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ABSTRACT

Objective To reveal the diagnostic value of epithelial splicing regulatory protein 1 (ESRP1) combined
with multimodal MRI in prostate cancer and the mechanism of ESRP1 on pathological development.
Methods 60 patients with prostatic peripheral zone lesions (46 patients with chronic inflammation of
prostate peripheral zone and 14 patients with early prostate cancer) were examined by multimodal
MRI, and the level of ESRP1 mRNA in prostate peripheral zone lesions was detected by RT-gPCR.
PC-3 cells were divided into Control group, shRNA-NC, shRNA-EsRP1, LV-NC and LV-EsRP1. The cells
were transfected with shRNA-NC, shRNA-ESRP1, LV-NC and LV-ESRP1 with Lipofectamine 2000. Cell
proliferation was detected by MTT method. Apoptosis was detected by flow cytometry. Cell migration
and invasion were detected by Transwell. The levels of ESRP1, Bax, Bcl-2, MMP2, MMP9, E-cadherin,
N-cadherin and Vimentin mRNA in the cells were detected by RT-qPCR. The levels of ESRP1, p-PI3K, p-AKT
and p-NF-kB p65 protein in the cells were detected by Western blot. Results Compared with the patients
with with chronic inflammation of prostate peripheral zone, the level of ESRP1 mRNA in the lesions of
the peripheral zone of patients with early prostate cancer was increased (t=6.372, P<0.001). The area
under the curve (AUC) and sensitivity of multimodal MRI combined with ESRP1 mRNA in the diagnosis
of early prostate cancer were higher than those of multimodal MRI or ESRP1 mRNA alone. Compared
with Control group and shRNA-NC group, the mRNA and protein expression levels of ESRP1, relative cell
viability, number of migrating and invasive cells, mRNA levels of Bcl-2, MMP2, MMP9, N-cadherin and
Vimentin, expression levels of p-PI3K, p-AKT and p-NF-kB p65 in sShRNA-ESRP1 group were decreased,
and the apoptosis rate, mRNA levels of Bax and E-cadherin were increased (P<0.05). Compared
with Control group and LV-NC group, the mRNA and protein expression levels of ESRP1, relative cell
viability, number of migrating and invasive cells, mRNA levels of Bcl-2, MMP2, MMP9, N-cadherin and
Vimentin, expression levels of p-PI3K, p-AKT and p-NF-kB p65 in LV-ESRP1 group were increased, and
the apoptosis rate, mRNA levels of Bax and E-cadherin were decreased (P<0.05). Conclusion Multimodal
MRI combined with ESRP1 is of high value in the diagnosis of early prostate cancer. ESRP1 may regulate
the malignant behavior of prostate cancer cells through PI3K/AKT/NF-kB pathway.

Keywords: Prostate Cancer; Multimodal MRI; Epithelial Splicing Regulatory Protein 1; PI3K/AKT/NF-kB
Pathway
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BEBPHNTHNSRE, FEEANBEEHEE", MFIRET0%ELETINES, M
EMETIRANFRBALEIESES, BIEMFTIRA KRS HTIBRELM, E
Ith, AEBGZETEIFIBRIMNE T 18 1% KM R RIS AR X 18 SR BT AR AR A
b8, BEI, i ?&ﬁif%(magnenc resonance imaging, MRI)#IARZHIFIFENR
EFBREHEAR", SBBMRISESMOTNRSERFTI TS (T-weighted
imaging, TiWI). Tl & (To-weighted imaging, T.WI))F1hBER & F 5 [chS1EE
A (dynamic contrast enhanced magnetic resonance imaging, DCE-MRI). &
A% (diffusion-weighted imaging, DWI). HAHEIREIEM % (magnetic resonance
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ZFSMATFRTIENILHRAR, #—F5iRn T aEEIS M EmE" i,
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1.1 SSME ARIFIRREAMA (PC-3)(XEATCC), Ham's
F-12KiE#£(21127-022, EEInvitrogenA ). BRFMF
(FBS, 10100147, =EGibcorF). ¥BMEESRP1AIShRNAIESRE
EH K (shRNA-ESRP1). B X BBshRNAIE 5 2tk (shRNA-
NC). ESRPIERAIEREZH A (LV-ESRPL)FBMTRIERSE
HA(LV-NC)(FBER), 51M(ETEY). HREBRML
(MTT, M8180-1, It REXRERFEHERAF). Transwell(8 um
FL#2, 3422, £ECorningAd). Annexin V-FITC/ PIAFI&
(C1062M, BRREYFEAMRFT), ESRP1—H1(ab262886).
B-actin—#1(ab8227)FIHRPHFIZHY 1 (ab6721) (EEAbcam”~
) PI3K(4257). p-PI3K(17366). AKT(4691). p-AKT(4060).
NF-kB p65(8242)F1p-NF-kB p65(3033)—#1(XEEcell signaling
technology2A]).

