HEENHL, STAT4 (OR:1.65 p=4.67x%
1079, interferon (IFN) regulatory factor-
transportin (IRF-TNPO) (OR:1.52, p=1.52x%
107 bFEBEEERLI.

FOBIFIFTOBLETIV—TH 5, FEO
GWAS T p<Ix10"CTH o #EEFIZDOWVT,
W & AL R OFER 2 2 TR L7/ R & LT,
#7212 IRF-TNPO3 (OR:1.57, p=8.66x107"),
17q12-21 (zona pellucida binding protein 2
(zPBP2)) (OR:0.72, p=3.50x10""), mem-
brane metallo-endopeptidase-like 1 (MMEL1)
(OR :1.33, p=3.15%x107%) 2% PBC D¥EBIEZ
MWBIETF & LT, “Nat Genet FEIZ 2010 4RI
EN? F72, FEO “Nat Genel” FRIZHEFEE
Ni2A F ) FOTNV—TOWMNERIL, HF5h
BFF & N7z IL12 & IL12RB2 @ PBC FIE~D
BA# % replication 95 & & 312, #7212 SPIB
(OR:1.46, p=7.9x107"), IRF-TNPO3 (OR:
1.63, p=2.8x10"", 17q12-21 (IKAROS fam-
ily zinc finger 3 (IKZF3)) (OR:1.38, p=1.7x%
107") % PBC MIRBEZMERET L LTREL
2bDTHo 7Y,

011 A ¥V R TNV —Th 5, 1,840 #l
@ PBC &3 & 5,163 #l® Wellcome Trust Case
Control Consortium ® 2~ b — L& x& & L
72 507,467 SNP @ GWAS D#ERA, “Nat Genet’
RIcERsNLY. FhETEHE SN TV
KANTHEERBETEZE D% { 2% replication &
NBEEHIT, H7zi2 PBC HIEICRIES 5 10 B
L OBIZFLERBFE SN

PBlED X912, BUEE CIZ GWAS TH B K%
IZ#E L7z PBC BRBRBZMEETF L LC, HLA L
M 21 DBBEFEIFESHTHS (R1).

4 § PBC EICESE T % shared
autoimmune susceptibility loci

B F TIC GWAS THE &7z HLA Do
PBC RERZWUEET O A BEFENS B, 11
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PBC OEEBFRIHERFIC K DREDERR

EETEE (11/21=52.4%) 3T Cl2i3r0HTR
FERBTHE SN TR BERZ M EE T B
(shared autoimmune susceptibility loci) 124245
5 (R1). INHOBETHRERBICE, SIEEE
1t % (multiple sclerosis : MS), 7 @ — ¥ ¥
(Crohn's disease : CD), #EE KB % (ulcera-
tive colitis : UC), &1 7 v 7% (celiac disease),

BIE5 ) v <F (rheumatoid arthritis : RA), &%
HHE{LRE (systemic sclerosis : SSc¢), &&FMT Y
;= b =52 (systemic lupus erythematosus :

SLE), Sjogren fEMRE (Sjvgren syndrome : SjS),

T BUpERYE (type 1 diabetes : T1D), &A4& kB
(asthma), ¥ (psoriasis), MMEMHFMHESR (an-
kylosing spondylitis : AS) 7 & DL OB
HREFVPEETN TS, PBCEEIZHIT2O
H Ot & 4B L 7> disease pathway 2°E5-
LTwa I EHFMIRBENDI, BrTD
shared autoimmune susceptibility loci @ 11 loci
DW, 9 loci DTHALEE ORI S B 0 B H 03
HEZZ5NTWSCD, UC, ¥ T v 7iHEDE
BEZERETIC-3%T 5 2 Lid, PBC ORIEIC
FEIESR IR D BB A S LTV 2 W REME & R
LTBY, &hDTHEKREN.

5 | PBC HEEICREHEY D shared
autoimmune-disease pathway

IL12/TL12R 12 & B ¥ 7 F VAz#EE, PLEIRR
Ml 5 STAT4A OFEHEALE N LT IFNy DA
2FHEL, QTHBED Thelper (Th) 1HlE~D
G4k, @123 & % IL17 BELE~ OV 3 — T (Th17)
MM OFHEOHEEE L T\wab, F72IL12A,
ILI2RB, STAT4 O#RFLEIE, SHEEERR
(inflammatory bowel disease : IBD (CD, UC,
VT v 7)) 72T < MS, RA, SLE, SSc,
SiS, T1D, ¥, AS % COJL#i7% HORIERRA
FIE L OBEDRE SN TWA, Bk A PBC I
BV, IL12Z/IL12R OEfETL A PBC R L
BOMWEMEAR L2 25, ILI2 V7 FIUE
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K 1. GWASICL Y HESH /- PBC DEREBBREHRET

HE —— .
EIEF Rtk e Ars®| 177 | ez ® ﬁ% Pﬁ%ﬁ%ﬁﬁtetg{j’;fgg C;)C
HhFE O
HLA-DQB1 6p21.3 it O O O < DECREEEER
IL12A 3025.33-q26 | IL12 T FIUEE, Thi #ila~DH1k O O O TU7P IR MS
IL12RB2/SCHIP1 1p3t. 2 IL12 YT FIURE, Thl HElE~NDH{E O O O W, CD, UC, AS, SSc, BD
STAT4 2g32 IL12 O FIUmE, Thi #la~NDH{L O RA, SLE, SjS. SSc, &
IRF5/TNPO3 7932. 1 TLR-IFN 355 JUEE O O SLE, RA, SSc, SjS, UC
— - . . —_— . . —3
e Ll B e O | O |smmma oo TID. U
MMEL1 1p36 membrane metallo-endpeptidase-like 1, X TF RiEEZE LK O O RA, BUP YO, MS
SPIB 19g13 B DL O O none
DENND1B 1g31 guanine exchange factor (GEF) for RAB35, BRI EhE O RIS, CD
CD80 3q13 T HABRDFLHE O TUPYI¥E JIA, AD
IL7R 5p13 B #fifz - T fERDD1E O MS, UC
CXCR5 11923 BLC D2&ik, U/ UROMEE, FHE O none
TNFRSF1A 12p13 TNFa BBE, TNFa-NFkB VT )UEE, PRV R O MS
CLEC16A 16p13 C type lectin containing family, #8500 FEMAIGRER O MS, RA, CD, TID, BUTF v
RADSTL1 14q24 DNA &8 O none
MAP3K7IP1 (TAB1) | 22913 IL1/TLR-NFrB U JF JUEE, TGFR VI Us&E O none
ES A 7pl4 REQ O none
Bl 16G24 B O none
PLCL2 3p24 B MRS B AN 5D I IUMEDEDHIE O none
RPS6KA4 1113 TLRFRIC KRBT A T3 EEDHIH O none
TNFAIPZ 14932 TNFer induced protein 2, H$BEDFEMISTRER O none

