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Abstract

Background

Therepgul at-L@ni ef rPDogni zed as an adaptio

i mmune surveillance and attack. However, t}
PDL1 by i-m¢ eE®BRienr onumor mi croenvironment r e
characterized. Ubi qu-recaoghi giace EBotceimpohe
critical role in tumorigenesis of triple 1

specific i mmune r easlp otnasregse ttion g-Lhief et kuBRoBri. & aDdu

superior therapeutic benefits in a preclin

Met hods

The regul ati olnl odp AIBRISKM loatiDon was eval uc:
in UBRS5 deficiency, recolnisntei tnnatd eolns olry oquuearr
PCR, i mmunohistosbgmi $heydetihdecRdAaft i PD by
and doubl e blockade of both genes were eva
reporter assay, chrgqRP&Ri andmioiso amfad ¢cyimp tst awntei
performed to explore the transcription fac

PDL1

Resul ts

E3 ubiquitin |igase B RS uReDeldlysanas cke yptn @lin
i MNBICn ainnE8Bpendent-s slgansneed .t RNMAscr i pt omi ¢ a
t hat UBRS5 globally adhdutcedt se ggahe ngi pat Me
its poly adenylate binding (PABC) domai n,
PDLHYy upregulpabtei-ackinased RNBKREpwnahdeRHKR
factors including signal transducers and

interferon regulatory faklioexgdr gssRiFan .i MRel
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deficient tumotrn r cenlall § gm gy oybpesr eabBeCRI SPR/ C
medi ated simultaneous -Lalb reoxgparteisosni oonf yU BR5 sa
therapeutic benefits than either blockade

mi croenvironment

Conclusi ons

Thi s isdainys fa novelPDLttmgahsadmoirptoifon, el uc
underlying mol ecul ar mechani sms and provic

cancer i mmunotherapi-e$. targeting UBR5 and |

KeywoUBR5nt er-bEBLOIn PKR/ STATTAVmpdRgealt,i ve breas

cancer
Graphic Abstract
UBRS5 overexpression UBRS abrogation
IFN-yg © o IFN-yg ©® o
N Je. ME
° X ) .
° .(\PD| = ‘P 1
I ' \)PD-L1 ' I %L‘
Rorc S
' " IRF1 " IRF1
w».:‘ wpdanHmmaJ:r: v:-.' \ ‘v‘.v«ﬂﬂRFanIA:'eak
v PDL1 promoter g PDL1 promoter
T cell infiltration and function 1 T cell infiltration and function T
Tumor growth and metastasisT Tumor growth and metastasis l

UBR5 is critical for the -tirmchwsRdldilpandnah dég
i mmune evasion.

Di agr am depioctesr etxiparteosBtReEx pP KR sh oma stett t aacgh
domain rather than ES3 aunbpildtuhietei snxapt A &isiis i doenta iro ic tr y
STAT1 and | R#&sli gmnp btthheg alyF Mtamed haifrfeictg of SPATI
pr omohtge renhaetcreasn stchr i pt i on | B-dlidn deuxcpérde sRh @ Aitlio o n
surface olbi nBBiboon dlplcembse the inacti vatthlosiark
tumor i mmune escape. Conveeglsledyl| idtvhdextpy ®E
hen sitméax pi éxsfsi SHAT1 and F-BRiIFdn p bt ey, and
1 and PREMAdr omottehrg r eswochmatst t @anscr i pti o-nlha nodc

- x0
>0

T

bi ndilngonoft hPeD sur f acel oofn tTu ncoeslTlcseé Il psr darbndeitr «
iamghe Kkilling e&feow ealndutpuwmaord. afThhreow i ndi ca
0s b hreeddd wnwar d caatreosw iimhdiibi ti on.
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Introduction

Tumor <cells can adapt i mmune regul atory
recognition and elimination. One of t he m
upregul atilonwbf cRODkeasi beed as an indicator

various tumor typefsl,ibhkl hbdsnbethmeEdApocanad:
anglrotevel dlofarRD el evated in triple negati
[ 3] I n breast cancers,-Lhiageoeciatpepdeswsitdnl lae

si ze, higrhedei,ngameda sed positiyd,THdampmD node

1/ RO interaction can cause T cel lwshitcch ent
mani fi enptags red active proliferationg, ciH]t okin
Thus, tar gkt g axhes PB a benetfhecitad e aatpmpe no

di fferent canc-2r eeL 1BDw d kha dmeo noofc | Poblhal anti bo
manyt hnodse phenomena anf SRecdwtriey gl iczdrmald uan
pembroli zumab showed dufriabslhee iadfifd®irtaypradrn ead¢ S i
withLIIBDsIiTtNBvey bl ocki ng t he #lntaenrdacittiso nl ibgeal
PDLY] 9,.HbWlever, the patient response rate w
a better undédstremdilmdionh mMABy help predic:
i mprove treat ment.

The expreslsli onaexxfobggeDously induced by va
including( 1 Peunioerr onne c-U(oTsNRi ,nftaecrtloeru ki ns (| L:
epider mal growth factor (EGF) through the
activator of transrcomeduloant 21 ¥ B § TaAditdarrl e at et
facaBon(-BFphosphati &«ylniasesi(tPdI3 K3 / AKT/ mTOR or
signal i ng [ Ilplat. hAfnadynsg t hes ¢ F-df iarctthoer smo r
mi croenvironment ( TME)d af mmaohe bet hs t umc
i mmearct i vating and i nimy3]ovshu pcphr eesxspil vae nvea ywsh y
approaches -otianr gtentei nTgMEIl HNar gel y fail ed to pi
[ 246 ] Fdi nduced adaptive 1 mmune resistance

ut i lliRoimregdi aemmdnot herapies by simultaneous|
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128

