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Central dogma of life

* DNA provides the
blueprint, but RNA and
proteins define cell
behavior

* Gene expression
patterns explain
differences across cell
types and what drives
disease
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Beyond the central dogma of life...

There exists noncoding RNAs that can be potentially functional!

noncoding RNA

3Rg

— — OMMO — Function?
InNcRNA
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Most mammalian genes are non-coding
O

Number of Genes in GENCODE Public Databases
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The number of known IncRNA genes has largely increased since 2020!




How do IncRNA genes look like?

Upstream Gene body Downstream
regulatory sequence exons/introns regulatory sequence
Proximal Poly-A Distal
control elements Intron Intron  signal sequence control elements
1 1 1 1 1
AymRNA  s— [ [— [ - B[ s
L1 1 I L 1 [} L
Core Exon Exon Exon  Terminator ~ Enhancer
Promoter or Silencer

B)incRNA s —— [ [— I - N

Image created with Biorender

Can you spot differences between A and B?



Many IncRNA resemble mRNAs but lack CDS

Upstream Gene body Downstream
regulatory sequence exons/introns regulatory sequence
Proximal Coding Sequence Poly-A Distal Protein
control elements Intron Intron S|gnal sequence control elements
mRNAs'l—DI—- o -I+EI+3' =)
|| L 1 |
Core Exon Exon Exon Termlnator Enh.ancer
Promoter or Silencer

promoter-derived

o s [ -0 o (O

Non-coding Sequence

Image created with Biorender
Similarity to mRNAs

e transcribed mostly by RNA polymerase |l

e originate from promoters

e often capped, spliced and polyadenylated



Other IncRNAs might be more unique

Upstream Gene body Downstream
regulatory sequence exons/introns regulatory sequence
Proximal Coding Sequence Poly-A Distal Protein
control elements Intron Intron  signal sequence control elements
1 1 1 1 1
o s—— [ [—— N R~
L1 L | L ] | ] L L
Core Exon Exon Exon  Terminator  Enhancer
Promoter or Silencer

incena 5 ——— [ [—10 I - B+ 4s - @

promoter-derived
Non-coding Sequence

IncRNA 5' | E‘ /A _D - .+|:| " ‘ @

enhancer-derived L
Enhancer-like promoter

Differences with mRNAs

e lack functional open reading frames
e some originate from enhancers

e |ess spliced and many lack Pol-A tails



IncRNA can be classified based on genomic locations

5 —> mRNA

Antisense

antisense
IncRNA
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antisense
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IncRNA <

MRNA S

Antisense: overlaps a protein-coding gene on the

opposite strand

5 MRNA

Intergenic

intergenic sense

» IncRNA

mMRNA 3'

--—rF—DDD—/—.--—'

= i B

3 intergenic antisense 5'
IncRNA

Intergenic: located between protein-coding genes

Bidirectional
5 > mRNA
i -—|
<1kb- L]
3'  bidirectional-divergent 5
IncRNA
Bidirectional: transcribed in opposite direction
from a nearby gene’s promoter
Intronic

intronic sense
5' — mMRNA IncRNA 3
— B BN B B
r —il I )
3 intronic antisense S

INcRNA

Intronic: entirely within an intron of a coding gene

. Legend: [] (E:Igﬂi)
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IncRNA sequences are not very well conserved

| mRNAs: sequences are largely conserved |
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| IncRNAs: sequences are NOT conserved |

Schematic generated with BioRender to illustrate the idea; not an exact depiction

Conservation in mRNAs coding
regions is high as they produce
specific functional protein domains

IncRNA sequences generally show
low conservation across species



IncRNA sequences are not conserved but their location is

~ 3000 human and zebrafish syntenic loci
Synteny (Conserved Gene Order)

®
Homo sapiens Chr C =2 w

 when genes are in the same order
on chromosomes in different species

panio rerio cir sl ,’ * helps scientists understand
o evolutionary relationships, showing
Homo sapiens Chr ﬂ which parts of the genome have
i i i X T been preserved over time
/

