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Abstract:

Rati o@Gat eent t herapies for hepatocel lul ar car ci noma
recur r egnmcheece thagmiemmgr mentstant | iver canceandtepdn tchedllisa
mesenchymal transition (EMT) are regarded as two fu
cancer progression; t hus, drugs that simultaneous|
el im nating HQC®ceanncde .i nipne dti migs st udy, we debvaesleodped r
nanopa(rNRsc)wWesexpeaateed t o be more eff egcatnidv ee xtph aorr etdh et
potenti al mec hani s m.

Met hAdiesnepot ever se emul shi fweaspt ot we pa eprac &c NP HOGABs @Si |
cel | l i nes, MHCC97L and Hep3b, were ushkRsn oaimthrad y z e
in byvquantgfogwhlg aethlsmevteddt asi s 0 studygdt ERTLef SRt

si RNA was used tohHbHA /i dAaKZ2/ STAeT 3r slieggnafl i ng pat hway i
stemness and EMT by ZnAs @Si O

ResuCoempared with the currehNPsAPO omoe atdmarmpto,pt HBAsS @R
inbbited proliferation, mi gration, and imvaswsay, of

ZNAs @NPGE i nhibitely t-Ront®dd d gmetwa shif @ ®igso mipya rABTAL tThh e

ZnAs @NPG al so inhibited ithumaintdrsop o o ind nafintdiroantart duocne d
significant changes in the exgresasAidp nCecal EME-mmas kK e
cadherin, Vi meot innyantdnmd vithveasge) ef fectst hat ZwmAs @biad® ed
prognosis of HCC SwerJA Kad BiTaAT8dsbgnaheng

Concl ugnbdes@®@SNPE can effectiveael y,igs wipwhehtes S& @duinsomrhi bi t
stemardsEMT through-1f ddKKRASITAT3 0o$i emM®l i ng ipnatvhiwaryo i |
anidn Mihwue, ZnMB @Sh @me ns e fpoort eth@G atlr eat ment in the fu

Keywor ds: Arsenic Bt e nxaeemist,imedsoetap ma t i ctlreasn,si t i on, h
car ciSHina
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ntroducti on

Liver cancer was recently estimated to be the sixth
cancefrated deat hs worl dwide i n cdp87ib8B&patodcelalr yl & i
canfcey Though conventi onadurHdiCc & |lh eexa@ii £isqgn,i nah luat ingn ,

transplantati on, have been somewhat effective, can
complications. Although mol ecul ar agents tamrgerndng
recurrence of HCC 2Hh atvhed ebkeoenng reoxgpnl cosriesd o f patQneent s wi
reason for the | imited efficacyrefewakesantdhederagemuesi
of a smallnomarmbeel lofs, ckeahown as cancer stem cells (C
therapy, it is critical to identify new[ &pthods that
Despite initial successful therapy, a small popul ati

a significant role inl 4]Jla@s8€s, rewhiaplBeumdear gnettalsd aab e
progeny cpobitsedwroehaee characteristic [sbur$altee tmar &f
l'iver CSCs are phenofghheiald | gl enaa ke d edd xag radsl Sikogni oonf Y
box 22) Sawxd -bGcntdainmegr t r anscfldi)ptiison efl aadft@dr fTdb e(sGabtinh & ¢ §
CSCs to form t uprarhespdhveernciwdish midre $snoon nduce tumors on
into i mmunodeficient mice,uriispodlesnéc ylaurmame f slsd Ialt nmamk
hi glegoéeepimelselnicahly mal transition (EMT), which has |
drug resistance. EMT acti vatainan tiher alf 9o edlmadd & lay bh megke
potenti glllof B2FChsough these two aspects of CSCs may
they may occur in parallel vid l8¢dThuati antt humaghst
emphasi ze the duabnEMhiibntC®9@s ofastwennlesas in the di

enhance t he abheyr atpo tobfimaaenkt ri § &imrorre nc e

Arsenic trioxide (ATO) imaes tbeearpmapmyred voecdy ¢aidc ea efuikresnti
theS.U.Food and Drug Adnrienmasrtrlaahtlliied ny hteoc ai unsdeu pakf4 Liotnsp | e
ATO has also been repor tneadl itdomuabmed | & f fl & oneebsimeasr symacgaanicres t,
prostate car c[ilfdeanapi taendt HHCCsuccess of ATO in treat.i
treating isnoljild@l mowiriser phase || clinical trial al s
not significantly peéde€Curnr erattliy,nbAT Qvhiesh Cahppdrao vlFeodo d ¢
Admi ni st faotri ¢ meomplay I pati et $ATWWHAtimMeHECioofed mar kers r e
and EMOwniredhleatsée@dm cel h ngah i cheahrd gRicehd er ent i aHAQ®nNn of (
cell s, and iphobéesedi b hga 888@Ii cHocwdervceery r ¢ &kinlesel ¢ dge n-
studies have focused on the ability of ATO to inhib

