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MUItiple MVEIOma * 1% of cancer

* 10% of hematologic malignancies

Plasma cell: post germinal switched terminally differentiated B-cell - 20% of deaths from hematologic malignancies
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Molecular Pathogenesis and genetic architecture of MM: Two main models
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Gene expression profiling reveals MM-stages specific transcriptomic signatures and
molecular patterns associated with distinct genomic lesions
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Identification of microRNA expression patterns and definition of a
microRNA/MRNA regulatory network in distinct molecular groups of

multiple myeloma
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Results achieved within the AIRC 5x1000 Network

Project pipeline for Multiple Myeloma treatment




Long non-coding RNA: non coding transcripts longer than 200 bp
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Leukemia (2021) 35:1438-1450
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Characterization of complete IncRNAs transcriptome reveals the
functional and clinical impact of IncRNAs in multiple myeloma
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LncRNAs represent the vast majority of MM transcriptome
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IncRNA transcriptional
Domenica Ronchetti'**, Luca Agnelli***, Elisa Taiana'?, Serena Galletti*?, Martina
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progressive stages of multiple myeloma
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RNAseq 14202 IncRNAs
Expressed in MM 9540 IncRNAs

Ronchetti et al. Scientific Reports, 2018
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Genomic localization of IncRNA NEAT1 and MALAT1 and RNAseq profile in
MM patients stratified according the major genomic aberrations
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MALAT1 and NEAT1: two cancer-associated IncRNAs

The Long Noncoding RNA Malat1: Its Physiological
and Pathophysiological Functions

Xuejing Zhang, Milton H. Hamblin & Ke-Jie Yin
Biomed Pharmacather. 2017 Nov;85:622-828. doi 10.1016/].biophs.2017.08.005. Epub 2017 Sep 12

Long non-coding RNA MALAT1 promotes proliferation and invasion via targeting miR-129-5p in
triple-negative breast cancer.

P

MALAT1 Localized to nuclear speckles

/
nuclear speckles

Upregulated in many human malignancies
including lung cancer, bladder cancer, breast
cancer, colorectal cancer, esophageal cancer,
gastric cancer, hepatocellular carcinoma,
melanoma, neuroblastoma, ovarian cancer,

‘ D
|
prostate cancer and renal cell carcinoma

ICG (nuclear sbeckle)

.\

IGAZK (paraspeckle) be
MALAT1 knockdown significantly inhibits cell #h
motility in vitro and significantly limits

metastasis formation in mouse cancer models

Received: 3 September 2016 | Accepted: 10 December 2016

DO 10.1111/cpr.12329

REVIEW ARTICLE WILEY ‘xj“‘lj
NEAT1: A novel cancer-related long non-coding RNA

XinYu! | Zheng Li? | Heyi Zheng! | Matthew T.V. Chan® | William Ka Kei Wu®#

2017, VOL 16, NO. 2, 137-138 Q) Taylgr&Franus
hetp/dxdolorg/10.1080/15384101.2016.1235847 W) i sirancs Grow

EDITORIALS: CELL CYCLE FEATURES
NEAT1-containing paraspeckles: Central hubs in stress response and tumor formation

Carmen Adriaens®® and Jean-Christophe Marine®®

*Laboratory for Molecular Cancer Biology, Center for the Biology of Disease, VIB, Leuven, Belgium; *Laboratory for Molecular Cancer Biology, Center for
Human Genetics, KULeuven, Leuven, Belgium

NEAT1 Scaffold for nuclear paraspeckles

Upregulated in many human malignancies,
including lung, esophageal and gastric cancers
but downregulated in acute promyelocytic
leukaemia

NEAT1 knockdown significantly suppressed cell
proliferation and increased apoptosis in
laryngeal squamous cell carcinoma, breast
cancer and many other cell line

In colorectal cancer functionally, knockdown of
NEAT1-1 decreased cell proliferation and
invasion in vitro. Furthermore, high expression
of NEAT1-1 was associated with poorer overall
survival



Leukemia. 2018 Feb 22. doi: 10.1036/s41375-018-0067-3. [Epub ahead of print]

T=0 T=2 weeks

Drugging the IncRNA MALAT1 via LNA gapmeR ASO inhibits gene expression of proteasome
subunits and triggers anti-multiple myeloma activity.

