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SURWHLQ GLVXOAGH LVRPHUDVH $ D\
LQ WKH GHYHORSPHQW RI VWUDWLAHG
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16 FKRRO RI OHGLFLQH 8QLYHUVLW\ RI &HQWUDO /DZQI-FSDD/LKWU?HQWJRVWR
%LRORJLFDO DQG (QYLURQPHQWDO &KHPLVWU\ )DFXOW\ RI +XPDQLW\ 2U
,LIXND )XNXRND 8QLYBBUWRW\N RI 6DOIRUG 6FKRRO RI 6FLHQFH (QJlI
6DOIRUG 04)DI¥XOW\ Rl %LRORJ\ OHGLFLQH DQG +HDOWK 6FKRRO RI +HD
2SWRPHWU\ 8QLYHUVLW\ RI ODQFKHVWBED UWPHKKW\RWIBKDOUPBHFRGRJ\ DQ
J)DFXOW\ RI OHGLFLQH +HDOWK 6FLHQFHV &HQWUH .XZDLW 8QLYH

5HFHLYHG -XO\ $FFHSWHG 'HFHPEHU

'2, LMR

Abstract. 7KH R[LGRUHGXFWDVH SURWHNR % LIVQ G ASG HDIFWRIPH WD VIHQE FHOO PLJU
3''$ IXQFWLRQV DV D FRIDFWRU IREDRFONWSWLIRQVHYVEIWQRWKIDRWIRUNRQW L
including estrogen receptor (ER ), nuclear factor (NF)B, WKH LPPXQH UHVSRQVH 7KH AQGLQJV
QXFOHDU IDFWRU HU\WKURLG OLBMHIKWRQ WRIB GHINMO B YWVDWKSDWKZI
SURWHLQ VWDELOLW\ RI WKH W XP R b BRX(§ StblHER ¥)RbteaSt cangdd Natiéhds avid douldLhélpv R
DFFRXQW ZH K\SRWKHVL]HG WKDW 3L GHEW IGIN | WVHKIHIQDVI.IDXOW L P RAGIXU JHW V VI
lating the gene expression of a diverse subset of genesintfi& (5 SDWLHQWYV
ER SRVLWLYH YYHMWKH. YB EUHDVW FDQFHU FHOOV PLJKW
PRGLI\ GLVVLPLODU SDWKZD\V LQ WitiddustidBdR W\SHV RI EUHDVW FDQFHU
7KLV KA\ SRWKHVLYV ZDV LQYHVWLIJDWHG XVLQJ 51%$ VHT GDWD IURP
PDIAl-silenced MCF-7 (ER SRVLWLYH DQG G$RONWHLQ GLVXOAGH LVRPHUDVHV 3',
(ER -negative) breast cancer cells treated with either-intet DQJH RI ELRORJLFDO SDWKZD\V DV PH
feron ¢(IFN- ¢ or etoposide (ETO), and the obtained datd Q WKH HQGRSODVPLE Q MWHFMRQPHD W LR C
ZHUH IXUWKHU DQDO\]HG XVLQJ D YIMWGLHWD RU CEQ RHLFH R WP B MIEF G WIBUR-@/MK HE R
DORQJVLGH FOLQLFDO UHOHY D Q F tibn Bf\dpoptosis, Exdring/bothlpid-apbpstc Br@ péoksuriAvdl
SDWLHQW VXUYLYDO FXUYHV 7KH UHWKROMNWW7KIHIRQ LIDPW B G PVA R EGHELUR By @ RORHO
of PDIAL in suppressing carcinogenesis in the BRbreast 3 +% DOVR NQRZQ DV 3',% IXQFWL
FDQFHU SDWLHQWYV E\ QHIDWLYHO\ WHKDX\D DWVQY WAK I3 WRIW BR Q VIR Q\ARL Q & [ER
WLYH R[\JHQ VSHFLHV 526 DQG SURPRWLRO D IURFQGRGHRU VANBE\BHQW RQ
LQGXFLQJ FHOO F\FOH S-YbRehbtidaviset R@ J VQ KWDKYHH (P SOLFDWHG 3',$ LQ WK
SDWLHQWYVY 3',$4 SUHYHQWHG WXPRS UWRFHNVORSPHQYGES PREXKQWWWQRQ LP|
LPPXQRUHFRJQLWLRQ

3',% KDV EHHQ VKRZQ WR SOI
YDULRXV VWDJHV Rl FDUFLQRJHQHVLV

Correspondence t0:'U &RQVWDQWLQRV 'HPR rQJ YRQ{YHF LQ WKH HDUO\ VWD JF
%LRORJ\ OHGLFLQH DQG +HDOWK 6FKRRBO\RFREOWHWk BEWbRH WWR VWRKIIRPDQDJF
3KDUPDF\ DQG 2SWRPHWU\ 8QLYHUVLWRRIQ bRk MAWRQD O MRBIBWRHEWNV LQ WKH F
ODQFKHVWHU 0 37 8. LPPXQRVXUYHLLOOGYWB®HH KDV EHHQ SUH

( PDLO FRQVWDQWLQRY GHPRQDFRV#PDRQPKOYWHPBEHUYM DUH LQYROYHG LQ WK

'U 5DVKHG $OKDPPDG ‘'HsDUwPHQw YRPVARpRHLEEPIL) NbGQH! DXYE DKIGU R B
7R[LFRORJ\ )DFXOW\ RI OHGLFLQH +HDRWR 6tPFRIEHVPLR vV KPY L wHHQ SRVI
8QLYHUVLW\ 6XODLEHNKDW XZDLWHWDVWDVLV DQG LQYDVLRRURL GWWD
( PDLO UDVKHG DOKDPPDG#NX HGX Nz VLJQLAFDQWO\ KLJKHU 3',$ OHYHOV KD
ObU\ O\PSK QRGH PHWDVWDWLF EUHDV\
Keywords: EUHDVW FDQFHU SURWHLQ G LV XPOULHDHVIW RW X PRVUBVG\GLDQVR QLS LRQ P51 $
R[LGDWLYH VWUHVV SHUVRQDOL]JHG PHEHH®HRXQG WR EH SRVLWLYHO\ FRUUH
PHWDVWDVLV DQBOG WIKH. RIGLWKHO LD
WUDQVLWLRQ (07 RI OLYHUKFDRFWH G
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PROHFXODU PHFKDQLVPV E\ ZKLBK BYHQW RQWBUEGWHHORRPHQW E\ U
PHWDVWDVLV LQFOXGH WKH UHJXBOM WLRQ PP OWERH RLYRAEWRDGGE KB DEELHR J
factor-1 (HIFF1 SDWKZD\ DQG LQGXFWLRUIRRHWDOWIURHWDVWDVLY 3',$ LQGXFL!
PHWDOORSURWHLQDVH R O3 R W X H EitPiWERBQHIJDWLYH EUHDVW FDQFHU SDW
ORSURWHDVHYV VXFK DV WKH GLWVLIPPWE B UWLHY SR@E HP HF WADRINQ. B 8§ U/R. WQHDOWLH
GRPDLQ IDPLO\ PHPEHU $'$0 PHWD O/GKRISAS WILGDW H HSSFRADAL WG KHUH VKHG Q
$'$0 SDWKZD\V LQGXFLQJ FDU#pasptierHQ HV L'

