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1) TgG4 BB I3 5 58 11 AL MR IERI AT SR E TR 48

OIEARREL, FIFET- efaller-, FRIFEA 50 S0 BT, e, BmoR, +
M, N Feak, FOE-, SPHMERER, B P —RE, Jr R, ARAMEL, s, i
UN

SR ER R« ML Sy N ER
JEAE B RS R R R AR 2E BRI ZE S A IR DERR R TgGa PHIE 2 ds U
> N E R (IgGA+MOLPS) O HESL. O 7= b DHFSE | BE

[ B] 1gG4 BREEBICIL AT v A ROEDT 50BN 5TV D08, BRI L5 e
TV ANBFE Lo T, DT ORI DR R 21T > 7,

[51E] MgGa BRERE D AT v A RIGFEREZ2ET D720 0% 11 F1 2 i Ll w5 R iR r5E
(UMIN :000002311) | t&, 54T 57 Hilod HAEBGRAEFIEL CTHAA L7z, 20 i IRB KGR A 517,
55 12 figk s B FAL A EAl D B A GRS B 0 . 4 HERTC 61 Bl THERIE T L7 o 7=, CRF I

ETEI S, SBIFFEP BB ICEET —2 T 5 FETH D,

[FESE] MigkasWncie—S< BRMMERIT 60.7% (37/61). Fh=1x 82.0% (50/61) ThH -7z, —H.
RN 13.1% (8/61) H V. T b ORER S & O CoWr 42 B 22 TRFTETH
Do

BHEWEERS IR E TH Y 27.9% (17/61) T, Hii-BERIE O HBLN 16.4%. 04 O
JRIGOBEIE 11.5% T, 9 B 5PN A A Y 543 LTz, & Ol Ak & 70T 16.4% . J8E 55 24.6%.
TREYE T 13.1%., FEYIE 8.3%., HEEE 3.3%., /KT 3.3%., KERETHEEIE 1.6%. FHPNE 1.6% %780
72o TPHIEGRAEEFSRE UC, Ml M PESREER, B (OS—% 0V VEREIR) . DSAFR. T
07— KD KR R PR BUERE R 24 4 1619 2fb 7z, prednisolone HEEFE D H YL
Tmg. MERFE G % O BRI 12% I8 72,

[#555] 1gG4 BAEZE I 92 A7 v A NIRRT T2 B A SRl L OGRS ERBOTZN, AT A
RIBRRIZEE S AR, HMEHERROBFRFRNMELE 725, BCETHAH STV 5 rituximab 250,
BRI R 2 ZIRIBEIZ D & KT H S sk LR O MET N LI Ch 5, EFE /L RWFE ¢ &
ECh LN, WBINORERNIRECT — Z ODEHER E 2t 20BN S 5,

2) AT uA RHERPREPIER DB CaBERER O F%
OYEE — 1,2), M2, FHEliEE 2), /fiE 2)
DHEFEE RN E. QR KFEHE 2SN E

[WFZEEB9] AIP OHERFEIEIIRIIT A R A4 B SN TWD SETHIVLENEIRIET 5, [BE
L HE] 3 AL EHERRRIEE R L CW D REO L 1) BERFHREE D 72\ 2) 1g6<1600mg/d] % BT 1 4L E
HEEF LT A, 1 BIATP21 SEf ARt E & LT, AT a4 REHKRLIZEE, Pk LS IcRE8EE-7,
SEIR, BEEFTRNO AT oA RERALNE LMK Lz O&BEER., EBERARN D 1g6>1600mg/d]l %75
L7 D& MIRFEHERE 8 L, [FR] ¥ 27 7 H OB CHERERD 10 6] (5 4 #, Tk 2
B, 4 Fl) CHRBNTZ, EEBRIL 6 FlTHo T, MIEFEERIL 12 FUCERD B, EERER & R 3
B, FERFERRICIEITA 4 B, MIREROLN 5B TH -T2, FILATO AT 0 FEEHBNE B /R IEER
FHRIRFTHo7z (NPF— FE0.969/H ., 95%SHEXHE 0. 940-0. 998, P=0.038), [f&im] 3 ALL EOHER
PIEEAT > THHIEZ ORRFEREILE < | MERRES RIZERIITHERE TE 20,
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3) IgG4 BEEHLEREDERRE
OmEERE V., ERRER 2, Migf—3, BEH=9 TE @

DVHERSEEDAREEN AL, DR B SRR B2 TR, BT ER R LSRR R, ORETR
FIHE g A

IgG4 BIEELEIHRZEN 1gG4 BEERBRD—DOD entity & L TROLNDINEHLNIZTH 012, K
MFEEE DR E LV 1gG4 [ZBET DB RE L B oEMLZER L. 210 OREMEGE XU
FRIBIZOWTHRETT 5, & B2 [gG4 BEHILERENTFET 2D THIUL, ZOBMEELREE LW,
SREAREAS (TR S 2 VIR B FTRE e NTREREIRRA B ORI FTRE7: 1gG4 BIEH LB HRZE & Bib
NHERIZRETH, G L 35 [gG4 BEMEREIL, Bl B, +28E. /MG K. BREE
SZHERE, FHLWVEERE, kA, R —7 | EBEREOREEZE L, WEMABERICBWNT, 25 (D
< T% 10/hpf UL L) @ IgG4 BB EMIRREZRBO L6 TH 5, MBBREBITIERIZBW T, INE S
ki A= 4 F (HE, EVG Yufa, IgG Yufa, IgG4 Yeft) OMBFRIMRT 21T, REMASSN 2
WTIZ PV, BR R IESARAT ISR 12 3B CTINEE S - BRI IE SR A T4 5,

