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Abstract

Rl oops easrteg atnrdieg entucd et er e i dont ai ni ng an
with 1its antisense DNA templ atesttamdaed an
DNA (ssDNA). RNA: DNA hybrids form under n
exert multiple biol ogsitcealtodRisnch awer sbe ddro wet
medi ate replication stress, DNA wiatmmagea a
particular relevance at vertebrate tel omer
We recentl y f ebuinndditnhgatp rtontee i RINASFPQ has a ¢
RI1 oops formation at tel omeres -of umemammnc an
SFPQ cells show increased | evels of RNA:D
daange mar kers and subsequent genomic inst a
Here we show that SFPQ f urbautti oenx piasn drso tt ol i
nomodi ng repeat regions in theehuanal gyeino
paral |l el ed -lboyo pi nlcerveealssedanRi genomic instabi
Moreover, SFPQdabyibheibstmedomaék i Ateract
| oop suppression by inserting H3.3 histone
Fi naRINAYeq anal ysis pRliondpeddeopdnde StFPQi gnat
i mMmmune response activati on, unveiling a
genome regulation, asdggensnuineg r86PQnas put

sarcoma treat ment .
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1 I ntroduction

1 .RH oop

Rl oops asrter atnrdiegd! enucl ei ¢ aci d structures |
formed by a RNA mokL egudNeAe t yelnrpil dait zee d atnad it ths
di spl acetdrasded!|l BNA] (ssDNA)

Xray <crystallograpleyéesht u®RNAr DINAsthydir e s
particular conformation t hfaotr m so fa nn uicn tee rcm
typical-sofaddelbl &NA (-6sRMAWhaotd t BepBcul i
stranded DNA2] (dsDNA)

Rl oops wedries c b metsreadn s cloy prt aicbnnc th 4 G thenrdi a
subsequently detected ,ams eali lewkd] Bhcaret mod e
Mapping expeealRedoatghrarh al |l acrose«otdheggeno
and -cnoodnp a gt[i8]ns

Two models have -beep p o o poaospesep mfioorBd ® nt | y
transcr,imt,icodgail M ¢gatbiyve supercoiling of D
progrBEAI pgl ymepabppwdsRAsAhown tloi Kelcirrease d
the nascemanne@miosmpli epment ar[y9[]DNA strand
Recevnitdeence support dlomipn t thae aRiAD5nia tdieopne nodfe |
mechatnhatm suppaniasp aiimvga soiftooR Bmp | e meett ar vy,
spatdiadniNVA s e gfueernacieng t he |-hooconpo In®groeuisd s he r
Figufda21., [ 13]

RI1 oop forming regioh4s] pres 8@@®a mdi-bATe wG

t husdi aaat iatsgy mmet ri c nucl eoti feéi¢ R.&dter i but i

asymmetry i n hales onurcdfeboBbdtdeed watea A ndyt osi nes
templ ate strand anmnemmluatjelgtsr ajr@dvi hed R &f)
thisrti 6Glha€Cikps can be further stabilized by

Gquadrupl ex (G@3 struwcitrurreass drorisr thgrkmalge c u
of wo or mor e ,lgaillach itnoeg edételteradisy Ho2digR.¥ Fen hy
Due to the high -egunaemigy lanrd, GAwotifrmegalt@umr ens
pr omoltoeo pR st aibmgaitryi,ng htiih®e]i,r [r2e8s]jol ut i on
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- . R-loop
Telomere DNA replication Transcription regulatmn acting
maintenance (fork restart) DSB repair in trans
Co-transcriptional
R-loop in cis RADS1
Lagging strand R-loop in

RNA-DNA hybrid ] transcription
primers /f G4 DNA bubble
~ ST e\
]
l T

Negative supercoiling
and DNA unwinding,
RNA strand invasion
and R-loop stabilization
by ssDNA structures

Telomerase

Figure 1. Models of RNA:DNA hybrid and R-loop formation.
RNA: DNA hyblrddps asmrde Rphysi ol ogically presen

out many distinct functions. Left, RNA: DNA
DNA replicatliooonp.s RirghtshbRvni hocbsgcutbybdybr
transcribing RNA pol I'l, and i nddpeamieartihese

interactions between RNA and DNA have important implications for DNA repair, replication, and
regulation. Image agéed from Niehrs & Luke, 202D 1.0 ]

1.2 PhygiodleBymdgalr uctur es

Rl oops represent prime sites ftorranDsNA | dame
conflicts between the replisome and RNAP
mut atijoa9]r,at@8agver, besides -tbeps Hebebe
reported control c e nt3ilald & ¢prhoysssi od iofdfieerdd,n tp rs
[ 31 B.8Most <cl assi c e xlaonoppl edmrinavnegney | forbawrmh iR c | a
recombination (CSR) promote antiBfdyl]i sot
to formation of RNA primers for [th2z]trhepl!l i
natur al CaldIndp lmastnoicchp#.d}f i al DNA

Rl oshpave been identifcedttol playg chwomatin
gene tranectihptri @arct iivtalt7iln,g [03r3]r epressing



1. Rehul ati on of aGedn eChbexopnraetsisni oSt r uct ur e
Rl oops have beehe | i mkeeiohatiams loadt i onal h

modi f sdatritermpnscr i pti onal atttoyvatif[o3nd] or [
I n the context of chromé&tilgsmowdentshat oni, n
stranded-l DNposcoaft eRd i n centrommee i-RNdwege dns

transcriptional silencipgri(cRlei&)Y @eacbmpimea i
f or malt 4.®lnn additiododm ftdhrimati Bn at cenit
pericentromeric regions has been associa
repressive chrom&mnionnnc ¢ mpactcmonid mea gk and m
i mpacting on chrodmd]s,0 medins la chrele 4o8tiihico p ¢ aantd ,

CpG rich pr oaamet ears sroagiiaccmd,hwomat i ¢ pattern
l evel s of hi stone H3 lysine 4 trimethyl at
H4K20mel and H3K79me?2, promoting initiat:i
[ 16] ,RI[obp]s epi geakls®en arc é¢pg roanth chtdexttgiewvnaet i on

and tr arbs adihptsveadn .t hat ¢ loe ppr ¢ nempe ® moft eR  r
protect genes fohehe t hBMAacmeomy |l @Bhnsf er e
(DNMT3B1) , ensuring gene activation. This
RI1 oops prevents the access of DNMT3B1 pr
subsequent activfaielhbe ofguransoni pfi oMRNA
activati ohodpms ochg$h I[Reenegemdnesotariantge dR N Aos

(ncRNASI) N human col on adenocarcineawsa cel l
shown t oa glRoncepr adte t he CpG island containi
vi mentin ,gema ncchifioat i n opening and bindin
f acp6a, cor e c dNmrpBocroemmpfl £&f rteltent study con
mouse embryonic stem cel besp§ESCsatddmanssyp
promoters can recrui-t the transod0OPti onal
whil e concomitantly i mpedipgeddievedi @Gadmmlige
(PRGQ2hat is typically ipvohvuedsimnmokESICydi & @
regul ati onAaocdr giedgbeyfac®Nasgi dl RNase abl e
specifically, degr adel advet RANWAUt cafmfpeoanteinng o
stramredlsuces the presence of TIP60 and p400
recruitmeRemaf k RIC®t. hne rmosutsued YyES Csl ofoopusnd t h
recrui-t PRC1 and PRC2 towampdsesaedpetarfet
promoting t hree pirngpdossioviemtoikrssoufthsaesne H2A Lys

y



119 ubiquitinatiohi s(tth2nfeK1HYubDes hpgd at2i7font
(H3K27me8pect RembViopnlgedde t he af®PRICv dtairgret

genes t haltoofpdsjhasisno®®s can act as epigene
modugenhe expression in a somgextmp@empteaadte nnt
of-l Bops in the conHoweRébogeneoexpnéeygsreng!l
expression by such mechangenmes,t rbammsdcanptdi
pr omot erR-lacohpasvy ¢ tafpbasenrdraanpg p epdr oaeticosf RNA pol | |
transcribgidogeapé&d8h, [J[3M4Flond bmjjtta mtalsy f ound
t hRltooapcst i vates mamansemispstoae R&NAsd -t o many
coding genesgamamedehanddrnse with this, an
RNase H1l showed @op edturcudtonr od &Rt promot ol
decrease of antisdrbsid ,ThjeS5BNAB0 & iHtaao prcailing t G 1

modulapiiggegneti c (all owing both activating
RI1 oops at promoters have double role in a
[ 17], [BI3daps 3cddgn be an obstacl,eadsiingg t
collision with thdgq5®Br]logRMASSMBoIlonNn] lofpldyiNAe oo

bl ocks tabhengaptoonin the prs¢évemtctedofli nRM
uni t of t[r5a8hlb c s i pthiemm me ne w a lnecptuloyssp t e r

causing ggmeO]$husnshiaggesnpsai reldodps mawiiomg
transcr stpad i PMA [Roald paus,i ngf fgeentbiaregkpr as i o g

1.2.2. Termination
Genowiede analysis showkdo@sr i@NABohmdnt o f

terminaf L. hinrsranalk tteexrtmi ntat ansadwwsidwintkhe d

t hel eav angaes crefiNAs paltyadepyp!l gt Apbn si tes. Pot
qguadr-ued mixng sequences d(d)wsnistte eant aof | £ehd
transcription -ltoeorpmi hat mani ovini,a aRn effect
overexpressi[ot0]o, T h[Redlla]s @ g flesa s taraee iRmpl i c
transcription termination in natur al cont e
can promoitegtbe phe nascent RNA -wWwoopsits |
't was f ouRNJA thhedti caNAs such as Senataxin
Rl oop structures for med i n terminati on
transc[reiOp]t,i ojn6Bls ¢€68Bde nmtmi alg -l rowlpe inf pR ope

transcription termination



13R-l oop and genomic instability

13. 1. Genomic instaowipli ty driven by R
The presence of pdrovipst aretp,r esrendheaduliesk R

[ 30], [BUPopd 6Bbhepobeed as mul abhboespotds i ¥
reactive oxygen species, nucl eases,- and o
stranded DNA | oop, 1) i mpeding replica
transereipdtiicaan i on conflicts, olreadildaptse,r «
as replication stress or |V) inteadeessng Vv

of repair enzyme4].t o] ®&NJA | esi ons

13. 1.1 Hypermutation in ssDNA
The-l Rop sfsiDNAMM&snt shown to be medee pronet ¢

increased sensiti vdatnya gtion gt haeg eaatitsi,amb wtff dDHW
activatdiucored deanbi.7nd & e s (e edppelsiRfl o sfqo rbnye d

at i mmunogl swhdAileDaBepoegitend t o be essenti al
Cl ass Switch Recombinati on andé68hHy.pef énd}
Mechani,stAlc@!l tpynverts dC isnstbNAd U id esniedhu e
subsequently trigegearcs stilhe ireipai at ipamn hovfayb 4
uraci | DNAengtyoledghyilsaseenzy me exci ses the wur
abasic site and apurinic/apyrimidinic end
single strand break (SE6BPoItyh-eADRVs €1 pblky méarx
1( PRAP)I 7i1 7.3t her types of SsDNA modi ficati
oxi dati v &0 xsotgrueasns ngmet hyl at i met ddfprincom tSh e
Adenosyl methionine (SAMpP csamuad uwelsl, & fefad

genomic instabfT4ty i f exacerbated

13. 1.2 Tranepltipatoon conflict

The-tempor al activity of two cellular mach
cause antémeagemeéemigc stability. Codnd si on
t hteranscriptcaansmarcdhdamipptyicoant i on col | i si on
replicalt5.blh sheepsogression of the two cor
cairectionally, this might |l ead to a dAmi/l



without significapht75]iBrypacdntornactthaviédiNgvaea\ i
di recthenRNA pol and the repliacmtd oinl icsoimp
whi ch i nduce pausing andtibhdtockamel @dd tthe fi
and DbDNAR&ET.6]

Exacerbated transcription ersswrcplraaqgesrcRrire s
dramatically i mermpddsat il daRMFornpihgytsicanal |y ir
fork progression, caasidng.bmdcpki cap i oot $ oot
sucheadsmeres, rDNA regions, and CpG isl an
and genomifcl]i,n[stTab]i | ity

Noticeabl e, DGR, | ®&lsomaq swiotrh secondary DNA
guadrupl ex,| ch@mprm psceasnri drealld t ¢ 7qepli9diat i &nrt]
[ 88t ati edmso pismIRi,sgchaasoM®poi somendses o0
t haccumul atliooompe dbifadDtNRAd br eak s, chr omosome

replicati on forkl 661 d[ 8[88n6g] saunpdp o T RIiG no, f t hi
overexpressiroend DdNARMNammaagnee | i or ati ng[ @lh,e st
[ 8.9]

13. 2:LoRps and DNA damage signalling

13. 2.1 ATR and ATM pat hway
To proteicht g@aiolmg, have evoslivgendpldtNAwgdwmema g e

actibDMA edamage respcerede al BDR)Y or resol ving
The major regulators of the DDR|Ianedt {ATR
and ataxia tel angsieercitnaes/igahategtnaitnéed n@AEMN) t h e
t he r e scploanssse nggb rdaonudbelde DNA larse avikedelpr | eascpaot ni soer
st reasma[gel] , Boilpi sasntdmo siuggestRarmbaMATAT
activation have distinct .AUIMcomes argeDNAa
by DS$Bs,coATRasiagmalisesty of DNA breaks anqt
condi[t9i2gn s

UpobSBeal so cpuekdnldoeodp Rnmedi ated A@aMlicati
recduy thMREIRIADSNB S1 ( MRN), @dmopslpdhryl ates hi
gammaH2(AXt serainmde tIh3®9 eff2ctbeabdicergdsec@Qltk e
and DNA[ §®]p,air93], [ 94]



Al ong with sensing and resolving DNA bre
physiologically d erpspels ., a M d dsplpp pdriesspsleasc eRd s
bound by the bsRsIDANAWath,jsredgpiaoagphoryl ati on, | e
recrui tAMBERIEP ocif AfT&Rr act i amgd pADR eikn nATLR. AT
recrul emesatto achbiy wa ttprieorsgoif o oAyTIBEOKNILAME 9

all owing thethecheat érmesnipga padtk i @o mpl e-x ( RAD
RADHUS1 damgp BMB] Complex formed activates d
as phosphorylation of Chk1, triggering cel
oRI oop resol utfi9®dil malcihnm @ ewii tels t hips emaeddls,
the recruitment of the RNA-lloelpiscnapsaei rD Dhgl ot
resol[udst7ilan [ 98]

