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Ubiquitin specific peptidase 37 and PCNA ==
interaction promotes osteosarcoma
pathogenesis by modulating replication fork
progression
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Entroduciion

Deepiie the surgien] remeval of iumors, encologss s con-
Lireme i [isce chafienges tn rosting mebencaronma, 1 BOE
of patienty develop metastasis to the hng. Unforumaeshy,
the sysiematte develepment of drog for osteoszrooma
has been stagrant. The stondand therspsy for ostoosar:
coma, which immbes mrgery e chomotherapy, was
oxthlisted im ihe [930h and hox ressil in e tnem
mrveyal m maore than 504 of patienia with Inoekzed dis-
ease. Cisplagin has hern dememstrated 1o be bessehinal o
sdvant themgy in e siudies [rom & decads ago, snd
oonkimme to soree us the menersione of adireent chema-
Uerapy | 1].

For Lhe puat foor decwies, the Uree-drup chemother:
mpy regemen. ommonky weed fo el bcalioed neeosar-
mama hm prodoced omeiden] owoemes for patienls.
The e (resuiently used chrmest herapy protonol. MAT,
il lmintsiering, by ledose melbetresate, danr-
biein fadrisimpein], and daplitis boih helisrs snd alier
anirgery Tl iriale have euplored difirem coniss.
tiemn al the Fve chemoiberaprolic sgerds besn s be
wikeitive in ivwsilng ihis dissise, samely weilaleeain
duanrublein, claplabn, ikdambde, aml mogenlile [2-5].
Uadirimaiply, e pesiilie of oesarenms realmenl
I Beown L thian opliesal and numerm dudies ey
e pad foor decades have Righlyghied ke cdgesfeng
hedrrogeneity prosnt @ the moleosler bl Szarims]
byl pping has unvesened 8 wast srrey of chmmosomsl
snd arociers] ahnomesinies, inchuding irsnslirstione
thal resnk in eoenplex darwaitw chroosesomes sod the
formatios of numemo Tusie seguenoes & 7] One
hadirrk charasierstie of ssienerznm is the upregels
e b MY, which oooers in noary 6% of cases ood in
linksd > an elevabed cobi of meoriacs and redoced mr:
wival rales in patieaky with thiv diseass [5].

The ulwpotm protessomel spstom: o bocome § com:
pefling therapeulzx larget to counierecl tho mpae of
umcpragrins thai deve cnmigeneis i vanoos cemcen.
Ibe “whiguitin code” aripes from bhe sropammed obiy-
uitey lmkagr ol bamching of these chains, which rego-
ﬁlﬂllﬂlrﬂ'-ﬂpr&h’mﬂlﬁnmdmnﬁim
the functiea of dilleat pathwars (9], In nmermes
cusen; ubigtin madilicatnm serves an o tag thai direds

damaged o impropedy folded proteing b degradation
hrlulllwlmrﬁl?ﬂllnmfnmh
protesss that plaps & crecial mle in vhe maimesanoe of
ihe ublgusiin guol wiihin rells by rewrring the prozess
ol uhispmringiion. The DUE (emily comprises neardy 100
anzymis; all of which are tmenbed in remerving nhigub
tin from verom protrin sobstrates [11). There aec fve
main families of DU el with ils own emque chas-
acterimiey: uhiguitinspecific proimses {USPs), ovaren
tomor projeases (00 U], uhiquein Cderminal bydne
lames [UCHs), Machado-foarph dicass protein doemmam
protzises (MUl msd fabliMovidiMpr] Padl Nper.
minal & MPK & {|AMM] mols proteases [12], Tha LSP
subiamily, ihe lwrpest group of DU, i implicaied in s
inkming, rumermn oopneieen doeagh dedigotingl -
ing farou inrprel pooicns in St typos of cancer. By
dmupting the ceogemic nebwnrk of thesr progeins, the
LSIY sudstamily plars 2 vigmiiean mile in canees progres
wiont. Mlany USPs, including LIS LIST7, LUSPIG LSPEL
LigI, aml ST, have been exteosirely shudied shosl
b vy b i Fevmnit cpean o cancen. whieh li S b s
developrsa of lnhibEom o LSPL USPT, USPEN, and
LSPI, Thate inhihitors bees greal potential in the Bl
imvent ol warins catwers [0, DSPAT (Utsiguitin sperilic
eplidms 37} 5 e ol he peceily chasscieined DLW,
lirst chengpilwinl by Fiasing ol sl 2007 145, sl il mle 6
eamcart direrdnpment has b evploarad b s fow vodies
which hewe coma ap in e lan dersdo USPA7 has haan
s 0 It e deibiquitmsts subsraloe e oo
n A [14], 16-3-3y [I5], HEFdm Fik], G0l J17), COT0
18, v, prrsyRARe [20], BLM [20] which spe sl ree-
ognized by ather DUHS. The nole of LISPLT in promel g
tumnrigemesss and how o regolaes diffrenl sthalmtes
tras harn digenssed b= reeent revies by our gromp, high-
lighimg tfe importsce of terpeiing USFET Tor pharma
cological intervestion |23].

COT] & amother probein thet o mtrcstely ted to
M4, rephoizon fork movemont sod i reomited b rope
lcaiton fork origin and sds m loadmg of Mim chrome-
ey mumimienance coemplen MOM2 Y, 2l gy levels are
comiralied by ubiquitin machinery i response o DA
damagr. Studirn have demomiraicd thed HSPET plaps o
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cyacial ol in the slabilization of phusphorbaied COT
thrugh s detagitation. When LSPET in depleted,
&ﬂ!.ld&nhmﬁnimﬁmﬁlﬁd
mm increase i Uk percentsee o fork fiving. These {ind-
mgz miggeni ihat USFAT medinles an addiional kayer of
proieins rmdend in pegalaling rephcation foek Bring | 18],
n g reeeil enlblswvative sluly, we fmnd thal depletios
ol LAY fn colls mesiliy in abe e BNA seplication,
s webilenind by alumed 5 phase kineiles s accmaly.
tiom of TN demage Fncl, Seheequest invistigation
prersled (ha LSPTT i iapuendhle lor ihe dsulrpiitiss-
e il CHK, 8 preiit whose destabill milin seomn &
it hwaroiw ol LUSP9T. Thisse findings indicsis thal Lsess
& imwilved in mgelaieg mpleaiton stress- wilsrane
i iliformt cellnfsr medol, including LS disosar-
crama cells (5] Amother sty 16 lung coeer

thal 1EPIT has been shiown in dwrecly denhiguirinaio
MV eed Bikeek i degradation |38) end MYT evpres-
wlon hed beos seeorisimd wirh pour panen progneds =
mstnoaareems [H]. We hypotheors thal USPEF may be o
potemtisl contriboior bo poor progeceis m 8 Y- dries
cancers such B oeieoesrooma. This @ Because LSPET &
belizwed \o: promnts bederance to repbeation stres by eta:
hilizing replication forks snd mukiple cocoprotons: Jio
UHE] whtich e inwolved im regisisg replication dres
a5 shown in cur roeent sindy |23, therchy redwong the
dlzcivmes of heraseniic eppemcies m resling cslzn-
mrromi In mnbmustion {o oor previous study, we oo
prowidel erdence here that USTET mierarcts with PCMA.,
which = 1 eriticel protein in eeplicatios lofk scvemeni.,
by Fomcimming a3 1 shémp damp loader thersly ropial -
ing repdication stTems |olerance i osircemrooms el

Wethods

ol Bt grid otbesr reagenis

W64 cell firie wan uldgined from The Natioss] Centm
for Coll Scieniw, Puss, Imlix. whie MOTI0A (EP-C1-
535) snd U206 (FP-C1AT36) relis were claained frum
Flabincienre. Dy ialk of aher regpets sl sstilolis
uiind s proveldad i Additkenal fils 2= Tahls 51.

