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IT B BUR: , LSD1 w5 AR 5T 4 28 1 18 13 (Matrix Metalloproteinase 13, MMP13 YR FEIE HIH] 40 25 - 17 (interleukin—
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Mechanism of lysine—specific demethylase 1 regulating castration resistance
in prostate cancer via the matrix metalloproteinase—13/interleukin—17

signaling pathway
Li Haiying , Fan Xiujie, Fang Xiuxiu, Wang Yunshan
(Central Hospital Affiliated to Shandong First Medical University )
[ Abstract] Objective : This study aimed to elucidate the role and molecular mechanism of lysine specific demethylase 1 (LSD1) in
castration—resistant prostate cancer (PCa). Methods : Bioinformatics analysis was conducted using The Cancer Genome Atlas (TCGA)
database to explore the differential expression and prognostic significance of LSD1 in PCa. An androgen—independent (Al) cell line
was established by subjecting the androgen—dependent LNCap cell line of PCa to androgen deprivation. The effects of LSD1 knock-
down on cell characteristics were observed, and the androgen—independent PC-3 cells were treated with the LSD1 inhibitor. A PCa or-
thotopic tumor model was constructed to investigate the impact of LSD1 inhibition on the sensitivity of PCa to castration therapy. Fi-
nally, transcriptome sequencing, real-time fluorescence quantitative PCR (qPCR) , Western blot, and chromatin immunoprecipitation
(ChIP) assays were performed to explore the underlying mechanisms. Results : LSD1 was significantly upregulated in TCGA-PCa and
castration—resistant PCa. Patients with high LSD1 expression had shorter survival times. The expression of LSD1 was higher in LNCap—

Al cells compared to LNCap cells. LSD1 knockdown inhibited the malignant behavior of cells and increased apoptosis. The LSD1 in-

hibitor suppressed the malignant behavior of PC=3 cells. Inhibition
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16 B 2 AR 40 #0321 (202134056) (IL-17) signaling pathway. LSD1 regulated the expression of

of LSD1 enhanced the sensitivity of PCa to castration therapy.
Mechanistically, LSD1 knockdown decreased the expression of Ma-

trix Metalloproteinase 13(MMP13) and inhibited the interleukin—17

158 H AR : hitps:/link.cnki.net/urlid/50.1046.R.20250618.1647.007 MMP13 by modulating the methylation level of the H3K9 region in
2025-06-19 the MMP13 gene promoter. Conclusion : LSD1 controls the expres-
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sion of MMP13 by regulating the methylation level of the H3K9 region in the MMP13 gene promoter, thereby influencing the 1117 sig-

naling pathway and playing a crucial role in the progression of castration resistance in prostate cancer.

[ Key words ]lysine—specific demethylase 1;prostate cancer;interleukin—17 pathway ; matrix metalloproteinase 13

A 81 95 (prostate adenocarcinoma, PCa) 4
P IR v AR AR IR — X A R
g R B T ™ R MV R AZ 1K (androgen re-
ceptor, AR) {55 [ 57 5 WG 7E PCa iE R i B 2%
B MR 135 97 15 (androgen deprivation
therapy , ADT) J2& Jy S E I 55 B4k PCa Y EZLRTTY
T3 AR 22 B A 22 AR 3R M iy 47 i
J# (androgen—dependent prostate cancer, ADPC) & Ji&
R EAHATIE T 51 B9 (castration—resistant prostate
cancer, CRPC)®™, JS A {ij 41] it 98 1 530012 I A
57 FBERWIdE A (H CRPC H & B USRS 25 5K
WS I, TEABESE CRPC 9 4 FHLH SRR B Y
TRYTHE A X TR B A A T R A A A R
AEEE X, CRPCHIRA LR — DRI
Z W Bl W R s R PR AR AR 7 X
S M R R B AR T ARy TR BRI R
AR FNE BB 2 5 S # SR8 A 7E CRPC Y
HE R b A A A0 R e R LIS L A Y
S, W DNA FH AL 20 8 B i LA 4 A% RNA
18RI, IR S CRPC /Y A& i AL %% U1 AH
KM R R S B L 1 (lysine—specific
demethylase 1, LSD1) J& — i O H 1% & 0L 35 1% I8 4
ity , HLOfefE Tt LR A S P AR A T B
P A8 1 A 81 1 6 PR R GK1Y, LSDIT A 3 i 1
X T YERRIE H A AN DD e 2 OC EHE (H H S 3R
s RE AR PR 55 22 Bl 1) kA K SR DI AR G, T
HORAE MR AR Y bt ARk A9 & B, LSD1
AR —A B A T A Tl , T ELR— > 2 DhRERYFE
SV R S BN, LSD1 REWS 55 % A2 1A
WOR 2 RS e S R A AR L Tl R R v Ry
H AR AR IC AL 1 H3 5 9 f i 2 e — W Rk (his-
tone H3 lysine 9 dimethylation, H3K9me2) A i F%
SERE . AN  LSD1 R 2 5 5 R AR OC
e SR DR, TN MR 2 1 53, S HL R SRt Sh e
TERR R Gerh, LSD1 S5 M ST 1 OB s 1
(rE1-silencing transcription factor, REST) /i 42 J6BR
i M U 2Bk I T (neuron—restrictive silencer factor,

