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Unraveling the unique amyloid-like aggregation behavior of the tumor
suppressor p53 mutants in human cancers
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Mitzerme mutacions io the mmor noppretsoe poY significenity ditrmpr |or native mocnre and fenedone, plying = pivotsl rale in homen cmer pethogreer
Dncogmnic mmns p5¥ (mupSF) mer anly loses in mmes-rupnresmes capahilivies Sur sbo acgmres saccyemic functone, driving sencerprogrermon e, and
th:mrﬂﬁnmc:.ﬂs;ﬁi!:.znmi'\t segeerrh on mxipSS, the rale of miseme sion i siszeriny eryicid-Hie sysregwrion of p53 resmin en mndessypinred and'
Eearmesing acex of wody.

Trdmwiﬁ_pmﬁnmhnhﬂmglﬁlﬂz mggreseres dus o abaer=sl {widiey, ressbiny = dnealubls seatein Aol tiar coperibmes fo varies
protsin mirfalding disesces incicdins cancer. Howrever, the pescice machanioma by which ageresat=d proteinn indore cincer- yemain nadeguuely codesanoed
Noohly, cermaim p53 v promoos o2 e, wiich e smevged 22 2 orivics] {fecme m prosem sgaregeran-mrinsed onoogen iy

Thiz r= rmﬂ-:wsmﬂum:ﬂummdm_ﬂ;ﬁ&wmn,mmwwm‘mnwmmumJJhcd}ﬂr
el trwmo i, m&ﬁmnmmgmmhrmﬂmﬁﬁﬂmuimmﬂhxmm cormprehsrrely araizzad e
gprayatny potentisl of 26 mopSE varimr: amenp 1297 mideess oo idestifed le rmen canears - Theds fndings ched J.lfu oo the moltifece=ted roles of
=urps3 azzvegIzes @m encogeoesiz snd tumor:progresion

Laztly, we prejent p= imesgrerive Eplmnufmn]mgﬂemmgﬂ*ﬂmpud o dizezgregnts =mpSS srgreraeey mwmﬁ!
tarzeted cancer therzoy: By addresing thin enigmesic sspest of mmpSS hivlogy, our revies advecey the updemending of procrin aggresation in cmeer and

fdmrifies rverner fop imnorars therzpears e

. introduction

Tosday, & mulginds of neurologics] dieeders, smelsidon: snd pro-
tein-misfeiding disesses are recognized s = result of prot=in agiTegates
deponoon [ 5] Amvleidosiz encempazzer & collecuon: of dizeazes
cEnzed by =ithsr protein micfolding “and agmregstion. of protein
urfolding and Spgrevavon; wiomately leading o the formation and
sccummidston of msciohle profem aggregates, wiich: asoumulzie a5
Imeluhle ammvinid Sl {22-5],

Intriguingly, the role of prowin aggregabofn = onrogenssiy End
TUmoT progrssnion Es gamered suboantdal arention-and investigaton
mnee 2016 Yer comparsd to othar amy|oid-relased divezses, cameer
TEmaine the lsam sxplorsd ares.

The behsvicr of proein: sxpreszad pnronooiiably dos o genstic
mumnens, leading o precnurg! sherranons, iz crwmal for deceding the
cansermadizred pathvar, Ganetic smosnen: s=n endow prodains seith

Fimnil addron- lakzhapisre w b
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Either gRin-of-functon ot los -of funohon ssOvites i promote TIEos
formansn. Ome of the ke masmer reguiatory promms often  foond
miutated in mors then 50 % of caneers ir ps3 (5111, The timoe Top-
piesgoz pES iz & By tmaster regulator of the o=, which can conoo]
severa] crumal funcipnns related o the eell gvele. coll sresz. cell rowzh
and szoescencs, DMNA repaly, aging, spoptosin and mose [12-14]
Tharefote, mutstions that abrogste the wild-nipe fonrtions 8 pS3 =nd
mEnsfoTm fis guardian of the gEnOIme e &0 shopgene [V, 52,15]
Today, 1297 difersm combinetiorn of mirenrs mutston beve:
been identified in 2l fve domainy of pS3 =nd have been widely re-
ported in 71 diverse twpes of homam cancers [10]. Among 3l the 553
domamsz. the highestr number of mizsence muiation: ars found m the:
core BHA Binding Dumain OBDY (5211 %), followsd by Gligomerizs-
tion Bomain (0D} (¢01 %), N-eoninal Tran:-4riivation Domain (TAD)
(500 %), Proline-Bich Regen (FRE) (408 %) =nd Cermins] Reguls-
mry Domam (AL (139 %) Out of thesm 1367 diffzrent gmigne
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combinaden:-of mizsenes muotations. 264 have zlo been identifed a2z
germ-line muEnens, hewing he poisnual o =Mecy bumans. scros
gensranions [15],

U With the contmutts sssirmant of differsit mntent p53 (mogs)
over the lase nwo decades: 31 2 pow undemmoed tha: s=veml rypez of pod
musstisrr sould le3d @ e formetion of amylmd-likE agyreraEs
[17-20). Recamly these motpSd Sggregaes have baen identifled ay the
major somnboiom 0 onOogensss- and (Umor [rogreision Thess n-
vesdg=nons have srovided porennsl ways toidensty and study murpes
Eggregsied under Tevire ant fatve condifons, iding mn enveling fhe
non-canpmesl oocogenic functon asd pathways - 3zsociated with
different 353 mu@Enos: o humen caprer Furthsrmors - diers smdies
hiave meovided mbsrencal svidenes o imhibit mumS3 apgrecaion
whizh plrimately lesds o the suppression of mupEi-mediared onecs
genic funcnogm.