Cull fuiTiFe

Owiposarroms U5 and MGRS celle ware oaliumns] =
Delberns modfed Famgles mudum (IMEM; Gihoy
Tharman Ashir Sciesdific} supplemeniad weh 10% FES
igiben, Thermo Fider Srienishe) ond 1% Pen Sirep
I:EEE[]]'. MUFIOA colls was cskomd in DMERY
FLMEN CM-LOLLS) 4 5% HS 20 ng/ml EGF 405 pimd
Hydrooorisoso & [l ug'm] insobn 4 |5 MEAAIEF-CM
iy 4 1% PenSirep (SISO Al colly wene mcubaied
o T aod §% OO and penodicely bested for =ron-
clwme contamimabion.
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Traniectans s eSS

mPNA  tronsfectiom . were performod  ming Lipe
fectamane BA IMAY [ Thermo Disher Soemihc) ssumd
ing i the manufeciurer’s projooil Two segoences nf
miRMAY baer been med @ the ureemi sludy; ime i
Miszion 5 MAA LISFS7 [Sigra Akkrich) with the tarpe
sequence: TUAGGETTUAGCACTOCATUATTTOTAA
ACCATGTROAGACATTATODCCAA AN G AGANTA
GTTTAATEACCTCTCTATTGACCTTCCTOGTAD
GAAAAAACCACTOOCTCCTCOTTCAATTCAAGA
TTUTCTTGATET T TOT T TAGGECOGAAGIAATT
GEAGTATTCTTOTGEAG A AL TE TEETREGEAALTE
TGCTCTTOTCASGCACAMAT TTAACAGHGCTTOE
TAGOOTCCTCATTCTOCATT TGAA ACGATATAG
CTTCAATOTGGETC TOTEACT TAACAATAAGAT
THEGECAGCANGTTATCATTOCAAGATACTTEAL
CETETCATCTCATTGCACTEASANTAC AL ATT
ACCTITTITACT T THET TEEAGT OO ACATATHEEGE
AATTTC TAGALCAT TGAAAG OO TC TE AAATGGT
GAATTOC TSN, wnal ochar iy USPET st WA (v 48]
ihaniacruz Bagethnologyl Sorsblad s [SC T7HT,
Samsone Moechnology) wis uenl 0 conieul. Mye-
LsPE? and LR -C50A phmmiily were gift from Same
mirs Laby, Ohio Staie Univenaly, Cohombam, (hin, USA,
anil have been deseribed previoesly [13); HA-Ubigein
{Mmend #1713 plasmed wan poschased from sddpess
repowsory whier i wan depoesel by Edwand Yeh b
Marmd  transfoctions woe poiormed  using e
fecturmmme 5000 and ¥MA IMAX [Thermnisber] soomnd
ing fo the manufaciurer s protocol.

Gene expression proing interactive anai g 1 GEF A
Dtemmarammy RNA sepoencing dits of tumor ;2 nore-
il e was smabyel from the Cancer Genome- Atln
{TCRA) datasels wsing OFPEIAE {litgedigepial conoer-
phuzn/l, W peitermisd 8 survival ansbyads of 1EPST
angrsiun [ the sevival nug madele in the TG
wrcema dal .

Trahiciinm. dnabgin (RS epaencg)

HMA wquimsing wia the illumine plstiorm wss por-
fnnmi] baead om e merkasien of SRS {wiumciag
by wymibesis] to undartand ENA braeriptional setiv-
ity and idereification of genes delareniisly eepresad in
dutani zell populaione. ifarent osll popalsiions and
phenotyees aree Wikl Type smtrestod colisl T, LIL),
USIET owroprossd oondstion (OE. ULZE  USPEY
Imechont comdinon (KL UUS: Onginall mmage dais
file Inomn bogh-shrooghpm soquenomg, platforms (8
minaj 8 tamifnreed 0 sequonced meads foalled ow
Thata or Row Resds) by CASAVA base recognitson {Hase
Callingl. Hew deftn are mored m FASTE {ig) forme
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filec ‘lhe datistically santficam differentially cxpecrsed
genem of 4 1.1 log twolold change were ued (or smalpein
Segurnring (ke i shows in Additinnal file 1 Frgme 1.

iy clagpam and hadl mdp pensndlion
Dvervapretanl el Ko dalown of USPFA7 phiseoypes of
LS delh wase usml fir generaling the Vann dagram
und Haal map. R Venn disgram genorecion, the vmny
2.0, disd wwean umisd |25], Thee b s o hosths pebuare-
Ly, wins mady I Misreenfl ewel using the coodlians]
{rmatting vption amokagies amd pahwep. The gene
fieed by the whole RMA sequenoeg for both (OF and KO
phroctypes wize then generalod psing the Clocgs plugs
of the Cytoscape soltware [36. X7).1he defmli paramaier
wus used for geeraimg e gene onininges (Hinkgiesd
wlong with the Hesctoma snd KBGG paitwayn

InmmusaakshiTling
Crlulst eiirmcis were peneralml in T bin baifler

30 P Tein (pHEGL 139 mb Pl 155 Moaidsd P-4,
1 bl T, 3l prolease s phosphatase inhilase wh-
lots] (Thermas Fislier 1IS4) Pretedn suntmlesllon wes
quasaified by Pisce RCA susay | Thermo Faher, LS4,
ard mmples ware prepared by bofliog idem m | ol
baffer for = min. Eqosl emmomin of whols ool Ty
ware naclved by hand-casl 505-PAGE and Lesssfornd
w PYOF memhbmnes (Millipore). A3 hlocking and pri-
mary antihody deps werr performed in 55 BEA diluied
i THST {137 mbl NaCL 27 mM KCL 25 mb Tris pH
T4 10 Tween 201 All primery anithody moshetions
were performid with chaking s 4% mromighe. Alier the
tranafer of the separated projcom to FYDF mesboaces,
the memirznes were peubed with the follewing primmry
mihodion USFLY [dilwbion 11030 Esbecences). §
actin [deimison 000K Sipmo, S0, AL pHIAX faf
dhlutinn 14K from Banbs Criek ARer oversaghl ssen-
hetiom, membrmes were exbemerely wmhed and ihm
incwied with either secontdiry gl anfi-mousedsabbil
HRP-comingates] anidhosdies (Cel signalling technokyy)
Sepaiated protein kands were vivaalived wveng chemile-
minescenre - HEP pubsiraie [Beo-Rad. Ch. USAL ond Lhe
membrames were magsl snd anefyrerd wing the Ches
D™ it wopsdeim [ Bio-bal PE2A, LISAY

Colomy farmation sssay
L Ciells wvew trnufecied with o-AMA nd sdicsiesd

Cells wowe trypainined. end 5160 cellurwell wene seedod
& well plabes. Cells were allowed o grow for e wezkes
i ibe mlmies could e obserwd. The miosies e

Fage &zl

fmed wilh L parsfcrmeide®eds fior 30 min md gamed
wilh 34% crystal violel. Cells were washod with § =I5
mmmdr:'ﬂllhrmﬂllunr:!mndﬂl
colonsss were counied using bmape| acdfiwarne (Mazinmal
Insistuies of Heslth, USAL

ardl reaclear fractionatbon
Cwtoplazmic end nodesr extraction wes performed oeny
WEFIR™ Mudwar snd Crinplasmic Tarfradon Res-
ey [Thermedaber Cxl nin TRALA a8 per munilastires
el