129

or acti-kltgndfobPBéowdwee oirstri nsic gnechani s
| F-&di nd uPcDeLtllr anscri ption remains incompletel.y
Hu man ubiquitin prote#trrecobggiasevivaEsy UBRB M) c
originally ideptofesgdguhatadsgeees|[ L.a] br east
UBR& member fhoof moa orgaoiAd -tCea nmiE(6HESEMITO mai n E3
ubiquitin[lljTggashe gfhdmnyi Iconserved i n metazoan
embryonic devel[lolp8me OB®RpB ni smi teequentl y amp
overexpressed in many cancer types, especi
canc20, Dur previous work revealed a criti
of a muri ne 2TIDMBECr enoplred s si on  oof clbBr®Rbetlhaatse s h «
poor overian |b rseuafs2tld yedalenyc efrunct i onal domai ns,
poly adenyl ate binding C terminal ( PABC) d
The HECT domain associates mainly with E3
t hought t oprboet ea nprionttffed3a& m2ddd ma ynot e ul at e ul
transfer catalyz¢e¢@Fhyamelseri HEC mMud@maioms t en
PABC/ HECT domaRR®DBIRA thamobeen reported to d

various proteins implicatednchudi wgdeelhr cy
transcriptional and transl ati onal machi ner
of UBRS5 | igasécatcé¢@@ipryedman ppaR] amrktPeptd or
[ 2.8]

We previoushgt rdddfBibctieedncy can facilitate

presentation of typmerseant ngercel by amt ihpesn
specific Iinmmsneda or g2 atl u noarr g &6 rag-dd fPDUB
exhi bupetdhieorrapeuti c benefitsi  nnsladqROdecér mi c
He e, we report f WBRBhebdlilryt roaqngeuilé aattebsa t | F I
pat hways and st pmuol adeld aagdgyraes®I3 iuonnc ov er t h
underl ying mal enubh hs 0o me b bswvierdu |hteatrgeodguasd i 0 n

otUlbbfanRllexpression has synergistic therapeu
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140

141

142
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144

145

146

147

148

149

150

151

152

153

154

Materi Mes handd

Cel | l i nes

Murine cBNBC | iamas i 4 B14der/ iGFap ir'BeTulna n

TNBC cel |l I i neIB2 BEBBMPe asMDAcarci noma cel l I
humeambr yoniccelkli dnenyys HEK293T were stored i
were cultured with RPMI 1640 (lnvitrogen)
and eg0 L penicillin/streptomyB23n1,( IMGFT7 T rog
and HEK293T cells were maintained in DMEM
FBS (Bl )egadmdL pENMicillin/ stAldptcoerdylci Ini nesnv:
i ncubated undédr 58amcCOt3IMosphere o

Mi ce and mouse tumor mod el

Wi td) BALBf emal ¢ Bmiwee ks ol d) were purchase
River LabPirmmaglu, eGhi na) andf rmeacngluptpyeided n a
with sterile food and water.

For 4Tmotdemdcell | s wer e #rjaercmaerdy ifrmatto ptahdes
BALB/ c mice. Tumor growth was measured eve
vol ume was cal cull eanigtdd’talsF ovro | luummeg= 1nie2t ast asi s
51104 T1 cells weresLsP8Bendhttmanved®@s|l y injec
BALB/ c mi cehteda hlr Dwmagldwaey s | at er , mi ce were sa
| ungscoMelreect ed and madepeser htgurneo rc eclell |'s unsepteanss

assany wa t-hhibogaandiedcpr e[vd.blusl y
Pl asmids sand vector

For the constructs usmila P Dludkriofneortaesres r e
were amplified by PCR from BEhédei csDMNAI ngo

the primers |listed in Table S1, then cloned
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177
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180

181

BasMecct or (Promega Corporation). Speci fic
were carried out by tHel,ldwotbcpltidchessri bed
S1. For UBRS5-gmAIBG,nt 78B&MmIi no acids of the
del eted wusi ng o VEea  flZdpdA nvwge rPeC Ra mpllhiefimed by P
cesl IcDNA pool using primerstérscseedroan TRNAE
a |l entiviral wvectorsiwer & RiNAN & 5 detképdk )ewsi sti ho ns p ¢
for eachhRdNAn & e qAlleince sTaw®ree SI i sted in

CRI SPREiadsi%Qt ed knockout

4ATland its derivative cel |l-me dvieatee s ulkbn eck @
ofPdllb w r antsn &@mgsf ection of | enti CRI SPR v2 ba:
sequences slpleciThircee oguiPdDe sequendabl ased p
S2. Posi tdevlel sdlnggnes wegéembEcpeeomgcusi nBi 4r u

confir meywefsitnearInlFyWCl® t amaldy si s .
Cel | transfections and infections

For the reconsUBR&uUt inobd $ @fdUldiriBnalinl s wer e
transfectUBRamwdRdmpllhas mi dispobfyect ami ne 2000
(1 nvi tSrtcadidl BeR&r Pdrir e ¢ oends T Wbtr'5c eslwler e obt ai ned &
transfecti ng-hUBlR®&s mipdesBdHppGIH sel ecting by pu
Western blot or FACS8eefweireiteensceyds i oL e GR&® MmN r m
cells were transiently tr &SATATETATR2ZRFWI t h s
andREMdduahMliypyof ect amine Z0O@0arrgea gveamstn.t r il N (
used as the negative control. All s.i RNA wer
Lentiviruses were producevd tthy PGSdtArL a p D &t i
pPGI-BETomatUB RS shEI F2AK2 wi t h pol yethyl en:
supernatants were col-teanstleatBR#l hdMiadnd 4
BT549 cel lesd weirteh isnfBERS5 containing lentivi
puromycin. #dnfeadcoediltsh wenrEd F2 AK2 containing

