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X0YYPOVOS OPLGUOC TNG ETVYEVETIKIG

H peAétn aAdayov mov ennpedlovv v EKEPOcT
YOVIOL®V, 01 OTOIEC KANPOVOLOVVTOL OAAG OEV
ennpedlovv v tpmtoToryr) oour) tov DNA



Emyevetikn: lotopikol otaOpot

1942 Conrad H. Waddington:

— «1 AT CAANAETIOPOGT) YOVIOL®MV LE T TPOTOVTA TOVC, TO 0010
0ONYEL GTNV EUPAVICT] TOV QALVOTVTTOVY

1975 Holliday & Pugh:

— {PoTEivovy opoloTOMKES yNukEC Tpomomomaoelc Tov DNA (uebvAioon
o€ Béoeic CpG)
1985-1995:

— anocaeNVILOVTOL Ol ETLYEVETIKOL UNYOVIGLOT 0l0OPOVOTOINGN G TOL
Ypourooouoatog X ota Onisa OnAactikd

1990 ¢o¢ onpepa:

— KOOEPDVETAL 1] EXLYEVETIKT OC CEXMPLOTOS EPEVVITIKOG KAAOOG




EmyeveTIKEC TPOTOTONCELS TNG YPOLOTIVIG

* MebBvAioon tov DNA

* MeTu-UETAPPACTIKES TPOTOTOINGELC IGTOVDV

* IIpocBapaipeon voukAE0GOUATOV 1/Kou
OVTIKOTAOTOOT] KOVOVIKOV IGTOVOV UE IGOUOPPEC

* 'Edeyyoc amd un kmowonoltd RNA




MeBuAimo™n KVTOGIVIIG GTOVE VM TEPOVS ELKAPVMOTES
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AOTNG pedvr-ondoog: S-adenosyl-L-methionine
AEKTN G peBvA-opndo0s: Kutosivny og dtvovideotidio CpG (5meCpG)

KataAvtng: DNMTs: DNMT1, DNMT2 (?), DNMT3a/b, DNMT3L




MeETa-UETAPPUCTIKEC TPOTOTOINGELC IGTOVOV

N-TeAMKEC TPOTOTOMGELS (KDOOTKOS 1GTOVMV)

. FACTOR
— AxetvAiioon (Ac) - 4
— MebBvrioon (Met) (
— Owcpopvrinon (P) L ;l
— Xovpobiiwon (Sumo) HSTONE TAL
—  OvPwntivoroinon (Ub)

* Oonyodv og gvepyomoinon 1 adpavomoinom yovioiov (yolopn N
CTAKETAPIGUEVI YPOUOTIVT)

* Tloapovcidlovv peydro eAcLO GUVOVAGLMV

e 2VVEPYIOTIKT Opaot ue ) pnebviimonc tov DNA




YUVEPYLGTIKT 0paot nevAlmons Kol
TPOTOTTOINGNS LGTOVOV
Evepyomoinon (A) — Kataotoin (B, C)




I1060TIKES OLUTUPAYES PUOLOAOYIKAOV TTPOTEIVAV 001 YOV GE VEES OPAGELS

n.y. Cdc6: Otav vaepek@paleTal Opa 6oV HETUYPUPIKOS KOTOGTOLENS (1)

A549-TetON-Cdc6

Status: OFF

DNA licensing Dayss 0

;/  —

Replisome

Post-replicative sala L

Sideridou et al., JCB 2011




Cdc6: Otav vaepeKQPaleTal Opa GOV HETAYPUPIKOS KUTAUOTOAENS (2)

Normal Cdc6 expression Oncogenic Cdc6 expression

. Activated
gene

® Ac-H3K9

® Ac-H4
YA7 =

® H3K9-m3 H2AZ H2AZ H2AZ




Mn kmowkormrold (non-coding) RNA



Mn kmowkomorovuevo NCRNA: Eton

* Mikpov peyébovg (small) ncRNA: <200 nt
micro RNAs (miIRNA)

small nucleolar (snoRNAS)
piwi-interacting RNAs (piIRNAS)

small interfering RNAs (SIRNAS)

K.O.

