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Exploration of tissue-specific selective pressure on tumors; integration of
time-course analysis by liquid biopsy
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It has been shown in our previous studies that tumor cells are subjected to
different selection pressures in each tissue in lung cancer patients with multiple metastases,
resulting in different heterogeneity in each tissue, which has a significant impact on treatment
responsiveness in a body as a whole. In this study, we focused on epithelial-mesenchymal transition
as one of the mechanisms that confer heterogeneity to lung cancer cells. To clarify the details of
epithelial-mesenchymal transition at the cellular level (i.e., not only the change in compositional
allocation within a cell population), we used single-cell gene expression analysis technology to
capture the intermediate stage of epithelial-mesenchymal transition. We have developed a model to
predict prognosis of lung cancer patients by combining single-cell gene expression analysis with
machine learning.



B X C—19. F—19—1, Z—19 (@)

1. WFFERIAR S HI DT 5

TNETORRL RBFFEIC LV | — BRI DRMIBERITIR L T — 2B TiEke <
heterogenous ZREETHDH Z E N LINE 7> TETEHEY (McGranahan and Swanton,
Cancer Cell 2015;27:15-26; Jamal-Hanjani ef al, N Engl ] Med, 2017;376:2109-21) , & HIZ%
TAT CFEHAN B B O VEFEIREE | Sl IR E O AR A kR &3 D AR EE & OFE AR,
FEDORk A T TIRINE ] 235 Z & T, heterogenous 72 DRERR N X A F I v 7 ITE
fELTWB Z EDBH BN E 725 TE T % (Hanahan and Weinberg, Cell, 2011;144:646-74;
Burrell and Swanton, Mol Oncol, 2014;8:1095-111), 7=, % @ heterogeneity %, FE#E B
T3 ZDOBROEFEHIRBEISRIC L DRI AIT L > THA 4 LB L (Misale et
al, Cancer Discov. 2014;4:1269-80; Misale et al, Nature, 2012;486:532-6; Hazar-Rethinam et al,
Cancer Discov. 2018;8:417-27) . S H 12, Hl 2 XFFE LB 0 & ClIEE e R ET 23 2
725D, MREICE o7 TEUE) 2NV | MHfkEIZ % 72 > 72 heterogeneity 73
RPN D REME DS S TE TS (Russo et al, Cancer Discov. 2016;6:147-53;
Gerlinger et al, N Engl J Med, 2012;366:883-92) , 7272, ZHLETD L Z A, MMEICHR
HZD BRIE] OF A= ALCONTUTIHALMNI 2> THEL T, Eio, EHHE
FCHMkEIZ 72 5 72 heterogeneity DAEAM SN TWA I O ATEEME S HERR L T
AYSIAN

F o, U, R SR L 72 circulating tumor DNA (ctDNA) % Ifil il fR A CHaH L.
NS D7 7 WG 2 GRS AR ERIZ . 23Ol v = LAFNT AT HE 72 Liquid biopsy
EW ) HENERERICH SN D X 9127 - 7= (Haber and Velculescu, Cancer Discov,
2014;4:650-61), AT E TIZ, /MR fTEE EFE TO Liquid biopsy DR & £ D
BRI S O AT 235 . Liquid biopsy (2 & - T EGFR T790M 258 B AN ) & AL 72 23558 B
H L <TI0 —H##k2>5 D Tissue biopsy TIL[FRIZE BRI SN - T BEICE
W, > EGFR T790M BAEIE/ N fiife 48 12 b L C EGFR FLE 3K osimertinib @
RN Z LT & &R L T&E7 (Ikushima ef al, Oncology, 2020;98:23-8) ,

Z ORFZERE R IL, MRk B 72 D heterogeneity N{FAE L, TR EREIKRE LTHD L
FER e UTHRIBINEMEICRE R B L 52 5O THLH L ZERT LD TH DL, £
T CARMFSE CIEMME I heterogeneity % 5- % 4 IEGHEREE D —> & LT, MEELE
ISE D OREA E T FRFIEIRRICER L, TR ZHALNNCT L2 2 HiET 2
e LT,

2. WHEOHER

fitiges % & o b RCRIEVERIS O TIRARIZ IS U T L — RPN bR R BEiA a3 8RB 7 1 B &
BI-LTWDZ ENEBLILTUVWS (Brabletz et al, Nature Reviews Cancer, 2018;18:128-34)
INET, BRI, EEEE RO BB S OBERL, MFRPIRE, AN~
D, M & L OBRENZEHE S TE T 52 (De Craene and Berx, Nature
Reviews Cancer, 2013;13:97-110) . T4 Clk, EBEGZE DL OFEMIAOEREIZINTH,
BRI N EEAREE Z R L TWA Z E LD K 927> TE 7z (Datarand
Schalper, Clin Cancer Res. 2016;22:3422; Terry et al, Mol Oncol. 2017;11:824) , BARAJIZIE,
b R I EERR Lt ORI I 5\ T, PD-L12 Z4h%H &35 %% immune inhibitory



ligand ®FEHLA LH L TEY | /2, ZOJEPBRSEIZ X CD4+/Foxp3+ immune-suppressive
regulatory T cell (Treg) 2MEFE L TWAH Z SN TN D,