Iy ! g 2% A -~ IncRNA
Danio rerio Chr S

Image from Ranjan et. al., 2025
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https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.665811/full

IncRNAs show restricted expression patterns

[ MRNAs: more highly and broadly expressed ] [ IncRNAs: generally cell-type specific ]

< s |
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%’ (broadly expressed) % (restricted expression )
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» ACTB » MALAT1

'é 'é (a famous IncRNA)
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Data: CZ CellxGene Tabula Sapiens (75 tissues) 13



https://cellxgene.cziscience.com/e/53d208b0-2cfd-4366-9866-c3c6114081bc.cxg/
https://cellxgene.cziscience.com/e/53d208b0-2cfd-4366-9866-c3c6114081bc.cxg/

Major Mechanism by which IncRNAs regulate gene expression

1. Chromatin Modification

2. Macromolecular

3. Molecular Signaling in 4. Gene Suppression

Recruitment Complex Formation Response to Cues Mechanisms
Chromatin-modifying enzyme Ribonucleoprotein complex Transcription factor Transcription factor
IncRNA l l [] TITTTTTTITTITIT I~ IncRNA Hg IncRNA %ﬁ IncRNA
D‘N A - W _’Tranicrlptlon m “l .: - NA 5 _L‘__
iy “M Transcnpt/on Transcription
] ] . N [ .
* IncRNAs recruit chromatin- * IncRNAs serve as scaffolds * IncRNAs act as signals, ¢ IncRNAs bind to

modifying enzymes (e.g.,
methyltransferases,
acetyltransferases) to specific
DNA regions, altering
chromatin structure to
activate or repress gene
expression.

helping to assemble
proteins into complexes
that regulate transcription
or chromatin remodeling,
enabling precise gene
expression and activity
control.

transcription factors,
RNA-binding proteins,
or microRNAs,
preventing their action
on target genes,
effectively suppressing
expression.

activating transcription
factors or pathways in
response to developmental
or environmental cues,
modulating gene
expression based on cell
needs.

J
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Selected IncRNAs are known to regulate various diseases & cancers

[ IncRNAs in various diseases ] IncRNAs in multiple cancers

Bladder cancer
MEG3, UCA1,
ADAMTS9-AS1,
BCYRN Gastric cancer
SNHG11, JPX, LINCO1572,

Z a3 O™
(R4 ‘) D MSTO2P, LCPAT1, CRNDE, MALAT1, HULC,
. LINC00857, PANDAR, HAGLROS, EIF3J-DT, DANCR,
oo /ol MITA1, UCA1, NBAT1, FEZF1-AS1, CCAT1
e D26 BLACAT1, GASS, PVT1
c?.\
4
Brain cancer
. MALAT1, CASC2, Bone cancer
LncRNAs in a (GAS5, AC023115.3, y
Autophagy ) \ Linc-RAT, DRAIC, H19, i

Lung cancer

CTA, DICER-AS1,
Lne-NLC1-C, SNHG15, SNHG6
LINC00470

AUtOPh.agy Blood and Bone marrow
regU|at'ng | LINC00265, UCAT
LncRNAs DANCR, BCYRN1'

Prostate cancer
PVT1, MALAT1, HULC, SNHGT,
SNHG14, ANRIL,

PRRT3-AS1
LINC01207
F Hepatocellular cancer
s?_‘c’?;fgsils?gggrt SNHG11, HOTAIR, H19,
CASC2, KCNQ10T1, NEAT1, FPVT'I ' CCQT‘I. MEG3,
SNHG14, UCA1, MALAT1, HNF1A-AS1, MCM3AP-AS1,

SNHG6, CPS1-IT1, H19, NBR2, NEAT1, DCST1-AS1,
CASCY, SNHGS, TUG1

Autopahgy
related miRNAs +

Breast cancer

DANCR, GASS,

H19, 0TUD6B-
AS1

Pancreatic cancer

HAGLROS, CRNDE, CCAT2,
Ovarian cancer HNRNPU-AS1

HOXA11-AS,
TUG1, XIST

Many IncRNA:s still remain functionally uncharacterized.