7136
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191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

with puAosnyrcasmRNAd was used as the negative

Quant it @tCiRv dgRER)

Tot al RNA wasTreix@mhaict edgevn)t hand cDNA was
using the c¢cDNA SyntghPeGR swaksi tp e(HMaezfyfmeed P ®@ RRTh
SYBR Green (MaBBASENEMIi XDNA wawss ibogBmRRINAI e d
expr essibolF Xa%6s alyesdt me PCR Det ec-Radlijh.eSystem

primers sequenvea eoflTaskiBegle ngenes

Western bl ot

Cells were |lysed in RIPAobhufterfOcBelllbt mma
|l ysates were centfibnfiwmdgeaedndtsdpB@geOONa@t apim was
Protein concentration was guanti fied by
Bi ot ec hn0d Qo6 ) . Proteins were ges$olavmald on
transferred to theiNG @mé&mbm drke ,ankl ookoed d
anti bodileBRb5a g(a3 annstbal 5@MPB)1, (SkRBr ot ei At gch) #606
El F2AKe2y o} i MAFSTIARBL p8lUI @1l ((Sand6ad )CGr uT,ATslc
(D1K9Y) Rabbit (Cel | #3514 gmAMd s-9TRA(Hnyor| 700gly)) m A
Rabbit (BeiyD3ISRirelY (#EABant-al L£5u%)-GARDH Nt i
(Proteintech).

FI ow cytometry analysis

For -sENmMul at-L dns aiard n®PdDiIgNBEe hlesl i nes wer e ¢
i nt-we |6l play e, onalMg¥e tafngco/mf l uenda@acen t he
staining. On Day 2, nmncfenld sd Fudorues et Slidgreddt ed wi
Bi ol ogi cMNAHS50VO@aPEEPIRFONTECH 23 GMDr 24 h. On
cells were trypsinized and staifddl with al
anti b(oBdeigeesnd) i ce ftorewa3sOhemd nwi t h fsotrAr eeng b

ti mlessr single cell stainingaglt mph snowcde £, dtils
8/36
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219

220
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222
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224

225

226

227

228

229

230

231

232

233

stained with antibodies accoaed)di n@DYy . ( AhA2)D
CD8 - 58B)p3 F(oix50D), CD25 (PC61) ,-0(G¢MGlz.y2ne B
were purchased from Biolefdanldd, ALADtldbofdHES8) ¢
MHC (2G9) were purchaBladwfcymomdt nscdanha ewe

by FlowJo software.

Quantinf iacfattilbpe mi crometastases in lungs

To quantify micrometaswases, dedipdEl aveee S
cells injected into mice through i.v.. Lun
ti ssue dissociation bufufneirt /[my., 25080 rd¢ dliingygd eon
Di pase |1 0(RAach éD)N,a seerPAAS |( Snigtnna )peirni didi ¢ v ot ¢
i B7 water bath. Single cell suspension was \
then pl emeld/tihn6o@@ani ne seldaptlicmteser v Afa
weeks of selectioantaitrueandr wictoh ooi st avler ei ol

ri nsed wiwaht eurl tanadpudrei ed overnight prior to

RNAs eq analysis

Tot al RNA was i-sod ma leyds i fsar $SRRNVO nodf gReNAer a
sequencing was performed by Genomic Core
Hi qgual ity reads were aligned toHtimlkde am@use
We next used the featureCounts funkdi on of
number of reads thatanmuoepdedr htecra nrtefadr exge
with DEseq2. The enrichment analyses were b

<0. 05, | foldchange| >2) wusing clusterProfil

Bi oi nfor matfi cI C&dGAa ldyad iad as e

The KEGG pat hway analysis were used by R
al | cancer expression profiles (FPKM) of

calcul ate pairwise expression correlations
9/36
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Transi enmtasleuaciefporter assays

Cell s wer eweslele dpeldatiens 6f or 18 h and then tr
2000 rwiatge ®). Pl asmiod ©OachRepd0l 1l a DNA was
nor mali zation) . Cell s wemdémilLh-od M@ deaatteerd wi
relative luciferase units-LURL ERsefpassesraey me a s L

System and Gl o Ma x 96 Mi cropl at e Lumi nome

manuf axtiumsetrructi ons. RLUs from ifzedfldy | u
RLUs from &lenilla sign
Chl-gPPCR

Formal delgdeked chromatin WWdTsUbprftBenpdar ed f r
hUBR/5e c o n sUthirftdultlec el | s, and chromatin i mmuno
perfor med using t B 1 EZ f harPeMKddado(f#1 hg tc
manuf axtiumetr Nourcmalondouse 1 mmune@Il2db-ul iamt G
STAT1 p8B3 0L 6(480c ahnKF ladnt B(1s4c5 4 4) antibodi es
purchased from Santa Cruz. Nor malSirgammdi t | g
Technol AHHyK 2 Naalc4 72 9) antibody was pur chase
H3K4mel antibody (#39498) wad ipner glPaCRe dvafsr
performed i ntianeCFPX®OR sRyasdt)e nud(ifBigp PLIR SYBR
Green MaGSYEBASBW)xpandetbefor tHed GARPDMKWtanmd |
wer e |Tashtleed 9 4n

Statistical analysis

AlMal ues were presented as meauwmsdld StEM, a
determine statistical di Pf &er dn @é s ssedewedn
statistically siwgepreicanti e@®haepiPrasann®ws ¢ f1e

for statistical sof twar e.