Fuetrmore, ATO has poor bioavailability and apparent
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effects on skin that restrict its clinical applicat
reduee ragfeft e f fveec tbsi caanvda iilnapbriol i ty coul d enhance the t

The emergence of nanomaterials has providedaseder s at
drug delivery systems are potent metshades effdrecitmpramnw
Il i mi t[az.li]JoTos det er mi ne -wWwhseettdedehbmnepwnrcioalée | mprove

devel oped . aompa @Bi ©l es ( NAso) arhckeitre satbad itthyetrhuomoirnhi b
gr ovatnild, met ast asredi b umom wedkelf | i omer axnxenogr afWes and
al so eval uat ed otZmeA si@BhP Gbsi bteromnye sesf faencdkd sEMT as wel |l as

mol ecul ar mechani s ms.

Met hods
Material s
Tetraethylorthosilicate (UIB®P, 9antd%Ar s HnM0c%)t hweorke d e

obtained from Al fa Aesar. Pol y5X0,e tESll)e nwea sn opnuyrl cphhaesney
Al dri ch. Et hanol ammoriumRANndy droax iudne ,mec¢ pslidohex@am nor
from Sinopharm Chemical Reagebhit meGohtylilimd hCl3lrandglydi,

ammoni o)-l-pulofp@amaet e was purchased from Meryer Chemica

Synthesis of ZNAs@SiQ NPs

Zinc arseniNBeve( Z2nAgy@t hesized by a [evéBseefgl x,r ok &ms
oZneg(O. 1 M) was mixed witWl 3%5 | ge@R&h clGah efxamm K &Mog
mi croemul si ons. Subsequesht [DB,) G.ndH "2M. g bBeoddsu M TsA | (ilc6a?
added to the solovfendamammtxituoem ©KEé Blp eT EBQ S readn da RBAYoON | &2 0
were addedcdat e hesags d aNBBaOxer e encapsmdtartiezh Adn@&8ihGe Si C
NPwere dispersed in phosphate bufferedFBal wage 4 FPBSY

mi xture with stirring at 37 AC.

Characterization

Tr ans nmd lIsesantoreorno § cTEpVe i mages wer e capt2urédd mMiyYr st o
accelerating at the voltage of 200 KkV. The Tecnai F
empl oyed ¢win sipleersaeyr e(rBEXOX) el e neeengy dispeasjvgAaynspectaoscapy

(EDS) ) Thienducd¢ o well ¢datpoleanscnsasi on s peAEtSwamebappl ( €e€PFf or de
the concentr aBir o fnbAis, GZxialapweea déest .e r ani sn@edcwi afviedd gt h .
concentr asampbvmcompahed with that bBMERthel iskraantdiacrd wasn
using the fulll RgOu.a9skidnt .dhaeir Vign,dubedtei vel y coupl ed- pl as ma
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MS) was applied Ascondebhetamssargihtehgwanlsver n Zetasi ze
instrument wharsa migard tftdErL JBmbge s ur.ement s

Cell culture

Human HCC cel |l l ines Hep3b, HepG2, and Bel 7402 wer e
( ATCC, Ma naVHLCLOY,7 LVA)e | | l'ine were obtained from the
Sciences (Shanghai, China) . &l | Moddd Ifli se dweEraeg | ma iMetdd iu
Il nvitrogen, Carl sbad, CA) suppl e métrogene Carlshad, Ch drOdo f et
penicillin (100 |4y/mil))/ stnr epthamy dii i i @& bMBAxCher e wi
Cell wviability assay

The cell viability wa Prodega Wict édellldss nme rteseedMil Siv EOHs ag e
plates and cultured for 24h. Subsequently, the cell c

or Zn ASN®Si.OA spectrophotometer at 490nm wavel ength \

viability awasa ppreersceenntteadge OD value of the thehtfed ce
ma x i mal i nhi bi it €wascamnderutlraagateidont o( quanti fy t-he 50%
treated control. Cell growthheuODevaweeeadepindi edt &

Col ony formation assay

After treatmentwitP B S, ATO, o0NP2nAo®Si2@ h dingwell plates ava deresity sfe e d e
5x102 cells per well. After culturing for 14 days, cells were washed twice with PBS. Paraformaldehyde was used
to fix the cell colonies for 30 minutes. Subsequently, crystal violet was used for staining for another 30 minutes.

All assays were performed in triphtes.

