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Development of novel druggable targets for aberrant RNA splicing based on large-scale cancer genome

data
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1. FRBEROERL D

RNA AT A 3 v 7 B 3G MmO & 72 BT B A AW T HIEERICIELS B S L TR0 . ZOHl#EIA
T OMRERH Z1EN & T D AP ER DN 17 7 ATHER LT\ 5, AHFIERRRETIX, KRBARNAT ) A
BN A VT h—AEREZ L EICRNA AT T A L T REERREL T DNADS T EZH LML,
T OIRFER & L COMEEMEEZIRETHZ L2 BN E Le, BAEMIZIE, (1) BREATIA 0 7 E5| & T
B REEZEENICFEEL, (2) TOEBEFMEA D =X L2 ERET AV CTHHAL, (3) HFENE LTORK
AR B FERR L UL TTRFET S &\ D 3 ODRFZEBIREE 2 3% E Lz,

2. WrEEBFEDORE
(1) KHET ) MENICEDFH NI N—BETFEFEORE
ENERAARGEE 2 — DR T MR AT 7 Aadk— bk (1,017 ) BLONTCGA =R — K (519 fil) DFt 1,536
BHZHONWT, &y Y —Lh—27 A (WES) « RNA ¥ — 2 T2 AT — % L EGIRBEME R 2 H A LTt i %
HEE LTz, RRNT R OBEICH T > T, ET XDV 77 LY ARSI~O~ v B 7 BEEBLOATZ
AV VT ER, AXT—EHAEETE B L TRV DN A 774 %28 L, O 7ERRIEE IR
WCHED IR LAV ATRER L@ 77 v b7+ — L& LT,

BEBEBOBEICHT- > TE, HiEE DBATHIEICB O THES - Fesr LT 7=, (b IEBIR S i-Z
Wy 52— 235703 XL (Tabata, Nakaokux et al., Cancer Res 2022) Z# W ZIZHEx D
D, AT 4 UTHEBICBT D RER - FRARKE G L LBy R A N e Yy 7| HERE R
AA VHALCOERERMATMT 227 722 =g, b NCA v ba VK - A7 T A AELEHIZAET D
cis BROBINEZMAA DY, BHOFBEERBRI A 774 L 2MRBIICEA L7z, 24Uk, RNA et
v VT RF OB TR (trans [KF) (2MZ, cis AF & LTOA > b a BRI OWT S [F— O
FE B CRMlirTRE & LT,



AT TA U TREORMICIZ, =7 YU AX o7 BRI S 3 AT T A ZEAEH. A 2 b r UfRER
A= 7 v A2 E DA R BN CER ATREZR TMATS-turbo & i & UCEHM L7z, — 7T, MHIK
BE - FRRERS IO XY NEROBEMEZRET L7720, Ux 7 v a VIR ADERTIESCA X2 MK
FRDRAT T A 2 TIRITFIE 72 EEEORIBINA T T A > v TR — 2O T H I T L TRET » Bk L,
BEFEOHIIOBEEMEZ MR LT 9 2T, AR TR b RHEEN & <. FBED L 7z tMATS-turbo
—ADEEMRETFERT U My P LTERALE, SN AT T4 077 a 7 7 A W% L t-SNE (2
K DWRITIERG A BT 7 T A B Y o TR 2 3 LT kG SR, B2 A DK 3. 8%\ T, ZIVE TR AIZ
B HHEBER RIS STV 2D o 72 mRNA Cap f§i& A T /U(L#ESE CMTR2 (Cap-specific mRNA (nucleoside-
2’ -0-) -methyltransferase 2) B{x 7 OREIERA (truncating) A5 % [F7E L 7=, CMTR2 Z8 BL#£1E, EGFR, KRAS,
ALK ZEDREF R T A N—ER L IR DZMADAT T4 TRETa 7 7 A NVEER L TEY, MRS AIZE
FOHRD TV T XA TERBET DM R T A N—ERL UTHEMNT b, Al JORE 1 77
A E. CMTR2 ISR O5Efl RNA 7t v o v ZIRF DO RIEIC bk AICIE R Sh T b,

