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Redox-mediated Treg homeostasis is involved in the development of autoimmunity

Satooka, Hiroki

3,200,000
CIA
ROS T
Treg CIA
CIA Treg
ROS CIA
Treg PTEN
Treg
Treg
Treg

Reactive oxygen species (ROS) have been reported to be involved in the
development of autoimmunity; however, the detailed mechanism of how ROS exacerbate autoimmunity is
not well defined. In this research project, we focused on redox signaling in the homeostasis of
regulatory T cells (Treg) during the development of autoimmunity. Using the model of rheumatoid
arthritis, Collagen-Induced Arthritis (CIA) mouse model, we demonstrated that antioxidant reagents
significantly suppressed the development of arthritis. Intracellular ROS in Treg from CIA mice were
highly accumulated compared to naive mice, and the number of Treg in CIA mice were significantly
lower than in naive mice. Administration of antioxidants ameliorated intracellular ROS accumulation
and the lowered number of Treg in CIA mice. Furthermore, PTEN, redox-sensitive phosphatase, was
oxidized in Treg from CIA mice compared to naive mice.
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Treg) DOMBLRFEDFIE L, £ OMHE & B CRERBOIRIEIS L OYHE & ORE TR T
W5, Foxp3 ZHFBRMER G 1L 325 CD4 Treg (I OWTIXE L DTN SN CTE =, £
DERN TOLTEIMERF D5y FRREIZ OV TIEIARB R 8 Z V), £72, =7 (2B T CD44,
CD122, Ly49 OFfER BB LV FE S D CD8 Treg 2 DWW Ti, 722372 X T
BHT. CD4 BLUCD8 Treg DAERN TOMEFRFEEME ORI ABTH 5,

IR, PI3 FF—E (PIBK) #%E& D FE2 5> 1 TdH % Phosphatase and tensin homolog
deleted from chromosome 10 (PTEN) 738 Treg O#AEFRFIZEAD D Z & 23 HiE 7z, PTEN (X, PI3K
MPEETDRAT 7T IONA ) b=V 3,4,5-=V fE (PIP;) ZHKAT 7 FVNA )V h—
4,5~ g (PIP,) [ZEMAT D Z LI ;@$mmAm%%@Lﬁ%@£E%%%%ﬁﬁ
Akt A @ PTEN O Tty 7 & LTid. ERM (ezrin—radxin-moesin) # /X7 E 7 7 I I —
D—-2>T % moesin DEI5-235 % 5115, moesin (AL & D&Y 7T AREEIZE G- L,
PTEN |2 L > THEASILD PIP, EFERT 5D 2 & TEOIEMENHIE SN 5, HFEEEIL. moesin X
HE~ U ADNHCOAEREBRREL 2T HZ L2 RAHL TS, R~ A Tid, BEAM~T 2L
el LT, CDS8 Treg O/, IEIEME~/L X=T fifld (Tth) 725 NZEF.L B fifld (GCB) @
W, LA ot dsDNA Hifk (BCHiil) O LH &AL — T 2ABFREFREGSLZEOTEY
(Satooka et al., J. Immunol. 199: 3418-3426,2017). PTEN-PIP,~moesin #&#&1Z L 5 Treg D
R e s n s,