10/ 36



259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

Results

UBRS5 is reqwuwi neddRERIlogte nNleFNeXxpr essi on

Tumor <cell s can r-elsepvoenlds tiami etlhesveattwantdo glnfné n
by puegnug at he exfPDlek sit oan evade i mrpurig SUr Ve
Il nt erestoibsglryedwdormadi abhed | FidUcprneowmi ooufs PD
genef@2@dMbrbelFisgaf)was weaker (~50%) than t
4T1/ GFP cel l s at bot h FhgummNA Taon dd eptreortneiin
whet her the samei pheiTdonaFr®TBIMEE al ks wer e
subcutaneoust lemanmmeartye df BMli@aciisc®fi ndi vi dueé
and tumors were dissectédmanhnoPDayt @8h arhit etrr
datFa gU@®es howed t hLalt Itehvee | BD wetdbr b bwar i nn 4
4T1/ GFP tumor s.

To confi emfebat of hadl BhRISuPcBende x | Newsassi omo t
due to cell l ine specificity,l wee es\Vhalruathad
RNA (shrNA)yBEEBNnoc kdowvMB2MDIA and BT549 <cell s
| F-dst i mul aweboLidn B H4 MR NA n@r o( e n h6/6 WP r e
expresdBmEBEnonc kdowkMB2MDIA and BT549 cells <cor
scramble control cells, which WaguaXensi st e
E) The -LPI®Dur fpaod eivel s in these cells were co
| egs(BEl gadf) Reci procally, overexpred8pk8m of UB
and MCF7 cell igindscktdcP®Ppsedsi BN at both t
surface pfFogdG,ed bhegdelTak(en together, the fi
there is a strouBR&nd nieshRNamMuPbDAht bdk eensi on

Next, to explore whether the gdsietxiiwd scor
i n other cancer sweb\e g lou att odrdr eotd Isad¢t | coann doeert ,we e n
PBDL1lin TCGA .dGGiAmasxea an adloyghelsi ¢ ihte RAA
expr elsesvceddBRebnRIDLalr e hi ghly correlated i n ma

suchpaamscr eat i ¢ a(dRALIhayrncdinay huav e a | mel anoma
11/ 36
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(UVNL, @madstate adhRRAD) ¢4 g&h) o ma
Restorat-Lanenpr Psider iicn edBaMamd gnancy

Given that UBPRS ndagadat@®sprleENUbMS5 and th
tumor growth is arrfexsltled fisommPpamnt hétohwa dc
of -IPD time i mpaira&adbrffumetres .tohMMs rlescued PD
4ATWbHPrBEel | s wiPtdht bneuvreilnse si mi | ar t dFitghuose i n
2A-C)wi t hout affecting (Fihg 2D¢ex pUpeosns i ioimo coufl ald B R
mice, Pthecaonst ilUrtedl 14sT1éxhi bi eadamswddt an
growth cwintptar &kl FisgE)e. Anal ysésfioft rtautmonrg
i mmune cells reveal €d that sthaedntumbeéer offt (
mani fested as increased gra#dzyeme@rBRssxpmes s
strongly UmrcE erasresd, imhi ch were subsequent]|
rescidlodsSbrebix pr e 65 g ®2en(fg u r2e) . The restoratioc
effectopdodENt i on*To fc RliHe®)ge @P8wel | as the p
CD2:mnd FoxRB3l at orFy g®r2eredil?s) .( I nterestingl
i ncreaseMHCDMaltcdeadr i thiCls obklkesvédmprcevi ous|
beari mUprdTuimpb2,1]was al sd th®sitl nodB&RIva s
reconskiid@heakl daFR).e Accoadsinghiyfigranddgygsipoor
was o0bser Wwealbr eicno ntsh é Whw't Berdo u4pT 1t/ h a nUbtfbat of
grobpg@l).&i ven UBRS dékicienty Heuvuebased RD.
MB231 EelglisPd, we tested the idea iIif this ¢
effector T cMetl sspeucsiifnigc thhuemacn chi meri c an
cells on the human hBNBC i adleled., We Rf50 Wred i ci
cells rendered them -medeéeatedFd gpiHianldg (o C

Fi g4 e

Combined genet iUbrdnad djleyli iedngsofsynergistic I

therapeutic effects
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Nexwe, i nvewhetglaeredcombi ned abrogakbtion of i
expression has synergfBdhbBUbriBadladpéuti cnlesn
deived fromUtbhW@&@  TGFRednd | ines were generat
edi (FiimggdAaend8). The cieddcsulwetreed i nto the mamm:
and the tumor gr owt hFiwgad&) eth@h ittuonroed beevwevrt ht i
Ubr§roup was dramatically reduced within 3¢
[ 2,1 ] bruaadygal hcr eased beyond 30 days. Tumor ¢
arrest &t ot grhoeup compared with the other
tumor did not recur Ubrmddorofupmiumd i ( 4 /D&y
Mar kedl vy, no tumor recurrence was observed
contrast, no therapeutic Poé¢mefoiutp, wavhri obs ¢
consistent fwolt d ot henoT.BC

To evaluate the effect-Lbfodutahetapget ango
met astasis ofS5t4aTmort wnedrlss, welrle0 admi ni strat e
metastasi s was measur ed athiDpagyu aln2i npeo sctl o nng ge
assBygwBDP)ee We observed thaol amidzdBadgnber of
tumor cells was significantUhbyr 5l wenscr tchelnl st h
(Fi gB8H).e Notably, ~2Tfockts$ hinghétr@PBEDHN was
Pdftlumor s UbHaomiFn g8R.e These infwdmemeé i ng T
actshewn by an i/nkDefafseadt o0GzmMB popul ati on
regul at oFygBFaered | mor e GzapBr oadnudE t IgREY) e
|l ncreased pFhddwcEDdbmelolfs were al so observe:
mi ce beadbifBgliaT m@Ei g®%.e Furt COLHMHE ;
mat uDQ@si n4d TUbHPBdT Tt umsei gni fi cadtHiygudFecr ease
ConseqtbawhrPdilearing mice exhibited prol on
420 @FagsB3)e These results demonstrate that
and-LAD expressi cnetthapegstyinergéeseéiits with a

infiltrating i mmune cell s
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UBR&I obal |l y r-2geudiaateesd IpgFkaNt hways and sti mul a