@@, @ X@k2), 3), @:

SR 4), @ 2007 €1 B~2012 2 BICRESNTLDER

O ZNZNORY THRESNEBRRMEETT

AT : autoimmune thyroiditis (BB FIRERA), BD : Behcet's disease (N—F T w M&), JIA | juvenile idiopathic arthritis CEEMERIFSIERIENA), AD : atopic dermatitis (77 bE—

ERZER)
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FEIC RO L7 BRI R 0 E R 0% 8105, Thi
fa%e Th17 Mg o H#E R %4 LC, PBC DRIE
CRHELTW AR REE NS, PBC
<y AET IV TH S dominant negative form of
transforming growth factor 8 type I (dnTGFS
I) =9 A% 5 IL12p40 & /RIBE &5 L JRE LD
FAEL R ALY, HERRBEICILI2 V7
FIAEENBEETH A L E2RBLTWAY.

PBC OFAEWCE LT, ERFEERT (tumor
necrosis factor : TNF) % Toll-like receptor (TLR)
OBEHHEM S T2, GWAS 2B VT
TNF/TLR- nuclear factor (NF) «B ¥ 7 V&
FICHELZ L OBETEEFRE SN (e
IRF/TNPO, TNF receptor superfamily member
1A (TNFRSF1A), NF«Bl, mitogen-activated
protein kinase kinase kinase 7-interacting pro-
tein 1 (MAP3K7IP1), TNF a-induced protein 2
(TNFAIP2)). 2 60L& FiEr0ECRE
BB TYT TICHE S T w7 shared autoim-
mune susceptibility loci(F 1) T&» 0, TNF/TLR-
NF&B #&#g % /- L7 SRERSR 7 R b — ¥ A D]
BMOBEREZRBLTWADDEEbLNS.

B il g @ Bt # e b B GE U 7z & AR T B
(IL7R, IKZF3, SPIB, phospholipase C-like 2
(PLCL2)) &, BEERZHERETFL L TRHES N
Twb, IL7R & pre-B Ml 0 5EIZ, IKZF3 X
EY B MR RICEREREE % R T REMB
~O6iZ, SPIB, PLCL2 i3 B Ml 2 4k0 5
DY T FNRECHEET 2 BEFTHY, b
DEEFLZEIPEBERZEEFRICHET 22 L
i, PBCIZHBWTH BHMITEAH CHMAESERLH
R, T Mf-B MIlAHEASE 2 A LT PBC @
FEICHEGLTWAZ EERBL TS,

TOM, EEMBOSER TRV A, /M
ANV ACBEE L 72T (chromosome
17q12-21) SEBBREZMRETE L THRESNT
BY, INLRIEEXWER IBD OB
BEFTOHLILhs, FEEEOEENLZR
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PBC DRBRFZMERFIC K DWEEDHEH

HERIR

BEANLUR

R EDES
N A S ATTE
TR h—Y ADTTE

Th1, Th17 #ARECDRET
NF & B [ R DERGFEED
HER T-BAEE(EE

IL12 2 7 UineE
TNF/TLR & 7 )UniE
B HREBDRR - 731k

PBC DFSE
X 1. GWAS DiERA»SHEE S h 3 PBC BIEHE

BRLTWADEBbIs.
HHbIC

Bk A PBC @ GWAS #*5, W HLA % PBC
DR DBAEERZEREFTHSH T L, HLA
MDA D BT TIE, @ILI2/ILIZ2R ¥ 7 F v
{53, @ TLR/TNFa-NF«B ¥ 7 FIViEE, @B
MO - 5, @ REEflRosE - 7R b —
VAR EICEET S EETFEZIO PBC BIEICE
FABERIHLNE oM, T, IRODE
EFEHO% L, ErOECERBOREL
OEEIFREEN TV IBETLSREEHEL TS
) (shared autoimmune susceptibility loci), PBC
DFAEDNZ D H ORI E & RIS, R
ST LREOSL - TR =V AICHEE L EE
WERDOEBELZITTWAZ LAREREINS (R 1).

A1 GWAS Z W CTHAA PBC OB EH
BEETEREETLE LB, BREKTHEINT
WHRRBRZUERE T EEBERETAZLICX
D, EERIEICES disease-pathway % HH & » 12
THBEND LD, F72, RS HEEN
WHEME, BOHROEATT 7 4 — )b, IR E
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Significance of Immunoglobulin G4 (IgG4)-Positive
Cells in Extrahepatic Cholangiocarcinoma: Molecular
Mechanism of 1gG4 Reaction in Cancer Tissue

Kenichi Harada," Shinji Shimoda,? Yasushi Kimura,' Yasunori Sato," Hiroko Tkeda,> Saya Igarashi,'
Xiang-Shan Ren," Hirohide Sato,' and Yasuni Nakanuma'