In this review, e haye eymhtivhed how cermin mivsens= mumativns
€an transform the guardian of the senome - “pE3", inth o =mvicid-hEe
aggTesats. These sggregates ectow ungssz]l propernes rerpongitie. oo
cncogenesis, mMmor progression, and chemoresztance, Conseqssnriy,
lhigh:fumaﬁ-unﬂﬁ]lnﬁtuﬂyaidmunﬁemﬂiﬁngumnm:
functiogs-of mutp53 amyloid-liEe sggvegat=s 3z prions bot alsg provids
maghe e counerEch thiz Eme. by explonng vEnous muiphd-
dizapgrepation mrsiEpics Thete sirstzpiss sould fay the foomdation for
de&’ehﬁping'pﬂmﬁ.ﬂ'inﬂ—m:aﬂm tharzples

2. Amyloid agoregates in normal celinlsr fooctions and proteln
misfulding dissacas

Amyloid sgeregace: are abnormal zorucmires thar form when orommms
a0 paptider micfald and esumulais yrithin esliy ap Somese Thess 3
gregates =ve wmally imzolubls and Mave 3 @brows natore The @rm
“amyvioad” rpecifically Sepores 3 Wpe of Crose-Dem soeTUrE f21

bathiss Sehlsiden coined the rerm smyloid o deno the amvis-
eeom companant of plants i 1838 {21,237} The amyloid proteing have
tiwes characterisoe features mey exfubit Abrillar morphology, are
formed by lzhest snnched profeme. and can bimd o rpeeific dyes sach
ay Thiofiavin (TRS or THT) and Conge Réd {23 23] These amyioid
orotein: 3re generzily azsocisted wiith = plethors of dizsases ofien
referved o 25 Fropem Mizioldmg Dhacases [Fhillz), Among heze, onions
Tepresent 2 unigue submet of amylsidosEnic protems dintinguiched by
their zbilicy 26 2ot 2 infectitar syens through-self-propagadoy inis-
folding - Unlike convenSona] amyloid depesit: prion: protcing can
mdur: eonformetional cangss in moomally (olded ecomnteTparts
perpetmting an irrevenriblsc aggregation cycls that Sisropiy callulsc
homeostasiz In homens, prions a2re Erown $0 cause mors than 50 diz-
gafes, inchudimg obsnty, newmmdsgsnsranve duoezses and CEmoer
5-30)

Amyleid aggregates are linked o vatjous human PMD:: incioding
Alghewmsry. dirsazs, PFarlonsen s dizeass, syzoemie amyipidoos and
Huntington's dicesse Eack of theza s == with differen: types af
aggregatas amvicid-veiE and tau Eﬁ"iagﬁiﬁ, siphz-rynoelem, amyioid
Iighs rhain:. and hunangnn preen 2ggssgass. The formanon of amy-
i spgressies myeives 3 pTooeEsy whars menomers yEif-amembly in
ehigomeary, protwdbrits. 3nd fhrils of varying molsrolar weigho If-:;_'l'.:].
In the beain, Amylold-bes sgoregaisr contribube Egnifcantly (o
nenrndegenerative. grocesees.  Alpha-symiclem zgyregates emerge in
dopamineryic oEoyons, whils: systemic amyloidoniz causs: Smyicid
stcumulation scress organs ke the heart, Hdnevs, and Ever, leading o
ergan dvzfonenomn [25 247,

Ths formmanon of Amyioid-bez sgpregai= imvelv=t 3 nneleanon-
S4pesdent polimsri=mnon process, wwhere Amyioid-bela pepuder coms
ogerher oo form = nucleus. thereafrer genersting fbmls [35] Amylouds
are oot jusr fived ag divesse-rauring protein 2ggreFaies; cevtain phvel-
c!uﬁal moler a:socisted with amyiodds include ;u:::iﬁf ar naiurs] rezss-
voirs for soring peptids ormones I piTmten-perreing granuies, being
myolyed m skin pigmentsron by initatng. the biogenesis of

L]
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melanosames 3nd conwibanng te jong-termomemery fixatdon [36 5]
On the peher hand - Alphesymmelsin sggmegaes form throngh lquid-
figuid phsse reparation and undsrpo 2 phaze Danerhon o 2 condspred
aggregation phase [50) Unfike pricme which can manmmit thelr mé-
folded smrucrerer berwean cells, amyloid sgeregases do mot have dhiz
infervintie charsereyicrie [0} Jn the 10807 Stanltey Druviner deveinped:
the ‘pomeept of Prions and wir suwanded the Kobal Priczin 1007 for i
dizcovery [41]. Frion agersgates-fomm throngh-3 (empisted conversion
mechamimm_ whare a mirfelded FrESe protem (Sorams moform. of whe:
prion prowin) mduces the misfoldmy of the nowmal FPE promin
continuing 8 sslf-propagsang cicls of gyregation [41]. Théss pricsz s
Frion-ike prpoweme havs amyleid-like characreniene sorucuress and can
coezrt esilular moteiny e Eoyleid compounis (bl ee-zpgrEgatom)
distritrnted acros the e=il [45]. Prions afeamyboid proseiss with ths
umigue 2hility e self-manmmii from 3 donor 2l 10 5 recipientoell

3. Ths m'I!;f:u af mmnpts =1 an amyinki-llks aogresatine protein

To dare, more than 50 promems: are Enown oexhibie amytodd char-
avi=rnmicy, etk ps3 being onz of than, szpacizily (o serEin misEnm=
mraiations [4-4—=i]. Miutant pi3 can form amyloid-iks 2ggregates sna
eemplate the miaiokiing of wild-yps pBipm:ﬂu.jezdmg o the crsanon
of zmyizid-liks SgETEgaiss Thezs muJ;:l:m‘[:* =an Gogmire nEvw c=lste-
rioud functipnis) Lga.m—nr—ﬁ.:nmun!l ang peyiit e immer, providing 2
selective ‘advaniazs that droves cancer development =nd progrsssion
[47]. The charasteristcs of specifle o535 mmzn.nu.:—:‘.’m:mmg minfoided &
ATUIEFEION-EOnS coTforeEtonr. End FEENY Sncopenis finction:
miake the mutps5 & new onigis member of the prion family,

The sccumulanon of pi3 in 2n 2ggreganen 7ige has bean repprrsd in
szveral sameerr murk 2 hrEaot setmebizceens pemrohlzrema znd
colon [48,49). Thir-sggrezation weskens the cell's- defonce sgainet
WIMoIgenesiz, endowing phS Wiih onoogenic-pIvpernes. The Qoour-
rencs of these mutationy in 553 conld lead o Sodh b -pf-funestinm (LOF)
anil gain-of-funrnen {GOF) phenoivpes