The same pathwawyeplsi cadt onerf opkAh Jh9ad]a kisn g

Mechanistically, st dlologpd rse pgleisc a(tasonweflolr k
replicaotmoaoolhliagi on) results in fork reve
struspeciefi ¢c enspacici ieaslelay haleavesol | apse

fortke solve suchhetrastubtesng DNA <cl eavag
actiyv@2imd®Mncheckpoint arrest and subseque
recombinati on 8(7HR] 1[QR@t]raw ak{mxlbdsyppon d WNER e
shown physatol ogntcradrmegr es of nmeedtiaapthianege a c e n
ki namediBated phosphoryl ation of hi stone |
chromat i n c oenndseurasiea thif aunl .gcrhd® o mof[s D n2 ]

RI1 oop driven DNA damage that cannot be r ey
to the accumul ati orei okt &hiliOB4i]A poncsr-dabnodg $ gye nR
have been | inked to fu(hsxudhRaess -8l mat ati ons
otumour suppgregsoBRECAAE 2O[HIuot7a]t i ons)

13. 2. 2. Repair mechanisms |Iinked to RNA: DN
The final out come of AThRY AaTdM isv agtniad n ngf ptrh
repair, (thhDaRt) can be achieved Ther duwgph nmdhij fol
pat hways i nvaénlome d o gagarwes neomd j oining ( NHE
recombinatidat i( HRY) | oeepaufl tNsSHEJn -pr gonéeckepaod]
of DNA ends without need for sequence si mi
homol ogous to the one of the DNA break to

[ 9RPLO08]To achieve homol ogRABS Is e mnestroagan 1S & G C

M H



DNA f il anpernotnsoteaersd st aDbdB sidhmhgg nucl eop
filaments during HR. I nterestingly, t he
accumubbat DGEB siteoesil2AXeguhgawani hgng to prom
resoloopg. RThis all owg otimimed wde DabAn dorr ,paalk
t hat a -lcooorprneocvtalR i s necessary to minimize
integrity and cells survival[106B] owing of
Al ternativel vy, the Break induced recombi n;
damagedU@DANA. DSB, a RADS52 dependesmptl aDMA s
formi Agpopf DBl |l owed by initiatiobyoDNBERNAOI e
containing POL3D subumigtr.at Thigs repl | c ateisr
asynchronous synthesis of the Dhggbhg, sRA
dependency in this prldOBBE2] is still contr
DSB can al sd o@mmpi ge& mfown atihr @&nhsreoraigphtl i¢attnenuc |l e o
excision -NER)ai madhliioB8gdrty wast hamépotrhteedXer od
pigmentosum group F and G ( XPex ainde XIPNGA nrem
templ ate stlroompd itrhathel®ck transcription
|l esions that can be transformed into DSBs
a RAD52 depe[ndH3tl 5thanner

Curiously, DNA: RNA hybrids based DNA repai
[ 101], [.1 1Up]o,n [DINLA7 |d a matgreg n DSBi sae d elsy aRNP
di | nc RNASsi n(dduacneadg-eloan q» gnRiRMASs )p.r oduced at DN,
sites were reported to engage in RNA: DNA
signallll{84d@ 0 ]Di I i nc RNAs can also form dsRN
processed by the Dicer pianthwagd gmpaRiRhRNAGE
di RNAs form a complex with Argonaute 2 a

|l ocali zation to DSBs sites, pos[sl1d2]y t hr ol

13. 2.3 When repairing i s not worthy: the A

| mmortality of cancer <cells require the p
avoid replicative seqeescieallciez ed nmetchhea na bssne
mai ntenance, | inear chromosomes gradually

causing the so cal l[eld 3dinhdi sr el pelaidcsa ttioo na pprrook
shortening, ulti mately | eadiln2gd |8 0% ccefl | tud mac

mai ntain telomere | ength by wupregulating I

M O



repeats to telomeric ends, t hus enabl i ng
progréedBowever, approxamaerdy i1mdd& odi ng
gl i oma and ,PaancNeite vceanicnremor t al ity in the ab
t hr ouaglht eearnnati ve mechanism known as the Al
(ALT) [126], : [ 127
ALT involves a di sdteiprecntd etnytp er ecfo[nibZ Ghjalt 0 @y
resembl-esdbecedkreplication [([B2RMALT fenmtsdi lod

invasion of one telomere fil ament (the r €
el ongation. The donor or templ attee| DNt rset,r ;
another tel omere, or extrachromosomal t el
replifda®©éd

I n the conteapsofoAbhdayeRa central role in
from RNA pol (I driven i a&rms grtuwrgbsigo nt oo ft ht

telomeric repeat ¢tbiagt apmomeg tRMAepT RIREMA tni o
Resulrteiphgcati on stresd bndaklo(bBbB) for mat
homoldaogyected repair ( HDR) bet ween tel ome
phen¢tBBpe [.84], [ 133]

A RADSS2ependent fimacislsintirama i nvasion |l ea
extension through DNA s-RR€®Phéfil8Ametdh @ant ed
pat hway RADWAI| vens {ABS] pr pas8sés



14R-l oop regul ators
Given the importance maf nR§kmbDMg ylsydanbdidg t

ensuring geamenateglulleatnwmher of pr éto@ipns w
formati on &Fnidg uyfeds]oz2l uft8]o,n [ 30] , [ 35], [77],

Helicase

Fig@Rédoop resolving factors

Rl oops can be counteracted through distinc
component of they hgyohédastseasctliowipsd duln é nd
termination. Altesmasdlvedsy , ndgpapptoii s® Meoa@mset o
RNAiIindi ng( RB®ktsd nsl ay a r-bbepi hopmaeviehl ng:
Fanconi Anemia (FA) pathwRayder .l mage gener at

14 1 RNasetHin family
RNaseH family proteins are ribonucl eases ¢

binding domain (named HBBP} oRilnodospas Cb yt ed erg rna
the RNA componentl 3a8flwWhtihlies RNarsuecHluries a mo
RNaseH2 in a hetctenottatimaneRNas egH DA ecdartdh | yt i
two additional subunit,se®&®NansesdH2Br abdoRb0g
[ 13A9 ]t hough pRNas®e nsl are highly evolutiona
grade homology from yeast to human, di ffe
been | dent itfhieed wWBNaseseHhAsrequires a subs
ri bonucl eotides to betprobeesspdi amdeveidmag RI
primers in genomic as|[ wW3e8]l, aBsy Pdthea crbbabs@drr i
r e motvlees RNA moi eftrya gpme nOksa zdakkr i ng DNA | aggi
andgl i mimfatsiomg!l e r i-i bnocnourcpl oeroddtN éddg ndinupr & 4nigs

M p



RLoowesr e showRNasétslrerlowgh tthhReatticanioh pr
ARPA conpRAMeoxr ks as a sensor of sbsuDNAal spa e s
DNA: RNA hybrids.thAftserDNBAmads, tbhe RPA32
phosphoryl at(RPABR yeeaXidmev a3t3i ng both DNA da
t heocal accumul aRNANnDNA RWhgP@BFioMtlat2ilons
in RPA32 binding domain of RNase H1 comprao

hybrids, | eadi ng tlooogpmrs amcdu nmud mamion ionfstR
interaction of RPA32 and RNavse HDbr mat new
supprgesompgc [ bh4B8Bhbility

14. 2 Hel i cases

I n addRNaoew Hopr ot ei n drawi dadd,tnigriadytyea nsr wd i

rol e i n eloonbtprvpell Usd h g R

This i s tRWNeh eclaisceehserdss,o0l ve RNA: DNA hybrids

di splacing thef rRMRtbEpph@dhleaawi ng DNA f il an

anneal6.OnNfgRNA hel i cas &), Seamuataangiont 1 P Bal c | at
e
e
a
0

scl rosi s 4 a(nAllSS 4 )s epcatwiingtnetasp,art Sehdopre i

dependent genodmeogtalblLlt i derSeawnids iRacel a ctais\ee
mut ant sl1) ( sceanuls e s acc-umapatamd wwFaoCat pdi
recombi{Aadgbitdins phenotype was al[slodbelctapi t
DXH9 RNA ,heasi cwaeslel B8s ooméshsyndr oaojell 4h7e]l i ¢ a
and Wer ner s yhnedriskreesteg RN N f ound tHoiopter a
suppressing t heno-@asnsdo cpiraetveedn tDNAg dRamage.

Curiously, anotheborme®RbAr hefi thse DEBDX1, I
beebl e to-quedagluywd e® structures in RNA mol
resol ving) hybridizati onl ooofp RSNAr utcot uDrNeAs sttc
Switch Rec[oldbdi]pmaitntoinng out the complex an
RNA: DNA hOnblryi disew exampl es were reported,
helicases are -beobpg mhanaangde mextte s i REe3 §] ,r ev

[ 151]



14 3 Topoi somer ases
Topoi somer ases, t hat contr ol DNA topol og

recombination, have beleono pd ef mohisgZirbadthe d t o
The evolutionary conserved Tloopoop snoanmesygaesnee nlt
resolvangchaisgbicomat ed negnagt hue pPupeeoadi ng p
nascent RNA with .RheopPNAoOtletadpliipb[pIl/H5 h e

wi t h, |tolsiss of TOP1 I n yermesdatamnd huNmMa ns ugeael
accumodlaeafi he pr KRNAs PioMagclill i t at i fnagr nmRaN A : oDnN A
[ 153] [ 1[6109 8]

Al ong wit h waGsP 1s, h oTWnPv20 lo v-ib@o p n ma&n algheOnjbeenitn g

able to resolves the negative torsional S
roles in DNA replication, recombination an
[161], Ad6mMbBhny drugs are available-for it
medi ated DNA damage, this protein in par:t
chemot h&6[alp6y5 ]

As one may expect, DNA Topoi somerase |11

negative supercoiling that f olransp dfuar mat iF
[ 166]

14. 4 F aArceomii a
The Fanconi Anfeanindal  FIADV @lrwde ek iinn i ht enstr a

replication fDDRac it q#li6[7d® 9]Beamdes t hese

functpans, oda FA family prodeiops maengemeah
mai ntenance of [ geé@bmM|Thestabntialy tumorsup
(FANCS) has beeHd ofappwwnaln 4 or ibptnidoda otdd&kr mcnait
Senat axi nt,hersees oatvyipnigc al h @ @B¢sisc od c iBdR CsAtlr u ¢
to Iincdeapsd fRrmati on and subsegHiZ2AX DNA
accumul ation and ssDNABRCA2kEFANCDh)esteom il
found r ebaoblpywiindghR br anched ootprsy c tftarca |1 a ft a
recruitment of ,RNpasetEHttand 6SBR&Xcell from
genomic [AgHFbideiptlyet i onl oc@aameesemu lcatuiscen Rand
[ L7TBANCI FANGGR, FANC®I gnanlelmbreg s of the p:
had been shown to be involved in such a p

i ncrealsoeop nN evel s and subsequent DNA 7Qr,eak



[ 178]l n particul ar, t he monoubi quliotoi pnsat ed
representing a#d oionppso ritdadn®¢ nssteep i n R
FANCM by contrast has been DNIAr éngiowiy ndd iorug d

through i1its ATPase/translocase activity,
negati[vemRABICRs ( RAD51) has beenl appemdtl er i c
though its ability to bind to ssDNA as Wwe

containing RNAIOQ TE&KRIAJApe fRd rnmatarnadnnst o i ni t i
recombinati on evenltoso pdomendsitarteeadn DONA Rl ama
i nformation on f unlcotoipo nmeotfa bFAl ipg ra t[fhkla6a¥ 9b,a ean
[172], [.275], [181]

145RNA binding proteins
RNA metabolism has been f oulnadop.pethee aarcd L

vert eTHHOAtTAREX compl ex was the first pl ayer
[ 182184t is formed by the four nuyaxndcear pl
the three prodemmiskexfl tamed TREX mMRNA export
Yral): | oss of tfhuenclid@hERE¥chmipeinaxi on e
due to accdmwlpattihan wofbsR acl e RNA Pol 1 el
in transcriptional el ongat[i88n, MRNA.]e x o olr8t
Mor eover, It was demonstrated tlRhatsodd&mloevin
as ASH/exaF2sl) otogo R or mati on and subsequent DI
by deublaemd breaks (DSBs) and genome instat
HelLa cel,i$. i hheeadts with the phosphoryl a
splicing but -l alopo ftoo man e weantankK sub3dlguent
[ 187]

My



15NovellodRp suppressor

15 Chromatin remodel ers / histone chaperon
RI1 oops cannot be arranged in a nucl eosome

DNAccessibility of theg&mdal chromatin te
To counltemmpdit atRed chr gmathe adlelr ravolowmed n
remodel ers, such as the SWI/SNF compl ex, t
the SIN3 deadaceeylyangphkalypomgRagements and r €
[ 18[9 9TBHese findchgpapbeVut ateomtsaisn-rmggp R
|l oop suppreasatsai chmgmatcartempl|l ate with
phasA mg.vel actor h®re attthi D cspamacmaarti(ed AR Jott e i n
a multifunctiomalcrmurcaotadi m otllreati nplvays ous ¢
transcriptional regul ation|,lasdpptoscent ant
DAXX has been identified as a spierctiar acted
wi thlh st one v araicaatn@NB&.sBepl i cahienhonedepapd
[ 195 9BAXX forms a cATpépaendventh hélei case a
family chromatin remodel er ATRX (Al pha Th
X-Li nkteldat supports t hHe3 . IBieptocn ¢ ¢ avmatr aadmith o «

nucl eostomepeci flioccigkhbaomctceri zed by consti

structur e, i ncluding tel,omenr e@la/a@G2d périt be
cydlie9 5] [ 2[029T7h]i s process is crucial for ma
functi on. I n terms of functionadepghdANRX

deposition of H3.3 at chromatin regions e
ATRIMOONMTBNMT3L ) ADdmlaatn directly biflmd®db]such
[ 203] ,1 mMpdG4alantly, dodscwodthaddRX ingans é-iicrmanR
| oaonticipatirmge inssuvuppritaseisng wsudhh part.i
repetiti e oddogwueenrceesst i ngly, ATRX has al so |
G4 structur es sl okonpo,wnp atrot i fcaifl B0 R]y, L @[2s0t 6e|f o m:
DAXX/ ATRX has been | inked w,imehitdiSeBasmad!| | ap s
downstHRata mt elaome e hrer[ 2Jretr ds IAHR¥ Nd | es s
freqguAmXAmut atsitonosn gl ywiatshs pAltTlabé y penosancer
frequent!| yYaolNEdpwosesadricomasandadadtt e[ @& 7ojonama s
[ 211]as wel | ascamc &0 [G 18] rlAikii-ensgtlryoduct i on
WT ATRX imupPAHFRX | | s was able to feudusdint t

M cp



Concor,daptéegsion of WT DAXX in cell expre
suppression of [t2H el JUAnLdieh@hiengotteyrppe ay bet we e
DAXX i s cruci al for mai ntaining -tedmmer e

structures.

