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Abstract: Long non-coding RNAs (longer than 200nts, IncRNAs) are critical regulators of gene expression. LncRNAs regulatory activities rely on functional domains within their sequences often including Transposable Elements (TE) de-

rived sequences. Due to their important regulatory function, IncRNAs are consequently linked to various pathologies (cancers, cardiovascular diseases..

ciated IncRNA is well described for its association with pathologies. However, the underlying molecular aspects of its function as well as the diseases association are not fully understood.
We identified several exonic sequences noticeably enriched in TE within ANRIL, among which Exon 21 contains 67% of TE-derived sequences. The generation of the Exon 21 depleted HEK293 cell line allowed to investigate its function
revealing its importance for the deposition of H3K27me3 at promoter level of a subset of genes. In parallel, the purification of Exon 21 associated proteins allowed to identify a promising protein partners named hnRNPK and SUZ12 presu-

mably important for ANRIL functions.

1 ANRIL, a long non-coding RNA associated with human pathologies
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Target genes ?
CDKN2A ’—)CDKNZB H2AK119Ub
locus 9p21 Holdt et al., 2013
J J Yap et al., 2010

Yap et al., 2010 l Lo Sardo et al., 2018

Kotake et al., 2011 Alfeghaly et al., 2021

Modulation of cell proliferation

Pathological

Atherosclerosis

] Diabetes
ANRIL expression level

What is the molecular link between ANRIL and the diseases ?

.). ANRIL (Antisense non-coding RNA in the INK4 locus), one of the disease-asso-

Organization of the IncRNA functional elements: Contribution of the transposable elements

What are transposable elements ?

Repetitive DNA sequences that can change their
position in the genome. They are major contribu-
tors of the bulk genomic DNA as they represent
half of the human genome.

IDNA transposons Retrotransposons

3 Characterization of ANRIL functional elements: Contribution of the team

Functional
domains

HEK293 genome

AAAAATAC AéAAAAﬁCA

H3K27me3

ANRIL’s genomic occupancy : 3227
Primary silenced-targets of ANRIL : 123 genes

Primary activated-targets of ANRIL : 65 genes Alfeghaly, Sanchez et al., 2021

Evaluation of the transposable and repeated elements content within ANRIL exons
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Does the high content of transposable/repeated elements in exon 21 imply a functional impo
in ANRIL regulatory activities ?

=== Functional characterization of ANRIL exon 21
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Cut&Run mapping of H3K27me3 occupancy across HEK293 genome
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Transposable elements-derived functional domains

Protein interaction : DNA interaction : RNA interaction
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Long non-coding RNAs are modular scaffolds harboring multiple
functional domain(s) essential to fulfill their function(s)
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Combination of different TE-containing functional domains allows IncRNAs to perform various types of functions

Functional characterization of ANRIL’s exon 21: Need for exon 21 depletion in HEK293 cells
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Exon 21

Generation of guide RNA expressing vectors
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HEK293 cells transfection
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Puromycine selection
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Clonal expansion and screening

(A) Scheme of the CRISPR/Cas9 edition system.

Sequencing

CRISPR/Cas9 is an efficient tool
for cell line editing
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(B) Schematic representation of the guides position on the targeted region.
(C) Method used for the generation of HEK293 cell line homozygously depleted for ANRIL exon 21.
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Deletion of Exon21 impairs the deposition of H3K27me3 at promoter level

A.

A.
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21 dependent H3K27me3
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Extraction of DNA fragments

Library preparation Intergenic (66.46%)
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I | (A) Differential analysis between H3K27me3 enriched genes in HEK293-WT and

— | | HEK293AExon21. (B) Representative example of one of the H3K27me3 Cut&Run
Mt peaks located at GPR6 locus. (C) H3K27me3 peaks affected by Exon21 depletion are
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(A) Schematic representation of the Cut&Run experimental workflow.

(B) Representative example of one of the chromatin landscape of euchromatin and heterochromatin region.

(C) H3K27me3 peaks are mainly located at intergenic and intronic regions.

(D) Representative example of H3K27me3 peaks at loci enriched in H3K27me3 marks in their Intronic or Promoter regions.

mainly located at intergenic, intronic and promoter regions. (D) Representative exam-
ple of two loci for wich H3K27me3 deposition is decreased by Exon 21 depletion.

Intergenic (51.66%)
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D. The deposition of H3K27me3 at the promoter level of

296 genes is dependent of ANRIL exon 21
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The multifunctional protein hnRNPK is directly associated with ANRIL E
and might be important for ANRIL-dependent H3K27me3 deposition
AI
ANRIL -----{ - Hel-- I - - tHH - 4 8- -H- - -
1 23 456 78 91213 14 17-19 20 21
B C 15-16 D
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o
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E Washes
> 0021 Elution (10 mM maltose) (A) HhRNPK putative binding site across ANRIL
§ e exonic sequence using SpliceAid prediction tool.
e _ ] RNA analysis (B) Method used for the capture of hnRNPK
2 0.01 1 o jE Denaturing PAGE directly-associated RNAs in UV crosslinked
© — EtBrstraining  HEK293 cells. (C) Method of RNP purification
. Purified RNP i , _ based on affinity chromatography MS2-MBP. (D)
000 ] + .:O OQ O pyoiein analisis  \vestern-Blot analysis of the protein content of
CLIP + + IgG Q - RNPs formed in vitro with ANRIL exons 15 to 21.
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Conclusions and working model

: - Deletion of ANRIL exon 21 impact the deposition of H3K27me3 at the promoter level of 296 genes.
: - hnRNPK is associated with ANRIL in cellulo in a direct manner. '
: = hnRNPK and SUZ12 are associated with the RNP formed by ANRIL exon 21.
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Exon 21

Recruitment of additional protein factors ?
e.g. PcG, YY1, WDR5, HDAC3
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Genes co-regulated by ANRIL and hnRNPK

Cut&Run hnRNPK
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