Si nkBeER&o uelndh anecog nidlidBed expression to pron
gr owtiwra,s of toiextpe oe £t whet hk F-Nrtehseproen sairvee oftahcetr
affected pgrUBRWNedweranscri ptegqme ngr-ofgi I( iRINA
segBRT1l/ GRATUDbBIBeltreat ed witho Tore wRBNApout | F
data showed that there were motéréehés dowr
compared withoGmhRt4¢€t wekbhsomuWwagBAaet (I FN
A tothdl5 afeemres i nduczidd Wi /tBEPIFSN  whil e signi
fewme8enes) weirdeTlnrfdbuelddsg 4B) e Il n madde ti on,
genesdowmmree g Bl TabtFePd cien | s ( D2 &l pdeThlbbsi’msi 0 n
cel(l68 gene(Ei gdbB)e otRadldp ofa RN e WTandb "5
4T1 cells wereotthirbtyhweKyetval Bmac¢c edl dpedi a of
( KEGG) patrhwaiyne nGabhel ogy (GO) famat.iyemnal a
KEGG pathway enrevkeméepd ahakydIJBR5 was high
mul tsipdrepht hgays hien cJSAIKMIiantgh way ameécept oki ne
i nter,acwis iwagplgteh at UBRS5iinsriehadli wvedy broad re
| F-gst i mul at i(ing 4g0pd Mevayat hways of positive r
stimulus and regulation of T cell activati
GObi ol ogi cal processes (Fiimg8)blentenmreisd h megn ty
sleected -snimofat&8@&) gsobseét s, a ¢t6&bi mf gene
GFP cells but completel yUbhotbelFrisgadd)ley mi | dI
Genes respondiififge rtéoib BB énl sncl uding the i
costimul atory anadd 4¢0B dainkdp ogi | ngt 8 Biregnfeisc ant | y
decreaseoidnidoc dUbNBel1/l s compai eduwetdh 4TENGFP
celHisgdr),evhielxepr esils$ @ nr edi stance sigmahure (|
ad SGs g[1BIAKOASBOASLRFGASPFI ABUF| #écreased
(Fi gurfte Thesarpgreendeosmi nant | yarexerr ecsaslelds ,i nal b
vari abl e [e3x4p]rFewrsti hoenr anWT, WoirsandvBRi zi ng

reconsUbirftBultledcel | s confirmed Gcdh4aRi gtlhee 1t5r an
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a nlds gglebnweass f f ebcyt etdh e e XUBrRési sgidénine o f
UBR5 i s cr uenedali afterd laBNA®RBARBINm amfscr i pti on

| F-8i s gener altlhye cnoonssti deerrcerdi nentl 1s alnub | e |
t hJaKL/TAT/-IBRF1 sigmhalsi hbgeaxis®hown to play a
| F-dmedi ated IindiidoiRBASeigadd transcriptomic
suggestedASNTNAT gihegnal Fngu@®eat hwayg a rol e ir
regul ati-msnt iarful BHELH do yPDOhBeR % p r elsesvaiins J AK3,
STAT2 anwleerl BF80o signilhetcwawaedtyleldl efde rGFriPt an
Ubr8T1 (FelgldB)&e t hen evatl amdtetdamPsPpcr i pti on f a
incl udi, hAKBAKK3L, ,STATSETAT3,,| RRFId TKIKQu 1 e
S7) , and fduF®dtit mentRaNtAbeand protein | evels of
wer e decr e assieldedilcde dgBR =), B BTbE 4 § bd,e) eDn d
MDAMB-2 3(Ei gbDh)e cRét isproovcearlelxypr essi on of UBRS
MRNFIi gbE@amlmr otei(Ri b8 GeSTAALIIREIN di fferent
human breast .camhhceerprceetldi nl ilneewsel s of pSTAT
overexpression BT549 cell s FicguosBaTlke d t o t
phosphoryl &STAGl sibekeld| gf de tUbedsedRisgunr 4 T1/
5BConsi shhoetnht tyhd&i qiBBA)A and pPro®oBéeé pveél s of
STAT1 and asRiwkél | esSeTIAsSTADE restWwBRBBsaft er |
reconstituUbédelThmRNA/ | edalkm kIAfaTty3ka2 t er ed
in a similar Sgemtrildrifm &&8bRPteModsBIREefconst i tut ed
UbrB8T1 cheolwesd;akglene did not-otrres@tomdrnte,o a nFdN
MRNA | evakt aathdldly ik hcreased | ess-oitthdamnc e2d f ol
4T1/ GFRvhdebkhl snconPdbmR&At | aveh changes in 4
or withestuit muFRNg®SdaEdo further evaluate the r
i n -4giFMNd uPcleldlr anscri ption in 4T1 cell s, JAKS3
| RF7 were silenced i(hidgd&)a Thlel exPlivGbglnsiol
anldRREI anscri pAKSTAdOWRtRANfoanscri pts IweMe requ
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gi nduPcDeLtllr ans dRrii g@H|8)NT hsee e ssll § ge 8 p d tFa t
activation, PDRRbaesbanpedon STsAamad&®&Fat ed t hi

I n eukaryotic cell s, MRNA homeostasis 1is
MRNA synthesis and degradation. Therefore,
af f 8CTASZAIDRIMRNA by affecting its stability o
treathed hwi t ranscriptional inhibi$®8BAThctino

anlddRRAMer e evaluated -loivieers SolffhmadhdaRimER NAa |l f
showed no difUbramdeBRGescoWIWhrtamTedcel |'s
(Fi g&10)eNext, we explored whet her SUBRMDd affect
| RFv1 a -lduucailf er as e Ho mpoTrAtTelLrr -9a2s a yo. + RF4A) and
(fr-®M0 to +138) prSd mdftrezrosO Oa ntdo mrol@E0k0e)o ma n d
2000 to +100) promoters were cloned into p
pl asmids were transi ebdBRY§/ p€BHRNpIf @xcmieds wii r
MD AMB-2 31, BT549 Iloisne4Ebparcatl ¢3TyATatlhod RéFdt ect
transcrcitptviidrny. a The resul t sdeshdo wetdhheatnitaetd
transcr i ptoif oS Thid dddRktpixvoimoyt er s | tMBRB34a@andMDA
4T1 dalglbyg e( These data confirm thato UBR5 pl
i nduced aATanddRiIEdnanosfcri pti on by enhancing
sl owing degradati on.

