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Summary

Prostate cancecan progress from androgen dependence to androgen deprivation
resistancewnith someunknown mechanismsThe current study aims texplore the
possible“roleofituitary tumor transforming gede(PTTG1)in castratioaresistant
prostate cancglCRPQ. Initially, we found thatPTTG1 expression wasignificantly
increased irandrogenndependent prostate cancer cell liR&3, DU145 andCRPC
specimensompared with that iandrogerdependent prostate cancer cell lihdlCaP
andinitial ‘prostate cancespecimensPTTGL1 overexpressiosignificantly enhanced
the cell==survival rate,clonality and tumorigenicityin LNCaP cells upon
androgerdeprivation therapy(ADT). While knockdown of PTTG1 expression
significantly elevated the sensitivity of DU145 cells to AOhe effectsof PTTG1
overexpression obNCaP cells may be ascribed the inducecEMT and increase
CD44'CDh24: cancerstem cell populationFurthermore we detected thaPTTG1
expressionvas regulated by H6 via activatedSTAT3 directly bindingto the region
-500_tes*+10f PTTG1 promotein LNCaPcells. In conclusion, ar resultseucidate
thatlL-6/STAT3 activation canncreasdPTTG1 expressioandconsequently promote
the resistance to ADIh CRPC via inducindgEMT and increagsg thecancer stem cell
population,suggesting thaeTTG1may bea novel therapeutic target for CRPC.

Key words. Cancer stem cellcastratiorresistant prostate canceEMT; IL-6;

pituitary.tumortransforming gne 1

Abbreviations

ADT androgen-deprivation therapy
CRPC._ | castrationaresistant prostate cancer
CSCs cancer stem cells

CSFBS charcoal stripped fetal bovirserum
EMT epitheliaHmesenchymal transition
IL-6 interleukin6
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PCa prostate @ancer
PTTG1 pituitary tumor tansforming géne
SMAD3 mothers against decapentaplegic homolog 3

STAT3 signal transducer and activatortadnscription 3

| ntroduction

Prestate cancer (PCa) is the second mastmoncancer worldwide, causirthe
sixth mest common canceelated deatt{258 0 deaths annualy” Although the
PCaincidence inchinawas reported to be rae#é one hundred seventieth among all
nations it'has been substantially increased in recent y@aMowadays, adrogen
deprivationstherapy (ADT)s the mainstay therapy for advanced prostate cancer in
additionto'surger{’) AlthoughADT is initially effective in suppessing tumor growth
and survival manyprostate cancegpatients will undergeecurrenceand progress on
anti-androgen therapy, reaching lethal stagetermed castratioaresistant prostate
cancer (CRPCY) There is an urgent need éxplorethe mechanisms afastration
resistancewhich will provide better intervention strategies CRPCpatients

Pituitary tumortransforming 1 (PTTG1) is an oncogene thas originally
cloned from rat pituitary tumor cel®. PTTG1 overexpressionan interfere with
sister chromatid separation during mitosis, leading to chromosome anelfploidy
Therefore, PTTG1lis involved in the development and progression in many
malignancies” In our previous studs, we demonstrated th&®TTG1 expressiowas
significantly increased in humaprostate cancemetastasis tiss{f%& and PTTG1
prometedthe proliferation of prostateancer cells viinhibiting SMAD3.®) Moreover,
the PTTGImRNA expression was higher in androgadependent prostate cancer
cell lines PC3 or DU145 than that in androgipendent prostate cancer daie
LNCaP''” These results indicatthat PTTG1 may play an important role in the
development otastration resistanda CRPC. Howeverthe exact role and potential
mechanisms underlying the involvement of PTTGCRPCare poorlyclarified.

A series ofstudieshas demonstrated that development and progressiGRPC
are closely related tointerleukin6 (IL-6). IL-6 is abundantly expressed in
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androgen-independemtrostate cancer cell lines PC3 or DU148 contrast, IL6
expression inandrogerdependent prostate cancer dete LNCaP is found to be
negative However, he gain of 116 expression in LNCaP celtsroughlentiviral
transfectioncanlead thesecells to be resistant taDT."? In addition,IL-6 levels in
plasmasandyseruritom patients with CRPGure significanty higherthan thatfrom
patients'with-earlier stages of prostate cancer and healthy indivitRiglsrthermore,
it has been postulatgtat IL-6 can regulate the expression of andregesponsive
genes in low androgen conditions attereby contribute to the transition from
hormonedependenta CRPC*¥ As a novel downstream target gene of androgen
receptof® whetherPTTG1 can be regulated by 16 and consequently involved in
development otastration resistanda CRPC. The current study aims\erify this
hypothesis“andurther explore the potential mechanisnm IL-6/PTTG1 modulated