1.2 BEBGIRE 2021F88FE2022F8 B HAE R ER FRUGAHY
606115 IBRINE IR L RG], FIHFERS54E6.75,

MNFRHE: PSAKFES T F4~10ng/mL; EBBIFEMNET]
BRINETREEE,;, EMRIEMRERRZIEHMBERER. HRR
. PSAZKF<4 ng/mLK>10 ng/mLBVEE; BEEARE, MRIE
BREBENEE, BIIREHATHNESE, EELEMHBESI
STHHERERIFAREBILEL, FARSIHEETHIXE
—ARERRACEZASEIED (FEHES: [2021]REHE
(19)8), ZRMEEENEZENBRER.

1.3 ZEBMRIBRE R&EIGSNEESIEMENSAESkyra3.0T
HBEHDRIRREGN. EREBERERAASyngo Via 10B, BEE
BHEK6 h, REFFNDNHTEREHITZESMRIRE, &
ERAVET.WIL. TWIEGFES. ES5RE. ESHYE.
LR, BMMNEHRE. RIMRD R 5i5IREE). DWI(RE
2. HEES. BESES). ZMWTBEEK (apparent diffusion
coefficients, ADC){EME. DCE(R|al-5 SBE LA R A4F
E LUK Wt 4R (magnetic resonance spectroscopy, MRS)
EMIBERE. BBREF) NS EE. SWIHSURINN KGR
£, HARBUZRTGIZHEIETEEMMESEEIIERGS
RS ITEEDN, AEBHSERESMRIKNESER,

1.4 AREFRIENE PC-IMMIZFHRERMLO% FBSH
Ham's F-12KiE#FER, EFFEN: 5% CO. 37°C, ¥FPC-341
o AITEELE, shRNA-NCZH. shRNA-ESRP14H. LV-NCZAFILV-
ESRP14H, BUXY#t4 KEIRIPC-3MMRRIETN T 6FLIR(2 X 10°/ 4R/
#), 1X60%;C &R, FALipofectamine 2000i%7¥shRNA-NC.
ShRNA-ESRP1. LV-NCFILV-ESRP1 7% %#ZIshRNA-NC4H.
ShRNA-ESRP14H. LV-NCZRFILV-ESRP14HZ4APC-34AfEH, ik
48 ho BIRT-qPCRIGEFFRMER, XTHRAMIFHITHRIRLBIE,
1.5 AEMENE ZRARE, BPC-3MMEMEICARSD
(5X10°NAf/FL), 37°CHEF748 h, AFEMTT 37°CHEE4 h,
L7, MADMSO. EStR{UMES70 nmik K E[E(OD),

1.6 AMABTNE HEAEE, EPC-IMMIZFMHECILIRT
(1X 10°NABE/FL), 37°CIHEF48 h, PBSEEMM, B5x10"
PC-34A28000 rpm/minZ 05 min, FLEE, 5195 uLESE S
#&. 5 uLAYAnnexin V-FITCFI10 pLAYPIEEH MBS min. fEFBD
FACSCaliburm V4R A M 4B RE A - 2R,

L7 ARTBHNRBNE HR4AME, B200 LEDEEFE
BE1X10"MPC-3AMFMATranswell EZ=, FTZEIA800 pL
£20% FBSHVIE A+, 548 hig, 4%ZBHEEE30 min,
1%ERERELS min, BHE MIHHTRAEE. E=MA50 L
Matrigel(250 pug/mL)@# B FiFHAEZREET .

