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Positive selection dictates T cell-mediated body defense

Takada, Kensuke
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Positive selection is recognized as a process to determine the T cell
repertoire, since it selects potentially useful immature T cells based on the affinity between
antigen receptors expressed on thymocytes and self-peptide-MHC complexes on cortical thymic
epithelial cells. However, the recent finding of the thymoproteasome, which produces self-peptides
in cortical thymic epithelial cells and plays a central role in positive selection, provided us an
opportunity to revisit the physiological role of positive selection. In the present study, we
analyzed the function of monoclonal T cells that have developed in the thymus of
thymoproteasome-deficient mice and found that positive selection affects not only T cell repertoire
but also antigen responsiveness and memory formation. Our finding unveiled a novel role of positive
selection in T cell development.



¥ X C—19, F-19—1, 7Z—19, CK—19 ()

1. SRR YWD R

FERS 0% RSB FRRZ IR L UT-FE A C sy
R RIS T DREN X, O EHTHDY
VORERAS, LB FRIC B W TCH SRy &4 A
TERTBZLIZIVBREND, MRz WT,
A T M E & NEE TR ZRA
(TCR) &, it Ml Lo A BT FR
-MHC AR BAAEMZBU., b3
%o IEO@PUT, R EE Ll Eo B &
RT7FR-MHC BEAEKRITHL THHWEFEED
DU T AR AEIFIC N TCR V7 LA
L H-EXNDMFRTHY | PG ML T
RETHEBRIN TS, — 7, IEOEIRA
FEFTHTCRIVZFANT MaOMHEIC KT
BTGNS TR,

70T 7Y — AT MHC 77 A IR RENH
TFFROPEAZHI T aT T —BPEAIETH L,
Bl MR B2 b R R RIS N
LM T T T — AN HT-ICE RSN T
(Murata . 2007 Science), M7 277 — 2
I LIE DS IR % 5] 2 M i B B _E Rl e L R L )
WCRBEN., (R DT T — AT R RS
HERRMERT, R 2T 7Y — A RE~
TATI, IEORROEFITLY) CD8” T fifak
DWW E, TCR LAXNT OERNBDLND
(Murata o . 2007 Science; Nitta & . 2010
Immunity; Xing 5. 2013 PNAS) , 2450 %1 KL
o, 7 mT T — MRIFHICEEAESILD ., I
IR R bR s A o H BT FRN, IED
HIREN L T MOL ST TERRICEE LS
ZBILTND,

2. WMHEOHM

fafig 7" 257V — LMD RBIZ X - T T Hij
DUVRENTNERT L EIFBEICHE SR
TEO ., EOBRRPHURRFr M2 R e

5LV TERDET VAT D, AWFIEIL,

M7 a7 Y — A3 R X 5 Y Z5EE
DR AE YR L LT, EOBRRZFHET HMK
5977 TCR 7 F V53 2 D T Hla OEEEIC
ETREL R L, EO®RIRZN LI-H27
T MRS BE I fEEAE OfERA 2 HEY & L7z,

3. WOk
TEDBEIRN TCR L N S TITH 2 D5 HE
BrL T, EE~DOEBEMFITT 5700, MR
IuaF T Y —ARETFTCTHbLZE ) 72
—F L CD8" T UM DOMERERIMEMT 21T - 72,
Ragl R OT-1 FT7 oAV xz=v7r (Tg) ~
U A D BEA D & O AR RS L 72 B~ v
ABLUOMR a7 7 Y —AKRE~ T R
BATDHZETERHS AT E2ERL, iR
a7 7Y —AFETBLOIEFEETFTTOT-IT
Mz ok &7z, BRTORSIbAT—
2B D5 OFBL L~V Ed L, iR
077 Y —AFETBLOEGFETIZET