Wound healing assay

6x10° cells per well were cultured in@ell plates until the cells reached-200% confluency. Wounds were

made using a 200 €L pipette tip and cel lvei twebRBS3 i ns ¢
eM o fO ATr Z n AP@SIAfADWound healing area was photographed@aidulated

Transwel | mi gration and invasion assays

Transwell migration and invasion assays were carried out usingzelRdell culture insert and BD Transwell

chambers (BD Biosciensg After 24hincubatiowi t h PBS, AT QN P,&x0*duspdnse@® 200

eL DMEM without FBS were plated in the top chamber,
lower chamber. After culturinépr 24 h cells of the bottom surface weredik using paraformaldehyde for 30

min and subsequently stained by crystal violet while cells adhered to the upper surface were removed using

cotton swabs. Subsequently, the chambers were rinsed with water and the cells of the undersurface of the

6
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chamber wer counted in five random fields under the microscéfme Transwellinvasion assaya similar
protocol vasadopted except that the tdpanswellchambers were precoated with diluted Matrigel (BD Biocoat,
Bedford, MA) and 5x10 cells suspended in 260 DMEM without FBS were fated in the top chamber.

Apoptosis assessment

Flow cytometry was used to assess apoptosis of HCC cells after treatment with PBS, ATO, or ZnA$@sSiO

at indicated concentrations for 24 h based on staining with the AnW&RIrKit (KeyGEN, Nanjing, China).

Cells were digested using 0.25% trypsin without EDTA (Gibco BRL, Grand Island, NY), then washed with PBS
twice. After staining with Annexin V and propidium iodide, apoptosis assessment was performed by flow
cytometry (Beckmaoulter, CA).

Redli me gqguantitative pol-ghh@Rrnse chain reaction (RT
An RNeasy Mini Kit(Qiagen Germany) was used to isolaialt RNA from HCC cells, and cDNA Reverse
Transcription Kit (Applied Biosystemsvas used for reverse transcription.-BFCR was carried out orBiO-

RAD Realtime PCR system with SYBR green mix (Applied Biosystems). Primers were designed and
synthesized by Sangon Biotech (Shanghai, ChiFtzg.primers sequences are listed in Tallle S

Western blot analysis

Tot al |l ysates of HCC cells were prepared, and prote
each sample were subjected to sodium dodecyl syifdjacrylamide gel electrophoresis (SPAGE) and
immunoblotted wih indicated antibodies. The visualization of protein signals was performed using a
chemiluminescence reaction system followingth manuf act ur er s recommendati on
PARP, cleaved Caspa8eCD133, S0, Oct4, Vimentin, SHPL, JAK2, STAT3, pSTAT3,a n dActim were

purchased from Cell Signaling Technology (Danvers, MA). Slug, SRdAK®, and the seond antibodies were

acquired from Abcam (Cambridge, UK).

Use of I ncuCyte ZOOM
MHCC97L and He p 3 PBS ATIO)oZnAs@SéCeNPave rvei ti m @ 7balvik dmarti t or e d
in the pres&€aspadavdyelhtawseidhygg the I ncuCyte ZOOM ( Es

fluorescent pictures were automatically obtained acHt

Spheroid formation

2x10° HCC cells treated with PBS, ATO, or ZnAs@$iIPs were cultured for 7 days in low attachmemntel
plates (Corning, NY) with serwinee F12 medium (SFM) containing appropriate amounts of EGF (Sigma
Aldrich; 10 ng/mL), B27 supplement (Invitrogen, Life Teologies, Carlsbad, CA), and insulin (Sigalarich;

10 mg/mL). Subsequently, a phase contrast microscope was used to record photos of the, spittbizis

7
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number and size were analyzed.

siRNA transfection.

MHCC97L or Hep3b cells were transfectedtwcontrol or targeted siRNAs (#1 or #2) using Lipofectamine
2000 (Invitrogen). Briefly, a mixture of siRNA (100 nM final concentration) and transfection reagents were
incubated for 20 min &RT, added to the celland incubated for 48 h. Subsequentlylscerere harvested and
analyzed for RNA and protein expressidhe siRNA sequences are listed in Table S2.

Hemol ysis rate test

He molwas st est edt hbedl odbat ecrompmae | bp Fi ¢ yh odntZindAe &@pu lOat ed
human volunteers (2 mL) was dil pwaepd ewiatrhed2 .i5n mlaldfne
at 37 AC for 30 min. ThetdnAs@SdODhkbomidx{Qr& wh}) Wwap
60 mi heandentrifuged at 1500 rpm for 21welnii npl aTthee wshue
the absorbance was measur ed odt. 2548 rdm.l uR edi thil we dc 0 mt
water while negaddbvadmbont ed| slodad sinetloeCGams | gal sul at e
as foll ows: HeDnod)y sbnse Irpactie 1=0 @%,® hwih arpebh eDta b vy al @ s c e

of stahmrepl e, negatciomd , odieg.ppacsi ti ve

Ani mal study

All animal experiments were carried according to the Institutional Ethical Guidelines for Animal Experiments

of the fifth affiliated hospital of Sun Yaen Universityl n Y iuwer i geni city assay wa
Ssubcutaneous i noculodtwéenk ioltd ftehreal 1 amdkmrsobese di at
i mmunodef i ¢S @Ink)y njiNcQeD