4) 1gG4-RD (23} % ¥ apoptosis inhibitor of macrophage (AIM) DEZIZ-O\V T
FHEERE, BEEERE. O/DEFPE. BooE—. EAHMET], EEBUR, FEE T
JEREBRFRFER HbasER - EEEERT

TR b= Z2MEIKF (Apoptosis inhibitor of Macrophage ; AIM) i~/ 27 7 —YDT KR h—3 R
BT 557 THHM, Faxld, AIM 28 C BIBHEFRIET Vo — VBRI ERFES (NAFLD) @
FHRME(L & BEE T B RIEEEZ A L T LT 5,

—7%. IgG4 BEEEE (IgG4-RD) OREICIE~r/ a7 7y —URESTA2AREENSHRESNTEY
1gG4-RD 12 BV CHBEOBHELERIZEEL2ERTH D, L1 L, IgG4-RD IZEBIT5 AIM OEFEIZO
WTIEREBH LM ER TRV, ABFFETIE IgG4-RD & AIM & OBEZH LT HZ L2 AL
T 5,
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5) eG4 BHEIMER I ORAREZA D W B HERESLIZ (A1) T SERIRBWT OB
OREH L )
BB SR B TR

TgG4 BEHNEE IR Je (1gGA-SA) | MEASE, Sjogren JEMERE (SJS) MRS A A B & 2NN 5 H AT,
1) BHFHREIBRIT OB T S AU72 1gG4-SA 17 ) & MEAE 26 1], BLOV2) DUBIRER C OISR R X
7= 1gGA-SA 10§ & SiS 18 (A& el L7z, 1) /INHEPN A BRI @ ORI 2 X 729 1gG4-SA &,
SELAZ O JEIE DN 5 B C/NIEPN CHEAIE D5V AT RE D HERINL . RKEIOIEWITHES T -0, NERIZY v
SN DI RN B T, 1gGA-SA [ZHER. L 7=MEa e 2 Wldh »7-, 2) fofEdets (1g6d+ >10/hpf, 7o
TgG4+/1gG+ >40%) Z P02 Z 12k 0 4 0> 1gG4-SA AWt 5 2 & BA[RETd - 72, S3S 1 7 441 (39%)
TEE R BRI, EN A B, BBEIRTRE Cd o Tony, F LA OIEGN T E R o BT
TgG4-SA & FEMIphnoTz, [H5aE] 1gG4-SA, MEAJE, SjS (FMMFAICEERI AT RE/e 2 &2 0y, Bilsk b
b D, HERAROZMIC TSR RMIETH 5,

6) HOABRHRAIIRIEAT, FHRERELZ 2T 5BERRIIBITT 5002
O&JF EX, &Y M¥, /A0 &, 05 TH, &Y RZH, e BlF, I s
EMRZPEFEA EREE  HEgNE

[5] B OBk (AIP) [IRHIE CERE O@MERSR (CP) LRERICHERRILEETHZ LN
DD, AIP DEEHEREN CP L RIRRITIE T 20 E0THalcat STy, [BAY] AIP NEHIR
18T CP FIERFEMEREIR T 2K T2 E D EH LI T 5, [FFIE] 1992 F£~2014 FDORIZ 3 FELL G
BIENARETH -7 AIP fER2 % 1B ERPRSIT B YE 2009 %Wl 7= 3 HEA IRALRE & FERIR(LEED 2
BEIZOF, CP BE, EF oy bu— A aERtBE L, Ehod 27 —BHEEIEC X BRI WEEE 2 5T
i L7z, [FER] AIP R IRALEE (0=9) DE R T A & —PRE L CP B (n=27) IR\ TIE < | AIP JERIK
{bEE (n=33) L W HIRWMERNIZH > 72, AIP JERIRILBEDOFEF = Z X & —BREX, CPEEICH LERICHE
72Tz (p<0. 005), [fbam] AIP i3, REIRIE CRSREIE T2 2T 5 CPIZBITL D b, LD 1gG4 B
BRBIZOWVWTHEHRE CHEREL ET2BHHORREIZBITL 2 20 BT HILERHS LA
PILD,
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7) 1gG4 BEERBAERMIMD 8 & 5 —FACS fi#hT & A\ - IGEE#R E~Di B
OmPEE, THEKE, ARES, FIUAEE, BEEnE
PEEER KBRS 1| W