castration resistandée CRPC

Materialsand Methods
Cell culture

Human LNCaP, PC3 and DU145 prostate cancer cells were obtained from
American Type Culture Collection (ATCC, Manassas, USA) and routinely tested
to excludemycoplasma contaminatiorAll cells were maintained in RPMI 1640
supplemented with 10% fetal bovine serum (FB8&Y 1% penicillinstreptomycin
(both were purchased fro@ibco-Life Technologies, Grand Island, NY, USAAlI
cells werecultured at 37C in5 % CO, and 95% air.

The-plasmid containing the wiiype full-length sequence of PTTG1 and-6L
and shRNAtargeted to human PTT®é&re produced by Genema (Shanghai, China).
LNCaPand DU145 cells were transfected widtombinant lentiviruss and screened
by puromycin. LNCaRcells expressing transgene PTT®GL IL-6 were named as
LNCaP/PTTG1 or LNCaP/IL-6, and LNCaP cells transfected withcontrol
recombinant lentiviruss were nominatedas LNCaP/Control DU145 cells treated
with negative control FRNA or shRNA targeted to PTTG1l were named as
DU145/ncPTTG1 or DU145/shPTTG1, respectively.
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Clinical sasmples and immunohistochemical (IHC) staining

Five prostatetissue specimenfom CRPC patients and five prostatissue
specimendrom patients withinitial prostate cancer were collected in the Department
of Urology, Second Affiliated Hospital, Third Military Medical Universityhi@a.
After beingfixed withformalin, all samples werembedded in paraffiand serially
cut for IHC staining.The experiment \@sapproved by the Institutional Review Board
of the Third Military Medical University, Chinand was performedin accordance
with thesprovisions of the Declaration of Helsiffkl As previously describeft® IHC
stainingwas performed to investigalTTG1 expression in thiéve pairedprostate
tissue specimend.hen, mmunoreactive ®re (IRS)was calculated to measure the
protein=expressiotevels of PTTG1 as the previous descriptibfl Briefly, the IRS
which ranged from 0 to 1®ascomposited by the sutcores for the percentage of
immunoreactive cells (@) and immunoreactive intensity 8). The percent
positivity.was scored as “0” (<1%), “1” {10%), “2” (11-50%), “3” (51-:80%), “4”
(>80%). The staining intensity was scored as “0” (negative), (Weak), “2”
(moderate), and “3” (strong)RS was considered negative {0), weakly positive
(2-4),.moderately positive {8), and strongly positive {42).The sections were
incubated with the PTTG@rimaryantibody (dilution 1:200; Abcam).
Tumor xenogr afts

Allfanimal studies were reviewed and approved by the Animal Care and Use
Committee ofthe second affiliatedHospital and Third Military Medical University.
Fourweekold maleathymic nude miceavere purchased fromaxperimental Animals
Center of<ThirdMilitary Medical University (Chongging, China)Nude mice were
surgically castrated 1 week prior tsubcutaneousinjection with 5 x
10° LNCaP/Control and LNCaP/PTTGIls mixed with matrige[1:1 (vol/vol)] (n =
15 if‘each group), or with & 1¢° DU145/ncPTTG1 and DU145/shPTT@glls (n =
15 in each group) After injection, all nude micealso received intraperitoneal
injections ofbicalutamidg(50 mg/kg body weighB times/week)Tumor volume was
calculatedevery 2 weeks according to the followingormula: TV= (Length) x
(Width)%/2. The subcutaneous tumbearing mice werdilled at the6th week after
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implantationand then tumor weightgere measured
Flow cytometric analysis

Following the established protodd? LNCaP cells werdrypsinizedandwashed
oncewith FACs buffer (PBS coaining 1.5% BSA and 5 mM EDTALC cells were
incubatedwith 10 pul primary antibodiesantrCD24-FITC and aniCD44-PE (oth
were purchased frombcam)in 100 pl bufferat 4 °C for 15 min. Following
incubation,cells were washed once with FACs buffer. For flow cytometric sorting,
cells were resuspended in FACs buffer al@ cells/ml and separated on either an
Aria cell'sorter (BD Biosciences, San Jose, CA, USA) or a MoFlo High Performance
cell sorter (Dako Cytmation, Carpinteria, CA, USA).