Images from
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https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-024-01092-9#Sec2
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FANTOM: Functional Annotation of Mammalian Genomes

Worldwide Genomic Consortium led by RIKEN since 2000

Annotation of 60,770
full-length :
mouse cDNAsEE

Transcriptional
regulatory
network

Suzuki et al.
Nat. Gen. 41,(2009)

Okazaki et al.

Nature 420,(2002)
FANTOI\N ANTOM 3\ FANTOM 4

@NTONE\
Mouse || GDNA || Promoter H Basin )
full-length / Analysis / Network
cDNA i W \@W

Developed functional (Discovery of new

gene annot. transcriptional Sclenae |
landscape ) docl | S

WJ5 |

, ‘}376 2
Kawai et al. ; Carninci et al. 1 2
Nature 409,(2001)2 Science 309,(2005) p]r =5

Selected landmark papers

The atlas of promoters
& Enhancers

Forrest et al.
Nature 507,(2014)

FANTOM 5\ /FANTOM 6 \

A

Atlas of long non-codiwrrmg
RNAs

Hon, Ramilowski et al. &S
Nature 543,(2017)

~
—
o
Y
o
<4
. B
o ©
=z
©

FANTOM Consortium 2017 Summer Meeting:
“Cracking mysteries of human IncRNAs”
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FANTOM 5: Computational Atlas of IncRNA Functions (2017)

all IncRNA genes

FANTOM CAT
n=27,919
59 ees 1 9’668 conserved JPaa T YV IRe I conserved
o) = . TIR 'I’ ‘s‘ exon
25 New IncRNAs n=13,228 %, Nn=13,896
> < ’
zZ - 7,790 'l' w w “l
] — ~ 1
O S
GENCODEv25 H !
@) ' !
25 implicated % / implicated
EQ _ . 2 :
% 9 «—] neQTL ™, " g3 aog . N GWAS traits
(ol n=3,166 Seen JPtad n=1,970
e | /]\—I Supported! [ iis
i

-5,000 0 5,000
Position from Gene Start (bp)

19,175 (67%) IncRNAs implicated

in a variety of functional traits.

Hon, et al. Nature 543, 2017
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2= Online Interactive Resources
"y http://fantom.gsc.riken.jp/cat/

L
& %,
°§ %, %
& '&f K

Diseases enrichment Cell Types

e S
Published: 01 March 2017

An atlas of human long non-coding RNAs with
accurate 5’ ends

Chung-Chau Hon, Jordan A. Ramilowski, [...] Alistair R. R. Forrest ™

Nature 543,199-204(2017) | Cite this article 18



FANTOM 6: Experimental Functions of IncRNAs

FANTOM




FANTOM 6 Pilot: 285 IncCRNA targets in Human Dermal Fibroblasts

Large-scale Large-scale
Real time imaging

IncRNA perturbation

Targeted 285 IncRNAs AARE RN ‘ - Measured Morphology
(5 ASOs / INcRNA) AL Sy & Growth for all
bkdd idid ' 0, IncRNA targets
¥ . -4 | yIncuCyte (5’000 weIIs)

+ positive controls N
/ Large-scale
gia i RNA Extraction & QPCR
Bioinformatics

+ negative controls (NCs)
Automated Platform + =3
~+ + Extensive Data Analysis Eﬁﬂ

Assessed Molecular Functions _
DEGS’ Pathways’ CAGE sequencing CAGE Production SeIeCted ASOS Wlth
TF-binding motifs KD eff >50%

] 340 ASOs/
154 IncRNAs

Made ~1,000 CAGE libraries

20



FANTOM 6: Unbiased selection of IncRNAs!

