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Almost all human genes undergo alternative splicing (AS). When this natural
phenomenon results in aberrant AS, it can alter an organism's normal physiological
functions and even lead to cancer. Recent research indicates that aberrant AS might be
a crucial mechanism in carcinogenesis.

In this research project, we first employed Affymetrix Human Transcriptome
Array (HTA) 2.0 to identify global AS differences in 176 myelodysplastic syndrome
(MDS) patients and 20 normal marrow donors. We found that, compared to normal
individuals, MDS patients had approximately 25-30% of their genes undergoing
aberrant AS in their bone marrow cells. The extent of global aberrant AS in MDS
patients correlated with shorter leukemia-free survival, highlighting its involvement in
the progression to acute leukemia. Subsequently, a comprehensive analysis of global
AS in 341 de novo non-M3 acute myeloid leukemia (AML) patients using the RNA-
seq platform demonstrated that the degree of global splicing pattern in AML patients
could predict treatment outcomes independently of other well-established prognostic
factors. These findings suggest that global AS aberrations may play a role in
leukemogenesis, reflecting transcriptome complexity and instability, with potential
implications for distinct clinical outcomes—a possible link between AS in specific
genes and the pathogenesis of myeloid malignancies.

Further investigation into the Nuclear Transcription Factor Y Subunit Alpha
(NFYA) gene in AML, which has two major isoforms: NFYA-L (long form, with all 10
exons) and NFYA-S (short form, skipping exon 3), revealed that the NFYA-L/NFYA-S
ratios were higher in AML cells compared to CD34" normal hematopoietic stem cells
(HSCs) from cord blood samples. Patients with NF'YA-L predominance (higher NF'YA-

L and lower NFYA-S expression) had worse prognostic features and clinical outcomes

doi:10.6342/NTU202401953



after standard intensive chemotherapy compared to those with NFYA-S predominance
(higher NFYA-S and lower NFYA-L expression). This prognostic effect was consistent
regardless of age and the 2022 European LeukemiaNet (ELN) risk classification, as
validated by The Cancer Genome Atlas (TCGA) cohort. Transcriptome analysis
showed that NFYA-S predominance was associated with upregulated cell cycle-related
genes, similar to those in active HSCs, indicating chemosensitivity. Conversely,
NFYA-L predominance, as seen in KMT2A4-rearranged leukemia, was linked to
chemoresistance. This finding was supported by experiments showing enhanced cell
proliferation and increased vulnerability to cytarabine in OCI-AML3 cells with
NFYA-S overexpression. This study highlights the clinical significance of NF'YA gene
AS in AML, suggesting its potential as a prognostic biomarker with distinctive

biological pathways in AML cells.

Key words : alternative splicing, aberrant alternative splicing, myelodysplastic
syndrome, acute myeloid leukemia, transcriptome microarray, RNA sequencing,

NFYA gene
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introns) } 7 £ & &£ ¢ > F|P ZRSR2 2% ¥ it #R UI2 3P 7 + RNA § &b
% B (dysregulated RNA splicing of Ul12-type introns) » ZRSR2 £ Fl2 £ g n  1-
N%F g 3 VLEHEHFOLY >~ § 5 RLDILE o d 30 T EM R T
EEAFIRS AT RS L RGER —‘;127};‘»1; % (recurrent) ¥ < & 8 B(5
50%0 Rk G S EE A FIRR) 0 i Tk A FIR % i BU(SF3B] and SRSF2
mutations knockin mouse model)» ¢ IR G HF kg F LR EHE L —g TR £

W FIPRE AFIRET A A AP P LpREHOE R FE o gt AT
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REERTHEMAOT FH A XTNEE 8FF0 ERFJEJFPTRDFL o
R EAZTEMA N PAFIREE > LF LD E2 R RSN
£ 57 mRNA :F # 14 7 2 4557¢ (global mRNA alternative splicing pattern) » 17 % ig i
ATIRBEABTRIT G STRAE 2 Foock o ol LE § B P AL
3O HEE BRI 0 BT AR AR R ] B R

2014 # f clinical cancer research 7 — & 473t &% 4o o i B —‘ﬁ
(acute myeloid leukemia) s7of fm P2 £2 I F 4 g w wfe AT A AT K FE R
BT ERDLR > > ? P22 BELFAEES LR L Rp A~ FHEI v 2 W
11 Dana-Farber Cancer Institute (DFCI) % ;2 B <57 University Hospital de Nantes
(UHN) » $ i /6 #4487 66 B & 14 446 5 5 L. (31 % % p DFCIL» 35 i %
pUHN)Z ¥« 8Bk p & & A cnd &wm e 1§ ke > & Affymetrix
Human Exon 1.0ST Array ¢-F 5 F A 47ig- SR EH M TR 51 544
Bty o R EATIHY gV a2 SLERBTR LFBAFIHEY 5
29%AFF A T RRBERP TR AP RRAERBTHRAAT < 9~
* A% B F-9 B YaAE T 32 (protein coding region) > #3T A & H v FAENE B
(protein noncoding region) » ¥ *hiE—- H ST FRFL REERHBTELSF A -
i 3R 7 Fl(oncogene) © *E B+ 25 Fl(tumor suppressor gene) ¢ B2 Y 48
(spliceosome) ik ¥] > P4 45w ¥e 3 78 2 % F 7 = (apoptosis)ihfk F.. & > F]p -
REFF L AL R ERPTRADABEL LR ELT P & I &

16

Sk R R 2016 & 0 4 < 6 108%A T ARG LB b S G TR
#8 39 F (snRNP):F4E A % % (spliceosome protein coding gene mutations,
spliceosome gene mutations) > ¥ % 7 & A F]R ¥ g B0 €7 RAL iRk IR
food WPRBINML IV ARERP TR BLLEMETZ > - LT HEY

PR R O RERRPERUTRDEL VAR T FERLTRAER R
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Ry A RA RS S 5 7
P i R ROB W2 G R Sl e 4 3 0
TESHEAFRE - BPREFRwCHAREE > V- BREVERE L 0
B (b B Az endf 2 ("EEEE "R (the "two-hit" hypothesis) ***° © Omar Abdel-
Wahab ## 3 B]ff & 2019 # nature f238% 4p 1 > 447 982 L &M F Kt w5 &
H i &l 0 I IDH2 {v SRSF2 hi F1 % 25 % € & 0 B(frequent overlap
of mutations in /DH2 and SRSF2) » IDH2 7 %13 & ¢ 82 34 il & 34 47 (epigenetic
regulation) > @ SRSF2 & ' ¥4 3 F 45 A& F](spliceosome protein coding gene)
2= o ez mdiE 0§ B preemRNA E# T 4k ent ¥ 2 AR o F]4t [DH2
22 SRSF2 & L T £ | 2 %428 R ~ & ¥ epigenetic regulation = RNA
splicing » i & # L sl > RaEY w ;ﬁg)’f 4 o ¥ IDH2 & SRSF2 «nd - R %
¥ A ihpre-mRNA E P T 428 > & [DH2 2 SRSF2 ihx e R % § 22 %
Fak SRSF2 #rig 5 B H P TR R > TP v HfpiEe- AR % LiF2 e %
TRALFAES N ERETE - ¥ by [DH2 82 SRSF2 hi R %4 ¢ R
R me R H R ¥ o AL A7 4 (self-renewal) - @ B PR %
Pl ABLED AN o« 7 B { 8- ) % R > IDH2 fo SRSF2 % % ¥
T ERFRBERLTROE L 0 §ENF LA EF F | INTS3(a member
of the integrator complex)sr1# £ » i&- % ¢ ¢ = RNA K & f# II(RNA polymerase
11 » RNAPII) pe % (stalling) 4 e o & ¥ < INTS3 E #1932 IDH2 2 %% F
g pE L c BLFREEFED D AR LD LF T epigenetic
regulation f= RNA splicing 2 B 13 Aop I Eena 3 8% » i1 T4 5]+ X %
(spliceosome gene mutations) 5% ¥ 8% % M558 B et it Fdp o T 4T Bl
% it (spliceosomal change)f£ 2 % IDH2 % % 3l4zd s g 2 o3 & 5+ Yo
A E D Y § T A F(high throughput technology) e v BB e

n i 4588 TR 7R R (public transcriptome database) > 4 The Cancer Genome
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Atlas(TCGA) - Beat » Therapeutically Applicable Research to Generate Effective
Treatments(TARGET) » % Clinseq AML » B i @ 55 — &3 £ 4g ) 5 £ 4 T en
AT RREEBBTREPDELP M L pRORE > JLAFIRE
FRIET G RBPTRR B L] LA g FARF LB R B00 7 g
- % #7 % v* # European LeukemiaNet(ELN) 2017 g 4 4% % 3f {4 £ ¢ ¥ A 44
Bty Lop R By ERMETROLE FRGLEAFEFLTRNLE §
Wik e B4 F (cellular stress response) s JE L T 5 b R A B F fglt e
EHRETEUERL PR FRGL G AR ERPTROF L T2 TR

F T AR 30 TS A ¥ % % (spliceosome gene mutations) i B2y
45%;izu £ BEF P PRI R € BET FEF I Fad A R T % (highly
conserved protein domains) 2! -
b. A= i B

ol B A R EMA R BT L R ERARORBERES Tk p

REEBEET R o B K LT B A~ B e = #(Diffuse large B
cell lymphoma) = &) » 4 2 R BEH P PR DR FIT LR A >0 T 54 30
B AS A Flen R % (spliceosome gene mutations) > ¥ b 3 ¥ gy Al R TR ehin
BLA 7| & 4 R % (splicing site mutations) > iz 2% ¢ 3 * ¥ R FER/ P T 50
40 8a B wie R R Y ehd BET > dofiird] 0 DNA B4R > w9 ik
B dmre i e et B o FY 0 AT B AN B
FA4 T EHEL S Rp e B o 1UE B T M A 0 £ T4 % % (splicing
mutations)#: & ¥ L ek F| ¢ 35 BCL74 » CD79B > MYDS8S » TP53 » STAT »

SGKI » POU2AFI » NOTCHI* -

13F Rz L84
1.3.1 84 75 v 4 faicnp 48
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R ELARLE ok p ¥ EPN F- $RE 1 9 & #7 0% (clonal
hematologic progenitor or stem cell disorders) » ¥ 2 # § o i & L & § ¢
fe 7k F148 h5%¢ & (genome variation) » ¢ 7 AFIR % > H - PiH S AL (single
nucleotide polymorphism, SNP) » # [ #c% £ (copy number variation, CNV) > 32 &
4% 4 (loss of heterozygosity »* LOH) » A ¥]£ ‘£ (genomic rearrangement)... % +

P i 2 LpgElEET Y o -‘}%&"ﬁ%ﬁ]ﬁ < % 80-90%:=4k F]

W E LR ON ok AT R R F B SR S R e
MR R T L EBEPFR 0 & 7 A Flhi i £ (gene expression)
£ B L4078 158 B (non-coding RNA » ncRNA) » -] 4+ RNA(small RNA -

SRNA) > ¥ #hs & 57 A FR § aE @y 7802,

Fhg e 7 LpipE - FRgROTEERA R v §0 AR
g Ao S HRATRR AT 50 T §H 2 Eotdd FERD DG K
Tobo B G- BT B S ARE Y p e B w?)]%ﬁ’“%ﬂ?:&el #
VEGFHRBRESFT Y A S RO ATHORE 2 H LT RE 0 TS
A F]eh R % (spliceosome gene mutations)(dr b #7if) 30 > 2R @ iHat A P T A S R
PR FIREE 0 AFE g PE R BRESHEEH O mRNA EH BT BH
7" (global mRNA alternative splicing pattern) > ¥ *F 7 Ir 5 & [ global mMRNA
alternative splicing pattern £ % 5 £ £ » % ¢ 77 global mRNA alternative splicing
pattern £_F € B Hp B AOTRA TS o U E AT ML F DA TR A ERPT

SR AR BN 2SR AT EREVE DR A BN RIS
M- hed B S ERTREE Y b SPERESRL 0 BB R B
FERE-HIFET IR -

S E G AR ST 2 ek T 2B SR TR R (TCGA, Beat,
TARGET, Clinseq AML public transcriptome databases)$x % s F:E # M T 44

B R Lo T A e b LR AREEY BT
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Lo FHES FFIAHE T %—‘“ 2% > vk @ t(de novo AML) » = %
14 (secondary AML) &% &_¥2 /5% 4p B e I%-E, (therapy related AML) ; #74c & 9
BRI A K p 2 B aopF 2L > doje 2 %7(at initial diagnosis) 0 4R 2 /E e Rk

(relapsed/refractory status) » 2 4&% % — Ripfk > N (drP BB L& TR LI

Biif) e R0 B RATE EF T G 2R TR AT B

AP R g A FIRE B T B T 2 (prognosis associated alternative splicing events)

>
&

I

F - 3R o Frrsd- ¥ panE &4 P BT 2 (alternative splicing

\\"“

events) » I A ¥ 34 5 1B 4 488 88 o0 mRNA £ 3 4 3 345 (global mRNA
alternative splicing pattern) ¥t f-/x #7 & 24 2 8 o & {8 > pE T T F A1 § 70

1% w #7 'w?2 (hematopoietic stem cell)§ F¥ R 2 o ¥ *F B {F LR 4> d 3tigudt

SRS T LR kP R E R PR T AP e He T o

Ly REOS B R LTS B RL LY

1327 % WALHE & |2

AFIEHMTRAORET R S8 L RRFPE DGR FFL T NPT
P TRIE 2 ACTRA TR Bk o YV 0h o AL S g D ¥ 4 B0 BT
Peofa3F 15 ek FE # 2T 2 F © (alternative splicing event) & | #4E o P W i
e A R AR ES A TATF L R B o P o n Rie S g
ALERRE AR AL RFR - FLERALT SRR APE D

HEA BT A BF P PATERBT RER T & L iR AR

1473 BREF P 0
141 BR 1 AF T H2 ESH? 75 AFERMETHRT & P 4 R(the
number of alternative splicing events) » & * £ £ i #& 4548 £ 48

mRNA iE # 14 5 £ 425" (global mRNA alternative splicing pattern)

10
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AW B PR AR R ESE O mRNA EJ P EN LT
E€F AR AP TR EBESMHEMOERL TR 2w AL §
}I?% v A e 3 41 Y S73 JL ¥ alternative splicing events it P 4 fiAe k> B
Wi R A Fe sk Ag T ()4 at disease status or disease recovery status; at birth or
during maturation) s £ § 10214447 o maL K oh 2 % 4 P 975 A F] alternative
splicing events c#fc B 4v it > ki & o B B S M O E R ST R0 o
A2 ie- H TLEFESMY 273 AFERE BT R T 2 (alternative splicing
events)clic B e B 0 B4 MRNA S8BT RAmARE T » A4 B
AL ? 5 R F 7 e mRNA transcripts ; % #4882 75 AFIERPTRT
(alternative splicing events)sr#ic P 4c 53 1< » P 4748 mRNA F# B T e i
s e 0 BB 488 7 I eh mRNA transcripts #ic® b o %%‘v} AR o7 B
EHEMFROEFLTRENLE > REA P RAFZTEORAEZ AFIRE
(genetic mutation status) F 3 > { F — B {4F s € F 0 R IFHF B S N

ImMRNA EJF P TR 2L RERARRF LT ORELP LA -

1.4.2 B 2 0 B B 4080 AE 0 mRNA 5 8 1 3 245058 042 & (the degree of
global alternative splicing pattern) ¢ % &8¢ i BEXEERBAE

it JF (standard intensive chemotherapy) i »< » F]m #2 fgfir)’% B enTE

fs o

A2 JRPIE B AR Y fr5 A FIE# M T & T 2 (alternative splicing
events):H#ic P 4e 4B 0 PIEAE mMRNA EH P T RORAEARE DT > N4 B
AR Y 3 # % 7 F 9 mRNA transcripts » 357 it § RS R T 18 2
(transcriptome instability) * » i& @ sc SR & F 55 & (Lo P ok > FLBip Bl

1

11
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1.4.3 B3 3 0 B B 45 8 mRNA % £ £ 8 M43 24558 4942 & (the degree of

global aberrant alternative splicing pattern) § %8 v x Jm e & >

B B A8 o

ALK ARG e S Y HRE VOB R R e A

FREE n e AEENY T ERBTRTFDLE i BRI RNER
BHEPTET Eodep Sodde R iT 5 YR EH T 5 (global aberrant
alternative splicing pattern) o {3952 o - B AT 7 &% > T34 39 T B A 7
(spliceosome protein coding genes) % %% ¥ it £i& = F dd o 7 L FEHA )]%
MR G w op eE & Rop s o d 0T R 2 S0l pre-mRNA E 3 1
TROLEMET)F > F A Rl pLEsNY FREEERAMTR
SRR R S W A W RSt > WAL R 2 > - AR

i AL o

P R EATIERRTREF D Ao Ve B3 Y > AFTH?
AR A BFAAFIEFET R L HDTRA L2 Eon > P FeL P

BAFERBMTERAEL A K 2 5 2 Biof AR o

12
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= % ~ #iL g 3 ;2 (Materials and methods)
21 23 it
2.1.1 ¥ 7tk » *%#¥(study sample cohorts)

P T AFERE TR YL BRSPS AF TR
Sl A MH A EE(P RS S 7 VR EHE AR R L )

a. ¥ B o 7 g i ¥ (myelodysplastic syndrome, MDS)