To investigate the inhibitory effect of ZnAs@SiNPs on HCC cell growtim vivo, xenograftumor model was

created in 6 weehld female BALB/c nude mice following the previously described mef@8d24] Briefly,
5X10°MHCC97Lc el | s in 100 &L cold PBS were injected subcu
the tumors developed to 100 m?BS, ATO, or ZnAs@ SiIONPs were injected into the mice through the tail
veinevery3daysTo moni t or itnuedeoirmegr obwtoh umi nescence i mages w

previousl[y25dlescri bed

In vivo bio-distribution and whole blood circulation analysis

The isolated tissues/organs were excised from miclk st injection, weighed, lysed, atite concentration

of As eement wasanalyzed by ICRMS. For pharmaakinetic analysis,26 L bl ood was sampl ed a
locations at the indicated time points pigection. Subsequently, the blood samples wesedyat room
temperatur@vemight in 500mL nitrolysis solution & mixture of concentrated nitric acid and hydrogen peroxide)

andthe concentration of As element wasalyzed by ICRMS. After comparing teaf wilgluant i t &t i ve mo

8
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the results werealculated andecordedasthe percentge of injected dose per gram IP4g) of tissue The
Winnonlinsoftware was used faalculatingthe half-life and twecompartmentvasused for fitting.

| mmunohi stochemistry (I HC) staining

The tumor tissue stemneaad EMT expression pattern were determined using IHC staining. Sections of the
tumor specimens were subjected to rehydration and antigen retrieval followed by incubation with the first
antibodies overnight in a humidified atmosphere at 4€C. After washiiidn PBS 3 times, horseradish
peroxidaseconjugated second antibodies (ZSGB, China) were applied for 30 min at RT. The patterns were then

detected by staining with 3;diaminobenzidine (DAB) and hematoxylin.

Statistical analysis

The data from at leastrére independent experimemiere expressed astSE. Differences between two groups
were analyzedb y St u-test whilé snewvay ANOVA was applied for comparison of more than two
subgroupsP < 0.05 was adopted as the criterion for statistgighificance. All statistical analyses were
performed by SPSS 13.0 software.

3. Results

Synthesis and char aceNRgi zation of ZnAs @Si O

The ZnAN@B@SI Were prepared and functionalized by a re
FigureflA, Bri éirst synthesized 2znmn&dOxarmdadmeoqueropu se XAETS
in water nanodroplets. Subsequent!l y, hvel laodiksebde HMIIEOS t
(HSS) on t MWN&BiansSa@d@Lorm ZoinoAssé@SlilO nanostructures. TEM

ZnAs @9iP6 wer e highly uniform, witW odilamettererofe 3 5
nanocompl exes embedd>xldS iannatltyes i si liinadd c s hh &Il dwheate t he
monodi sperse in water with a hy@r.odlyhnea mincc rdei aasnee tienr hc
di ameter could be attributed ZoAt @:NPBy 8c albEnM nagnlda y e r

EDX el ement mapping showe@rtehatociahedZn$hR n(thFeidgcuorede e Iod
EDS analysis further comfdfrmendAfE@Ft)@adbessbdy thbri
efficiency dFs ,ZnAse@Sivwer e incubated with PBS at pH \
and 6. 4, chosen to reptéaleleadd thed phiysi akodicalt umdr
respectivel y. Our results showed@i®@®s dtheplHod. 4 evas
hi gher than that a@Znpbs @3NP® (wkirgursda albH)e. whlesno,10 % FB S
mi micking the Hhecd omsiedidimme mtd. t,N®6 0 drhednsa@Sni Gt abl e

t he <circeuleaatsi otnhhe whheakl y aci di c dt hmor mieteasevisugpgmes

ZnAs @NiPGBG have enhanced antitumor effects while thei
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ZnAs @NP& inhibit proliferation samdvprnaomote apoptosi
We tested t heS< yatnodt ozxni ciiotnys aafoward HCC cell s prior t
NPs . Neither el ement alone affected the proliferatdi
even at concentM a(tAioghudMueu pS lp)loe 1BOC <cel | l i nes were

ZnAs @NiIPG for 24 h atnsvatroi ocussmpcaornec etnhteriart iaont i t umor e
that ZnANP&®@SIi Ohi bitéedsipgmwil gifeamtekjpextATQ@ in all cel l
2A) . Trhexihmdl!lf i nhibiteyyfoonbenhraéecpeaticcdcy in€@ sa e rHeCQl e
Theso&l ues (48 h) s hMRve de x thialhi tZindAlsd@aBg e ahean 2nhi bito
ATO in alll fouTaHHICeC R)e |l At §@mmeyt ot oxi ogf by bépadndédes@Se (
lines MIHA and LO2H@E&sckefWabi erkdl.rtiRatdi ®pati mary hepa
primary HCC <cells were al stlPexpbsadddt cahé@®nbr atZindrs
ZnAs @BiPG wer et mmie ¢tptprimary HCC cel |l s t hsahno wvwerdd, wh
nNno obvi oust wryitmarow i KKdad agB)aTobyetSees r esul ts coll ectively
NPs specifically kil!l HQO® Ide lwli sahs @raid uasy avaarr creard t rl d tviea
to 72 h of i nctuhbaatt | N BagdSho® ds hao wieidd h dri t @mr ywteli f ect on