1.8 RT-qPCR3EHE &@iIRT-qPCRIMAIFIBRIME TR L AR
ESRP1 mRNAKFHIPC-34MREHESRP1. Bax. Bcl-2. MMP2,
MMP9. E-cadherin. N-cadherinflVimentinBImRNAZRIEK
T, BRNAZTrizoliZBX/E, i@idNanoDrop 100088 E 7 ikt
EMNEEREMAE, FARERAFNIZBEERNARER S
cDNA, #A57EBio-Rad CFX96Z% ¢ EEPCRIX LFIATB Green
Premix Ex Taq #4174 18, 5I¥F5IRK]L, B-actinfFARS,
ERY TRt BN RAE,
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®1 5| MHERFT
EH S50 -3
ESRP1 F: CTCAGGGTCGAAGGAACGGA
R: TACCGGGTCCCCATGTGATG
Bax F: TCCACCAAGAAGCTGAGCGAG
R: GTCCAGCCCATGATGGTTCT
Bcl-2 F: TTCTTTGAGTTCGGTGGGG
R: AGCCGATCTCGAAGGAAG
MMP2 F: GATGATGCCTTTGCTCGTGC
R: CAAAGGGGTATCCATCGCCA
MMP9 F: CCCTTGTGCTCTTCCCTGGA
R: TCTGCCACCCGAGTGTAACC
E-cadherin  F: AAAGGCCCATTTCCTAAAAACCT
R: TGCGTTCTCTATCCAGAGGCT
N-cadherin  F: CCATCAAGCCTGTGGGAATC
R: GCCGCTTTAAGGCCCTCAT
Vimentin F: GACGCCATCAACACCGAGTT
R: CTTTGTCGTTGGTTAGCTGGT
B-actin F: GAGCTACGAGCTGCCTGACG
R: GTAGTTTCGTGGATGCCACAG

1.9 Western blotSE3 PC-34MZRIPARMBREMBIZINEE
H, BCAXZTEERFBEEB(30 ug/#&)MEEI10% SDS-
PAGE b BBk N B H B FIPVDFREE L, 5%BASF L hig,
¥PVDFIE51: 5000%BAIESRPL. PI3K. p-PI3K. AKT.
p-AKT. NF-kB p65. p-NF-kB p65f1B-actin—#i4°CilEBE IR,
RE51: 3000/ RBRAIHRPIRIZH _IMZEEME1 h, ECLE®.
B-actinfEARZS,

1.10 453t A% FASPSS 22. 049 EiE, RERERES
EDWMALSDIR A IABER. FAmedcalcRF#HTROCH
Z9M. P<O.05KRTEFREBERITEE N,

24 R

2.1 ZERAEMRIBXSHITIRINAFREHLAESRP1 mRNAZET
EHRITIRENNE 1RRRIEIESE60F BT IR FREERE
H, 46BAFITIRRINE TR, 14610 RERI5RRRE, @i
RT-qPCRIQMEIFIBRINE R E AL ESRP1I mRNAKE, £RE
™, SEPRIETIEEREREEL, REEYIREEREINEG
TR E AL HESRPIAIMRNAKFF S (t=6.372, P<0.001), T
Ell, ROCHENITER, ZEEMRIEESESRP1I mRNAZKER
HAmi 5 BRI AT AR 2 T EFD (AUC) ISR S T Z 1R ASMRIZLESRP1
MRNAR RIS T, MFR2F0E2,
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B BT 5 BRSME A 18 S B A TR B R B A S R R 41 4 R ESRPIAY
mRNAZKCF (E: 58 M RIE AL HL 8, "P<0.05).

&2 ROCEHHENITLER
2R MRI ESRPL  MRI+ESRP1
AUC 0.852 0.902 0.938
REE®) 8571 85.71 85.71
HEM®%) 8478 86.96 97.83
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(2]

B2 %4 AMRIF0 T 5 R M E % 9% 7 41 41 BSRP1 mRNA 7 72 38 7 5 fR s

ROCE 4 GE: ZAZE: ZAAMRIEAMSHIROCH %&; FE: ESRP1 mRNAZE

L BROCE %; HH: £ HASMRIFUESRP1 nRNAGYEX 6 BTROCH £%) .
2.2 ESRP1XPC-34MEERBITIER SXIBAMShRNA-
NCZAELE, shRNA-ESRP14HESRP1BIMRNAFRIZE BIKFIIBEAR
(P<0.05), #EXTHREESIFRE(P<0.05) SYTHRAFMLV-NCALL
3, LV-ESRP14HESRPIRIMRNAFIZE HKFEFHE(P<0.05), 18
STARREE D F = (P<0.05). TWE3,
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A3 ESRPWPC S R R B . A A E: A4IPC- 3émﬂﬁ¢'ESRP1
mRNAFD & E1 A0 3T R A AT, A B & 4IPC-340 f A xS 4 G A7, 5t e
&, "P<0.05; 5 ShRNA-NCZLEL#, °‘P<0.05; 5LV-NC4 %,
p<0. 05,