3',)$ LV PDLQO\ ORFDOL]JHG LQ W K HER QegiRigehirydP tancerhh&tientsXa@dXdduldE as¥ist in the
FHOO VXUIDFH DQG QXFOHDU ORFD-OLLIBMLQRWY LXAQFEHW LFRHQ VRD L\QHRLHFB W IHNQHYQ \ E
URQPHQWDO FRQGLWLRQV KDYHLDOER fuEitkdeorER SRRUWMWGEYH SDWLHQWYV
3',$ VXEFHOOXODU ORFDWLRQV GHWHUPLQH GLYHUVH 3',%
VLIQDOLQJ QHWZRUNYV LQFOXGLQJOWWHUWBDODXNODWA REWKRWKH FHOOXODL
UHGR[ VWDWH ZKLFK LQ WXUQLXHAIMDOWHY LWV IXQFWLRQ
3';)$ KDV EHHQ VKRZQ WR SOD\ D G¢IRItdreL QKW K< RIDHQ XEQUHW VRVQFRUFLQRP
WKH WUDQVFULSWLRQDO DFWLYLW (lexpressingCEHR] DHNG RV OYH WUPRBVBULS WL
IDFWRUV ,QGHHG 3',$4 KDV EHHQERKRHAQDWRYG®LEHPWO®RJI PXWDWHG S
interact and function as an estrogen receptor (ERnscrip IURP WKH (XURSHDQ &ROOHFWLRQ RI &
WLRQDO FRIDFWRINGGLWLRQ 3',$ VXDIHWYIHYHGXEFQHPOQWEHFFR V PRGLAHG
factor (NF)- % WUDQVFULSWLRQDQGO BWILRFDIWPWHMOGULFK OHUFN .*D$ VXSSOHPI
S SURWHLQ VWDEKBGBNVW\REVHUYDRBRRIQVUH WMHWHP WYX46 *LEFR 7KHUPR )I
SRVVLELOLW\ WKDW 3',$ UHJXODWHB®QGNKH FQRNVOWDLGN VENHIHSHNHRP (BRQ /F
and NF- %o 2WKHU UHGR[ UHVSRQVLYHQWU B®VE QG L$SMWH R @ WORH-RAWERKWM QY E R QW
associated with PDIA1 include HIF-1 DQG QXFOHWDHWDIKHWRU FRQAXHQF\ :KHUH LQGLFD
HU\WWKURLG GHULYHG OLEHLYV DEOWKJ PO ¢)BLIJPD $OGULFK OHUEKN .*D
LPSOLFDWHG LQ UHJXODWLQJ WKH VRWDQUVRFUWBWRN QG KN KL JIFRW s OVADULIFHRA \
WKV\URLG KRUPR&#ji UHFHSWRUV *D$

6HYHUDO HQGRSODVPLF UHWLFXOXP FKDSHURQHY LQFOXGLQJ
3', KDYH EHHQ GHWHFWHG L @ Q\X BRRAtIAhRIECHOR. QR QIEB Q WHU-D VRLRMKRIVL*(120
PLWRFKRQGULDO DQG WKH HQGRSODYPVES5SUKVWHPERIX W KFHR QWO E RO V IQRIQVYV
0(5& 7TKH IXQFWLRQ RI WKH P IsS\WNRARPKAR @6 adtdd @ &'’chvivell Bovitaining 2xdélls
QRW EHHQ HOXFLGDWHG FOHDUO\ EQWO0WKHQGE I FN KD G/RHEERE BREW Q@ J VX R J WK\
that PDIs regulate the exchange ofOzetween the endo LQVWUXFWLRQV 'KDUPDFRQ 8. DWHsHYV
SODVPLF UHWLFXOXP DQG PLWRFKREGXHOQFH\LWR MKKRRQGUIIHY HPHG-IDUH I
JHQHUDWDR®@B WKH LPPXQH UHV SR QNGMEHDIAL-XaRgRtlhg BiROPdol: ACEGGACGGUCA
VXJIJHVWLQJ WKDW 3',V PLJKW DIIHRWGARDM FGEARGEUTAUUIGRUYATCA L ROAKNEGEAS0 H
SDWKZD\V *LYHQ WKDW 3',$ SURWBtEX8EBAYHREBY DWIHGC RISHDEW SBR QEFIH H*8 8
VXEW\SH VSHFRLABE WDNLQJ LQWR DVFIFRXZOW QRCHWDEWHWKQW VFURPEOH V
3',$ IXQFWLRQV DV D FR PRGXODWRIAAACHCKHOAAU DAG B ORQGAAGASGAVA R Q
factors including ER LW zZDV K\SRWKHVAJEGRUWEBEWUGUABUAG, and AURRACGUGAAU
ZRXOG GLIITHUHQWLDOO\ DIIBRWLRAOLFERLBRIHQHVLY LQ (5
ER QHJDWLYH EUHDVW FDQFHU FHOOV

,Q WKH SUHVMHALWen¥ Wxkjr&ssion was Western blotting. &8 HOOXODU H[WUDFWYV |
silenced in the ER-positive MCF-7 and the ERnegative 0'$ 0% DQG-J RI WRWDO SURWHLQ ¢
0'$ 0% EUHDVW FDQFHU FHOOV DQEGDGHGHRUBIVVLROHRDYMQBRO\DFU\OTLC
XQGHU FRQGLWLRQV VWLPXODWLQWRBHD BW')YHHRRERUBQ H/ SHEH HP\H PEABD QH V
JHQHUDWLRQ WUHDWHFNQGW ZRUKHWREBHB LIDWRIQQ 3% 6 7ZHHQ Y Y-ZLWK
VLGH (72 ZDV IROORZHG XVLQJ 51%$ RIG\ .BBQUWO® GHLHU%LRWHFKQRORJ\ V
VXUYLYDO FXUYHV RI WKH PRGXODWHGDFHQHY 6 HWHF WO GUBR\FKL$SOWHWTFN .*D
ZHUH JHQHUDWHG WR LGHQWLI\ ZKHWKHU RYHU QY& WZ\DHY B UHQFAXNRIMWRIRQ Z
the upregulated or downregulated genes in the-pésitve D QWL PRXVH LPPXQRJOREXOLQ * FRQ
(MCF-7) or triple-negative breast cancer (TNBC) cellsSSHUR[LGDVH *( +HDOWKFDUH GLOXWL]I
0'$ 0% KDG SRVLWLYH RU QHJDW3G HIITHEWHRQ W KHDRWBRIWW®B SURWHL:
VXUYLYDO 26 -pdsitivéVok BR {negative breast ZHUH YLVXDOL]JHG XVLQJ WKH &KHPL'
FDQFHU SDWLHQWY UHVSHFWLYHO\ %KR WGBH\GK O WERUWDGAL RDWHG W/KKDHW B30, B W
in the ER -positive breast cancer patients, suppresses carcinoPDJH- YHUVLRQ IDWLRQDO ,QVWLW
JHQHVLV E\ QHIJDWLYHO\ UHJXODWLQJ FDWDEROLF SURFHVVHV RI 526
3',$% ZDV IRXQG WR LQGXFH FDUFL @RA ExXQ&tiidnV OR\) D | DHFGV I0QY) FRH OO EUHDV\
F\FOH SURJUHVVLRQ DW WKH * 0 Fd€lHiRé$ /& & edded i0 B-@ell YiatEsHat | Sdnce@ratidn of
IRUPDWLRQ ISRWHKMH. Y5 EUHDVW FDQFHWGOWSEHQREZMWMWIRWKHHDWPHQW 51
ER -negative breast cancer patients, PDIA1 was foundtb FFRUGLQJ WR WKH 51HDV\ OLQL .L!
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4LDJHQ 8. $IWHU FROOHFWL Q &r dolvregMateddin WIDAR7ScEll) ¥ndZBR Wétjative (for the
PDLQWDLQHG DW Y& EHIRUH VHTXBROGHYIXBPNHUIXDG RNB EU VGRE Q H{WJXOD
*HQHUDWLRQ 6HTXHQFLQJ )DFLOLW\/RBIQ UDPHWN BWADROIX/HWGY 8LRU WKH .0 SC

