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(P<0.05), ChIP-qPCRZ}HTtHIGIE T X Fp A A5 ML (P<0.05). £5i8  KDMSC ZE ] YR 15 5 PR 40 i YAP1 JE IR 3 3 1Y
ZH H I H3K4mel/me3 HEEAL/K T, HETIREI YAPT BEPR S 5% . YAPL 4 I 4E  Hippo-YAPL Il B IAZ L IF -, Hkah ks
ELAERS AN RER . BRI T AR R, SEI S S e S R A R R

[KBIA] EEUE; AEA LW SC; Fordy; Yo iy ; Hippo-YAPL i

Preliminary mechanism of KDM5C regulating the occurrence of human cervical cancer through the
Hippo-YAP1 pathway
Liu Xu"?, Zhang Xin-Ran’, Li Tang-Huaz, Zhou Wei’, Liang He-Miao’, Gao Wen-Zhen', Zhang]uans, Miao Lin*, Chen
Xiao-Hua""

'Department of Laboratory Medicine, General Hospital of Central Theater Command, Wuhan, Hubei 430070, China

*School of Basic Medicine, Ministry of Medicine, Hubei Minzu University, Enshi, HuBei 445000, China

*Department of Reproductive Medicine, General Hospital of Central Theater Command, Wuhan, Hubei 430070, China

*The First School of Clinical Medicine, Southern Medical University, Guangzhou, Guangdong 510280, China

"Corresponding author, E-mail: cxhniuniu@163.com

This work was supported by the Scientific Research Project of Health Commission of Hubei Province (WJ2021M219), the Young Top-
Notch Talent Cultivation Program of Hubei Province (HBP-[2021]10), and the High Level Scientific Cultivation Project of Hubei Minzu
University (PY21007)
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cervical carcinogenesis through Hippo-YAP1 pathway. Methods Using CaSki cell lines stably overexpressing KDMSC protein,
whole transcriptome sequencing was performed by RNA-Seq technique, and differentially expressed genes were analyzed, and then
GO analysis, KEGG analysis and protein interaction network analysis were performed on these differential genes. After that, siRNA
knocked down KDMSC and reversely verified the expression changes of key regulated gene Yes associate protein 1 (YAP1) by RT-
qPCR and Western blotting. Meanwhile, in CaSKki cell lines, the effect of KDMSC protein overexpression on the methylation status of
YAP1 gene promoter region was analyzed by chromatin immunoprecipitation sequencing (ChIP-Seq) and ChIP-qPCR methods.
Results RNA-Seq analysis showed that overexpression of KDMSC significantly up-regulated expressions of 356 mRNAs and down-
regulated 335 mRNAs expressions (P<0.05). GO enrichment analysis showed that KDMSC protein was mainly involved in various
biological development processes of the body. KEGG enrichment analysis showed that KDMSC protein was mainly involved in focal
adhesion, steroid hormone biosynthesis, Hippo-YAP1 pathway, FoxO pathway, apoptosis and infection. Further RT-qPCR analysis
showed that knockdown of KDMSC with gene specific siRNAs could up-regulate the expression of YAP1, and Western blotting results
also confirmed that reduction the expression of KDMSC protein could up-regulate the levels of YAP1 and phosphorylated YAP1
simultaneously (P<0.05). ChIP-Seq analysis showed that KDMSC overexpression cell line could significantly increase the H3K4mel
level and decrease the H3K4me3 level in the promoter interval of YAP1 gene compared with the control cell line, and this expression
change was also verified by subsequent ChIP-qPCR (P<0.05). Conclusions The KDMSC protein regulates the methylation level of
the histone H3K4mel/me3 in the YAP1 gene promoter of cervical cancer cells, thereby affecting the transcription of the YAP1 gene.
As a core factor in Hippo-YAP1 pathway, the expression of YAP1 protein directly affects cell adhesion, proliferation, and apoptosis,