S 512, EFC rMATS-turbo+t—SNE ~— 2 D FfRHT Z2 JMNAICHRFES 2 BT, STAR 7 74 U A MZ KD~
v 7 %475 7= TCGA-LUAD RNA-seq 7 —Z %} L. UMAP IZ L 2k JoJEHE & Leiden =1 2 = =5 ¢ &2 W72 2
TIATTaTrANDOY T I TAZ VT b NIA A 2 =T 4 ICxT BB AR - AT = A
WO v R R—=2D T ) v F A2 MENT 2B DTN S A 7T A 2 25 - W LT, AN
ATTANTBNTH, 7 VU AX BT OFERIZONT, CMTR2 BREENSMN. L7232 =T 1 2T
%—Ji. U2AF1 ZERFERPOMN. T I 2 =7 4 BT 5 Z L0 HEMEL b - TR S, ABFETHE L7
CMTR2 Y7 % A T DRAEME & £ OFRNENRNT FIEIKAFIEAT T BT,

(2) EBRETNOBEL FRBEFBOMHT

CMTR2 25 5 0D 4y F-H5HRE 2 fi# B4~ 5 72 8 CRISPR/Cas9 ¥ AT L & IV T b b L O~ w7 A28 A MR RE (NCT-H2122,
A549, LLC, B16-F10 %) (281725 OMIR2 / v 7 77 MERZRINL L7, AT, WERPEIZ CMTR2 ARELTWDHE
s AR RE (NCT-H1373, NCI-H1915) 1259 % CMTR2 A L A % = —HIa#k, Doxycycline #5iE% ¢> CMTR2
BB (BFAERE X O FALIEMEITERZE BAK K11TN) | 72 5 NS CMTR2 8 733 X OB AR O [ R FR R 9> & #f ST
L7-BEREANVST 7 A4 F (PD0) Z#fw L., in vitro BX Wex vivo M MEFET 5 —HO R AL L
77

ZHBETMTIBWT RNA-seq IfNT 21T o o R, BERIK CBE SN AT TA U TRET 0 7 7 A VR FE
BRETFTLECHEFEICHBEIND Z L MR LT-, ¥R, SPPL2A, SMARCALl D=2 Vo AFx w0 7 /A k
B RFHCBE D D AT T A L T EAIE, OMTR2 TE IS m ISR RN 72 A N b & L THBMWEZ b - T S,
CMTR2 HERE A HIET 2 FRBU~— I — L LTHRIHARETH D Z &R a Tz, 61T, VAF 2 —FRRIT K
D, TNHDRT T A 20 7 RE PRI ONTR2 HAZ K- THAMICEE T2 Z & 2/ L, CMTR2 H§REREk &
B AT T4 7 OREERE R LT,

(3) Lo L fasEtEDRE

Doxycycline FHEMBEH AL W= T NE T 0T v AL % /7 EHAERBNT ORER. CMTR2 23, Z i
FTHRESNTWRNSTEAT T A Y Y —LERIETF (snRNP #E1K) CHAERT2 28, BRORIEIAR
R K117N TIlZ Z @ snRNP FHAAEA AR LTS Z L 2 A THIO TR L7Z, ZHUT XY . CMTR2 13X Cap?2 ik
BT D A TF AR & L COMBISREZ S O A2 53, snRNP & OEHEHEEREZN L TAT I A4 7
A D IE T 2B EHERH ICB G535 0 F T D Z eI BN E R o T,