15 PBHS proteins
SFPQ is an RNA binding protein [o2XIltSplanal |y

toget her wi t-ROWNOMN@&poantndo mi tbg ndc hgmermr ot ei n
PSPC1, (Paraspeckle Protein Compone-nt 1)
Behaviour Human Sp[l2k6lhg hamahycéDBS8SHPFPQ
role in RNA metabolism by regulating spli.:
has al so bszemDdlrAto daméa g &ilr7|[Speci fically, SF
ability to direesttlryanbdi rbd etaok sD&ND SBosufbA Bed @ D |
a key player i n maibryt aitnimudnad @mga@misc ¢ ®tc @ mib i
medi at e[d2 Ir8e]p,aiAr 1® ] consequence, a deficien
in sister chromatid cohesion, chromesome i
damaginfp2agent s

SFPQ and oftahneprt g0BEHSHYs act as homo or heter
show that SFPQ6s NOPS, RRMs and coiled co
of heterodi méR2Ralsivi wehl INGCaNSD 2h2dinjo dfiancetr,s i t ha
reported that SFPQ/ NONO heterodi meric ¢ o0mj
processes such as tarnadmRSNCAr i prt a fpé@&aa | nrgejgai2 &
SFPQ, together with other DBHS melmbes s a

compartments also known as Paraspeckl es. |

to various cellular functions, I ncludi ng ¢
gene ex[p2leXs]s,i oinBBRRP/ NDRO5¢an recruiting th
facilitating tmM&NAr at esdgiiengg8@dofaimieng 1 n |
termihaeépn has also been observed that t
and interacts with other proteins to regu
specific[2R8FRBQ@r apds NONO act as transcri
involved in both repression and activati on

can form a br i dtgreantsetrweean oRolmatchi nery a
pol yadenyl dt2Zi2Zz&B8pbntachbnsg t hel ofopprsmatiitonh ad
demonstraHeédee@hhs NONO and SFPQ | ocate at

H N



common role in suppressing RNA: DNA hybrid
bl ocking rl[ez2ShbnicneatSFoPnQ and NONO | ack dire
has peethul ated that their role is to facil
recruitment aims to trigger a response af(
formation of TERRA: DNA hybrids.

16SFPQ Structure

AIDBHS fpmotsgharse astomchéebhreed as DBHS <co

consists of two RNA Recognition Motifs (R

uni que sequence NOPS, and a coiled coil dc
Besi des these conserved domai n, SFPQ pos
schematicalFliygurrepd@rted i n

1 27 ﬁs 1?5 2?5 2?8 374 450 498 5?5 7?7

|

ol[TPQ [F P & RRM1 | RRW2

DBHS core
NLS = 547-574 and 701-707

FigBRepresentation of SFPQ domains
SFPQt Nr mi nus contains the RGG(argininel/lgly

(proline rich) semaiases PRhedBmdomain from
t he RNA binding moti fs RRM1 and RRM2, t h
ol i gomer i zadiilond amd ittreed nAitn atther e@i on t here

s e quehPiccetsa k e nYafrreosnh , a IR D 1146]

161 RGG domain
Th2a7 ami nDPFPaQE iRIGG domai migbdntpaeircent age of

glycine. RGG domains are considered intri
bi ndi nga mpidnoftleuennsce RBNA cs[iDhBIGGy tdeo mai ns ar e
target sitmet iwlratairgn,ni generating novel b

[ 229 Not abl vy, RRG domain was demonstrated
MRNA,dentSHERQ nasRNA epr o & s[5203n0¢]
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16. Proline rich domains (P/ Q and P domains
The P/ Q @démaiami noonatcaiidnsi ngtOmepre | i han or gl

resi.duréhse 150 Pamiomoi ancGdddn spirsotl ionfe r esi dues
domains have been associated with a prote
binding but w[i2Bllow specificity

The P domain of SFPQ has been reported to
the case[ »P18]Rad51 is involved in homol og
promotes the invasi on| 203R2dwlea ¢ chras| dgewns rtee
t hat high | evetsualfl yRaidbhli bi t edelbgt eSH PoQ,s
recombienvanittsmus showing SFPQ dual role in
subsequent [[2NIAB]danegled® d ver ,aptpheearPs dtoomabien i r
for | ocaliztat s ®iNAe da SBTHo@SEtPe d u IDaRtRe sn o n
homol ogous end joining (NHEJ), homol ogous
and telomp2&9ptab227vly [233]

Fi nalhRF PQt Nr mvasisr eport éd gqluiogupirdo vp dees e s e |
(LLPS). It was shown that SFPQ can under g:¢
FUS a RNA binding protein exnpyoorlavd dwi ng RA
accumul dtaicamresf rel ated to DNA damage respc
[ 234t is interestitnegr mionursqt ecrtultcatalt Heo rF U
and a -rpircon idhemain | i ke SFPQ, pointing oulf
bet ween thse two protein

16. 3 RNA Recognition Motifs
RNA Recognition Motifs (RRM) arédiwddegpr

proteins. SFPQ contains two cTohnes9bcOuat mivneo RF
aciRRMs domains arUbhel okeésdtihmtoatrwoseparat
b-shelez235The caneRNAahdpngteehies on ar omat
toget hdbshermtene o favour the interaction wi
aromatic residues Iin a RNAMpedi pgsi whomhet o |
does not di splay a canoni da&I3 6 pDoessiptiitoen iintgs
canoni cal baaoti wigt y R&RpMRear s RNAbredimog et hr &
RRM123 7]l n particul ar, SFPQ RRMs have beer
Il ncRNA that characterizes paraspeckles su
binding of SFPQ and ot her DBHS proteins (

H H



function of paraspecklheoswetvdeay et itso i me rfewlsl
for their role in geneuproeng usltarte[sdsl 2r pensdp[ opnRsbe
[ 238FPQ has been demonstrated to repress
physically binding to its promoter. Howe vV ¢
NEAT1 overexptkesstconc eSaFuRsCapia roans peefc kl.es f or
Lack of SFPQ at the |1 L8 promoter results i
Not abl w,erSHRPQ@RRNMIc koirnmaR MM3siump pr e 28 3DHMQ

RRM domain have been also iaenfapbpedt iac
alternative spli¢r@g]of caspase 9 mMRNA

164 NOPS anadoiCloiDcndai n
ThHMONA/ Par as peddkmeaiann(iiNg@dISI)f aarhr ee member s o

famahigs essential for homo and hetdemadnmer
of another DBH[S24@lmi t gcenetmbetrudy has reve.
to heterodimerize rather thadlpoweveg,t ©®B¢
proteins have a diff er eevtdmtluelxlpy eisrsfilone n a
formati on.

The GCOoilledDomain is shared between all the
contrast dom&aihe oMNOPRP mot e rpnoh eytneerrjoi2z3abn]d o n
positioning i[rrRRt4@® |JTphaursa s ptelcikd edomai n i s i mp

structuraltacgepgamagapeOch| e.

16. Bt er mi nal domai n
The-t €r mi nal domain contains fawd meplhesrent

fl exible region due to the enr-tehmenusofai
be a giotsa ftarans!| at iRPRPMMsS smaocdi fascaphonshor )y
influence SFPQ bin24d3]g to other proteins



17R-l oop at repetitive regions

The human genome contains up p@roed705n% nafnt i

represented by transposable el ement s, (pe
r DNA &nr2ddy sThle24nbalj ority ldve htese uamddeangiot B
transcription, anvdopgi paguhgt iaomoile ¢domt rRo

transcription and c¢hr olnhatsi ni sstsaumgso eateids g

evi demat i-hvopngehuRman di seases characteri z
alterations in r[e4e@]itive DNA el ement s
DNA repeats can be divided in two major g

(VNTRs) that confil@bp) mandomdlitd@kipt) € & le(pieat (s
Sma3dal e Repetitive EI emein8ksb.( SHsaRHsma rrka negxi
forTRN are Sat]l, Sat |l | and Sat]l | satell it
Sat |l I | repeats) to 25 bp (ubsat élebigtd ©6
bp) and telomere (6 bp) -mepleadtsi ddsuroenmd & to
[ 246]., TRe&7droup of SSREsUDAAetbmpei §a7démp
>satellite (2eAndpgdsanrespe@tanging from 100
composing 2,8% of human ge&nokne )ynildT Rl enregt
compose the 8, 3% of AR hemaomedgememie s smudl
8 kb wunit l eng® hd iatn dlueén dNtEls) (&l. ement s t ha
approximately 34%[a8#8fiheTBdathndigeatoend t yp

repeats build eukaryotic centromeres and
subtel omeric siteg 28bmd .,atl 2i5@Atden ¢t iotni, alt hree ¢
cont ai-©iG0 20dpi es of ri bposomal DNA (r DNA,

intersper sg@RA4t6RNA [ Relivd s

Pi oneering RNA: DNA hybrid mappsag ex pBPRI B
foll owed by hybridization to til Hnogopmicr
formati on at tandem or di sper sed repet.i
retrotradspeboms[rah?le,p e@@wd de -D&YoPnbi ned

wi dbBtection of nascenOntsageenspiiy BBERGWe
to investigate trathoompi dgtoiroradli oac taitvirteyp ead
di fferent [Mmd8bh s cl&nkps wer e ftoenadmemes c
and ceamdasomwensli mpd e/ | ow coampdlleixg htyl wteererait s

satellite r.ephattasblayn,d oD NeAn rriecthrnmoeenlte mweanst sd.e
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costudséeA. ushmamlgo we dR-lhoiogphs enr i ched at
ansposalbl ewi @ lhe nmeondtesr at entensraiecdrem&ininp laet/ | «
mpl exi tCGurnepsdthsi.mdbot b &li Ind haba ecaveer | ap

t weleonopRs and nggaeamgti ntgr & m s;warsi6 Hteou g 7 0 ¥)d |
oop geinnelfcadi8sj on

reowdra, Dd omel ameyaeatl el o pfaatvearRiesi ng
fferemtosaopmbl gba, transposabl ewbkEerment s
ri chReldoofporcompared to $8Bhaénderonr § S©2)
esdAtomp accumul ation at simple/l ow com
evenltooom ®Regradation by oveeaRxNarsees s b n
sulted in hatching [dxS54]cts in Drosophil ¢
ese gtersandglIsyt hiath diRpateex pressi on at repeart
nome sequence features but al so on spe
ntext, such as2t©®8 [88lcer setting in U

. R.1abp(peri)centromeres

man (peri)centromeric regions are char act
i fferent tandem repeats.

I human centromeric regions abseateddiidlees
ere t-AenCENPosomes-Tresicthes eglTloense ak e oOr
ai l tandem repeat paft2®fiiviomnfy Y75 ebp omdn
peat (H@QBY |JElmrciht HOR i s -téeépeasaddihuondr &
oduei nMpbor2g arrays with chromosome speci
mber and sUscquerddd tefs tmber o me[r2ss Gals, we25 7 ]a
e flanking pericentbr,olmperlel regmnaodnlilils $ar
ped&t0D bpY olma cf af teer de wm e [sc2hd{8@ Babl§ s 0 cont ai ni ng
NE and retroelements [iZn67a] more rel axed ¢

ring eukaryotic mitosis, Aurora kinase /
d spindle assembl e, whil e the Aurora ki
romosome condensati on, attachment to ki

t aphawes odl@r$8BA key step during mitosis i
osphoryl ati on of hi stone H3 Serine 1C
nden[s2afoida i |



Human centromeres and pericentr oreordasngwer
RNAs (ncRNAs) in an RNAPII dependentol maemrdn e
regul ating proper cen[t2™2de/r5d structure anc
The high rat e of transcription and repe-t
candi dapget Alodtops.R I n | i nel ommpt hmat phpiisn g hruenvaen
up to 50% of (peri)centromeop3sd]s Regmandc&apl
forced redoloptsi byvefce Rpri €essi on of RNase H
centromere cohesion and chr[o2nvo6s]o me seqgr eqg:
First in yeast -laomd tweere ifmumumsda mmeRas edf

chr omosnmest heir dysrdedwlcdtsi oinn l|lkeiandetto@ hor
chromosome [dddbdr egati on

On t he mechalnoiosptsi cwelreev esshowh t o stimul at e
to centromeric and pericentromeric sequenc
promoting chromatin condensation and mitoc
RNase H1 reduces H3S10 phosphd¢dyllbhbi bomanndo:!
cancercemndlricdheower e | ian kfeudn ctta o nmafi omrt aATR nig
mitotic fideRldwpr €eslt @ wmesi-fbNA hbei RRIA Yy

in mitosiATR hati vat it ugLhRKsBt ivmual aQleksl, prev
formation of | a[glgQ ]Nlo rc d o \o dhrac,2d she smAoTdRe | pr e:
reduced H3S10 phosphorylation, further del
activationcemtAJrRikMEBBBats regul atory pathway
|l oops play an integral part i n mitotic cotl

avoid genome instability.