ITEDOIEL Y . IEEEEERE (ROS) Xy 7T N1 & LTEiE, fix 2 RoREICE S
THZLBHLNIR->TE TN D, FrIZ, IBFIZ ROS DEAIL NF«B 72 E D2 7 T /Vik
ZALCRIENEY A PIA L OFEEEZREL, BHERIEREORENRICEZFET D
(Harafhzkuma, Satooka et al. Nat. Commun. 6:7475,2015), Hi&# 1L, ROS 7% PTEN &Mt
LD AT A VR EEE V Ny 7 2 (BR{biEIT) IRERIICPE L, Akt e ED My 7 v%
HIET5 2 E2WmE L TRBY  (Satooka & Hara-Chikuma. Mol. Cell. Biol. 36:1206,2016). L
Ko7 A T F N KD Treg OHEFEREN B 2 D, HOREEER T, BRI A K
LV ADTUERRE S TEY, Treg MilAN® ROS ®_LHIZ LD Treg DfiffED, B R A
DFIEF L OZE OWRREICE G- D A[REMENR B 2 biv s,
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AR TIL, L Ky 7 20 H SRR ONFRE %ﬁﬁéfﬁ:ngbf\ﬁ%miww
HEFFICEB L.V Ry 7 2 %9 Lt%@%@%%%%%b ITHZEEEMNET D HFIC PTEN
LFDOTWY Tz ’ﬁ%ﬁ%‘:&?pf JREERFT CHEAIND ROSIZINE LTV Ry 7 AV 7L
28 Treg DAERNHERF ZHIEIT 20 F A D = X L ZMH L, H OOERER EOREREITH L
THTRIRREEBRBT I EHEL L2 HEET,
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(1) #3E : H,DCFDA (2’, 7" —dichlorodihydrofluorescein diacetate) #3J % CelROX Green I,
ThermoFishcer X VA L7z, 7 o —H A kA b U =0 ik A I HW-E 7 o —F Lt
Koz b e —LHifRiL, BD Biosciences, eBioscience, BioLegend DWW\ U HIEA L 7=,
Q) ~v A BV Uv~FOET /N~ AL LT, Collagen-induced arthritis ~ 7 A (CIA ~
X)%%Wkoﬁ%thmﬂﬂvﬁx:i%*%%ﬁﬂi@%ﬂb WEEﬂk%@%E%
BRIt o 2 —IC TR Lz, T XTONgER K OFIHITRE ER KB FERZE B 2
TKRZE 37, CIA = U ADOIERIZI Tl Bovine H12K Type II collagen & complete Freund s
adjuvant Z T~ ¥ g VAERL | ~ U ZBREIZHRE L7z, 21 B2, Type Il collagen
& imcomplete Freund’s adjuvant # /2=~ /L ¥ a V&~ U X BREICHAEEZIT -7z, bl
o K0 49 BRI AR & BRER LARAT 24T o 72, JilR{bH Td 5 N-acetyl-L-cysteine (NAC) 5
L Y 4-hydroxy-2, 2, 6, 6-tetramethylpiperidin—1-oxyl (TEMPOL) ®#% [ 513 F)[a1 505 D — i
MIRTE VATV, T 95 £ TG %#ilJ 72, Collagen—antibody induced arthritis (CAIA) ~ 7 A
OFERLZIE, 10 mg/ml OFLa T —47 Uik 7 7 /v (Chondrex) % fEIER G- L, =D 3 HEIZ
LPS 500 pg/ml ZMEHEICE G- Lz, Bitatk, 7 B BISHMZ BRI LT 21T > 72,

3) 7a¥A bA MY — U ZAOPEIB XY UL, RUMSERTA KT T AZHNT
BEAIC T OIE L, A r Ay v =20l U CRIRREER 2 908 U7z, i3 L 7o ik 2
fLCDI6/CD32 fifk & 10571 > F a~—h L7k, £/ 7 8 —F APk LK T3040 > F =
~_— |k L7z, Wi, FACSCantoll (BD Blosc1ences) TT— X %43 L., FlowJo (Tree Sar) % H
WIS LTz, &7y B O) Y —7 4 > 7\Z1%, FACSAria (BD Biosciences) # i L7z,
(4) ROS OHIE : ROS OHEIEIZTIZ. HQDCFDA (2’, 7’ —dichlorodihydrofluorescein diacetate) I3
J Y CellROX Green (ThermoFlscher) W=, fﬁiﬂ’j FHARSRIE IR IZ 10 pM @ H,DCFDA % 7213
CellROX Green Z IR/ L, 30 43 = TA > F = ~X— | L72% ., FACSCantoll (BD Biosciences) T
filtT L7z,

(5) 7E& PCR : total RNA I TRIzol reagent (Thermo Fisher Scientific) % HVNTHiH L7-1%%1Z.,
FastGene RNA ¥ ¥ v b (AARY =7 47 R) ZHWTHR L7, RT IZ ReverTra Ace qPCR
RT Master Mix (TOYOBO) % FHW T{T->7-, PCR X LightCycler 480 Z VT, ¢cDNA, KOD



SYBR qPCR Mix, B L OE 7' 7 1 v~ —Z BT EGE AR 10 pl OEHK T, 98°C 2 53 D%, 98°C 10
. 60°C 10 £, 68°C 30 Fb%& 40 1 7 W7o 7, WTEME = ha— L& LTl B-actin Z iR
L7z,

(6) HHFkT : MR FAIENT O T, MfkE N7 7 ¢ e L, U/ % hematoxylin & eosin
TYA LT, RECE MO Y1 IZ, Fast Green & Saflanin-O Jta % f v 72,
RSO FRAT C I, B BAET AR 2 20% sucrose % FEp PBS TYE L, Super Cryoembedding
Medium (Leica Microsystems Japan) (223 L Wit L7z, B3 2% BSA/PBS T30 937 v v 7
L7-#. Streptavidin/Biotin Blocking Kit (Vector Laboratories) T 304y ~7 1> 27 L7z, Bl
Alexa Fluor 647 75k CD4 fL{A % 721391 CD8 Hiff, & LU H,DCFDA & 1 KSR Thos &
7%, PE¥% L FV1000D IX83 (Olympus) TH#IZL 7=,