* Moaxkpn (long) ncRNA: > 200 nt




Mikpo un koowkomorovuevo NCRNA  XapoKtnprotTikad

*  RNA pkpo¥ pijkovg
—  Enwxpoatéotepa ta MIRNAS (22 nt)
* A&V KOOIKOTOWOVY TPOTEIVES
«  Emodpovv pera-petaypo@ikd e MRNAS
*  Amoocionovv TV Ekepact Tov MRNAS
—  TMoapepmodilovrog TNV drodkacio TNG

neTdopoong 1
— IIpoxkarovv amokodopnon tov MRNAS
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Moaoxpn un Kmowkomorovuevo NCRNA:

XopoKTNPLOTIKA

* Moakpn (long) ncRNA: > 200 nt

uetaypdeovtat od tnv RNA pol I

ovyva eépovv poly A ovpd

TOPOVGLACOVYV GUVOETA TPOTLTTOL LOTIGUOTOG
(splicing)

aAAG Oev Exouv avayvooTikd miaicto (ORF)

HetTaypd@ovtol TOco 6€ SENSe 660 Kt og antisense
TPOGOVATOAIGUO GE GYECT UE TN KMOTKOTOL000N
TEPLOYT EVOC YOVIOIOV




Avakdaivyn kot tavtomoinomn INCRNAS

» 1980-1990: AvaxaAvrtovtol ta tpdta INCRNAS pe kAoooikég
uebodove kKhwvomoinong, my Xist ko H19

* Apyéc 2000: Malikn ypnon peyding kiipokog aAAniovyion CDNAS
oONYEL Yo TPAOTN QOPpA 6TV ovakdivyn peydimv apOumdv INCRNAS
* Méca 2000: O aplBudc tov avauevOLEV®Y YOVIOI®V TOV
KOOIKOTTOL0VV TPOTEIVEC LELDVETE, EVD avePaivel ekOeTikd o aplOudg

tov INCRNAS 7tov avokoldrTovTol
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Tomor NCRNAS

Quality of Specific role in
Category Name supporting data carcinogenesis Aberration in cancer
Transfer RNAs High No No
Ribosomal RNAs High No No
Housekeeping RNAs
Small nucleolar RNAs High No No
Small nuclear RINAs High No No
MicroRNAs High Yes Amplification, deletion, methylation,
gene expression
Tiny transcription initiation RNAs High Not known Not known
Repeat associated small interfermg RNAs High Not known Not known
Promoter-associated short RNAs High Not known Not known
Small ncRNAs (200 bp or less in size) Termimi-associated short RINAs High Not known Not known
Antisense termini associated short RNAs High Not known Not known
Transcription start site antisense RNAs Moderate Not known Not known
Retrotransposon-derived RNAs High Not known Not known
3'UTR-derived RNAs Moderate Not known Not known
Splice-site RNAs Poor Not known Not known
Long or large intergenic ncRNAs High Yes Gene expression, translocation
Transcribed ultraconserved regions High Yes Gene expression
Psendogenes High Yes Gene expression, deletion
Enhancer RNAs High Yes Not known
Long ncRNA (over 200 bp in size) Repeat-associated ncRINAs High Not known Not known
Long intronic ncRNAs Moderate Not known Not known
Antisense RNAs High Yes Gene expression
Promoter-associated long RNAs Moderate Not known Not known
Long siress-induced non-coding transcripts Moderate Yes Gene expression




Hapoaociypata INCRNAS

IncRNA Function Cancer Type Cancer Phenotype Molecular Interactors
HULC Biomarker Hepatocellular Not known Unknown
PCA3 Biomarker Prostate Not known Unknown
ANRIL/p15AS Oncogenic Prostate. Leukemia Suppression of senescence via INK4A Binds PRC1 and PRC2
HOTAIR Oncogenic Breast, hepatocellular Promotes metastasis Binds PRC2 and LSD1
MALATI1/NEAT2 Oncogenic Lung. prostate, breast, colon Unclear Contributory to nuclear
paraspeckle function
PCAT-1 Oncogenic Prostate Promotes cell proliferation: inhibits BRCA2 Unknown
PCGEM1 Oncogenic Prostate Inhibits apoptosis; promotes cell proliferation Unknown
TUC338 Oncogenic Hepatocellular Promotes cell proliferation and colony formation Unknown
uc.73a Oncogenic Leukemia Inhibits apoptosis: promotes cell proliferation Unknown
H19 Oncogenic; Tumor suppressive Breast, hepatocellular Promotes cell growth and proliferation: activated by Unknown

cMYC: downregulated by prolonged cell proliferation

GASS5 Tumor suppressive Breast Induces apoptosis and growth arrest; Prevents GR-induced Binds GR
gene expression

line-p21 Tumor suppressive Mouse models of lung, Mediates p53 signaling; induces apoptosis Binds hnRNP-k
sarcoma. lymphoma

