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19G4 RNA-Seq

Gene expression analysis by RNA-Seq and development of novel therapeutic target
in 1gG4-related disease
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We conducted RNA sequencing to compare the ?ene expressions of T and B cells

in submandibular glands (SMGs) and peripheral blood mononuclear cells (PBMCs) in lgG4-related
disease (1gG4-RD) or 1gG4-RD versus primary Sjogren®s syndrome (pSS) and healthy controls (HCs) in
PBMCs. Principal component analysis (PCA) results showed the gene expression patterns of T and B
cells derived from SMGs differed from those derived from PBMCs in 1gG4-RD. The upregulated
differentially expressed genes (DEGS) in SMGs of 1gG4-RD included cytokines, chemokines, and
transcription regulators such as IL-21 and EGR2. Ingenuity pathway analysis (IPA) for these DEGs
clarified that Thl, Th2, IL-17, wound healing, Toll-like Receptor (TLR), and systemic lupus
erythematosus (SLE) signaling for T cells, while IL-8, IL-15, complement, fibrosis, and SLE
signaling for B cells were positively regulated in SMGs compared with PBMCs in 1gG4-RD.

1964 RNA-Seq T B



B X C—19, F—19—1 (Jth)

1. #FIERIA S D =

IgG4 B H (IgG4-related disease; IgG4-RD) 1%, 21 Ht#c I 72 > THENE S 72 B A&
T, MyE 1gG4 D L5 R REIEZE~D IgG4 HIETEE M O =HE & ABGER & PRI D i k&
B L T AR THS [Mod Rheumatol 22:1-14,2012] [N Engl J Med 366:539-551, 20121,
T BRSO T O, R, MERE . mEREAR. JRAR. FUIRAR. ML OIFHEL. BN, AUSZAR. KELR
JEBH, %I, VU RHiRESETHY, HRx focﬁfﬁﬂ%xff“a“é%%ﬁ%é IgG4-RD I,
BEEORTEHRICRE SN TR Y | WA L B\ 2072 LI25A1T, BRI OS5
LD FREER ORBEIC o TR BORMEN EF L, EIT@%@H@“@F‘E@@&T\
Mm% IgG4 Az FEf S v, ABREE SO TBERNE 2227 2 BENEIML TWD, HE
AL I ZE D B H % < %EZ{@E@@W@%%U%E OTEL OBFER & Ol HE
Thd, PR E LT aaiFas NIIAEN, ERBEF OEIMIfEn, 7=
SV F oA REESOFRIL 20~50% [Sci Rep 8:10262, 2018] & HEFHIE W2 & B 52002
o CTE T, BRZIHIT 2R B RAEERHE. SN TWRWED, ZvaarTda f RO
G0, FRRICHEIHEEZRERS NS Z 1% < [BMJ 369:m1067, 2020], AFEEE D
<A b EEZ unmet medical need & 725 T 5, HIfE, IgG4-RD DOJ [R5 e DR AH) 72 fif
B & f$%5‘eé’7f£/Af§$ﬂ“E’Jfﬂiﬂ’7 TRIFIE 3 7 DORIEN RO ST 5,

IgG4-RD OJFEESHREIZBI LT, fEk~ 3—T Mifam B 1G4 #7643 % B flia, #
BN OREICER LIFEN R SN TE 2R, I TITHRGE L EERED /A h—7
NEH &R T3 [Tsuboi H, et al. Mod Rheumatol 30:7-16, 20201, HiE#H 1% IgG4-RD D5
ZEJep (MEREAR) (ZIRE L 72 S mfia & LC T Mk, B %Eﬂﬂ’ﬂ&:%ﬁﬁ’ﬂ&ﬁ(ﬁ%ﬁﬁ@zﬁ?
—UNEHDHDON, KM EHRERFT CTEITH 2 D0, & 51T IgG4-RD [FIEE | MK IR A0 i
2T HLODORKIFEN R D = — 7 L U EERE (Sjogren's syndrome; SS) & ED L9 7
EWRNHDONEHLNI LW EE X,

2. WO EK

AAFFETIE, IgG4-RD O%H T iR (submandibular gland; SMG) . RS M BAZEK (peripheral blood
mononuclear cell; PBMC) , %= bue—/L Lt LTSS, BLUHEH A (healthy control; HC)
® PBMC L0, EEaEfias LT THE, Bi#iaz 0B L., RNA-Seq # H\W\CTEHIEY~
Ty MCBT 2 BIRFHRBAREREM, 3 LU Tt L PBMC [H TR IR L, IgG4-RD
DOMERE AR IR U 72 A M OBE T RBINY — ZHONNCT 2 2 M E LTz,