The EOF fonodon of muatph3 inciudes the fnability of mmps3 o
fonevrion Hke srild-type protein, thershy mhihirng spoptosie AGSToon-
ally, LOF muip53 eonld Sgyregas mto lrge massss of mEoluble protein
that jose the abifity to-move fom the eyfopizmm info the nucled: zns
BECOING TEFSANT 10 prossisomal-medisoed degradzoon =00 52], Thiz
imability of mupt3 1o sxecute Wild-vps Morties:s resule inianeressed
exprezzion &f pro-capcecous genes lsadmy to the abelizhroent of ‘cell
eyels @rest-and spoprots function:z ([50.50]. MmphS sccommilstom as:
mghmulmﬂarm agEr=ga=s U eapable of  =xhibinny Gominent
Aeganve DN sffeca FD’*IE.:-, b¥ quppramming the wild-rype-iike finedon:
af p53 and mhikiting she Mdm-2-medisted uvbiquirmagom [253-57]7

05 the efher hand, the aggreszang muinss exhibit 2 vaneiv ol GOF
funeriony qork 20 rEnEACOvanng genes that arenot the m;&rpmeH
co-agaregating other proteins sncl 22.p83, pF3 Hepiid, :.l:etgl'm.n_{‘El;}E
EI00, wins3; e promeres indammenen chemoresirmanss ool
migranon, tumor fovasion, aod memnemic (515 50 5045

In the 1980s i was diseovered that pS3 conld 3l sxist == zali
agerepanng hizhar melacular mazz ageregaesr [50S4, Ourefsm Ave
fonrripral depoiine, anly thise —mamely, the seprat sor= DNA hinding
domain (DBD), the tetramerization domain (TD), and’ the tams-
aEztivation- doseain (EAD) — are Emown o form -zmyloid aggregatss:
[E5,53.55--548]. The 395 amine acid tomog suppreszor pad -has always
Deen 2 kev mrgel of investisation foroumsrour ressarchars over the past
five decadss, Winh an excrbitaar 1297 diffezent types of mimzenss sub-
Enrunon muEtons, ph3 helds the ode for the most mumred human
frotein, Gfin foumd mumed o humen cancer Tnercimnghy, 35 eF
these mutation: have Been reporied with Zgeregation-forming ability.
Az pf now, these muEtose =& confined to ust 21 resdoes of the p53, =
shorwhinm T shis 1 aml g, S

In 1993, the ph3 was firrt mentoned st & prion [2200] Inm 1951,
Lltner et al. foumd that cernizin po3 mutatons, sudk 28 R151E5, RISTL
BE75L. and EI73F, cause changes in winhs eonfcrmation &0 murpas
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conformabon-during co-transiaten [57), Later sudiss showed the off-
rient. antihody-based determination of Wt op murp53, The A=nbody
PABLE2D Eroynizer wips3! od the viher hand | the mmpt3 Lyrecoghized
by the pAb240 antibody [20]. Aggregsting mutp53 were seported ae
masrnpdonally macuve lugh-molernisr-mas eomplexss. The aggra-
gmmmfmmﬁﬁmﬁemgg&r&ﬂ by insrssving mperamrs (from 30 to
37 "), pH ané pressure. [17,81].

Eray ovsEllography and NME swdies have sevealed nmmne;
hetvwean miniplded mufsnt pbE3 mn.émﬁﬁmim!pm 752
Celintar zzzass have sthown that mutanc p53 can aggregats ::l:ld'tem]!late
e miefoiding of wild-tvps p53 [F2] Addioonally, m-vve mmediez hars
Mowrared this GOT mesamioms in w555 o= Hnksd 1o ey
developmest [I5 52 06] Ths eincdatien of the oncogeszsiz mechaminm
of diffsvent motpS3 agwregaiss will sdd oemendoos significancs o
cancer refsarch Iugenngmmps aggregates might sarve 30 = poom-
iy b Eal rstey,

4, Unusuzl properiies of Murp53 aguregates.

Murps3 has béen reported if the Deweil member belongng to the
rlazz of SFYIEgENNE PIoISIn: SIUNNE MUMETons dis2ases, 35 rEported in
Amyloid Nomenclanres 2020 {441

The following ars some mnurssl properties srhibied by mups3
EgEregates in-different human cancars

1. MumEs can form high-molesular-mars agoTegates

In 2006, Hrigashimoge e al. conduoed asudy o6 1he (B OSLET 2000
fierrain of varisus p53 mutenrs acsaetated with hing caneer (Fly 120
[15]. They discoversd that the mumnt ph3GEIIIV posiescer 3 mon-
ordered stucture that undsrsoes a théema] conformatonsd changs,
pomardly myolnng Pdominent shoéforal alterstions 22 sttmated by
Cirenfar divtroiom (D) specirestopy. The study fonmd Hiat fhe
pRIGEIFAV mutzat eonld form =myleii-like fbrils thropgh 3 mo-sep
process mmder phyriclogical pH-and sempamature condinons, = evi-
Feneed hgﬂﬂmﬂaﬂ&ﬂmﬂeﬂmﬂunﬂu‘me? I'= 347
Additionsly ths atamic forcs micrassopy (AP snalyei: indizaed that

: Popremima] Emrnnd o Binagticel Alacmmrelecuies 323 {ZEXT 147883

murpEIEIEV forms amyloid-fike Abriis with = thirknesz greater than 1
nm, awﬁimei‘s::m:l.,md;:mgd: Engng fom 150 to 300 . nm.
&Im-mrz: Mﬂaﬂ'ﬂi’lﬂ with 2 thickne:z of 3 mn #nd 2 diamst=r
of 40 nm wers oheerved:

In 323, Varg et 3l sepomed -the unvsual propsmy of the
muIpSIR2450) o form the marnseoms clusters diveant from smershons
=md prder=d aggregates Uring the HCCTE breatt esncer ecll fine they
found that thess protein Fluseers fasilitae amyvioid Bhfl noeleation
[Fo]. The apolication of 1 8-beramedinl did not redoce. the momber of
cyioplzmmic 953 ‘pEnCE, eonfirming that the pa3RI4E0° i!ggﬂ'gmu
pisseni vhiihin the rvioplaon wers 0ol denzs Hguid condensatss:

Throagh Obhgus Mwmmaron mirroscepy, (QI8), the svamge mze of
thes= mmpSs meigreapic aggregars war ldsnfifsd = ha 100 om,
varying from 90 to 150 mm-depending on smperatare. Thete slusress
eoald encompass spproamarely 1000 553 mramers 15 3 mederaely
pack=S canfrrmation {Fy 12

The dismeter of these aygregates was further valida=d by dynamie
nght srarering (D053, and sectron mmicroscopy (B micrographs:
confirmed the aggregater size, range of 60 1 50 mm. Usmg various
iophvaicsl and Divinformsncy ook, they ptnpbse'd 2 rwo-riep fbrk-
zation procses for RZ480) muips3, whers the mizarsemblad monomer:,
Banve [Efamer, and murs3 ultgamm {roch 3¢ penmmeray szemble
o form msispoopis mupsEs ag;gr“'zm pr gliters (Fig Ih). Subse-
gently, mutphE Atrils soromed o be formed by the ‘zﬂrh::g'bf:eﬁ:ll-
ded mups3 monomers; nucleats from: the mesoicopic clusiers afrar
mnips 3 motmmary asremnly, The sxinsnre of B24830 mmmton 0 o33
sequle: in the Sasiabilfizstion of the ph3DED rroeture, Sxpogng the:
ILTOTLE mesf moging fom 28] 4o 257 rendoss:  thenchy reimmforcmy
mmeE3 ageregenon Fig. S1L

2 WMutph3 regoeater wiph3 during sgregadon

Mutp53 has'n chersct=rione Emyloid-ligs fmeitre d typically
exhibiia ses agyreganon [20.05]. By 2012 dtwas Zlreadv Enown that
the pE3R2480 seede could speeferste the sggregarien of wiph3 7],
s¥hers tha free snergy of uninlding of mERRIRI4E 0 was derermined
Ge 348 El/mol, compared to 425 k¥'mol of wps3 [74,94]. Thuz,
indizanng that = zingdls misenss mutaton coold indore severe alter-
ations In rhe profein conformanen, mificient @0 camse aggreganon
LiE. =)

Later srudie: foond thar murps3 =zn co-loealize with othier amiviodd-
like protamns in breass capcer [201 Levy ef 2l dizegvered ther ph3 mu-
ey el &= H193L 11051 624355, ang RI450) could medsrately form
agyreFates, whereas the pE3Y¥254C muotation rerulted in abhumdant
aggregaE formanon: Unng A11 anobodies they 1dentified sggregasd
muepS3 svizting with wipss whith war charsrrsrizad by i]-[]'!. anzbndy
i breast manesr tinrus samples [S5) Farther smudies, Inefuding fores
diffractgon- 2ngd B pmdiss ansiveis: tevezied thar mnaps3RI4680) =nsS
WipS3 ro-aggregate 1o form amyloid fhers {1 7], The e of these ag-
greg=tes was found tobe approzimataty 132 ooy ae pH 5.0, increasing to
I60-350 ' mm at pH 7.1 ‘Interestingly, Wang and Femsht demenstrated
thaemuips 5 ceuld sequerser oot only wins3d bur alenphd homoless surh
21 pA3 and p73 2] They propoted that this muotpsS yeepsS enaz
gregaTion precets i predominanty-due to trapring rather than séading
angd induced propaganon (g &3

3. Muiphd aggregates promots’ bic-jolation of varion:r mimos Tup-
preszors & curiosE cas of Co-zgyregaton

2031, ¥u ers! disrovered that motp5 3 s@gresares resnlt from the:
azzamibly of & conzenved sequenss exdedns o the hydrophobic core of
the proteins ONA-Dnding demain: Tranment expres=ion of vanouz
mumntd poteine (RI7SH, A222W,  B240%  R24A0), PISGL EI0EY,
RINOL =md-R1100) m = p5d mull ostecsarcoms el linz revealed =
predisporiey ©f JRUIDGS 35 CVICPIASIC Aggresates, Hlentified =z
pufictst= c¥toplasmic  spots 'ﬂsue mOipS3 EEITEgatss  rErs.
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“ Mutp53 can form high-molecular-mass huge aggregates
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=utp5F pridaily fors merescomic spgreges These saxresaies thew scr 2z murleation gitss fne the Ghidl sromed
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predominanty. foons in the pednuniear spsps, l=ading to fmpaired
mups3 muclear umpars [2I70

Uning & micrombuls asiembly Simuptsr, Nomdaols, they haws
cheemved the spontapecud dinintegration of the cytoplasmit punmiiace-
mups3 sggregetss: thur hghlighong the zgmesomal ozmre of he
mutps3 zraragatss. Unlik= the normal sligemetization rea= af wild-
:}75';1:53 l,monu:sﬂ'u:, dimeric, EorEEarie, ané ortamenc), the alize
merization stafe of the p55 mutant= RI7F5H RZ3W, RI480, Azsa5,
PZE0L. EZ5SY, RIIOL  and R110F wes found withm the molstniar
weight rangs Detween 300 and 10,000 D= Therefore, ndirating the
formation’ of hizgh molefuisr weight muldmeric oompsd s=zembiies
57

Ths p53 mutane BITSH REISIW, P2SOL =nd R110P wese found (o
exist as aggregsies in human eanesr cell ites harbaring thess mutations
IMOEGCCM ssmooyomz for pS3RLIDE, HT-1376 bladder carminoms
¥z pRIPZE0L, Derraie 567 pharywy rwvrinmms for rSEEI75H, and 1301
T-zell Jeokemia fop pS3R2EIW;. Thivdsrin T staming confirmed fite
prezence of Faguregates o the callz: Further, the wie of tha Biopimazinal
techmique FIIR 2ho confitmed the agmregaing maure of pha mutant
much 3= F2501. E258Y, and RI10L Peak 1615 and Y685} under m-+itro
cenditior:, Elermon micrescopy croes-validated the sggregaton nature
of these ph3 mumanes, confivming =hat mutps3 can foom high molacoler
weight mmultimsrie asssmbiiss

