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Identification of BAP18 as a Novel ER Target Gene and Its Function in

ER Positive Breast Cancer
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Abstract ER (estrogen receptor) and E2 (estradiol) play crucial roles in the occurrence and development
of breast cancer, which regulate the transcription and protein expression of their downstream target genes. Identifi-
cation of new ER downstream target genes provides new therapeutic targets for the clinical treatment of breast can-
cer. This study identified a novel ER downstream target gene BAP18 in ER-positive breast cancer cells by Western
blot and qPCR assays. The BAP18 expression could be up-regulated by E2 and ER, while its expression decreased
following antiestrogens such as tamoxifen or fluvestrant. Potential ER binding sites were identified upon the pro-
moter region of BAP18. After the construction of luciferase plasmids to detect BAP8 transcriptional activity, lucif-
erase assays and ChIP assays confirmed the ER binding site and the activation region. The EMSA assay confirmed

that ER could directly bind to the promoter region of BAPI8. Finally, targeting by CRISPR-Cas9, it was found that
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BAPI18 knockdown could slow the growth and proliferation and increase the apoptosis of ER positive breast cancer

cells. This study identified BAPI8 as a newly discovered downstream target gene of ER, which plays a vital role in

breast cancer. The discovery of BAP18 is expected to provide a theoretical basis and a new therapeutic target for the

clinical treatment of ER positive breast cancer.
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Table 1 Primer sequences

JZ A 514(5'—3")

Reverse primer (5'—3")

S 51 H(5'—3")

Name Forward primer (5'—3")

qPCR

BAP18 TGG CAT CTG GTG TCT TGT CA
ESR1 GAC TGC ACT TGC TCC CGT
GAPDH CAG CGA CAC CCACTC CTC

Plasmids construct

Promoter-1 GGATCG GAG AGG GCC TGA

Promoter-2 GAA GAA GTG CCG GTT CTC CC
Promoter-3 TTG AGG ACG TTC CCT TCA CG
Promoter-4 GGC CCC TAG GTTAGA GGACT
Promoter-5 GAG GAG AGC GGCTTT CTT GA
ChIP

EBSI TGG GAG GCGAGGAAACTCT
EBS2 ATG TGTAGC TGG GCCTTGTT
EBS3 TTG AGGACG TTC CCT TCA CG

EBS4 TGT GCT TCT CAG TCCACC TC

TTG GCATCG GAGTCG TTCA
CCA CTT CGT AGC ATT TGC GG
TGA GGT CCA CCA CCC TGT

CCG CGCAGGAAGTCCC
CCG CGCAGGAAGTCCC
CCG CGCAGGAAGTCCC
CCG CGCAGGAAGTCCC
CCG CGCAGGAAGTCCC

TTT CAG TCT GTC TCCTTC TCC G
CGA GGC AAG GGT GGG AAT AG
GGG CCT CCCAGA CGTAATTC
TAT GTG CCC GACACCTGTTT




1458

RSN 8

tailed t-tests&t 1170 A1 F T4 52 4HL1R) 1 4 oF A < 1 o
P<0.05 8% 7 HA W&,

2 /R
2.1 7EFLBRERMAMEPE2EETR{(E#BAPIS mRNAK
EA=ES

i I Western blotSE 56 & I, BAP187E P Fit FL
Ji g 24 L 2R 38 B E2 9 B 3 0 i s 1 2 (1A
7E MCF 741 i A1 T47D4H ffd H 487 1 100 nmol/L E2 &b
B, BAP18I1 £ [ 3 1A [ Ak B B[R] 39 K 1
A B0 [EBF, 3 A3 50 nmol/L Tamoxifenkb ¥ & 31,
BAP18 1) £ [ 2 1A i 4k 2 A ) 385 4 17 ¢ A8 20 (]
IBFIE1C). [FFEH, fEMCF74H il A1 T47D4H o o,
BAPI8FymRNA7K- R LA FEE2 4L A 8] () 15 K 1 4
hin, B Tamoxifen &b 2 i 7] 7 48 K 11 ek b (B 1D AN
1E). #EMCF74H it o 73 7l H 6 /K £ B (EtOH). E2
HlTamoxifenib HEMCF 741 fB0Z224 h, %'t 2 B XU
DR 5 5250 7, E20 LR 35 B JRER I 3% s s 1,
T Tamoxifen 1] DL & 3 N AER M ¥ 5 7% YE(E1F).
T AN [F]9 B FulvestrantZb 2 MCF 741 il f1 T47D4H
i, RIBEFulvestrant /b FEER 25 [ R 1A /b, [AFEHE
BAPI18ImRNAFI & [ 7K P & A i/ (BI1G. EITH
MENTD. LA ESCEe 45 R, BAP1SW] LAY ER/E21H
25, AT REAE215 F ER T L AL .
2.2 ER/E2 iESBAPISRIERGEF