AT W lTE 1991 & 11 7 3 2010 & 12 % > A5 = i?51‘52.(I\Iational
Taiwan University Hospital, NTUH)#7 %1 4! # %8 & 7 25 i 3 (MDS) ﬁ,iﬁ‘ »
PR R EF AT PR AR R FORA A TR TR o 2
R o gt AP B h T FoHA20l1E 17 12012850 A
P S Fﬂm?fﬁ»% srend R 3 Vg G HE(MDS) R EH > 1T R

(validation cohort) °

b.E M F e o J (acute myeloid leukemia, AML)

AT @R~ 2004 #2003 2016#F 12 FasxFRATDE > RE
1 (de-novo) » 2 M3 g3 & F B0 5 H(non-M3 AML) & ¥ » # %L E3
A ek e A o 2 Ve 4P B < AML (antecedent hematological diseases or therapy-
rela‘[edAML)ﬁ,—+z o iGU ?,—‘ﬁ B OBREFRROCFK T2 G R E TRk foi
FIF oo gLt AFF 7 # 2 4 ¥ National Center for Biotechnology Information
The Database of Genotypes and Phenotypes(NCBI dbGaP)( 2k 13| v % 7| #icdy ) ©
#1E' J_Genomic Data Commons #c¥5 F* = (https://portal.gdc.cancer.gov/) ™ §*
TE R A Tl W A-E 45T Rl i & %53 (TCGA AML) ¢ RNA-seq

B 4o #icdy (raw data) 0 1% 5 %7 ¥ 18 (validation cohort) °

c. ¥t Bg %2 *% ¥¥(control cohort)

13
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bt R AR B PR > AL BB 0 20 B ¥ ¥ ARM IR
tmee TR e AL TS MDS B iRl 0 TS B0 FRIEA S
T ek 6 BRI S R AT AML R Ay 25 it
AELHE R RER oA B FRNTUDS R G 44 R §4000

(/8585 © 201603034RINA ~ 201709072RINC) -

2.1.2 g F fm?2 $k(leukemia cell line)

“,ﬁ% TR REREY PR &REY FF S A Rk
&[4 OCI-AML3, TF-1, HEL, K562, KG-1, KG-1a (DSMZ, Braunschweig,
Germany), MV4-11,% HL-60 (ATCC, Manassas, VA, USA) » 2\ -5 8 1-2 $&
myeloid leukemia cell lines 7 5 {8 Fimre P2kt * » NBRFAFAT LA PR
B - B R o

HEL -~ K562 ~ KG-1 = HL-60 w#2 & RPMI 1640 32 % A (GIBCO, Life
Technologies Corporation, NY, USA)*® ¥ % » 4c » 10% heat-inactivated fetal
bovine serum (FBS){r#i2 % (7 # % 100 U/ml > 4&f%& % 100 ug/ml) (GIBCO, Life
Technologies Corporation, NY, USA) - OCI-AML3 ~ KG-1a = MV4-11 w7z &
RPMI 1640 32 % 4 ¢ 32 % » 4c » 20% FBS fe4i2 # (F ## 100 U/ml > 4%
100 pg/ml) » TF-1 4m% & RPMI 1640 32 % & ¢ 32 % » 40 » 20% FBS ~ 424 % (F
# % 100 U/ml » 428 % 100 ug/ml)fr 4 ng/ml £ = GM-CSF (GIBCO, Life
Technologies Corporation, NY, USA) ¢ #75 fm*s tx . 37°C » 5% CO2 JRJE F3k 5
# 34 o TW it Lonza MycoAlert Mycoplasma Detection Kit i £_F § i 4
Fiad - el we kA FA| 3 B4 BFATO MBS E¥FEFY TR
7 16-marker short tandem repeat analysis - % % % § > & F]7](genetic profiles)£?

H 4R 2 oid * 4] 55 (generic profiles)tp e o

14
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227 % T 5 (study platform)&F = 3 = 2
2.2.1 microarray platform

AEF P E A > - B4 * microarray T 5 kA 7 F M s A LR EHE
FRELF R AT F A e (PR RE) A BESHERLT
BiLZ B o ST v FEBRIE AFETH @Y 7 2013 & Affymetrix B2 5 %
S 7|y 5 (Affymetrix Human Transcriptome Array 2.0) > ¢ f8 % f#47 &
1f F F 5 A2 600 § B F I e £-(probe) 0 B ANEE T v T A R B
(protein coding region) %2 F-v & 2L 35 ¥ 3 (protein noncoding region)(4- ] 5 #7
) > ¥ B Yichexon array 2 gene array 48+ 0 P48 S B probe & E i 41 W i
{2i{R  BE£LniRe 70 A3 ek & (exon-exon junction) o #7141 i%
o F T S AP e TR RN REREETROF L c AF TR EF
RPN % P o RNA » S AL 18 T 18— 4 ¥ Affymetrix Human
Transcriptome Array 2.0 § 7 F chfF 438 17323 > 2 (S B &H P AT I e gl
Fde > B A 0 Sl Aot g AT 0 B (S L 8 * Affymetrix
Transcriptome Analysis Console version 3.0 software & 4 47 % #i¢ & # 2 g i ¥
PREDF TN F P Ao Mg B SR 14 3" # (aberrant alternative
splicing)(f§ % e/ AZB4- B 6 #1777 ) o 2FTF #h * 3F 2 ¢ & Affymetrix Human
Transcriptome Array 2.0 & 45foik- 2 i et 5| #cdy @ 75 2< & Gene Expression
Omnibus #icfz £ ¢ > 5B %55 GSE107400 -

M T < % i Affymetrix Transcriptome Analysis Console version 3.0
software 91 splicing index (SI) default setting % 4 7 MDS J5 & &2 & ¥ 47 %
(normal control donor) ¥ &g m e B e B 3 H 14 7 4% (aberrant alternative
splicing) » ¥ #dp #(SDE -~ B * *7 355 A FE & T 4T © (gene alternative
splicing event) &7 Fe i 12 T it dafp & 9 o ho & splicing index sficiE 4 » 2
Ji

~
B2 TA TR AT AN EuhexonF 2 B ERMTERLE (aberrant

15
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alternative splicing event) (+ : condition 1 > condition 2 ; - : condition 1 <
condition 2) o &4e > i B Frig gene A ¢ rrexon 2 & MDS i L A W e
FREHMBTHETE > SI=(exon2 & MDS 742 £ /gene A & MDS 4 i
€ )/ (exon 2 = normal control donor 74 i € /gene A = normal control donor
ZER)rR T ATF) c BFMILEFBAFMY P Er @I ¥R ER
M5 & F B #c(the number of aberrant alternative splicing events) & 78 58
(involve)= 2 $% £ F]#c P (the number of aberrant alternative splicing genes)4p ",% ’

| Tiox By 4 $RBEHMT RO T (aberrant alternative splicing gene)

—

g ¥

247 50 REREMT T 2 (aberrant alternative splicing events) > A 2

<

T s i’% #* #c i@ (aberrant alternative splicing score) k ™ % 3% B % & B #4803 4
% B E 3 T 42 005 (global aberrant alternative splicing pattern)
BEFVURF VEAF TR IAIABEF AR I ERPL T ROEKE
(aberrant alternative splicing score) » & * %i2* 4t %8 SPSS 22 version ® ¢t #& Z_>
& ANOVA R T kAT AF T BRI OF - BRI SL PP EHEMTE
23

(aberrant alternative splicing) &2 # #ig & 7 g i ¥ 0 Jp FAB risk » #7287

7k F] R % 3] 7 (genetic mutation status) £_% F BB Q Fie— K iEReE B
I B 28 & T4 0 @ % A3 gl i 4 47 ¢ e Kaplan-Meier survival

curve > Multivariate analysis :T‘&’F" FTRYES - BRI R BERMT E(aberrant
alternative splicing) &% » 2 ¥ g o 7 Lg 33 If’: Boenfh 2 3 {8 TS
(independent prognostic factor)z. — o { :&— # | * & 47 4t 48 Transcriptome
Analysis Console version 3.0 software P g ek 2_» 45 iz B & 224 Bg ¥
AT RBEEHET EOT 2 & A F(aberrant alternative splicing events or
genes) > f & - I L ¥ DAVID (the Database for Annotation > Visualization and

Integrated Discovery) & KEGG 33 & p 574 5t J& fS (functional annotation

analysis) %‘L? TEw E R Z B oL %R E 4T B (aberrant alternative
16
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splicing) ®_& # fvRat L 5] > A0 FRub 2 & @R T o Bfs 0 AT HhYEHR
A i3 2k %]k i& {7 bench work > B2 A7 7 “TELE T harray data 0 T E RIEF #
B iE 4% 14 7 £ (aberrant alternative splicing)#? v = s 2 (leukemogenesis) srhf 7

l}io

2.2.2 RNA sequencing platform

THREF S R R H ATz 0 RNA sequencing(RNA-seq)i& iy 5 p
PRSI E 1 E o FY AT %<2 Jedk T X728 %1 de novo » non-M3 AML
ﬁ,ﬁ Il B 0 2R & R AR o A 7 K AML F Rwre 2 R G n e
%z ¥ 3 B~7 RNA - 3% & * ND-1000 spectrophotometer (NanoDrop
Technologies, Wilmington, DE){= 2100 Bioanalyzer (Agilent Technologies, Palo
Alto, CA)¥f RNA ek B ez B (77 325 o K8 » 2T 7 T B A5
z #ri.(4 pg)RNA » - 4 @it % mRNA » x i&— ¥ # it £ cDNA library - 3
% ¢ * 2100 Bioanalyzer system v real-time polymerase chain reaction system 3=z
cDNA library &8 & ¢ library 4% % @ * Illumina NovaSeq 6000 * ~ i£ {7 &

7|38 P~(sequencing) » & & ¢ ¥ | 150 bp ¢ paired-end reads = A#* 3 i ¥ & 3~

Genomics (BioSci & Tech Co., New Taipei City, Taiwan) k % = + i RNA-seq ¢
I T AT 2 B F A 11 TCGAAML 1 RNA-seq f 4 3R - 1F
% Bk 7 ¥t (validation cohort) - #7F A&7 % ¥ (O mRNA B 7| FH e SHa
NCBI BioProject #cfz £ # (73 B~ 4%%. : PRINA921731 ~ PRINA924552 ~
PRINA928097 ~ PRINA928392 ~ PRINA929107) -

BFAFTwH & 7 fastp it £
0.21.0(https://github.com/OpenGene/fastp) % #& & RNA-seq % 4> F L g F o 257
s T T A P a4 /3 4 (adapter contamination)fr i< & B 0 A 71 3 B~ (low-

quality reads) - 37 &k > A& 3 < @ * SpliceSeq A (% ~ 2.1) k &~ #7 RNA-

17
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seq 7oAt o iz B 448 Ed MD Anderson i ¢ S B F R OB TR A&
4473 45 12 9 45 ¥ i (alternative splicing events) o F £ -k & reads £ jE A

% %% £ ]2 (human reference genome hg38 ) (UCSC Genome Browser F i B )
=k FE 4T 327 & Bl(splice graphs)it {71t ¥t o & B A ] alternative
splicing event %‘gﬁ 'percentage spliced in (PSI)"shig k & 1 » 2 E R & 03] 1 2
R o PSI & 83 i3+ & 3% 28 F] &~ #& alternative splicing #f 3| (¥ 4% exon skipping,
alternative donor sites, alternative acceptor sites, retained intron, mutually exclusive
exons, alternate terminator, and alternate promoter)#% £ = 2L } (splice site) » #7##%
#cimRNA reads W 5 Kp|E e 12— e z = B exons(El ~ E2 4 E3)eri4k 7]
% ] 4% isoform 1 frisoform2 4 % & 7 E1 +E2+E3 fr E1 + E3 » 3% 4 %]
A B2 & # exonskipping > ¥ PSIfE 5 0.5 T4 7 sty A Flen
mRNA transcripts 7 50% ¢ 7 exonE2 o %]yt » E2 éhPSI E4%% > mRNA
transcripts 3 & §_isoform 1 ; 4p & » E2 n PSI & 4% i< > mRNA transcripts 1 & §_
isoform 2 (@] 8)°*°' o 3 7 FE ¥ 3% A F1E 13 % 4 alternative splicing event(f ¥
3 isoforml % isoform2) > F|pt » 2K PSI B 37 & 0.1 = 0.9 2 FF & alternative
splicing event 4R & ¥ i&— ¥ & 7 7% % - RNA sequencing <%= 3 i 4% Bl 4 B

90

2.2.3 wmre F B
#d t it fmicroarray & RNAsequencing = & v 27 3 36~ ) 54 3 -
SR TR (5 7 AP B A FRE B T 2 F # (prognosis associated alternative splicing
event) » T3 AT Hiv BT KT T G o - H [ mre o 3 4 R PGER
## +1 4* 2 F]<h aberrant alternative splicing event f.x J b hi gm0 T ¢ i
7

R R hd T R > Fa k- R m A PTRE R o

AL Y #Er OCI-AML3 & Jplm iz fhiie— H F 5% o BR T RFT ] P

18
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AFIGFERMETEAL S B isoforms » & B gl 3 g2 A #h v chimbe

Foee g7 NTHRBERN I

a. = Rk k Su(in vitro assay system) - % iE#& 72 » isoform gl & g2 ¢33
# ¢ DNA (complementary DNA s ¢cDNA)¥| OCI-AML3 % $kp !

*E T = F1* PCR enfkjirds isoform gl % isoform g2 7 4% 77 DNA
(complementary DNA » ¢cDNA)E_4 ¥ #5(BM) I F e @ 2 {73 o B8 »
isoform gl cDNA §r isoform g2 cDNA #-% %|4% clone ¥| pTRIP_dU3_IRES GFP
5 + §° # (lentiviral vector) ® (B] 10A) = 2 {8 4 W3 3+ 7 F cDNA 4 £
R4 P transfect ] HEK293T B m# ¢ % ¥ ¢ (lentiviral packaging cell line) -
w2 = 3+ isoform gl cDNA - isoform g2 cDNA # 7 §%4¥ (empty vector) L T
& o f 4 (transfect) {8 1= % > 3 iFfc b HEK293T Mwie 33 & i R Bop+ o
B &R iE 0.22 Mok endt T iR B 0 2R 153 iF Amicon Ultra-15 3w 5V i g B
RTIRYE o RHFHS R transfect ¥| OCI-AML3 ¥ @ > ¥ A3 % AT i (7
BA& o d WRA AL HFN SRR R o g T2 S T
g on 3¢ fe Hptr(flow cytometry):E ! (sort) € 3 015k d F KA F enlmre * ATiE -
W F o
b. # * &5 | 5415 f (short hairpin RNA » shRNA)erd e » L frj

(knockdown) OCI-AML3 m% $hp R &P RHM G A Flind it » 2 8L 7
> isoform gl & g2 i3 4 i DNA (complementary DNA » ¢cDNA)®| OCI-
AML3 stk p

SEE KA AFIG P kL isoforms e 3E 0 AT Y H Y MALE T R
2 G g F14 Ierdrd|F 5% (gene knockdown) » 2R 18 £ A Gl 7~ & Sl ie ¢
isoform gl & g2 3 4f 53 DNA (complementary DNA > cDNA)# i » itk - &k >
{ ¥ 4t 7 7 iea B isoforms e 4 s g o

AFE LY AR AN EH G AT hRNA A 7] - 45 shG ¥ FE it
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SshRNA E 7| ¥ 4 B (a7 3 8- shRNA B 73k 3+ At 454 G A Flen 3' UTR(&
BFR)WE 0 L& H & knockdown p RE G A FlehdE o B2 ¢ FEIET
kg7 » crisoform gl & g2 cDNA 2 - 2 3 %~ ¥ *tX -7 shRNA ¥ 4+
¥ LacZ £ FI(F- % shLacZ)g T¥ R 2 o &7 &k » #-shG {r shLacZ 5 i (clone)
] pLKO_TRCO19 5% §* 42 # (lentiviral vector)(B] 10B) = #X {8 » #-ig st 54
{13 i % % (transfect) I HEK293T B4 ¢ % w e k¢ (lentiviral packaging
cell line) » £ & 4k shG & $ P8 e (shLacZ)srfi 4 o @R fE ez 2 > @ b
HEK293T ‘m%e s & it > fc B4 « 33 % R 8 022 Mook ehd 7 iBip %
(syringe filter) » #: {51 i Amicon Ultra-15 #.< % @i B i€ (7 k55 © R 4
7% & transfect OCI-AML3 fmPe P » ¥ A 2 A T (7% 72 ] FF o

#FFJ1* PCR engjirds isoform gl % isoform g2 7 4 ¢ DNA
(complementary DNA > ¢cDNA)E_* ¥ #(BM) 1 ¥ fwmP ? & {73 % o Bg{s >
isoform gl cDNA 4 isoform g2 cDNA #-4 %|4% clone |
pTRIP_dU3_IRES_mCherry {5+ §* 4 ¥ (] 10C,D) » 2 15 & &= 33 7 I
cDNA i & {4 8 7P+ transfect ¥ HEK293T 5 # ¢ X @ (lentiviral
packaging cell line) » #-2 = $# % isoform gl cDNA - isoform g2 cDNA #* 7 §* 4
(empty vector) el s & o 2 {8 eh= % > i B HEK293T w2 32 % i K jc B
Bop# o 3 &R E 0.22 Mk ehd F i § » 21518 Amicon Ultra-15 3.
N iR B TIRY o kHFpE A R £ transfect $] OCI-AML3 ¥ @ > & 433 &
ATEFEE oo %':‘rlf%;-% f 4 & 7] pLKO-TRC019-shRNA-IRES-GFP €
¥ % Fv > @ pTRIP_dU3_IRES mCherry ¢ & 2 F % v > #7105 72
JRERS > T i on 3¢ e Fie(flow cytometry)iE i (sort) € R ¢ 2 i
$ON kAT e * At — i B o
c. & * % BLiZ (Western Blotting) :