VARIABLE EXPRESSION IHWHESLLULAR LOCALIZATIONS ALL CLASSES OF LNCRNAS
LOW+HIGH EXPRESSION  1/3 NUC+1/3 CHROM BOUND+1/3 CYT

1.00
0.75 antisense
sense intronic
pseudogene
0.50 intergenic
' divergent

0.25

Dermal fibroblasts specificity

0.00 ¢ =¥

CAGE expression, logx(TPM + 1)

; . " Expressed  Targeted
.cytoplasmlc (108)‘chromat|n bound (98) .nuclear soluble (76) INncBNAs IncRNAs

.FAN TOM CAT. Expressed .Ta rgeted
IncRNAs IncRNAs ™ IncRNAs

Ramilowski, Yip, et al. Genome Res. 30:1060, 2020 2



FANTOM 6: Loss-of-Functions Experiments

Antisense Oligo (ASO) knockdown mechanism:

ASO is ~12-18 nt long DNA sequence
* binds to a selected RNA transcripts

If IncRNA KD caused the phenotype/gene
expressions change assign the “function” to the

IncRNA (e.g. Growth modification, cell-cycle)
IncRNA transcript model

1. Negative Control cells: measure a selected AsOm K5O o ashe. Ason
cellular phenotype (e.g. growth) and gene /TVY\
expression values
2. KD cells: knock-down each IncRNA and mRNA o IncRNA
measure the phenotype/gene expression INA Gopmek  TIFTrmerIT l
values again
3. Compare the changes between KD and B ?

Negative Control cells l

Degraded mRNA
or IncRNA

22



IncuCyte

by ESSEN BIOSCIENCE P

15-20% of IncRNAs affect growth!

(EEAL I MR NEICXSSE | ncucyte platform was used to measure
(NC_A) oL (ASOL03, -

morphology changes of NCs and KD cells.

D Negative Control \
(;‘_- D Mock Transfection
e“ B 232::2: Eg + Growth Phenotype :
2 10 |
: < 2 !
" RP11-195F19.9 _ ZNF213-AS1 i 2 |
(ASO_07) | (ASO_02) s S | |
; é !
5 :
z :
0 1
-05 00 05 1.0 -0.5 0.0 0.5 1.0
Normalized growth rate, rep. 1 Normalized growth rate, mean
— ' Normalized growth rate ~25% of ASOs with KD_eff >50%
Incucyte Images correlates well across reps affected cell growth
Transfect RNA (each point is NC or KD cell ) h Il bar is NC or KD cell )
Seed l (each small bar is or KD ce
[

-
24 hrs (:\ +48 hrs

Image every 2 hrs 23



~30% IncRNAs regulate Cell Growth & Morphology

1. Distinct cell morphologies changes 2. Morphology imaging processing using Al

(example: three selected IncRNAs) (example: one novel IncRNA target)

LINC00630 (ASO_02) DANCR (ASO_04) RAB30-DT (ASO_01) CATG000089639.1

RS

s N

S TS 5 REiie

Raw Incucyte image — Cell probability map — Object segmentation
(enhanced image) (morphology quantification)

0 um 300

3. IncRNAs can regulate multiple morphologies
(all IncRNA in HDF data)

MajorAxisLength o I
MaxFeretDiameter . [ N
Compactness i N
g Perimeter [l _—
- Eccentricity [3m) | @
F GrowthRate d .. —— 3
° Area . o
@ FormFactor | 8
g Extent [B] | =
Solidity [l [ | ] | 3 -
MinFeretDiameter | N 3
MinorAxisLength | | | = g
MaximumRadius - )
MedianRadius - e
2222222222222 2222222222222 2222222222222 2222222222222 2222222
LI LI L (L LU L L L L (U L 0 L L L0 L L LA L )
J(A)w&)@&&h&&o\u‘u\mu\mo’mﬂ\l\l\l\l\lﬂ@wmma:
CNDNS OO P >ODASCSC g g CODCNCES T =
S e
L1 B2 2RARRG ST ECA L SRORPSE O - SORIOR T RROS SRSERTRRA TOIHSSTS B
SN T aRl e SRR e e R
=8 8 Qu¥pim 2 “LSTN z SMEQ @8 N I8 0 eQeNSgs NIRGGE~naI0
N R Nw 282 7 Rogn &S ISy . N Ns =7 Qui
o —5® o S B io§ 8 AN &
= 8 S 8 - =
= = © ©

