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B cell phenotype Regulatory T cell (Treg) phenotype Autoimmunity or inflammation Reference
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Parphera Treg defcient Mid autommunty, spenomegay and hmphadencpatty, (1)
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TABLE 1 | Continued

Gene  Protein Mutation B cell phenotype Regulatory T cell (Treg) phenotype Autoimmunity or inflammation Reference
Rela RelA  Conditional deletion (Treg) Reduced Treg precursors, decreased Tregs  Severe mult-organ inflammation, lymphoproiferation (84, 85)
with impaired function
Relb RelB  Deletion Defect GC formation Mid T cell depletion in spleen and lymph ~ Multi-organ inflammation (86,87)
nodes
Rel cRel  Condtional deletion (Treg) Reduced Treg precursors, decreased Tregs  Late onset mild inflammation (85, 88)
with impaired function
Deletion Defect B cell prolferation Defect T cel prolferation ©8)
Bck3  Bc3  Conitional eletion Impaired Tht differentiation, fewer Resistance to coliis and EAE 9)
(T cel) pathogenic Thi7-ike cells
Deletion Increased MZ B cells, reduced folicular Susceptiviity to T: gondii, multi-organ inflammation (90, 91)
transitional B cels, defect GC formation
Nibid  IKBNS  Deletion ‘Treg deficiency Resistance to Th17-dependent EAE (92,93)
Nibiz  IKB;  Deletion No effect on Treg, Impaired CD4 T cells and ~ Resistance to TNFac- IL-17A- inducible psoriasis ke skin (94, 95) (96)
Th17 development inflammation, atopic dermatits, resistance to EAE
Owin  OTULIN  Conditional eletion 8 cell hyperactivity Autoimmunity, mult-organ inflammation ©7)
(myeloid)
Gondtional deletion Multi-organ inflammation ©7)
(immune cells)
Tofaip3  A20  Gonditional deletion Increased B cell profferation and activation, Treg expansion Autoimmunity ©8)
(B cells) defect MZ B and B cells differentiation
Conditional deletion Increased B cell activation and Increased T cell activation and expansion  SLE-ike phenotype; IBD-like phenotype (99, 100)
(dendite cels) differentiation
Cyid CYLD  Deletion Increased MZ B cells in aged mice Defect T cell development, hyper responsive - Spontaneous intestinal inflammation (101-103)
to anti-CD3, -CD28
CYLD¥" naturally Increased mature B cel, enhanced B cells  Enhanced Treg, defect Treg functionand  Large spleen and lymph nodes. (104, 105)

overexpressed

survival

survival
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Model Inhibitor Autoantibodies B cell activation End-organ damage  Survival  Reference

MRL.Ipr PCI-32765 IgG reduced but not significantly Reduced (kidney) (110)
(ibrutinib)

MRLIpr HM71224 19G reduced Reduced (CD69) Reduced (kidney, skin (111)

lesions)

NZBXNZW HM71224 19G reduced but not significantly  Reduced [CD69, plasma cells (PCs)]  Reduced (idney) Increased (111)

NZBXNZW RN486 1gM unchanged, IgG reduced Reduced (CD69, PCs) Reduced (kidney) (112)

NZBXNZW PF-06250112  IgG reduced Reduced (PCs, GCs) Reduced (Kidney) (113)

NZBXNZW G744 Total reduced Reduced (GCs) Reduced (kidney) Increased (114)

FN-enhanced  G-744 Total ANA reduced, anti-dsDNA  Reduced (prolferation, PCs, GOs)  Reduced (kidney) Increased (114)

NZBXNZW unchanged

Sie1.Sled PCI-82765 1gM and IgG reduced Reduced (CD69, PCs) Reduced (kidney) (118)
(ibrutinib)

BXSB.Yaa M7583 Total reduced Reduced (CD69, PCs) Reduced (kidney) Increased (116)

DBAPristane  M7583 Total reduced except anti-SmRNP  Reduced (PCs), increased (CDG9) Reduced (arthris) (116)

Anti-GBM PF-06250112 Reduced (kidney) (113)

