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pLVX-TetOne-puro C-min 3xFLAG DEST (11603 bp)
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pIVA-TetOne-puro C-min 3xFLAG DEST (11603 bpj (from 1927-3638 bp)
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tittrggettiatiscagegacageagagatonagt tiategacttaartigtytatigragotiataatpptinacrantesgeoaatagratoacaaatitoacas

Tlageltogesgageaggiggtolggatorgucggravcggtgateaglintetaganisattgtogicgtugtcoitgtagtogatgtoglggtog

trgtagtogergtogtygtorttutegtoguogreaccgactoosacoant tigiacaagaenget paacysgasncyptassatgatatasatatesatatatiaga

NI

trapattitgrataeseaaagactacataatantgtasascacaacatatoeagtoactstgeatoasciacttagatggiattagtyacetygtagtogactaagt

Lggcageateancogacgeantitgigecgdatavatauctglgaggagspalivaciicgragaatagataantoiggtgioccigigataccpygaagesetygy

cecasntibtggogasnatgagecgitgatoggcacgtaagagsttccancitivarcatpatgesatasgetcactacoggargtattititgagttatogagatt

Tt

tggagasasagatoantsgatataccaegitgatatatoncaatggoategtasagaacattiigagecatttesgioagiy

cteaatgigogtataaccagacopticagetiggatiatiacgaoctitttadagavegtiaaagasrsntasprdcasgitttatosgpretitattvanativtigoe

cpectgatgantgrlisdtosggastiodgintiggeaalgnaagaciatgagatgpigniatigygatagigttcactottgitacaceglitiécatgnglaqacigs

ascgtiitealdgototgiagtgrdtacoangacgatiiodggcagtitotacacatatatitinasgattggagipttacgitisabacuiggoctatttocats

aaggptitatigapsatatgtititogtotcagecaatccctgeggtgagtittcaceagttitigatittasangtggrosatatyggacaantioticgooenegitite

aceatgprraartatiatacgceaggogacaagptipgatgatgocgotgaegaticaggiicaioatgCoptiiglyatggattveatglcgpragaatgat tantgs

FIG. 22 (continued)
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plVR-TetDne-pura Comin 3xFLAG DEST {11603 bp) [from 36395457 bp)
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FIG. 22 (continued)
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PIVA-TetOne-puro C-min 3XFLAG DEST (11603 bp) (from 5458-716% bp)
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FIG. 22 (continued)
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PLVATRIOne-puro C-min 3XFLAG DEST {11603 bp} {from 7170-8881 by}
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Focogiaagotggtgoctgaacpogtolgpaateataarstotgrattacaasatitgtyasagatigertagtattctiasctatgtigetoctitiavectat

glggatacgetgetttastgectitgtateatgotatigettvcogtatggatticatetictontoctigtatasatoctggtigetptctetitatgaggagtip

TLLOURCTEOCetatLECCaTEERE LAt CatUECCEUCLEIetigocTgotyotggacagpegttogpetgttgggeactgneaat técgtgglottgtc

sgetggegtocttiveatggeipricgeeigtet tgreacntggaticigrgrggedcgiconttctgeisrgicacite cggarotioditee
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tgAattagtagasctacatincagggrosgEggtcagatatcractgacatitggaty

sgagagaagtgita ggpgpitigacagaesgoctagoatitenicadgliggocrgagagetgoatodgpagtiadtitoaag clgatatggagety

sagfgactiicopotgReractiterageZagesigentlgEEcgERacigEgeartgRcEagcocteagatentgaatataaguagolgotitiigoctigtad

cteaatazagzoitgrotigagtenttoaagtagtetss

FETAGCOCHCLETLLAE

getotototge coapatotgagnotgggagctetctagntaa

F1G. 22 (continued)
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pLVXTetOne-purg C-min 3xFLAG DEST {11603 bp) (from 8882-10593 bpt

tagtagtteatgioatottattat boagatis

atwacliigoagagasatgaatatcagagapligagagicettigacattgotagrgtittaregliogaccliotagaetagapottpecetaatoatgaglicatagorigitt

cotgtgtganatigtiatergotcacasttocacacaacatacgagergrasgeatsaagtgtaeagociggggtecctantengtyagctaactcacatiaatiyge

gitgegotoactgeregettiacagiciggaaacntgiogtgeragoigcattaslgantoggrcasycEeseggagaggnagtttaogtatiggecgrinttcos

ctfcntogotoactgactogotgogeteigtoptioggctiroggrgagosgtatoaacticactosangptentaatacgatiatocncagastoagangatasoges

SERAARABCALYLE RLTRSABELUCALTAABEE CCAERABUCETaATASERTCECRIIACEROgT It eratagErtcrgreseeltgacgagcateacasass

cggatacoigieogeditigiconticegpaagcgtagcecittctCatogotoargdtatagatatoicagtiogptgtegstogticgantocaagctgegetgt

grEcacgascogercgttoageoccgancgctgegenttatoeggtaadtatogtctigaghcfasneogate ACEACLIAtCgECHCT EECIECRErCactsy

taaraggattageagagcgaggtistgtagecggtgetacagagiictigasgtygiggectsacianggots ctagasgeaoasgratiipgiatetgogetotyge

fgaageeagttacetiogeanaagagttegstagoiotigatonggcagaceaancacogetgptagogptitttutgt tigenagrpgcagattacgegcagayna

gatcicasgasgatoctitgatotitictacggaictigacactunglgaaacgaasactcargiissgggattttogtoatgsgatiatoanadaggatott

cacctagatocttitagritsasastgaagtt ttasatodstciAaagiststlalgagltasacttggtetgsoagtiaveaatgeitsatoagtgagpuacotatat

cagegatotgivtatttogtliestccatagttgeetgactivescgivgtgisgatasctacgatarggeagggeitacoatotgaotrcagtgotgcaatgatacey

W

cgagsccoangntcacoggilasagatitatnagaat3ascoagruagocERasggeccgagognagaspigelontgcsacittatesgectocstveagtatat

taattgttgccgggaagciagagtaagtagtfcgccsgtiaatagtttg6ﬁ61aagttg&tgc€attgcfacaggaatﬁgtggtgtcatgctcgtcgtttggta*ag

FIG. 22 (continued)
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Pl X TetOne-purn C-min 3xFLAG DEST (11603 by} {(from 10594-11603 bip)

cticatidagotoeggticocaacgatlcaaggogagltiavatgaticotovatgitgtgesasangagoggtiagetocttoggicetocgategitglvagangtaag

tregeogeagtgtitatcacteataptiatggragcacigrataatictictlacigicatgocatecgiangatgattitniglicactggigagiactoaacuaagte
-

Attetgagaatagiglaigcigegaccgagtigetoitguecoggegicastacpgggataatacogegieacatageagasctitaazagigcteaicatiggaasan

gtrottesgggegenanciotoasggatottacogotgtitgagatcoagttcgatgtaactcaciegtycacecasutgatottcageatetbttactt teactage

A

grttotygetgagcaaanacaggadggradantprcgcarnaasgggaatasiggoiacacggaaatgitgastactoatantortcotttitoaatattottgasgy

catttateagggtiattgtaotcatgagrggatagatattiigaatgtatitaganaastaanconataggegttecgcgcagatticcosgaegagigocacotgacy

ttgtggtitgtiregaactoadteaatgtatottatas

ttggetoracipgateactrasgitaacoasastcgtocradecttcocacecentaceotattacea

ctgecagttacctagtggtttecatttactectagacetgtgatticctetgaattatttticattttaaagaaattgtatttgttaaatatgtactacgaacttagtagt

ttrttaaagaaattgtatttgttaaatatgtactacaaacttagtagt

FIG. 22 (continued)



Patent Application Publication  Sep. 26, 2024 Sheet 98 of 104 US 2024/0321457 Al

{froro 1-1926 hp}
plVX-TetOne-puro N-min 3xFLAG DEST (11612 bp)

tggasgegetaaticact

aggitigavagecgoetagestiteatracgigguengagageignatocoggagianctics

g

atogogatgggadaaasttogesttasg

ECONEREEgIRagseduatEtasstlanascatatad iR gL ooyl a s iagagigat toglatiaatcitgpectgtigpasacatdspaaggctass
gacaiateciggfooagdtEtasdeatooe tivogacapiateagaganoltagatonttal s sdatycsgtigeasdedretat igtgtgcatesanggatagag

atasangacaccasggasget tinganasgo tagagesagagonanaeaanigtaagaccagogracageragoggooggeeget gatoticagasctggaggages

Zatalgagsgacestiggaraantesatiatatsratatasagliagiaasisttgnateattageastagiaccoactagecansgaghagsgtentgtanagaza

23

gRertgetictgganaboitatrtgeaciactgcigtgcntigiaatastogt togagtsa

tagatctctggaacagattiggaatcacacgacciggatggagtgggacagagaaattaacaattacacaagetitaatacacticcttaatigaagaatcgeaaaace
agcaagaaaagaalgaacaagaatiattiggaattagataaatgggeaagttigtggaattiggittiaacataacasatiggetgtggtatataaaattaticataatyg

atagtaggaggettggtaggtttaagaatagttttigetgtacttitetatagtgaatagagttaggcagggatatteaccattategtitcagacccacctcecaac

FI1G. 23
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plVXTetOne-pure N-mitir 3XFLAG DEST (11612 by) (from 1927-3638 bp)

CECHeHSEgACCORBCAgEOCLRaREgaatupaagengaagelEagagagenacegagacagatecattopatiaglypaecgeatotogscggtatoge

agRaagEgELEatteggegatanagtgoa; saataglegaoatastageaacagacatac casgsscaastlavavgaatieaazs

titieggettiatiscagegarageagagatesapitiategacttaactigtatatigeagotiatagtgpttacaaatesgeeastagrateacagatitioacas

at ggcatttttttcacﬁgcetfctagttttggt&tg cagacio

tatettateaigtotggatotoaatocotcggasgotgricctgtctiaggt

tggagtgatacatititateacttttaccogtotitggattaggeagtagctotgacgrcentoctgtoitiaggitagtgaaanatytoactotoriaccagtcats

togusgasgaggtggtetggatorguoggsaregst

Fatgatataastatoastatat tenattagatttigoataseaancagariseninatactgtars

ytaterdgicactatgastcagctactiiagatiyg

tattagtgacctglagtogactaagitigeagatcacongargoacitigegrogantaaatatettgangradgatcacticytagaatagataadatocligriy

teeotgtigatoecgegasgeccigggrosactitigaogsasatgagacgttegateggracgtaggageitoeaactticacoataatgaagtaagatoantaceyg

tgpagasanasastcaciggatatacoacogtigatatatocosatggcatogtanaga

aCattItgagecatiteagtoagtigdicsatgtacetataadcaERc ot eaEctEERTRLIRCEELCt Lt adagaveginaageadastangracaagit it

gtocggoctttaticavartotipgnéogicligatigaatlgetcatvoggnattodgtatgpcdatfasapacggtgagotogtgatategggatagtgtteacentigt

tacavegtttlccatygagosanctigadadgtitteatogetotggagtfantateacgacgattticoggoagittoisoscatataticgedagatgtggoetgtta

cggtgasascctggoctattiocotaaagEgt tiatigagaatatgiitttegicoagcraatroctgggtgegtttescoagttittgatitanacgiagconats

tggacaacttcttcgcccccgt&ttC&tcatgggtaaatattatacgcﬁaggcg&caaggtgctgaigccgctggcgattcaggitcatcatgccgtttgzgatggc

A ASEEEEAAAAAAAEAAAAEAEAEAAEEAEAEEEEEEEEEAAA A

ticostgtoggoagaatgottasteaatiataacagtactigogatgagtgfcaggsnggicgtaaacgoegegtgratccgaotiactansangonagataanagtat

FIG. 23 (continued)
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plvX-TetOne-puro N-min 3xFLAG DEST (11612 bp) (from 3639-5457 bp)
2O LELECECECTEatTLLLEORE LA Laagagtatatavigatatgataccogasatatgleraraagrgglatgctatgaagcrgcgtattacagtgacagty
gacepegadapctatdagttgctobaggcatatatgetgtceatatotocpgloigatasgcacaacoaigregigtgasgcdogidgtnigegtaocasadgotyy

sargcRgaavatorgenagERatEgTtYagtogoitantttetiganatgsacygrtot it igctgncgignaraggesctentnanatfeagtitanggtttaca

) Y

cetatansagagagagoogitategiotgttigtggatgiscagagtgatattatigacacgocogrgcgacggatgglgatioaociggrcagigrasgiotgely

tcagacaaavtctrccgt«aactttaacnggtggtvcatatcggggaags;agrtggcvcat«atdaﬂcaccyatatuvccec:gtgcaagtc?ccgttatcgov«e

SED

A

agapgiggotgatoivegcacogngaenatganstonanancgocatiascelgatigitntidgsynatatasatgreaggotecetiataracagccagtactgcay

gtogatacagtagasattacagaesactitatoacgittagtsagtatagaggctgaasatocagatgasgerguacgactitglasgsgsanagtateagagtiegtgs
aattpttotigastgoagstigatittcaggactatgacactagegtatatiyastagitagatgtttttaititigtoaracdsaaangagciogoacetotittictt
atttotttitatgatttantasgeoatigaggacaatagopgagtaggoipgatacgargatiocgttigagaagaacatitggraggetytoggtopactaagltigy

cagratvarccgaasgaacatitgnaaggotgteggtugaciasaggteactaataceaivtasglagitigativatagigactggatatgiigtgivtt

gtatl

agtetgtitittatgecasaatetasitinatatatigatatitatatoatitiacgittetogitoagoty

taggeagtegtacgpasagttgstatsagacessagtatiagtggaatt

g

ttatacgitctctiatrantgataggragtasaciggatatangttcic

cifcatacgt

nartgatagreaslaascicyagatgatasticcacREReitggEgttgrguct At tenasgRoagen et egg i LR OECBEREATENER

sigetoteggegls

FIG. 23 (continued)
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plVXTetOne-pure N-mitir 3XFLAG DEST (11612 by) (from 5458-7462 bp)

grecgeeggegacgottectgnincgescetnagtoggpanggtiogtten

LR A U CErCIgEERECaAl EECAECECRCUEACCECEAl SR TRtEaCCan iRgEsgEget el CagCogE CHCECOgaEALRCE

FRCCLEEIIERERC

gt

stegggoggtagtgtggecoatgitortge

ttgarcgarteacogacotototecocapgEgatvatogaatiaccatgiotagacigpacasgapransptcataactiotgotctgrenttactcaatggagte

gptatogadggeotgpegacanggaasclogelonaaagetpggagtigagoageotaceolgtactgpcoclgaaRanteagogRaEcoctgotogatgrcatyce

aatcgagatgotggscagecatoatancoanicrtgonacotggaagpegagtvatggosdgadittctgogpaanrdascgoegagicatacrgoigigatotoctat

CacatrECEacEgELctaaagtpoatetogpratocicoraadagaghancagieciaasvectgrasaateayctoggtiontgtgtiageaaggrt tetoooly

gagasaglactglangoresgtiongooglggarcactitacactgggiyrptatiggaghaacaggngostcpnglagoepangaggasspagagaraccladede

sgattotatgceccoantioigaaanaagoastigagoipttogancggcagggagngascotgnctiorttttegecciggaactsatoatatetiggratagags

sacagotaasgltycgagagigcggacoegaccpacgeesiigacgatttigactiagacatgetoctageogatgroctigacgactittgaccttgatatgotgect

gotgacgetotipacgatitipacntigacatgntesorpgplaaaugogugaatatatoleagitagegtel egaeagioCCeagEeluceaguangesys

tauagageatgeatetosattaginagesaccaggtetgganagliooecagactoctageaggragangtatgcanageat geatoteant tagiuagcaancata

gtocegeoretasoiocgeerytcuegonectaactorgoreagite

ceatiotoeogronestggoigac tagtt iyttt ttaittatgnagaggey

cltegrocticligagetatictagasaptaglgaggaggotitittggaggoeciageoiitigeaaagangogaccatgactgagtiacasgorcacggigagoctogogac

SV4Z Grd

cegrgacgargicdadoggyengiscgracralcgogergegtiaogoegactiancogccacgegevassergiopatucggacigocacatigagogggteades

FIG. 23 (continued)
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piyATetDne-pure Nemitir 3XFLAG DEST {11612 bp) {from 7083-8774 bpt

AgClELangRsLtetiuULRIgCgCgioRgRoLngatal CERCagR Rt Y tCACRERNEATEECECURCEE LREERRtCISRARANECCELAGARCLL LA

goggpgecgRtgtiiogregagategioncgogratagcrsnst tyagogrticerggotggoegogeageadragat gasgErcitetggtRocgcacggoccaa

SR eg TN IO LR BTNt e C R OU RN A B CAAgEE o LEBECageEeCgt gl EC ol gagegag e EscCEsgegegaeg

SEETRCCERETtIeCtggagadotoCErpiLregeascoioeclictacRag g cirggetiedcoglealogecRacEliogagEigce o ragganegegeane

tggtgcatgatocgcadgetoggtgocgaargogtotggaacaatcascctotggatt

Ltanctatgtggatacgctgctttaaagctittgtatcsagctattgcttcccgtatggcttt tetigtostiectigiataaatcotygtty

gheictitat

gactitegetitoenedtocess coacggopgascloatogcngicigenttgorogotgdtggacapgggotoggotatiggsvadtgacaasticogly

tgtoggggaagetgacgtiotiticcatggatgotognoigtigtigocaceiggatitotgcgogggacgicnticigetacgtancitoggaents

tggaatiaa

tictgoagtogagecciagananacalggsscantcacsagtageaatacageagctaccaatgctgsttglgentggctagagglacasgaggagdaggaggtads

titdtooagitacdécetivaggtacoitisagacaatgacitadeaggosguliglagdtottagresctittl ansagaseagagggs

teceaacgaagacasgatatoptigatcigtpgatotaccardcacaagge

3tzaccoggagagagaagiotiagogiggargtitgacagecgrctagcatttcatoangtiggoongsgagetgnatooggag

antgoigatataga

F1G. 23 (continued)



Patent Application Publication  Sep. 26, 2024 Sheet 103 of 104 US 2024/0321457 Al

PV TetOne-pure N-roin 3xFLAG DEST (11612 bp} {from 8775-10372 bp)

cotglactgggtototoiggt Lagey caatyaagnl iy

tagigtgtg tetgttatgtgactictgegtaac agatoocicsparoetitiagteagtigtpgesaateictageagtagtagticatgivatottatial

tragiatilatasctigrasngesatgastatoagagagigagagrecttgecatigotagegtittaceptegacetetegotagapgoitggegtastoatggive

taectgtticetgigtgasatigitatocgoicacaatiiccacacsatalacgagcogy

R

tasageotggretgoctaatzagtgagetaactioac

FELARTIECRTLECHCtCaCtECreRetItoeagtogenanacntigiogleeragetgrat tastgaa o grcaac e csysagaggrERtitgontatiggyc

getettorgottoctegetangigactngotgogotoggicgt teggeigoggcgagegtatvagetesctoasaggogptaatacggttatecacagaatcages

gatadogeaggoesagaacatgtagsgosnsagEcraglaasagpecaggsacigiagaasadgpocgogtigoiggegtititccataggriongeceoantgacgagts

cgoagasaaasaggatdicsagEagatontitigatotittotacgggstotgacgotoagiggaacgandactoadgtisaggiattitggtcatgapatiatcaas

Agggateticacoiagatodiittedattagnaatgasg it tiaaa i caatitasagtatatatgaglaasttigglotgacagitaCoaat L taateaggagy

cacctaﬁctcagcgatc{gtctet1tcgticatccatagttg&ctgactccccgtcgtgtagataactaagatacgggagggcttaccatctggccccagigctgcs

F1G. 23 (continued)
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pLVX-TetOne-puirg N-n 3xFLAG DEST (11612 bp) (from 10380-11612 bp}

FtgatacdigcgagaccvacgltosteggotodaganttatdagudataaandagdoagdoggaagugsrpagegdogasgiggtostgrasctitatadgcnLcat

csagtmtattaattgLtgccgggaegct&gagtaagtagttcgctagtfaatagtLtgcgcaacgttgttgccattgztacaggcachtggtgtcacgttcgtcgt

ttggtangcttmathagctcc tidccgacgatcaagpogagtiacatgatoccogatgltgtgrasaasapoggtiagotocttoggtedtocgateghtgte

agragtoagttggtogeogtattistoattoatggitatagcagoactigtatanitctettactytegtgecateigtaigatgettttiotgtgadiggtgagacte

Y

aaccaagtcattctgagaatagﬁgtaﬁgcggcgaccgsgftgctcttgcccggcgtuaatanggataataccgcgcf&catagcagaactttaaaagtgctcatca

tiggesdacgticticoggedyasascictosaggatottatopdtgttgngatcoagiicpatgtaarvacantoglgisédoaadigatot tuagratet tttact

iicaccageitiiotggeligngrasaascaggangerasartguogeaapasagggaatangegcgacacggaaatglitgaatacimtactotioctttitesata

acatticccopaaasgigs

cagotgacgtogacsgatogagagatesactitgtttatigeagottatastggttacasatanagrastsgcatcacasattteacasatanagratttitioant

casclggateacteasgetageoldasnteatocnasacitoocaseccatant

ctattaccactgecaattacctagtggttteatttactctaaacctgtgaticetetgaattattittiecattttaaagaaatigtatitgttaaatatgtactacaaa

cttagtagtttttaaagaaatigtatttgtiaaatatgtactacaascttagtagt

FIG. 23 (continued)
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SYSTEMS FOR AND METHODS OF
TREATMENT SELECTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Appli-
cation No. 63/091,924, filed on Oct. 14, 2020, the contents
of which are hereby incorporated by reference in their
entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] This invention was made with government support
under grant number US54 CA209891 awarded by the
National Institutes of Health (NIH). The government has
certain rights in the invention.

REFERENCE TO AN ELECTRONIC SEQUENCE
LISTING

[0003] The contents of the electronic sequence listing
(UCALO021US_SeqListing.txt; size: 69,509 bytes; and date
of creation: Dec. 15, 2023) is herein incorporated by refer-
ence in its entirety.

FIELD OF INVENTION

[0004] The disclosure relates to a system comprising soft-
ware that identifies drug targets and predicts responsiveness
of cancer subjects to certain disease modifying drugs.
Embodiments of the disclosure include methods comprising
calculating a differential interaction score (DIS), correlating
the DIS with the likelihood that a dysfunctional protein-
protein interaction is the causal agent of a hyperproliferative
disorder, identifying a drug target based on the causal agent,
evaluating a therapeutic specific to the drug target, thereby
restoring and/or alleviating dysfunction within the protein
network, identifying a subject responsive to a hyperprolif-
erative disorder treatment based upon the causal agent, and
monitoring the subject’s response to the hyperproliferative
disorder treatment.

BACKGROUND

[0005] Genome sequencing efforts over the past decade
have profiled the genetic landscape of thousands of patient
tumors and solidified the concept of cancer as a highly
heterogeneous disease (Biankin et al., 2012; Cancer Genome
Atlas, Network, 2012, 2015; Cancer Genome Atlas
Research, Network, 2008, 2011; Hoadley et al., 2018; Rob-
inson et al., 2015; Stephens et al., 2012). Evidence from
these efforts has also revealed that nearly every human gene
is altered in cancer, presenting an overwhelming degree of
complexity that has limited the power of connecting indi-
vidual alterations with cancer patient phenotypes. As a
consequence, the field has begun to interpret this heteroge-
neous genetic landscape in the context of hallmark cancer
pathways, with the hypothesis that rare individual alterations
among a population converge on more commonly altered
protein networks and signaling cascades (Hanahan and
Weinberg, 2011; Hanahan et al., 2000; Krogan et al., 2015;
Vogelstein et al., 2004). As such, a fundamental component
of many cancer genome analyses has been the summariza-
tion of genetic alterations in the context of well-character-
ized cancer pathway diagrams (Biankin et al., 2012; Cancer
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Genome Atlas, Network, 2012, 2015; Cancer Genome Atlas
Research, Network, 2008, 2011; Li et al., 2014; Stephens et
al., 2012).

[0006] To further facilitate such interpretation, powerful
network biology approaches have been developed to bridge
the gap between genetic alterations and phenotypes. In such
approaches, protein network knowledge is used to aggregate
individual tumor mutations and, on the basis of altered
networks, predict patient survival and response to therapy
(Akavia et al., 2010; Cerami et al., 2010; Consequences and
Consortium, Pathway Analysis working group of the Inter-
national Cancer Genome, 2015; Drier et al., 2013; Hofree et
al., 2013; Horn et al., 2018; Leiserson et al., 2015; Li et al.,
2016; Paczkowska et al., 2020; Paull et al., 2013; Reyna et
al., 2020). However, an important factor in the utility of such
network-based approaches is a strong reliance on existing
databases of molecular interactions. Publicly available
human molecular networks have been populated primarily
by systematic efforts to determine protein-protein interac-
tions (PPIs) using large-scale yeast two-hybrid screening
(Luck et al., 2020; Rolland et al., 2014) or, more recently,
affinity purification-mass spectrometry (AP-MS) (Hein et
al., 2015; Huttlin et al., 2015, 2017). The vast majority of
PPIs in such databases have been collected either without
human cellular context (yeast two-hybrid) or in workhorse
cell lines such as HEK293T embryonic kidney cells that lack
cancer context. Importantly, there is a growing recognition
that such PPIs can vary significantly across cellular contexts
(Huttlin et al., 2020). Thus, the generation and incorporation
of cancer-specific physical and functional networks may
represent a critical component to interpret and predict cancer
biology and its clinical outcomes (Krogan et al., 2015).
[0007] Breast cancer (BC) is the most common malig-
nancy in women and the second leading cause of cancer-
related death in the United States (American Cancer Society,
2019; Anp et al., 2020; Society, 2019), where an estimated
276,480 women and 2,620 men will be newly diagnosed in
2020 (Anp et al., 2020). The disease has been divided into
different subtypes, based largely on the presence or absence
of three key proteins: estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor receptor
2 (HER2/ERBB2). Despite this and much additional hetero-
geneity at the molecular level, the majority of BC patients
are treated using untailored chemotherapy or hormone thera-
pies. Therefore, an urgent need is to develop targeted
therapies matched to the specific molecular alterations in a
tumor, with the goal of achieving better efficacy and avoid-
ing unnecessary treatment.

[0008] HNSCC is a cancer affecting squamous mucosal
epithelial cells in the oral cavity, pharynx, and larynx,
estimated to be the sixth most common malignancy world-
wide (Riaz et al., 2014). The primary causes of HNSCC are
carcinogen exposure (e.g., alcohol and tobacco) or infection
by the human papillomavirus (HPV). Despite a wealth of
data detailing the genetic alterations in this tumor type
(Cancer Genome Atlas Network, 2015), only two types of
targeted therapies are presently available (Riaz et al., 2014).
Therefore, HNSCC also presents a unique opportunity to
apply emerging, quantitative, systems approaches to identify
new diagnostic subtypes and therapeutic targets.

[0009] Network approaches can also be used to further our
understanding of existing chemotherapeutic targets, such as
PIK3CA, the most commonly mutated oncogene in
HNSCC. PIK3CA encodes pl10alpha (p110c), the catalytic
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subunit of phosphatidylinositol 3-kinase (P113K), and is a
potent mediator of cellular signaling. It interacts with both
intracellular small GTPases (e.g., RAS proteins) as well as
receptor kinases (e.g., EGFR) to regulate downstream sig-
naling via both the MAPK/ERK pathway and the Akt/
mTOR pathway. Hyperactivation of this pathway is a hall-
mark of numerous tumor types and can be directly attributed
to either amplification or mutation of the PIK3CA gene
(Bailey et al., 2018). The majority of PIK3CA mutations
reside in the helical (E542K and E545K) and kinase
domains (H1047R) and have been studied extensively. For
example, the H1047R mutation enhances the association of
PI3K with the cell membrane, allowing it to bypass the
requirement of association with RAS (Zhao and Vogt, 2008).
Meanwhile, helical domain mutants (E545K, E542K) dis-
rupt the interaction of pl110a with its auto-inhibitory p85
subunits (PIK3R1/2/3), leading to increased kinase activa-
tion (Carson et al., 2008; Miled et al., 2007; Shekar et al.,
2005). The functions of the remaining non-canonical muta-
tions are less clear. While some have previously been
profiled for oncogenic activity (Dogruluk et al., 2015; Lui et
al., 2013; Rudd et al., 2011), much remains to be learned
about how these mutants regulate PIK3CA function.
[0010] Accordingly, there remains a need for methods and
systems for facilitating interpretation of cancer biology,
predicting clinical outcomes, and developing treatment strat-
egies.

SUMMARY OF EMBODIMENTS

[0011] Advances in DNA sequencing technology have
enabled the widespread analysis of breast tumor genomes,
creating a catalog of genetic mutations that may initiate or
drive tumor progression (Cancer Genome Atlas, Network,
2012; Stephens et al., 2012). In addition to common muta-
tions in well-known cancer genes, such as TP53 and
PIK3CA, breast cancers harbor many additional mutations,
each of which are seen rarely across the patient population
(Cancer Genome Atlas, Network, 2012; Stephens et al.,
2012). A key question is how these less common alterations,
dispersed across a multitude of genes, elicit pathologic
consequences, and patient outcomes. An important answer
may lie in understanding how individual gene mutations
converge on multi-gene functional modules, including the
signaling pathways orchestrating cell proliferation and
apoptosis and DNA repair complexes (Cho et al., 2016;
Creixell et al., 2015; Hofree et al., 2013; Knijnenburg et al.,
2018; Leiserson et al., 2015; Paczkowska et al., 2020; Reyna
et al., 2020; Sanchez-Vega et al., 2018; Wood et al., 2007).
[0012] PIK3CA and AKT activating mutations and copy-
number amplifications are frequently found in many cancer
types including BC (Brugge et al., 2007; Carpten et al.,
2007; Fruman et al.,, 2017; Vivanco and Sawyers, 2002;
Yuan and Cantley, 2008), indicating that the PI3K/AKT
pathway is a key signaling module for cancer cell prolifera-
tion, and thus an attractive target for therapeutic intervention
(McCubrey et al., 2012; Pal et al., 2010; Yap et al., 2011).
Given its substantial role in tumorigenesis, however, how
this signaling pathway is regulated by other proteins rather
than mutations and/or alterations in the PIK3CA and AKT
genes still remains largely unknown.

[0013] BRCALI is a major hereditary cancer susceptibility
gene (Futreal et al, 1994; Miki et al., 1994) that plays
critical roles in DNA repair by homologous recombination
(HR) (Prakash et al.; Venkitaraman, 2014) in addition to
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other processes, such as regulation of transcription, RNA
splicing and cell cycle (Hatchi et al., 2015; Hill et al., 2014;
Mullan et al., 2006; Savage et al., 2014). BRCA1 carries out
its functions in concert with other proteins (L.i and Green-
berg, 2012; Moynahan and Jasin, 2010; Prakash et al.; Yun
and Hiom, 2009), leading to many studies of BRCAI-
containing complexes and their roles in DNA repair (Es-
cribano-Diaz et al., 2013; Hill et al., 2014; Kim et al., 2007a;
Liu et al., 2007; Wang et al., 2009, 2000; Wu et al., 1996; Yu
et al., 2003). To date, many of these findings have been
based on either immunoprecipitation with antibodies against
the WT BRCAL1 protein or interrogation of pairwise protein
interactions with the yeast two-hybrid system. Moreover,
these analyses were done exclusively using WT BRCAI1
protein and did not capture how different mutations in
BRCA1 might affect its protein interactions.

[0014] To broadly enable a pathway understanding of
cancer, a prerequisite is to generate general and comprehen-
sive maps of cancer molecular networks in relevant malig-
nant and premalignant cell contexts. Here, affinity purifica-
tion combined with mass spectrometry (AP-MS) is used to
catalog protein-protein interactions (PPIs) for 40 proteins
significantly altered in BC, including multi-dimensional
measurements across mutant and normal protein isoforms
and across cancerous and non-cancerous cellular contexts.
The resulting interaction landscape reveals many PPIs that
are private to a specific cell type or distinct between wild-
type (WT) and mutant proteins, thereby providing a frame-
work to understand how PPI networks are re-wired by tumor
cell states. Finally, analysis of these multi-dimensional inter-
action maps in the context of the I-SPY 2 clinical trial
(Barker et al., 2009) identifies key proteins and protein
complexes with promise as biomarkers of therapeutic
response.

[0015] Systematic affinity purification and tandem mass
spectrometry (AP-MS) experiments were also conducted to
map protein networks in the context of head and neck
squamous cell carcinoma (HNSCC). Specifically, a com-
parative AP-MS analysis across 3 cell lines is presented for
31 genes frequently altered in HNSCC, including 16
PIK3CA mutations.

[0016] Without wishing to be bound by theory, these
results demonstrate that mapping of protein networks in
cancer cells reveals novel mechanisms of cancer pathogen-
esis, instructs the selection of therapeutic targets, and
informs which point mutations in the tumor are most likely
to respond to treatment.

[0017] The present disclosure therefore relates to methods
of identifying a therapeutic target for a hyperproliferative
disorder treatment, the method comprising: (a) compiling
genetic data about a population of subjects that has a
mutation candidate that causes a hyperproliferative disorder;
(b) performing a mass spectrometry analysis on a sample
associated with the hyperproliferative disorder to identify
dysfunctional protein-protein interactions associated with
the hyperproliferative disorder; (c) calculating a differential
interaction score (DIS); (d) correlating the DIS with the
likelihood that the dysfunctional protein-protein interaction
is a causal agent of the hyperproliferative disorder, wherein
if the DIS score is above a first threshold, then the causal
agent is selected as a therapeutic target for the hyperprolif-
erative disorder treatment, and wherein if the DIS score is
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below the first threshold, then the causal agent is not selected
as a therapeutic target for the hyperproliferative disorder
treatment.

[0018] The disclosure further relates to methods of iden-
tifying a therapeutic target for a hyperproliferative disorder
treatment, the method comprising: (a) calculating a differ-
ential interaction score (DIS); and (b) correlating the DIS
with a likelihood that a dysfunctional protein-protein inter-
action is a causal agent of the hyperproliferative disorder,
wherein if the DIS score is above a first threshold, then the
causal agent is selected as a therapeutic target for the
hyperproliferative disorder treatment, and wherein if the
DIS score is below the first threshold, then the causal agent
is not selected as a therapeutic target for the hyperprolifera-
tive disorder treatment.

[0019] The disclosure further relates to methods of iden-
tifying a therapeutic for treating a hyperproliferative disor-
der, the method comprising screening a candidate compound
for binding with, or activity against a therapeutic target,
wherein the therapeutic target was identified via a disclosed
method.

[0020] The disclosure further relates to methods of pre-
dicting a likelihood that a hyperproliferative disorder is
responsive to a therapeutic, the method comprising: (a)
compiling genetic data about a population of subjects that
has a mutation candidate that causes a hyperproliferative
disorder; (b) performing a mass spectrometry analysis on a
sample associated with the hyperproliferative disorder to
identify dysfunctional protein-protein interactions associ-
ated with the hyperproliferative disorder; (c) calculating a
differential interaction score (DIS); (d) correlating the DIS
with the likelihood that the dysfunctional protein-protein
interaction is the causal agent of the hyperproliferative
disorder; and (e) selecting a therapeutic for treating the
hyperproliferative disorder based upon the causal agent.
[0021] The disclosure further relates to methods of iden-
tifying a subject likely to respond to a hyperproliferative
disorder treatment, the method comprising: (a) compiling
genetic data about a population of subjects that has a
mutation candidate that causes a hyperproliferative disorder,
wherein the population of subjects includes the subject; (b)
performing a mass spectrometry analysis on a sample asso-
ciated with the hyperproliferative disorder to identify dys-
functional protein-protein interactions associated with the
hyperproliferative disorder; (c) calculating a differential
interaction score (DIS); and (d) correlating the DIS with the
likelihood that the dysfunctional protein-protein interaction
is a causal agent of the hyperproliferative disorder.

[0022] The disclosure further relates to methods of iden-
tifying a subject likely to respond to a hyperproliferative
disorder treatment, the method comprising: (a) calculating a
differential interaction score (DIS); and (b) correlating the
DIS with a likelihood that a dysfunctional protein-protein
interaction is a causal agent of the hyperproliferative disor-
der, wherein if the DIS score is above a first threshold, then
the subject is likely to respond to a hyperproliferative
disorder treatment based upon the causal agent, and wherein
if the DIS score is below the first threshold, then the subject
is not likely to respond to the hyperproliferative disorder
treatment based upon the causal agent.

[0023] The disclosure further relates to methods of pre-
dicting a likelihood that a subject does or does not respond
to a hyperproliferative disorder treatment, the method com-
prising: (a) compiling genetic data about a population of
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subjects that has a mutation candidate that causes a hyper-
proliferative disorder, wherein the population of subjects
includes the subject; (b) performing a mass spectrometry
analysis on a sample associated with the hyperproliferative
disorder to identify dysfunctional protein-protein interac-
tions associated with the hyperproliferative disorder; (c)
calculating a differential interaction score (DIS); (d) corre-
lating the DIS with the likelihood that the dysfunctional
protein-protein interaction is the causal agent of the hyper-
proliferative disorder; and (e) selecting a cancer treatment
for the subject based upon the causal agent.

[0024] The disclosure further relates to computer program
products encoded on a computer-readable storage medium,
wherein the computer program product comprises instruc-
tions for: (a) performing a mass spectrometry analysis on a
sample from a subject that has a mutation candidate that
causes a hyperproliferative disorder; (b) identifying dys-
functional protein-protein interactions associated with the
hyperproliferative disorder; and (c) calculating a differential
interaction score (DIS).

[0025] The disclosure further relates to systems for iden-
tifying a protein interaction network in a subject, the system
comprising: (a) a processor operable to execute programs;
(b) a memory associated with the processor; (c) a database
associated with said processor and said memory; and (d) a
program stored in the memory and executable by the pro-
cessor, the program being operable for: (i) performing a
mass spectrometry analysis on a sample from a subject that
has a mutation candidate that causes a hyperproliferative
disorder; (ii) identifying dysfunctional protein-protein inter-
actions associated with the hyperproliferative disorder; and
(iii) calculating a differential interaction score (DIS).
[0026] The disclosure further relates to methods of treat-
ing a cancer in a subject having a genetic alteration in Akt
signaling, the method comprising administering to the sub-
ject a pharmaceutically effective amount of an Akt inhibitor,
wherein the subject was previously identified as being in
need of treatment by: (a) performing a mass spectrometry
analysis on a sample from the subject; (b) identifying
dysfunctional protein-protein interactions associated with
the hyperproliferative disorder; and (c) calculating a differ-
ential interaction score (DIS).

[0027] The disclosure further relates to methods of treat-
ing a cancer in a subject having a genetic alteration in HER3
expression, the method comprising administering to the
subject a pharmaceutically effective amount of a HER3
inhibitor, wherein the subject was previously identified as
being in need of treatment by: (a) performing a mass
spectrometry analysis on a sample from the subject; (b)
identifying dysfunctional protein-protein interactions asso-
ciated with the hyperproliferative disorder; and (c) calculat-
ing a differential interaction score (DIS).

[0028] The disclosure further relates to methods of select-
ing a hyperproliferative disorder treatment for a subject in
need thereof, the method comprising: (a) identifying genetic
data from the subject in need of treatment; (b) comparing the
genetic data from the subject to a compilation of genetic data
from population of subjects that has a mutation candidate
that causes a hyperproliferative disorder, wherein the popu-
lation of subjects includes the subject in need thereof; (c)
performing a mass spectrometry analysis on a sample from
the subject associated with the hyperproliferative disorder to
identify dysfunctional protein-protein interactions associ-
ated with the hyperproliferative disorder; (d) calculating a
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differential interaction score (DIS); (e) correlating the DIS
with the likelihood that the dysfunctional protein-protein
interaction is a causal agent of the hyperproliferative disor-
der; and (f) selecting a hyperproliferative disorder treatment
for the subject based upon the causal agent.

[0029] Still other objects and advantages of the present
disclosure will become readily apparent by those skilled in
the art from the following detailed description, wherein it is
shown and described only the preferred embodiments, sim-
ply by way of illustration of the best mode. As will be
realized, the disclosure is capable of other and different
embodiments, and its several details are capable of modifi-
cations in various obvious respects, without departing from
the disclosure. Accordingly, the description is to be regarded
as illustrative in nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The accompanying figures, which are incorporated
in and constitute a part of this specification, illustrate several
embodiments and together with the description serve to
explain the principles of the invention.

[0031] FIG. 1A and FIG. 1B show representative data
illustrating protein-protein interaction filtering using com-
pass and SAINTexpress algorithms.

[0032] FIG. 2A-D show representative data illustrating an
overview of high-confidence PPIs from three breast cell
lines.

[0033] FIG. 3A-E show representative data illustrating an
overview of protein-protein interaction mapping in breast
epithelial cells.

[0034] FIG. 4A-I show representative data illustrating a
differential interaction analysis of the BC-specific interac-
tome.

[0035] FIG. 5 shows representative data illustrating that
knockdown of AKT reduces its phosphorylation on S473.
[0036] FIG. 6A-1 show representative data illustrating a
comparative interactome analysis of WT and mutant pro-
teins.

[0037] FIG. 7A-E show representative data illustrating a
quantitative analysis of the effect of mutations on the
BRCAI interactome.

[0038] FIG. 8A-C show representative data illustrating
that pathogenic mutations in the BRCT domain of BRCAL1
disrupt the interaction with HR proteins.

[0039] FIG. 9A-G show representative data illustrating
that Spinophilin interacts with BRCA1 and regulates DNA
damage response via dephosphorylation.

[0040] FIG. 10A-E show representative data illustrating
that knockout of PPP1R9B (encoding Spinophilin) upregu-
lates phosphorylation on many DNA repair proteins.
[0041] FIG. 11A-H show representative data illustrating
an experimental design and workflow for mapping of the
head and neck cancer interactions.

[0042] FIG. 12A-C show representative data illustrating
an overview of HC-PPI detection.

[0043] FIG. 13A-E show representative data illustrating a
differential interaction analysis of the HNSCC specific inter-
actome.

[0044] FIG. 14 shows representative data illustrating the
properties of differentially interacting proteins.

[0045] FIG. 15A-1 show representative data illustrating
that an HNSCC-specific FGFR3:Daple interaction mediates
activation of cell migratory proteins.

Sep. 26, 2024

[0046] FIG. 16A-C show representative data illustrating
that HNSCC-specific FGFR3:Daple interaction mediates
activation of Gau.

[0047] FIG. 17A-D show representative data illustrating a
quantitative interactome analysis of common missense
mutations in HNSCC.

[0048] FIG. 18 shows representative heatmap displaying
the PPI regulation between WT and mutant baits for all PPIs
found commonly in 2 or more cell lines.

[0049] FIG. 19A-G show representative data illustrating
that PIK3CA mutant interactome.

[0050] FIG. 20A-C show representative data illustrating
the PIK3CA mutant interactome and cellular response to
CDX3379 treatment.

[0051] FIG. 21A-E show representative data illustrating in
vivo targeting of HER3 in the context of different PIK3CA
mutants.

[0052] FIG. 22 and FIG. 23 show representative plasmid
maps, SEQ ID NO: 15 and SEQ ID NO:16 respectively,
including the nucleic acid sequence with annotations. See
also paragraph [0175].

[0053] Additional advantages of the invention will be set
forth in part in the description which follows, and in part will
be obvious from the description, or can be learned by
practice of the invention. The advantages of the invention
will be realized and attained by means of the elements and
combinations particularly pointed out in the appended
claims. It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the
invention, as claimed.

DETAILED DESCRIPTION OF EMBODIMENTS

[0054] Before the present systems and methods are
described, it is to be understood that the present disclosure
is not limited to the particular processes, compositions, or
methodologies described, as these may vary. It is also to be
understood that the terminology used in the description is for
the purposes of describing the particular versions or embodi-
ments only, and is not intended to limit the scope of the
present disclosure. Unless defined otherwise, all technical
and scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art.
Although any methods and materials similar or equivalent to
those described herein can be used in the practice or testing
of embodiments of the present disclosure, the methods,
devices, and materials in some embodiments are now
described. All publications mentioned herein are incorpo-
rated by reference in their entirety. Nothing herein is to be
construed as an admission that the present disclosure is not
entitled to antedate such disclosure by virtue of prior inven-
tion.

Definitions

[0055] Unless otherwise defined herein, scientific and
technical terms used in connection with the present disclo-
sure shall have the meanings that are commonly understood
by those of ordinary skill in the art. The meaning and scope
of the terms should be clear, however, in the event of any
latent ambiguity, definitions provided herein take precedent
over any dictionary or extrinsic definition. Further, unless
otherwise required by context, singular terms shall include
pluralities and plural terms shall include the singular.
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[0056] The indefinite articles “a” and “an,” as used herein
in the specification and in the claims, unless clearly indi-
cated to the contrary, should be understood to mean “at least
one.” The phrase “and/or,” as used herein in the specification
and in the claims, should be understood to mean “either or
both” of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively pres-
ent in other cases. Other elements may optionally be present
other than the elements specifically identified by the “and/
or” clause, whether related or unrelated to those elements
specifically identified unless clearly indicated to the con-
trary. Thus, as a non-limiting example, a reference to “A
and/or B,” when used in conjunction with open-ended
language such as “comprising” can refer, in one embodi-
ment, to A without B (optionally including elements other
than B); in another embodiment, to B without A (optionally
including elements other than A); in yet another embodi-
ment, to both A and B (optionally including other elements);
etc.

[0057] As used herein in the specification and in the
claims, “or” should be understood to have the same meaning
as “and/or” as defined above. For example, when separating
items in a list, “or” or “and/or” shall be interpreted as being
inclusive, i.e., the inclusion of at least one, but also including
more than one, of a number or list of elements, and,
optionally, additional unlisted items. Only terms clearly
indicated to the contrary, such as “only one of” or “exactly
one of,” or, when used in the claims, “consisting of,” will
refer to the inclusion of exactly one element of a number or
list of elements. In general, the term “or” as used herein shall
only be interpreted as indicating exclusive alternatives (i.e.
“one or the other but not both”) when preceded by terms of
exclusivity, “either,” “one of,” “only one of,” or “exactly one
of.” “Consisting essentially of,” when used in the claims,
shall have its ordinary meaning as used in the field of patent
law.

[0058] The term “about” is used herein to mean within the
typical ranges of tolerances in the art. For example, “about”
can be understood as about 2 standard deviations from the
mean

[0059] According to certain embodiments, when referring
to a measurable value such as an amount and the like,
“about” is meant to encompass variations of +20%, £10%,
5%, 1%, +0.9%, +0.8%, +0.7%, +0.6%, +0.5%, +0.4%,
+0.3%, £0.2% or +0.1% from the specified value as such
variations are appropriate to perform the disclosed methods.
When “about” is present before a series of numbers or a
range, it is understood that “about” can modify each of the
numbers in the series or range.

[0060] The term “at least” prior to a number or series of
numbers (e.g. “at least two”) is understood to include the
number adjacent to the term “at least,” and all subsequent
numbers or integers that could logically be included, as clear
from context. When “at least” is present before a series of
numbers or a range, it is understood that “at least” can
modify each of the numbers in the series or range.

[0061] Ranges provided herein are understood to include
all individual integer values and all subranges within the
ranges.

[0062] As used herein, the terms “cancer patient,” “indi-
vidual diagnosed with cancer,” and “individual suspected of
having cancer” all refer to an individual who has been
diagnosed with cancer, has been given a probable diagnosis
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of cancer, or an individual who has positive PET scans but
otherwise lacks major symptoms of cancer and is without a
clinical diagnosis of cancer.

[0063] As used herein, the term “animal” includes, but is
not limited to, humans and non-human vertebrates such as
wild animals, rodents, such as rats, ferrets, and domesticated
animals, and farm animals, such as dogs, cats, horses, pigs,
cows, sheep, and goats. In some embodiments, the animal is
a mammal. In some embodiments, the animal is a human. In
some embodiments, the animal is a non-human mammal.
[0064] As used herein, the terms “comprising” (and any
form of comprising, such as “comprise,” “comprises,” and
“comprised”), “having” (and any form of having, such as
“have” and “has”), “including” (and any form of including,
such as “includes” and “include™), or “containing” (and any
form of containing, such as “contains” and “contain”), are
inclusive or open-ended and do not exclude additional,
unrecited elements or method steps.

[0065] The term “diagnosis™ or “prognosis” as used herein
refers to the use of information (e.g., genetic information or
data from other molecular tests on biological samples, signs
and symptoms, physical exam findings, cognitive perfor-
mance results, etc.) to anticipate the most likely outcomes,
timeframes, and/or response to a particular treatment for a
given disease, disorder, or condition, based on comparisons
with a plurality of individuals sharing common nucleotide
sequences, symptoms, signs, family histories, or other data
relevant to consideration of a patient’s health status.
[0066] As used herein, the phrase “in need thereof” means
that the animal or mammal has been identified or suspected
as having a need for the particular method or treatment. In
some embodiments, the identification can be by any means
of diagnosis or observation. In any of the methods and
treatments described herein, the animal or mammal can be
in need thereof. In some embodiments, the subject in need
thereof is a human seeking prevention of cancer. In some
embodiments, the subject in need thereof is a human diag-
nosed with cancer. In some embodiments, the subject in
need thereof is a human seeking treatment for cancer. In
some embodiments, the subject in need thereof is a human
undergoing treatment for cancer.