FREOAE S L2, snRNP AHAANEFH OBFEIC LD A7 T A 0 ZHEDO FARREDME T L 7= CMTR2 K48, 28 LA
FITIX. AT T A 2 7B 2 BRI TR EL 9 2 AN 6 2 B 8 IRAIC B35 & DG 232 Tz,
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RIS LG DBREITSH 7= > Tk, CMTR2 KO 7 VAIRIRRIZ X9 DL EMIREMEICN 2. Cancer Dependency
Map (DepMap) [ZX%§k S 4L TV DB E OIS A MBIk 2 x4 & L7 lfenydiAl - BIs A7 e 7 7 A L
(CRISPR/RNAL / > 7 7 7 N AV U —V B IO PRISMALEMA 7 U —2) ZHEMICSH LT, CMIR2 FEREREL
AR DI T 0 7 7 A VBRI E W - AR R L2 R, RNA 27T A 20 JBEEA - RBM39 & o /8
JEEBENETDHANVEKEST I RRORNA AT T4 2 JEY 2 b—4F— (Indisulam) 2%, CMTR2 K18, /25 BAM
RZ BV RN SO 2 R & L CRE Sz,
FEFIT, CMTR2 / v 7 70 MRB L OWEM: CMTR2 J<T% BE PR AR 169~ 5 B & sk BR I8\ ¢, Indisulam
BELOET820 (FILATTA VY — WHERRR T 2R &3 28 LEW) 1X. CMTR2 FEELDMR T2 T2 xf R
fi & e U O B AR R I CHETEINEIZh R 2 78 LTz, AZhRIT siRNA IC KD RERIR -/ v 7 X i k- T
HLEH S, OMTR2 KB/ ERMAEICBIT D AT T4 V0 THEDOFHER TN, ThOAT I TEV
L — & —|Zx3 2 BIRAIMETIE D 4y T2 T 5 Z L BEAIT b7,

(4) S&EF = v 7RA . FEEA (ICI) OAZMECET 2HHIR

AHWFFEBHHE ORI T, OMTR2 RIGIZ RV ERT D2 AT T A o T REED D, REEM L EZFHET 5
ZEERHMUE, ZOMRIZESE ICTICHT DINEMENZ LW ERM LD~ T AR A REBEETT LV
(LLC) %54 F\ T, CMTR2 BERETELCAHS ICT 32 MEIC 5 2 D S B A (R R HGE L 7=,

ZOREF, OMTR2 / v 7 7 7 MEEE Tl ARFK ICT ~DJSEMENZ LWIEE BT PD-1 HUAEAN 5 L T IR 722
ZHEEET DL L, SBICATTA VT EY 2 L—F— (Indisulam) & OOFHIC XY HUEEZEN S ST
BRI D T & B Lic, NEEHRE i MR ARAT 36 K ONEAS 7R BUMENT 2> DI, CMTR2 KIEFEE I\ T, Huide
ABIERRKI L O ¥ — T = r VRE R B BT REIETE L 7 =T v OB ER RS B, Cap HEIER
H RNA— H AR08 K S5 BT AL — TCT B MEHETS: &\ 5 B ORET % X AT 2 1587=.,

S I, ENIR AR X —BERBE O S ) AMERE L OERBRTE R A A U215 5 AT D5 5. CMTR2
BERERIGE AR A G T DA ABEITIBW T, ICT HANREIZ KT D& M ds J O AR A A7 IR O JE BB M) 03 7R
STz, TS OFERIE, ONTR2 MEREJSTE NS, ICT IC X DGR E IS D073 A A~—D—& L THE
N &7 0155 ATREME 2 TR < RB T 5 H D TH 5,

3. RROEHLSHOREHR
ARTREBRARIENC L 0 | DS A R0 3. SWIZTETET 5 OMTRZ FERETEAZEIAS . (1) Cap2 HEXE R &1 5 R
RATITA VL IR ERTHE, () ATTA VL TRV aLb—F—~DEEEEED L = L. (i) %
FEF = 7 HA L BRI ORIARE RIS 5 2 &, &0 WRIBIOIE A RS 2 LA B N L, Th
ORI, MAEHEIC S D (O RREEIE | A 1 EIS & 3 B AT vt 7 A I AR OB
BB RN A A~ —H— 35 L OV FIRRERNS 24T 5 b DT 5, ARIULEH#H L (Nukaga S, Shiraishi
K, ---, Kohno T, Nakaoku T*. Nat Commun 16:9754, 2025; DOI: 10.1038/s41467-025-64821-0) & L CAFET
B e L b, BRI B AR T B 5 TR 2 52 T L, A, ARFE TS LY ) A -
F?VX7U7Fﬂbﬁﬁﬁﬁﬁiw@§®mm%%%ﬁ&%%%%b\MAxf?4vyﬁ£ﬁ%@ﬁkfé
FHLAIE - BIFS — ORI =B &Rk 5 TiE T 5.