Additismally, ths Tango zerver pradicsed that residuss 2581257
sould segve aF 30 Egrreganon nuclenr, which wag fanher confitmed Dy
ESiMET of the protsinsssristed mups3 fegments. 3 the [Hplesed
251857 war proteced dos to the iovolvement in zigregation. More-
over it was 2lio ectablizhed thet mutps3 conld co-zrgregats witr wild-
fvpe: 053, Tuggsming the pomibility of oncovenssis in hetetozvyons
eonditiganr far p53. whers both wt and muart pb3 ecexist in the eell
The:s fAndinggy ipdicsted that muphI-medizted agpegation &
MUEOR-speciile and does-ner 1ely oo sobeeluler doeaiizanon. Adds
ronsfiy, fhess aggregates were foumd io map oot enly wpSs bt alie
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bave the fendency to oap other femily membars, ook 32 p3 and 573
angd pouer prptems 10 them dizmpong thelr WMel SHPPIEsTol SCOVIDY
[20]. Interestingty, murps3 aggregares (specially R175H) wer= thown
t0 imrreaza the sxpréssion of HepTD and other hest shock protsfm
Cenzegpently, the lozs-of funcoon pherooype of mupe 3 was confinmed
for D53 mumeane RITSH. B2ASW, A4S0, A4S RO4BW, PISOL
EEEEW RIIGF, and, R110L dus m thefr derreazéd manseriprion aefivite
for mim-2, hay; p21 znd NOXA [0F]

Wiach esal esmanlithed rhat recurrent ranmsnt interaeion of Hprd
with zggregating muips3d moilo in meressed Eall ke of the mmpEa,
promodng '.a'ggtzﬁme formation from-ihe pssudesgEregaie ofate of
mumEdmdm?-HEPF0 165]. Subsmeguenty, L1 ec al, showed that che
aggresoimsl pS3RIR0T mumEnt intEracn ahnomEly with Hipsd which
sézults i AiertpHion of p53 noeloat tantper which will lesd- es
decrezzed o1l oycle arrest 2nd apopioais in-netopharyng=al carcmoms
[BE5] (F=g. 3)

Inizresomgly, the:pEIIIE4R mumtos =odGe o Toppres: ths aggr=-
gation: The pb3 mutants such sz 1154 T3540, 1255R, and 12550 diompt
the. aggreganon phenomenon of these muipSs snd prevent wWipsd
ENNIOIEADT

2 Mum53 dbnl displayr porons-like cell-to-cell mansmizzion

MutpS3  2gytzgater eould: display  prionlike  properper £
morpholesy and could undergy celi-to-cell mangmiznon. In i‘ii?.‘ﬂl,_lnln-
shash| et 31 evidenissd that the priandiks Bohsvier of mum53 aggre-
galEsis mediﬂedhy:uh’atﬁé—]iy:aﬂmimghﬁus (GAGE) (Fie. 93 GAG:
2= lipear. smbrapched hetempolyzacelisrides: mch-s5 bepenn olizts
(HZ}, chondroitin sulfate ((5}, and keratin mifate {5}, which ar= linksd
o the ror= of 3 promin w form pmt&n'glgnzam with varied nat charges
Suiphated-GAG: are amzoeisted with the dizcaze pathoingy of amydodd-
g ane cEpcer [I=.=7.95]. Toer have myvesngared -sulized GAGs-
miediated sollplhe intrartion 2nd extracclulsr telesse of  the

Mutp53 fibrit displays Prions-like cell-to-cell transmissiun
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aggzegated muphd. They idemifled the exwreresiinlas reléase af motph3-
zmyloid sgoregarer using the OVCAR -2 gvarizan eancer cellp harborng
ﬁﬂ&ﬁ&mm{é, =1, Theie aggregatas wars regdily taksn up by
the CHO (Chinéss hamster ovarian cancsr) celir harboring wip53. The
cellnlar upnakz of aggregaed mupds was foond m be lespaficientin
cilly (pgrA-T45 ad peD-577 exllsh lockine sulfarsd GAG; and HS
(Heparm mifatel. Thase Andings were cormobomesd by s pre-oeatng
el with-frvioside and sodims shlpsate, which suppress proweoslvean
srntheny or mifation modificanon, resniing in decreaced nptabe of
miup53 aguregaiEr secreted by ovarian esmecer celn [55 1001 Addi-
tionally, the mee of HY S-Jomzin= srucinea] =saloy “Heparin™ high-
Iight=d the cpmpepave mhitioon of cellmlar upmke of mumpsd
aggregatss implirating fhe involvansnt of BT Mighty nilfared domain:
aF TOT-PIOEln CCMPONENS in mUiphs aggregstion In ovarian canter
wally {Fig 4

Althragh &Em‘iﬂlnfm:q:_ﬁi-l sggregate from the donnr et cellin
fi= recipient wipb3-containing zell was not disens=ed in s soody.
Heowever, itwas found thae the recipient cell=-taking up pE3 Sgarsgats
zgerefed from the donor cells gained chama-resirmant propertiss. Thio
war evidenred by reduesd Carpase.d achvanon imd dscreazed damage
From UV radiation expoIuse

5. Ralztinnszkip betwzan amyinid-liFke mumneps3 Znd sherrnresiitanre

In J0Z0. = zmdy conducied by Olivews groop reveased ther inoglic-
TiEstema fhe smrapmEnt of mmph s wiiin im‘_s.'l-ui'de]i’ee EgETegaiEr IT
secounmbie for endawing chemerszimence a5 &0 mmughal GOF [55]
They obzerved increszed chemoresiztances Sgsinst THI-reamoment
{Temozoiomids} m ghohlestoma T95G celir expressimg pE3M2STI
eompIres 1o 057 c2ils expressing wiph3 (Fiz 5). Thete giioblssioma
eell=-with muips3, found =2 zg@regates in perinuclesr znd anslear 1
qions, exinbued sphapred mansmpiion sevele of MOMT (D0-merhyls
gudnine DNAmehplraniferae] and FIEN. ~Thix, ndicasing
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zogelerated eell profiforacon 32 well az migranon.

While the mechsmirm behind the murpS3 zggregzaon causing TME
chemorssistanca i gligblzmoms ar poT hea:lful‘tg Exptumi Howersr,
they gave an scocommt of preteurs snd hvdwtion effeft I promotng
mutesd aggregaron. along with m-nlico smmdier whers muipss was
founid uereptitie o wassn infiration.