thereby participating in the occurrence and development of cervical cancer.
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1.1 FEZGH AR MR 4R LV . RPMI 1640,
Opti-MEM. T ()% R IE W A 22 E Gibeo 24 H],
Lipopfectmine™ 3000 4% 44171 . = {4 YL 2E ] Marker
4 B 3% [E Thermo Fisher 227, RNARBGRFH & B
FH Omega A F), YAP1 Z sifEdHiiR . YAPL #5721k
(ser127) A ¢ & BT /K . KDMSC B 53 B 4t 1K |
H3K4mel 2 5 BRI H3K4me3 £ va eI [ 55
[E] Abcam 7 F] , Protein A/G i Bk W H 3¢ [El MCE A
f]; SYBR GREEN PCR Mix., JX#%54i85 & . Fhitk
IgG Pl . B-actin Z yifEPLIAR . 1gG £ wabEPLIAN
RIE R AR A BR /A H], PBS, KERSEEZE I
CCR-8 frill i & A i3 = RAEYE ARG RS
A, PCR|IYHIsiRNA Yy b g TAY) TRRA R
NGRS 907
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1.2.1 AR IR SRR 5 5 S0 40 A CaSki( 7
HPV16 E6) Il [ 55 [ #7157 35 W) L4 6% 0> (American
Tissue Culture Collection, ATCC), Phage éﬂ(ﬁi’éﬁjﬁ'



HE2H) . Phage-KDMSC 41 (4 % ik KDMSC 41), KO-
Vector 21 (@ B XF B8 41) 1 KO-KDMSC 4 ( i bR
KDMSC 2H ) Fet i 40 il 2% 1h A% 52 36 2 iy S0 A el O 16
Y, CaSki 4N (0 ] RPMI 1640 15 77 5685 9%, 4N
JREFE Ay FEFREEINA 10% JIG 4 L35 F1 1% 5
B R/ R RS, R A AR AR SRR TS
2 ng/ml (YIRS 2 . K AIMIE T 37 °C. $% CO,H%
FEAATP IR, R % B2 3k 80%~90% I #EAT 11X,
oS OB A LA

1.2.2 B SEALI FE (RNA-Seq) Fl 25 5 5 X 2 35 4 #r
Wi 4 Phage 21 J Phage-KDMSC 414 i1 45 131074~ PBS
PE2UK, 43 BIINA 1 ml Trizol 4 i % I 24 # S min,
B 1.5 ml JC RNA i 5.0 4 IR, &7 F
UK RAF . RNA SRR 3L LRI 434 el AL 503
RECERH A A RA R 58 22 52385 Al
Cuffdiff #1F, MG LM E E%E, Xt
mRNA UL AT 2255347, PAlog, Fold Change::
logz(Sample 1/Sample 2)=1.3 H. P<0.05 SR BE— 25 0
1 22 57 ¢ 1k FE A (differentially expressed genes, DEGs).
2RI FARL ORISR o AP R 5L 5 5%
1R 1Y 22 5 5 SR AR 1Y 2 1 (FPRM) R 3A K F-, DA
log,,(FPKM+1) i 17 )22 I 2R 2 (hierarchical clustering) 73
Br, @RS RN, 3 ORIRR IS
1.2.3  Gene Ontology( ] #X GO) & & /4t ik 5
KDMSC AHG I LN, WF9EIZ B A GO iy 4341
AR, 38 3 S g ) AR FE R D g A3, Go
EREINTITES Y GO seq™, I1K GO b 4h i
wAERE RS

1.2.4 KEGG &£/t Kyoto Encyclopedia of Genes
and Genomes (KEGG) J& A il % 1) 3 22 2\ I B 4in
JEEOO, AR T H i KOBAS(2.0) i 17 8 [ & 4 4
Brin, 5B R 4 PR (FDR)<0.05 (1308 % 1 XA 1 22
SFGRFE N R AR B, 4R LIKEGG B
HUR FIFIKEGG & A1 1 R

12.5 HEAEAEME 3 WIS STRING
H T B AEEHE 2 (http:/ /string-db.org/), ¥ ik 25 57
AR AR 2 T 40 46 3 PR A 1A T B 1V ELAR S B
IEICHRAL 2