L uciferaseassays

Foriuciferaseassays PTTGL promoters, -2000/+1, -150/;+1000/+1, -500/+1
were cloned into PmiGLO-P luciferase reporter vector (Promega, Madison, WI,
USA), and.were nameds Pmir/~2000, Pmir/1500, Pmir/~1000, Pmir/500. The
following primers were used: forward BAAGATCTACCTCAAAACCTCTGTAG
ATAGA-3’, 5’-GAAGATCTATATGGAATCAACTCCTCTCTCTG3', 5-GAAGAT
CTAAGTAT TGAGGATAGTCCTAAG-3’, 5-CCGCTCGAGGCGGCGCACTCCTG
GTTTAA-3 and revese 5:GCGGCGCACTCCTGGTTTAA3'. The primers used
for  generating  site mutated promoter  plasmid  were: forward
5-ACGTAAAAAACTAGGATCGTGTAAT-3 and revese 5-TTTTTACGTGCCAC
AAAGTTTGCAAG-3' (deleing the cisregulatory element in plasmid Pm&00).
The mutated plasmid was namedPasir/M-500.

Transfections were done using Lipofectamine 2000 transfection reagents
(Invitrogen) ‘according to manufacturer instructio@glls wereplantedinto 24well
plates, and were transfected witlb g PTTG1 promotePmir-GLO-P at 70%-80%
confluence After 24 h, wholecell lysate was collected for report@etection by the
Dual Luciferase Reporter System (Promega). Reactiogi® measured using an
Orion Microplate Luminometer (BertholDetection System, Tanja Vicentic,
Germany). Transfections were rfigmed in triplicate and repeated three times to
assure reproducibility.
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Statistical analysis.
Data are presented as the meanD. 8ll experiments wer@erformedwith at least
three independent replicatior8tatistical analyses wemnducted usingPSS 13.0
software (SPSS Inc., Chicago, IL), asignificantdifferencebetween eachgroupwas
analyzedusing unpaired -2ailed Student's t tests or omeay ANOVA. Differences
wereconsidered to be statistically significant at P < 0.05.
Supplemental experimental procedures

A supplemental mthods section(Doc.S1) contairs a detailed description of
western‘bloet analysigjuantitativeRT-PCR,in vitro growthassays clonogenic asays

tumor sphere formation assays and chromatin immunoprecipitation (&3g&)s

Results
PTTG1 expression wasincreased in CRPC specimensand ADT resistant prostate
cancer cells

WeidetectedhatPTTG1ImMRNA and proteirexpression levelgeresignificantly
increasedn PC3 and DU14%ells compared withthat in LNCaP cel$ (Fig. 1a-c).
Furthermore usingIHC staining,we examined th®TTG1expression irfive paired
prostatetissue specimengom patientswith CRPCor initial prostate cancefinitial
PCa) whose. details were listed in TableThere were no significant differences of
age and Gleason score betwgatients withCRPC andnitial PCa.Average ime for
ADT in patients withCRPC were 56.@ 23.6 monthsSubsequently, we found that
PTTG1 expression iprostate cancer tissues fradRPC patientsvashigher than that
in prastate-eancer tissues framtial PCapatients (Fig. 1d)e
PTTGL1 overexpression in LNCaP cells promoted the resistance to ADT in vitro
and in vivo

To_investigate the role of PTTG1 i€RPC development,we first utilized
recombinant lentivirusstransfectiorto reachPTTG1overexpressionn LNCaP cels.
Successfully, we found that PTTG1l protein and mRMApressioa were
overexpressed ilNCaP/PTTG1 cefl compared withLNCaP/Control ce8 (Fig.
2a-c). As shown in Fig.2d, upon theincreasingdoses of bicalutamide {1 uM)
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treatmentsLNCaP/Control cei showedhighersensitivty to bicalutamide treatment
than LNCaP/PTTG1 cdés. 1 pM bcalutamide reduced theell survival rate of
LNCaP/Control cel by more thamt5%, while it had little effect on theell survival
rate of LNCaP/PTTG1 ceall Even at a higher concentration of bicalutamide N9,
the cell survival ratereductionin LNCaP/PTTG1 ellswas onlyabout 30% compared
with almost65% reductionn LNCaP/Control ced.