IgG4 reactions consisting of marked infiltration by immunoglobulin G4 (IgG4)-positive
plasma cells in affected organs is found in cancer patients as well as patients with IgG4-
related diseases. Notably, extrahepatic cholangiocarcinomas accompanying marked IgG4
reactions clinicopathologically mimic IgG4-related sclerosing cholangitis. The regulatory
cytokine interleukin (IL)-10 is thought to induce the differentiation of IgG4-positive cells.
In this study, to clarify the mechanism of the IgG4 reaction in extrahepatic cholangiocarci-
noma, we investigated nonprofessional antigen-presenting cells (APCs) generating IL-10-
producing regulatory T cells (anergy T cells) and Foxp3-positive regulatory cells producing
IL-10. Immunohistochemistry targeting IgG4, HLA-DR, CD80, CD86, and Foxp3 was per-
formed using 54 cholangiocarcinoma specimens from 24 patients with gallbladder cancer,
22 patients with common bile duct cancer, and eight patients with cancer of the Papilla of
Vater. Moreover, a molecular analysis of Foxp3 and IL-10 was performed using a cultured
human cholangiocarcinoma cell line. Consequently;, 43% of the cholangiocarcinomas were
found to be abundant in IgG4. Those expressing HLA-DR but lacking costimulatory mole-
cules (CD80 and CD86) and those expressing Foxp3 detected by an antibody recognizing
the N terminus accounted for 54% and 39% of cases, respectively. Moreover, the number of
IgG4-positive cells was larger in these cases than in other groups. In cultured cells, the pres-
ence of a splicing variant of Foxp3 messenger RNA and the expression of IL-10 were demon-
strated. Conclusion: Extrahepatic cholangiocarcinoma is often accompanied by significant
infiltration of IgG4-positive cells. Cholangiocarcinoma cells could play the role of nonpro-
fessional APCs and Foxp3-positive regulatory cells, inducing IgG4 reactions via the produc-
tion of IL-10 indirectly and directly, respectively. (HeparoLocy 2012;56:157-164)

iliary tract cancers can be anatomically divided
into intrahepatic and extrahepatic cholangiocarci-
nomas, the latter including hepatic hilar cancer,
common bile duct cancer, gallbladder cancer, and cancer
of the Papilla of Vater. The biological behavior and carci-
nogenesis of each cancer differ, but the histology of most
biliary tract cancers is the same as that of ordinary adeno-
carcinomas. In addition to neoplastic lesions, several types
of cholangitis causing biliary stenosis are important in the

Abbreviations: APC, antigen-presenting cell; DC, dendritic cell; ELISA,
engyme-linked  immunosorbent  assay;  HPE  high-power  field;  IgG4,
immunoglobulin G% IL, interlenkin; MHC-II, major histocompatibility
complex class II; mRNA, messenger RNA; PCR, polymerase chain reaction; RT-
PCR, reverse-transcription polymerase chain reaction; Treg, regulatory T cell.
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differental diagnosis of biliary diseases. Particularly, pri-
mary sclerosing cholangitis and a complication of immu-
noglobulin G4 (IgG4)-related systemic diseases, IgG4-
related sclerosing cholangitis, clinicopathologically mimic
extrahepatic cholangiocarcinomas.

IgG4 is a minor immunoglobulin subtype compos-
ing 3%-6% of all the IgG circulating in adults,! but is
important for a systemic disorder, IgG4-related disease,
that features elevated serum IgG4 levels and abundant
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infiltration with IgG4—pdsitive plasma cells in affected
organs.' Moreover, IgG4-related cholangitis and pancre-
atitis (autoimmune pancreatitis, type 1) are characterized
by sclerosing lesions (storiform fibrosis) and cholangio-
carcinomas and pancreatic cancer usually accompany
some degree of desmoplastic change and also, in some
cases of pancreatic cancer, IgG4 reactions.* Therefore,
a pathological examination is necessary to differenti-
ate IgG4-related diseases from tumors in pancreatico-
biliary lesions. We have already observed that extra-
hepatic cholangiocarcinomas also accompany various
degrees of IgG4 reactions assumed to be associated
with the evasion of immunosurveillance (Kimura
et al., unpublished data). However, the mechanisms
inducing IgG4 reactions in cholangiocarcinoma tissue
are still unknown.

Interleukin (IL)-10, a regulatory cytokine mainly
produced by Foxp3+ regulatory T cells (Treg cells), T
helper 2 cells, and IL-10-producing Treg cells, is
thought to induce the differentiation of IgG4-positive
plasma cells or favor B cell switching to IgG4 in the
presence of IL-4.>® The expression of Foxp3 and IL-
10 has been demonstrated in several carcinoma tssues
and cultured cancer cell lines, suggesting that cancer
cells themselves induce the Treg cell-like immunoregu-
latory milieu to evade immunosurveillance.”°.

Major histocompatibility complex class II (MHC-
)—positive cells lacking the costimulatory molecules
CD80 (B7-1) and CD86 (B7-2) induce anergy to
native T cells. Among T cell subsets, Treg type 1 cells
characterized by the production of IL-10 are induced
by immature dendritic cells (DCs).!! Moreover, costi-
mulation-dependent T cell clones stimulated without
provision of the costimulatory signal were demonstrated
not to be proliferative, but to differentiate into IL-10—
producing anergic T cells in primary biliary cirrhosis.'*
In addition to immunocompetent cells such as DCs,
nonimmunocompetent cells, including carcinoma and
normal epithelial cells, have been demonstrated to
express MHC-1I, indicating an ability for antgen pre-
sentation, but these MHC-II-positive epithelial cells are
usually called nonprofessional antigen-presenting cells
(APCs), differing from professional APCs such as DCs.
Several studies have suggested that antigen presentation
by MHC-II—positive epithelial cells that lack costimula-
tion signals, such as keratinocytes and pancreatic islet
cells, would favor the generation of anergic T cells.>™

It is clinicopathologically important, but practically
difficult, to differentiate between IgG4-related scleros-
ing cholangitis and extrahepatic cholangiocarcinoma.
In this study, we retrospectively evaluated IgG4-posi-
tive plasma cells in extrahepatic cholangiocarcinomas

HEPATOLOGY, July 2012

and mechanisms in terms of cholangiocarcinoma cells
as nonprofessional APCs and regulatory cells. This
study should help to clarify the pathological signifi-
cance of IgG4 reactions in cholangiocarcinomas and
also IgG4-related diseases.

Patients and Methods

Patients and Tissue Preparations. Formalin-fixed
and paraffin-embedded sections of 54 surgically
resected specimens from 24 gallbladder cancers, 22
common bile duct cancers, and eight cancers of the
Papilla of Vater (29 men, 25 women; average age, 74
years) were obtained from the registry of liver diseases
in the Department of Pathology, Kanazawa University
School of Medicine. Each cholangiocarcinoma was
classified histologically as a well-differentiated (includ-
ing papillary), moderately differentiated, or poorly dif-
ferentiated adenocarcinoma based on the predominant
histological grade. Special histological types such as ad-
enosquamous carcinoma and mucinous carcinoma
were not included in the present study. Serial sections
(4 um) were prepared from each formalin-fixed, paraf-
fin-embedded block.