NRSF) % s il 52 G AR BAE T PR 45 R 2 i 28
PR IL , 1 — 20 i T HAE 20 fiv i e Hh AR
R, AE e & et Fe v B2 )5 3h 1455 e s T
(E2F transcription Factor Family,EZF)%ﬂ%ﬁéﬂﬂH@iﬁz
JiE I3 17 9 2 A [A] U5 4 (myelocytomatosis viral onco-
gene homolog, MY C) {5 53 A Ay 240 Jiw Jis) 1A 344 G
P18 DG B R 4 PR, S TR 5 Mg 400 e ) PR 4
B 3 i B % M A DL R S oA AR N AR 2R
SRR A AT N B YA OGP Y, LSD i i K&
PR Ak 3% 1 T R L4252 M) E2F MY C 3 ¢t OG5
R EE M, B 5 H A s A
E AR P TR ) 4 30k 3 f , DA T e 400 ) 1 5
FAF G o AR H 2R . AL, LSD T AYFEHIPLA]
A REN CRPC B¥R YT SR AL AYSE .

AWFFE B AERAR ST LSD1 7E 25 H ik bt iy 471
S R N RV IN U R RPN = WA I i PR RA B 7/ K e =Xe i
Br ARSI AN T AR W) BOR  IEAG LSD1 7R TS
i e A T PR AT DR T S s ] RE
P, D Hir 8 i B2 B R T AU AL 5 HEET Y
PR A RN

1 #MREFE

1.1 ##
T 8] Ji 982 4 O 45 5% 7% 28 i & (lymph node carcinoma of
the prostate cells, LNCap) Il Fl i3S 1878 AE A BH A PR F
(7= 545 . CL-0143, H FE 3L ) . LSDL Lk (58 5 .
A1156) 4 H ABclonal 24 ®] ( 3% [H ) ; GAPDH i {4 (1% 5
60004-1-1g) 4 A Proteintech 22 7 (H E 73 ) ; Annexin V-
PE/7-AAD P T4 M7 £ (5555 : MA0429) I H K% 26
Y EARTG R A (P K% ) 5 Transwell 12 78 52 9832057 &
1245:3422) W F L EFET AR (D 280 ) s 25 R o,
A (575 : CBO33 1) W [ LA TAE W) TR R0y A BR A )
(i) o
12 &%
12,1 AUAEE 3R 55 ¥ LNCap A0MTEIF B A 10% R4
T35 F1 1% 75 55 2% -85 55 2 A0 RPMI 1640 B 3838 h 1595 . 40
i 1% FR MBS BERE M 37 ‘CHI5%CO,0 ¥5 LNCap 4175 &5 4
10% i P 2 A 3 25 B 1 M 8422 A0 B A 1 v P 3% 3R 44 2 LN -



— 1664 —

FRERAFFIR 2025 £5 50 &% 12 # (Journal of Chongqing Medical University 2025.Vol.50 No.12 )