Toufurther test the influence oPTTGL1 overexpressioron the LNCaP cells
clonalityupen the treatment with uM bicalutamide or C&BS, clonogenic assayn
vitro were“performed. We found that compared with LNCaP/Control sell
LNCaPR/PTTG1 cefl formed higher numbers of colonies when treated witlVb
bicalutamideor CS-FBS (Fig. 2e,f). Consistent with the in vitro studie®TTG1
overexpressionresulted in stronger tumorigenicity in the xenograft model In
castrated male nude miteeated with bicalutamiddNCaP/PTTG1cells exhibited
higher tumor formation ratéhan LNCaP/Control ce$ (6/15 in LNCaP/PTTG1vs
3/15 inlbNCaP/Control (Fig. 2g). Tumor weight and volume iLNCaP/PTTG1
groupwere also signdantly greater than that ilNCaP/Controlgroup (Fig. 2h,i).
Knockdoewn of PTTG1 expression enhanced the sensitivity of DU145 cellsto ADT
invitroand in vivo

We  further knocked down PTTG1 expression in DU145 cellvetdfy the
functional roleof PTTG1lin CRPC developmeniThreeshRNAs targeted to human
PTTG1lwere usedCompared with theegative control fIRNA (ncPTTG1),all the
three sShRNAs significantly reduced the PTTG1 mRNA expression in DU145 cells,
and suchsreduction induced by the third shRNA T8iB1-3) was the most significant
(Fig. 3a). Wéstern blot analysis demonstrated that shPF3Gilso significantly
decreased the PTTGL1 protein expression in DU145 cells compared with ncPTTG1
(Fig#3Db,c).Afterwards, we detected that the increasioges obicalutamide (25 uM)
had no significant effects on DUI#SPTTG1 cells, but bicalutamide in
concentration of 2..uM and 5uM significantly decreasethe cell survival rate of
DU145shPTTG13 cells (Fig.3d). Furthermoreusing ¢onogenic assay we found
that DU143ncPTTG1cells formed moreoloniesthan DU14%shPTTG213 cells upon

This article is protected by copyright. All rights reserved



the treatment with uM bicalutamide or C&BS (Fig. 3e,f).

Contrary to PTTG1 overexpression PTTG1 expressiorknockdown led to
weakertumorigenicity inthe castrated male nude miteated with bicalutamide
Results showed that tumor formation rate of DU$MBTTG13 cells was
significantlyslowerthanthat of DU143ncPTTG1cells (815 inDU145shPTTG13 vs
12/15 inDU149ncPTTG) (Fig. 3g). Tumor weight and volume DU145ncPTTG1
group were also significantly greater than thaDil45shPTTG13 group Fig. 3,i).
Theseresultsin gainof-function and los®f-function studieof PTTG1indicated the
functionakimportance d?TTGL1in the development &DT resistance.

PTTGL1 overexpression induced prostate cancer EMT and regulated the prostate
cancer stemicell population.

To'exploreexact role oPTTG1in affecing ADT resistancewe first detected the
effect 'of PTTG1 overexpression on péheliaHmesenchymal transitio(EMT).
Western.blat analysisshowed that PTTG1 overexpression upegulatel the
expressios,of N-cadherin, Vimentin, Snail and dowagulatel the E-cadherin
expression (Figda,b).Because of EMT is accompanied e gain of stem cell traits
in caneef cellpopulationst® we nextexplored whetherthe stem cellpropertiesof
LNCaP cells were changedy PTTG1 overexpressiorfFirstly, we found thatthe
protein_.expressions of cancer stem cblbmarkers Sox2 and Idnog were
significantly increased b?TTG1 overexpressior{Fig. 4a,b).Then, we used tmor
sphere formation assays testthe changes irsphereforming ability of LNCaP cells
induced byPTTG1 overexpressianNotably,the sphere numbera LNCaP/PTTG1
group=weressignificantly increasedmparedwith that inLNCaP/Controlgroup(Fig.
4c,d). This resultsuggestd that PTTG1 mape required for selfenewal of prostate
cancer stem_cellMoreover,a previous study reported thastatecancer stem cells
are @nriched in CD44CD24 cell populatiod*” Subsequently, usinBACS analysis
we deteced that PTTG1overexpressiomause an increase in th€D44/CD24 cell
population in LNCaP cellgFig. 4e,f). Taken togetherthese data suggest that
PTTGL1 plays a pivotal role in maintaining prostate cancer stem cell populations.
IL-6 increased PTTG1 expression via activating STAT3 in LNCaP cells
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Furthermore,we attemptedto verify whether PTTGL1 is regulated by-B.in
prostate canceand toclarify the potential mechanisnWe first expressed H6 in
LNCaP cells whichpossessiegativelL-6 expression byentiviral trangection (ig.
5a-c).1k -6 expression significantly increasdéide protein and mRNAexpressios of
PTTGLlywhich can bsignificantly attenuatd by AG490 (a STAT3 blockey 20M)
(Fig. 5a,brand"§l These results suggested that6 may regulatePTTGL expression
via activating STAT3 in LNCaP cells