ATO. A trend toward gr owitdl piemidiemitt imam nwas ewve@the dvhiem a
wi t h aseM iotft |Zen AEB@SH wWhé@wW ed ATO showed da (sHidphote g3 owt
cytotoxicity was obseW.vedormrde mZ nchotn@8iPr@ r@fi it ®agM tofiarl 5
resulted in a high raM ewaosf acdeolplt edle aatsh ;t hteh ea petfiomael 5
experi@eanges Ai n emi&N Ka/noBffCNA i ndi cat or s of prolifera
significantly | ess proktM fefr aZ nAMRBRIfDhearn twietaht meTnQ (wWH
(P<0.05). Morphol ogi cal Zcnhhasn@®iR® rwea tethenoth awmigtb s i onsbat
density and the spindle shapbeot ot beayscskabyt ssah{ oFwegdu rteh a2
decreasedf oarmmi | amiyl i ty of MHCC97L and Hep3b cell s
respect iZreAsy@9liR®@i t educed col ony numbers by 84.18 N 7
(Fi guFe. 2D

We exami ned wheNPhseri regnddgee@ss iOs i n HCC cells. Flow cyt
hi gher | evel st roefatanpdonpttso@d isviaATi@r( B3 QHBe. Al so, compa
to ATO, ZnAs@SmMOnt significantly elelivaicwaddabkaet |tehvee | <
indicated time points (Figure 3DB)paSSkewainod mpmar aBlcen
results of Western blots showing3aisilgoihi dEHGQCY ¥L ha g
cells after tr eaNtPmenthaw twi tzin AMIT@Si(®Gi gure 3E, F). Col
ZnAS@@Ps are more efficacioius ¥ihtamo ATO against HCC

ZnNnAs @NP& i nhibit mi grationi mndi i masion of HCC cel |l
Bec atuhpee i maaruys e of treat ment failure or recurrence in

10
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t
c

o iamwbade esherdrwuigsswith the ability to inhibit tun
ancer. Usé algi wpuhlEi gur e 4A, B) and Transwell assays

ATO and ZMNPs@RitO equals od aMAsna(rSatthieo mi gr ati on and i n:
ATO decr eas ik atlalireedor eMHQXA9%v7elL. and Hep3b cells by 37.06

r

r

espectively, MPereasuZedecs@Bic@pnelBdt OMe N. P29 8%3adé %Ny
espectively (Figure 4A, B, E). The Transwell migrat
n both MHCC97L and Hep3b cells by 32.51 N 7, 46% an

NPs reduced migraéwoantdty756082NN7685%, respectively

-
4

6 .

t

4
T

c
(

e
a

z

ranswel | i nvasion assay revealed that in both cell
6.18 N 11.75%, respegNPsverleyduc eadt tikto (njpol .eB rofi @i. @5 %
06%, respectively; Figure 4D, GNPsThAesebebser vabi e
he mi-gndtidviaksei cacti vities, which are markers of me
NAs @NP& | nhdthemneshse and EMMm wftHGBC cell s

o deter mi ne whNePtahfefsetc@mihe €9§i On HCC <ciEbt mat aomh uae® s ap
onducted. The resublfNBs shedvetdotdamoZe Asi@gniOf i cant d
ells to initiateiaumeri aphpassdgéormaseoandary tra
Figubep.-§RTR and Western blot assaysnAsdashPssed t bee:
Xpression of stemness markers in HCC cell s.-2,Resul ts
nd -4Qctwer e downregul ated at both the mRNA and prot e

NAs @NIPG t ham”TOi { B goulBSeFs C8I1 | ecti vely, t hesdlPdata st

nhiebmnessst i n HCC cel |l s.

EMT is a highly dynamic process implicated in var.i
necessar@ludeme ¥ ihsetlsieiadlc hymarme st ates. There are cell s wi
as the inter medi alpal eclye laln sitnaptoerst dNtCSrsol e 1 n [RMT, st e
Thepotency of both A3 ® beadméZads@8dOby the dynamic pr
state. Therefore, we examined both epithelial and |
Treat ment wipNmhs ZmeAsudSti e0d iymand e dinade d nme zarseld epit hel i

a
I

e

—h

t
n

S

p

s demonstrated by tchd heslre wa tae@lr ee Wit maasSeidg .60 & h B .

n contrast, cell s i ncutblkEceadd hwirtim ATeOs ed i dasnadd tsteheamd
xXpression of mesenchymal maANPkeas R2d3 &€ PG, 8)8 0 tTehyge sh a r
indings suggeNPs tihmhi ZintAsET Omor e effectively than

ramom|el ated genes. However, the inhibitory effect o
otampaasenthat at the mRNA | evel. The protein | evels
ynt hesis and prosednl elegradat i 8nai DeandaVi menti n R

rotein expression and may beMdrheo vreers,ulpr ootfe iinn cerxepars
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behind theae mRNAtfeperiod and | ead tmdtmreoti enicronlseé \sé le ne
ti me point.