TG4 BEER A (IgG4-RD) 13 1G4 BB E A0V R BROIRE &L 2 R E T2 2 FHREBTH
B0, R Y v BROMAB S BIIRBRE TH D, £ TYURCIREEARTO 1gG4-RD 8 #, B3t
Sjégren SEfERE (pSS) 4 . f&E A (HC) 8 %@X%Iﬁl%ifﬁ#ﬁﬂ@%ﬂ%‘ Human Immunology Project (Z%&
3 8 4T —FACS 53¥E% A T2, Umehara EE¥EIZ TR2WT L 7= 1gG4-RD B3 8 filDE & CF¥) 1%, “Fip 56
%, TERHARD 16.3 » A, My I1gG4 628 mg/dl, IgG4 RD ClrIfhi#t & b B Mg+ CD19'1gD'CD27* IgM
memory B FHAE D E|IHE MK < (IgG4-RD 9.9%, pSS 20.3%, HC 27.9%, p=0.0065) . CD19°CD20°CD38*
plasmablasts DOEIENE Do 7= (% 19. 5%, 3.5%, 4. 6%, p=0.0085), 7 T A X —fEATIZ XL ¥ .plasmablasts
DEE 1T CD3'CD4,CCRT™ effector memory T FHALOENEG LAERI L7, LA E XV 1gG4-RD Tit., Kl TD
effector memory T MIEIZ X 5 B HEAR O/ (LFFEARIE S HL, B HIAAZRIRIE O Z Y4 M, KON, SKA§ M FACS
BEAT DRI TR E~DOF AW R E N7,
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REVIEW

Gut and Liver, Vol. 8, No. 5, September 2014, pp. 462-470

Recent Advances in the Concept and Pathogenesis of IgG4-Related Disease

in the Hepato-Bilio-Pancreatic System

Kazuichi Okazaki, Masahito Yanagawa, Toshiyuki Mitsuyama, and Kazushige Uchida

Division of Gastroenterology and Hepatology, The Third Department of Internal Medicine, Kansai Medical University, Osaka, Japan

Recent studies have proposed nomenclatures of type 1
autoimmune pancreatitis (AIP) (IgG4-related pancreatitis),
igG4-related sclerosing cholangitis (IgG4-SC), 1gG4-related
cholecystitis, and 1gG4-related hepatopathy as IgG4-related
disease (IgG4-RD) in the hepato-bilio-pancreatic system. In
IgG4-related hepatopathy, a novel concept of 1gG4-related
autoimmune hepatitis (AIH) with the same histopathological
features as AlH has been proposed. Among organs involved
in 18G4-RD, associations with pancreatic and biliary lesions
are most frequently observed, supporting the novel concept
of “biliary diseases with pancreatic counterparts.” Targets of
type 1 AIP and 1gG4-SC may be periductal glands around the
bile and pancreatic ducts. Based on genetic backgrounds, in-
nate and acquired immunity, Th2-dominant immune status,
regulatory T (Treg) or B cells, and complement activation via
a classical pathway may be involved in the development of
1gG4-RD. Although the role of IgG4 remains unclear in [gG4-
RD, 1gG4-production is upregulated by interleukin 10 from
Treg cells and by B cell activating factor from monocytes/ba-
sophils with stimulation of toll-like receptors/nucleotide-bind-
ing oligomerization domain-like receptors. Based on these
findings, we have proposed a hypothesis for the development
of 1gG4-RD in the hepato-bilio-pancreatic system. Further
studies are necessary to clarify the pathogenic mechanism
of 1gG4-RD. (Gut Liver 2014;8:462-470)

Key Words: IgG4-related disease; Autoimmune pancreatitis;
IgG4-related sclerosing cholangitis; IgG4-related hepatopathy

INTRODUCTION

In 1961, Sarles et al.' observed a case of particular pancreati-
tis with hypergammaglobulinaemia, which is supposed to be a

prototype of autoimmune pancreatitis (AIP) (Table 1). In 1995,
Yoshida et al.” proposed a novel concept of AIP, which has been
accepted as type 1 AIP (IgG4-related pancreatitis), the pancre-
atic manifestation of IgG4-related disease (IgG4-RD).’ IgG4-RD
is recognized worldwide as a novel clinical entity following the
epoch-making evidence of increased serum levels of IgG4 in the
history of AIP.* The histopathological findings are characterized
by the periductal localization of predominantly CD4 positive T
cells, IgG4-positive plasma cells, storiform fibrosis with acinar
cell atrophy, and obliterative fibrosis,*® which is also called
lymphoplasmacytic sclerosing pancreatitis (LPSP).” On the other
hand, mainly in the Western countries, histological analyses
using resected pancreatic samples in patients with chronic non-
alcoholic pancreatitis demonstrated a different histological pat-
tern of pancreatitis from LPSP, so called idiopathic duct-centric
pancreatitis (IDCP) or AIP with granulocytic epithelial lesion. In
2003, Kamisawa et al.? first suggested that AIP showing LPSP is
a systemic sclerosing disease based on the concept of multifocal
fibrosclerosis proposed by Comings et al.,’ because the pancreas
and other involved organs have fibrosis with abundant infiltra-
tion of IgG4-positive plasma cells. On the other hand, patients
with IDCP, rarely observed in Japan, are not associated with
either serum IgG4 elevation or with other organ involvement
typically seen in LPSP. AIP is subclassified according to the
International Consensus of Diagnostic Criteria for AIP as either
type 1 (LPSP) or type 2 (IDCP).” Type 2 AIP, unlike type 1 AIP,
is thought to be a specific pancreatic disease with occasional
coexistence with ulcerative colitis.'™"'