RN Seoltion e qUantTalive real tima POR [qRT-PCR
Tmad ENA was extraned ming the Trieol meshod anid
revereed iranscribed into cIOMA by Verss cOMA Spo-
thems i [AH1953A4) Reslioe POR wan perinrmed
on Lighttyelar 480 (Rarhc) with The ighetpdor™ ami
LYHR Grean | Mister 2 " musthnd was need for el
tive quanidieston. Bets-arim BNA war ased for dain
normalization. All primer scquences of gHT-PUE are
fisted belme: LSFEY Forward primer TGGCTCICT
COCTTAACA: Feverse pramer. TEEACTOCAMC
AMBGETAA Befa Acmr. Forward primen CTGOOG
TTrTOOGTAGGACT Heverse primer: ACCTACATC
CACANCAOTETE

immunofieoresoence maornxepy

Thie L7205 poall BAGAY coll were ailkowd] i grenw for 241
in chainbereed wides (SP1 Lileacienors 2l ni 303041, then
ireated with 300 gk HURE 24 D e aneihe s, TR0
eells wore irmmaiactnl with voniml dINE and «-USPE7
Toor 34 b thes plated on chambeenl slides v 20 b and
ithem oreaiped with 300 pi kydmay oo (HUF @i 20 he
Al ihal, ool ware wishied In X RS, feed with 4%
jparalirmldabyedie fe 20 min al 8T el permaeilallonl
wilh BI% TramX. 10 far 3 min ab moem ampers-
turw. Tha culin wimn idem washsd m PBS ssad incuhsied
with an mid-LSFI7 antibody {Elibsconees]) @ s 1200
difetics, amed- 3 HIAL jdilmtion 11000 Santa Craz),
anit-SEMhiotion 1=HKE Sants Crnh Asd  anis
ars {Dafution 1:1900k from Sestacrned Afler ool
wishing. 1 geer amti-mihit Aleys-428 secondary anii-
oy | L4080 dhlution; Aupslied Hiceoenees) wi added for
45 min at 4 ' Fmally, the cells were nnsed with 18 PHS
and counter-stsmed with DAM |Flocroshield™, Sigma,
MOk E5A) for 2 min. For rmessdonrescence mooos
copy. the fard and stained cells wee mossed with the
Vhosersrend Mmmbing Medium {Dehn, (losrop LSAI
il wiewed with 5 4050 xobjective unng Leica DM
Mml'ﬂm.:h.ﬂnrrungl
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Immusaprenioanan

Cells wore tronefected with e indicaled pliomids g
Iymad in IP lysis builer 48 h after ransfection. Following
bysix, probein eatsmation was done vsing BCA Kit {Merm
LAY, D00 g et was taken and ceared oul using Fro-
tein AME sz beads (Sigme Aldnch] by mockating
them in a spin rotier for T b Edowing which feaie was
cenirfuged Io remove the Profein AN apaose Beads.
Aboul 1 pg of 1be indicilzd antibody Le. mnb-LSET
(Wioves Mickogicaly, fcat NOTEO-S0709) or Aok POCMA
Apiitody, wan mixed with bvsabe m 450 overnight. Pro-
Lein AT breasls were Phen addded mmd incobabe] 2 4 T ke
I b do caplury the sdibody-antigen coompies. reds wenr
waitlseel Elirwe (imes witl T besks Tuallien, ainl peotein s
whited hy boiling bsada n Taenumli hatler for 5 min wed
vinmheel by ivrmchliting ming respeciive anithod.
b g I el il

L Pingha L ey T i
m[ﬁgﬂlmhndlfud.:;!‘m:-ﬂenll'phl-

. Aber 28 & tho cells wore trested wiih 100 ki
ordl 100 pM MEGII{Ngme Aldnch] jor 1 h
then harvested.  The coll ssspensinn was sed m
& M opomdine-HCL 00 mbd a0 Mol EPoL
I M Tris-MCL pid B0 5 mM midamle, 0 mM

{withoul mmadarlel, buifer A, pif 8 {0 M ores. 10 mb
S P NaF I 10 mM Tra-HChpH 80 el
W mM [mereaplsesthanull, buller & pH & 594+-0.2% Tri-
e N-100, and buafer & H A3 401% Trilion X- 100, gl
phrieid by boing in Laemmb buifer oontmmng M0 mb
irmindamoie. Aboul L% ol the szople wan usved b prepase
inpuis. Padl-chren eherios anid smpiby wore separsbed o
SIS-PACTE gila and anabysed by immmshlolifmg,

mwnﬂgnmmum::u

and USPE7 PCNA DMA Comples

Ike il kngh strutore model of beman UBFED wa
penrrted neng the 1-TAKSER servor {18-30]. ‘| be stroc:
twre model was emergy manemized and subseded Lo
0 ps WAL drmistions sing Gromars 507 (41 The
simctune made war valdeded using Prochedk Sarver
{33} ‘o proaraie o foncoonsd eomeples of LSEST PCRA
OMA, Frel. 8 mmerc model of the human PCMA DA
oamnpies was el using the Crpo EM sirodsrme of yeasl
PONA-DNA compler aa the E=mplale (MOS0 10 S5 R
|4, The sruciore oomples. was energy  minimized
befizee performing progrin - prolen docking with USf97.
‘Iie dodking of the UAPIT pleckatzin domain (PH) wilh
the trimenc PONA-DMA mmples wes perinneed using

Fage s

Ulespeo Server oung nenderd pioinoal wiethout defin-
ing the bimding xge [, 16]. & total of 179 Ulesiary werz
abuinel. and the bextdocked cusier wilh the lowest
anergFecoreal - 1385 H and the cenier weightod soser of
V3805 wan arfected for ferther 190 os ML) amuolaticos
weimg roemwes- 587 [HEL To perkorss MIL 2 10 A& eobic
o i eech divection brom complen sboms) |54 smbvsted
with the TIPS waler mindel waa genevated and neuirad-
iferd mimy Ma‘iom [17], Firther, the system wan mb-
jecied b vneryy minimizaiion mng lhe seepest desors
abgorithrmrwnitd (e convergest ergerin ol < M0 kil
nm. The Ewcelislds AMPAER WSE-ILDN [protend aml
AMAERS (INA] were uwl i the MD e The TNA
iz wew rvaliaiten] winl equilibiaied o S0 K irmpei-
abere pal 1 g s jinkeg Ui Berendsen thormiais
and Paprieslls:Raliman bapostal 0 Perbalic Bsusdary
Condticms. Tha TH ns MD run wis perfmed ming
the Leapfrog Depmimibos inligeatod and velocity inlegra.
Shuses ab 1 T wleege slleo, The LINKS slguriihm was used foe
eatimrainling all the besads [38], This PMT {Parisels Maili
Fald} and Varks scheme algoribos sere used for sl
culuiing tha bng-ringe slectrociaiic forems wed smeching
the chore . ramge frrcen, mepectively B0 42|

(A rephication restart aoeay

Exponmiially gowing cel wirz pulse-bbeled wxzh
50 mdh chlorodconyarshine (UldU ) for 31 e washed
thrre times wilk Plis oeaied wh 2 mb hydrmoyanes
{HUY for F b wiebed three tmes with PRE, inmobated
again m bresh medmm contamreg 5 mMd - indedenr -
ik (JLI for A1) min, e then washel s Lo in
TS, TA e sprrachs were made by 3 ndification of 3
procedons deseribad previonsly |43 Rrelly, colls fabeled
will L and CldY wern mined with onlabellend celly =
i by ad T3 and 2 gl exll suopensions were deoppel
eeni @ glana shide and then mised with 20 3l bypotonkc
lysha sedunizon 50 mbl Trie-HC]H{pH 740 75 mbd Mgtld,
1 eyl bl plecayd ke ide (PMSPE anld 0%
Nonldst P i B omin, Alrednad difes ware Bued
washisl with 1x7H5, bockel with 5% lerdie serum
albmenin (BS54} fne 15 min, aed inculsasd wiih pimeey
antbodis syaing 0 and Tl R ant-fd) ook
mal mmibady MAK] (3330 dilutin, Ahesm) end msos
anid-Cldu Ak (1050 diluten; B and secondeey anii-
bodes antl-ne Adeo Flsw S58-conjupsied |1 150 dils.
tion| and eati-mouse Alma Feor 56E-conjugssed [ 1:200
dienion] saoboda for 1 b eech. Shdes were washed
wilk DX FHS with 015 Tnisa X100 sd muontd weh
Werdmbield mounimg medium without §= & demidne.
1 .phonyimdoke [0 M), Imaged softeriro wes naed t0ans
e 15e DA Bbers For cach dats set; sboul 200 fher
were coanted for ialled foris, sew ongine, or alomgaied
{orics, mnd the reusdts were mmmerzed i= bar graphs.