1.2.6  AAIBEET LYY At i e A0 TR 2 B a5
Lipopfectmine™ 3000 (1) {ff FH 6 W o i#F 17, a7 22 20 3%
R e AR AN AL A= 1% B TR B 50%~60% I, {41
Opti-MEM 4 siRNA/ JFT k7 43 7 B Fo 22 150 I e 4 ok i
e GGG RIRS), BIREE 1S min 5EHIRG
Wy 24350 s 0 3] I 1 T 5 7 0 40 i v 4k 228 5
6~8 hJ5 T4 hy RPMI 1640 58 &5 7 5605 9% . )
24~48 h WOAR A0 I HEAT I SR 52 o AL R Y
sIRNA JFFI 41T : KDMSC-siRNA1, GCCAACCUUGU
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GCAGUGUATT; KDMSC-siRNA2, GCCAGUGUAUC
AAGUGCAATT; KDMSC-siRNA3, GUGGACAACUU
CAGGUUUATT. siRNA-NC H 2\ @ 7E 45 i siRNA Hif
B W% ., B/ A NC-siRNA ZH (siRNA i I ) 17
20), KDMSC-siRNA1/2/3 4 (KDMSC % [ 4% &
siRNA1/2/3 wfRH) .
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PR S U B R AT 4RI S RNA 28k 0 o
J, B4 pg A RNA S sl G itb A7 B sk A 2|
cDNA, JH{fi I SYBR Yetehid il & A 7 52 i 2l e
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EGFR %5 HE R IR ARG o e Sk SR 9 1
PCR(RT-qPCR) 5 & ) GAPDH 3 [/ iy N S 5L X
P it G 92 HUTHE ST 96 E B PCR(ChIP-qPCR) 5K
55 LA B JE K 41 DNA(input) A 2 08, I8 FH 1gG 1E
KIBAPEXTRE . qPCR 33445 BIIE I B {8 (CefE) R H
2 AR R L R A G 3R K. SEERfH T Y gPCR
I WA 1. qPCR I 1A R 135 PCR Mix 10 pl, #5
Bz cDNA 3 pul. EFHETI¥)4% 0.5 pl. ddH,0 6.0 pl.
qQPCRY M55y . 95 CHIAEPE 30s; 95 C 155, 60 C
60 s(UAEDE ), 40 MIEFE . IEfR MR T R 95 C
30s, 55°C15s, 95°C15s, £03 CRE—KI,
1.2.8  Western blotting £ 1ll KDMSC 4% £ 71 ) 3R 34
KV HE B 1.2.6 A5 7253 SGTHEF A 78 CaSki 20 iR A
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CaSki Zfl it 5k 5 5% 4 NC-siRNA ., KDMSC-siRNA1/2/3
48h, SRJ5 14 H 0.25% R IE AL I W SE 40, SR H
RIPA Z4 fift 20 Mg I3 2 BCA P B VR &, e X
40 g o 2 AR Al P K 22 1 10 min. AL 10% SDS-
PAGE BE/E, HL UK 58 5 # Bk 5% 7% 22 PVDF I I,
It —Pu B A Z IR B 2h, AR E bR S 0 B
PVDF &L 59 J5 A H ARBo iR (75 B L5134 4 12 2000)
4 CWE R, VB3, IABMR L S Y BEbriC
B L =EBT T/ B IgG (6 B L A9 R 1:4000), EIRIFE
2h, TBST P& JE INA BCLAL: RG], FEmg %=
XL, WREE. e, FAEA.
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tH ChIP-Seq MM #1153 #7 FH 14 R B\ W) 58 J,  ChIP-
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%1 RT-qPCRAIChIP-qPCR KI5 #1551
Tab.1 The specific primers designed for RT-qPCR and ChIP-qPCR

A 51911741 £ (bp)

FX: $-TCATGAAGTGTGACGTGGACATC-3' 23
GAPDH .