2.3 ESRP1IXMPC-34MATRIBZEER S3xTBAMShRNA-
NCZLLER, shRNA-ESRP1AMAAEAT-EMBaxAIMRNAKF
F&E, Bcl-2B9mRNAKFEFE(E(P<0.05) SXTHRLAFLV-NCELL
%, LV-ESRP14EAIBaxBIMRNAKFFEE, Bcl-2B9mRNAKFEF
5(P<0.05), TE4,

BEI4A-H4D ESRPIX{PC-3 A Wy &EAER . LB RAMEE; £F: 4
BT F; #EMAEE: BaxfuBcl-2 mRNAM M RIAAF; 5ATHEA L
%, 'P<0.05; L5 shRNA-NCAlth%r, ‘P<0.05; 5LV-NCA ki,
£p<0. 05,

2.4 ESRP1SPC-3fE B MBRBHIBIZER SXTRAN
shRNA-NCZHELEE, ShRNA-ESRPLAAMI TS FIERMEER
£, MMP2FIMMPIORIMRNAKFEFEME(P<0.05)0 SXJHERLA
LV-NCAALbE, LV-ESRPIEAMEIHMEBERAMI ==, MMP2
FIMMPIFIMRNAKFFH = (P<0.05), TEISFIEG,

2.5 ESRP1X4PC-34MEMTIRIZ(ER S3TERAFMshRNA-
NCAALL%:, shRNA-ESRP14HE-cadherinfImRNAKEFA S,
N-cadherinFlVimentinBmRNAK FFE{K (P<0.05), S5¥TEBLAH
FLV-NCZHLLER, LV-ESRP14HE-cadherinBImRNAKFFE(E,
N-cadherinFIVimentinBImRNAKFEF5 (P<0.05). TWET,

2.6 ESRP13$PC-34BPI3K/AKT/NF-kBERR BV RIZER 53¢
HRZAFNShRNA-NCERELER, shRNA-ESRP1ZHMIp-PI3K. p-AKTHI
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p-NF-kB p65K K (P<0.05), SXIMRAFMLV-NCAHLLER, LV-
ESRP1ZAHIp-PI3K. p-AKTHIp-NF-kB p657K & (P<0.05),
MBS,

B5 H£4PC-3mp It iz 24 E. EE: Transwel U6y 3T & o2 2 41

B (x4000%); ZAE: THMREEEEE;, SEALRK, "P<.05;
5 shRNA-NCZL %2, 'P<0. 05; 5LV-NCZLEh%, P<0. 05.
2.0 1.5 *&
& e
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Z z
Z 10 &
= nec 4 &4
% 0.5 = m
[H’ T T I T T U(’ T T T T
& HF B H B H B H» B B
FFS S F S L
*&@‘* R T SIS
F oo - ¥ o v
& & (6]

6 & 41PC-340 1 375 Anf2 A K L 46 AT, A4 E: MMP2fnMMPY mRNA
At REAKT; HGABA R, P<0.05; 5 shRNA-NCAL iR, ‘P<0.05; 5

LV-NC4 th 4%, “P<0.05.
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N-cadherin mRNAZKF
Vimentin mRNAZKT
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&7 %éﬂPc 3éma@q:EMMaa€%%]%%7kfr %44 H: E-cadherin.
N—cadherinfaViment inymRNAKE xf A KT, SxtBB4 hEk, 'P<0.05; 5
ShRNA-NCZH th 4%, “P<0.05; SLV-NC4Lth#k, ‘P<0. 05,

E8 & 41PC-34m L o P13K/AKT/NF- « Bl Bty i A B 0. EFAE: PI3K. AKT
FINF-« B p65S& BB BN AKT; HxPEA LR, "P<0.05; 5 shRNA-NCAL Y,
£, 'P<0.05; 5LV-NCAth%k, *P<0. 05,
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124RIFIBRRS R RERT A SBU—H, EAMEEF
B UX S, 59, a5 SMMEPSA 4-10 ng/mLE
EX e a1l iRESIEa TR EIZ e “REK” . ZIEESMRI
B SN AR TR Ha5RENIZ ., ARBEZERE
MRIMNEMEEIFESZE(TIWIL TWI. ToWI-FS)EE S IThEER &
(DWI. DCE-MRI. MRS. SWI)fEXIai5RIMNEFRIL#ITES S
. ZFH. ZHAUDN, ERRPLIESMRIZET RIS
FERIAUC. SURMEMF R M2 5190.852. 85.71%M84.78%, 12
M ESFEMYERENBESMRISENE", B, &
ARIESL T ZESMRIZM R T IREAETLE,