[0067] As used herein, the term “mammal” means any
animal in the class Mammalia such as rodent (i.e., mouse,
rat, or guinea pig), monkey, cat, dog, cow, horse, pig, or
human. In some embodiments, the mammal is a human. In
some embodiments, the mammal refers to any non-human
mammal. The present disclosure relates to any of the meth-
ods or compositions of matter wherein the sample is taken
from a mammal or non-human mammal. The present dis-
closure relates to any of the methods or compositions of
matter wherein the sample is taken from a human or non-
human primate.

[0068] As used herein, the term “predicting” refers to
making a finding that an individual has a significantly
enhanced probability or likelihood of benefiting from and/or
responding to a chemotherapeutic treatment. In some
embodiments, the chemotherapeutic treatment is adminis-
tration of an Akt modulator. In some embodiments, the
chemotherapeutic treatment is administration of a HER3
inhibitor.

[0069] A “score” is a numerical value that may be
assigned or generated after normalization of the value based
upon the presence, absence, or quantity of dysfunctional
protein-protein interactions associated with a hyperprolif-
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erative disorder. In some embodiments, the score is normal-
ized in respect to a control data value.

[0070] As used herein, the term “stratifying” refers to
sorting individuals into different classes or strata based on
the features of cancer. For example, stratifying a population
of individuals with breast cancer involves assigning the
individuals on the basis of the severity of the disease (e.g.,
stage 0, stage 1, stage, 2, stage 3, etc.).

[0071] As used herein, the term “subject,” “individual,” or
“patient,” used interchangeably, means any animal, includ-
ing mammals, such as mice, rats, other rodents, rabbits,
dogs, cats, swine, cattle, sheep, horses, or primates, such as
humans. In some embodiments, the subject is a human
seeking treatment for cancer. In some embodiments, the
subject is a human diagnosed with cancer. In some embodi-
ments, the subject is a human suspected of having cancer. In
some embodiments, the subject is a healthy human being.
[0072] As used herein, the term “threshold” refers to a
defined value by which a normalized score can be catego-
rized. By comparing to a preset threshold, a normalized
score can be classified based upon whether it is above or
below the preset threshold.

[0073] As used herein, the terms “treat,” “treated,” or
“treating” can refer to therapeutic treatment and/or prophy-
lactic or preventative measures wherein the object is to
prevent or slow down (lessen) an undesired physiological
condition, disorder or disease, or obtain beneficial or desired
clinical results. For purposes of the embodiments described
herein, beneficial or desired clinical results include, but are
not limited to, alleviation of symptoms; diminishment of
extent of condition, disorder or disease; stabilized (i.e., not
worsening) state of condition, disorder or disease; delay in
onset or slowing of condition, disorder or disease progres-
sion; amelioration of the condition, disorder or disease state
or remission (whether partial or total), whether detectable or
undetectable; an amelioration of at least one measurable
physical parameter, not necessarily discernible by the
patient; or enhancement or improvement of condition, dis-
order or disease. Treatment can also include eliciting a
clinically significant response without excessive levels of
side effects. Treatment also includes prolonging survival as
compared to expected survival if not receiving treatment.
[0074] As used herein, the term “therapeutic” means an
agent utilized to treat, combat, ameliorate, prevent, or
improve an unwanted condition or disease of a patient.
[0075] A “therapeutically effective amount” or “effective
amount” of a composition is a predetermined amount cal-
culated to achieve the desired effect, i.e., to treat, combat,
ameliorate, prevent, or improve one or more symptoms of a
viral infection. The activity contemplated by the present
methods includes both medical therapeutic and/or prophy-
lactic treatment, as appropriate. The specific dose of a
compound administered according to the present disclosure
to obtain therapeutic and/or prophylactic effects will, of
course, be determined by the particular circumstances sur-
rounding the case, including, for example, the compound
administered, the route of administration, and the condition
being treated. It will be understood that the effective amount
administered will be determined by the physician in the light
of the relevant circumstances including the condition to be
treated, the choice of compound to be administered, and the
chosen route of administration, and therefore the above
dosage ranges are not intended to limit the scope of the
present disclosure in any way.

2 <
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[0076] A therapeutically effective amount of compounds
of embodiments of the present disclosure is typically an
amount such that when it is administered in a physiologi-
cally tolerable excipient composition, it is sufficient to
achieve an effective systemic concentration or local concen-
tration in the tissue.

[0077] The term “hyperproliferative disorder” refers to a
disease or disorder characterized by abnormal proliferation,
abnormal growth, abnormal senescence, abnormal quies-
cence, or abnormal removal of cells in an organism, and
includes all forms othyperplasias, neoplasias, and cancer. In
some embodiments, the hyperproliferative disease is a can-
cer derived from the gastrointestinal tract or urinary system.
In some embodiments, a hyperproliferative disease is a
cancer of the adrenal gland, bladder, bone, bone marrow,
brain, spine, breast, cervix, gall bladder, ganglia, gastroin-
testinal tract, stomach, colon, heart, kidney, liver, lung,
muscle, ovary, pancreas, parathyroid, penis, prostate, sali-
vary glands, skin, spleen, testis, thymus, thyroid, or uterus.
In some embodiments, the term hyperproliferative disease is
a cancer chosen from: lung cancer, bone cancer, CMML,
pancreatic cancer, skin cancer, cancer of the head and neck,
cutaneous or intraocular melanoma, uterine cancer, ovarian
cancer, rectal cancer, cancer of the anal region, stomach
cancer, colon cancer, breast cancer, testicular, gynecologic
tumors (e.g., uterine sarcomas, carcinoma of the fallopian
tubes, carcinoma of the endometrium, carcinoma of the
cervix, carcinoma of the vagina or carcinoma of the vulva),
Hodgkin’s disease, cancer of the esophagus, cancer of the
small intestine, cancer of the endocrine system (e.g., cancer
of the thyroid, parathyroid or adrenal glands), sarcomas of
soft tissues, cancer of the urethra, cancer of the penis,
prostate cancer, chronic or acute leukemia, solid tumors of
childhood, lymphocytic lymphomas, cancer of the bladder,
cancer of the kidney or ureter (e.g., renal cell carcinoma,
carcinoma of the renal pelvis), or neoplasms of the central
nervous system (e.g., primary CNS lymphoma, spinal axis
tumors, brain stem gliomas or pituitary adenomas).

[0078] The terms “identical” or “percent identity” or
“homology” in the context of two or more nucleic acids, as
used herein, refer to two or more sequences or subsequences
that are the same or have a specified percentage of nucleo-
tides or amino acid residues that are the same, when com-
pared and aligned (introducing gaps, if necessary) for maxi-
mum correspondence, not considering any conservative
amino acid substitutions as part of the sequence identity. The
percent identity may be measured using sequence compari-
son software or algorithms or by visual inspection. Various
algorithms and software that may be used to obtain align-
ments of amino acid or nucleotide sequences are well-
known in the art.

[0079] These include, but are not limited to, BLAST,
ALIGN, Megalign, BestFit, GCG Wisconsin Package, and
variations thereof. In some embodiments, two nucleic acids
of the invention are substantially identical, meaning they
have at least about 70%, at least about 75%, at least about
80%, at least about 85%, at least about 90%, and in some
embodiments at least about 95%, 96%, 97%, 98%, 99%
nucleotide or amino acid residue sequence identity, when
compared and aligned for maximum correspondence, as
measured using a sequence comparison algorithm or by
visual inspection. In some embodiments, identity exists over
a region of the sequences that is at least about 10, at least
about 20, at least about 40-60 nucleotides, at least about
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60-80 nucleotides or any integral value therebetween. In
some embodiments, identity exists over a longer region than
60-80 nucleotides, such as at least about 80-100 nucleotides,
and in some embodiments the sequences are substantially
identical over the full length of the sequences being com-
pared.

Methods of Developing Protein-Protein Interaction Maps
and Identifying Dysfunctional Protein-Protein Interactions

[0080] In some embodiments, the disclosure relates to
methods of developing a protein-protein interaction map, the
method comprising compiling genetic data about a popula-
tion of subjects that has a mutation candidate that causes a
hyperproliferative disorder. In some embodiments, the
method further comprises performing a mass spectrometry
analysis on a sample associated with the hyperproliferative
disorder, thereby identifying dysfunctional protein-protein
interactions associated with the hyperproliferative disorder.
[0081] In some embodiments, disclosed are methods of
identifying a dysfunctional protein-protein interaction, the
method comprising: (a) identifying genetic data from a
subject in need of hyperproliferative disorder treatment; (b)
comparing the genetic data from the subject to a compilation
of genetic data from a population of subjects that has a
mutation candidate that causes a hyperproliferative disorder;
and (c) performing a mass spectrometry analysis on a
sample from the subject in need of hyperproliferative dis-
order treatment, thereby identifying dysfunctional protein-
protein interactions associated with the hyperproliferative
disorder. In some embodiments, the method further com-
prises: (d) calculating a differential interaction score (DIS).
In some embodiments, the method further comprises: (e)
correlating the DIS with the likelihood that the dysfunctional
protein-protein interaction is a causal agent of the hyper-
proliferative disorder. In some embodiments, the method
further comprises: (f) selecting a hyperproliferative disorder
treatment for the subject based upon the causal agent. In
some embodiments, the step of identifying the genetic
information from a subject comprises sequencing the genetic
information from a biopsy or a sample obtained from the
subject.

[0082] In some embodiments, the sample is a population
of cells. For example, in some embodiments, the population
of cells are cancer cells.

[0083] In some embodiments, the mass spectrometry
analysis is performed on a plurality of samples. In further
embodiments, each sample is a different population of cells.
Thus, for example, the cells can be cancer cells or non-
cancerous cells. In still further embodiments, each sample is
the same population of cells (e.g., cancer cells, non-cancer-
ous cells).

[0084] In some embodiments, the mass spectrometry
analysis is performed on a plurality of samples, wherein
calculating comprises calculating a SAINTexpress algo-
rithm score for each sample, and averaging the SAINTex-
press algorithm scores.

[0085] In some embodiments, the hyperproliferative dis-
order is a cancer. Examples of cancers include, but are not
limited to, a sarcoma, a carcinoma, a hematological cancer,
a solid tumor, breast cancer, cervical cancer, gastrointestinal
cancer, colorectal cancer, brain cancer, skin cancer, head and
neck cancer, prostate cancer, ovarian cancer, thyroid cancer,
testicular cancer, pancreatic cancer, liver cancer, endome-
trial cancer, melanoma, a glioma, leukemia, lymphoma,
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chronic myeloproliferative disorder, myelodysplastic syn-
drome, myeloproliferative neoplasm, non-small cell lung
carcinoma, and plasma cell neoplasm (myeloma). In further
embodiments, the cancer is breast cancer of head and neck
cancer. In still further embodiments, the cancer is breast
cancer. In yet further embodiments, the cancer is head and
neck cancer.

[0086] In some embodiments, the method further com-
prises harvesting samples with a functional bioassay. In a
further embodiment, the functional bioassay is an animal
model comprising growth of transformed cell lines.

[0087] In some embodiments, the dysfunctional protein-
protein interaction is one or more of a D1:PI3K interaction
or a FGFR3: Daple interaction. In some embodiments, the
dysfunctional protein-protein interaction is one or more of a
BPIFA1: PIK3CA interaction, a SI00A3: Akt interaction, a
SCGB2A1: PIK3CA interaction, or a Spinophilin: BRCA1
interaction.

Methods of Identifying Therapeutic Targets and of
Screening for and Evaluating Therapeutics

[0088] In some embodiments, the disclosure relates to
methods of identifying a therapeutic target for a hyperpro-
liferative disorder treatment, the method comprising: (a)
compiling genetic data about a population of subjects that
has a mutation candidate that causes a hyperproliferative
disorder; (b) performing a mass spectrometry analysis on a
sample associated with the hyperproliferative disorder to
identify dysfunctional protein-protein interactions associ-
ated with the hyperproliferative disorder; (c) calculating a
differential interaction score (DIS); (d) correlating the DIS
with the likelihood that the dysfunctional protein-protein
interaction is a causal agent of the hyperproliferative disor-
der, wherein if the DIS score is above a first threshold, then
the causal agent is selected as a therapeutic target for the
hyperproliferative disorder treatment, and wherein if the
DIS score is below the first threshold, then the causal agent
is not selected as a therapeutic target for the hyperprolifera-
tive disorder treatment. In some embodiments, the methods
further comprise selecting the treatment of a subject.
[0089] In some embodiments, the disclosure relates to
methods of identifying a therapeutic target for a hyperpro-
liferative disorder treatment, the method comprising: (a)
calculating a differential interaction score (DIS); and (b)
correlating the DIS with a likelihood that a dysfunctional
protein-protein interaction is a causal agent of the hyper-
proliferative disorder, wherein if the DIS score is above a
first threshold, then the causal agent is selected as a thera-
peutic target for the hyperproliferative disorder treatment,
and wherein if the DIS score is below the first threshold, then
the causal agent is not selected as a therapeutic target for the
hyperproliferative disorder treatment.

[0090] In some embodiments, the disclosure relates to
methods of identifying a therapeutic for treating a hyper-
proliferative disorder, the method comprising screening a
candidate compound for binding with, or activity against a
therapeutic target, wherein the therapeutic target was iden-
tified via a disclosed method.

[0091] In some embodiments, the disclosure relates to
methods of predicting a likelihood that a hyperproliferative
disorder is responsive to a therapeutic, the method compris-
ing: (a) compiling genetic data about a population of sub-
jects that has a mutation candidate that causes a hyperpro-
liferative disorder; (b) performing a mass spectrometry
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analysis on a sample associated with the hyperproliferative
disorder to identify dysfunctional protein-protein interac-
tions associated with the hyperproliferative disorder; (c)
calculating a differential interaction score (DIS); (d) corre-
lating the DIS with the likelihood that the dysfunctional
protein-protein interaction is the causal agent of the hyper-
proliferative disorder; and (e) selecting a therapeutic for
treating the hyperproliferative disorder based upon the
causal agent.

[0092] In some embodiments, the sample is a population
of cells. For example, in some embodiments, the population
of cells are cancer cells.

[0093] In some embodiments, the mass spectrometry
analysis is performed on a plurality of samples. In further
embodiments, each sample is a different population of cells.
Thus, for example, the cells can be cancer cells or non-
cancerous cells. In still further embodiments, each sample is
the same population of cells (e.g., cancer cells, non-cancer-
ous cells).

[0094] In some embodiments, the calculating comprises
calculating one or more of a SAINTexpress algorithm score
and a CompPASS algorithm score. In a further embodiment,
the calculating comprises calculating the SAINTexpress
algorithm score. In a still further embodiment, the calculat-
ing comprises calculating the CompPASS algorithm score.
In yet further embodiments, the calculating comprises cal-
culating the SAINTexpress algorithm score and the Comp-
PASS algorithm score.

[0095] Methods of using SAINTexpress algorithms are
known by those of skill in the art. See, e.g., Teo, et al. (2014)
J Proteomics 100: 37-43. As further described herein, a
SAINTexpress algorithm can be used for PPI confidence
scoring. In various aspects, PPI scoring can be performed
separately for each cell line.

[0096] In some embodiments, the SAINTexpress algo-
rithm score is calculated by a formmula:

P(Xy|*) = mpP(Xy|Ay) + (1 = ) P( X3 M

[0097] wherein X is the spectral count for a prey
protein i identified in a purification of bait j;

[0098] wherein 7%]' is the mean count from a Poisson
distribution representing true interaction;

[0099] wherein k;; is the mean count from a Poisson
distribution representing false interaction;

[0100] wherein 7 is the proportion of true interactions
in the data; and wherein dot notation represents all
relevant model parameters estimated from the data for
the pair of prey i and bait j.

[0101] Methods of using CompPASS algorithms are
known by those of skill in the art. See, e.g., Huttlin, et al.
(2015) Cell 162: 425-440; and Sowa, et al. (2009) Cell 138:
389-403. As further described herein, a CompPASS algo-
rithm can be used for PPI confidence scoring. In various
aspects, PPI scoring can be performed separately for each
cell line.

[0102] In some embodiments, the CompPASS algorithm
score is calculated by calculating the Z-score, the S-score,
the D-score, and the WD-score, as further described herein.
[0103] In some embodiments, the DIS is calculated for a
cancer cell line or a plurality of cancer cell lines and also
calculated for a normal cell line. The DIS for the cancer cell
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line or the plurality of cancer cell lines is then compared to
the DIS for the normal cell line. If the DIS for the cancer cell
line or the plurality of cancer cell lines is greater than the
DIS for the normal cell line, the DIS is assigned a positive
(+) sign. If the DIS for the cancer cell line or the plurality
of cancer cell lines is less than the DIS for the normal cell
line, the DIS is assigned a negative (=) sign. Thus, a positive
DIS represents a PPI that is enriched in a cancer cell line or
a plurality of cancer cell lines, and a negative DIS represents
a PPI that is depleted in a cancer cell line or a plurality of
cancer cell lines.

[0104] In some embodiments, the DIS is calculated by a
first formula:

DIS4(b, p) = Sc1(b, p)xSc2(b, pyx[1 =Sc3(b, p)]

wherein DIS ,(b,p) is the DIS for each PPI (b, p) that is
conserved in a first cell line and a second cell line, but not
shared by a third cell line; wherein S, (b,p) is the probabil-
ity of a PPI being present in the first cell line; wherein
Sco(b.,p) is the probability of a PPI being present in the
second cell line; and wherein S_;(b,p) is the probability of a
PPI being present in the third cell line; and a second formula:

DISp(b, p) =[1 =Sc1(b, pIx[1—=Sca(b, P)IXSc3(b, p

wherein DIS g(b.p) is the DIS score for each PPI (b, p) that
is conserved in the third cell line, but not shared by the first
cell line and the second cell line; wherein a (+) sign is
assigned if DIS ,(b,p)>DISz(b,p); and wherein a (—) sign is
assigned if DIS ,(b,p)<DIS gz(b.p).

[0105] In some embodiments, the DIS is calculated by a
first formula:

DISeancer(, p) = Sc1(b, p)XSca (b, p)X[1 =Sy (b, p)]

wherein DIS_,,,..,(b.p) is the DIS for each PPI (b, p) that is
conserved across a cancer cell line, but not shared by a
normal cell line; wherein S -, (b,p) is the probability of a PPI
being present in a first cancer cell line; wherein S,(b,p) is
the probability of a PPI being present in a second cancer cell
line; and wherein S,(b,p) is the probability of a PPI being
present in a normal cell line; and a second formula:

DiSyormaib, p) = [1 = Sc1(b, PIX[1 =Sc2(b, P)I X Sw (b, p)

wherein DIS,,,,....(b,p) is the DIS score for each PPI (b, p)
that is present in a normal cell line, but depleted in a cancer
cell line; and assigning a (+) sign if DIS_,,,...(b.p)>DIS
mai(b,p) and assigning a (—) sign if DIS (b,p)<DIS
(b.p).

[0106] In some embodiments, the DIS is an average of a
SAINTexpress algorithm score and a CompPASS algorithm
score. In some further embodiments, the DIS is a SAINT-
express algorithm score.

[0107] In some embodiments, the DIS ranges from 0.0 to
1.0. Thus, in various embodiments, the DIS ranges from 0.0

nor”

cancer normal
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t0 0.9, from 0.0 to 0.8, from 0.0 to 0.7, from 0.0 to 0.6, from
0.0 to 0.5, from 0.0 to 0.4, from 0.0 to 0.3, from 0.0 to 0.2,
from 0.0 to 0.1, from 0.1 to 1.0, from 0.2 to 1.0, from 0.3 to
1.0, from 0.4 to 1.0, from 0.5 to 1.0, from 0.6 to 1.0, from
0.7 to 1.0, from 0.8 to 1.0, from 0.9 to 1.0, from 0.1 to 0.9,
from 0.2 to 0.8, from 0.3 to 0.7, or from 0.4 to 0.6.
[0108] In some embodiments, a DIS of 0.5 or greater than
0.5 indicates that the dysfunctional protein-protein interac-
tion is likely a causal agent of the hyperproliferative disor-
der. Thus, in various embodiments, a DIS of greater than 0.5,
greater than 0.6, greater than 0.7, greater than 0.8, or greater
than 0.9 indicates that the dysfunctional protein-protein
interaction is likely a causal agent of the hyperproliferative
disorder. In some embodiments, a DIS of 0.5 or greater than
0.5 indicates that the dysfunctional protein-protein interac-
tion is likely a causal agent of the hyperproliferative disor-
der, and, therefore, indicates that the causal agent should be
selected as a therapeutic target for a hyperproliferative
disorder treatment.

[0109] Insome embodiments, a DIS of 0.5 or less than 0.5
indicates that the dysfunctional protein-protein interaction is
not likely a causal agent of the hyperproliferative disorder.
Thus, in various embodiments, a DIS of less than 0.5, less
than 0.4, less than 0.3, less than 0.2, or less than 0.1 indicates
that the dysfunctional protein-protein interaction is not
likely a causal agent of the hyperproliferative disorder. In
some embodiments, a DIS of 0.5 or less than 0.5 indicates
that the dysfunctional protein-protein interaction is not
likely a causal agent of the hyperproliferative disorder, and,
therefore, indicates that the causal agent should not be
selected as a therapeutic target for a hyperproliferative
disorder treatment.

[0110] In some embodiments, the mass spectrometry
analysis is performed on a plurality of samples, wherein
calculating comprises calculating a SAINTexpress algo-
rithm score for each sample, and averaging the SAINTex-
press algorithm scores.

[0111] In some embodiments, the hyperproliferative dis-
order is a cancer. Examples of cancers include, but are not
limited to, a sarcoma, a carcinoma, a hematological cancer,
a solid tumor, breast cancer, cervical cancer, gastrointestinal
cancer, colorectal cancer, brain cancer, skin cancer, head and
neck cancer, prostate cancer, ovarian cancer, thyroid cancer,
testicular cancer, pancreatic cancer, liver cancer, endome-
trial cancer, melanoma, a glioma, leukemia, lymphoma,
chronic myeloproliferative disorder, myelodysplastic syn-
drome, myeloproliferative neoplasm, non-small cell lung
carcinoma, and plasma cell neoplasm (myeloma). In further
embodiments, the cancer is breast cancer of head and neck
cancer. In still further embodiments, the cancer is breast
cancer. In yet further embodiments, the cancer is head and
neck cancer.

[0112] In some embodiments, the method further com-
prises harvesting samples with a functional bioassay. In a
further embodiment, the functional bioassay is an animal
model comprising growth of transformed cell lines.

[0113] In some embodiments, the subject is a mammal. In
some embodiments, the mammal is a human.

[0114] In some embodiments, the subject has been diag-
nosed with a need for treatment of the hyperproliferative
disorder prior to the administering step.

[0115] In some embodiments, the method further com-
prises identifying a therapeutic target for a hyperprolifera-
tive disorder treatment. In a further embodiment, the thera-
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peutic target is identified as a hyperproliferative disorder
treatment if the DIS score is 0.5 or greater than 0.5.

[0116] Thus, in various embodiments, the subject is iden-
tified as being likely to respond to a cancer treatment if the
DIS score is greater than 0.5, greater than 0.6, greater than
0.7, greater than 0.8, or greater than 0.9.

[0117] In some embodiments, the target is identified as
being unlikely to offer a therapeutic benefit as a hyperpro-
liferative disorder treatment if the DIS score is 0.5 or less
than 0.5.

[0118] Thus, in various embodiments, the target is iden-
tified as being unlikely to offer a therapeutic benefit as a
hyperproliferative disorder treatment if the DIS score is less
than 0.5, less than 0.4, less than 0.3, less than 0.2, or less
than 0.1.

[0119] In some embodiments, the mutation candidate is
one or more genes having a mutant protein sequence,
wherein the gene is selected from TP53, CDKN2A,
PIK3CA, TP63, FADD, SOX2, RHOA, CCND1, EGFR,
CASPS8, NFE2L.2, MAPK1, MYC, PTEN, KEAP1, CUL3,
E2F1, FBXW7, PTPRT, GFGR1, RBI1, IGFIR, HRAS,
TRAF3, TGFBR2, ERBB2, FGFR3, HLA-A, NRAS,
STAT3, and XPC. In some embodiments, the mutation
candidate is one or more genes having a mutant protein
sequence, wherein the gene is selected from PIK3CA, TP53,
MTDG, AKT3, CDHI1, ERBB2, GATA3, TSPYLS3, PTEN,
RBI, BRIP1, CBFB, RAF51C, FOXALI, PALB2, ARIDIA,
ESR1, STK11, CDKN1B, MSH2, AKT1, AKT2, BRCAL,
CHEK2, RPA2, EGFR, RADS51D, CASP8, CCND3, CTCF,
MLHI1, SMARCBI, XPC, SCUBE2, TBX3, XRN2, EZH2,
FANCC, HRAS, or SMARCDI.

[0120] In some embodiments, the gene is TP53, PIK3CA,
NFE212, MAPKI1, FBXW7, or HRAS. In some embodi-
ments, the gene is AKT1, AKT3, BRCA1, BRIP1, CDHI,
CHEK2, HRAS, MTDH, PALB2, PIK3CA, or TP53.

[0121] Insome embodiments, the gene is NFE2L.2 and the
mutant protein sequence is E79K or E79Q), wherein the gene
is HRAS and the mutant protein sequence is G12D, wherein
the gene is TP53 and the mutant protein sequence is R248W
or R273H, wherein the gene is MAPKI1 and the mutant
protein sequence is E322K, or wherein the gene is FBXW?7
and the mutant protein sequence is R505G.

[0122] In some embodiments, the gene is AKT1 and the
mutant protein sequence is E17K, wherein the gene is AKT3
and the mutant protein sequence is E17K, wherein the gene
is BRIP1 and the mutant protein sequence is A745T, wherein
the gene is CDHI1 and the mutant protein sequence is
E243K, wherein the gene is CHEK2 and the mutant protein
sequence is 1100delC or K373E, wherein the gene is HRAS
and the mutant protein sequence is G12D, wherein the gene
is MTDH and the mutant protein sequence is A78S, wherein
the gene is PALB2 and the mutant protein sequence is
E837K, or wherein the gene is TP53 and the mutant protein
sequence is R175H, R248W, or R273H.

[0123] Insome embodiments, the gene is PIK3CA and the
mutant protein sequence is R88Q, E110Del, K111N, K111E,
V344G, G363A, E453K, E542K, E545K, E545G, E726K,
C971R, G1007R, M1043V, H1047L, or H1047R. In some
embodiments, the gene is PIK3CA and the mutant protein
sequence is E545K, M1043V, or H1047R. In some embodi-
ments, the gene is BRCA1 and the mutant protein sequence
is T116A, C61G, R71G, Aexonll, S1655F, 5832insC, or
M1775R.
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[0124] In some embodiments, the dysfunctional protein-
protein interaction is one or more of a D1:PI3K interaction
or a FGFR3: Daple interaction. In some embodiments, the
dysfunctional protein-protein interaction is one or more of a
BPIFA1: PIK3CA interaction, a S100A3: Akt interaction, a
SCGB2A1: PIK3CA interaction, or a Spinophilin: BRCA1
interaction.

[0125] Insome embodiments, the causal agent is HER3. In
some embodiments, the causal agent is Akt.

[0126] In some embodiments, the method further com-
prises selecting a therapeutic target for treating a hyperpro-
liferative disorder in a subject based upon the causal agent.
In some embodiments, the method further comprises screen-
ing a candidate compound for binding with, or activity
against, the therapeutic target. In some embodiments, the
method further comprises selecting a candidate compound
as a therapeutic for treating a hyperproliferative disorder. In
some embodiments, the candidate compound is selected
from a database of known treatments for the dysfunctional
protein-protein interaction.

[0127] In some embodiments, the hyperproliferative dis-
order treatment comprises administration of a HER3 inhibi-
tor. Examplers of HER3 inhibitors include, but are not
limited to, lapatinib, erlotinib, gefitinib, afatinib, neratinib,
CDX-3379, U-31402, HMBD-001, MCLA-128, KBP-5209,
Poziotinib, Varlitinib, FCN-411, Elgemtumab, Sirotinib,
vaccines to target Her3 for solid tumors, AV2103, AV2103,
ETBX-031, MP-EV-20, MP-EV-20/1959, and oligonucle-
otides to inhibit EGFR, ERBB2, and ERBB3. Additional
exemplary HER3 inhibitors are described in US 2018/
0362443 Al, U.S. Pat. No. 10,383,878 B2, US 2019/
0300624 Al, WO 2018/182420 A1, WO 2015/007219 Al,
U.S. Pat. No. 8,735,551 B2, U.S. Pat. No. 10,507,209 B2,
U.S. Pat. No. 9,956,222 B2, U.S. Pat. No. 10,487,143 B2,
WO 2018/233511 Al, CN106692969A, US 2020/0147193
Al, U.S. Pat. No. 9,346,889 B2, WO 2020/099235 A1, US
2019/0201552 Al, US 2018/0105815 Al, and US 2020/
0157542 Al. In some embodiments, the HER3 inhibitor is
CDX3379.

[0128] In some embodiments, the hyperproliferative dis-
order is head and neck cancer, wherein the mutation candi-
date is a mutant PIK3CA, wherein the causal agent is HER3,
and wherein the hyperproliferative disorder treatment com-
prises administration of a HER3 inhibitor.

[0129] In some embodiments, the hyperproliferative dis-
order treatment comprises administration of an Akt inhibitor.
Examples of Akt inhibitors include, but are not limited to,
MK-2206,  AZDS5363, GSK690693, GDC-0068,
GSK2141795, GSK2110183, AT7867, CCT128930,
BAY1125976, perifosine, and AKT inhibitor III.

[0130] In some embodiments, the Akt modulator is a
PIK3CA modulator. Examples of PIK3CA modulators
include, but are not limited to, Alpelisib, Copanlisib hydro-
chloride, GDC-0077, Bimiralisib, Fimepinostat, Serabelisib,
HHCYH-33, omipalisib, and PQR-514.

[0131] In some embodiments, the hyperproliferative dis-
order is breast cancer, wherein the mutation candidate is a
mutant PIK3CA or a mutant BRCA1, wherein the causal
agent is Akt, and wherein the hyperproliferative disorder
treatment comprises administration of an Akt inhibitor.
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Methods of Identifying and Monitoring a Subject’s
Responsiveness to a Hyperproliferative Disorder Treatment

[0132] In some embodiments, the disclosure relates to
methods of identifying a subject likely to respond to a
hyperproliferative disorder treatment, the method compris-
ing: (a) compiling genetic data about a population of sub-
jects that has a mutation candidate that causes a hyperpro-
liferative disorder, wherein the population of subjects
includes the subject; (b) performing a mass spectrometry
analysis on a sample associated with the hyperproliferative
disorder to identify dysfunctional protein-protein interac-
tions associated with the hyperproliferative disorder; (c)
calculating a differential interaction score (DIS); and (d)
correlating the DIS with the likelihood that the dysfunctional
protein-protein interaction is a causal agent of the hyper-
proliferative disorder.

[0133] In some embodiments, the disclosure relates to
methods of identifying a subject likely to respond to a
hyperproliferative disorder treatment, the method compris-
ing: (a) calculating a differential interaction score (DIS); and
(b) correlating the DIS with a likelihood that a dysfunctional
protein-protein interaction is a causal agent of the hyper-
proliferative disorder, wherein if the DIS score is above a
first threshold, then the subject is likely to respond to a
hyperproliferative disorder treatment based upon the causal
agent, and wherein if the DIS score is below the first
threshold, then the subject is not likely to respond to the
hyperproliferative disorder treatment based upon the causal
agent. In some embodiments, the method further comprises:
(a) compiling genetic data about a population of subjects
comprising the subject, wherein the population of subjects
has a mutation candidate that causes the hyperproliferative
disorder; and (b) performing a mass spectrometry analysis
on a sample associated with the hyperproliferative disorder
to identify dysfunctional protein-protein interactions asso-
ciated with the hyperproliferative disorder.

[0134] In some embodiments, disclosed are methods of
predicting a likelihood that a subject does or does not
respond to a hyperproliferative disorder treatment, the
method comprising: (a) compiling genetic data about a
population of subjects that has a mutation candidate that
causes a hyperproliferative disorder, wherein the population
of subjects includes the subject; (b) performing a mass
spectrometry analysis on a sample associated with the
hyperproliferative disorder to identify dysfunctional protein-
protein interactions associated with the hyperproliferative
disorder; (c) calculating a differential interaction score
(DIS); (d) correlating the DIS with the likelihood that the
dysfunctional protein-protein interaction is the causal agent
of the hyperproliferative disorder; and (e) selecting a cancer
treatment for the subject based upon the causal agent. In
some embodiments, the method further comprises: (f) com-
paring the DIS score to a first threshold; and (g) classifying
the subject as being likely to respond to a hyperproliferative
disorder treatment, wherein each of steps (f) and (g) are
performed after step (c), and wherein the first threshold is
calculated relative to a first control dataset.

[0135] In some embodiments, disclosed are methods of
treating a cancer in a subject having a genetic alteration in
Akt signaling, the method comprising administering to the
subject a pharmaceutically effective amount of an Akt
inhibitor, wherein the subject was previously identified as
being in need of treatment by: (a) performing a mass
spectrometry analysis on a sample from the subject; (b)
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identifying dysfunctional protein-protein interactions asso-
ciated with the cancer; and (c) calculating a differential
interaction score (DIS). In some embodiments, the cancer is
head and neck cancer.

[0136] In some embodiments, disclosed are methods of
treating a cancer in a subject having a genetic alteration in
HER3 expression, the method comprising administering to
the subject a pharmaceutically effective amount of a HER3
inhibitor, wherein the subject was previously identified as
being in need of treatment by: (a) performing a mass
spectrometry analysis on a sample from the subject; (b)
identifying dysfunctional protein-protein interactions asso-
ciated with the cancer; and (c) calculating a differential
interaction score (DIS). In some embodiments, the cancer is
breast cancer.

[0137] In some embodiments, disclosed are methods of
selecting a hyperproliferative disorder treatment for a sub-
ject in need thereof, the method comprising: (a) identifying
genetic data from the subject in need of treatment; (b)
comparing the genetic data from the subject to a compilation
of genetic data from population of subjects that has a
mutation candidate that causes a hyperproliferative disorder,
wherein the population of subjects includes the subject in
need thereof; (c) performing a mass spectrometry analysis
on a sample from the subject associated with the hyperpro-
liferative disorder to identify dysfunctional protein-protein
interactions associated with the hyperproliferative disorder;
(d) calculating a differential interaction score (DIS); (e)
correlating the DIS with the likelihood that the dysfunctional
protein-protein interaction is a causal agent of the hyper-
proliferative disorder; and (f) selecting a hyperproliferative
disorder treatment for the subject based upon the causal
agent. In some embodiments, the step of identifying the
genetic information from a subject comprises sequencing the
genetic information from a biopsy or sample obtained from
the subject.

[0138] In some embodiments, the sample is a population
of cells. For example, in some embodiments, the population
of cells are cancer cells.

[0139] In some embodiments, the mass spectrometry
analysis is performed on a plurality of samples. In further
embodiments, each sample is a different population of cells.
Thus, for example, the cells can be cancer cells or non-
cancerous cells. In still further embodiments, each sample is
the same population of cells (e.g., cancer cells, non-cancer-
ous cells).

[0140] In some embodiments, the calculating comprises
calculating one or more of a SAINTexpress algorithm score
and a CompPASS algorithm score. In a further embodiment,
the calculating comprises calculating the SAINTexpress
algorithm score. In a still further embodiment, the calculat-
ing comprises calculating the CompPASS algorithm score.
In yet further embodiments, the calculating comprises cal-
culating the SAINTexpress algorithm score and the Comp-
PASS algorithm score.

[0141] Methods of using SAINTexpress algorithms are
known by those of skill in the art.

[0142] See, e.g., Teo, et al. (2014) J Proteomics 100:
37-43. As further described herein, a SAINTexpress algo-
rithm can be used for PPI confidence scoring. In various
aspects, PPI scoring can be performed separately for each
cell line.
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[0143] In some embodiments, the SAINTexpress algo-
rithm score is calculated by a formmula:

P(Xy|*) = mr P(Xy|Ay) + (1 — ) P(Xg|icy) M

wherein X; is the spectral count for a prey protein i iden-
tified in a purification of bait j; wherein A, is the mean count
from a Poisson distribution representing true interaction;
wherein i; is the mean count from a Poisson distribution
representing false interaction; wherein T, is the proportion
of true interactions in the data; and wherein dot notation
represents all relevant model parameters estimated from the
data for the pair of prey i and bait j.

[0144] Methods of using CompPASS algorithms are
known by those of skill in the art. See, e.g., Huttlin, et al.
(2015) Cell 162: 425-440; and Sowa, et al. (2009) Cell 138:
389-403. As further described herein, a CompPASS algo-
rithm can be used for PPI confidence scoring. In various
aspects, PPI scoring can be performed separately for each
cell line.

[0145] In some embodiments, the CompPASS algorithm
score is calculated by calculating the Z-score, the S-score,
the D-score, and the WD-score, as further described herein.

[0146] In some embodiments, the DIS is calculated for a
cancer cell line or a plurality of cancer cell lines and also
calculated for a normal cell line. The DIS for the cancer cell
line or the plurality of cancer cell lines is then compared to
the DIS for the normal cell line. If the DIS for the cancer cell
line or the plurality of cancer cell lines is greater than the
DIS for the normal cell line, the DIS is assigned a positive
(+) sign. If the DIS for the cancer cell line or the plurality
of cancer cell lines is less than the DIS for the normal cell
line, the DIS is assigned a negative (=) sign. Thus, a positive
DIS represents a PPI that is enriched in a cancer cell line or
a plurality of cancer cell lines, and a negative DIS represents
a PPI that is depleted in a cancer cell line or a plurality of
cancer cell lines.

[0147] In some embodiments, the DIS is calculated by a
first formula:

DIS4(b, p) = Sc1(b, p)xSc2(b, pyx[1 =Sc3(b, p)]

wherein DIS ,(b,p) is the DIS for each PPI (b, p) that is
conserved in a first cell line and a second cell line, but not
shared by a third cell line; wherein S ,(b,p) is the probabil-
ity of a PPI being present in the first cell line; wherein
Sco(b.,p) is the probability of a PPI being present in the
second cell line; and wherein S_;(b,p) is the probability of a
PPI being present in the third cell line; and a second formula:

DISp(b, p) =[1 =Sc1(b, pIx[1—=Sca(b, P)IXSc3(b, p

wherein DIS g(b.p) is the DIS score for each PPI (b, p) that
is conserved in the third cell line, but not shared by the first
cell line and the second cell line; wherein a (+) sign is
assigned if DIS ,(b,p)>DISz(b,p); and wherein a (—) sign is
assigned if DIS ,(b,p)<DIS gz(b.p).
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[0148] In some embodiments, the DIS is calculated by a
first formula:

DIScancer(b, p) = Sc1(b, p)XSca(b, p) X [1 =Sy, p)]

wherein DIS_,,,..,(b.p) is the DIS for each PPI (b, p) that is
conserved across a cancer cell line, but not shared by a
normal cell line; wherein S, (b,p) is the probability of a PPI
being present in a first cancer cell line; wherein S,(b.p) is
the probability of a PPI being present in a second cancer cell
line; and wherein S,(b,p) is the probability of a PPI being
present in a normal cell line; and a second formula:

DiSyormaib, p) = [1 = Sc1(b, PIX[1 =Sc2(b, P)I X Sw (b, p)

wherein DIS,,_,,...(b,p) is the DIS score for each PPI (b, p)
that is present in a normal cell line, but depleted in a cancer
cell line; and assigning a (+) sign if DIS__, ..(b.p)>DIS,,_ -
mai(b,p) and assigning a (—) sign if DIS (b,p)<DIS
(b,p).

[0149] In some embodiments, the DIS is an average of a
SAINTexpress algorithm score and a CompPASS algorithm
score. In some further embodiments, the DIS is a SAINT-
express algorithm score.

[0150] In some embodiments, the DIS ranges from about
0.0 to about 1.0. Thus, in various embodiments, the DIS
ranges from about 0.0 to about 0.9, from about 0.0 to about
0.8, from about 0.0 to about 0.7, from about 0.0 to about 0.6,
from about 0.0 to about 0.5, from about 0.0 to about 0.4,
from 0.0 to 0.3, from 0.0 to 0.2, from 0.0 to 0.1, from 0.1 to
1.0, from 0.2 to 1.0, from 0.3 to 1.0, from 0.4 to 1.0, from
0.5 to 1.0, from 0.6 to 1.0, from 0.7 to 1.0, from 0.8 to 1.0,
from about 0.9 to about 1.0, from about 0.1 to about 0.9,
from about 0.2 to about 0.8, from about 0.3 to about 0.7, or
from about 0.4 to about 0.6.

[0151] In some embodiments, a DIS of about 0.5 or
greater than about 0.5 indicates that the dysfunctional pro-
tein-protein interaction is likely a causal agent of the hyper-
proliferative disorder. Thus, in various embodiments, a DIS
of greater than about 0.5, greater than about 0.6, greater than
about 0.7, greater than about 0.8, or greater than about 0.9
indicates that the dysfunctional protein-protein interaction is
likely a causal agent of the hyperproliferative disorder.
[0152] Insome embodiments, a DIS of 0.5 or less than 0.5
indicates that the dysfunctional protein-protein interaction is
not likely a causal agent of the hyperproliferative disorder.
Thus, in various embodiments, a DIS of less than 0.5, less
than 0.4, less than 0.3, less than 0.2, or less than 0.1 indicates
that the dysfunctional protein-protein interaction is likely a
causal agent of the hyperproliferative disorder.

[0153] In some embodiments, the mass spectrometry
analysis is performed on a plurality of samples, wherein
calculating comprises calculating a SAINTexpress algo-
rithm score for each sample, and averaging the SAINTex-
press algorithm scores.

[0154] In some embodiments, the hyperproliferative dis-
order is a cancer. Examples of cancers include, but are not
limited to, a sarcoma, a carcinoma, a hematological cancer,
a solid tumor, breast cancer, cervical cancer, gastrointestinal
cancer, colorectal cancer, brain cancer, skin cancer, head and
neck cancer, prostate cancer, ovarian cancer, thyroid cancer,
testicular cancer, pancreatic cancer, liver cancer, endome-

cancer normal
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trial cancer, melanoma, a glioma, leukemia, lymphoma,
chronic myeloproliferative disorder, myelodysplastic syn-
drome, myeloproliferative neoplasm, non-small cell lung
carcinoma, and plasma cell neoplasm (myeloma). In further
embodiments, the cancer is breast cancer of head and neck
cancer. In still further embodiments, the cancer is breast
cancer. In yet further embodiments, the cancer is head and
neck cancer.

[0155] In some embodiments, the method further com-
prises harvesting samples with a functional bioassay. In a
further embodiment, the functional bioassay is an animal
model comprising growth of transformed cell lines.

[0156] In some embodiments, the subject is a mammal. In
some embodiments, the mammal is a human.

[0157] In some embodiments, the subject has been diag-
nosed with a need for treatment of the hyperproliferative
disorder prior to the administering step.

[0158] In some embodiments, the method further com-
prises identifying a subject in need of treatment of the
hyperproliferative disorder. In a further embodiment, the
subject is identified as being likely to respond to a cancer
treatment if the DIS score is 0.5 or greater than 0.5. Thus, in
various embodiments, the subject is identified as being
likely to respond to a cancer treatment if the DIS score is
greater than 0.5, greater than 0.6, greater than 0.7, greater
than 0.8, or greater than 0.9.

[0159] In some embodiments, the subject is identified as
being unlikely to respond to a cancer treatment if the DIS
score is 0.5 or less than 0.5. Thus, in various embodiments,
the subject is identified as being unlikely to respond to a
cancer treatment if the DIS score is less than about 0.5, less
than about 0.4, less than about 0.3, less than about 0.2, or
less than about 0.1.

[0160] In some embodiments, the mutation candidate is
one or more genes having a mutant protein sequence,
wherein the gene is selected from TP53, CDKN2A,
PIK3CA, TP63, FADD, SOX2, RHOA, CCNDI1, EGFR,
CASPS8, NFE21.2, MAPK1, MYC, PTEN, KEAP1, CUL3,
E2F1, FBXW7, PTPRT, GFGR1, RBI1, IGFIR, HRAS,
TRAF3, TGFBR2, ERBB2, FGFR3, HLA-A, NRAS,
STAT3, and XPC. In some embodiments, the mutation
candidate is one or more genes having a mutant protein
sequence, wherein the gene is selected from PIK3CA, TP53,
MTDG, AKT3, CDH1, ERBB2, GATA3, TSPYL5, PTEN,
RBI1, BRIP1, CBFB, RAF51C, FOXAI, PALB2, ARID1A,
ESR1, STK11, CDKN1B, MSH2, AKT1, AKT2, BRCAI,
CHEK?2, RPA2, EGFR, RAD51D, CASP8, CCND3, CTCF,
MLH1, SMARCBI1, XPC, SCUBE2, TBX3, XRN2, EZH2,
FANCC, HRAS, or SMARCDI1.

[0161] In some embodiments, the gene is TP53, PIK3CA,
NFE212, MAPK1, FBXW7, or HRAS. In some embodi-
ments, the gene is AKT1, AKT3, BRCAI, BRIP1, CDH1,
CHEK?2, HRAS, MTDH, PALB2, PIK3CA, or TP53.
[0162] In some embodiments, the gene is NFE2L.2 and the
mutant protein sequence is E79K or E79Q, wherein the gene
is HRAS and the mutant protein sequence is G12D, wherein
the gene is TP53 and the mutant protein sequence is R248W
or R273H, wherein the gene is MAPKI1 and the mutant
protein sequence is E322K, or wherein the gene is FBXW7
and the mutant protein sequence is R505G.

[0163] In some embodiments, the gene is AKT1 and the
mutant protein sequence is E17K, wherein the gene is AKT3
and the mutant protein sequence is E17K, wherein the gene
is BRIP1 and the mutant protein sequence is A745T, wherein



US 2024/0321457 Al

the gene is CDHI1 and the mutant protein sequence is
E243K, wherein the gene is CHEK?2 and the mutant protein
sequence is 1100delC or K373E, wherein the gene is HRAS
and the mutant protein sequence is G12D, wherein the gene
is MTDH and the mutant protein sequence is A78S, wherein
the gene is PALB2 and the mutant protein sequence is
E837K, or wherein the gene is TP53 and the mutant protein
sequence is R175H, R248W, or R273H.