ZnAs @NP& inhibit stemness andlEMAKR2hSIAGE siiegualai nag
Recent studies showed that Janus kinase 2 (JAK2) si
play ar plievoitmal3@afednnERB8]Dephos pohfelrpyKli2at&iodaTp medi at ed
SH2ontaining protein tly)r ocsamep rpehvwoesmpth att tamdr2.Heofr8ntiaPt i o |
we explorZzZdAsv@diP@ehi bit stemness aomdSHHEMTI AK2 b8 TAT I e
signalingVephedtwashnal ysi s showed that, compax ed to
upergul at-darSHPd ownrlrAKQRu I8aitdd® pevel s, while the expres:
showedpmavant ati ons between theTd woaltirckattenethhe ( BI
1/ JAK2/ STAT3 axis in stemnedssamRiNABEMWerre gisteidve Foodnto
expressi-bnbotfh SHP mRNA and protein | evels showed tha
(Figr.e. Ws8en transfected both MHCLCORMNAand bBefpB8be ctd ¢
or witModin AS@irO 24h. The tezalttme-SHReW e derddHBa nd

resulted in-Jubk ealdA3dB j onheifbyi Zmivd@Eir@ver sed, and th
of stemness2gnmr#t]l3andoccEaMThe(rBE n,anVdi rBeasdi ilMd ¢du geid e 6B,

c) . Further mor e, col ony -SHe&r mraetvi eorns ad syseaf yf whanitfosh@Siy 805 h e
ma reisft ed in reduced col ony numbers. This effe€t was

SHR reversed #4needi anAd@diexdrease in bot(hFitghueF s e r e
Transgsnwglrlati on and invasion assay also revealed the ¢

ZnAs @heQ e resiStRe d Fdywlugie ®Wheese data s:NPgestnht batt Z
stemness and EMT of HCO&HAR/N BAK D/ STUATh3 rseiggunl aaltiinogn poaft
We al so assessed t he-1L.tHe nmRMNA rseiagdnsi fpiecra nkciel oobfa sSeH Po f

HCC samples from a TCGA public database were select
Pri8mftware. The results d&mbnsphagpaetdiTdmtas weéde hieygle
of phdseaTBents, an@hitHludghe gwasi a gh B&l@errionu phitdlanSHPR w
gr o(uFpi gur e. 6J). sTilggest eds anmh gdttiSddRs a t umor suppress
of 8HPY ZnAm@SheO,prtowvé de a better strategy for trea

stemness and EMT.

Phar macoki-thiesti cishbbiooed & o dopfatd nbAsNESEinO vi vo

To study the phar macokiMRst,i cblboeohdb\diaoaim @f umZoorks @RiIsO s ¢
sel ected t iimme epdii mtns ampals ttrhsee nci accn cveansyy r MNP O T éod bae s u |l |
showed that the-lblfoeo do fcikrRcusI@stsiOsni gmad IfXi8cl@Bmblr ¢ it hame a
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2f ol d as thath of ZAFPN@®BILA&.0UA d be retained in the b
11.9%5/ g 6i Mj edttieon (Figure 7A) whbchBDWag fmiicdAThO.g h
significantly higher bl oodNRSs Kiesl iyt it o n arepmrtorveet idonu go fr
systemic circul ade penn Gheanttc fudned dait t @atne at i memor sites t |
bi-doi stri buti oxn nofMHCICASH®Sa Oi ng mi ce was measured 24
showed high accumuNRsionh 6f27ZnANs@Si26% and 3.05 K

repectivel vy, which may be due to the phagocytosis

ZnAs @wiaB 16..24 %l D/ g compared t o 1f.rde7e%l|l ADI/OQy whH icghu rwea s7

results clearly xhawad molrdely eZd Ao @@in@t e atahtiugnmoerr si t
concentrabasadoNaADSOdrugs.