LL7ei b, TEH] 220 L [BAT) ERISNLZOT n RTHONT, PREBE
IR Z DN TR 53, HIi L~ TOREBUREEOZEMRC, ML L~/ TEC
BRI T O TV D DIPE T OW TR, flmmTH TV, £ ORE 28I, 5
#MidZ bulk ORFETHFF L TWDH72DTH Y | bulk &k E LTIEIEL T D Z &N
ERTE ThH, H—fifn L~L TORRPIRRECH MBI 2 2 5 Z LN TE TV RN
D TH D, EHMALZ bulk OIREETHRET L TV 2B TIid, Mifu L~ CEIZERHL)
T T D ATREME O fLIZ | heterogeneous 72 fEEFARIAEE R DEL 7 DZEAL. D FIREM: 2 15 E
LENA, £2C, AFFGREICEW T, Ml rTo (Thbb, ERNOHE
FRBLAY T2 Tl wy) BRREIEEEEH O 2 B &2 570 oic, H—H g s+
HBURNT OEMT 2 T, ERFERB O PRBRE DOEREB LI X S HITE T ITH T
BEAEOEDLZ LT, FERINIT X2 OHBLEET b ERAL DL L & LTz,

S HIT, {FONIZET MZONWT, BERIK TORIRFHIER & TRIGWMAZME2ED
. B FREBBTICL L OV PR THICOWTHRARL Z & & L,

3. WHEDTTE
AWFIERREIZ IV TIE, £7 /L O training data & U CHEEMAE B o7 —X2HW\5
L. H T heterogeneity D EZMBPEFR T 72\, F 7z, [A U< training data & L CHL—ff
Al DT — 2 5 & | leak DN BV | I S LT T /L O IEMEMED TN T &
IRWREEEN B D, F DT, KV IERER 2RI L OMIEER O phenotype D E D 7=
OIZ, £ IEF MR Z 72 EECRME R L OHEERMROBEEI T v 7 7 A L
DHEFEZRR L2 L L Lle, EFMMMEEO B —MdEnFRBELT — 21220 T,
European Genome-phenome Archive accession#: EGAS00001004344, Synapse accession#:
syn21041850 % AW 7z, IEW D OBH—MBnFRET —F D5 b, EHi, i
BN BT D A BRE | T 12803 HERRIC DUV T O HL— B s BT — ¥
ERRTRIR L LTz,
F 72 S OBAR TR BT — & | KO AU < ERIRTE #HIZ-DVTiE, The Cancer
Genome Atlas (TCGA) @ fifi lig ¥ . Wi R F L K o W 2 H v -
(https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga) ,
T — S fEHTIL. Python (version 3.9) . J O PyTorch, scikit-learn, lifelines O 7 A 77 U %
AW TIT o7,

4. WFFeRR

FT BT D OB —HIfE R FHBLT — & Z AR THWT B R L OMERD
BIEFRE T 77 A NVESED T L OZUMERGET S 72012, IEF D5 o H—Hif
BARFHBLT — 2 BHROT ) 7 — a R L TW D NENOMHREIT 72, LR
KA (9407 AlfE) & IFERMAE (3396 AfE) ([2OWT, 7T AX — T &#1T 572,
T-distributed Stochastic Neighbor Embedding (t-SNE)(Z & 2 R GtiK F =17 - /b % TIXIZ
RN, BB G TR T — X 2 WA 2 LT, ERCRANE & MZE RIS AL



SEECE D 2 RSN,

@ Epithelial
Mesenchymal

ek, EHIZ EECRMIIEN, B LUMERMBNTOLY 77 7 AX —DEBH# LS
MEMES LS, P O 0 BEGRAIR, A FIZERAIIL) Oy . —EOSBER 57
YT AR 2 b=y a UBFET 2600, MR IHNTE 5 Z LR TE,
ST RBAGRIMLOT ) 7= a VERBLTND Z ARSI,

P 30 1] B P
¢ Cub Mucous Airway Smooth Muscle Adventitial Fibroblast
Ciliated 8 Seraus » Vascular Smooth Muscle » Alveolar Fibroblast
@5 ProximalCiliated lonocyte ® Myofibroblast o Lipofibroblast
[} Basa] [} Neuroendocnner Fibromyocyte
Proximal Basal @ Alveolar Epithelial Type 1
Differentiating Basal @ Alveolar Epithelial Type 2
Proliferating Basal Signaling Alveolar Epithelial Type 2
Goblet