1. Te2omeres
Tel omeres are heterochr dmeataitee dn wal etolpe o¢ e

chr omotshoame ensure genomd hetsabirteogmioertsd pr ot
fusions and uncontr dl2l7e7d ,r dRarBlibm att ieont ed \C
composed TAGES® 6 mi crosatel l,iftteankaddebny rueppse
subtel omeric regions that contain differe
repet[iza27 ohsl omeres are bound by the Shel't
tel omere function and [t28I0dm&Eve2n8lldmoulg h h o |
presemtstict uti ve hbkgperodcelhcrtomael n-mecesasefdr o
recombination, rearrangempf82] ,amdr2t88dm tart el

HC



subtel omeric promoters drive the expressi
repeat cooabdi ngnBNAWAMTIEHRRAIL 227 ] mp284fant | vy
Grich content of TERRA tr anlscapstisn paiosmodre
at eukaryqtlid8]t,el[ilBONDgn[ 2BBE with this, ge¢
anal ysi s baseqd owowaombbDRIsR g t oeVveRad ed t hat t
characterized by oopr emgBbriesmthi gh R

Rl oops at t el oneeornebsy oarreed uknedpatn tu npdaetrhway s t o

repl i-tcragansoenr i pti on conflicts, DNA breaks
recombination that ma¥8df. vike@emhlailRey ,i ntsela
|l oops were demonstrated to fuel recombino

homoldagyect ed repair ( HDR) [tlo3 3inai ntladiOn , t «
Tel omerase negatideehdtr amores i aed oby kéeeghse
tel omeres to drive the BIR dependent, Al t
pat hway, assuring tel omere nia2onlt]en2aa9xde3 Ja n «
Il n this context, RAD51 has been demonstr
mediating its instramded i neéloomérei o ocMA,e f
l opp80], [297], [298]

1. R.LPo0ps at transposable el ements
Transposabl eaekemeersen{ TBES most hal fwhefn t h

activat bd, abhlwlpdt x att @ a npdo siintsieornt wint2Mi9r eav ¢
ClassnbméEé@srotr anapepos RNAy i mgiemgneai at e, \
'l TBREDMNAl transposons, move [ BiO0@dacstTdkayl eas DN
mostly reprewsembeodr byype of c &.tl BENeEd p(elrosnegd
|l nterspersed Nuclear El ements) an[d3®1|NE ('
To ensur e ¢genmne wchiuondeachhiagnii lsimsy,r e t heTEBuppr e
transposi tRINAn,i ndeach eagncen( &NAcC)i nd hBENARI {
pat hway, and ep3 @230edtli IicNEBidredcSInNE acti vit
di ver dirtigwealnudt i on rboyveglé a¢ i goisaeend r angement
Howevenpef eTEiI vyep pdreigvedasmrs,p o s it haacma uesMeR nt s

damage, mut ati ons,, abnedi ngge nuol niicin d teneslft yarbimal i ot Ic
of cancer and S U leAbir c a3doiclist ei a sreess symadmdo me |
Amyotrophic | ated8@b31sOcldrertosp so f( AtLIBI) s, LI NE
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tragsoei bedet taot linnctReNFAfser e wi t h a wi de

cluding gene regul at[i®dhl]Jand chromatin ol
cently, transcriptional act-iovapiemr o€ hmE
di fferpB8&locgmenamnmae |l acking RNH1 or Tc
oop |l evels at TY1l retrotrangRd2d@nms , pr

mb€Roapetr oel eme nttosh rnwoemmaet il nrrekeegdw il tait-m @ nt h e
duced transcriptional si |l endierp® sgiMRdi D)

nstitutivef direm&tdi®6Erhr p&a2] n

this end, direRltodpmans ponadble i @lleaament s
l i mi t evch.r ifHBOCVEeovresr , such as ATRX, DAXX, BR
cently demonstrated to contrerhowvheiagtia
-l Bo[pxs01] [ 3[1F;h3 Jer estrierceelnyt works | inked

t ati olnoso pi nmoRl ul aatdde? s afortdigv.atRNd N  of t he
t hway, further supporting the involveme
ab[i3lIli[83 6]

HY



18R-l oops connect tvd ai nreétTe MESpPLant ihtwa y

18 1 I nfl ammation counteracts or promotes

Il nfl ammati on is a highlyecoowmpayvees bi oé og
recruitment, and functional involjyad8méht of
l nnate i mmunityef sonttheee ifmmusnte |Isiynset eont, prov

and -snpoenci fi c protect i bonvtahgeairnegctr upiattnheongte nasn
otel l ul ar suacmmaseomthsag e s ancdl enaeru tirnofpeichteesd tc
i nnate i mmune system relies on a |imited

compensatesa bwi deeamigert o migp | (campo mesntvsi r al

aci,dq) tiating a protective i nfl ammatory
exposur e. Furthermoreent malat eoli eesmuni agt pVv
i mmune e 82Bdns [ 329]

While initially recognized for its critica
infl ammation holds equal significance in

remodel tdhevhg lby@atianhgt s sue h[odhe]s,t dsB3gldcent de
there has been a significant imdédamgnanc e no f
cancewith infl ammati on pl aying a signifi
devel opmgnogr ebsysi mpporting cancerandel | s

angi ogleh3zxli.s C883Bér skl gmmahery r eisnphounnsee c a

systa@ncoegmidz eecamoat cel |l s. However, can
mechani sms to evade i mmune recogn[i3d3adln an
These findings clearly show that i nfl amma
factor, according to tfBe&4dnvironment and

Neverthelhes dtdleaa itmomwmse systemwhehadwméat o
i mmunot herapy, has emerged as [&8 3pmrlohmiss ihnags

l ed to a substanti al surge in research e
mechani s ms t hat l i nk i nfl ammati on and c a
mechani s ms, scientists aim to refine and

i mproved cancer management .

H ¢



18 2 I nnate immunitgGAS/ 8$dDInNGopathlwdby t he
The eSGAISNG pat hway is centr al f OFri gtulree adct i

[ 336]c GAS serves as cytoplasmati cdBBNeAMsor f
species origuyusdtichgrf aommviochondri a, or

[ 337]

Notablyertmh@eaC region of cGAS possesses ni
enables it to bind to dsDNA and induce si (
in its caf{8@8BBii,cTPBBOKkbiadadiolwg e@eveni zati on ¢
GTP as substratdadceyolri ¢ hei By adtyhaeltsii c egouhadn @<
monophoaspdmadsxei ne ménAPNNPoIHh]Acei ng as a se¢

messenger, cGAMP is then detect etdhaby iSTI
primarily |l ocated i n t[h339ndolp@ dads]nma cct irveattii
c GAMP, $TlaM&ESIt oc athee Gol gi agopdrgat uisntwirane d
comparift3nkadl]t, ABYU 81 reaching the Golgi, ST

cysteine residues (CypFTRBKiamdi nCgy sliln asaendl
which in turn ghoayp harly loglt |SsTw itNGg dCth ENr ecr u
regul atory factor 3 (I RF3). Furthermore,
ki nafkkEo trikgBjetrr aNfFscr i pft3bdhJahe aacti vaaioaon
transcription -kBHpthdrsgu ®ISRF3u eanntd YyYNH nduce th
secretidamfbéammatoory cyEbkamed [ B4a4Hho0 as

infl ammatory cytokinesachavesaekpobhddispgct
vascul ar endothel i al receptomasdnacre sofaty

macrophages and neutrophil p34bB6]aid in the
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FigdSehematic repreGARAILtATI NG pdt hway.

CGAS is traditionally activated by vDNA&slucdh
chromosomal DNA or mitochondri al DNA. Upon
and producesSMR y(cd GGyMREMRcsGAMP t hen binds to
in turn activates inflammatory protein Kkin
(NEB) and interferon bryegTuBHKil,o ntarcafniavcartdimpntgd o 6
gened mage Zaklwt fapm32p020

18. FBactors contributing to the accumul atio
I n the context ofvaumous selbkss,egpobuag I

stress, oxidative stress, and DNA damage :
DNA vulnerable to damage and deletion of
subsequently repoctedntoflegtdopbashmecpbbd
cGAS/ STI NG path®%ag] Acciwaasioeonsource of <cy
ar e resemtadd ey fimisenad h u drlivdcidoe B o di es comp
chr omosome fragments wrapped tlHomuwdlramgel e
traditional bi omarkers of DNA damage and ¢
c GAS/ STI NG pat hway after the[ 3406sMi arfontuecelie

can originate during anaphase from | aggi
fragment s mcrmepeidr DNA breaks or uphBéaphirec
Additionall vy, sever al key players in the
activation of t he c GAS/ STI NG pat hway
For exampl e, abnor mal DNA structure at S |
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DSBs following ionizing radiation (
activate t hesi g rcaGlAIBIABd W A3 3 6 ]

Il ntereseciengl s,tudi es have demonstrlacdem a

formati on and cytopl asmic DNA accumul at
CGAS/ STI NGFprat hwhade adicer ulpaeompnhome ®Rst asi s
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t he

S of SETX or BRCA1l gene has -Ib®e@rs as
umul ation that bind to the pattern rec
t i nduci[Bgt9@BPDptp@sisO NS i ncrease mi cr o
hani sm il mo@lsviaongd Racti vate the <c¢GAS/ ST
reased expression of i mmune genes in
kedl y reduces mi cr onufc3 20 ]

se resul ts -DeNsA ahbylbirsihnd st aate RNmMnunogeni c
umul ate i n tlheoxypgropd easslaw oy ,taetrc uRku IN@t IRo
ate i mmune response, a new insigéat tha
rapi es.



2 Aim of t he thesi s

Unschedludoepd fROr mati on i s ogien comii ct hien smag boirl
the underling mechani s iise sRiNMAnIdd nlgFpRvGQod eli \n
has been reportedptat suppomssesR prevent
recombinati on. However, his action -is not
widd.th this work | al mep mManagpemsnt glhhtect
and its novel i nbar ac guwemndgempgl aervienler DAXX

Il n particular, my Ph.D. thesis ai ms:

T To validate and dissect the interactio

DAXX

T To invebbopatepRessiSFPQaamidomdMAXXatat t el
ot herpeti tive -wiedJe ons genome

T To investigate the-mdowgtoo@amoeimaeéctonc

SFPQ depletion, in termsabdbke gemoamityi n:
Bywerforming such investigations | -lwiolpl pr
dependent activation of innate I mmunity t

treat ment .



3 Materi al and met hods

3.11lc¢emlels and cul ture

Human cel | l i nes used were obtained from
than 6 Amoébntctlkes$] s were cullW-2 va$ e(do satt e BFAICG o
wer e cultured i n l ow glucose Dul beccods
(Eurocl onef)oeimhné& O %er um -(gCart mmi@n hiep (@(1%06 L
penicillinGesbcepHl02my9 i (ncisa(mal homa] | nbmang cz¢
wer e cultured I n Roswel | Par k Memor i al
suppl ement edebvat h e 1EB8uébroudm, o(Agé ult aGni bphceo ( %
penicil |l inGsbOavVpAtCRMy c(ionvia(miadn; cred l ung c
wer e cul tured I n Roswel | Par k EMeondplr o aé

suppl ement efdoetwmtt hnd 0%er um-g( Git meno ne 1 %i hcc
penicillin/ str epBEKo2ngg3a man ( &Embcrcy)dpncel |Iksi dwey
t umiegh ummose Dul beccobds modadiflubaud cE&A@Ihed
suppl ement &deboavtihn elE08% p g no @Agéb ult ami ne ( Gi bc «
penicillin/streptomycin (Gibco).

cu

U2 OS inducible cell l ines were gently p
Toul ouse) and cul-2i 08t eadvli i ddreo midodalt i W n
(gma) 0. 2BoXyde yndnldiuncet i on wwist hp e2r fGgr/meld d o x
(Sigma) in complete medium for 24 h.

U20S cell s stably expressing mutated form
cultivated-2asOSc aredniscalwidh thgmaphd@i 6i &g/ m

3.2 saRHAvsectamris freecttriocovni r al sttradbn sed weetlilod i n
producti on
For si RNAs tr-MMAXfecpobec¢ct & MANRe (Il nvitroger

to the manufacturerds suggestions.

si RNAs have been transfected at a final cc¢
si RNA used to transiently transfect cell s
Human-TABGETpl us CONTROL si RNAs (Dhar macon
ONTARGET plus smartpool SFPQ si RNAs (Dharn
SFPQ 586UTR si RNCAQAQWB)CBUGAGC&UCU( TT)

RNase H1l si RNAEAAMWGCGAABRAGAGCGGAAAUBEGAUG(TT)
DAXX si RNA-GGBXNGYUGBGAUCUCUCAZAA(TT)



To genearbatee csel | l i nes stablyS2ecve@niaess £iong S
transfecgedfwltheadari sed Myetsd g BB Qeelcattoerd c a
mut aonrt sMyc empty, caonul rfl VMeoceari sed pLPC v
puromycin resistance. Cell s were transfec
according to the manuf ac sfuercetri Gosn, s uPgug eosniyico
Ogn was addkesdsegaedtl|ly increased to 0.5 Og.
cell s.

Folrentivamsaducti on HEK 293 were used as pa
Reaction mi x containing DNA was prepared
10geBackbone

7.e§ psPAX?2

2.egp MD@n v

5®Pol yethylenimine (PEIl, 1mg/ ml)

Opti MEMe¢lt o 950

After 10 minutes incubation RT,’dipghemi x wa
filled with 9 ml ovmpheagd hmeibiaumrand | eft
The day after, medium was repbaced by 6 ml
Subsequentl vy, the supernat ancendantfaligreisnga

fi l t.ered

1.5 atpiows rset oa€8ddA f or future use or i mme
t r ans drFuocrt itohni.§ Egoufrgng sy | v bSieggreaw@s added, t
the mixturecwdsshuiwi oh AéBiepi gdPhoeamigsi n
0.25 Og/ ml wabsaddednt | gndncreased to 0.5
stable cell s.

3.3 I mmunofluorescence
Cell s were washed with 1X PBS and fixed |

mi nut es. Subsequentl vy, cell s werQi twaastheed
Buffer (0.1% sodi unr OdDi)t rfaotre ,5 Omi On5u% eTsr iatto nr
and washed with 2. PB8&L | 6§, wWé&r dwbkeoncked for
Solution (3% BSA/-2R)PB®rimhalyp aweembodi es

werdd l uted in blocking solution and slide
temperature immowerwaitghMtA@mber .pl®EFI3I sanwe e
washed three times in washing £2dl)utfioan 5( 0

op



mi nut eisncaurbcat ed FWwiubh Aleexadary ,alntb5i0b0o)di es

diluted in washing solution for an hour ir
wer e wamsmohenkts i n washing solution for 10 m
was added in order to stain the nuclei an
were mounted with ProLong (lnvitrogen). F
fixed ande@ewintedalbd ¢rmezt hanol f ecro | 1d0 amcien wtnees

for 1, mreepegotiiwe as previously describe
Bl ocking, anti body and washing solutions

captured using cl assi c (ilmemucnao fO Mi4o0rOeOsBc)e n c e

For classic immunofluorefoeanatezahabwnsi swast
by manual. i Qsprtcitti @ani ve i mmunofl uorescenc
using I mageldtefhewd@8ssudeprtddos ot cal cul ate t he
signals intensity of i nt er.pShtausdeetnatgdtsl &ia s wa
used to calculate the statistical signific«