3. WHEDITIA
VL ; = —4) 7
e T ™ E1 RNASeq# AUV: T/BMISRARET RBBRH

PBMC (N=4) %R L7-, F72 %P 1gG4RDIN=0) €. bl
SS (N=3) L7 A (N=3) 05> PBMC  mam o e
AHRE LT, S FHES KOV PBMC /nh BTHEA s g

. . . =CD3(PanT)
magnetic-activated  cell  sorting _ .o = - —»ﬁ#ﬁkﬁiﬁ—» Jpeces
(MACS) T CD3 Witk T #fifd, CD19  (—giess)(N=3) Bt 4R S

G (N=4)
50 B KL 2 50 L7, IgGA-RD, % 0 T RiSS(N-0)
M SS @i Ao PBMC . B X O IgG4- . EA(N=3) TRIZOL-LSIZE&EBRE

RD @S—;E‘FH?%k PBMC O)F'H‘ﬁ"cv\ T/B %E = ns(zum) llg(‘;(tﬂ\":";)h BT
D Es 7% RNA-Seq THEZ L, ' Byioae
BUFORAT &7 7 (1)

RNA-Seq

‘ RNAFR & - NextSeq500Tsequencing
TB#ifaEISREFREE LR
1 ERAAH(PCAICKBI5RE)YT

1) PBMC (IgG4-RD vs —¥%#ME SS vs 2 RREEBRET (DEC) DM

it N) | B8 LW 1gG4-RD (PBMC vs %A g femmms T 3 Ingenuity pathway analysis (IPA)
.. g i FRWL /RO A fRiT

TR IZBIL T, RS HT (principal vle g 4 ERPCRIZ&Bvalidation

component analysis; PCA) (2L %7 7 L e o LG D=V v sie

AR T ELTo T,

2) EFL 1) TEBETFRBNY —ICERNBAONTHEM T, BELEER T (differentially
expressed genes; DEG) DOt &#17 - 7=,

3) i 2) @ DEG (2B L T. Ingenuity pathway analysis (IPA) % I\ \/=/8 27 = A fEkT %

1To7.

4) RNA-Seq &350 IgG4-RD (N=3) @ PBMC ¥ L OFA FR2>5 CD3 Btk T fifa, CD19
it B AR 2 MACS T/ L., 52 2) TRIE X L7 DEG 2B L T, €& PCR I X % validation
{177,



4. WFERE B2 RNA-Seq

S e e ERAAMISEBISRRUL T
DL tNC PR 1gG4-RD(N=3) PBMC vs TR

RD., —¥ M SS. & A 3 Bl CD3B M THIRE CD19E 14 Bifila
THEHLELL T\, —5 T IgG4-
RD ®FH TR L PBMC [# T T/B @

M OB AR F BN Z — TR

roTWiz (¥ 2),

PC2(24.74%)
PC2(29.58%)

20
PC1(44.98%)

IgG4-RDAMPBMCESE TR (SMG) TlE, CD3[B & TH#lFE. CD19E
HBMMOREFRR/I— TN EThRE->TUV:

] 20 40
PC1(43.47%)

2) PBMC & Lb# L, %A AR T AR CREMEM L7 DEG X 214 8. /> L7~ DEG X 50 &,
A TR B AT CHRELHEM L 7= DEG 1% 630 f#, J# L7 DEG X109 fETh -7 (X3), BT
JRCIEHEM L= DEG O T, IL-10, IL-21, EGR2 Z &8OV A b A 7E'EHA
R EKF A S (K4, K5),