We al so assesddady suysstnajmtheeifida etk g nnng ( Figure 7C), b
bot h bi ocheniblc,al 7B,Fia@bldo ec opargoup earttiisedsF, ()FS 1gla-meé d eM

echocardiography for evaluating thé2l efTheveasul tsl a

mi ni mal side effects and acceiPsHelmol P& bsommatei bafl i
ZnAs @NiP@ was also tested and found to be below the
at the concentration of 0.4 mM (FigurNPBG) indicati:r

ZNAS@SNF>s inhibit t umor iensist,i,afhNdTomh ,ungr onett la,s tians e mn o f
Vivo

Givennt edtfects o0MNPEInAw@Sis@Ought to determine whether
in wiowditions wusing a subcutaneous xenograft mouse
ZnAs @®NiP@ for 24 h failed to initiate t a@arm d10lr mat i o |
MHCC97L cells incubated with ATO generated tumors at
I n gvabuation of the t haNfPspevetriec pefrffectmedf i in As @BIdG
bearing human HCC t amoBbBBWO ¥MhrPB St, h & TIOy aMdRss ZmeArse@Sing e ¢
intravenously into tfRe&,)miédde r(y2 .30 dmgy sAsf/rkogm edaacyh 0 t o
was measured at eAxh Bome ADTO piRyg FdmAFg®@St ©&d t umor gr
tumors in the mice treas88D Wpl hzPARAS@Yir@evl apeddi ymd IFi
significantly and mor ef odTidfiisci raag llyt tdhawml ATODe bgat 2r 2l
circahati me of t hezjntasn osdlroumg rZenl Aesa@Seir Gamnnoé i ten, cir eewatsreadl r ¢
at the tumor site which, together with the EPR eff e
|l mportantl vy, the treated miceSltaent aiheeadcdoar senoif stte
indicating t hMRs tthaed ZmiAsi@Bd 10O si de effect s.

To confirm btMRYE ZonWlsdSiiOhi biti meyvaablasng mdt HLtCa <ied |

was established thr ougnhg twaaisl uvseeidn tion jceocntfiiornm nieE asstta
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numbefr metastatic tumors was counNPd. débeeassd!| tbhesHt
of metastatic tumors i n t hFei gl8UERg.s Tnmoersee doibgneic favitac ai rotmla
ZnAs @¥iPGB have Hketntherbiabiimeittaywtoasi s

We al so amamgrzedi $ hees for the expression of stemne:
ZnAs @3iPG8i gni riedarcteldy t h eC Delx3p3rs2&%ea xdc(td DAQur Al so, f ol |l o
ZnAs @SNPR» treat ment , Slug and Vi menti n -clagvhwelrs nwevrae
significarftliyguircrddd®@dled,r eat ment failed t o salgigeistt s u
thai ntledfects o0MNP2BEnAs @i Oir a nssil tad aet it oon .t -A@iJvAEKn2 /t ShTaAtT 3S F
signaling pathway mediates the i n\NPAsbni tyiiowe ocefx pd toeg mrde
effect of NPsi nonvlihvo § Hat bwalts of t umor sections

ZnAs @BiP6G on the upfleguondat nbnbofi 8AHPof phosphoryl ati
ATO ( FOICywhiech was consistent with theA,r B)f.f elthi sonc asst

effect |l eads to suppression of tumor initiation, gr

Di scussion

CSCs are believed to be the [r3dqgt XE2deunsdee EedhlTcho &c CSICe n ¢
with the ability to disseminaTlkeraesfdorreeniegi ase i nbhmbi
stemness and EMT may significantly i mprove treat men:
for @mrcameel eakdlim& ai.nhi bition of stemness|[ B0&BMT by /
alt hiougheffects on solidwaemset sl Wer ecdmmefaddi€elf ast pra

treat ment .

Nanopartisyetemsi vanyreduce side effects and i mprove
conventional c h ¢ A@tnh etrhaipse usstuuwcdcyels ssgshHSY S sgime thesazedr @
with high wuniformityDue tdeliitveri rAtsr itrosiHCCprcepdrsti es

bi odegradability, i norganic componentshightgsact ave

vol ume SrSathiacs, biteead eanp a carrier and has achieved hi
reacf2dns3Ible biodegradatNRPnarmpe ocoalusd sextfr esnadalry omisoc o
ti spBéepfurtthleronogte,r enal clearance, they were readi/l
l'ittl ei nt okihvwea mycr oemul si on met hod usédei manbrsastad
aqgueous core resulting fremta drecisfuird arcdtaind .o fT htehe
by micelles facilitates tNR 2n2uloMi ¢ &oti inomn hasd regvewtsle onf
al so feasible to ipr asiiiltdue aarc oiad @ anlg tl ermapli santge t o mor e u

and higher drZngAsl@%aFD gwwCl)ofl A he

Recently, wvarious nanomaterials have been explored t
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effect of cancer treaiNMmesntex hlirbidwerd stuwpdky,i oZnlesfF@Sic@ c
(Fi g2u324),i nduci nsg saps¥pbpd®8rand preventing migration and
celwhs mdy be related to the highkRy, celfuwuhtaethapitmd&k et |
compar AdOws Naxhi bit enhanced carhedr dde lgH oa duhngeraecmacte ok

and small si ze.