CRhon i O AT (emkeeeal More GO0 ST

Immsshistochemisy

AN bscos sections were [imi deparaffinited with wrlma
folewad by scotone dehydrmion md ethened rehydes-
tiom. Following heat-nduced sntipen retriewald of soc-
bans in & recommended ko, e, [Tos- EOTA, pH 0
For 30 mum i 10 . Sectinny wrre then incobaied will
hincking: batler | H 04} for % = b quench e endog:
e perouidase activiy, [Ulire Yivon Craanto Delee-
tinn Speiem HEP DAL feal T -D60-CDL To clesr oul
pomy-specific binding. Blockmg way done memg o hlock
img bafer for 1% mun. Then the sections were fnco-
frated with memtb-LSPTZ (eal. Mo E-AR- 1560 |00} qr
andi-PONA (Cal. Mo, 237K for THEC: 13000 pritnary Ab
i 4T pwernighd and iben wiid HEP-comugsted goai
wmi-rabhit kgD {1:200] scondary Ab, Faslly the see-
oy were peacied with diaminobemeding and gonm-
perilalned with hematoxidin. The THT -stalned wclions
wei e amairisel under B microsoape by teo histspathils-
leta Thet ssrmi-grniBet|ve THT sctmes of USTET and
POMA were remidinl, resging frim low sspialon
{rimimmm sivsee) anil imemediss apresion i bigh
oupression {maximm s,

Statizical anabysis
ﬂﬂ.ml-}mﬂpdmmdnﬁﬁmhhiﬁm
Seoftware using an unpaired Slodest § st ome- or beo
way AN wath poat: Lesis. as indicated.

Results

Dlewaled sxpression of USPAT comelybes s with, peoar
prognoais of presrarcomy pliemty

LEPTT v overenpressed and cosrelatsd with variom
i (ike angiogenesds, sgapinsis Pesilince. DA
mvplication, el 231 Owr ilals ansfyl maing TOGA =l
GTES Husitgh GEFIAT showeld dbiilllism ineivapive-
sl LSPF7 s il isbersarennia palienisin—23) m
gl [ benign coniruks [Fg VA, Addnional e 1-
g 320, M), Fartharmme, we obsers] signifean) ow-
rolsiion ol UAFST awnrcpresaon. with overall ssridvsl
(05} and Disema Feve Sarvieal (DFE) in sl
patients {Fig. 1RL BE) Oor Esplan - Maler coree anady.
wis shimeed that peiscesrroms pattents with- high LSPY7
tranecript leeels have reduoed OF med [HFS 1 compased
b0 patiar wath linw LSPS7 Lrvels (P 08L Bil), Sesilsr
a1 patives ilats, incressal eepression of USPE? wes seem
in nateanarooma cell linge LE20% and M43 boih st boih
miEhA (B 107 sod protme: b (Fig. 100] o oompered
ta non-transformed beeost eprtholinl MECFEQN celln |44,
7. More mmpeetanily, incemed spressos of LSFTY
i seen i MRG0 ool me compared in U3 cells which
e chamssiened by highly imvesve potential nd fasier

Fageials

growtd gn compared 1o lem fovasne md sabionerr cell
Tme MG-a3 el $5

Aller 2 correlaison of 0% and DS wes seen with the
erpresmion of LUSFILD, we modelsied the mxpromsion of
USPST by overexpremston med degltion of USPIT 1o
sdemify its moleceker tegely m ovipcsarooma expeeally
pertamng bo repleslion stres. (AdStiosa| il 1 Fgure
B3, [ an we bawe rocently shown thd LSFE regulates
Hnleranie ol rephcation sbess by eofancing CHET sctiv-
ity mar in eler bo gain insigsi inle grees (st cocrelaied
wilk knock diren or overexpresion of USIFT, we pre
sl will saome wgeencing anshis n sl s
crlln orerexpreming UGPAT or im ool im0 owhich USPE7
was depleizd

Ahwmacken b eaprecchan of USPIT lnads te acthacon
and ropreson of db=ingt con of genat ievesd ved in difforent

paCrwEyT
Adar smalyemyg the TOGEA das sl oiwerving deviis]
LSIMT cxpression in the osleossrommas mdort, we per.
inrmead oversapassion (O£) and knockdown (K33} oxper
imeniz of LSPEY unmg My ogred USPSY plommid F4],
ami e (51T o the U200 ol lme. Seherquesity, #R50A
dind pathrwzys grel actooy eepulated by LSTTT, We gener
ated 3 benl map chowing, te significant ctanges m o
setw ymong gl three phenoiypes wild type { % T}, Urezren:
premed (0} and kendk pul (K01}, besed on expression.
fength type, md chromsmsome {Fig 241 Dilicrentiily
l'epressed Genes (DEGa) were idemiife] oxing o ¢ 1,301
Jog® bl chanpe aut-olf aml presented in o bintopram
{Fig. 7). ‘W generaled comparative wilcmo phots ancay
ull phenotypes [Tip. 3001, which shireed 427 genes upreg-
alaied md 59 gmes dowsnoegnlaied e overespressed
irhenolype congared us wild ippe {Fig. 200 365 genes
apregulasil and 459 pne dewergnliied = ke KD
ibverv e et b wili] wype, il 245 e upisgi-
Nabieed aisal B2 v dormnimguilabin] whes mmprisg OF
andl KO phevotypes {Fg 308 To forther anslp e
dpsregulabel gene sl in neemasonmas cells afle USP3T
arwervaperslion s6d bnschiloen e med 327 Lig? fuld
=l anel idendifiod @ i of 349 gan dpmagulssed in
tha ©OF demditiom and 37 genes dpsngalsed in the KO
cimnilEion eomparad to wild iype [Fg. 1K) [5]. Kinety-
thrre genes were comemonky drarwgolaied i botl phess.
typean compared o WL A detsiled Best map showng all
93 cormmonly Syeragulsted genes e pemdded i Fg. 26
Aber wlontifyicg e commesdy dersguisted pencs in
hath LAPST OF and KO conditlons oompared s W1
(g 208, we ansiyzed the patierss of derogulabon and
joond that E58 groes were downregulsted and 284 penes
mmlhudm!hzﬂL:mdlumeEmH}eru?
K comcbion {Far. 20Hil 279 pene wiee dovermrplaie)]
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mnd | X1 genes were uprepalated {Fig 28], W geseraied
hewi mags and ishles fisting the sigcand
deregnizisd penes A3 As m U205 cells afier USIFET 08
{Addtiomal fike 1: Figure 54A4L and KD {Addiiiona fle 1
Vigure 5300 Addrional e % Tahle B (W7 v OE)L
Addbionz B 4 Tehle 83 (%7 v K0L Addittonal Ble [
Table 54 (LM w0 KU lists the derepataied gene i differ-
erdl conditions. We thm wed € 1oeG0 and Crinscape
{26, T7] o peerham gEne ontokgy anabpsin and ulemitily
ihe pvudeemenl ol thee deregulsinl gees @ nolcg-
far Famctionmg. hi procesaen, and oeflular com-
pimesty arnms ol phemiypes (fg A8, Al Fe charis
wen pereraled in represent the resulis. Adidiliona®y, we
el ChaeeTG0 ainil Cydosecape b anabeee the invelveimeni
ol these deweygulatid genes in dilferem paihwapn, which
wand pepreseriisd i dbe loem ol KEGG s Bimcionie
pachweays | Additionsd fle 1 Fyure. SUA. H). Furthermang,
we croatel arieg eiwrks w alesily upiegabamd el
dusaniegulatel genes sfos UMY OF amd KO3 with »
contfudwees Il of D8 [Addiiessl i T Agurs 55). Wa
s punstructed dhe LSPET imersetion map by Baogrid
and wigsahaed betrrscvion of USPAT with and wiibioui
High ihrongimn sceonmg [Additermd file § Fgue 58]
wverall. oor awome soguoscing dety mggests et USPS7
ropubiies memshole pathwsys, ol eycle progression,
[ domage respemsn, inflamemation, coll- mam st
sion, spethetial bo memschymal irsnsiisen; and immung

rEEpanse.