3.4l @unoprecipitation
Cells were |ysed in Lysis BufferO,(50 mwW Tr

EDTA, 5% gupplkemepltnel PWM StFh 1X PI'C and 1
(proteases [ phoamd apgaassseesd itnhhridbughora )s mal |
ensure properdpuwkenr800 ng and 1000 ng of
was used per | P. Desired antibody were ad:c¢
l eft rocking O/N &t HOA. oTh®Oymhableawdisn ®r da e,
were usedt ©oc apabnathiegileBnb i nt eracti on 2 h at
in Lysis Buf f.@hre weamp pelmrwweadneidn Sampl e Buf
mM Tris pH 6. 8, 0. 5Zméb8epbddtody| tylcee rmd 9t &i

protein interact\Wexnt erars Blnote.st i gated by

3.5 Chriommautnionpr e d iCpiiltPgt i on
U2 OS cells transiently transfected for 7

wer e fiaxdedd ngy For mal dehyde Solution (Sign

concentration of 1%. Cell s were sh-aken fo
l inking was stopped by incubation with gl
while shakingl §owebemwashed. t®ete with col

by scrapicnogl dwi RBEWS ilck, 1mM PMSF, 1X PI C ant



centrifugatd4ed@ fadr 430 0M mwptmnes and resuspende
HEPES pH 7.5, 10 mM NacCl, 1m0 EDIO.A25%0Pa iGt
X-100) , I1mM PMSF, 1X PI'C and 1 mM NakF, t hen
pell et wad iremsuppiesdBuf-He@lr dH §.10, MMV OTmM sl
lmM EDTA, 0.5 mM EGTA) 1mM PMSF, 1X PIC al
5 minutes at 4AC. Pellet was theHCIr epsHuspen
8. 0, 200 mM NacCl, 1 mM % DNd#e,o xOy.cch oMt EGTA,.
| auroyl sarcosi ne) 1mM PMSF, 1X Pl C
Sonication was performed with BioRuptor (
bet wee3dnD01Swm.i cated | ysates were centri fuge
supernatant contain sonicated DNA was cCo
Sample was diluted with-HEQIuipH b8r.alt,i 0oln0 OBmuM f
1mM EDTA, 1.66% Trdetxoync hXo,| aQ .e) 6 6l9%MNaP MS F, ]
1mM NaF to reach GF dri nemdncdv dllnft mé oafy wWAEG ad
solution and r oOdokfe dDyQVaN eaatd s4 APO.ot2e5i n A (| n

for each I P upon O/ N blocking solution at
BSA, 5 mM EDTABdadsl XanhBS)o.dy conjugati on
washing and resuspending beads in equilibr

conjugated with beads were mixed with sam

hour s. Elution of etrife rimamdu rbollodndpdilexy wW2a5s0
Buffer (10mM Tris pH 8.0, 300 mM NacCl, 5 n
37AC under spmkfog 46 BDAutes. Magnetic r
eluted material, elRwetviean waso spsdrifndkr meads tpvei

20lbf 5M NacCl DANHA PHACT OtANtion woHbofperfor
0.5M EDOAr-HED pHA. 8O0BNAsel Avi(tt®gan OI2
Protedoe i K2@®gdrit o each sample and incuba
After i nculpeatrifor nRQI awmals sampl &pfwdEe 1 Xes u.
Sampl es werePG@GR.al ysed by (¢

For -€bphPexperiment, sample were purified

and sent to Macrogen for | ibrary preparati



3.6 RNA: DNA hybrids immunoprecipitation (I
U2 0OS cells transiently transfected for 7

were scrapledd RWB$ h1 X and centrifuged at 40
Samples were |lysed in 1:1 eifClLysH s7.Buf f4edr
EDTA pH 8.0, 100 mM nNa ClE, bdudfHHeCd (pHO B . MM Tir
mM EDTA pH 8.0) supplemented with Protein
|l nvitrogen) at 37AC O/ oamd opmr iefxitadcbi c
precipitation and resusipgekOild pith 8EI5u)t.i oTnh eb ug
nucl eic acid preps wer eagmantcsat sidz0dea @odfo b3 @&
and quantified. Part of sampl@swease lsept el
f ormmunopr ewhiplia &yti wear e4 i ncubated with RNa
NEB) at 37AC overnight as a néddatcked oonthr
5mM EDTA/ PBS containing 0.5% BSA O/ N rock
was heti mes for 5 minutes rocking at 4AC wi
7.5, 0.14 ™M NacCl, 5 mMLIEOTAOPpH#H&BWNAhOILAt &)
andsursepended in | P buffer. Magnetic bead
(Sabbioneda e§ Hbomengd®NA1? for 4 hours roc
sample was added the sample and incubated
beads wer endr exacssvheerde onace wi th foll owing bu
buffer (50 mM Hepes/ KOH pH 7.5, 0.5 M NaCcC
100, O-Dé& &x Wahol ate), WadiC|l bypfHf 68r. O( 1 ® . AN MT |
mM EDTA pH 8-40, O0;D%%xN&thogl, TE (HICAO0 pntM Tr i
8. 0, 10 mM EDTA pH 8.0) at 4AC with rotat
Elution Buff-d€l (pE &MO,Tri8 mM EDTA pH 8. C
mi nutes at 65AC. The samples weref ohmn pu

and ethanol pr eciamiatl yisiR@gR. Sampl es wer e

3.7 RNA eaxntdreadtotoa mscri pti on
Cells were washed Wiotfh ®rX(fRBISOCcItdree) 5W0Er

directl?3cednd Hicsrm |, pi petted up and down |
temperature. After transferring the sampl
(Si gma) were added, the sample were then

temperatur e. chefntterri fluOg amii mont els3, 000 r p m, 4 A
phase has been collected in a new Eppendo

oy



(Sigma) was added and the sol ut20oM fwars ani :
|l east 30 minutes. After 30 minutes centrif
been discarded and two washes with 500 Ol
di sdang supernatant, saimpl msnweee Uedeéer dc
hood. Samples were @.esReswemgdedt nanLdOr Opt od
by using Quanti Tect E(ReufgeboWiragsmanpt ao
I nstr uFcotri oR®A experi ment, sampl &lsr gvem e co0
Bi otech RNA extractMaor Kgenand sequenced [

3. @aRt-PiCRe
Quantitat tgqPeCRPCRva(sRTper formed wusing 500 n

i TEBdni ver saGr S&BREupermi x (Bi oRad) mewith C
PCR Detection System (BioRad) foll owing n
PCRproduct s was routinely checked wi t h r
el ectrophoresis. PCR primers are reported

3.I9DNAI SH
Cell s were washed with 1X PBS and fixed i

mi nutes at 4AC. Subsequently, cel0® ater e
room temper at LCred | fsorwe® emibn wtckse.d wi th PBS1
20 minutes. Primary antibodies (antibodie
(PBS1X BSA 5%) and slides were incubated
washed twice in -RBSBOAX,5 0miObWt s iamec i ncub
Fl uor secondarvy t&dmegkhdpbddebufted in bl ocking
in a wet dark chamber at room temperatur e.
Af tiemcubation, slides were washed twice i
For thkel DHNAst ep, -fd lelds iwerPeBSr el X, 4% form
mi nutes at room temperature and were washe
repeated twideocati ®ar iwals el f or med, 5 minut e
in Et OH. Hybridisation solution (1M Tris p
9mM citric acid, 82 mM Na2HPO4), deioni ze
reagent 0.25% fisnalddednoent opt odbnpvway ¢ o\
denaturated at 80AC for 3 minutes and inc

wet dar k chamber. Cel | s were washed i n F i

o



Tri sHCI pH 7. 2, 0.1% BSA) solution at roo
and subsequentl yO&®shedennt WBSd xf o0 5 min
DAPI (Sigma), TBS 1X, 0.08% Tween was add
seri al dehydration in 70%, 90% and 100% E
with ProLong (Il nvitrogenysi tmagesnwéeleoca
(Leica DM4000B) omiaclriozsactapoen. counvi sgalwer e
i nspeRdriiocnent r onBatiZzD:probe for

56 TYEETATI CGAATGGAATCTGRATGGAA

3.V¥Y0ctor cloning
Vectors expressing GFP tagged version of ¢

Briefly, we f iMCsSMyccl bag@gd cansNlLESHRPt veaot or p
(Addgtenee) 8By Bwsssigdgcriction site, produci n
downstream application, as well as being
The entry vector was the digested with Srg
inside the desired construct (SFPQ mutant
Ligation was carried out wusing 50HiINng of v
TADNA Li(gNELBe foll owing manufacture instruc
Compet enBco IBINEB) & wame f ohrenaetd asbhgo clkef t gr owi n
30A ObtNained col onies were inspected for c
(homemadend validated byr Gfainge rGéSreaqmiens)i .n g
Expression vectors for recombi nant prot el
insert-BRBQMYNI-CO HF ( Addgene, #26105) diges
HADAXX into pGTVL1 (Addgene, #39@¢B8)ngsring
to BFERHKRI-BELAG afbdAXBKAST, respectivel y.

Cloning oligos are |Iisted in table Primer

3.RPaotein extracBIliotnt iamgl Western

Who-t el | | ysates were prepared usi-Hh@l a modi
(pH 7.5) 250 mmol /-LOONaCl% déw xTyradhoolni cX ac
suppl emented with serine protease inhibit

1 mM, phosphoppbateasae pinhibitors sodium f
protease inhibitor cocktail (PIC) 1X (SI GN

60 minutes on ice and sonicated (Fisher s

nn



13,000 r pm, 4 AC, supernatants have been r
according to sttainmdanryl @omtoickaddires. used ar e
Membr anes were incubated with the specifi
enzyme (hor sercaodnijsuhg app erdo xai ndtaisbeo dy ) ( Si gma
protein expression wereedesiecgetdhédyECDemy

subsequent exposuRa&d).n Chemi DoC (Bio

o

3.12 Recombinant proteins production
Fo produci r5sg PrQe aamdp rDoARXeXt olRsd, S e { D&ES QI | s

were transformed with expressing vectors.
LB medium under s ®B6kOiOn=@l uomivk TWGase a tleinn @ dde

-

to induce protein expression, | edAVieg cel |
centrifugation, bacteri al cells were resu
300 mM NacCl, 5% glycerol, 5 mM I midazol e)
Roche, 1mM PMSF, 1mM TaQHP,d ilsyrsuopztyende ulsmgn/gmill
and clarified by centri f uSgugpteircnmtatnt3 0w.aGO0 Ca

to nickel (SFPQ) or glutathione (DAXKK) res
at 4AC. SFPQ boundwarsehseidn wiatsh p5e0nmiM tlemdi d a z o
then eluted i ni 80Dy sniNDsAIXIKU fbfoeuranlde r esi n was
washed using a gradient of KCI, ranging f
buffer, then eluted in 300heMm&Gsut atinhii @i
fraction(s) waisz el oaxieldusiinotrmo tabh mCrod tl gt eepmh
fractions werePAGBEpEéicoedo bRr &MISue safe st

fraction(s) puort pirmit g nmor e

33Lmmunofl uorescence on Chromosome Spread:

For chromosome spreads, asyrghmbnGobkcemi d:
for 4 hours and mitotic cefl fl sasvddlels3dril b ed t
Cells were subsequently washed once in 1X

resuspended lbof ©6&r mMorKC10 minutes and sp
Cytosapi 400 rpm for 5 minutes. Slides wer
KClI, 20 mM NaBC| pB &M TOrbsmM -EOTA, f Or 1 %O0T
mi nut es. Primary antibodies were diluted

incubated witheprimary aourbodn a wet ch



washed with KCM buffer three times for 5 n
secondary antibodies in 1% BSA/ KCM buffer
washed three times with KCM buffer (5 mi
paraformaldédabydne nute and mounted in ProlLo
used were supplemented with NaF and sodiu
dephosphoryl ati on of proteins. | mages
i mmunofl uorescence microsecepequ@neiida edMby
i nspection-t eShe wltsu duesretd tt o cal cul ate the

3. B#oinformatics met hods
RNA sequencing was performed in triplicat

guality was checked Vi a Fast Q

http:// www. bioinformatic)s.. bd@dbaakamipt. ukug

was conducted with STAR (version v.2.7.9a
genome version (accesTsheed goenne® @ap te @ mbgeern e 2 O

consequently analysed using R (2) package

was obtained from variance stabilizing tr:
DESeq2 ©package. I n-domeéaes i cppradPegpdtyad e almio g k
availabl e al gorithms, Principal Componet
di mensionality reduction algorithm was us
statistically significant changifhffegentba
gene expression analysis was perfor med. T

were sel egade deswtetddhf fa of 0. 05 and a | og2 Fo
1.5regpm!|l ated DEGs-1. ©r (rdcecgwre at ¢ dhvaall HuGs ) wa sP
adjusted for multiplislotbbergg(Bb)ngot hecBE
di scovery r afoe b(eF DaRb)l eO tOo. Oi5denti fy feature
pat hways they belong to, a f umrdctfioornadl la ntr
compari sons and for feature | ist of i nte
dat abases were used to annotate thwMF,DEGs:
Bi ol ogi cailBPRr oCeelslsuelsa CCComKgoe ot EGeyes opec
and Genomes (KEGG), React ome, Wi ki Pat hway
( Ml RNA), Human Protein Atlas (HPA), CORUM
Phenotype Ontol oghurndtPi)gn &RNAa cletnd atwida e v i


http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

with ggpubr package (5) via Balloon plots

was obtai ned fwintcht itohne, cbneeltopnigoitng t o enri ch

Chiskkqg analysis was #A€rpopmedneit pbet her @hn
(Fast QC) , read trimming and filtering (Bl
( BWNEM) |, peak calling (Genrich, HOMER, MA
annotation UHOMERR/ Bi oconductor environme
three out of four peak calling met ho
Peaks were considered di f fvearleunet i<alO.y0 5e xfporr
three met hods. Il n, pMAQGY 2c,ulaanrd S10CE RO MEtRh e
be greater than 1 or for Genri cihedhleateend i
pealOyerl aps between peaks were calcul ated
package) with a miniDenmi byerpllaopg sofwel @0 lgy
pl ot Karyotype and kpPl ot DensThe diustcrtii bbuntsi
the width of the peaks was investigated ac
class of annotation,meand owerpd otthemgl cph vte

for width values, whether falling-fbiefltohw t |
percentile, were treated as hdviind wvpalrcesn!
respectively. hamgeaveradefFeren€i ally expr

S
based on Fold Change values from HOMER, MA
fro
with ggpubPri epgheaked ggemeer ated with the Pie

m the anal ysis due Btag pHawisn @ naln benxrpil ohr

packageeppl ots were generated with the new
package) .