T NCBIM S AT R 2R, KINAEBAPI 8% 3% ik

JENEE T ANFKFE IBAPIS)E 5 T 78 ¢ Z g AU [
45 R ORL(E2 AR E2B). Al 2% it 2 il A3 PR 41
6 R I, BAP184= K A Bl F W0 % S35 M AT LA
ER 1) 4 3% 35 B RTE23 B 1 338 Jin i 34 (B 2C 0
KI2D). M AN A 1 iR Bl 5 R 5% o 2R i 0L [
A5 S o, BLREBS IO B 3T 2 JGBAPIS
() 2 ST e W B T PR (BEI3C) . DA b St 2 SR 3 A,
BAP18 EBS {7 5 7] BE & ER M 407 £
2.3 EREER2QIEEEBSFHERLESEBAPISIZ
LEEIFLE

E MCF740frh , A ChIPSZE6 & B ER = %
A5 7EEBS X8, HiZ X 81405 1 H4ac
H3K4me3 &KV {EE2 3 T 34 hn(EI3ARTEI3B).
EMSASEE K I, ERAT DL E #2454 FIBAP18 EBS 111
[FIDNATREF E(E3C). DL R45 R, ERAT DB #2

S5 AT (EEBS HIX I b Ui X 48 1 T
2.4 BAPISE P HNHIZL AR 2 4R AR A £ K H (R 2 4
peAT

% CRISPR-Cas9 BAP18 Jii ki 3%« MCF7
Y AT47DAN L, F F Western blot3 5 & I BAP18
FECas9 U RLES Gt HI N 204 B R AIR(&14A) . it
A= K il 2 S0 SR B8 R N, BAPISREE R AT LA 2%
) L5 40 FIMCF 71 AE K (El4B) . R250%% (4%
L, BAP18I) i [ 7T LA 2 [ AKMCF7 A1 T47D 4 Ji2
(I A (PE4C) o S S A B,
BAPI1 8 B ml DL 2 {2 #EMCF 741 f A T47DZH A )
JH1-(#4D).

3 g

I3 F IR 5 5 R AR e e A L AR ot
il N i R 2B MR SR T R MR 2 — . N ibyT
IR FE A EL T 0 U5k 2544 it 10 L e 400 P A K Sy v
>, FOCHER A M ER T e FE L DR (1) 4 s . =
FLIRIE IR N H AT A KB &3 8 I ia 7 Ja 7 AR
2 e 1 NI E A O O st Bk & = 2 AN B3 1 A 7 e
Ji g HHERHT 11 L S R 1 T f R0 FL 3 S 1R 42 (1 AL 1
X I R FL RS VR T A R 1 4E § .

2 B 1 TR 11 R R A N A SR R K
40 41 B (I H3 A 2 BRAN 55 1 — R AL AR 3R 1 2
PR TS 4HE A H3KAme3 BN & A
BB FHIRRE, A 41 A H3EHAK) Z L
A H NG, B DR ) A SO 7R R i B R
AT, WERERZRLYEEERSG S ES
NI R A 5 PR 5 3% S I e A T A i A 1)
o WICFR MU R 2 5250 R GAE N N IR 5%
TR R G, AT DL R i — i XA
S TE . ANSEEG BT R I T BAP18W] LASZ BIMERE R
IR A2 A W EE R 75, BT UL T T BAPIS A B
TFHXRGERRE R4, BIRRATRIL T BAPIS)A 5)
T XBEANERIIGE A AL, (H A HER T 0 )5 3)
T BAP 18P e s i R MR B2 T B . ChIPSEEG 45
IR, ERTEBAPISINZ U J5 8 T 1L 32 2478 55 5%
R E — R A ERERRES A E DB, F
FEdh, HEAT T RSN R I -DNA B3 45 & 9256 R 01
ERT] L5 EBS IIFDNA%SE B 2454, IX Ui, ERAJ
PLE #2455 7EEBS 1LE, #H5 — 4 HEE LB
FH L A it 6% X 33 A7 21 8 (&4 A T 3% BAP 18