Cap HER R AL M ANM R

INT PR A EE . LSD1 LK 1Y siRNA L S shRNA 7
GG A ) 2R AR BRA A AR R A BEER
siRNA \shRNA 5 B 14 X B8 5% U LNCap 41 i 24 h, IfF-if — 4
fiff FH 52 15 9¢ 6 a2 1 B8 5 Wi BE 5 SV (real—time fluorescence
quantitative PCR, qPCR) #ll & R @l sko%e . [WRd, R
JRENIEHEE AR (Western blot, WB) Kl LSD1 2K 14 &35 7K F- .
1.2.2 R Y H L Ak &k (3-4, 5-dimethylthiazol-2-yl-
2, 5-diphenyltetrazolium bromide, MTT) 325 #4545 12 51
EPRAETFUREAT MTT A2 o 14 58, H 40 B FH e 28 1 Al s Ak
FEIEL, SR T T B AR BE (1004 4L) ARG I TN S .
S [ AR FL I 10 WL MTT W, L3RS B4 fL
MTT B 2 0.5 mg/mLe BEJGER A PR T 405,
B2k IO B BEREA W . Fece , Mo FH i S 0 A6
FRTE 570 num AR AN [ Bisf i) o5 B RO
123 qPCR A& 3 [ 2 35 K 7 il FH TRIzon 3 3 2 47
RNA$REANME . SRJ5 , fli ] Evo M=MLV RT Master Mix #E17
3 5 St ffE F CFX Connect 5 i 2¢ )6 22 & PCR & 4t (Bio—
Rad Laboratories, Inc., 3% [E ) #F 17 52 B 52 )6 52 # PCR 704 6
o a M AACT 5 23 TR A A . GAPDH /E A
WZ. A3 T :LSD1:F: CAGGCATTGGAAGTT
GTCATTCA , R : ATCTCTGGGTGGCTTTACTTCAG; GAPDH :
F:AGAAGGCTGGGGCTCATTTG, R: AGGGGCCATCCACAGT
CTTC,
1.2.4  Western blot &l £ H i &k KF - ESLE8H, LNCap
4 85 3% 5 2 B OF 85 R £k 28 #h £k /K (phosphate—
buffered saline, PBS ) 1 , B & I A JHCT 6o 5 L3E 73 Mr 2 o
% (radioimmunoprecipitation assay buffer, RIPA ) Z4fi# 40 il , 7K
| Z44#% 30 min, 4 °CLA 12 000 t/min &5.0> 15 min, FIGHEBE
BEPAE . i BCA B B B, N A buffer fiff & 1148
P£5 min, T80 CORTE . 38 T e JL i IR 44— 5 D s ik
JHz B Jist HE YK (sodium dodecyl sulfate—polyacrylamide gel elec-
trophoresis, SDS-PAGE ) B33k 15 wL & FIRE &, 5 & PDVF X
JE AR B2 he il F—41 (LSD1 I GAPDH )4 “CIF & 1 1%,
WU E S, M Image J B EAT B (1 = A HT L DT 4 )
25
1.2.5 40 AN ARAG I A0 I T oK AR T
Ak LNCap 40 i 3 25 .0 W 4R 5 L 2R JT AnnexinV-FITC/PI X ¢
AT T . AN £ DY 1R (ethylenediami-
netetraacetic acid, EDTA ) {9 [J £5 [ B X I B 20 i R AT TR 4k 5
B 5 x 10* 41T, B A Binding Buffer 1F 41 il 5 57 2 5 I He
R ERE T K S WL W AnnexinV-FITC il A 2 3 =0
B IRAIE T EIRAEE M & T2 TE 15 min, LHL
AU S min N SuL PLEFA Y0, S s , i i X A0 iR
(Agilent,, H FE AFCM ) A 20 M 98 77K F o
1.2.6  Transwell {2 22898 % IC & 4 ) Matrigel B il A
Transwell /NZ 9 - 28 5B , 1.5 35 o e o6 11 F s 2 B 4 1 401