$o it OCI-AML3 ‘¥z B fiZ(lyse) » izt mPe 3+ 7 shRNA % 7 I isoform
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g cDNA i 5 4 > i & b ?e JL 7 i3 4 (total lysate) #-* % western blot 4 47 » *

% Fz 3% gene knockdown % isoform g cDNA expression £_F 7 = ¥ o

d A4h3 hmfe 2 BT R F 5 2% (biological behavior changes analysis)

> ¥t FAILE i OCI-AML3 e b3 H i B 18 ™ e B

. wPz 3 78 {75 % 32.5% (cell proliferation and viability assays)
# OCI-AML3 &32 % 14 chim e % & 3L 5 x 103 B % ch® B 4e » 3] 96 3L 7
? (96 well plate) » 2 1 # MTT(3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide);% ;% (Smg/ml) 200 uL 4c » | & B3t ¥ » B F &
37°C T A2 4 P> REA570 2 K (nm)A & TRIERLDR > & BREKREIF
TSR o AipB MTT %Y » B ? Gus i s € - MTT B R & %

R AT RN S AP WEME LR 0 T IR e

T

e F RN e A ARSI AP T UER et LR TR R
J L2 BArig Adhmie 2 KA EHA TG AR

II. w7z 3% 8 & 47 (cell cycle analysis)
BA O E® B F S (50 48 €4 & isoform gl 2 isoform g2 71 x 10°
# OCI-AMLS3 % > #-spi fmbe & 4°C T * 70%2 B F] 2T i & o 2R #lm
"2 * RNase A0 ug/mL)EJZ » £ F @& * 50ug/mL ehi X Z et it 4~
(propidium iodide » PI)i& 7% ¢ - & {4 % * BD FACSVerse jin ;% fm? % ¥ ¢ *
#8 FlowJo software version 10 i& {7 fm?2 (¥ Hp & @5 & 7 o i G 7V P2 (R Z 90
R4 7 L E R G A7 R Rt (isoform) £ i i 2. GO~ Gl ~ S~ G2
fo M FFE et B > j8 A 38— % B f# isoform gl fr isoform g2 ¥ w2 3 78 {4
A @] RN AP TR FER GATIERLTRDRE d L pER
FPE? 2 LR ML & -

L 47 G AFFREERLTHEE 6 AF P2 £ LT 5 ¥ F(analyzing

downstream genes regulated by G gene)
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- it 2 1 e OCI-AML3 ‘o9 iz & RNA » 3 % B4tz 4t RNA &7 >
{4 o 47 > @ RNA sequencing F v K& 7 o 2 {8 fiﬁ? PeiE G BARAL
Flig- AT H A ZEET XTI GAFNPE -
IV. i 3% 4 # P(chemoresistance detection)
% g bt e (8 A 48 T4 iF isoform gl 2 isoform g2 1 OCI-AML3 m?@
PIE G 1 x 10 B dm e g B b » Bl 96 3V P o AR 1S MR B 4 B e Ok B P
it % % 4 Cytarabine (Ara-c)*r » I|& B3t ¥ o HF hlwies £ 48 | (i A
Wi bR B MTT 385% kP& ke iz B 5 o
V. % 845§ B (cell migration assay)
® % 24 34 # 936 ~ 5 (transwell insert) > 1% B JT Sum enF B FL fin 0 N
(polycarbonate membrane) (Cell Biolabs, San Diego, CA)i& {7 fm?e 1845 F B
% b % (upper chamber)® » 2% {94 » 1 x 105 & S5 ecid 14 ¢ OCI-AML3 fw
LEREE ,7’]‘ v 200pL & & i35 & i (serum-free medium) » @ T F (lower
chamber) R 2 ¥] 300uL 4 v 535 % fk (serum-free conditioned medium) ° #X
¥ & B 37°C T > 59%6CO2 e% F P FH 4 [ pF o FEER(S > AP S
#oenim e KO A d > X8 % Invitrogen e0% 4] CyQuant® GR % 4
74 iR o
4 F % 4, & & $7(Bioinformatics analysis)

bt d o R RNA-Seq #cdp2 16 0 f 1 F A TS LB
ATt EE > AETH YL € A FE ¥ F A $7(Gene Set Enrichment
Analysis » GSEA)™> ;2 2 - GSEA # - % o {7 A F1 & d i end 3 6 4
B0k v ERA TS M et i A TR A (blhod B2 T0a i B
A pAPMORATIRE £) RiTh A LA PFHERT o me AR
PHAFEE LAFTAEY LF O § A REFHP L FELE > &

BAFEIPEIBERE AL ES L RN e RS LATR S
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23 A

ARG Y ekt o 47 E% % g8 SPSS version 22 (IBM Corporation, Armonk,
NY)KiE 7 o A3 #% 2 #* 7 Kolmogorov-Smirnov &% K%/~ 3 &% P o7
AR AT RRFEAG oI tRBF RV RAFLFREF LB T
2> ANOVA fese * »tit o= 388 { 5@ % & ¢4 i - Pearson 4p B 4 7 * *%
WL R EETRAE A P F g2 BBl % o 2 * Kaplan-Meier > ;2 %
log-rank # 5% ¥ h L8 (7 5 E A 47 c EREf- 5 F £ Cox 1t blh "% W [F 4 47 *

WFEIH TR GBI RE o P E<0.05AMRG LG HFELE -
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%= F ~ 2% (Results)

BIAFIEBRUTRAFREE 7 LEGFHMD)RH R+ chid
3.1.1 2= 3 %~ MDS & —‘F'{ Tk 78 & F FL(Clinical characteristics of the MDS
patients)

ﬂ%ﬂ"‘f—ﬁii?e"ljf{l%lﬁll’ii20105&12’9’ér_“ﬂ—PEl‘% #7176
& MDS & 0~ 7 #(84.190)h R 4% L 45 {4isf (supportive care) © ¥
o4 L RE(23%)#E =T F %A F s (intensive chemotherapy) » 2 ¢ & F
(L1%0)# % 7 2 7 z 1 #lic i (hypomethylating agent) > 22 ¢ & (12.596)3& {7 7
# 3 o 37 w72 £ {1 (allogeneic hematopoietic stem cell transplantation) ° 3% & 7
BReanFmPfldrd 1ogteh o Ay Bl 7 ¥ - #2011 # 17 3 2012 # 5
PHRE e S FIRAATE S 3] A g 7 Vg i F(MDS) R F EH o T4

H 78 ¥ 48 (validation cohort) °

3.1.2 B B AR b % B E B 12T 45 (Aberrant alternative splicing of whole
transcriptome)

Affymetrix Human Transcriptome Array 2.0 (HTA 2.0)}+ ¥ i jp] 67539 i &
Fo e HR kR PRESE A VRGHELFEDE F HB et Kew £ 7 G
52730 (78.1%) 13 F1 & HTA 2.0 array + b Pdk 432 5 { i8— % > § 17565
(33%) - HTA2. 0 array szt e pF 3 A E e T 34 T R L ERH BT
(aberrant alternative splicing) * + X 88% E % 31 39 F %% % & (protein
coding region) > 12% &_§-v B 2% 4% % % (protein noncoding region) (% 2) :

“hig &t aberrant alternative splicing events ¥ j 4 = 1 f& ¥ L <79 #4713 (splicing

event type) » 14 exon skipping % A E ¥ L (4-B 11 #7577 ) °

313 %R EHE M T BB 4 #cp M 14 (Associations of clinical features with
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global aberrant alternative splicing)

AF7 3 w2 ¥_3& aberrant alternative splicing score 3 & 4548 7 7 73
aberrant alternative splicing events £2 #7 involve = ¥](aberrant alternative splicing
genes)#fl“,f ol HEREAF-BREBERBPTRAFTHEZ G F P FREES
MEFEFEE o i2- o AT F # IR aberrant alternative splicing score ¥ the total
number of aberrant alternative splicing events & I % & 4p B 12(B] 12) - 4o 2 F 1
~ z_ W eNiEEL 0 F| g E aberrant alternative splicing score #ic i A% o P& 44 ¢
“7% aberrant alternative splicing events » ¢ A% % » % & £ B f &40 554 mRNA
# 8 EHE BT R 942 A (the degree of global aberrant alternative splicing
pattern)¥eAR g F > F 2 AR % AT Wi e 4 T R ERET R 4
ylde 35 176 B MDS i 2 ¢ aberrant alternative splicing score 3+ & ' & » x5 3
% I MDS &  aberrant alternative splicing score efici® 4 >+ 2.05-5.48 (¥ =
2.6) » & normal donors & 3 (%48 ¥ c4 £ (R 13A) - i&- ' #7 I FAB
subtype(#] 13B)% WHO risk(#] 13C) MDS 5 B % s R ¢h global aberrant
alternative splicing pattern 7% £ (ANOVA P = 0.068; ANOVA P = 0.448
respectively) » # [ genetic mutation status (Splicing factor mutations, Epigenetic
mutations, Neither splicing factor nor epigenetic mutations)(®] 13D)2. F % £
(ANOVA P=10.708) » ~#* 7 4 IR global aberrant alternative splicing pattern ¥ 7
¢ 1% I¢ c79 MDS sub-classification @ & % ¢4 £ o

FeF AR Y % & s R chaberrant alternative splicing score £ 13 7 B 1% £
ROC & s kgl MDS & ¢ chd g i » L& E T - Bh @ ®as b2 5
%72L & (cut-off point value) » 5 2.45 - 3B E - A7 3 B R EH M T D
it & 5 MArF o e ® 176 B & rcohort ¥ > F aberrant alternative
splicing score > 2.45 » # 7+ high degree of global aberrant alternative splicing

pattern > % aberrant alternative splicing score < 2.45 % low degree of global
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aberrant alternative splicing pattern - 7 7 % % %2 5+ high degree of global aberrant
alternative splicing pattern ¥ § {444 &]fv U2AF] A F1R %2 5 2 i 40 M (&

3) -

314 2 B EH M T BRETRE TS 98 2B(The prognostic impact of global aberrant
alternative splicing)

MY < - 4 17 overall survival > 3 IR high degree of global aberrant
alternative splicing pattern ¢ 3 538 ¥ $o £ e03f {5 » & F 2 3f {$ $4F (median
OS: 21.7 months vs 69.9 months, P = 0.009)(®] 14A) ; + % 17 time to acute
leukemia transformation % ¢ > &i& % 176 B 5 & rcohort + § B F i R (P=
0.002)(® 14B) ; % pt2 ¢k > MDS f5 B % #& T @ spliceosome gene mutations %
epigenetic modification gene mutations > high degree of global aberrant alternative
splicing pattern =2, JF'Y » € % $ 4 ¢hoverall survival (median OS: 42.4 months vs
not reached, P =0.007) (%] 14C) - i&—- ¥ %~ +7 validation cohort (n=31) > » # 14 %
#% high degree of global aberrant alternative splicing pattern ¢ 7 i3+ & ¥ o £ 3
{5 (% 14D) o & f5 55 d F % #cA 5 (multivariate analysis) » AF7 7 3 2 e0F FL A7
global aberrant alternative splicing pattern ¥ it £_MDS - i Z7cfh = ¥F {8 F]+
(P =0.042) (independent of age, IPSS-R risk score, and mutations of SRSF2, ZRSR2,

ASXL1, TP53, and EZH2) (% 4) -

35 % BT R e 4 LR
AR HFEHEEREERP T R oed AR EOPE AL R

* DAVID (The Database for Annotation, Visualization and Integrated Discovery) 3

ALE % %R T 2 0k F)(aberrant alternative splicing genes)ig (7 1 4

17 o Ay AR R 71 5L @ VLR IS (signaling pathways) FI % R 2 # P T & m
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TR FRE S H P& 0.001 0 & B L% (FDR)) > 0.05 - 4775 3% 4

a

P fold enrichment 7] 41 7 % 20 BB BER (4 5 T HFRGE X R REH
P R inim e 4 TRRL T 2 e 3 5B 0 AR e 3-d ¥ fZ(cell proliferation,
adhesion, and protein degradation) 733 ¥ 5 M o iz HFIRT FP & MDS & ﬁ P
T HEFEETRBIARER > A DY SRR ERET RN AL b
42

B

3.1.6 %% % microarray T 5 F ArIRR R R EHEM TR

%7 %% %omicroarray T 5 P ArIRRIR B EREM TR AFTERT 3
# 3 F] ¢ transcripts i€ (753 o AUPI & F]=32 2P13.1» # 3 12 B 7 kg5
(exons) ; = HTA2.0 T &+ » < 5 & MDS & % (71.6%) #* & Fl=h
transcript(NM_181575)%g 7+ 1 8 ¥ % F % 9 0 7 & (aberrant retention of intron
9)( mean SI level 3.54) o i&— # @ RT-PCR » #2 3 Z 1t ¥ i"q‘ﬁ%’ziﬁ“(normal donors)4p
o4 & MDS R ¢ 1 AUPI transcript % 204 bp i AE 3 G FF ‘Héhband F &
(B 15A) - 2% 7 %38 2 4% 2 K (direct sequencing)#£ % 7 izt MDS &—‘ﬁ v
AUPL % 9 ] 5 3 chi% 5 (B 15B-D) = ¥ # » PVRL2 & FI(NM_001042724) 3+
19q13.32 > # 3 9 @ ¢*t g3 ; microarray HTA 2.0 data %77 A% 7 % ¥~ § #ieen
MDS £ % (98.3%) PVRL2 # F1% # exon 4 skipping = GRIKS # FI(NM_002088)
= 19q13.2 > # 7 19 i *t B+ ; microarray HTA 2.0 data &1 ~# 3 *23# < §
# I MDS R 4 (84.1%) GRIKS 7 F]3 2 exon 19 skipping ° % i RT-PCR = i >
ARy BT 24 ¢ MDS &5 ¢ PVRL2 7k %] exon 4 skipping 1/ 2 GRIK5 7 7]
exon 19 skipping(f®] 15E,F) o pt ¢ P;ﬁ d Geneious it %8 <357 2| (8] 16) > MDS %, *

AUPI 7% 35 38 5 B R F-9 F 8 ¥r(protein truncation)

32ATEREYRAALT RIS L HAMLR L i s
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321 23w~ #rA7  AML & F 0fek # # 3 #*(Clinical characteristics of the
AML patients)

AR 341 Lo * FRATS ST M3 A RFAML & F 0 i
BEEFT XAy 27 RNARAFY > 20 5 R EOfRE T @0
R O R A 1% 0 @ 4% idarubicin * 12 mg/m*(% 1-3 % )fc
cytarabine # 100 mg/m*(% 1-7 %) 4ok B ¥ 3l g v 5= 2 12
(complete remission) » 2 & ¢ i& {7 2-4 § F #p e & £ cytarabine(high dose Ara-
C» & 12/ pF 2000 mg/m? > % 1-4 % > B2 8HNF H - Fr o iz BT %HED
- 2R H(449%)F #x 1 R g §7 "% 4 {i (allogeneic hematopoietic stem
cell transplantation) ° ¥ ‘m rn));f7 BIek Fichcd 6 ¥ o A3 % Hor 0 141
% 2= M3 TCGA_AML & # ¥ %% # 3+ #(validation cohort) » 3£ & 5 & ez 4 T

VN ke A

322 BB ELR Y A FEH T & (Identification of global splicing)

AF2 % @ * SpliceSeq ##8 ~ 47 1 AR ? 19036 BAFEEM T RT 2
(alternative splicing event) » A% 3 & W3+ 5 7 & B AML Vg B ¥ #F#(NTUH {r
TCGA)® # it 5. T & RPN G et o fipdt AP AT AFEREPET
FEendp (PSTERO0L P09 2 FFeEH/H BT RT ) E 2 BWFF o kAP
CD347/CD38 m* f FE £ 1 46 F 2 s« & NTUH AML 5 & %53 ¢
ERRE T AFIERSTRE S nBcp 4 13520 7] 25168 0 ¢ ik ;

18869 » iz EH/H M T HF 2L K3 6438 BATF] ;@ ’;}_TCGA:}}%,& E3=A
AFERETET P #1750 3] 20794 > ¢ g 178320 # ke p
6404 B A Fl o A BRI LFEAY o CD34/CD38 we A FRER BT HTE 2 en
Hcp A 3YJE_6327 3 10708 0 ¢ =B i 7497 0 X kop 3t 3367 B A FI(E 17) - A

i b AML % P gR ¢ o % X 34%(6404-6438 of 19036) 1 F](# 32
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NTUH {r TCGA s & *#3)% 2 7 /M TRT B (A F 7 SR/ LT RT 2 PSI

Ex0.13092 @) pf > F S o CD34+/CD38 s v m¥e © 5 18%(3367 of

19036) > F B F L R (B 17)

B-H AT B AML:}F@,&%‘;%“ v B3 TP53 A FIR ¥ AML ‘w
o 7 ATFRERPTRT A adp BF 3 H © AML I 3(B 18AB) » -
f&% L chalternative splicing event #2 3] ¥ (exon skipping > alternate donor sites >
alternate acceptor sites > retained intron > mutually exclusive exons - alternate
terminator - alternate promoter) # ¢ £ AML Sn%z & %4 1 CD34+/CD38 ¢id x
fm¥s > exon skipping F% & ¥ L PEE (W] 19) - ¥ b > AML ' ¥ 2 T4 A 5]
RRUCR 01T BN T AT BB TR olp i 40 M (R 20,

21) -

3.2.3 $E45RE AU REAE 35 1 T 05N 22 gk & Heeap B 14(Clinical features associated
with differential global splicing patterns)