MEG3 Tumor suppressive Meningioma. hepatocellular, Mediates p53 signaling: inhibits cell proliferation Unknown
leukemia, pituitary tumors

PTENP1 Tumor suppressive Prostate, colon Binds PTEN-suppressing miRNAs Unknown




Biogenesis: Where are IncRNAs!?
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Biogenesis: Where are IncRNAs?
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Agrtovpyieg 6mov cvppetéyovv to INCRNAS
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Agrtovpyieg 0mov coppetéyovv ta INCRNAS

Ta IncRNAs enitpénouv oto KUTTapO:

1) va puBpitel pe akpifela tnv Ekppaon yovidiwv oe avtanokplon epeOLOpATWY Ao
1o TepLBailov 1

2) va auénoouy, va LELWOOUV 1] VA AITOCLWTILooOUV TNV £kdpacn evoc yovidiou ya
Vv e€aodpAALlon NG LOTIKAG OLOLOOTACLOG OTA TTAQLOLO TWV TIPOYPOUUUATWY
QVATITUENG. ZUYKEKPLUEVA CUUETEXOUV:

® OTOV EAEYXO TNG KUTTAPLKAC Slaipeonc, TNG avarmtuén, Tou KUTTAPLKOU
HLETABOALOHOU KoL 0TNV MPOKANCN avBpwrivwyv alocBeveLlwv
e otTn pLOULON TNC peTaypadnc (dpouv eite cis N trans)

e oTn pLOULON Tou patiopatocg (RNA splicing), Tnc petadopadc RNA, tng petadpaon,
NG enetepyaoia twv MRNA kat otn otabepornoinon Toug

e oTn Slapopdwon TNE xpwpoativne (dpouv eite cis 1) trans) kal otnv 3D opydvwon
TOU YEVWHOTOC KOlL TOU Ttupriva

® WG UTTOCTPWHATA yLa T ouvoppoAoynon cupumAokwv RNA-ipwteivwy, wg
npoodetec (ligands) ylo mpwTeiveg OV CUPUETEXOUV OTN yovidLlakn pubuion
Kal otn petadopd toug oe aAAnlouyieg otoxouc oto DNA 1 oe aAAa RNA,
WC TIAPATIAOVNTLIKEG AAANAOUXLEC YLDl ATIOUAKPUVON TIPWTEIVWVY TTOU
ntAeovalouv ) TPEMEL va LELWBEL n Spdon 1 EVTOTLOT TOUG



Mechanism of Action:
Regulation of Chromatin Structure

@

Legend:
Green= IncRNA,
Purple = Protein

Coding Gene
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Mechanism of Action:

Gene Regulation by IncRNA

ranscription

Activation via Transcription .

Silencing via Transcription
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e,

Legend:
Green= IncRNA,
Purple = Protein

Coding Gene



Mechanism of Action:
Regulation of Transcription in cis

Block Transcription Factor
A

Legend:
Green= IncRNA,
Purple = Protein

Coding Gene



Mechanism of Action:

Regulation of Transcription in trans
Legend:

Green= IncRNA,
Purple = Protein

Coding Gene

Transcription Factor Activation
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Transcription Factor Trafficking
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Accessory Protein Activation

Accessory
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Mechanism of Action:
Post Transcriptional Regulation

Regulation of mRNA Transcripts

Gene Silencing Pathway
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l Legend:

— Green= IncRNA,

Purple = Protein

Coding Gene




Emyevetukol unyavicuoi kot Iaboroyia

EPIGENETIC MECHANISMS HEALTH ENDPOINTS
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DNA accessible, gene active Methyleytosine

Histone modification
The binding of epigenetic factors to histone “talls”
Histones are proteins around which | HISTONE alters the extent to which DNA s wrapped around

DNA can wind for compaction and DNA inacoessible, gene inactive histones and the avallabiity of genes in tha DNA
gene reguiation. 1o be activated.