To further aexegel beet whet YBR5 oRDLibe trans
medi ated by TATd RFiln ®@DbhmgrhaerhotSer r egi on, we (
chromat opriemmpnt-gPCRnagayP)to andt gsk t he
anldrifri tPlddpitno mot er r egBbdti h3lii ngp wti dteisveand s
l rbdnding sites were preadFtgodlJe b EnhhacadGl(
enri ch&eatnldofiln predicted binding sites 1
sites 5 Rdidr 6 mot ert lwas o bUsBeRrSe e @ nisutbirWbu t emdd h
F4T1 cel |l s Ubamprale ledds t owhs cfhp drutréechetrhe i dea
UBRmedi at ede meamBEdionfd urceLdlr a n s cirdieppteinodne nt on
STAT1 anRi gakkehRi g $ll)e.
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I ncreatsednpobati onatnhpi stomeasmold3 K4mal and
have been reported to be reslplavealbll eas or
i mmune evas|B86, i ATkbaapaogh the status of H3t
di ffered when cell Sdawe rse t H4t8i, nbu,| aatnedd 6wi tthher

no differences Ubnmoanngd Bitree cdoTisumifisuetldd | i nes
(Fi g ®X)e. Il n addition,chtose att meantA WITISA) ¢ a hi
(HDAC) I nhi-dbz2bdoero x yxnydA A Ce DNA met hyl ati on

i nhidi donot changePDiLHe i eax pA4rTels scieolnl osfur f ac e
whet her UBRS5 WwWagwWEEphessedebults suggest
modi fications such as H3K4mel and H3K27ac

PD-L1 expression by UBRS5.

UBRBedi ated tr aRBhitd iivimd @ pehie®d htagafs ei t y

Given that UBR5rwas® oh s-Nimdluectfide@ aldRF 1
transcriptieapfowed that whlficdhurdmoman@ad ini toif c &JIB
to its regulRDligorn.molthee hwamanc| oned -and i nse
based firefly | u@ibgeB,as®&nd etpoaneirermntelcyt ocot
vector with plasmids encoding wil#d arype UB
the PABC dom@&ABCYebét UBMRMB-2 3nlt oc eMOAs . The r
showed that UBRS5 increase@®DtfireomdFta@mmscEi pt i
6C). he€ UBRSBC moomptetel y-gil mducithhiePDIEFN on t h
promoteuggestthidregnat hati s pivoP®dLpfomotreeegul a
constwiuchidssi e et ed mutations in the 1bilndi ng
were gellhiegBB)edandnsiently cot-MBh3f ecé¢lelds i n
wi ekpressi &JBRbadt bheofLarciidretraseadachaéaedty d
t heRF1 andbiSAdAThHg3sites weamrsessphtoahbl fact:
PDLplr ombyeUBRBN-2$ FNmulFage@.«€onsi stentl y, a |
anal ogous respons@s twiamulodbtsed v&£T1l iPadel ILIFN o n
pr omdt greD)e
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To further confirm t hoatn dRAR@Lriasn srce g it ri eoch
we transiently tr ansUBR5SUB®RGAIBLs mBREN enc o di
C2768A respecuthifbellflisj6ioaddlperformed fl ow
assays toldstuedtac®DLromntsaeisrn ehé wvlewidihf etrlaes e d L
reporter assaydomsiubtus, nohectalbaB&Ivaki ggd & e,
essemhboirhE regull Bi#fiinodnu c eLil Relx p r(Feis g Uu6F)en
Adlitionally, we corroborated the dispensahb
treating BC cells with MG132, an inhibitor
PDBL1 evel obsemewldetiend UBeRI5I s di d not result
degradation thr ofughbtifleiak @¢m ot egsbmer ( UBRS5
PBL1 in a manner dependentendadrenitt sofPABG dEo3m:

activity
UBRS5 transaSTAwWmEDLWLIs aonfedi ated by PKR

Thr dugRNAFEIi guyD)and previous mass spectr ome
[ 29 ]wlesea veidgni fi cantEIdP2vhK ZRNA aand pnprodt ei n
the geneed hat oteaicmacktii nRASR) dRONAB el | s compar ed
wi WH 4T1[ 2.e]J]RKcan be acbomREAS8&hHdy pl BENs an
i mportant rol e i nsi ghakhfweagyosrp abeyn dmoddsuR A i n
transcriptional 38inncaddointiocofn, STPAKIRR can i ndi
modi fication of | RF1-biamdli ragta wtait viotny oifn id s
dependentd.nfaenrneefror e, we specul ated that UBR
| RF1 tHhKRuUTgoh t est this po<Esif 2mRKN2A yl,e weel sf iirms
4T1 W, "5 UBRSeconstUBRGABC ALhRIRGAh 7 68 A
reconsUtbirtéetl d dr wivilbFilbbue at ment . I nterestingl
i BEi f 2reRN2KF T guhAeand p(Fogé@mBleevel s were consi ste
patt eStndtrldfiPidlal t er at i eon ndwict h ohFMhen the e
of UBR5 changedEi fChaRddHFsitgethGa nyd pieegeir e (

7Dl evel s were decreased in BT549Thkel |l s af
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EIl F2AlK2Z expressed -2innUBRRED D Br8ekc ot noskbiFtBu t e d
Ffcell s DbWBRRAERABCe oo hsuUthirtsetiidy Waen®dB , whi ch
wa®nsistent with ouFi goCGRtitcauBD obhsgu lvat i @em |
UBR5 is dependent on the PABC domai n.

