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Multiple Myeloma 

• Monoclonal 
component in the 
serum 

• End-organ damage

• High genomic 
instability 

• 1% of cancer

• 10% of hematologic malignancies

• 20% of deaths from hematologic malignanciesPlasma cell: post germinal switched terminally differentiated B-cell

MM cells
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Molecular Pathogenesis and genetic architecture of MM:   Two main models 



Gene expression profiling reveals MM-stages specific transcriptomic signatures and 
molecular patterns associated with distinct genomic lesions

Mattioli et al. Oncogene, 2005;     Agnelli et al., J Clin Oncol 2005;     Todoerti K et al., Clin Cancer Res 2013
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Results achieved within the AIRC 5x1000 Network
Project pipeline for Multiple Myeloma treatment
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Long non-coding RNA: non coding transcripts longer than 200 bp

• ≈ 100.000 distinct 
sequences annotated

•  Low expression 
compared to mRNA

•  not evolutionary 
conserved

•  specific expression in 
normal and pathological 
tissues



Bhan, A. et al. (2017). Cancer research

lncRNA and 
cancer



LncRNAs represent the vast majority of MM transcriptome

Coding and long non-coding genes are uniformly distributed among chromosomes
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ABSTRACT

Although many efforts have recently contributed to improve our knowledge of 
molecular pathogenesis of multiple myeloma (MM), the role and significance of long 
non-coding RNAs (lncRNAs) in plasma cells (PC) malignancies remains virtually absent. 
To this aim, we developed a custom annotation pipeline of microarray data investigating 
lncRNA expression in PCs from 20 monoclonal gammopathies of undetermined 
significance, 33 smoldering MM, 170 MM, and 36 extra-medullary MMs/plasma cell 
leukemia patients, and 9 healthy donors. Our study identified 31 lncRNAs deregulated 
in tumor samples compared to normal controls; among these, the upregulation of 
MALAT1 appeared associated in MM patients with molecular pathways involving cell 
cycle regulation, p53-mediated DNA damage response, and mRNA maturation processes. 
Furthermore, we found 21 lncRNAs whose expression were progressively deregulated 
trough the more aggressive stages of PC dyscrasia, suggesting a possible role in the 
progression of the disease. Finally, in the context of molecular heterogeneity of MM, 
we identified a transcriptional fingerprint in hyperdiploid patients, characterized by the 
upregulation of lncRNAs/pseudogenes related to ribosomal protein genes, known to be 
upregulated in this molecular group. Overall, the data provides an important resource 
for future studies on the functions of lncRNAs in the pathology.

INTRODUCTION

Multiple myeloma (MM) is a malignant proliferation 
of antibody-secreting bone marrow plasma cells (PCs) 
characterized by a wide clinical spectrum ranging from 
the presumed pre-malignant condition called monoclonal 
gammopathy of undetermined significance (MGUS), to 
smoldering MM (SMM), truly overt and symptomatic MM, 
and extra-medullary myeloma/plasma cell leukemia (PCL) 
[1–3]. Despite the remarkable improvements in treatment 
and patient care [4], MM remains an incurable disease.

During the years that have followed human genome 
sequencing, it has become evident that over 90% of 
the genome is actively transcribed [5, 6], the majority 

of transcripts being represented by non-coding RNA 
(ncRNA) and therefore not translated into proteins. 
NcRNAs are broadly divided into short (<200 nt) and long 
(>200 nt) transcripts. Dysregulation of short ncRNAs, 
particularly miRNAs, has been reported to occur virtually 
in all types of cancer, including MM, highlighting the 
usefulness of miRNA profiling in diagnosis, prognosis, 
and in predicting response to therapy [7, 8]. Notably, 
miRNAs are currently considered both emerging 
therapeutic targets and innovative intervention tools in 
cancer including MM [9–11].