A7 NTUH_AML R @£ 7 75 AFER LT RT *nifep &
AT 4825 W A i (B 22) > ¢ 1295 Kolmogorov-Smirnov # i 4 1% # % (P =
0.083) » A7 7 B3k AML 5 R &8 Y “7F AFIER BT RT 2 ofep FRA
fad AT e Flpt o HEHY AFERPTRET BHp Y RHES T IO8E
R e S S ERE-H LT AL R EHE Y A FE
BHETET D ¢ RREFL £ 3% AML BF 4 57 2 highorlow
degree of global alternative splicing pattern ; & NTUH_AML J5 £ ¢ - low degree
of global alternative splicing pattern 18, H oo ok PRI ECRE iR & fi=(LDH)#
ERE >~ FAESRENE I MR R 2 ERCRIRE M E R FEY -
(induction death) ;% - global alternative splicing pattern £2 |+ %] ~ & &2 &% 335

FAB » s 2. & 0 AML L A2 B3 AP Mt o 2Ra » & WHO A 5 % 538
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ICC A~ ## » 2% 1(8;21YRUNXI:RUNXTI 4v inv(16)/CBFB:MYHI11 &1 AML
T 2 ¥ low degree of global alternative splicing pattern 4p i (% 6) o #* #t » KIT »
U2AF1 ~ SMC3 ¢n#L %1% % » 2 CEBA double mutations 2 low degree of global
alternative splicing pattern 48 B > @ TP53 & F] R % P 22 high degree of global
alternative splicing pattern 4p i (% 8) - 2X @ » TCGA AML I 2 low degree of
global alternative splicing pattern 7§/ % #z22 NTUH_AML J; A A S S 4
TP53 % % £ high degree of global alternative splicing pattern » £_3 %t3* %2 ¥ B 55

(% 7,9)

3.2.4 4548 FEREE B M T B0 W TRk TR 18 602 B¥(The clinical impact of
differential global splicing patterns)

& NTUH_AML 7 & # - i&— # % IR high degree of global alternative
splicing pattern 4p #.%* low degree of global alternative splicing pattern ¢ 7 st3* 4
FPCE fF R 5 % ¥ (median overall survival : 24.6 B * vs161.6 B* » P=
0.001)fe 7 7 # 1R % 5 % ¥ (relapse free survival : 77.8 & * vs not reached > P=
0.035)(®] 23A) - ¢+ #t » & % & global alternative splicing pattern = 2022 European
LeukemiaNet (ELN)L *& # 7 { ¥ 38— H # AML & F % 2 5 = 27 [ i (8 (]
23B,C) » £ s 5 d H ¥ #HZ % % &~ 17 (univariate and multivariate analysis) > &
;46[}% BoenEds > v w33 Hcfe 2022 ELN B '& 4 # 4@ > global alternative
splicing pattern = the number of global alternative splicing events T;'S AR Fhz o
18 F1F (& 10) o & F A2 TCGA_AML s & % %7 % ¥ (validation cohort) »
high degree of global alternative splicing pattern #p #.** low degree of global
alternative splicing pattern 7 2% ¢ 7 i3 A % f A4 A 88 15 /% 3P (median overall

survival : 366 % vs 577 % > P=0.013)([ 24) -
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325 A FIEH M T Eiwre 4 JWE T PR

20 (- HEHGEAFER LT R0 2 B R AT R
* DAVID (The Database for Annotation, Visualization and Integrated Discovery) 7
LR 2 EH/ BT R el F)(alternative splicing genes)iE 7 7 4 47 o 2\ i 4
P fold enrichment 7] 41 7 %0 20 B 5L @y (2 P & ] > 0.005 0 & B F
(FDR)/ *+ 0.05) » #RGEL P AFIERPTRE PP nlwie 2 LR ¢ 4E
G #-v 3 & (G protein regulation) » F-v B ' % » Ww¥e ¥ # 2 2 DNA I /1248

A0 M g (2 11) o

33NFYAAFIEHETRBELT LS & HAMLE & oA TR 12 R
F

331 NFYA Pl B friE BT 58 AML 5 & TR5 & fonb % 2 15018 o0
By

G PSR AR o B T A K% RNA-seq TAL » A8

&

FEIAFOERPL T RN A PG e PRI o AL L
& ¥l - 3 4B 98 F] Nuclear Transcription Factor Y Subunit Alpha (NFYA) » -
ERPATFIFL - HY NiFERT] -

AET T AT 341 BEET RIS L HAML) R K & e te ¥ NFYA
AFZE2 B ATFRERP TR > Fohe A7 6 BFF L AP hdn i
Gove o DU TE L EEE R 0 VS K G NFYA A FIARE AFER T RAST
AR o AL E- R Ly § kT A (capillary fluorescence
electrophoresis) % %% AML £ % RNA-seq T# @ A FE# M3 A5 o NFYA
AFLE G A B FEHET R > i &R M (transcript isoforms) : NFYA &
A|(NFYA-L)¢ % =% 110 B exons © @ NFYA ‘@4|(NFYA-S) . pre-mRNA F 4

¥ exon 3 skipping o 2§ e S ot > NFYA L FlenEHE B TR 1 &
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AML » % fm¥2 thfo NTUH_AML & —J'Ff g g mre ¢ 19 35 (B 25A-E) -

hE_ o 5d L wmE ¥R T AR & 2 - ¥ ch T A (Sanger sequencing) © A7 F R
RIF T - AT R 4288 (a novel transcript isoform) p.Q23 del 4p f3t A & chid
45 B AR NFYA-L(F 25D-G) = o+ 7 » A5 5 5 - AML i iy lw % 52 1 f 5%
Foda e ipt > NFYA R FI A AML & pimie P iR 4:E > m ¥ NFYA
AFFEHE M T EANAAML & Fplwe 2 1§ B Y o3 57 e [ s ih
£ B (B 26AB) » NFYA-S tet ¥ i o §3lmoe (R o )® 0 4 B cndi 4B 4
oo AR E F & R inee o AML s By @ e NFYA-LINFYA-S 1t 5 ¢ B %
3 4e (] 26B) o 3 F F 4 s LA 472 NFYA-L 2 NFYA-S 4 it £ en9 2 >
g F B R %A+ R NFYA-L iz i NFYA-S (NFYA-L predominace pattern) %
NFYA-S ie & NFYA-L # i& (NFYA-S predominace pattern) =1 # ¥ 5 & NFYA-L
predominace pattern 7 AML g, JF'f P ho w IR(WBC) e > e F it s
% & f#(LDH) > #&.3 vt ] 5 FABM4 & MS & 4] » 1 2 NRAS 4v U2AF1 2 7]
RETWIFEF o ApF ¥ NFYA-S predominace pattern % i 0 % B # % £ 5
# % e WBC 248 > # i c0 LDH » FAB M2 & 2] ert tjde g » 11 2 & ih
CEBAdowie fv GATA2 . F1h %2 (% 12,13) » L i&— # > 2§ A 4535341 B

SRR CRDAML L 378 0 F AT RNFYAAFIERLEE2

-

NFYA-L % i & 5% 4 AML & = 5077 1532 § 80 F 8 55(F 27AB) -

NFYA-S chi 2 8 8 12 5 3515 § E (K 27C) - NFYA-S % £ £ % 57 AML & 4

-
(3

AFE RIS BB BIRE BET BB T M (R 14) -
B¥ > % AML B iw®e ¥ 4 $0F 91 NFYA-L & #0045 NFYA-S 4 i& (NFYA-L
predominance) 45X B L Frfs € 7 WA TFREF o ApF 0 F KB FINFYA-S
fe # 4 ¢ NFYA-L % 1% (NFYA-S predominance) ¥ #3 i* F & { B 3% f2 5 foik
B iE AR o B B % A - BB i REA TCGA AML 348 ¢ @ 5

- *5‘%%—}& ° i/;%i%g é

A
h

139 # AML & % - £ 2 875 § e 5 NFYA-L e s e
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NFYA-S % i (NFYA-L predominance)~ ¢ £ # &% §8 75 /% 47 (overall survival)4p
B (R 28A,B) © 2 {6 2 F7 1 #2341 = NTUH_AML & 4 w B & v 5 8 5%
B %A NFYA 5% 273538 &2 & %)% 4o# & - European LeukemiaNet
(ELN) 2022 risk classification & /=T i %45 H ¥ 5 o2 3p {8 F]3 € & P (%

15) -

3.3.2 NFYA Jh FIE 420 524 AML s & sl % i 4 500

T kA3 77 functional enrichment analysis > 1448 # NTUH_AML g
HNFYAAFIEZF R T RFRB LD Fo - AP RLL Y 7 &b if
Bk HFEM Y 03 NFYA-L e 1 NFYA-S (NFYA-L predominace) 2 &
NFYA-S i 4 NFYA-L % i (NFYA-S predominance) - & i 75 F]48 7L F] % £ 44 B
(heat map)&iom Hiea B & § HMP 7 b HA P A EZH(R 29 AFFEF
# 17 (GSEA)& 7 » & NFYA-S predominance s 4 " ¥ @ > AP h— i 2233
i 52w (HSC)F M enA FIAA R R 42 p b & m%e Sk AP M chAL 712 L3 R
% (B 30A-C) ¥ - * & » # NFYA-L predominace méi 23 ¢ > P2 mixed
lineage leukemia (MLL)4p & ~ mitogen-activated protein kinase (MAPK):t 55 i# £
# 1Z4p B Ao ¥ 1 2w 72 18 # (mononuclear cell migration)Ap B chk F14 % & % £ 5

4 (] 30D-F) -

333NFYAAFIEFHF U TGS & i i Focfl

w0 NFYA T 3RBHHEY Lopwie 22 R 273 {1 B e
¥ HoA) 3 (7§ S (in vitro cellular models) « A7 4 f1* %2 7 I NFYA T4 3 4
8 lentiviral vector £J2 {4 11 OCI-AML3 ‘m?2 $k % i&— # @ f % (B 31A,B;
32A,D) - ;’L *EF A7 F B OCI-AML3 ‘m?e kv iR & £ 7 o NFYA ¥

ERHMEE AL 4 PP o & OCI-AML3 ' ¥ i & 4 & NFYA-S #-# R
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dmie B A RE F A 4 0 A B AR A i NFYA-L ¥ w2 35802 5 P A 82 55(W 32B) » &

- % AT ERFEE 7 B OCI-AML3 %tk Ara-C i 2 5 dog e 12 - &
48 /] FE A Fr ok R 0 Ara-C rJd2 it 0 B R % iE NFYA-S é71 OCI-AML3 fwfe 4 3]
WO RR e fr NFYA-L i B 4 & bme 3 { + enit g 1(B 320) -

gt e R R o LR NFYA R AN RER ST A g
% i¢ * shRNA %} NFYA f&ﬂéféﬁ%{“f (knockdown) ° 7t ",f i L AI* e ~
NFYA #45 3 48 cDNA % £ i NFYA-S & NFYA-L - iof6> 2 & 28 3 43 {
FREFAT e AT REENSL PR 32D) 0 AAF L ST &R T
BLEIIF 7 4 LacZ control X FI 4 » %% § 4ok £ % Y % % % (W 32BE) «
e ¥ NFYA 75 Fl i “f FF > OCI-AML3 ‘% e 78 {8 45 it 4 (migration ability)
P RF R 35 () 32F, 33) o X @ o A i NFYA-S {6 » OCI-AML3 ‘m*e e 58 &g o7
DA g % 0 @ ko i NFYA-L 88 4r ABLE I A5 (B 32G) - @ ¥ &
NFYA %% chig 2 ® » NFYA-S {v NFYA-L ehi it 325 @ OCI-AML3 lm*e chid 4

e 4RI (W 33) o a2 % BT NFYA %32 OCI-AML3 ‘e 375 > 6 £ § 4

FENIEF 5 23w 3 AT BF F13Y NFYA-S 2 A e

Fobo AP e YR AT o BRTD] NFYA A Bl
(knockdown) § 3k OCI-AML3 ‘m®¢ S #p fm*e 1L GIRE F > o K@ > # NFYA-S
FiEts > SH mre el BT P REH 4 o e Bk i NFYA-L (6 0 S #) bm¥e chnb i)
H oty R P ORE(] 34AB) o L} it § %V 0 E TR NFYA-S v NFYA-L %
OCI-AMLS3 mPz ¥ #p ¢ SEH A is* 4 F o

B 1S o RFTE A AT NFYA A Rl (6 £ & ) 4 3E NFYA-S 8 NFYA-L
OCI-AML3 ‘w*% RNA-seq 74 » A F1 & § & 4 47 (GSEA)& 7 i & 4 & NFYA-L
imbe € Prd|me TP B E T G2M A oraip M A Tl & > 58T NFYA-L
Fod MR i ST R R cnfird] 0 )L R0 n e 8 (] 35A) 0 e g S T dm e

X B§% & oxidative phosphorylation =4p B A F14 i » R i Hpwoie i H E
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Ara-C & # }% 1+ (F) 35B) 53 o
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% 2 % - 3} (Discussion)
L1AREABTREFHEL T LEGHMDS)E &1L F Belbv &
(AMLYF & & ik 5

AFEBRM TR AR ERIMNEIL ) R ZERIFRET LI
B A G M o e DA PATIERL T RE L RE F S AT A
FE o o F A E A R o Aok 5 1 (cystic fibrosis) ~ 17 R A B
(Alzheimer disease){rs % ik * » ¢ $50 ik BiLA 243235 5 _ kg g A F)eh
FREEBP TR CRRITF TREIDENFL AP - G HFTARD
FRPERUT R M L RERAERY © 7 #2 1617, e 248 5 TR &
8 mRNA % B 5 45 1 7 345 (global mRNA aberrant alternative splicing
pattern)w X {7 I| (fdF AT 3 o B AR e~ A% - KR MDS 2 AML 5 &
4588 ZE R mRNA £ 8 M3 #4058 e 8 (changes in global alternative splicing
patterns) “tig = J Jj TR T ©

hARF T EH ¢ 0 @ % ped 7 (microarray)fr RNA-seq T S22 3 7 F Bid

7 g i FEMDS)fr2t M3 £ 1 Bt o :fr"ﬁ(non-M3 AML) 'g FREREMET R
(alternative splicing) > F % BT EH LT R EAFOEE Y PFLL e o &
MDS ¥  dpfst i o B S e > B HSAE mMRNA $ 2 EH BT R
3" 142 & (the degree of global aberrant alternative splicing pattern) ¢ #1326 x i
G A BERBROTE M @ AML B ¢ 0 B R A A mRNA 35
13 0 42 R (the degree of global alternative splicing pattern) & #2589 o 5 &
¥ < % % % & 1 (standard intensive chemotherapy) s < » F]@ #5005 & <0
55

TR o T BT Y 5 % BT i 127 Fe(alternative splicing) f ¢ i o EF 4 7

L3 ERhEd > v UEpEEN I e B R R DB R

s

AT Hh> wMDS 7§ ¢ & % 597 7 %4 5 F %8H + ‘0% (bone marrow
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mononuclear cells) > @ % E_fe F {2 T F > 4516 e & % (cell sorting) 11 CD34"
i o — BT RE P ¢ > F7 R im0 T & A T4 e
BETRANMLERS @ A2 B - Aa > Ad T 4L TMDS A7
ZoE od oot b G 4 B2 > Shiozawa AR 1T E P e ah
AF LS N R i 4 E S CD34 5 Spimre 4p 1 0 o wig- T g
% H % Jp e
ek AFE T ®mT AAML R P @ o 7 L EE R RE P

#z (bone marrow mononuclear cells) » @ % ¥ _fw?2 & iF {& g o U 5 iz (sorted
leukemic blasts) » & & & 3 7 NTUH_AML i B o RPN b jT e A
» 20%3 98% > ¢ i 67% 0 Flt kS H(T2%)/m e WY he dop T

w?e f 4 ¢ (leukemia blast percentage) = ** 50% o ¥ ¢t » AT #H 2 & AML 9
e ko AML b @ 34%hA AT # 2 P REOERE TR BF3
EF B R (R G &2 A T 18%) o AML ‘w2 foiF A & 4% (cord blood
cells)z & & i #4548 A 1 mRNA £ 3% |+ 7" 5% #75° (global mRNA alternative
splicing pattern) 3 % ¥ e £ £ (R 17) o ¥+ & % 5% 'w*2 (cord blood precursor cells)
o AML ‘fmz & 55 B & 450 R mRNA EH B TR L R 7 iy B2 L 7
FF B o ey P EEERY LA 2LE A B R e CD34 e o
FFle 35(1)%FF - A7 CD34 mre b A 2 G-CSF flijcy E#04p 4 chit B 3
PR f kE? chCD34"%mme { £ o (2) %4y Pl A 3% G-CSF fljgren® Re47 ¥
T hgwmre el - R EAP P OREHBERT AN P Y - BRG] Rz
R ALY R EAARG EHATIERLETRAS LA BT >

TN ATEARTRBREN PRI LB L 2R R M TR T M
T PEFFETRBEEES ‘?x"i:t FERERAFETHh2 gl R U
GAF- BRI L AR OE L SR ERET RORE L R
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\mk

AP FEF PR F LR & I > - Hfaplint ¥ 8 EH T & (aberrant
alternative splicing) ¥ it § ¢ @ @& i feftfo? T > Fla F 5 Jp it

B Mo ¥ - 235 gd 4% T E 4 17(bioinformatics analysis) © &2 § & IR

MDS 7 & igdt % 4 % 2 PP RPA TV i § N E DIE e e AR
fod-v W fRip M ond ik " AML R # R EF M TRDAF 7 i &