THALHRD ] 12, IS I TC L 35 2R 10 sE B0 R AP R B 77
H: (dulbecco” s modified eagle medium, DMEM) 55 ##% , T %
T EAT 10% a2 M5 BB TR KN 3 TR i 57
ARG IR 14~16 ho KR E R AR 40 AT Y BEAT [ A
0.1% 45 i 5 4 4,20 min. 1 33088 T B3 AN HEBFATI IR, WL
T WO {E, RS A 3K
1.2.7 RNA I ¥ (RNA sequencing, RNA-seq) Il & 42 B
LSD1 s IRZH A RE AT 51 B3 PC-3 4l 3 (Prostate Cancer—
3 cell line, PC=3) B RNA J& , il FI 49 K 56 B2 714G A RNA 4§
B IE 2548 2100 K A bf i o8 e vk . RS AT L R AR
FrRfE RNA SCPE , 38 12 Tllumina il 205 7 45 2E 4705

K FastQC A4 (AR 0.11.8) K6 Ar R 4% 19 I 4 B s , 1
JH Fastp T B (MA 0.19.5) 5¢ MUEHE 40 21, i 5f 26 BR AR T
Fr 51 L T 25 95 G AR AR A B i R A o AR5 ] STAR [
X R CRRAS 2.7.0b) T H A 35 B4 )7 51 5 2 7% Sk [X 2 kA7
HeXT, 8% J5 4 FH HTseq—count (RRAS 0.13.5) % 3k A HEA7 148
1.2.8 225 LR O0AT  JE T T e S AR v 0 A A
BB (fragments per kilobase million, FPKM )E X mRNA %31k
KOV AT E R AIIHT . 22 7 IR B (differentially expressed
genes, DEGs) % i 1% il i DESeq2 %% /463 (version 1.42.1) 58
J, PAGURR JE DR 3T 5O A R i A HiE o DEGs 110931 5 s v
A IE JG P AE (padj) <0.05 H. 45 %] log2 75 645 %4 (llog2Fold-
Changel)>1, 1T ggplot2 42 (version 3.4.4) A 4k 73 Bt
SEAL LG SO BT (R IR 28 5 36 3Rk RV A O3 A1 ) A R] (52
IBE R IR ) |
1.2.9 JENIHEESHT D9 AL LSDI R %) 20 g 2h e 4 52
Wi, AHIF 5% 2K A ClusterProfiler #0441 (v4.10.1) & Metascape
TE 28 53 11 F 5 (https : //metascape.org ) ¥ 25 57 3% 15 36 K
17 F P AAKIE (gene ontology , GO) , AT GO TIRETE RS HUAR
F N5 FH 4 H R4 (kyoto encyclopedia of genes and ge-
nomes , KEGG ) i % 5 46 70 A7 , S8 35 1 IR0 8¢ 5 Ay 2R i L
K (false discovery rate , FDR) ¥ 1E J& P1i<0.05,
1.2.10 FENEFTESNT  BiF IR 4805 (the cancer
genome atlas—Prostate cancer, TCGA-PCa) M\ Xena 3 [ 21 2%
S B (https : //xena.ucsc.edu) AR HL . 3 T~ 3 K 4 & 447
H7 (gene set enrichment analysis, GSEA) J5 % , R A58 4 LSD1
FER Bk Ve N S A i TR SE R 5 LSD1 RIR 1 f2
IR A O R B (pearson correlation coefficient) FA I HER .
i 15 ClusterProfiler 2463 18 1 43 45 1iF U4 )22 (Molecular
Signatures Database , MSigDB) [ A5 i P4 3 X 4 (Hallmark : h.
all.v7.1.symbols.gmt) X KEGG i i % [K 4E (2. cp.kegg.v7.1.
symbols.gmt) YEAT & £ M, B8 M B E & brfEfb & 4%
843 (normalized enrichment Score, NES)>1 H 84 15% & 9%
(false discovery rate, FDR)# 1FJ5 P{E<0.05.

