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Metabolomic analysis in 1gG4-related disease
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IgG4-related disease is indicated by increased infiltration of lgG4-positive
plasma cells, typically elevated 1gG4 serum levels and the formation of lymphoplasmacytic
infiltrate in one or more organs. We explored the metabolome of >400 small molecules in serum from
10 matched pair 1gG4-related disease subjects prior to (PRE) and following (POST) steroid treatment
and contrast these profiles with a cohort of 10 normal non-diseased subjects (NORM). The
polyunsaturated fatty acid arachidonate is involved in pro-inflammatory activities through its
metabolism to the pro-inflammatory prostaglandins via cyclooxygenase activity and HETEs via
lipoxygenases. Individuals with PRE lgG4-related disease had elevated arachidonate and the
12-lipoxygenase product, 12-HETE, as compared to NORM subgects. The higher levels of the
pro-inflammatory arachidonate and 12-HETE was unaffected by steroid treatment as POST subjects had

similar levels of these biochemicals as was observed in PRE subjects.

1964



# X C—19, F-19—1, Z—19, CK—19 (Jtm)

1. BRSO &

IgCG4 B BT, M5 IgG4 mE A KM e L7 U o/ SBEBEME DR BT 28 0 FEfae |-
MIRE 2R LR IERE BT 5, MiGFMICiEE IgG4 MiE(135 me/dl DL ) &2 55 & L,
FER T MRS = L IC R 5, RAIREIZIZE TH A3, W TN OEER T A LT b MMk,
1gG4 GPERE ML ORI & BRHEE - B LMERE & W o T2 B ORI FAR M E R L TR Y,
AR L THBEORKN, HEOCHEENESIND, £/, FEWHARU BREBICH
b 5 8E R EOMMBITMET-NTEBY AT a4 FIBERHD TRV E W) FT-2KEA T,
U o~ FRBERERS L OH B 21X U S CHER 2B TV 5,

B S CTlE, IgG4 BERBOFENIZIAHTH 208, BEBICO W TIEMOEFREL & b
WL OMOREA R EIN TS, 1gG4 BIEEEIL, 7T LVAX—EEBOMRERHBE L, &k
B - < ) & 2FFEIRIRIC 1gG4 BBYERE ML L, R [ZIEBEE R DRI E I E
HWRTHD, TOREFENIT, FT 2 0EREICL Y RIEDBIET 5 &V D BHRIEZ O
bolEZLND, L, (DIgG4 B BIZRIT 5 2FEHUR. (2) Helicobacter pylori &4k
1 82RO BRSO, B SRR ORIED L D72 b U T — L 70 IR
HDBWVIIERNF R EOFERE, IgG4 FLORENIGEFIEEZ LD 2 HFIZ>W T
FEAEBHENTWARWY, £72, GBRNHIIAIC X 2 HURRREERECY A b A U pEARER &
H k5 R OWEME L, W7 LALX—%iE 24 Th1/Th2 MO AT o 2B %2 k44 N A
VEEEREIZOWTH AR RIEE L, T RE L OMERGFET S,

TgG4 BIHER BITIRAE DO RAET B e E . B2 SI3R 25 500, ZORKSLIHEE T
OFIEERE . FEEEARICE L Cldd@md o et m < . W I EF IO 528, —o0D
BN ThD L EZ BN, 164 BEEROIFEIZ., FITRED LIIRE~, & 52
PRENEHERT DEEMEORT v 7 RH Y, TOERSLIFEELZ ~DOBIE 0 X EE
B2 TR 5 Z LIk, 2 2 TARIFFE TIE A Z R o — WO E S 164 BIER B A
PR 572, Tg64 BB B OIGIERTR I L OMEER N2 1T 2 M5 %2 AV, 5 EEA DR
DIRY — 2 B HAFROIRMT U, BRI D A A~ — D —REREITH L L LT,

2. WMEOHEM

B LVEBHENLTh 5 1gG4 BhEE B ORI - JHiE, £-Z2 O 2 BRT 57-9, 1gG4 4
HEBBE OBENR., o, @ AMEE AV, IgG4 BER B OR B R ICEE T 518
BBED /R Z — R ATV, REBRSRCIRRIC LD EFT A2 REME A X2 R o0 — L 0FEEHN
fiERT3 %,