F5E R imie A TR TR blde G F-v 4 Eenifd 55 @ R4 (G protein-
mediated signaling pathway) ~ 3-v 5% % ~ w2 FH e DNAF G /i 4 » 2 1 ¢
PR pwme it ek e B AT AR ATREROERDE > AR BFH

TEATERELTHRDRE € ERTPH TR 0 Ft % R E 2T 42 (aberrant
alternative splicing) &= MDS & AML cells #7 3 & g > 4 # & sz Jig(biological

effects) v § Fie— # { AT

42 NFYA A FIEB T HE ST WS & B(AML)HTRE & 2 4 § ok
&

BF o A FHe @ L9k RNA-seq T & 0 iE- % IR Nuclear
Transcription Factor Y Subunit Alpha (NFYA) A& F1 i 4% % # 127 4% 3] X (unique
alternative splicing pattern) > % AML w#e foit ¥ %4 & 3¢ o wre 2 [ &g 0 &
FARA(R26B) - BB AT Y 24 848> £F o & AML X588
v IER o

Nuclear Transcription Factor Y (NFY) & - #& 4 i 5 0 Jh = R A & 75
(heterotrimeric transcription factor) » v ¢ & & F|# p & A& Flapad 3 5 7
CCAAT box » 3R P 155 F14 & (B 36A)% o 4% k4% § wwe fods 3 {07 g 45 £ 35
NFY tolmbe sk #p 3 400 2 fm¥e 3= fod s chd 7d H 4L &€ & (v (B 36B) > -
B AR BBRIINFY o gt 42 %R blded Lo - A 5B R

o & 1456 5% 58-60 o 152 W ﬁﬂé}gkéﬁ% ' NFY A S Ms4fpe 3 v EARY 7 £ 8

38

doi:10.6342/NTU202401953



PR AETEY Ol o 25§ BT 3 F R 0 NFY 00 § MG d B eg 4 o ¥
b NFY e thfrpmte A9 (282 X% Fb v ppd 2 ¥ gt
VR A EERE N PATNLE - FF L O ONFYARATFIAF S o™ R £ F
YIRS~ F R TOR 2 o NFY d 3 B & fh(subunit) e S 0 ¥
NFY & & o~ B f=y (NFYA  NFYB 4 NFYC) ; ¢ ** NFYA £ CCAAT box 15
SR AT (E% 5 o7l NFYA AR5 ENFY ¢ S € & chd 8 = 58590 4 )
Rinde e f o7 o 4 NFYA R FIPIG 0 #0500 & @i 7 0 3506 o 830
MR T ERE BT NFYA B flis it 4 Bidn fximie p et & L7 0 ¥
RSB e §F o ¥e cn { AT(renewal) o 2t ¢t 0 NFYA AL FI4Fg o 83 b v il 7 o3 75
IMER TV d A NFYA Jh Fliid o 52 im0 che Soi 0 2 AR g
W2 W AML A NFYA A FIEHE M TR N a5 0 P 485 NFYA 2 7l
BETRLIHAML L% F @@ ofpikfod i ek -

NFYA 2 %13 & B 1 & 597 % & 48 (alternatively spliced isoforms) - NFY4
£ A|(NFYA-L)¢ 7 = %110  exons » @ NFYA “23|(NFYA-S) 7+ pre-mRNA ¥
£ PF exon 3 skipping » 3 5k N #3 enig & £x > F 3 (transactivation domain)# > 7
29 B (B 36C) P - &d BB M2 B FERP TR g3 ngE o R
TRy FEHEfH N F LR o B4 o NFYA-L{r NFYA-S 2@ 5 4 8
HAMARE B G E 2 Fr iy o BT § BT 0 NFYA-S &o] BUSarsizim
s B Aad s RAEF A gAY AiE ¢ R b 0 700 NFYA-S 8% me i
&% % (transcriptional circuitry) - %4 » 4 frizwie? 3 B & > @ NFYA-
LRl g igsgmee o i o gl F AT NFYA A F07 P28 AR ritie
R A e A LS G TG A et BB o IR 2R e e
fem 2 PR A BORBPEL F ERR K B At 29 BT RSP

R Lo e A 1§ 3 S8 o NFYA-S ¥ BGRAUR v B 0 @ NFYA-

F_&

L B $rd]sep _gmeéjgﬁ';g_ o NFYA-L i J'»}g B4 AT RAEACR e A L TA4TS o gL os) o,
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AT ATy P o B G ARKAR S SR T NFYA » 3 R we € 2 4 B E
EEHFERLTRATEL T P A ERRERY T S PR w2 d

B E ko e d AR Y O RNA-seq FALAE T NFYA 2 FI3E % 2 90 327
7 e AML 5 g o2 2733w §F 072 (cord blood sample) 3 %A ¥ 1L B (] 26B) >
Fot A NFYA cn% BE R T 4 & AML ehiRops 8427 i i ehd & g 3|8
A& o

AETEZRD AML e 2§ VERF & ig o e fpt > NFYA endk s

S
e
=k
&
=4

3 4e (B 26A) i # NFYA cd d #4210 5 8950807 LIF1EF Mo & AR g
WL EEFRARA MR OAML A BT AF MR NESE - &
Mmoo AT HNFYAAFERE T RO > BRI BEFRA R D
AML g, ﬁ ¥ #i g e NFYA-S % £ & NFYA-S predominance pattern £2 & %8 5
e 2 B AR o 3B - W A 4T 0 AT T B IR NFYA-S A R E B & NFYA-S
predominance pattern -7 AML %, FAEIEEDELCRL > RS R i
> ¥ f# & (complete remission rate) o } i T 7 B & T iE- H4E% > & AML w
¥ ¥ 3§ B 4 i& NFYA-S transcript isoform #-# 55 44 1t Jf crsg g 4% o

A F &% F 4 11(GSEA)RE T AML s & % NFYA-L & 2 8 e NFYA-S 4 &
£ % (NFYA-S predominance pattern)#- ¢ 3% £ i i ¥ 'w #2 (HSC) 4+ i fr i ¥e 1k 4
AR TFI B R A o e TR A A TR R AERT R R e i1
B AR HERE o Re o BELE SE 0 do%k 2233w §7 %2 (hematopoietic
stem cells, HSCs)4p i sz FlAx § & % 2 &LF ¢ T A7 000 o 587 2w 72 (leukemia
stem cells, LSCs)sdFfic » £ %+ ¢ 2D i Frduld o A e 3 Bom # 0k e
HSCs 4= LSCs t S #= & che W] o #1F 9 HSCs 4 31 0 R SBHE 1 > R 4F 4B %
fZ(glycolysis)it (it £ 2 & o fe 4pF ef_» # b e LSCs R ° $HEf2 i3 ik
i o {5 PR A § 1 BEAL 1 (mitochondrial oxidative phosphorylation, OXPHOS)

HEHGE 2 KB HOXPHOS /&8 AML i % # 4 Ara-C Fuld4p B
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B0 g N Fpk w7 oo FptE F HSC e T i A - T g 224 i LSC en
P ficAn e e dopt o

5 3 > AML s & F NFYA-L 232 £ § & NFYA-S % 2 & M(NFYA-L
predominance pattern)#-# 3% £ mixed lineage leukemia (MLL){= mitogen-activated
protein kinase (MAPK) 3 538 joié i - RehA FI g R 4 > PPy €3 A 2
LH P e BN AT BB T i § ERPHE D F i o & MLL-
rearranged v i i ¢ 0 9 IR e p 2 { AT(self-renewing) i 4 ¥ FF A
EE=E X% w5 wmB F e DNAJE G B R B41h% 8 > 307 it &
PR A A PFI R L e gk f v gy I KMT2A (MLLYE 2.5 s o b
e il P B Rt TR R PTIO & Flend 22 5§ 5 B M -
¢ 32 FLT3 ~ BTK ~ SYK ~ JAK 32% jcfis 11 2 % 46 Src 3723% PTK'® o F]pt » 452
T v ~ - #HEh 1 A3 # AML R (NVFYA-L predominance pattern 2 NFYA-S
predominance pattern) 9 FLT3 ~ BTK ~ SYK ~ JAK2 v & 44 Src 72% PTK ¢35 F]
42 g 4 # o & NFYA-L predominance 1 g 4 # (4p $** NFYA-S predominance
R ) HCK %2 £ + # 58 ¥ (fold change = 1.96 » P <0.001) » # =t &_FGR
(fold change = 1.95 » P<0.001) » FLT3 (fold change = 1.39 > P=0.0015) » SYK
(fold change = 1.36 » P <0.001){r J4K2 (fold change = 1.34 » P <0.001) (%] 37A-
E)o ¥ ¢t » MAPK 3 EL @ AR S AR B 1Y ¢ 4RAR 5 B2 L f6F 4% - ¢ 42 AML >
et drufdAn BE B 0 o
PRFBYHOER D AF TR K e d % 0 518 & OCI-AML3 &
TPz PR B B & £ 3 I &0 NFYA transcript isoforms kL2 E F 5 % F chime
253 AT R RS ST 0 BR % NFYA-S transcript 3 % 3 4v 7 o
PR E R A A 4 0 TR T Ara-C ib o AR M o gtk > 50 ‘2}5’%?%“
fmPe ) R tE NFYA transcript isoforms e7382 58 > 24 L @ # shRNA ¥ NFYA 2 7]

# % (knockdown) » i&#-§ #r#|mee B § PRI NFYA-S 2 NFYA-L thi it o 5
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P ELE T NFYA & Flegt “‘f EREF M mp i EE FEN A 0 LB ik
89S 9 0 vt GI(W] 32,34) o % A NFYA A FIRF 15 & 4 i NFYA-S
transcript > % UL & I dm e g A 4 o] g i FOATRAR 0 B e ik S
W endmie vt Gy PEER A o P AP AY & T G e ¢ I B o ST s] O i
## 2 (solid cancers) LR — R > B NFYA AFIEH P TRFER ¥ 0w ik
HIMAFIZL 2 PP 8 KA Al A $FHE R DIEY o il AT
# % %~ 17(GSEA)& 7+ » i & % iE NFYA-L e OCI-AML3 w7 € Fr4] km ¥ 3 2
PIEE I G2M A frendp b AT A E 0 ¢ € F 1 lwre PR AT oxidative
phosphorylation c34p B A F1 4 i > 657 F NFYA-L € Frilimre T piefe > i =
v e E T > e g e Ara-C [ B A 4 ik (R 35)
Gerd Bungartz % * L@ df £ 45 11 » NFYA 2 717 "f (knockout) # 5% 1% & ¥7 fm
#¢ (hematopoietic stem cells) &= G2/M ‘m*e ¥ » FE > & - > ¥ ERE
PR i fed s o iz- FRRE O NFYA i izlwie s {og a7 g
Bien MM o fA gty ¢ > APERT| NFYAV ity fv & T CERER=RE:
PR AT > T AP éﬁﬁii[@‘ﬁ?’?fﬂ%? NFYA transcript isoform
NFYA-S o
Ra oo AP Ao BRGIFRAL o p A A T IRHTY]

AP WY TR - B sopmERETE& Y RI AML 2 27 35
A Fe . #77 NFYA transcript isoforms ¥+ 7 & AML L 3|2 v 3 & L i2-
SHTY o B o AT A& R A R b R B KB NFYA splice
variants & AML ¥ ¢h# it 4 ¢ o A R 7 e P P AT 0 M UFE

BRI E s F
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% I & - B ¥ (Perspectives)

FHa 3 AT Hm2 R AFIERETREF L BRSSP
Foufls o e FHATERLTRYE ORARET #0T WL HB B
PR PSR EALPE  BHL- H AR LR AT RRT H PR
P APRERT B R RE A Y T BEAFIRRERRG L
A Gk RAFERR T RORE L £- BELORBEE o T 0 2F
Fyenig % 3 W R H R R d p s GULfR 0 PR A FIER
PR AR BOPMREY TRF O LS R E R T 0 AP AR
FRBATERPTRALAEFR LT 4 4 Rk o & ks Rt A e
MERETAFERRTRORREEHEDNG > S RFF KL G s

W
o

cBATHRPF X ST P L REFIRLIFTET AL

Yo it > AT wm @ T 7 A 5 F BLE 2 %% (bone marrow
mononuclear cells) > @ % £_f FIE{ F > 4548 e & % (cell sorting) -1 CD34"
e o BeR e F L M B ARE Pl AT AL S N B A B
CD34" % BgimPe 4p 12 0 » (e #-F 4o 5 18— H @ * B inve & iF (cell sorting) <
CD34"m® > B { B DAL hEH o ¥ - 25 > Ay R * il PB4
(bulk sample) » ¥ " AT — e - plimie E AN 0 Bldod R lwre FEA P hEF
BHS o Rm o T H wme T g L iR LA 7 4EF > b4l e RNA B
7|(scRNA-seq) st jis 3 4% & 7 A7 7 vk BATAR T $thn e R i oy i 127
RN LR O L P ) R N S FAR o R TR - Bk
Boh» A ET P A BN BTN F AN A B o 8 scRNA-
seq ¥ &% 34T @ St £ % & (bulk sample) g &R AT S PR DA SoMLR
Ho o Blde o R HORT i T et BB B EAR Y iR T T
AT TSRS AT o V- BAIALP B ARY EEu 2 iR e A
PR T o 4 SFRN N SR T RIR e do P AL R L R e o K i
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SRR IR AT s Rk A R BRI MER -

ek AT e R E MDS ¢ AML ,ﬁ,'?]z AL 8 4088 mRNA &85 3%
BU g B TR 4 RS SR BEAHAY MRNA S LR R T E
ficst A2 B ¥ L TER MDS & AML & F 603 s > @ 2 b= hip 8 F T o B3
AR SR A 1T 0 FEF RS T] MDS & AML fwve FlES S T A 4
transcript isoforms @ @ AR & AT SR > KA AT H T AF T
5 K4 (proteome) e 5 AL R A B e B Bty 0 F 0 G- HAT A
MDS & AML 'w? ¢ R EJF M T2 FFF & -

¥ AF7 3 ¥~ jE_transcriptome dataset 45 | 7 NFYA gene ch& B E H T
B PP hp LRLIREF AR OFE > DR L e e R0

(invitromodels) K S #H 7 Ir ik 2% 7 i K W AFIREEBH BT RHT N €

w4

TR e A TMELT S FIR R A A R GE AL RERL

BT FREBROFR BRI ADM G - B A BEAF T HY BHa
REBEFRAOREY « gL d WFREFEITU] > AFTH? TR * 7 -

Bo ko R TH B 0 LA RS L R(AML)? 7 5 HRenE Al 0 g

BR-Am B A Bk P EF{ 2008y c B AFETHY LB W
EA e o R ATIER P TRERELAMLY i &4 - §

FApl R b WAL T P BNy 0 B AP G R T R

B2 R OEEAROMN RS - SO RIAPET RS OREMMIE > AR

ST Bs3% ¢ 7 WP 4 H073) (in vivo animal models)F S 0 1 { dwigk s T iR T
FRPTERE b Baoe b { A2 WBB2 Fepl (v% o GHayg 2 %
FEN 2o FRRAFERLTRERE L AML RpERY hid > PR

(N DN 2P Sa S RT3 G ER= xL 1

b Ay aig AT E YA ORAT XL ETEE o BB A RIS i

B APELFEAE]ATER LY ROREHAFE B LRk TELE
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Foma o i (2aK0 BANERRTRMLS AR LS T A
Bpie R S dc ket o BB RAFAILEISFEA B2 R g B
ERBMETERB APLRFCRFRFAFERLT R XD E - &
TaFT TR F E G B thn AFRAOE 2 0 0 » RET FRISR TR 2
A BB E o B> PR B ATE OB E A & alternative
splicing 738 #% » 4 splicing inhibitor or splicing modulator ()4~ SF3B1 modulator
H3B-8800 © 4% * »* % Bpit s By enfek 355 )%0 0 A P2 154 F rids ipat F7RH oh
Bk 2wt PR o TR Y B9 (S R w2 global alternative splicing
pattern £_F € i = % o

BBy -y AMG FUFLE- B LNFYARFERPT R
HhAE e 2 LEFFEMDS) B E Y ehdk ¢ o 2 AT 7Y hd MR LT AL
i % & 125 s (myeloid malignancies) » e 53 #Tit > F Rt 2 BB B L
o & B 2 145 g% (myeloproliferative neoplasm » MPN) - &g = 7 g 53
(myelodysplastic syndrome > MDS)% & }+ % ¥+ 0 o s (acute myeloid leukemia >
AML) > e AFF 3 32 FIE3T 0 35 FiE #4127 & (alternative splicing) & MDS %
AML 9@k &2 4 52 B s iy o #p Fa- R AP a { 38— HF7 7 #53 alternative

splicing % MPN } 04 & o

45

doi:10.6342/NTU202401953



Wiz ¥ampm™  AFERRLTRILM

Chromosome DNA
Exon Intron

l Intron splicing
mRN

_ Canonical splicing

B Exon skipping  ~

D= Intronretention . Mternative
splicing

Alternative splice site .