[0164] Insome embodiments, the gene is PIK3CA and the
mutant protein sequence is R88Q, E110Del, K111N, K111E,
V344G, G363A, E453K, E542K, E545K, E545G, E726K,
C971R, G1007R, M1043V, H1047L, or H1047R. In some
embodiments, the gene is PIK3CA and the mutant protein
sequence is E545K, M1043V, or H1047R. In some embodi-
ments, the gene is BRCA1 and the mutant protein sequence
is I16A, C61G, R71G, Aexonll, S1655F, 5832insC, or
M1775R. The nucleic acid sequence of TP53 is found

TP53 NC_000017.11 NM__000546.5

The amino acid sequence of PT53 is:

(SEQ ID NO:
MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLM

LSPDDIEQWFTEDPGPDEAPRMPEAAPPVAPAPAAPTPAAPAPA
PSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAKSVTCTYSPALNK
MFCQLAKTCPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRC
PHHERCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVVVPY
EPPEVGSDCTTIHYNYMCNS SCMGGMNRRPILTIITLEDSSGNL
LGRNSFEVRVCACPGRDRRTEEENLRKKGEPHHELPPGSTKRAL
PNNTSSSPQPKKKPLDGEYFTLQIRGRERFEMFRELNEALELKD
AQAGKEPGGSRAHS SHLKSKKGQSTSRHKKLMFKTEGPDSD
The amino acid sequence of PIK3CA is:

(SEQ ID NO:
MOPFSIPVQITLQGSRRRQGRTAFPASGKKRETDYSDGDPLDVH
KRLPSSAGEDRAVMLGFAMMGFSVLMFFLLGTTILKPFMLSIQR
EESTCTAIHTDIMDDWLDCAFTCGVHCHGQGKYPCLQVFVNLSH

PGOKALLHYNEEAVQINPKRDVTDCRVKEKQTLTVSDEHKQ

13
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[0165] In some embodiments, the amino acid sequence of
PIK3CA (contiguous) is:

(SEQ ID NO:
MPPRPSSGELWGIHLMPPRILVECLLPNGMIVTLECLREATLIT

IKHELFKEARKYPLHQLLQDESSYIFVSVTQEAEREEFFDETRR
LCDLRLFQPFLKVIEPVGNREEKILNREIGFAIGMPVCEFDMVK
DPEVQODFRRNILNVCKEAVDLRDLNSPHSRAMYVYPPNVESSPE
LPKHIYNKLDKGQIIVVIWVIVSPNNDKQKYTLKINHDCVPEQV
IAEATRKKTRSMLLSSEQLKLCVLEYQGKYILKVCGCDEYFLEK
YPLSQYKYIRSCIMLGRMPNLMLMAKESLYSQLPMDCFTMPSYS
RRISTATPYMNGETSTKSLWVINSALRIKILCATYVNVNIRDID
KIYVRTGIYHGGEPLCDNVNTQRVPCSNPRWNEWLNYDIYIPDL
PRAARLCLSICSVKGRKGAKEEHCPLAWGNINLFDYTDTLVSGK
MALNLWPVPHGLEDLLNPIGVTGSNPNKETPCLELEFDWFSSVV
KFPDMSVIEEHANWSVSREAGFSYSHAGLSNRLARDNELRENDK
EQLKATISTRDPLSEITEQEKDFLWSHRHYCVTIPEILPKLLLSV
KWNSRDEVAQMYCLVKDWPPIKPEQAMELLDCNYPDPMVRGFAV
RCLEKYLTDDKLSQYLIQLVQVLKYEQYLDNLLVRFLLKKALTN
QRIGHFFFWHLKSEMHNKTVSQRFGLLLESYCRACGMYLKHLNR
QVEAMEKLINLTDILKQEKKDETQKVQMKFLVEQMRRPDFMDAL
QGFLSPLNPAHQLGNLRLEECRIMSSAKRPLWLNWENPDIMSEL
LFQNNEIIFKNGDDLRODMLTLQIIRIMENIWQONQGLDLRMLPY
GCLSIGDCVGLIEVVRNSHTIMQIQCKGGLKGALQFNSHT LHQW
LKDKNKGEIYDAAIDLFTRSCAGYCVATFILGIGDRHNSNIMVK
DDGQLFHIDFGHFLDHKKKKFGYKRERVPFVLTQDFLIVISKGA
QECTKTREFERFQEMCYKAYLATRQHANLFINLFSMMLGSGMPE
LQSFDDIAYIRKTLALDKTEQEALEYFMKOMNDAHHGGWT TKMD

WIFHTIKQHALN

The nucleic acid sequence of Aktl1 is:

(SEQ ID NO: 4)

1 taattatggg tctgtaacca cectggactyg ggtgetecte actgacggac ttgtctgaac
61 ctctetttgt ctecagegece cagecactggg cctggcaaaa cctgagacge ccggtacatg
121 ttggccaaat gaatgaacca gattcagacce ggcaggggeg ctgtggttta ggaggggect
181 ggggtttcete ccaggaggtt tttgggettyg cgctggaggg ctetggacte cegtttgege
241 cagtggcctg catcctggte ctgtcttcect catgtttgaa tttcetttget ttectagtcet
301 ggggagcagg gaggagccct gtgecctgte ccaggatcca tgggtaggaa caccatggac
361 agggagagca aacggggcca tcetgtcacca ggggettagg gaaggecgag ccagectggyg
421 tcaaagaagt caaaggggct gectggagga ggcagectgt cagetggtge atcagaggcet
481 gtggccagge cagctggget cggggagege cagectgaga ggagegegtyg agegtegegg
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541

601

661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

gagceteggg
gggagtacat
ttggctacaa
ctgtggegea
gctgectgea
gggaggagtg
aggagatgga
tgtecectgge
tgggcaaggg
acgccatgaa
tcaccgagaa
ctttecagac
tcttecacet
agattgtgtc
agctggagaa
gcaaggaggg
tggcececga
gcegtggteat
agctttttga
ccaagtectt
ccgaggacgce
tgtacgagaa
ggtattttga
acagcatgga
ccageggeac
aggcggecte
aagccacget
tcceecgeag
ttgtteteceg
ggacttctge
ccecteacte
tggggcectg
ggccagcace
tctetgagga
cagggtttac
ttcaaatgca
ctgtgtcaca
cggtageact

cteceectgtgg

caccatgagce

caagacctgg

dgagcggecey

gtgccagetyg

gtggaccact

gacaaccgcc

ctteeggteyg

caagcccaag

cactttegge

gatcctcaag

cegegtectyg

ccacgaccge

gtcccgggag

agcectggac

ccteatgetyg

gatcaaggac

ggtgctggag

gtacgagatg

gctecatecte

gctttcaggy

caaggagatc

gaagctcage

tgaggagttc

gtgtgtggac

ggcctgaggc

gtgccatgat

gtcctetega

cggggtaggg

ggtgtggcct

agctatgege

tgtcagecag

ggcctecagtt

ctectectggyg

cgtcategga

ccagtgggac

ttttgggggt

gttettggtyg

tgacctttte

gggtggccat

-continued
gacgtggcta ttgtgaagga
cggccacget acttcecctect
caggatgtgg accaacgtga
atgaagacgg agcggccccg
gtcatcgaac gcaccttcca
atccagactg tggctgacgg
ggctcaccca gtgacaactce
caccgegtga ccatgaacga
aaggtgatcc tggtgaagga
aaggaagtca tcgtggccaa
cagaactcca ggcacccctt
ctctgetttg tcatggagta
cgtgtgttet ccgaggaccg
tacctgcact cggagaagaa
gacaaggacg ggcacattaa
ggtgccacca tgaagacctt
gacaatgact acggccgtgce
atgtgcggtc gcctgecctt
atggaggaga tccgcttccc
ctgctcaaga aggaccccaa
atgcagcatc gcttcectttge
ccacccttca agccccaggt
acggcccaga tgatcaccat
agcgagcgca ggccccactt
ggeggtggac tgegetggac
ctgtatttaa tggtttttat
gcccagatgg aaagacgttt
aagaaaacta tcctgecgggt
cagccctcag aacaatccga
aatgtggeat tggggggeceg
ccgeectggg ctgtcetgtcea
caacctggtg gcaccagatg
ggtggcaggce acacagcagc
ggetgggece ctgggatggg
agaggagcaa ggtttaaatt
ttttaatctt tgtgacagga
actgtcccac cgggagcctce
gacgcttaac ctttccgetg

cectgggece ctecacgect

14

gggttggetg
caagaatgat
ggctecececte
gcccaacace
tgtggagact
cctcaagaag
aggggctgaa
gtttgagtac
gaaggccaca
ggacgaggtg
ccteacagec
cgccaacggyg
ggccegette
cgtggtgtac
gatcacagac
ttgcggcaca
agtggactgg
ctacaaccag
gcgecacgett
gcagaggcett
cggtategtyg
cacgteggag
cacaccacct
cceccagtte
gatagcttgg
ttctegggty
ttgtgetgtyg
tttaatttat
ttcacgtagyg
ggcaggtect
ccagctatcet
caacctcact
cceccageac
accagggatg
tgttattgtg
aagccctece
ccecteagat
tcegecccagy

cctggecaga

cacaaacgag

ggcaccttea

aacaacttct

ttcatcatcc

cctgaggage

caggaggagyg

gagatggagg

ctgaagctge

ggccgetact

gcccacacac

ctgaagtact

ggcgagctgt

tatggegetyg

cgggacctca

ttcegggetgt

cctgagtace

tgggggctgg

gaccatgaga

ggtcccgagg

ggeggggget

tggcagcacyg

actgacacca

gaccaagatg

tcectactegy

agggatggag

catttgagag

ggcagcacce

ttcatccagt

gaaatgttaa

gcccatgtgt

gtcatctete

atggtatgcet

taaggcegtyg

ggggatggge

tattatgttg

ccttecectt

gatctcteca

cccteectga

cgectgeeget
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2881

2941

3001

gcegetgeace cacggegttt ttttacaaca ttcaacttta gtatttttac tattataata

taatatggaa ccttcecctec aaattcttca ataaaagttg cttttcaaaa aaaaaaaaaa

aaaaaaaa

-continued

The HER3 amino acid sequence is

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

mrandalgvl
gnleivltgh
lnyntnssha
rscppcheve
tdcfacrhfn
cvracppdkm
1ldflitglng
rslynrgfsl
rldikhnrpr
refaheaect
vkypdvgnec
gtflywrgrr
gtvhkgvwip
sslglvtqgyl
1llkspsgvgv
vwelmtfgae
laneftrmar
nlatttlgsa
pvslhpmpryg
tpvtplsppy
nrrrrhspph
eymnrgrdgg

safdnpdywh

gllfslargs
nadlsflgwi
lrglrltglt
kgrcwgpgse
dsgacvprcp
evdknglkmc
dpwhkipald
limknlnvts
rdcvaegkvce
schpecgpme
rpchenctqg
ignkramrry
egesikipve
plgslldhvr
adfgvadllp
pyaglrlaev
dpprylvikr
lslpvgtlnr
clasessegh
leeedvngyv
pprpssleel
gpggdyaamg

srlfpkanaqg

evgnsgavcep
revtgyvlva
eilsggvyie
deqgtltktic
gplvynkltf
epcgglcpka
peklnvirtv
lgfrslkeis
dplcssggcw
gtatcngsgs
ckgpelqdcl
lergesiepl
ikviedksgr
ghrgalgpgl
pddkgllyse
pdllekgerl
esgpgiapgp
prgsgsllsp
vtgseaelge
mpdthlkgtp
gyeymdvgsd
acpaseqgye

rt

The nucleotide sequence of HER3 is:

ggectgagty
aggtgtgagy
tccttectge
tctactctac
tttgccatct
cgettgactce

ctttgtcaca

gtggtgaagg

ctcega
tgaccggega
tggtgatggg
agtggatteg
cattgceccaa
tcgteatgtt
agctcaccga
tggacacaat

acaatggcag

ggtgggcaac
tgctgagaac
gaaccttgag
agaagtgaca
ccteegegty
gaactataac
gattctgtca
tgactggagyg

aagctgtecc

gtlnglsvtg
mnefstlplp
kndklchmdt
apgcnghcfg
glepnphtky
cegtgsgsrf
reitgylniqg
agriyisanr
gpgpgdclsc
dtcagcahfr
ggtlvligkt
dpsekankvl
gsfgavtdhm
llnwgvgiak
aktpikwmal
agpgictidv
ephgltnkkl
ssgympmndgg
kvsmcrsrsr
ssregtlssv
lsaslgstgs

emrafggpgh

tctecaggeag
caataccaga
attgtgetca
ggctatgtee
gtgcgaggga
accaactcca
gggggtgttt
gacatcgtga

ccctgteatyg

15

(SEQ ID NO: 5)

daengyqtly
nlrvvrgtgv
idwrdivrdr
pnpngcchde
gyggvevasc
gtvdssnidg
swpphmhnfs
glcyhhslnw
rnysrggvev
dgphcvsscp
hltmaltvia
arifketelr
laigsldhah
gmyyleehgm
esihfgkyth
ymvmvkcwmi
eevelepeld
nlgescgesa
srsprprgds
glssvlgtee
cplhpvpimp

gaphvhyarl

klyercevvm
ydgkfaifvm
daeivvkdng
caggesgpgd
phnfvvdgts
fvnetkilgn
visnlttigg
tkvlrgptee
thenflngep
hgvlgakgpi
glvvifmmlg
klkvlgsgvi
ivrllglcpg
vhrnlaarnv
gsdvwsygvt
denirptfke
ldldleaeed
vsgssercpr
ayhsgrhsll
ededeeyeym
tagttpdedy

ktlrsleatd

(SEQ ID NO: 6)

tgtgteetgyg

cactgtacaa

cgggacacaa

tcegtggecat

cccaggteta

gccacgetet

atattgagaa

gggaccgaga

aggtttgcaa

gactctgaat
gctetacgag
tgccgaccte
gaatgaattc
cgatgggaag
gegecagete
gaacgataag
tgctgagata

ggggcgatge
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781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

tggggtcctg

aatggtcact

tgctecaggec

tgtgtacctc

aatccccaca

gtggtggate

aatgggctca

ggctctggga

accaagatcc

aagatcecctg

ggttacctga

ttgacaacca

aacttgaatg

tatataagtg

cgggggccta

gcagagggca

ggtcagtget

tttctgaatyg

gaatgccaac

caatgtgecc

ggtgccaagg

gagaactgca

gtgctgateg

attttcatga

agggctatga

aaggctaaca

cttggetegyg

atcaagattc

gctgtgacag

ctgggactat

ctgetggatce

ggagtacaaa

ctggetgece

gtggctgace

attaagtgga

tggagctatg

ctacgattgg

atctgcacaa

cgeccaacct

gatcagaaga

getttgggee

ctcaggacac

gctgtecaca

ccaagtatca

aaacatcctg

agatgtgtga

gcegetteca

tgggcaacct

ceectggacec

acatccagtc

ttggaggcag

tcacatctct

ccaataggea

cggaagagcyg

aagtgtgtga

tgtecetgteg

gggagcctcg

ccatgggggyg

attttcgaga

gcccaatcta

cccaggggtg

gcaaaaccca

tgctgggcegyg

ggcgatactt

aagtcttgge

gtgtctttygg

cagtctgeat

atcatatget

gcccagggte

atgtgagaca

ttgccaaggyg

gaaacgtgcet

tgectgectec

tggcecttga

gtgtgacagt

ctgaagtacc

ttgatgtcta

ttaaagaact

-continued

ctgecagaca

caaccccaac

agactgettt

gcectettgte

gtatggagga

tgtcagggec

gCCttgtggg

gactgtggac

ggactttctyg

agagaagctc

ctggecgece

aagcctetac

gggcttecga

gctetgetac

actagacatc

cccactgtge

aaattatagc

agaatttgec

cactgccaca

tgggececac

caagtaccca

taaaggacca

tctgacaatg

cacttttcte

ggaacggggt

cagaatcttce

aactgtgcac

taaagtcatt

ggccattgge

atctetgeag

acaccggggyg

aatgtactac

actcaagtca

tgatgataag

gagtatccac

ttgggagttg

agacctgcta

catggtgatg

agccaatgag

ttgaccaaga

cagtgetgec

gectgecgge

tacaacaagc

gtttgtgtag

tgtcctectyg

ggactatgtce

tcgagcaaca

atcaccggec

aatgtcttec

cacatgcaca

aaccgggget

tcectgaagyg

caccactctt

aagcataatc

tcctetgggy

cgaggaggtg

catgaggeeg

tgcaatgget

tgtgtgageca

gatgttcaga

gagcttcaag

gctttgacag

tactggegtyg

gagagcatag

aaagagacag

aaaggagtgt

gaggacaaga

agcctggacce

cttgteacte

gcactggggc

cttgaggaac

cccagteagyg

cagctgetat

tttgggaaat

atgacctteg

gagaaggggy

gtcaagtgtt

ttcaccagga

16

ccatctgtge
atgatgagtg
acttcaatga
taactttcca
ccagetgtec
acaagatgga
ccaaagectyg
ttgatggatt
tcaatggaga
ggacagtacg
acttcagtgt
tctecattgtt
aaattagtgc
tgaactggac
ggccegegeag
gatgctgggg
tctgtgtgac
aatgcttete
cgggetetga
gctgecceca
atgaatgteg
actgtttagg
tgatagcagg
ggcgeeggat
agcctetgga
agctaaggaa
ggatccctga
gtggacggca
atgcccacat
aatatttgec
cacagctget
atggtatggt
ttcaggtgge
acagtgaggc
acacacacca
gggcagagec
agcggttgge
ggatgattga

tggcccgaga

tcctcagtgt

tgceggggge

cagtggagcec

gctggaacce

ccataacttt

agtagataaa

tgagggaaca

tgtgaactge

ccectggeac

ggagatcaca

tttttccaat

gatcatgaag

tgggcgtatce

caaggtgett

agactgegtyg

cccaggecct

ccactgcaac

ctgecacceyg

tacttgtget

tggagtccta

gcectgecat

acaaacactg

attggtagtg

tcagaataaa

cceccagtgag

gcttaaagty

gggtgaatca

gagttttcaa

tgtaaggcetyg

tetgggttet

gctcaactygyg

gcatagaaac

agattttggt

caagactcca

gagtgatgtce

ctatgcaggyg

acagccccag

tgagaacatt

cccaccacgg
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3121 tatctggtca taaagagaga gagtgggcct ggaatagccc ctgggccaga gccccatggt

3181 ctgacaaaca agaagctaga ggaagtagag ctggagccag aactagacct agacctagac

3241 ttggaagcag aggaggacaa cctggcaacce accacactgg getccegecect cagectacca

3301 gttggaacac ttaatcggcc acgtgggagc cagagccttt taagtccatce atctggatac

3361 atgcccatga accagggtaa tecttgggggg tettgccagg agtctgcagt ttectgggage

3421 agtgaacggt gcccccgtece agtctcectcta cacccaatgce cacggggatg cctggcatca

3481 gagtcatcag aggggcatgt aacaggctct gaggctgagce tccaggagaa agtgtcaatg

3541 tgtagaagcc ggagcaggag ccggagecca cggccacgeg gagatagege ctaccattcee

3601 cagcgccaca gtctgctgac tectgttacce ccactctecce caccegggtt agaggaagag

3661 gatgtcaacg gttatgtcat gccagataca cacctcaaag gtactcccte ctecccgggaa

3721 ggcacccettt cttcagtggg tctcagttcect gtcecctgggta ctgaagaaga agatgaagat

3781 gaggagtatg aatacatgaa ccggaggaga aggcacagtc cacctcatcc ccctaggeca

3841 agttcccttg aggagctggg ttatgagtac atggatgtgg ggtcagacct cagtgcctcet

3901 ctgggcagca cacagagttg cccactccac cctgtaccca tcatgeccac tgcaggcaca

3961 actccagatg aagactatga atatatgaat cggcaacgag atggaggtgg tcctgggggt

4021 gattatgcag ccatgggggc ctgcccagca tctgagcaag ggtatgaaga gatgagagcet

4081 tttcaggggc ctggacatca ggccccccat gtceccattatg cccgectaaa aactctacgt

4141 agcttagagg ctacagactc tgcctttgat aaccctgatt actggcatag caggctttte

4201 cccaaggcta atgcccagag aacgtaactce ctgctcececctg tggcactcag ggagcattta

4261 atggcagcta gtgcctttag agggtaccgt cttcectceccta ttcectctet cteccaggte

4321 ccagcccectt ttececccagte ccagacaatt ccattcaatc tttggaggct tttaaacatt

4381 ttgacacaaa attcttatgg tatgtagcca gctgtgcact ttcttctett tecccaaccce

aggaaaggtt ttecttattt tgtgtgettt cccagtccca ttectcaget tcttcacagg

cactecctgga gatatgaagg attactctce atatccctte ctcetcagget cttgactact

tggaactagyg ctettatgtg tgcctttgtt tceccatcaga ctgtcaagaa gaggaaaggyg

aggaaaccta gcagaggaaa gtgtaatttt ggtttatgac tcttaaccce ctagaaagac

agaagcttaa aatctgtgaa gaaagaggtt aggagtagat attgattact atcataattce

agcacttaac tatgagccag gecatcatact aaacttcacc tacattatct cacttagtcee

tttatcatcc ttaaaacaat tctgtgacat acatattatc tcattttaca caaagggaag

tcegggeatgyg tggctcatge ctgtaatcte agecactttgg gaggctgagg cagaaggatt

acctgaggca aggagtttga gaccagctta gccaacatag taagaccccce atcte

[0166] In some embodiments, the dysfunctional protein-
protein interaction is one or more of a D1:PI3K interaction
or a FGFR3: Daple interaction. In some embodiments, the
dysfunctional protein-protein interaction is one or more of a
BPIFA1: PIK3CA interaction, a S100A3: Akt interaction, a
SCGB2A1: PIK3CA interaction, or a Spinophilin: BRCA1
interaction.

[0167] Insome embodiments, the causal agent is HER3 or
a dysfunction in HER3 due to a mutation. In some embodi-
ments, the causal agent is Akt or a dysfunction of Akt due
to a mutation

[0168] In some embodiments, the method further com-
prises selecting a hyperproliferative disorder treatment for

the subject based upon the causal agent. In some embodi-
ments, the step of selecting a hyperproliferative disorder
treatment comprises selecting a treatment from a database of
known treatments for the dysfunctional protein-protein
interaction.

[0169] In some embodiments, the hyperproliferative dis-
order treatment comprises administration of a HER3 inhibi-
tor. Examplers of HER3 inhibitors include, but are not
limited to, lapatinib, erlotinib, gefitinib, afatinib, neratinib,
CDX-3379, U-31402, HMBD-001, MCLA-128, KBP-5209,
Poziotinib, Varlitinib, FCN-411, Elgemtumab, Sirotinib,
vaccines to target Her3 for solid tumors, AV2103, AV2103,
ETBX-031, MP-EV-20, MP-EV-20/1959, and oligonucle-
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otides to inhibit EGFR, ERBB2, and ERBB3. Additional
exemplary HER3 inhibitors are described in US 2018/
0362443 Al, U.S. Pat. No. 10,383,878 B2, US 2019/
0300624 Al, WO 2018/182420 A1, WO 2015/007219 Al,
U.S. Pat. No. 8,735,551 B2, U.S. Pat. No. 10,507,209 B2,
U.S. Pat. No. 9,956,222 B2, U.S. Pat. No. 10,487,143 B2,
WO 2018/233511 Al, CN106692969A, US 2020/0147193
Al, U.S. Pat. No. 9,346,889 B2, WO 2020/099235 A1, US
2019/0201552 Al, US 2018/0105815 Al, and US 2020/
0157542 Al. In some embodiments, the HER3 inhibitor is
CDX3379.

[0170] In some embodiments, the hyperproliferative dis-
order is head and neck cancer, wherein the mutation candi-
date is a mutant PIK3CA, wherein the causal agent is HER3,
and wherein the hyperproliferative disorder treatment com-
prises administration of a HER3 inhibitor.

[0171] In some embodiments, the hyperproliferative dis-
order treatment comprises administration of an Akt inhibitor.
Examples of Akt inhibitors include, but are not limited to,
MK-2206,  AZDS5363, GSK690693, GDC-0068,
GSK2141795, GSK2110183, AT7867, CCT128930,
BAY1125976, perifosine, and AKT inhibitor III.

[0172] In some embodiments, the Akt modulator is a
PIK3CA modulator. Examples of PIK3CA modulators
include, but are not limited to, Alpelisib, Copanlisib hydro-
chloride, GDC-0077, Bimiralisib, Fimepinostat, Serabelisib,
HHCYH-33, omipalisib, and PQR-514.

[0173] In some embodiments, the hyperproliferative dis-
order is breast cancer, wherein the mutation candidate is a
mutant PIK3CA or a mutant BRCA1, wherein the causal
agent is Akt, and wherein the hyperproliferative disorder
treatment comprises administration of an Akt inhibitor.

Systems

[0174] The above-described methods can be implemented
in any of numerous ways. For example, the embodiments
may be implemented using a computer program product
(i.e., software), hardware, software, or a combination
thereof. When implemented in software, the software code
can be executed on any suitable processor or collection of
processors, whether provided in a single computer or dis-
tributed among multiple computers.

[0175] Thus, in some embodiments, the disclosure relates
to computer program products encoded on a computer-
readable storage medium, wherein the computer program
product comprises instructions for: (a) performing a mass
spectrometry analysis on a sample from a subject that has a
mutation candidate that causes a hyperproliferative disorder;
(b) identifying dysfunctional protein-protein interactions
associated with the hyperproliferative disorder; and (c)
calculating a differential interaction score (DIS). In some
embodiments, the computer program product further com-
prises instructions for correlating the DIS with the likelihood
that the dysfunctional protein-protein interaction is a causal
agent of the hyperproliferative disorder. In some embodi-
ments, the computer program product further comprises
instructions for: (d) comparing the DIS score to a first
threshold; and (e) classifying the subject as being likely to
respond to a hyperproliferative disorder treatment, wherein
each of steps (d) and (e) are performed after step (c), and
wherein the first threshold is calculated relative to a first
control dataset.

[0176] In some embodiments, the disclosure relates to
systems comprising a disclosed computer program product,
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and one or more of: (a) a processor operable to execute
programs; and (b) a memory associated with the processor.

[0177] In some embodiments, the disclosure relates to
systems for identifying a protein interaction network in a
subject, the system comprising: (a) a processor operable to
execute programs; (b) a memory associated with the pro-
cessor; (¢) a database associated with said processor and said
memory; and (d) a program stored in the memory and
executable by the processor, the program being operable for:
(1) performing a mass spectrometry analysis on a sample
from a subject that has a mutation candidate that causes a
hyperproliferative disorder; (ii) identifying dysfunctional
protein-protein interactions associated with the hyperprolif-
erative disorder; and (iii) calculating a differential interac-
tion score (DIS).

[0178] Without wishing to be bound by theory, it should be
appreciated that a computer may be embodied in any of a
number of forms, such as a rack-mounted computer, a
desktop computer, a laptop computer, or a tablet computer.
Additionally, a computer may be embedded in a device not
generally regarded as a computer but with suitable process-
ing capabilities, including a Personal Digital Assistant
(PDA), a smart phone, or any other suitable portable or fixed
electronic device.

[0179] Also, a computer may have one or more input and
output devices. These devices can be used, among other
things, to present a user interface. Examples of output
devices that can be used to provide a user interface include
printers or display screens for visual presentation of output
and speakers or other sound generating devices for audible
presentation of output.

[0180] Examples of input devices that can be used for a
user interface include keyboards, and pointing devices, such
as mice, touch pads, and digitizing tablets. As another
example, a computer may receive input information through
speech recognition or in other audible format.

[0181] Such computers may be interconnected by one or
more networks in any suitable form, including a local area
network or a wide area network, such as an enterprise
network, and intelligent network (IN) or the Internet. Such
networks may be based on any suitable technology and may
operate according to any suitable protocol and may include
wireless networks, wired networks, or fiber optic networks.

[0182] A computer employed to implement at least a
portion of the functionality described herein may include a
memory, coupled to one or more processing units (also
referred to herein simply as “processors™), one or more
communication interfaces, one or more display units, and
one or more user input devices. The memory may include
any computer-readable media, and may store computer
instructions (also referred to herein as “processor-executable
instructions™) for implementing the various functionalities
described herein. The processing unit(s) may be used to
execute the instructions. The communication interface(s)
may be coupled to a wired or wireless network, bus, or other
communication means and may therefore allow the com-
puter to transmit communications to and/or receive commu-
nications from other devices. The display unit(s) may be
provided, for example, to allow a user to view various
information in connection with execution of the instructions.
The user input device(s) may be provided, for example, to
allow the user to make manual adjustments, make selections,
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enter data or various other information, and/or interact in
any of a variety of manners with the processor during
execution of the instructions.

[0183] The various methods or processes outlined herein
may be coded as software that is executable on one or more
processors that employ any one of a variety of operating
systems or platforms. The disclosure also relates to a com-
puter readable storage medium comprising executable
instructions. Additionally, such software may be written
using any of a number of suitable programming languages
and/or programming or scripting tools, and also may be
compiled as executable machine language code or interme-
diate code that is executed on a framework or virtual
machine.

[0184] In this respect, various inventive concepts may be
embodied as a computer readable storage medium (or mul-
tiple computer readable storage media) (e.g., a computer
memory, one or more floppy discs, compact discs, optical
discs, magnetic tapes, flash memories, circuit configurations
in Field Programmable Gate Arrays or other semiconductor
devices, or other non-transitory medium or tangible com-
puter storage medium) encoded with one or more programs
that, when executed on one or more computers or other
processors, perform methods that implement the various
embodiments of the invention disclosed herein. The com-
puter readable medium or media can be transportable, such
that the program or programs stored thereon can be loaded
onto one or more different computers or other processors to
implement various aspects of the present invention as dis-
cussed above. In some embodiments, the system comprises
cloud-based software that executes one or all of the steps of
each disclosed method instruction.

[0185] The terms “program” or “software” are used herein
in a generic sense to refer to any type of computer code or
set of computer-executable instructions that can be
employed to program a computer or other processor to
implement various aspects of embodiments as discussed
above. Additionally, it should be appreciated that according
to one aspect, one or more computer programs that when
executed perform methods of the present disclosure need not
reside on a single computer or processor, but may be
distributed in a modular fashion amongst a number of
different computers or processors to implement various
aspects of the present invention.

[0186] Computer-executable instructions may be in many
forms, such as program modules, executed by one or more
computers or other devices. Generally, program modules
include routines, programs, objects, components, data struc-
tures, etc. that perform particular tasks or implement par-
ticular abstract data types. Typically, the functionality of the
program modules may be combined or distributed as desired
in various embodiments.

[0187] Also, data structures may be stored in computer-
readable media in any suitable form. For simplicity of
illustration, data structures may be shown to have fields that
are related through location in the data structure. Such
relationships may likewise be achieved by assigning storage
for the fields with locations in a computer-readable medium
that convey relationship between the fields. However, any
suitable mechanism may be used to establish a relationship
between information in fields of a data structure, including
through the use of pointers, tags or other mechanisms that
establish relationship between data elements.
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[0188] Also, the disclosure relates to various embodiments
in which one or more methods. The acts performed as part
of the method may be ordered in any suitable way. Accord-
ingly, embodiments may be constructed in which acts are
performed in an order different than illustrated, which may
include performing some acts simultaneously, even though
shown as sequential acts in illustrative embodiments.
[0189] Computer-implemented embodiments of the dis-
closure relate to methods of determining a subject likely to
respond to cancer disease-modifying agents comprising
steps of: (e) comparing the first normalized score to a first
threshold relative to a first control dataset of a sample and
comparing a second normalized score to a second threshold
relative to a control dataset of the sample; and (f) classitying
the subject as being likely to respond to a chemotherapeutic
treatment based upon results of comparing of step (e)
relative to the first and/or second threshold; wherein each of
steps (e) and (f) are performed after step (d).

[0190] In some embodiments, the disclosure relates to a
system that comprises at least one processor, a program
storage, such as memory, for storing program code execut-
able on the processor, and one or more input/output devices
and/or interfaces, such as data communication and/or
peripheral devices and/or interfaces. In some embodiments,
the user device and computer system or systems are com-
municably connected by a data communication network,
such as a Local Area Network (LAN), the Internet, or the
like, which may also be connected to a number of other
client and/or server computer systems. The user device and
client and/or server computer systems may further include
appropriate operating system software.

[0191] In some embodiments, components and/or units of
the devices described herein may be able to interact through
one or more communication channels or mediums or links,
for example, a shared access medium, a global communi-
cation network, the Internet, the World Wide Web, a wired
network, a wireless network, a combination of one or more
wired networks and/or one or more wireless networks, one
or more communication networks, an a-synchronic or asyn-
chronous wireless network, a synchronic wireless network,
a managed wireless network, a non-managed wireless net-
work, a burstable wireless network, a non-burstable wireless
network, a scheduled wireless network, a non-scheduled
wireless network, or the like.

[0192] Discussions herein utilizing terms such as, for
example, “processing,” “computing,” “calculating,” “deter-
mining,” or the like, may refer to operation(s) and/or process
(es) of a computer, a computing platform, a computing
system, or other electronic computing device, that manipu-
late and/or transform data represented as physical (e.g.,
electronic) quantities within the computer’s registers and/or
memories into other data similarly represented as physical
quantities within the computer’s registers and/or memories
or other information storage medium that may store instruc-
tions to perform operations and/or processes.

[0193] Some embodiments may take the form of an
entirely hardware embodiment, an entirely software embodi-
ment, or an embodiment including both hardware and soft-
ware elements. Some embodiments may be implemented in
software, which includes but is not limited to firmware,
resident software, microcode, or the like.

[0194] Furthermore, some embodiments may take the
form of a computer program product accessible from a
computer-usable or computer-readable medium providing
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program code for use by or in connection with a computer
or any instruction execution system. For example, a com-
puter-usable or computer-readable medium may be or may
include any apparatus that can contain, store, communicate,
propagate, or transport the program for use by or in con-
nection with the instruction execution system, apparatus, or
device.

[0195] In some embodiments, the medium may be or may
include an electronic, magnetic, optical, electromagnetic,
InfraRed (IR), or semiconductor system (or apparatus or
device) or a propagation medium. Some demonstrative
examples of a computer-readable medium may include a
semiconductor or solid state memory, magnetic tape, a
removable computer diskette, a Random Access Memory
(RAM), a Read-Only Memory (ROM), a rigid magnetic
disk, an optical disk, or the like. Some demonstrative
examples of optical disks include Compact Disk-Read-Only
Memory (CD-ROM), Compact Disk-Read/Write (CD-R/
W), DVD, or the like.

[0196] In some embodiments, a data processing system
suitable for storing and/or executing program code may
include at least one processor coupled directly or indirectly
to memory elements, for example, through a system bus.
The memory elements may include, for example, local
memory employed during actual execution of the program
code, bulk storage, and cache memories which may provide
temporary storage of at least some program code in order to
reduce the number of times code must be retrieved from bulk
storage during execution.

[0197] In some embodiments, input/output or I/O devices
(including but not limited to keyboards, displays, pointing
devices, etc.) may be coupled to the system either directly or
through intervening I/O controllers. In some embodiments,
network adapters may be coupled to the system to enable the
data processing system to become coupled to other data
processing systems or remote printers or storage devices, for
example, through intervening private or public networks. In
some embodiments, modems, cable modems and Ethernet
cards are demonstrative examples of types of network
adapters. Other suitable components may be used.

[0198] Some embodiments may be implemented by soft-
ware, by hardware, or by any combination of software
and/or hardware as may be suitable for specific applications
or in accordance with specific design requirements. Some
embodiments may include units and/or sub-units, which
may be separate of each other or combined together, in
whole or in part, and may be implemented using specific,
multi-purpose or general processors or controllers. Some
embodiments may include buffers, registers, stacks, storage
units and/or memory units, for temporary or long-term
storage of data or in order to facilitate the operation of
particular implementations.

[0199] Some embodiments may be implemented, for
example, using a machine-readable medium or article which
may store an instruction or a set of instructions that, if
executed by a machine, cause the machine to perform a
method steps and/or operations described herein. Such
machine may include, for example, any suitable processing
platform, computing platform, computing device, process-
ing device, electronic device, electronic system, computing
system, processing system, computer, processor, or the like,
and may be implemented using any suitable combination of
hardware and/or software. The machine-readable medium or
article may include, for example, any suitable type of
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memory unit, memory device, memory article, memory
medium, storage device, storage article, storage medium
and/or storage unit; for example, memory, removable or
non-removable media, erasable or non-erasable media,
writeable or re-writeable media, digital or analog media,
hard disk drive, floppy disk, Compact Disk Read Only
Memory (CD-ROM), Compact Disk Recordable (CD-R),
Compact Disk Re-Writeable (CD-RW), optical disk, mag-
netic media, various types of Digital Versatile Disks
(DVDs), a tape, a cassette, or the like. The instructions may
include any suitable type of code, for example, source code,
compiled code, interpreted code, executable code, static
code, dynamic code, or the like, and may be implemented
using any suitable high-level, low-level, object-oriented,
visual, compiled and/or interpreted programming language,
e.g., C, C++, Java™, BASIC, Pascal, Fortran, Cobol, assem-
bly language, machine code, or the like.

[0200] Many of the functional units described in this
specification have been labeled as circuits, in order to more
particularly emphasize their implementation independence.
For example, a circuit may be implemented as a hardware
circuit comprising custom very-large-scale integration
(VLSI) circuits or gate arrays, off-the-shelf semiconductors
such as logic chips, transistors, or other discrete compo-
nents. A circuit may also be implemented in programmable
hardware devices such as field programmable gate arrays,
programmable array logic, programmable logic devices or
the like.

[0201] In some embodiment, the circuits may also be
implemented in machine-readable medium for execution by
various types of processors. An identified circuit of execut-
able code may, for instance, comprise one or more physical
or logical blocks of computer instructions, which may, for
instance, be organized as an object, procedure, or function.
Nevertheless, the executables of an identified circuit need
not be physically located together, but may comprise dis-
parate instructions stored in different locations which, when
joined logically together, comprise the circuit and achieve
the stated purpose for the circuit. Indeed, a circuit of
computer readable program code may be a single instruc-
tion, or many instructions, and may even be distributed over
several different code segments, among different programs,
and across several memory devices. Similarly, operational
data may be identified and illustrated herein within circuits,
and may be embodied in any suitable form and organized
within any suitable type of data structure. The operational
data may be collected as a single data set, or may be
distributed over different locations including over different
storage devices, and may exist, at least partially, merely as
electronic signals on a system or network.

[0202] The computer readable medium (also referred to
herein as machine-readable media or machine-readable con-
tent) may be a tangible computer readable storage medium
storing the computer readable program code. The computer
readable storage medium may be, for example, but not
limited to, an electronic, magnetic, optical, electromagnetic,
infrared, holographic, micromechanical, or semiconductor
system, apparatus, or device, or any suitable combination of
the foregoing. As alluded to above, examples of the com-
puter readable storage medium may include but are not
limited to a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a portable compact disc read-
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only memory (CD-ROM), a digital versatile disc (DVD), an
optical storage device, a magnetic storage device, a holo-
graphic storage medium, a micromechanical storage device,
or any suitable combination of the foregoing. In the context
of this document, a computer readable storage medium may
be any tangible medium that can contain, and/or store
computer readable program code for use by and/or in
connection with an instruction execution system, apparatus,
or device.

[0203] The computer readable medium may also be a
computer readable signal medium. A computer readable
signal medium may include a propagated data signal with
computer readable program code embodied therein, for
example, in baseband or as part of a carrier wave. Such a
propagated signal may take any of a variety of forms,
including, but not limited to, electrical, electro-magnetic,
magnetic, optical, or any suitable combination thereof. A
computer readable signal medium may be any computer
readable medium that is not a computer readable storage
medium and that can communicate, propagate, or transport
computer readable program code for use by or in connection
with an instruction execution system, apparatus, or device.
As also alluded to above, computer readable program code
embodied on a computer readable signal medium may be
transmitted using any appropriate medium, including but not
limited to wireless, wireline, optical fiber cable, Radio
Frequency (RF), or the like, or any suitable combination of
the foregoing. In one embodiment, the computer readable
medium may comprise a combination of one or more
computer readable storage mediums and one or more com-
puter readable signal mediums. For example, computer
readable program code may be both propagated as an
electro-magnetic signal through a fiber optic cable for
execution by a processor and stored on RAM storage device
for execution by the processor.

[0204] Computer readable program code for carrying out
operations for aspects of the present invention may be
written in any combination of one or more programming
languages, including an object oriented programming lan-
guage such as Java, Smalltalk, C++ or the like and conven-
tional procedural programming languages, such as the “C”
programming language or similar programming languages.
The computer readable program code may execute entirely
on a user’s computer, partly on the user’s computer, as a
stand-alone computer-readable package, partly on the user’s
computer and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider).

[0205] The program code may also be stored in a com-
puter readable medium that can direct a computer, other
programmable data processing apparatus, or other devices to
function in a particular manner, such that the instructions
stored in the computer readable medium produce an article
of manufacture including instructions which implement the
function/act specified in the schematic flowchart diagrams
and/or schematic block diagrams block or blocks.

[0206] Functions, operations, components and/or features
described herein with reference to one or more embodi-
ments, may be combined with, or may be utilized in com-
bination with, one or more other functions, operations,
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components and/or features described herein with reference
to one or more other embodiments, or vice versa.

[0207] The disclosure relates to a computer program prod-
uct comprising instructions to calculate DIS in connection
with a structure of an oncoprotein. In some embodiments,
the computer program product comprises instructions for
any of the steps identified in the disclosure. In some embodi-
ments, the disclosure relates to a method of imaging a
structure of a protein associated with a hyperproliferative
disorder, the method comprising: (a) identifying a nucleic
acid sequence or protein sequence associated with a hyper-
proliferative disorder (b) calculating a DIS score associated
with the nucleic acid sequence or protein sequence; and (c)
creating an image of the structure of the protein based upon
the DIS using a system disclosed herein, the image being
displayed on a display operably connected to a controller
comprising a computer program product disclosed herein.
[0208] In some embodiments, the disclosure relates to
methods of imaging a protein, the method comprising: (a)
identifying a first protein that co-localizes with a first host
protein in one or a plurality of bioassays; (b) calculating a
differential interaction score (DIS) corresponding to the first
protein in a sample; and (c¢) predicting the three-dimensional
structure of the first protein by integrating the DIS score into
a fit. In some embodiments, the first protein is isolated in
vitro from a sample. In some embodiments, the sample is
from a cell extract or subject. In some embodiments, the first
protein is mutated as compared to a wild-type or endog-
enous, unmutated sequence. In some embodiments, the
method is a computer-implemented method performed on a
system disclosed herein, comprising instructions for execu-
tion of the DIS calculation.

[0209] Although the disclosure has been described with
reference to exemplary embodiments, it is not limited
thereto. Those skilled in the art will appreciate that numer-
ous changes and modifications may be made to the preferred
embodiments of the disclosure and that such changes and
modifications may be made without departing from the true
spirit of the disclosure. It is therefore intended that the
appended claims be construed to cover all such equivalent
variations as fall within the true spirit and scope of the
disclosure.

[0210] All referenced journal articles, patents, and other
publications are incorporated by reference herein in their
entireties.

EXAMPLES

[0211] Representative examples of the disclosed methods
and systems are illustrated in the following non-limiting
methods and examples.

Example 1. The Protein Interaction Landscape of
Breast Cancer

Experimental Model and Subject Details

Cloning and Cell Line Generation

[0212] Complementary DNAs (cDNA) of each bait were
obtained from human ORFeome collection (v8.1) or Add-
gene [pcDNAG6-ARIDIA  (#39311), pcDNA3-Casp8
(#11817), hEcadherin-pcDNA3 (#45769), pDONR223_
EGFR_WT (#81926), pDONR221-Spinophilin (#87123)].
In case that cDNAs of canonical isoforms were not avail-
able, they were synthesized using gBlock fragments (IDT,
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Genewiz). These cDNAs were cloned using the Gateway
Cloning System (Life Technologies) into a doxycycline-
inducible N-term or C-term 3xFLAG-tagged vector modi-
fied to be Gateway compatible from the pL.VX-Puro vector
(Clontech). Point mutant baits were generated via site-
directed mutagenesis. All expression vectors were full-
sequence verified.

Cell Culture, Lentivirus Production, and Stable Cell
Line Generation

[0213] A MDA-MB-231 (ATTC, HTB-26) were main-
tained in DMEM and Ham’s F-12 50/50 (Corning) supple-
mented with 10% fetal bovine serum (Gibco) and 1%
Penicillin/Streptomycin (Corning). MCF10A (ATCC CRL-
10317) cells were maintained in DMEM and Ham’s F-12
50/50 supplemented with 20% horse serum (Gibco), EGF
(PeproTech), Hydrocortisone (Sigma-Aldrich), Cholera
toxin (Sigma-Aldrich), Insulin (Sigma-Aldrich) and 1%
Penicillin/Streptomycin. HEK293T (ATCC, CRL-3216),
MCF7 (ATCC, HTB-22) and U20S-GFP reporter cell lines
(gifts from Dr. Stark at City of Hope National Medical
Center) were maintained in DMEM supplemented with 10%
fetal bovine serum (Gibco) and 1% Penicillin-Streptomycin.
All cells were cultured at 37° C. in a humidified atmosphere
with 5% CO,.

[0214] One day prior to transfection, 5.0 million
HEK293T cells were plated in a 15 cm dish. Lentivirus was
produced for each protein by using 5 pg of expression
vector, 3.33 pg of Gag-Pol-Tat-Rev packaging vector
(pJHO45 from Judd Hultquist) and VSV-G (pJH046 from
Judd Hultquist) mixed with 30 pL. of PolyJet DNA Trans-
fection Reagent (SignaGen) in serum free DMEM. DNA
complexes were incubated at RT for 25 min and added
dropwise to HEK293T cells. After 72 hrs, the lentivirus
containing supernatant from infected HEK293T cells was
centrifuged at 400xg for 5 min to pellet any debris. The
supernatant was filtered through a 0.45 um PVDF filter.
Virions were let to aggregate and precipitate in PEG-6000
(8.5% final) and NaCl (0.3 M final) at 4° C. for 4-8 h. Virions
were pelleted by spinning at 3500 rpm for 20 min at 4° C.
The pellet was then resuspended in DPBS for a final volume
between 800 to 1000 ul. and stored at —80° C. until use.
[0215] Stable cell lines were generated by transducing a
10 cm plate at 80% confluency with 200 uL of precipitated
lentivirus for 24 hrs. Transduced cells were selected with 2.5
pg/mL of puromycin.

Cell Lysis and Affinity Purification

[0216] Three independent biological replicates of cells
were plated in 10 cm dishes. For doxycycline-inducible gene
expression, cells were induced at 40-50% confluence with 1
ng/ml. doxycycline for 40 hrs. To prepare cell extracts, a 10
cm dish was washed with 1 mL of ice-cold PBS and lysed
in 300 plL of S150 lysis buffer (50 mM Tris, pH 7.5, 150 mM
NaCl, 1 mM EDTA, 0.5% NP-40, 1 mM DTT, 1x Protease
and Phosphatase Inhibitor Cocktail and 125 U Benzonase/
mL) using freeze thaw method—5 min on dry ice, followed
by 30-45 see thaw in 37° C. water bath with agitation. Cell
lysates were clarified by spinning at 13,000xg for 15 min at
4° C. A 20 uL aliquot was saved for western blot.

[0217] For FLAG purification, 25 pL. of bead slurry was
washed twice with 1 mL of S150 buffer. Supernatants were
incubated with Anti-FLAG M2 magnetic beads (M8823,
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Sigma-Aldrich) or Anti-V5 magnetic beads (M167-11, MBL.
International) overnight at 4° C. with rotation. The beads
were washed one time with 1 mL of S150 buffer containing
0.1% NP40 followed by two washes in detergent free S150
buffer.

[0218] To perform on bead digestion, magnetic beads
were resuspended in 15 pl of freshly prepared 8 M urea with
50 mM Tris, pH 9.0, 1 mM DTT and 1 pg LysC and
incubated for 1 hr at 37° C. Supernatant was incubated with
3 mM iodoacetamide (IAA) in the dark at room temperature
(RT) for 45 min. Quenching IAA with 3 mM DTT for 15 min
at RT was followed by another incubation for 1 hr at RT with
shaking. Samples were diluted 4-fold by 50 mM

[0219] Tris, pH 8.0 to bring final concentration of urea to
2 M and digested with 1 pg trypsin at 37° C. overnight.
Samples were acidified with 10% trifluoroacetic acid (TFA)
to final 0.5% (pH<2) and desalted using Nest Tips C18. Tips
were conditioned with 80% acetonitrile, 0.1% TFA and
sequentially equilibrated three times with 0.1% TFA before
applying samples. Bound peptides were sequentially rinsed
three times with 0.1% TFA and eluted with 50% acetonitrile
and 0.25% formic acid (FA). Eluted peptides were dried
under vacuum centrifugation and resuspended in 3% ACN
and 0.1% FA prior to mass spectrometry.

Global Endogenous Protein Abundance Analysis

[0220] Following cell lysis, protein concentration was
determined using Bradford assay. IAA was added to each
sample to a final concentration of 10 mM, and samples were
incubated in the dark at room temperature for 30 min.
[0221] Excess IAA was quenched by the addition of
dithiothreitol to 10 mM, followed by incubation in the dark
at room temperature for 30 min. Samples were then diluted
with 0.1 M ammonium bicarbonate, pH 8.0 to a final urea
concentration of 2 M. Trypsin (Promega) was added at a
1:100 (enzyme: protein) ratio and digested overnight at 37°
C. with rotation. Following digestion, 10% TFA was added
to each sample to a final pH~2. Samples were desalted under
vacuum using Sep Pak C18 cartridges (Waters). Each car-
tridge was activated with 1 mL 80% acetonitrile (ACN)/0.
1% TFA, then equilibrated three times with 1 mL of 0.1%
TFA. Following sample loading, cartridges were washed
four times with 1 mL 0 0.1% TFA, and samples were eluted
four times with 0.5 mL 50% ACN/0.25% FA. 20 pg of each
sample was kept for protein abundance measurements, and
the remainder was used for phosphopeptide enrichment.
Samples were dried by vacuum centrifugation.

Mass Spectrometry Data Acquisition and Analysis

[0222] For AP-MS experiments, samples were resus-
pended in 15 pl, of MS loading buffer (4% formic acid, 2%
acetonitrile) and 2 ul. were separated by a reversed-phase
gradient over a nanoflow 75 um IDx25 cm long picotip
column packed with 1.9 uM C18 particles (Dr. Maisch).
Peptides were directly injected over the course of a 75 min
acquisition into a Q-Exactive Plus mass spectrometer
(Thermo), or over the course of a 90 min acquisition into a
Orbitrap Elite mass spectrometer. For analysis of endog-
enous protein abundances in parental cell lines, ~500 ng of
peptides was separated over a 180 min gradient using the
same column as for AP-MS experiments, and directly
injected into a Q-Exactive Plus mass spectrometer. Raw MS
data were searched against the uniprot canonical isoforms of
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the human proteome (downloaded Mar. 21, 2018), and using
the default settings in MaxQuant (version 1.6.2.10), with a
match-between-runs enabled (Cox and Mann, 2008). Pep-
tides and proteins were filtered to 1% false discovery rate in
MaxQuant, and identified proteins were then subjected to
protein-protein interaction scoring. To quantify changes in
interactions between WT and mutant baits, or differences in
endogenous protein abundances between parental cell lines,
a label free quantification approach was used, in which
statistical analysis was performed using MSstats (Choi et al.,
2014) from within the artMS R-package. All raw data files
and search results are available from the Pride partner
ProteomeXchange repository under the PXD019639 identi-
fier (Vizcaino et al. 2014; Perez-Riverol et al. 2019).