Lnfénmﬁa'rﬁ:dy. the mutpS3R248W-mediated Cirplatin-resiztanss
waz mverdgated in g cencer HI1292 celle: Hers, the muipS3 agere-
gates ware found to e mrolved in upreguiztng UFR (mnfolded TrotEm
response), ‘and ERPIS ak= Frdopla=mic redrufom prowmin-29 [77).
Thuz: refeciing the slevated ER zoe:z impaired prodsin ssoredon,
fofding, and saffrbing. The mupEs was thown @ interacy with the
EAP20 gone promotEr, chershy tripgenng chemoresimenee (Fig =) This
aguregated momh3ERPIRmediated chemoresistanes wit sevaked:
uEngy =0 arufns) pepode ReACpS3 [T

5. Inhibltion of p53 aoorevdtion

The bart romfegy 0 combat the gncogenie fmenmn of aggregsted
mumipsd & to dissggragas It {43.50,73 101 10Z). & large diversity of
moisrnles has besn discoversd to targer :he'diaamﬁg’ﬂitrﬁ cfmutp53 oy
employing different srategies, which zre discnzzed (Tabi=z 2 znd 5],

Fim 2= 7),
1. The sfect ol AOn-AFgresnizal P53 MIRNE

Inseresangly, the pbIl254R mod: w mppre=: the aggregabion The:
53 mutants sech 3z [3545. [2540, 12056, snd 12060 diznipts the ag-
Fregation phenomenon of marps3 and prevent the entrapmeanr of WIpa3
{Fizg 2} 5:]

2 Aceiylacen mhibin (HDor ZogTeganoen 3nd reXcues-The: NNDOL FUp-
preczor Dmetivn &f morss

Mutp53 promotes chemoresistinee
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moduced . Acesflsion mrometes matpSS diseggmecarion. (¢} Folrzrgmme snd polpornithine mediptsd: fwhibition of mopSd apsregeeec {d) PERMA snd BEeACHSS
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Takle 2
DifTewmry d:u.g;rqlrﬂ' n praregies foe diffeesnc zggregEnng murpsd
E TYpe = inkirtcr o exusstian of FTEL bt oy P S TP = o Cal Ene Erptaen Esfmm<a
me IR
1 St AT =40, =558, and Habs o= saGET BT ot FrEs [z
- AceeslEtion ESTAL, E38:0 and £38I0 mirnadl ol liey oo HITFY RiTEH F2e=1
caliz
= Sl mrasy recidcin Fojyarsining: SIEF AT HILTF 245D
Szott ey SE-EE-2 EITEM
Azarrichdlice chiorde - 2TLET
L Dasigner Paptide BaicpEs Craisn canbe DYEATE ETdE0
thislie Einidiam o= EETEH T
= Eﬂ@mm}md’ iohemnsSSinong PRERLA=T ST CanOe OVLAE:S ETaOn [=%.1051
St amategt Lo g ST D=0
z33
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-3 TrigrmdTame ADH ADH-E Pacorsass cEno % Fal=T 2TdE [rie]
et fanrds ey

SE-EE-3

Wild-oyps phS has = ehort halflifeé of just 520 min, white pE3
mirsénss motants might poszeis an merezsed halflife by escaping the
ohigiticn-madated  degratsnon pethway [105], PFon-ranrkationsi
medifcation: (PTAE) =uch a3z scetyistion Src ¥nown Bo 3ctivats FE3
[IanECripnon scnvity. These acerylznon could oocur a1 Lyzine recidues
(H1230, 164, 370, 372373, 381, 387 avd 386 whitk fecparizlly tha C-
terminal-domain Lyane deetylation 2t 370, 372, 373, 381, 382, and 326
Irsine residiest m fom hzeer mhibition of ohiguitnation followed by
Mim 2 degradation 3nd reccuer pE3 cEmenptinn aetvity fem
raprezsion [1 114].

In 023, Euo et 3l demonzmated that the mutation(s) 3t these zix
Iy=ine remidnes are very crocial for aggzegetion and uhignitm-medared
Gegradatinn [107] They havs mrodied pEARITSH aslong with vt mutmt
sonsmuor of CTD constimme :u‘e!;fhtiémpﬁS IR (L2 3 mipls mutEnt
of K37H); EZ314) and £3820) and szing non-zmal] vell lung carmnomse
zelly (NS{1Ce3 Cyeloheximide {(CHX) thase srafyrs of the wips3
shiowsd = hali-tife of jose 1 while the WIS shawed 3 halflifa ol 3 b,
highlighting thar acetvlafon enkances protein gmhiliny. On e ather
hand, pEnELL'—'EHIhn“?.-d.HH maximing Haifdife with ne degradation
chrerved. When b2 conroionve acefyianon mutstion 3R7) was Imeos-
purated, the ;}EHETEHM exhibited fazter degradstion 3= compared o
pEIR175 alone, depicting thar agerviation resclts in decreased rebilioy
In GpS3 (Fe S

Thus, scetyiation sinificanity decresszés the ubiguitinasben of
Wipnd, botin the case of mutpbRITSH, aceiylanen resulls in nazbhility
ardl mmight lesd m phiswitinessdiated desredation zrd zggregation
disriprion. Further, they ohéerved thar acetylaton inhilit: aggregation
ard might resrtivate mizrenss MUipa3 amd pSIRI175H latk mansomipoon
=rtiviny. By incorpreating sretviation by ms&rimgi tomstitaiive srety-
Yasion mootarion 3RO, the pEaR17EH TV eshibited some wipSiamediated
tranacriphonal sctivity, Alze, e pESRIFEHT - showed decresesd call
growth, Xenograit growrh and mmer weight They wsed FaACnG3, 2
fexigner pepide far ineresTing the sreivisron of p53K175H-prodnzing
oellz: This rernltsin the elévaton of o5 scetviztion and-ncrazssd sol-
ubility of mumpsd [205]. Hence, sceizlanon can yeverss the eacogenic
effzpes & the pS3 mutstion 3nd eould recrus: DOmDY TURRCEE0r 3SGEVIE
ﬂ::f '.*'l'l'].