To furtherEIcFo2nAfKi2r ma ftf heactt s StTIA A dAloRNIAwWE ev el s
geneilEatf ekdnko2c k down 4SRNAEied B e virae mMRNA | evel
Pd]Slt aatnlddl fFi guE)e and t hey p® DATeli,n(Fli R Xre
anRIBL 1Fi(guUQ)e decreased Enf X&hibxkealowsr g8 E€tosr
the mMRNA and ofgr o3 TeATnR Rlde-uRED sver e r ewset or ed a
reconstEi tf taxdpd enshsbirfodne | | s compar dor&TLh GFP
celHisgud-Hy Howecvempar ed witthbtee WT preof aice | evel
of -IPD restoratompl| emaesliymBrind 2raake@adn st i t ut ed ¢
suggagtthat addimi oghian belewehda nii s mBR regul a
medi at-leld uP gpae gultahteiront. TAeres KRBRata suggest
transactSiTAatRiDIbilyo fUBRS5 i s medi ated by PKR.

To investigate whether our observations
breast cancer sampl es, we performed Dbioinf
breast cancer i nvasiweq chaotgdldadch A( BRCA3t &N
dat arbeasppe dMoidwea lay e caonrdr ea baot vi B0InFs2 AkKed BwRese n
STATRPPDLelx pr e(sPseiaorns on correl ation: R=0.447
R=0.471, respectiFvglaug &nde,r ewhibcsrervegpdqrts
t hBtF2RAKDPression is highlhy tphadsBeRS0oMATIly corr
| RRNhRIDL 1

PKRan medieataect i v-adtiiomuloadt eldFNSTAT1 by r ec
MAPK and is required for -#f4flilGoedipladdree vat i
whet her UBRS5 -neecdtiiavt aetde sS TR Rt harn@@ § Dor J NK, W
used the PoKxR nidnohlieb/iitmirdaz dloe tcempbuwrFd @@ L6)
4T1 welhsor wistthonutl atkfFen. Theé heegulwies es mo

di ffer €& hperecst ecifaf | 8 VJpeI@8NINK (and their phosp
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forwmsdbh wiPtKnRo utn HimFiBtnidbm 8T1 ctelthe presence
| F-DI(Fi g BrhBe Al slhe sur f aode-IPDe pevwdraeoh di f fer ent
bet ween GRIBelll scednds tFeagBde swiddectliéng
PKR is invomeedat ead UBRBAMBDLthbrnamsfcr i pti on i
ki niaseependenThlenamanseeri,adepentdgnt PKR was al s
PKRctivaBedi YRal i[ndg2 ,p adt 3|wwae | | as in broad
infl ammesdomd ed a@agspgaddd i on

Since the PABC domain i sElrFegAK2 &@Rb0r t
(Fi guA&ndB and plays a role i[nd,5¢mwkearfairn di emf
explored whet hé&n f dByRInaciomttaiddil ,e®NAhet bt t et
| F-dpretreated cells wpteobhakatedi witbrthett
di fferent times, ardf GiedE techvea | MRINIAY @ € viell es
Ei f 2naRkNPA wer e not di fflbrefn dBROego MsTtli tWITt, e d
celFlisg&rYe. This result sucdgedsask2tthyate rUBRIMDC Irr
its mMRNA stability, but Eby2BR@Qreasing the t
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Discussion

AsPDBL 1l &l i ghaotdheer i t i cal i mmuonlee €dM eec K ha@i n't
regul at-Lbnewpiddmplsex amd oemedadcur transcri
posttranscrHetegogdrementthwd8tRdb.s requi voed for |
i nduc-ed PBpreski easndvaamaaear t htarta@enms aatnidv at i c
oPDLglene expr esissieodn tbhye dUBBRRS TAT 1p 4 Rirkay .
Furmbee shwtehBBL 1Ir egul at i ond épe nUdBeRnBeA BdSn
domadiun tmE@e3 | i gasoef akrBFSwe tgynt Fyvaatgment ed
expr esRBRbLdn bof clhBR % atnhtea tsf @ n c t p ro o mat tri Nnogr
gr owtnld me tLaassttal syi, s bd omthiBRI5 afdl ePabdas t o
synertgh esrtalpeeruda fiict 1 n er adancdatpirnogl otnugmotrh eg rsouw
even to a (pog8@nemnbtl hmagd twe more rigorousl
the synergism by other wlalystdnttalhgedge magt iod

HowewgvemhodéeBRS5 pr ohectonn taloNeAs b i matjiinfg i s st i | |
unclhoawr UBRS5 ElBB2aMAd2Adaoughviideme ei d dhrat UBRE
enhairstt € ans ctrhirpotuhdgdRBPABC doPmawvmhous studies
i mplied taategUuBR5ecgene transcription thr
i nviontgh de ¢ fetreeqnédés: i nitiation of RNA transcrt
and their -aacstsiofaltéRiNesd ed @ rmgnat iIRONMA processing
nucl ear4dBkpoeemobfsreost ddddBB B eds a h 6Bl cFK2A
MRNA t ab ithluittByR 5 may bPblre2nex2pr esBir oangh ot her
me c hsanmgib n@ r motrieet b f e e. UBtRbperer expressed in
cancelf 2i0y[pddBdlg nads soci gptoeod wirtalg vas ¢ &nsgyaro f
[48-51,55,56]E1 F2AK2Zodedl gPlickaRy s mot ei t hcaMingolhr i gene s
PKR expirigisswieomh ogni &&2%nd t umor imalmug ntainpclye
cancel 6@B¥lpre saddihtiighhn PKRr etxeapdges®smon i s8stabil
[ 6,6leduced survival and [ §.Merhteewneetidd BIRémi s si or
could influenceE tFRAKht ansveda i pgd eprnv eodd si gnii