Protein-Protein Interaction Scoring

[0223] Protein spectral counts as determined by Max-
Quant search results were used for PPI confidence scoring
by both SAINTexpress (version 3.6.1) (Teo et al., 2014b)
and CompPASS (version 0.0.0.9000) (Huttlin et al., 2015b;
Sowa et al., 2009b). All PPI scoring was performed sepa-
rately for each cell line. For SAINTexpress, control samples
in which bait protein was not induced by doxycycline were
used. For CompPASS, a stats table representing all no
dox-induced samples (at least one per each bait) and WT
baits was used. When recovery rates of known PPIs (gold
standard) from public databases (CORUM, BioPlex2, and
BioGRID low throughput and multivalidated) were moni-
tored by varying thresholds of key metrics of each algorithm
(WD per bait percentile for compPASS and BFDR for
SAINTexpress, respectively), it is noticeable that Comp-
PASS and SAINTexpress are complementary to each other,
in that the best gold standard PPI recovery could be obtained
when the PPIs from each algorithm are combined (FIG. 1A
and FIG. 1B). Therefore, a PPI score was defined on a zero
to 1 scale, wherein WD per bait percentile and (1-BFDR)
were equally weighted: PPI score=[WD per bait percentile+
(1-BFDR)]/2. The PPIs were filtered with PPI score>0.9.
[0224] Referring to FIG. 1A, a comparison of PPIs filtered
by compPASS and SAINTexpress, respectively, is shown.
For each cell line, two sorted lists of PPIs were created based
on the WD per bait percentile derived from compPASS score
and SAINTexpress BFDR. The numbers of gold standard
PPIs among top x PPIs (x=100, 200, . . ., 1,000) in each
sorted list were compared. Top shaded portion indicates the
gold standard PPIs recovered by SAINTexpress, bottom
shaded portion indicates the ones recovered by compPASS,
and middle shaded portion indicates the gold standard PPI
recovered by both. Combination of compPASS and SAIN-
Texpress best accommodate gold standard PPIs.

[0225] Referring to FIG. 1B, a comparison of PPI score
calculated using compPASS and SAINTexpress scores is
shown. Left bars indicate the number of gold standard PPIs
recovered using a PPI score calculated using WD per bait
percentile (WDpb) and Z per bait percentile (Zpb) from
compPASS, and BFDR from SAINTexpress. Right bars
indicate the recovery of gold standard PPIs based on a PPI
score that only considers WDpb and BFDR. The comparison
reveals that WDpb and BFDR are the most deterministic
factors in recovering gold standard PPIs from each cell line.

Correspondence Between Interaction Uniqueness and
Expression Abundance Analysis

[0226] For each cell line comparison, shared baits were
identified. For each bait, unique preys were extracted and
their corresponding global abundance log 2FC was anno-

Sep. 26, 2024

tated. Only preys with a detected measurement in the global
abundance analysis were included. Next, the fraction of
preys (unique in one cell line or another in binding to a
certain bait) with a correlated (gain in interaction=increase
in abundance, and vice versa) or anticorrelated (gain in
interaction=decrease in abundance, and vice versa) signifi-
cant change [abs(log 2FC)>1 & adjusted p-value<0.05] in
global abundance was calculated (see FIG. 2D).

[0227] Referring to FIG. 2D, the percentage of unique
interactions (preys) for the same bait between cell lines with
a correlated (bottom) or anticorrelated (middle) significant
change (22-fold change, adjusted p-value<0.05) in abun-
dance. Top indicates unique interactions with no significant
change in abundance. Only preys detected by global abun-
dance mass spectrometry analysis are considered.

Differential Interaction Score Calculation

[0228] An important goal of cancer therapy is to identify
drug targets that are cancer specific, and are applicable
across many patients. As such, comparing PPIs across cell
lines to prioritize those that were shared between cancer cell
lines, but absent from the MCF10A non-tumorigenic cell
line, was of interest. Unfortunately, a simple overlap analy-
sis of BC PPIs identified within each cell line does not
faithfully represent whether a given PPI is shared or unique
in all cases. The reason for this is that to establish a finite list
of BC PPIs, one must establish a threshold for such classi-
fication. This threshold strikes a balance between maximiz-
ing sensitivity for true interactions, while minimizing the
inclusion of erroneous false positive interaction partners,
which are often due to non-specific binding to the beads.
However, it can also be the case that real PPIs do not meet
this threshold (false negatives).

[0229] To compare PPIs across cell lines, a method for
calculating a differential interaction score (DIS) and a cor-
responding false discovery rate (FDR) was developed using
AP-MS data across multiple cell lines. This approach uses
the SAINTexpress score (Teo et al., 2014b), which is the
probability of a PPI being bonafide in a single cell line
computed using a mixture of distribution modeling spectral
counts of true and false interactions. The probabilities based
on the analysis of a single cell line can then be used to
calculate a differential interaction score between PPIs pres-
ent in cancer cells and normal cells. A cancer-specific
differential interaction score was defined as the probability
of the PPI being present in a cancer cell line but absent in the
normal cell line. Let Sc(pl, p2) be the SAINTexpress score
of a PPI denoted as (pl, p2) in a cell line c. Given that PPIs
are independent events across different cell lines, the differ-
ential interaction score is computed for each (p1, p2) as the
product of the probability of a bonafide PPI in one cell line
and the probability of the PPI being false in the other cell
lines, which can be denoted as follows:

DISycrr(p1, p2) =

Saecr1(P1> P2YX (1 = Sypa-mp-231 (1> P2)) X (1 = Specrr04(p1> P2))
and DISypa-mp-231(P1> P2) = Supa-mp-231(P1, p2) X
(1 =Sucrr(p1, p2) X (1 = Sycrioa(p1, p2)) and DiSucrioa(pr, p2) =

Sucr104(p1, p2) X (1 = Sypa-sm-231(p1, p2)) X (1 = Sycrr(p1, p2))
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[0230] For all differential interaction scores that were
calculated, the Bayesian false discovery rate (BFDR) esti-
mates at all possible thresholds (p*) were computed as
follows:

2= DI, p )X IDIS(;, p)> )

2 OIS P> P

FDR(p*) =

>

where 7{4} is 1 when 4 is True and 0 otherwise.

Permutation Test

[0231] A permutation test was performed in which genes
were drawn from the list of all genes detected in the global
protein abundance analysis of the parental cell lines. The
null distribution of the average number of samples with
variation was learned from 10,000 random gene lists of
equal size to the set of interacting partners. This permutation
test was performed individually for non-synonymous muta-
tions, CNVs, and mRNA expression. The information for
observed variation of each gene is collected from the TCGA
BC cohort (firehose legacy).

IAS Network

[0232] The integrated associated stringency (IAS) net-
work was derived from integration of five major types of
protein pairwise relationships recorded in public databases:
(1) physical protein-protein interaction; (2) mRNA co-ex-
pression; (3) protein co-expression; (4) co-dependence (cor-
relation of cell line growth upon gene knockouts); and (5)
sequence-based relationships. A broad survey created a
compendium of 127 network features used as inputs to a
random forest regression model, trained to best recover the
proximity of protein pairs in the Gene Ontology (GO). The
final IAS score, ranging from O to 1, quantifies all pairwise
associations among 19035 human proteins. In this study,
stringent protein interactions were displayed with IAS>0.3
when the IAS network was used in figures.

Peptide Phosphorylation Assay

[0233] This assay uses a set of peptide sequences that are
derived from computationally curated biological targets of
kinases® substrates deposited in PhosphoAtlas (Chen and
Coppé, 2012; Olow et al., 2016). Peptides (total 453 pep-
tides from 237 proteins) individually allocated to separate
wells in a series of 384-well plates serve as phosphorylatable
probes in a large-scale ATP-consumption biochemical assay
handled by automated liquid dispensing instruments. For
each experimental run, the average value of ATP concen-
tration in sample-containing wells was used for internal
normalization to calculate the phosphorylation activity per
peptide as the difference in ATP consumption between each
peptide-derived read out and the internal mean. For the
current study, the analysis of peptide phosphorylation pro-
files measured in Spinophilin knockout cells was focused
on. To prepare protein extracts to run on the assay platform,
cells at ~85% confluency were washed three times with cold
PBS and lysed with freshly prepared 1x cell lysis buffer (1
ml per 3x106 cells) (10x Cell Lysis Buffer, Cell Signaling;
cat #9803) complemented with 1x of Halt Protease &
Phosphatase (100x, ThermoScientific; cat #1861281). Cell
lysates were collected and spun down at 14,000 rpm for 15
min at 4° C. and supernatants stored at —80° C.
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In-Cell Western Blot Assay

[0234] Four independent siRNAs per target gene were
purchased from Dharmacon (siGENOME SMARTpool) in
Echocompatible 384-well plates (Labcyte #PP-0200) and
resuspended in 20 ul nuclease-free water. For the assay, 4
pmol of siRNAs were aliquoted into each well of a black
walled clear bottom 96-well plates (Corning #3904) avoid-
ing edges using a Labcyte Echo 525. Plates were then stored
at —80° C. On the day of the experiment, plates were thawed
for 0.5-1 hour at room temperature, centrifuged at 1000 rpm
for 5 minutes, and reconstituted with 20 uL of nuclease free
water (Ambion #AM9938) on a rotator for 30 minutes.
Transfection reagent was prepared using 0.1% RNAiMax
(Invitrogen #13778150) and 20% Optimem (Gibco
#31985062) for a seeding density of 4,000 cells per well;
reagent was allowed to sit for 10 minutes at room tempera-
ture before adding 40 uL to each well and incubated for an
additional 20 minutes. Cells grown to a confluency of 80%
were lifted using 0.25% Trypsin (BioUltra #V611x),
counted, and 4000 cells were seeded per well in a 140 ul.
volume, resulting in 200 uL total volume for each well. Cells
were incubated in a standard incubator at 37° C. and 5%
CO, for 48 hours. Following the 48-hour incubation, growth
media was aspirated and cells were fixed using 50 uL per
well of 4% paraformaldehyde solution (Thermo Fisher
#PI28908) for 15 minutes. Cells were permeabilized using
50uL 1:100 dilution of Triton X-100 (Sigma #9002-93-1) in
1XPBS for 30 minutes, then incubated in a 2X blocking
solution (2% BSA in 1xPBS) at room temperature for 2
hours. Next, blocking buffer was removed and replaced with
50 uL 1X primary antibody per well, prepared by diluting
Total AKT (mouse; Cell Signaling Technologies #2920S)
and pAKT S473 (rabbit; Cell Signaling Technologies
#4060S) at 1:800 dilution in 1x blocking buffer (1% BSA in
1XPBS). Cells were incubated in 1X primary antibody solu-
tion overnight at 4° C. The next morning, cells were washed
with 1x wash buffer (250 uL. Tween-20 in 50 mL 1xPBS)
and incubated for 2 hours in the dark at room temperature
with 1x secondary antibody solution containing 1:1000
dilution (in 1% BSA) of anti-mouse (926-32210) and anti-
rabbit (926-32211) near-infrared antibodies. Cells were
washed using 1x wash buffer and resuspended in 100 ul
PBS for fluorescence detection using an LiCOR Odyssey
plate scanner (9140). Wavelengths for the antibodies were
set to 680 nm for anti-rabbit and 800 nm for anti-mouse. To
measure cell viability, PBS was aspirated and cells were
stained with 50 uL Janus Green Stain (Abcam #ab111622)
for 5 minutes at room temperature. Cells were washed using
ultrapure water and lysed with 100 ul 0.5m HCI shaking at
400 rpm for 10 minutes. A standard microplate spectropho-
tometer was used to measure OD 595 nm.

Co-Immunoprecipitation and Western Blot Analysis

[0235] Cell extracts were prepared using the same proto-
col as described in the Cell lysis and affinity purification. To
ensure the same amount of proteins for each sample, super-
natant was quantified by Bradford protein assay prior incu-
bation with the beads. After overnight incubation with beads
at 4° C., as previously described, proteins were eluted from
the beads by boiling in 2xSDS Sample Buffer (Alfa Aesar)
diluted in S150 buffer and stored at —20° C.
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[0236] For immunoblots, samples were loaded onto 7.5%
Mini-PROTEAN® TGX™ Precast Protein Gel (Bio-Rad).
After gel electrophoresis, the samples were transferred to a
membrane with Trans-Blot Turbo Transfer System (Bio-
Rad). Membranes were blocked with 5% Milk TBST for 1
h at RT and incubated in the blocking solution overnight at
4° C. with the indicated antibodies. The incubation was
followed by washing with TBST and 1 hr incubation at RT
with secondary antibodies. Bands were detected using an
ECL chemiluminescence detection method with KwikQuant
Ultra Digital ECL-solution, KwikQuant™ Imager and ana-
lyzed with KwikQuant Image Manager Software (all Kindle
Biosciences, LLC).

DSB GFP Reporter Assay

[0237] U20S cells were reverse transfected by plating
2x105 cells in antibiotic-free media in a 12 well plate. Each
well already contained preformed transfection complexes
with 20 pmol siRNA and 3.6 plL Lipofectamine RNAIMAX
Reagent (Invitrogen) in Opti-MEM used according to the
manufacturer’s protocol. After 20 hrs, 2x105 cells were
transferred to 6 well plates and left to recover until the next
day. Transient I-Scel transfection was performed 48 hrs post
initial reverse transfection. 1.92 ug I-Scel expression vector,
prepared by Mini or Midi Kit (Qiagen), was used along with
24 pmol siRNA and 8.64 ul. Lipofectamine 2000 Transfec-
tion Reagent (Invitrogen) in Opti-MEM according to the
manufacturer’s protocol. Cells were incubated with trans-
fection complexes for 3 hrs at 37° C. followed by gentle
washing and addition of fresh growth media with antibiotics.

Flow Cytometric Analysis

[0238] Approximately 72 hrs after I-Scel transfection,
cells were trypsinized, washed with PBS, fixed in 1%
formaldehyde and transferred to V-bottom 96-well plates.
DNA repair activity was assessed by a quantification of the
percentages of GFP+ cells using the Attune NxT Flow
Cytometer (ThermoFisher), and analyzed using Flowlo soft-
ware (FlowJo, LL.C). Experiments were performed in trip-
licates and error bars expressed as standard deviation (SD).

Western Blot Analysis

[0239] Protein extracts were performed as described pre-
viously. After Bradford analysis, samples were boiled in
1xSDS Sample Buffer, before proceeding with gel electro-
phoresis and protein transfer onto a membrane. To detect the
protein of interest, the membranes were incubated with
indicated antibodies.

I-SPY 2 TRIAL: Patients, Data, and Analysis

[0240] This correlative study involved 375 (MK 2206 arm:
94; veliparib/carboplatin (VC) arm: 71; Ctr: 210) women
with high-risk stage II and III early breast cancer who were
enrolled in the multicenter, multi-arm, neo-adjuvant I-SPY
2 TRIAL (NCTO01042379; IND 105139) (Barker et al.,
2009). Detailed descriptions of the design, eligibility, and
study assessments in the [-SPY 2 trial have been reported
previously, including the efficacy of investigational agents

Sep. 26, 2024

VC (Rugo et al., 2016) and MK-2206 (Chien et al., 2020).
I-SPY 2 TRIAL patients are randomized either to the control
arm [paclitaxel followed by doxorubicin/cyclophosph-
amide; T—AC; plus trastuzumab (and later pertuzumab) if
HER2+] or one of the active experimental arms. The inves-
tigational agent MK2206 was active in the trial from Sep-
tember 2012 to May 2014. MK2206 arm patients received
MK2206 plus standard chemotherapy (n=94; M+T—AC),
with trastuzumab it HER2+. 72 HER2-patients were ran-
domized to the VC arm from May 2010 to July 2012, and
treated with veliparib and carboplatin in addition to standard
taxane/anthracycline chemotherapy (VC+T—AC) (Rugo et
al., 2016). All patients signed informed consent to allow
research on and use of their biospecimen samples (Chien et
al., 2020; Rugo et al., 2016). Pre-treatment tumor samples
were assayed using Agilent 44K (32627) or 32K (15746)
expression arrays; and these data were combined into a
single gene-level dataset after batch-adjusting using Com-
Bat (Johnson et al., 2007). In the pre-specified analysis plan
as previously summarized (Wolf et al., 2017; Wulfkuhle et
al., 2018), logistic regression is used to assess association
with pCR in the control and experimental-arm treated popu-
lations individually. Relative biomarker performance
between arms (biomarkerxtreatment interaction) is assessed
using a logistic model (pCR~treatment+biomarker+treat-
mentxbiomarker). Analysis is also performed adjusting for
HR/HER?2 (binary) status (pCR-treatment+biomarker+treat-
ment:biomarker+HR+HER?2). Markers were analyzed indi-
vidually; p-values are descriptive.

Results

Protein-Protein Interaction Mapping of Breast Cancer
Drivers

[0241] A panel of genes that are associated with molecular
alterations in BC were collected, and the list (Cancer
Genome Atlas, Network, 2012; Stephens et al., 2012) was
used to guide the selection of 40 proteins for generation of
PPI networks. The selected targets included proteins with
well-known roles in BC (e.g., TP53, PIK3CA, CDHI, and
BRCA1) as well as less-well appreciated proteins with
recurrent mutations (e.g., CHEK?2) (Beca et al., 2017; Chen
etal., 2017; Epping et al., 2011; Fuqua et al., 2014; Goldberg
et al., 2017; Harkness et al., 2015; Hoenerhoff et al., 2009;
Lin et al., 2014; Mimori et al., 2002; Morales et al., 2016;
Thompson et al., 2012; Tokunaga et al., 2014; Zheng et al.,
2011). This list was inclusive, as 93% of BC tumors in
TCGA harbor an alteration in one or more of these 40 genes
(FIG. 3A).

[0242] Referring to FIG. 3A, the gene alteration frequen-
cies from the breast invasive carcinoma (TCGA Firehose
Legacy) dataset for the 40 genes selected as AP-MS baits in
this study are shown. Each patient is represented by a grey
box that is colored based on the occurrence and type of
alteration(s) observed in that patient. In total, 93% (1028 out
of 1108) of BC patients have non-synonymous mutation,
chromosomal copy-number alteration (CNA), or mRNA/
protein expression alteration in one or more of these 40
genes. Existing gene alterations in MCF7 and MDA-MB-
231 are shown in the right.
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[0243] Three breast cell lines derived from human mam-
mary epithelium were selected: MCF7 (ER+, luminal A
subtype), MDA-MB-231 (ER-, PR-, HER2-triple-negative
TN subtype), and MCF10A (non-tumorigenic mammary
epithelial cells). These particular cell lines were selected
because they have been shown to replicate therapeutically
relevant responses found in BC tumors (lorio et al., 2016),
their RNA profiles are highly correlated with those of BC
tumors (Yu et al., 2019), and ER+ and TN subtypes together
account for approximately 90% of BC patients (Santagata et
al., 2014). It was reasoned that comparing protein networks
among ER+, TN, and nontumorigenic models would allow
study of how PPI networks are altered between normal and
tumorigenic backgrounds as well as influenced by different
mammary epithelial lineages.

[0244] To generate PPI maps, “bait” proteins were cloned
into triple FLAG-tagged lentiviral vectors, individually
transduced into each cell line and expressed in biological
triplicate via a doxycycline inducible promoter (FIG. 3B).
See also FIG. 22 and FIG. 23. Cells were harvested after
approximately 40 hr doxycycline-induction, and anti-FLLAG
tag-based affinity purification was performed followed by
mass spectrometry to detect interacting “prey” proteins in an
unbiased manner. Two PPI scoring algorithms were
employed to quantify high-confidence interacting proteins:
compPASS (Huttlin et al., 2015a; Sowa et al., 2009a) and
SAINTexpress (Teo et al., 2014a). The AP-MS data was
independently analyzed using these two algorithms and
monitored recovery rates of known PPIs from public data-
bases (serving as gold standards) by varying the thresholds
of'key metrics in each algorithm (WD per bait percentile for
compPASS and BFDR for SAINTexpress, respectively).
Without wishing to be bound by theory, it was found that the
best gold-standard PPI recovery was obtained when data
from both algorithms were combined (FIG. 1A and FIG.
1B). Using this approach, a total of 589 high-confidence
PPIs involving 493 prey proteins were identified (FIGS. 2A,
2B, and 3C).

[0245] Referring to FIG. 2A, receiver operating charac-
teristic (ROC) curve illustrating high recovery of gold
standards (sensitivity) are shown.

[0246] Referring to FIG. 2B, the number of high-confi-
dence PPIs per cell line for each bait are shown.

[0247] Referring to FIG. 3B, the experimental workflow in
which each bait was expressed in biological triplicate in 3
cell lines and subjected to AP-MS analysis is shown.
[0248] Referring to FIG. 3C, the majority (79%) of the
high-confidence PPIs identified in this study are not repre-
sented in a panel of public PPI databases (CORUM, BioPlex
2.0, or BioGRID low throughput & multivalidated).

[0249] Collectively, 79% of the BC PPIs identified were
not previously reported in protein-protein interaction data-
bases (CORUM, BioPlex 2.0, or BioGRID low throughput
and multivalidated) (FIG. 3C). Without wishing to be bound
by theory, the high percentage of novel interactions may
reflect cell type-specific PPIs as nearly all systematic pro-
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tein-protein interaction analyses to date have been per-
formed in HEK293T or Hela cell lines (Hein et al., 2015;
Huttlin et al., 2015a, 2017, 2020). This study is the first to
collect large-scale human PPI data in cell line contexts
physiologically relevant to breast cancer.

[0250]
proteins that work together to accomplish a specific cellular

PPIs often suggest functional relationships among

process. Previously, a significant enrichment of frequently
mutated proteins was found in large PPI repositories (Bou-
haddou et al., 2019; Creixell et al., 2015; Eckhardt et al.,
2018; Hofree et al, 2013; Leiserson et al., 2015;
Paczkowska et al., 2020; Reyna et al., 2020). Similarly, it
was investigated whether the BC PPI network showed
enrichment for three major types of alterations—non-syn-
onymous mutations, chromosomal CNVs, and mRNA
expression alterations—documented in the BC TCGA
cohort. Accordingly, the average frequency of each altera-
tion was calculated for prey proteins detected in the PPIs,
compared to background expectation (STAR Methods and
FIG. 2C). It was observed that BC-associated mutations
were significantly enriched in BC PPIs, but that CNVs and
mRNA expression alterations were not (FIG. 3D). Specific
enrichment of mutations was found in preys detected in
either of the two cancer cell lines (MCF7, MDA-MB-231)
but not in the preys of non-cancerous MCF10A cells (FIG.
3E). Without wishing to be bound by theory, this result
supports the notion that the interaction partners of frequently
mutated cancer proteins are also under positive pressure for
mutations.

[0251] Referring to FIG. 2C, volcano plots displaying the
differential abundance of endogenous proteins between cell
lines used in this study are shown. Colored data points (left
and right sides) indicate proteins that have <5.6-fold differ-
ence in protein abundance between cell lines and an adjusted
p-value<0.05.

[0252]
onymous mutations, chromosomal CNVs, or mRNA expres-

Referring to FIG. 3D, the frequency of non-syn-

sion alterations of 10,000 random size-matched permuta-
tions taken from the list of genes detected in the global
protein abundance analysis is shown. The white circle
indicates the median of the random sampling, and the grey
bar represents +1 standard deviation. The frequency of
alterations found in the prey retrieved in our PPI dataset is
indicated in the solid colored.

[0253] Referring to FIG. 3E, a Venn diagram illustrating
the overlap of PPIs (PPI score=0.9) across the 3 cell lines is
shown. PPI score is an average of the PPI confidence scores
calculated from compPASS and SAINTexpress. The fre-
quency of non-synonymous mutations of the prey genes in
each sector of the Venn diagram was compared to those of
10,000 random size-matched permutations as in FIG. 3D.
The p-values for mutation enrichment in each prey set were
shown in a shaded scale, where a stronger gray represents
more significant mutation enrichment.
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Key Resources Table I.

Reagent Source Identifier
Antibodies Cat#
PSTK11 Cell 3482
Signaling
Techologies
STK11 Cell 3050
Signaling
Techologies
PAMPK Cell 2535
Signaling
Techologies
AMPK Cell 5832
Signaling
Techologies
pSIKs Abcam Ab199474
SIK1 Thermo PA5-42799
Fisher
Scientific
Phospho-AKT Cell 40608
(Ser473) (D9E) Signaling
XP Rabbit mAb Techologies
Akt (pan) (40D4) Cell 29208
Mouse mAb Signaling
Techologies
Goat Anti-Mouse LI-COR 926-32210
Secondary
Antibody 800CW
LI-COR
Goat Anti-Rabbit LI-COR 926-32211
Secondary
Antbidoy 800CW
LI-COR
BRCA1 (D-9) Santa Cruz sc-6954
Biotechnology
BARD1 (E-11) Santa Cruz sc-74559
Biotechnology
RBBPS8 Santa Cruz §c-271339
Biotechnology
Spinophilin/ Santa Cruz sc-373974
Neurabin-II (D-7) Biotechnology
UIMCl Abcam ab-124763
BRIP1 Abcam ab-180853
MLH1 Abcam ab-92312
Beta-Tubulin Sigma- T8328
Aldrich
Actin (13E5) Cell 4970
Signaling

Techologies
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-continued

Key Resources Table TI.

Reagent Source Identifier

Anti-Mouse Cell 7076
Signaling
Techologies

Anti-Rabbit Cell 7074
Signaling
Techologies

Cell Culture

Media Cat#

High glucose Corning MT10017CV

Dulbecco’s

modified Eagle’s

medium (DMEM)

DMEM and Corning MT10092CV

Ham’s F-12 50/50

Chemicals,

Drugs, Peptides,

and Enzymes Cat#

Fetal Bovine Gibco A3160502

Serum

Penicillin/ Corning MT30002C1

Streptomycin

Gag-Pol-Tat-Rev pJHO045

VsvV-G pPJHO46

PolyJet DNA SigmaGen SL100688

Transfection Laboratories

Reagent

8.5% PEG-6000 Sigma- 528877
Millipore

Puromycin Sigma P8833

Blasticidin S HCI Gibco R21001

Doxycycline Selleckchem S4163

100X Halt™ Thermo 78443

Protease and Scientific

Phosphatase

Inhibitor Single-

Use Cocktail,

EDTA-Free

Benzonase Sigma E1014-25KU

LysC Wako 129-02543
Chemicals

Iodacetamide BioUltra 11149

(IAA)

Trypsin Promega V611X

6X SDS Sample Alfa Aesar J61337-AD

Buffer

Hydrocortisone Sigma- HO888-1G
Aldrich

Insulin Solution Sigma- 501656853

Human 19278 Aldrich

Sep. 26, 2024



US 2024/0321457 Al

29

-continued

Key Resources Table TI.

Reagent Source Identifier

Animal-Free PeproTech 10781-696 (E&)

Recombinant

Human EGF

Cholera Toxin Sigma- C-8052
Aldrich

Janus Green Stan Abcam Abllle622

Invitrogen Ambion AM9938

Nuclease-Free

Water

16% Thermo PI28908

Paraformaldehyde Fisher

Triton X-100 Sigma- 9002-93-1
Aldrich

Lipofectamine2000 Invitrogen 11668019

Lipfectamine Invitrogen 13778150

RNAIMAX

Opt-mem Gibco 31985070

Reduced Serum

Laboratory

equipment and

beads Cat#

0.45 puM PVDF Millipore MM_NF_ SLHVO33RS

filter

Nest Tips C18 The Nest SUM SS18V
Group

Anti-FLAG M2 Sigma- M8823

magnetic beads Aldrich

Anti-V5 magentic MBL M167-11

beads International

Ni-NTA Magnetic Qiagen 36111

Agarose Beads

Micro Bio-Spin Bio-Rad 7326204

chromatography

Columns

7.5% Mini- Bio-Rad 4561024

PROTEAN®

TGX™ Precast

Protein Gel

Trans-Blot Turbo Bio-Rad

Transfer System

KiwkQuant Ultra Kindle R1002

Digital ECL- Biosciences,

solution LLC

KwikQuant™ Kindle

Imager Biosciences,
LLC

KwikQuant Image Kindle

Manager Software Biosciences,

LLC
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-continued

Key Resources Table TI.

Reagent Source Identifier
Echo Qualified Dharmacon cat# PP-0200
Labcyte 384-well

platesCorning

Clear-bottom 96 Corning CLS3904

Well Plates

Li-Cor Odyssey Li-Cor 9140

CLx

Deposited Data Cat#

Raw MS files and Proteome Identifier: PXD019639

MaxQuant search Xchange Username: reviewer58609@ebi.ac.uk

files Pride Password: vymSibLr
partner
Repository

Experimental

Models: Cell

Lines Cat#

HEK293T ATCC CRL-3216

U208 Gunn and Jeremy Stark’s laboratory

Stark, 2012
MDA-MB-231 ATCC HTB-26
MCF7 ATCC HTB-22

MCF10A ATCC CRL-10317

siRNA Cat#

AKT1- Dharmacon M-003000-03-0005
s 1GENOME
SMARTpool

AKT2- Dharmacon M-003001-02-0005
s 1GENOME
SMARTpool

AKT3- Dharmacon M-003002-02-0005
s 1GENOME
SMARTpool

S100A3- Dharmacon M-011767-00-0005
s 1GENOME
SMARTpool

KRT32- Dharmacon M-011310-01-0005
s 1GENOME
SMARTpool

PIK3CA- Dharmacon M-003018-03-0005
s 1GENOME
SMARTpool

PTEN- Dharmacon M-003023-02-0005
s 1GENOME
SMARTpool

BPIFAL- Dharmacon M-008613-00-0005
s 1GENOME
SMARTpool

BPIFB1- Dharmacon M-010095-01-0005
s 1GENOME
SMARTpool
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-continued

Key Resources Table I.

Reagent Source Identifier

SCGB2A1- Dharmacon M-019606-01-0005

s 1GENOME

SMARTpool

PRR4 - Dharmacon M-012367-02-0005

s 1GENOME

SMARTpool

MUC5B- Dharmacon M-184282-00-0005

s 1GENOME

SMARTpool

ZG16B- Dharmacon M-015971-01-0005

s 1GENOME

SMARTpool

ANXAL- Dharmacon M-011161-01-0005

s 1GENOME

SMARTpool

IRS1- Dharmacon M-003015-01-0005

s 1GENOME

SMARTpool

APOAL- Dharmacon M-010994-00-0005

s 1GENOME

SMARTpool

LTF- Dharmacon M-19661-01-0005

s 1GENOME

SMARTpool

PIK3R1- Dharmacon M-003020-04-0005

s 1GENOME

SMARTpool

PIGR- Dharmacon M-017729-00-0005

s 1GENOME

SMARTpool

PIP- Dharmacon M-004904-00-0005

s 1GENOME

SMARTpool

NTCH1- Dharmacon D-001210-02-05

s 1GENOME

NTCH2- Dharmacon D-001210-04-05

s 1GENOME

Spinophilin #4- Dharmacon D-014932-02-0010

s 1GENOME

Spinophilin #5- Dharmacon D-014932-03-0010

s 1GENOME

BRCA-296- Dharmacon CTM-554665

s 1GENOME (Anantha et (GGAACCUGUCUCCACAAA GATAT)
al., 2017) (SEQ ID NO: 7)

TP53BP1- Dharmacon M-003548-01-0005

s 1GENOME

SMARTpool

BRCA2-1949- Dharmacon CTM-566149

s 1GENOME (Anatha et (gaagaaugcagguuuaau adTdT)
al., 2017) (SEQ ID NO: 8)
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-continued
Key Resources Table TI.
Reagent Source Identifier
Software and
Algorithms
FlowJo v106.1 FlowJo, https://www.flowjo.com/
LLC
Attune NxT Flow ThermoFisher
Cytometer
Li-Cor Imaging Li-Cor https://www.licor.com/bio/
Studio Software image-studio/
atMs Bioconductor https://www.bioconductor/
org/packages/release/bioc/
html/artMS.html
MSstats Bioconductor https://www.bioconductor.org/
packages/release/bioc/html/
MSstats.html
Max Quant Jurgen Cox https://www.maxquant .org/
(version Lab
1.6.2.10)
CompPASS Github https://github.com/dnusinow/
(version cRomppass/blob/master/R/
0.0.0.9000) comppass .R
SAINTexpress Sourceforge https://sourceforge.net/
(version 3.6.1) projects/saint-apms/files/
InstantClue http://www.instantclue.

unikoeln.de/

[0254] Out of 589 PPIs identified, 81% were not shared
with other cell lines, reflecting high cell type-specificity of
PPIs in different genetic contexts (FIG. 3E). It was specu-
lated that differential protein abundance across cell lines
might provide one explanation for cell type-specific PPIs.
However, while some changes in interaction could be
explained by changes in protein abundance, many cases
were also found with the opposite behavior, in which a gain
in interaction was observed with a concomitant decrease in
protein abundance (FIG. 2D).

Cell Type-Specific Interactions Reveal Novel Modulator of
AKT

[0255] To compare PPIs across cell lines, a cancer-specific
differential interaction score (DIS) was defined as the prob-
ability of the PPI being present in a cancer cell line (either
MCF7 or MDA-MB-231) but absent in the normal cell line
(MCF10A, Key Resources Table I). The results of this
differential scoring analysis were used to visualize the entire
BC PPI network showing PPIs that are (1) private to a cancer
cell line, (2) private to non-cancerous MCF10A cells, or (3)
conserved in the two cancer cell lines but absent in the
non-cancerous context (FIG. 4A).

[0256] Referring to FIG. 4A, an interactome of the union
of all high-confidence PPIs detected across all cell lines is
shown. Edges are colored based on their differential inter-
action, with darker edges representing PPIs that are enriched
to BC cell lines (unique to either MDA-MB-231 or MCF7)
as compared to MCF10A cells (shown in teal edges). Dotted
line represents the physical protein-protein association (vali-

dated in other studies) with high Integrated Association
Stringency score. AKT subnetwork is outlined in a dotted
circle.

[0257] Among interactions private to a cancer cell line, it
was found that the HRAS proto-oncogene and the tumor
suppressor kinase STK11 (also known as LKB1) interact
with a set of DNA damage response (DDR) proteins
(PDSSA, FANCI, MMS19, GPS1) in MCF7 and MDA-MB-
231 cells, respectively (FIG. 4B). Given the previous obser-
vations that silencing of HRAS and STK11 lead to defective
DNA repair and genome instability (Grabocka et al., 2014),
these interactions may provide insights into direct effectors
by which HRAS and STK11 modulate DDR. STK11 also
interacted with cell adhesion factors in MCF10A cells
(PLEKHA7 and PKP4, FIG. 4B), consistent with its role in
cell autonomous polarization (Baas et al., 2004; Forcet et al.,
2005; Zhang et al., 2008) and actin filament assembly at the
cellular leading edge (Xu et al., 2010). Interestingly, CDH1
but not STK11 was found to interact with these same
proteins in MDA-MB-231 cells. CDHI1 plays critical roles
as a master regulator of cell-cell adhesion via adherens
junctions, cell polarity and cell migration (Brieher and Yap,
2013; van Roy and Berx, 2008), and abrogation of CDH1
expression is a hallmark of the epithelial-to-mesenchymal
transition (Canel et al., 2013). The observed interaction
patterns suggest that STK11 may contribute to cell polarity
and focal adhesion via a physical interaction with
PLEKHA?7 and PKP4, but that it requires the cellular ability
to form adherens junctions. This may explain the lack of
interaction of STK11 with PLEKHA7 and PKP4 in MDA-
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MB-231, which do not normally express CDH1 due to
promoter hypermethylation (Lombaerts et al., 2006; Tate et
al., 2012).

[0258] Referring to FIG. 4B, PPIs connecting HRAS,
STK11, and CDHI1 are shown. HRAS and STK11 have
several interactors including MMS19 in BC cells involved in
cellular response to DNA damage stimulus. STK11 and
CDH]1 interact with PKP4 and PLEKHA7 in a cell type-
specific manner, implying differential regulation of cell
adhesion and cell-cell junction in non-BC and BC cells.
[0259] The cell-line specific analysis also revealed con-
textual interactions with AKT, the central signaling kinase
frequently deregulated in BC and many other types of
human cancers (Guerrero-Zotano et al., 2016; Manning and
Cantley, 2007; Manning and Toker, 2017; Vivanco and
Sawyers, 2002). In particular, AKT1 and its paralog AKT3
were both found to interact with S100 Calcium Binding
Protein A3 (S100A3) and keratin KRT32, specifically in
MDA-MB-231 cells (FIG. 4C). To probe the role of these
proteins in regulating AKT kinase activities, small interfer-
ing RNA (siRNA)-mediated knockdown of S100A3 and
KRT32 was performed, and phosphorylation of AKT at
8473, a proxy of AKT activation (Alessi et al., 1996, 1997;
Sarbassov et al., 2005; Stokoe et al., 1997), was monitored.
Depletion of S100A3 and KRT32 significantly reduced
normalized phospho-AKT (pAKT) levels in MDA-MB-231
but not in the other two cell lines (FIG. 4D). In contrast,
knockdown of AKT1, AKT2, or AKT3 led to the expected
reduction of pAKT in all three cell lines (FIG. 5). Without
wishing to be bound by theory, these results indicate that
S100A3 and KRT32 are functionally relevant, cell-type
specific activators of the AKT pathway. One plausible
explanation for the cell type-specificity of SI00A3 is higher
protein expression in MDA-MB-231 cells (>4-fold), a trend
also observed in RNA-seq studies (Papatheodorou et al.,
2020).

[0260] Referring to FIG. 4C, AKT (AKT1/2/3) subnet-
work has many cell type-specific interactors. AKT1 and
AKT3 interact with S1I00A3 and KRT32 in MDA-MB-231
cells.

[0261] Referring to FIG. 4D, small interfering RNA-
mediated knockdown of S100A3 and KRT32 significantly
reduces phospho-AKT (8473) level in MDA-MB-231 cells.
pAKT level was normalized to non-targeting control (NTC)
and cell numbers as well as total AKT level. * p-value<0.05.
[0262] Referring to FIG. 5, small interfering RNA-medi-
ated knockdown of AKT1, AKT2, and AKT3 reduces phos-
pho-AKT (S473) level in all three cell lines analyzed. pAKT
(S473) intensity was normalized to non-targeting control
(NTC) and cell numbers. *** pvalue<0.001, ** p-value<0.
01, * p-value<0.05.

[0263] These results were also analyzed in the context of
I-SPY 2, a neoadjuvant, adaptive clinical platform trial for
high risk early stage breast cancer (Barker et al., 2009). It
was found that patients who achieved pathologic complete
response (pCR) to the pan-AKT allosteric inhibitor MK2206
(Chien et al., 2020) had pre-treatment tumors with signifi-
cantly higher S100A3 mRNA expression than those of
non-responding patients (p=0.03, FIG. 4E). In contrast,
tumors in the control arm receiving only standard chemo-
therapy did not show any significant difference in SI00A3
expression between responsive and non-responsive groups.
Thus, high S100A3 expression may provide a biomarker of
AKT pathway activation predictive of response to AKT-
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targeted therapy (Odds Ratio 2.5, FIG. 4F). As high S100A3
expression positively regulates AKT activity, such regula-
tion may create a dependence on the AKT pathway akin to
oncogene addiction.

[0264] Referring to FIG. 4E, a box plot shows that the
patient group (enrolled in the I-SPY 2 clinical trial) with
pathologic complete response (pCR) to MK2206 (pan-AKT
inhibitor) had pre-treatment tumors with significantly higher
S100A3 mRNA expression (Likelihood ratio (LR)
p-value=0.032) than those of non-responding patients. In the
control arm, there is no difference in S100A3 expression
between pCR and no pCR groups.

[0265] Referring to FIG. 4F, a mosaic plot shows that BC
patients who did pCR to MK2206 had 2.5 times more likely
had higher mRNA expression of S100A3 in their pre-
treatment tumors (Odds Ratio=2.5). In the control arm, there
is no significant difference in pCR between low and high
S100A3 expression groups. Numbers in each block repre-
sent the patient sample size. Column width indicates the
relative proportion of the S100A3 low and high expression
group on the patient population.

Interactions Conserved Across BC Contexts

[0266] A number of PPIs were commonly observed in
both MCF7 and MDA-MB-231 BC cells but not in a
non-cancerous tissue context (FIG. 4G). Notably, this group
of prey proteins was not as frequently mutated in BC as
those distinct to one of the two cancer cell lines (FIG. 3E),
although some clearly play central roles in cancer cell
proliferation. For instance, protein interactions among
cyclins (e.g.,, CCND3), cyclin-dependent kinases (CDKs
2,4,5,6) and CDK inhibitors (CDKN1B) were seen predomi-
nantly in BC but not normal cells. These interactions may
reflect dysregulated activation of CDKs and uncontrolled
cell cycle progression in BC (Malumbres and Barbacid,
2001; Santo et al., 2015), providing the rationale for CDK4/
6-targeted therapy (Hamilton and Infante, 2016; Lim et al.,
2016; Niu et al., 2019).

[0267] Referring to FIG. 4G, high-confidence PPIs that are
commonly detected only in two cancer cell lines (MDA-
MB-231 and MCF7) but not in non-cancerous MCF10A
cells are shown. Node and edge styles and colors as seen in
FIG. 4A.

[0268] It was also found that STKI11 interacts with
STRADA and CAB39 (also known as M025) preferentially
in the two cancer cell lines (FIG. 4G). STRADA and CAB39
form a heterotrimeric complex with STK11 (Baas et al.,
2003, 2004; Zeqiraj et al., 2009a) to properly position the
activation loop of STK11 in an active conformation (Zeqiraj
etal., 2009b), enabling STK11 to phosphorylate and activate
downstream kinases, including AMP-activated protein
kinases (AMPKs) and salt-inducible kinases (SIKs)
involved in energy homeostasis and cell cycle regulation
(FIG. 4H) (Alessi et al., 2006; Hardie et al., 2013; Hollstein
et al., 2019). The increased associations of STK11 with
STRADA and CAB39 suggested that STK11 activity is
generally increased in cancer. Consistent with this specula-
tion, it was found that both total and activated STK11
(phosphorylated at Ser428) are more abundant in MCF7 and
MDA-MB-231 than in MCF10A cells (FIG. 4I). Further-
more, phosphorylation of STKI11 downstream targets,
including SIK1, SIK2, SIK3, and AMPK, was higher in the
two BC cell lines (FIG. 4I). Increased STK11 activity may
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support cellular fitness by balancing energy production with
anabolic metabolism, as previously seen in hepatocellular
carcinoma (Lee et al., 2015).

[0269] Referring to FIG. 4H, STK11 forms a heterotrim-
eric complex with CAB39 and STRADA to activate its
kinase activity and phosphorylate downstream kinases
including AMPK and SIK for regulating energy homeostasis
and cell cycle.

[0270] Referring to FIG. 41, STK11 kinase activity was
monitored by measuring total and phosphorylation levels of
its known downstream substrates (AMPK and SIKs) as well
as itself. The following phospho-epitopes were detected by
antibodies: pSTK11 (pS428), pAMPKu (pT172), pSIKs
[pSIK1 (pT182), pSIK2 (pT175), pSIK3 (pT163)].

Comparative Network Analysis Between Wild-Type and
Mutant Cancer Proteins

[0271] Many BC proteins are recurrently mutated in
tumors, but how these mutations affect and re-wire PPIs has
not been extensively analyzed. 11 proteins with frequent or
known pathogenic mutations in BC were selected, and
AP-MS was performed on both the WT and mutant isoforms
to quantitatively measure changes in PPIs (FIG. 6A). The
E17K mutation of AKT1 and AKT3 is an activating muta-
tion that causes constitutive membrane association of AKT
kinases (Carpten et al., 2007; Davies et al., 2008; Landgraf
et al., 2008; Lindhurst et al., 2011; Rudolph et al., 2016).
Intriguingly, while WT AKT1 was found to interact with
CSTB, CRNN, and SPRR3, the AKT1 E17K mutant was
not. Similarly, the aforementioned S100A3 and KRT32
exclusively interacted with WT AKT3 but not the E17K
mutant (FIG. 6B). Without wishing to be bound by theory,
these results indicate that a conformational change of AKT
may be induced by the E17K mutation in the pleckstrin
homology domain. Alternatively, the resulting constitutive
membrane localization of AKT may significantly affect its
pattern of PPIs. Overexpression of CRNN and SPRR3 has
been noted to activate AKT (Cho et al., 2010; Li et al,,
2019), similar to the roles of S100A3 and KRT32 (FIG. 4D).
Without wishing to be bound by theory, the results here
indicate these proteins activate the AKT pathway through
direct interaction with AKT1 in a manner that is disrupted by
AKT mutation.

[0272] Referring to FIG. 6A, proteins analyzed for both
WT and mutant forms are listed.

[0273] Referring to FIG. 6B, changes in abundance of
high-confidence preys between each mutant and the corre-
sponding WT protein were quantified. Each dot represents
an individual PPI1. Highly differential PPIs between WT and
mutant are annotated, with the line color representing the
cell line from which that PPI was quantified.

[0274] The CHEK2 1100delC and K373E mutations are
associated with cancer predisposition (Apostolou and
Papasotiriou, 2017; Kumar and Bose, 2017), and both muta-
tions disrupt CHEK?2 kinase activity (Higashiguchi et al.,
2016; Kumar and Bose, 2017). It was found that CHEK2
proteins with either of these mutations show a marked
increase in abundance of their interacting preys (FIG. 6B),
most of which participate in the actin cytoskeleton, includ-
ing MYO5B, MYO6, MYHI10, SIPA1L3 and SPECCI
(Gene Ontology Biological Process GO:0015629, FDR=9.
09x10-4). These two mutations may abrogate nuclear local-
ization of CHEK2, allowing it to interact with cytoskeleton
proteins in the cytoplasm. Interestingly, expression of the
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CHEK?2 1100delC mutant induces cell migration and inva-
sion in gastric cancer cells (Hong et al., 2017), suggesting
that association of CHEK?2 mutants with actin cytoskeleton
proteins may contribute to cellular invasion and metastasis.
[0275] Due to the high prevalence of TP53 mutations in
BC patients, three of the most common mutations were
selected for quantitative AP-MS analysis (FIG. 6C). It was
found that all three mutations abolished the interaction with
CDKNI1A and MDM?2, as previously reported (Kim et al.,
2017; Liet al., 2011; Schulz-Heddergott and Moll, 2018). In
addition, it was found that these mutations disrupt the
interaction with RRAD (FIG. 6D), a Ras-related small
GTPase (Reynet and Kahn, 1993) associated with poor
prognosis in lung and breast cancers when lowly expressed
(Suzuki et al., 2007). Cancer cells, often under hypoxic
conditions, preferentially utilize glycolysis (Cairns et al.,
2011; Warburg, 1956), such that TP53 has been known to
repress glycolysis for tumor suppression (Aylon and Oren,
2011; Feng and Levine, 2010; Gottlieb and Vousden, 2010).
As one of the mechanisms of this suppression, TP53 tran-
scriptionally activates RRAD, which in turn represses gly-
colysis through inhibition of GLUT1 translocation to the
plasma membrane (Zhang et al., 2014). Without wishing to
be bound by theory, these results suggest that TP53 may also
regulate RRAD via direct protein interaction, and that the
three oncogenic TP53 mutations abolish this regulatory
function in BC cells. In addition to RRAD, several other
PPIs were differentially affected by these TP53 mutations.
For example, interactions with Dnal/Hsp40 family proteins
(DNAJA3, DNAIBI, and DNAJC7) and BAGS were sig-
nificantly increased in the R175H conformational mutant but
not in the two DNA contact mutants (R248W and R273H)
(FIG. 6D), consistent with the role of these proteins in
protecting conformational TP53 mutants from degradation,
thus promoting mutant TP53 accumulation (Parrales et al.,
2016; Qi et al., 2014; Yue et al., 2016).

[0276] Referring to FIG. 6C, a lollipop plot representing
the location of TP53 mutations and the number of BC
patients bearing a given TP53 mutation from TCGA (Fire-
hose Legacy) study is shown. TAD, transactivation domain;
Tetramerization, tetramerization domain.

[0277] Referring to FIG. 6D, relative quantification of the
abundance of high-confidence TP53 preys observed in
MDA-MB-231 cells is shown. Preys detected only in WT
are represented in deep blue while preys detected only in
mutants are in deep red. All three TP53 mutants were
expressed and detected at a similar level. The interaction of
TP53 with CDKN1A and MDM2 are strongly diminished in
all three pathogenic TP53 mutants tested as previously
known. ND, not detected.

Novel Regulators of PIK3CA Signaling

[0278] Activation of PIK3CA via receptor tyrosine kinase
(RTK) or oncogenic mutations leads to membrane recruit-
ment and activation of AKT (FIG. 6E) (Alessi et al. 1996;
Alessi et al. 1997; Stokoe et al. 1997; Sarbassov et al. 2005).
In BC, mutations at E545 and H1047 residues are most
frequently found (FIG. 6F). Using AP-MS, 20 prey proteins
that interact with PIK3CA were identified, 18 of which were
observed only in MCF7 cells. These patterns may reflect
activation of PI3K signaling due to PIK3CA E545K muta-
tion, which is present in MCF7. Of the 18 proteins, only 4
(IRS1 and PIK3R1/2/3) were previously known interactors.
Of note, it was found that many of these novel PPIs are
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significantly decreased, and in some cases completely abol-
ished, by different PIK3CA mutations (FIG. 6G). To deter-
mine whether these PIK3CA interactors modulate the PI3K/
AKT pathway, whether depletion of each target by siRNA
affects downstream AKT activation was tested by measuring
cellular phospho-AKT (pS473) levels in an in-cell western
blot assay (Chen et al., 2005). Non-targeting control siRNAs
(NTCs) as well as siRNAs targeting PIK3CA (a positive
regulator) and PTEN (a negative regulator) were included as
controls (Breuleux et al., 2009; Brognard et al., 2007;
Cantley and Neel, 1999; He et al., 2008; Sarbassov et al.,
2005; Uche and Kane, 2016). As expected, knockdown of
PIK3CA in MCF7 cells significantly diminished pAKT
signal, while knockdown of PTEN augmented it (FIG. 6H).
Intriguingly, knockdown of the PIK3CA interactors BPIFA1
and SCGB2A1 (also named SPLUNC1 and Mammaglobin-
B, respectively) increased pAKT activity to a degree higher
than or the same as the PTEN knockdowns, suggesting that
these two proteins are negative regulators of the PI3K/AKT
pathway (FIG. 6H). Importantly, proteins for which knock-
down increased pAKT (especially BPIFA1, BPIFB1, PRR4,
and ZG16B) showed significantly reduced interactions with
kinase domain mutants of PIK3CA (M1043V and H1047R)
compared to a helical domain mutant (E545K) (FIG. 6I).
Without wishing to be bound by theory, these results imply
that mutations in the kinase domain may relieve PIK3CA
from negative regulation by multiple factors.