In addition, to clarify the potential regulatory mechanisrue first analyzed
regulatory=regios of PTTG1 gene using a wdiased tool (Consite) for finding
cisregulatory elements of STAT3 in genomic sequen¥®és found some putative
cis-regulatory elements of STAT3 binding site in BiETG1promoter region (Fig. 5e
Then, plasmids Pmir/-2000, Pmir/1500, Pmirf1000 and Pmifb600 were transfected
into LNCaP cells in order to measure their transcriptional aesviésponding to I1L-6
expression. Luciferase assays demonstrated thatllaPTTG1 promoterfragments
including =2000/+1, -1500/+1,1000/+1 and-500/+1 exhibited strongluciferase
activitiesresponding tdL -6 expression (Fig5f). These data indicated that the STAT3
response element localizedthe regionof -500 to +1. Moreover, one putative STAT3
binding site in the promoter region é00 to +1 was postulated using wedsed
tools. To,further confirm the responsibility dhis putative STAT3 binding site for
IL-6 stimulated transcriptigrthis cisregulatory éement was deletetdy a special
primer. As expected, the mutated promoter construct did not responid -6
expression(Fig. 5g). To further confirm that STAT3 mediates androgeinduced
PTTGL «transcription in vivo, we immunoprecipitated crlasked chromatin from
LNCaP cells,with &8TAT3 primary antibody. B/ amplifying region of-500 to +1 in
PTTG1 promoter which aroundSTAT3 binding site sequencethe precipiated
chromatin was analyzedAs shown in Fig 5h, the putative STAT3 binding site
sequence of PTTG1 were immunoprecipitatedhgyantiSTAT3 antibody in extracts
from LNCaP/IL-6 cells indicaing thatendogenousSTAT3 protein can bind to the
PTTGL1 promoter in the presencelbf6 in LNCaP cells Theseresultssuggested that
PTTGL1 expressioncan beregulated bylL-6 via the directly binding of activated
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STAT3to PTTG1 promoter.
STAT3 inhibition significantly resensitized the DU145 cells to bicalutamide
treatment

Subsequently, we trieth explore whether STAT3 inhibitionanresensitize the
androgernindependent cells to ADTAG490 (2@uM) was used to block STAT3 in
DU145 ¢cells*We confirmed that DU145 cells were resistart gM bicalutamide
treatment. Howeverthe combined applicationwith bicalutamide and AG490
significantlyasredued the colony numbers of DU145 celitempared with that of
DU145 cells treated with singl@calutamideor AG490(Fig. 6a,b) Consistently, we
detected that DU145 cells received the combined applicatittmbicalutamide and
AG490possessed lower cell survival rate than that treated with bioglatamideor

AG490(Fig- 6¢).

Discussion

In “the present study, we found thatPTTG1 expressionwas significantly
increased inandrogenindependent prostate cancer cifles PC3 or DUl45and
CRPCsspecimensPTTG1 overexpression irLNCaP cellsand PTTG1 expression
knockdown in DU145 cells significantly promoted and attenuated thstalese to
ADT, respectively.Subsequently, & foundthat PTTG1 overexpressionan induce
EMT and increase cancer stem cell populaiionLNCaP cells. Furthermore, we
demonstratethatPTTGlexpressiortan beregulated byl -6 via thedirectly binding
of activated STAT30 PTTG1 promotemn LNCaP cells Moreover,STAT3 inhibition
significantly~resensitized theandrogen-independerdU145 cells to bicalutamide
treatment Taken togetherthese results indicate th®TTG1 can be regulated by
IL-6/STAT3 and participate in the development and progression of CRPC via
induang prostate cancer EMT and incriggsthecancer stem cell population