B3 RREERETF (DEG) D E4 DEGOHiH
IgG4-RD(N=3) PBMC vs TR CD3BMT#IlA PBMC vs T

Heatmap (DEG264{#) Heatmap (DEG739{H) . . ., == BH 8 K
JeamapOeczld  Heatmap (DEGT30B) FAMAAD, T BNV TN BB EEBERT
T 2 3 2 3 i i i 1 i i Cytokine, Chemokine, Transcription regulator,
PBMC vs SMG Chemokines receptor Ligand-dependent nuclear receptor
FDR##HIE p-value<0.05 2 POmESS COmEEE
e 3 SELEL Syooog
Fold change®#i3ti>2 3 3iiged . 3dndEl |
1 . $Z3ZZ202090909090909090 9T Y YSSSs 2255225 L D200
DEBTIINEIDYT = id e [
| CREM POUZAF1
3 IL10 ONAJB SOX13
CD3TH#E  CD1o'BHE 4 BN cxcLi3 e s
j 1L21 EGR3 TCL1A
SMG >PBMC  SMG > PBMC 2 TNE ETvi TFEC
214 REF 630 RETF j CCL3 = ;giz
‘i COoLA IRF4 ZCCHC12
SMG <PBMC  SMG < PBMC /| IFNG IRFg .— e
SOMET 100ET % L2 NRgaT
: NRAAZ
an o 4 CX3CR1 Rz
204RETF  TOREGT 1 BB (SMC) OCDMHE THETRRER) (vs PEVCOCDIBMETHD
e | ~Cytokines—IFNy, IL-10, IL-2, IL-21, TNF1
A =Chemokines—CXCL13, CCL3, CCL41
L — 3 -Chemokine receptors—>CX3CR1(ZF594IAMV2EBHE) |
0 2 4 6 81012 15636 | +Transcription regulators—~BCL6, EGR1, EGR2, EGR3, IRF4, IRF81

E5 DEGOi#iH
CD19i514B#IEa PBMC vs TR

YDA TEDAY  TEDAURBR EERERF

Cytokine, Chemokine, Transcription regulator,

Chemokines receptor Ligand-dependent nuclear receptor
£ FEEEEE

ccL1?
CccL18
CCL19
ccL2
ccL21
ccLz2
CCL3
cxacL1
CXCL12

CXCL13 -
CXCL14 :
iL1o
L33 .
TNF
[ em— ] KANK2 o
CX3CR1 3 o - T 2

BT (SMG) DCD19MEBHIIE THZRER) (vs PBMCOCD19HREB )
=Cytokines—IL-10, IL-33, TNF{

=Chemokines—CCL2, 3, 17, 18, 19, 21, 22, CX3CL1, CXCL12, 13, 141
-Chemokine receptors—»CX3CR1|

=Transcription regulators—>ATF3, EGR1, EGR21




3) Ingenuity Pathway Analysis (IPA) % H\\\72 82 &7 = A fifH7Clx, IgG4-RD D% PR T #
Jd i Thl, Th2, IL-17. wound healing, Toll-like Receptor (TLR)., &&=V 5~ h—7F
Z (SLE) ¥ 7 FnoiuERRO btz (X 6), 5 IR B Mila<lX IL-8, IL-15, flifk. ik
{fb.. SLE ¥ 7 FLojiERRo sz (K7),

B6 DEG®DIPAIZKS/SRI A fEHT E7 DEG®DIPAIZEK B/ SR A fRHT
Z-score of the top 25 ingenuity canonical pathways Z-score of the top 25 ingenuity canonical pathways
CD351ETHIAE PBMC vs SMG CD19B514B#iia PBMC vs SMG