Long non-coding RNAs (lncRNAs) are a very 
heterogeneous group that lack mRNA properties, although 
they exhibit a structure and biogenesis that does not differ 

N   MGUS        sMM                 MM                                                            PCL

1852 LncRNAs investigated

Extra-medullary
Plasma cell leukemia

Normal 
plasma cell MGUS Myeloma

Smoldering
Myeloma

lnc-RLIM-6
lnc-ANGPTL1-3
lnc-SENP5-4
lnc-WHAMM-2
lnc-SERPINC1-1
lnc-CPSF2-2
lnc-RALGAPB-1
lnc-MC2R-2
lnc-SAFB2-3
lnc-KIF20B-7
lnc-DNAJC16-1
lnc-WDR11-7
lnc-PNRC1-1
lnc-DLX5-4
lnc-ZC3H12B-10

lnc-LRRC47-1
lnc-SNX29P2-3
lnc-HSFY2-10
lnc-IRF2-3
lnc-VKORC1L1-3
lnc-STOM-7

Ronchetti et al., Oncotarget 2016



lncRNA transcriptional 
signatures in MM

HD                     t(11;14)          t(4;14)         MAF   none 

RNAseq  14202 lncRNAs
Expressed in MM  9540 lncRNAs

AVARAGE READS COUNT
1%

86%

13%

12 lncRNAs are very highly expressed displaying an average read 

counts >5000, counting 64% of the reads assigned to lncRNAs 

Ronchetti et al. Scientific Reports, 2018



Chr. 11

MALAT1 >

NEAT1 MALAT1

CCND1 gene

N1_2 _ 22743 bp
N1 _ 3756 bp MALAT1 _ 8708 bp

Genomic localization of lncRNA NEAT1 and MALAT1 and RNAseq profile in 
MM  patients stratified according the major genomic aberrations

Ronchetti et al, Scientific Report, 2018
Taiana et al , Haematologica, 2018



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

NEAT1

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

MALAT1 knockdown significantly inhibits cell 
motility in vitro and significantly limits 
metastasis formation in mouse cancer models

MALAT1 Localized to nuclear speckles

MALAT1 and NEAT1: two cancer-associated lncRNAs

JCB • VOLUME 186 • NUMBER 5 • 2009 638

Proteins of the DBHS family have been implicated in a wide 
array of functions. They have been shown to bind to both double- 
and single-stranded DNA and RNA and have been copurified in 
numerous different complexes, leading to the catch-all label of 
“multifunctional nuclear proteins” (for review see Shav-Tal and 
Zipori, 2002). These functions encompass many aspects of tran-
scription and RNA processing, including transcription initiation 
(Dong et al., 1993; Yang et al., 1993, 1997), coactivation 
(Kuwahara et al., 2006; Amelio et al., 2007), and corepression 
(Mathur et al., 2001; Dong et al., 2005), constitutive and alterna-
tive splicing (Patton et al., 1993; Peng et al., 2002; Kameoka et al., 
2004; Ito et al., 2008), and transcriptional termination (Kaneko 
et al., 2007). A further function relevant to paraspeckles is the 
involvement of PSF/SFPQ and P54NRB/NONO in the nuclear 
retention of RNA, specifically preventing A to I hyperedited RNA 
from leaving the nucleus (Zhang and Carmichael, 2001). RNA 
hyperediting of long double-stranded RNA (optimally 100 bp) 
occurs in the nucleus and results in the conversion of up to half of 
all adenosines (A) in the RNA to inosines (I). A to I hyperediting 
mostly occurs on transcribed repeat elements (as discussed in 
more detail in Role of paraspeckles in nuclear retention of RNA).

With roles in constitutive processes such as splicing and 
transcription, the biological implications for the DBHS proteins 
are wide ranging. One interesting example indicates a conserved 
role for P54NRB/NONO in mammals and NonA, a DBHS 
orthologue in Drosophila, in the control of circadian rhythms. 
P54NRB/NONO is required for mammalian circadian rhythm 
maintenance via association with the PERIOD-1 protein (Brown 
et al., 2005), and NonA mutants are nearly arrhythmic. Brown 
et al. (2005) speculate that P54NRB/NONO serves to dampen 
the effects of transcriptional noise on circadian rhythms. DBHS 
proteins likely carry out their diverse functions by varying their 
binding partners, posttranslational modification, and subcellu-
lar and subnuclear localization (Proteau et al., 2005; for review 
see Shav-Tal and Zipori, 2002).