RNAZ &2 H(RNA-binding protein, RBPs)5# 4R
HRNAZ S, HITHEIER G EMRNAREZFEYZEINEE,
RBPsEBEMIFMRNAIRIIEEER, UETFFIMEMNARS
RNAFERE &%), ZFRBPsHIR & RIXTEMIE & £ MEEHR BN
SIMREEER, SFEMARIEE. WEEK. B%. BBNLT
e, EREEATERL(ESRPL)E—M ERAMEIFS e EE
¥, ENFZAREE, Rk, B¥EIRE TESRPIERITIRE
BERSERA, 60, LeeZ™, RAGRBAKERNT 51465
FiyIRREE B EME AL IE EHLFESRPIMNRIKR, £RER,
ESRPI7EMEABLA TN EABESTFEFA, ESRPIZMEIER
HEBEMEVERNEERKREE, FreytagE "MRKE,
ESRPIBRAMEIFIBEEENTEEE, StinnesbeckE™ 4R
&, ESRP15gI7|iFEEENENTEREFEMIUER, KH
KK, REFYIREEENETREHLEHRESRPI mRNAK
FRHESTRIFIRIIMEAFIEERERE, STIAXRIRELER—
®, B, HELFEEMRESRPIERIFIAREFHIZHT AR A,
AR RE, Bi5RINEHRETHLAESRPI mRNAIZ BT R EAR 5
BREERIAUC, SRR R M2 50790.902, 85.71%7F186.96%),
BEERSLZHNE. #—FT2HETR, ZESMRIBESESRPI
mMRNAZKT R EAFI 7 IR RN ES TRIMiZE, EFBENIRRK
NMAZSEMNE,

A THERESRPIEFIFIREELAEABTNER, AHARER
T AR LAXNPC-3IMBRIRM, £RKA, THESRP1IAM
HIPC-34MARMILIE. THBMEE, MIEIFESRPIMERT K
RIER, XELERIFAESRPIERYIBEEDE—FMBUEER,
S£ERETNER—X", HtFERE, THEHREIRE
f, ESRPLEI X ZNEEFE(CD44. FGFR. PTBP1. LYN.
ENAH. SPAG1FMZMYND8%)#HITiEF M EI1Z R T fhE 4R
wEmMES Y ARAREBNERNNBE Y EEA
THRANAG. MEARERNEEMBREREAREAMMEI
& (Extracellular matrix, ECM)?, EF&BEH (Matrix
metalloproteinase, MMPs)ZMRECMINETER, FELL
MMP-2FIMMP-979 £, A FF3T#RFE FIHESRP1IN4I T PC-340
AMMP-2FIMMP-983 R, XulgeESRP1IAIEPC-340/a%%
BRENERZ— B, EMTEEH, FRAMELEMIERYE
REERERENEE, BARRE T EaEBRMEREDUME
FRECMBYBE N, At MEIEMTR2IMEIMEESIEE,
R&RATHEESRPIEHE T PC-34fEHE-cadherin BV R, #IHT
N-cadherinflVimentinfV5 R, MMiNGEI TEMT, EiXX#kis
H, ESRPIATZMEMTHEXERMNRIR, ESRPINGFRAIERH
TEMTRIMEEB Y, Xt#—F IFARRER,

PIBK/AKT{S S BEMNACEESMHAUNEETEEER, ©
S5QEIEE. RRENREREERNNLZTHESH, FH, PI3K/
AKTEEEBRETEMT ™, PIZK/AKUE R B ECE 7T @i B Fa
Iz A FiHIZ A-kB(Nuclear factor-kB inhibitor protein,
IKBa)SHSENF-kBP, XA RSB L S BUKBAMNF-KBIRE, M
MENF-kBE BT % EIMEZFHEEL N ERNE R, NF-kB
B EWIEASMBEMTZEYIERX, SELMNF-kBIEAREZ
RSEER(MMP-2FIMMP-9F)NIM(ER Tt F4£ S
HoERERY KRR TIHESRPLINE] T PC-34BMHPI3K/
AKT/NF-kBIBEEAYE(L, M_EIBESRPINIER T ZBERRYE .
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FagooneeZ AIRiE, ESRPIMERIAMIETAKT ™, SAKHR
LR TA], ESRP1AJAEETPI3K/AKT/NF-«BE AT R15 PR
HEEEMEIT A,

SEFR, AMRKAZESMRIBESESRPLIZ M REIFIT!
IREEERSM{E, ESRP1ATAEETPI3K/AKT/NF-kBER T /]
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