Ramilowski, Yip, et al. Genome Res. 30:1060, 2020



IncRNAs show diverse molecular signatures of functions

Molecular functions of IncRNAs, were inferred by comparing transcriptome after each
ASO KD targeting one IncRNA (KD _eff > 50%) with the transcriptome of matching NCs.

- - -
o o o
N w B

-
o_\

Upregulated
Downregulated

- - -
o o o
w N -

Differentially expressed genes, count
o

-
o
SN

1 50 100 150 200 250 300340
ASOs, ranked

(TN
T

340 ASOs

oy

oaa —,m,.. N b
PR T S R - W PATHWAYS

3 B immune Response
Development
it T 5 Signalling

i b1 o . Cell Cycle
=03 Transciption/Translation
By i l ATP Synthesis

475
5

R Metabolism
g o M 1
NI .

ASO KDs showed a wide ranged of DEGs (left) & dysregulated biological pathways
(right). Overall ~20% IncRNAs show changes in biological function signatures.

Ramilowski, Yip, et al. Genome Res. 30, 1060, 2020
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Molecular phenotype can predicting cellular phenotypes

Comparing other morphological changes (e.g., “cell eccentricity”) was also positively correlated with
relevant molecular pathways (e.g., “establishment of cell polarity”, “dendrite development”).

Eccentric cell

Round cell

iz = r -
O_DENDRITE_DEVELOPMENT
O MENMBRANE. 7 By
REACTOME_SIGNALING_BY_ROBO_RECEPTOR
GO_IONOTROPIC_GLUTAMATE_RECEPTOR_COMPLEX
GO_CELL_PART_MORPHOGENESIS
GO_EXCITATORY_SYNAPSE
GO_NEURON_MIGRATION
GO_POSTSYNAPSE
GO_PEPTIDYL_LYSINE_METHYLATION
GO_PERICENTRIOLAR_MATERIAL
GO_PEPTIDYL_LYSINE_TRIMETHYLATION
GO_NONMOTILE_PRIMARY_CILIUM
GO_PRIMARY_CILIUM
GO_CILIARY_PART
GO_CILIUM
GO_NEURON_PROJECTION_DEVELOPMENT
GO_CELLULAR_COMPONENT_ASSEMBLY_INVOLVED_IN_MORPHOGENESIS
GO_PHOSPHATIDYLINOSITOL_3_4_5_TRISPHOSPHATE_BINDING

@'55 26
Ramilowski, Yip, et al. Genome Res. 30, 1060, 2020
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Our Current IncRNA Research

Funtion & mechanism of IncRNAs
using multi-omics data

Note: Our lab has only started in its current form just over one year ago.
Most projects are collaborative and very much ongoing....



Kidney cancer: collaboration with YCU Urology Department

Prof. Hisashi HASUMI

Yokohama City University
Hospital Urology Dept.

Sachi KAWAURA, M.D.
Ph.D. Student

(co-supervised)

29



IncRNA in Hereditary Leiomyomatosis Renal Cell Cancer
HLRCC: iR iR lEE - B fHAAEAE(RES

e Autosomal dominant disorder from germline FH
(Fumarate Hydratase) gene mutations

* FHloss causes fumarate accumulation, promoting

tumorigenesis and altering DNA and histones

Glucose

‘@
Increased
Pyruvate Kidney
cancer risk
Acetyl-CoA
“ Skin
Leiomyomas
/'Dxaloacetate
Malate TCA Cilraig =~
: cycle
“Fumarate Sufcirgh Uterine
\ CoA Leiomyomas
wccinate/
" Fumarate
Succinate HIF
Hypoxia HLRCC

Angiogenesis
Cell proliferation

)

Image based on D’Indinosante et. al

., 2025

IncRNAs were shown to be implicated in RCC.
Are IncRNAs potentially involved in HLRCC?