Anti-GBM BI-BTK-1 Reduced (kidney) 117
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Gene Protein Inheritance B cell and Ig phenotype Regulatory T cell (Treg) Autoimmunity or inflammation Reference
phenotype
NFKB1 p102/50 AD Hypogammaglobulinemia  Reduced effector Tregs Arthitis, peumonts, enteritis, ITP (200, 212, 213)
NFKB2 p100/52 AD Variable B cell deficiency; Reduced Alopecia (214-216)
hypogammaglobulinemia

RELB RelB AR Memory B cell deficiency ND Arthiits, dermatitis @17)
MALT1 MALT1 AR Hypogammaglobulinemia  Reduced Enteriis @18)
BCL10 BOL-10 AR Hypogammaglobuinemia  Reduced Enteriis ©19)
TNFAIP3  A20 AD Enteritis, dermatitis (220, 221)
OTULIN  Otulin AR Enteritis, dermatitis ©7)





OPS/images/fimmu-08-01986/logo.jpg
Ghesk for

i@





OPS/images/fimmu-09-00613/logo.jpg
Ghesk for

i@





OPS/images/fimmu-09-00371/fimmu-09-00371-g003.jpg
pten™c, 1% pren*tc 1St @

percentage of
GcBs

s
-5
£
g
H

IgM B cells 1961 B cells
p<0.0001 =0.0038
a0
k3
1F ks
B £8
wl —==— 1
g ———
& & &
o & o






OPS/images/fimmu-09-00482/logo.jpg
Ghesk for

i@





OPS/images/fimmu-09-00371/fimmu-09-00371-g004.jpg
A
Pten*’* 01T
. B light zone B cells dark zone B cells
- TR LAY | w0 p00001 w0 p<00001
- B B B 5 —==— —=
2, 8,"
e e e 8w £8.
H £8
{e) £9, == £%5 ——
H H
e iaca & o
@ & F W
w0 pe P pu— < ¢'°
i, Cre/+
Pten " Cy1 p<0.001 o p=0.0496

3

percentage of
GCBs

CXCR4

D NP-specific SHM-day 7
.
3
g
£
22{ Ns
8 1
g .
.
S N © >
$ ¢ &

B e oy
Tyt

Ratio: NP8INP30

& <
PO
H B

NP-specific SHM-day 14
o

oyt
oy

percentage of
GCBs

NP-specific SHM-boost +7
||

oty
oy

Ratio: NP8INP30






OPS/images/fimmu-09-00665/fimmu-09-00665-g001.jpg
ok
® 90 \/ PI3K pAKT
Naive < — pPLCY —
° SYK pBTK
. CSK/PTPn22
Chronic Autoantigen Stimulation
Autoantigen Removal SHIP-1*
5
o PTEN*
: L
® PI3K
Anergic SYK

@ Exogenous antigen
*
@ Seff antigen [ ) CSK/PTPn22

Cell Activation

Cell Activation





OPS/images/fimmu-09-00371/fimmu-09-00371-g001.jpg
+/+ '+ '+
AT pronilc, ,Cre/ "
PTEN | s— .
w? ° 10° ? 1 10 °
oot IgM
B-aCtin | — — [_[Sample Name [Subset[ Mean| [ _[Sample Name [Subset] Mean]
B _peor o[ o P 1 o | o
B o™ [ oot | s B o™ [ on | o]
B B e cp1e - in IgD- IgM- - pen” "c vW'
1007 I pren™"cy 'm gated in IgD- CD19+ gated in IgD- IgM. g» '
9 ; "
$ s [— s
=% Jsres rer oo
35 E 2409
SE om0 F e £
5 e S e sy < 20]
< ol il i B
' 0-
s ¢ - i
< o T «

gated in F4/80- CD3e-
and CD19+

incD10+
gated in CD19: B pren cyre I pren crie
o {Transitional 8 2 Pren™"Cy1o™* #{ BaB colis 607 Pren™"
279 3 “r 828 coll F ]
i 84 . w8
W @ r
g @ g 8l
g % 4 Sy b4
. 2]
o8 o ® 12 o
w0 o W 0w wt o &
o =3 e ¢ &
&