ILnmunobistochemistry. The  deparaffinized  and
rehydrated sections were microwaved in citrate buffer
(pH 6.0) for CD80 and CD86 or cthylene diamine
tetraacetic acid buffer (pH 9.0) for Foxp3 for 20
minutes in a microwave oven. Following the blocking
of endogenous peroxidase activity, these sections were
incubated at 4°C overnight with antibodies against
[gG4 (mouse monoclonal; diluted 1:200; Southern
Biotech, Birmingham, AL), Foxp3 that reacts with the
C terminus (mouse monoclonal; 5 pg/ml; Abcam,
Tokyo, Japan), Foxp3 that reacts with the N terminus
(rat monoclonal, 2.5 ug/mlL, eBioscience, San Diego,
CA), HLA-DR (mouse monoclonal, 0.5 pg/mL, Dako
Japan, Tokyo), CD80 (rabbit monoclonal, 1:200, Epit-
omics, Burlingame, CA), and CD86 (rabbit monoclo-
nal, 1:250, Abcam, Tokyo, Japan) and then at room
temperature for 1 hour with anti-mouse, anti-rabbit,
or anti-goat immunoglobulin conjugated to a peroxi-
dase-labeled dextran polymer (Simple Staining Kig
Nichirei, Tokyo, Japan). After a benzidine reaction,
sections were counterstained lightly with hematoxylin.
No positive staining was obtained when the primary
antibodies were replaced with an isotype-matched,
nonimmunized immunoglobulin as a negative control
of the staining procedures.

Histological Examination. In addition to the histo-
logical observations by hematoxylin and eosin staining,
the distribution of the immunopositive cells was
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examined. In a primary survey, we examined all
tumorous areas in each specimen and, for counting
IgG4-positive mononuclear cells, selected three represen-
tative areas containing IgG4-positive plasma cells, and
expressed the results as the mean number of immuno-
positive cells in high-power fields (HPFs). Because
>10 IgG4-positive cells/HPF is proposed according
to HISORt (Histology, Imaging, Serology, Other organ
involvement, Response to therapy) criteria published for
autoimmune pancreatitis,16’17 the cases with >10 and
<10 IgG4-positive cells/HPF on average were evaluated
as IgG4-rich and IgG4-poor cases, respectively. For the
expression of Foxp3, HLA-DR, CD80, and CD86, pos-
itive carcinoma cells were evaluated as positive (distinct
expression) or negative (no or faint expression) accord-
ing to the staining intensity.

Cultured Cells. Two commercially available cell lines,
HuCCTl and MCF7 (positive control of 1L-10),'® were
obtained from Health Science Research Resources Bank
(Osaka, Japan). The cell lines were derived from cholan-
giocarcinoma and breast cancer cells, respectively.

Reverse-Transcription Polymerase Chain
Reaction. The cell lines were cultured in flasks with a
standard medium for 48 hours. Cultured cells were
collected from the flasks or plates with a cell scraper
for determination of the baseline messenger RNA
(mRNA) expression of Foxp3 and IL-10 by via reverse-
transcription  polymerase chain reaction (RT-PCR).
Lymph node dssue was also used as a positive control
for Foxp3 mRNA. Briefly, total RNA was isolated from
each sample with the RNeasy Total RNA System (QIA-
GEN, Hilden, Germany) and treated with RNase-Free
DNasel. For RT-PCR, 1 pug of total RNA, M-MLV
RTase (ReverTra Ace, Toyobo, Tokyo, Japan) and oligo-
dT primers were used. Polymerase chain reaction
(PCR) amplification was performed using DNA poly-
merase (Takara EX Taq, Takara, Tokyo, Japan) and spe-
cific primers for human mRNA sequences (Table 1).
The glyceraldehyde 3-phosphate dehydrogenase mRNA
was used as a housekeeping gene. Following After PCR,
an annealing of primers for 1 minute, and an extension
at 72°C for 2 minutes (the annealing temperature and
cycle number are shown in Table 1), PCR products
were subjected to agarose gel electrophoresis.

Enzyme-Linked Immunosorbent Assay. Approxi-
mately 1 x 10% HuCCT1 cells per well in 96-well
plates were cultured for 24 hours. Supernatants were
then tested for human IL-10 via enzyme-linked immu-
nosorbent assay (ELISA) (R&D Systems).

Statistical Analysis. Data were analyzed using
the Welch # test; P < 0.05 was considered statistically
significant.
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Table 1. Primers Used for RT-PCR

Transcript Primers Product Size

Foxp3

Exon 1 Forward: 5'-ACCGTACAGCGTGGTTTTTC-3' 111 bp
Reverse: 5-AGGCTTGGTGAAGTGGACTG-3

Exon 3 Forward: 5'-TGCCTCCTCTTCTTCCTIGA-3’ 125 bp
Reverse: 5/-GGAGGAGTGCCTGTAAGTGG-3'

Exons 10-12  Forward: 5'- CACAACATGCGACCCCCTITCACC -3’ 167 bp
Reverse: 5'- AGGTIGTGGCGGATGGCGTTCTIC-3

Exon 12 Forward: 5'- CAGCTGCTCGCACAGATTAC -3’ 91 bp
Reverse: 5'- TIGGGGTTTGTGITGAGTGA-3/

IL-10 Forward: 5'- TGCAAAACCAAACCACAAGA -3 325 bp
Reverse: 5'- GCATCACCTCCTCCAGGTAA-3'

GAPDH Forward: 5'-GCACCGTCAAGGCTGAGAAC-3' 142 bp

Reverse: 5'-ATGGTGGTGAAGACGCCAGT-3/

Abbreviations: bp, base pairs; GAPDH, glyceraldehyde 3-phosphate dehydro-
genase; IL-10, intedeukin 10; RT-PCR, reverse-transcription polymerase chain
reaction.