Paraspeckle RNAs
After the initial discovery of paraspeckles, several observations 
suggested that in addition to proteins, paraspeckles would contain 

At present, paraspeckles are known to contain a small 
number of proteins with reported roles in transcription and/or 
RNA processing (Table I and next section). However, paraspeck-
les do not directly overlap with sites of active transcription, as 
measured by bromo-UTP incorporation (Fox et al., 2002; Xie 
et al., 2006), although they may still form in association with 
some active genes (discussed in Role of paraspeckles in nuclear 
retention of RNA and Paraspeckle formation). Nevertheless, 
paraspeckles are intimately linked with transcription because of 
the presence of active RNA polymerase II (Pol II) and newly 
made RNA at their periphery (Xie et al., 2006).

Paraspeckle proteins
Currently, paraspeckle proteins are defined by their colocaliza-
tion in subnuclear foci with a member of the mammalian DBHS 
(Drosophila melanogaster behavior, human splicing) protein 
family, consisting of PSPC1, P54NRB/NONO, or PSF/SFPQ. 
These three members of the DBHS protein family are the most 
well-studied intrinsic protein components of paraspeckles. Re-
ported interactions between all members of this family suggest 
that they exist as either homo- or heterodimers in vivo (Myojin 
et al., 2004; Fox et al., 2005). They share >50% sequence iden-
tity within two N-terminal RNP-type RNA recognition motifs 
and a C-terminal coiled-coil domain. One of these RNP-type 
RNA recognition motifs and the coiled-coil domain (which 
mediates dimerization) are required for PSPC1 to be targeted to 
paraspeckles (Fox et al., 2005). DBHS proteins are dynamic 
within the nucleus: they cycle between the nucleoplasm, para-
speckles, and the nucleolus under normal conditions and accu-
mulate within perinucleolar cap structures when RNA Pol II 
transcription is inhibited (Fig. 1 B; Fox et al., 2002; Shav-Tal 
et al., 2005). This latter finding explains the discovery of PSPC1 
in the nucleolar proteome. Knockdown of either of the two 
highly expressed DBHS proteins (P54NRB/NONO and PSF/
SFPQ) in HeLa cells results in the loss of paraspeckles (Sasaki 
et al., 2009). In contrast, knockdown of the less abundant DBHS 
protein PSPC1 in HeLa cells has no effect on paraspeckles 
(Sasaki et al., 2009). Thus, highly expressed DBHS protein dimers 
are at the core of paraspeckle structural integrity.

Figure 1. Visualizing paraspeckles. (A) Combined differential interference contrast and fluorescence micrograph of HeLa cells stained with anti-PSPC1 to 
show paraspeckles (green) as nucleoplasmic foci distinct from nucleoli (stained with B23 antibody; red). (B) HeLa cells showing reorganization of the DBHS 
protein PSPC1 (green) to perinucleolar caps after treatment with actinomycin D to inhibit RNA Pol II transcription. (C) HeLa cell stained with anti-PSPC1 
(green), anti-SC35 (red), and DAPI (blue) to show the relationship between paraspeckles abutting nuclear speckles in the interchromatin space. (D) TEM 
image of a HeLa cell section immunogold labeled with anti-PSPC1. The labeled IGAZs are usually found in close proximity to the interchromatin granules 
(ICGs; nuclear speckles). This image was provided by S. Souquere and G. Pierron (Institut André Lwoff, Villejuif, France). Panels B and C are adapted from 
Fox et al. (2002) with permission from Elsevier. Bars: (A–C) 10 µm; (D) 0.5 µm.
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occurs in the nucleus and results in the conversion of up to half of 
all adenosines (A) in the RNA to inosines (I). A to I hyperediting 
mostly occurs on transcribed repeat elements (as discussed in 
more detail in Role of paraspeckles in nuclear retention of RNA).

