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ABSTRACT Objective: To explore the downstream target genes and the regulatory mechanism of transcription factor LHX9 in
human ovarian granulocyte cancer cell line KGN. Methods: Firstly, we used real-time PCR to observe the expression of key genes in
gonadal differentiation and sex hormone synthesis in KGN cells before and after FSH intervention. Next, we used cut&tag sequencing to
identify the target genes of LHX9 in two groups of cells, and we verified the transcriptional regulation of NRSA1 by LHX9 with dual-lu-
ciferase reporter assay. Results: According to real-time PCR result, we found that the expression of LHX9 and NR5A1 genes decreased at
mRNA level after 12 hours of FSH treatment, and conversely, the expression of StAR and CYP19A1 gene increased. Through cut&tag
sequencing and bioinformatics analysis, we found that LHX9 downstream genes are mainly distributed in endocytosis, cell aging, tumor-
related pathways, cell cycle, apoptosis, oocyte meiosis, estrogen signaling and other pathways. LHX9 transcriptional regulates some key
genes which regulate gonadal differentiation and steroid hormone synthesis, including NR5A1 and SOX9. And dual-luciferase reporter
assay confirmed that LHX9 directly binds to the promoter region of the NR5A1. Conclusions: In this study, we use cut&tag sequencing
technology to characterize that LHX9 has transcriptional regulation of key genes during the process of gonadal differentiation and sex
hormone synthesis, which is of great significance for understanding of the role of LHX9 gene on the reproductive system.

Key words: LHX9; cut&tag; NRSA1; Gonad differentiation

Chinese Library Classification(CLC): R-33; R593.4; Q492 Document code: A

Article ID: 1673-6273(2023)24-4601-06

*ILETUH  E K A RRE R4 H (82270826 81873652)
YEZ R 45 (1991-) 2o LA oE AR, EBAFSE 7 1) : M & B 5% %0 , E-mail: wujingmirror@163.com
o SEWER : TR0, 2o, WA I, AR BRI, LTI MR B R , E-mail: qiacj2001@126.com;
RVAR, 53 WA S0, 030 , 20580 1) - 43 MRS , E-mail: huaidong_s1966@163.com
(ks H 1:2023-06-06  $2257 H 1§ :2023-06-30)



- 4602 -

DREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol23 NO.24 DEC.2023

YN

]

o}

LHX9 2% 5% [F 7 LIM [FR G5 R KR 5, 751 2
P RGN A 23k, HLUn A RE IS T Bt /N,
VAR B IR, (RIS T3 43 A7 E R iR A i DR AR
I, 5 A, /B Z Lhx9 23k B FIS A AR 41k
SR US Birk 22 E FSY T 1hx9 7EPENE & B ok R R ) SCEE
F, &I Thx9 FE DR a3 04 /N B, P B A 4 1 e 1, e
KBS N B 0 s ELk A= B2 R L S b v
G ER (AMH) I /N R, 72 R B B b 2 th S fb
A, MbAh, Lhx9 B FR3K 5 A [R50 Rt 48 M %) 43 Ak A 56 o
Mazaud 0% BY R T Bz 20 M 5316 Sertoli ZH AR, A& 51k
PERR A9 Lhx9 Fih3H 206, #2141 Lhx9 2B Ik T A Al alifik iy

Lhx9 A By FiESFHE A RN F | 2R S, A
20, BB LONRSAL) U JE R ik , 1% A R il LA ZE IR Y
Rik S HREEEE A LIS gD 25 Fh IS B R A UEF(CY P19,
CYP11,3B-HSD), IRZEIM 3 , I45 A K Z Mof STARMf
EREE A . L, Lhx9 Xt P48 B &4 5 0 S E A il 2 X
B TE 46, XY YEA B RE (46,XY Disorder of sexual develop-
ment,46,XY DSD) HEFE T, BATEI T PGB 3 ETE
LHX9 R A G RA M G284, i T1F DSD R,
CEA&LA TR HA R R G IEN YR L E 7,
I, Thx9 S5 PRI ] BETE 3 26 ARF Y &9 it SR Ve o 48T, H i
A AhE 0 T Thx9 ZEPERR 7 T AR IR