HIEDEIRS 7 F NV OBE LB LT, 7o,

WY oS RSN A — T 0T-1 T
AMAEIZRT U, invitro T TCR il % G-z, 1&
MAb~——DOHELEH L TCR v 7 Fn+
DOIEMALZ & SRS BEEEZ R L, &
52, IEDOEIR S 7 F L DIREE A T Hll i
DOPUFISE N BT 2 % EENITRE
TH120, NIRRT F RE#RTERWViE
EFEREHT S 0T-1 Tg ~ 7 A DBl
Ze. OT-I TCR (Tt L CH7e 5 Hfnit 2 Hr >
BORTF ROFET CHEEEL, Boh
7o A R AR S D I B R LT, E T
EOZIRD T ML O ERNIGE I L OERES
B2 D EBERFTT 570, ¥ AT~D
AHEDFA—T OT-1 T fifazr Lo
F~TRCEFBEAL. in vivo TIHEMHELE
H7-0L, FF—0T-1 T HIfEOH L FHA
RN %9 B PR R LT,

4. WFFERR SR

AR IR AN IE O3IR 25215 5 & . CD69
DOIENET LEHL, WNNTTELA 2R
& CCR7T MEILENDZ LT, MREE NS
BE~oBENEGIND, T bbb,
CD69'CCR7 i A A 1 IR e B IZ B W CTLIED
WINZZ T -EZOMIZHAY T 5, 0T-1
TCR % %813 % CD69'CCRT fafigfifa <ix, %k
BIICEFIZR SN WE DD, TCR 7 )L
BREEDOFEIE L 72 % CD5 ORBINAZITIL T L
TV (K1) . ZoZend, g7 aes
TY—AKRET TR, LVIEL-ULD TCR &
TFINMIZE > TIEDOBRDFEI N TN D
ZEDIRIBE T,

3k

100 1
[R1] EOBREZFLEROD
CDB9'CCR7 3 i # 1 I & I 2 — 75 4
CD5 ORREMIR/OT 7Y — LA &
BETHLOIFETD OT- KR
HETHE U, *P<0.0] "D" 50
O
25 1
0 d

<.

+- -

FA—=T OT-I T HifdE X AT~ AD
WU B4 BEL . invitro 7T TCR i
WMEMxi=&Z A, TR a7 7 vV —LKHE
T L7z OT-1 T fif<ix, &M bots
G35 CDE9 X° CD25 DI H, F I [EE N
o (K24 . FEROIGEREIL P14
TCR (U v /ERME: RAS BEIE 28 & A /L R g
TCR) R F5 TCR (A > TN WA )L Rk
B TCR) 72 &, fod> TCR #3895 CD8' T
M THLRDO LN, I HIT, TCR HliE%E D
HNT T AFARERK OV ERLIC b EEN
BOBNT(X2B, 0O, ZNHDRERENS,
R~ v 7 7 — MMEAF ) 72 1E O B PUT AL
B CD8'T T M OPUEILE M Z BT 5 2
EWRIRENT,



- B — Psmbi11+*
Psmb11++ — Psmb1t+
0O Psmb1t1+ 0.8
CD69I0CD8SP
< 60 06
s L 04
S ° Il
S4 2 02
5 B Ol
5 S 0 50 100 150 200 250
> 20 z
3 $ 08
a 2 CD4410CD8+ LN
o 0.6
0
2 28 ¢ 041 )
¢ 88 3 o
° [=Re] § 0,
o 0 50 100 150 200
C W Psmb11+ Time (sec)
0 Psmb11+
100

Spleen

)
S
E
=
£
[=

[K2] MRTOF 7Y —LBFET(Psmbl 1) & K UFEFET
(Psmb11" T LTcF«—7 OT-l T #AEICX LT in vitro T
TCR RMEMX Too (A)EMLY—1—CD69 OHI LR, (B)Ca,
DifiA. (C)ERK DY VB, *P<0.05; *P<0.01