Results

Infiltration of IgG4-Positive Cells in Extrahepatic
Cholangiocarcinoma. Immunohistochemistry revealed
that IgG4-positive plasma cells were scattered within
and around cancerous nests to various degrees in most
cases (Fig. 1). In the cases with marked infiltration,
the IgG4-positive cells were prominent with intermin-
gling of other inflammatory cells. Figure 1C shows the
number of IgG4-positive cells/HPF in extrahepatic
cholangiocarcinomas from common bile ducts, gall-
bladder, and the Papilla of Vater, but there was no sig-
nificant difference in IgG4-positive cell counts among
anatomical locations of extrahepatic cholangiocarcino-
mas. Therefore, they were integrated as shown in
Fig. 1D. Consequently, the combined quantitative
evaluation revealed that 23 (43%) of 54 cholangiocar-
cinoma patients had >10 IgG4-positive cells/HPE
There was no correlation between the density of IgG4-
positive cells and any clinicopathological factor includ-
ing age, sex, anatomical location (common bile ducts,
gallbladder, and the Papilla of Vater), or the histologi-
cal differentiation (well, moderate, and poor) of extra-
hepatic cholangiocarcinoma.

Cholangiocarcinoma Cells as Nonprofessional APCs
and Their Association with IgG4 Reactions. Repre-
sentative images of immunostaining are shown in
Fig. 2. Expression of HLA-DR was found in some
infiltrating immunocompetent cells. Moreover, HLA-
DR-positive cholangiocarcinoma cells were also found
in 33 of 54 cases. HLA-DR expression in tumor cells
showed uniformity and metastatic foci in lymph nodes
as well as main tumors expressing HLA-DR. In con-
trast, the expression of costimulatory molecules (CD80
and CD86) was mostly faint or absent. Only four cases
were clearly positive for CD86 in cholangiocarcinoma
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cells, and all of them were positive for HLA-DR. No
cases evidently expressed CD80. Cholangiocarcinoma
cells expressing HLA-DR but lacking costimulatory
molecules (CD80 and CD86) were found in 29 of 54
cases (54%) and suggested to act as nonprofessional
APCs inducing IL-10-producing anergy T cells. The
relation between IgG4 reactions and HLA-DR and cos-
timulatory molecules in cancer cells is shown in Fig. 3.
In cases of positivity for HLA-DR and negativity for
costimulatory molecules, the number of IgG4-positive
cells was significantly higher than in cases of negativity
for HLA-DR and of positivity for both HLA-DR and
costimulatory molecules.

Cholangiocarcinoma Cells as Regulatory Cells. Im-
munohistochemistry using the antibody reacting with
the C terminus of Foxp3 detected only mononuclear
cells (Treg cells), but the antibody reacting with the N
terminus highlighted cholangiocarcinoma cells as well
as Treg cells (Fig. 4A). The cytoplasm as well as
nucleus of tumor cells was positive in several cases.
However, because Foxp3 is a transcription factor, the
nuclear pattern was evaluated as functional expression.

HEPATOLOGY, July 2012

Fig. 1. 1gG4-positive cells in extrahepatic
cholangiocarcinomas. (A) Gallbladder cancer.
A papillary adenocarcinoma with prominent
inflammatory cells was found (original maghnifi-
cation: x40). (B) Immunohistochemistry for
18G4. Numerous 1gG4-posituve cells are pres-
ent in the inflamed stroma (original maghnifica-
tion: x40). The inset shows a higher
magnification (original maghnification: x400).
9%, (C) Number of IgG4-positive cells/HPF in com-

R—— )
J

s mon bile duct cancer, gallbladder cancer, and
! - 30;:3- 3o,  Cancer of the Papilla of Vater. There was no
i 1 a . . " . )

| =0 significant difference in IgG4-positive cell

counts among anatomical locations of extrahe-
patic cholangiocarcinoma. (D) Number of
1gG4-positive cells in cholangiocarcinoma. A
quantitative  evaluation revealed that 23
(43%), 16 (30%), and five (9%) of 54 cholan-
giocarcinoma patients had >10, >20, and
>50 1gG4+ cells/HPF, respectively.

Consequently, 21 of 54 (39%) cholangiocarcinomas
tested positive for Foxp3 by the antibody reacting with
the N terminus. The relation between the IgG4 reac-
tion and Foxp3 expression in cholangiocarcinoma cells
is shown in Fig. 5. In cases of positivity for Fopx3, the
number of IgG4-positive cells was significantly higher
than in cases of negativity for Foxp3.

RT-PCR analysis demonstrated that a cholangiocar-
cinoma cell line, HuCCT1, expressed the mRNA of
Foxp3, but close examination using four sets of pri-
mers corresponding to exons 1, 3, 10-12, and 12
revealed a lack of exon 3 (Fig. 6), suggesting the pres-

ence of a splicing variant of Foxp3 in cholangiocarci-
noma cells. Moreover, RT-PCR and ELISA revealed

that HuCCT1 cells expressed IL-10 mRNA (Fig. 6)
and protein in the culture medium at 7.8-15.6 pg/mL.

Discussion

IgG4 is important to the pathogenesis of IgG4-
related diseases. However, patients with pancreatic
adenocarcinomas accompanying IgG4 reactions and/or
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Fig. 2. Immunohistochemistry  for  IgG4
(A,D), HLA-DR (B,E), CD8O (C), and CD86 (F).
(A-C) lgG4-rich case of gallbladder cancer.
Numerous 1gG4-positive cells were found within
cancer tissue (A). In addition to infiltrating
mononuclear cells, carcinoma cells also tested
positive for HLA-DR (B, arrows). No tumor celis
were positive for CD80 (C). (D-F) IgG4-poor
case of common bile duct cancer. No 1gG4-
positive cells were found (D), but obvious
expression of HLA-DR and CD86 in carcinoma
cells was found (E,F). Original magnification:
x200.

