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Parsing multiomics landscape of activated synovial

fibroblasts highlights drug targets linked to genetic
risk of rheumatoid arthritis
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Location, location A location: how Christopher D. Buckley'?, Caroline Ospelt(y*, Steffen Gay®? and Kim S. Midwood®'=

the tissue microenvironment affects [Nat Rev Rheumatol. 2021;17(4):195-212. ]

inflammation in RA

« RAIZXT LHEIBEDRETEEICENT H2HITTIEAL., XEOHIEMTHANRI > TLWELDBBALN RN TH S I EMNRBEREOEE L L > T3S,
o fEFEHUNEEGER - BN HIREAEICEE T, £ TOHERIZECM (extracellular matrix) (XIS TH Y, EMAnetwork A DIRER RET 5.

« RADRKIEDEETH 5 BEOEEHIERE D Ssingle cellL RILDEBEAEA, RADEIEI TSynovial ECMD &I Avital 7= & Hh > TE 7z (D2T RATH) .

ECM#BRXER : 1000 LD 53 F

« HHRERS : Core molecules= collagen, proteoglycan, glycoprotein). MatrixBd®&protein= mucin, lectin, BEZ&Z= MMPZ. 7814 K F= GFZ, Wnts, Cytokine.
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- BEMRBOERES  Macrophage, Synovial fibroblast (SF), ##&#l8a, AR HRAD.
- fB#IL2%81 : Lining layer & Sub-lining layer. Lining: IE% (3 1-3#0f3f& T, Fibroblaste BFALEKERE S MO THER S NEEGIE L BEOHIE E S FOHAEKS .
Sub-lining: Fibroblast, M®, looser collagenous ECMA» 5 74 ) JERRMEMIOMEF K ERE - UV /XEROHAY ICHFEE5T 5.
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RAICE T 5 BIRDEBFIIELR

e + RATIZBEDIC2RI/N BB L -8E %52 (THIMESE & BMlfasaE) . = C

__pennus IZCXCL13, CCLY, CCL21FIBITHE L= U > /SIREA &R L B SIHFELET .
o BHRAOHEBAARIZIX A FIThIF 55 : pauci-immune fibroid, diffuse

‘Feartioge myeloid (Monocyte/M® F.0) , Lympho-myeloid (T/Bl& U & % & 22 E% ).
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« PannusTIZMMPs, TLRs, SUMO1, p53RIRITE L, EEINHIT 2 PTENFKIEAMET.
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BEHBBDsingle-cell analysis

BIEAEE D Hsingle-cell RNA seqh RIRE & Ao 7=, 7 < & £ 18HfgRE (T/B/M®/SF; Fan Zhang NI) . Landscape= Croft Nature 2019/Fan Zhang

Tph (T peripheral helper cell): (Rao, Nature, 2017). PD1& %38, CXCREEMETHRABIEANIZTFTE, exhausted TR WA'T f h & RIERICBHIREZ 5| 52U 4
FHAY - TEHAVESE (CXCLL3, IL-21) LPlasma cellnfb & IgGEEZ{RET 5. Tthe B W) KEEADIEEREH H 5. Seropositive RATHE IZIEFET

% HSeronegative TIZZ 5 TIE7 L. RAICH 1T BEISME Y » /B2 H 50 BA AT BE.

[Nat Rev Rheumatol. 2021;17(4):195-212. ]

SF (Synovial fibroblast) @4 E: 2 FEMESF O BILRIERE X > /X7 O THY1EZ14%E Tsub-lininglZd ) RA>>0AT% < NOTCH3%Z /L T#& % % (Croft, 2019

Nature). THY1-negative SFiZlining layer (2% <, E&E -

BOHIEICEET 5,

M® 4 : (Culemann, Nature, 2019; 572: 670-75) Lining-layerdtissue-resident M ® A% & /YN 1) FHEER H DHRATREZE & fuMonocyte-derived celld
BIEI~DRAZFIRTE AR LTWS (OATIZXRAEIHIT 5). Sub-liningdM ® (ZheteromEM A B 74 5.
RADYFEA SMOADEARETE N, BEERATEED 5290 (MerTKHTREM2M M &, MerTK+LYVEL+ M®) AR5 & RAEB®A 1 (Alivernini, NatMed, 2020). &
n o OHEEA ex vivo TIEIRIEE O KAEcEiEE mediatorE4E T 5.
RATIXActive TSub-lining NOTCH3{RFIETHY-1+ SFAE8%E, Lining THY-1- SFE 7z 1&MerTK+ M ® (ZE4A 3 5.
RABEHRDOMerTK* MO/ MerTKMO EEAAS T NIEEBREEN A B.