IEOBEREF| T Y H L RE TCR DE
FIMEN T MIEOHEEIZEET 5O T,
Mg 7 Y —LOFEL TN, L0
By 72 FiECTRig 21T - 7, 0T-1 TCR 3¢5/
JRAILIZ EORIRZFE T H X7 F Rigo
WTIEZINE TEZL OFERHY, Zhb
DORFF KL 0T-1 TCR & OB FHE S B & 9
IZENTW5, £ZT, NRESRTTF K&
IRTERU Tapl R4 OT-1ITCR T vV AT =
=y 7<= AO{FHR%E . 0T-1 TCR & OH
FEN B2 DT F ROGFIE TR TEEREL, £
I B4 LT R T M o> TCR M2 %64

HIE BT LTz, T OFER, EORR A
957 F Ko TCR Ak &, CDS™ T i
OPUFISEENHE T2 Z ERfER I
(K3) ,

A Unrelated M‘V—l Negative
peptide Positive selectors selector

Gp33 Cappal Catnb E1 OVAp
{8 ‘ 1

_cba

uy]

CD69 upregulation %

@
S

8 8
8 &5 3

o
o

Cappal

Catnb

E1
CD25 upregulation %

[K3] Tap” OT-l Tg ¥V ADBEEKIR%Z. OT-l TCRICH UL TEAS
BMUEER >R TF ROBFET THEE L. (ABMEORLZZRTF
NIC & BIEDRRDFE, BBRMEDRIZZTF R TIEDREREFE
N (']I'SR RFzmMz. FEEI—H—DRRZRFTL o
*P<0.01

*P<0.05;

X2, EO#ERE Lz Tl oMEERN
HENED X HICAEKREICEST 0%

SN THHBIT, in vivo TOEBREAT
ST, EEFA—7 0T-1 Hifa L O~
77 Y —AKREFCTEDRERREZIT=F
A —7 0T-1 Mif@% Lyb. 1 v~ RITBAL,
FD%, LIy b2 2% L, OVAp T
2V A LTz Bl SRR S L OV CpG T
2N NEESETALZEICEY, RF—0T-1
Mfa% in vivo CIEME LS H =, L=
M~ ZAOMEFICE END R —H/Miao
BAaARERICHET LIz 2 A, EBLLOET
IR 5 H BIZ T ToORM Mo
meE . Zo%OMIE DD A RIFEEIZFR
5L, WTNOX A LAFA L MTBWTHE
FHICHBEREWVI R O o 7z, T Ml
ITIEHACIC L > TABIZEE L7 =7 ¥
—HfR & IR BN, FD% 90%LL ESFER L
:<#%@ﬁ%ﬁ§%$f®ﬁﬁﬂ@~k
kfé =7 =7 Z—T Mlalzix, Rk
LWL EMIZHDEMT T =7 X —H
H’j (short lived effector cells, SLEC) B
FORBEBMIA~DGERT vy VD
SOIERTERAIAL (memory precursor effector
cells, MPEC) W& Fh. 51X KLRGL &
IL-TRa. ® ¥& Bl 12 &L D =N EFnhn
KLRG1*1L—7Raﬁi5J:(ﬂ KLRG1 IL-7Ro > EH MY
AT (T Vyfl/b??xﬁf%@
BHA LKA NTHRT D THBORIA %2
AT Lice 2 A, %k 4 HEB XN 30 A
HIZBWT, Mg ~7 a7 Y — L IEEIFERIC
oAb U= 0T-1 #AE Gl BRAEIC b=, SLEC
OBEEREWE A RSN (K4), £,
Mg 7" a7 7 Y — AR\ TFTHIE L= 0T-1
AR CIE, B3T3 D AN & S PR
K%%éhfwé&wo%fmf Y
LNTEY, EOBIRICEL S THAOERER
HEIX, FLBIERE & O T MDA RN
BrEBRETDHHREMERE X O,
Day 4 Day 30