T2 H555: WIMER T e SEIE K BAP 1 ST % 5 S HAEER FH M FL I b Ve H 1459

(A) B)
MCF7 cells
MCF 11 T47D cell
CF7 cells cers E2 Tamoxifen
E2/nmol-L O 11050 1000 1 10 50 100 Time/h 0 12 24 48 0 12 24 48
a-BAP18 | -— -ll - -"---l a-BAP18 |-.----—-—-|
0-GAPDH | — e —— — — | | g p— | 0-GAPDH M
© D) (E)
T47D cells MCF7 cells  Time /h T47D cells Ti:e /3
2.5
E2 Tamoxifen 23 § e
. 5 g 204 Il 12
Time /h 0 12 24 48 0 12 24 48 E ‘% 20 E '% Q'L = 24
¥ < 2 < 2 154% b
o-BAP1S | .y | SE 1S e 7 2
SRS o5 <
Z< 10 Z2 10 <
—— e —— —— —— =z =z Q,
wcArDH | | 2% 05 2% 05 £
0 0
E2 Tamoxifen E2 Tamoxifen
() (G)
MCEF7 cells Time/h =m 0 =3 12
T MCF7 cells T47D cells
**P=0.007 2
% *%P=0.000 2, Falvestrant /nmol-L! 0 1 10 50 0 1 10 50
531
52 wir [ S | b iy ]
Q =
2.5
o5 27
g © GBAPIS | e - - | e o |
G-GAPDH | e e s s | [ s o e |
0 -
EtOH E2  Tamoxifen
(H) @
MCF7 cells Falvestrant /nmol-L™! T47D cells Falvestrant /nmol-L™!
ENO B (0 0 B |0
1 =3 50 CJ1 =3 50
= -
5 14 = 5 la- ~
% 12 o S Z s
S 1.0 S T & 124 — 5]
S 0s % ¥ 5 10 g g
= d < 08] s e
2 0.6 i Z g, i
g * s 0.6 4 % *
©° 0.4 = ¥
= ° 04 b
2 0.2 4 2 2]
= = .
& 0- & 0

ESRI BAPIS ESR] BAPIS

A: MCF7. T47DZR ML HEAT A [F K FEE2 KL 48 h, Western blot 5 B 46l P 7 21 i) 22 - BAP18FRAE /K 1 By C: MCF74M s A T47D 4R g v #EAT
E2(100 nmol/L)FlI Tamoxifen(50 nmol/L)4Zb L, 43 HI#E0. 12, 245148 hXIBAP18[ & (4 /K F#E 47K l; D+ E: MCF741 fg RiT47D40 g 33k 4T
E2(100 nmol/L)HITamoxifen(50 nmol/L)ZEFE, 43 HIFE0. 1224148 hit BAPISIHIMRNAKFEHEAT R I; F: 435148 FH I5 /K ZBE(EtOH) E2(100 nmol/L)
FTamoxifen(50 nmol/L)AFEMCF 74 L, 1 5% 6 2R BEXOE R 5 RS MER #4355 1& 145 G: MCF74H MU FIT47DAN ik AT A R [ Fulves-
trantb 3, XTERFIBAPI8 & (/K FREATRI; Hy 1: MCF74H AN T47DZH I HEAT AN FIVR B (1 Fulvestrantib 3, % ESRIFIBAPISImRNAZK V-
TR #P<0.05, **P<0.01, ***P<0.001, ****P<0.000 1.