In breast canceBTTG1lexpression irspecimengrom ERpositive breast cancer
patients whaecured after tamoxifen tr@mentis found to besignificantly increased
compared witrspecimengrom patients who did nét” Moreover in prostate cancer,
PTTGL1 overexpressionsi an unfavorable prognostic factor for progression in
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advanced prostate cancer receiving hornmtbeeapy?® In the present studyye also
found thatPTTG1 expression in specimens from CRPC patients was significantly
higher than that in specimens from initial PCa patieMtseover, we reconfirmed the
androgenndependent prostate cancer clles FC3 and DU145 possess greater
PTTGLlsexpression thamndrogerdependent prostate cancer digle LNCaP Based

on theseresultswe speculatehat PTTG1may play a vital role inthe development
and progressionof endocrine therapyresistance Moreover, the subsequent
gain-offunction and los®f-function experiments oPTTGL1 further confirmed the
functionakimportance d®PTTGL1in the development &DT resistance.

Many mechanisms have been proposed to explain the CRPC development:
hypersensitive pathways,gmiscuous receptor, coactivators and corepresSppass
pathwayand prostate cancer stem cefld In recent yearsa substantial body of
evidence suggests that cancer stem cells (CSCs) guaynportant rolein the
development) of CRPCCSCs possesmany phenotypic and functional properties
asociated,with normal stem cellBnd is proposed to be responsible for tumor
initiation, progressiorincluding castration resistance and metast&3if has been
reported”“that the occurrena@nd developmenbf CRPC are ascribed toclonal
expansion ofh small percentage of androgi@dependent cells, whichre considered
to bethe,androgeimdependent epithelial stem céfl@ In addition, herapystrategy
by combiningwnt inhibitor with docetaxel to targ&€SCscan significantly enhance
the therapeutic efficacy ofCRPC® Moreover, Piyush et al havesuccessfully
identified agents with specific toxicity for epithelial CSCGsing hgh-throughput
chemical=sereening®® In the current study,we demonstrated that PTTG1
overexpression significantly enhanced siphereforming ability and increase@SCs
population In LNCaP cells. Also, the expressiami Sox2 and Nanog which can
regulate the gain of CSCs phenotypes and propertids tumor cell€? were
significantly increased due to PTTG1 overexpressitiese datauggest thaPTTG1
can affectthe development of CRPC viamproving CSCs stemness To our
knowledge EMT alsoplays a pivotal role in the development of CRECEMT is a
developmental processhat epithelialderived tumor cells reduced intercellular

This article is protected by copyright. All rights reserved



adhesion and acquired a migratory and invasive mesenchymal phefitfjpe
Therefore it has been proved that induction of an EMThuman mammargpithelial
cellsresults in the acquisitioof epithelial sterrcell propertie$® In our present study,
we detected thatffter PTTG1 overexpression, the expressio&-aadherin ¢pithelial
marker)*was down+egulatel and the expressienof N-cadherin, Vimentin
(mesenchymal~markersgnd Snail (transcriptional repressors of-dadherin were
up-regulatd, whichdemonstratedhe induction of EMTIn a previous study, it had
been shown,that PTTGEaninduceEMT andpromote &pansion ofcancerstem cell
populationin’ breast cancéf” Taken togetherwe suggesthat PTTG1 can regulate
the CSCsstemnesgsia inducing EMT, and facilitate the development of CRPC.
Subsequentlyve tied to clarify the potential regulatory mechanismderlying
the involvement of PTTG1 i€RPC.We focused om pleiotropic cytokinelL-6 due
to its important role in thprogressiorof CRPC¥ As we knowithe effect of I1-6 on
tumor cell_proliferationand metastasiss mediated bySTAT3 activation®®® In our
study, we found that H6 increasedPTTGL expression via activating STAT3 in
LNCaP.cells This result is consistent with thkt-6 upregulats PTTG1 expression
via activating STAT3in colorectal cancéf® Meanwhile we detected thaBTAT3
binds to special cisacting elemenbn the region-500 to +1of PTTG1 promoter
However,.in.colorectal cancer, STAT3 binding sgdocated orthe region—2642 to
~17170f PTTG1 promotef’® These resultsuggesthat STAT3 camregulatePTTG1
expression by bindingo different site of PTTG1 promoter imarious cances.
Moreover,in accordance witla previous report by others that AG488rerse the
enzalutamidé resistance ilNCaPRs17 Cells which is resistant to AIFF we also
found that STAT3 inhibition by AG496ignificantly resensitizethe DU145 cells to
bicalutamide.treatmenin addition overexpression ofonstitutively activeSTAT3 in
LNCaPcells caninduce resistance #8DT and knockdown ofSTAT3 expression can
restore the sensitivity of LNCa17 cells ¢ enzalutamide treatmefit=? These data
reveal the crucial role &TAT3 in development oADT resistanceTaken together,
we speculatehat IL-6/STAT3 may critically modulate thedevelopmenbf CRPC via
regulating PTTGlexpressionFurthermore, moreecent studies have suggested that
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IL-6/STAT3 activation is involved in EMT induction andstemcell properties
acquisitionin many cancet$>3® further praving that PTTG1 can be regulated by
IL-6/STAT3 and playits important role in CRPC via inducing EMT amdproving
CSCsstemness