elevated serum TgG4 levels®'®2° and with pancreatic

and biliary cancers arising from IgGé4-related dis-
cases”?” have been reported, though a cause-and-
effect relationship between IgG4 reactions and cancers
has yet to be demonstrated. Moreover, in IgG4-nonre-
lated diseases, including primary sclerosing cholangitis,
IgG4 reactions were found to various degrees.”>*
Therefore, the presence of IgG4-positive cells is not a
histological hallmark of IgG4-related diseases, and
IgG4 reactions are speculated to be nonspecific in sev-
eral pathological conditions, including cholangiocarci-
nomas. The present study also demonstrated the pres-
ence of extrahepatic cholangiocarcinoma cases with
abundant IgG4 reaction, though there was no signifi-
cant difference in IgG4-positive cell counts among
anatomical locations of extrahepatic cholangiocarcino-
mas (common bile ducts, gallbladder, and the Papilla
of Vater). The significance and mechanisms of IgG4
reactions in cancers as well as IgG4-related diseases are
still unknown, but we speculated that cancer cells
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directly participate in the histogenesis of IgG4 reac-
tions. Because the regulatory cytokine IL-10 is known
to induce the differentiation of IgG4-positive plasma
cells or favor B cell switching to 1gG4 in the presence of
IL-4,> we noted the IL-10-related regulatory cytokine
network around cholangiocarcinoma tissue in this study.
Immunohistochemistry for MHC-II (HLA-DR) and
costimulatory molecules (CD80 and CD86) revealed
that cholangiocarcinoma cells as well as professional
APCs such as B cells and DCs expressed HLA-DR
and CD86. The expression of CD80 was limited in
some APCs and not found in cholangiocarcinoma
cells. Consequently, cholangiocarcinoma cells express-
ing HLA-DR, but lacking costimulatory molecules
(CD80 and CD86) were found in 54% of cases. These
cancer cells could act as nonprofessional APCs, possi-
bly generating IL-10—producing Tieg cells (anergy T
cells), and then an IL-10-predominant cytokine milieu
could cause the induction of IgG4-positive cells.>® In
these phenotypic cases, the number of IgG4-positive
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Fig. 3. Correlation between lgG4-positive cell counts and antigen-
presenting-related molecules in cholangiocarcinoma. The number of
1gG4-positive cells in the cholangiocarcinoma cases expressing HLA-
DR but lacking costimulatory molecules (CD80 and CD86) is signifi-
cantly higher than those of negativity for HLA-DR and costimulatory
molecules and of positivity for both HLA-DR and costimulatory mole-
cules. Bars indicate the mean + SEM. *P < 0.05.

cells infiltrating carcinoma tissue was higher than in
HLA-DR-negative cases and both HLA-DR- and
CD86-positive cases, confirming this speculation. Cells
positive for both HLA-DR and CD86 are suggested to
play the role of professional APCs, as it was reported
that MHC-II-positive thyroid epithelial cells could
present antigens to T cells and activate autoreactive T
cells.?>?¢ Although further study is needed to clarify
the functional mechanism of these cholangiocarcinoma
cells as APCs, this study demonstrated that HLA-DR~

HEPATOLOGY, July 2012

and CD86-positive cancer cells were not associated
with IgG4 reactions in cholangiocarcinoma tissue.

As to pathogenesis of 1gG4 reactions in IgG4-related
diseases, the participation of CD4&+CDZS+Foxp3+ Treg
cells, which are capable of producing IL-10, has been
speculated.”’ Foxp3 is thought to be the master tran-
scription factor of Treg cells and, until recently, Foxp3
expression was thought to be restricted to the T cell line-
age. However, immunohistochemistry and flow cytomet-
ric analysis demonstrated that some carcinoma tissues
and cultured cancer cell lines expressed Foxp3.”°
Immunochistochemistry using the antibody recogniz-
ing the N terminus, but not the C terminus, of
Foxp3-highlighted cholangiocarcinoma tissue in 39%
of cases as well as Treg cell morphology, suggesting the
presence of the splicing variant of Foxp3 in cholangio-
carcinoma cells. Molecular analysis using a cholangio-
carcinoma cell line demonstrated that the cells
expressed mRNA of Foxp3, but lack Exon 3. This
type of splicing variant has already been reported in a
melanoma cell line and created a novel amino acid
caused by a frame shift at the C terminus.” This is
why the antibody recognizing the C terminus of
Foxp3 could not detect the variant of Foxp3 found in
cholangiocarcinoma tissue. Although a functional anal-
ysis of this variant as a transcription factor is necessary,
it has already been reported that Foxp3 expression is
closely correlated with the expression of IL-10 in all
Foxp3-positive cell lines.'® The present study, using a
cholangiocarcinoma cell line, also demonstrated that
cells express mRNA of IL-10 as well as Foxp3.

Fig. 4. Foxp3 expression in cholangiocarci-
noma. Immunohistochemistry using the anti-
body recognizing the C terminus (A) and N
terminus (B,C) of Foxp3. The antibody reacting
with the C terminus detects only mononuclear
cells (Treg cells) in the nuclear pattern (A). In
contrast, the antibody reacting with the N ter-
minus highlights the nucleus and cytoplasm of
cholangiocarcinoma cells as well as Treg cells
(B, arrows), but the localized expression in the
nucleus is also found in cholangiocarcinoma
cells (C). Original magnification for panels A
and B is x100; magnification for panel C is
x40.
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Fig. 5. Correlation between 1gG4-positive cell counts and Foxp3
expression in cholangiocarcinoma. Nuclear expression of Foxp3 is
found in 21 cases of cholangiocarcinoma and in these cases, the
number of IgG4-positive cells was significantly higher than those of
negativity for Foxp3. Bars indicate the mean * S.E.M. *P < 0.05.

Moreover, the IL-10 protein was detected in the cul-
ture medium by ELISA at a concentration of 7.8-15.6
pg/mL, suggesting that the production of IL-10 was
preserved with this splicing variant. This finding sug-
gests that cholangiocarcinoma cells themselves function
in immunosuppression similar to Treg cells via IL-10
production. This was supported by the present data
that in Foxp3-positive cases, the number of IgG4-posi-
tive cells infiltrating cholangiocarcinoma tissues was