FRQVLGHUHG VWDWLVWLFDOO\ VLIQLAF
RNA sequencing. ,QLWLDO DOLJQPHQW RI 51%$ WUDQVFULSW FRXQWYV
VHTXHQFH VKRUW UHDGYV DQG QR UcBiDRoitdlRivelystsQ7 XHUBH PV R IQH BRR XMW GED W L
WKH 1H[W *HQHUDWLRQ 6HTXHQFL Q MW)DH [FRIP\8 POBQARGIRYH WH OR/l ZIEMAIG W KRV H |
8. 6HTXHQFH GDWD LQ )DVWT IR Uprdgwated idridibivnteyula@d v theFHOIAER¢ ¢t GICF-7
XVLQJ )DVW4& VRIWZDUH KWWS ZZdlIsBieRedwith & povide FETE) D Eibt& i€ MdEPFN-
DF XN SURMHFWY IDVWTF VR XWDOIBda$ vancerbpatishtsRves explored using the cBioPortal
KWWSV FXWDGDSW UHDGWKHGRFVSRDWHRUWWIKB/OW S ZBP¥ DRSFGUWR GV B UB
SRRU TXDOLW\ EDVHV 3KDHG PROGUMRPYUIMFHRAMHQ WKH %UHDVW &DQFHU 60
QDWLQJ DGDSWHU VHTXHQFHV IURPYD¥ HUYSDEVVBERQ GW WRIWIR Y HJGI Q/IRW L Y H
IHZHU WKDQ ZHUH GLVFDUGHG G5HD3V 2HRSOBVYIRIB® MWRRW® KXPDQ
KJ JHQRPH UHIHUHQFH VHTXHQFHY REWDLQHG IURP WKH 8&6&
GDWDEDWWLQJ WKH VSOLFLQJ DZCFundtioga ausnoiativhld Qdiekto understand the biological
67$5 DOLJQHU ZDV UXQ ZLWK NQRZQ WEBSOREMW MIBAWRR@K MXBBSQHHGLIMW YV JH
*7) AOH IRUPDW REWDLQHG IURP W KWHF& KR&D WIXED Y H QEBDXTE BOMROL G H Q)
%URZVHU WRR/GKH UHVXOWLQJ DO LJQHRHQW W R QWA $0 JAHOHH ¥V QOG- V SVIMVGH UL QV K
IRUPDW ZHUH FKHFNHG IRU TXDOLW\OHXHWLDRY RXS D DB/ YIRS WRDHUGE *HQH OLVYV
DQG 3LFDUG WRRXXWWHUVEREDUG VIRX WHKHRPHWDYHWSH WRRO XVLQJ WKH
3LFDUG WRROV DOVR XVHG WR P-DUING BI&5W 2 8 W U FADQ@GIHESuGadelse/HHF DIOWL J Q
PHQWV %$0 AOHV ZHUH LQGH[HG XVLQJ 6DPWRROV VRIWZDUH
DQG YLVXDOLVHG XVLQUR *RPKEEFRZMNHIG HOQYWRPIFDWLRQ R)RGICRUISRN W& Hz UKH X
'l$ FRQWDPLQDWLRQ DQG WKH SURHIYVHQEFHYVRL PSERBU BOSONLARWHWHDVW F
%WLRFRQGXFWRU 5 SDFNDDW %% M BUWRBREhtipI\lihizd Wargeting of each gene was explored via
UDZ VHTXHQFHG IUDJPHQW FRXQWYV SHIBWWBBOVFUEFS&HW XV LIQPHW KH. HIEFRHIF R JH C
KJ DQQRWDWLRQ GDWDVHW XVHZHUIHIEHGWUARG DULVWPWQRWWLFDOO
OXOWL PDSSLQJ UHDG SDLUV ZHUH.FrRRQWWGE WD YHWHUDXFHWLRG RQ DMX® Q I
HTXLYDOHQW DOLJQPHQWY 5HDG FRRQWHWBE W EKHUHH QH @ HOULWW AW 2\L RAK L (
WKH LQFOXVLRQ RI UHDGYVY PDUNHG DV 3&5 RSWLFDO GXSOLFDWHYV

Results
Filtration of the gene list. 6LJQLILFDQWO\ GRZQUHJIJXODWHG
RU XSUHJXODWHG JHQHYV %HQMDPLQEH+RFKXEHHIXODWHW WKKHHWUDQVF!
PDIA1 VLOHQFHG 0&) DQG 0'$ 0% 51SWHHDXDHGHPISWR\HG WR LQYHVWLJ
IFN-¢ RU (72 FRPSDUHG WR 0&) DQLUHGBGWFWMWMOVH FHOHWHQWLDOO\ DIIHF)
expressingPDIAL treated with IFN<¢ RU (72 ZHUER SRVLWLYH 0&) QHWIDWHINH50'$ 0%
VHOHFWHG 7R YLVXDOL]H WKH RYHEDWIDVWKPQJAMU. 8 HHIHH@WH HAKSHUBVMHR® Q
betweenPDIAL VLOHQFHG DQG VFUDPEOMH QHMNM QYRPWHG L0 WKH R[LGDWLYH V
DQG 0'$ 0% FHOOV WKH ORJ YD OiXdtliRitedded WithreithizQBiMor By OJ bb€ téf which are
H[SUHVVLRQ ZDV JUDSKHG DJDLQVWNWRHE Q RRPD@GXHE BHD GHRRHIXUPW LRQ
HDFK WUDQVFULSW XVLQJ WKH SORWO0$ IXQFWLRQ RI WKH '"H6HT 5
SDFNDJH7KH UHDG FRXQW GDWD UHSEKRdsUigrégulated HmbdFdovws gulaZddViid MCF-7 and
DQDO\WVLY ZDV LPSRUWHG LQWR WMDA-HBBLMMEsT thnter @&llF in heQaBsencK bf PDIAL
HITHFW VL]H Rl HDFK VDPSOH V OL Bldé® tkidafi gtre33-cAngitibGe ROVQIEO XPVHHLG RVERW D L Q
QRUPDOL]H WKH UHDG FRXQW GDWDO0&) JLEDQ®B RU 0'$ 0% & PL.PG

FHOOV WUDQVIHFWHG ZLWK HLWKHU V
Kaplan-Meier overall survival analysis. To understand theilencePDIA1 gene expression and treated with either ETO
FOLQLFDO LPSRUWDQFH RI WKH JHQH)\L LEB Q& LR H G DIQIGI %D @' 18 UZHIGVI WRPEW K I
51%$ VHT GDWD WKH .DSODQ OHLHU 3SORWWHWR Z1EY LWWHT KiWWQ'B O WISORWKH WUDQVIH
FRP DQDO\WVLYVY ZDV XWLOL]JHG )RWWKLVLSAYSWRYD Q\DISIGOMH GHOB)Y FHOC
.0 SORW V -ddsitive(@nd ER-negative patients were WUDQVIHFWLRQ HIAFLHQF\ IRU WKH VI
JHQHUDWHG IRU WKH JHQHV LGHOWLAKRG WKHEHMNWYPWHIKEDWRG RUABREIQF\
UHIJXODWHG LQ WKH 3K$H VRO GGRDAL Q IWSIDDUDWIHWWUHG 0'$ 0% FHOOV FRPSDL
ZHUH VHOHFWHG 6XUYLYDO 26 6SGILAFSHQAHRWWEH X&8B B EOH VWA I$HZD
JROORZ XS WKPRGWKO®G3UREH VHW RSWKRQVRQDO -QYWBEHNMW RI JHQHV H[KLEI
EHVW SUREH(YBMWADW XV ,+& (5 SRV L&t déwnidgllativrkKik ETO @rébved MCF-7 cells in which
upregulated or down regulated in MCF-7 cells) or ER negati®DIA1 JHQH H[SUHVVLRQ KDG EHHQ
IRU WKH JHQHV XSUHJXODWHG RU GRZQUUWHRWMHBHEG) Q PHOMAY WUDQVIHFW
FHOOV (5 VWDWXV DUUD\ (5 SRVLWADY IRQ GVKWKBHWRWRXOUBGIREBHWHAI JH
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7TDEOH , *HQHV XSUHJXODWHG RU GREQWUWH,JX®BQHI\G XSU HQX\ODMWHIGBGRRYU GRZ
(IFN-9 or etoposide (ETO)-treated MCF-7 cells in(lIFN-¢ RU HWRSRVLGH (72 WUHDWHG

which PDIA1 JHQH H[SUHVVLRQ ZzZDV VLW PBALIFRRQBEUHGUWMRYVLRQ ZDV VLOH
PDIAl-expressing IFNé RU (72 WUHDWHG 0&)PDIKIHé&@assing IFNé RU (72 WUHDWHG 0'$ G