[ LncRNAs ]

MRNAS Gao et. al, 2023,

Proteins

LncRNA-miRNA-mRNA axis
Front. Pharmacol.

RCC Progression
Proliferation

Apoptosis

Migration

Invasion 30


https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2023.1122065/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2023.1122065/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2023.1122065/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2023.1122065/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2023.1122065/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2023.1122065/full
https://www.mdpi.com/2072-6694/17/4/573
https://www.mdpi.com/2072-6694/17/4/573
https://www.mdpi.com/2072-6694/17/4/573

The study uses 4 scRNA samples and focuses on non-blood cells

Blood cell

40

201

tSNE_2
o

-201

-40 1

HLRCC tumor
HLRCC lymphnode
Normal Sample-1
Normal Sample-2

swnNe

Seurat Analysis
* Data Integration

* Quality Control
*  Clustering & Annot

24,414 genes
27,898 cells

-

A

40 20 0

20

40

PTPRC

MQH il

DRNAUD EDH B B 2ON DDA DB P AP
Identity

n w - o

Expression Level

o

PTPRC

Divided to non-blood cell
and blood cell using PTPRC (CD45)

tSNE_2

40

204

-20

-404

® Blood cell

40

Non-blood cell

40

201

tSNE_2
o

-204

40 20 0 20

11,464 cells

@ Non blood cell

Unpublished data




There are 7 tumor clusters distinctive from normal samples

sample
Clusters derived from Tumor Clusters derived from
samples Normal samples
251 I
~ ® HLRCC_Tumor
u_;l 04 ® HLRCC Lymphnode
(% ® HLRCC_Normal
= ® BHD_Normal
Identity
254 T PT_IncRNA_2
T2 unknown
T3 TAL_C
T4 TAL M
-50 4+ T T 5 ocT
-50 -25 0 25 50 Te co_PC
tSNE—-1 T7 CD_IC_A
Teell cb_ic_B
Macrophage EC_1
Mastcell EC_2
Pod/PEC EC_3
PT Fib/MF
PT_VCAM1 Beell
25- PT_IncRNA_1 Hemoglobin
“erifln g }%.
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Tumor clusters contain the FH-deficient & IncRNA clusters
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81 IncRNAs are identified - some are specific to each cell type

T_]. 23 Heatmap of IncRNA Genes

oot o [0 [P - [ [ [T

PT
Segme
15gene
— A
Ey .
jea] =]
B
| . :
—
= =
= ==
%
[ —
| = —
=
PT E |= 7
Segment <2 /\@\ P R AN SR e SR R A" <IN SV R DY Y DY T AP N 5 2 & J & N
& F &F ¢ F ¢ ¢ g K & Q,o\o,\c:,\ooo‘hv*s\‘,vV
Bgenes G &S P AR AR top7genes

Unpublished data 34



On-going research

* Elucidate the role of the IncRNA cluster in HLRCC, such as whether it exhibits
characteristics of cancer stem cells

* Investigate whether the IncRNA cluster is specific to HLRCC by validating against bulk
RNA-seq data from other renal cancers

e And more...



Parkinson’s Disease affects millions worldwide

Parkinson’s Disease Overview:

e Basal ganglia motor circuit (multiple brain regions) and the
Substantia Nigra pars compacta (SNpc) are responsible for
regulating voluntary movement

e PD starts with the progressive degeneration of dopaminergic
neurons in SNpc and by affecting voluntary
movement the disease causes various symptoms

located

““'\\ ;

Basal ganglia [ Substantia nigra 1

motor circuit pars compacta
(SNpc)

Neurodegeneration and
alpha-synuclein

e 2nd most prevalent neurodegenerative disease - over 10
million people live with PD