X §-CAGGAGGAGCAATGATCTTGATCT-3' 24

1IEX: §-CACTACGAACGCATTGTTTATCCCTA-3' 26
KDMS5C

JZ X : §-AATGTCTTCCTCTGTGGGTTCCG-3' 23

1EX: 5-ACCCACAGCTCAGCATCTTCGAC-3' 23
YAPI

X X : §-TGTCTTTGCCATCTCCCAACCTG-3' 23
. FEX: §-CCTGGTCTGGAAGTACGCAG-3' 20
EGFR

XX : §-CTTCGCATGAAGAGGCCGAT-3' 20

FX: $-CAGTAACCGTTTACCCCTCTCAAGTG-3' 26
YAP1(ChIP) ‘

X 5-GGAGAGAGGATGTGCGAACCCA-3' 22

EX: §-GTCTGCCACTCACCATACCACA-3' 22
EGFR(ChIP) ‘

JZ X : §-CCAGTATTAAGCGAGCAATCATC-3' 23

RT-qPCR. [ S SEHF DG E 1t PCR;  ChIP-qPCR. % (0 i G ST vE SE T 98 58 i PCR;  GAPDH. 3-TR H il 20 ; KDMSC: 41

LM IALEESC; YAPL Yes #HOCHRIT; EGFR. REZA KT 24K

KDMSC 4 . KO-Vector 21 } KO-KDMSC 414111, FF
Az KB 3K 50% LAEJ5 i CCR-8 17 & 23 Sl 7E 0.
12, 24, 36, 48. 72h T 450 nm i< A0 AS I 0K O 2
(OD)fH, 6 NEfL, LHWHEE IR, T
o iR A BRI 5280 . 6 FLAR 43 Il42: 7 Phage |
Phage-KDMSC, KO-Vector % KO-KDMSC ZH4iffl, FF
A R B 35 90% LA 5 A 200 ol M Sk 147 4 i Xl
J, PBSIHEVEIG, ASA4EMm AT g, &
T37 C. s% CO,AMMsEFAa PSR, 40T 0. 12,
24, 36 hTEAHZE BB T4, WA KDMSC H £
K 28 56 A ML RS B 52, fe ] Tmage] 2400 2 )
JRIAIEEAE o SR AT BE AR FEARL (% )= (AN [ sf ] 5 53]
IR I BEAE /0 h JF 4R IR ] BE AR )x100% . SEH 5 3K,
1211 EAMMRERIAZE RS -8 i
GEPIA 3 (http://gepia.cancer-pku.cn/detail.php ) #£47
A IR R 25 S A T RN S AT, bR ik
5 i (cervical and endocervical cancers, CESC), Jif
Je FIORT I T i 2H ZORICH R A 5 T8 A 2 PR 2H 1133 (The
Cancer Genome Atlas, TCGA).

1.3 Guil“#AbBE R SPSS 22.0 BT G i o
BT, GraphPad Prism 7.0 K (&1 o Eds 45 4y it i 9%
Bl Phres 3R, Z410E BRI 2 J7 225007,
E—A WP HL R F LSD-t A B . P<0.05 W2 FAT 40
HED- 38

2 2 R

2.1 RNA-Seq &4l ™ i 5 L S F mRNA 22 55 K34
SPAT RNA-Seq 204 iR (A = i LR W, TLib 2
KDMSC 25 [ i % 35 41 (phage-KDMSC) i 2 X} 8 4
(phage) FEAS 18 1 J5 (1) 2 HUMH (reads) 7 HL ¥ >96%, 45

RRIEH A (0.01%), JTAH FESh Q, [H1>97.5%, Q,
B3 EZI 949, 3K INAE b I 57 A4 150 1 5040 6 A o it
BAF, FFEF AT AHOCEOKR , JE 2k E S
B3 F i U8 5 15250 (Clean reads) U PE . 1
43 BT E 1 3K KDMSC 8 115 22 57 . 3 1 mRNA.
225 3RIB 0 mRNA K ILE AN E 1A PR, 505 B3k
Fe#%, b 35 KDMSC $5 691 1> mRNA [ 1k U] i
%, Horh 356 4~ mRNA £ 0k 3 B9, 335 A4
mRNA KK B E T 28 5 Rk A R M
Kl 1B It 7 3 5 Hippo-YAP1 3 i #H 56 Y 25 & ¢ ik
mRNA {1 2 7R .