FHOOV
MCEF-7 cells
0'$ 0% FHOOV
Upregulated Downregulated
Upregulated Downregulated
L1CAM AURKA
MAGED1 BUB1 HSP9O0B1 CHCHD3
MDK CCNB2 IGFBP3 PTPRJ
PHLDA2 CDC25A LAPTM5 VMA21
PRDX2 CDC25C RNF213 XIAP
PTPRS CENPF SYNE1
PYCR1 CKAP5 -
RHOD E2E8 PDIAL SURWHLQ GLVXOAGHEHDY/ RdlddddlVied $
SMAD6 ESPL1 OL[ FRLOHG FRLO KHOL[ HSR®WBL QKHRPQWDKRE
SURWHUQPLO\ PHREBHBRB LQVXOLQ OLNH JUR
TKT FEN1 ELQGLQJ SIWARWSEL@\VRVRPDO SURWHLQ WUI
UCP2 GTSE1 PTPR] SURWHLQ WAURVLQH SKRVBNERIB/DVH L
JUND ULQJ AQJHU SYIREW,HheQtrin repeat containing nuclear
KIF11 HQYHORSHVSIARWHRRXRODU $73DVHXIBR/VHPEC
KIE20A ; OLQNHG LQKLELWRU RI DSRSWRVLYV
NEK2
NUSAP1
PKMYT1 in IFN- ¢treated MCF-7 cells in which PDIAdene expres

RACGAP1  VLRQ KDG EHHQ VLOHOQF Bt@atERWFTUH G
RANBP1 FHOOV WUDQVIHFWHG ZLWK VFUDPEOH
S100PBP QXPEHU Rl JHQHV XSUHJXODWHG XQGH

TACC3 JLI% 7KH WRWDO QXPEHU RI JHQHV
TRIP13 VLIQLILFDQW GRZQUHJIJXODWLRQ LQ (
TUBB cells in which PDIAlgene expression had been silenced
UBE2C FRPSDUHG ZLWK (72 WUHDWHG 0'$ 0%
ZLWK VFUDPEOH VL51% ZDV ZKHUHEL

PDIA1l SURWHLQ GLVXOMGRKALVBRRHRDN HN BgDYHV$ XSUHIXODWHG LQ WKHVH FHOQC
BUBL %8% PLWRWLF FKHFNSRLQWCNB2ULRBWKUHRDLQHWKEBDYHDWHG 0'$ 0% Fi
F\FOLQD@25A FHOO GLYLVCPIQS5E\dDdiisioB whichPDIAL JHQH H[SUHVVLRQ KDG EHHC
F\FOH CENPF FHQWURPHUBKAP S RWHARVNKR2H MRS WUHDWHG 0'$ 0% FHOOV W
DVVRFLDWHE2FS URWWIWD QVFUL ESPLR&IBD RW-RHhpEOH VIL51$ WKH WRWDO QXPEHU F
VSLQGOH SROH ERGLFENLOLANDIS VWBISPWOWRK, VSHELAR Dy WkH WRWDO QXPEHU R

HQGRQXF®&MBEIVH DQG 6 SKDVHIUES WK V , :
SURWR RAFRJIMQBHVLQ IDPLRIF2BAPEHWH VP OV XQGHU WKH VDPH 'FRAKGL X REONU.

IDPLO\ PHPEHIAM $ FHOO DGKH\WARBEDE R 8fHHRregulpted and downregulated genes are presented in
0$*( IDPLO\ PHPEBKJ PLGNERHNIMA relaed )LJ ( DQG ) UHVSHFWLYHO\

NLQDWWSAP1 QXFOHRODU DQG VSLQGOH DVVRFLDWHG SURWHLQ

PHLDA2 SOHFNVWULQ KRPRORJ\ OLNH GRADLQLIPPOOV BIRHPEFHDQFH RI W&Keét JHQF
PKMYT1 SURWHLQ NLQDVH PHPEUDQH D VETROFtdatddHehd WDLAR GileQdedVIICHF B&lld. Qdished light
PRDX2 SHUR[LUHGFREQSURWHLQ W\URVL@% WHRY FKPMPIVHD O VLIQLAFDQFH RI W

S T LR PXIREH B R maun D FX BYEXFYRY AWK H XSUHIXODWHG RU
ANBRIR WHWRKH 3,8 VLOHQFHG FRPSDUHG ZLWK

SURWRHAD UDV KRPRORJ |IDBLOORBPHP EB U .

ELQGLQJ SMARBV HSI0G' IDPLO\ P HAGS, Wrans- and either IFN¢ RU (72 WUHDWHG 0&) DQG

IRUPLQJ DFLGLF FRLOHG FRUO WRQWDNSURHBBY RNA]G & the patients with ERositive and
TRIP13 WK\URLG KRUPRQH UHBBES WRIt ;L BRHIFWPRYLYH EUHDVW FDQFHU UHVSH
FODVWBE2C XELTXLWLQ FRQMXJDWaRRJ MERP® Y\ RI WKH H[SHULP HQW DX5 GHINO
XQFRXSOLQJ SURWHLQ or downregulated genes in MCF-7 cells under the conditions
GHVFULEHG DERYH WKDW H[KLELWHG VYV
.0 UHVXOWY DUH VKRZHD .DQF XDEFB®GIMN SOR
these genes for ERSRVLWLYH SDWLHQVWW DUH
WKHVH FRQGLWLR®V ZIDW WRWDD QXPEHUHBUHYNMVRQ R I(ADKKAR RJIDWNRMWEDVHK $i
H[KLELWLQJ VWDWLVWLFDOO\ VLIQL3RDQW VHDGQH W KGRR@BUBHX & DFRD QD
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JLIXUH 7RWDO P51%$ REWDLQHR®W IURPBE&) & BDOGEO¥ WUDQVIHFWHG ZLWK HLWKHUPRDRUDPEOH
gene expression and treated with either etoposide (ETO) (A and C) or inte¢tfégFfdr ¢ % DQG''$ SURWHLQ GLVXOAGH LVRPHUDYV
VFUDPEOH RU 3',$ VL51$ WUPDWUISIBPWHGF®ROOV( 7KH SORWY DW WKH ERWWRP Rl WKH AJXUH L
3',$ VL51%$ WUDQVIHFWHG FRPSDUHG WR WKDW IRU WKH VFUDPEOH VL51%$ WUDQVIHFWHG FHC
HUURU EDUV UHSUHAVHQW PHDYQ “S®’RWHLQ GLVXOAGH LVRPHUDVH $
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Condition
A Control B

Silenced

Sample

condition

15

1

0.5

0

-0.5

-1

-15

Sample Sample
MCF_7_CNTRL_ETO_EXP1 MCF_7_CNTRL_IFN_EXP2_S5
MCF_7_CNTRL_ETO_EXP2 MCF_7_CNTRL_IFN_EXP3_S9
MCF_7_CNTRL_ETO_EXP3 MCF_7_SILENCED_IFN_EXP2_S6
MCF_7_SILENCED_ETO_EXP1 MCF_7_SILENCED_IFN_EXP3_S10
MCF_7_SILENCED_ETO_EXP2 MCF_7_SILENCED_IFN_EXP1_S2
MCF_7_SILENCED_ETO_EXP3 MCF_7_CNTRL_IFN_EXP1_S1
¢ Condition D

Control

Silenced
Sample ﬁ
condition
1.5
1
0.5
0
-0.5
-1
-1.5
Sample Sample
MDA_231_CNTRL_ETO_EXP1 MDA _231_CNTRL_IFN_EXP1
MDA_231_CNTRL_ETO_EXP2 MDA_231_CNTRL_IFN_EXP2
MDA_231_CNTRL_ETO_EXP3 MDA_231_CNTRL_IFN_EXP3
MDA _231_SILENCED_ETO_EXP1 MDA_231_SILENCED_IFN_EXP2
MDA_231_SILENCED_ETO_EXP2 MDA_231_SILENCED_IFN_EXP3
MDA_231_SILENCED_ETO_EXP3 MDA_231_SILENCED_IFN_EXP1

JLIXUH &RQWLQXHG
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Downregulated
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332

400
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ETO-treated
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JLIXUH *HQHV XSUHJXODWHG RU GRZQUHJXODWHG LQ 3',$ VL51%$ WUDQRVUIHFSWHG FRPSI
(C and D) and treated with etoposide (ETO) (A and C) or interféftFN-¢ % DQGXPEHU RI JHQHV XBWU KHRZAIDIMHE RQ P W2H &R U)
IFN-¢ WUHDWHG DQG 3',$ VLOHQFHG WRIMHIDNHG MWRG(YEURPPEPIH WUDQVIHFWHG 0&) RU 0'$ 0%
GLVXOAGH LVRPHUDVH $