Altheugh, our findings illustrate aausativeink betweenPTTG1 andEMT, as
well asthergain' aftemicell propertiesn prostatecancer cells, we canconcludethat
whetherthis link is ascribe to direct protein interactioniadirect regulabn by other
factors.«In ibreast cancer, PTTG1 can induce EMT via PI3K/Aighaling®” In
ovarian ‘epithelial cancer, such effects of PTTG1 are achleyeeulathg TGFp."”
Therefare,more indepth studiesre required taincover themechanism underlying
the regulation oEMT and the gain o$temcell propertiesn prostatecancer celldy
PTTGZX

Int.conclusion, our study has demonstrated RATGL1 is overexpressed in
androgenindependent prostate cancer deles andCRPC specimeng-urthermore,
we found thatas a response gepnélL-6/STAT3, PTTG1can promotehe resistance
to ADT.via inducing EMT andmproving prostateCSCs stemnessThese results
suggestithat PTTGL1 plays a vital role in CRPC @adPTTG1 can be regardes a

novel therapeutic target for CRPC.
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Figure Legends

Fig. 1. PTTG1 expression in prostate cancer cells and specimexs) PTTG1

protein and mRNAexpressios were higher inPC3 and DU14Xells than thatin

LNCaP cells. (d-e) Immunohistochemical analysislemonstratedthat PTTG1
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expressionwas increaseth CRPC patients compared with initial PCa pati¢biata

are presenteds mean =B, *p<0.05).

Fig. 2. PTTG1 overxpression irLNCaPcells led to resisant androgen deprivation.
(a-c) PFTGY, protein and mRNAXxpressios were overexpressed ILlNCaP/PTTG1
cells comparedwith LNCaP/Control cel[Data are presentexs mean + B, *p<0.05
and ***p<0.001). (d)Upon thedifferent doses of bicalutamidé-5uM) treatmentsn
medumecontaining complete FB&r 48 h,the cell survival ratein LNCaP/PTTG1
cells wasssignificantly higher than that ilNCaP/Controlcells (Dataare presenteds
mean = /®, **p<0.01). (e-f) Results inclonogenic assayslemonstrated that
LNCaP/PTTG1cells formed higher numbers of colonies when treated \withiV
bicalutamideandCS-FBS compared withLNCaP/Control cel (Data are presentexb
mean £SD, **p<0.01). (g) In castrated male nude miteated with bicalutamide
LNCaP/PTTIGIcells exhibited strongetumorigenicitythanLNCaP/Control ce8. (h)
Tumorswere harvested dhe 6h week andtumorweights inLNCaP/PTTG1group
were significantly greater than that ilNCaP/Controlgroup Data are presenteab
mean.+%®, *p<0.05). (i) After cell injection, tumor volumes were measured eery
weeks. Tumor volumes iIobNCaP/PTTGIgroup were significantly bigger than that in
LNCaP/Controlgroup at the 4th and 6th weeR4gta are presenteas mean + B,
*p<0.05).