(7) ELISA : L% immunogloblin D#IEIZIE, Hi~ v X Ig kL [EE L%, 7L —Fa27m v
T W LT RIEEYE £ 3 v R ANBOE S ¥, 7 b — M &R . HRP HME
I Piv U R gk & S ®72, 7L — M 3,3,5,5 -tetramethylbenzidine THf X H7-,
a7 =7 VERWTROBIEICIT. v Y AHFK type Il 2 7 —7 v 2 [HE(LE, 7 L—hE 70
X7 W LT RICTEEYE 7213 2 AN S 8T, L — & EH%. HRP
PRSI NP~ v A IghilR & SR S/ 7, 7 L— ME 3,3°,5,5-tetramethylbenzidine TH 4 X
Bz,

(8) PTEN D&t DT F X O Western Blot : FACSAria T —7 1 > 7 L7=#ifdlZ, Sulfenylated
Protein Cell-Based Detection Kit (Cayman Chemical) % W TH U I EFFE L=, o7 i3,
SDS-PAGE TH#XWkEI#%, PVDF A 7 L ZHRE LTz, A7 L id, 2% BSA/PBS T304y
vy Lzt $i~ 7 A PTEN Hiff (Cell Signaling Technology) & 4°CC 1 Bifi S/, 1k
Hi% . HRP ARk 7 U 1gG ik & =R 1 RIS S ¥ 72, A7 L i, ECL (Pierce) TH
Bt

4. AEBR

(1) PR LAIR S 1C X 2 27— VGBI R Il : CIA £ 7 v~ v 2 IHE LA NAC B X
O TEMPOL %5 L, L F v 7 ARIGO HERERE~OE G 2RI L7z 25, NAC B X
O TEMPOL % #2O#5 L 7z~ 7 AT 5 L Twinv~y 2 & g L <RI 351 2 1214
NS BEE 1T L Ch 0 | B0 IR s X OEIRIE S #f] X 17z, & 51, Superoxide radical
% EiChkE 32 TEMPOL TZ DOMEL NAC L0 dbEwI ers, BfiVv~Ficksl2
Superoxide radical DBHG 237" X 17z, CIA =7 ZADFERITHT L T, CAIA =7 R IZH W TIEPL
BRALFI DG X 2 RIEDIFI BB D b o7z, 2D E XY, HIEILHNIC X 2B LD
ME SRR ELED 7 a e IG5 5 LA TFREI N,

(2) PURRALANIC X 2 HUAREE O IF] & Treg il o[B8 : FUREALHAIC X 2 B o023, Hifk
FEAED 7 ax 20N X 2 0 3T 2 720, ViUREEICBES T 5 Th 3 XU GC B D%
ZJu—H% A4 P A M) —FHOWTHARZLE A, CIA~Y A THIZEIN TThh XU GC B D
E2s, P LAloFGIc X W EEZ Il EnNs 2 2 AL, & bic, RIEELEOHUAE
% BLISA iEZ T~z & 2 A FiRLAI 21 5 L 7z~ v A Cldebikifis X oI a Z —
7V RRRPUAMIZY CIA ~ 7 2 L B L €, BEFICHHI S 2 2 L 2RE Nz,

Tfh & GC B iC X 2 PifkpEA 1T, JEEMNICE T CD4 [Giks X N CDS (1D Treg ic X - T

flfflsncwszd, 22T, chooffifdz7e—34 P A M) —2HOTHREILZLE 25, CIA
~ 7 ATl CD4 72 b N CDS Hll il T M (Treg) 234 — 7D~ v & & g L CBEE I
HLTEY, 2o oz iAo 5ic > T, 2o EET 2 LRI N, —
Jic, B OEEICES T 2 IL-17 EEA~A =T #Hilg (Th17) & Treg Ml Lt % FH~7-
L2 A, CIA ~ 7 A CTHHFICHNML Tz Th17/Treg D2, HBLHloG5IcL Y F 4 -7
~URALRFERETCHIL WL L ERK L,
(3) ROS @ Treg IC5 2 2 5B OV TOMES : CIA 7 RICH W T Treg Mild2s ROS 12 X Y &
MPLT B EMEts 2720, Treg MlEAN D ROS DIEAHIE L 72 & & A, Treg M D ROS
DAEXHIEE L WHBE 32 C L 2R &z, ¥ 51T, CD4 35 X N CD8 Treg I3} %5 PTEN O
FLIBHE Z MG L 72 & 25, CIA w7 AR D Treg I35 C PTEN OFE{LAITH#EL TH Y |
PR D51 X - TERLAIPHED R X N TH Y, ROS I X 2 Treg DLEMMEFFS 7/ F
DIHERE I iz,
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