¢ Costs of hundreds of billions of JPY, driven by healthcare
expenses, caregiving needs, and lost productivity

Common PD symptoms

Gait abnormalities
and poor balance '

Swallowing
difficulties

w Tremor

DOI: 10.1016/50140-6736(21)00218-X
36

Deterioration of
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IncRNA characterization in Parkinson’s Disease (PD)

Collaboration with Universities and Research Centers in Valencia, Spain
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https://bioinfo.cipf.es/cbl/

IncRNAs are known to play roles in PD and similar disorders

Autophagv and apoptosns
N f_-"";-'- -'—":\'?:Q / " {z’ -

MALAT1, HOTAIR, K

NEAT1, HAGLROS,

SNHG14, UCA1 / -_J N NORAD, GAS5

Mitochondrial dysfunction Neuroinflammation

Abnormal protein aggregation

Epigenetic dvsregulation

e lincRNA-p21,
MAPT-AS1 SNHG1

IncRNA-p21

Pitfalls of the above studies:
« Evidence: expression correlation = no precise mechanism of action
o Few omics-related studies with a holistic view of the IncRNA landscape in PD
« No cell-type specificity for IncRNAs (bulk studies)

See more:10.1007/s11064-021-03230-3

38


https://doi.org/10.1007/s11064-021-03230-3
https://doi.org/10.1007/s11064-021-03230-3
https://doi.org/10.1007/s11064-021-03230-3
https://doi.org/10.1007/s11064-021-03230-3
https://doi.org/10.1007/s11064-021-03230-3
https://doi.org/10.1007/s11064-021-03230-3
https://doi.org/10.1007/s11064-021-03230-3

Multi-omic characterization of IncRNAs roles in PD

_ 14 post-mortem SNpc brain samples (GSE148434) [Lee A et al. 2023]

We just began re-processing the above public multi-omics datasets with a focus on IncRNAs.
We aim to identify all IncRNAs involved in PD and to unravel their regulatory networks in the disease.
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https://pmc.ncbi.nlm.nih.gov/articles/PMC10104466/

Preliminary results: bulk RNA-seq

Most comprehensive IncRNA identification in PD

Lee AJ, et al. Our analysis
IncRNAs IncRNAs
sufficiently expressed sufficiently expressed

Better clustering when using IncRNAs

MmRNAs S IncRNAs

= CurlF

® PO F
GROWP & ctiM @ PDM

Identified 48 IncRNAs differentially expressed, related
with important PD functions such as chemokine-
mediated pathway (GO:0070100) or apoptosis DNA
fragmentation (R-HSA-140342)

. .

O KEGG Pathway IncRNA
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GO Blologlcal Process IncRNA - @ @ o @ )
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Preliminary results: single nuclei RNA-seq

* Reprocessing the single-cell data with an updated reference annotation, resulting in
~45,000 cells accurately classified into major brain cell types (left UMAP).

* IncRNAs with cell type—specific expression (right dotplot) were also identified, which may

serve as novel markers for distinguishing cell types and subtypes.
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IncRNAs in Immune Responses

Prof. Daisuke Kurotaki Team Leader Chung Chau Hon  Dr. Ramzan Umarov
¥l
-

Kumamoto University RIKEN IMS
JAPAN JAPAN

Unpublished data; KAKENHI Grant-in-Aid for Scientific Research (B) Project
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Dendritic Cells: Function & Differentiation

DCs: are professional Antigen Presenting Cells (APCs) priming regulatory and cytotoxic T-cells
to orchestrate a variety of adaptive immune responses upon infection and in cancers.

DCs differentiate mainly in bone marrow and mature in spleen in an IRF8-dependent manner.