3. WHED

[TgG4 BI# Zlias U >/ HEFRIEGERE, Castleman JHZEDOMD L7 v — M\ v 7 v 7 U i
JE D FERIFZ I D 72 D D L ftiak LRI AT T ARG R ST | 290 LT, 2ED HIUE S vz 1664 B
R EBEERAE, 164 BHERBAFEZ W A% (Comprehensive Diagnostic Criteria for
TgG4-related disease (IgG4-RD),2011) OT /AT Y XA Y TIIH ., HRTEHE., W2, W2
BE, WEREICT D & & biT, BB BRSNS T 2T 4 X&4To7=, 164 B B FEZH
FEUE A 79I IE TeG4 il 135mg/d1 LA k| FHRRIZIS 1T D TgG4/TgG Hudy 40%LL £, 22D F v v A
= ¥, Wegener WIZEFE, YA R— A B U NE, g SREMOBEBEZRITE
% H D% 1g64 BEE B E 2 i GRIRAT & L. AT v A NIGRERLEYE 6 » H Db O & 1RFE%
IR GBHE%) & LIFZEIC W T, RBFFEDO X OV CTIE, P2, 220852 5B L, 1¢64
BB T < & 5 50~60 sk i & L7, TA%AT (PRE) . 1R (POST) . W A= b
12— L (NORM) D i Z #L-E 40 10 Fl#EfE L, 3 BEf. n=10 T, JRIEHT - 2, BF - EF AMT
DRI EIT > T2,

AT CTlE, Tg64 BIEEBIZEHIT DT LAXF—RICEH L, A ¥R 8 — AOHE) D IRYT
EAT -T2, RATICOWTIE, b a—<r « AX R —2Lh 77 ) aP— RS 0N O F A
7T VIR SN REE (58K 5071000 OFEF - 7 R - KR - TR &R S
E L. T UK RS BE T B AREHE 12 PN 21T o T2, EBERORIEIZ DV,
FTNENOIMEY > 7L 200u] ZRHTALEE L, MeOH/H,0 [E 4y 1 O AHHMKSY F % . HMT O v
Y7 U — BRI BN EEE (CE-MS) & AWl &21T - 72, 56T — % —i, JHRERE.
B, o b — VB ICAEBREND D, BHEOKEITE 278> TnD 0, BRO
B2 d 2 EFORMEILE 5> T 5072 EREEMRE, Ratio ik, ZEEMHT A MAE D,

Bt 21T 272, R s =
;-\_9 a)ﬁﬁ*R o o smsans EZZ i .
EEERE : ;
-Ratiot# - B e - B ; ;
PSRBT ‘ S SRR () B¢

“control&




4. WFFERk R

Bk SITZIERNT 104 B, ZFOWNFRIT, 1G4 BEE B (1gG4-RD) fe &2 Wr 65 i, [EI%E2 29
%], Sjogren JEWHE 2 fl, Castleman J55 4 fiil, Z DM 4 Bl TH -7, 1gGA-RD fEEZ W5 Dy
AEERIE 64. 0 iR, B 41 AL &ME20 ATH o7, FEENER L, B 25 Flod 5 BIERR 14 51,
e 4, IR 3Bl CTH T, E72. 2 IEes 22 ], 3 @bl b 18 f72 - 7=, NEERBlDWERIL,
MR R 35 81, B 19 . VRMR 12 B, U Lo NE 12 1, R RERRARAERE 10 5], RS 8 4, HRAR 8
B, BB 6 B, BINZHR 4B, 4Bl W3S Tholz, /- UHICT L X—Phadk, 8H
ICRE R BN A BTz, MR RAEHMEIL, 1¢6 2252, Tmg/dL, TgGl 1092. 6mg/dL, IgG2