With roles in constitutive processes such as splicing and 
transcription, the biological implications for the DBHS proteins 
are wide ranging. One interesting example indicates a conserved 
role for P54NRB/NONO in mammals and NonA, a DBHS 
orthologue in Drosophila, in the control of circadian rhythms. 
P54NRB/NONO is required for mammalian circadian rhythm 
maintenance via association with the PERIOD-1 protein (Brown 
et al., 2005), and NonA mutants are nearly arrhythmic. Brown 
et al. (2005) speculate that P54NRB/NONO serves to dampen 
the effects of transcriptional noise on circadian rhythms. DBHS 
proteins likely carry out their diverse functions by varying their 
binding partners, posttranslational modification, and subcellu-
lar and subnuclear localization (Proteau et al., 2005; for review 
see Shav-Tal and Zipori, 2002).

Paraspeckle RNAs
After the initial discovery of paraspeckles, several observations 
suggested that in addition to proteins, paraspeckles would contain 

At present, paraspeckles are known to contain a small 
number of proteins with reported roles in transcription and/or 
RNA processing (Table I and next section). However, paraspeck-
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paraspeckles are intimately linked with transcription because of 
the presence of active RNA polymerase II (Pol II) and newly 
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tion in subnuclear foci with a member of the mammalian DBHS 
(Drosophila melanogaster behavior, human splicing) protein 
family, consisting of PSPC1, P54NRB/NONO, or PSF/SFPQ. 
These three members of the DBHS protein family are the most 
well-studied intrinsic protein components of paraspeckles. Re-
ported interactions between all members of this family suggest 
that they exist as either homo- or heterodimers in vivo (Myojin 
et al., 2004; Fox et al., 2005). They share >50% sequence iden-
tity within two N-terminal RNP-type RNA recognition motifs 
and a C-terminal coiled-coil domain. One of these RNP-type 
RNA recognition motifs and the coiled-coil domain (which 
mediates dimerization) are required for PSPC1 to be targeted to 
paraspeckles (Fox et al., 2005). DBHS proteins are dynamic 
within the nucleus: they cycle between the nucleoplasm, para-
speckles, and the nucleolus under normal conditions and accu-
mulate within perinucleolar cap structures when RNA Pol II 
transcription is inhibited (Fig. 1 B; Fox et al., 2002; Shav-Tal 
et al., 2005). This latter finding explains the discovery of PSPC1 
in the nucleolar proteome. Knockdown of either of the two 
highly expressed DBHS proteins (P54NRB/NONO and PSF/
SFPQ) in HeLa cells results in the loss of paraspeckles (Sasaki 
et al., 2009). In contrast, knockdown of the less abundant DBHS 
protein PSPC1 in HeLa cells has no effect on paraspeckles 
(Sasaki et al., 2009). Thus, highly expressed DBHS protein dimers 
are at the core of paraspeckle structural integrity.

Figure 1. Visualizing paraspeckles. (A) Combined differential interference contrast and fluorescence micrograph of HeLa cells stained with anti-PSPC1 to 
show paraspeckles (green) as nucleoplasmic foci distinct from nucleoli (stained with B23 antibody; red). (B) HeLa cells showing reorganization of the DBHS 
protein PSPC1 (green) to perinucleolar caps after treatment with actinomycin D to inhibit RNA Pol II transcription. (C) HeLa cell stained with anti-PSPC1 
(green), anti-SC35 (red), and DAPI (blue) to show the relationship between paraspeckles abutting nuclear speckles in the interchromatin space. (D) TEM 
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Strong antiproliferative effect of MALAT1 silencing  by gymnotic 
Gapmer delivery  in myeloma cells in vitro and in vivo  

MALAT-1 depletion reduces proteasome gene expression in MM 
cells in vitro 

a 

b 

FIGURE 2 

c 

* 
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* 

* 

* 

* 
* 

MALAT-1 silencing induces down regulation of transcription factors
involved in proteasome gene activation 



MALAT1 inhibition may target the proteasome in MM cells 
by upregulating KEAP1 which in turn negatively regulates NFR2  and NFR2

Amodio et al. Leukemia, 2018

?



NEAT1
Chr. 11

MALAT1
NEAT1

• architectural lncRNA 

• 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



Paraspeckle

• 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.