3.7

Psmb11+*

Psmb11-~

IL-7Ra

KLRG1

[K4] BIlR7OF 7Y —LAFE TR L OFFETFTMELIcF 1 —
JOT-ITHilE L YETY hYIRICETFBEAL. invivo THIER
BAEMZ I, MRERB®AIBES LV 30 HEICEFZ K+—0T-
HEAD IL-7a & KLRG1 OFR,

KIFZE 6, MR T a7 7 Y — MEFH) 72
IEDZEINAY, TCR & HEATF RO
7>, fEx D CD8' T ML D HUFISENE % 4y
{LEPECTHIET DR xS (K
5) (Takada &, Nature Immunol 2015; Takada
5. J Immunol 2017), —J5 T, IED#EEIR%
I U7z T I OFERERZE 3. ARG



BIZEDLIIZHFEETBENTHONTIERE
MatPCTH D, BN T, =7 =7 ¥ —Hijld
DR L OFLIEHERE ~ DB & 58 < IRIE
T 5PN ANELN TR, 5%, 4K
Bl ~D F 52> W THEPHICHF 2 ER
DUENRDH D,

B Thymoproteasome-deficientthymus cortex

spMHC-TCR afﬁniti

A Nomal thymus cortex

SpMHC-TCR aﬂmi .

cTEC B5t-deficint
I} ) Y. —wmHC [ Y L, cTEC
~— Self peptide Altered seff peptides
[

I Lossof ‘ N
»affinity I Diminished affinity

[
58 & &

Survival & functional conditioning Death Positive selection by
(positive selection) by neglect altered peptides
6 6 3 O, ES & Attered TCR
D34 repertoire
-y Suboptimal
_ - ] function

Responsiveness to TCR stimulation Responsiveness to TCR stimulation

[®5] AREHSESMERS LIEDBIRICE S T HEEOEEENKE,

EERRA) ERR7O07 7Y —ARBRRB) T, BREE EFAR
(CTEC)IC&K DIRRENDZECRTFRLINNTHERZR D6, EDERZ
FBISTCR UV FILDBEICEVNEL B, ZORER, BIRESh2 TH
BOLIN7OHE5T, MRIGEENFEERT S, MRIGEEFED
BIRY T FILOBEICHEET %,

5. TR ILE
(WFZERFRAE . WFFEr A M ONEEERFE# (1
=Y

dEsEamsC) (BE 10 14)
1) Takada K, Kondo K, Takahama VY.
Generation of peptides that promote
positive selection in the thymus. Journal
of Immunology 198: 2215-2222 (2017) #qt
A DOI:10.4049/jimmunol. 1601862
2) mHEES, SRS TR 2T 7 Y —
DARAFH) 72 1E ORIRUT CDSHT HHfE D HLFUGSE
P x E#ibT 5 EBRES 34 446-449
(2016) #FifE TSBN: 978-4-7581-0148-6
3) mHES . SRS TR 2T 7 Y —
L&A L7z CD8+ T MG D IE DN EiK %
FE o 7 LLX—FF 650 506-512 (2016) At
4 TSSN:1881-1930
4) Takada K, Van Laethem F, Xing Y, Akane
K, Suzuki H, Murata S, Tanaka K, Jameson
SC, Singer A, Takahama Y. TCR affinity for
thymoproteasome—dependent positively
selecting peptides conditions antigen
responsiveness in CD8+ T cells. Nature
Immunology 16: 1069-1076 (2015) = &t
DOI: 10.1038/ni. 3237
5) Sasaki K, Takada K, Ohte Y, Kondo H,
Sorimachi H, Tanaka K, Takahama Y, Murata
S. Thymoproteasomes  produce  unique
peptide motifs for positive selection of
CD8+ T cells. Nature Communications 6:
7484 (2015) AFHA 10. 1038/ncomms8484.
6) = HES, mEES TTHIfO X ST