Stemness and EMT are two fundamental characteristics
[ 35,.Pr3ééJi ous experi ment al studies have shown that st
gene regul afto7r]yHowetvweor, ksr ecent studies sugglebd] that
Mesenchymal cancer cells can8bhdandbden e ldhbavmuegh eca
al so exhibit 4d39dwreguadeée oonf i BEMThe abi(kFitgyguldnigal | s
i nitiatien tWwihodlse 2) , toget her wi t h (thiegSuaibaetcSF) e ase i n
demonstrated Nhati ZmiAbi@dfea@®wahe o$§elHCC cel |l s more eff
nanodts® inhibited trhed adrepr emgiken sofi nE MThteh athCCAT®Oe | |
(Fi gus @5H, )S8These observations maey lrye mrge &4 echret gtrlkeeat rme
ZnAs @3liP6G, especially about iinnKiFhigwirreg 4met dhtestei ¢ elsa
ZnAs @NP@ may very effectively kill C€CSCs in HCC tumo
EMT.

JAKRTAT3 signaling axis was reported to be c[ldoklely a:
and regul qt4iBgHhR oif nlEIMIIi t s t his signaling pathway thro
[ 1.8]In owere exxpdypr 2dAsv@INPGenrhi bi t st ermyesgulaantd NEEMTS HF
1/ JAK2/ STAT3 sibDmeal r agulptag hsh gaperdo nioht aetd aZOmH#Ps @8 Ot i v a
JAK2/ STAT3 mor e pots6nat,l y9 &) ha nKnfoFdOK d @w lrusdetd& iHimes sa nda n d
EMT effects(oFi ¢ZWirAes @3Bh@se results suggestedonmnhat th
sdmess dnavaBEMmedi-af AKBY STAP3 signaling pathway. The
stemness and EMTIAKZ/oUTgMT 3SHH gnal i ng papbwagptf mdk es
i nhibiting malignant properties o hTe®HH&A dceetldlsa s &,urvieh
t hat hi gh-U etvrealnss corfi pStHsP cor r el at e dPungiht hg rbaedtitnegr iTnN M ast
HCC (Fi blHRe h6als) .al so been demonstrated asaadtdH@®GGr su
progression and was proposed as a novel 2pt ohlyeroesftarce |l
ZnAs @fa® i mprove t hebyymloamadépr eosfs iHOCC of SHP

Notably, 2ZeAs @®» Q he augment edd ttheMmBipgwd)d cs g dri csasceyd
metastasis nbduFaes wdlilguae Bnhi bited9 AMBeTmmeecisdiacnd E
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mi croenvironment is a featNPs wermobdbetselri dbil emdbos r e
pH value of 6.4 (Figure 1F), which mi mics the tumor
t

-

iggered releasewbdhavi ort hé deadsa@batOi oncofmpl & cor

resulting in accelerated drug r el eas ede peePnRd eenftf ercal ev
resulting in considerabl e eatritcthenetnd marn ds idted i (VEeir g/ u roe
t hat the therdpAdsg@\PGe fwoiucladc ybeofaugmented once it [
environment. Another reason {NdPrs twae e rhhea mc ed od fofnigceadc
and higher blood concentration (eimgeuter alA)p H,eswHitd mn ¢
responsi bl e for iin sy migniddmll & B[idd2el ef fect s

Previous reports suggested -€Ch@s ©CHCSC4HA)i.f fHowamt et ea
showedNCtSICsst in the turdrffteresstéaceuli datodenew CSCs,

tumorigen| d3podsiCtsi aalnd NCSCs appeaand omabienaaad loe at od
equil i brium. To dat e, various NCBC$§ohacvanbeentbefl ap)
selectively eliminating CSCs is insufficient in pre
Therefore, an effateigvyerteheiapsesutniot only ddm@Blidti ng

Targeting CSCs by inhibiting stemniEBs, deagtye& MiTgt la sc avle
types in HCC effectively, and thus be a significantl

Our stiudlggnthiafsi ed areas that should be puZsAs@®@Si ® t he
NPs. MNRBmare actively ,guwrrfgede tmoabs$ icdeed ticsoeami od!l Hmani pu
further i mprove drug dpeiltievecruyr ragrmdl gcaed & sun satera nucpet a keema i D
[ 46¢quiring the use of combination therapie[s4.60i th sy
However, -dhsvenbbiioon can i mpair thi sensayr-deeshiceoert g i
of two synergistic drugs by encapsulating th4m in th
ZnAs @QN PG can be furt-thelri WerveAopwidt t ocarcmot her HCC dr

i mprove its therapeutic efficacy.

Concl usi on
I n thissyntudgsi zvedlP2n ASo@fEg® & ver se microemul si on met h
ZnAs @NPG& signibi deudnolry girmhwit h &HCIC meetiMesrtea sii mip orft ant
activati-aAgJAK2/ SHPT3 sidagmAad @S panhwadyt ed stemness
efficientThus hathiATFOnew dayghoeéldi verymesgdysuempot ent i
treat ment .

Abbreviati ons
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