22 EHGOEEMT GOEESMERIIR, £
AWprrd R, KDMSC 28 H IR £ 2 545 Fh A4
WER(MHER, REE . KRG, EEY SR
., KDMSC 4 [ 5 B &8 ‘B it % (single-organism
process) *ﬁ?é@%l—% 5 Eéﬁﬂ@éﬂﬁ‘% M, fitt
(cytoplasm) . 4l il #% (organelle) F1 ifd J5T ¥ /3~ (intracellular)
() mRNA X KDMSC 8 [ #3525 5 52 s o W ks 7
Sy FUIREZ 1, KDMSC YJHE5 4545 (binding) Fl 4 1
455 (protein binding) % VI AH X (51 2)

2.3 KEGG & % /# #7 KEGG & % 7+ ¥ i %,
KDMSC £ 1 I 8 5 21 Jfd Fi Bt (cell adhesion) . ] 283
ZEYME IR (steroid hormone biosynthesis) R
(salmonella infection) , # T~ (apoptosis) . FoxO {5 il 4%
(FoxO signaling pathway) 1 Hippo-YAP1 {55518 4% (Hippo-
YAP1 signaling pathway) %5 #H ¢ (€] 3A) . Hippo-YAP1 {5
o MO DGR 1 ) 3Ra8 25 57 DLIA] 3B

2.4 HHABEAEME T I STRING & 1 U E A
B A A 20 RIS W] B R R I A9 mRNA,
B HEAEM S as R WK 4 s . S B B
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Fig.1 Transcriptomics analysis of differential mRNA expression

2 Hippo-YAP1 il #% 2% 5 %15 mRNA /R ]
Tab.2 Examples of differentially expressed mRNAs in Hippo-YAP1 pathway

2 225 mRNA GO & 45T
Fig.2 Differential nRNA GO enrichment analysis

1D 5 K 1ID 5 FL R 44 B KDMSsSC Vector longﬁﬁfﬁ P q

ENST00000367976 ENSG00000118523 CTGF 3.09652 46.827 -3.91861 0.000000 0.000000

ENST00000537274 ENSG00000137693 YAPI 3.02285 10.140 ~1.74609 0.000252 0.022419

ENST00000403999 ENSGO00000186575 NF2 0.223355 2.200 ~3.30034 0.000488 0.034564

ENST00000334310 ENSG00000187079 TEADI 0 2.639 0 0.000331 0.026741

ENST00000395748 ENSG00000109321 AREG 13211 64.203 ~2.28091 0.000000 0.000448

ENST00000536810 ENSG00000148737 TCF7L2 0.838952 0.049 4.08399 0.000630 0.040024

ENST00000376105 ENSG00000125968 IDI 57.0093 18.165 1.65003 0.000329 0.026711

ENST00000555925 ENSG00000072415 MPPS 57.0093 18.165 1.65003 0.000329 0.026711

ENST00000285018 ENSG00000154764 WNT7A 1.99795 0.136 3.87220 0.000337 0.026852

ENST00000258411 ENSG00000135925 WNTI0A 491554 16.194 ~1.72002 0.000141 0.015245
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YAPI 3 [H ) % ik (&l SA). RT-qPCR Fl Western
blotting Z5 4 .7, &I KDMSC £ H i F= A AT B i
15 YAP] JE K FEE 11 (19 43k (P<0.05) (I 5B, €), 1%
S B2 PHIESC Y EGFREEN —3), 5 RkEnT

B si-KDMSC 553638 [ . bAh, KDMSC & i
fRJE 2 FEYAPL 25 1 OB AR AL 18 55 (18] 5C) .

KDMSC £ o 34 41 il & i) RNA-Seq 5% 5% 70 1l 22 5+
WoR, T IA Y KDMSC 2 ] 78 5 5% K OF K

4 EAHEAER STRING L5317
Fig.4 STRING network analysis of proteins interaction
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