To analyse patients overall survival, T h e
Sarcoma dataset (accessed September 2023,
jointly wi th Tphaet i antl ynseitsadawta. perfor med
environmeéest wePatcahegopiegesiernRpaptshaw gr «
using the surv_ _cutpoint f unetaillar fwasm ctohmg
using the Survdiff function from the sur
determined xphi nffgunche omofrom the same pac
visualized -MBreughpl Eapl afensoring was app
mont hs (equivalent to 5 years) onward, an

were treated raes stthdughaltihveey bveef or e t hat ti



35Pri mamhl e

Pri mer |Sequence

CCLS F|CCTCCCCATATTCCTCGGAC

CCL5S5 RYCACACTTGGCGGTTCTTTC

DDX60 |CCCAGGGTCCAGGATTTTAT

DDX60 |GAACAGTTGCTGCCACTTGA

Il FI 44 |AGCCTGTGAGGTCCAAGCTA

Il FI1 44 |[TTTGCTCAAAAGGCAAATCC

| LUF W TAAGCTGCCAGCCAGAGAGGGA

| LURV AGCCTTCATGGAGTGGGCCATAGC

Il L6 FWAAAGCAGCAAAGAGGCACTGGCA

I L6 REJCTGCACAGCTCTGGCTTGTTCCT

I L8 FW GGCAGCCTTCCTGATTTCTG

I L8 RV|CTTGCCAAAACTGCACCTTCA

I'L12 FICCTTCACCACTCCCAAAACCT

I L12 RYTGTCTGGCCTTCTGGAGCAT

CGAS FIAAGARPGECGCAGTTCT

CGAS R|ITGE&TTCACAAAGTRAGG

STI NG

AGATRACMAMACACOGATAG
STI NG

GTGGGTAGECARCTAG
| RF3 F)

CTGTATGTAAGTLGTG

| RF3 RIAGTTTATGTGAGTGT &

MAD1L1|TCACCACCATTCTCACGTCA
FW




MAD1L1

TGATGGTGTGGAGAGTGGTC

Sat | I [ TCGATGTTGATTCCATTAGTTTCCA
Sat || |AAATGTGATCTTCATTGAATGGACT
Sat | I |AATCAACCCGAGTGCAATCG

Sat I I |[TTCCCTTCCATTCCATTATTATCCATG
USat FWCTCACAGAGTTGAACCTTCC

WBat RV GAAGTTTCTGAGAATGCTTCTG

Tel omelACACTAAGGTTTGGGTTTGGGTTTGGGT
Tel omelTGTTAGGTATCCCTATCCCTATCCCTAT
DRI P T¢CGGTTTGTTTGGGTTTGGGTTTGGGTT ]
FW

DRI P T¢GGCTTGCCTTACCCTTACCCTTACCCTT
RV

Subtel | TGCAACCGGGAAAGATTTTATT

FW

Subtel | GCCTGGCTTTGGGACAACT

RV

LI NE1_|AGGCCACTGTGTGCGCGC

LI NE1_|CCAGGTGTGGGATATAGTCTC

Al uY_F]AGATCGAGACCATCCTGGCT

Al uY_RYCCGCCTCCCGGGTTCACGCC

Al uS_F]GCCGAGGCGGGCGGATCACC

Al uS_RYGCCTCCCGAGTAGCTGGGAT
SYCP2_|TCCCTTCCTGCTCGCCTGTCC
SYCP2_|TCCTCTCGCGCTATGCTCTCCT




PDE3A_|

GACAGCGATGAGTCAGGAGA

PDE3A_|TCTGAAGAGTGCGACTGAGG
SFPQ FITGCCATTCATGCTTCTATGCA
SFPQ RYGGCCTAGACACTCTCATGCTTTC
DAXX FIAAGCCTCCTTGGATTCTGGT
DAXRV ATCATCCTCCTGACCCTCCT
RNas e WLICCTGTACTTACTGGTGTGGAAAATAGC
RNaseHW1lCCGTGTGAAAGACGCATCTG
ACTI N_IAGCACTGTGTTGGCGTACAG
ACTI N_|TCCCTGGAGAAGAGCTACGA
Cloning OIligos
NL3ICS GTACAAGGATCCAAAAAAGAAGAGAAAC
MYC TOITAACTAGTGCTAGCTTAATTAAGCTCGA
GAACAAAAACTCATCTCAGAAGAGGATC(
NLB3MMCS |GTACATTRPAGATCCTCTTCTGAGATGAGT
MYC BO|J|CCTCGAGCTTAATTAAGCTAGC
ACTAGTTACCTTTCTCTTCTTIMTTTGGA
P dom IGTTAATACTAGTCCGCAGGACTCTTCCA
P dom |IGTATCCTCGAGGATCTTCTCCTCGCTGA(
SFPQ FIGTTAATACTAGTATGAAGCTCATGTCTC
SFPQ RYGTATCCTCGAGGCTAAAATCGGGGTT
SFPQ L|TTAAGAAGGAGATATACTATGGAACAAA
ggPQ LIATTGGAAGTAGAGGTTCTCTGCAAATCGC(
SXXX LITACTTCCAATCCATGTACCCATACGATGT
nyx LITATCCACCTTTACTGCTAATCAGAGTCTUC(

RV




3.6Ant i bTaty e

Antibody |Company Code WB IF ChiP
CELL
ATR SGNALING 279083 °
cGAS AbClonal 1:100
CREST | Antibol 5 .¢ 1:400
l ncor p|
DAXX BETHYL A301-353A 2.
H3 ABCAM AB1791 1
H3.3 MILLIPORE 09-838 1.
- CELL )
| KBU SGNALING #4814 1:2000
CELL :
p65 SGNALING #7956 1:500
pATR GENETEX GTX128145 1:500
CELL .
Pl KB| SGNALING #2859 1:2000
pIRF3 AbClonal AP1412 1:100
0-p65 SGCI:\IiII__II_NG #3033 1:1000
CELL
PSTAT3 | <CNALING #9145 14000
SFPQ/PSH Bethyl A301-321A 1:5000
CELL .
STAT3 SGNALING #9139 1:4000
TRF2 MILLIPORE 05521 1:200
. . CELL .
Vinculin SGNALING #13901 1:1000
2H2 A] MILLIPORE 07-164 4
Actin SIGMA A5441 1:20000




4 RESULTS

4 . 3EPQ interacts wit-ho®a&3Xaetta tsiuvpep rree
genowiede

OQur group has recemitdd/i ngemrtatfaiends ttwoa tR NIAo
and interactl nwiRihld] YTERRAmMbidndiengt r @ TB) pr
associated splicingi dhact®FP @) od rlzh et/ dgd nugt uacn i
protein 54 [RERBFPRWOMN@)p Hroesps elsevRe|l s at t el c
modul ates ALT activity in cell mpadealrpk for
However, the mechani sm SFPDhus spvaydeeimae
focus our experiments on gtemeomeoiweo dpf RSFF

formation and unveiling its interaction wi

4. 1ISFIPQ and dDAEKXter act withhaewawaehaot

common role i#oopppressing R

Khnockdown of SFPQ results in increased RNA: |
nosmall cel | l ung cancer H1299 <cel2 sQS and t
osteosar,¢tcbmpacasll el ed by increased recombin
both <cell l i nes. Hop ove v eéasnsye skshP@ndaecas ahptic

suggesting that SFPE onoapy raecstolaust iroenc rauwittievri tfy

Previous mass specn rd9fmRQriymmexipep oeneing iastbatr ed

reveal ed saD AnXoXv e | SFPQ interactiAng Zpppoaien

unpubl i sbDbaAdXwHB8K 8n speci fi ct hhats,t oanleo ncgh awietrho nt
dependent helicase ATRX, has b d eoro pe x taenmds i v
counteract AILZTO 7d he n[o2 &), hi[s2 1li3nf,or[mag 1i]Jon | e

hypot hesis that bDDAXXrtaenrda cRFRB@i, o walny fowomknown
abl suppress -tedf@mérisetc Rhi-smhympop hecii gi,t &toi o
| P) essay have been -RAXX uict teedr & ot ivaarn.i dat e S
To invest-DAXXei ristFéQact i on, we decided to us
ATRX, and U20S cell s, that carry a deletion
in absence of [RTIRYpreoxvprdesnsgi oonhe uni que oppo
SFRMAXX i nteraction in a ATRX clean system.

ny



H1299 cells were transientl y-ttarggresf eDcAtXeXd owi
My4 agged SFPQ to validate the interaction i
only HA tag or Myc tag were used awemegatiyv
used for i mmunoprec-HAI ¢ @Myaco trai nft o Ibloodwe d abcyc oar ndt
overexpressed tagged protein) western bl ott
Western bl ot showed t hat -SFePd o psiuceaclelsys f ud
i mmunoprecipitated goMleoegdMonasyv POAXXECtwapgi ¢ H.
able to i mmunoprecibiigdB)e endogenous SFPQ (
Notably, whil e SiF®Mu nwapsr & coiumidt attoe caol so wi t h
NONO, nNo i nteractAToRX wans HIle2t9e9c t ceedD ADSKr Mor e o
i mmunoprecipitatedFIAJ®Xea npduhB s oitn NiONaODt € s t h a
DAXX interaction is independent -DAXXtaeir c.
a new cbmpd eexperi meM$ dacatnd, rmaldi d&Pti ng a ¢
DAXX interaction.

To further corroborate this result, endoge
DAXX was car-2i @8 oea@ltl s.n Wonsistently with p
proteins successful (Fy gi6@)iBeort ahc tSdP Qwiatnhd eDaAcXhX ¢
out their canonical f Jnctshilon g 10mM ]c h rfpd@malt]i,n |

2 0OS cells were fixed in 1% Formaldehyde, c
to obt&0 ;M B®Ofragments and su®BRQuanti podwyec
After i mmunoprecipitation, -PAGEt gel praotde WBs w
perfor med. I n this experi menitmrhu nsoepirte cnigp i tDeA
(FigeD)e suggesting interaction on the chr ome

Final |-DAXEFPRteraction was confirDh&eXIXusing r
GST an8FWMHics were peurchoflfiiaiffarmy chr omatogr
Recombi nanti npcruddteedi nasn dicoogvin 0 te X iptes ip mrgdpaorst i

gl ut actohmjonmgatwed ebpaedVBamaleyysi s on el uates re
interaction bet ween t he -ODAWOX pirnotteeriancst,i 0@ 0 nof
mol ecul &i gibe e dAA(F together these results s
with t ha nparretl neri nDAPXrXgt ei n extracts, and ch

postul ating ian cmomiwlinadaras.g oR

n



A Input IP-a-Myc B Input IP-a-HA

+ 5 HA-contol = +
Myc-contol - - HA-DAXX 4 i &
Myc-SFPQ,  ~ + . gl ATRX
| =13 — . | ATRX [ohoe o &8 |
DAXX
D . e “ =
FE - = C
- e NONO
‘ d D @ NONO
¢ D
P
—_— ChiP o
Input a-DAXX a-SFPQ g
w
| - . J |[DAXX hee. o, S
[ - - |paxx wot | DAXX
| - & |sFra _
T SFPQ
| - ._Eis
E F
Input Myc Pull-down GST Pull-down Input
I + +  Myc-SFPQ-His (x6) -+ -+ MycSFPQ-His (x6)
- -+ GST-DAXX-HA T * - GST-DAXX-HA
| gl b | DAXX w4 DAXX
ey P® = SFPQ — — | SFPQ

FigbreThe RNA binding protein SFPQ directly
DAXX

H1299 cetlrlasn swWeercea & & P @), H AD ANKyXB) ( or empty ex¢g
i Mmmunopreci pi-Myad ed-HAsamigi mond y , respectively
anATRX, DAXX, SFPQ, NONO €&nti mmdnepr edinpiutt :
SFPQ or DAXX, using respectiUi2v éaXalnltsi.b oMe nebsr, a
usi NngSFPMt ao-DAXX ant iDbo Cileask ed chr-2@maldS nc eo
i mmunoprecipi-fBaP@dantsi bgdy,ntandds S#&REe dwafso
negati vkRecombri o8&k RHI My ca RDDAXGKA proteins were
and subseqdewh!| yspobl BMidc or EaS'H coejspgatiede
were stained formmpdgP@® and DAXX.



To evaluate whether the two proteins work i
experi meniRNAs DN awbrid specific monocl onal
combined-TRiIFLh aani body was OSalW20% dc elults iar eU
useful model t o s tbuidoyl a0 M A& :y D &llAe avhlayeberdil ds of
RNA: DNA hybrids when compalr3bd2lflostwé oenetrrasm®es
transfeCoetdr avi t hSFPQ or DAXX®, fdipxeecd fancd Sli FR NvA
per f oFlmeadr mseceoénapysis revealed that | oss
to RNA: DNA hybrid formation at tel omeres, a
nucl ear RNA: DNA hybbothbh, SERQsasndg@PaXXsptbae
RI ooppon silencing of ieidtilcert | SoggPoct éeaitn sBd X X,
tel omer es, -l Dwgppsr teesIso metr elRso menrdt icgddh).¢ es . (

To validate this finding, DNA:-RCGR (DhRuRopr
gPCR) was /MAfetrdror 8 HQ ord oWW@&X X u K)pDDNSAB wa s
extracted and RNA: DNA hybus dasfg wI.e6 iammtuinbog
Quant PCRt wae peri fnagr gmd Imefrysi ng tel omeric rep
either SFPQ or DAXX c auosoeps |ae vderlass taitc tienlcorneear
the control condition, confirming their rol
at t elFog@e.s . (

Al l tddeetslteerr esul t s i ndi cat ea ®lhoaa p poport ehs sSoFrPsQ
at t eslaomdnmedelc system éop Bbtuetldgaglysgo BPoi nt t o
more gener al role -b6boPpFPppENnes DIAXX anh Rhe e
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DRIP-gPCR Fold on Control
N

Fi g6reSFPQ and DAXX act on tHeogasme process

A Left, representative i mages of -2 mth@& nodl lus
with indicated Si RNARF2Zantdelsdméa mieed 9mari KRarA addrN
specific antibody. RE@ h6c «lgiuzeantdi -dpuanla e a o ni o f
ant i.BoMBy experi ment bl otting SFPQ or DRE)XORI-W
gPCR experiment ampliatygi ngdeel ompoird-2dOSide
RNaseHl1l treatment was performed asl kFegatiaves
N SEM of four biological r-epRi cdat @asshow med
bi ol ogi ca3t wdeepd sitctantaess .used t o calcul ate st at



412 SFPQ is responsi blasmdf a@lre p@AXX iloac

hi stone variant

Data from our | aboriag oap | e hlooasospb tshtdrtuRS RIP @ s
demonstrated By BM® edslsiaygunpubli shed work
We therefore speculated that SFPQ may be

|l ocalization, thus directing its histone <ch
To test this hypo#2heGSi scelwes twianms fSFKRE@ ds ple
Si RNAs and subsequently proceeded with i mmu
DAXX andRRXhtantibodi ees.crbBbooppea@ammdd sbat 3
significant decrease in DAXX/ TRir@tkonl,ocal i
providing first l i ne of evidence for SFPQ
(Fi guA)eNot abl vy, DAXX staining pattern was Sc¢

SFPQ, changi-thlgi fed,m poiwetldd staining to a mo
indicatinboeabi phaal odeof DAXXidqui&eto the | a
To strengthen this result, a second I F expe
colocalization wi t h centromer s1,95h, rppoOLY] e
Centromeres wereadentrdacmparcabfyi cusamtigmbaody fr
CRESsTeraamd col ocalizatioondethcbDAXKowaantdesbD
condsAd oex pleocstse do,f S PRAX Xmealckil aotteadr @n a trso.one r e
This indactaBSERQ action is requi med food ypradp
tel omer eat, dbdan (FadgwiB)ree s

