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Accumulation of multiple
gene alterations

BICH T 3RELMONA A Y- —FRE)—FLTE R

TMB, high
TUF, A4 K54, BRI LI HRBEORED | CpE| - g
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pathway ¥ BIRFHER L T 2ZE TN serrated pathway %
BENBEETLI2LE2RT LI, BHRLERELRVES
FREL, R KRBEAYLY L TRBLTVWET,

50 g

3. ASAERRIA O A DRIz T ERMFF ORET

Recurrency (%)
CDK‘RP;Sj ==IIIIII- iil;; mmmm WaAREAE D_—m it
BEERRFELEEIETILO—IL - 9N CDOBRKIMC, i e =
B OBERBEE D RERHRES CESMIEEoR Lo T T LD S
EoTHLBI L bMmbNTVET, TNLNZRIAERNE _ collldd a0 o = =
L. 7/ LEERT L., BEERBEELENDH L WA A =X LIS gﬂ:iﬂzznn R -
VRN LT 2 T e ™
Signature G |HEEE W | | I |

LR IR s SIS SHBREE2RAA DL | o AR ET AR AR Th -t sionature £ R4 &

4. BRBMEE DT/ LRI L FH ABEDBRIT

2014 FICBHREERY / L322V =7 L (JSGC) ASIRILT N, BERIEBNY / LT *H#HHE L TV 5,
FAERFrHER L TZTOEBRHEEICY > TW5S



https://www.ncc.go.jp/jp/ri/division/molecular_pathology/index.html

ENAARERE Y 2 — R/ 25

B | F 9 F

il A

7H R &Rk ZE¥& (Shinji KOHSAKA, M.D., Ph.D.)

Passion &
BI¥sZrrxBAEEBLTVET,

| Mission

EREMER ) — = TR RERY— I — BT 2 A E LTS
O—FIZ&->T, E MEEOREAATLERAL., -1 FEEEELH

O RS LB L 2RSAMBOREA L 9 FIBOEOMR
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(Nat Commun 11:2573)
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BARY ) AOTREMEMAL TR LTSI aly ) 0E 55 T
BEEMBL, JO—HAEBRYRLTRET AL EAOMNET, P o i
COLEI L SHEIIEALENTADEDELERT 30121, T — TR ———T
Be Db AICE S 2 AEORENARRYFEREL, ZNER  § 5 T AR T
T 2REEERET LI EMTHLLEAONES, %2 a7 : -
TREBIE. BERAKOBRNL S/ LB EITV. B0 AME e PXTORA L HHOHS
DREEA Y HABORES BELTVE T, PlAld. BEEROD . a1
P AR E RIERE VY R ICHAE L - B B R BEBHE (PDX) BETER
TFILERBPBICAVT, B85 >/ I EHBAEED AIER H < M
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I REITV BRANATMEGGFEEN B TR/ £ < — 2 v
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ZDMEBITIIRI DS RBEDENER)RY, DTy FEIFTHLS FSA RO SO THAEBAENRE %
KA TWVWET,



https://www.ncc.go.jp/jp/ri/division/genetics/index.html

ENAARERE Y 2 — R/ 75

" AERHRK D

2R : ZH #— (Kennichi YOSHIDA, M.D., Ph.D.)

Passion &

DAERET IUTOEEBE. WrARER A IEBEBIN-BEFEEDR

WERLCT, DL ITHANRIEL, TSIERTIDHNEHRALTVET,

| Mission

o PAERET AUMOEREMBICH SNBSS ) LRE ORI
O HBREHERVELADS ) LB

| Innovation _

ﬁ 15,000 N .
B o JEmuEE ‘. s
1L PAERETIUMOERMBICHONDYT/ LRED  § vl | Gaan . E'
o
i ‘ LN
PAGEGRFREICLYRIZRETIN, »"AERET § I LA
ZUMOEEMRBI BV THLEEFEE S NBCBERFIC e ) T T ‘
JVEBLTEY., ENANEENERY L TRLNTWVS i