SMGTdown Zscore SMGTup SMGTdoWn  z.ccore SMGTup
[No) Ingenuity Canonical Pathways 4 3 2 1 0 1 2 3 4 4 3 2 a4 o 1 2 3 a4
1 [Systemic Lupus In B Cell Signaling Pathway N
2 |B Cell Receptor Signaling 2 ——— No Ingenuity Canonical Pathways 1 —
[Role of Pattern Recognition Receptors in Recognition of Bacteria 1 [Systemic Lupus Eryt is In B Cell Signaling Pathway 2 —
3 3 — - -
nd Viruses 2 |Kin hor Signaling Pathway 3 —
4 |Th2 Pathwa 4 — 3 |c System 4 —
5 [Role of i inthe i 5 —— 4 |inhibition of Matrix 5 —
f Influenza 6 — 5 _|Pulmonary Healing Signaling Pathway 6 —
6 Wound Healing Signaling Pathwa 7 — [6 [TREML Signaling
, [Differential Regulation of Cytokine Production in Intestinal Epithelial 8 ., 7 |o: is Pathway 7 r—
[Cells by IL-17A and IL-17F o ——— 8 |LXR/RXR Activation 8 —
8 [Crosstalk between Dendritic Cells and Natural Killer Cells 0  ——— 9 [Pulmonary Fibrosis Idiopathic Signaling Pathwa 9 ————
9 Signaling Pathway 10 [Mitotic Roles of Polo-Like Kinase 10 [———
[10[TREM1 Signaling 1 r— 11 |Hepatic Fibrosis Signaling Pathwa 1 —
1, |Pifferential Regulation of Cytokine Production in Macrophages and T| 12 S— 12 [Neuregulin Signaling 12 —
Helper Cells by IL-17A and IL-17F 13 [—— 13|IL-15 Production 13 —
[12[MSP-RON Signaling In Macrophages Pathway 14 ——— 14 D il ” —
13[Th1 Pathwa 15 — 15 Formation 15 —
[14HMGBL1 Signaling 16 —— 16 [Cell Cycle: G2/M DNA Damage Checkpoint Regulation 6 ——
15|PD-1, PD-L1 cancer pathway 17 —— 17 [Tumor Mi Pathway 7
16[PI3K Signaling in B L 18 18 [Tryptophan D X via Tryptamine)
17|LXR/RXR Activation 1 19 [HOTAIR Requlatory Pathway s
18|Dendritic Cell - IDifferential Regulation of Cytokine Production in Intestinal 19 [——
1o Formation 2 rm—— 20 [epithelial Cells by IL-17A and IL-17F 20 ——
20[VDR/RXR Activation 21 [— 21 |GP6 Signaling Pathway 21 ———
21[Toll-like Receptor Signaling 22 —— 22 ) v via Side Chain) 22 ——
temic Lupus E In T Cell Signaling Pathway 23 23 |Dopamine D i 23 —
23 [Er i Signaling Pathway 24 —— 24|IL-8 Signaling 24 —
24 (Cardiac Signaling 25 —— 25 |Leukocyte ion Signaling 25 —
25]1L-17 Signaling

4) FEHE PCR IZ J:Wé Validati(3n IZBWn Es FEEPCRIZ&L2validation

T, IgG4-RD OFH TR T Mija CTix ~ -

PBMC & t#LC. IL-21, EGR2 O |IgG4-RD(N=3) PBMC vs SE TR
mRNA FBUIAE ML Tz (K IL-10. IL-21. EGR2

8). Validationf&##;&{=F (SMG>PBMC)

CD3METHIEE —I1L-10 (527440) | IL-21(52%9841) . EGR2(524184I)
U\J:ﬁ)%\RNA'Seq Iz 1Y IgG4-RD @ CD19MkEB#II—IL-10(5>73914k) . EGR2(5245341)

W I 25 T > T/B A C R B ZE B COSHHETHIF COIOME BRI
LIz s T3 S g~ o%Gn - i

_ o o s e . s N NS
REINDH/NAY = A PEE ST, £ * g L I ze z° :
2y Q4 @ . 2 Q8
a o 5 as
530 {(5 3 3 4 5 4 é 6 L
S 3 ] S; e
jzo : 2 § ) ;« . § 4 A &
T10 ° 1 A i 2
L] o
0 0 0 8 0 0
PBMC SMG PBMC SMG PBMC SMG PBMC SMG PBMC SMG
*Paired t-test
SMGM CD3MHETHIRIZEHSLNT, PBMCELLEEL T, SMGOCD19MEBMEAICINT,
IL-21, EGR2M SR T HEITHAL TLI=AS, IL-10 PBMCELEEL T, IL-10. EGR2MD

FHEELGEIBOHEH o RRAECEXBOLHof



1 1 0 0

Iwamoto, Asashima H, Sugita T, Kawashima F, Sugita N, Rai A, Kuroda Y, Kawashima A, Tabuchi D, 44
Akao S, Sato R, Nishiyama T, Toko H, Honda F, Ohyama A, Kitada A, Abe S, Miki H, Hagiwara S,
Kondo Y, Tsuboi H, Matsumoto I

An overlapping case of IgG4-related disease and systemic lupus erythematosus treated with 2024
belimumab: a case-based review

Rheumatology International 549-556

DOl
10.1007/s00296-023-05510-3

RNA-Seq 1964 /8

66

2022

Hiroto Tsuboi, Fumika Honda, Hirofumi Toko, Ayako Kitada, Yuya Kondo, Takayuki Sumida, and Isao Matsumoto

New era of molecular targeted therapy for 1gG4-related disease

Federation of Clinical Immunology Societies (FOCIS) 2022 Annual Meeting Member Society Symposium hosted by Japanese Society
of Clinical Immunology

2022

RNA-Seq 1964 /8

65

2021




19G4

65

2021

RNA-Seq 19G4 /8

67
2023
1
2024
7
19G4 —111 (