Genes up-or down-regulated

Genes up or down-regulated
in PDIA1 silenced MDA-MB-231

in PDIA1 silenced MCF-7

Kaplan-

\_ Meier plots /

\ %

Down-regulated in Up-regulated in PDIA1 Down-re i - i
A : gulated in PDIA1 Up-regulated in PDIA1
e silenced MCF-7 silenced MDA-MB-231 silenced MDA-MB-231
High expression short Low expression short " i .
0S probability 0S probability High Ex‘gfostf;zri:ifyhc’" oS Low sx":ms;:’l;‘”:;w" 0s
High expression long Low expression long High ion | Low expression long OS
OS probability OS probability " exppr:aosbs:;r:";ng 08 probability

ERua negative patients

ERa positive patients

JLIXUH 6FKHPDWLF SUHVHQWDWLRQ RI WKH H[SHULPHQWDO GHVLJQ IROORZHG LQ WKH VWX
UHFHSWRU

(CCNB2 FHOO GLYLVCRGESR\FOKS &YUDPQGNMDRKH SOHFNVWULQ KRPROR$\ OLN
VFULSWLRQ ERABWRAX Q') SURW RURI)FRPIHPEHRHLDA), PHPEUDQH DVVRFLDWHG
NLQHVLQ IDPLCNFPIHPEHWHOO DGKHVLARQ (PHRROGIE® BKIMYT@DVHIE SHUR[LUHGR
(LICAM) )LJ% PHODQRPD DQMAGERT JRRIX2 SURWHLQ W\URVLQH SKRVSKEL
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JLIXUH .BSODQ OHLU VXUY L Yobsivd-bBtehdt davicer Qat{emts for genes upregulated or downregulated in the absence of PDIAL in
etoposide (ETO)- or interferos(IFN-¢ WUHDWHG 0&) EUHDVW FDQFHU FHOOV H[KLELWLQJ VWD Wdskiv/LFDOO
EUHDVW FDQFHU 3',$ SURWHLQ GLVXOAGH LVRPHUDVH $ 26 RYHUDOO VXUYLYDO (5 HVWU

(PTPRS S\UUROLQH FDUERPYCR)W KFENIH GX PW 0B VbHSKDVH H[SGHEY, BUDE UR W
yLJ' XQFRXSOLQUCBY R6WHL QD P LKR11L, NLQHVLQ OLNH &UROMHMAGEDL) $
PHPEHSMAD6 W UDQVRHAMARIGUDWIR] 2A MDK, PKMYT1, PRDX2, PTPRS, PYCHRAN binding
classlla (TUBB2A )LJ JHQHV ZDV DVYV R&dDIVRANBPY BM0ORBP, SMAD6, WUDQVIRUPLQJ
VWDWLVWLFDOO\ VLIQLAFDQW 3 F R/KRH @& HFR 26 FURREDACCA ITRQT L\ KWRBVRH. G
patients with ER SRVLWLYH EUHDVW FDQFKRURRQMKU HREEW K& M/IRRIPIXQGNUH UDdRYE R U
KLJK HISUHVVLRQ RI WKH $l00BBEdeqeG (TUBBE XEWHXIQWLQ FR QMX BDUBE2Q)Janid Q ]\ P H
ZDV DVVRFLDWHG ZLWK VWDWLVWIUER2DDHQHV Q LA RDMKM USZRUGURQQHWKH
26 SUREDELOLW\ ZKHQ FRPSDUL Q Jexjpvdsdibn oMhiesergemes) Wauldobld ugregmatedMihereas in
WK TXDUWLOH LQ .0 SORWpSHiwe L@ ddieidd ¢ RDAY, tHel ekpkesgibn of these genes would
EUHDVW FDQFHU )LJ be downregulated in patients with ERSRVLWLYH EUHDV
To explore whether PDIAdene expression in patients with$PRQJ WKHVH JHQHV W KPBIALRShowmad D W L F
ER -positive breast cancer was correlated with the upregB4HB) gene expression and that of the CKAP5, FEN1, PYCR1,
lated or downregulated genes in either IBNsr ETO-treated TACC3, TKT and TUBB genes exhibited higher Pearson
3',)$ VLOHQFHG 0&) FHOOV WKH FRRILRBHRQDNDLRR @ IFRIHQAFURQWVFYLJ
WRRO ZDV XVHG WR LQYHVWLJDWH W KPdsitivid Eotidlafiaps B@&weehHPO IRyivie ek qressRmdmiF L H
betweerPDIA1 P51%$ OHYHOV DQG WKDW RhaVeKMAGEDQ MDKVRRDXZ) PTRRS, PYCR1, SMADS6,
7TDEOH , 7KLV LQYHVWLJIJDWLRQ ZDWTFahdUGPHIH QKWW ZEHN UIHQ CRX\QIGQ JZ WIKRK ZH
GDWD SURYLGHG LQ WKH %UHDVW &b @& HpjJegblaid in the& PIVALESDeVde dXNTFRI7 cells
WKH P51%$ HISUHVVLRQ ] VFRUHV UHTaReN). thits indRath@tBat VDt eSpeebkYice BfIRDIAL in
VHT 730 VDPSOHV RSWLRQ 3RVL Waiti¥rts WwitR BRIgo<titeWreastahc&rHHgde genes would
observed between PDIAfene expression and that of AURKAEH GRZQUHJXODWHG $FFRUGLQJ WR
CDC25A, FHQWUR P H U KCESIPFR WH\MWXR VY N HegHaibR @f MAGED1, MDK, PRDX2, PTPRS, PYCRL1,
DVVRFLDWHCGKSR REZF8EXra spindle pole bodies SMAD6, TKTandUCP2 P51% OHYHOV ZDV DVVRI
OLNH VHSBUUDWDS VWUXFWXUH VSHRLARHQGRGKXREPEVALW)\ ipgsitivetbreaStD W L F
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JLIXUH 3HDUVRQ FRUUH O PMALRRAHB)RAH AF IOHHQYW CBVH @K@ BBHRERID WY GRIL, TACC3, TKT ahdBB JHQHV  &.$3
F\WRVNHOHWRQ DVVRFLDWHG SURWHLQ y)(1 ADS VWUXFWXUH VSHFLAF HQGRQXFOHDVH
FRLOHG FRLO FRQWDLQLQJ SURWHLQ | FODVWUDQVNHWRODVH 78%% WXEXOLQ

FDQFHU )KLV VXJIJHVWHG WKDW 3'CHinidaDs{@nificaANcR BfLtbeVgé&hed Imdddlated in [FNer
MAGED1, MDK, PRDX2, PTPRS, PYCR1, SMADG6, TKETO-treated and PDIA1-silenced MDA-MB-231 cells. 6LPLOD!|
andUCP2to induce anti-oncogenic effects in patients withb Q DO\VLY WR WKDW GHVFULEHG IRU \
ER SRVLWLYH EUHDVW FDQFHU 7R H{S® Beé& ibraykated DDddMiefulated g@ierR @ theld&N-

LQ WKH 3',$ PHGLDWHG DQWL RQFRRHIQ[(F2ZHMHRAWW HQ SDWNLW QW VFHIONK/ ZL
ER SRVLWLYH EUHDVW FDQFHU W ERPGHDW B @ FDIB\ERE freRtedceRsUrenBfétted-with
WRRO ZDV HPSODRMHGBGHVXOWY RI WKUNWUD®  PONVVLLS VK KDY H[KLELWHG VWD)

WKDW WKH SDWKZD\V E\ ZKLFK 3',$ (HIHUWWOWWXBRYH VKEBIQHWYVIDEOH ,, D(
effects include cell-substrate adhesion, regulation of growtbr these genes in ERnegative patients are presented in
DQG UHVSRQVH WR 526 7DEOH ,,, JLI .0 VXUYLYDO FXUYHV ZHUH SORWYV