. AR BN FAZT A = 47 o A 809. 2mg/dL . 1gG3 77.8mg/dL . IgG4
oG4 Eaéﬁ%—iﬁfiﬁpﬁfbhtﬁﬁ% 715. 4mg/dL, TgE 536. 8 mg/dL. 4FFEEK 5. 0%
Wekh's"T;:;Samme Nl:_%EM &Q%n f: D 7LCQ C3 87.3 mg/dL\ C4 18. 8mg/dL\
Tortbochemias | 1ug " CH50 42. 8mg/dL & HEIEENTH > 72, TL-6
aéiuﬂ, o T om 2.55pg/mL, CRP 1.46mg/dL, RF 7.8U/uL,
oot - " VU PR 4 18 fl (Homogeneous7 i,
aa;c(h;z.;;au, i i Speckled3 %) TH o7~ BT ITTF A4 X4y
J U 7o i B BE o dp AT (PRE) . TR R %
S (POST) DI, 3 X OMEH A= br—L
il S (NORM) O IfiL 75 & AL 41 10 1) ¥Efis L, 3 BERE
e % n=10 §C, {&%EwT - &, BHE - @F AMT
) ol DIFNTZAT > 72, 1g64 BIEFRE T, 1RE#%
oospot0 © WA LR 93, F72. BEE AL
(14) o TgG4 BEEE B CA®E 2 or L2 RE e
From a total of 439 named biochemicals {i 118 7—:,) 7‘—:O

Tg6d BRI, 7 LA —REOHIELFFE L L, Fst T DRBRFIC L0 RIENEIES
DIEMEIIEMIRE TH D, HAREROBRISIRIC L > TSI SN DT VLT —RUSH,
TG4 BIER B OFTREIZ B 53 5 rIREMEIE SV, 7 LbF— BRI, BUR - fiik L ooz o
7R A MM, JRIRERENRZED N T —Th 203, REHES FOPICEEREE 2 FO
bDOBFET Do T ZAT > TGRS F O, TBRRATR 72, @A L BEH THEREH)
2R LTCAREI DRFE & E 21T~ T2,

25704 RBEIRIDOESZETIES cN)F N7 7oA F T —E(TD0) .
A R—=NT IV 2,3 VX TF—1F
Ll nNGe L (ID0) %, bV 7 b7 7 ARHEERD O

IR L e L T EETIE, NAD AR T, Y7
== =8y (TRW rvripsrzi=vmEEns, 2
R . ; L T RIBEIZL D RIEMEYA N A

REA GARA ARE  REA AR ARk h REA GARE AR ﬁiflﬁﬁ’)\ L\ IFN’V %)‘ TNF- « c:i o'(]%ll‘i
inflammation /ﬂ: é j’[/ %4 1DO N fﬁl)\ L . ﬁ:% LT .
IFN/ T}F tryptophan 7>% kynurenine O EEADNEIAD
v -a

N/ LTWAIZERHLMNE 0T, ZORER
1., AT A FIBEICX D RIEDIE T 2R~

kynurenate +— kynurenine — <+———— tryptophan L/ U 5
o

REEDZFO1 Kid. 2701 KARICEDRSTS
7 7o ” F . NIEMED R T A R, A b D=

Endogenously Produced Steroids PRE Heste :;E{EE,E:: ﬁ: = /]) F‘ le:?:}:ﬁi a: J: D ﬁ’)\ j‘ 6 k l/ A 5 /(-ﬁ‘j:% Z)§
NORM Pre RENTZ, TNB 2O05E5IE, AT A R
BRICEDRIEDE T 2R L T,

regnenolone sulfate 0.93
pregnen-diol disulfate* 1.04
regn steroid monosulfate* .88
regnanediol-3-glucuronide
cortisol
cortisone
dehydroisoandrosterone sulfate (DHEA-S
epiandrosterone sulfate
androsterone sulfate
4-androsten-3beta,17beta-diol disulfate 1*
4-androsten-3beta,17beta-diol disulfate 2*
5alpha-androstan-3beta,17alpha-diol disulfate
Salpha-androstan-3alpha,17beta-diol disulfate
5alpha-androstan-3beta,17beta-diol disulfate
andro steroid monosulfate 2*

WIZ, A7 RRRICED2R# T e 77
1A DEIC AN TR EFT > 7=,
AFEA FiE, FRCOMRE (BEFE) . o e
BRTOBATRE, MR coRTE = E @ m
(PPERERG O IS A 5 2 | # RAIC, - - | =