(Oheerespresson of UsP17 imds bo enhanced surveal
inresponee ko repfication stress while s depleton leada
o recducas sureivel in cetatsaromm s oed s with incneged
accurrsalation of U4 3 inojtoplaam

Previous sindies bove indicaled Sl USEIT is invobesd
im varinuy patbways snd repalnies the cell oycle, soch =
cichn A, SCFTTLE, and HTeCP 14 48] Broeni
slmdien have shosws that LSPI7 in immbved in onoogen-
et and plavs a cracial wle i stabilBding oo s
wil Tecbors larenlved n cellules rolilaraims wel) o
WYC and PLEM-RARA 30, M, 49] In a reomi stady,
we demmiireind el USPAT enhamors CHED i
I i promsode celhilar siircival (i fesponse i eplica-
it alrwan, ] ln detplitiom bmads 1 reduced survhes|
[ 23] s farthew inveniigate the rol of LSPAT n dellular

P g o o] i

Fagrgal s

mrvral onder repdication sirem in oteoezrooma celle
we imhibsted LISIYT using wi-USPT and cxposed L7304
odrmmarmomr cell line o0 HU-malisted  rephbication
wirrss {100 pid, 200 M, 300 aM HU) for 24 e
sresmlla showed redoced sorvival ef U208 ool im colosy
formation asevy slter USPET inkikition and cxpomme
o MU -mvediztel replicaiion wres. while overerpres
mion ol USPST led 1o enhanced survival in response in
HAL {Fig 44% mipgeing thet LISPAT plays a crocial role
iin aiding | be warvival ul osteosrooma cells under repli-
cufion Wres

xgmimnire fo replicabion slre=e has been showm o atieo
the spatind IncaEeation ami kevels ol USFAT and iln issoci-
aied Iniwraciing partnery. Previsne slulies T dmmon-
siraled dlial LPSEIY Generaty wilh OOV, @ kep pratstn in
moplealion ik progreskon, siel iiabslioe (s phosphe-
rylaiad foem J18] We soighl o wesdigale the sifee of
aeplacatian slrew on LISPAT in osteamstvoniia delle. Lipon
wnpeniite ol the pells 10 HU-mndime] wplieaiion sires
il b it visisREilbon ilng mimhin]leesesen,
an inereme i the level o DSPST prnein ind & changs
in s neakzstion putern wars obeored in both o
maroarm call line (Hyg 48, C) Theas results woea furcher
wpporiod by wesiarn blotting, which showed & incresss
in LEPIT prmein levels (Fig. £0), and by @ sccomuoiation
of DA damage, oo Indicsted by e increose i yHZAX
fraction npon exzaxnre i HU [Rg 0L

W then mnebyred the collular locabraben of LRI in
mnesponss &0 rephcation sires by tresing esbeosareoma
cedla with HL scd isolating the sudier sad cvtoplasmic
fraciioen. Owr resmks showed ot wpen mdocion of
repticaion stres, {here was o increese in e cotoplos
mic frucsion of USPET, while ihere was o ssoolianoom
decrease in the nackear facion; indicetmg the moee
ment ol USIFET from the nucess to the crivplam lnSos
ing replicatios sires (Fig 40 This deis ke impotiss
impledione be undersiandmg e edleits ol cpin-
i therapy in odsmarcoma pallenta 'We perelatel
thiss pemislin with meschisiorfsminry daia [ an
archivid oot of celsmaromm. patients o Griber vl
dale sor Andings. Audditionally, this daia preides ssiga
et b ajulad st ol TSPET Rlising replicatihon
wirew, which may comirhabe in cheminestsiance (| lireegh
T ireractin with oibsr proteing is e o yonplem

1 Afreiion in e e of LS o i soihomon and e of 2 ST i of genes e i o et Whol
(o B e peiciog of LT crb b arvd afled LT irreosgeesiinn ] ik cioent, A The sl g el ol Al S plencges
AT o ehiesied] T8 aéd KK Fore] with [IA e e cheomaenima! postien of Sho CELs with ey, 13501 log, ioio crange oo off B Fimooom
i e o T T et D R, T A T ] T e o o e el e ) e [ e
il 5 1000 ke, ru ook Doy oution o Begsteers v whonle B840 snaerecing of 100 erfv st US Ovessmeestion 3od Knoch tosn. D The
B ko ez T 0, Bk ol ol e et ol LT vl et o eireniie ol ol L el
ad Erock doen. §n cion, S Hesl s shavn Hhe compeeson of tishocaly sigrifrane geeey sond in ba |90 pemogresion d KD

e e |nEEEd e i
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Lesxaf USPT oads oo scromuiation of spontznsons
replication siress.

Ereently wo demonstrated thel USPEF énhances CHEI
activiy o promois the colluler respome to replicien
sirem [25). Depletion of USI'AY in oelcocancoma oells
resulted in ke sorumulibsen of reploeyion v, o indi
mted by the spontanemuy wocomelstion of A Y g
(g, 5L When these depleted colly were expomsd to WL
for 24 b, we obaererd sn mcressed socomeiation of onre-
mivesd pHZAK Jod (Fig 58|, Simitardy opon cepowes
to 75 phd cinplalin (CF)(Sipmm Aldnckl, which induces
Tk damage, depletion of USFIT pesulied in enlunoesd
sccumulation wf YHIAX Inci [Fig. 50, Dk W also saam-
ined the anmmulailon of SEEP) fec 0 mecker of dom-
ble-stranilid TN brwake, and found ihe ilepleton of
LEFAT and exprmu e do HU resled in (e seoumolation
of iiiesived FARP] foc Uiddilional fle 1 Figne 57H)
m owell o yHIAY foci (Addivens) ffle 1- Fignre 5TA)
Tis furthier valldats s fidiagn, wy irimalacisd 1205
imliwnatens oilli wih Mye USPET pliamidd aml eatind
it wiile 300 b HOLD e 24 by W e atainend the aells
with mnik yHIAX, sl SAAFL, anti- RBP4, and snti LRPHT
antibsidins 1o aser (he early TNA dasage prepais
bl with Mgh and ke eguesion of USPET upon tran-
slemt tramdeciion [Ag 5H. We dbsered the cells wiih
high eoprowdon of U3PS7 were sble w0 elfinomely ranho
FHIAK, 53811, mnd UPA foa (murked by ominge e
m mmparad b cedls wilh low oxpresnon of DR
{marked by blue srow) Ovemll, these sy oondem
that U5PIY & mimciely tied i LA replication, and iin
deplation alfects the dynamic of [NA replicatinn.