FRAZH 0 D MR LR o#El ) BRR % -
7 LLX—F 63: 507-513 (2015) 7 i fE
ISSN:1881-1930

7) EHEET. SRS T MM EDT =
JIRA b RIEERIE 120 3-9 (2015) #&F
#e 4 TSBN:978-4-86550-047-9

8) Takada K, Takahama Y.
Positive—selection—inducing
self-peptides displayed by
thymic epithelial cells. Advances in
Immunology 125: 87-110 (2015) & #HiA DOI:
10. 1016/bs. ai. 2014. 09. 003

9) Togoo K, Takahama Y, Takada K.
Alpha—smooth muscle actin expression
identifies subpopulations of lymph node
non—hematopoietic cells. Biochemical and
Biophysical Research Communications 449:
241-247 (2014) DOT:
10. 1016/ j. bbrc. 2014. 05. 023

10) Takada K, Ohigashi I, Kasai M, Nakase
H, Takahama Y. Development and function of
cortical thymic epithelial cells. Current
Topics in Microbiology and Immunology 373:
1-17 (2014) DOI: 10.1007/82_2013_322.

cortical

(FaxR] Gt o)

1) g EES, mRES TR — o o
EFHOWERR e s 7 VA REYT A
CD8T A D L /X kN 74T ) % 26 [l  Kyoto T
Cell Conference 2016.5.20 gL F<
i (B R R )

2) Takada K, Takahama Y.
Thymoproteasome—dependent positive
selection of CD8 T cells. Immunology 2016
American Association of Immunologists
Annual Meeting 2016.5. 16 Seattle (USA)

3) Takada K, Takahama Y. TCR sffinity f
or thymoproteasome—dependent positively
selecting peptides conditions antigen

responsiveness in CD8 T cells. #44[A]

H ARG P P E 2 2016, 11, 194LMR =2
Ny va vy — (ALHEEFLRT)

4) E HEST EIRVES TR ECE R
ZAr LT IE OB PRIITHIE O B SE M % #
T3 5] %25[E Kyoto T Cell Conference

2015.5.16 ALK T AR AR 1)

5) Takada K, Takahama Y. Thymoproteasom
e—dependent positive selection conditio
ns antigen responsiveness of CD8 T cell
s. #43lE]  HARGESERTINES 2014, 12,
11 [E N7 RS E BRSO i i)

6) Takada K, Takahama Y.

Thymoprpteasome—dependent MHC
I-associated peptide motifs contribute to
positive selection of CD8 T cells. The 24
Hot spring Harbor International Symposium
2014. 11. 7 JUIN K (1@ il VAR e 1)

7) mHEES . SRS TEOBEIREZ LT
WE LD CD8T M DOHLFINENE & 157
bl HARESSHES 2014.9.10 JbiE

class




HRSF (biE AL )

8) mHH#EST. Le Ngoc Nhi, fEx AJEi#, Ff
BB, miEdr TR~ = 7 7 ) — AMRATF
HIZPEA SN D H BT F RO IEDERIZ
BiSFa24ME] FE 24 [ Kyoto T Cell
Conference 2014.5. 16 RHEFLZE AT /L GLES

IR )
9) Takada K, Takahama Y. Positive
selection conditions antigen

responsiveness of CD8 T cells. The 7
ThymOZ International Conference 2014.4. 4
Gladstone (Australia)

(E] G 0 )
(PEZEIA PEHE)
OmiRee Gt 0 1)

LAY N
FEE
MR -
FE¥H :
&
HFEFEA R -
EPS DR

OBfsikEt G 0 1)

SRR
FEE -
HERIF
FHAE -
&
IEFAH
E N DRI

(£ Dfh)
R—LR—

6. WFICRERE

(D) A RFTE
EH A (Kensuke Takada)
LA KT« KFEBEERE SR - HEHR
T5eE -« 40570073

(2) BFFE ST i3
( )

WMo HE &
(3) EHEEF I
B ES (Yousuke Takahama)

RS R - e R PR 4ot - %
WFgeE &5 1 20183858

(4) BF9E b 10 %