fi7 I GSEA B4 X5 W )5 48 4T T GSEA & 840 #7 .
GSEA #14 T~ # (https : //software.broadinstitute.org) » 3T 1
FErh REA ST g sh-NC LA K sh-LSD1 4, FE4id 22 5 43
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J& B AR 2 4 1R) 22 S TR A 91 3R % log2 A HUE 1k
(log2 fold change, log2FC ) i) K /N T 1og2FC HEJT 19 3
G132, 2 IR0 T R E B0 15 (molecular signatures database,
MSigDB) {45 25 P 3 K 4 (Hallmark : h.all.v7.1.symbols. gmt)
HEATE BT . 8 B T ggplot2 6 (v3.4.2) FE 1.
1211 225 HUs RHA O SRR L B
(gene expression profiling Interactive analysis, GEPIA ; http://
gepia2.cancer—pku.cn) HI T Al LSD1 7E% 5 1% HZ Y
RIKZE S LR E, P IR HGUREA RS A TCGA-PCa
(the cancer genome atlas—prostate cancer) 1 GTEx (genotype—
tissue expression project) F 4 & A 152 4] , 98 5 A AT B
TCGA-PCa HHls 5 492 ] , 72 5 3 3K B {H B E 4 llog?2 fold
change (10g2FC)1>1 H. P<0.05 , A= 4743 17 2% H log—rank ¥ 5 Jf:
18 73 Kaplan—Meier il 28 J& 7R 5245 72 (overall survival, 0S)
B 4i7. (2 5 o 22 9 9 005 4377 & (Ualean; hitp : //fualcan. path.
uab.edu) A F 47 LSD1 2 ik 5 il 98 #5 (1 53 (tumor protein
53, TP53) 28 A8 MR A5 (Y S 1k (Student” s ¢ K %5 , P<0.01) K&
TCGA 72 Ji5 85 £ (pan—cancer Atlas) WP LSD1 f%) 155 J i 32 3k
B 2 8B KR T Ualean BRINEE BT TCGA bR LA 5%
AR
1212 PCa SR AWFTE 19 3 250 & AT 1L AR 5
— BRI A B I v B e S 6 Sl ) A A B A R D1 23 Y
v CHE 7 5 - INCH2021-120) , 52 56 3o i v 7= 4 57 1
“3RV RN, Sk S IR, O R BT A A
VARSI o PR PSR LR IAR A S BEAT, 52
Bk A rP 0 S AR A AR BEAR AT 2 TR B D2 R
FIRG AL o 4~6 Ji it 1% i P AR SR o IR P T 9 109% S K 45
WIFEATRREE . 7E Leica M651 /&ML {2 #8%5% (Leica Microsystems
GmbH, Germany)Tiﬂ:ﬁ?ﬁﬁﬂ N PC=3 4l M AY 3 5 . B
K 20 WL PC-3 40 IR R (2x1074~/mL, PBS &5 ) 7 5 1]
/NS RTZ BRI rh o AN RSy D 5 4 - X IR 3R
T2 LSD1 i fIZH . GSK2879552 1A77 20 Fl GSK2879552 447
B R HIATT AL, GSK2879552 &b BRUZAE X /INEUHEA THE
UIETES
1.2.13  4e {0 i 4 $% UL JE (chromatin immunoprecipitation,
ChIP)  ChIP 525 {#i Fif Magna ChIP™ A/G ik #] & (185 .17~
10085, Sigma—Aldrich ) Jf- 7™ A% 5115 156 B 5 U 72 < 4l ML 48 1%
HHE (37 °C) 223K 10 min J5 , BILA H 208 28 vh il (49 2
0.125 mol/L) Z R & 11 M 5 min, PBS PE ¥ 3 K5 AR T %
B A0 AR 5 A SR A 2 b 5 T €0 BT o R P R R A
(750 W,25% H1%, 10 s B 75/10 s [B]8R, 7K 1955 2 min, 37
UAEIR) 35 Y] 2 200~500 bp F B, B3 IMA H3K9mel 455
PEPUAIEAT S DUTE , e 258 3k qPCR JE 18 [0] DNA F B2
1.3 %itF75 ik

A58 % H] GraphPad Prism 9.0( GraphPad Software , San
Diego, CA, USA) AT G270 Hr o Pr AT S ¥y sr 52 3
U, TR L I+ bR 22 (v £5) FR o i 4 Shapiro-

Wilk A6 46 96 UE RS IEAS PR, SRS REA 4556 LE AR 1SD1
TER LV 55 AL AUP IR 3K 25 57 (U5 22 FFVE LR Levene £
BRI o BT GGG Y UGG, 46256 7K T @=0.05