LSBT stabeltres POMA (pecthensing cell nuckesr sntigen;
WAL 3 WATRCOT Mo, FITRL and RberACt
wrth P A

in i rooeod sty 23], we mvestigaied the inferaczing
partrers of LSPST al Lhe replication fork by analyvemg the
pruicomic profile of vamous: cell lines [5], oul of which
H had daia selabed bo USPET expremon. We foond thal
USEAT exhibited varighle axrelatinn with. diflerent ep-
lieation (i snd DNA desage poires, indoding
ChiD wnal PONA, whvich phays a erucial robe in it move-
e el Peplbet i fork presetng ms o alidisg clamp ladet
£51, 53] Fanharmare, in oor anslysds., URPAT showwd &

| o it S

Page 1ol

siroger mrrelstion with peolang invelved = replicetion
wiross responss as oompared bo 386 Semape response.
In this siudy, we overenpressed USPFET in U208 st
warooem. Cefly and cxposed them o replcation siress
indoced by HA), Wi cbeerved incressed sishilzation of
PCMA in celly ovesoxpressing LISIAT (Fig- &1 compared
o el withst LS 1PYT overexpresmon (P b, indiol
iing & prilemial inlereciion between UEFTT amad BCHA To
st thin hyprithese, we irrabed cells with Pwar crintmic
aeriln, WU and deplatie. and pesiorned mrmsopre-
uemnily probed wilk anli-PONY antibiwly, W shiserel
thal LSTAT inieracied with PCHA, sl thiv interac-
i e reaned apes (eesimienl with FIL sl cisplatin
iFg &7, Stmilarly, when we perfoomeal revers imime-
mipEieiplalion ushing anti-FONA aniibody aml sl
guanily probed with an-USFPT7 andthndy, we ol
simidar tewslin (Fig 600 We lurihes overespresssd
mps-LISPAT i DO0S el and poriemed amigen cp-
e mlag PCMA anlibody which e sabapimtly
prohiad wilh wpe amibody, aml we olearaed sn i
wern confirmed by revenme immunoprodpitstion e el
{Fig. &k}

Uruhiguitin enzymes (DU} mn mieracs with MO
and Tecibtsie nx danhiqmiyidion. UsPL for seample,
acts 35 3 mfegnaed agains enor-prons- Tremslesion DA
spnthesis by mterarieg with PLAA and promotng s
deubigmtivylaiion [55). Similerty, U7 modoines LY.
indoced PUMA mosoubigurinimn by iniercting weth
nddnh_ﬂqmmmmmr = our
windy, we found that MOMNA levdds myresse m repomne
it rephicaiion stem . owcoszrroma cefs, and we de
covered ihae U7 mieracis with PURA. To mveih
patr wheiber UAPIT direcily deubigurinates FOMNA, we
tranalecied LS orfls with plawmids recoding HA-Uk
HA-US e DSPAT, HEA-UE+05PT7 35000, aml treale]
e wdils 100 i) HILT ammd B0 ptenl MICITAZ (Tig. 60)
A i peailive control, weals pistormed (e s sgper-
menis with CHE deubigwitination, 4 keews mbsiree
of URPT7 (18] (P 6EL Imlevestingly, we observed (hal
weeregerain of sl wild-tppe IFFI7 of the binas
daad matan USFIT O34 dhl mol cauee 2 dbeernilibe
changs in PONA shiguitinylstion (Fg. 65 This saggeds

i, & CForeng it o |FHEF bk B imhibeetd iyl kgt bo it boh e wlbile i depiith bl oo s idal 0
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that PUNA sy hmdtion o a scxifold for LISI3Y actoy
ity hoping 8o bring other ko rephosbon lactors. mach
m LT, ot cioee procesy e VSIS, sy prevesisly
reporiod 18, 19).

Depletion of LUSPIT feads in albermation e plotion fork
arvd increase n rambe of walied dork

i previous studies have demomsiraied that USPS7
playn 3 crudal mle m regulaling rephcation slness ged
sahifiring Chil. Additivnaly, USP97 has bewn imgpli-
oated in ihe reguletion of the Homologoas reeombimatbion
{HE} paibway Specially, USPLT i recrais] (s dodde-
sirand hreaka (DGRe) 1o remove RNFIER-mhured ubig-
s cemjugates Brom (e BRCAT-A enmples, preventing
i sncwaive aperading of HAPRI-BRACAL (o DSBS
wed inpsining DSH peps when kel J550 Gren thal
LT depletion keasds in replicatiesn siness and inlerasis
with PO, wae furiBer ivestigaled i USPAT i imenhd
in TNA peglication derlng rephesited sirms oomdi-
viona aewrgmitwil 1 Ohe i Peed aale. W mombited &
DA Thre awmy e evaloste epliestion firk movamanl
m the singh-moleculs roschilion U205 issiimNmy
colls weeo pofen . hbelad il ClEL o idenidy cellswtf
ongong DMA sachesis. [nllowed by 1dUF pelse- [sheling .
indridual DMA Sbem ithe Chill and jdiU
pulies wire prohed wilh Sooresomd antilbodies sgaine
theme anslicge. Messoresent of the 1dU bect kength dis-
nbutice in UMA Gbers with (34U Libebng mudicaird
mnc shorier kengths of replicen. m USPET depleled clis
than in control colin (Fig. 70} and & decrense in [he per-
ceriags ol 1A jibery with oo-lebelling of both L) e=d
Ll war vlmerved: indirniing & deomase i@ the ke
of forks m LISIYY -dapleied cells {lhe. TOL o previoualy
de=rribed (58] These reenlls suppes) thal USIET preoli:
cienit crlla ame able 4o carry el moee eobeest DA e
win than cells whers D597 is depleted. Moroover, sinee
LEFTT i imeoteed in Lhe fkerance ol replicaiion stres,
vt b e it ool gemecdorsic sirena o ihe meemenl
ol megpdicatiom bk by wagussdng LB0R iwteomaronma cells
by peplication slrea aller incabating cells with a sl Labet
L and then Sdlowing replicatam tetar by incebat-
itig wells with & secosad labeel WL Thees iygen ol TiN4
fiber braciy wyrw bloerevd bused on DU and WL slbdel-
hhariiien, ine lifing ihose wilh cosrimsng sbongatien vk

P brpuion, o] s |
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winlled foeks. and fibers in-which & new kA replication
argin had fired {Fig TAl Empome of sstvosarcoma
celly i neplicetion stress Jed 1o 8 forther redoction in
ihe sumber of replication trecls with o lbolng ol both
12U and Jdut mdicatmg that robust replication was
compromiacd im respomse o replicuison sbres in USEST
depleted exlls (P 7). Addiionadly, US[FT depietion
and sxgomre i HA moreased B sumber of wisled -
Trration herke, where eeplication was wradde in pocesd
ey HU expemure (Tig. 770 by smpmmary, o gnalyais of
IJ!'-I.l'l.'rrpﬁcﬁun ok dymamics mggeests tha 15T @
eguired &w efcieni DA replication &ek moerment by
bring gri ol the replizon ool

Vialielation ul EITRTT frtedan b with PONA yiing molstula
deling

Ta galn & deeper onderanding of the sedstionship
bwiween LAPAT ail PUNA, we comboinl okl
DNocking wudies. The ashilny of the full-lbngth sirue-
ke Esinke] ol Baiiian LISPRT (070 peskdiies) was varifd
unng FEI e AT simuolatens (A dditions] Be |- Fgure
=24 The simiciome modsl comeiis ol an M-tzeminal
ipleckesirin Bomislogy {PH] domam [4-§05) end & Cotmml
inal eotsfyiic domam (341951 ), Sxed by 3 ceniral fnier.
doermm nker | L& 230 resisiies] as previously described
1237 iFig. B} The C-aerminad catstriie domaom containg
three Ub-mleracting matifn (LA {704-722, W06-H25,
and 28847}, which spam approximaicly 384 aminog
acul residoes. The M-tormmal PH domaim cosining tem
destructiom bimes (1Y and oo BEN bex domam, whik
the crnival imierdomain finker (el LS domam|
includes 1 unigoe deslruction B (10 box md imigee
KIN box domaimy that sregulie ihe denbiouitmas:
LS metietty (23], The settve sit= i the C-leremmal ol
alytac dormaim enchoden n muclecphile Ol S5, Sert28 md
a proton accepion Vv rovidos exserdisd for DLIB adbs-
ity, (nmr docking studies demomirated that the UEPST
PH durmain imberacts atably with the PONA-TINA, am-
ke, Frssdng lrer intevactions (Fig. BE) Anabysls of the
complex s sorface potetial revealey that the hasic ISP
PH drmain recgnices the acidic surface of POYA and
e TINA milnor groove (Fig BC] thringh speciic fei-
duam, incloding Ly, TeelL Thedl, Glvdh, asd Arged
{Fig. BD) (Tahle 1), Dhrieg s 100 e M0 slimlaiien,

g5 Lo ol USPS ot o accrretdion of wonizneces wphcrier me, A LSTE onecsnoms cono gl cod g cel arpleled of LIFTLF
v Taren | Wi il 8 A i By b v g e Waesk afes S h RO obesgie or i il ishy ol re s diagiesad (1 SFTT weee
o] vwaith 00 bl i for 34 & e siinid wilhy Anki ke amilidy | 0 e (A, dormaor: iemponse. 0 meéncaicrrms: rontesl ook and
il it el L1 e L] o AT L Iy - o, o P 00 10 B T O i et ol ey
aneniet of ST e bt wrh IO an ac o] with e i ooy b e DM cmagrcsnonsn. £ UCE o ol
i 1 ek [y e 217 ik i e ] il e L B e ol i ey | R g I ST A B
LSPT7 ey o cxrween vty Ch choemre respeese i ool 1 huaving) 2 it and Tow sperssion, pf LS 17, e s o iy with e eaperaeion