On the other hand, in 1892, Mikulicz" first observed a patient
with symmetrical swelling of the lachrymal, parotid and sub-
mandibular glands, with massive infiltration of mononuclear
cells. The condition was called Mikulicz's disease; however, it
has since been classified as an atypical type of Sjogren’s syn-
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Table 1. Transition of the Concept of 1gG4-Related Disease

Author (Year)

Evidences/Contents

Mikulicz (1892)"

Sarles et al. (1961)'
Comings et al. (1967)°
Kitttner (1972)"
Kawaguchi et al. (1991)
Yoshida et al. (1995)"
Hamano et al. (2001)"
Kamisawa et al. (2003)"
Kamisawa et al. (2006)"
Yamamoto et al. (2006)"
Masaki et al. {2009)'
Shimosegawa et al. (2011)"
Umehara et al.>"’
Deshpande et al. (2012)"
Stone et al. (2012)"

Mikulicz's disease (Z Chir Fesrschr)

Hypergammaglobulinemia in CP (Am J Dig Dis)

Familial multifocal fibrosclerosis (Ann Intern Med)

Kiittner tumor (Beitr Klin Chir)

Lymphoplasmacytic sclerosing pancreatitis (Hum Pathol)

Autoimmune pancreatitis (Dig Dis Sci)

High IgG4 levels in sclerosing pancreatitis (N Eng J Med)

[gG4-related sclerosing disease {J Gastroenterol)

[gG4-related sclerosing disease (J Gastroenterol)

1gG4-related plasmacytic disease (Mod Rheumatol)

IgG4-multiorgan lymphoproliferative syndrome (MOLPS) (Ann Rheum Dis)
International Consensus Diagnostic Criteria for AIP (Pancreas)

Concept and comprehensive diagnostic criteria for IgG4-related disease (Mod Rheumatol)
International Pathological Consensus for IgG4-RD (Mod Pathol)

Nomenclatures of individual organ manifestation of [gG4-RD (Arthritis Rheum)

CP, chronic pancreatitis; AIP, autoimmune pancreatitis.

Table 2. The Three Major Histopathological Features Associated with
IgG4-Related Disease and the Minimal Criteria in a New Organ/Site
in the International Pathological Consensus'®

The three major histopathological features associated with IgG4-RD
1. Dense lymphoplasmacytic infiltrate
2. Fibrosis, arranged at least focally in a storiform pattern
3. Obliterative phlebitis
Other histopathological features associated with IgG4-RD are:
1. Phlebitis without obliteration of the lumen
2. Increased numbers of eosinophils
Minimal criteria for IgG4-RD in a new organ/site
1. Characteristic histopathological findings with an elevated IgG4t
plasma cells and IgG4-to-IgG ratio
2. High serum IgG4 concentrations
3. Effective response to glucocorticoid therapy
4. Reports of other organ involvement that is consistent with IgG4-
RD
1gG4-RD, IgG4-related disease.

drome, which also presents with bilateral, painless, and sym-
metrical swelling of the lachrymal, parotid, and submandibular
glands. Kiittner” reported a tumor-like enlargement of the
submandibular gland that was sometimes a result of stones in
the Wharton duct. These patients, lacking anti-SS-A/Ro or anti-
SS-B/La antibodies, often show other systemic organ involve-
ment with elevated serum levels of IgG4, infiltration of IgG4-
positive plasma cells into the glands, and recovery of secretion
with steroid treatment similar to AIP.*® Referring to the original

concept of multifocal fibrosclerosis, recent studies led us to
develop a novel concept of a systemic disease such as IgG4-
related systemic sclerosing disease,' systemic IgG4-related
plasmacytic syndrome,'* or IgG4-positive multiorgan lymphop-
roliferative syndrome,'® all of which may refer to the same con-
ditions. Based on these findings, although it is unclear whether
the pathogenetic mechanisms in individual organs are same or
not,”'"” the comprehensive term “IgG4-related disease IgG4-RD,”
which was internationally endorsed with the proposal of no-
menclatures for individual organ lesions as well as pathological
consensus, and diagnostic criteria have been proposed from the
Japanese investigators.” In this review, we discussed the current
concepts of hepato-bilio-pancreatic lesions and recent advances
in our understanding of the pathogenesis of I[gG4-RD.