Protein diversity - Fit environment
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W2:AFIRLEBLTRALN

Alteration of normal splicing pattern

‘ Pre mRNA Il—l—— -1

Transcript

Normal Cells Isoform 1 I
isoform2 [—-—

Protein

Isoform1 OO O P
Isoform2 49 O E—

4

Sustaining proliferative signal

Evading growth suppressors

‘ Enabling replicative immortality
Genome instability and mutation
Cancer Ce”S Avoiding immune destruction
Spliceosome Epigenetic
s caiiss mutation modificaiton

Alteration of normal
splicing patterns

AN MR d Deregulation of cellular processes fpmng
7/ ) \
- ; e Motility
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W 3 : 1 42i¢ * microarray platform 2 RNA-seq platform f f #] & F:§

~ r—

# 4 ¥ 32 (alternative splicing event)s % B

Source:
Romero JP, et al. BMC Genomics. 2018;19(1):703.
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W 4 : ¥ 34 ke 3k (spliceosome assembly)

a Branch
point
/‘;A Step 1 O\
o O" » g \ Fio
.P' o o m 3 0.

e
s (oxon 0
I

5' splice site

b
@ @

s oy

Pre-spliceosome  Triple-snRNP
formation addition

Catalytic
activation

W®

zb
oM
5'fexon 1JeéGUAUGU — UACUAAC—YYYYY — YAGe{exon 2]3'
5" splice site  Branch point Pyrimidine 3' splice site
consensus consensus tract consensus

U1~UG6: small nuclear RNA(snRNA)

Source:
Collins CA, et al. Nat Struct Biol. 2000;7(10):850-854.
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W 5 : Affymetrix Human Transcriptome Array 2.0 (HTA 2.0)7% X W

e
B Intron

= === Probe
Genomic DNA [N

mRNA transcrip -\/_\/- —

HTA 2.0 array (2013) === - lletoic M i

Splice junction non coding RNA

Gene 2.0 ST array (2012)

I - - ==
Exon 1.0 ST array (2004) = =

Source:

Datasheet of Affymetrix GeneChip ® Human Transcriptome Array 2.0
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Wo6: #igdas? LEpGEMDS)EE&NY AFIRAEAPTRTH

(aberrant alternative splicing events) 4 47 77/ 2. ]

Analysis workflow

176 MDS 20 Normal donors

BM samples at NTUH \ _ l/
1991/11-2010/12 RNA extraction

!

Labeling and hybridization to HTA 2.0

l

Scanning image signal (DAT file)
l Affymetrix AGCC software

Digital signal level (CEL file)
l Affymetrix EC software

Expression information (CHP file)

/KAﬁymetrix TAC software

Differential gene level analysis  Aberrant alternative splicing level analysis

Source:
Yang YT, et al. Blood Cancer J. 2018;8(8):78.
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W 7 : & microarray & 5 } 7 & % £ 5 & {4 T & (aberrant alternative

splicing event) 7+ &, ]

Aberrant alternative splicing event

MDS Normal
Gene A 1 B s 1 2 3

Signal exon 2 in MDS 4 40
Splice _ { Signal Gene A in MDS 2 2
index - Signal exon 2 in Normal 2 2
{Signal Gene Ain Normal } 1 1
Splicing Happen?

No Yes

> aberrant AS event:SI>2o0or<-2
(+ : MDS > Normal ; -: MDS < Normal )

» aberrant AS gene : at least one aberrant AS event
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W 8 : & RNA-seq * ~ 1} > % _#iF # 1 ¥ £ (alternative splicing event):h
7 &

Alternative Splicing Event (RNA-Seq)

—/
— Human reference

Include Reads i 1 )
S S o genome hg38

==
Exclude Reads = j=——=

lo

PSI value range 0~1
Exon Skip Percent SpliceIn (PSI): 8/10=.8 (Exon 2included in 80% of transcripts)

transcript isoform 1: E1 + E2 + E3

transcript isoform 2: E1 +E3

If PSI of E2 higher - higher isoform 1, but lower isoform 2

If PSI of E2 lower - lower isoform 1, but higher isoform 2
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W9 &F ALY & HAML)EENE? A FERL T ERT @ (alternative
splicing events) 4 47 ¢rjx 42 ]

Analysis flowchart

Cord blood
samples
n=6

NTUH sample: 1 read 150 bp .

TCGA sample: 1 read 50 bp RAN sequencing

l SpliceSeq software analysis

genome-wide 19036 genes analyzed

Reliable AS events

(PSI value between 0.1~0.9)

l

Specific significant AS
event for prognosis

l Functional annotation analysis

AS events in at least 60% samples
Cox proportional hazards regression

Biological mechanism
associated with AS

Source:
Yang YT, et al. Am J Hematol. 2023;98(5):784-793.
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®] 10 : lentiviral vector 7+ & %

A - B

w0 2,35 v
A ewemer e .., 1 ATS0 5,000
";I" NFYA —\:\‘ )
& 0

pTRIP_U3_IRES_GFP_NFYAL_part (maodified)
3,877 bp

oL

pLKO_TRCO19-hNFYA shRNA
7.637 bp

==
000,

1,800
e
#, e
R
KB
Lo o
& by W
g? 2 la
g2 3 » T2
~ B8
PTRIP_U3_NFYAL_IRES_mCherry_part
3,863 bp pPTRIP_U3_NFYAs_IRES_mCherry_part
o 3,776 bp
g% B
-§ -

009t

W) 10 : lentiviral vector 7= & B : (A) pTRIP_dU3_IRES_GFP lentiviral vector

(B) pLKO_TRCO19 _shRNA lentiviral vector
(C,D) pTRIP_dU3 _IRES mCherry lentiviral vector
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B 11 : & 15 MDS 5 & B #8418 8 £ 53 12§ 3494 3 (event type)

® Exon skipping

® Alternative 5'
splice site

u Alternative 3'
splice site

® Intron retention

» Mutually
exclusive exons

Source:
Yang YT et al. Blood Cancer J. 2018;8(8):78.
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W] 12 : Aberrant alternative splicing score

Aberrant AS events

Aberrant AS score ( ) in each MDS P’t
Aberrant AS genes
100000

80000
2
c
<]
o
¢y 600007
<
8
©
= -
o 40000
o
<

20000 O each patient

r=0.964
P <0.001
0 T T T

1 | 1
0.00 1.00 2.00 3.00 4.00 5.00 6.00
Aberrant AS score

W 12 : Aberrant alternative splicing score % $#&4-¥8 ¥ #75 aberrant alternative
splicing events ¥ #7 involve ¢4 F](aberrant alternative splicing genes)4g 'f °
Aberrant alternative splicing score 2 #4x48 ¢ “75 aberrant alternative splicing
events T IRB R AEM > FIP tBER K7 & X BESEN mRNA %2 8 &5
# 4T BN 042 2 (the degree of global aberrant alternative splicing

pattern) °

Source:
Yang YT, et al. Blood Cancer J. 2018;8(8):78.
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W 13 : MDS 7 & 2 normal donor ¥ ¥t & HEWE L EREPTR
#-37" (pattern)

A B
6.00- 6.00—
5.00- 5 5.00— =
] .
= e . W
S 4.00 T S 4.00 i .
(7] "
» 7
< <
£ 3.00 . £ 3.00-
] (]
= T -
@ l @
3 2.00 5 2.00-
ol n=78 n=76 n=22
1.00 n=20 n=176 1.007
P <0.001 P=0.068
0.00 T T 0.00 T T T
normal donors MDS RA RAEB RARS
FAB subtype at diagnosis
C D
6.00 600~
5.00- > o oo+ SF(*)  SF()  SF(+) * SF(-)
" . S Epi()  Epi(+) Epi(+) * Epi(-)
S 4.00 T . ‘: 400 .
»n ] -
» -|- <
p €
£ 3.00 © 300 é
< —
: —
L I
£ 2.00 1 1 é 200-
n=76 n=100 n=28 n=23 n=46 n=74
1.00- 100~
P =0.448 P=0.708
0.00 T T 000 T I ! T
Other than MDS-EB SF Epi Both Neither

MDS-EB
WHO subtype at diagnosis

different genetic mutation subgroups

W13 : A 45 8- A0 % B % 12 % 2405 (pattern) & MDS 7 &2 & ¥ #HE
JFT F ¥ wre Fehi B (A) 2 £ % MDS subtype & % £ (B-D) » Abbreviations:
SF indicates splicing factor mutations, Epi indicates epigenetic mutations.

Source: Yang YT, et al. Blood Cancer J. 2018;8(8):78.
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F14: @ MDS KR ARAEBLT RN FREAARZ KRARTBH

s end R
A
1.07 176 MDS patients
_ 08
s
z Low aberrantAS (n=59)
@ 06
s
2
2§ 0.4 -
Fe
[
a -+
0.2+ High aberrant AS (n=117)
P=0.009
0.0
I ] ] ] 1 ]
00 250 500 750 1000 1250
Overall Survival (months)
C
104 SF(-) Epi() (n=74)
Low aberrantAS (n=28)
g 0.8
g
2
& 061
)
g
3 0.4
[} — - -
‘3’ High aberrant AS (n=46)
Q. 021
P=0.007
0.01
Ll 1 l ] |
00 %0 500 750 1000 1250

Overall Survival (months)

1.0 176 MDS patients
L
o
S 0.8
&
(&)
L
E o6
3 High aberrant AS (n=117)
% PRI R
0.4+
£
e
§ 0.2+
o
P=0.002
Low aberrantAS (n=59)
0.0
L] L L] 1 ]
00 250 50.0 75.0 1000 1250
Time to Leukemic Change (months)
1.07 31 MDS patients
E o Low aberrantAS (n=15)
E : l—*«o—n—o
@ 067
k)
£
§ 0.4
§ High aberrant AS (n=16)
o
0.21
P=0.022
0.0
L T Ll ¥
0.0 200 40.0 60.0

Overall Survival (months)

] 14 : v & MDS 5 & ¥ & study cohort (A,B) » & iz 7 spliceosome gene
mutations % epigenetic modification gene mutations (C) » validation cohort

D) tREERVTRIESFREARZ WBRERBATFLPLE -

Source:

Yang YT, et al. Blood Cancer J. 2018;8(8):78.
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B 15 : 4% PCR/ Sanger sequencing 4 17 MDS # & AUPI £ %](A-D) -
PVR2 » GRIKS A FI(EF):h$ 2 EH T E

» Y1 Z¥ % microarray T o} #73E

canonical splicing (97 bp)

exon 9/ exon 10 junction

wee part of exon 9
wee part of exon 10
w— part of intron 9

c

part of aberrant splicing (204 bp)

exon 9/ intron 9 junction

AUP1 l

30 40
PRI Ry |

GCTGTGTAGACTT

eI T

Mg B ERPY R
B
204 bp
pes AUP1
10
Normal canonical
kontrols ~ =TT splicing \/
- - |\ N
MDS = spicing /
D

part of aberrant splicing (204 bp)

PVRL2exon4

F

GRIKS exon 19 adjusted
with gene expression level

16

P<0,001
intron 9 / exon 10 junction ’ 1 14
s 0.8 } 5 NOTE: black arrows
g & 1 represent primers for
g 08 RT-PCR of aberrant
L
i 04 g 0.6 exon splicing region
04
0.2
I 0.2
0 0 ~
normal MDS nomsl  MDS
Vomel | i >
-- §0--- 5 o
control - - ’-
W03 - - - - - MOS --JN % ---
m 16 : ;ﬁ:d Geneious fﬁﬁﬁ_iﬁ‘j exon 9 / exon 10 junction
¥ 10 lzo 30
MDS g ¥ AUPI n FHEMY ATCCAGAGAGACCTGGCCAAGACTGGCTGTGTAGA
L BrERY ::r:;'r':: = R SDEEEM A K T EGH C ENEmD
y B3R %% g V s 40 50 60 70
# ¥ 3% §-d [ # #i(protein CTTGACTATCACTAATCTGCTTGAGGGGGCCGTA
. NEEE 7T NN T N I G A IvE
truncation) 80 90 100
CTTTCATGCCTGAAGACATCACCAAGGGAACTCA
Al F EEm P T BKEEGEE T
exon 9 / intron 9 junction
10 120 30
MDS ATCCAGAGAGACCTG TATGGGAAAGGGTGGCCC
HIEQYN R NDNEEN G'EEE G K mGaGu P
40 50 60 70
Source: CACACT yAGATGGGCACAGGGAGGAAAAGT
THEGEDEG'ENHYE R I K wWBN
Yang YT et al. Am J Hematol. 80 90
TTGTGAA AAGAAAGTAAGTA
2023;98(5):784-793 Vaeve K SEEEEN S K EEE
A
stop codon
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B 17 ¢ vb o el B AE & 1 P 328050 (pattern) & AML i B R e
(NTUH and TCGA cohorts)£? 3% & i & % (HSC: hematopoietic stem

cells) Feni B

Global AS events

(PS| 0.1~ 0.9) 30000_ P <0.001
7~ P<0.001 N
[ A
25000 g
20000 T
15000 A A
° 8
(o]
10000 T
5000
0 | [ I
HSC NTUH_AML TCGA_AML
CD34+ CD38- N=6 N=341 N=141
Source:

Yang YT, et al. Am J Hematol. 2023;98(5):784-793.
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W 18 © &40 A0 :E 38 1P B 4050 (pattern) 2 = AML subtype F ¢hZ B
A Global AS events

(PS10.1~0.9)
NTUH_AML (N=341)
25000 °
8
(o]
o

22500 °
20000 ?
17500 é H
15000 o P=0.012

1 P=0.003 ] o
12500 L P=0.005 )

I T T I I I I I | I T I I
t(8;21) inv(16) t(9;11) KMT2A t(5:9) inv(3) rare NPM1 bZIP TP53 MDS MDS AML
N=29 N=18 N=7 N=4 N=5 N=3 N=3 N=65 N=56 N=1g 9ene cyto NOS

N=61 N=15 N=59

Global AS events

(PS10.1~0.9)
B -
22000 TCGA_AML (N=141)
o
20000
o
18000 - @
16000
° . P=0044 )
140007 |P=0.014
L__P=0.031
12000~ A
( P=0.039 |
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N=15  N=17  N=31

W 18 @ vt g &t A :E B P 2408 (pattern) &% = AML subtype(ICC
classiﬁcation):},% B B e B2 NTUH cohort (A) TCGA cohort (B) °

Source:

Yang YT et al. Am J Hematol. 2023;98(5):784-793
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W 19 : ~ 4 AML T 2 (NTUH and TCGA cohorts)% cord blood samples
Ko A REE 33 1T 5 ehiF T (event type)

m Exon Skipping (ES)

7 AS event type in cord blood samples

-m- Alternate Donor Sites (AD) Total (mean): 7885 ev
-m- Alternate Acceptor Sites (AA)
2725 event
0,
o Retained Intron (RI) 0 n)
M Mutually Exclusive Exons (ME)

-m- Alternate Terminator (AT)
m Alternate Promoter (AP)

7 AS event type in TCGA_AML
Total (mean): 17551 Ievents

mES mRl s AA s AD s AP = AT s ME

7 AS event type in NTUH_AML
Total (mean): 18943 eve

8697 even
( (45.91%)

sES sRl =AA s AD s AP = AT s ME mES =Rl = AA s AD = AP = AT = ME

Source:
Yang YT, et al. Am J Hematol. 2023;98(5):784-793.
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W 20 : AML Jo% £ FIRenA FIR R g 0T RSP 9T AFIERL

T#HF @ ndicp 3 48 B {2(NTUH_AML cohort)
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W 21 : AML % 2 FIR A FIR B8 00T HREWP 77 AFIER P

THF @ hdkp 27 18 M 2 (TCGA_AML cohort)

Global AS events
(PSI1 0.1~ 0.9)
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Gene mutation number

Source:
Yang YT et al. Am J Hematol. 2023;98(5):784-793.

64

T
6

I
7

doi:10.6342/NTU202401953



B 22: 24 AML:}ﬁ,&ﬁﬁ-qu ’-""r’ﬁ AFEBRPTRE @ i lkp
%%imﬁﬂlﬂ'ﬁ,ﬁjiﬁ/}f#

NTUH _AML cohort

50—
40 -
30— L £
20 .