Direct correlations betweePDIA1 gene expression and RU GRZQUHJXODWHG JHQHV LQ 0'$ 0%
that of the AURKA, CDC25A, CENPF, CKAP5, E2F8, ESPLixidative stress conditions in patients with Efegative breast
FEN1, GTSEL, JUND, KIF11, KIF20A, PKMYT1, RANBPIFDQFHUS$S P.@® +LJK H[SUHVVLRQ RI WKH
S100PBP, TACC3, TRIP13, TUBB and UBE2C genes werE RLOHG FRLO KHOL[ GHEBDR3Q KRIQW DWIQRF
also observed, which were found to be downregulated i8URW HLOPLO\ PHRESRABL O\WRVRPDO DVVF
WKH 3',$ VLOHQFHG 0&) 7KHU OAMXJWE/DGWMBEHPEUDI@APTMI RWHLQSURWHLQ W\L
that in the presence of PDIAL in patients with Epbsitve SKRVSKDWDVH WPHAFRISWRQ IWASHHU SUR\
EUHDVW FDQFHU WKHVH JHQHV ZRRNBARE), &pkctrk Spekt Ton@iming ndckear @nketbpe protein 1
plots indicated that high levels of these genes were assq8YNE1 YDFXRODU $73DVH DVVNRAQ\ IDFV
DWHG ZLWK VKRUWHU 2®&rdaQ c&bbe DHGW \O IZQNHKG (15Q K LEIARY R)L b DIE-RBHWR ¥ D
)LJ” &DQG DSDUSY00RPBRPP)L) 7KHUHIRVMMRFLDWHG ZLWK VWDWLVWLFDOO\ VL
the association of PDIA1 with these genes is a potential route patients wth ER QHIJDWLYH EUHDVW FDQFHU 2
E\ ZKLFK 3',$ H[HUWV RQFRJIJHQLFKHUKRWQH G[SDWVYWIORMV RALMWKY XOLQ O
ER SRVLWLYH EUHDVW FDQFHU 7K3+HJBWKWERD\XYDD |DHV/NMRHAICD WH® BRHWK ORZ
QHWZRUNV IRUPHG E\ WKHVH JHQHY X WKH\MVH $BWWHQOMMWHELXVEBEQJ WKH
OHWDVFDSH ELRLQIRUPDWLFV WRRO DKHG3IWBUHVRQ FRXEHG FREIRAQLHRTOH RA F L
FHOO F\FOH WUDQVLWLRQ WR WKH BExp\asBoN b BupiéglilddeVor 26l egulatedlgehd Xio e L
RI WKH FHOO F\FOH FKHFNSRLQWY 3BDEBONLOHQFHG 0'$ 0% FHOOV XQGH
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7TDEOH ,,, *HQH 2QWRORJ\ SDWKZD\V DQG JHQH QHWZRUNV WKURXJK ZKLFK
ER SRVLWLYH EUHDVW FDQFHU
7THUP '"HVFULSWLRQ +LWYV /RJ 3 [/RJ T YDOXH
*2 &HOO VXEVWUDWH DGKIIBMARRQ
*2 SHIXODWLRQ RI JURZWHWTPRS, TKT
*2 5HVSRQVH WR UHDFWLYRYORL PROX2YSHPE L HV

SMAD6 60$' IDPLO\ PATPRSIUSURWHLQ WV\URVLQH SKRMS KDWDIWRYBRLRISDWBR OW 8H 6F DU E
UHGXFRRDYH SHUR[LUWDBR[X@FRXSOLQJ SURWHLQ

7TDEOH ,9 *HQH 2QWRORJ\ SDWKZD\V D @DBIAl ldaDfdrs Qrd-dhZdgenin effediKit) RROSItive Z K L F K
EUHDVW FDQFHU SDWLHQWYV

THUP '"HVFULSWLRQ +LWYV /IRJ 3 /RJ T YDOXH

*2 5HIXODWLRQ RURKA,GDC25A, CENPF, CKAP5, E2F8, ESPL1,
F\FOH SURFHVREN1, GTSE1, KIF11, KIF20A, PKMYT1, TACCS3,
TRIP13, TUBB, UBE2C

*2 &HOO F\FOH SKURKAM CDC25A, CENPF, CKAP5, E2F8, ESPL1,
transition GTSE1L, PKMYT1, TACCS3, TRIP13, TUBB
*2 S5HIXODWLRQ RURKAWRGEIAFCENPF, CKAPS, E2F8, ESPL1,

FHOO F\FOH GTSE], KIF11, PKMYT1, RANBP1, TACC3,
TRIP13, TUBB, UBE2C

*2 &HOO F\FOH FKURKN,ERNRPW2F8, GTSEL, TRIP13
*2 &HOO F\FOH * AORKA, CDC25A, CENPF, CKAP5, GTSEL,
phase transition PKMYT1, TUBB

AURKA DXURUDQDCEZS0VAHOO GLYLVCERNQFF FHIHN UK P H ICKABSU FAMMRYNHOHWRQ DE2FRFLD W I
() WUDQVFULSBPSEPRIQ HPWWRUW SLQGOH SROHFENRG IARD\S O/IMWNHX F WXHBHD U B MRSELFGRI @i R Q X F
6 SKDVH H[XUFHVWHL®HVLQ IDPLKF20AH PNEIHQHVLQ IDPLOPKMHIRESBURVHLQ NLQDVH PHPEU
W\URVLQH WRANBAROGS$DELQGLQJ/ACR WHLRQVIRUPLQJ DFLGLF FR L TRIRG3F RLKO UFRRLGBAVIOR. QP
UHFHSWRU LTUBBHUUDIAWRODVYV , UBE2C XELTXLWLQ FRQR2X XMW RIS GIQQUPSURWEHLQ

conditions (Tabldl) were investigated using the cBioPortalshowed that low expression of IGFBR&s associated with
SODWIRUP 7R FDUU\ RXW WKLV DQDIRQUWY URZBO\)MD PEGH W RRIQ J LGADMAIEQW D \
IURP SDW L H Qnigdtivelbedst ¢ancer were included?DIAL1 and HSP90B1, LAPTM5, RNF213 and SYy&ie
EXW QR VWDWLVWLFDO VLJQLAF D-Q FekpréstlorGsiggested tHat tHese YaDes@dMEDhtodeRric effoais X
DOO\ FDOFXODWH W KPDI&LRéhE éx@d3shh RoQatemtdWIHERQQHIDWLYH EUHDVW FDQFHU
and these genes in the patients with BERgative breast for these patients indicated that low expression was associated
FDQFHU 7KXV LW ZDV K\SRWKHVL]HA WK DW 2M K H2 8 HDUREDE FRIVWHQDW LR @ (
FRHIAFLHQ WDIAE geweé 2kpression with that ofthe 7KH OHWDVFDSH ELRLQIRUPDWLFV
JHQHV VKRZQ, ZHUBEXRVLWLYH PHW®RHQIDWKIZW\VQDWKHEWHG E\ WKH JHC
presence of PDIAL, HSP90B1, IGFBP3, LAPTM5, RNF218® confer anti- or pro-carcinogenic effects in patients with
andSYNEI1genes would be downregulated, while CHCHD3 R QHJDWLYH EUHDVW FDQFHU 7KL\
PTPRJ, VMA2%and XIAPwould be upregulated, in patients3',$ PD\ H[HUW WXPRU VXSSUHVVLYH
withER QHJDWLYH EUHDVW FDQFHU ER QHJDWLYH EUHDVW FDQFHU E\ LQW
Direct associations between PDlAdd CHCHD3, PTPRJ, VLJQDOL Q XIS WIKXPRGARBPE PLWRFKRQG
VMAZ21 and XIAPindicated that these genes can inducbiogenesisGHCHD3 DQG QHJDWLYH UHJXODWL
WXPRU VXSSUHVVLYH HIIHeydtive b@as Divd {GFBF3\PAHBWAKPRI 7DBOHOHWDVFDSH DQ
FDQFHU VLQFH WKH .0 SORWV LQ WXMHWR \SKOR\ZIHH W WX DAK RBZ H5G RVCK\ DWW/ UWY KIHH |
KLIJK HI[SUHVVLRQ RI WKHVH JHQHV ZEDVROMVRFL D WHD 2 L&EFEIKoQREBIEWNSE Z LW
JLI$ DQ%B 3')$ ZRXOG PHGLDWH WSPBIBL LARTIMELIHRWNNF2A1Yehes, which could affect
effects in patients with ERnegative breast cancer patientsSDWKzZD\V VXFK DV WKH DGDSWLYH LPI
via IGFBP3 as well since this gene in the presence of PDIAY LJQDOOLQJ LQ WKH LPPXQH V\VWHP I
LV GRZQUHJIXODWIKHG WBHO. SORW LVMQUW RNGHK RMDMWRIHQ@ WKH LPPXQH UHVSF
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JLIXUH &RQWLQXHG