RSAN—BEFEELEBIN TS Z Y BRRIEEIC
DVWTHREINTVWET, TDEH, BEHOENAAANZX

H1 ERKES LRMRICERT SRCFERY

ZERORESNLIO0--8 745%. B, REEE
LDBBRADDICENATHRET ZUMOEERKICE TS 0 10 2 0 .  ARDIAFATY, NOTCHI
REFEELEBT 22 L0 EER L EALNE T, 5o [ —
N - e vorci [ I =
INETICHMREIL, EEREX LRMIETII /g2 et || E ARbIA
BILL Y ERFERNERL (1) . TPS3XNOTCHIR YD cvexe | — !
B tBT 5 P N —ERZrTTIEBINTWEZ E gorr B35
TP53 -
(H2) ##;E L F L7 (Yoshida et al., Nature. 2020) . An:b'zh. - ~r gggg?g
lonsense . ™ ~
SHRESIHAREBICBYAERMBMIHOINE T/ 4 0 B =353
BEXZORERNFCELRENE =2ENDEFBRIZOWT HEx CREBBP .Z"“:::‘m — 51 E—— ;Uﬁg”mat“
EHTWELVWEYELZTWVET, PIK3CA Famesnt 0 4000 8000 12,000

Deletions _ # F 'ﬁ > |
Tandem bt |
duplications 1l "
Inversions
|
\
| EPOR
z8 s
O 4 " —
-2 LM .
el 11

0 10 20 30 40 50
Genomic position (Mb)

Deletions | n
Tandem § -
duplications
Inversions |
ERG/ETS2

%4
- -
G A e B T

10 20 30 40
Genomic position (Mb)

H3 AELICBIT S RS54 N—FEAEERT

BELFERY
B2 [FRRES FRHRCH#sNS R/ (-ZER

2. FRBMERVWESADY ) LR

NI TUMEZETIIERY - >H—%2RAVEYT / LEFICEY.
BHEMKEMEEE (MDS) ISHITBRNAR T 54 ¥ Y THFDEIET
ZRNEZE (E3. Yoshida et al., Nature. 2011) X°DownfEIEEEIZEGET
22MERFAMAMRE (DS-AMKL) KBTS — Y > EAKRDIE
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TF L, T &7/ LBIFTICLY AAFERMEA LB (AEL) (<
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Discov. 2022)
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L5 7/ 3Y— (long-read sequence/single cell sequence/ZERIARHT) = A=,
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Cancer RNA Research
RNA R 7SAY Y TOREEHNALHENDIIZ0BIZHLNE Z L RiEHH Y. #H LWAA DHallmarke L T3EE
FEHTVET, 2HLEEERICLEDLLET, RTSAVUITRESZDRQELE T ADRNARE ) 2FOHE
EEEBE->IEDY T BIERBHO NS AT —H—DRIE. EIOAKFEOFALR Y, RYBLRIBALILEA

TT. FEHIERNABREEH ODABREIALIL. LYEBLVWRE - BUEEEEZBRITT ALK, BRSSOHFE
FrithAhH L THHZEICERYBATVWET,

(R E4E]
1. BB TRTI5A4 Y TRELDNAX FILLAENHFAEH R, (Yoshimi A, et al. Nature 2019)

2. EBNARTSAVCTEICE Y. 1B >/ AMmRE T SF3B1 ZERAMYC/BCL2 25EMALTIE S 2 v %
#R4 .,  (Liu Z, Yoshimi A, et al. Cancer Discovery 2020)

AKRBEDBIEENILF -7 > P RFDF — L Y #REA,  (De Munck S, et al. Nature 2021)

HIER I L — XTS5 JHRERI % B3 (Seiler M, Yoshimi A, et al. Nature Medicine 2018)

2378 F DRNA-seqfi##7 1< & V) Splicing-associated variant% R ZE. (Shiraishi Y, et al. Nature Communications, 2022)
BEBEHY A D Multi-OmicsFEHTIZ & V) FGFR3IE® L FEE REMUVMNRIED AR % 888 (Komura K, et al. Mol Cancer 2023)
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“RNART 51 S 24" = REIRNADS A > MO &R RN 7o 1S TERRONRGE
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) i34 ) RNA-seq g B
p Z CRRAIINAREIC SISRSF2 waet 44 @ \,
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ﬁl Aﬁ A : mRNA SETE 7
i ® Seiler M*, Yoshimi A* et al. Nat Med. 2018
= %C@ °6c o ShirahiY, Yoshimi A, et a. Nat Commun, 2022

® Kawachi A, et al. in preparation.
® Yoshimi A, et al. Nature 2019 5 5
® Liju Z, Yoshimi A, et al. Cancer Discov. 2020 ® KudoR, etal. in preparation.