[0279] Referring to FIG. 6E, an overview of the receptor
tyrosine kinase (RTK)-PI3K signaling cascade leading to the
phosphorylation (T308 and S473) and activation of AKT
pathway is shown.

[0280] Referring to FIG. 6F, a lollipop plot representing
the sites of PIK3CA mutations and the number of BC
patients bearing a given PIK3CA mutation from TCGA
(Firchose Legacy) study is shown.

[0281] Referring to FIG. 6G, relative quantification of the
abundance of high-confidence preys observed from pull-
down of PIK3CA (WT and mutants) in MCF7 cells is
shown. Same color scheme as in FIG. 6D.

[0282] Referring to FIG. 6H, the level of AKT S463
phosphorylation (as proxy of activation) was measured upon
siRNA-mediated knockdown of PIK3CA interacting preys
and control genes (PTEN and PIK3CA). The intensity of
AKT pS473 was normalized to non-targeting control (NTC),
total AKT, and cell counts. Proteins whose knockdown
increases pAKT are labeled in multiple colors.

[0283] Referring to FIG. 61, changes in the abundance of
PIK3CA interacting proteins from each PIK3CA mutant
pull-down are represented as box plots, in which the proteins
that increase pAKT upon knockdown are labeled as in H.
Association of these proteins with M1043V and H1047R
mutants is significantly abolished, compared to E545K
mutant. * p-value<0.05.

Effect of Pathogenic Mutations on the BRCA1 Interactome

[0284] To comprehensively catalog the BRCA1 interac-
tome and how pathogenic BRCA1 mutations alter these
interaction profiles, AP-MS was performed on WT and
pathogenic variants reported in cancer patients, including
C61G and R71G in the N-terminal RING domain (Drost et
al., 2011; Gorski et al., 2000; Vega et al., 2001) and 51655F,
5382insC and M1775R in the C-terminal tandem BRCT
domain (Anantha et al., 2017; Clapperton et al., 2004; Dever
etal., 2011; Levy-Lahad et al., 1997) (FIG. 7A). Given that
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alternative splicing in cancer often generates BRCA1 iso-
forms lacking exon 11, which confers residual HR activity
and therapeutic resistance (Wang et al., 2016a), this isoform
was also included in the analysis. The [26A separation of
function mutation in the RING domain, which abrogates E3
ubiquitin ligase activity but retains BARD1 binding, was
also analyzed (Shakya et al., 2011). The expression of these
BRCAI1 proteins was induced in all three breast cell lines;
however, only MDA-MB-231 cells (harboring the TP53
R280K mutation) supported ectopic 3xFLAG-BRCA1
expression. These observations were consistent with previ-
ous studies, which have shown that ectopic overexpression
of BRCA1 (both WT and mutants) is not stably maintained
without a compensatory TP53 mutation (Arizti et al., 2000;
Buller et al., 2001; Holstege et al., 2009; McAllister and
Wiseman, 2002). AP-MS experiments in MDAMB-231 cells
identified 128 high-confidence interactions from 8 BRCA1
constructs (WT and 7 mutants, PPI score=0.65, FIG. 8A); of
these interacting proteins, 70 showed =8-fold change (FIG.
7B and FIG. 8B).

[0285] Referring to FIG. 7A, functional domains in the
BRCA1 gene and the location of mutations analyzed by
AP-MS are shown.

[0286] Referring to FIG. 7B, relative quantification of the
abundance of prey proteins (PPl score=0.65, >8-fold
change) identified by BRCA1 AP-MS in MDA-MB-231
cells is shown. All prey abundance values were normalized
by 3xFLAG-tagged BRCA1 levels in their respective AP-
MS experiments. Preys detected only in WT are represented
in deep blue while preys detected only in mutants are in deep
red. A group of proteins involved in HR repair (boxed in
green) are clustered together, wherein RING domain and
BRCT domain BRCA1 mutants show distinct PPI abun-
dance profiles. Spinophilin has not previously been known
to have a function relevant to HR repair. UBE2N is boxed
in sky blue. ND, not detected.

[0287] Referring to FIG. 8A, relative quantification of the
abundance of prey proteins (PPI score=0.65) identified by
BRCA1 AP-MS in MDAMB-231 cells is shown. Preys
detected only in WT are represented in deep blue while
preys detected only in mutants are in deep red. ND, not
detected.

[0288] Referring to FIG. 8B, PPIs across all BRCAl
proteins analyzed (WT and 7 mutants) are visualized in a
network view. A selective set of prey proteins (PPI score=0.
65, =8-fold change) is shown. Proteins playing crucial roles
in DNA repair by homologous recombination are circled in
pink.

[0289] These data revealed a number of previously
unidentified BRCA1-interacting proteins, along with known
interactors, many of which were differentially affected by
mutations in different domains of BRCA1. For example, HR
proteins previously known to interact with BRCAL1 (includ-
ing BRIP1, RBBPS, and UIMC1) (Clapperton et al., 2004;
Kim et al., 2007b; Sobhian et al., 2007; Yu and Chen, 2004)
had a similar pattern of interaction loss (boxed in green in
FIG. 7B) associated with BRCT domain mutants (S1655F,
5382insC, M1775R), whereas RING domain mutants (126 A,
C61G, R71G) maintained these interactions. In a separate
pattern, it was found that the C61G RING domain mutant
abolishes interaction with BARD1 (FIG. 7B), as previously
reported (Nelson and Holt, 2010; Wu et al., 1996). Several
interactions could be confirmed by co-IP/western blot analy-
sis (FIG. 7C). Without wishing to be bound by theory, these
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results suggest that RING domain mutants are hypomorphic
and may retain some BRCA1 functions, which could explain
at least in part why the BRCA1 C61G variant is only
moderately sensitive to cisplatin and poly (ADP-ribose)
polymerase (PARP) inhibitors and becomes readily resistant
to these drugs (Drost et al., 2016; Wang et al., 2016b).
[0290] Referring to FIG. 7C, PPIs of selected proteins
with BRCA1 (WT or C61G mutant) were confirmed by
co-immunoprecipitation with antiFLAG antibody followed
by western blot analysis.

[0291] A ubiquitin E2-conjugating enzyme, UBE2N (also
known as UBC13), was found to interact with WT BRCAL,
but to a lesser degree with mutant forms of BRCA1 (PPI
score<0.6) (boxed in sky blue in FIG. 7B). For example,
consistent with reports from yeast two-hybrid studies (Chris-
tensen et al., 2007), a six-fold reduction in UBE2N associ-
ated with the 126A mutant compared to WT was found,
suggesting that UBE2N interacts with BRCA1 through the
RING domain. Notably, the M1775R BRCT domain muta-
tion also dramatically reduced the interaction with UBE2N
(FIG. 7B), suggesting that M1775 residue in the BRCTs
domain may also contribute to the interaction with UBE2N,
although the underlying mechanism is currently unclear.
Depletion of UBE2N shows HR defects including altered
RADS1 filament formation and E3 Ub ligase function of
BRCA1 (Zhao et al., 2007), indicating a critical role of
UBE2N in HR repair.

[0292] Consistent with the cell line models, it was found
that baseline UBE2N mRNA expression was significantly
lower in I-SPY 2 BC patients who achieved pCR to the
PARP-inhibitor (veliparib)/carboplatin (Rugo et al., 2016) in
comparison to non-responsive patients (p=0.034, FIG. 7D).
In contrast, BC tumors in the control arm did not show any
significant difference in UBE2N expression between pCR
and no pCR groups. Without wishing to be bound by theory,
these results indicate that expression of UBE2N may serve
as a biomarker of response to PARP inhibitors and other
DNA repair targeted therapies (Odds Ratio=2.9, FIG. 7E).
[0293] Referring to FIG. 7D, a box plot shows that the
patient group (enrolled in the I-SPY 2 clinical trial) with
PCR to veliparib (PARP inhibitor) and carboplatin (VC) had
pre-treatment tumors with significantly lower UBE2N
mRNA expression (LR p-value=0.034) than those of non-
responding patients. In contrast, BC patient tumors in the
control arm did not show any significant difference in
UBE2N expression between pCR and no pCR groups.
[0294] Referring to FIG. 7E, a mosaic plot shows that BC
patients who did pCR to VC in addition to standard che-
motherapy had 2.9 times more likely had lower mRNA
expression of UBE2N in their pre-treatment tumors (Odds
Ratio=2.9). In the control arm, there is no significant dif-
ference in pCR between low and high UBE2N expression
groups. Numbers in each block represent the patient sample
size. Column width indicates the relative proportion of the
UBE2N low and high expression group on the patient
population

Spinophilin is a Novel BRCA1-Interacting Protein

[0295] Another protein interacting with BRCAL1 in a muta-
tion-dependent manner was Spinophilin (encoded by
PPP1R9B), a known neuronal scaffolding protein that regu-
lates synaptic transmission through its ability to target
protein phosphatase 1 (PP1) to dendritic spines where it
inactivates glutamate receptors (Allen et al., 1997; Feng et
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al., 2000; Sarrouilhe et al., 2006). Binding of Spinophilin to
BRCA1 was unanticipated, and it was abolished by BRCT
domain mutations similar to the pattern observed earlier for
HR proteins (FIG. 7B). MSstats analysis of differential
interactions between BRCA1 wild-type and BRCT domain
mutants demonstrated that an intact BRCT domain is
required for the BRCA1-Spinophilin interaction (FIG. 8C).
Such recognition of the BRCT domain has been previously
reported for BRCAL1 interactions with FAM175A, BRIP1,
and RBBP8 (Clapperton et al., 2004; Leung and Glover,
2011; Wu et al., 2016; Yu and Chen, 2004). Spinophilin was
previously observed but unexplored in a systematic analysis
of proteins interacting with the BRCT domain of BRCA1
(Woods et al., 2012).

[0296] Referring to FIG. 8C, volcano plots show proteins
that differentially interact with BRCA1 between WT and
mutants. The BRCT domain mutations tested (S1655F,
M1775R, 5382insC) completely abolish the interaction of
BRCA1 with Spinophilin as well as BRIP1 and RBBPS,
while C61G mutation in the RING domain abrogates the
interaction with BARDI1. Colored data points indicate pro-
teins that have =<4-fold difference in protein interaction
between WT and mutants and an adjusted p-value<0.05.

[0297] Reciprocal AP-MS was performed using 3xFLAG-
tagged Spinophilin in MDA-MB-231 cells, which confirmed
the interaction of Spinophilin with BRCA1 as well as with
PP1 catalytic subunits (PPP1CA, PPP1CB, PPP1CC) (FIG.
9A). It was also found that Spinophilin interacts with
additional proteins involved in DNA repair including
WDR48 and MCM10. Without wishing to be bound by
theory, these AP-MS results suggest that Spinophilin may
participate in and/or regulate DNA repair by interacting with
various DNA repair and replication proteins, including
BRCAL1. To explore this hypothesis, the effect of Spinophilin
knockdown on DNA repair was analyzed by HR and single-
strand annealing (SSA). In these assays, DNA Double
Strand Breaks (DSBs) were induced by I-Scel endonuclease,
which cleaves non-functional GFP cassettes engineered in
the genome of U20S reporter cell lines (DR-GFP and
SAGFP) (Bhargava et al., 2018; Gunn and Stark, 2012).
DSB repair that depends on the HR or SSA mechanism
restores a functional GFP gene, yielding a readout tied to
fluorescent signal intensity. Upon Spinophilin knockdown,
HR activity was significantly reduced compared to NTC
siRNA (FIG. 9B-C and FIG. 10A). In the same assay,
knockdown of BRCAL1 greatly decreased HR as expected
(Anantha et al., 2017), while depletion of a protein func-
tioning in an alternative DNA repair pathway did not
(TP53BP1, nonhomologous end joining). Similarly, knock-
down of Spinophilin significantly reduced SSA activity,
comparable to BRCA1 depletion, while BRCA2 depletion
dramatically increased SSA as seen previously (Anantha et
al., 2017) (FIG. 9D-E), implying that Spinophilin promotes
both HR and SSA-mediated DSB repair.

[0298] Referring to FIG. 9A, AP-MS of 3xFLLAG-tagged
Spinophilin (SPN, encoded by PPP1R9B) identifies BRCA1
(highlighted in a red edge) and other DDR-related proteins
as well as PP1 catalytic subunits (PPP1CA, PPP1CB, and
PPP1CC) in MDA-MB231 cells.

[0299] Referring to FIG. 9B, a schematic of the HR
reporter assay is shown. The DR-GFP reporter contains two
defective copies of the GFP gene, one disrupted by an I-Scel
site and the other lacking a promoter. I-Scel cutting of the
first copy generates a DSB, and repair by HR with the
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second copy as a template leads to restoration of a functional
GFP gene. siRNA-mediated knockdown of HR-related
genes leads to reduction of GFP+cells (a proxy of HR
activity) compared to NTC experiments.

[0300] Referring to FIG. 9C, HR activities upon depletion
of SPN relative to NTC (set to 100%). Depletion of BRCA1
and TP53BP1 was included and analyzed as controls. Data
shown are the means from six independent experiments for
each siRNA. Error bars represent standard deviations (SDs).
#a4% povalue<l.0x107°.

[0301] Referring to FIG. 9D, a schematic of the SA-GFP
reporter assay is shown. The SA-GFP reporter contains a
S'-fragment of GFP (5'-GFP) and a 3'-fragment of GFP
(Sce3'-GFP) that contains an I-Scel site. Repair of the DSB
in Sce3'-GFP using 266 nt homology by single-strand
annealing (SSA) restores a functional GFP gene.

[0302] Referring to FIG. 9E, SSA activities upon deple-
tion of SPN relative to NTC (set to 100%) are shown.
Depletion of BRCA1 and BRCA2 was included and ana-
lyzed as controls. Data shown are the means+SDs from six
independent experiments for each siRNA. **** p-value<l.
0x107%, *** p_value<1.0x107>.

[0303] Referring to FIG. 10A, levels of BRCA1, SPN,
1-Scel and p-tubulin proteins in U20S/DR-GFP cells fol-
lowing knockdown were analyzed by western blot.

[0304] Because Spinophilin is a regulatory subunit of PP1,
it was hypothesized that it targets PP1 to specific DNA repair
proteins, including BRCAI1, for dephosphorylation. To
uncover potential dephosphorylation targets under this
model, a high-throughput peptide phosphorylation assay
platform was used (Coppé et al., 2019a; Coppe et al., 2019;
Coppé et al., 2019b). This system utilizes a collection of
peptide sequences derived from biological targets of mul-
tiple kinases, which serves as phosphorylatable probes in a
large-scale ATP-consumption assay (Chen and Coppé, 2012;
Olow et al., 2016). In this assay, changes in phosphorylation
(i.e., ATPconsumption) of peptide substrates derived from
various proteins, including BRCA1 and the DSB-associated
histone H2AX as well as proteins unrelated to DNA repair
(e.g., INCENP, BCARI1), were measured in Spinophilin-
disrupted (FIG. 10B-D) and parental cells (Key Resources
Table I). Without wishing to be bound by theory, it was
found that BRCA1 residues at T509, S1387, and S1423, as
well as H2AX at S140 (y-H2AX), were significantly
increased in phosphorylation in Spinophilin-disrupted cell
lysates compared to lysates from parental cells, and, in fact,
were among the top 20 most increased sites (FIG. 9F and
FIG. 10E). These results were in contrast to phosphorylation
of the INCENP and BCARI1 peptides, which were not
significantly changed by Spinophilin disruption. BRCA1
pT509 enhances nuclear localization and transcriptional
activity of BRCA1 (Hinton et al., 2007), and pS1387 and
pS1423 sites in the BRCA1 SQ-cluster region are critical for
HR repair and cell-cycle checkpoint functions (Beckta et al.,
2015; Cortez et al., 1999; Xu et al., 2002). y-H2AX is a
hallmark of DNA DSB (Rogakou et al., 1998) and initiates
a signaling cascade to recruit various DSB repair proteins to
properly repair the DNA damage (Lukas et al., 2011).
Without wishing to be bound by theory, these results suggest
that Spinophilin regulates BRCA1 and DDR signaling via
dephosphorylation. Spinophilin knockdown may induce per-
sistent phosphorylation of BRCA1 (and likely other DDR
proteins, including H2AX), which could inhibit proper pro-
gression to subsequent repair or resetting activated DDR
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signaling to the initial homeostatic state following repair of
damaged DNA (FIG. 9G). In agreement with these results,
persistent y-H2AX due to depletion of phosphatase PP2A
has been reported to result in inefficient DSB repair (Chow-
dhury et al., 2005).

[0305] Referring to FIG. 9F, selective peptides derived
from BRCA1 and H2AX as well as two non-DNA repair
proteins (INCENP and BCARI1) were individually mixed
with lysates from either SPN KO or parental cells and
subsequently monitored for phosphorylation by measuring
ATP consumption. Net peptide phosphorylation (difference
between SPN KO and parental cells) was calculated from
two independent runs as shown in the y-axis. Error bars
represent standard deviations (SDs). * p-value<0.05, **
p-value<0.01.

[0306] Referring to FIG. 9G, a model for the role of SPN
in regulating DDR is shown.

[0307] Referring to FIG. 10B, functional domains/motifs
in the PPP1R9B gene and the location of CRISPR/Cas9-
mediated cut site to introduce INDELS to generate knockout
(KO) clones are shown.

[0308] Referring to FIG. 10C, confirmation of knockout
by western blot analysis using u-Spinophilin (SPN) antibody
is shown.

[0309] Referring to FIG. 10D, exome sequencing verified
disruption of PPP1R9B alleles in two knockout clones (#9
and #22).

[0310] Referring to FIG. 10E, top 20 most increased
phosphosites in SPN KO cell lysates, compared to parental
MDA-MB-231 cell lysates are shown. Net phosphorylation
of the peptides derived from 237 proteins including BRCA1
and H2AX was calculated based on ATP consumption
between SPN KO and parental cell lysates. Peptides from
INCENP and BCAR1 are shown as unaffected controls.
Kinase(s) known to phosphorylate each phosphosite is also
listed.

Discussion

[0311] Here, comprehensive interaction maps were gen-
eration for 40 frequently altered breast cancer proteins.
These data represent the first large-scale study of biophysi-
cal interactions in breast cancer and across multiple cell
lines of human breast tissue origin, providing a useful and
relevant PPI resource to study breast cancer biology. Prey
proteins private to either of the two BC cell lines are more
frequently mutated in breast tumors than preys from non-
tumorigenic cells (FIG. 3E), implying that proteins interact-
ing with cancer drivers may also contribute to the onset of
cancet.

[0312] Approximately 79% of PPIs identified have not
been previously reported (FIG. 3C), and 81% are not shared
across cell lines (FIG. 3E). These findings illustrate a
significant rewiring of PPls driven by different cellular
contexts, as recently seen by another large-scale AP-MS
study (Huttlin et al., 2020). Without wishing to be bound by
theory, these results suggest that protein abundance in a cell
line is not the sole mechanism for PPI specificity (FIG. 2D).
Presumably other features, such as differential posttransla-
tional modifications (PTM), cellular compartmentalization,
and/or mutational status of proteins may contribute to cell
type-specificity.

[0313] S100A3 activates AKT signaling via protein inter-
action in MDA-MB-231 cells (FIG. 4C-D). Consistently,
=4-fold higher protein abundance of SI00A3 was observed
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in MDA-MB-231 cells than the other two cell lines, and it
is known that chromosome 1q21.3 containing the S100A3
gene is amplified in all BC subtypes but with a higher
percentage in TN breast tumors like MDA-MB-231 (31%
compared to 10-12% for luminal and HER2+) (Goh et al.,
2017). Consistent with these findings, higher S100A3
expression was predictive of a successful clinical response
to an AKT inhibitor among BC patients in the I-SPY 2 trial
(FIG. 4E). Without wishing to be bound by theory, these
results suggest that SI00A3 is an oncogenic driver activat-
ing the AKT signaling pathway, preferentially in TN tumors,
and holds potential as a biomarker to segregate patients for
AKT-directed therapy. Novel interactors of PIK3CA that
negatively regulate the PI3K/AKT pathway were also iden-
tified (FIG. 6H). BPIFA1 is a lipid-binding protein with
antimicrobial and immunomodulatory functions (Britto and
Cohn, 2015; Ning et al., 2014). It is significantly downregu-
lated in nasopharyngeal carcinoma (Bingle and Bingle,
2011; Lemaire et al., 2003; Zhang et al., 2003) and its
single-nucleotide polymorphisms are associated with
increased susceptibility to this tumor type (He et al., 2005).
The BPIFA1-PIK3CA interaction identified suggests that
BPIFA1 may directly modulate PI3K-AKT via PPI. BPIFA1
also increases the expression of PTEN via downregulating
the miR-141 oncogene (Chen et al., 2013), thus it is also
possible that knockdown of BPIFA1 may indirectly activate
PI3K/AKT.

[0314] Another PIK3CA interactor, SCGB2A1, is a small
secreted protein highly differentially expressed in multiple
types of cancer including ovary, endometrium, and breast
(Aihara et al., 1999; Bellone et al., 2013; Tassi et al., 2008).
Previous studies have shown that SCGB2A1 is expressed at
lower levels in luminal breast cancer compared to histologi-
cally normal breast epithelium (Zubor et al., 2015), and that
overexpression of SCGB2A1 inhibits the viability of lumi-
nal BC cell lines with activated PI3K (including MCF7) via
induction of apoptosis (Zhang et al., 2020). Provided that
SCGB2AL1 acts as a negative regulator of the PI3K-AKT
pathway, elevated expression of SCGB2A1 may lead to
inhibition of PI3K activity on which cell viability relies.
Intriguingly, mutations in the PIK3CA kinase domain
(M1043V and H1047R) significantly abolished the interac-
tion with most of the other negative regulators identified
(including BPIFA1, BPIFBI1, PRR4, and ZG16B but not
SCGB2A1), while these interactions were not severely
affected by a helical domain mutation (E545K) (FIG. 6I).
Considering that one of the steps in PIK3CA activation
involves a conformational change in the kinase domain,
which promotes PIK3CA membrane localization (Burke et
al., 2012; Liu et al., 2014), these negative regulators may
bind to the kinase domain and/or prevent the conformational
change. Presumably, kinase domain mutants (e.g., H1047R)
that become activated by mimicking this step may be
refractory to negative regulation by these proteins. Alterna-
tively, given that BPIFA1/B1 binds membrane lipids via the
bactericidal/permeability-increasing fold (BPI) (Alva and
Lupas, 2016; Beamer, 2003), some of these proteins may
block the membrane localization of the PIK3CA kinase
domain by interfering with its lipid binding.

[0315] In an effort to comprehensively identify BRCA1-
interacting proteins in breast cancer cells, several novel
interacting proteins were found, including Spinophilin,
which acts as a regulatory subunit of PP1 (FIG. 7B-C and
FIG. 9A). Knockdown of Spinophilin led to significant
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impairment in DSB repair by both HR and SSA pathways
(FIG. 9C and FIG. 9E), establishing that this protein has a
defined role in DNA repair. Consistent with its BRCA1
association, Spinophilin knockout revealed a net increase in
phosphorylation on several phosphosites (pT509, pS1387,
pS1423) (FIG. 9F), all of which are known to potentiate the
DNA repair function of BRCA1 (Beckta et al., 2015; Cortez
et al., 1999; Hinton et al., 2007; Xu et al., 2002). These
residues are phosphorylated by AKT (T509) (Altiok et al.,
1999; Nelson et al., 2010) and ATM/ATR (S1387, S1423)
(Cortez et al., 1999; Gatei et al., 2000, 2001; Kim et al.,
1999) but the opposing phosphatase(s) has not been identi-
fied. These results indicate that Spinophilin may dephos-
phorylate these residues and thus modulate BRCA1 func-
tions via direct interaction (FIG. 9G).

[0316] A related intriguing question is how depletion of
Spinophilin decreases HR and SSA repair activity. One
plausible explanation is that prolonged phosphorylation of
BRCAI1 (and likely other DDR proteins as well) is inhibitory
to multiple steps during DNA repair, including DSB-end
resection, which is a prerequisite for HR and SSA. In
agreement with this hypothesis, continuous DNA damage
signaling and phosphorylation of several DDR proteins
(including H2AX, NBN, RPA2, and CHEK2) induced by
short double-stranded DNA molecules (mimicking DNA
DSB) was shown to disorganize the cellular DNA repair
system and inhibit DSB repair (Quanz et al., 2009). Alter-
natively, but not exclusively, Spinophilin may play a role in
initiating the DSB repair process by removing constitutive
phosphorylations that inhibit the function of DDR proteins.
Supporting this scenario, a phosphoproteomic study
revealed that over one-third of the captured phospho-pep-
tides were dephosphorylated within minutes of DNA dam-
age (Bensimon et al., 2010). Additionally, Spinophilin may
be involved in counteracting DSB-induced phosphorylation
events, thus promoting recycling of DDR proteins as DNA
damage is being repaired. Given that somatic alterations to
Spinophilin are more frequent in breast cancer than altera-
tions to BRCA1 (approximately 8% versus 2%, respec-
tively) (Cancer Genome Atlas, Network, 2012), this protein
may be worthy of further study as a significant cancer-
associated gene in DSB repair.

[0317] In summary, this study demonstrates that system-
atic PPI maps effectively identify new cancer susceptibility
genes and recognize new druggable vulnerabilities in breast
cancer. These maps provide a useful resource in contextu-
alizing uncharacterized mutations within signaling pathways
and protein complexes. Further analysis of genetic and
functional interactions (gene-gene, gene-drug) of proteins in
the map will help to decode their biological mechanisms and
guide the development of cancer treatment strategies.

Example 2. A Protein Network Map of Head and
Neck Cancer Reveals PIK3CA Mutant Drug
Sensitivity

Experimental Methods

Bait Cloning

[0318] Baits were cloned using the Gateway Cloning
System (Life Technologies) into a doxycycline-inducible
N-term or C-term 3xFLAG-Tagged vector modified to be
Gateway compatible from the pL.VX-Puro vector (Clontech)
by the Krogan lab. Point mutant baits were cloned via
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site-directed mutagenesis. All expression vectors were
sequence validated (Genewiz).

Cell-Culture, Lentivirus Production, and Stable Cell Line
Generation

[0319] HEK293T (ATCC, CRL-3216) and CAL-33 were
maintained in DMEM (Corning) supplemented with 10%
FBS (Gibco) and 1% Penicillin-Streptomycin (Corning).
HET-1A was maintained in BEGM™ (Lonza), consisting of
Broncho Epithelial Basal medium (BEBM) with the addi-
tives of the Bullet kit except GA-1000 (gentamycin-ampho-
tericin B mix). SCC-25 was maintained in DMEM/F12
(Corning) with 10% FBS (Gibco), 1% Penicillin-Strepto-
mycin (Corning) and 400 ng/ml. hydrocortisone (Sigma).
HET-1A was obtained from American Type Culture Collec-
tion and SCC-25 was obtained from Thomas Carey (Uni-
versity of Michigan), CAL-33 were provided by Gerard
Milano (University of Nice, Nice, France). All cells were
maintained in a humidified 37° C. incubator with 5% CO,.
Stably transduced HET-1A, SCC-25, and CAL-33 cell lines
were maintained in puromycin (2 pg/ml, 2.5 ug/ml., and 0.7
ng/ml., respectively). Bait expression was induced by 1
vug/ml doxycycline for 40 hrs. All cell lines were authen-
ticated by the University of California, Berkeley Cell Cul-
ture Facility. Lentivirus was produced for each bait by
packaging Sug bait vector, 3.33 ug of Gag-Pol-Tat-Rev
packaging vector (pJH045 from Judd Hultquist), 1.66 pg of
VSV-G packaging vector (pJH046 from Judd Hultquist)
with 30 ulL of Polylet (SignaGen). After incubating at room
temperature for 25 min, DNA complexes were added drop-
wise to HEK293T cells (15 cm plate, ~80% confluency).
Lentivirus-containing supernatant was collected after 72 hrs
and filtered through a 0.45 um PVDF filter. Lentivirus
particles were precipitated with PEG-6000 (8.5% final) and
NaCl (0.3 M final) at 4° C. for 4-8 hrs. Particles were
pelleted via centrifugation at 2,851xg for 20 min at 4° C. and
resuspended in DPBS for a final volume -800-1000 plL..
Stable cell lines were generated by transducing a 10 cm plate
(~80% confluency) with 200 uL. of precipitated lentivirus for
24 hrs before selecting with puromycin for a minimum of 2
days.

Affinity Purification

[0320] One 10 cm plate of cells (~80% confluency) was
washed with ice-cold DPBS and lysed with 300 pl. of
ice-cold lysis buffer (50 mM Tris pH 7.4, 150 mM NacCl, 1
mM EDTA, 0.5% NP40, 1 mM DTT, 1x protease inhibitor
cocktail (Roche, complete mini EDTA free), 125U Benzo-
nase/mL). Lysates were flash-frozen on dry ice for 5-10 min,
followed by a 30-45 s thaw in 37° C. water bath with
agitation, and rotation at 4° C. for 15 min. Lysate was
clarified by centrifugation at 13000xg for 15 min at 4° C. A
30 pL lysate aliquot was saved for future BCA assay and
western blot.

[0321] For FLAG purification, 25 ul. of bead slurry (Anti-
Flag M2 Magnetic Beads, Sigma) was washed twice with 1
ml of ice-cold wash buffer (50 mM Tris pH 7.4, 150 mM
NaCl, 1 mM EDTA) and all of the remaining lysate was
incubated with the anti-FLAG beads at 4° C. with rotation
for 2 hrs. After incubation, flow-through was removed and
beads were washed once with 500 ul of wash buffer with
0.05% NP40 and twice with 1 mL of wash buffer (no NP40).
Bound proteins were eluted by incubating beads with 15 pl.
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of 100 ug/ml 3xFLAG peptide in 0.05% RapiGest in wash
buffer for 15 min at RT with shaking. Supernatants were
removed and elution was repeated. Eluates were combined
and 10 pL of 8 M urea, 250 mM Tris, 5 mM DTT (final
concentration ~1.7 M urea, 50 mM Tris, and 1 mM DTT)
was added to give a final total volume of ~45 pl.. Samples
were incubated at 60° C. for 15 min and allowed to cool to
room temperature. I[ODO was added to a final concentration
of 3 mM and incubated at room temperature for 45 min in
the dark. DTT was added to a final concentration of 3 mM
before adding 1 pg of sequencing-grade trypsin (Promega)
and incubating at 37° C. overnight. Samples were acidified
to 0.5% TFA (ph<2) with 10% TFA stock and incubated for
30 min before desalting on C18 stage tip (Rainin).

Mass Spectrometry Data Acquisition and Analysis

[0322] For AP-MS experiments, samples were resus-
pended in 15 pl, of MS loading buffer (4% formic acid, 2%
acetonitrile) and 2 ul. were separated by a reversed-phase
gradient over a nanoflow 75 um IDx25 cm long picotip
column packed with 1.9 uM C18 particles (Dr. Maisch).
Peptides were directly injected over the course of a 75 min
acquisition into a Q-Exactive Plus mass spectrometer
(Thermo), or over the course of a 90 min acquisition into a
Orbitrap Elite mass spectrometer. Raw MS data were
searched against the uniprot canonical isoforms of the
human proteome (downloaded Mar. 21, 2018), and using the
default settings in MaxQuant (version 1.6.2.10), with a
match-between-runs enabled (Cox and Mann, 2008). Pep-
tides and proteins were filtered to 1% false discovery rate in
MaxQuant, and identified proteins were then subjected to
protein-protein interaction scoring. To quantify changes in
interactions between WT and mutant baits, a label free
quantification approach was used, in which statistical analy-
sis was performed using MSstats (Choi et al., 2014) from
within the artMS Bioconductor R-package. All raw data files
and search results are available from the Pride partner
ProteomeXchange repository under the PXD019469 identi-
fier (Perez-Riverol et al., 2019; Vizcaino et al., 2014).

Targeted Proteomic Analysis

[0323] Targeted proteomic analysis of APMS samples was
performed on a Thermo Q-Exactive Plus mass spectrometer
using the same HPLC conditions as described for original
AP-MS experiments. All peptide and fragment ion selection,
as well as quantitative data extraction was performed using
Skyline (MacLean et al., 2010). Quantitative values were
then imported into PRISM 8 software to perform normal-
ization by bait abundance and statistical testing (2-tailed,
unpaired t-test).

Protein-Protein Interaction Scoring

[0324] Protein spectral counts as determined by Max-
Quant search results were used for PPI confidence scoring
by both SAINTexpress (version 3.6.1) (Teo et al., 2014) and
CompPASS (version 0.0.0.9000) (Huttlin et al., 2015; Sowa
et al., 2009). All PPI scoring was performed separately for
each cell line. For SAINTexpress, control samples in which
bait protein was not induced by addition of doxycycline
were used. For CompPASS, a stats table representing all WT
baits was used. After scoring, the CompPASS WD and
Z-score were normalized within a given bait for each cell
line. The total list of candidate PPIs was filtered to those that
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met the following criteria: SAINTexpress BFDR=<0.05,
WD percentile by bait>=0.95, and Z-score percentile by
bait<=0.95. PPIs passing all 3 of these criteria were consid-
ered to be high-confidence PPIs. To enable visualization and
analysis of PPIs by confidence score among these 3 criteria,
a PPI score was calculated: [(WD percentile by bait+Z-score
percentile by bait)/2)+(1-BFDR)]/2. This score places both
the PPI confidence from SAINTexpress and CompPASS on
a zero to 1 scale, with 1 being the highest confidence, and
then takes the weighted average of these confidence scores.

Permutation Test

[0325] A permutation test was performed in which genes
were drawn from the list of all genes detected in the global
protein abundance analysis of the parental cell lines. The
null distribution of the average number of samples with
variation was learned from 10,000 random gene lists of
equal size to the set of interacting partners. This permutation
test was performed individually for mutations (excluding
silent mutations), CNVs, and mRNA expression. The infor-
mation for observed variation of each gene is collected from
the TCGA head and neck cancer cohort (firehose legacy;
downloaded from cbioportal.org/datasets).

Protein-Protein Interaction Scoring: CompPASS

[0326] CompPASS is an acronym for Comparative Pro-
teomic Analysis Software Suite. It relies on an unbiased
comparative approach for identifying high-confidence can-
didate interacting proteins (HCIPs for short) from the hun-
dreds of proteins typically identified in IP-MS/MS experi-
ments. There are several scoring metrics calculated as part of
comPASS: The Z-score, the S-score, the D-score, and the
WD-score. The S-score, D-score, and WD-score were all
developed empirically based on their ability to effectively
discriminate known interactors from known background
proteins. Each score has advantages and disadvantages, and
each are used to assess distinct aspects of the dataset.
However, the primary score use to determine the high-
confidence protein-protein interaction dataset is the WD-
score. Typically, the top 5% of the WD-score scores are
taken (more information under “Determining Thresholds™).

The Z-Score.

[0327] The first score is the conventional Z-score, which
determines the number of standard deviations away from the
mean (Eq. 1) at which a measurement lies (Eq. 2). In Eq. 1
& 2x is the TSC, i is the bait number, j is the interactor, n
denotes which interactor is being considered, k is the total
number of baits, and s is the standard deviation of the TSC
mean.

(Eq. 1)

gy (Eq. 2)
- R
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[0328] Each interactor for each bait has a Z-score calcu-
lated and therefore, the same interactor will have a different
Z-score depending on the bait (assuming the TSC is different
when identified for that bait). Although the Z-score can
effectively identify interactors who’s TSC is significantly
different from the mean, if an interactor is unique (found in
association with only 1 bait), then it fails to discriminate
between interactors with a single TSC (“one hit wonders™)
and another that may have 20 TSC or 50 TSC, etc. In this
way, the Z-score will tend to upweight unique proteins, no
matter their abundance. This can be dangerous since the
stochastic nature of data-dependent acquisition mass spec-
trometry leads to spurious identification of proteins. These
would be assigned the maximal Z-score as they would be
unique, however they likely do not represent bonafide inter-
actors.

The S-Score.

[0329] The next score is the S-score which incorporates
the frequency of the observed interactor and its’ abundance
(TSC). Both the D- and WD-scores are based on the S-score,
sharing the same fundamental formulation, but have addi-
tional terms that add increasing resolving power. The
S-score (Eq. 3) is essentially a uniqueness and abundance
measurement.

(Eq. 3)
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[0330] In Eq. 3, the variables are the same as for Eq. 1 &
2.fis a term which is 0 or 1 depending on whether or not the
interacting protein is found in a given bait. Placed in the
summation across all baits, it is a counting term and there-
fore, k/St is the inverse ratio (or frequency) of this interactor
across all baits. The smaller £, the larger this value becomes
and thus upweights interactors that are rare. The term X ; is
the TSC for interactor j from bait i and therefore multiplying
by this value scales the S-score with increasing interactor
TSC—this provides a higher score to interactors having high
TSC and are therefore more abundant and less likely to be
stochastically sampled. Although increasing the resolution
above using the Z-score alone (the S-score can discriminate
between unique one hit wonders and unique interactors with
high TSC), the S-score will give its highest values to
interactors that very rare and can lead to one hit wonders
being scored among the top proteins. However, with a
stringent cut-off value, the S-score reliably identifies HCIPs
and bona fide interacting proteins but at this level, is prone
to miss lower abundant likely interacting proteins. In order
to address this limitation, the S-score was modified to take
into account the reproducibility of the interactor for a given
bait—a quantity that can be determined as a result of
performing duplicate mass spectrometry runs. After adding
this modification, the S-score becomes the D-score (Eq. 4).
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The D-Score.

[0331] The D-score is fundamentally the same as the
S-score except with an added power term to take into
account the reproducibility of the interaction. The term p can
either be 1 (if the interactor was found in 1 of 2 duplicate
runs) or 2 (if the interactor was found in both duplicate runs).

Eq. 4

P=®
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[0332] If p is 1 (the interactor was found in 1 of 2
duplicates) then the D-score is the same as the S-score.
Adding the reproducibility term now allows for better dis-
crimination between a true one hit wonder (a protein found
with 1 peptide in a single run, not in the duplicate) which is
likely a false positive versus a true interactor with low (even
1) TSC that is found in both duplicate runs. Although
powertful in its ability to delineate HCIPs from background
proteins, the D-score still relies heavily on the frequency
term, k/Sf, and will thus assign lower scores to more
frequently observed proteins. In the vast majority of the
cases, this is of course a good thing since these proteins are
more than likely background. However, in the event that a
canonical background protein is a bonafide interactor for a
specific bait, its D-score would likely be too low for passing
the D-score threshold (discussed below) and would not be
considered a HCIP. Another example pertains to CompPASS
analysis of baits from within the same biological network or
pathway. In the case of the Dub Project, most of these
proteins do not share interactors as this analysis was per-
formed across a protein family—in which case the D-score
works very well. However sometimes baits do share inter-
actors as these proteins are part of the same biological
pathway and determining these share interactors (and hence
the connections among these proteins) is critical for a
reliable assessment of the pathway. In these cases, the
D-score works fairly well for most interactors, however it
can downweigh very commonly found bona fide interactors
(especially when these interactors have low TSC). To
address this limitation, a weighting factor to be added into
the D-score was devised, and the WD-score (or Weighted
D-score; Eq. 5) was created.

The WD-Score.

[0333] Upon examination of frequently observed proteins
(considered background) that are either known not to be a
bona fide interactor for any bait and those that are known to
be true interactors for a subset of baits, it is found that the
distributions of the TSC for these groups vary in a correlated
manner. In the first case, where these “background” proteins
are never true interactors, the standard deviation of the TSC
(Szsc) is smaller than that of the latter case (“background”
proteins that are known to be true interactors for specific
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baits). This occurs since real background protein abundance
is mainly determined by the amount of resin used in the IP
whereas in the case of a background protein becoming a true
interactor, its TSC then rises far above this consistent level
(and thus cause syg- to increase. In fact, when S, is
systematically examined across all proteins found in >50%
of the IP-MS/MS datasets, the proteins that are known to be
real interactors for specific baits are found to have a Syg-
that is >100% of the TSC mean for that protein across all
IPs. Therefore, a weight factor term is introduced as w; and
is essentially the S;/TSC mean for interactor j (shown
below).

Eq. 5)
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[0334] The weight factor, w,, is added as a multiplicative
factor to the frequency term in order to offset this low value
for interactors that are found frequently across baits but will
only be >1 if the conditions in Eq. 5 are met. If these
conditions are not met, then 0; is set to 1 and the WD-score
is the same as the D-score. In this way, only if a frequent
interactor displays the observed characteristics of a true
interactor will its score increase due to the weight factor.

[0335] To determine score thresholds for determining
high-confidence protein-protein interactions, randomly gen-
erated simulated run data are compared against. In order to
create simulated random runs, the data from actual experi-
ments is first used to create the proteome observed from the
experiments. To do this, each protein is represented by its
TSC from each run—in other words, if a protein is found
with a total of 450 TSC summed across all real runs, then it
is represented 450 times. Simulated runs are then created by
randomly drawing from this “experimental proteome” until
300 proteins are selected and the total TSC for the simulated
run is ~1500 (these are the average values found across the
actual experiments). Next, scores are calculated for the
random runs to determine the distributions of the scores for
random data. Finally, for each score, the corresponding
value above which 5% of the random data lies is found, and
that value taken to be that score’s threshold. Although 5% of
the random data is above this threshold value, an examina-
tion of the TSC distribution for these random data is
expected to show that <99% have TSC<4. Therefore,
although there are false positive HCIPs in real datasets, this
distribution can now be used to assign a p-value for proteins
passing the score thresholds. In this way, an argument can be
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made that a protein passing a score threshold and found to
have high enough TSC (reflected in the p-value) is very
likely to be a real interactor. A suitable approximation for
this above described method is to simply take the minimal
value of the top 5% of the scores for each metric and set that
value to be the threshold for that score.

Protein-Protein Interaction Scoring: SAINT

[0336] The aim of SAINT is to convert the label free
quantification (spectral count X;;) for a prey protein i iden-
tified in a purification of bait j into the probability of true
interaction between the two proteins, P(TruelX;). The spec-
tral counts for each prey-bait pair are modeled with a
mixture distribution of two components representing true
and false interactions. Note that these distributions are
specific to each bait-prey pair. The parameters for true and
false distributions, P(X;|True) and P(XIFalse), and the
prior probability ;. of true interactions in the dataset, are
inferred from the spectral counts for all interactions involv-
ing prey i and bait j. SAINT normalizes spectral counts to
the length of the proteins and to the total number of spectra
in the purification.

[0337] The spectral counts for prey i in purification with
bait j are considered to be either from a Poisson distribution
representing true interaction (with mean count X)) or from
a Poisson distribution representing false interaction (with
mean count K,)). In the form of probability distribution, the
following formula is written:

P(Xyl*) = mp P(XyAy) + U — mr)P(Xylky) M

where 7 is the proportion of true interactions in the data,
and dot notation represents all relevant model parameters
estimated from the data (here, specifically for the pair of
prey i and bait j). The individual bait-prey interaction
parameters A;; and K,; are estimated from joint modeling of
the entire bait-prey association matrix, with the probability
distribution (likelihood) of the form P(XI+)=I1, ;P(X,I*). The
proportion 7 is also estimated from the model, which relies
on latent variables in the sampling algorithm (see below).

[0338] When at least three control purifications are avail-
able, and assuming that the control purifications provide a
robust representation of nonspecific interactors, the param-
eter K;; can be estimated from spectral counts for prey i
observed in the negative controls. This is equivalent to
assuming

P9 =] @ (rrPIN) + U = m0)PGlep) x [ [@ P @
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where E and C denote the group of experimental purifica-
tions and the group of negative controls, respectively. This
leads to a semi-supervised mixture model in the sense that
there is a fixed assignment to false interaction distribution
for negative controls. As negative controls guarantee suffi-
cient information for inferring model parameters for false
interaction distributions, Bayesian nonparametric inference
using Dirichlet process mixture priors can be used to derive
the posterior distribution of protein-specific abundance
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parameters in the model. As a result, the mean parameters in
the Poisson likelihood functions follow a nonparametric
posterior distribution, allowing more flexible modeling at
the proteome level. Under this setting, all model parameters
are estimated from an efficient Markov chain Monte Carlo
algorithm.

[0339] To elaborate on the two distributions, the mean
parameter for each distribution is assumed to have the
following form. For false interactions, it is assumed that
spectral counts follow a Poisson distribution with mean
count:

log(ky) = log(l) + log(c,) + o + s 3

where 1, is the sequence length of prey i, and c; is the bait
coverage, the spectral count of the bait in its own purifica-
tion experiment, 7y, is the average abundance of all contami-
nants and y, is prey i specific mean difference from ¥,. For
true interactions, it is assumed that spectral counts follow a
Poisson distribution with mean count:

log(A;) = log(4;) +log(c;) + Bo + Qi + @y G}

where [, is the average abundance of prey proteins in those
cases where they are true interactors of the bait, @, is bait
J specific abundance factor and o, is prey i specific abun-
dance factor. In other words, the mean spectral count for a
prey protein in a true interaction is calculated using a
multiplicative model combining bait- and prey-specific
abundance parameters. This formulation substantially
reduces the number of parameters in the model, avoiding the
need to estimate every A, separately.

[0340] For datasets without negative control purifications,
the mixture component distributions for true and false
interactions have to be identified solely from experimental
(non-control) purifications. In this case, a user-specified
threshold is applied to divide preys into high-frequency and
low-frequency groups, denoted as Y =1 or 0 if prey i belongs
to the high- or low-frequency group, respectively. An arbi-
trary 20% threshold is applied in the case of the DUB
dataset; however, the results are not expected to be very
sensitive to the choice of the threshold. For preys in the high
frequency group, the model considers spectral counts for the
observed prey proteins (ignoring zero count data, which
represent the absence of protein identification), as there are
sufficient data to estimate distribution parameters. In the
low-frequency group, non-detection of a prey is included to
help the separation of high-count from low-count hits. The
entire mixture model can then be expressed as

POy |@) =] [, 0erPOGy | 299 + (L= m0)PUG | 1)) ®
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where Z,=1(Y=0)+1(Y=1,X;>0) and the false and true
interaction distributions are modeled by equations (3) and
(4), respectively.
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[0341] The posterior probability of a true interaction given
the data is computed using Bayes rule

Pltrue| Xy) = Ty / (Ty + Fy) ©

where T, =1, P(XIA,;) and F,=(1-7t;) P(X;lc;,). If there are
replicate purifications for bait j, the final probability is
computed as an average of individual probabilities over
replicates. Note that one alternative approach is to compute
the probability assuming conditional independence over
replicates, that is, IT. P(X; 10 and I, P(X;l;;,) for
true and false interactions, with additional index k denoting
replicates for bait j. Unlike average probability, this prob-
ability puts less emphasis on the degree of reproducibility,
and thus may be more appropriate in datasets where repli-
cate analysis of the same bait is performed using different
experimental conditions (for example, purifications using
different affinity tags) to increase the coverage of the inter-
actome.

[0342] When probabilities have been calculated for all
interaction partners, the Bayesian false discovery rate (FDR)
can be estimated from the posterior probabilities as follows.
For each probability threshold p*, the Bayesian FDR is
approximated by

FDR() = (Y 1k = = p0)) [ (D, 1o = 1) ™

where p, is the posterior probability of true interaction of
protein pair k. The output from SAINT allows the user to
select a probability threshold to filter the data to achieve the
desired FDR.

Comparing Protein Interactions

Clustering

Using Hierarchical

[0343] Hierarchical clustering is performed on interac-
tions for distinct but related proteins, including viral pro-
teins, cancer proteins, or proteins from other diseases, which
are hereout simply referred to as “conditions.” First, protein
interactions that pass the master threshold (defined in “High-
confidence protein interaction scoring” section above) in at
least one condition are assembled. New interaction scores
(K) are created by taking the average of several interaction
scores. This is done to provide a single score that captures
the benefits from each scoring method. Clustering is then
done using this new Interaction Score (K). Clustering is
performed using the ComplexHeatmap package in R, using
the “average” clustering method and “euclidean” distance
metric. K-means clustering is applied to capture all possible
combinations of interaction patterns between conditions.