3. Srmall streey maﬁmizrmﬂl as polyargimnes & they devivesives, Fnd
aeefyicholins chlprids

Small mres= moleciles ke hydroxy-ectoine, sotoine, arzmme, and
mntyi.glwmmm“ 22 protein TRl =nid posses 3 proven
intervention for weating vanous nsurmdegensrarve diseases saned by
the zgureganon of prooeins: {75, 74,004 L1 51 IW]

Hire= mINpE3 POSIScrEl YN [roperiiEs Oisr o pml!m.i

rezponsibis-for Protsin Misfolding Disez:ics (PMIDN), Hanspathipiilal
etzl mvessigated the potennal of argining in modulatnd MUpSER2450
aggregznan [72, 741 They sxamined the zffzote of palvarginine and it
anzlegz on ths scabilizaron and-diszgiTegation of the MutpS3RI4E]
mimatic papride {YRPICTIITL] (readues: 24E-557), sxpiormy Their Toie
in mifiganng the. sgaragating. procssy (Fig. oo: They foumd ther pely
argimins and b detivative p-:rr:ﬁacmﬂrme not only inhibit the 2ggi=ge-
toz of mutpb3 peptide but slso mbntitthe grwiir oflung canger HY LT
ezlls (harhering pS3E24E0 mittation} =rd breast cancer SH-BR-3 w=ily
tharbaring pS3R 170, Addirionally; the trestment of theee pmafl sress
molerniss impans fosr CEnEcTipional fonoton @ the pll sxpreszion
was found elevated. Thue, dgnifymg thar these mol=enles not only st3-
bilize and prevent ssgregaton of murpS3 but e sndow the lon
mansrmiptien 3etivity. In another srady, the Kanapathipiflsi groop uess
scewlcholine chisnds (canonic small grress mofaoule], which waz zlm
found o iohibit mpeSERARW mimie peptide “WRPILTITL mvive
[, 104]. Thus, hightighnig thias fhe mmall siress mioléciss are capshls
of preventing mutps3 ageregation (g ek

4 Dasigrsr pepride “REACP53”

In 2016, Soragni ez 2l constronted an artificial nepride designed o
{rhibit MUES3 Segr=gation 25 3 tumpricids} inmrvention, Thir pepde
SETRITLE" was eng:h:ﬁ:rt-d o =01 SFainst the Z@regating mutph3 resi-
dmez I5T-258, which were sdentifed sang TpperlS softwars {72, 120],
Tnahm&eihtpmlﬁﬁnu, the peptde way fozed with =rgimm=r with
ths ph3 residuse "RFT. L= from tesidoes T40-251, reinlring in-the ere-
ation-of ReACDSS. Thir peprds not oily penctrated immide the HGS0C:
OVEARS cells hartioring mtpSIRI4AD muranor bus waz slve: found:
affeetivs n converung he mophd puncisie complez=s into wild-rrpe-
like goloble B3 (Fip ¢4). Thos, cauzing oell owvele- =rrest ans
apoptosic. Howsver, teament of thiz peptide aleg leads o astwranon of
Ml 2 msdisted p53 decay activity. '

Additonsily, the ReATpS3 pepride was fousd o be =Hectve oo
capceraus cells harbonng manssntpiIRITEH fnwvive adminicrrzpon of
EaACp5s leads 1= roppresion of mmor progremion 27 profifeston, 21
well zr shrinkage of Xenograies sreared unng HES0OC (high-grads terons
orvanan sarcmoem=s), Thos, thiz:peptde displsyved immenss potentzlin
in]ﬁbiulngui-;:im eznrer =y bl m-vins @ inahe by preventng
inhibiting mupS3 asrevanon snd promotng metorEnon of loit wild.
wpe-like Gansmriptions] setivity and. tomjor -inkikitery fonctioni(z)
Furthermors, this desgner sridcial pepiide was found efecove aganm
ciher-muipS3 Epgregaiss = well 1721

Haowerer, this p.Ep{!—.ﬂE exiibited off-targer =ferts, 3= it slzo affers
the wips3; lesding 1o narsal uniniding of the wips3. Hence, lezding
syramatte towicity in ool cells Furthsrmare  the short o-viie hadi-
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Yfe and-poor stabifisy of thiz'peptide posed challenge: for rifcial

pepade therapy [77]
5. PRIMA-A gquinuciidmoene fzmily anmaloyg

Fepom- L Slve7 group idemtifizd that PRIMA-I (p53 reacmivation
with induenior of mazrve apopmesie-1) ronld inhibit murpss 2ogregs-
on and potEntially rezcivaie I jost formor supnrezzor fuoctom [T0].
FREIMA-1 (2 Z-bisfhydroxymathyi-1-ambicyelo] 2 2 Toct=n-5-0n8 ; has
tie= ahility to indnes apoptoss in sells harbormg muips3 by convertng
themints 3 wikd-tvpe-liks confrrmation through it primary opucieophils
sccepiy membolite, Jmethylane-S-quunuehdinone (B0 Tz od),

Bivibo epEimentt domomrmaed  ther e aggragaid
pPEIDBDR24B) disagyregates following BERIMA-1 tre=unent. To foriher
validare theiy finding, the S1lva group evaluated the PRIMA-1 medsa=d
murps3 clssranes 67 aggreganonin GVCAR-3 harhoring pSER 480 and
MI-MEB-231 cells contzining pbSRIS0K. They wed =mii-zmyloid A1l
antibody 2nd ThT staimng, confrming their observatom: WwWith 5EC {zize
exelnrion thromamgraphy) of the cell {harboring muop53E ysare pres-
‘Encs and abzence of PRIMA-1 restmant

& Zine memllochaperons EM.C: bifencoone! ligands L znd EL i
carbazons TAMC]

Tinc meml 1z esssnnzal for the propar folding and conformanon of
p=l, This Ty =tmm b respensihle fr maintsinmy the srehitertors of
the DED Semain The absencs of Io promotes :;runm.eern: ZpgregE
tiom [60-70], For inftaEnce, fhe =nc-binding =it o ph3¥ 2200 = ofien
dirropted, resuling in mupEIYIO0C sgoeranon. Alifler exal designed
the perval hifanesional igemd 1F, which neractr with tha hydraphobic
soce it Todine 5t one and and pozzesees the meisl chaparone scrivity a1
the pthay, 2zsrrnng in resronng e Dine inding oo mutmsd [20F] The
hifuretional ligand LF waz thown t he highly sficient i f=storng the
lostfonction of muipS3Y220C By disagyrezation and Imteracting with
the In-Dinding seoment, theseby reinstatng the one-bnding ghdinoy of
the mnEREYIIGC{FY Ta).