Amodio N', Stamato MA', Jull G', Moreli E', Fulciniti M2, Manzoni M3*, Taiana E%4, Agnelli L3#, Cantafio MEG', Romeo E', Raimondi L5, Caracciolo D',
Zuccala Vé, Rossi M, Neri A**, Munshi NC27, Tagliaferri P, Tassone P8*.
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Strong antiproliferative effect of MALAT1 silencing by gymnotic Eee
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MALAT-1 silencing induces down regulation of transcription factors
involved in proteasome gene activation
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MALAT1 inhibition may target the proteasome in MM cells
by upregulating KEAP1 which in turn negatively regulates NFR2 and NFR2

KEAP1 promoter i KEAP1

H3K27Me3

?
-—

Proteasome gene expression

Amodio et al. Leukemia, 2018
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« architectural IncRNA

- located on chromosome 11

« abundantly express

« nuclear localization

« encodes for 2 different transcript variants (both single exon, 3.7 Kb and 23 Kb)
- the long NEAT1 variant (NEAT1_2) represents the essential

architectural component of paraspeckle nuclear bodies



RNA pol Il

Paraspeckle

Chr11q13

Paraspeckles

Category 1A PSPs
NEAT1_2-RNP complex

Paraspeckles (PSs) are a class of dynamic
subnuclear bodies found in the interchromatin
space of mammalian cells.

They are RNA-protein structures formed by the
interaction between NEAT1 and essential proteins:
NONO, SFPQ and FUS. It is shown that more than
60 different RNA-binding proteins and TFs are in
PSs.

PSs control gene expression through the dynamic
sequestration/release of proteins directly involved
in transcriptional/translational activities

Strongly involved in cellular stress response.
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I Taiana E. et al. (2019). Haematologica
" ‘@ haematologica

135

Long non-coding RNA NEAT1 shows Taiana E. et al. (2020). Leukemia
— high expression unrelated to molecular

— features and clinical outcome in
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Could NEAT1 represent a candidate for a new anticancer
approach in MM?

!

Functional investigation of IncRNA NEAT1 role in MM

4

Integrated functional genomic approach reveals
an emerging role of IncRNA NEAT1 in DNA
damage response and drug resistance in multiple
myeloma




Antisense LNA GapmeRs-
mediated NEAT1
silencing

Experimental strateqy
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NEAT1 regulates
proliferation and viability

of MM cells
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NEAT1 KD transcriptomic signature reveals an impairment of DNA repair processes
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NEAT1 overexpression 1s crucial to sustain the growth and the survival of MM cells when
maintained in serum starvation or hypoxia
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By means of a CRISPR-Cas9 transactivating approach, we demonstrated that NEATI is involved in the
maintenance of the genome integrity supporting the acquisition of a pro-survival and pro-oncogenic
phenotype by MM cells through:

1. Increasing PSs and post-transcriptional stabilization of essential PS Proteins (NONO, SFPQ, FUS)
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GAPDH | S e
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Taiana E. et al., Haematologica. 2023.



2. Positive regulation of the molecular axis involving ATM and DNA-PKs kinases and their direct targets
pRPA32 and pCHK2
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NEAT1 overexpression could be considered a generalized rescue mechanism for MM plasma cells strongly suggesting
that NEAT1 and PSs targeting could be considered a novel promising strategy for innovative anti-MM therapies.
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What’s next?

Given the strong antiproliferative effect observed upon NEAT1 silencing in MM cells we aim

1. To provide novel insights concerning the potential effects that NEAT1 exerts on gene expression and its putative role in chemo-resistant
mechanisms, priming the development of novel combinatorial strategies in MM

In vitro silencing A
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GapmeR ‘e NE x °
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. —D 1
Y S— 3 8 ° Synergy
C ° L[]
NEAT1 | | B« e BL . 13
Identification of de-regulated .
pathways representative of 3
'\9. putative Achille's heel for ;
 J

Inhibitors
myeloma cells

2. To identify possible chemical compounds able to abrogate NEAT1-proteins and proteins-proteins interactions considered to be essential
for paraspeckle assembly and activity.

NEAT1_2-RNP complex
: C inhibition of
' NEAT1_2 /\ PSs assembly

-

Shell

Schell, B., Legrand, P., & Fribourg, S. (2022). Crystal structure of SFPQ-NONO heterodimer. Biochimie, 198, 1-7. Advance online publication
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Task 1

Identification of molecular targets having a synergistic effect in combination with NEAT]1 silencing
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In silico drug identification approach

Transcriptome analysis by bulk Identification of 752 down-regulated
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Unpublished. Please, do not post In silico drug identification approach

Transcriptome analysis by bulk RNA
sequencing in NEAT1 silenced AMO-1
MM cells and the relative control

Identification of 752 down-regulated
genes and 957 up-regulated genes in
NEAT1 silenced samples compared 4

to the control
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Compounds mimicking NEAT1 silencing signature were
selected with the highest connectivity score
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Both in silico and in vitro approaches identified Aurora kinase inhibitors
as compounds able to synergize with NEAT1 silencing, suggesting that this
combination could represent a prominent therapeutic option for multiple

myeloma.
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Identification of novel potential druggable vulnerabilities in MM
NONO/SFPQ heterodimers and PSs structure
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