To fully demonstrate that SFPQ ivsi cree svpeornssai b
t wo other immunofl uorescence ekkmpoeco-komegnt wer
DAXX 2n OB . ceédlolss of DAXEr Ré& 9o fpptses|adctrmenrde s
centromeres, recdgmsi seadhiuse o § BRRP Q@anti body

combined wi-TRF 2 i daCREaITaimtnit i bodi es. I n both
colocalization events wereFiigni€reaa)s,e® upon s
DAXX was reported to have replication indep

the compacted chromatin struct rle®5df, t[€l9odBme
[ 207]To validate a fun®OAX&Xnalnteelbevaonoae i horc
chromatin structur e, Chromatin -RGRmu(r@plrRci p
gPCR) experimen Wsscedthduweeed. tUansiently
or SBPRQQi $ic Si RNA, fixed, -800Gedp abNA sforna gmad
Chromatin was then -DAX&¢ i-H8ntait @achd udgBrod alan tai

ant i bnocesipeesd;igilbGe c e ass @ gati ve control . | mmunop

p o



purified and analysed by qPCR by amplifying

that, upon | oss of SFPQ both DAXX and H3.3
was strongly decreased. This indicates tha
| osaltiion at these sites, prerequisite for |
Notabl vy, |l evel s of total hi stone H3 did not
the specific action of DAXX irnFidQaRoesi ting h
Collectively, these results indicate that S
it to specific genomic loci (i.e. Telomeres

deposition of hi stone wvariant H3 .03t,abtlhyus el

reduced incorporation of H3.3 by the absenc
RNA: DNA h@gBBiFr@&s nforcing our working hypothe
mi g ht strongly 1 mpact on chromatin structurt
|l eading to DNA damage and genomic instabild:i

Fi gudreSFPQ recruits DAXX at telomere and cen

Left, | F represemMRR2sweaei Rem® ¥ € e b ff © DA SK&KRIM
average numbBRF2o0toDAXX| i zation events per B)u
Left, I'F represeniCREISV-e tcioimeg @CsSU ocfe | IX AoXr X |1 SRdPgQ
average numBRESGf cDAXXalization events per 1

Left, | F represdRfFaisicwe e daSPdwerlol BASRRPgCh t
number AdRF3FEBQI ocalization events per Duclef

representative€ RRERATgtEo d dOSEFR@I| Ifor s iDAe®icght |,
number &€RESHPQol ocalization events per BucCh
gPCR ex paempilméfmyti mmger i ¢ and wast peméwvrUnCe3d eqgd lol
for &SRBQI ppmen o p iDiAaXitXe d Hf3o ranldF Hi3a.t3a show means
replicates for ®CRodakt aosh®® meahsi N BENMtwfd
tt est was used to calculate statistical sighn
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42SFPQuppresses replication stress a

42 . SFP@i rect s DAXX dependent aBHH3. 3

repetitive regions

We
t o

bee

t
d

n

hen investigated whetwiedre SFR/Q@ Imaydiacetc ta
i fferenbdtppgpesrepenbhive regions (suppo
i dentified as H3.B1&7Tktoh&98phapk20ib] at

Tdnvestigate whether SFPQ has an actual eff

wi de, we took advantage -bfDMAMmar mi at bye awv

fragments composed of repetitive regions of

LI NE s<eegeyern o generate fluorescent | abell ed
We perf orlmeRIIRACSOH combined with i mmdSdH)l uor e
using SFPQ or doRvw2a sUBSlcé&hlosk RNaseH1l was pr
supprlecespR at re®letitd&le, DNAS52], [312], [3514
The experi ment showed al sstbeasitrminntg ail nti enrcgietay
number -bff €OT per nucl eus, together indicat
increase transcripFigBA)apdMorPR@rde mlnetiin@m e
of colocal i zatli oRMNAev emnittsh otfh eCQOToPAITIRC ameircen s f
detected, i ndicative foratt hregppreadsmalciey od u e e
increboepg Reygd@ke (Finaldbwn kho&®KNaseH1l increc:
|l ocal i zatli csn tets,C@luggesting a SFPQ recruitn
for DAXXFag®@BB)ei ty (

To confirm of i ncr elasNA tlrammeslclriimpg i (oin. e.f rCex
RNaseHl1l obosSFBQc gl®Resa,t PEReexperi ments were
Af ter 72 hours-dofwnt f ans iSé&rPtQ -20m O 8RKNaelelHsL , wdJr
harvested and tot al-PQRNAe xwaesr i anetnrt a crteevde.al RT™
significant i ncrpeearsiec einntadnefFelcbErtild Itransc
|l oss OFiI o8P This experiment pointed out thi

repetve regions transcription to suppress r
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Fi g8reSFPQ prevents replication stress due to

A) Lefrtepresentative -lmddgeBRNAM pPATREZ2CODRE ¢ al |
transf ercdpdr twe.RhgihRgNusasng ,i f i clatdiogn aolfs Ciontt ensi t
number -loff o@adt per nucl eus undeRi gkhletpgb ogeudaonm ii I
pATR/1ICodol ocal i zation events per nuB) | elups, urnedp
i mages of-1 SFPJRG&t perf &r ned cienl | transient]l
si RNAs. Down, guantli fciod eotciadn zaft i SARP@NE@AOtt s p ¢
condi@i cGesn.e expression of indicated repetiti
det er mi pgePACBPWB ReTx per i ment bl otti ng RNaseHIlF uR
FI SH data show meansr BpBEMabésfbar hibbbgl cal
| ocal i zaRiFPOQR edvaetnat sshow means N SENMtoufd-etarsrtetew.
to calculate statistical significance.



't still remains to be uncovered whether DA
and to determine which regbAKX¥rateiastually
To address thi-seqguexpgearoinme mt-2Cw@S cenldsict eans
transfecCendt BadtFrPoQSiand sampl es were i-mmunopr
SFPndnbAXXant i,bofdgl | owed by 1Tl 1l umina massi
(Figurne 9A

SFPQ and DAXXostalnomrgl yncaeaontrododciomg irnegingn d
mostly enriched for ALU and LI NE el ement s,
(Fi g9Bleeft an&tcehktngly, upon depletion of S
these sitedig@dBergidglmdli cating that SFPQ i
|l ocal i zado dinn@,t meomet i twivdee.el ement s genome

A 3436 bp
551,000 b

000 b 165,551,000 bp 185,552,000 bp
I | | |

SiControl-SFPQ .,
SiControl-DAXX
SiControl-Input
SiSFPQ-DAXX o

SiSFPQ-Input e

Alu

Py



B TGQRBYY! EBYY!tqfdjAd! cj oce
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42 . LFPONBAXX prevent replication stre

suppr edsiompg aR repetitive regions

We have previously demonstratedptbhappSEPLQOTrE

tel omer es. DAXX, in coll| dmorpat,i drmhuwi temsATR)
nucl eosome archif{feétbre,fea@g8lese!| ovhertehzer SFP
DAXX |l ocalisation at tel omerebkoapdsoppbeesser

DRI P foll owed by gPCR aGSs acye Iwass dpeeprlfeotrende df. o
hours, were | ysed, -benpmi puDNAiedntaidnisogi R
30800 bp fragment s. | mmunoprecipitation wa
Negative <control samples were treated witHh
i mmunoprecipitationdegaRNBRNBDBNAHMSEAN & dtwBer gyt

to distinguish between specific or aspeci f
DNA was analysed through gPCR, amplifying r

DRI-PPCR revealed that | oss ofl oSoFpPsQ acta u sreesp eat
regions, comprising telomeres, (peri)centro
(Figade. This indicat esl aohpatn oStF Pon Isyu paptr etseslecsr
at di verse types of repetitive el ements. T
DAXX/ ATRX mutation or H3.3 impaired-incorpo
guadrapteknclreap dldoRe]l,s [ 208],. [213], [214],

Unschedludoepd a&Rr e known t-roe pclaiucsaet i torna ncsoclrliipstiioo

stress, and DNA damage, ultjé@daiel y66pad[ @Ag]
[86], [312], [355]

To test whet her | oss of SFPQ cay@PE«ER t hese
experiment was perfor med, usiohgAdnt RADE Y, sp
and FANCD2. RPAH3AX ATR pndteins involved in
SsDNA (bdthrdert he di 4 plopse dngt DANmAd dafmaRRe) ,
cel l cycle arnfmdgdt, dMBJIiefBRRAPDHtL] 86d] FANCD?2,
contrast, have a strong role in DNA damage r
during HR the first, and -ifaopepuppaésonontt
[176], [180] ,i[[B®B3B3], [298], [359]

ChliglPPCR analysis revealed increased | evel s

el ement tested under | oss of SFPQ,-l oadicati
medi ating gelhiogniBe.stability (
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together our experiments highlight the

on-wjeaelreormheo -soppreas RepgRCRdexXpoem M&nt u
ocfo nSOFiPtQ on .-l Mop epveventRi on by the compl
grity by preventing DNA damaB€ERaasls AR,
ef oraenDASKAREmMport asndbod osumRpressi on, me d i
mat i n status by H3. 3 Il ncorporation, a
mbi nati on events, promoting genome stab
alidate our work model sl copsortdi mectrawi wh
epetitive elements, a ChlIP expzr@®Snent u
s was performed, revealing a strong inc
ot-hedi mg@on r eplkitgad)@.e Trheigsi oinss plar al |l el ed
deposition, as expected [b¥y95q ,.r ¢duwct]i
ri singly, also total H3 | evels changed
AXX causes a more severe overall defect
all, these experiments provides new evit
epetitive el ements. Il n particular SFPQ

i n respondiong taocc ciumturl eaat si eodh . R

FigadieSFPQ prevents replication stress, DNA

el ement

S

A) DRIPER experiment amplifying indi eatOsd credd
for SFPQ (left)B) o€CgRRBRseMae(rmght3 amplifyin
perform@edS el s silenced for SFPQ and i mmun
ATRH2AX) and HR (RAD51,C)FAMNGCD X)aqgtd &Ryi &Cchpol éPe is me

indi cat

ed repetitive rOsSgicerdd swassd | ppenrcfedr med il

SFPQ, H3, &CR HZAt&A shTow means N SEM of -ttehsrte
usedaltocul ate statistical significance.



[ ] siControl

[ ] siControl

B siRNaseH1

[ ] sisFPQ

<

RNA:DNA Hybrids

g000'0=d[__

vo000=d[__ vedd
o [ : 2dOAS
L 3NM

tom.ou..n_ ﬁ ANV

‘su _|| sny

eezo0=d[ es o

| ,NDS o-aﬁ I1ies

| mﬁoduaﬁ II11es
. mc ﬁl -

mmmo.‘oua ﬁ aiswopE L

o 0
(3]

—

[01u0D Uo plod HOdb-dI¥a

(=)
—

goo0o=d]__

geroo=d[ L3ANN
]
T a0 ANy
S
== Nos.ouah S niy
Z
=) :ooo-a_|| les o
Z mmaoa_ﬂ.; I11es
oo00°0=d[__ I ¥es
En_o.ova_|| 12Lans
szo0=d[ alawole |

© © <+ o
[01u0) U0 plo4 YOdb-dIua

¢dOAS

000" oua_||
1000 ova_|l

L 3NIT
500" oa_ll, .. AN
£ mool s
CR 1esn
raroo=d_ Il 1es
SvE' E_W 1hes
900 o-nﬁ |2.1ans
1000 ovn_ll EICTIET]
&
[0JU0D Uo plo4 YOdb-dIuD
e cnam.m e _H”_ vead
0500 oua_“Tﬂ_Hu_ ZdOAS
S e
Vb0 annﬁlLHﬂH; ANy
M soco0=d ng s ny
s S L
v " wes
voooo-d_ _H_H”_ I1es
voooo=q _H_Hg [21ans
_Im1m8 ouﬁrmg alawole |

o0

LE0 og_ﬁ

[o1u0D UO plo- ¥Odb-dIud

vedd

¢dOAS

520 cua_lle = ﬂ”_ vead
%omcwa_... ﬂu -
6040°0=d Tﬂg LaANM
.W_So,onn. . T_ﬁmu_ ANy
W Eoo.onnﬁ.T_Hﬂu_ Snv
R =
6200°0=d T_Mu I1es
zv00°0=d] Tmmumwwg_=~mm
¥200 ona_\lTﬂ_H“_ loLans
£810'0=d I_Hﬂu_ alawola ]

[01ued Uo pjo4 YOdb-dIud

2000°0=d _||7__H
booooxd [ _

12100=d _||

sev00-d _v| T_Hﬂ
1000'0=d _|| m
0L00°0=d _HH
83 o=d[_ m

ghLo0=d _|| Tﬂ

[

C]
|
L]

a-yH2AX

[ S E—
9200'0=d _il
I

] vead
] 2dOAS
IEL
] ANV
] sniv
fwmu
] 11es
| es
] 1eLans

H_ 2lawola |

[onuo) uo pjod ¥odb-dIyd

H3

SFPQ H3.3

Telomere

H3

SFPQ H3.3

T T T

S b T A
Q 103u0Q uo po4 HIdb-dIyD
) g
9000°0=d
- _H
€000°0=d
ol TH
i
8ev0 0=d
) |
r— e
6L100=d
]
a —e=
Z040°0=d
= ]
P e
1100°0=d
S O
e
8z10°0=d
]
. —=
0900°0=d
L= ¢
4000'0>¢ _|| __H_H

£Z10°0=d _ll i

o @O © < «

—

| vead
umao>m
[ENR
| ANy
s niv
|1es o
l1es
nes

| eLans

ﬂu_ EYENIETE

[0u0D Uo plod4 ¥Odb-dIuD

|o4uo) uo pjo4 w_on_cMn__co

Cont
DAXX

s
S

H3

SFPQ H3.3

H3

SFPQ H3.3



423R-l oop dr iDVAXXSHRQ@ r ui t ment at tel on

To prove that-l obpsi hevebhséesi deRected by SFI
DAXX <chaperon activi-dgwn wBNT dabileipeomtledd Kmo

i ncreasel ooovperlaelvie|Rs, t hus allowing us to fol
We useSIFRPRtaDAXaXhtanti body in &mBi aati bodwi t
order to evaluate the colocalicapeamnseviemo\sr
spot -l foarpsRmat A ndepHicgle®lanftdBo msi |l encing of RN
causes a strong increase in both SFPQ and D/

t he augrheomtpesd MR ght recruit SFPQ amd DAXX
strengt hen equPrCRr eesxupletr,i mémIitP upon | oss of RN
i mmwprecipitating SFPQ, DAXX, H3 and H3. 3.