cexpressi 0B RbrEtl WAl K BTeCGA mMRNA s&a g @k e
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Iworth notimagyw It heat u PrKeRg u l-oaitnedd rkeyct It FN by UB
induced changes in tahmedtt imbodmbdbmst heendied o mme
t he UBRI5Se t he regul atiiomi.wd PKR expression
Wedemons$ hBlBRi®sr oadl y ainmv @lrtvhkar-disainglnyal i ng
pat hwaiyn atnhde r egumuati ceam(Ech ghoFenrtisbpe our
previ ous2 shtoumeyd HMRNA| Bwevredl evat edbds:m 4T1/
tumemosp arWldAst oa cyt-ogliags &a&FNual role in t
responsheene ha#wdnpnhiFINts the occurrséemee of t
apoptodsitdaynergul ati ng ismnmuened | reypgdbmese pr omot
apoptammgdnbi bi ti ng[ 6a8,gi @letnles i cbhamn praowhot ¢ FI
i mmune escape of tunawH E@lHosvelvye rrleidgtutldagei n ¢
researthcds o mw earlrsd colmasnoifs mb B Blt ween ctoma rawoi ng
acti,viwhieso i | atBE-dhad egraeadsi nptoepdctel d of
i mmunot herapy.

| i $ ot edUBRSahcpr egRDlattreanscri ption to pro
i mMmmune awmmdsriehsattor a tLilo ne xopfr eBB-dehi ¢ he IBRHB5UmMO
decreases T ceeltonmdlildsvaanc ginr eentllyy t pnreo v
combination therapy t-dangaetni nghebesgltB®CUEBRS ar
Therefore, dual ttLdr dietsi ibgpat dye RS headm disoPmDg | e t &
breast nadantcenftdodlhley cancer hEgeeasaseweeésen
interesting directions for future work
TogeoODhiem , anidro vietswue vfearnh e f itrisdB RiSiame
key pilnaytere transcr il p#fi ocdtuePtDeldleld s Gsntdi am o f
directing e&maclehoens anmpuimmedsit o gsnigdama er at i onal e
f otran glgd UBR5 a+dasPDnapelroach to enhance th
i mmucnhee c kiplod mkka stehder apy agai,pattbrcebdat| gaii tlé
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(A-B)4AT1/ BEPdnd UbIHEd el | s

FoUbrBd1T4T1 cel |

n e tUib caStladriygleetlidnsg soyfner gi stic therapeutic
we r eC RjleReR /aQ sestiT, Wdyd j&tFiPntgl . 1

s were tr-ofadred2 4vi h hU BlREN mtgliPebn_ ot @& e | S

were detected bysuwefsatlceer diPdlvlied ts (WA eamkasur gdB)by fl ow cyto
(© A tot &AWT WHr-51TGFPHIdUbrrBdT4T1l cells were subcutaneously
mammary pads to monitor tumor growth in WT (BALB/c) mi
every 3 days.

(D-G)WT,Ub r"5 GFPHAUbrBdT4T1 celd swdrsd 1i0nj ect ed -wdeakl the t ai
female BALB/c mice (n=5 mice per group).cdwkl sespdagsi base
were obtained from lung tissue uUat @elrdrg mmetl asddageins .c lama¢
plates in a represent®t i waen dexmpd roinmd&EysF) wadme DphyawlnOi ifanf e(@ r ( t u
cells inocTulcealilosn,i rCihDigl/ tPiDECDBT0 nc ealnlds GzmBt umor ti ssue from
WT Ubr 5UBR&r Pdr EconsUbrtfudmar were anal yzeFR obw cfyltmowed ytyo me
analyzéed FKCODAmE8gs ahnd MHDDRCs i ndrnaimoirng | ymph nodes. The
showm®) i nTlie results are presented as the mean N SEM. ns
****xp < 0.0001 n=3 mice per group.
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Figure 4. UBR5 globally regulates IFNo-mediated pathways and stimulated genes.

(A) Numbers of ifferentially expressed geagDEGs) inUbr5” compared with GFP 4T1 cells with or without

IFN-o treat meni FCFo &ijugcoDmnge

(B) Numbers of ifferentially expressed geadDEGSs) in GFP 4T1 cells &ibr57 4Tl cellswithIFNo t r eat ment
compared with that without IFd  t r eat ment . Fo khdjustcoange (FC) O 2, p.

(C) Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment of the top 10 blologlcal process

between IFNo-treated GFP andbr5” 4T1 cells.

(DHeat map depictinget RlexGsNAN UBFBT&ndél | s with or without
| F-3i nduction for 24 h.

(E) Scatterplot diagram of genes responding to-tFN d i f f &Jbrg cedld cgmpared to that in GFP cells. The

grey dots represent unchanged expression (1/2<FC<2) in both cell lines. Upregulated 1SGs with fold change (FC)

values >2 inlJbr5* cells compared with GFP cells are shown with orange dots, while downregulated 1ISGs with fold

change (FC) values <1/2 are shown with blue dots. N

FThe mMRNA C k4 Igsl ®cldsS5gnde5r e exami ned by wbéﬁnerNSys is in W
reconsUbirtBuTtledcel | s treatedowi Al e xpeemepeaBEN, t hree ti me
and the dat at maeanpNesSeErﬂILeOcSPas**P < 0.01, ***p < 0.001, *o*
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