T3 — A DMK T ~DHAE E IS,
KIFFTIZBNT, AT A NIGEIZ K D06
B2 B AL DOTLENRTRD i,




TCABBDTTE
F7o. B o B RIEOTTHEICEV, TCA e

EOTLELROSNELE,
INBIEATeA RREICEILIRE0E -
#ha R LTV D,

ZAMAREFIIENIR L, v 7 a A X T —E0, UARF V7T —EBR EOmb#ERIC L > T
TEEREIICER S, CNOIFREA T 4 =— % — & L Thx A RREIRSRE 2 4> T 5,

EEAT AT —H—ZZNET, MOTHMETHDZ L, LRI EN &, BHEEB I
— R&aniznz Eiﬁkiﬂ% *ﬁLﬁE’J QE@E’J&H%M@éi}’b'Cl/‘i;?Z?)Of:o L2y Larae, ek
FE 7R E By BTt OB IEEAT 4 = — X — ORI EN  EEEATRAREE 72D |
EZi T2 NeN 1%@7‘@}15%{73@{2&?\1 WAL, AR D 2 VI3 ENS ﬁﬂ:f%@l/f\/l/i)l’jr@]
THTENREINTND, 1g64 BIdE B RFE - @i AM., E72IRWAT - 1RIRBRHECRRERE
BRI IREAT 4 = =IOV TREZIT 272 & 25, Te6d BIEKREHETIX, 77 % b
fi% (arachidonate (20:4n6)) @<, BEMDIEEAT 4 =— X —Th 5 12-HETE 23w ARE
W2 JRIERT - TR E b EVWEEZ R LT, £72, ZOfEIX. A7 84 RREEZTH, KT
L7Zpnodz, TgG4 BREEMIL, AT o4 RIBEIZ X VIERITEFERHICKET 08, A7 A KA

RAMIEE X 7 ¢ T—5 — £IgGABBRE T SRR
o Assoct vosts | mened | TIERITE LT, Z ORAR 72
P T | BB LTS L B2 bR 5,
: : BRIEDIRE A T 4 = — 5 =73,

IgG4 BER B CREL R L, £
arachidonale(20:4n6) 12:HETE HWESASXX C-glyegsylizyptophan ZOMEIL, AT rA RIERIZL - T
‘ EBLIRNZ LD, ZDDER

H : : PEA T 4 == 2 =75, 1564 BEE AR i

,EL. lez—1 .#”g\- RAE O BIEALICBIES 2 Z & Y

SEMA SEmE Bl SEMA JAmE Bl WA BmE el WA AR AR ?E é hf;
o

ERMEDIFE AT ¢+ =— & —M, 1g64 BEEBEHTIIEMEEZ R L, A7 a4 RBEICEL-T
ZEE U720 L, 1664 BER B ORHE 3 2 MyE B I L 0 RIEDEIET 5 &0 5 1@ PERSE MR
BOo—KEbLEZOND, IBEAT 4 =—X—F, TI7F FViBHkOZ A Y/ 4 KO LD
KE%@K@<%@%%hﬁ\#ﬁf VR, LY Ay, TaFrFrihl, Mo
RIEVER 2 FE ORI b & D, RIEODBIEALIZIL, RIEZ(EET S TRRMUEBE AT «
T—X—] & RIEOHIENIZ %§T5Tﬁ%ﬁéﬂgﬁﬁ%J®A7/xk%®%ﬂﬂﬁﬁﬁ
TEHEREZLTCNDEEZLNTWND, 1g64 BIEIEEBORIED T34 L INH | (2B 5 IRE A
TA TR —LZDONT RGN E SN T 570, 1g64 BEERECEMEZ R LT 7%
RUBBH kOB X OMRIEEN 2 AT 25 n6 ROT 7% RUBHERRERIEAT 4 =—X
—E MBI L, BlE, o RE R T 245 —F~X—R Ingenuity Pathways
Analysis (IPA)IZ E LiAR, 55 - 7o 7 7 A VE2ERR L, (SEHEREIZ LD 0 &2 1T -
Wb,