%,





OPS/images/fimmu-09-00665/logo.jpg
Ghesk for

i@





OPS/images/fimmu-09-00371/fimmu-09-00371-g002.jpg
A 0 7 14 21 28 35 42 49

T Y

NP-specific 1963

NP-specific Igh NP-specific 1g61
" = P i = o s oo Pyt
= ey = enegron - I o

oo 0

i o H & o

P F AT G RN PRI S S L LT LL
B 0 7 13

e
3

VLP-specific IgM VLP-specific IgG VLP-specific IgG1
= pten®Vcy1ee = pten® g1 = pten*Vcye
25000 = ey 2500007 = Plenngy e 40007 = Pton™y e
20000 200000 006}
& 150000 & 1500004 3
g o g o £ 2000{ (=
= 10000 = 100000{ F
500004 0004 10001
o4
S 8 » ) o 5 S © >
& & & & & @
VLP-specific IgG2b VLP-specific IgG2¢c VLP-specific IgG3
= Pron* "0y = Pron* oyt = pten*Gy1C
1500007 T Prenunjems 2500007 = ey e 600007 Fremangy e
2000004
. 100000] . .. 40000]
2 wx § 150007 wx 2 wx
a 5000 = 1000001 = 200004
500004
b S b S o o8 S
o R o © R & o S
& & & & & P






OPS/images/fimmu-09-00613/fimmu-09-00613-g001.jpg
AINVY

yan

0ovXo
0vad

Yddve

TR

TNFR






OPS/images/fimmu-08-01986/fimmu-08-01986-g001.jpg
autoantigen

l Autoreactive B cell

IL-6 Tcell

J_

ts1 AID, T-bet
Proliferation l

IL-21
IFNy

igen
Myeloid cell

PC differentiation  Class switching

1gG autoantibodies

+ autoantigen w“

Tissue
damage

Proinflammatory
cytokines





OPS/images/cover.jpg
ESSENTIAL KINASES AND TRANSCRIPTIONAL
REGULATORS AND THEIR ROLES IN
AUTOIMMUNITY

"m Research Topics





OPS/images/fimmu-09-01226/fimmu-09-01226-t001.jpg
Characteristic Value

Healthy controls
Female/male, n 2218
Age, median (range) 55 (18-73)
Patients with rheumatoid arthritis
Female/male, n 25/6
Age, median (range) 60 (22-83)
Disease duration (year), median (range) 1(0-10)
RF, 1 (%) 25 (81%)
Anti-CCP, n (%) 26 (84%)
DAS28, median (range) 4.92 (127-7.88)
Remission (<2.6), n (%) 4(13%)
Low activity (2.6-3.2), n (%) 1(8%)
Medium activty (3.2-5.1), n (%) 11(35%)
High activity (>5.1), 1 (%) 15 (48%)
CRP (mg/L), median (range) 4.0(<05-106.2)
ESR (mm/h), median (range) 29 (4-84)
WBC (x10°/L) 65(3.5-12.0)
Medication, n (%)
Glucocorticoids 18 (58%)
DMARDs 24 (77%)

RF, eumatoid factor; Anti-CCR, anti-cyclic citrulinated peptide; DAS28, disease
activity score 28; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC,
white blood count; DMARDS, disease-modifying anti-rheumatic drugs.





OPS/images/fimmu-09-01226/logo.jpg
Ghesk for

i@





OPS/images/fimmu-09-01630/fimmu-09-01630-g001.jpg
Naive CD4* T

“5 7 _ ActivinA
%W°,
Signal 3 [0 0 9 % o OTGF_B
o 723

1L-12





OPS/images/fimmu-09-01630/fimmu-09-01630-g002.jpg


OPS/images/fimmu-09-01226/fimmu-09-01226-g004.jpg
A go, r=-0.006; p=0.97
.

r=0.25; p=0.18

r=0.04; p=0.82

g
<« 40
2
S
22
3 5
0 0 0 ™
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
PSTAT3 in CD4 (%) PSTAT3 in CD4 (%) PSTAT3 in CD4 (%)
r=0.11; p=0.57 8, r=0.36; p=0.047
& .2
>t
44 o
8
243 %
0 -+ -+ - 0+ + + - 0+ - + -+ ~
0 20 40 60 80 0 20 40 60 80 0 20 40 60 8

PSTAT3 in CD4 (%)

2
g

a
&

»

Naive CD4 (%) @
3

PSTAT3 in CD4 (%)

=0.19; p=0.30

PSTAT3 in CD4 (%)