CURRENT CONCEPTS OF 12G4-RD IN THE HEPATO-
BILIO-PANCREATIC SYSTEM

The patients with IgG4-RD show diffuse or focal organ en-
largement and mass-forming or nodular/thickened lesions in
various orgauns, either synchronously or metachronously. This
is due to the prominent infiltration of lymphocytes and plas-
macytes with fibrosis.>®'* The causes are still unclear; however,
some abnormal immunological mechanisms are involved. The
organs known to be affected include the pancreas, biliary duct,
lacrimal/salivary glands, retroperitoneum, central nervous sys-
tem, thyroid gland, lungs, liver, gastrointestinal tracts, kidneys,
prostate gland, and lymph nodes.>"*"* Clinical symptoms vary
depending on the organ in which the lesions are located, but
many cases are treated effectively by steroid therapy. All of

—132—



464 Gut and Liver, Vol. 8, No. 5, September 2014

them show similar pathological findings with abundant infiltra-
tion of IgG4-positive cells and fibrosis, and international mini-
mum histological consensus was proposed (Table 2}. Although
the infiltration of IgG4-positive cells and increased serum levels
of IgG4 are characteristic in IgG4-RD, the severity of fibrosis
seems to be different among the individual involved organs."
Storiform fibrosis and obliterative phlebitis are characteristic in
pancreatic and biliary tract lesions, but rarely observed in the
salivary or lymphnodes.' Although most patients have multi-
organ lesions synchronously or metachronously, about 10% to
20% of the patients have solitary organ involvement.” There-
fore, it is unclear whether the pathogenetic mechanism is same
among individual organs or not. Type 1 AIP (IgG4-related pan-
creatitis), IgG4-related sclerosing cholangitis (IgG4-SC), IgG4-
related cholecystitis, and IgG4-related hepatopathy are recom-
mended as the nomenclatures of I[gG4-RD in the hepato-bilio-
pancreatic system. "

1. Type 1 AIP (IgG4-related pancreatitis)

AIP is a distinct form of pancreatitis clinically characterized
by frequent presentation with obstructive jaundice with or with-
out a pancreatic mass, histologically by a lymphoplasmacytic
infiltrate and fibrosis and therapeutically by a dramatic response
to steroids.””' Recent studies have suggested that “AIP” mani-
fests two distinct subtypes, type 1 and type 2 AIP (Table 3).'*"
Type 1 AIP (IgG4-related pancreatitis) is more prevalent in Ja-

Table 3. Subtypes of Autoimmune Pancreatitis

pan and Korea, whereas type 2 AIP, with granulocytic epithelial
lesion, is more commonly observed in Europe and the United
States.

In type 1 AIP, the pancreatic histopathology shows the fol-
lowing characteristic features of LPSP: 1) abundant infiltration
of plasma cells (IgG4" cells; >10/hpf, 40%>IgG4/IgG cells) and
lymphocytes, 2} peculiar storiform or swirling fibrosis, and 3)
perivenular infiltration with lymphocytes and plasma cells often
leading to obliterative phlebitis. Clinically, it is characterized by
swelling of the pancreas, elevated serum IgG4 levels and extra-
pancreatic lesions (e.g., sclerosing cholangitis, sclerosing sialad-
enitis, and retroperitoneal fibrosis) associated with infiltration
of abundant IgG4" plasma cells. Patients with type 1 AIP often
have obstructive jaundice in elderly males, and the pancreatic
and extrapancreatic manifestations respond to steroid therapy.”
Therefore, it is a pancreatic manifestation of a systemic disorder,
1gG4-RD."**

2.1gG4-SC

About 60% to 80% of patients with type 1 AIP are associ-
ated with 1gG4-SC,>** in which cholangiographic features are
similar to those of primary sclerosing cholangitis (PSC), pan-
creatic cancer, and cholangiocarcinoma. The steroid responses
and the prognoses of IgG4-SC differ from patients with PSC,

5,20-22

which suggests different pathological conditions. Four

types of the characteristic cholangiographic features of IgG4-

Subtype of AIP Type 1 Type 2
Other nomenclatures AIP without GEL AIP with GEL
IgG4-related IgG4-unrelated
LPSP IDCP
Prevalence Asia>USA, EU EU>USA>Asia
Age High aged Younger
Gender Male>>Female Male=Female (NS)
Symptoms
Obstructive jaundice Often Often
Abdominal pain Rare Common
Pancreas swelling Common Common
Serology High serum IgG, Normal IgG,
1gG4, autoAbs {+) normal IgG4, autoAbs (-)
001 Sclerosing cholangitis Unrelated with 00I
Sclerosing sialadenitis
Reteroperitoneal fibrosis
Others
Ulcerative colitis Rare Often
Steroid Responsive Responsive
Relapse High rate Rare

AIP, autoimmune pancreatitis; GEL, granulocytic epithelial lesion; LPSP, lymphoplasmacytic sclerosing pancreatitis; IDCP, idiopathic duct-centric
chronic pancreatitis; NS, not significant; OO0 other organ involvement.
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SC have been proposed based on the regions of stricture (Fig.
1).” 1gG4-SC with only stenosis of the distal common bile duct
{type 1) is difficult to differentiate from pancreatic cancer. This
stricture might be due to both the thickening of bile duct and
the effect of inflammation and/or edema of pancreas without
wall thickness. 1gG4-SC with diffuse stenosis throughout the
intrahepatic/proximal bile ducts (type 2) is similar to PSC. 1gG4-
SC with stenosis in the hilar hepatic bile duct (type 3 and 4) is
difficult to differentiate from hepatic hilar colangiocarcinoma.”
In addition to stenosis of bile ducts, circular and symmetric
thickening of the bile duct wall, smooth outer and inner margin,
and homogenous internal echo demonstrated by abdominal
ultrasonography, abdominal computed tomography, abdominal
magnetic resonance imaging, endoscopic ultrasonography, and
intraductal ultrasonography are most characteristic images.”
These characteristic features are recognized not only in the ste-
notic areas or occasionally in the gallbladder but also in areas
without stenosis that appear normal in cholangiogram. Most
cases of IgG4-SC (80% to 90%) are associated with AIP.”** It
is particularly difficult to accurately diagnose IgG4-SC without
AIP. In contrast to PSC, inflammatory bowel disease is rarely
observed in the patients with IgG4-SC.”**

