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Investigation of functional hierarchy of antigen-specific T cells using
comprehensive T cell receptor analysis technique

Miyama, Takahiko
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To expand our knowledge of the ontogeny of the T-cell receptor (TCR)
repertoire of antigen-specific T-cell subsets, we combined next-generation deep sequencing and
single-cell multiplex clonotype analysis to evaluate the frequency of paired TCRs, their functions
and whether clonotypic TCRs are shared among different individuals. Using a cytomegalovirus (CMV)
-derived immunogenic peptide, we found that the more dominant pp65-specific TCR clonotypes in the
blood of healthy donors have higher binding affinities for the CMV peptide and arise from clonotypes

that are highly shared among individuals. Interestingly, these shared TCR clonotypes were abundant
in the stem memory T-cell subset, and TCR diversity of the stem memory T-cell repertoire was
significantly lower than in the central memory and effector memory T-cell repertoires. These results
suggest that the stem memory T-cell subset may serve as a reservoir of highly shared and highly

functional memory T-cells.



(TCR)
10
(human TCR efficient cloning
within 10 days : hTEC10) (Kobayashi et al.
Nature Med 2013)

CcMv
Ccmv
T
TCR TCR
(NGS) CMv T
Ccmv T
cmv TCR
TCR T
2015
T
shared(public) TCR
CcMv
2015
T
T
TCR
NGS
TCR
TCR
T TCR
T
TCR

CD8 T

CMV EB EBV
W-11 MART-
T
MHC
T
T
96 1
TCRa B
CDR3 HLA-A*02
CMV CMVpp65
HLA-A*02 NLVPMVATV  NLV
TCRa B CcMmv
T NLV
Y
TCR TCR
T TCR
NLV
HLA-A*02 Ccmv
CD8 T NLV
NLV
TCR NGS
NGS
TCR
shared TCR
T

Naive T cells, Stemcell memory
T cells, Central memory T cells, Effector
memory T cells, Terminal effecter T cells

NGS
shared TCR
TCRa B
T
108
TCRa B
CMv 51 , EBV: 27 , WT-1: 12 ,
MART-1:18
=) © - ) @ ¢
[onvsmesan] i
o «
) e o ¢
[\ (O]

MARL-LLA




Cmv T

‘ e T T T 1
o TR | A com | TR com
B ohar 813 S8 | 38 | CACTFINOTHLAS | G483 Lt | CAASMTILLYYOYEY
N S TR ) A LS R T
ot an gra | P B9 | CADVIGOWFW | 381 | Lve1 | CASSPOGPTEAFE
LU ]
T L TR e cosa |
T [mem w3 | Ml | ane) | CASPTOMGHYE | XM | ST81 | CASSSTLOTGGVEGTE |
= OOATE WG WO | Ol | CADSEMOTILAS | B 3P CRARGOOTEQTF |
#l S fein im b aw  caiatae miw arw casaromar |
s T Trm | Bim CASSVOVAGOTMRDPY |
FEOATI | BAd UM | aFD1 | CATTLIGMOFYT | Bl BrE | CAMSGALPTYRGTF |
e AN AR 3Tan | CARMTLOTSOVEOTE |
-, . o i of T onl s | ¢ = i of Glonotypes 3
CMVpp65 NLVIRITCR EI2

CMmv T
CMv NLV TCR
apB NLV
Y
« 3
1000
!m
600
i 400
200 = 1
T 1
o :... O MOETT R
-uwm
43
TCR T NLV TCR
NLV
TCR NLV
TCR
NLV
4
Untramsduced _ #001-17 #0041 #001
l_ 3 / I
| ! j .l" ;l
s { | 5

mecn &CMVpp65 NLVESRITCR
DONLVF b 32 —~DEEH

(<14
NLV
TCR NGS
TCR TCR

TCR T
5
h Unsorted cells NLV tetramer -positive sorted cells

~ __Ex vivo expanded NLV-speciic T cells_
x ‘Whole-8iood T cells  Before Aler After 2% .
AR F R
O, 3. eomg @ L 1L " oo Qe
(\g gl = w Enom) ¢, Eaew) o) b
ﬂ o » » 4 » o Owen
’g ; PR .. o... PR Ad o Jece  Smen
;e T e e e

MFI of A2NLV tetramer
ETRR 024 T7ORBTATCRENLVF F 52—t DEEH
%5
Shared TCR T
5
T shared TCR
shared TCR T
0.6~8.7
« 6

LXMW MTHALIC 1) shared TCROIMBE

--m -u-‘-m
[%6
CMV NLV T
shared TCR
shared TCR
(2.5~5.3 )
TCR Highly shared TCR
7
TCR T
E- After 2 stimulation (V001)
g O 5 ATHE
] IATAN
T
] O 2 ATHH
o OATHH

" o 105 104
Ranks of Clonotype Frequency

N ATCRBHT TREE L 7-NLV BRETCR
: Shared NLV $®#TCR [%]7
e: Unshared NLV $§R&®TCR

Stem cell memory T cell
shared TCR
NGS T
Naive T cells[Naive-T], Stem
cell memory T cells[SCM-T], Central memory
T cells[CM-T], Effector memory T
celIs[EM-T], Terminal effecter T



celIs[EFF-T] TCR
NGS SCM-T TCR
Naive-T, CM-T, EM-T
¢ 8
g oz L 4
2 .
» °
g
g ®
| °
Nave SCM  CM  EM e [X|8
shared
TCR
TCR SCM T cell
g Navw L= o™ ™ or
LHL
: to~mec —s — e g
;3
] "3
3 */'/7IH:iH’CRKﬁT'miLkNL: ﬁl;‘l:l:w 5SATHH
Shared NLV ﬁ‘TﬂCR ;izg:
o Unthared NLY WRSTCR o
o: Unshared TCR(NLVELA)
[X19
9
CMv NLV T
TCR
TCR
SCM-T
T
T
NGS TCR
SCM-T TCR
T
TCR
CMvV
TCR
TCR
NGS
TCR TCR

TCR

TCR

TCR T

Miyama T, Kawase T, Kitaura K,
Chishaki R, Shibata M, Oshima K,
Hamana H, Kishi H, Muraguchi A,
Kuzushima K, Saji H, Shin-1 T, Suzuki
R, Ichinohe T. Highly functional
T-cell receptor repertoires are
abundant in stem memory T cells and
highly shared among individuals. Sci
Rep. 2017; 7,
3663.doi:10.1038/s41598-017-03855-%

T )
40 , .
2018 2 2 .( )

Landscape of immune
reconstitution after allogeneic
hematopoietic cell transplantation is
superdominated by distinct T cell
populations bearing T-cell receptor
clonotypes shared among different
individuals. 59th Annual Meeting of
the American Society of Hematology,
Atlanta, GA, U.S.A, December 11, 2017.

( )

26 ; ;
2017 10 27

TALEN-mediated T-cell
receptor gene editing as a novel tool
for adaptive T-cell immunotherapy.

79 , ,
2017 10 21 . ( )

. T-cell receptor transgenic
primary T cells using TALEN-mediated
TCR gene editing as a novel tool to

correct immunodeficiency caused by
radiation damage. The 1st
International Symposium of the



network-type Joint Usage/Research
Center for Radiation Disaster Medical
Science-Scientific Underpinning for
restoration from a Radiation Diaster-,
Hiroshima, February 21-22, 2017.

. Stem cell memory T-cells
are a reservoir of functional T-cells
highly shared among individuals. 78

, 2016 10 14

https://www.hiroshima-u.ac. jp/rbm/news/
40259

@
MIYAMA Takahiko
00770330
@
©)

*