Cut&tag $ AJE—IHT 5T DNA 528 H B AE R =i
HEAR EYUAS T, FIH T3 5 BRI B 4 & FHE
Pras F s R el SRR R L4 G g B R T B Y
DNA {4 )7 BAEIF S8 U A, 2021 4, Bartosovie M4 75 #L
YRR, FIH cut&etag 52 AR 4347 /N R AR I 4 R 58 &2 24 1Y
2R BN SRR, B3R T 26 FIG R o 7 o 7 LA
f& (H3K4me3 .H3K27ac F1 H3K36me3) #F1 4F 7F Bk X J§
(H3K27me3 ) 20 2 (A& A RFAE , I8 0 B4 Cut&etag FRE
TSR SR EF OLIG2 Fighi% 25 1 E AW isr RAD21 #E 5
ARG (0T Y 4 2022 4F, Xul 4 R A cut&tag )i 2
PEBEME (I A0 S R RE S v 3D SRR A e Ar . AR ST
cut&tag FAFEN TN SR 21 bk KGNUffFgy LHXO iz
PR, T IR UE LHXO SR PE IR b G R NRSAT By,

| AR i

1.1 ZHRER F ik 7

KGN 41 it (o = R4 2% Be 40 M )2 ), DMEM/F-12 % 57
(Gibco 24 #]), I 4R 1% (Gibeo A ] ), BRI Hil % 2 FSH(Jt
KK ), Hyperactive® Universal CUT&Tag Assay Kit for Illu-
mina (Vazyme,TD903),LHX9 BA 77 [ Hi{& (SANTA CRUZ
BIOTECHNOLOGY ), -4t B =t (B 5t i P e A W RL B B 407
AR/ T ), Trizol(Invitrogen ), RT-PCR ] ( TAKARA ), Lipo-
fectamine 2000 (Invitrogen, Waltham,MA,USA ),
1.2 EWHE
1.2.1 KGN fatEss K KGN 4 AR AT U, iCE 7E
37 CIEIR A AR N PRIEUR T3, AR AN 8 P b =5 i R B R

b B H S 1 Rt

122 KGN 4B mmz54bsE  HOs B KWIAnH, LB rg
-EDTA JHAbi 1L, 4L 3.5% 10° el T 6 fLAR b, ik
BT 37 C 5% CO, ¥ 3efa1d . i HHE J 100 ng/mL"f) FSH
ALFRANG 12 b, % BRAUIA S i A 3R K, AR 4R LA Trizol
B RNA $EEGAFF HE B M N 5L RNA |, Nanodrop 4366 R
& RNA VR KA 4% 1% I TAKARA RT-PCR i) & 15t
4 RNA 04325 cDNA JEHEFH 4. GAPDH 14 5.
2 TR T

1.2.3 KGN ZHfa52 T BA N cut&tag SLEMB IR NE  fHiTH
JBRRE T TR B AL AL SR A L, 43 50 B FSH 403 12 h
FUXS HRAL AL, A 1% PBS EEE LRSI IR, 4 FH 40 M 1 5504%
THEL, JEL 1% 10° A7 48 23206, 9.0 R BR B3, A 41 i
S S AR A, S 16% P R IRE E 2 4, FmA
2.5M HEmRT A, B0k L5 EEANM, B TR Hyper-
active® Universal CUT&Tag Assay Kit for Illumina (Vazyme,
TD903) #EAT SC R £, fili i ConA Beads 5 Hif T 44 5 15k ) 201 ffd
BT, 3% PCRAETCE TR L& BIEIMA—HL 1R
BENRSME IR, B R PCREWE TR M X B
JFIAZI L TEENE S =R E 1 /N, )5 i pG-Tns
HATHEY], f5cJ5 {4 F DNA Extract Beads $2 0% B 5117 PCR
P4 A CUT&Tag 3CFEIFE Nllumina Nova Seq 6000 -4
LA PE150 BT