Histopathologically, similar to LPSP in type 1 AIP, massive
infiltration of IgG4-positive plasma cells, storiform fibrosis and/
or obliterative phlebitis in the bile duct wall are characteristic
and called as lymphoplasmacytic sclerosing cholangitis.'>”
Such fibroinflammatory involvement is mainly observed in the

Type 1

Type 2
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submucosa of the bile duct wall, whereas the epithelium of the
bile duct is intact.” Endoscopic transpapillary bile duct biopsy
or cytological examinations are useful for differential diagnosis
of cholangiocarcinoma, although it is difficult to take enough
biopsy samples for characteristic histopathological findings of
18G4-SC.* Liver biopsy is sometimes useful in the diagnosis of
1gG4-SC in cases of intrahepatic bile duct involvement.”

3. IgG4-related hepatopathy

Liver dysfunction is frequently observed in AIP patients and
most of them show various pathological changes with infiltra~
tion of IgG4-bearing plasma cells in the liver; portal inflamma-
tion with or without interface hepatitis, large bile duct obstruc-
tive features, portal sclerosis, lobular hepatitis, and canalicular
cholestasis.”* As a very few of [gG4-RD patients without AIP or
1gG4-SC show the same histological features as autoimmune
hepatitis (AIH), a novel concept of IgG4-related AIH has been
proposed.”” To establish the concept of IgG4-related ATH, fur-
ther studies are required.

RECENT ADVANCES IN THE PATHOGENIC MECHA-
NISMS OF 1gG4-RD IN THE HEPATO-BILIO-PANCREATIC
SYSTEM

1. Immunogenic backgrounds

Although immunogenic backgrounds of IgG4-RD are not
well understood, Japanese patients with AIP, most of whom are

Type 3 Type 4

X AT X AT

Pancreatic cancer
Bile duct cancer
Chronic pancreatitis

Differential diagnosis

Primary sclerosing cholangitis

Bile duct cancer
Gallbladder cancer

Useful modalities IDUS* (bile duct)
EUS-FNA** (pancreas)

Biopsy (bile duct)

Liver biopsy
Colonoscopy
(R/O coexistence of IBD***)

EUS (bile duct, pancreas)
IDUS (bile duct)
Biopsy (bile duct)

Fig. 1. Classification of cholangiography in IgG4-related sclerosing cholangitis {IgG4-SC). The characteristic features of [gG4-SC can be classified
into four types, based on the regions of stricture as revealed by cholangiography and differential diagnosis. Type 1 1gG4-SC shows stenosis only in
the lower part of the common bile duct, which should be differentiated from chronic pancreatitis, pancreatic cancer, or cholangiocarcinoma. Type
2 1gG4-SC, in which stenosis is diffusely distributed throughout the intrahepatic and extrahepatic bile ducts, should be differentiated from primary
sclerosing cholangitis. Type 2 is further subdivided into two types. Type 2a has a narrowing of the intrahepatic bile ducts with prestenotic dila-
tion, and Type 2b has a narrowing of the intrahepatic bile ducts without prestenotic dilation and reduced bile duct branches, caused by marked
lymphocytic and plasmacyte infiltration into the peripheral bile ducts. Type 3 IgG4-SC is characterized by stenosis in both the hilar hepatic lesions
and the lower portion of the common bile duct. Type 4 IgG4-SC shows strictures of the bile duct only in the hilar hepatic lesions. Cholangio-
graphic findings of types 3 and 4 need to be discriminated from those of cholangiocarcinoma. From Ohara H, et al. J Hepatobiliary Pancreat Sci
2012;19:536-542, with permission from Springer.”

IDUS, intraductal ultrasonography; EUS, endoscopic ultrasonography; EUS-FNA, EUS-guided fine-needle aspiration; IBD, inflammatory bowel
disease.
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IgG4-related, may be associated with class Il antigen haplotype
of the major histocompatibility complex (HLA-DRB1*0405-
DQB1*0401),” polymorphism of nuclear factor-xB and Fc-
receptor-like 3 genes expressed on B cells.”® An inhibitory
molecule, cytotoxic T lymphocyte antigen-4 (CTLA-4; CD152)
expressed on the activated memory T cells or CD4°CD25" regu-
latory T cells (Tregs), was independently reported as a suscepti-
bility factor.”®* Based on immunogenic backgrounds, abnormal
conditions of immune responses may be involved in the devel-
opment of type 1 AIP, although the precise pathogenic mecha-
nisms remain unclear.”