1. Background and Objectives
Aberrant RNA splicing drives both hematologic and solid tumors, and splicing-modulating agents are in clinical development.
This project integrated large-scale cancer genome and transcriptome data to define the molecular basis of splicing-driven

tumors and identify therapeutic vulnerabilities.

2. Outcomes

(1) Genomic platform and novel driver alteration: We integrated WES, RNA-seq, and clinical data from 1,536 lung cancers
(1,017 institutional, 519 TCGA) and applied multiple significant-mutation-detection pipelines in parallel—our positive-
selection variant-cluster algorithm (Tabata, Nakaoku* et al., Cancer Res 2022), domain-based clustering, and intronic cis-
variant detection—covering trans- and cis-acting alterations. rMATS-turbo was selected for splicing after benchmarking,
combined with t-SNE clustering. This identified loss-of-function (truncating) mutations in CMTR2, encoding Cap-specific
mRNA (nucleoside-2'-O-)-methyltransferase 2, in ~3.8% of lung adenocarcinomas—a novel subtype distinct from EGFR,
KRAS, and ALK. An independent pipeline (STAR/UMAP/Leiden with OR enrichment) confirmed CMTR2 and U2AF1 cases
as distinct splicing communities.

(2) Experimental models and molecular phenotype: We established CRISPR/Cas9 CMTR2-knockout clones (NCI-H2122,
A549, LLC, B16-F10), rescue lines in endogenously deficient cells (NCI-H1373, H1915), doxycycline-inducible wild-type
and methylation-dead K117N expression systems, and patient-derived organoids. RNA-seq confirmed recapitulation of
patient splicing aberrations; SPPL2A and SMARCAL1 events emerged as specific CMTR2-inactivation markers, partially
reversed by CMTR2 re-introduction.

(3) Molecular mechanism and vulnerability: Pull-down assays showed wild-type CMTR2 interacts with the spliceosomal
snRNP complex—an interaction abolished by K117N—revealing a role of CMTR2 in splicing regulation beyond Cap2-
methyltransferase activity, explaining the reduced spliceosomal reserve of CMTR2-deficient cells.

Candidate compounds were prioritized by integrating drug response in CMTR2-knockout models with DepMap dependency
profiles (CRISPR/RNAi and PRISM screens) across hundreds of lung cancer lines, nominating the sulfonamide-class splicing
modulator Indisulam (acting on RBM39) as the lead candidate. Indisulam and the analog E7820 selectively suppressed
CMTR2-deficient cells in dose-response assays, with siRNA knockdown reproducing the effect—establishing the splicing-
reserve deficit as the basis of the vulnerability.

(4) Proof-of-concept with immune checkpoint inhibitors: Aberrant splice products from CMTR2 inactivation induced immune
activation. In ICl-refractory syngeneic mouse models (LLC), CMTR2 knockout conferred responsiveness to anti-PD-1
monotherapy, with Indisulam combination further enhancing efficacy. Antigen-presentation and interferon-response
signatures were upregulated in CMTR2-deficient tumors, consistent with a cap-aberrant-RNA — innate-sensing — adaptive-
immune cascade. Retrospective analysis of National Cancer Center patients suggested favorable ICI response and prolonged

PFS in CMTR?2 loss-of-function cases, supporting CMTR?2 as a predictive biomarker.

3. Significance and Future Directions

CMTR?2 loss-of-function mutations in ~3.8% of lung adenocarcinomas drive aberrant splicing with Cap2 defects, confer
sensitivity to splicing modulators, and potentiate ICI efficacy—defining a subtype with paired biomarker and combination
strategy (Nukaga S et al., Nat Commun 16:9754, 2025). Future work will extend the platform pan-cancer for new RNA-

splicing-based therapeutic and diagnostic seeds.