Similarfy, the mefailochaiperome ZMC1 (semi-varbasone Tuch as
NEE310728) can reztome hoth e smustoos a3 well =z mhe fincton of
mmrp53RITEH ZMOCL ars 23 an ionophore mesallochaperme, effee-
tivaly rees=hlithing the propar conforman on Fnd 2rdvicy of e mups3
(Fig 7). [1006-104],

7. HEPGD iphihioe

Fecendy, 13 =¢ 3l srblizhed thar mmpiIRIE0T infemacs sbmor-
mally with Hepll, remmiting i inereaesd sgpregation and darrszead rall
eysle Srrest Snd zpoproci: in Nassphorimzeal saness HNEL 2alls [20]
Inferestingly, they  =howed tha! geament  of HSPI0 imhibioc
Tapsmpmyem, I7-A85 oot only. mhibits F.IE;?QEI bur also prevents the
HipS§-indueed sggreganon of mupb3. There Andingrled tra dimnt=-
Fraoonof pb3 Abriiz into damaller sgyregates inthe oviopizam (Fie. Thk

The synergienc frezmment of 17-A4G0 =nd ReACp53 not only prevent
the formztion af largs mmyieiddile Fhie T alis dinmegrates mmpss:
aggregatss into 3 fmcoonal teoamene rtste which can perform wikd-
gpelike fonernpse. This-combined approach coald serve 32 5. prom-
iz 7h).

$ Tripsridylamide ADHE-6

ADHS = eripyridylamide ifentfisd from olpopyramide Hirsry
ETESTING;: Was Propesed (0 INDEFSCT Vil Cafi0n-% interacoons with the
catinnis rids shzing of the mupS3R248W mimets popiide composed of
residngs J4B-073. =xhibiting an mevirs Nindiny affnite of 385 ©M
{110}, Thiedswin-T rmining confirmed 3 sgmficant decoeass in 3ggrs-
garion of muipS 3R 248W in the presenre of ADHA. SabsequensTy, Emiler
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findirgs were ob=erved in MI& PaCz-1 panrreats cincer sellz harboring
pRIEI4EW mumnon, a1 evidences by ThE =nd FALTAD prmiming; which
shmeed a3 rednedan !J:.ﬂ'é.:_!m Treamment of ATHE reaujted in pS3-
mediated ertotoniin, it the 1050 of 2.7 M and 25 phd 25 24 and
48 e rezpecnvel v I MIA PaCa-Joells and 2 S phd and 25 pM =2 24 znd
48 b rerperrively, in pSIRITHH bearing SHOBA-3 celln Additirnaily,
mEEEZJZ—]\‘-‘ war found o tEnaeibs PIGI, pIl amd NOKA afrzr
ADHI mestment In HIA Palz-T =ellz, mdicatmy thar-ADHS ndooes:
mmn>F-mediased, cell cyrle amest #nd apopinsie (Fi, ) Finally, the:
e aiminiztston of ADH-6 m MIA Fals2 cellsbesring mics:
induced regression of mmors harboring mopE3 demonzoating He o
eenial 23 an effeCOYE END-ONnET EFEN apEinet ghe mui-phd-heanng
erraiiale o

6. Conclostos =nd foture perspective

12 iz wiell ondersiood that the marer régulzime; zka pE3, bt Fégquentiy
mutzted in huwmas canesr [4,10] Hoswevar, the smyloid-like aggrega-
dnn of this celinlar gnardian was net well known antil resently. Orrer the
fzrr desads the mplorarion of fhe apgregating Bahavicr of muspSa has
drawn signifcant sgention from many fesearch groops, resufting in
subzmannal evidencs yegarimy the nanwre of these zgwrevanng pod
muotEtionr. From = peol of 1297 mipenss umirns murafiony, 25 have.
Begn TepOTIEE Th proThocs aggregation of pS3 m divérse miman eancers
(Table i, Fig: 513 Mozt of thess mutatonr gre confined ¢+ D, and o=
{zzzer swreny, the 0D of p53

There mumssion: confet minip53 with mnnmsl propermies, ineinding
amyinid-like sgmegation. co-Eggregadon of mutps3 with wips3; oo
aggreganon and bic-igoladon with othar phs femily members, Hmds)
znd other monor MpPreIsoIr ETANLOnY = poEnns] of & gron which
camzsz shermoresiztince & wids variety of tocls, technigues =nd soate.
giez, mcloding n-filirg methods, F-vi0D Sning method:, ann-ph3
sntihidiss, grgamis solvenn snd Hiophviieal maly (mek = 005, GIM,
XED and ENT) have been smployed snormously oo study thess mutps3:
ageregates ity 32owell 22 m-vip (7 able ) Thiz reveew moboniy Je-
seribes the unuius] propertizg of diffsrsnt aggregsning 553 mutetiony
trut3isp ‘empharizer the varions thirspentic rramgies thar work by
dizaggregating murph3 (Takis Ik Thess therspeotic srategics hold
mmenss soEnGal &2 ant-raneerons dogs or a5 synerpivic thewmpy
glongzide copvenrons]l ann-cincermior treziments Howevsr, therz 1 3
zmhg'-need to avahiats the efffcacy and seqsitvity of these meiernles:
scross all ryper of agersgating mu:;lEE o dizcover 3 cominon Srgg ther
Can ;H&Escm‘-ﬂ_rmgu;ﬂ IVpEs of Eggregating pa3 mnEtiens

Abbzeviationz

Slmt p53 - Maips3

DA Binding Domain DBD
Olgomerizaton Domain G0
fan=-Achvation Domzin:. TAD
Fretine-Rich Region BRRS

Eegulztorny Domain ED

Callpiar form of Prf Prfc

Serepie ofonm-of the pron protein. PrPSc
Lots-of Fometion  LOF

Gii-of- Fomroop GCF

Domicant Negsavs ON

Wild tgpe - Wit
sulfeted-giyresaminagivesne GAGE
Frotein Misfolding Dizesser PhiDs
Poz-Tranzlatienal modifiezrions - FTH:

7. Materials and methods

Al finres meluded in fhe mantiseript are oripina! and k=ve boen
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