. Il
[ o | I —l

| I
15000 17500 20000 22500 25000

Global AS events

Patient number

Source:
Yang YT, et al. Am J Hematol. 2023;98(5):784-793.
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W 23

: 7 [ i1 global splicing pattern ¥+ NTUH_AML survival ¢ 58

Overall Survival (months)
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§ el E o4 Eoeq
N S = \ Low AS (n=45)
021 0z High AS (n=50) 02 bt —s
High AS (n=65)
007 P=047| P=0.041| oo P=0.249
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B 23 : v & NTUH_AML 5 & ¥ @ cohort (A)2 7 F 71 ELN risk group (B) » # I £
global splicing pattern ¥t survival (#8258 » &3 global splicing pattern ¥ & » ELN
risk classification » ¥ refine ELN risk model (C) °

Source: Yang YT et al. Am J Hematol. 2023;98(5):784-793.
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W] 24 : % e e global splicing pattern ¥ TCGA_AML Vd 2 survival 7§

¥
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thy,
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Overall Survival (days)

Source: Yang YT et al. Am J Hematol. 2023;98(5):784-793.
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A

forward primer DNA  NFYA gene

-

W 25 : A 45 NFYA # %)% AML ' mRNA % protein th4 i

70kDa~ = » :

OTelETeTs eIl o M)

-
reverse pnm«l
mRNA

OTzTe¥TesTeT7TeT9T10] NFYA-S

55kDa— '
£ « NFYA-L
40kDa - <+ NFYA-S
-

70kDa — N Y

| € NFYAL (207bp) 3 '
< NFYA-S (120bp) SSKDa — S e s ) < 21Pha Tubulin (55KkDa)

D KG-1 cell line E NTUH_AML#781
E"' Seryhe Noe =] -] [ 0ea e Dz ™y [ i T
) : HEIOX) SIA
00 150 0 %0 00 0 400 ? '30 N = e " ’i‘ & )30 3 ?1
2% NFYA-S oS NFYA-S
. . novel| NFYA-L
o - o N . 111 L’ ]
~d 0.0 750 1000 1196 1390 1600 2000 259
1500 2500
F
Consensus YGATRGNIG BEEAG GEAGG ATAG ATIEAG BAG BAG BAGBAG GG IGG EGIER
ikt e
identity — ——— —
(W AN AWV LA ‘ WU
NFYA-L AGATTGTTGTCCAGGCAGGACAGATTCAGCAGCAGCAGCAGGGTGGTGTCA G n.67 69del
NGATDGPIG MESAG GEAGGC ABAG ATIOAG BAGOAGBAGBAG GG RGGRGIER p.Q2_3deI

Consensus (EIGEEGREEAG GEAG GARAGCANIEAGCEAGEAG CIBEAAG G GEA!

identity

NFYA-S

NFYAI
Exon3

Consensus 'SFAIG G ANGNA! G ANTNINEIA G REIMECHA! G BFAIG BIAIG G GING G
ESSSe——" | [E———

identity
AN
&’xl\ VA W\ / | | TATAS J AN
TTGTTGTCCAGGCAGGACAGATTCAGCAGCAGGTCCAAGGGCAGCCATTAA novel CAGGACAGATTCAG===CAGCAGCAGGGTGG
TG GISEA G GEAG GAA G ATIEA GEAGEAG G TBEANG G CBAG transcript WEAIG G ANGNANG ANININGEA! G (GNA G IONAY G IBNATG BNAIG G gv-‘uc G

W 25: 445 NFYA £ F1& AML } mRNA (A,B)% protein (C)eh% it » 5 3
i &R ’f#_iﬁ NFYA-L 2 NFYA-S > ¥ ¢t & ¢t 37 - B novel transcript » %5
i Sanger sequencing Z_% - #* novel transcript < #.iT NFYA-L » e+ NFYA-L
‘47 - % codon : CAG (D-G)

Note:
the forward primer, 5'-CAGCAATAGTTCGACAGAGCA-3’, located in exon 2; and the

reverse primer, 5'-GGTTGGCCAGTTGATGTGAT-3’, positioned in exon 4. The reverse

primer was labeled with the LIZ™ (orange) fluorophore at the 5'end.

The primary antibodies used for western blotting were anti-NFYA (G-2) (#sc-17753, Santa
Cruz Biotechnology) diluted at 1:200 and alpha Tubulin antibody (#GTX628802,
GeneTex, Inc.) diluted at 1:5000.
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W 26 : NFYA & %] & AML & % tw % 22 3%F & erid & 37 0% (HSC) mRNA
% £ £ 2 splicing pattern ¢ % £

A B
NFYA (RPKM) NFYA isoform ratio
307 P<0.001 o 207
{ o P<0.001 |
251 { \
S 15-
2 ® .
20 = 4 x
S > *
» = o
g_ 15— 310 o
3 2 g
o
L 10— z
=
5
o *
5—.
1L L *outlier
0 T T 0 T |
HSC AML HSC AML
CD34+, CD38-, N=6 N=341 CD34+, CD38-, N=6 N=341

B 26 : v & NFYA 2 Fl & AML 5 & chst g do %% 2803 i chid o §3 Sm %o
(HSC) &= mRNA # i£ £ (A)% splicing pattern(B)} ¢hZ £ -

Note: RPKM stands for Reads Per Kilobase per Million. The ratios of NFYA-L to
NFYA-S are used to represent the NFYA alternative splicing pattern.
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W 27: % b 59 NFYA 2 NFYA $%4c3 0 % i £ $ NTUH_AML survival £§ 58
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Note: We employed the median gene expression level of NFYA as a threshold to classify
patients into NFYA low- and high-expression groups. We used the median gene expression
levels of NFYA isoforms as cutoff points to classify patients into NFYA-L or NFYA-S low- and
high-expression groups.
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Note: We used the median gene expression levels of NF'YA isoforms as cutoff points to

classify patients into NF'YA-L or NFYA-S low- and high-expression groups. NF'YA-S

predominance indicated AML patients with the NF'YA-L low/NFYA-S high expression pattern,
while NFYA-L predominance indicated AML patients with the NFYA-L high/NFYA-S low

expression pattern.
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® 31 : OCI-AML3 jm% 9 5% iri5+ &, B

shNFYA
shLacZ
shRNA plesmid

lasmid

NFYA-S_mCherry
NFYA-L_mCherry

B 31 : OCI-AMLS3 sw% R S 77 &, W(A)A Sl3= 3 I i NFYA #8c8 f
8 cDNA # 7% » OCI-AMLS3 cell line (B)% # shRNA # 7 » OCI-AML3
LN R NFYA & Flind iE > £ A %E 3 b NFYA @82 58
cDNA # 7 » OCI-AMLS3 cell line °

Note:
The sequence of ShANFYA was 5’-CTTTCAGTCAGGACCTATTTC-3".

An shRNA vector targeting the LacZ gene (shLacZ) was used as a control. The
sequence of shLacZ was 5’-CGCGATCGTAATCACCCGAGT-3".
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W32 : NFYA A FIE# BT &R E OCI-AML3 6 i % ¥ ihd 5l

A B C Chemosensitivity detection
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5
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W 32: (A)fI* &< 7 b NFYA ¥ 3 2 4548 lentiviral vector /aJZ 4 5 OCI-AML3
ek kit — b AR % o (B) & OCL-AML3 fm¥ ¢ i & 4 i NFYA-S #-3 & ‘v
WA FR > 0 B R AL NFYAL $imse B 72§ P RS o (O it 7
B OCI-AMLS3 ‘wm# $k 4 Ara-C i* F g 4 o 248 /| ¥4 ek & 0 Ara-C
iS5 @R % E NFYA-S (0 OCI-AML3 ‘w%e £ 40 /R 2 e NFYA-L i & %
omf {4 AR o (D)5 0 i NFYA R A RIS HERE s 4 > 2
i L ¥ NFYA &Fﬂi;ﬁ’?%{%(kﬁockdown) o ik ",’TT fo AP REIr Fip SR L
NFYA-S & NFYA-L - (E)% 2\ i* & ¥+ LacZ control 2k %]t % » R BT Aok i o
(F)§ NFYA & PV ok 1 > OCI-AML3 fm "2 8 58 /0 BT 35 © (G) e i& NFYA-
S 1% » OCI-AML3 ‘m*e e 78 B 7 Yo q e 9 0 @t i NFYA-L {5 fr &

BIEI -
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[=-]

RFU (106)

Note: All data points represent results from three independent experiments performed
in triplicate and are presented as mean = SD. The expression of lentiviral vectors with
the FLAG-tag led to slight differences in the translated proteins compared to their

endogenous counterparts.

¥ 33 : OCI-AML3 # F 1 NFYA # 7135 # 4% £ £ i3 3 5 (splicing
pattern) ¥t sm 7z c1i8 43 it 4 (migration ability) e 2 58

OCI-AML3_shLacZ_pTRIP
OCI-AML3_shLacZ_NFYAS
OCI-AML3_shLacZ_NFYAL
OCI-AML3_shNFYA_pTRIP
OCI-AML3_shNFYA_NFYAS

Cell Migration Assay .5

P<0.05
P<0.05

N

O s WNRE

. OCI-AML3_shNFYA_NFYAL

RFU RFU Mean sD

6.9 7.5 7.2 0.42

7.2 6.4 6.8 0.57

6.5 6.6 6.55 0.07
6 5.3 5.65 0.49

7.9 7.9 7.9 0.00

9.8 7.6 8.7 1.56

Abbreviations: Relative fluorescence units (RFU)

W 33: % NFYA i'ﬂﬁ}tﬁk'ﬁ (knockdown)F# » OCI-AML3 %% iR #3 it
4 (migration ability)® 8833 o 28 m NFYA-S 4= NFYA-L £ #7% #1535
it & OCI-AML3 ‘w2 i@ # at 4 tkqp -

Note: All results are derived from three independent experiments conducted in

triplicate, and data are presented as mean + SD.
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> s
A negative regulation of G2/M transition of mitotic cell cycle (G0O:0010972)
) N
5 0.0 0 ?};r N\
€ NN\ |
Q .0.2 N\ #
£ N\, ﬂ
£ NES: -4.436 N 7
T Pval: 0.000e+00 ™\ N o
ﬁ 0.4 FDR: 0.000e+00 K_,;.ﬁ:-«;xéz‘\‘aé‘\ﬁ .
v R
& NFYA-S NFYA-L
g predominance predominance
= 200.0 | oCcl-AML3 cells OCI-AML3 cells
2 Zero score at 13669
< 100.0
Q
X
& o0 , , , , , ,
-4 0 2000 4000 6000 8000 10000 12000
Rank in Ordered Dataset
B Oxidative Phosphorylation (GO:0006119)
Q s
0.0 1 ;
§ ‘\\\'\j\ ’JJ'
n \\ ?gg"vu‘"
b~ N\ §
c AN
g -0.2 \J?ﬁ*\ AE,V.’!Y
N B »b"m
£ NES:-3.996 g N
° Pval: 0.000e+00 N\  ga¢
c -0.4 FDR: 0.000e+00
w \g¢
— —
- NFYA-S NEYA-L
= predominance predominance
g 200.0 | OCI-AMLS3 cells OCI-AML3 cells
- Zero score at 13669
g 100.0
c
[l
£ 00L . . . . . . .
0 2000 4000 6000 8000 10000 12000 14000

Gene Rank

W35: A% &4 47(GSEA)EE T 1 & 4 i& NFYA-L ¢0 OCI-AMLS3 w ¥ § $r )| m %
FHYREI GIMPiip M AFILEA) > L § €75 ore NS E oxidative

phosphorylation g b £ ]2 £ (B) -

78

doi:10.6342/NTU202401953



W 36: NFY #4773 HP AT wed BREGHETIH ) NFYA £ 9]
B BLRBFTERR ﬁ_iﬁ(alternatively spliced isoforms) s+ %, B

‘ NF-Y REGULATE
' - - O -, o). ..
YB 5

YB YA ‘YB YA

clclalaly

'YB 3
GG{T|TIA 3v

° (o

S-S

Wip53
C - Li G et al. Am J Cancer Res. 2018; 8(7): 1106-1125

chromosome 6p21.1
NF-YA

|
BINDING SITE 5

Ly LL et al. Am J Cancer Res 2013;3(4):339-346

-rich T A1 A2

DNA

NF-YAs

NF-YAI

Dolfini D et al. Crit Rev Biochem Mol Biol. 2012 Jan-Feb;47(1):29-49

# 36 : (A) Nuclear Transcription Factor Y (NFY)& - ¥ i 3 20 h= XH
# & %]+ (heterotrimeric transcription factor) » ¥ € % & F|H p & Flagad 3
B 5| CCAAT box > # P H A Fl4 i - B)NFY o PRI 2 it A= fo
W gee FHERE? o (ONFYARATFF » B &R0
(alternatively spliced isoforms) - NFYA & A|(VFYA-L)# % = %710 & exons »
@i NFYA 5&3|(NFYA-S) & pre-mRNA ¥ 3% B exon 3 skipping » #3 N 33 chig

-

&k T 1 (transactivation domain)# > 7 29 BIRARE -
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W 37: 3 F NFYA-L 2 NFYA-S % £ ¢nd & 5 R ¥ ¢ # L F5 FRORMKRs
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Note: TPM referred to as Transcripts Per Million. We used
the median gene expression levels of NFYA isoforms as
cutoff points to classify patients into NFYA-L or NFYA-S
low- and high-expression groups. NFYA-S predominance
indicated AML patients with the NFYA-L low/NFYA-S high
expression pattern, while NFYA-L predominance indicated

AML patients with the NFYA-L high/NFYA-S low expression

B 37 @& * RNA-seq T# 4 15 NTUH 3 #% f NFYA-L 2 NFYA-S i thd & 5 &
HCK(A) ~ FGR(B) ~ FLT3(C) ~ SYK(D)fr JAK2(E)enz Fl2 2 2 £ & -
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% 1: MDS & -=F‘f efRAk & & F #(clinical characteristics of the patients)

Characteristics  [Total number

Age (ranged from 19 to 94 years, median 69 years)

=65 years 102 (58%)

<65 years 74 (42%)

Gender

Male 121 (69%)

Female 55 (31%)

FAB

RA 78 (44%)

RARS 22 (13%)

RAEB 76 (43%)

WHO 2016

MDS-SLD 40 (23%)

MDS-MLD 38 (22%)

MDS-RS-SLD 13 (7%)

MDS-RS-MLD 9 (5%)

MDS-EB1 32 (18%)

MDS-EB2 44 (25%)

IPSS-R (only 164 patients could be evaluated)

Very low 6 (4%)

Low 54 (33%)

Intermediate 41 (25%)

High 35 (21%)

Very high 28 (17%)
Abbreviations:

FAB, French-American-British classification;

WHO, World Health Organization;

IPSS-R, revised international prognostic scoring system;
MDS, myelodysplastic syndrome;

SLD, single lineage dysplasia; MLD, multilineage dysplasia;

RS, ring sideroblasts; EB, excess blasts.

Source:
Yang YT, et al. Blood Cancer J. 2018;8(8):78.
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22: AV MDS R FRHSHELERLTRAATIN Y R Fehin g

Analysis of aberrantly spliced transcripts among 176 MDS patients

MDS patient Splicing events mapped to the Splicing events mapped to the non-
cohort coding regions of the genome coding regions of the genome
RCMD 16213 of 18282 (88.7%) 2069 of 18282 (11.3%)

RA 15727 of 17735 (88.7%) 2008 of 17735 (11.3%)

RCMDRS 16734 of 19018 (88.0%) 2284 of 19018 (12.0%)

RARS 16320 of 18864 (86.5%) 2544 of 18864 (13.5%)

RAEB-1 15893 of 17980 (88.4%) 2087 of 17980 (11.6%)

RAEB-2 15643 of 17657 (88.6%) 2014 of 17657 (11.4%)

Splicing events were obtained as compared with normal donor samples (P<0.05)
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% 3

g MDS 55 & &
PERLT RIS
BRERZ KPR
R eFTRn 4 i B

Source:

#

Variables Total High Low aberrant P value
aberrant AS AS score
score

(n) (n) (n)
Sex” 0.024*
Male 121 87 34
Female 55 30 25
Age (year)® 69 (19-94) 66 (19-89) 73 (26-54) 0121
265 102 63 39
<65 74 54 20
Laboratary data®
WEBC (/uL) 3825 3780 4660 0426

(490-20440)  490-20440)  (1710-11690)
Hb (g/dL) B.10(35-146) 81 (35-136) 8.1 (3.7-146) 0.792
Platelet 85 (3-721) 82 (9-721) 106 (3-460) 0.08
(<1000 /uL)
Cytagenetics™
Favorable® 115 71 44 0.09
Intermediate” 23 17 6 0.382
Poor® 26 20 6 0197
Genetic alterations®
SF3B1 29 17 12 0.342
U2AFT 14 13 1 0.028*
SRSF2 24 15 el 0675
ZRSR2 15 12 3 0.254
TET2 22 17 5 0.246
ASXLT 36 26 10 0.386
DNMT3A 25 18 7 0517
EZHZ 10 7 3 0.809
IDHIADHZ 4 4 0 0151
TPs3 12 10 2 0.193
RUNXT 25 18 7 0517

*Statistically significant (P < 0.05)
*Number of patients

PMedian (range)

“Favorable cytogenetics: -Y, del(11q), Normal, del{5q), del(12p), del{20q), double

including del(5q)

YIntermediate-risk cytogenetics: del(7g), +8, +19, i{17q), any other single or
double independent clones
“Poor-risk cytogenetics: —7, inv(3)/t{3q)/del(3q), double including —7/de(7q),
complex: 3 abnormalities, complex: >3 abnormalities

Yang YT, et al. Blood Cancer J. 2018;8(8):78.
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% 41417 5 R84 7 (multivariate analysis) MDS 5 & c098 {2 515 > BF
TRAERET R E- B AR TS

Variables Overall survival Time to leukemic change
HR 95% Cl P HR 95% Cl P
Lower Upper Lower Upper

Age® 1.019 1.003 1.035 0.017* 0984 0965 1.005 0.133
IPSS-R® 3114 1839 5.270 <0.001* 3.6%4 1710 7.982 0.001*
SRSF2 1.092 0.501 2379 0825 0913 0.294 2837 0.875
ZRSR2 1400 0.665 2950 0376 0680 0212 2242 0537
ASXLT 1628 0.784 3.381 0.19 4788 1933 11.857 0.001%
EZH2 1227 0456 3.300 0685 0.701 0171 2.881 0622
P53 4563 1936 10753 0001* 5.009 1.250 20079 0.023*
Aberrant AS score® 1.801 1.019 3181 0.043* 2736 1.036 7222 0.042*

HR hazard ratio, C/ confidence interval

*Statistically significant (P < 0.05)

°Age as a continuous variable

PIPSS-R risk score > 4.5 relative to IPSS-R < 4.5 (the reference)

“High global aberrant AS score relative to low global aberrant AS score (the reference)

Source:
Yang YT, et al. Blood Cancer J. 2018;8(8):78.
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25: A1 MDS HREFRESHBAERL T RE 0o 4 ZREORF

Term-pathways P-value Fold enrichment
Porphyrin biosynthesis 8 1.14E-07  1.65E-04 13.05
Protein refolding 11 3.75E-08  7.08E-05 8.64
Heme biosynthesis 8 3.23E-05 0.047 7.46
Hemoglobin's Chaperone 10 5.74E-06 0.008 5.66
Chromosome segregation 19 9.65E-06 0.018 3.29
DNA replication 22 5.61E-06 0.008 3.09
Mitosis 51 8.65E-10 1.26E-06 2.58
Lysosome 44 6.86E-07  9.95E-04 2.26
Cell division 66 9.43E-10 1.37E-06 2.25
Cell cycle 100 1.91E-11 2.77E-08 2.02
Immunity 70 3.43E-08 4.98E-05 2.01
Cell-cell adherens junction 51 9.44E-06 0.014 1.92
Cytoskeleton 57 1.08E-05 0.016 1.84
Focal adhesion 59 9.89E-06 0.015 1.82
Protein kinase binding 58 1.91E-05 0.032 1.79
Ubl conjugation 229 1.27E-15  1.78E-12 1.68
ATP-binding 178 5.79E-12  8.40E-09 1.67
Acetylation 423 1.72E-26  2.50E-23 1.61
|Protein binding 681 3.63E-18  5.99E-15 1.28
Splice variant 752 1.53E-16  2.11E-13 1.26

Abbreviation: FDR, false discovery rate.