Foxp3 mRNA
HuC LN
Exonl Exon 3
Exons 10-12 Exon 12

IL-10 mRNA

HuC MCF7 LN NC

Fig. 6. Detection of Foxp3 and IL-10 mRNAs in the cultured chol-
angiocarcinoma cell line HuCCT1 (HuC). RT-PCR analysis using four
sets of primers corresponding to exons 1, 3, 10-12, and 12 demon-
strated that HuC expressed the mRNA of Foxp3, but lacked exon 3.
Moreover, HUC expressed IL.-10 mRNA. Each RT-PCR product yielded
bands of the appropriate molecular weight. MCF7 (breast cancer cell
line) and lymph node (LN) were used as positive controls, and nega-
tive control (NC) was obtained by omitting reverse transcriptase for
reverse transcription of HuC.
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Fig. 7. Corelation between lgG4-positive cell counts and IL-10-
predominant milieu. All cases were divided into two categories. The non-
IL-10-inducing group includes MHC-Il (HLA-DR)-negative and Foxp3-nega-
tive cases and MHC-ll-positive, costimulatory molecule (CD86)-positive,
and Foxp3-negative cases. The IL-10-inducing group includes MHC-ll-pos-
itive and costimulatory molecule-negative cases and Foxp3-positive cases.
All but two cases in the non-IL-10-inducing group were <10 IgG4+
cells/HPE, and the number of IgG4-positive cells in the IL-10-inducing
group was significantly higher than that of the non-IL-10-inducing group.
Bars indicate the mean = SEM. *P < 0.05.

higher than that in Foxp3-negative cases, though sev-
eral negative cases still accompanied a significant IgG4
reaction (>10 IgG4+ cells/HPF).

In this study, we demonstrated two different types
of IgG4 reactions in cholangiocarcinoma tissues.
Although statistical significance could be obtained in
terms of cholangiocarcinoma as both nonprofessional
APCs and IL-10-producing regulatory cells, some
cases deviated from each mechanism. Therefore, as
shown in Fig. 7, we divided all cases into a non-IL-
10-inducing group and an IL-10-inducing group and
re-evaluated the present results accordingly. The former
(n = 24) consisted of MHC-II-negative and Foxp3-
negative cases and MHC-II-positive, costimulatory
molecule (CD86)-positive, and Foxp3-negative cases;
the latter (n = 30) included MHC-II-positive, costi-
mulatory molecule—negative, and Foxp3-positive cases.
This combined analysis demonstrated that all but two
cases in the non-JL-10-inducing group were poor in
IgG4 (<10 IgG4+ cells/HPF) and that the difference
in IgG4 reactions between the IL-10-inducing group
and the non-IL-10-inducing group was significant
compared with that of the individual analysis in terms
of nonprofessional APCs and IL-10-producing
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regulatory cells. This finding indicates that cholangio-
carcinoma cells directly participate in the induction of
IgG4 reactions via an IL-10-predominent cytokine
milieu as nonprofessional APCs and/or regulatory cells.
However, the presence of 1gG4-rich cases belonging to
the non—IL-10-inducing group suggests another possi-
ble mechanism inducing IgG4 reactions in cholangio-
carcinomas. Further studies are needed to clarify the
mechanism of IgG4 reactions.

In conclusion, the marked infiltration of IgG-positive
cells is found in several cases of cholangiocarcinoma,
indicating that we should consider the differentiation of
IgG4-related diseases and cholangiocarcinoma. The
IgG4 reactions in cholangiocarcinomas, moreover, are
closely associated with the IL-10—predominant regula-
tory cytokine milieu caused by cancer cells themselves
directly and indirectly. Because IL-10 plays a primary
role in suppressing immune responses, IgG4 reactions
in cholangiocarcinoma might reflect evasion from
immunosurveillance.
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Primary biliary cirrhosis (PBC) is characterized by the autoimmune injury of small intrahepatic bile duct. On this basis, it has
been suggested that the targeted biliary epithelial cells (BEC) play an active role in the perpetuation of autoimmunity by attracting
immune cells via chemokine secretion. To address this issue, we challenged BEC using multiple toll-like receptor (TLR) ligands as
well as autologous liver infiltrating mononuclear cells (LMNC) with subsequent measurement of BEC phenotype and chemokine
production and LMNC chemotaxis by quantifying specific chemokines, specially CX3CL1 (fractalkine). We submit the hypothesis
that BEC are in fact the innocent victims of the autoimmune injury and that the adaptive immune response is critical in PBC.

1. Introduction

Primary biliary cirrhosis (PBC) is a chronic cholestatic liver
disease recognized at histology as chronic nonsuppurative
destructive cholangitis with an autoimmune pathogenesis
supported by Thl or Th17 cells producing IFN-y or IL-17
[1, 2]. Several inflammatory cell populations, including T
and B cells, are found around the affected intrahepatic bile
ducts, and chemokines are believed to play a pivotal role for
the infiltration of inflammatory cells [3].

A better understanding of the role of specific chemokines
in liver injury is ancillary to understanding the molecular
mechanisms regulating the autoimmunity process and is ex-
pected to unravel new strategies to treat PBC.

The observed patterns of chemokine expression in nor-
mal and PBC liver are illustrated in Table 1 [4]. In our‘recent
experiments, we cultured EpCAM-positive cells (i.e., biliary
epithelial cells and BEC) isolated by immunobeads from ex-
planted liver tissue and examined the production of che-
mokines by protein array following the stimulation by in-
flammatory cytokines or Toll-like receptor (TLR) ligands
[5]. Our data illustrated that BEC produce proinflammatory
chemokines such as CXCL1, CXCL5, CXCL6, and CXCL8

withoutany specific stimulation as shown in Figure 1. On the
other hand, BEC challenged with a TLR3 ligand (poly I: C)
manifest a Thl shift and the production of CCL3, CCLA4,
CCL5, and CXCL10. Such production of Thl chemokines
was further prompted by the interaction between CD40 on
BEC and CD154 on liver infiltrating lymphocytes. Taken
altogether, the evidence support the observation that BEC
induces a proinflammatory environment in the absence of
innate immunity stimulation and induces Th1-sifted envi-
ronment when such stimulation is present.