® Yoshida M, et al. in preparation. Advanced technologies we have
. AMED miEEEETRSE ¢ O
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TR by =+ AMED BISREAH 6’. MHCI e o
e KomuraK, etal. Mol Cancer 2023 ® Niship K, et al. in preparation. HERFER |
® Komura K, et al. Cancer Sci. 2023 ® M: R, et al. in preparati
: :lllshlmura K,Ret 7!3 ’nprj’ Pre_cls Oncol. 2024 e M, et al. in preparation. wRNAEﬁ’&HW (L bf:.b‘/ué']ﬁ |
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20 EHiN S, FOAS—EY L T4 5MN5 TERT EiE
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LI -TWwE LA, TOXS5—Frid, BiEzFE
WARRINTVSLEIR DNA DRERICEELEER = S
ThHY . EHOELS I B\ 1 B K| TOXTRE e
ELBEb-TWET,

TERT (&, EELRMABTIZ. A MIEICDILT 28EA 2 HF>BMAECETEMML Y. RoNMETLY
EoNTWIEEA, —H. EREET I0AMIATIL, TERT OBRERE MM/ Y., FELZEBLTVWSZ
9o TWET, LA L. TERT ICL B 0°ADRE - EREOFMAE A DX LlE, TFEFAEALNICE>TWE
TA,

Ff=bld, TERT A% “TOXA S5 —F" ¥ L TOHBEAINI, “RNA H&K7EM RNA R A S5 —E" ¥ L THHEE
T5Zr% %R L Z L7 (Nature 2009, PNAS 2012, Mol Cell Biol 2014, Mol Cell Biol 2016) . TERT MRNAKTFIE
RNAR Y A S —H5EMIE. FFB»ARCEB AN I S THLERENSVILDIITETERTHY . TOHEETREF
T232A4YFUY LT TERTI /N7 HEHD!) DBV EBETHS 2 v #BALMNICLFE LA, T 5IS. TERT ® RNA
WEM RNA R AS—Fr L THOBEREWEY), BEEKERET I LB FE LA (Nat Commun
2020, J Pathol 2022)

—F T, INFET, £NDLH% RNA 12Xt L T, TERT »°
RNA RGEMRNAR Y A S —EF M ERT O, T, TN
WAl L THEPAIILTETLZ0NBE LN >TEY FHA
TUlk, BiE. AL ZTNEHN L2 ZRNAZRIZE L. 2 DRNA
12Xt 3 BRNA HKTFMHE RNA R Y X S5 —E5E M, AN T
JLREMICESE L, EEERERET S EHELNICL HAMR
Z L7 (Nat Cell Biol. 2024) . ZR7E. RNA fR1FM RNA R 1) £
T—EEMICL DY ) L RESMBEBOFB LRI EED
T\,

7=, TERT O RNA R7FM RNA R A S —E5EM2AEL
BRI, RIS AMIENTERT 522 2 RELIE L,
IR7E. TERTDHF D RNAKBEMRNAR ) A S —tnikiez, 4
BEWICHET 2EOBREZEO TV I T, TERT DEEREL,
DANHEE - ERBICEETHLZI NN TVENL DM
DHATET., FERAEDRREEHDHTVET,
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REAGFENOBEREBY L, 7V708E0A (BF- B BRY) RELH
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BICH ) LEBEARDS, BEEEDEHALBETCANERT 5
OIC7a— b EHITEERBLIEAONTI T, AMEBDT / .
LIRFTERICEMR L., ARMNREDESALLIS, BRICH
T3 EFARELE BT S 70— ERATEXRINSO/NX
RIAVATLEREBTI2RFH LR >TVWIT (EREFERNS
Vol. 32,2014, EBREFIETIS Vol. 36, No.2, 2018)

EiT

(BB IEaCH BERBR LAY/ L)
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b' / -..711' Bl B BEINBETCTL SARER DS LRER RIS
ThHAET B BEEECLYREEREEBTILV oK Wb THE
A d=—"— 0l v, HiEiTTaun

WEEZ % B (E 05 A B d e FORBIFACTH, EEINTI-IRFHER-> TV E
S ¥, (EBREZ Vol.35, No.4,2017)

(RAEDEFHI BT 0]
AT I ZAMAREI. REAMFOMETEE Y L s, $2 - %31&1’(‘.%‘3%“/— XN —ERH
DT LB EREL. RKBCT VT TEEREE»A (FE/A - JBEHA - BHAE) CHFELA