2.1 LSDI# kx5 PCatil/s®y % %

KT HRFELSD1 M PCa HEJE 1 5C 3R, B e e 28 L5008 2
HRHT T RS AR R LSD LAY ER A . AN 1A TR, S IE R 41
SUH L TSD1#E K ZH0miE L FJaRA . FIBANIC R T
LSD17E TCGA-PCa LB [0 [l}, TP53 2842 20 1Y) LSD1
REWE & TFAERDHE D). BLA, T E A
(disease—free survival, DFS) 455 il /n B 635 79 1LSD1 B FH /Y
AR TRk B (B11E) . B LSD1 7E CRPCa Y i i
IR . X EERIEIR LSD1 W 635 T /8 IR 1Y
FRIPUETE R
2.2 LSD1 # &A% % LNCap—Al 28 8, 3 H 3k bk 09 3% v

T HFLSDI RS 5 T PCa (i HE TR, o
SE 38 T %] PCa ME I Z KM 41 i 2R LNCap #F47 HE B R #1254k
PR e I R AR P (androgen—independent , A1) 41 fifd 5 .
9T VP4l LNCap—-ALZH A 302 A5 I 22, Kl 7 PSA (3%
ik S5 R LNCap—AT 20 i 1 41 B 4 53 P 05 (prostate—
specific antigen, PSA) Y 3 ik W] i % T LNCap-AD 4 (¢=
4785, P=0.008) , $2 75 LNCap-Al 40 il R i gt . 254
T LSD17E3X 2 ZH 4 il &= P i 3R36 . AnI& 2B fir7R , LSD1 7
LNCap-AI 4 i & o mRNA FIZE 15 (0 3k 25 0 8 T 55 (o=
-11.505,P<0.001;1=—25.873,P<0.001) .,

FEF ok, B RNA T30 B0 AREF T 2 S 1Kok 4 i &=
LNCap-ATH A LSD1 HHAT T 2R ik . 383 qPCR HAR K
LSD1 ) mRNA 7K, 45 5 i 7% siRNA 1 1 siRNA2 ¥ BERH .
AR LSD1 (335, Jo H2 siRNA2,, B BR AR # i 509 (
3A) . FETIREE S, B Western blot SZIBHIE T 1LSD1 Ak
ZH LSD1 B3k, & AN F NC 41, LSD1 i {4 LSD1
F2IK W) L 4 I% (1=8.392, P<0.001) , ULIEI 3B, 33 F KA A%
20258 T LSD1 MRS LNCap—AL 210 22 St A= W25 A7 M 1Y
RZM o MTT I Transwell 12 28 556 245 59 B, LSD1 @i X5 |
LNCap—AT 4H i (1 15 G815 1 AR 2268 71 01 SRS (181 3C Fn
E). TR LS FER M, 5% HR siNC A Ltk , TSD1 m {41
AN T3P BN (:=32.533,P<0.001, K13D) . |iR%5 4%
7R, LSD1 AR RERS I 0% LN Cap- TR =501
2.3 LSDI1 #74) 7 GSK2879552 #F PC-3 %m s % T bk 2 2 5
Eep R kAL

LSD1 4l 5] GSK2879552 %t PC-3 N E A ) 447 A B 5%
W, T SGTE PC-3 4i it 5 rpidk 33k LSD1, PCR Al WB i B
T LSDI1 R ik (I 4A) . MTT Fl Transwell {2 2252 5
% %2 T GSK2879552 X} PC-3 41l fig Z 34 5if Al (= 22 it 1 hY 3¢
Wi, 455, PC-3 41 i FH GSK2879552 4bFHL 5 , 38478 7% 7
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LNCap- LNCap- LNCap- LNCap-
ADZ Al ADA A4l
PSA wwws wmm® 30kDa SD1 - 17 D
GAPDH e s 36 kDa GAPDH e 36 kDa
1.5 a 4 b 1.5+
% X b
N - 3 5] e I_l
% 1.0 ® & 1.0
B = -
x = =
R £ 21 =
= z i
= 054 e 4 0.5+
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