Differential Interaction Score (DIS) Analysis

[0344] To compare PPIs across conditions (i.e., cell lines,
viruses, diseases), a method for calculating a differential
interaction score (DIS) was developed, and a corresponding
false discovery rate (FDR) can be calculated using AP-MS
data across multiple conditions. This approach uses the
SAINTexpress score (G. Teo, et al.,, SAINTexpress:
improvements and additional features in Significance Analy-
sis of INTeractome software. J. Proteomics. 100, 37-43
(2014)), which is the probability of a PPI being bonafide in
a single condition. Here, Sc(b, p) is the SAINTexpress score
of a specific PPI denoted as (b, p) in a condition c. Here, an
example is provided using three distinct conditions, C1, C2,
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and C3. Given that PPIs are independent events across
different conditions, the differential interaction score is
calculated for each PPI (b, p) as the product of the prob-
ability of a PPI being present in two of the conditions but
absent in the third for each PPI:

DIS4(b, p) = Sc1(b, p)xSc2(b, pyx[1 =Sc3(b, p)]

[0345] This differential interaction score highlights PPIs
that are strongly conserved across two of the conditions, but
not shared by the third. Additionally, PPIs that are present in
the one conditions, but depleted in the other two, can be
highlighted as follows:

DISp(b, p) = [1 = Sc1(b, PIX[1 =Sca(b, P)I1XSc3 (b, p)]

[0346] These two DIS scores can be further merged to
define a single score for each PPIL, where if DIS >DIS, the
DIS is assigned a positive (+) sign, while if DIS ,<DIS, the
unified DIS is assigned a negative (—) sign. In this way, the
DIS for each PPI is represented by a continuum, in which
negative DIS scores represent PPIs depleted in two of the
three conditions, while positive DIS scores represent PPIs
enriched in two of the three conditions. Additionally, for all
differential interaction scores calculated, the Bayesian false
discovery rate (BFDR) (G. Teo, G. Liu, J. Zhang, A. L.
Nesvizhskii, A.-C. Gingras, H. Choi, SAINTexpress:
improvements and additional features in Significance Analy-
sis of INTeractome software. J. Proteomics. 100, 37-43
(2014)) estimates are also computed at all possible thresh-
olds (p*) as follows:

25 L= DIS(pe, p ) X HDIS(pi. p) > p')

FDR(p*) =
2, PIS@e p> P}

>

where
4y is 1
when
A4 is True
and

0 otherwise.

[0347] Note, while these scores are used here for com-
parison across 3 conditions, it can also be used more simply
to compare between any two conditions. Such a comparison
is calculated as follows where DIS;, results in PPIs specific
to condition 1 have a positive DIS value, while PPIs specific
to condition 2 results in a negative DIS value:

DIScyc2(p1> p2) = Sc1(p1, p2) X (1 = Sca(p1, p2))

or

DIScyc2(p1, p2) = Sca(pr, p2) X (1 = Sca(p1, p2))

or

DIScyic1(p1, p2) = Sc3(p1, p2) X (1 = Sc1(p1, p2))
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Differential Interaction Scoring

[0348] To compare PPIs across cell lines, a method for
calculating a differential interaction score (DIS) and a cor-
responding false discovery rate (FDR) using AP-MS data
across multiple cell lines was developed. This approach uses
the SAINTexpress score (Teo et al., 2014), which is the
probability of a PPl being bonafide in a single cell line. Here,
Sc(b, p) was used as the SAINTexpress score of a specific
PPI denoted as (b, p) in a cell line c. Given that PPIs are
independent events across different cell lines, the differential
interaction score was calculated for each PPI (b, p) as the
product of the probability of a PPI being present in both
cancer cell lines but absent in the HET-1A normal cell line
as follow for each PPI:

DI@ (b, p) = Scar-33(b, p)X@ (b, p)X I = Sger-14b, p)]

(@ indicates text missing or illegible when filed

[0349] This differential interaction score highlights PPIs
that are strongly conserved across two cancer cell lines, but
not shared by the normal cell line. Additionally, PPIs that are
present in the control HET-1A cell line, but depleted in both
cancer cell lines can be highlighted as follows:

DI® (b, p) = [1 = Scar-33, PIX[®D — @ b, Pl X SaEr-14(5, D)

(?) indicates text missing or illegible when filed

[0350] These two DIS scores were merged to define a
single score for each PPI, where if DIS cancer>DISnormal,
the DIS is assigned a positive (+) sign, while if
DIScancer<DISnormal, the unified DIS is assigned a nega-
tive (—) sign. In this way, the DIS for each PPI is represented
by a continuum, in which negative DIS scores represent PPIs
depleted in HNSCC, while positive DIS scores represent
PPIs enriched in HNSCC. Additionally, for all differential
interaction scores that were calculated, the Bayesian false
discovery rate (BFDR) (Teo et al., 2014) estimates were also
computed at all possible thresholds (p*) as follows:

R =2,

@

where
4y is 1
when
A4 is True
and
0 otherwise.

(® indicates text missing or illegible when filed

[0351] Note, while these scores were used for comparison
across 3 cell lines, it can also be used more simply to
compare between any two cell lines. Such a comparison is
calculated as follows where DISLineA/LineB results in PPIs
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specific to cell line A have a positive DIS value, while PPIs
specific to cell line B results in a negative DIS value:

DI® (p1, p2) = Scar-33(p1, p) X (1 =@ (1, p2))

or

DI® (p1; p2) = @01, pIX (1 =@ (1, P2))

or

DI® (p1; p2) =@ (p1, )X L =@ (p1, P2))-

(@ indicates text missing or illegible when filed

MAPKI1 Validation Experiments

[0352] CAL-33 and HSC-6 cells were transiently trans-
fected with 20 nM non-targeting control siRNA (Dharmacon
Cat #D-001810-10) or RPS6KA1 siRNA pool (Origene Cat
#SR304161). After 24 hrs, cells were seeded in 96-well
plates (for viability assessment) in quadruplicate and 6-well
plates (for lysate preparation). After 72 hrs, 96-well plates
were stained with crystal violet for 30 min, washed with tap
water, and allowed to dry for 24 hrs. Crystal violet stain was
dissolved in 5% SDS solution and the resulting solution was
quantified using a colorimetric plate reader at 570 nM.
Lysates were procured from the 6-well plates using RIPA
lysis buffer. Immunoblotting was performed to validate
RPS6KA1 knockdown and PVDF membranes were probed
using a RSK1/2/3 antibody (CST #9355). Total ERK1/2
(CST #4695) was used as a loading control.

NanoBiT GAil Dissociation Assay

[0353] The NanoBiT G-protein dissociation assay, based
on a split-luciferase system, was performed as previously
described with some modifications (Inoue et al., 2019). All
DNA constructs were provided by Dr. Asuka Inoue (Tohoku
University, Japan). NanoBiT plasmids (pCAGGS) include
Gail-LgBiT, GBl-native, and SmBiT-Gy2 (CAAX C68S
mutant). Gai-DREADD (pcDNA3.1) was used as a syn-
thetic Goi-coupled GPCR. Briefly, CAL-33 and HET-1A
cells were seeded on poly-D-lysine coated (Sigma, Cat
#P7280), opaque, white 96-well plates (Falcon Cat
#353296). The following day cells were transfected with
NanoBiT and receptor plasmids using Lipofectamine 3000
(ThermoFisher Scientific, Cat #L.3000008) according to
manufacturer recommendations for a 12-well scale (10 pL
transfection mix to each well). The NanoBiT plasmids were
mixed at a ratio of 100 ng Gail-LgBiT, 500 ng GB1, 500 ng
SmBiT-Gy2, and 200 ng of receptor if needed. For gene
knockdown experiments, 10 pmol of pooled siControl
(Dharmacon, Cat #D-001810-10-20), siFGFR3 (Mission
siRNA, Cat #SIHK0780, SIHKO0781, SIHK0782), or
siDaple (Dharmacon, Cat #L-033364-01-0005) was
included in the plasmid mix. Media was changed the fol-
lowing day. Two days after transfection, media was aspirated
from each well and washed once with HBSS. Cells were
incubated in HBSS with a final concentration of 5 pM native
coelenterazine (Biotium, Cat #10110-1) for 30 minutes at
room temperature protected from light. Basal luminescence
was read and ligand prepared for final concentrations of 10
ng/mL human bFGF (Roche Cat #11123149001) and 10 pM
clozapine-N-oxide (Cayman Chemical, Cat #NC1044836).
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After ligand addition, luminescence was read in kinetic
loops (each well ~every 30 seconds) for 60 minutes total
(Tecan Spark). Raw luminescent values were normalized to
the corresponding basal value for each well and subse-
quently to the mean vehicle ratio (raw/basal) at time O.
Significance was calculated using a one-way ANOVA at the
60 minute time point.

Scratch Migration Assay

[0354] CAL-33 cells were seeded on 12-well plates coated
with 10 pg/ml fibronectin in PBS (Sigma Aldrich, Cat
#F2006-1MG). Once cells reached confluence, a vertical
scratch was made with a pipette tip and washed well with
PBS before adding serum-free media. Cells were stimulated
with vehicle, 10 ng/ml bFGF, or 1% serum for 24 hours.
Images were taken at the 0 and 24 hour time points (2x
magnification) and the scratch area was quantified using
Imagel. Percent scratch closure was calculated for each well
and significance assessed using a one-way ANOVA.
Phosphorylated PAK, ERK, and siRNA Knockdown Con-
firmation Immunoblots

[0355] CAL-33 and HET-1A cells were seeded on poly-
D-lysine-coated 6-well plates. Cells were transfected with
siRNA using Lipofectamine RNAIMAX (Thermo Fisher
Scientific, Cat #100014472) according to manufacturer rec-
ommendations. After overnight serum starvation, cells were
stimulated with vehicle, 10 ng/mL bFGF, or 10 uM CNO.
Cells were washed once with PBS and lysed in RIPA buffer
(50 mM Tris-HCI pH 6.8, 150 mM NaCl, 1% NP-40, 0.5%
sodium deoxycholate, 0.1% SDS) with protease and phos-
phatase inhibitors (Bimake, Cat #B14001, B15001-A/B).
Lysates were briefly sonicated and cleared by centrifugation
before boiling in Laemmli sample buffer (Bio-Rad Cat
#1610747). After separation on 10% acrylamide gels and
transfer to PVDF membranes, membranes were blocked
with 2% BSA in TBST before incubating with antibodies.
Primary antibodies against phospho-PAK1(S199/204)/
PAK2(8192/197) (1:1000, Cell Signaling Technology, Cat
#2605), PAK1 (1:2000, Cell Signaling Technology, Cat
#2602), PAK2 (1:2000, Cell Signaling Technology, Cat
#2608), pERK (1:2000, Cell Signaling Technology, Cat
#9106), ERK (1:2000, Cell Signaling Technology, Cat
#9102), FGFR3 (1:2000, OriGene, Cat #TA801078), Daple
(1:1000, Millipore EMD, Cat #ABS515), and GAPDH
(1:10000, Cell Signaling Technology, Cat #2118) were used.
After washing with TBST, membranes were incubated in
secondary goat anti-rabbit HRP (1:20000, Southern Biotech,
Cat #4010-05) and goat anti-mouse HRP (1:20000, Southern
Biotech, Cat #1010-05) antibodies for chemiluminescent
development.

CDX3379 Treatment In Vivo and In Vitro Experiments

[0356] All the animal studies using HNSCC tumor xeno-
grafts were approved by the University of California, San
Diego Institutional Animal Care and Use Committee (IA-
CUC), with protocol ASP #S15195. All mice were obtained
from Charles River Laboratories (Worcester, MA). To estab-
lish tumor xenografts, HNSCC cells were transplanted into
both flanks (2 million per tumor) of female athymic mice
(nu/nu, 4-6 weeks of age and weighing 16-18 g). Mice were
fed with doxycycline food (6 g/kg) from Newco Distributors
(Rancho Cucamonga, CA, USA) to induce PIK3CA expres-
sion. When average tumor volume reached 100 mm?, the
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mice were randomized into groups and treated by intraperi-
toneal (IP) injection with vehicle (PBS) or CDX3379 (10
mg/kg, twice a week) for approximately 15 days. The mice
were sacrificed at the indicated time points (or when mice
succumbed to disease, as determined by the ASP guidelines).

Phosphorylated HER3 Immunoblots

[0357] Wild-type (WT) or mutant PIK3CA with FLAG-
tag were expressed by lentiviral transduction in SCC-25
cells. Collected cells were washed with ice-cold PBS twice
and then lysed with RIPA lysis buffer (150 mM Tris, pH 7.4,
100 mM NaF, 120 mM NaCl, 100 mM sodium orthovana-
date, with 1 tablet protease inhibitor cocktail (Roche
31075800) and 1 tablet phosphatase inhibitor cocktail
(Roche 04906837001) added. Lysates (30 ng) were resolved
by SDS-PAGE, transferred to PVDF membranes (Bio-Rad
#1620177), and incubated with primary antibodies (1:1000)
at 4° C. overnight. Membranes were then washed and
incubated with Goat Anti-Rabbit 1gG(H+L)-HRP Conju-
gated secondary antibodies (1:5000) (Bio-Rad #170-6515)
for 1 hr at room temperature, followed by washing four
times with TBST. Antibodies against P-HER3-Y1197
(#4561) and HER3 (#12708) were from Cell Signaling
Technology, and anti-B-tubulin (ab6276) was from Abcam.
Blots were quantified with ImagelJ software, and the inten-
sity of P-HER3-Y1197 signal was normalized to FLAG-
PIK3CA intensity.

IAS Background Network

[0358] The integrated associated stringency (IAS) net-
work was derived from integration of five major types of
protein pairwise relationships recorded in public databases:
(1) physical protein-protein interaction; (2) mRNA co-ex-
pression; (3) protein co-expression; (4) co-dependence (cor-
relation of cell line growth upon gene knockouts); and (5)
sequence-based relationships. A broad survey created a
compendium of 127 network features used as inputs to a
random forest regression model, trained to best recover the
proximity of protein pairs in the Gene Ontology (GO). The
final IAS score, ranging from 0 to 1, quantifies all pairwise
associations among 19035 human proteins. In this study,
stringent protein interactions were displayed with IAS>0.3
when the IAS network was used in figures.

Data Analysis

[0359] Instant Clue software was used for the generation
and statistical analysis of some figures (Nolte et al., 2018).
Heatmaps were generated with Morpheus (https://software.
broadinstitute.org/morpheus).

Results

Mapping of the Head and Neck Cancer Interactome

[0360] To characterize the protein-protein interaction
landscape of HNSCC, proteins were selected based on
altered molecular pathways identified from the TCGA analy-
sis of HNSCC tumors FIG. 11A) (Cancer Genome Atlas,
Network, 2015). Additional proteins were added based on
genes with recurrent point mutations or a previously pub-
lished association with HNSCC (Li et al., 2014; Martin et
al., 2014; Molinolo et al., 2009; Stransky et al., 2011). In
total, 33 protein baits were selected, of which 31 were found
to be experimentally tractable (Key Resources Table 2).
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Importantly, 99% of HNSCC patients harbor an alteration in
one or more of these proteins (FIG. HA).

[0361] Referring to FIG. 11A, the alteration frequencies
from the HNSCC TCGA provisional dataset (n=530
patients) for the 31 experimentally tractable genes selected
as AP-MS baits in this study are shown. Proteins analyzed
in this study are listed, along with the percentage of patients

with an alteration in that gene/protein. Each patient is
represented by a grey box that is colored based on the
occurrence and type of alteration(s) observed in that patient.
Both the wild-type and mutant protein sequence(s) were
analyzed for genes highlighted in gray. The genetic altera-
tion types in the two cancer cell lines (CAL-33 and SCC-25)
are also displayed.

Key Resources Table 2.

Reagent or Resource Source Identifier
Cell lines ATCC HEK?293T, HET-1A
Cell lines Thomas Carey (University SCC-25
of Michigan)
Cell lines Gerard Milano (University CAL-33

NanoBiT G-protein
dissociation assay

of Nice, Nice, France)
Dr. Asuka Inoue (Tohoku
University, Japan)

NanoBiT plasmids
(pCAGGS) include Gail-
LgBiT, Gpl-native, and
SmBIT-Gy2 (CAAX C68S
mutant). Gai-DREADD

(pcDNA3.1)
Antibodies
RSK1/2/3 antibody Cell Signaling Technology 9355
ERK1/2 Cell Signaling Technology 4695
Phosphor- Cell Signaling Technology 2605
PAK1(8199/204)/
PAK2(8192/197)
PAK1 Cell Signaling Technology 2602
PAK2 Cell Signaling Technology 2608
pERK Cell Signaling Technology 9106
FGFR3 OriGene TA801078
Daple Millipore EMD ABSS515
GAPDH Cell Signaling Technology 2118
Secondary goat anti-rabbit  Southern Biotech 4010-05
HRP
P-HER3-Y1197 Cell Signaling Technology 4561
HER3 Cell Signaling Technology 12708
Goat anti-mouse HRP Southern Biotech 1010-05
Anti-B-tubulin Abcam ab6276
ERK Cell Signaling Technology 9102

Deposited data

Unprocessed peptide files  This paper PRIDE ProteomeXchange:
PXD019469

Raw data This paper PRIDE ProteomeXchange:
PXD019469

Chemicals, Peptides, and

Recombinant Proteins

Tris G-Biosciences RC108

Acetonitrile, HPLC grade  Thermo Fisher Scientific A955-4

(CAN)

cOmplete protease inhibitor Roche 11846 170 001
cocktail tablets mini,

EDTA-free

Dithiothreitol (DTT) Sigma-Aldrich 43819
Formic acid (FA) Thermo Fisher Scientific 28905
Todoacetamide (IAA) Acros Organic 122270250
Sequencing-grade modified Promega V5111
trypsin

Benzonase Sigma E1014-25KU
Trifluoroacetic acid (TFA)  Thermo Fisher Scientific 28904
Urea Sigma-Aldrich U5378-1kg
Fetal bovine serum (FBS)  Gibco A3160502
DMEM Corning MT10013CV
DMEM/F12 Corning MT10092CV
Water, HPLC grade Sigma-Aldrich 270733-4 L
Igepal (NP-40) Sigma-Aldrich 13021
Minimal Essential Media  Corning 10-009-CV
Opti-MEM Thermo Fisher Scientific 31985062
BEGM ™ (Lonza) Lonza CC-3170
1% Penicillin-Streptomycin Corning MT30002CI
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-continued
Key Resources Table 2.

Reagent or Resource Source Identifier

Paraformaldehyde, 4% Thermo Scientific MFCD00133991

solution in PBS

PolylTet SignaGen SL 100688

Lipfectamine 3000 ThermoFisher Scientific 130000008

Hydrocortisone Sigma H6909-10ML

Rapigest Waters 186001861

3x Flag Peptide Sigma FA4799-AMG

Anti-Flag M2 Magnetic Sigma M&823-5ML

Beads

Lipofectamine RNAIMAX Thermo Fisher Scientific 100014472

siFGFR3 Sigma Aldrich STHK0780, SIHK0781,
STHK0782

Native coelenterazine Biotium 10110-1

Pooled siControl Dharmacon D-001810-10-20

siDaple Dharmacon 1.-033364-01-0005

10 pM clozapine-N-oxide = Cayman Chemical NC1044836

5 uM native coelenterazine Biotium 10110-1

RPS6KA1 siRNA pool OriGene SR304161

Non-targeting control Dharmacon D-001810-10

siRNA

Triton X-100 Thermo Scientific 9002-93-1

Software and Algorithms

artMS Bioconductor https://www.bioconductor.org/
packages/release/bioc/html/
artMS.html
MSstats Bioconductor https://bioconductor.org/packages/
release/bioc/html/MSstats/
html
Skyline MacCoss Lab https://skyline.ms/project/home/
begin.view?
The R Project for Statistical R Core Team, 2019. R: A http//www.1-
Computing language and environment project.org/index.html

for statistical computing. R
Foundation for Statistical
Computing, Vienna, Austria.

Morpheus

MaxQuant (version
1.6.2.10)
InstantClue

Broad Institute

Jurgen Cox Lab

https://software.broadinstitute.org/
morpheus
https://www.maxquant.org/

http://www.instantclue.uni-
koein.de/

CompPASS (version Github https://github.com/dnusinow/

0.0.0.9000) cRomppass/blob/master/R/
comppass.R

SAINTexpress (version Sourceforge https://sourceforge.net/projects/

3.6.1) saint-apms/files/

Other

1.9 uM C18 particles Dr. Maisch R119.aq.0001

Picotip column New Objective PF360-75-10-N-5

C18 Stage tips Rainin 17014047

Orbitrap Elite mass Thermo Fisher Scientific IQLAAEGAAPFADBMAZQ

spectrometer

Q-Exactive Plus mass Thermo Fisher Scientific IQLAAEGAAPFALGMBDK

spectrometer

[0362] For those baits with recurrent point mutations, both 2015; Li et al., 2014; Martin et al., 2014; Yu et al., 2019).

the wild-type (WT) and mutant forms of the protein were
tagged, purified, and analyzed. Each bait was expressed as
a 3xFLAG-tagged protein under the control of a doxycy-
cline-inducible promoter in biological triplicate in three
separate cell lines (FIG. 11B). Two HPV-negative HNSCC
cell lines were selected (SCC-25 and CAIL-33) that harbor
many genetic alterations present in the HNSCC patient
population (FIG. 11A) and have previously been shown to
have RNA profiles highly correlated with those of HNSCC
patients (Spearman correlation=0.66 and 0.69 for CAL-33
and SCC-25, respectively) (Cancer Genome Atlas, Network,

Additionally, an immortalized non-tumorigenic cell line,
HET-1A, was selected from a similar anatomical location
(esophagus) for comparison. Then, a previously described
AP-MS workflow was utilized to identify PPIs from these
three cell lines (FIG. 11B) (Jager et al., 2011). Importantly,
a conservative and high-confidence protein-protein interac-
tion map was elected for report by requiring PPIs to pass
stringent criteria by two complementary PPI scoring algo-
rithms; SAINTexpress and CompPASS (Key Resources
Table 2) (Huttlin et al., 2015; Sowa et al., 2009; Teo et al.,
2014). Using this workflow, a total of 771 high-confidence
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PPIs (HC-PPIs) involving 654 proteins were identified
(FIGS. 11B and 12A-B), for an average of 25 PPIs per bait
gene.

[0363] Referring to FIG. 11B, the experimental workflow
in which each bait was expressed in biological triplicate in
3 cell lines and subjected to AP-MS analysis is shown.

[0364] It has been previously shown that alteration profiles
in cancer are organized into molecular networks in which the
interaction partners of frequently altered proteins incur a
higher rate of alteration than a random selection of genes
(Bouhaddou et al., 2019; Eckhardt et al., 2018; Hofree et al.,
2013; Leiserson et al., 2015). Thus, whether the HNSCC
HC-PPI set was enriched was tested for different types of
alterations measured in the HNSCC TCGA cohort (Key
Resources Table 2). The dataset was, indeed, highly
enriched for preys with point mutations; however, this
enrichment was not observed for alterations in mRNA
expression or for chromosomal rearrangements (FIG. 11C-
BE).

[0365] Referring to FIG. 11C-E, a permutation test illus-
trating the frequency of CNVs (FIG. 11C), mRNA altera-
tions (FIG. 11D), or mutations (FIG. 11E) from randomly
selected genes in the HNSCC TCGA data is shown. The
white circle indicates the median of the random sampling,
and the grey bar represents +/-1 standard deviation. The
frequency of alterations found in the prey retrieved in this
PPI dataset is indicated in the black circle.

[0366] Of the 771 HC-PPIs detected, the majority (85%)
had not been previously reported in public PPI databases
FIG. 11F). This high percentage of novel interactions is
consistent with other AP-MS publications (Hein et al., 2015;
Huttlin et al., 2015, 2017) and likely reflects differences
across cellular contexts, as nearly all systematic PPI analy-
ses to date have been performed in HEK293T or Hel a cell
lines (Hein et al., 2015; Huttlin et al., 2015, 2017). This
proportion of novel interactions is also supported by the
observation of a high degree of specificity in PPIs observed
even within the cell lines in this study (FIG. 11G), with only
24 PPIs being conserved as HC-PPIs across all cell lines
analyzed (FIG. 11H and FIG. 12C). Notably, many well-
studied cancer proteins are included in the novel interac-
tions. For example, physical interactions were observed
between the proto-oncoprotein MYC and each of two DNA
repair proteins, PARP1 and TOP1. MYC has previously
been shown to regulate PARP1 activity (Pyndiah et al.,
2011), but this is the first evidence of a physical interaction
between these two proteins. The MYC:PARP1 interaction is
supported by previous studies reporting MYC:TOP1 (Kalkat
et al., 2018) and PARPI:TOP1 interactions (Czubaty et al.,
2005).

[0367] Referring to FIG. 11F, the percentage of HC-PPIs
identified in a panel of public PPI databases (CORUM,
BioPlex 2.0, or BioGRID low throughput and multivali-
dated) is shown.

[0368] Referring to FIG. 11G, a clustering analysis of all
HC-PPIs (n=771) based on their PPI score, which is an
average of the confidence scores reported from SAINTex-
press and CompPASS score (see Key Resources Table 2 for
details). A PPI score of 1.0 represents the highest confidence
in a PPL

[0369] Referring to FIG. 11H, a Venn diagram illustrating
the overlap in HC-PPIs among the 3 cell lines is shown. For
this analysis, only those PPIs passing the HC-PPI filtering
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criteria by both SAINTexpress and CompPASS were clas-
sified as an HC-PPI within an individual cell line.

[0370] Referring to FIG. 12A, a receiver operating char-
acteristic (ROC) curve illustrating high recovery of gold
standards (sensitivity) is shown.

[0371] Referring to FIG. 12B, the number of HC-PPIs per
cell line for each bait is shown.

[0372] Referring to FIG. 12C, HC-PPIs that were detected
across all cell lines (n=24) are shown. PPIs between preys
from public databases having a high IAS score (see Key
Resources Table 2) are also plotted as dotted lines (Zheng et
al.).

[0373] Similarly, purification of tagged KEAP1 revealed
an interaction with AJUBA, a scaffolding protein involved in
the regulation of numerous cellular processes, including
negative regulation of Wnt/B-catenin signaling (Haraguchi
et al., 2008). Until recently, AJUBA was not associated with
HNSCC; however, tumor genome analysis revealed it is
inactivated in 7% of HPV-negative tumors (Cancer Genome
Atlas, Network, 2015). The KEAPI:AJUBA interaction was
further supported by the identification of a physical connec-
tion between KEAP1 and SQSTMI1, a known AJUBA
interactor (Copple et al., 2010; Fan et al., 2010; Feng and
Longmore, 2005; Lau et al., 2010).

A Statistical Approach to Evaluate Cell-Type
Specificity of Interactions

[0374] To identify interactions with relevance to cancer
biology, PPIs were compared across cell lines and those that
are shared among CAL-33 and SCC-25, the two HNSCC
cancer cell lines, but absent in the HET-1A non-tumorigenic
cell line were prioritized. However, a simple overlap analy-
sis of the sets of HC-PPIs identified by each cell line does
not faithfully represent whether a PPI is shared. For
example, a PPI might erroneously appear to be specific for
a single cell line when it passes the threshold for HC-PPIs
in that cell line (i.e., a true positive) while falling slightly
below the threshold (i.e., false negative) in a second.
Accordingly, a method for calculating differential interac-
tion scores (DIS) for each PPI was developed, with associ-
ated Bayesian false discovery rates (BFDR). This method is
based on the SAINTexpress score (Teo et al., 2014), which
reports on the probability of a PPI in a single cell line given
the AP-MS data. Here, quantitative SAINTexpress prob-
abilities were combined across the three cell lines to gen-
erate the DIS (Key Resources Table 2), allowing for the
identification of PPIs that are enriched in either the two
cancer cell lines or the non-cancerous cells.

[0375] Application of the DIS method to the HC-PPIs
identified numerous interactions specific to HNSCC cells as
well as those specific to the HET-1A non-tumorigenic back-
ground (FIG. 13A-B). For example, the interaction profile
for cyclin D1 was dramatically rewired between HNSCC
and HET-1A (FIG. 13C). Cyclin D1, encoded by the
CCND1 gene, is one of the most commonly altered onco-
genes in HNSCC, being amplified in 31% of HPV-negative
HNSCC tumors (Cancer Genome Atlas, Network, 2015). It
was observed that cyclin D1 interacts with the cyclin-
dependent kinase inhibitors CDKN1A (p21) and CDKN1B
(p27) in all three cell lines, but preferentially interacts with
multiple cyclin-dependent kinases (CDKs) only in HNSCC
cells. This interaction preference was not unexpected, as
CCND1:CDK4/6 interactions are known to be essential for
cell proliferation and, thus, can contribute to uncontrolled
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cell cycle progression in cancer cells (Hamilton and Infante,
2016). A previously uncharacterized interaction of cyclin D1
was also found with components of the PI3K complex
(PIK3CA, PIK3R1/2) exclusively in HET-1A cells. The
specificity of this interaction, along with several others, was
further supported by targeted proteomic analysis (FIG. 13C
and FIG. 14). While cyclin D1 is canonically associated with
the nucleus, it is also known to localize to the plasma
membrane (Fusté et al., 2016). Conversely, while PI3K is
often associated with cytoplasmic and membrane localiza-
tion, it can also have nuclear localization (Davis et al.,
2015). Without wishing to be bound by theory, the finding of
a cyclin D1:PI3K kinase complex suggests that in HET-1A
cells, either cyclin D1 or PI3K are present in a non-canonical
subcellular location.

[0376] Referring to FIG. 13A, an interactome of the union
of all HC-PPIs detected across all cell lines is shown. Edges
are colored based on their differential interaction score
(DIS), with pink edges representing PPIs that are enriched in
HNSCC (both SCC-25 and CAL-33) as compared to HET-
1A cells, and teal lines representing PPIs that are depleted
from HNSCC cell lines. IAS connections represent physical
protein-protein association derived from in prior studies
(Zheng et al.) (see Key Resources Table 2).

[0377] Referring to FIG. 13B, for baits with [DISI>0.5, the
fraction of PPIs for that bait having HNSCC-enriched PPIs
with DIS>0.5, or HNSCC-depleted DIS<-0.5 is shown.
[0378] Referring to FIG. 13C, a CCNDI1 interactome is
shown. Here the SAINTexpress score, used for calculation
of the DIS, is displayed for each cell line within the prey
node, ND indicates not detected.

[0379] Referring to FIG. 14, an overview of PPI specific-
ity as determined by DIS values for a selection of PPIs and
targeted proteomic analysis for these PPIs measuring bait
and prey protein abundances is shown. All prey quantifica-
tion is normalized to the bait level level expression in the
respective cell line. All p-values are the result of a 2-tailed
unpaired t-test.

Identification of a Novel FGFR3:Daple Interaction that
Regulates Gai-Mediated Migratory Signaling

[0380] To uncover cancer-specific interactions, PPIs were
ranked by their DIS (FIG. 13D), focusing on those PPIs with
greatest enrichment (DIS>0.5) or depletion (DIS<-0.5) in
the HNSCC cell lines (FIG. 13E). This analysis prioritized
a novel interaction between FGFR3 and CCDC88C, which
was strongly observed in both CAL-33 and SCC-25 cells but
not in HET-1A (FIG. 15A). FGFR3 is a receptor tyrosine
kinase (RTK) that recognizes fibroblast growth factor (FGF)
and mediates cellular proliferation, survival and differentia-
tion. Meanwhile, CCDCS88C, also known as Daple, is a
228-kDa scaffolding protein with roles in mediating both
canonical and non-canonical Wnt signaling (Aznar et al.,
2017, 2018; Ishida-Takagishi et al., 2012; Oshita et al.,
2003). Daple regulates Wnt through its interaction with the
protein Disheveled (Dvl) (Oshita et al., 2003), and it can also
interact with RTKs, including EGFR and ERBB2 (HER2)
(Aznar et al., 2018), leading to its phosphorylation and
dissociation from Disheveled (Aznar et al., 2018). Upon this
dissociation, Daple translocates from the cytoplasm to the
plasma membrane where it functions as a guanine nucleotide
exchange factor (GEF) to activate G proteins (Gai) and
promote Akt signaling, cell migration, and invasion (FIG.
15B) (Aznar et al, 2015). The previously-described
ERBB2:Daple interaction (Aznar et al., 2018) was detected
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in CAL-33 cells, as well as a novel FGFR3:Daple interac-
tion, which was hypothesized to function to promote Gai
activation in an FGFR3-dependent manner.

[0381] Referring to FIG. 13D, DIS for the entire interac-
tome represented in panel A ranked by DIS is shown.
[0382] Referring to FIG. 13E, a subnetwork of the inter-
actome of the HNSCC-enriched and -depleted interactions is
shown.

[0383] Referring to FIG. 15A, a differential scoring analy-
sis of the FGFR3 interactome highlights CCDC88C (Daple)
as an HNSCC-specific interaction partner to both FGFR3
and ERBB2 (HER2).

[0384] Referring to FIG. 15B, activation of RTKs can
disrupt the interaction between Disheveled (Dvl) and Daple,
allowing Daple to function as a GEF for Gai. GTP binding
causes dissociation of the G protein, leaving Gy subunits
free to activate migratory signaling through Rac and PAK.
[0385] To test this idea, a split luciferase assay (Gai
NanoBiT) was used, in which signal is lost upon activation
of Gai and dissociation from Gy (FIG. 15C and FIG. 16A).
As a control, an engineered Designer Receptor Exclusively
Activated by Designer Drugs (DREADD) receptor was first
transfected, and the resulting cell population stimulated with
the DREADD ligand, clozapine-N-oxide (CNO). Robust
Gad activation and corresponding loss of luciferase signal
was observed in both CAL-33 and HET-1A cell lines (FIG.
15D).

[0386] Next, it was observed that in the CAL-33 cells,
where the interaction between FGFR3 and Daple was
detected, FGF stimulation can also induce Gai activation;
however, no such activation occurred in HET-1A cells (FIG.
15E). Using siRNA knockdowns, it was found that Gai
activation in CAL-33 cells was dependent on both FGFR3
and Daple (FIG. 15E-F and FIG. 16B). Of note, FGF also
rapidly induced ERK phosphorylation in both CAL-33 and
HET-1A cells, in line with canonical RTK signaling (FIG.
16C). It was also observed that FGF-mediated Gai activa-
tion in CAL-33 cells results in downstream phosphorylation
of PAK1/2, an event not observed in HET-1A (FIG. 15G).
PAK1/2 activity is known to promote cell migration and
invasion and is associated with aggressive tumor behavior
and poor patient prognosis in HNSCC (Park et al., 2015).
Thus, whether FGF stimulation promoted cell migration was
also evaluated. Indeed, a statistically significant increase
equivalent to that of stimulation with serum was observed
(FIG. 15H and FIG. 15I). Without wishing to be bound by
theory, these results support a novel mechanism for regu-
lating Gaui activity via FGFR3 and Daple, resulting in
increased PAK1/2 activation and cell migration.

[0387] Referring to FIG. 15C, NanoBiT biosensor mea-
sures Gau activation through dissociation of the luciferase
split between Go and GBy. CNO mediates canonical GPCR
signaling through the synthetic Gai-coupled DREADD
receptor. FGF mediates HNSCC-specific signaling through
FGFR3 and Daple.

[0388] Referring to FIG. 15D, CAL-33 (HNSCC) and
HET-1A (normal) cells expressing the Gai NanoBiT and
DREADD receptor were stimulated with CNO (10 uM) and
Gad activity was measured by a drop in luminescence over
60 minutes (***P<0.001 when compared with the vehicle-
treated group).

[0389] Referring to FIG. 15E, similarly, luminescence was
measured in CAL-33 and HET-1A cells transfected with Gau
NanoBiT and siRNA (control, FGFR3, or Daple) and stimu-
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lated with FGF (10ng/mL) (***P<0.001 when compared
with the vehicle-treated group).

[0390] Referring to FIG. 15F, immunoblot analysis of
CAL-33 subject to siRNA knockdown is shown.

[0391] Referring to FIG. 15G, PAK1/2 autophosphory-
lation was measured by immunoblot analysis over a time
course of FGF stimulation (0, 5, 10, 30, 60 minutes) in
CAL-33 and HET-1A cells.

[0392] Referring to FIG. 15H, a vertical scratch was
introduced to fibronectin-plated CAL-33 cells. Images were
taken at 0 and 24 hours after FGF stimulation (scale bar=200
um). (I) Quantification of replicate scratch closure assays
from panel H (*P<0.05 when compared with the vehicle-
treated group).

[0393] Referring to FIG. 16A, luminescence was mea-
sured over 60 minutes in mock transfected CAL-33 cells
stimulated with FGF (10 ng/mL).

[0394] Referring to FIG. 16B, as shown in FIG. 15E,
luminescence was measured in CAL-33 cells transfected
with Gai NanoBiT, and siRNA (control, FGFR3, or Daple)
and stimulated with FGF (10 ng/ml). Additionally, lumi-
nescence was measured in CAL-33 cells transfected with
Gad NanoBiT, Gai-DREADD, and siRNA (control, FGFR3,
or Daple) and stimulated with CNO (10 uM). HET-1A cells
were transfected with Gai NanoBiT alone or with the
additional Gai-DREADD and stimulated with FGF or CNO,
respectively (FIG. 15D and FIG. 15E). Luminescence was
measured over 60 minutes with a decrease in luminescent
signal demonstrating Gai activation (***P<0.001 when
compared with the vehicle-treated group).

[0395] Referring to FIG. 16C, ERK phosphorylation over
a time course was measured by immunoblotting in CAL-33
and HET-1A cells stimulated with FGF (10 ng/mL).

Quantitative Analysis of the Effect of Mutations on the PPI
Landscape

[0396] In addition to comparing the specificity of interac-
tions across tumor and non-tumor cell lines, AP-MS data for
both WT and mutant proteins was compared to identify
mutant-regulated interactions. Mutations selected for this
analysis were those found to be highly recurrent in HNSCC
tumor genomes, considering recurrent point mutations and
single amino acid deletions (Key Resources Table 2). A
label-free quantitative proteomics approach was used to
quantify the differential prey abundances between WT and
mutant baits analyzed within the same cell line. As a
negative control experiment, the correlation of prey abun-
dances for two very similar mutations on NFE2[.2, E79K,
and E79Q were first examined. Very high correlation in prey
abundance (r=0.96) was observed for these similar mutant
isoforms (FIG. 17A). Good correlation was also seen for a
second control experiment comparing R248W and R273H
mutations in TP53 (r=0.83, FIG. 17A). Without wishing to
be bound by theory, these results suggest not only a high
degree of biological similarity between these individual
point mutations on the same protein, but also a high degree
of technical accuracy in our quantification of PPIs.

[0397] Referring to FIG. 17A, quantification of PPI regu-
lation of two distinct mutations on NFE2L.2 (left) or TP53
(right), respectively, is shown.

[0398] PPIs were quantitatively analyzed for missense
mutations on six different proteins in total (FIG. 17B; note
PIK3CA is displayed in FIG. 18). This analysis identified
several previously described mutation-dependent PPls
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including those involving NFE2L.2, a transcriptional activa-
tor that regulates genes involved in the oxidative stress
response. Under normal conditions, protein levels of NRF2,
which is encoded by NFE2L.2, are maintained at low levels
by its association with the KEAP1 protein, which promotes
its proteasome-mediated degradation. Previous work has
shown that the interaction between NRF2 and KEAP1 is lost
in the context of NFE2L.2 E79K/Q mutations (Shibata et al.,
2008), leading to increased NRF2 and promotion of car-
cinogenesis (Taguchi and Yamamoto, 2017). Consistent with
this work, it was observed the interaction between NRF2 and
KEAP1 is the most dependent on NFE2L.2 mutations (FIG.
17B).

[0399] Referring to FIG. 17B, quantification of HC-PPIs
for all mutants analyzed, with the exception of PIK3CA
mutants, is shown. Each dot represents an individual PPI. A
selection of interactions that are highly differential between
WT and mutant are annotated, with the line color represent-
ing the cell line from which that PPI was quantified.

[0400] An unexpected finding was that the HRAS G12D
mutant caused a general increase in the abundance of its
interaction partners. Mutant HRAS is known to have
increased plasma membrane localization, and, accordingly,
it was found that the gained interactions included several
proteins related to hemidesmosome assembly, including
PLEC, LAMA3, LAMB3, and LAMC2. In particular,
LAMAS3 (laminin u3), LAMB3 (laminin 03), and LAMC2
(laminin y2) are extracellular matrix proteins that function in
epidermal adhesion and together form the laminin 332
heterotrimeric complex. The laminin 332 complex is highly
expressed in many squamous cell carcinomas, including
HNSCC where it is associated with increased tumor inva-
sion and metastasis, and, consequently, worse prognosis
(Marinkovich, 2007). Analysis of HRAS mutation and
genetic alterations (mutation and CNVs) in the laminin 332
complex in HNSCC tumors revealed a statistically signifi-
cant mutual exclusivity (q=0.042), suggesting functional
redundancy. While this interaction between intracellular
HRAS and an extracellular complex is unexpected, laminin
332 expression is known to cause clustering of RTKs and
subsequent activation of Ras pathways (Tsuruta et al., 2008).
It may be that the observed HRAS:laminin 332 interaction
is tethered by MET, an RTK which is also find to be 2.9-fold
increase in interaction with mutant HRAS.

[0401] Some of the most consistently regulated PPIs in the
entire dataset were interactions of MAPK1 with RPS6KA1
and RPS6KA3, which were lost in the context of E322K
mutation across all six cell lines examined (FIG. 17D).
MAPKI1 encodes ERK2, a protein kinase functioning
directly upstream of RPS6KA1/3 (RSK1/2) in the Ras/Raf/
MEK/ERK pathway that is activated in many types of
cancer. The MAPK1 E322K mutation results in constitutive
activation of this kinase (Arvind et al., 2005), which is
associated with anchorage-independent growth (Mahalin-
gam et al., 2008) and resistance to Raf/MEK inhibitors
(Goetz et al., 2014). Structural analysis indicates that E322
coordinates a network of electrostatic interactions important
for protein binding, and that mutation of this residue to a
positively charged lysine destabilizes binding with
RPS6KA1/3 (Alexa et al., 2015; Brenan et al., 2016; Mahal-
ingam et al., 2008; Taylor et al., 2019). The functional
consequences of the MAPK1:RPS6KA1 PPI were further
tested by performing siRNA knockdown of RPS6KALI in a
cellular background of either MAPK1 WT/WT (CAL-33
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cells) or MAPK1 WT/E322K (HSC-6) alleles (FIG. 17D). It
was observed that in the WT/WT background, but not
WT/E322K, knockdown of RPSK6A1 caused a dramatic
loss in cell viability, indicating a reliance on this signaling
pathway for cell survival in MAPK1 WT/WT cells. While
the exact mechanism for this difference in cell viability is
unclear, it may be that in the context of a WT/E322K
heterozygosity, the presence of E322K can function in a
dominant-negative manner, rewiring cellular signaling to
maintain survival independent of RPS6KAL.

[0402] Referring to FIG. 17C, regulation of the MAPK1-
interacting protein RPS6KA1 (RSK1) across a panel of six
cell lines is shown.

[0403] Referring to FIG. 17D, immunoblot validation and
cell viability upon siRNA knockdown of RPS6KA1 in
CAL-33 cells, which endogenously harbor homozygous WT
MAPKI, or the HSC-6 cell line, which is MAPK1 heterozy-
gous (WT/E322K), are shown. MAPK1/3 (ERK1/2) total
protein immunoblot is shown as a control (***P<0.001
when compared with the non-targeting control (NTC)
siRNA).

Quantitative Analysis of the Mutant PIK3CA Interactome

[0404] PIK3CA encodes pll0alpha (p110a), the catalytic
subunit of phosphatidylinositol 3-kinase (PI3K). PI3K is a
potent mediator of cellular signaling, interacting with both
intracellular small GTPases (e.g., RAS proteins) as well as
receptor kinases (e.g., EGFR) to regulate downstream sig-
naling via both the MAPK/ERK pathway and the Akt/
mTOR pathway (FIG. 19A). Here, 16 different PIK3CA
mutations observed in HNSCC patients were selected, and
the effects of these mutations were quantitatively assessed
on p110a interaction partners (FIG. 19B). These mutations
were not limited to a particular region of the p110a structure
but resided over many different surfaces (FI1G. 19C). Exam-
ining the protein-protein interaction profiles of WT PIK3CA
and the corresponding mutants in SCC-25 cells revealed a
cluster of mutants (M1043V, E453K, and K111N) for which
the same set of preys had increased interaction, particularly
for DAP, death-associated protein 1 (FIG. 19D). Interest-
ingly, a downstream component of PI3K signaling, mTOR,
has been shown to phosphorylate DAP, leading to autophagy
suppression (Koren et al., 2010a, 2010b). The strengthening
of the DAP interaction may result in increased DAP phos-
phorylation and promotion of cell survival in the context of
these oncogenic mutations. This same set of PIK3CA
mutants exhibited a reduction of interactions with a second
group of preys (FIG. 19D), including SH3GLB1 (Endophi-
lin B1), which is known to interact with other lipid kinases,
such as Class-11I PIK3C3, to promote autophagy (Takahashi
et al., 2007). The loss of SH3GLBI1 interaction with these
PIK3CA mutants may serve to reduce autophagy-promoting
signals.

[0405] Referring to FIG. 19A, an overview of the PIK3CA
signaling pathway, which is often stimulated by RTKs that
interact with PIK3CA to stimulate RAS/Raf-mediated or
Akt/mTORCI1-mediated downstream signaling is shown.
[0406] Referring to FIG. 19B, analyzed PIK3CA mutants
and their frequency in HNSCC tumors from TCGA is
shown. Asterisk (*) denotes mutations annotated as onco-
genic in OncoKB (Chakravarty et al., 2017). Graph bars
corresponding to each mutation were color-coded to indicate
their localization within the p110a domain (as indicated in
the legend in top right corner).
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[0407] Referring to FIG. 19C, selected PIK3CA mutations
were mapped on the structure of PI3K (PDB: 41.23) (Zhao
et al., 2014) by highlighting the mutated residues as red
spheres.

[0408] Referring to FIG. 19D, quantification of PPIs for
all HC-PPIs detected in the SCC-25 cell lines is shown (all
cell lines displayed in FIG. 18).

[0409] Perhaps the most striking observation from the
mutant PIK3CA interactome was the very high similarity in
interaction patterns of five of the PIK3CA mutants
(E110DEL, V344G, E542K, E545G, and E545K) (FIG.
19D), driven by a strong increase in interaction of these
mutants with three proteins, ERBB3 (HER3), GAB1, and
IRS1. These prey proteins all share the property of multiple
YxxM motifs, representing consensus binding sites for the
two SH2 domains (nSH2 and ¢cSH2) located in the PI3K p85
regulatory subunit connected by the iSH2 coiled coil domain
(Songyang et al., 1994). Engagement of phosphorylated
YxxM motifs with the SH2 domains of p85 is essential for
PI3K signaling by releasing p110c. autoinhibition and medi-
ating recruitment of PI3K to the plasma membrane (Dornan
and Burke, 2018). The helical domain mutants (E545K,
E545G, ES42K) disrupt the interaction of pl10c with its
auto-inhibitory p85 subunits, making the p85 nSH2 domain
more readily available for interaction with phosphorylated
YxxM motifs. Outside of this primary cluster of mutations,
other mutation sites (e.g., K111E and G1007R) were also
observed with a strong increase in HER3 binding. In these
cases also, mutations are expected to compromise the p85-
imposed inhibition of the p110a catalytic module, either by
disruption of the ABD domain relative to the inhibitory iISH2
module of p85 (K111E, FIG. 19E), or by disruption of a
hydrophobic cluster coordinating amino acids from multiple
p110c domains (G1007R, FIG. 19F).

[0410] Referring to FIG. 19E, a cartoon representation of
a zoomed-in view of PI3K illustrating a salt bridge formed
between K11 and E81 (PDB: 41.23) is shown.

[0411] Referring to FIG. 19E, a zoomed-in view depicting
interactions made by G1007 in PI3K (PDB: 41.23) is shown.
[0412] These results led to the hypothesis that the differ-
ential binding observed across PIK3CA mutants may cor-
relate with HER3 activation. Indeed, a strong correlation
between the association of individual PIK3CA mutants with
HER3 was observed, as measured by AP-MS, and HER3
activation, as measured by immunoblotting of Y1197 phos-
phorylation (r=0.75, FIG. 19G and FIG. 20B). Activation of
HER3 has previously been recognized as important in
HNSCC, and clinical trials of inhibitors of HER3 signaling
have been completed or are underway using a variety of
agents, including the monoclonal antibody CDX3379
(Duvvuri et al., 2019). It was thus hypothesized that an
HER3 inhibitor might prove particularly effective in the
context of PIK3CA helical domain mutants, which show
increased binding to HER3 and correlate with increased
phosphorylation of HER3, in comparison to other mutants
(FIG. 19D-G). To test this hypothesis, isogenic CAL-27 cell
lines overexpressing either WT, ES42K, E545K, or H1047R
mutant isoforms of PIK3CA were generated, and injected
into the flanks of athymic nude mice (Key Resources Table
2). Importantly, CAL-27 cells were used, as they are diploid
for WT PIK3CA. Mice were then treated with either saline
(control) or the HER3 inhibitor CDX3379 over the course of
15 days, and tumor size was monitored (FIG. 21A-C).
Tumors harboring the H1047R mutant, which did not bind
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highly to or increase phosphorylation of HER3, were resis-
tant to CDX3379. In contrast, CDX3379 treatment of xeno-
graft models harboring the helical domain mutants, ES42K
and E545K, resulted in almost complete inhibition of tumor
growth. This finding was unanticipated as all PIK3CA
mutations have been thought to confer resistance to HER3
inhibition.

[0413] Referring to FIG. 19G, a correlation of Log 2
HER3 interaction levels from AP-MS experiments and Log
2 HER3 Y1197 phosphorylation levels from immunoblot
analysis is shown. All values are normalized by FLAG-
PIK3CA levels in their respective experiments.