Al LA, Wi T ST 3 ol g s o L=
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the complex remained sishie. o indicated by the $454.
P emal EMSD prrameries: (Addi bonad fife | Prgme SHHS
[Table 11 Ot of thess frve iemchion, the s -bridge
hetwen Axp?i5- Mgl amd ibe bpdopen bond hetween
Al TH-Argl D wigh PONAL sl the imlemctions Ermed
b L2 A, ani Thirebd with TINUA st giscees pee-
sisled Froonghoul the M simulaton (Rg #80) (Tabie 2]

USPYT was fourd to be alevarted in sechoved oohort

of psimcaanoma patiests end cortefxied wiih PUMY
ERpEion

The immeemohivinchemisiry s@ndy performed om a2
felroepective oohorl of 4 osteosarcoma  pakicsts
whowed (hel the expression ol USTET wan mech
thigher in nelemsrorma teeoes comqpared to adisorsd
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Table 1 imoaction: s by UL s D WA

Tl TCHA USFIT Diskarpre S
Om -l
i ana Lyl N
] i T 18
i Aasid gl L] ]
L] Ayl Sl bl
] ARG Al 21 EF

Table 2 iircogos bonded meacaon oomed. by S wath

[P

Lida Mokl bt 1ad e
1 [ P Preym i
r e Pty Alwrrn
| Pty Migad gl
L e Pisaqf Lkl
% i e rer

pon-transformed timue. and expresed in g variety
of pattormy which were prouped imio hegh. medium,
unil intermeSale cxpresoom (g YAL Approomalely
3% of tissse wofions showed miormedisie cipees
s e LUSFAT while |BE ol palienis shiwsd bigh
esprrwiom and 9% shownl lne expression (Fig. 98,
Chinicnl details of pablend meeoled we prowided o
AdsSlional Nle & Tabde 55 Thiv sigests Uil LSPST
may be imvolved in the progression of etessarcome.
Sincr LISPAT wax foind o inleracl with POWA and
i irleciitar docking data Testher curridnicated this
Anding, the co-srpisdon of PUNA wis siamingd in
Ui iisd #jinsdvcarma lwwng secihsmm. The fills il sied
that USPAT probein levels posibivelp owredstisl siil
POnA leeels, suggesting chan FCWA axpresdan tan bo
wn Indicaior of LSPAT sxpresslin, shich mighl fsdi
caly ol proliferstien potetlsl tnigrestingly the andy
shert shirwwed ihal LISPAT expresinn was low s normal
bone e, whils o essarenms diesue soinng from
patienis wha had undergone chesecherapy isdeced
alierations had eleveind USP1T esprewses (Hg. 901
This finding mppesis the USFIT moy be mveded in
chemoresisianes in nslensircoess  pattenic Takem
togathor, the immonohisiochomesiry sindy anppors
the fimdings from ihe in vatro and in son exporiments
sntl meggeaty that USPIF and PERA may play tmpor:
tunt modes in the progresson of osteosrnma.

Page 182l 34

Disfussion

{stopmaremma mw challengmg cancer for omoodogids
bermpee even afier the smpiol removed of fomon. B15%
of patients develop lung melasuin [57], The develog-
memnl of oew dreg for osteommoomm. b bern slag
mant, =i chplaiin jemaining he primary salivvesd
therapy fror nearfe 20 pran. Comlinabion ©hemaiberapy
alfter marpery has improed. long-lerm servival rales by
ST o patirnds nmder W0 pears okl bed thoe with
melastests siill have o gear prigeosis with long-term
wimwhval rabes o imby 10258 [58] Desplie sifoms over
b Lasi A0 piras dhiere B b i sgniflisnd |-
menl 0 stonmes dee o he dScsdn s Ulmsilving
paihogennmic mutaisons, partcalady noihe 2 ol ps=
palbwaps. [59]. MY expralin, 8 proseln sakiilized by
LEMST, b steungly relabed fo mainy saromas, inclndag
i ol USFET embd bead 10 e levelopmant of new
therspemic modahites for oulatesrooms.

ing it sn aitraciiva targed for cancer tharapauties. Tha
¥ hag approved the protessmmal inhitmor Barexomib
for the trestmnl of maatle coll mphoms and modiple
mpeioma (S USEST s & Denbigueimsteg enzpme the
clesreen attached obsquiizn. dexisbifizing  cnceproteing
nd rognlating cniticed cellolar procoees in yamom omns
cer typas|id, 22|, USFET sinhiioes MYC = h.n; CEMCET
and the cneogenic fomon protem FLYERANA ™ Arne
promyehociiic feukaemia (AFL) [34, 200 In Clear ol
yenal ool cocinome (oBOC), UERTT Binds io and s
ihiripen §IF2a, promotey kidney cancer kumonigen sis
| 16s]. Depleidon of USPST lods bo increpsed senmstivily
tiv ageniy b indoce rephicalion sleess by desiabilinng
checkprind kinase, We by proovide] evisleser (hal U
CHE 1 s destaliilionl i ihe shaiscs of 1URPET, dupvby
ellectimg fs funddon. The stody foumd b in addition
i CHED, seveial nther rrplication laiom st e peplica-
i ek cirrelaied with [BRF97. Oue analysis of 4 cell
lines Indicalid 1hst CHE bos e sbronpes] innreadinn
willh LSPAT in addion (o oldwer rephciton Do (73]
Cyelin & and CITTT, mming athare. o heos devwn o
lriorsd with USFET, contmilling replicetiom checkpoesa
aml replicatinn Tk sisbiity whes eapesed in replics-
Hhun wimess. [ 14 18] UNPs hawe ban foinad sn b overan-
iprossasd i caleoeanomy velk, and inhibinng 5P with
4 Pan U8 inhibiuwr el s the inhihnion of eissareoss
coll growih and reduced mintasiscs. TOEA duts feom
352 mwiposzroome patiectr indiosted that LSPAT tmins
weriph levels weee mgmbonidly sleveted and coerelsted
wiils recneed (7% smad (VS i paimmis (g LA, B). in virg
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mralpwin shownd that USPSY transcwipt and peoicin ley
el weer ugnificanthy dievetrd = osteosarooma ool e
LIS and MGES cumparsd 1o mem-frandormed ol fine
SCF F0A R 12, O

The sndy conductcd KNA segoenang anahns o oike-
asarenma cells o berier ondersland the imnscriptome
regulated by USTET and the possble puthwars it reen:
[stey. The analiy indicsted & disting pattern of grme
wrpreason wlim USTT was overeapressed o depleled.
idenkibel dpyrepubated gene seta snd detremined gene
uninlnges [Fig. 20, It Bk The KEGE and reactome path-
wayp analyir vhowed that USSP ovemaprestios soiele
sewrral diviingt gl in esleosarme ool inclul-
ing Inieiferon signaling, Acaie phas rexpotas dgnaling.
Prichiriion of RO, snd HEF 1 alpha sigealing {sldi-
tional (ke 1; Fgure %A, 1| Intereiingly. sol many fep-
livative genes sssadsisd with U5PE7 were fonmd i the
malyuin, Dol Vhews peniin sl o b validaied a4 they
g prereiile inaight fedo ihe pldclngeeal mls of L5PS7
biited ancer Hiwiil filings have alosn thal LSPS7
I the (mgat gene of Tepoismmerase A (TUAME], 6
imparisss nudear enayee thae resohas mmisnglemmis
] gtimubstes sda® neorogenmn {229

