. Shiratori
Department of Medicine and Gastroenterology,
Tokyo Women’s Medical University,
Shinjuku-ku, Tokyo, Japan

K. Kikuchi

Department of Infection Control Science and Department of
Bacteriology, Faculty of Medicine, Juntendo University,
Bunkyo-ku, Tokyo, Japan

M. Nakamura

Department of Hepatology, Clinical Research Center, National
Hospital Organization Nagasaki Medical Center, Nagasaki
University Graduate School of Biomedical Sciences,
Nagasaki, Japan

Published online: 03 Tune 2012

obtained from S. intermedius-inoculated mice were trans-
ferred to RAG2™" mice.

Results CNSDC and elevated serum level of anti-gp210
titers were observed in S. intermedius-inoculated C57BL/6
mice, similar to the results of our previous report using
BALB/c mice. Portal inflammation was induced in the livers
of RAG2”" mice by the transfer of spleen cells from .
intermedius-inoculated C57BL/6 mice. Among the inflam-
matory cells in the RAG2™ mice, CD3-positive cells were
predominant. Autophagosome-like structures were detected
histologically, in the cytoplasm of infiltrated cells around the
bile ducts in the livers of S. intermedius-inoculated both
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C57BL/6 and BALB/c mice. In S. intermedius-inoculated
C3H/HeJ mice, inflammation in the portal area was less
extensive than that in the hepatic parenchyma.

Conclusion Bacterial component(s) and sequentially upre-
gulated innate and acquired immune responses, accompa-
nied by autophagy, might trigger CNSDC, via autoimmune
mechanisms. Throughout the generation of bacteria-
triggered PBC-like CNSDC, strain difference may influence
the response to S. intermedius-inoculation in the liver.

Keywords Chronic nonsuppurative destructive cholangitis
(CNSDC) - primary biliary cirrhosis (PBC) - bacteria - innate
immunity - gp210 - autophagy

Abbreviations
PBC Primary biliary cirrhosis

AMAs  Anti-mitochondrial antibodies

LTA Lipoteichoic acid

HLP Histone-like protein

PAMP  Pathogen-associated molecular patterns

AlIP Autoimmune pancreatitis
LPS Lipopolysaccharides

GWAS Genome-wide association studies
TLR Toll like receptor

PBS Phosphate buffered saline
Introduction

The dysregulation of innate and acquired immunity is
known to be involved in autoimmune diseases, which are
occasionally associated with multifocal organ inflammation
{1]. Primary biliary cirthosis (PBC) is a slowly progressive
autoimmune disease characterized by chronic nonsuppura-
tive destructive cholangitis (CNSDC) in the liver and sero-
logically by the presence of anti-mitochondrial antibodies
(AMAs) {2, 3] and anti-gp210 antibody [4]. Although the
pathogenesis of biliary epithelial cell damage in PBC is still
not fully clarified, molecular mimicry has been proposed as
a possible mechanism [2-7].

Reports from more than a decade ago have suggested that
bacteria, particularly Gram-negative bacteria such as Escher-
ichia coli, exhibit highly conserved mitochondrial auto-
antigens [6]. Sera from patients with PBC reportedly react
with both human and E. coli pyruvate dehydrogenase com-
plex E2 (PDC-E2) [8], leading to speculations that PBC may
be induced by exposure to enterobacterial antigens, which
exhibit molecular mimicry with the mitochondrial antigens
in PBC. Cross reactivities have also been detected between
Lactobacillus delbrueckii beta-galactosidase and PDC-E2
[9-11] and between Novosphingobium aromaticivorans and
the human pyruvate dehydrogenase complex [12, 13].

@ Springer

In keeping with the possible involvement of bacterial com-
ponents in PBC, the bacterial 16S ribosomal RNA, the se-
quence of which is highly homologous with that of
Staphylococcus aureus and other Gram-positive bacteria
[14], has been detected in gallbladder bile and epithelioid
granulomas in PBC patients [15]. Propionibacterium acnes
DNA has also been detected in epithelioid granulomas of PBC
patients [14]. A link between Toll-like receptors (TLRs), such
as TLR4 and 9, and PBC has also been reported [14-18]. The
elevated expression of TLR4 has been observed in intrahe-
patic bile duct epithelial cells in PBC [16]. Bacterial compo-
nents, such as lipopolysaccharides (LPSs) and the TLR9
ligand CpG DNA, trigger peripheral lymphocytes, mono-
cytes, and bile epithelial cells to produce cytokines and
AMAs, suggesting that the pathogenesis of PBC is mediated
through TLRs [16-20]. Recent genome-wide association
studies (GWAS) have revealed the involvement of NF-xB
signaling, T-cell differentiation, and TLR signaling. The acti-
vation of TLR signaling and its downstream effectors, such as
TNF-c, have been well described in PBC [21]. In addition,
recent progress in GWAS for PBC has revealed several sus-
ceptibility loci, such as IRF5-TNPO3, 17q12-21, HLA, IL124,
IL12 RB2, and so on [22-24].

We previously reported that the Gram-positive bacterial
cell wall component lipoteichoic acid (LTA) was detected in
the portal tracts of livers in PBC patients with CNSDC and
that PBC patients had higher anti-LTA titers [25]. We analyzed
the immunoreactivity against various strains from different
species of the streptococcal genus using sera from PBC
patients and found the highest IgM class titers to Streptococcus
intermedius [26). Generally, PBC is characterized by a high
setum level of IgM [27]. Our observation suggested that a
Streptococcus-activated inflammatory response may, at least
in part, be involved in the pathogenesis of PBC. Supporting
this possibility, we found that long-term S. intermedius-inocu-
lations in normal BALB/c mice induced PBC-like CNSDC
and the production of autoantibodies in the liver [28]. Thus,
PBC might possibly be caused by the chronic persistence of
low-immunogenic or avirulent bacteria commensally coexist-
ing within the host over the long term, rather than a severe yet
transient infection [29].

The lysosomal degradation pathway known as autophagy
is used to degrade microorganisms, such as bacteria. In
bacterial infections, a paradigm is emerging in which the
coordinated regulation of microbial sensing, phagolysoso-
mal maturation, and anti-bacterial activity involves the re-
cruitment of autophagy proteins to the phagosome. In
addition, autophagy proteins function in adaptive immunity,
including the development and homeostasis of the immune
system and antigen presentation [30]. We therefore hypoth-
esized that autophagy-mediated mechanisms might also be
involved in the pathogenesis of the S. intermedius-triggered
PBC-like condition observed in our cholangitis-harboring
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