(ARE - RATHAEE MR - NREBESE) 2T BRMELTRL LT, AT/ L - :r_l:’T/ L BEFREANE
BOLBTs#OTVET,

B ICEEIAY / LFFEEEAR (International Cancer Genome Consortium: ICGC-ARGO) X, YA ZERY 7' 1
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1. Kohno T et al. KIF5B-RET fusions in lung adenocarcinoma. Nat Med, 2012.
2. Nakaoku T et al. A secondary RET mutation in the activation loop conferring resistance to vandetanib. Nat Comm, 2018.
3. Tabata J et al. Novel calcium-binding ablating mutations induce constitutive RET activity and drive tumorigenesis. Cancer Res, 2022.
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DAED ) INIHDRIDOTL LI AAEGIRIMBONAINRAT S L HREBICE T DD, T F I F LRI
RT7T)r—va ERAELTVET,
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TEFAETEOMNELPASEREMMEAF 28820 LT, AMICEREEARANZME, EM. REAICH
BIN5 XA SHERIEMR (CAR)/THEEZ BN (TCRBGFRETMIZRENHEEEZT->TWVWET, T|E. 2N5
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onice forupto72h
*Tumor Tisue Presenation Reagent

Step 1. Tumor tissue Step 3. Cell isolation
preservation
Step 1 Step 2 Step 3 Step 4
.............................
Step 2. Tumor tissue Step 4. Staining
dissociation and flow cytometry

Kobayashi T, Nishikawa H, et al. STAR Protocols Sep 16 2022 & Dz
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T. TDHBHEEE SN SAMEMARBICEAL X, XKECTHER COHRINEEIIELE > (HEREEE#
HTEY., %mﬁﬁ%tiﬁﬂﬁﬂbb’(ﬁ‘)i'&'o

KHOEICEWNTH, 20165F | AICERRE SN ESARERMEARSTFEO P T, Society 5.0 W) BEFEL T
REHLWHESO I LT IHPREIN, TOBZERICET TAFM s EBREMe L TCEALTWL Zeh
BAXALINTEY ., BIFOHE L L TAIRIIELSEFID— D LTREBINTEY FT, 2L RKRET.
K7 IZBAREARICEEREIT T, 2006 FICABERARREAE IO 27 b “ATEEE TR LAARENLIAE
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Hirosawa et al., Nat. Commun., 2025) Bk
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TT2UDTE, BPAAANZZXLDBBELUNAFHZEORARICKECERLIT, REVAMELFCIZ. ED
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BEPARRSBO=KDIE a5 %]
< 5 = = e Ugai Tetal. Is early-onset cancer an
BARRS + 7 LIEGR emerging global epidemic? Current

evidence and future implications. Nat
Rev Clin Oncol. 2022 Oct;19(10):656-
673.

¢ LeeH,..UgaiT. The Cancer Spectrum
Theory. Cancer Discov. 2024 Apr
4;14(4):589-593.
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press.
e Ugai T et al. Molecular Characteristics
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Apr 1;118(4):712-726.
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[5* A HPHEIRIETF p53 ¥ T DIRNBEF OMAEERERA]

EpEEYa -y b TlE, 2AIFEEGETF p53 ICOWVWTHERAMICHEE2ESO TWET, p53 IIAICEH S
BUVEERBGEFYE->TLBETELRL, EHOI0AE ps3 ERLTWVWE 2 moNnTVWET, P53 R
BYORIZEFITKADTERT L, FEURITTSNITEATLEI L VWAIE, TOEEEI DI ZH BN
9, p53 WEERFTHY. ZUHEIAPLADBRIIKL THRRALEBEFOEELESELL T, MIAREH
b CGRBEREHEEHVEY, HFTYVICHEWAMNLADBEICIRT7TRF—YRICLYMEEIERIESL
ICERL. DAL R 72 e oMi>E S ICBIET, RIERICLY ., 91707 LA ICL 3 EEFHRHA
FRITX>. p53 I /37 B Y iEE LTV SDNADEIT Y\ > AR AT EE Y 22 V). p53 2L » THIES 1
ZEETFBETRET SN TEE LA, RICLEELYL p53 TTOTCRBAREBIT2TOMEEIIHRAPICE
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Zricky, ps3 ICETAMETCHEREZ - FT 520 T FE L, (BEXE : AKEEFLE Paosd
X %p530 B 1&g EEREFVol.35No.14, Cell, Vol. 136, pp. 535-550, 2009, PNAS, Vol. 122, No. 6, €2413126122, 2025
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D 5. PHLDA3 A A AINHIAYICEIK 2T 2L F Lz, I 512, 2YADERIT p53 ITEENH S LTk
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