Emyevetikol unyoviouol ko IaboAoyia

IMMUNE - NEURODEGENERATIVE
DISORDERS \.  DISEASES
LncdRNAs /
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DISEASES | Evolution |
IMMUNE
DISORDERS




HOTAIR: peraypo@ikn amocioanon

« O HOTAIR (HOX transcript antisense RNA) yoviorokog
TOmOG PplokeTan oto ypopocouo 12 tov avlpmmov

 Metd ™) peTaypa@ni TOL ONUIOVPYEL GOUTAOKO UE TNV
Suz-Twelve TpoTeivny kot Tov Tapdyovto Polycomb
Repressive Complex 2 (PRC2)

* Epmlok] 6€ 01001K0GLO OLOUOPPMONGS TS YPORATIVIG
HEGH UAMAETIOPAGS HE TNV GTONEOVAGGT TOV L1GTOVAOV
LSD1

* IIpoxkaiel amoor@mnon Tov yovidiov HOXD



HOTAIR: peraypo@ikn amocioanon

HOX Genes HOX Genes

HOXC Locus
Chromosome 12

HOTAIR

PRC2 Complex

‘Suz12 / EED / EZH2
m Me3 / K27

5 .~,. ' ‘~)‘ ;;,- i N ‘7 a ‘,”‘
Metastasis suppressor genes

HOXD Locus
Chromosome 2



Aopavomoinon YPOUROGOUITOS X

Toyoia emioyn Tov YPOUOCORATOS XI GTO TPOLULY, GTAOLN
™G eufpvoyéivesns yio adpavomoinon (ETEPOYPORATIVY)
Yvvepyacio petalv yovidimv Xist ko TsiX

To yoviowo Xist rapdaysr RNAS, Ta omoio keAvmwTovy To Xi

YEVIKOTEPO KO EOIKOTEPO KATAGTEALEL TO YOVIOLUKO TOTTO
Tsix eto Xi.

X710 evepyé X ypopnocopa to TsiX adpavomorei To Xist
RNAs

H adpavomoinon tov Xi oAoKANpOveTUL He peBLAIOGELS
KOl VITOOKETVALDGELS



Blocking factor? 270N TN Way stations
—— N A
ﬁ““:";”"“ g (|_|NESO)
Xist

Xist RNA coating
in cis

Establishment of the
inactive

state, asynchronous
replication

@ MacroHZA recruitment
Histone H3 and H4
hypoacetylation

Nature Reviews | Genetics



Levopuko evroropoe (Imprinting)

— 11 KOOkomowovpuevo RNA otov KapKivo
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Pateras et al, Mol Cancer Res, 2009

LIT1 vs p57XIP2 expression in Lung Cancer

Case: #5 Case: #14
N T N T
GAPDH
GAPDH
p57KIP2

Pateras et al, Int J Cancer, 2006




Levopikoé evroropo (Imprinting) — pn koowkomotovpevo RNA ko
owTpoPn?

*  AW0TOPUYES 0TI OL0OIKOGLO TOV EVTVTMOUATOS 001Y0VV:
* ©0& TOAD neyaio péyedog

*  OAAG Kol TpOPApaTO VYELOG


http://www.sciencemag.org/cgi/content/full/293/5532/1064/F1

Maxp1 pn-kodwkonord (long non-coding) RNA

KOl nETUPOAGHOC

* lotocwow) pvOuion tov petaforropov
* PoOpion w010 TOS TOV P-TAYKPEATIKOV KUTTAPOV
(>1000 IncRNAS &yovv Tavtomoin0<i)
e PoOmion ¢ Muroyéveong Kat TS TAUGTIKOTITOS TOV
MT®O0VS 16TOV

* PyOmion ¢ avocloKng amavTnong

Kornfeld J-W, Bruning JC. Front Genet. 2014; 5: 57
Zhao X-Y, Lin JD. Trends Biochem Sci. 2015; 40: 586



Maxp1 pn-kodwkonord (long non-coding) RNA

KOl nETUPOAGHOC
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Maxp1 pn-kodwkonord (long non-coding) RNA

KOl nETUPOAGHOC

(A) (B)

adipogenesis Brown POALCTAATAE
APOA1/C3/A4 -
gene cluster @ SRR

adipogenesis
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1
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Trends in Blochemical Sclences

Trends in Biochemical Sciences 2015 40, 586-596DO0I: (10.1016/j.tibs.2015.08.002)
Copyright © 2015 Elsevier Ltd Terms and Conditions
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Maxp1 pn-kodwkonord (long non-coding) RNA

KOl nETUPOAGHOC

(A) (B) Nutrients = Inflammatory
~ ' signals

‘I" I |

Trends in Biochemical Sclences

hnRNP L

Trends in Biochemical Sciences 2015 40, 586-596DO0I: (10.1016/j.tibs.2015.08.002)
Copyright © 2015 Elsevier Ltd Terms an d Conditions
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Maxp1 pn-kodwkonord (long non-coding) RNA

KOl nETUPOAGHOC

» Colorectal neoplasia differentially expressed (CRNDE)
glval £va YOVIOL0 TO 0TOL0 EVEPYOTTOLELTAL TTPDLIUC GTOV
KOPKIVO TOV TOYEMS EVTEPOV