T EIZHE D 4 W, “Pathogenic” SFAIZR & L 7oA Hlattractive sz & 70 5.

SF®MepigenomicZL H AEIEN R 2 5.
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Table 1| Conserved cell populations in rheumatoid arthritis joints

Cell subsets

Fibroblasts
Lining layer

Sub-lining layer
(immunomodulatory)

Sub-lining layer
(perivascular)

Macrophages
Lining layer

Interstitial

Monocyte-derived
(infiltrating)

Marker genes (human)

Negative (CD90); positive
(CD55 and PGR4)

Positive (CD90 and CD34)

Negative (CD34); positive
(CD90 and DKK)

Negative (CD34); positive
(CD90and HLA-DRA)

Notreported

Negative (CD11C and CD38);
positive (NURP1)

Positive (C1QA,CD11C and
CD38)

Positive (SPP1,CD11C, CCR2
and CD38) when activated by
interferon

Positive (IL1B,CD11C,CCR2
and CD38)

Marker genes (mouse)

Negative (Cd90);
positive (Pgr4)

Positive (Cd90 and Cd34)

Negative (Cd34);
positive (Cd90)

Negative (Cfsr1);
positive (Cx3crl)

Negative (Cx3crl);
positive (Cfsr1, MHC
class Il genes and Agp1)

Negative (Cx3crl);
positive (Cfsr1 and Relma)

Negative (Ly6c2); positive
(Cer2 and Argl)

Negative (Ly6c2); positive
(Cer2 and ll1b)

Activation marker or effector
genes

RANKL:OPG ratio, CCL9, CLICS5,
MMP1, MMP2, MMP3, MMP9,
MMP13, HAS1, HTRA4 and
DNASE1L3

IL6,1L33,IL34,IFI30,LIF, CXCL9,
CXCL12,CXCL13,CCL2,CCL19
and CCL21

TREM2, VSIG4, AXL, MFGES, JAM1,
Z01,CLDNS5, FAT4 and VANGL2

MERTK, CTSK, HTRA1, GPNMB
and [TGB5
MRC1,CD163 and MARCO

ARG1,IFI6, IFI44L, LYGE and SPP1

NR4A2, HBEGF, PLAUR, RGS2,
IL1B, HTF3, CXCL2 and EREG



Pathologically expanded peripheral T helper cell

subset drives B cells in rheumatoid arthritis « AMPODEIRMEMEN b RITE & 7=,
[Nature. 2017; 542(7639): 110-14. ] AR A H'j/% AT DR E.
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Defining inflammatory cell states in rheumatoid
arthritis joint synovial tissues by integrating
single-cell transcriptomics and mass cytometry

Fan Zhang©'234527 Kevin Wei>?, Kamil Slowikowski234527 Chamith Y. Fonseka'234527,
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BE Y < F DGWAS
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[( DNA ] [I 4 ) A] RNA [Protein} &E (RA)

[Nature. 2014:506(7488):376-81.]
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cis-expression Quantitative Trait Loci (cis-eQTL)#&MT

eQTL effect
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[Nat Rev Rheumatol. 2017;13(1):13-24.]
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cis-eQTLDOB 1 CD40 & rs6074022 [RA GWAS SNP]
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Super-enhancer Super-enhancer & RAKZ 4 Z B
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[Cell. 2013;155(4):934-47.]
Super enhancer (~50Kbp)
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[Nat Rev Cancer. 2016;16(8):483-93.]
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Super-enhancerBaEE = F D #ENT
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Metal regulatory Transcription Factor 1; MTF-1
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8-mix Super enhancer® -

8-mix
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