2. Innate immunity

Recently, abnormal innate immunity has been demonstrated
in some patients with IgG4-RD.>*' Activation of NOD-2 and TLR
ligands on monocytes or basophils from patients with IgG4-
related AIP enhances IgG4 responses via B cell activating factor
(BAFF) and interleukin (IL}-13, although specific pathogens still
remain unclear.’* In animal models, activation of TLR3 by
polyinosinic:polycytidylic acid or TLR4 by lipopolysaccharide
can induce immune-mediated cholangitis, pancreatitis and sial-
adenitis similar to human IgG4-RD.”

3. Possible roles of I2G4 in IgG4-RD

Although the association of IgE—mediéted allergy and IgG4
antibodies is well known, IgG4 characteristics are still poorly
understoad. IgG4 is involved in an immune process referring to
as ‘Fab-arm exchange,” which is a swapping of a heavy chain
and attached light chain (half-molecule) with a heavy-light
chain pair from another molecule; this usually results in asym-
metric antibodies with two different antigen-combining sites.”*
While these modified antibodies -are hetero-bivalent, they be-
have as monovalent antibodies. Another aspect of IgG4 is that it
mimics IgG rheumatoid factor activity by interacting with IgG,
namely Fc-mediated aggregation.” IgG4 seems to be associ-
ated with a pathogenic effect in a few situations. In pemphigus,
recognition of skin autoantigens (desmogleins) by 1gG4 is at the
origin of the disease process.”® A most recent study of structural
determinants of human IgG4-Fc by crystallography suggested
that Fc-Fc interactions are compatible with intact IgG4 mol-
ecules and may provide a model for the formation of aggregates
of IgG4 that can cause disease pathology in the absence of anti-
gen.”

Another recent data on regulation of IgG4 showed that IgG4-
RD may reflect an excessive production of anti-inflammatory
cytokines such as IL-10 that triggers an overwhelming expan-
sion of IgG4-producing plasma cells.”®" Increased peripheral
inducible-memory Tregs are positively correlated with serum
levels of IgG4.” In addition, prominent infiltration of Tregs up-
regulated IL-10 in livers of the patients with IgG4-SC.* These
findings suggest that [gG4 do not act as a pathogenic factor, but
as an anti-inflammartory factor in IgG4-RD. Further studies are

necessary to clarify the precise role of IgG4 in 1gG4-RD.
4. The complement system

Patients in active stages of AIP occasionally show decreased
complement (C3, C4) with elevated circulating immune complex
as well as serum levels of IgG4 and the IgG4 subclass of im-
mune complexes.” However, a previous study showed that the
classical pathway of complement activation through IgG1 may
be involved in the development of AIP rather than mannose-
binding lectin or alternative pathways through IgG4."

5. Autoantibodies and candidate of target antigens

Although some patients with IgG4-RD have nonspecific
antibodies such as an antinuclear antibody, there is scarce as-
sociation of IgG4-RD. From the view of 1gG4 function, the big
mystery is whether IgG4-RD is an autoimmune or an allergic
disease. Although disease specific targets are unknown, the oc-
casional coexistence of multiorgan involvements leads us to
consider that there may be common target antigens. Among
candidate antigens previously reported, lactoferrin (LF),"**®
carbonic anhydrase (CA)-IL**" CA-IV,” and pancreatic secre-
tory trypsin inhibitor (PSTD)* are expressed in the pancreas,
salivary glands, biliary duct, lungs, renal tubules, and so forth.
Immunization with CA-II or LF induced systemic lesions such
as pancreatitis, sialadenitis, cholangitis, interstitial nephritis in
the mice models similar to human IgG4-RD.*® Amylase o-2A,”"
HSP-10,” and Helicobacter pylori> ™ are also candidates of
disease-associated antigens. Among the involved organs in
1gG4-RD, recent studies suggest an extremely high association
of pancreatic and biliary lesions.*”**' As both peribiliary glands
in the biliary tract and pancreatic duct glands associated with
pancreatic ducts in human are intermingled with small amounts
of pancreatic exocrine acini,” and the biliary tree-derived stem
cells may be involved in a pancreatic organogenesis in mice.”®
Nakanuma et al.” have proposed a new concept of the “biliary
diseases with pancreatic counterparts,” in which targets of type
1 AIP and IgG4-SC may be periductal glands around the bile
and pancreatic ducts. Further studies of the biliary tract’s patho-
physiology based on its similarity to pancreatic counterparts are
warranted.

6. Role of B cells

In addition to steroid and immune-modulators, the B cell
depletion by rituximab, which reduces only IgG4, but not IgG1,
IgG2, or IgG3, is useful in the therapeutic strategy in IgG4-
RD.**" A recent study showed expansion of IgG4" B cell recep-
tor clones in blood and tissue of patients with active [gG4-chol-
angiopathy, and disappearance by corticosteroid treatment.*”> A
recent study showed that the increased CD19*CD24"'CD3g"e"
Bregs may suppress the disease activity of type 1 AIP, whereas
the decreased CD19°CD24""CD27* Bregs might be involved in
the development of type 1 AIP.* These findings suggest that
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specific B cell responses may have a pivotal role in the patho-
genesis of [gG4-RD such as type 1 AIP and IgG4-SC.