2. Fractalkine

Fractalkine is characterized as a type-1 transmembrane mol-
ecule with the chemokine domain tethered by a 241-ami-
no acid glycosylated stalk, a 19-amino acid transmembrane
region, and 37-amino acid intracellular tail [6]. The sur-
face-expressed transmembrane fractalkine induces the firm
adhesion of leukocytes expressing its receptor CX3CRI,
After shedding by the disintegrins and metalloproteinases
(ADAM) 10 and 17, fractalkine also acts as a soluble leuko-
cyte chemoattractant. Transmembrane fractalkine expressed
on both endothelial and epithelial cells induces leukocyte
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Chemokine protein array from biliary epithelial cells Chemokine protein array from biliary epithelial cells
TLR free Polyl:C

CXCLé6 CCL5

CXCL5 CXCL1 CXCL8 CCL3 CCl4
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Figure 1: Chemokines produced by biliary epithelial cells under basal conditions or after stimulation with TLR3 ligand (poly I: C) for 48
hours. Cell-free culture supernatants were analyzed by a protein array kit to evaluate 174 different proteins simultaneously. Unstimulated
cells produced detectable amounts of GRO-a/CXCL1, ENA-78/CXCL5, GCP-2/CXCL6, and IL-8/CXCLS, while poly I: C stimulation led to
enhanced MIP-10/CCL3, MIP-18/CCLA, RANTES/CCLS5, and IP-10/CXCL10.
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Ficure 2: (a) Fractalkine production from endothelial cells from PBC and control {chronic hepatitis B and C) livers exposed to TLR ligands.
Endothelial cells produced fractalkine with LTA, poly I: C, LPS, and flagellin with no significant differences observed between patients and
control livers. (b) BEC did not produce fractalkine with any additional TLR ligand.
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TasLe 1: Chemokine expression patterns in the portal tract, sinusoidal endothelium, and bile duct of normal and PBC liver.
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Figure 3: Autologous liver mononuclear cells adhesion assay using endothelial cells and BEC after stimulation with TLR4 ligand (LPS).
Adherent liver mononuclear cells were stained and counted in ten random high-power microscopy fields. Liver mononuclear cells from
PBC livers adhered in greater numbers than did liver mononuclear cells from controls using either endothelial cells or biliary epithelial
cells, whereas liver mononuclear cells adhered only minimally to liver sinusoidal endothelial cells in all instances. Other TLR ligands did not
accelerate liver mononuclear cells adhesion with neither endothelial cells nor biliary epithelial cells (data not shown).

transmigration [7]. Fractalkine is upregulated by inflamma-
tion cytokines such as TNF-a or IFN-y, it has been proposed
to contribute to inflammatory diseases by promoting the
transmigration of CX3CRl-expressing cells to inflamed
tissues in Crohn disease [8], rheumatoid arthritis, atheroscle-
rosis [9], systemic lupus erythematosus [10], and most
recently PBC {5]. CX3CR1 is expressed on natural killer cells,
monocytes, macrophages, mucosal dendritic cells, CD8" T
cells, and a subset of effector-memory CD4* T cells [11, 12].
Human Thl cells express high levels of CX3CR1 mRNA,
different from polarized Th2 cells [13, 14]. Fractalkine is
expressed in limited amounts in the normal human liver,
particularly near branches of the hepatic artery and in small
bile ducts located at the interface between the portal tract
and the hepatic lobule. In the case of acute or chronic viral
hepatitis, fractalkine is detected in the areas of necrosis and
inflammatory infiltration and also at the interface between
the expanded portal tract and the regenerating nodule.
Regenerating epithelial cells of the ductular reaction are also
positive for fractalkine [15]. In kidney allograft transplanta-
tion, fractalkine is expressed in renal tubular epithelial cells,
and the expression is upregulated by TNF-q, the recognized

key proinflammatory cytokine in acute rejection [16]. The
CD4* and CD8" T cells expressing CX3CR1 predominantly
produce IEN-y and TNF-a, and these T cells infiltrate the
synovium in patients with rheumatoid arthritis [17]. In
inflammatory bowel disease (IBD), intestinal microvascular
endothelial cells produce high amounts of fractalkine, and
IBD mucosa as well as periphery contained significantly
more CX3CR1+ cells than control. Fractalkine is a major
contributor to T- and monocytic-cell adhesion to endothelial
cells [18]. In HCV infection, CX3CR1 is susceptible gene for
hepatic fibrosis [19]. In mice models, it is unclear whether
CX3CR1 positive cells are protective or trigger disease [20—
25].

3. Fractalkine and PBC

Fractalkine is peripherally expressed dominantly in patients
with PBC, and is upregulated in BEC of the PBC liver.
CX3CR1 is expressed on infiltrating lymphocytes in the
portal tracts and on intraepithelial T cells of injured bile
ducts [26]. BEC manifesting senescent features in damaged
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produce Th1 chemokines, and these chemokines are considered to contribute this autoimmune mechanism.

small bile ducts also overexpress fractalkine [27]. As previ-
ously introduced, in our recent work, we separated BEC as
EpCAM positive and endothelial cells as CD31 positive by
immunobeads and evaluated the production of fractalkine
as chemokine by ELISA. Figure 2(a) illustrates the elevated
production of fractalkine by endothelial cells challenged with
TLR3 ligand (poly I: C) or TLR4 ligand (LPS). Conversely,
BEC did not produce fractalkine with any other TLR ligand
stimulation (Figure 2(b)), and this was not reversed with
the addition of established inflammatory cytokines such as
TNF-a or IFN-y. Further, we investigated the production
of fractalkine following the interaction between BEC or
endothelial cells and liver infiltrating lymphocytes. As shown
in Figure 3, mononuclear cells adhered with higher affinity
to BEC compared to endothelial cells in the TLR4 ligand
(LPS) stimulation, and this adherence was increased more
in PBC than in other control diseases [5]. Fractalkine
works to modulate inflammation in the BEC of PBC, thus
suggesting that novel therapies to block fractalkine induced
environment may prove beneficial. Based on our data, we
propose a working model on the role of fractalkine as
chemokine or cell adhesion molecule by vascular endothelial
cells and BEC, summarized in Figure 4. First, fractalkine
as chemokine from vascular endothelial cells stimulated via
TLR3 or TLR4 induce CX3CRI1 positive monocytes or NK
cells. Second, fractalkine as cell adhesion molecule from
TLR4-stimulated BEC recruit CX3CR1 positive cells around
target cells. This mechanism may trigger the onset of chronic
nonsuppurative destructive cholangitis and autoimmune
mechanism perpetuating the cholangitis. We further submit
that Thl chemokines produced by BEC stimulated from

TLR3 are important contributors to the autoimmune mech-
anism.
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