1=-0.06; p=0.74

0
0 204060 80100 0 20 40 60 0 20 40 60 80
PpSTAT3 in naive CD4 (%) ~ pSTAT3 in Treg (%) pSTAT3 in Thi (%)
15, r020;p=027 45, r=0.22;p=024 g, r=0.46; p=0.009
g1ode ., ;\FG -y
£ 5 H .;' E“' % .
L 18 ® L > .
0y 2435555 o
BT e
o o 04— v
0 20 40 60 8 0 20 40 60 80 0 20 40 60 80

PSTAT3 in Th2 (%

PSTAT3 in Th17 (%)

PSTAT3 in Tth (%)





OPS/images/fimmu-09-01226/fimmu-09-01226-g005.jpg
DAS28

A

r=0.63; p<0.001

pSTATS3 in Naive (%)

10 r=0.53; p=0.002

0 20 40 60 80
PSTAT3 in Th2 (%)

DAS28
°oN & O ® O

8
2]
<
a
0 20 40 60 80
pSTAT3 in CD4 (%)
r=0.60; p<0.001 0 r=0.58; p<0.001 10 r=0.59; p<0.001
8 8
... .
. S, B 86
’ S 4 S 4
* 2 2
—rT 0 T T g 0 ——
0 20 40 60 80100 0 20 40 6 0 20 40 60 80

pSTAT3 in Treg (%) pSTAT3 in Th1 (%)

r=0.60; p<0.001  10,™=0-62; p<0.001

0 20 40 60 80

0 20 40 60 80 ,STAT3in Tth (%)

pSTAT3 in Th17 (%)





OPS/images/fimmu-09-01226/fimmu-09-01226-g006.jpg
A
200

IL-6 (pg/ml)

150

100

a
S

IL-21 (ng/ml)

Leptin (ng/ml)

p<0.001 B p=0.001

7.3-f0ld 20 2.0-fold
: —15

E -

. £ -

T} :

e H

2 g %

. -~ RN e

. 3 F::?:q K

e | 0 . H

HC RA HC RA
p=0.078 D % p=0.023
2.2f0ld . 1.890ld






OPS/images/fimmu-09-01226/fimmu-09-01226-g007.jpg
DAS28

@

DAs28

o

DAS28

DAs28

r=0.48; p=0.006

r=0.67; p<0.001

r=0.24; p=0.20

104 804
360 ..
" £ 40 ;/'.
Mt 220 LR
=
Py S 2 0 , . ,
0 50 100 150 200 0 50 100 150 200 50 100 150 200
IL-6 (pg/ml) IL-6 (pg/ml) IL-6 (pg/ml)
10, r012;p=050 T g, r=0.12;p=052 g r=0.14; p=0.45
Seole °
g 60 v g& "
£ 40 = 44 .
Bolsy s F z] k,' ¥
. hd e .
|} She— 20 — . .
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
IL-10 (pg/ml) IL-10 (pg/ml) IL-10 (pg/ml)
10, r=0.10; p=0.59 T80, r=0.04;p=0.83 g, r=0.34; p=0.06
5
a
o sok... .
.é 404%
204, ° .
ik
20
a
01 2 3 4 5 01 2 3 4 5 01 2 3 4 5
IL-21 (ng/ml) IL-21 (ng/ml) IL-21 (ng/ml)
10, r=0.12; p=0.53 SBO r=0.31; p=0.09 g+ r=-0.05; p=0.77
8 3 * 5
o= 8 60 . e\‘:e .
Yo2—w S0 4
4% e B g £
T 204{3% . g
0 5';’ I3 7L LN 0 v .
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Leptin (ng/ml) Leptin (ng/ml) Leptin (ng/ml)





OPS/images/fimmu-09-01226/fimmu-09-01226-g003.jpg
A Becells CD4'Tcells B p=0.66 p=0.002
838 1.0 80
HC l ‘ f )
=) e
862 330 2 40,
RA i ‘ 220
- 3 0
pSTAT3 Bcells CD4*Tcells
c Naive Treg Th1 Th2 Th17 Tfh

TR A
of B NjE] .

pSTAT3

p=0.001 p=0.006 p<0.001 p<0.001 p=0.001 p<0.001

2 100

3
S

PSTAT3 (%)
@