was increased uponFrewZyal | 0li RaNtalsegdidt Hat
increase is responsible for fACtogtshdazse ymul
results i-hdopaaecumal adRiRDANX Xc d nsaat TRRMepbs, at
medi ating insertion of H3.3 histone variant
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average SYRURQREr2 ofol ocali zation eventscoprdiBudhk
I'F representBAXVRF 2-anagieRe dABEU cel If ®r s iRINasReietgdh t ,
numbeDAXX RF2 <colocalization events per nQC€hek
gPCR exper i metnetlso naenrpiwa g rye megd tex n@eSd cienl | R Nsai sl eelinl
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43Mapping of SFPQ domains interactin
43. 1 SFPQ del eti on pmrudlaintteh dewmaaheds

one 1 nvolved i n DAXX recruitment

SFPQ is known to interacts with many diff
PSFPC1l, SRSF2) to correctly <carry -lomdap RNA
supprp88vpn [.364], [365]

To better chlAdXtent eeaSFiP@Qn, we wanted to
domain is biochemically able to bind DAXX.
mut agpjwere generated and cloned into expres
deedv-hoameshift mutadomai hotatedi oncltéet Pde
previous existing codkokn namded | LRREIGESsOS)T 15 C
generated by sitEigp3)e.iftic mutagenesis (
DAXX-icomunoprecipitations were performed to
i ntera@t iObBn.cel g awsefectrt@AXXvi a hd HBEFPHQ My c
mut ant. 48 hours post tr-Mynscfiemmumapredil i wat
per fear m

We found that DAXmXmuwaosp relzliepit@at eo wi t h t he

except constructs |l acking a portion of t he
identified the proline riche P domain as e:
pant ederived mutant SFPQ version (nFS) is n
these finding indicate that -DIAKX R ntdemachi o

(Fi gu3Be. 1
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Fi guxx e SEIDPAXX interaction is mediated by the

A) Schematic representatiom) o€mnsurPodp reeli @t it @l
i mmunopreci-paggednFR@cmut ant s, bl otting for
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432 -Pomain is essential for the supp!
To fully confirm a fduonntatiino nianl srueplperveasnscien go fr e
we gene2 a@3 dc el | | i nes -tsatgagbeldy SeFxPpQ edseslientg oMy c
We next took advantage of a specific Si RNA t
the endogenous SFPQ without affecting the e
By using this system, two functional exper.i
of the mutated version of SFPQ.

First, an immunofluorescence expedatyicmemtd was
anpATR specific antFbgddexaaithrs dapwet e@dti kn
endogenous SFPQ silencing, FL SFPQ was abl e
protein, avoiding actgNgPt iaod ofF Sp AEBR.I sBy hom
pAT&Rctivation upon depletion of endogenous

i mpai-demdaiPn function is not able to suppress
l oss in its capacity to bind DAXX.

Not adPl yand nFS celacst isvhaotweodn paATsRo i n contr ol
t hat these SFPQ mutants may have dominant

relevance of the P domain in the suppressio

433Thed®main is i mportant to direct I
To demonstr adtoemat mati st hcee nP r al to control D
i mmunofl uorescenc2 @Speelilmendt alsli ywgeXpr essir
performed . After depletion of eMgogandus S
anbAXX antibodies. We found that silencing o
del ocal UQatOiSor el hs sdNadPl ya nex mrFessisgwige n tls (

This result recapitul ates del ocalization of

Fi gu7/A)and i ndi cadoensaitrhaits tfheendPament al f or pro

cy
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Finally, to highlight the reiDAXXncaetefr atche ol
we generated expressi-baggedswr udt-gpmaondmag:
fused to GFP. Localization of the NfLBsi on pr
signal into the fusion protein.

U2 OS celdsawefrecc®dd &@rPhdGmMPNn F®AXXd aHA ,
upon 48 h of-immamsepreedi pint atcioon assa-y was pé¢
Myc o-HAaahti bodies. Western bl ot aPnadloynmsi s r ¢
was able to strongl y beinntde dD AdXeXc,r etahsee dP idnotne rna

protein, strengtReguehg previous results (
Al l togetekhperi meartse provided clear evidenc ¢
SFRMAXX i nteraction, as mutant SFPQ | acking
on it, was not able to bind DAXX anymor e.

presented delamdalaicsed aDARAXX pATRNcsympabmMSFET
DAXX interaction, | ocalization and functi ol
mut ated version, was able to directly bind

the complex formation.

P domain
GFP NLS
nFS mutation -

B INPUT IP a-HA
- - - - GFP empty
S = & = P dom
- - + - - + nFS
+ + + + + + HA_DAXX

G —— --- a-HA

< P dom

= - |
! — - -
a-Myc

FiguacTehel P domain al o#denmus opu fefcii ii @ ratt et A

A)Schematic representatiom) ol @% oneldt Pa Wl
wi t h-DARX and G-Bimc, its mutated versiomylR
expression vector and -HAmg@n op j)Veyoir p(i btoattieodn
Membr anes wer e -HA ainndéyde nuasin tnigh cachyl.e mbm @munte 2wl
usi ngMyaonHA taagi bodi es.



44Loss of SFPQ causes activation of
response thr-8igNGt bat @A S

44, 1 KNA revealed activation of ant
I mmunity pathways upon SFPQ depl et

To fully characterize the impact ofsetghe | os
experi ment wasdebeducgyede expression altera-
SFPQ was t r a-d ® wa n talnyd ktnoot cakl RNA was extrac
transfection.

Di fferentially regulated genes (DEG) analys
value < 0.05 r2edv3elati e dataeld? ®&d8mn e goufl 4168 and

downregul ated, indicative of a robust respo
of this, heat map representation of DEGs s h
silenced conditions, with a strokBinQuo@posi
17A) . A principal component bBomrnkemensti onPeCdA) r ec
positioning control and silenced sampl es av
within the single group, i ndicat iwegensi mil a
condi Fi gue.(1Moreover, vol cano plot represe
previously obtained results, showing numer o

SFPQ kdnmowxnk, both in terms of &pmgedel dti on an
To understand the b2 olO8&giccedll sr eesopotnlse lod s s
GeneOnt cO)p@ayt hway enri chment anal ysi s was
represehit@uMmndh aqwi ngr etgoupl a2Z5e duppat hways r eve

bi ol ogi cal terms related to cytokine activi
indicates indicating that | oss of SFPQ prog
and i mmune nreess pboenlscen.giGeg egal ahedt ppt Gwap ar
Fi gu7fEaesiat wor k exhi biting interactions bet we
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Figufe RBIAqQ experiment reveal ed great di ffer
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44, 2 Loss of SFPQ triggSTIsN@®REBIi vati o
pat hway i n cancer <cell s

Viral infections activate iaoyaadteoliimndDNAYS @I
by t heSTcIGWS pa3devhy TRB87dsDNA binding protei
to bind to cytosolic DNA tgatr amagn ngr ifgioma tpaea
to -¢aedilvedsubDKmiasochondri al DNA ©on g¢ganomcal
mi cr oinu(cle) gi nated by exacehdsatdelmaognesntornatce di
to strongly activate cGédS |lemdlhelgaatdowmst oa
interferogesse(iland@)aMBFethedi ated[ BA6] ammasopn [
Henwe want evh ettldoedrfe srrPyRauses accumul ation of
that | ead t o a<tTil N&Gt ip@an havfayt he ¢ GAS

First, we investigate the ispalitiwiosfoyutrhdeen ® o s s
of cyt o DINA[s n@5 JiQdnorsoo ma | studies were conduct
macroscopic ef fle@adp rods oulnuptrioopheocthiyRo o a8 bynei n g
structureasdeSFERQ shas been described to have
[ 2193deed, we found that |l oss of SFPQ caus
events and chromosome breaks in Giemsa stai
2 O0S, thus confirnmirng extgaemgo rhilRkn c 2\ edné oif & pPSA-
Broccia, unpublished worKk

We have previously dem@rAsTtRr atcaRiNVahdaomaSgreP Q ¢
and recombination at tel onke2r7el/sI corfg meittalp hacte

tel omeresRAXSEYPWor k also at centromere, as de
wor k demonst rlad em drhieGthelkthreB TRRat hway I s e s se
fai thful chromosome segregation, as an incr

and mitofti@e3defects

As | oss of SFPQl capslesvehsraeadesviRs$ egomentt @&
we decided to test whet her c dlolosp laacctkiivnag e
pat hways at centromeres, providing novel e
chremme segr egaotoipo meidni aatne dR manner .

We decided to perform i mmunofl uores€Qence on
OS cells silenced for SFPQ or RNaseH1, use
silencing, cells wer@g/t®lenett e hwisteh c@d Il se mied
splashed by the wuse of a cytospin and i mmt
CREST antibody @o&mMRi(Tdd L1E-BRAADRES@mMI 3 .



Upon |l oss of SFPQ, an increased | ocalisatio
CREST centromere Bigadk, amswalelt eas eadn (i ncr
colocalizati on HidgwmBg,het hcuesn tirsdrtedr aetait(m @ no wé r
ATR signalling pathway. As the S9.o060pamntni bod
met aphase chromosomes, weFI|dS®H iaore dndtoa pheasfe rs
combining CREST anti bmdyi angdr ead 8QS8 uddlnlpse Ua
the prexpieogusnent. As expected, an increased
was detected upomi gtdBencing of SFPQ (

Al toget her, these findings provi de strong
instability by suppopssaitndpensgdhoedelr @de Res,
from unproper ATR activation, allowing fait
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guantification Sat2D intensity |l evels per me
show smeNanSEM of three biological replicates,
Studeesttwas lusteadd dtoatciadtciucal signli bdbcabnecati



We tihrewmestmigatoedicl ei 3SR Qalkdoowhk @D o poeyl |
stiang wh®WwPdnd i nlsy ¢ wtoednmsiccaenocsecopyndi ke duat e
presence offomatedniuc.l ehe cytopl asm

SFPQ removal caused a strong increase i n tt
contr ol (Fcognu@et iTooni s i s consistent with previ

of SFPQ causleoso pi nlcerveealsse,d aRct i vati on of DNA d

recrui HReptr ateirepet iitndviec agteigweminosf, i nst abi | it
presumably | eading.to micronuclei formation
Wenewthinted to test whether the increased nu

increased cGAS activation. To test U£2his hyp
OScells silenced for SEEBASwantpdofdgr mad du $ ihr
Cc GAS positive mi cA naxp edstievdes coeauls lgow e dS FaP Q
strong increased in the percentage of <¢GAS
ones, indicating tShTel NG tp@tialway. bf t he ¢ GAS
Weeard emonstthhatt e’IFPQ i s protecting -lreegpetitiyv
for manmido DNA Wamugepot hesi sed that, wben r emo
repetegives should be more prone to damage
oveepresaemice @ nfuon I petibbv ewe perimomumed | aoar escenc
combined -Rvli $H (DHRA SIHNA dTRiFrRg aatiRE&At anti body,
as wel |l FaS$Ha bPeNA or $Stahtdtl aslelqauuve ntaheel d mecrad 5,z a
centromeres and perildedS rcoemelriseaswe irreenst gd eyc ttirvaenl
with control or SFBQrs-apget,rgelSlodRésAd&r & 2 h
the i mmunofelxpenr,e sifealnlc@wdd Stkys DaNeAr Weo r tmrealn
inspected DAPI visible micronuclei for the

regiWensf.oundal Itshaltaccki ng ¢SrFePau eplr eers eamft echi @ar on L

enriched for telomeric, ce(Rt gao9errelicn faonrdc ipreg i
t he tihdaeta SFPQ i s i mport airetnctes pruevearmnte,r deuts
genomi c integrity.
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To confirm that c¢GAS activation of downstre
moni texrpgdk ssi on drRd 3a caknBlv eNtFa o & ¢ o[f 33 6 Jo,n [fAX7]o,

[ 368]
We firstly inspected by i mmunofl uorescence
an antibody specifically recognisinlgeits ph

suffiacenvate down[s3 3 e&la,bh2[shlas ¢Wimavak f or
either SFPQ or DAXX showed enri clifFeidgupleRF3 s
28), confirming activatilonn poafr atlHe |t, r &rhsec rsiapnt

was carried out wusing an antibody recogni si

protein were detected vinusi (Femgad¥scel l s, re
Mor eover, western bl ot analysis revealed tl}
signallingkBdrSvéeenbyniNFof SFPQ-pt6r5i, g cpe rceod es
component -kdf ctohmgl IK8Bg& ,r amscri pti okB] aadget C
SATS3, a critical transcription factor i nvo
(Figa@ge, indicating act-AVRtwasn saHocwn ods tdhorst
of SFPQ mediated replication stress marker.
We repeated the immunofluorescence experi mej
OVCAR2) masnpnigRF8 anti body. Upon | oss of SFI
increased, i ndicating t hiantd etpheen deaitt h wacyo manotni
(Fi g aDke
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We next -Tsmd RERI|I experi ment to evalkuBate t he

target genes. |t RERXtb€a@hbhksefCHCLOG ecemirdt | FN
expression, thatSdsn (tDuDrXn6 Owi |1l F Baycltciavhatiren Bt 4 4 N
is known to activate interleukin production

RFTPCR experi méemwmtcomfpionmkd smajobr SFPQof t he g
resul-rntegu(upt ed t he exceptivoanl iodfa tliLnég asnidmu ILt2a3
RNAs eq analysis and aEtg&@aéax.ion of the pat hwa
Of not e, |l oss of DAXX condition didnoét rec
dowhi g @BeWestern blot analysis showed that,
l evel s diHingur)dials® ¢ ndi cates that, even if

shared by SFPQ -daodn DAXKXdiktnioclrkkeo p(si nfco remateido
mi cronucl ei number , and | RF3 phosphoryl at
| andscape seems to wiaolys bePAvg¥aistihe®igt evb icrong
transduc3FHPoh,a st htuhse most pr omi siinnfgl atmanragteotr yt
response.

We repeatetdmehexRenl menrndtownn OS/FCRAQR 4k manadk H1 2 9

l i nes. Upon | oss of SFPQ both cell l i nes ac
what obs@2rW&d bmtUpointing out interesting
cells showed a strong interferon response ¢

directions withegst$tugroebghuelcaotma&i lytdle aGmPonent s

By contrast, |l ung cancer cells showsnatmild
even reaching a 2 fold increase, with the e
r egulFatgeadDke(

Toget her, this results confirmed the cell [
c GASTI-NBF3 pathway activation, but pointed
infl ammatory response upon its | oss, sugges
mght result in different outcomes and propoc

terms of desired response.



RNA-seq RT-PCR validation
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