Drugs targeting genes involved in pathways conferringV UDQVORFDWLRQ WKURXJK WKH HQGRS
oncogenic activity in breast cancer patients. To investigatt HPEUDQHZRXOG EH SUHIHUHQWLDO |
ZKHWKHU DSSURYHG RU H[SHULPH@ERDQHGDWLY HVBWH BBWW. D Y KHHUJH QH V
LQYROYHG LQ WKH SDWKZzZD\V FRQIHUULQJ RQFRJHQLF DFWLYLW\ LQ

the patients with ER-positive (Table VII) or ER-negative Discussion

(Table VIIl) breast cancer, the genes associated with PDIA1

and its oncogenic effects were investigated in each subgroup,d RXU SUHYLRXV VWXG\ ZH GHVFUL
SDWLHQWV ZLWK EUHDVW FDQFHURX®LY X W/IKH Hb8FE&VFERHUDVH $ 3',% VL
IRUPDWLFV WRRO 7KLV LQYHVWLIJDWLROQUWSHBDH\G WXDOW HQHW BM SBE/ L HC
with ER -positive breast cancer, drugs targeting the functoP LW RFKRQGULDO PHPEUDQH SRWHQWIL
of the AURKA, FEN1, KIF11, PKMYT1 and TUBBnes, $73 SURGXFWLRQ DQG KXPDQ OHXNRF
ZKLFK DUH LQYROYHG LQ WKH UHJXO® K WIDRFRH R HYHOE E\F @K’ )S URQ G HO/ ¥ LORKQ
ZRXOG EH VHOHFWLYHO\ HIIHFWLY HtopBsidle WrKntevfetbt REN$-inRte Pieddncel @ absencz Q
the other hand, drugs targeting the function of the HSP90BR 1 3', $ 'H DQG RWKHUV UHSRUWHG
JHQH ZKLFK LV LQYROYHG LQ WKH diffdreitial 2ifétiRiQ eRtogsrRréceptor I(ARIE RIVALIFWM SYWHR &
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JLIXUH $.DRGDYW OHLU VXUYLYDO F X kh¥édatiwelbf@as DancerdD yenesaiprdgilalesl or downregulated in PDIA1-silenced anq
etoposide (ETO)- or interferom(IFN-¢ WUHDWHG 0'$ 0% EUHDVW FDQFHU FHOOV 3',$ SURWHLQ GLVXOAG
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7DEOH 9 *HQH 2QWRORJ\ SDWKZD\V D POIALKGférsRtVSERyeMt\efe¢ts t RERehktVE K L F K
EUHDVW FDQFHU SDWLHQWYV

7HUP '"HVFULSWLRQ +LWV /JRJ3 /RJ T YDOXH
1 hsa04064 NF- % VLJQDOLQJ SDWKZDIAP

*2 *OXFRVH PHWDEROLF SUGFBRY V

5 +6% OLWRFKRQGULDO ELRJHQHCHDS

*2 1HIJDWLYH UHJXODWLRQIGABFHRIPRPLIJUDWLRQ

*2 5HIJXODWLRQ RI FHOO D G4HB\PTRRY

CHCHD3 FRLOHG FRLO KHOL[ FRLOHG FRGFBP& HOQV GRIPP LAY NFiR QW R £ @/ IKQ FAHBV RS E DQGS L
K\GUR[\OD ViH PTREEIX GIMRWHLQ W\URVLQH SKMPSKDWQNHG HEKEMRURW\BHDSRSWRVL\

7TDEOH 9, *HQH 2QWRORJ\ SDWKZD\V D @OGIAT EoRfers Qro-uvicbBddibl &ffediskid) FREghKveZ K L F K
EUHDVW FDQFHU SDWLHQWYV

7HUP '"HVFULSWLRQ +LWYV /RJ 3 /RJ T YDOXH
5 +6% $GDSWLYH LPPXQH V\VWHP CALM3, RNF213

5 +6%$ &\WRNLQH VLJQDOLQJ LQ LPPSRIGBIV\VWHP

*2 &HOOXODU FDOFLXP LRQ KR AR WSPO0BL

*2 ,PPXQH UHVSRQVH DFWLY DWHSPIORI, IAPDME WUDQVGXFWLRQ

CALM3 FDOPRGXAR1Q ULQJ AQIJHUHSROBBY HKG®IDW VKRFNIBPROWHRIQPAPFMS O\VRVRPDO SUI
WUDQVPHPEUDQH

7TDEOH 9,, $SSURYHG GUXJV GLUHFWOEWH WIHWEQSURVHE BYXBZLWWHEBH WL
with PDIA1 that confer pro-oncogenic effects to Epositive  genes associated with PDIAL that confer pro-oncogenic effects
EUHDVW FDQFHU SDWLHQWYV toER QHJDWLYH EUHDVW FDQFHU SDWLH

Drugs targeting genes associated WDIAL Drugs targeting genes associated with

ZLWK SRWHQWLDO DQWL FDUFLQRJH Q IPBIAL ith lpdténda) ahtRcarcinogenic
*HQH VIPERQ5 SRVLWLYH EUHDVW FBRGH W \PEWOH QWW L Y L \Wheghtye (atients

AURKA Phosphonothreonine, alisertib, cenisertib, HSP90B1 Rifabutin
HQ]DVWDXULQ IRVWDPDWLOLE

FEN1 ,GDUXELFLQ TXLQDFULQl—HSF?SJW\;I/,R@@MIF\R@FN IPPROYHRRPEHU
PLWR[DQWURQH

KIF11 Monastrol

PKMYT1 Dasatinib

TUBB zé 2 g ;lZ\LOFRL[Q ¢ ] g ;% EH%E\(‘(’?V; iﬁé)ﬁ *@%@aélws Indicating the differential PDIAL

