' 8° WORKSHOP
IN EMATOLOGIA TRASLAZIONALE

DELLA SOCIETA ITALIANA DI EMATOLOGIA SPERIMENTALE
Firenze - Auditorium CTO - A.0.U. Careg9i, 22-23 giug¢no 2023

Alterazioni dello Splicing nelle MDS a basso rischio

Emiliano Fabiani, PhD




8° WORKSHOP IN EMATOLOGIA TRASLAZIONALE DELLA SOCIETA ITALIANA DI EMATOLOGIA SPERIMENTALE

Disclosures of Emiliano Fabiani

Research Speakers Advisory

Company name support Employee Consultant Stockholder bureay board Other




Molecular mechanisms that can drive aberrant splicing in
hematologic malignancies

IN HEMATOLOGIC
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Trends in Immunology De Kesel et al., Trends Immunol 2022



Mutational landscape of MDS
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About 95% of patients with MDS have at least one mutation

Genes belonging to the splicing machinery (SF3B1, SRSF2,

Splicing factors
DNA methylation

Histone modification

Category

Transcription factors

Cohesin components

STAGZ, RADZ21, SMCTA, SMC3

RUNXT, ETV6, CUX1, GATAZ

TETZ2, DNMT3A, IDH1/2

ASXL1, EZH2, BCOR, EP300

SF3B1, SRSF2, UZAFT, ZRSRZ2

CBI, JAK2, NRAS, KRAS, MPL, NF1, PTPN11, KIT, FIT3

U2AF1 and ZRSR2) are the most frequently mutated genes in
MDS (50-60%)

Signal transduction

p53 pathway TP53, PPM1D
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» SF3B1 is the most frequently mutated gene in MDS (25-35%)

Data are from Papaemmanuil et al., Blood 2013, Haferlach et al., Leukemia 2014 and Kennedy et al., JCO 2017.



Survival between clonal and subclonal mutations

Splicing

1.00] ,

442 clonal 1 mut.

. 386 NA /0 mut

clonal/NA

Variant Allele Fraction
(@]
(6]
o

(57.9%)
234 clonal 2+ mut. ‘

oool ¥ °

SRSF2

802 subclonal

» No significant difference in survival between clonal and
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» The worse survival associated with subclonal SF3B1
suggests it belongs to a separate bystander clone, with a
main clone driven by other mutations
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Impact of specific splicing mutations in LR-MDS

SF3B1™“'Group 6

SRSF2™M'tGroup 5

Frobability of Survival

Predicted Survival Curve - EUROMDS1157
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Splicing machinery

@ Zinc finger domain

Yoshida et al., Nature 2011



Splicing machinery
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Alternative splicing events
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Study cohort

Patients’ selection according to IPSS-R and

Starting MDS cohort splicing factors mutation profile
(n=300)
Gene Targg:)t(cr)(ralg);ion Gene Targgs)t(cr’ﬁ%]ion Gene Targ(;t(cr)ﬁg);ion
ABL 4-9 FLT3 | 13-15and 20 | PTPN11 3,7-13
Selected cohort ASXL1 9,11,12 | HRAS 23 RUNX1 all
(n=50) BRAF 15 IDH1 4 SETBP1 4
CALR 9 IDH2 4 SF3B1 10-16
CBL 8,9 JAK2 all SRSF2 1
CEBPA all KIT 2,8-11, TET2 all
13,17 and18
RN A_Seq m WG S @ CSF3R all KRAS 23 TP53 all
. . DNMT3A all MPL 10 U2AF1 2,6
(gene EXPFESSIOH) (molecula r screemng) ETV6 all NPM1 10,11 WT1 6-10
EZH2 all NRAS 23 ZRSR?2 all
Validation Validation
(q RT-PCR) (Sa nger/dd PCR) Coverage 1000X
*VAF > 1%

MLL: Munich Leukemia Laboratory 22§, 2,

Fabiani et al., Unpublished data



WGS analysis: mutation types and co-mutations pattern
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Fabiani et al., Unpublished data
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Patient ID Mutations VAF (%) CO-Mutations VAF (%)
UPN2 SF3B1 E738K 33,6 SRSF2 P95H 21
UPN13 SF3B1 P370T 4,5 SRSF2 P95H 31,4

UP16 U2AF1 Q157P 39,1 ZRSR2 K405Rfs* 74,2
UPN17 U2AF1 Q157P 11,7 ZRSR2 W340* 30
UPN27 SF3B1 K700E 42,1 SRSF2 R94H100del 29,9




Differentially expressed genes by RNA-Seq analysis
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TGF-B pathway and modulators in SF3B1™Mt

Ligand
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High levels of EPO High levels of GDF induce SMAD2/3
induce proliferation activation by blocking erythroid
maturation

Verma A, et al. J Clin Invest. 2020; Zhou L, et al. Blood 2008

» Transforming growth factor beta (TGF-B) signaling
pathway is key to hematopoiesis regulation

» Up-regulation of TGF-f signaling has been

proposed as one of the causes of ineffective
hematopoiesis
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TGF-B pathway and modulators in SF3B1™Mt

Ligand trap
Ligand trap
W » It binds to GDF11 and other members of the TGF-B
& L \ superfamily, inhibiting their binding to the activin
(B lIB receptor.