5. ERBRIMIE

GEaERmsC) (B o)
®. Fujimoto S, Iwao-Kawanami H, Kawanami T Masaki Y. et al.( flt 10 #4. 8 % H) A Case
of Osteosarcoma Manifesting Systemic Inflammation and Histological Features Mimicking
Plasma Cell-type Castleman Disease. Intern Med. Epub ahead of print, 2019, #E#H A

@. Nakamura T, Kawanami T, Iwao H, Masaki Y. et al.( f 24 4. 7 % H) Impaired
expression of innate immunity-related genes in IgG4-related disease (IgG4-RD): A possible
mechanism in the pathogenesis of IgG4-RD. Mod Rheumatol. Epub ahead of print, 2019,
i

®. Fujimoto S, Kawanami-Iwao H, Kawanami T, Masaki Y. et al.( ffl 5 4.4 % H) Sjogren's
syndrome manifesting as clinicopathological features of TAFRO syndrome: A case report.
Medicine (Baltimore). 96(50):€9220, 2017, ##ifT




@. Masaki Y, Matsui S, Kawanami T, Kawanami IwaoH, et al. ( i 31 4. 21 %&H) A
multicenter phase II prospective clinical trial of glucocorticoid for patients with untreated
IgG4-related disease. Mod Rheumatol. 27(5):849-854. 2017, i

(®. MasakiY, Kawabata H, Kawanami H, Kawanami T, et al. ( 1 26 4. 23 % H) Proposed
diagnostic criteria, disease severity classification and treatment strategy for TAFRO
syndrome, 2015 version. Int J Hematol. 103(6):686-92. 2016, &7 f

®. Fujita Y, Iwao H, Kawanami T, Masaki Y. et al. ( ffi 12 % . 6 % H) Isolation of vascular
smooth muscle antigen-reactive CD4(+)aBTh1 clones that induce pulmonary vasculitis in
MRL/Mp-Fas(+/+) mice. Cell Immunol. 303:50-4. 2016, &t

(. Sakai T, Masaki Y, Iwao H, Kawanami T. et al. ( ftfi 15 4. 11 & H) Prospective clinical
study of R-CMD therapy for indolent B cell lymphoma and mantle cell lymphoma from the
Hokuriku Hematology Oncology Study Group. Med Oncol. 32(9):232. 2015, &#H:A

®. Nakajima A, Masaki Y, KawanamiT, Iwao H, et al. ( ffi 28 4. 25 % H) Decreased
Expression of Innate Immunity-Related Genes in Peripheral Blood Mononuclear Cells
from Patients with IgG4-Related Disease. PLoS One. 10(5):e0126582. 2015, #wif

©. Satoh-Nakamura T, Kawanami T, Iwao-Kawanami H, Masaki Y. et al. ( i 8 %, 5 &
H) CD14+ follicular dendritic cells in lymphoid follicles may play a role in the
pathogenesis of IgG4-related disease. Biomed Res. 36(2):143-53. 2015, # i A

(¥R GHofF)

(Bd#E) Gr1p)
O. =, WECGES) MK, IEARK FEN.  TeG4 BREIRMB O T v T 4 — AEAT. BERS
JE . 7 LLX—FL 67(4): 343-348. 2017,

6. WFICREAR

(D WFFEHE

g s NAVE SRR I 2 1 )
n—<FK4 : KAWANAMI, Takafumi)
FTBAFFER B4 « BIRERK

R4 R

W4 - wlHl

WoeEE S (8 41) : 20350762

PR R4 - B FESE

o —<F K4 : (MASAKI, Yasufumi)
FTBAFTER B4 « BIRERKS:
R4 EEE

W4 . %

e E S (8 41) : 40238895

(2) BFFEH /1

WRIE 108 K

n—< R4

SCRHIFRIC & 2 BF2E1E, FZEH O B3 L FHEIC BV TEIET 5 b DT, 207w, HIEOEECHEHRROARE
SVTIE, EOEHSICHES bOTEARL . TOBEMRBICHET 2 RMLIHLIL, BIEHEACRES N ET,