Paraspeckles



NEAT1 is overexpressed in MM cells

Taiana E. et al. (2019). Haematologica
Taiana E. et al. (2020). Leukemia

N
EA

T1
 e

xp
re

ss
io

n

0

0,03

0,06

0,09

0,12

0,15

N
CI

-H
92

9
KM

S1
1

IM
-9

CM
A

03
A

M
O

-1
JJ

N
3

KM
S1

8
D

EL
TA LP

I
M

M
1.

S
KM

S3
4

U
26

6
KM

S1
2

IN
A-

6
KM

S2
0

O
PM

2
RP

M
I8

22
6

KM
S2

6
CM

A
03

-0
6

U
TM

C2

O
CI

LY
7

M
A

V
ER

1
JE

KO
M

IN
O

SU
LT

A
N

P3
H

R1
N

A
M

A
LW

A
PO

LL
IK

M
EC

K5
62

U
93

7
CE

M
M

O
LT

4
JU

R
KA

T
69

7

MM lymp homa leukemiaMULTIPLE MYELOMA LYMPHOMA LEUKEMIA

Taiana E. et al. (2019). Haematologica



Could NEAT1 represent a candidate for a new anticancer 
approach in MM?

Functional investigation of lncRNA NEAT1 role in MM

Integrated functional genomic approach reveals 
an emerging role of lncRNA NEAT1 in DNA 

damage response and drug resistance in multiple 
myeloma



Total NEAT1 NEAT1 long variant

5’                                                 3’
NEAT1_2
NEAT1_1

qRT-PCR primers

Taiana E. et al., Leukemia. 2020. PMID: 31427718.

Experimental strategy

Total NEAT1 NEAT1 long variant

5’                                                 3’
NEAT1_2
NEAT1_1

qRT-PCR primers

Taiana E. et al., Haematologica. 2023. PMID: 36073514



NEAT1 silencing induce 
apoptosis in MM cells

NEAT1 silencing sensitizes 
MM cells to standards 
anti-MM treatments

NEAT1 regulates 
proliferation and viability 

of MM cells 
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NEAT1 KD transcriptomic signature reveals an impairment of DNA repair processes

Taiana E. et al Leukemia, 2020                Taiana E, Neri A.  et al., Manuscript in preparation

DNA Repair
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NEAT1 overexpression is 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 NEAT1 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)

Taiana E. et al., Haematologica. 2023. 
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N
#8

N
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GAPDH
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GAPDH

SFPQ
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GAPDH

1.00            6.03          8.52

1.00              56.0            21.3

1.00            1.22          1.8



2. Positive regulation of the molecular axis involving ATM and DNA-PKs kinases and their direct targets 
pRPA32 and pCHK2

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.

Taiana E. et al., Haematologica. 2023. 



What’s next? 

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. 

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

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

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

NEAT1



NEAT1 silencing

In vitro high-throughput drug screening In silico drug identification

Identification of molecular targets having a synergistic effect in combination with NEAT1 silencing

NEAT1

Task 1 

Puccio N et al., Manuscript in preparationUnpublished. Please, do not post



19 compounds have a synergistic effect in 
combination with NEAT1 silencing, leading to a 

decreased multiple myeloma cells viability.

Aurora kinase inhibitors are the most promising compounds 
able to individually exert a synergistic activity with 

NEAT1 silencing in vitro

2. Validation phase
on a panel of MM
cell lines with
Incucyte S3TM

In vitro highthroughput drug screening 

Puccio N et al., Manuscript in preparation

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 

to the control
Enrichment analysis

Puccio N et al., Manuscript in preparationUnpublished. 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

to the control

Compounds mimicking NEAT1 silencing signature were 
selected with the highest connectivity score

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.

Unpublished. Please, do not post



Task 2 Identification of  novel potential druggable vulnerabilities in MM
NONO/SFPQ  heterodimers and PSs structure

Higher NONO levels were correlated with poorer OS and PFS of MM
patients.

The combination of higher NONO expression level with the
occurrence of 1q-gain was associated with the poorest survival rate
in OS and PFS.

Ronchetti et al., 2022
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