Tha siudy ceamined the role ol USPSY, & protein chal
rogulsies TA replicitive strs, s ocismmnoms all
Ehevaind kvl of USPET were fund n oolooseroomas
cebe and Howas discovered that ovwnerpoossion, of USESF
Ipd o echainced survival in aponse o replicaiion Sresx,
while ity depietion led io redoed sorvival (P AAL
induction of replication sires led 60 w0 moTease W
LEFTT expresson i osieosarroma cellr, which corme-
lated with eevaied fevels of the DNA Jomegr markes
pHIAX (P dll, O D) USPEY wan shown to be highly
expressed in the cysopiasm of breasi cncer peienis el
in mn mdepenidei poor prognoetic prrameter foc overall
wirvval, bree murvival, and meiastasis-ree
wrveval |60, 50 we awese the divirtbation of USPAT
in stermarvums ool aller replicaiion sbiess aml i) was
ween hal on indoction of eplealinn soes. snd Bolatos
ol crinplasmic md nocless fraction there wan an wcrease
in eytuplansic fraction ol USSP implying movemen of
USFIT Iraen mibcienn b cytoplass (Fag. 4F). Tépleition of
LERTT bt e sppilmsniins secumiilalion of jHIAX
font. muggeeniing thal LSPAT sy pilay o et i Bl TINA
g prapumas (R A0 Whis e colls wisre furher
traaied with HLL ib&re wis i increass in the mambe
ol pHIAX feel an compased b cunieal 5 EMA [Flg 581
W farilay regied ool with ciplicin which ipduces
foth A single-arand and dooble-sivsed breshy sed
again showed s increass m the number of yHEAX foet
{hg A0, We ok looked wpon (e aoromudsiien of
53RP foc which i the preferentisl marker for messur:
mpg DA douhle-strand break, a2d an inoressc = the

Fage Mzl

marmber of L3RI foo wis seen m USPEY deplaied ceily
ay cocpared 1o w Control m HY treated celly (Add
tinal Ble 1 Figure S50, Iz oeder- te-vefidaie oo imdng
further. wo trested ovlls thet overenpressed LISPEY with
HU and immumo-sained cstecsmrooma iy with Axndi
USPAT entibody ws well ss At S1EPE ond At Replica-
imon prolem A misesly o aases bo resolstion of Thess
DA damege oo in relle that were aver expremag
USFST an compared o celiy m owhich & expresson wn
low, As indicstel in (R 55.) ovlls wigh bew eopeesion
af LISPET {Marked with e arrow) b high rumber of
wnressberd BP aml 5PN foc e nomparet e odls (e
lhave a high level ol USPAT (Marked with Orangr s,
indicaliag thal UEPAT over ripiosing ovfls woie sble 1
tesier the DA damage defects susily @ cnparal 10
wrlls sk wxpiees liow vl ol LU5EPAT.

In cur mevenl @nde we analysd the swailshle poi-
qomic prodile of Sfrem coll lines and foond thae 5Py
v varsalble morralatlim with dferam pegplicat g
Taertisin simd DAA damige (wolesi. Incliding Chil and
PEMA, which & o key protemn 0 replcation ek aml
lunrtions se & dockisg intorfaer for dfanemt replics-
tiun fork factoe By workng o o slidng clamy lvadoe o
A repliceiiom fork progresses [15, 51 53] PLNA ma
importmt protem in DA replicstion madtomery; which
i required 5 & procesivity Toadlor for DMA pobymar
aic mnd & one of the interecticg partmers in o boop of
momerous ather proless mvobed m BMA- reslication
and repair. Stodies fove shows thet USTAT can imcerucy
wilh and desbigmiinste severad poteme immbred in the
[¥4A domage response and therchy promnote DN & repair.
Morcovern, USPTT b hers shiwm ba he impoetani for the
recrutiment of LA repair facturs eo maee of D3A dame
ape and for the resoletes o DN repamr mirrmessies
T of the-siedy stody megpested 3ot CET] regulsies
Ti4A repication by regnlating iis phosphocyiated form
aml regulating Bock speed | 1H]. The proubis of this stady
wriw Farther suppteil by 1 el al, |F8) PERA rmerged
ll!h&nﬁﬂl‘hlﬁ#ﬂrﬂuiﬂlhmﬂl.m
wr inersligaled wheiler pwenerpression of LSFI7 slahi-
Hiers POMA i despunee b teplication sress. We fonnd
thal celly overespressing LIPAT showed enhinces G
crutie slabilledlion of PONA |0 g oclberanble clas
wrparzmanl cumpared 1o olls in which USFAT was mot
werrgrened (Y. 6A, Bl Endogowssus USPAT alan
imiaraciod with PCMA in both che sheimes snd prosencs
ol prplication slswa, ssal (hls steraction wis anliemed
thrmegh both Toreamdl snd rovene Immosgeecipis-
il {Fig. &0 ), W sha owmmeapnesed. USPIT and
porformad immunocapuer using Mye g anohody {n
worify our ressity i bath forwerd and soverss immomo
precipitatiom {Hg. &, FlL W imosigabed whether
USIST i invotved m the deubsquiteestinn aff FONA, o
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i win shown L merac with FOHA. Frevees shadns
haree shown that PUNA inleracts with USF] oo deuhig
uitimanr o 153) while USi7 can modulus UY-induoed
FCNA menoabiquimatian by rrgulaiing LINA pobymr.
m atn winbiiby 5L e hypothorized that LSPS? may
be respomible for Sevbiquiiiating PCMAL However,
our cxperimeniy reemied that overexpremion of rither
LT o it hinmee mroiand did oot affect PCSA shigui-
tirastion. [Fig. &3, V. This engeesls thel POCHA sy acl
m a scalfnld for LWEEYY ecievity, miding in the recnmtmend
ol plker reglication faicton like U1 1, e regoried previ-
omuly. | UL 1%, W thd chsorve devtaquitmation of CHE]
in e pamme waser. convslen] witk parfer reporis

Civeri thit we have previomsdy demmmmraled U5937S
ldaraction wilk CFKT lis abilly (o ebancs CHE aliv-
iy (2), Sanil il wibiich e chimsly nosnetaiid with rephi-
cation fork morenend, wmad thai USPAT & dln kaswsn
i plar @ il role b e Homologes Beemmbing-
thony patlimay |55, we comlucisl 8 BNA filer sy bo
evshiste nvplicalion ek miemuenl o Uw slogle mal-
spiile vl e analysic prvealed thal VISP -daplaiid
rulli bad mmch shariar DA repliooss, & decrigs in the

precentape of DMNA hbere and fewer Sorio. indicaling
compmmised (B4 smthesis 5 companed fo LSFET-
proficear colls fPg. TR 0O} Addmionally, copessirs of
the celle 10 replicstiom eiress rowaited in & forther eodue
tion in LSPETdepleted cellr ond en incresse in wiadled
mepheation forks. These remlis demmnstraie tha LISPEY
i critical for replication fock. movement by intericiing
will PCHA and decbaquitineting repiicating facior hie
COTL, g well o Yoty sther facthors, o faclitste DMA
repleuiion fork progresson

in summary, our resench findings demonstrale that
the baae USTT PH doman mﬂ: acithc =ur-
fae ol POMA and DA minor poove ot dilfeen i
does (Fig. BCL D and Table L) This imerection between
TEPET aind POMA playes o vilal rodie fn vishillging dilferess
meplization [aciom 4l e replication Tk, Dur io-siliom
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