[0414] Referring to FIG. 20A, quantification of PPIs for
all HC-PPIs detected in all cell lines is shown.

[0415] Referring to FIG. 20B, an immunoblot of total and
phosphorylated HER3 (Y 1197), total HER3, Actin (loading
control), and FLLAG peptide in SCC-25 cells expressing a
panel of FLAG-tagged PIK3CA mutants is shown.

[0416] Referring to FIG. 20C, a representative immuno-
blot of phosphorylated Akt (T308), total Akt, and GAPDH
(loading control), in CAL-27 cells expressing W', ES45K,
or H1047R PIK3CA is shown. Cells were treated in vitro
with either DMSO or the CDX3379 (1 pg/ml, 1 hr).
[0417] Referring to FIG. 21A-C, CAL-27 cells expressing
inducible PIK3CA variants were transplanted into athymic
nude mice. Mice were fed with doxycycline to induce
PIK3CA expression. When tumor volumes reached approxi-
mately 100 mm?®, mice were treated with vehicle (PBS) or
CDX3379 (10 mg/kg, twice a week) for approximately 15
days, as indicated. Shown are (FIG. 21A) tumor growth
curves, (FIG. 21B) representative tumor images, and (FIG.
21C) last day tumor volume (****P<0.0001 when compared
with the control-treated group).

[0418] To further investigate the mechanisms regulating
these in vivo phenotypes, the levels of phosphorylated Akt
(pAkt), a downstream mediator of PI3K signaling, were
assessed in CAL-27 cells. For mutants in which CDX3379
treatment inhibited tumor growth in vivo (E542K and
E545K), in vitro treatment resulted in significant downregu-
lation of pAkt levels, whereas no such decrease was
observed for the CDX3379-resistant H1047R-expressing
cells (FIG. 21D and FIG. 20C).

[0419] Referring to FIG. 21D, quantification of immuno-
blot analysis of signaling events in the same CAL-27 cells
in vitro is shown. PIK3CA variant expression was induced
by doxycycline (1 pg/ml in culture medium), cells were
treated with CDX3379 (1 pg/ml, 1 hr), and lysates were
analyzed by immunoblotting as indicated. Densitometry
analysis of western blots was performed using Image]J. Data
are represented as mean+SEM, n=3 in each group. (*P<0.05
when compared with the control-treated group).

Discussion

[0420] In this study, the physical landscape of protein-
protein interactions targeting genes genetically linked to
HNSCC were examined, revealing hundreds of novel PPIs.
It was observed that these interactions are highly specific to
the cell line of study, with PPIs shared between cancer cell
lines being no more similar than those shared between these
cancer cell lines and the non-tumorigenic HET-1A cells. In
support of previous observations (Huttlin et al., 2020), these
results suggest the exciting premise that there remains a vast
network of PPIs left to discover beyond the thousands
annotated from HEK293T and Hel a cells (Hein et al., 2015;
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Huttlin et al., 2015, 2017). It is anticipated that develop-
ments in high-throughput protein complex determination,
such as co-elution (Salas et al., 2020), proximity-labeling
(Lobingier et al., 2017; Samavarchi-Tehrani et al., 2020),
and cross-linking MS (Klykov et al., 2018), will enable the
rapid advancement of systematic PPI mapping in a diverse
array of cancer cell contexts.

[0421] An important goal of cancer therapy is to identify
drug targets that are applicable across many patients and that
achieve high specificity for cancer cells among a heteroge-
neous tumor cell population. In the context of PPIs, this goal
requires moving beyond simply cataloging protein-protein
interactions towards robust comparative analysis of PPls
across cellular contexts. For this purpose, a differential
interaction score (DIS) was created, and the value of this
DIS to statistically compare PPIs across contexts was dem-
onstrated, which will aid in not only understanding the
underlying biology behind HNSCC, but other cancers and
disease in general.

A Novel FGFR3:Daple Interaction Promotes Cell Motility

[0422] It is becoming increasingly evident that Daple has
a greater diversity of cellular roles than initially appreciated.
Early work established its role in mediating both canonical
and non-canonical Wnt signaling via the Frizzled receptor
(Ara et al., 2016; Aznar et al., 2017; Ishida-Takagishi et al.,
2012; Oshita et al., 2003). Further studies have shown Daple
is activated by RTK (Aznar et al., 2018) and can function as
a non-receptor GEF capable of activating Gai and Racl
(Aznar et al., 2015). The findings disclosed herein build
upon these findings by demonstrating that FGF stimulation
can activate Gad in a Daple- and FGFR3-dependent manner,
which results in activation of PAK1/2 kinases and cell
motility. This work also suggests that the previously unde-
scribed connection between FGFR3 and Daple mediates
Goi and PAKI1/2 activation; no such activation was
observed in HET-1A cells which lack this interaction.
[0423] Importantly, PAK1 expression is highly correlated
with aggressive tumor behavior and poor patient prognosis
in HNSCC (Park et al., 2015; Parvathy et al., 2016). The
finding that FGFR3 can mediate HNSCC-specific activation
of PAK1/2 becomes increasingly important as FGFR inhibi-
tors progress towards the clinic. Phase 1I clinical trials with
rogaratinib, an FGFR inhibitor, are underway for HNSCC
patients with FGFR1/2/3 mRNA  overexpression
(NCTO03088059), after phase I trials demonstrated a 67%
objective response rate for solid tumors with FGFR mRNA
overexpression (Schuler et al., 2019). Additionally, a com-
plete response was observed in a metastatic HNSCC tumor
with multiple FGFR amplifications, including FGFR3, when
treated with a pan-FGFR inhibitor (Dumbrava et al., 2018).
Further work may determine if the FGFR3:Daple interaction
results in frequent coupling of FGFR and PAK1/2 activity in
HNSCC patients and if other cancer types exploit this novel
signaling mechanism. More direct studies are necessary to
determine the extent to which FGFR and PAK1/2 activity
contribute to clinical outcomes, as PAK1/2 activity could
serve as an additional biomarker of patients benefiting from
FGFR targeted therapy.

Tumor Response to HER3 Inhibition is Dependent Upon
PIK3CA Mutation Status

[0424] These results also highlight that the oncogenic
mechanisms of individual PIK3CA mutations can be influ-
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enced by differences in PPI, and these differences can be
exploited for therapeutic benefit. For example, helical
domain mutations activate PI3K primarily by compromising
the interactions between the p85 regulatory module and the
pl10a catalytic module. It was found that these mutants
show increased binding to HER3, increased HER3 phos-
phorylation, and dependence on HER3 signaling to drive
tumorigenesis (FIG. 21E). In contrast, the H1047R mutant is
oncogenic independently of HER3 signaling. These features
of PI3K mutants seemingly contradict previous studies
showing that addition of the phosphorylated YXXM motif-
containing peptides increases in vitro catalytic activity of the
H1047H mutant but not the helical domain mutants (Carson
et al., 2008). It is postulated that phosphorylated RTK tails
are necessary not for activation of the helical domain PI3K
mutants, but for their recruitment to the plasma membrane
where they need to interact with RasGTP for full activation
(Zhao and Vogt, 2008). This strong dependence renders cells
with such mutations sensitive to HER3 inhibition. These
data also show that proteins with high density of YxxM
motifs, such as HER3 and IRS1/2, are particularly efficient
in synergizing with the PI3K helical domain mutants in
which the two SH2 domains contained within the p85
regulatory module are more available. A number of other
PI3K mutants that share HER3 binding features with the
helical domain mutants were also identified, and it was
predicted that their oncogenic potential is also HER3-de-
pendent (FIG. 21E). In contrast, H1047R mutation increases
PI3K membrane a localization (Burke et al., 2012; Carson et
al., 2008; Gkeka et al., 2014; Liu et al., 2014) and confers
RasGTP independence (Zhao and Vogt, 2008). While full
activation of the H1047R PIK3CA mutation still requires
binding of phosphorylated RTKs, the Ras independence and
innate membrane localization of this mutation enables
HER3-independent tumor growth and the observed resis-
tance of this mutant to HER3-targeted therapy.

[0425] Referring to FIG. 21E, the PI3K complex is main-
tained in an inactive state via auto-inhibition of the p110a
(PIK3CA) catalytic subunit by the p85 regulatory subunits.
Mutations in p110a can promote activation of this complex
by different mechanisms. Helical domain mutants relieve
auto-inhibition by the p85 subunits, which in turn seck
interactions with YxxM motifs, showing preference for
proteins with high YxxM density, such as HER3 and IRS1/2.
In contrast, the localization of the H1047R mutation blocks
auto-inhibition of the kinase domain by one p85 regulatory
subunit; thus, interaction with only a single YxxM motif by
the remaining p85 subunit is required for PI3K activation.

[0426] Clinical inhibition of HER3 in HNSCC patients is
currently being pursued in phase 1I clinical trials with the
monoclonal antibody CDX3379 (NCT03254927). This drug
locks the HER3 extracellular domain in an inactive configu-
ration (Lee et al., 2015) and prevents not only dimerization
with co-activating RTKs (e.g., HER2) but also activation of
HER3 by neuregulins (e.g., NRG1). These properties make
HER3 a particularly promising target, as NRG1 is expressed
at higher levels in HNSCC than in any other tumor type
(Alvarado et al., 2017). The results presented here further
suggest that HER3 inhibitors present an opportunity to
potently target specific PIK3CA mutant tumors, a utility that
had not been evaluated previously. This is important, as
PIK3CA is one of the most commonly mutated oncogenes in
HNSCC (Cancer Genome Atlas, Network, 2015), yet tar-
geting of PIK3CA in the clinic has been limited by toxicity
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(Janku et al., 2018), likely due to its pleiotropic roles in
cancer and maintenance of normal cell states. In light of
these findings, patient pre-selection, such as exclusion of
PIK3CA H1047R mutation carriers and inclusion of those
harboring helical domain mutants, may be a valuable con-
sideration as future phases of clinical trials proceed.
[0427] In summary, this study outlines a framework for
elucidating genetic complexity through multidimensional
maps of cancer cell biology and demonstrates that such
maps can reveal novel mechanisms of cancer pathogenesis,
instructs the selection of therapeutic targets, and informs
which point mutations in the tumor are most likely to
respond to treatment. As such, it is anticipated that the
generation and incorporation of cancer-specific physical and
functional networks may represent a critical component to
interpret and predict cancer biology and its clinical out-
comes.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 16

<210> SEQ ID NO 1

<211> LENGTH: 393

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Met Glu Glu Pro Gln Ser Asp Pro Ser Val Glu Pro Pro Leu Ser Gln

1 5 10

15

Glu Thr Phe Ser Asp Leu Trp Lys Leu Leu Pro Glu Asn Asn Val Leu

20 25

30
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-continued

Ser Pro Leu Pro Ser Gln Ala Met Asp Asp Leu Met Leu Ser Pro Asp
35 40 45

Asp Ile Glu Gln Trp Phe Thr Glu Asp Pro Gly Pro Asp Glu Ala Pro
50 55 60

Arg Met Pro Glu Ala Ala Pro Pro Val Ala Pro Ala Pro Ala Ala Pro
65 70 75 80

Thr Pro Ala Ala Pro Ala Pro Ala Pro Ser Trp Pro Leu Ser Ser Ser
85 90 95

Val Pro Ser Gln Lys Thr Tyr Gln Gly Ser Tyr Gly Phe Arg Leu Gly
100 105 110

Phe Leu His Ser Gly Thr Ala Lys Ser Val Thr Cys Thr Tyr Ser Pro
115 120 125

Ala Leu Asn Lys Met Phe Cys Gln Leu Ala Lys Thr Cys Pro Val Gln
130 135 140

Leu Trp Val Asp Ser Thr Pro Pro Pro Gly Thr Arg Val Arg Ala Met
145 150 155 160

Ala Ile Tyr Lys Gln Ser Gln His Met Thr Glu Val Val Arg Arg Cys
165 170 175

Pro His His Glu Arg Cys Ser Asp Ser Asp Gly Leu Ala Pro Pro Gln
180 185 190

His Leu Ile Arg Val Glu Gly Asn Leu Arg Val Glu Tyr Leu Asp Asp
195 200 205

Arg Asn Thr Phe Arg His Ser Val Val Val Pro Tyr Glu Pro Pro Glu
210 215 220

Val Gly Ser Asp Cys Thr Thr Ile His Tyr Asn Tyr Met Cys Asn Ser
225 230 235 240

Ser Cys Met Gly Gly Met Asn Arg Arg Pro Ile Leu Thr Ile Ile Thr
245 250 255

Leu Glu Asp Ser Ser Gly Asn Leu Leu Gly Arg Asn Ser Phe Glu Val
260 265 270

Arg Val Cys Ala Cys Pro Gly Arg Asp Arg Arg Thr Glu Glu Glu Asn
275 280 285

Leu Arg Lys Lys Gly Glu Pro His His Glu Leu Pro Pro Gly Ser Thr
290 295 300

Lys Arg Ala Leu Pro Asn Asn Thr Ser Ser Ser Pro Gln Pro Lys Lys
305 310 315 320

Lys Pro Leu Asp Gly Glu Tyr Phe Thr Leu Gln Ile Arg Gly Arg Glu
325 330 335

Arg Phe Glu Met Phe Arg Glu Leu Asn Glu Ala Leu Glu Leu Lys Asp
340 345 350

Ala Gln Ala Gly Lys Glu Pro Gly Gly Ser Arg Ala His Ser Ser His
355 360 365

Leu Lys Ser Lys Lys Gly Gln Ser Thr Ser Arg His Lys Lys Leu Met
370 375 380

Phe Lys Thr Glu Gly Pro Asp Ser Asp
385 390

<210> SEQ ID NO 2

<211> LENGTH: 173

<212> TYPE: PRT

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown:
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-continued

PIK3CA sequence
<400> SEQUENCE: 2

Met Gln Pro Phe Ser Ile Pro Val Gln Ile Thr Leu Gln Gly Ser Arg
1 5 10 15

Arg Arg Gln Gly Arg Thr Ala Phe Pro Ala Ser Gly Lys Lys Arg Glu
20 25 30

Thr Asp Tyr Ser Asp Gly Asp Pro Leu Asp Val His Lys Arg Leu Pro
35 40 45

Ser Ser Ala Gly Glu Asp Arg Ala Val Met Leu Gly Phe Ala Met Met
50 55 60

Gly Phe Ser Val Leu Met Phe Phe Leu Leu Gly Thr Thr Ile Leu Lys
65 70 75 80

Pro Phe Met Leu Ser Ile Gln Arg Glu Glu Ser Thr Cys Thr Ala Ile
85 90 95

His Thr Asp Ile Met Asp Asp Trp Leu Asp Cys Ala Phe Thr Cys Gly
100 105 110

Val His Cys His Gly Gln Gly Lys Tyr Pro Cys Leu Gln Val Phe Val
115 120 125

Asn Leu Ser His Pro Gly Gln Lys Ala Leu Leu His Tyr Asn Glu Glu
130 135 140

Ala Val Gln Ile Asn Pro Lys Arg Asp Val Thr Asp Cys Arg Val Lys
145 150 155 160

Glu Lys Gln Thr Leu Thr Val Ser Asp Glu His Lys Gln
165 170

<210> SEQ ID NO 3

<211> LENGTH: 1068

<212> TYPE: PRT

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown:
PIK3CA sequence

<400> SEQUENCE: 3

Met Pro Pro Arg Pro Ser Ser Gly Glu Leu Trp Gly Ile His Leu Met
1 5 10 15

Pro Pro Arg Ile Leu Val Glu Cys Leu Leu Pro Asn Gly Met Ile Val
20 25 30

Thr Leu Glu Cys Leu Arg Glu Ala Thr Leu Ile Thr Ile Lys His Glu
35 40 45

Leu Phe Lys Glu Ala Arg Lys Tyr Pro Leu His Gln Leu Leu Gln Asp
50 55 60

Glu Ser Ser Tyr Ile Phe Val Ser Val Thr Gln Glu Ala Glu Arg Glu
65 70 75 80

Glu Phe Phe Asp Glu Thr Arg Arg Leu Cys Asp Leu Arg Leu Phe Gln
85 90 95

Pro Phe Leu Lys Val Ile Glu Pro Val Gly Asn Arg Glu Glu Lys Ile
100 105 110

Leu Asn Arg Glu Ile Gly Phe Ala Ile Gly Met Pro Val Cys Glu Phe
115 120 125

Asp Met Val Lys Asp Pro Glu Val Gln Asp Phe Arg Arg Asn Ile Leu
130 135 140

Asn Val Cys Lys Glu Ala Val Asp Leu Arg Asp Leu Asn Ser Pro His
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-continued

145 150 155 160

Ser Arg Ala Met Tyr Val Tyr Pro Pro Asn Val Glu Ser Ser Pro Glu
165 170 175

Leu Pro Lys His Ile Tyr Asn Lys Leu Asp Lys Gly Gln Ile Ile Val
180 185 190

Val Ile Trp Val Ile Val Ser Pro Asn Asn Asp Lys Gln Lys Tyr Thr
195 200 205

Leu Lys Ile Asn His Asp Cys Val Pro Glu Gln Val Ile Ala Glu Ala
210 215 220

Ile Arg Lys Lys Thr Arg Ser Met Leu Leu Ser Ser Glu Gln Leu Lys
225 230 235 240

Leu Cys Val Leu Glu Tyr Gln Gly Lys Tyr Ile Leu Lys Val Cys Gly
245 250 255

Cys Asp Glu Tyr Phe Leu Glu Lys Tyr Pro Leu Ser Gln Tyr Lys Tyr
260 265 270

Ile Arg Ser Cys Ile Met Leu Gly Arg Met Pro Asn Leu Met Leu Met
275 280 285

Ala Lys Glu Ser Leu Tyr Ser Gln Leu Pro Met Asp Cys Phe Thr Met
290 295 300

Pro Ser Tyr Ser Arg Arg Ile Ser Thr Ala Thr Pro Tyr Met Asn Gly
305 310 315 320

Glu Thr Ser Thr Lys Ser Leu Trp Val Ile Asn Ser Ala Leu Arg Ile
325 330 335

Lys Ile Leu Cys Ala Thr Tyr Val Asn Val Asn Ile Arg Asp Ile Asp
340 345 350

Lys Ile Tyr Val Arg Thr Gly Ile Tyr His Gly Gly Glu Pro Leu Cys
355 360 365

Asp Asn Val Asn Thr Gln Arg Val Pro Cys Ser Asn Pro Arg Trp Asn
370 375 380

Glu Trp Leu Asn Tyr Asp Ile Tyr Ile Pro Asp Leu Pro Arg Ala Ala
385 390 395 400

Arg Leu Cys Leu Ser Ile Cys Ser Val Lys Gly Arg Lys Gly Ala Lys
405 410 415

Glu Glu His Cys Pro Leu Ala Trp Gly Asn Ile Asn Leu Phe Asp Tyr
420 425 430

Thr Asp Thr Leu Val Ser Gly Lys Met Ala Leu Asn Leu Trp Pro Val
435 440 445

Pro His Gly Leu Glu Asp Leu Leu Asn Pro Ile Gly Val Thr Gly Ser
450 455 460

Asn Pro Asn Lys Glu Thr Pro Cys Leu Glu Leu Glu Phe Asp Trp Phe
465 470 475 480

Ser Ser Val Val Lys Phe Pro Asp Met Ser Val Ile Glu Glu His Ala
485 490 495

Asn Trp Ser Val Ser Arg Glu Ala Gly Phe Ser Tyr Ser His Ala Gly
500 505 510

Leu Ser Asn Arg Leu Ala Arg Asp Asn Glu Leu Arg Glu Asn Asp Lys
515 520 525

Glu Gln Leu Lys Ala Ile Ser Thr Arg Asp Pro Leu Ser Glu Ile Thr
530 535 540

Glu Gln Glu Lys Asp Phe Leu Trp Ser His Arg His Tyr Cys Val Thr
545 550 555 560
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-continued

Ile Pro Glu Ile Leu Pro Lys Leu Leu Leu Ser Val Lys Trp Asn Ser
565 570 575

Arg Asp Glu Val Ala Gln Met Tyr Cys Leu Val Lys Asp Trp Pro Pro
580 585 590

Ile Lys Pro Glu Gln Ala Met Glu Leu Leu Asp Cys Asn Tyr Pro Asp
595 600 605

Pro Met Val Arg Gly Phe Ala Val Arg Cys Leu Glu Lys Tyr Leu Thr
610 615 620

Asp Asp Lys Leu Ser Gln Tyr Leu Ile Gln Leu Val Gln Val Leu Lys
625 630 635 640

Tyr Glu Gln Tyr Leu Asp Asn Leu Leu Val Arg Phe Leu Leu Lys Lys
645 650 655

Ala Leu Thr Asn Gln Arg Ile Gly His Phe Phe Phe Trp His Leu Lys
660 665 670

Ser Glu Met His Asn Lys Thr Val Ser Gln Arg Phe Gly Leu Leu Leu
675 680 685

Glu Ser Tyr Cys Arg Ala Cys Gly Met Tyr Leu Lys His Leu Asn Arg
690 695 700

Gln Val Glu Ala Met Glu Lys Leu Ile Asn Leu Thr Asp Ile Leu Lys
705 710 715 720

Gln Glu Lys Lys Asp Glu Thr Gln Lys Val Gln Met Lys Phe Leu Val
725 730 735

Glu Gln Met Arg Arg Pro Asp Phe Met Asp Ala Leu Gln Gly Phe Leu
740 745 750

Ser Pro Leu Asn Pro Ala His Gln Leu Gly Asn Leu Arg Leu Glu Glu
755 760 765

Cys Arg Ile Met Ser Ser Ala Lys Arg Pro Leu Trp Leu Asn Trp Glu
770 775 780

Asn Pro Asp Ile Met Ser Glu Leu Leu Phe Gln Asn Asn Glu Ile Ile
785 790 795 800

Phe Lys Asn Gly Asp Asp Leu Arg Gln Asp Met Leu Thr Leu Gln Ile
805 810 815

Ile Arg Ile Met Glu Asn Ile Trp Gln Asn Gln Gly Leu Asp Leu Arg
820 825 830

Met Leu Pro Tyr Gly Cys Leu Ser Ile Gly Asp Cys Val Gly Leu Ile
835 840 845

Glu Val Val Arg Asn Ser His Thr Ile Met Gln Ile Gln Cys Lys Gly
850 855 860

Gly Leu Lys Gly Ala Leu Gln Phe Asn Ser His Thr Leu His Gln Trp
865 870 875 880

Leu Lys Asp Lys Asn Lys Gly Glu Ile Tyr Asp Ala Ala Ile Asp Leu
885 890 895

Phe Thr Arg Ser Cys Ala Gly Tyr Cys Val Ala Thr Phe Ile Leu Gly
900 905 910

Ile Gly Asp Arg His Asn Ser Asn Ile Met Val Lys Asp Asp Gly Gln
915 920 925

Leu Phe His Ile Asp Phe Gly His Phe Leu Asp His Lys Lys Lys Lys
930 935 940

Phe Gly Tyr Lys Arg Glu Arg Val Pro Phe Val Leu Thr Gln Asp Phe
945 950 955 960
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-continued

Leu Ile Val Ile Ser Lys Gly Ala Gln Glu Cys Thr Lys Thr Arg Glu
965 970 975

Phe Glu Arg Phe Gln Glu Met Cys Tyr Lys Ala Tyr Leu Ala Ile Arg
980 985 990

Gln His Ala Asn Leu Phe Ile Asn Leu Phe Ser Met Met Leu Gly Ser
995 1000 1005

Gly Met Pro Glu Leu Gln Ser Phe Asp Asp Ile Ala Tyr Ile Arg
1010 1015 1020

Lys Thr Leu Ala Leu Asp Lys Thr Glu Gln Glu Ala Leu Glu Tyr
1025 1030 1035

Phe Met Lys Gln Met Asn Asp Ala His His Gly Gly Trp Thr Thr
1040 1045 1050

Lys Met Asp Trp Ile Phe His Thr Ile Lys Gln His Ala Leu Asn
1055 1060 1065

<210> SEQ ID NO 4

<211> LENGTH: 3008

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown:
Aktl sequence

<400> SEQUENCE: 4

taattatggg tctgtaacca ccctggactg ggtgctecte actgacggac ttgtctgaac 60
ctetetttgt ctecagegee cagcactggg cctggcaaaa cctgagacge ccggtacatg 120
ttggccaaat gaatgaacca gattcagacc ggcaggggeyg ctgtggttta ggaggggcect 180
ggggtttete ccaggaggtt tttgggettg cgectggaggg ctetggacte cegtttgege 240
cagtggcctg catcctggte ctgtcttcecct catgtttgaa tttcetttget ttectagtcet 300
ggggagcagyg gaggagccct gtgecctgte ccaggatcca tgggtaggaa caccatggac 360

agggagagca aacggggcca tctgtcacca ggggettagg gaaggecgag ccagectggg 420

tcaaagaagt caaaggggct gectggagga ggcagectgt cagetggtge atcagagget 480

gtggccagge cagctggget cggggagege cagectgaga ggagegegtyg agegtegegg 540

gagccteggg caccatgage gacgtggcta ttgtgaagga gggttggetyg cacaaacgag 600
gggagtacat caagacctgg cggccacgct acttectect caagaatgat ggcaccttcea 660
ttggctacaa ggagcggeceg caggatgtgg accaacgtga ggctceccte aacaacttet 720
ctgtggegea gtgccagetyg atgaagacgg ageggecceg geccaacace ttcatcatce 780
getgectgea gtggaccact gtcatcgaac gcaccttceca tgtggagact cctgaggage 840
gggaggagtyg gacaaccgcc atccagactyg tggctgacgg cctcaagaag caggaggagg 900
aggagatgga cttceggteg ggctcaccca gtgacaactce aggggetgaa gagatggagg 960

tgtcecetgge caagcccaag caccgcgtga ccatgaacga gtttgagtac ctgaagctgce 1020

tgggcaaggg cactttcggce aaggtgatce tggtgaagga gaaggccaca ggccgctact 1080

acgccatgaa gatcctcaag aaggaagtca tcgtggecaa ggacgaggtyg gcccacacac 1140

tcaccgagaa ccgcgtcecetg cagaactcca ggcaccectt cctcacagece ctgaagtact 1200

ctttccagac ccacgaccgce ctectgcetttg tcatggagta cgccaacggg ggcgagctgt 1260

tctteccacct gtcececgggag cgtgtgttcet ccgaggaccg ggcccgctte tatggegetg 1320
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agattgtgtc agccctggac tacctgcact cggagaagaa cgtggtgtac cgggacctca 1380
agctggagaa cctcatgctg gacaaggacg ggcacattaa gatcacagac ttcgggctgt 1440
gcaaggaggyg gatcaaggac ggtgccacca tgaagacctt ttgcggcaca cctgagtacce 1500
tggccececga ggtgctggag gacaatgact acggccgtge agtggactgg tgggggctgg 1560
gcgtggtcecat gtacgagatg atgtgcggtce gectgecctt ctacaaccag gaccatgaga 1620
agctttttga gctcatccte atggaggaga tccgcttece gegcacgctt ggtcccgagg 1680
ccaagtcectt getttcaggg ctgctcaaga aggaccccaa gcagaggctt ggcgggggct 1740
ccgaggacgce caaggagatc atgcagcatc gcttetttge cggtatcgtg tggcagcacg 1800
tgtacgagaa gaagctcagc ccacccttca agecccaggt cacgtceggag actgacacca 1860
ggtattttga tgaggagttc acggcccaga tgatcaccat cacaccacct gaccaagatg 1920
acagcatgga gtgtgtggac agcgagcgca ggccccactt cccccagtte tectactegg 1980
ccageggcac ggcectgagge ggcggtggac tgegetggac gatagettgyg agggatggag 2040
aggcggcectce gtgccatgat ctgtatttaa tggtttttat ttctcecgggtg catttgagag 2100
aagccacgct gtcectctega geccagatgg aaagacgttt ttgtgetgtg ggcagcaccce 2160
tceceecgecag cggggtaggg aagaaaacta tcectgcgggt tttaatttat ttcatccagt 2220
ttgttcteeg ggtgtggect cagccctcag aacaatccga ttcacgtagg gaaatgttaa 2280
ggacttctge agctatgcge aatgtggcat tggggggceg ggcaggtcct gcccatgtgt 2340
ccectecacte tgtcagccag ccgceccectggg ctgtcectgtca ccagctatet gtcatctcete 2400
tggggccectg ggcctcagtt caacctggtg gcaccagatg caacctcact atggtatget 2460
ggccagcace ctetectggg ggtggcagge acacagcage cecccagecac taaggccgtg 2520
tctectgagga cgtcatcgga ggctgggcece ctgggatggg accagggatg ggggatgggce 2580
cagggtttac ccagtgggac agaggagcaa ggtttaaatt tgttattgtg tattatgttg 2640
ttcaaatgca ttttgggggt ttttaatctt tgtgacagga aagccctcce ccttecectt 2700
ctgtgtcaca gttcttggtg actgtcccac cgggagectce cccctcagat gatctcectceca 2760
cggtagcact tgaccttttc gacgcttaac ctttceccecgetg tegcecccagg cectecctga 2820
ctececctgtgg gggtggccat ccectgggcece ctecacgect ccectggccaga cgctgcecget 2880
gccgetgecac cacggcgttt ttttacaaca ttcaacttta gtatttttac tattataata 2940
taatatggaa ccttccctec aaattcttca ataaaagttg cttttcaaaa aaaaaaaaaa 3000
aaaaaaaa 3008
<210> SEQ ID NO 5
<211> LENGTH: 1342
<212> TYPE: PRT
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: Description of Unknown:

HER3 sequence

<400> SEQUENCE: 5

Met Arg Ala Asn Asp Ala Leu Gln Val Leu Gly Leu Leu Phe Ser Leu
1 5 10 15

Ala Arg Gly Ser Glu Val Gly Asn Ser Gln Ala Val Cys Pro Gly Thr
20 25 30

Leu Asn Gly Leu Ser Val Thr Gly Asp Ala Glu Asn Gln Tyr Gln Thr
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35 40 45

Leu Tyr Lys Leu Tyr Glu Arg Cys Glu Val Val Met Gly Asn Leu Glu
50 55 60

Ile Val Leu Thr Gly His Asn Ala Asp Leu Ser Phe Leu Gln Trp Ile
65 70 75 80

Arg Glu Val Thr Gly Tyr Val Leu Val Ala Met Asn Glu Phe Ser Thr
Leu Pro Leu Pro Asn Leu Arg Val Val Arg Gly Thr Gln Val Tyr Asp
100 105 110

Gly Lys Phe Ala Ile Phe Val Met Leu Asn Tyr Asn Thr Asn Ser Ser
115 120 125

His Ala Leu Arg Gln Leu Arg Leu Thr Gln Leu Thr Glu Ile Leu Ser
130 135 140

Gly Gly Val Tyr Ile Glu Lys Asn Asp Lys Leu Cys His Met Asp Thr
145 150 155 160

Ile Asp Trp Arg Asp Ile Val Arg Asp Arg Asp Ala Glu Ile Val Val
165 170 175

Lys Asp Asn Gly Arg Ser Cys Pro Pro Cys His Glu Val Cys Lys Gly
180 185 190

Arg Cys Trp Gly Pro Gly Ser Glu Asp Cys Gln Thr Leu Thr Lys Thr
195 200 205

Ile Cys Ala Pro Gln Cys Asn Gly His Cys Phe Gly Pro Asn Pro Asn
210 215 220

Gln Cys Cys His Asp Glu Cys Ala Gly Gly Cys Ser Gly Pro Gln Asp
225 230 235 240

Thr Asp Cys Phe Ala Cys Arg His Phe Asn Asp Ser Gly Ala Cys Val
245 250 255

Pro Arg Cys Pro Gln Pro Leu Val Tyr Asn Lys Leu Thr Phe Gln Leu
260 265 270

Glu Pro Asn Pro His Thr Lys Tyr Gln Tyr Gly Gly Val Cys Val Ala
275 280 285

Ser Cys Pro His Asn Phe Val Val Asp Gln Thr Ser Cys Val Arg Ala
290 295 300

Cys Pro Pro Asp Lys Met Glu Val Asp Lys Asn Gly Leu Lys Met Cys
305 310 315 320

Glu Pro Cys Gly Gly Leu Cys Pro Lys Ala Cys Glu Gly Thr Gly Ser
325 330 335

Gly Ser Arg Phe Gln Thr Val Asp Ser Ser Asn Ile Asp Gly Phe Val
340 345 350

Asn Cys Thr Lys Ile Leu Gly Asn Leu Asp Phe Leu Ile Thr Gly Leu
355 360 365

Asn Gly Asp Pro Trp His Lys Ile Pro Ala Leu Asp Pro Glu Lys Leu
370 375 380

Asn Val Phe Arg Thr Val Arg Glu Ile Thr Gly Tyr Leu Asn Ile Gln
385 390 395 400

Ser Trp Pro Pro His Met His Asn Phe Ser Val Phe Ser Asn Leu Thr
405 410 415

Thr Ile Gly Gly Arg Ser Leu Tyr Asn Arg Gly Phe Ser Leu Leu Ile
420 425 430

Met Lys Asn Leu Asn Val Thr Ser Leu Gly Phe Arg Ser Leu Lys Glu
435 440 445
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Ile Ser Ala Gly Arg Ile Tyr Ile Ser Ala Asn Arg Gln Leu Cys Tyr
450 455 460

His His Ser Leu Asn Trp Thr Lys Val Leu Arg Gly Pro Thr Glu Glu
465 470 475 480

Arg Leu Asp Ile Lys His Asn Arg Pro Arg Arg Asp Cys Val Ala Glu
485 490 495

Gly Lys Val Cys Asp Pro Leu Cys Ser Ser Gly Gly Cys Trp Gly Pro
500 505 510

Gly Pro Gly Gln Cys Leu Ser Cys Arg Asn Tyr Ser Arg Gly Gly Val
515 520 525

Cys Val Thr His Cys Asn Phe Leu Asn Gly Glu Pro Arg Glu Phe Ala
530 535 540

His Glu Ala Glu Cys Phe Ser Cys His Pro Glu Cys Gln Pro Met Glu
545 550 555 560

Gly Thr Ala Thr Cys Asn Gly Ser Gly Ser Asp Thr Cys Ala Gln Cys
565 570 575

Ala His Phe Arg Asp Gly Pro His Cys Val Ser Ser Cys Pro His Gly
580 585 590

Val Leu Gly Ala Lys Gly Pro Ile Tyr Lys Tyr Pro Asp Val Gln Asn
595 600 605

Glu Cys Arg Pro Cys His Glu Asn Cys Thr Gln Gly Cys Lys Gly Pro
610 615 620

Glu Leu Gln Asp Cys Leu Gly Gln Thr Leu Val Leu Ile Gly Lys Thr
625 630 635 640

His Leu Thr Met Ala Leu Thr Val Ile Ala Gly Leu Val Val Ile Phe
645 650 655

Met Met Leu Gly Gly Thr Phe Leu Tyr Trp Arg Gly Arg Arg Ile Gln
660 665 670

Asn Lys Arg Ala Met Arg Arg Tyr Leu Glu Arg Gly Glu Ser Ile Glu
675 680 685

Pro Leu Asp Pro Ser Glu Lys Ala Asn Lys Val Leu Ala Arg Ile Phe
690 695 700

Lys Glu Thr Glu Leu Arg Lys Leu Lys Val Leu Gly Ser Gly Val Phe
705 710 715 720

Gly Thr Val His Lys Gly Val Trp Ile Pro Glu Gly Glu Ser Ile Lys
725 730 735

Ile Pro Val Cys Ile Lys Val Ile Glu Asp Lys Ser Gly Arg Gln Ser
740 745 750

Phe Gln Ala Val Thr Asp His Met Leu Ala Ile Gly Ser Leu Asp His
755 760 765

Ala His Ile Val Arg Leu Leu Gly Leu Cys Pro Gly Ser Ser Leu Gln
770 775 780

Leu Val Thr Gln Tyr Leu Pro Leu Gly Ser Leu Leu Asp His Val Arg
785 790 795 800

Gln His Arg Gly Ala Leu Gly Pro Gln Leu Leu Leu Asn Trp Gly Val
805 810 815

Gln Ile Ala Lys Gly Met Tyr Tyr Leu Glu Glu His Gly Met Val His
820 825 830

Arg Asn Leu Ala Ala Arg Asn Val Leu Leu Lys Ser Pro Ser Gln Val
835 840 845
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Gln Val Ala Asp Phe Gly Val Ala Asp Leu Leu Pro Pro Asp Asp Lys
850 855 860

Gln Leu Leu Tyr Ser Glu Ala Lys Thr Pro Ile Lys Trp Met Ala Leu
865 870 875 880

Glu Ser Ile His Phe Gly Lys Tyr Thr His Gln Ser Asp Val Trp Ser
885 890 895

Tyr Gly Val Thr Val Trp Glu Leu Met Thr Phe Gly Ala Glu Pro Tyr
900 905 910

Ala Gly Leu Arg Leu Ala Glu Val Pro Asp Leu Leu Glu Lys Gly Glu
915 920 925

Arg Leu Ala Gln Pro Gln Ile Cys Thr Ile Asp Val Tyr Met Val Met
930 935 940

Val Lys Cys Trp Met Ile Asp Glu Asn Ile Arg Pro Thr Phe Lys Glu
945 950 955 960

Leu Ala Asn Glu Phe Thr Arg Met Ala Arg Asp Pro Pro Arg Tyr Leu
965 970 975

Val Ile Lys Arg Glu Ser Gly Pro Gly Ile Ala Pro Gly Pro Glu Pro
980 985 990

His Gly Leu Thr Asn Lys Lys Leu Glu Glu Val Glu Leu Glu Pro Glu
995 1000 1005

Leu Asp Leu Asp Leu Asp Leu Glu Ala Glu Glu Asp Asn Leu Ala
1010 1015 1020

Thr Thr Thr Leu Gly Ser Ala Leu Ser Leu Pro Val Gly Thr Leu
1025 1030 1035

Asn Arg Pro Arg Gly Ser Gln Ser Leu Leu Ser Pro Ser Ser Gly
1040 1045 1050

Tyr Met Pro Met Asn Gln Gly Asn Leu Gly Glu Ser Cys Gln Glu
1055 1060 1065

Ser Ala Val Ser Gly Ser Ser Glu Arg Cys Pro Arg Pro Val Ser
1070 1075 1080

Leu His Pro Met Pro Arg Gly Cys Leu Ala Ser Glu Ser Ser Glu
1085 1090 1095

Gly His Val Thr Gly Ser Glu Ala Glu Leu Gln Glu Lys Val Ser
1100 1105 1110

Met Cys Arg Ser Arg Ser Arg Ser Arg Ser Pro Arg Pro Arg Gly
1115 1120 1125

Asp Ser Ala Tyr His Ser Gln Arg His Ser Leu Leu Thr Pro Val
1130 1135 1140

Thr Pro Leu Ser Pro Pro Gly Leu Glu Glu Glu Asp Val Asn Gly
1145 1150 1155

Tyr Val Met Pro Asp Thr His Leu Lys Gly Thr Pro Ser Ser Arg
1160 1165 1170

Glu Gly Thr Leu Ser Ser Val Gly Leu Ser Ser Val Leu Gly Thr
1175 1180 1185

Glu Glu Glu Asp Glu Asp Glu Glu Tyr Glu Tyr Met Asn Arg Arg
1190 1195 1200

Arg Arg His Ser Pro Pro His Pro Pro Arg Pro Ser Ser Leu Glu
1205 1210 1215

Glu Leu Gly Tyr Glu Tyr Met Asp Val Gly Ser Asp Leu Ser Ala
1220 1225 1230

Ser Leu Gly Ser Thr Gln Ser Cys Pro Leu His Pro Val Pro Ile
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1235 1240 1245

Met Pro Thr Ala Gly Thr Thr Pro Asp Glu Asp Tyr Glu Tyr Met
1250 1255 1260

Asn Arg Gln Arg Asp Gly Gly Gly Pro Gly Gly Asp Tyr Ala Ala
1265 1270 1275

Met Gly Ala Cys Pro Ala Ser Glu Gln Gly Tyr Glu Glu Met Arg
1280 1285 1290

Ala Phe Gln Gly Pro Gly His Gln Ala Pro His Val His Tyr Ala
1295 1300 1305

Arg Leu Lys Thr Leu Arg Ser Leu Glu Ala Thr Asp Ser Ala Phe
1310 1315 1320

Asp Asn Pro Asp Tyr Trp His Ser Arg Leu Phe Pro Lys Ala Asn
1325 1330 1335

Ala Gln Arg Thr
1340

<210> SEQ ID NO 6

<211> LENGTH: 4721

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown:
HER3 sequence

<400> SEQUENCE: 6

ctcegaggtyg ggcaactete aggcagtgtg teetgggact ctgaatggece tgagtgtgac 60
cggcegatget gagaaccaat accagacact gtacaagetce tacgagaggt gtgaggtggt 120
gatggggaac cttgagattg tgctcacggg acacaatgcc gacctctect tectgeagtyg 180
gattcgagaa gtgacaggct atgtcctegt ggccatgaat gaattctcta ctetaccatt 240
geccaaccte cgegtggtge gagggaccca ggtctacgat gggaagtttg ccatettegt 300
catgttgaac tataacacca actccageca cgetetgege cagetecget tgactcaget 360
caccgagatt ctgtcagggg gtgtttatat tgagaagaac gataagettt gtcacatgga 420
cacaattgac tggagggaca tcgtgaggga ccgagatget gagatagtgg tgaaggacaa 480
tggcagaage tgtccccect gtcatgaggt ttgcaagggg cgatgetggg gtectggate 540
agaagactgc cagacattga ccaagaccat ctgtgcteet cagtgtaatg gtcactgett 600
tgggcccaac cccaaccagt getgecatga tgagtgtgece gggggetget caggecctca 660
ggacacagac tgctttgect gecggcactt caatgacagt ggagectgtyg tacctegetg 720
tccacagect cttgtctaca acaagctaac tttecagetg gaacccaate cccacaccaa 780
gtatcagtat ggaggagttt gtgtagccag ctgtccccat aactttgtgg tggatcaaac 840
atcctgtgte agggectgte ctectgacaa gatggaagta gataaaaatg ggctcaagat 900
gtgtgagcect tgtgggggac tatgtcccaa agectgtgag ggaacagget ctgggagecg 960

cttccagact gtggactcga gcaacattga tggatttgtg aactgcacca agatcctggg 1020

caacctggac tttctgatca ccggcectcaa tggagacccce tggcacaaga tccctgcect 1080

ggacccagag aagctcaatg tctteccggac agtacgggag atcacaggtt acctgaacat 1140

ccagteccetgg ccgccccaca tgcacaactt cagtgttttt tccaatttga caaccattgg 1200

aggcagaagc ctctacaacc ggggcttcte attgttgatc atgaagaact tgaatgtcac 1260
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atctctggge ttccgatcee tgaaggaaat tagtgctggg cgtatctata taagtgccaa 1320
taggcagctce tgctaccacc actctttgaa ctggaccaag gtgcttcggg ggcctacgga 1380
agagcgacta gacatcaagc ataatcggec gegcagagac tgcgtggcag agggcaaagt 1440
gtgtgaccca ctgtgctcect ctgggggatg ctggggccca ggccctggtce agtgettgte 1500
ctgtcgaaat tatagccgag gaggtgtctg tgtgacccac tgcaactttce tgaatgggga 1560
gcctegagaa tttgcccatg aggccgaatg cttctectge cacccggaat gccaacccat 1620
ggggggcact gccacatgca atggctceggg ctctgatact tgtgctcaat gtgcccattt 1680
tcgagatggg ccccactgtyg tgagcagctg cccccatgga gtcecctaggtg ccaagggecce 1740
aatctacaag tacccagatg ttcagaatga atgtcggccce tgccatgaga actgcaccca 1800
ggggtgtaaa ggaccagagc ttcaagactg tttaggacaa acactggtgc tgatcggcaa 1860
aacccatctg acaatggcett tgacagtgat agcaggattg gtagtgattt tcatgatgcet 1920
gggcggcact tttctctact ggegtgggceg ccggattcag aataaaaggg ctatgaggcyg 1980
atacttggaa cggggtgaga gcatagagcc tctggacccce agtgagaagg ctaacaaagt 2040
cttggccaga atcttcaaag agacagagct aaggaagctt aaagtgcttg getcgggtgt 2100
ctttggaact gtgcacaaag gagtgtggat ccctgagggt gaatcaatca agattccagt 2160
ctgcattaaa gtcattgagg acaagagtgg acggcagagt tttcaagctg tgacagatca 2220
tatgctggecce attggcagcec tggaccatgce ccacattgta aggctgctgg gactatgecce 2280
agggtcatct ctgcagcttg tcactcaata tttgcctetg ggttctctge tggatcatgt 2340
gagacaacac cggggggcac tggggccaca getgetgete aactggggag tacaaattge 2400
caagggaatg tactaccttg aggaacatgg tatggtgcat agaaacctgg ctgcccgaaa 2460
cgtgctactc aagtcaccca gtcaggttca ggtggcagat tttggtgtgg ctgacctget 2520
gcctectgat gataagcage tgctatacag tgaggccaag actccaatta agtggatgge 2580
ccttgagagt atccactttg ggaaatacac acaccagagt gatgtctgga gctatggtgt 2640
gacagtttgg gagttgatga ccttcggggce agagccctat gcagggctac gattggetga 2700
agtaccagac ctgctagaga agggggagcg gttggcacag ccccagatct gcacaattga 2760
tgtctacatg gtgatggtca agtgttggat gattgatgag aacattcgcc caacctttaa 2820
agaactagcc aatgagttca ccaggatggc ccgagaccca ccacggtatce tggtcataaa 2880
gagagagagt gggcctggaa tagcccectgg gecagagcece catggtcectga caaacaagaa 2940
gctagaggaa gtagagctgg agccagaact agacctagac ctagacttgg aagcagagga 3000
ggacaacctyg gcaaccacca cactgggctce cgccctcage ctaccagttg gaacacttaa 3060
tcggccacgt gggagccaga gecttttaag tccatcatct ggatacatge ccatgaacca 3120
gggtaatctt ggggggtctt gccaggagtc tgcagtttet gggagcagtg aacggtgcecce 3180
ccgtceccagte tcetctacacce caatgccacg gggatgectg gcatcagagt catcagaggg 3240
gcatgtaaca ggctctgagg ctgagctcca ggagaaagtg tcaatgtgta gaagccggag 3300
caggagccgg agcccacgge cacgcggaga tagcgcectac cattcccage gccacagtcet 3360
gctgactect gttaccccac tcteccccace cgggttagag gaagaggatg tcaacggtta 3420
tgtcatgcca gatacacacc tcaaaggtac tcecctectece cgggaaggca cectttette 3480

agtgggtctc agttctgtec tgggtactga agaagaagat gaagatgagg agtatgaata 3540
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catgaaccgg aggagaaggc acagtccacce tcatcccect aggccaagtt cccttgagga 3600

gctgggttat gagtacatgg atgtggggtc agacctcagt gectctectgg gcagcacaca 3660

gagttgccecca cteccaccctg tacccatcat gecccactgca ggcacaactc cagatgaaga 3720

ctatgaatat atgaatcggc aacgagatgg aggtggtcect gggggtgatt atgcagccat 3780

gggggcctge ccagcatctg agcaagggta tgaagagatg agagcttttce aggggcctgg 3840

acatcaggcce ccccatgtec attatgcccg cctaaaaact ctacgtaget tagaggctac 3900

agactctgcce tttgataacc ctgattactg gcatagcagg cttttcccca aggctaatgce 3960

ccagagaacg taactcctge tcececctgtgge actcagggag catttaatgg cagctagtgce 4020

ctttagaggg taccgtcttce tceccctattce ctetectetece caggtcccag cecccttttece 4080

ccagtcccag acaattccat tcaatctttg gaggctttta aacattttga cacaaaattc 4140

ttatggtatg tagccagctg tgcactttct tctetttecce aaccccagga aaggttttcece 4200

ttattttgtg tgctttcecca gtcccattcee tcagettett cacaggcact cctggagata 4260

tgaaggatta ctctccatat cccttectcet caggctettg actacttgga actaggctcet 4320

tatgtgtgce tttgtttececce atcagactgt caagaagagg aaagggagga aacctagcag 4380

aggaaagtgt aattttggtt tatgactctt aaccccctag aaagacagaa gcttaaaatc 4440

tgtgaagaaa gaggttagga gtagatattg attactatca taattcagca cttaactatg 4500

agccaggcat catactaaac ttcacctaca ttatctcact tagtccttta tcatccttaa 4560

aacaattctg tgacatacat attatctcat tttacacaaa gggaagtcgg gcatggtggce 4620

tcatgccetgt aatctcagca ctttgggagg ctgaggcaga aggattacct gaggcaagga 4680

gtttgagacc agcttagcca acatagtaag acccccatcet ¢ 4721

<210> SEQ ID NO 7

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
Synthetic oligonucleotide

<400> SEQUENCE: 7

ggaaccuguc uccacaaag 19

<210> SEQ ID NO 8

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<223> OTHER INFORMATION: Description of Combined DNA/RNA Molecule:
Synthetic oligonucleotide

<400> SEQUENCE: 8
gaagaaugca gguuuaaua 19
<210> SEQ ID NO 9

<211> LENGTH: 48
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(48)