» Thus, it prevents the signal activation of SMAD2
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TGF-B signaling pathway
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Q-RT-PCR validation
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FN1 vs GAPDH MMP2 vs GAPDH

DCN vs GAPDH
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Alternative splicing events
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Percentage of genes subjected to AS regulation

SF3B1-K700E SRSF2-P95 U2AF1
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Fabiani et al., Unpublished data



Overlap of genes/events undergoing AS regulation in
SF3B1-K700E vs SRSF2-P95 mutated patients

SF3B1-K700E SRSF2-P95 SF3B1-K700E SRSF2-P95
48,2% 60,2% 14,26 % 20,07%

The same direction

>

Genes

SJuUaAd Sunids

Red dashed circle = AS regulated in the same direction; Blue dashed circle = AS regulated in opposite direction

A5ss

Fabiani et al., Unpublished data



Overlap of genes/events undergoing AS regulation in
SRSF2-P95 vs U2AF1 and SF3B1-K700E vs U2AF1 mutated patients

AS regulation in SRSF2-P95 vs U2AF1

Fabiani et al., Unpublished data



Alternative Splicing in TGF-B Signaling Pathway

Anti TGF-§ ligand antibodies:
Fresolimumab (GC1008), XPA681, XPA089, LY2382770

TGF Licand Trans. TGFBR2, transforming growth factor, beta receptor |l

AVID 200, Bintrafusp alfa (M7824), Luspatercept . . .
» The protein encoded by this gene is a
Cellular Therapies:

_CAR T-cells, CAR NK-calls, BITE-T-cells transmembrane protein that has a protein kinase
domain, forms a heterodimeric complex with TGF-
beta receptor type-1, and binds TGF-beta

Extracellular space

TGF-B Receptor Kinase Inhibitors:

Cytoplasm

Vactosertib (TEW-7197), Galunisertib (LY2157299), SB-431542, . .
Ki26894, IN-1130, LY2109761 » This receptor/ligand complex phosphorylates

TGF-B Receptor Decoys: proteins, which then enter the nucleus and
CD4 TGF-B Trap (4T-Trap) .

regulate the transcription of genes related to cell
TGF-3 Receptor Knockout: . . . .
ShRNA electroporation, CRISPR/Cas9 proliferation, cell cycle arrest and tumorigenesis

» Deregulation of TGF-B pathway can be overcome
sssssssy e | tespeean s sttt ee e by targeting the TGF-B receptors with ligand
Huceis ‘Tﬁgﬁ&: antibodies, ligand traps or by inhibiting TGF-

receptors using specific kinase inhibitors or by
knocking out the TGF receptor genes with

SMAD-Binding Domain TGF-BmRNA A S . . . .
Antisense Oligonucleotides
rrrrrﬁﬂ-n F L oueson:, antisense oligonucleotides (e.g., AP11014 and
LLLLI_LLLI |STH0036' ISTHO047 AP15012)

Rana et al., Front Cell Dev Biol 2022



The heme biosynthesis pathway is altered in LR-MDS SF3B1 and SRSF2 mutated patients
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Fabiani et al., Unpublished data
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COASY: Alternative Splicing Events

Annotated event (PubMed)

— | — s | | [ s s . II
pl32 pl3l pl2 pll.2 pll.l qll2 qlz q21.1 qz21.31 q21.33 q22 q23.1 q233 q242 q243 q25.1 q253
- 1.970 bp
42.562.200 bp 2.400 bp 42.562.600 bp 42.562.800 bp 42.563.000 bp 42.563.200 bp 42.563.400 bp 42.563.600 bp 42.563.800 bp 42
| | | | | | | | | | | | | | | | | | |
[0-0.46]
MDS-WT
R -—J
[0-054]
MDS-SF3B1mut
—_ —_-_I
[0-041]
MDS-SRSF2mut
— S el J
Human (GRCh38/hg38) chr17 chr17:42,565,370-42,567,475  Go Tt <« » @ [ = 3 | EERLIRRRARRERNAnN] N
s —1 B Eme I
pl3.2 pi3d ql2 q2l.1 q21.31 q21.33 q22 231 233 q242 4253
- 2.107 bp -
42.565.600 bp 42.565.800 bp 42.566.000 bp 42.566.200 bp 42.566.400 bp 42.566.600 bp 42.566.800 bp 42.567.000 bp 42.567.400 bp
| | | | | | | | | | | | | | | |

[0- 1,02
e T e ¢t % -
10-2:66)
MDS-SF3B1mut . .
ol
MDS-SRSF2mut |- l . - .I ‘

Fabiani et al., Unpublished data



Conclusions

RNA-Seq analysis showed a strong difference in gene expression profile between LR-MDS and non-
hematological patients

MDS with SF3B1K70% showed a distinctive transcriptomic profile, while SRSF2 and U2AF1 mutated
patients showed a more heterogeneous one

In splicing factors mutated patients the alternative splicing events seem to be prominent compared to
gene expression profile

TGF-B pathway was identified as one of the biological pathways differently expressed in SF3B1X700E
patients, suggesting its potential role in the pathogenesis of MDS

Recent findings suggest the involvement of COASY enzyme and genes belonging to HEME metabolism in
erythroid differentiation

Vitamin B5 and succinyl-CoA may improve ineffective erythropoiesis in SF3B1 mutated MDS (Philippe et
al., 2023)
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