* Eivan éva INCRNA, 11 ékppacn Tov omoiov puOpileTon améd

tov a&ova insulin/IGFs

 H vrepékppoon tov CRNDE npom0Osi pertafoikég
OAAOYEC OTO KOPKLVIKG KOTTOPO EMTPETOVTAS TOVS T1)

ypRon ™S YAvkéAivon (parvépevo Warburg)



Maxp1 pn-kodwkonord (long non-coding) RNA

Kol petopfoiionog

Cells exposed to hypoxic (low oxygen) conditions mount an adaptive response mediated by the hypoxia-inducible factor (HIF) family of
transcription factors. A change associated with this hypoxic reprogramming is an increased dependence on glycolysis over oxidative
phosphorylation, a metabolic shift called the Warburg effect, which is associated with tumor growth. With bioinformatic analysis, Yang et al.
identified six long noncoding RNAs (IncRNA or lincRNA, depending on whether they are coded within a gene or intragenically, respectively)
with hypoxia response elements in their promoters, and real-time reverse transcription polymerase chain reaction (RT-PCR) analysis in several
human cells lines or a primary cell culture showed that only lincRNA-p21 was increased by hypoxia. Knockdown of lincRNA-p21 prevented
hypoxia-induced changes in metabolism that were rescued by ectopic expression of HIF-1a or a resistant lincRNA-p21 construct. In cells
exposed to hypoxic conditions, knockdown of lincRNA-p21 decreased HIF-1a protein and triggered more rapid degradation of HIF-1a without
altering the abundance of HIF-1a—encoding mRNA. HIF-1a was stabilized in cells with knockdown of both lincRNA-p21 and VHL, which is
an E3 ubiquitin ligase that marks HIF-1a for degradation by the ubiquitin-proteasomal pathway, suggesting that lincRNA-p21 interferes with
this degradation pathway for HIF-1a. Multiple in vitro binding assays indicated that lincRNA-p21 interacted with both HIF-1a and VHL, and
experiments with VHL deletion mutants suggested that lincRNA-p21 may bind to the HIF-1o~binding regions of VHL and thus competitively
inhibit the interaction between these two proteins. Knockdown of HIF-1a reduced the hypoxia-induced increase in lincRNA-p21 abundance,
and chromatin immunoprecipitation experiments and promoter reporter assays confirmed that lincRNA-p21 was a direct transcriptional target
of HIF-1a. In a xenograft model in which mice were injected with cells that had been exposed to hypoxia before injection, knockdown of
lincRNA-p21 reduced tumor growth and changes in protein abundance associated with the Warburg effect. Thus, lincRNA-p21 functions as

part of a positive feedback loop that increases HIF-1a stability in response to hypoxia.

F. Yang, H. Zhang, Y. Mei, M. Wu. Mol. Cell 2014; 53: 88



Maxp1 pn-kodwkonord (long non-coding) RNA

KOl nETUPOAGHOC

The INRNA CCAT?2 reprograms energy metabolism in an allele-
specific manner
*CCAT?2 alleles bind the CFIm complex with distinct affinities

*CCAT2-CFIm-GLS interaction regulates the alternative splicing of ccar2

GLS ~ GIT

*This regulation axis is present in 61% of analyzed CRC cases "
Summary ’ ‘

Altered energy metabolism is a cancer hallmark as malignant cells

tailor their metabolic pathways to meet their energy requirements.  ~

Glucose and glutamine are the major nutrients that fuel cellular
metabolism, and the pathways utilizing these nutrients are often ",';',f‘,':,;"
altered in cancer. Here, we show that the long ncRNA CCAT?2,

located at the 8g24 amplicon on cancer risk-associated rs6983267 GAC

SNP, regulates cancer metabolism in vitro and in vivo in an allele- KA
specific manner by binding the Cleavage Factor | (CFIm) complex }

with distinct affinities for the two subunits (CFIm25 and CFImG8).

The CCAT?2 interaction with the CFIm complex fine-tunes the v
alternative splicing of Glutaminase (GLS) by selecting the poly(A)

site in intron 14 of the precursor mRNA. These findings uncover a oo e
complex, allele-specific regulatory mechanism of cancer metabolism SRS ———_

orchestrated by the two alleles of a long ncRNA.
DOI: http://dx.doi.org/10.1016/j.molcel.2016.01.015



http://dx.doi.org/10.1016/j.molcel.2016.01.015

EYXAPIXTQ