<400> SEQUENCE: 9

gge ctg gag aag ctg ggt atc ttc gtc aag acc gtg acg gag ggt ggt 48
Gly Leu Glu Lys Leu Gly Ile Phe Val Lys Thr Val Thr Glu Gly Gly

1 5 10 15

<210> SEQ ID NO 10

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
peptide

<400> SEQUENCE: 10

Gly Leu Glu Lys Leu Gly Ile Phe Val Lys Thr Val Thr Glu Gly Gly
1 5 10 15

<210> SEQ ID NO 11

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 11

ggcctggaga agetgggtat tgacggaggyg tggt 34

<210> SEQ ID NO 12

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 12

cttcgtcaag accg 14

<210> SEQ ID NO 13

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 13

ggcctggaga agetgggtat cttegtcaag actgacggag ggtggt 46

<210> SEQ ID NO 14

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide
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<400> SEQUENCE: 14

ggcctggaga agetgggtat cttegtcaag accggacgga gggtggt

<210> SEQ ID NO 15

<211> LENGTH: 11603

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

47

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 15

tggaagggct aattcactcce caaagaagac aagatatcct tgatctgtgg atctaccaca
cacaaggcta cttcectgat tagcagaact acacaccagg gecaggggte agatatccac
tgacctttgg atggtgctac aagctagtac cagttgagec agataaggta gaagaggcca
ataaaggaga gaacaccagc ttgttacacce ctgtgagect geatgggatg gatgaccegg
agagagaagt gttagagtgg aggtttgaca gcecgectage atttcatcac gtggeccgag
agctgcatce ggagtactte aagaactgcet gatatcgage ttgctacaag ggactttceceg
ctggggactt tccagggagg cgtggectgg gegggactgg ggagtggega gecctcagat
cctgecatata agcagetget ttttgectgt actgggtete tetggttaga ccagatctga
gectgggage tctetggeta actagggaac ccactgetta agectcaata aagettgect
tgagtgctte aagtagtgtg tgccegtetyg ttgtgtgact ctggtaacta gagatcccte
agaccctttt agtcagtgtg gaaaatctct agecagtggeg cecgaacagg gacttgaaag
cgaaagggaa accagaggag ctctctegac gecaggacteg gettgetgaa gegegcacgg
caagaggcga ggggcggega ctggtgagta cgecaaaaat tttgactage ggaggctaga
aggagagaga tgggtgcgag agcgtcagta ttaagegggg gagaattaga tcgegatggg
aaaaaattcg gttaaggcca gggggaaaga aaaaatataa attaaaacat atagtatggg
caagcaggga gctagaacga ttecgcagtta atcctggect gttagaaaca tcagaaggcet
gtagacaaat actgggacag ctacaaccat cccttcagac aggatcagaa gaacttagat
cattatataa tacagtagca accctctatt gtgtgcatca aaggatagag ataaaagaca
ccaaggaagce tttagacaag atagaggaag agcaaaacaa aagtaagacc accgcacagce
aagcggecegyg ccgetgatet tcagacctgg aggaggagat atgagggaca attggagaag
tgaattatat aaatataaag tagtaaaaat tgaaccatta ggagtagcac ccaccaaggc
aaagagaaga gtggtgcaga gagaaaaaag agcagtggga ataggagett tgttccttgg
gttcettggga gcagcaggaa gcactatggg cgcagegtca atgacgetga cggtacagge
cagacaatta ttgtctggta tagtgcagca gcagaacaat ttgetgaggg ctattgagge
gcaacagcat ctgttgcaac tcacagtctyg gggcatcaag cagctccagg caagaatcct
ggctgtggaa agatacctaa aggatcaaca gctectgggg atttggggtt getctggaaa
actcatttge accactgetg tgecttggaa tgctagttgg agtaataaat ctcetggaaca
gatttggaat cacacgacct ggatggagtyg ggacagagaa attaacaatt acacaagcett
aatacactce ttaattgaag aatcgcaaaa ccagcaagaa aagaatgaac aagaattatt
ggaattagat aaatgggcaa gtttgtggaa ttggtttaac ataacaaatt ggetgtggta

tataaaatta ttcataatga tagtaggagg cttggtaggt ttaagaatag tttttgctgt

60
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1800
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actttctata gtgaatagag ttaggcaggg atattcacca ttatcgtttc agacccacct 1920
cccaaccceg aggggacccg acaggcccga aggaatagaa gaagaaggtyg gagagagaga 1980
cagagacaga tccattcgat tagtgaacgg atctcgacgg tatcgceccttt aaaagaaaag 2040
gggggattgyg ggggtacagt gcaggggaaa gaatagtaga cataatagca acagacatac 2100
aaactaaaga actacaaaaa caaattacaa aaattcaaaa ttttcgggtt tattacaggg 2160
acagcagaga tccagtttat cgacttaact tgtttattgc agcttataat ggttacaaat 2220
aaggcaatag catcacaaat ttcacaaata aggcattttt ttcactgcat tctagttttg 2280
gtttgtccaa actcatcaat gtatcttatc atgtctggat ctcaaatccc tcggaagetg 2340
cgectgtett aggttggagt gatacatttt tatcactttt acccgtcttt ggattaggca 2400
gtagctctga cggccctect gtettaggtt agtgaaaaat gtcactctct tacccgtceat 2460
tggctgtecca gettagcteg caggggaggt ggtcetggatce cgccggcacce ggtgatcagt 2520
tatctagact acttgtcgtc gtecgtcecttg tagtcgatgt cgtggtcctt gtagtcegecg 2580
tcgtggtect tgtagtcgge gecaccgcect ccaaccactt tgtacaagaa agctgaacga 2640
gaaacgtaaa atgatataaa tatcaatata ttaaattaga ttttgcataa aaaacagact 2700
acataatact gtaaaacaca acatatccag tcactatgaa tcaactactt agatggtatt 2760
agtgacctgt agtcgactaa gttggcagca tcacccgacg cactttgcge cgaataaata 2820
cctgtgacgg aagatcactt cgcagaataa ataaatcctg gtgtcecctgt tgataccggg 2880
aagccecctggg ccaacttttyg gcecgaaaatga gacgttgatc ggcacgtaag aggttccaac 2940
tttcaccata atgaaataag atcactaccg ggcgtatttt ttgagttatc gagattttca 3000
ggagctaagg aagctaaaat ggagaaaaaa atcactggat ataccaccgt tgatatatcc 3060
caatggcatc gtaaagaaca ttttgaggca tttcagtcag ttgctcaatg tacctataac 3120
cagaccgttc agctggatat tacggccttt ttaaagaccg taaagaaaaa taagcacaag 3180
ttttatccgg cectttattca cattcttgce cgectgatga atgctcatce ggaattcecegt 3240
atggcaatga aagacggtga gctggtgata tgggatagtg ttcacccttg ttacaccgtt 3300
ttccatgage aaactgaaac gttttcatcg ctectggagtg aataccacga cgatttccecgg 3360
cagtttctac acatatattc gcaagatgtg gcgtgttacg gtgaaaacct ggcctatttce 3420
cctaaagggt ttattgagaa tatgtttttc gtctcagceca atccctgggt gagtttcacce 3480
agttttgatt taaacgtggc caatatggac aacttctteg ccccegtttt caccatgggce 3540
aaatattata cgcaaggcga caaggtgctg atgccgetgg cgattcaggt tcatcatgcece 3600
gtttgtgatg gcttccatgt cggcagaatg cttaatgaat tacaacagta ctgcgatgag 3660
tggcaggggg ggcgtaaacyg ccgcgtggat ccggcttact aaaagccaga taacagtatg 3720
cgtatttgecg cgctgatttt tgcggtataa gaatatatac tgatatgtat acccgaagta 3780
tgtcaaaaag aggtatgcta tgaagcagcg tattacagtg acagttgaca gcgacagcta 3840
tcagttgctc aaggcatata tgatgtcaat atctccggtce tggtaagcac aaccatgcag 3900
aatgaagcce gtcegtetgeg tgccgaacge tggaaagegyg aaaatcagga agggatgget 3960
gaggtcgecec ggtttattga aatgaacggce tcecttttgctg acgagaacag gggctggtga 4020
aatgcagttt aaggtttaca cctataaaag agagagccgt tatcgtctgt ttgtggatgt 4080

acagagtgat attattgaca cgcccgggcg acggatggtg atccccecctgg ccagtgcacg 4140
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tctgctgtca gataaagtcect cccgtgaact ttacccggtg gtgcatatcg gggatgaaag 4200
ctggcgcatg atgaccaccg atatggccag tgtgccggte tccgttatcecg gggaagaagt 4260
ggctgatcte agccaccgcg aaaatgacat caaaaacgcc attaacctga tgttctgggg 4320
aatataaatg tcaggctccc ttatacacag ccagtctgca ggtcgataca gtagaaatta 4380
cagaaacttt atcacgttta gtaagtatag aggctgaaaa tccagatgaa gccgaacgac 4440
ttgtaagaga aaagtataag agttgtgaaa ttgttcttga tgcagatgat tttcaggact 4500
atgacactag cgtatatgaa taggtagatg tttttatttt gtcacacaaa aaagaggctc 4560
gcacctcttt ttecttattte tttttatgat ttaatacggc attgaggaca atagcgagta 4620
ggctggatac gacgattccg tttgagaaga acatttggaa ggctgtcggt cgactaagtt 4680
ggcagcatca cccgaagaac atttggaagg ctgtcggteg actacaggtc actaatacca 4740
tctaagtagt tgattcatag tgactggata tgttgtgttt tacagtatta tgtagtctgt 4800
tttttatgca aaatctaatt taatatattg atatttatat cattttacgt ttctcgttca 4860
gcttttttgt acaaacttgt ggtaccggtg tatacgggaa ttctttacga gggtaggaag 4920
tggtacggaa agttggtata agacaaaagt gttgtggaat tgaagtttac tcaaaaaatc 4980
agcactcttt tataggcgcc ctggtttaca taagcaaagc ttatacgttce tcectatcactg 5040
atagggagta aactggatat acgttctcta tcactgatag ggagtaaact gtagatacgt 5100
tctctatcac tgatagggag taaactggtc atacgttcectce tatcactgat agggagtaaa 5160
ctccttatac gttctctate actgataggg agtaaagtct gcatacgtte tetatcactg 5220
atagggagta aactcttcat acgttctcta tcactgatag ggagtaaact cgaggtgata 5280
attccacggg gttggggttyg cgccttttcee aaggcagecce tgggtttgeg cagggacgcg 5340
gctgetetgg gegtggttcee gggaaacgca gcggcgccga ccectgggtcet cgcacattcet 5400
tcacgtecgt tecgcagcgte acccggatct tcegecgetac cecttgtggge cecccecggcega 5460
cgcttectge teccgeccecta agtcgggaag gttecttgeg gttegeggeg tgccggacgt 5520
gacaaacgga agccgcacgt ctcactagta ccctegecaga cggacagegce cagggagcaa 5580
tggcagcgeg ccgaccgega tgggetgtgg ccaatagegyg ctgctcagea gggegegecyg 5640
agagcagcgg ccgggaaggg gcggtgcggg aggcggggtg tggggceggta gtgtgggecce 5700
tgttectgece cgegeggtgt tcocgecattcet gcaagectece ggagegcacyg tceggecagteg 5760
gctceectegt tgaccgaatce accgacctcet ctececcaggyg ggatcatcga attaccatgt 5820
ctagactgga caagagcaaa gtcataaact ctgctctgga attactcaat ggagtcggta 5880
tcgaaggcct gacgacaagg aaactcgctce aaaagctggg agttgagcag cctaccctgt 5940
actggcacgt gaagaacaag cgggccctge tegatgcect gecaatcgag atgctggaca 6000
ggcatcatac ccactcctge ccectggaag gcgagtcatg gcaagacttt ctgcggaaca 6060
acgccaagtc ataccgctgt getctectcet cacatcgega cggggctaaa gtgcatctceg 6120
gcacccgeee aacagagaaa cagtacgaaa ccctggaaaa tcagctegeg ttectgtgte 6180
agcaaggctt ctccctggag aacgcactgt acgctctgte cgccecgtggge cactttacac 6240
tgggctgegt attggaggaa caggagcatc aagtagcaaa agaggaaaga gagacaccta 6300
ccaccgattc tatgccccecca cttctgaaac aagcaattga getgttcgac cggcagggag 6360

ccgaacctge cttectttte ggecctggaac taatcatatg tggcctggag aaacagctaa 6420
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agtgcgaaag cggcgggccg accgacgcce ttgacgattt tgacttagac atgctcecccag 6480
ccgatgecct tgacgacttt gaccttgata tgctgcctge tgacgcectctt gacgattttg 6540
accttgacat gctceccecggg taaacgcgcg aatgtgtgtce agttagggtg tggaaagtcce 6600
ccaggetecee cagcaggcag aagtatgcaa agcatgcatce tcaattagtce agcaaccagg 6660
tgtggaaagt ccccaggctce cccagcaggce agaagtatgce aaagcatgca tcetcaattag 6720
tcagcaacca tagtcccgec cctaactccg cccatceege cecctaactee geccagttece 6780
gcccattete cgccccatgg ctgactaatt ttttttattt atgcagaggc cgaggccgec 6840
tcggectetg agctatteca gaagtagtga ggaggctttt ttggaggcct aggettttge 6900
aaaacgcgac catgaccgag tacaagccca cggtgcegect cgecacccege gacgacgtcece 6960
cecegggecgt acgcacccte gecgecgegt tegecgacta ceceegecacyg cgccacaccyg 7020
tcgaccegga ccgcecacatce gagcgggtca ccgagctgea agaactctte ctcacgegeg 7080
tegggetega catcggcaag gtgtgggteg cggacgacgg cgcecgeggtyg geggtcetgga 7140
ccacgecgga gagegtegaa gegggggegyg tgttegecga gatcggeceyg cgcatggecyg 7200
agttgagcegg ttceceggetg gecgegeage aacagatgga aggectcectyg gegecgcace 7260
ggcccaagga geccgegtgg ttectggeca cegteggegt ctegeccgac caccagggea 7320
agggtetggg cagegecgte gtgctececeg gagtggagge ggccgagege gceceggggtge 7380
ccgecttect ggagacctec gegcecccgca acctcecectt ctacgagcgg ctecggcttca 7440
cegteaccege cgacgtecgag gtgcccgaag gaccgcegcac ctggtgcatyg acccgcaage 7500
ccggtgectg aacgcgtetyg gaacaatcaa cctcectggatt acaaaatttg tgaaagattg 7560
actggtattc ttaactatgt tgctcctttt acgctatgtg gatacgctgce tttaatgect 7620
ttgtatcatg ctattgcttc ccgtatggct ttcattttet cctecttgta taaatcctgg 7680
ttgctgtecte tttatgagga gttgtggcce gttgtcaggce aacgtggcgt ggtgtgcact 7740
gtgtttgetyg acgcaaccce cactggttgg ggcattgcca ccacctgtca gctectttece 7800
gggacttteg ctttcecececect cectattgece acggcggaac tcatcgcecgce ctgecttgece 7860
cgctgetgga caggggcteg getgttggge actgacaatt cegtggtgtt gtecggggaag 7920
ctgacgtect ttccatgget getecgectgt gttgccacct ggattctgeg cgggacgtcece 7980
ttectgctacg tecccttegge cctcaatcca gcggacctte cttecegegg cetgetgecyg 8040
gctetgegge ctetteegeg tettegectt cgccectcaga cgagtceggat ctecectttgg 8100
gccgecteee cgectggaat taattctgca gtcgagacct agaaaaacat ggagcaatca 8160
caagtagcaa tacagcagct accaatgctg attgtgcectg gctagaagca caagaggagg 8220
aggaggtggg tttttccagt cacacctcag gtacctttaa gaccaatgac ttacaaggca 8280
gctgtagate ttagccactt tttaaaagaa aagaggggac tggaagggct aattcactcce 8340
caacgaagac aagatatcct tgatctgtgg atctaccaca cacaaggcta cttccctgat 8400
tagcagaact acacaccagg gccaggggtc agatatccac tgacctttgg atggtgctac 8460
aagctagtac cagttgagcc agataaggta gaagaggcca ataaaggaga gaacaccagce 8520
ttgttacacc ctgtgagcct gcatgggatg gatgacccgg agagagaagt gttagagtgg 8580
aggtttgaca gccgecctage atttcatcac gtggcccgag agctgcatcce ggagtactte 8640

aagaactgct gatatcgagce ttgctacaag ggactttcecg ctggggactt tcecagggagg 8700
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cgtggectgg gegggactgg ggagtggcga gccctcagat cctgcatata agcagctget 8760
ttttgcetgt actgggtcte tetggttaga ccagatctga gectgggage tetcectggeta 8820
actagggaac ccactgctta agcctcaata aagcttgect tgagtgcttce aagtagtgtg 8880
tgccegtetg ttgtgtgact ctggtaacta gagatcectce agaccctttt agtcagtgtg 8940
gaaaatctct agcagtagta gttcatgtca tcttattatt cagtatttat aacttgcaaa 9000
gaaatgaata tcagagagtg agaggccttg acattgctag cgttttaccg tcgacctcta 9060
gctagagett ggcgtaatca tggtcatage tgtttecctgt gtgaaattgt tatccgcetca 9120
caattccaca caacatacga gccggaagca taaagtgtaa agcctggggt gectaatgag 9180
tgagctaact cacattaatt gcgttgcgct cactgcccege tttceccagteg ggaaacctgt 9240
cgtgccaget gecattaatga atcggccaac gcgceggggag aggcggtttg cgtattgggce 9300
gctetteege ttectegete actgactege tgcgecteggt cgtteggetg cggcgagegy 9360
tatcagctca ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa 9420
agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccyg taaaaaggcce gcgttgetgg 9480
cgtttttecca taggctcege ccccctgacg agcatcacaa aaatcgacgce tcaagtcaga 9540
ggtggcgaaa cccgacagga ctataaagat accaggcgtt tceccccectgga agctcececteg 9600
tgcgctetee tgttecgace ctgccgetta ccggatacct gtceccgecttt cteecttegg 9660
gaagcgtgge gctttcectcat agctcacget gtaggtatcet cagttceggtg taggtcegtte 9720
gcteccaaget gggcetgtgtg cacgaaccce ccgttcagec cgaccgcectgce gecttatecyg 9780
gtaactatcg tcecttgagtce aacccggtaa gacacgactt atcgccactg gcagcagceca 9840
ctggtaacag gattagcaga gcgaggtatg taggcggtgc tacagagttc ttgaagtggt 9900
ggcctaacta cggctacact agaagaacag tatttggtat ctgcgctcectg ctgaagccag 9960
ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gctggtageg 10020
gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa gaagatcctt 10080
tgatcttttc tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa gggattttgg 10140
tcatgagatt atcaaaaagg atcttcacct agatcctttt aaattaaaaa tgaagtttta 10200
aatcaatcta aagtatatat gagtaaactt ggtctgacag ttaccaatgc ttaatcagtg 10260
aggcacctat ctcagcgatc tgtctatttc gttcatccat agttgectga ctceccecegteg 10320
tgtagataac tacgatacgg gagggcttac catctggcce cagtgctgca atgataccge 10380
gagacccacg ctcaccggct ccagatttat cagcaataaa ccagccagcc ggaagggccg 10440
agcgcagaag tggtcctgca actttatccg cctceccatcca gtctattaat tgttgecggg 10500
aagctagagt aagtagttcg ccagttaata gtttgcgcaa cgttgttgcc attgctacag 10560
gcatcgtggt gtcacgctcg tcecgtttggta tggcttcatt cagectceccggt tcccaacgat 10620
caaggcgagt tacatgatcc cccatgttgt gcaaaaaagc ggttagctcce ttcecggtecte 10680
cgatcgttgt cagaagtaag ttggccgcag tgttatcact catggttatg gcagcactgce 10740
ataattctct tactgtcatg ccatccgtaa gatgctttte tgtgactggt gagtactcaa 10800
ccaagtcatt ctgagaatag tgtatgcggc gaccgagttg ctcttgcccg gegtcaatac 10860
gggataatac cgcgccacat agcagaactt taaaagtgct catcattgga aaacgttctt 10920

cggggcgaaa actctcaagg atcttaccgce tgttgagatc cagttcgatg taacccactce 10980
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gtgcacccaa ctgatcttca gcatctttta ctttcaccag cgtttctggg tgagcaaaaa 11040
caggaaggca aaatgccgca aaaaagggaa taagggcgac acggaaatgt tgaatactca 11100
tactcttect ttttcaatat tattgaagca tttatcaggg ttattgtctc atgagcggat 11160
acatatttga atgtatttag aaaaataaac aaataggggt tccgcgcaca tttccececcgaa 11220
aagtgccacc tgacgtcgac ggatcgggag atcaacttgt ttattgcage ttataatggt 11280
tacaaataaa gcaatagcat cacaaatttc acaaataaag catttttttc actgcattct 11340
agttgtggtt tgtccaaact catcaatgta tcttatcatg tctggatcaa ctggataact 11400
caagctaacc aaaatcatcc caaacttccce accccatacce ctattaccac tgccaattac 11460
ctagtggttt catttactct aaacctgtga ttcctctgaa ttattttcat tttaaagaaa 11520
ttgtatttgt taaatatgta ctacaaactt agtagttttt aaagaaattg tatttgttaa 11580
atatgtacta caaacttagt agt 11603
<210> SEQ ID NO 16

<211> LENGTH: 11612

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 16

tggaagggct aattcactcce caaagaagac aagatatcct tgatctgtgg atctaccaca 60
cacaaggcta cttcectgat tagcagaact acacaccagg gecaggggte agatatccac 120
tgacctttgg atggtgctac aagctagtac cagttgagec agataaggta gaagaggcca 180
ataaaggaga gaacaccagc ttgttacacce ctgtgagect geatgggatg gatgaccegg 240
agagagaagt gttagagtgg aggtttgaca gcecgectage atttcatcac gtggeccgag 300
agctgcatce ggagtactte aagaactgcet gatatcgage ttgctacaag ggactttceceg 360

ctggggactt tccagggagg cgtggectgg gegggactgg ggagtggega gecctcagat 420

cctgecatata agcagetget ttttgectgt actgggtete tetggttaga ccagatctga 480
gectgggage tctetggeta actagggaac ccactgetta agectcaata aagettgect 540
tgagtgctte aagtagtgtg tgccegtetyg ttgtgtgact ctggtaacta gagatcccte 600
agaccctttt agtcagtgtg gaaaatctct agecagtggeg cecgaacagg gacttgaaag 660
cgaaagggaa accagaggag ctctctegac gecaggacteg gettgetgaa gegegcacgg 720
caagaggcga ggggcggega ctggtgagta cgecaaaaat tttgactage ggaggctaga 780

aggagagaga tgggtgcgag agcgtcagta ttaagegggg gagaattaga tcgegatggg 840

aaaaaattcg gttaaggcca gggggaaaga aaaaatataa attaaaacat atagtatggg 900
caagcaggga gctagaacga ttcgcagtta atcctggect gttagaaaca tcagaaggct 960
gtagacaaat actgggacag ctacaaccat cccttcagac aggatcagaa gaacttagat 1020

cattatataa tacagtagca accctctatt gtgtgcatca aaggatagag ataaaagaca 1080

ccaaggaagce tttagacaag atagaggaag agcaaaacaa aagtaagacc accgcacagce 1140

aagcggecegyg ccgetgatet tcagacctgg aggaggagat atgagggaca attggagaag 1200

tgaattatat aaatataaag tagtaaaaat tgaaccatta ggagtagcac ccaccaaggc 1260
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aaagagaaga gtggtgcaga gagaaaaaag agcagtggga ataggagctt tgttccttgg 1320
gttcttggga gcagcaggaa gcactatggg cgcagcgtca atgacgctga cggtacaggce 1380
cagacaatta ttgtctggta tagtgcagca gcagaacaat ttgctgaggg ctattgaggc 1440
gcaacagcat ctgttgcaac tcacagtctg gggcatcaag cagctccagg caagaatcect 1500
ggctgtggaa agatacctaa aggatcaaca gctcctgggg atttggggtt gctcectggaaa 1560
actcatttgc accactgctg tgccttggaa tgctagttgg agtaataaat ctctggaaca 1620
gatttggaat cacacgacct ggatggagtg ggacagagaa attaacaatt acacaagctt 1680
aatacactcc ttaattgaag aatcgcaaaa ccagcaagaa aagaatgaac aagaattatt 1740
ggaattagat aaatgggcaa gtttgtggaa ttggtttaac ataacaaatt ggctgtggta 1800
tataaaatta ttcataatga tagtaggagg cttggtaggt ttaagaatag tttttgctgt 1860
actttctata gtgaatagag ttaggcaggg atattcacca ttatcgtttc agacccacct 1920
cccaaccceg aggggacccg acaggcccga aggaatagaa gaagaaggtyg gagagagaga 1980
cagagacaga tccattcgat tagtgaacgg atctcgacgg tatcgceccttt aaaagaaaag 2040
gggggattgyg ggggtacagt gcaggggaaa gaatagtaga cataatagca acagacatac 2100
aaactaaaga actacaaaaa caaattacaa aaattcaaaa ttttcgggtt tattacaggg 2160
acagcagaga tccagtttat cgacttaact tgtttattgc agcttataat ggttacaaat 2220
aaggcaatag catcacaaat ttcacaaata aggcattttt ttcactgcat tctagttttg 2280
gtttgtccaa actcatcaat gtatcttatc atgtctggat ctcaaatccc tcggaagetg 2340
cgectgtett aggttggagt gatacatttt tatcactttt acccgtcttt ggattaggca 2400
gtagctctga cggccctect gtettaggtt agtgaaaaat gtcactctct tacccgtceat 2460
tggctgtecca gettagcteg caggggaggt ggtcetggatce cgccggcacce ggtgatcagt 2520
tatctagact aaaccacttt gtacaagaaa gctgaacgag aaacgtaaaa tgatataaat 2580
atcaatatat taaattagat tttgcataaa aaacagacta cataatactg taaaacacaa 2640
catatccagt cactatgaat caactactta gatggtatta gtgacctgta gtcgactaag 2700
ttggcagcat cacccgacgce actttgcgce gaataaatac ctgtgacgga agatcacttce 2760
gcagaataaa taaatcctgg tgtccctgtt gataccggga agccctgggce caacttttgg 2820
cgaaaatgag acgttgatcg gcacgtaaga ggttccaact ttcaccataa tgaaataaga 2880
tcactaccgg gcgtattttt tgagttatcg agattttcag gagctaagga agctaaaatg 2940
gagaaaaaaa tcactggata taccaccgtt gatatatccc aatggcatcg taaagaacat 3000
tttgaggcat ttcagtcagt tgctcaatgt acctataacc agaccgttca gctggatatt 3060
acggcctttt taaagaccgt aaagaaaaat aagcacaagt tttatccgge ctttattcac 3120
attcttgcece gectgatgaa tgctcatccg gaattcegta tggcaatgaa agacggtgag 3180
ctggtgatat gggatagtgt tcacccttgt tacaccgttt tccatgagca aactgaaacg 3240
ttttcatcge tctggagtga ataccacgac gatttcecgge agtttctaca catatattcg 3300
caagatgtgg cgtgttacgg tgaaaacctg gcctatttcecce ctaaagggtt tattgagaat 3360
atgtttttcg tctcagccaa tceccctgggtg agtttcacca gttttgattt aaacgtggcece 3420
aatatggaca acttcttecge ccccgtttte accatgggca aatattatac gcaaggcgac 3480

aaggtgctga tgccgctggce gattcaggtt catcatgecg tttgtgatgg cttceccatgte 3540
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ggcagaatgc ttaatgaatt acaacagtac tgcgatgagt ggcagggggg gcgtaaacgce 3600
cgcgtggatce cggcttacta aaagccagat aacagtatgce gtatttgcge getgattttt 3660
gcggtataag aatatatact gatatgtata cccgaagtat gtcaaaaaga ggtatgctat 3720
gaagcagcgt attacagtga cagttgacag cgacagctat cagttgctca aggcatatat 3780
gatgtcaata tctccggtct ggtaagcaca accatgcaga atgaagcccg tcgtcectgegt 3840
gccgaacgcet ggaaagcgga aaatcaggaa gggatggctg aggtcgcccg gtttattgaa 3900
atgaacggct cttttgctga cgagaacagg ggctggtgaa atgcagttta aggtttacac 3960
ctataaaaga gagagccgtt atcgtctgtt tgtggatgta cagagtgata ttattgacac 4020
gccegggega cggatggtga tccccctgge cagtgcacgt ctgctgtcag ataaagtcetce 4080
ccgtgaactt tacceggtgg tgcatatcgg ggatgaaage tggcgcatga tgaccaccga 4140
tatggccagt gtgccggtet ccegttatcgg ggaagaagtg gctgatctca gecaccgcga 4200
aaatgacatc aaaaacgcca ttaacctgat gttctgggga atataaatgt caggctccct 4260
tatacacagc cagtctgcag gtcgatacag tagaaattac agaaacttta tcacgtttag 4320
taagtataga ggctgaaaat ccagatgaag ccgaacgact tgtaagagaa aagtataaga 4380
gttgtgaaat tgttcttgat gcagatgatt ttcaggacta tgacactagc gtatatgaat 4440
aggtagatgt ttttattttg tcacacaaaa aagaggctcg cacctctttt tettatttcet 4500
ttttatgatt taatacggca ttgaggacaa tagcgagtag gctggatacg acgattccgt 4560
ttgagaagaa catttggaag gctgtcggtce gactaagttg gcagcatcac ccgaagaaca 4620
tttggaaggc tgtcggtcga ctacaggtca ctaataccat ctaagtagtt gattcatagt 4680
gactggatat gttgtgtttt acagtattat gtagtctgtt ttttatgcaa aatctaattt 4740
aatatattga tatttatatc attttacgtt tctecgttcag cttttttgta caaacttgtg 4800
gcgeccacege cteccecttgte gtegtegtece ttgtagtcga tgtegtggtce cttgtagteg 4860
ccgtegtggt cecttgtagte catggtggcg gtaccggtgt atacgggaat tetttacgag 4920
ggtaggaagt ggtacggaaa gttggtataa gacaaaagtg ttgtggaatt gaagtttact 4980
caaaaaatca gcactctttt ataggcgccce tggtttacat aagcaaagct tatacgttct 5040
ctatcactga tagggagtaa actggatata cgttctctat cactgatagg gagtaaactg 5100
tagatacgtt ctctatcact gatagggagt aaactggtca tacgttctct atcactgata 5160
gggagtaaac tccttatacg ttctctatca ctgataggga gtaaagtctg catacgttcet 5220
ctatcactga tagggagtaa actcttcata cgttctctat cactgatagg gagtaaactc 5280
gaggtgataa ttccacgggg ttggggttgce gecttttceca aggcagccecct gggtttgege 5340
agggacgcegg ctgctetggg cgtggtteeg ggaaacgcag cggegecgac cctgggtcete 5400
gcacattctt cacgtcecgtt cgcagcgtca cccggatctt cgeccgctacce cttgtgggece 5460
ccecggegac gettectget cegeccectaa gtegggaagg ttecttgegg ttegeggegt 5520
geeggacgtyg acaaacggaa gccgcacgtce tcactagtac cctegcagac ggacagcgec 5580
agggagcaat ggcagcgege cgaccgegat gggetgtgge caatagegge tgctcagcag 5640
ggegegecga gagcagegge cgggaagggg cggtgcggga ggeggggtgt ggggcggtag 5700
tgtgggcecct gttectgece gegeggtgtt ccgcattetg caagectceeg gagcgcacgt 5760

cggcagtecgg ctcectegtt gaccgaatca ccgacctete teccccagggg gatcatcgaa 5820
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ttaccatgtc tagactggac aagagcaaag tcataaactc tgctctggaa ttactcaatg 5880
gagtcggtat cgaaggcctg acgacaagga aactcgetca aaagctggga gttgagcagce 5940
ctaccctgta ctggcacgtg aagaacaagc gggccctgcet cgatgeccctg ccaatcgaga 6000
tgctggacag gcatcatacc cactcctgce ccectggaagg cgagtcatgg caagacttte 6060
tgcggaacaa cgccaagtca taccgcectgtg ctcectectete acatcgcgac ggggctaaag 6120
tgcatctegg cacccgecca acagagaaac agtacgaaac cctggaaaat cagctcgegt 6180
tcetgtgtca gecaaggctte tecctggaga acgcactgta cgctctgtee gecgtgggece 6240
actttacact gggctgcgta ttggaggaac aggagcatca agtagcaaaa gaggaaagag 6300
agacacctac caccgattct atgcccccac ttctgaaaca agcaattgag ctgttcgacce 6360
ggcagggagc cgaacctgce ttectttteg gectggaact aatcatatgt ggecctggaga 6420
aacagctaaa gtgcgaaagc ggcgggccga ccgacgcecect tgacgatttt gacttagaca 6480
tgctcecage cgatgcceectt gacgactttg accttgatat getgectget gacgcetcettg 6540
acgattttga ccttgacatg ctcccegggt aaacgcgcega atgtgtgtca gttagggtgt 6600
ggaaagtccc caggctceccce agcaggcaga agtatgcaaa gcatgcatct caattagtca 6660
gcaaccaggt gtggaaagtc cccaggctcce ccagcaggca gaagtatgca aagcatgcat 6720
ctcaattagt cagcaaccat agtcccgcce ctaactceccge ccatcceccgece cctaactecg 6780
cccagtteecg ceccattctec gecccatgge tgactaattt tttttattta tgcagaggcece 6840
gaggccgect cggectcectga gctattceccag aagtagtgag gaggcettttt tggaggecta 6900
ggcttttgeca aaacgcgacce atgaccgagt acaagcccac ggtgcgectce gecacccgeg 6960
acgacgtcce ccgggecgta cgcacccteg cegecgegtt cgecgactac cccgecacge 7020
gccacaccgt cgacccggac cgccacatcg agegggtcac cgagctgcaa gaactcttec 7080
tcacgegegt cgggctcegac atcggcaagg tgtgggtege ggacgacgge gcecgeggtgg 7140
cggtetggac cacgecggag agcgtcgaag cgggggeggt gttegecgag atcggeccge 7200
gcatggccga gttgageggt tcceggetgg ccgcegcagca acagatggaa ggectcctgg 7260
cgecgeaceg gceccaaggag cccgegtggt tectggecac cgteggegte tcegeccgace 7320
accagggcaa gggtctggge agcgceegteg tgetcccegyg agtggaggeyg gccgagegeg 7380
ceggggtgee cgecttectyg gagaccteeg cgecccgeaa ccteccctte tacgagegge 7440
teggettcac cgtcaccgcee gacgtcgagg tgcccgaagyg accgegcace tggtgcatga 7500
ccegcaagece cggtgcctga acgcgtetgg aacaatcaac ctctggatta caaaatttgt 7560
gaaagattga ctggtattct taactatgtt gctcctttta cgctatgtgg atacgctget 7620
ttaatgcctt tgtatcatge tattgcttce cgtatggett tcattttcte ctecttgtat 7680
aaatcctggt tgctgtctet ttatgaggag ttgtggeccg ttgtcaggca acgtggegtg 7740
gtgtgcactg tgtttgctga cgcaacccce actggttggg gcattgccac cacctgtceag 7800
ctecctttecg ggactttege tttecccecte cctattgeca cggcggaact catcgecgece 7860
tgccttgece getgectggac aggggctcecgg ctgttgggca ctgacaatte cgtggtgttg 7920
tcggggaagce tgacgtccett tecatggcectg ctegectgtg ttgccacctg gattcetgege 7980
gggacgtect tcectgctacgt ccecttecggece ctcaatccag cggaccttece tteeccgegge 8040

ctgctgecgg ctetgeggece tetteccecgegt cttegectte gecctcagac gagtceggatce 8100
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tcectttggg cecgectecee gectggaatt aattctgcag tcgagaccta gaaaaacatg 8160
gagcaatcac aagtagcaat acagcagcta ccaatgctga ttgtgcctgg ctagaagcac 8220
aagaggagga ggaggtgggt ttttccagtc acacctcagg tacctttaag accaatgact 8280
tacaaggcag ctgtagatct tagccacttt ttaaaagaaa agaggggact ggaagggcta 8340
attcactccce aacgaagaca agatatcctt gatctgtgga tctaccacac acaaggctac 8400
ttccctgatt agcagaacta cacaccaggg ccaggggtca gatatccact gacctttgga 8460
tggtgctaca agctagtacc agttgagcca gataaggtag aagaggccaa taaaggagag 8520
aacaccagct tgttacaccce tgtgagectg catgggatgg atgacccgga gagagaagtg 8580
ttagagtgga ggtttgacag ccgcctagca tttcatcacg tggcccgaga gcectgcatcecg 8640
gagtacttca agaactgctg atatcgagct tgctacaagg gactttccgce tggggacttt 8700
ccagggaggce gtggectggg cgggactggg gagtggcgag ccectcagatce ctgcatataa 8760
gcagctgett tttgcectgta ctgggtcectcet ctggttagac cagatctgag cctgggaget 8820
ctctggctaa ctagggaacc cactgcttaa gcctcaataa agcttgcectt gagtgcttca 8880
agtagtgtgt gcccgtctgt tgtgtgactce tggtaactag agatccctca gaccctttta 8940
gtcagtgtgg aaaatctcta gcagtagtag ttcatgtcat cttattattc agtatttata 9000
acttgcaaag aaatgaatat cagagagtga gaggccttga cattgctage gttttaccgt 9060
cgacctctag ctagagcttg gcegtaatcat ggtcataget gtttectgtg tgaaattgtt 9120
atccgctcac aattccacac aacatacgag ccggaagcat aaagtgtaaa gectggggtg 9180
cctaatgagt gagctaactc acattaattg cgttgcgcectc actgcccget tteccagtegg 9240
gaaacctgtc gtgccagcectg cattaatgaa tcggccaacyg cgcggggaga ggceggtttge 9300
gtattgggcg ctettececget tectegetca ctgactcecget gegetceggte gtteggetge 9360
ggcgagcggt atcagctcac tcaaaggcgg taatacggtt atccacagaa tcaggggata 9420
acgcaggaaa gaacatgtga gcaaaaggcce agcaaaaggce caggaaccgt aaaaaggccg 9480
cgttgctgge gtttttceccat aggctccgce ccectgacga gcatcacaaa aatcgacgcet 9540
caagtcagag gtggcgaaac ccgacaggac tataaagata ccaggcgttt cccectggaa 9600
gctecectegt gegetectect gttecgacce tgccgecttac cggatacctg tceecgecttte 9660
tcectteggg aagegtggeg ctttcectcata gctcacgetg taggtatcte agttceggtgt 9720
aggtcgtteg ctccaagetg ggctgtgtge acgaacccecce cgttcagcece gaccgcetgeg 9780
ccttatccgg taactatcgt cttgagtcca acccggtaag acacgactta tegccactgg 9840
cagcagccac tggtaacagg attagcagag cgaggtatgt aggcggtgct acagagttct 9900
tgaagtggtg gcctaactac ggctacacta gaagaacagt atttggtatc tgcgctcectgce 9960
tgaagccagt taccttcgga aaaagagttg gtagctcttg atccggcaaa caaaccaccg 10020
ctggtagcgg tttttttgtt tgcaagcagce agattacgcg cagaaaaaaa ggatctcaag 10080
aagatccttt gatcttttet acggggtctg acgctcagtyg gaacgaaaac tcacgttaag 10140
ggattttggt catgagatta tcaaaaagga tcttcaccta gatcctttta aattaaaaat 10200
gaagttttaa atcaatctaa agtatatatg agtaaacttg gtctgacagt taccaatgct 10260
taatcagtga ggcacctatc tcagcgatct gtctatttceg ttcatccata gttgectgac 10320

tcecegtegt gtagataact acgatacggg agggcttacce atctggcccce agtgctgcaa 10380
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tgataccgeyg agacccacge tcaccggcetce cagatttatc agcaataaac cagceccagecyg 10440
gaagggcecga gcecgcagaagt ggtcctgcaa ctttatccge ctccatccag tetattaatt 10500
gttgccggga agctagagta agtagttcege cagttaatag tttgecgcaac gttgttgeca 10560
ttgctacagy catcgtggtyg tcacgctegt cgtttggtat ggettcatte agetccecggtt 10620
cccaacgatce aaggcgagtt acatgatcce ccatgttgtg caaaaaageyg gttagetcct 10680
tecggtecctee gatcegttgte agaagtaagt tggecgcagt gttatcactce atggttatgg 10740
cagcactgca taattctett actgtcatge catccgtaag atgettttet gtgactggtg 10800
agtactcaac caagtcattc tgagaatagt gtatgcggeg accgagttge tettgeccgg 10860
cgtcaatacyg ggataatacc gecgccacata gcagaacttt aaaagtgctce atcattggaa 10920
aacgttcette ggggcgaaaa ctctcaagga tcttaccget gttgagatce agttcecgatgt 10980
aacccactcyg tgcacccaac tgatcttcag catcttttac tttcaccage gtttectgggt 11040
gagcaaaaac aggaaggcaa aatgccgcaa aaaagggaat aagggcgaca cggaaatgtt 11100
gaatactcat actcttcectt tttcaatatt attgaagcat ttatcagggt tattgtctca 11160
tgagcggata catatttgaa tgtatttaga aaaataaaca aataggggtt ccgegcacat 11220
ttcececcgaaa agtgccacct gacgtcgacy gatcgggaga tcaacttgtt tattgcaget 11280
tataatggtt acaaataaag caatagcatc acaaatttca caaataaagc atttttttca 11340
ctgcattcta gttgtggttt gtccaaactc atcaatgtat cttatcatgt ctggatcaac 11400
tggataactc aagctaacca aaatcatccc aaacttccca ccccatacce tattaccact 11460
gccaattacce tagtggtttc atttactcta aacctgtgat tcctcectgaat tattttcatt 11520
ttaaagaaat tgtatttgtt aaatatgtac tacaaactta gtagttttta aagaaattgt 11580
atttgttaaa tatgtactac aaacttagta gt 11612
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1. A method of identifying a subject likely to respond to
a hyperproliferative disorder treatment, the method com-
prising:

(a) compiling genetic data about a population of subjects
that has a mutation candidate that causes a hyperpro-
liferative disorder, wherein the population of subjects
includes the subject;

(b) performing a mass spectrometry analysis on a sample
associated with the hyperproliferative disorder to iden-
tify dysfunctional protein-protein interactions associ-
ated with the hyperproliferative disorder;

(c) obtaining a first set of rules that define dysfunctional

protein-protein interactions as a function of a differen-
tial interaction score (DIS);

(c) calculating a differential interaction score (DIS);

(d) correlating the DIS with the likelihood that the dys-
functional protein-protein interaction is a causal agent
of the hyperproliferative disorder by evaluating the DIS
against the first set of rules, thereby generating a list of
one or more causal agents to which a hyperproliferative
disorder treatment for the subject should be targeted.

2.-3. (canceled)

4. The method of claim 1, wherein the mass spectrometry
analysis is performed on a plurality of samples.

5. (canceled)

6. The method of claim 1, wherein the calculating com-
prises calculating one or more of a SAINTexpress algorithm
score and a CompPASS algorithm score.

7. The method of claim 6, wherein the SAINTexpress
algorithm score is calculated by a formula:

Py |®) = mrPXy | A4) + (1 - mp)P(Xy | ) M

(@ indicates text missing or illegible when filed

wherein X,; is the spectral count for a prey protein i
identified in a purification of bait j;

wherein ;; is the mean count from a Poisson distribution
representing true interaction;

wherein «;; is the mean count from a Poisson distribution
representing false interaction;

wherein T is the proportion of true interactions in the
data; and

wherein dot notation represents all relevant model param-
eters estimated from the data for the pair of prey i and
bait j.

8. (canceled)
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9. The method of claim 1, wherein the DIS is calculated
by a first formula:

DIS4(b, p) = Sc1(b, p)XSca(b, p)X[1 =Sc3(d, p)]

wherein DIS ,(b,p) is the DIS for each PPI (b, p) that is
conserved in a first cell line and a second cell line, but
not shared by a third cell line;

wherein S.;(b,p) is the probability of a PPI being present
in the first cell line;

wherein S,(b,p) is the probability of a PPI being present
in the second cell line; and

wherein S_;(b,p) is the probability of a PPI being present
in the third cell line; and a second formula:

DISp(b, p) = [1 =Sc1(b, p)Ix[1 = Sca(b, p)IXSc3 (b, p

wherein DIS z(b.p) is the DIS score for each PPI (b, p) that
is conserved in the third cell line, but not shared by the
first cell line and the second cell line;

wherein a (+) sign is assigned if DIS ,(b,p)>DISz(b.p);

and

wherein a (—) sign is assigned if DIS ,(b,p)<DISz(b,p).

10. The method of claim 1, wherein the DIS is an average
of a SAINTexpress algorithm score and a CompPASS algo-
rithm score.

11. The method of claim 1, wherein the DIS is a SAIN-
Texpress algorithm score.

12. (canceled)

13. The method of claim 1, wherein a DIS of greater than
0.5 indicates that the dysfunctional protein-protein interac-
tion is likely a causal agent of the hyperproliferative disor-
der: wherein a DIS of less than 0.5 indicates that the
dysfunctional protein-protein interaction is not likely a
causal agent of the hyperproliferative disorder.

14. (canceled)

15. The method of claim 1, wherein the mass spectrom-
etry analysis is performed on a plurality of samples, wherein
calculating comprises calculating a SAINTexpress algo-
rithm score for each sample, and averaging the SAINTex-
press algorithm scores.

16. The method of claim 1, wherein the hyperproliferative
disorder is a cancer.

17-47. (canceled)

48. A method of identifying a subject likely to respond to
a hyperproliferative disorder treatment, the method com-
prising:

a. calculating a differential interaction score (DIS); and

b. correlating the DIS with a likelihood that a dysfunc-

tional protein-protein interaction is a causal agent of the
hyperproliferative disorder,

wherein if the DIS score is above a first threshold, then the

subject is likely to respond to a hyperproliferative
disorder treatment based upon the causal agent, and
wherein if the DIS score is below the first threshold, then
the subject is not likely to respond to the hyperprolif-
erative disorder treatment based upon the causal agent.

Sep. 26, 2024

49. The method of claim 0, further comprising:

a. compiling genetic data about a population of subjects
comprising the subject, wherein the population of sub-
jects has a mutation candidate that causes the hyper-
proliferative disorder; and

b. performing a mass spectrometry analysis on a sample
associated with the hyperproliferative disorder to iden-
tify dysfunctional protein-protein interactions associ-
ated with the hyperproliferative disorder.

50. A method of predicting a likelihood that a subject does
or does not respond to a hyperproliferative disorder treat-
ment, the method comprising:

a. compiling genetic data about a population of subjects
that has a mutation candidate that causes a hyperpro-
liferative disorder, wherein the population of subjects
includes the subject;

b. performing a mass spectrometry analysis on a sample
associated with the hyperproliferative disorder to iden-
tify dysfunctional protein-protein interactions associ-
ated with the hyperproliferative disorder;

. calculating a differential interaction score (DIS);

d. correlating the DIS with the likelihood that the dys-
functional protein-protein interaction is the causal
agent of the cancer; and

e. selecting a cancer treatment for the subject based upon
the causal agent.

51. The method of claim 50, further comprising:

(f) comparing the DIS score to a first threshold; and

(g) classifying the subject as being likely to respond to a
hyperproliferative disorder treatment,

wherein each of steps (f) and (g) are performed after step
(c), and

wherein the first threshold is calculated relative to a first
control dataset.

52. A computer program product encoded on a computer-
readable storage medium, wherein the computer program
product comprises instructions for:

a. performing a mass spectrometry analysis on a sample

from a subject that has a mutation candidate that causes
a hyperproliferative disorder;

b. identifying dysfunctional protein-protein interactions
associated with the hyperproliferative disorder; and

c. calculating a differential interaction score (DIS).

53. The computer program product of claim 52, further
comprising a step of correlating the DIS with the likelihood
that the dysfunctional protein-protein interaction is a causal
agent of the hyperproliferative disorder.

54. The computer program product of claim 53, further
comprising instructions for selecting a hyperproliferative
treatment for the subject based upon the causal agent.

55. The computer program product of claim 52, further
comprising instructions for:

(d) comparing the DIS score to a first threshold; and

(e) classifying the subject as being likely to respond to a
hyperproliferative disorder treatment,

wherein each of steps (d) and (e) are performed after step
(c), and

wherein the first threshold is calculated relative to a first
control dataset.

56. A system comprising the computer program product

of any of claims 52 through 55, and one or more of:

a. a processor operable to execute programs; and

b. a memory associated with the processor.

57.-61. (canceled)

[g]
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62. A method of selecting a hyperproliferative disorder
treatment for a subject in need thereof, the method compris-

ing:
a.

identifying genetic data from the subject in need of
treatment;

b. comparing the genetic data from the subject to a

f.

compilation of genetic data from population of subjects
that has a mutation candidate that causes a hyperpro-
liferative disorder, wherein the population of subjects
includes the subject in need thereof;

. performing a mass spectrometry analysis on a sample

from the subject associated with the hyperproliferative
disorder to identify dysfunctional protein-protein inter-
actions associated with the hyperproliferative disorder;

. calculating a differential interaction score (DIS);
. correlating the DIS with the likelihood that the dys-

functional protein-protein interaction is a causal agent
of the hyperproliferative disorder; and

selecting a hyperproliferative disorder treatment for the
subject based upon the causal agent.

63-65. (canceled)
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