HII v W\SH DQG JHQHWLF EDI

AURKA DXURUD KENMIDVAD S VWUXFWXUH VSB!E'LHAF—DQS'GW PLQJ LQWR DFFRXQW WK
FOHDUML NLQHVLQ IDPLPKMPHP BHWERW H L ghRiegtferential effects functioning as a transcriptional
PHPEUDQH DVVRFLDWHGUBB URYLQHOWKUYRRAREXODWRU ZH VLOHQFHG 3',$ JHQH
iNER SRVLWLYH 0&) DQG 71%& 0'$ 0%
VXEPLWWHG WRWDO P51%$ LVRODWHG I
DQDO\WLY 7KH 51$VHT H[SHULPHQWYV ZF
WULSOH QHIJDWLYH EUHDVW FDRHAWK 1% IRAU&V FFLHDDARCEMOH WUDQVIHFWHG O
effectsintheER SRVLWLYH FHOOV DUH P H ¢lisirgdtddivith Bittier IFRARUWHKNURRSRML GH $ OLPLW
WKH SK\WLFDO LQWHUDFW LR Qarfl ithe/ ZW\W R G3' L$VP UK GPB/ MHHIB UHVVLRQ OHYHOV
UHJXODWLRQ RI WKH WUDQVFULSWDR®PD®QBEWLSLW RI WKIHDOWHAHBEWRG Z
ZKHUHDVY WKH LPSDFW R indyfive celisds BQ W RKH 5% ZHUH QRW DQDO\V|HG 7KH LU
PHGLDWHG WKURXJK HVWURJHQ LQGMISH @QXHPEW S BWEKZQHN NRKPROZIBUH XS U
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LQ WKH 3',$ VLOHQFHG 0&) FHOOWERDWSRVIWHYHFRBEDUYWGFRIRFQ GBRPR&1S$
WKDW LGHQWLAHG LQ WKH 0'$ 0% LWIROBVHISUHVWWHIE L QVKDWLWXW W\SH\
PDLQ HIIPDFAYVRRI JHQH H[SUHV VLR QF 2§ FHUPUHGEEDORW Qs s Breast damcéibpatients
WKH DFWLYLWan®RiiptwrKfactdrowhereas inthe DQG LQGXFHV UHVLVWDQFH WR KWHDP
TNBC cells through other transcription factors associate&'& & SKRVSKDWDVH SDUWLFLSDWHV L
ZLWK 3',$ VXFK DV K\SR[LHIFQGXFLEBQHOBPBSWRUUHVVLRQ IURP WKH * WR 0 S
QXFOHDU IDFWRU HU\WKURLG CHURYBGD FWALLYDMW LQI5SWKH F\FOLQ % &'. F
nuclear factor (NF)-% DFWLY LW\ Rl &GF $ LQ EUHDVW FDUFLQRPD SDV
7R RYHUFRPH WKH OLPLWDWLR-Q BRRWKH XODWLWKEEDL §dndMd invQivad id thé coitioW
PHQW LQ WKH SUHVHQW VWXG\ WKIHFAODQR\FDA FURQUHLADL Q QHE RS UWNRKCHR \
PRGLILHG JHQHV ZDV LQYHVWLJDWH i& high DdRiWsLa@sdciated WixhLp¥dr rbg@osis of
FXUYHV WR LGHQWLI\ ZKHWKHU KLJKE RMWDYRZ A} 95 HVUY R R RaF@WADYiE oRe@H
RI WKHVH JHQHV DIIHFWHG WKH RYWKDAEE DXOWBXIDY WX EX® LRYU REQ B V OARNL\F K
in ER -positive or ER QHJDWLYH SDWLHQWWRI )XWAMRMWXERXWOH VW EE@D O\VLV RI WKH F
SDWKZD\V WKDW WKH PRGXODWHG JHIROINHAH WHKPRQURONKEBEG LQGALRF FWE IG W K
anti-carcinogenic or pro-oncogenic effects were identified Q WXPRU WLVVXHV FRPSDUHG WR WX
XVLQJ ELRLQIRUPDWLF WRROV DQGVIVURXIBMG LQWR IRXU FDWHJRULHYV
7KH AUVW JURXS LQFOXGHG WKH JH Q HNe aldogewc Zhvities oBFRDAQIL ERIeg @Iz \hakeBtsL Q
the PDIAl-silenced MCF-7 breast cancer cells and therefamee exerted through its association with genes involved in
upregulated in the presence of PDIAL in the BRsitive WKH UHJXODWLRQ RI WHPHOBIPIEARTMS UHYV
breast cancer patients and their high expression was fouRNF213 $EHUUDQW UHJXODWLRQ R
WR EH DVVRFLDWHG ZLWK VKRUW MQHWLYDORSOYREDLE)Y @ RWE X OPW IGCRIZ W KH
regulated in the PDIA1-silenced MCF-7 breast cancer cel/ XPRUV FRXOG OHDG WR D ORZ OGHYHO
and therefore upregulated in the presence of PDIAL in breslsAWHYV 7,/V DQG KHQFH LPPXQH UHVSI
cancer patients and their high expression was found to feD QFHU DJJUHVVLYWQH\WRKOG EH QRWH(
DVVRFLDWHG ZLWK ORQJ 26 S UR EdbtEd cortelation ekvielenIJAD IQuENE eX@rissBion aZd-Hathof
downregulated in the ERpositive breast cancer patientsthe genes upregulated or downregulated in the PDIA1-silenced
(upregulated in the PDIA1-silenced MCF-7 cells) and theif'$ 0 % FHOOV ZDV QRW FDUULHG F
ORZ H[SUHVVLRQ ZDV DVVRFLDWHG Zth8¥&KgehEsGuereH@ a¥8ilailelinGHe ARdati/d Yatients
lated in the ER-positive breast cancer patients (upregulateRU WKH 3HDUVRQ FRUUHODWLRQ FRHIA
in the PDIAl-silenced MCF-7 cells) and their low expressio YDLODEOH ZDV QRW VWDWLVWLFDOO\
ZDV DVVRFLDWHG ZLWK ORQJ 26 SUREDBELOWWH URIQFHE WALK B WHH WRKGIGS RV V L
FDWHJRU\ 7KH VDPH FDWHJRULHV RR WXH) R Q\FKRH HQK. [FU SR WIRME D NRAEGAMEKD 5
groups were created for the genes exerting negative or positiveast cancer patients, the existence of drugs targeting the
HITHFWV RQ WKMHHIAB®WLYH SDWLHQW\V HRHW KIRXI & LFDWHRHI® Q. Q RQFRJHQLF S|
genes were found to be upregulated or downregulated in bothtWLQJ WKH '58*68597WRRE®UXJV WDUJH\
WKH 0&) DQG 0'$ 0% FHOOV JWMQKWIR S BI\Q KAD &R\ idtEsLiiEkide those that
H[SUHVVLRQ UHVXOWHG LQ VWDWLWWUBB®ORHOQ @LAS B QSN BUREBEDVELRIDL W X
VKRUW RU ORQ Jpdsiivé @ BRKeda(iée patents DQG URVWDPDWLQLE ZKHUHDV GUXJV
ZHUH GLIITHUHQW LPPXQH UHVSRQVH SDWKZD\V VXFK DV L
7R LQYHVWLIJDWH WKH SRVVLELOLWKHVWKDW DG HIDW®R W {3 8 Q W LHHOWAR U N V
in ER S RVLWL Y-Hegétiwe HrBast cancer patients are In conclusion, PDIAL1 functions as a transcriptional
DVVRFLDWHG ZLWK WXPRU VXSSUHRVNEWHRIRUHRQB6 R W.QLUFWHIH HVFWD/Q V F L
ZH HPSOR\HG WKH OHWDVFDSH 7KLER L-f3ifve lRdast/dafce B R BIF-NRF2 and NF-B
UHVXOWY RI WKLY DQDO\WLY LQGLBBWHGLWRMHYDWBHKN HSEWKDIMW ERQQRHAM
WR FRQIHU WXPRU VXSS UHpositive H RH T WHRLW VLY QV WKW G YHUVH RQFRJHQ
SDWLHQWY DUH PDLQO\ $SMAO® V X EV RDUAD i HheDERK FB\RL\RLQV L Y H  Y&Qative ieast5
regulation of growthRTPRS, TKT DQG WKH BBQFRQVHDOORZLQJ WKH K\SRWKHVLV V
WR UHDFWLYH RYCRH @RDS$2BCR2V FDQFHU FDQ EH WUHDWHG GLIIHUHQW
7XPRU VXSSUHVVLY H -iegativ& bvedstlcgncds kM- O3H S U R J U pasiieRi@ast(cancers) or evasion of
SDWLHQWY ZHUH IRXQG WR EH PHBRPRGRVX EYHE Q & BN Y HBEHWUOHDW WGFD Q|
to positive regulation of cell deathqFBP3) (61), NF- B
VLIQDOLQIXBPWKZDRLWRFKRQGULBPEPNRRZOHGHANBRPNMQW YV
(CHCHD3 DQG QHIJDWLYH UHJXODWLRQ RI FHOO PLJUDWLRQ
(PTPRJ ‘H WKD@NHODGRSRXORY IRU UHDGLQJ \
7KH JHQH QHWZRUNV ZLWK ZKLFEKURY,I$G ZADVFRYVRUXFWHGH VXJIJHVWLR
WR LQGXFH WXPRU L-pgdsivel bréaét cacew KH (5
SDWLHQWY UHJXODWH SDWKZD\V FR@WWROOLQJ FHOO F\FOH SURJUHV-
VLRQ $XURUD WURKRVHH®H DPSOLAFDWLRQ RU
PXWDWLRQV DUH FRPPRQ DEHUUDW IIRQIX Q Q LEQUHDD/ANW UFHDFHRBIGHV SHFLD O O\
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