7. Th1 and Th2 immune balance

The effector cells in IgG4-RD have been poorly understood.
The CD4" T cells differentiate from naive T cells (Tho) to Thi,
Th2, Th17, and Treg cells. In the livers of IgG4-SC patients, a
Th2 type immune reaction’" is induced in addition to the Th1
responses.” Th2 cytokines may be involved in the progression
of the disease process, especially the maturation and prolifera-
tion of local B cells and plasmacytes.

8. Tregs

Foxp3 is a member of the forkhead/winged-helix family of
transcriptional regulators, and functions as the master regulator
in the development and function of CD4"CD25" Tregs classified
as naturally occurring naive-Tregs originating in the thymus
and adaptively induced memory-Tregs in the periphery by dif-
ferent antigens.” In type 1 AIP, circulatory naive (CD45RA")
Tregs are significantly decreased in the peripheral blood,
whereas memory (CD45RA)-Tregs are significantly increased.”
In addition, prominent infiltration of Tregs with upregulation
of IL-10 is observed in the liver of type 1 AIP and IgG4-SC pa-
tients."*"" These findings suggest that increased memory-Tregs

Gastroenterology 2000:118:573-581.%
Pancreas 2006:33:20-26.%
Pancreas 2008;36:133-1 40.%

%0 3%,
®o
Antigens
(LF, CA-Il, PSTI,

H. pylori, etc.)

Fibrosis
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in the periphery and local tissues may be an inhibitory immune
response against inflammation, although decreased naive Tregs
may be pathogenic.

9. Our hypothesis for the pathogenesis of IgG4-SC

The neonatally thymectomized (nTx)-BALB/c mice models
showed that immunization with CA-II or LF induced pancre-
atitis, cholangitis, and sialadenitis similar to human IgG4-RD.*
These findings suggest that depletion of naive Tregs may induce
macrophage/T cell activation and further proinflammatory reac-
tions during the early stage of the disease as direct cytotoxicity
effects through Fas ligand expression. WBN/Kob rat models
with congenital decreased peripheral Tregs spontaneously de-
velop sclerotic cholangitis, sialadenitis, thyroiditis, and tubu-
lointerstitial nephritis.*® These animal models suggest that CD4"/
CD8" T cells play major roles in the development of primary le-
sions similarly to human IgG4-RD; however, the counterpart of
IgG4 in mice IgG subclasses has not been identified.

Based on these findings, we proposed the pathogenesis of
type 1 AIP (Fig. 2).> The basic concept is the biphasic mecha-
nism of “induction” and “progression.” An initial response to
unknown disease specific antigens including self-antigens (LF,
CA-II, CA-1V, and PSTI) or microorganisms (bacteria or virus)
might be induced by decreased naive-Tregs followed by a Thi

%3k Antigen

Hepatology 2007;45:1538-1546.%
Pancreas 2008;36:133-140.%

Antigen

lgG4?

Fig. 2. Hypothesis for the pathogenesis of autoimmune pancreatitis (AIP) and IgG4-related disease. In central tolerance, naturally occurring naive
regulatory T cells (n-Tregs) derived from the thymus suppress autoreactive CD4 or CD8 cells in the normal state. In the IgG4-related disease, the
basic concept is a biphasic mechanism of “induction” and “progression.” Initial response to antigens (lactoferrin [LF], carbonic anhydrase II [CA-
1], CA-1V, pancreatic secretory trypsin inhibitor [PSTI], -amylase, plasminogen binding protein peptide of Helicobacter pylori, etc.) might be
induced by decreased n-Tregs. Th2 immune responses were followed by Thi-type immune responses, with releases of proinflammatory cytokines
(interferon y [[FN-y], interleukin [IL]-1b, IL-2, tumor necrosis factor o, [INF-oJ). In progression, Th2-type immune responses producing IgG, 1gG4
and autoantibodies may be involved in pathophysiology. IgG4 and fibrosis may be regulated by increased IL-10 and transforming growth factor
B (TGF-P) secreted from inducible memory-Tregs (i-Tregs), respectively. However, activation of nucleotide-binding oligomerization domain (NOD)
receptor or TLRs on monocytes or basophils increases IgG4 via the upregulation of B cell activating factor belonging to the tumor necrosis factor
family (BAFF) and IL-13. From Okazaki K, et al. J Gastroenterol 2011;46:277-288, with permission from Springer.”

DC, ductal cell; TE, effector T cell.
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type immune response with the release of proinflammatory
cytokines (interferon v, IL-18, IL-2, tumor necrosis factor o).
In progression, Th2 type immune responses producing IgG,
IgG4, and autoantibodies may be involved in pathophysiol-
ogy. IgG4 and fibrosis may be regulated by increased IL-10 and
transforming growth factor B secreted from inducible T cell co-
stimulator (ICOS}-positive and ICOS-negative inducible adaptive
Tregs, respectively. Production of IgG4 may be also upregulated
by BAFF from monocytes and basophils.

CONCLUSIONS

Recent advances support the concept of IgG4-RD, a unique
clinical entity, in the hepato-bilio-pancreas system. Although
the pathogenic mechanism remains unclear, innate and acquired
immunity, Tregs, and B cells may be involved in the develop-
ment of these lesions. Further studies are necessary to clarify the
pathogenesis including genetic backgrounds, disease-specific
antigens, and the role of IgG4.
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