WIZ, ZOIEFMNS OB —MBE T HRET —2 207 /7 —va vz, BEOE
GBI RICY IO L 72D, EFMN» L OR—MlE R T —% = H\iz k
BRI & FIBERMIRL~D T T NV AERT 22 & & LT, Z2D72®IT, EER 9407
HIAE & 53R 3396 Al T — 4 & AV, ZO®ETRET—2 2 AN L, £ (B)
JTHIEE M) Oa8EEIE LT, s E 7 VAER L, BRSO H—HluE
[GFRET —H L DET VO 2T 7=,



FRGEDOETNACOWNWT, WEET — X Wit Z21T-o7-L 2 A, LA F® confusion
matrix 235 H v, SEWER LT L2 HAWT, B 3BT — 2016 mWEE T Fik
(E) /THEE (M) OBFENARETH D Z ENREINT-,

- 10
- 0.8

0.0000
- 0.6

Epithelial Mesenchymal
prediction

Epithelial

label

Mesenchymal - 0.0102

VT, ZOET K LT, il 1024 JEF OB 1T — 2 2 A7 —# & LT
fRMT 24TV, TS L LT, BIEFINFE M) ROBRFRIATR 7 7 AL THD
WeREET-, TORE, 9 85%DIEH] (873 ER]) Tix, ME M) ROBIETFHET
077 A NVTHDHMERD 50%AM (T72b0, Lk (B) Z2ORET2 774 L ThHD
TERM 50%LA L) THo7=DIZx L, I 15%DERF (151 JEFI) TIXME M) R0E
PR T 07 7 AV Th HHERN 50%LL ETH- 7=,

Fio, EOGAIIMRY: ERIETH > THMiYE TH > THREROB M %2R Lz,

BT, HIEE (M) ROBIRTFHELT 07 7 A L TH DR 50%AT (T7200, L
e (B) ROFBHT T 7 AL ThDHMERN 50%LL L) ThorEpl s, ME M) %
DBIGT I T 07 7 A )V THDHERN 50%LLETH > T-JEH] & DO TOREKRIEHRD
R LT,

F79. TNM HFIZES BRI OWTHRF L7 & 2 A, B (B) RORBE T 17
7 ANTH DR 50%LL ETH o7 ER L FE M) ROBETFRETe 7 7140
TH DR 50%LL ETH S TIERF & DT, DM KERETRD o,

DI, FREEORAEFYRIC O W THI LIz L Z A, Mt AEEIE O -
M, B (B) ROBET 07 7 A NV ThHHMERED 50%LL ETH o IEFNZ AT, M
(M) ROBRTFHET 0T 7 AV Th DHEED 50%LL L Th o 2iEF TIL, THER
HEUMERIDERD BivTe,

PLEDFER DG B MDD O H—HIfEAR BT — #1235  JEEHIIE D85 7%
B E— 2 OENTIL, BBRE RO TRNCAH RSB R E b lo DT RS R I N, 4
FEIFHWZERIRT — 213, FTBU0IEFE L EENTEY, £z, HRbZEIZHhz-
TV D, IEMEZRFHIDTDIZ A%, K0 5o 7 JEFIRE T O A FHE LT\ 5,



3 3 0 2

Hiroaki lIkushima, Yoshihisa Hiraishi, Kanto Toriumi, Takahiro Ando, Hiroyuki Tamiya, Junichi 9
Ishida, Yosuke Amano, Hidenori Kage, Goh Tanaka, Takahide Nagase
Multiple cerebral infarctions in ROS1- rearranged lung adenocarcinoma 2021
Respirology Case Reports 0831
DOl
10.1002/rcr2.831
Masahiro Yanagiya, Hajime Horiuchi, Noriko Hiyama, Jun Matsumoto, Hiroaki lkushima, Toshio 71
Sakatani, Kei Hara, Teppei Morikawa
Histopathological heterogeneity in an atypical type A thymoma variant with pulmonary metastases 2021
Pathology International 438 440
DOl
10.1111/pin.13089
43
photodynamic therapy 9th- 2021
line 1
473 479
DOl
10.18907/jjsre.43.5_473
5 0 0

Hiroaki lIkushima, Kazuhiro Usui, Ken Ohata, Tamaki Noie, Nobuyuki Matsuhashi, Keita Uchino

Real-world evaluation of the safety and efficacy of mFOLFOX6 for unresectable advanced gastric cancer

19

2022




246 180
2021

1

246 180
2021

Machine learning-based clustering of scRNAseq data from normal lung tissue and application to lung cancer

18

2021

PDT 9th-line

174

2020