Source:
Yang YT, et al. Blood Cancer J. 2018;8(8):78.
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% 6 : NTUH_AML g -%f TR A& & F 4 (clinical characteristics of the

patients)
Total (n=341)  Low ASevents (n=171) High AS events (n=170) P value
Sex 0.483
Male 169 88 81
Female 1 83 89
AgeT 47 (16-84) 47 (18-84) 48 (16-77) 0.706
Lab data'
WBC (x 103/p L) 2.73 (0.49-405.65) 41.89 (0.52-405.65) 17.24(0.49-352.83) 0.001
Hb (g/dL) 8.2 (2.4-16) 8.1(2.7-136) 8.3(2.4-16) 0.305
Platelett (x103/pL) 45 (3-751) 43(3-751) 49(3-712) 0418
LDH (UIL) 761 (129-8693) 919 (150-8693) 560 (129-6977) <0.001
FAB
MO 10 3 7 0.197
M1 72 38 34 0.616
M2 120 57 63 0473
M4 104 55 49 0.504
M5 19 12 7 0.244
M6 14 5 9 0211
M7 0 0 0
unclassified 2 1 1
5" WHO edition
AML with defining genetic abnormalities 244 126 118 0.383
AML, defined by differentiation 97 45 52 0.383
ICC
AML with t(8;21) 29 20 9 0.034
AML with inv(16) 18 14 4 0.016
AML with t(9;11) 7 2 5 0.25
AML with other KMT2A rearrangements 4 2 2 0.995
AML with t(6;9) 5 2 3 0.649
AML with inv(3) 3 1 2 0.56
AML with other rare translocations 3 2 1 0.567
AML with mutated NPM1 65 K7 3 0.87
AML with in-frame bZIP CEBPA mutaions 56 34 22 0.084
AML with mutated TP53 16 4 12 0.039
AML with myelodysplasia-related gene mutations 61 27 34 0312
AML with myelodysplasia-related cytogenetic abnormalities 15 5 10 0.184
AML NOS 59 26 33 0.306
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#. 6 (continued)

Total (n=341) Low ASevents (n=171) High ASevents (n=170) P value
Cytogenetics (MRC AML10 risk category)
favorable 47 34 13 0.001
intermediate 245 120 125 0.493
poor 43 12 31 0.002
no data (no mitosis) 6 5 1
Induction chemotherapy
I3A7 281 144 137 0.381
[2A5 45 23 22 0.89
Others 15 4 1 0.063
Hematopoietic stem cell transplantation 151 75 76 0.875
Induction response
CR 257 138 119 0.022
PR/Refractory 63 27 36 0.201
Induction death 21 6 15 0.041
Relapse 121 62 59 0.458

n: number of patients
tmedian (range)

P values in red color indicate statistically significant (P < 0.05)

Source:
Yang YT, et al. Am J Hematol. 2023;98(5):784-793.
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% 7: TCGA_AML @& -ﬁ ehfRA A& & . (clinical characteristics of the patients)

sex
Wale

Female

Agel

Lab data

WBC (x10%/pL)

Hb (g/dL)

Platelett (x10°/yL)

FAB

M0

M1

Wz

M4

M35

M6

Wy

undassified

5% WHO edition

AML with defining gen etic abnomalities
ANML, defined by differentiation

ICC

AML w ith £8,21)

AML with imv(16)

AMLw ith §511)

AMLw ith 5 22)

AML with mutated NPM 1

AMLw ith inframe W2IP CEBPA mutaions
AML w ith mutated TPS3

AML w ith ryelodys plsia related gene muations
AML with myelodys plisia- related oytogenetic abnormalities
AMLHOS

Cytogenetics

favorable

interm ediate

poor

no data

Total (n=141)
76

65
58 (18-28)

18 (1-224)
9(5-14)
50 (8-351)
13
37
3%

33
17

110
3

10

r

"
15

3
17

32

LowAS events (n=70) High AS events (n=71) Pvalue
0562
36 4
34 3
Bh{18-81) 62 ({21-88) 0.035
(1203 10(1-224 0.008
9(6-13) 5(6-14) 0.867
B1{3-381) 48(8-232) 0675
7 B 0.753
13 2 004
16 19 0595
21 12 0.087
12 5 0088
1 1 0.992
0 3 0.083
0 1
55 5 0875
15 16 h
4 3 0e87
5 5 0.982
1 0 0.316
2 1 0554
20 17 0.536
) 3 0.235
2 003
7 8 0.809
8 9 082!
15 16 0875
9 & 0.974
47 43 0413
13 19 0.248

Source:

Yang YT et al. Am J Hematol. 2023;98(5):784-793.
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% 8 ! ' & NTUH_AML cohort # F £ global splicing pattern ¥ & F] %

i B
No. of patients with alteration
variables number of tested . Low AS events High ASevents P value
mutated patients (N=171) (N=170)
Nucleophosmin
NPM1 341 66 33 33 0.979
Signaling and kinase pathway
FLT3-ITD 341 77 42 35 0.398
FLT3-TKD 340 34 21 13 0.159
KRAS 34 16 8 8 0.99
NRAS 34 59 35 24 0.122
KIT 340 27 21 6 0.003
PTPN11 340 29 10 10 0.978
JAK-2 291 3 2 1 0.504
CSF3R 151 2 1 1 0.948
Epigenetic modifiers
DNMT3A 340 68 32 36 0.552
IDH1 340 17 6 11 0.206
IDH2 340 42 18 24 0.305
TET2 340 40 23 18 0.43
ASXL1 340 35 15 20 0.354
EZH2 338 3 5 0.465
PHF6 337 9 4 5 0.73
MLL 340 13 7 6 0.778
SETBP1 274 4 0 4 0.052
Transcription factors
CEBPA 10n0-mutation 34 27 12 15 0.538
CEBPA gouble-mutations 341 48 32 16 0.013
CEBPAzp 34 59 36 23 0.067
RUNX1 339 33 17 16 0.869
GATA2 340 39 19 20 0.835
WT1 340 32 16 16 0.972
BCOR 338 8 3 5 0.465
Tumor suppressors
TP53 340 16 4 12 0.038
Spliceosome complex
SF3B1 336 6 3 3 1
U2AF1 336 11 9 2 0.03
SRSF2 337 11 7 4 0.364
ZRSR2 314 2 1 1 0.986
Cohesine complex
RAD21 339 9 4 5 0.716
STAG2 339 10 5 5 0.977
SMC3 338 5 0 0.025
SMC1A 339 3 4 0.686

n: number of patients
P values in red color indicate statistically significant (P < 0.05)

Source: Yang YT et al. Am J Hematol. 2023;98(5):784-793.
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% 9 : 1 & TCGA_AML cohort # F £ global splicing pattern & & F] %

Rehid
No. of patients with alteration
variables number of tested : Low AS events High AS events P value
mutated patients _ _
(n=70) (n=T1)

Nucleophosmin
NPM1 141 38 21 17 0.421
Signaling and kinase pathway
FLT3-ITD 141 23 9 14 0.273
FLT3-TKD 141 16 9 7 0.578
KRAS 141 6 4 2 0.398
NRAS 141 11 8 3 0.112
KIT 141 7 3 4 0.715
PTPN11 141 8 3 5 0.483
Epigenetic modifiers
DNMT3A 141 35 15 20 0.603
IDH1 141 14 5 0.433
IDH2 141 16 8 8 0.976
TET2 141 16 6 10 0.305
ASXL1 141 0 0.083
PHF6 141 5 0.022
EZH2 141 2 0 2 0.16
Transcription factors
CEBPA 141 12 7 5 0.533
CEBPA ,zp 141 9 6 3 0.295
RUNX1 141 13 6 7 0.793
WT1 141 9 4 5 0.749
Tumor suppressors
TP53 141 11 2 9 0.03
Spliceosome complex
U2AF1 141 6 2 4 0.418
Cohesine complex
RAD21 141 4 2 2 0.989
STAG2 141 5 3 2 0.64
SMC3 141 6 3 3 0.986
SMC1A 141 6 4 2 0.24

n: number of patients
P values in red color indicate statistically significant (P < 0.05)
Source: Yang YT et al. Am J Hematol. 2023;98(5):784-793.
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% 10 : |+ H %83 % 4 $7(univariate and multivariate analysis)
NTUH_AML RS T+ » BT e FNE RS TPRE -
B eIgis F)F

Overall Survival (univariate) Overall Survival (multivariate) Overall Survival (multivariate)

Variables 95% Cl 95% ClI 95% CI

HR  Lower Upper P HR  Lower Upper P HR  Lower Upper P
AgeT 1033 1023 1044 <0001 | 1.029 1019 1039 <0.001* | 1.029 1.019 1039  <0.001*
wac? 1.002 1 1.004 0.034* 1.004 1,002 1.006 <0.001* | 1.004 1.002 1.006 <0.001*
2022 ELN risk? 3426 2438 4814 <0001 | 2943 2082 4162 <0001* | 3007 2131 4243  <0001*
AS event count™ | 1127 1042 1218 0003 1137 1044 1238 0003
ASeventpattern” | 1619 1212 2162 0001 | 1692 1242 2305  0.001"

Abbreviations: HR, hazards ratio; Cl, confidence interval; AS, alternative splicing-
*Statistically significant (P < 0.05)-

tAge as a continuous variable.

§WBC as a continuous variable -

IAdverse and intermediate risk relative to favorable risk (the reference).

##AS event count as a continuous variable .

(©High global AS pattern relative to low global AS pattern (the reference).
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3 11: 247 NTUH_AML 5 & % B o &SR 4T 254 wre 4 2R 200

s
Term-pathways Count P value FDR Fold enrichment

Bromodomain 16 1.37E-04 6.31E-04 2.93
rggulahon of sm.all GTPase mediated 38 1 02E-07 3 30E-04 551
signal transduction

cytosolic ribosome 24 5.79E-05 2.67E-03 244
Rho GTPase activation protein 30 1.73E-05 1.06E-02 2.30
SH2 domain 29 4.69E-04 1.80E-03 1.97
GTPase activation 54 4.05E-06 1.17E-04 1.88
Guanine-nucleotide releasing factor 43 1.57E-04 1.95E-03 1.79
SH3 domain 54 3.54E-05 2.71E-04 1.76
Pleckstrin homology-like domain 103 7.17E-08 7.32E-05 1.69
protein phosphorylation 110 3.04E-08 1.97E-04 1.69
Glycyl lysine isopeptide (Lys-Gly)

(interchain with G-Cter in SUMO2) 261 147814 | 3.95E11 1.8
ATP binding 305 1.61E-12 1.01E-09 1.46
Proton acceptor 160 2.15E-06 1.58E-03 1.43
Cell cycle 139 2.57E-05 2.04E-03 1.39
Kinase 150 1.62E-05 3.24E-04 1.38
Isopeptide bond 361 1.91E-09 1.48E-08 1.32
Ubl conjugation 512 1.79E-13 1.85E-12 1.32
Zinc-finger 303 8.54E-05 4.91E-04 1.22
metal ion binding 434 4.06E-06 5.45E-04 1.21
Nucleotide-binding 342 4 50E-05 1.01E-03 1.19

Source: Yang YT et al. Am J Hematol. 2023;98(5):784-793.
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% 12 : v & NTUH_AML cohort # F e17 NFYA # 7] splicing pattern ¥ f&

B A pcinid B
NFYA-L low, NFYA-S high (n=87) NFYA-L high, NFYA-S low (n=89) P value

sex 0.368
Male 40 47
Female 47 42
Age' 43 (19-77) 49 (18-84) 0.193
Lab data'
WBC (x10%/yL) 13.92 (0.49-405.65) 56.32 (0.51-361.30) 0.002*
Hb (g/dL) 8.3 (4.4-16) 7.9 (2.4-13.2) 0.2
Platelett (x10%/yL) 43 (3-751) 49 (3-712) 0.584
LDH (UIL) 545 (145-7400) 954 (201-8693) 0.007*
FAB
MO 3 3 0.978
M1 23 19 0.431
M2 38 18 0.001*
M4 16 33 0.005*
M5 1 14 <0.001*
M6 5 2 0.237
M7 0 0
unclassified 1 0
5™ WHO edition
AML with defining genetic abnormalities 63 63 0.812
AML, defined by differentiation 24 26 0.812
ICC
AML with 1(8;21) 6 3 0.291
AML with inv(16) 5 5 0.971
AML with t(9;11) 0 3 0.085
AML with other KMT2A rearrangements 0 2 0.161
AML with t(6;9) 2 1 0.55
AML with inv(3) 2 2 0.982
AML with other rare translocations 0 2 0.161
AML with mutated NPM1 15 15 0.946
AML with in-frame bZIP CEBPA mutations 22 12 0.048*
AML with mutated TP53 1 4 0.184
AML with myelodysplasia-related gene mutations 13 20 0.203
AML with myelodysplasia-related cytogenetic abnormalities 3 6 0.324
AML NOS 18 14 0.397
Cytogenetics (MRC AML10 risk category)
favorable 11 8 0.438
intermediate 65 61 0.367
poor 10 17 0.163
no data (no mitosis) 1 3
Induction response
CR 71 60 0.031*
PR/Refractory 12 24 0.03*
Induction death 4 5 0.76
Relapse 30 37 0.122

n: number of patients, Tmedian (range), *Statistically significant (P < 0.05)
Note: We used the median gene expression levels of NF'YA isoforms as cutoff points to

classify patients into NFYA-L or NFYA-S low- and high-expression groups.
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% 13 : ¢ #& NTUH_AML cohort # k 5 NFYA £ 7] splicing pattern & & F] %

e R

Mutations NFYA-L low, NFYA-S high (n=87) NFYA-L high, NFYA-S low (n=89) P value
Nucleophosmin
NPM1 15 16 0.899
Signaling and kinase pathway
FLT3-ITD 18 16 0.677
FLT3-TKD 4 15 0.008
KRAS 4 8 0.25
NRAS 1 22 0.04
KIT 8 4 0.226
PTPN11 3 4 0.713
JAK-2 1 0 0.325
Epigenetic modifiers
DNMT3A 13 18 0.342
IDH1 5 6 0.772
IDH2 10 9 0.789
TET2 9 14 0.279
ASXL1 8 8 0.931
EZH2 4 1 0.167
PHF6 2 4 0.425
MLL 3 4 0.724
Transcription factors
CEBPA pono-mutaion 5 7 058
CEBPA double-mutations 20 10 0.038
CEBPA ,zp 2 13 0.052
RUNX1 8 10 0.621
GATA2 17 4 0.002
WT1 10 7 0432
BCOR 1 3 0.326
Tumor suppressors
TP53 2 4 0417
Spliceosome complex
SF3B1 0 3 0.081
U2AF1 1 7 0.029
SRSF2 3 2 0.652
Cohesine complex
RAD21 3 2 0.634
STAG2 3 5 0.493

n: number of patients, P value in red color indicate statistically significant (P < 0.05)
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% 141 B NTUH_AML % & © # I 7 NFYA-S % 2 & $3 S0 £
% (induction chemotherapy) =% 3¢

Total NFYA-S low NFYA-S high P value
(n=341) |expression (n=171) | expression (n=170)

Induction
response
CR 257 118 139 0.006*
PR/Refractory 63 44 19 < 0.001*
Induction death 21 9 12 0.492
Relapse 121 64 57 0.161

Abbreviations: CR, complete remission; PR, partial remission
*Statistically significant (P < 0.05)
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% 15§+ H 43 % ##4 $7(univariate and multivariate analysis)
NTUH_AML 3 B NS F)F > BE NFYA 42 WA 7% (splicing
pattern) & - 3 fb > 13 {8 F] 3

. Overall Survival (multivariate
Overall Survival ( )
Variables (univariate) 95% ClI

P HR Lower Upper P
Age' < 0.001* 1.029 1.019 1.039 < 0.001*
2022 ELN risk? <0.001* 2.931 2.081 4129 <0.001*
NFYA splicing pattern®
NFYA-L low / NFYA-S high
(NFYA-S predominance) Reference Reference | Reference Reference Reference
NFYA-L high / NFYA-S high 0.299 1.225 0.794 1.89 0.359
NFYA-L low / NFYA-S low 0.044* 1.514 0.993 2.307 0.054
NFYA-L high / NFYA-S low . .
(NFYA-L predominance) 0.009 1.524 1.013 2.292 0.043

*Statistically significant (P < 0.05)

TAge as a continuous variable

12022 ELN adverse and intermediate risk relative to favorable risk (the reference)
§The NFYA splicing pattern was divided into four groups: NFYA-L low/NFYA-S high,
NFYA-L high/NFYA-S high, NFYA-L low/NFYA-S low, and NFYA-L high/NFYA-S

low.
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