Fig. 3. Knockdown of PTTG1 expressiamestoredthe sensitivityof DU145 cellsto
ADT.=(a)-Fhree shRNAs targeted to human PTTG1 were utilizedntmck down
PTTG1 expressionCompared with the negative contrdiRNA (ncPTTG1), all the
three shRNAs significantldecreasethe PTTG1 mRNA expression in DU145 cells,
andthe decrease induced by the third shRNA (shPTFBBRAas the most significant
(Data are presenteas mean = B, ***p<0.001). (b-c) shPTTG13 also significantly
reduced the PTTG1 protein expression in DU145 cells compared with ncPTTG1
(Data are presentaas mean + B, ***p<0.001). (d) DU149ncPTTG1cells showed
obvious resistance tobicalutamide (35 upM) treatment while shPTTG13
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significantly restored the sensitivity 8fU145 cellsto bicalutamide(2.5 and 5uM)
treatment(Data are presenteds mean + B, **p<0.01 and ***p<0.001). (e-f)
Furthermore, results inlanogenic assays demonstrated that thembers of
DU149ncPTIG1 cells formed colory were significantly higherthan that of
DU149shPTTIG13 cells upon the treatment with 5Mu bicalutamide or C$BS
(Data rarepresenteds mean = B, **p<0.01). (9 DU145shPTTG13 cells
manifestedveakertumorigenicitythanDU145ncPTTG1cells in castrated male nude
mice treated with bicalutamide(h) At the 6th week the tumor weights in
DU145shPTTG13 group were significanthfighter than that inDU145ncPTTG1
group | Datal are presenteds mean * B, *p<0.05. (i) Tumor volumes in
DU149shPTTG13 group were also significantly smaler than that in
DU149nePTTG1group at the 4th and 6th weelRgta are presentests mean = B,
**p<0.01).

Fig. 4“PTIG1 overexpression inducegrostate cancer EMT and regulhtéhe
prostate.cancer stem cell populaticarb) Western blding demonstrated th&TTG1
overexpressionresulted in downexpressionof E-cadherin and wexpression of
N-cadherin, vimentin, snail, Sox2 andahbg which were biomarkers of EMT and
stem cells(Data are presentess mean + B, *p<0.05 and **p<0.01)(c-d) Sphere
formation assayswere performedin LNCaP/PTTG1 and LNCaP/Control cells.
LNCaP/PTTGIcells formed greater sphere numbers thaiCaP/Controlcells Data
are presenteds mean + B, **p<0.01). (e-f) Using fluorescencectivatedcell sorting
(FACS),=prestate cancer stem cell population was quantif@®44/CD24 cell
number INLNCaP/PTTG1group wvas significantly increasedcompared with that in

LNCaP/Controlgroup Pata are presente mearx SD, *p<0.05).

Fig. 5. IL-6 increasedTTG1lexpression via activatg STAT3in LNCaPcells (a-d)
IL-6 was expressed in LNCaP ealith lentiviral transfection. After IL6 expression,
PTTGL1 protein and mRNAexpressios were significantly increased inNCaPIL -6
cells. 20 M AG490 significantly weakened thedfect of IL-6 on PTTGlexpression
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(Data are presenteds mean + B, *p<0.05, **p<0.0L and **p<0.001). (e)
Schematic representatiar potential STAT3 binding sikeon PTTG1 promoterfQ)

Using lciferase reporter assaythe transcriptional activis of different PTTG1
promoter deletion constructsere quantifiedin LNCaRHControl andLNCaPRIL-6

cells (Data“are presenteds mean * B, **p<0.001). (h) The putative STAT3
binding site'sequenad PTTG1 were immunoprecipitated by an aBiAT3 antibody

in extracts from LNCaP/l6 cells. No signal was detected in the control lgGe
while contrel, PCR reactions show robust amplification of the target sequencetin inpu

DNA.

Fig. 6."STATS inhibitor AG490, reverse bicalutamide resistance iDU145 cells.
DU145 cellswere treated with M bicalutamide combined with or without 20 uM
AG490, donogenic asayswere performed andell survival rate was calculate@s
expected,.we confirmed that DU145 cellere resistant tdd uM bicalutamide
treatment.,,However, the combined applicatiaith bicalutamide and AG490
significantly reduced the colony numbdesb) and cell survival ratéc) of DU145
cells_compared with that of DU145 cells treated with sitgbalutamideor AG490
(Data are presentexs mean + B, **p<0.01 and ***p<0.001).

Supporting I'nformation

Doc.S1. Supplemental Experimental Procedures
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Tablel. Detailsof clinical prostate cancer specimens.

Pcatype Age(year) Gleason Score  Timefor ADT (month)
Initial Pca 70.8 £10.0 7.0+1.0 0
CRPC 79.8+2.6 8.2+0.8 56.0 + 23.6
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