124 £MEBFSH B, WAV TrimGalore (A
0.6.10) = 8k 41, HAKRS$) . -q 25 -phred 33 --length 20
-¢ 0.1 —-stringency 3 -paired, XJ5, Ff1{#H bowtie2 USI( A
22.5) ¥ KRB LI WITA LS B AR S HIL RN (A
GRCh38), H. k% % & :--very-sensitive -X 2000 --no-mixed
-no-discordant, []f}di ] samtools [ view T.ELF#44 >k bam 3
o T—25, A1 A sambamba®( kA 0.6.6) 2<%k PCR TUAx
J#91, SRJG, FAT I deeptools®I(Jfi4s 3.5.1) T H 1y align-
mentSieve --ATACshift T H.KER Tn5 B AR Obp ik, K T
AL cut&tag HdE , F A 118 FH deeptools T. L) bamCoverage
A il bigWig SC, E AR S %0 :--binSize 10 -normalizeUsing
RPKM, /i, FATMEH SEACR(JRA 1.3) T ELAY strigent Fx(
XPEARIEA T FoATiE— 2 RIEF (WA 4.2.2) #1715
ZEo3HT . Sl ] ChiPseeker™ fu fE47 W () 1 ¢, Horh tssRe-
gion Bl -2500, 2500, B J5 fdi A clusterProfiler ®' 413k 4T
Kegg K GO HyRE,

125 RAFERMELERFEENE 29T MR T
37°C 5% CO, HuFREERBEA T, Fegeni—KLL 2% 10° 1Y%
JESEFD T 24 LR TR B U I Al B 2 RE IR B 70% ~
80%. ## 1 pL lipofectamine 2000 %% Yei{ 5] (1 L/ FL ) F5 B2
50 pL Opti-MEM 155 Herf 5 R, 44 23 4300t FR sl B A 78 LHXO
i F kTR (pcDNA3.1-Vector &Y, pcDNA3.1-LHX9-WT ) (200
ng/ L), &9 LK ) 5k (pGL3-Basic-NR5A1 promoter )
(200 ng/ FL) FA &1 B 526 R B EEE (9 9 2 W0k (pRL-TK) (10
ng/ fL) =F WM B 50 pL Opti-MEM K F ke h , & R &
5 min 5,4 FRPEIRA SR G, FIRIEE 20 min
Ja AR, 6 h J5 |, T & 3 55570 37°C 4k



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol23 NO.24 DEC.2023

- 4603 -

ZEIGFE 48 h ), RN Gl WA A3 EA T R L 2R R 5 FE K]
Rzl s BEFLA A 100 WL 20 i 2447 W, %= 3R% % 20 min )5,
FLUZHL 20 nL 24 3T A6 96 LA, &fLInA 50 wL
LARIL , RFTIR 5T )5 FIBGAR S AT B BUR S 5 P76 [/ — L
JIA 50 wL Stop& Glo Reagent, W TV 5] Ji F AR A 712X
R MR 58 BT A LI EE, T Z 8] 5 LUAE, RIAAH
R

12.6 itz FiE W SPSS 20.0 Si 253 4 #4750 7
B, ORI LR T t #6456, Graphpad 8.3.0 4k, P<0.05
RESAGIFE L,

A

w

NR5A1
LHX9 <
S s g "
% E *%k
5 *%k o ° | —|
e 1 § 210
s 210 2§
28 8%
g: EE 0.5
5805 s e
o >
£ 5
s S 00
T 00 [
2 P, oh  12h

2 R

2.1 FSH 4h¥2 KGN 4ff1 12 h /5% T8 LHX9 1 NRSAl ik
{K,StAR #1 CYP19A1 FiLiEEH

FATXT FSH 43 12 h J5 9 41 Jia A0 % B 20 40 i 4T T
LHX9 NR5A1 StAR F1 CYP19AT Ft[H (19556 2 f PCR &,
25 2P0 LHX9 1 NR5A1 7E FSH 43 12 h j5 ,mRNA 7K
HBLTF I, StAR F1 CYP19AL FEPH Y mRNA /K- k38, 4N
S

StAR
e

CYP19A1

*kk
—

»
°
a

-
o
w

o
L
(fold change)
N

-

Relative expression of mMRNA
(fold change)
° -
° °
Relative expression of mRNA

o

Oh 12h
Oh 12h

1 KGN #ffmin FSH 438 f5 LHX9 NR5A1,StAR K CYPI9A1 EEH mRNA FRixZE{k
Fig.1 The expression changes of LHX9, NR5A1, StAR and CYP19A1 at mRNA level in KGN cell line after FSH intervention, **P<0.01, ***pP<0.001.
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Fig.2 Distribution of peaks identified by cut&tag around the transcription start site (TSS) in the control (A) and FSH treated group (B)
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Fig.4 KEGG pathway annotation in the control (A) and FSH treated group (B)
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Fig.6 The result of dual-luciferase reporter assay verified the binding of
LHX9 to the promoter of NR5A1
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