&8 - Bone marrow FEf# - Spleen
pre-cDC1

HSC LMPP MDP CDP

/// A ‘\\v — ///7‘;\\\ ; ‘/,, - ‘\\\‘ - v‘ ‘:
‘ H ) Q\' ) ==p pre-cDC2X\ " (1

8
* NS

Early Progenitors cDC Progenitors Mature Cells
C57BL/6
1. LMPP: Lymphoid-Myeloid Primed Progenitors 3. CDP: Common Dendritic Cell Progenitors
2. MDP: Monocyte Dendritic Cell Progenitors 4. pre-cDC1/pre-cDC2: pre-Dendritic Cells

5.cDC1/cDC2: classical Dendritic Cells
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IncRNA & enhancer atlas in ¢cDC1 differentiation and responses

de-novo assembly: applying public & own bioinformatics pipelines to hundreds of RNA-seq in-vivo myeloid
cell and progenitor libraries we found ~6,000 novel IncRNAs in cDC differentiation time-course.

Pipeline summary

e w @ B

cat UMI-tools

Salmon SAMtools
fastq extract FastQC SortMeRNA

(sort, index,
HISATZ S

UMI-tools
dedup

Trim
Galore!

BBSplit

Salmon

picard
@ MarkDuplicates
MultiQC BEDtools

genomecov

=

StringTie

License: @ @

nf-core/ = =
rnaseq

STAGE METHOD MultiQC  dupRadar Preseq
1. Pre-processing e Aligner: STAR, Quantification: Salmon (default)
DESeq2

2. Genome alignment & quantification s Aligner: STAR, Quantification: RSEM

Qualimap RSeQC
3. Pseudo-alignment & quantification Aligner: HISAT2, Quantification: None (PCA only) rnaseq (multiple
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We found thousands of IncRNA specific to DC differentiation

de-novo assembly: applying nf-core & own bioinformatics pipelines to RNA-seq in-vivo data;
We also found ~6,000 novel IncRNAs in cDC differentiation time-course.
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IncRNAs are much more cell type specific than mRNAs

Plotting expression scaled across cell types (Z-score) for IncRNA (left) & mRNAs (right)
across differentiation data reveals much more restricted patterns of IncRNA expression.
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cDC1-specific mMRNAs & IncRNAs form a co-regulatory network

Using Hi-C data we identified IncRNA in proximity of cDC1-specific mRNAs.

pecific mRNAs
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Many cDC1l-specific IncRNA & mRNAs form a highly-correlated expression network in cDC1
differentiation. Usually, such quilt by association suggests that genes have commonly regulated.

Unpublished data Y



Ongoing efforts

* Define functional roles of IncRNAs co-expressed with mRNAs during cDC1 differentiation
e Characterize immune enhancer—derived IncRNAs (e-IncRNAs) and their regulatory mechanisms

* Predict and classify IncRNA motifs and secondary structures to infer functional domains

* Dissect IncRNA dynamics in emergency myelopoiesis using 5’ scRNA-seq —
generating data for IL-12—infected mice (bone marrow & spleen; DO, D1, D3, D7).



Why IncRNAs Are Good Drug Targets and Why Pharma Cares

HAYA Therapeutics’ $65M ® Globaata

*Regulatory hubs (chromatin, transcription, RNA
processing)

WL .
*Often nuclear - ASO-accessible \ /\ " g g Y A} |
*Allele / isoform specificity feasible \ [ A .! .‘/
| \ & |
Therapeutic advantages Industry signal: real money on IncRNAs

o enzymatic active sit required T e

*ASOs / siRNAs enable direct RNA degradation

. . . LncRNA Targeting Drugs i -
BIOIOglcaI ratlonale 9 g 9 ;azgz;?:r:esat;p with IncRNA-focused NextRNA
*Cell- and disease-specific expression - precision & . pomream
safety \

Eli lily with Haya $1 billion Obesity and related
*Perturbation can mimic genetic loss-of-function Therapeutics metabolic conditions
Bayer with NextRNA $547 million Cancer

Therapuetics

Strategic opportunity
Large, largely untapped target space Among others

and many more in Illumina’s PromoterAl unlocks rare disease clues in

*Strong potential in cancer, immune, and rare diseases  the non-codingspace.. noncoding genome
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