A: MCF7 and T47D cells were treated with different concentrations of E2 for 48 h, and Western blot assay was used to detect the expression level of
BAPI18 in the two cell lines; B,C: MCF7 cells and T47D cells were treated with E2 (100 nmol/L) and Tamoxifen (50 nmol/L), and the protein levels of
BAP18 were detected at 0, 12, 24 and 48 h, respectively; D,E: MCF7 cells and T47D cells were respectively treated with E2 (100 nmol/L) and Tamoxifen
(50 nmol/L), and the mRNA levels of BAP/8 were detected at 0, 12, 24 and 48 h; F: MCEF7 cells were respectively treated with anhydrous ethanol (ETOH),
E2 (100 nmol/L) and Tamoxifen (50 nmol/L), and the transcriptional activity of ER was detected by luciferase assays; G: MCF7 cells and T47D cells
were treated with Fulvestrant at different concentrations to detect the protein levels of ER and BAP18; H,I: MCF7 cells and T47D cells were treated with
different concentrations of Fulvestrant, and mRNA levels of ESRI and BAP18 were detected. *P<0.05, **P<0.01, ***P<0.001,****P<(.000 1.

Bl AEFREMERTE2REBIEHBAPIS mRNAK EHRIA

Fig.1 E2 increases BAP18 mRNA and protein expression in breast cancer cells
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(A)
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chrl7: 7014 737
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1 EBS1 1 EBS II EBS 11T EBS IV I
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Relative luciferase activity

A: NCBIM 3 K R BAP1 8% 3¢ 4 A s T2 000K 50 Fr 51, 5 FH Jaspar 73 1 Fo v 35 7 (K78 AR IVER S & 6 5. S (bR iAo 45 6 o 508 [ =
B A E BRIy 45 A AL AR Y 815 B A FIRT-PCRSZ S & BAN R K FE I BAPIS)A )15 /7 51l; C. D: ANRIERAMNE B sl AN [RIE29K FZ b 3,
K MBAPIS A A B 1 I e i 1k B A 506 R B XU DR 3 R S A R FEEBAPIS IR B 1 HWE M. nsfURELG T2 £ 57, **P<0.01,
***P<(.001, ****%P<0.000 1.

A: NCBI website is used to search for the 2 000 base sequence before the transcription start site of BAP18, and Jaspar website is used to analyze the
potential ER binding sites upon BAP8 promoter region. Meaningless bases sequence around the binding site are marked in green, and the black are the
sequence of the binding site; B: different lengths BAP18 promoter sequences are synthesized and detected by RT-PCR experiments; C,D: the transcrip-
tional activity of BAPI8 promoter is detected with differential ER expression or E2 concentrations; E: activity of different lengths of BAP/8 promoters.
ns stands for no statistical significance, **P<0.01, ***P<0.001, ****P<(0.000 1.

El2 ER/E2IFESBAPISHIEEGE R
Fig.2 ER/E2 induces the transcription of BAP18 gene
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Nucleic extract

Competitive probe

Experimental system  Test system

Interaction

Fusion stainning

Probe

A: ERZEAN TN R 45 G A i B4R S5 00, B: EBS TIAL A7 MHE (4L FHE KK C: ERER I 5 BAPISH ) TDNAREM I B & . BFUE
SETEHERIE LR E . nsfURIEGTH TR, *P<0.05, ¥*¥P<0.01, ***¥P<0.000 1.
A: recruitment of ER at the four predicted binding sites; B: Histone modification level near EBS III site; C: direct binding of ER protein to BAPI§

promoter DNA probe. The asterisk represents the position of the binding probe on the gel. ns stands for no statistical significance, *P<0.05, **P<0.01,

*xxxP<0.000 1.
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Fig.3 ER s recruited and directly binds to the core promoter region of BAPI18 gene with the treatment of E2
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A: the BAP1S8 promoter knockout plasmid is constructed using CRISPR-Cas9 system and plasmids are transfected into MCF7 cells. Western blot assay
is used to detect the knockout efficiency; B: cell growth curve is used to detect the effect of BAP/8 knockout on cell growth; C: R250 stain assay de-
tects the effect of BAP18 knockout on cell counts; D: apoptosis analysis is used to detect the effect of BAPI8 knockout on cell apoptosis in MCF7 and
T47D cells. ***P<0.001, ****P<0.000 1.
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Fig.4 BAPI8 depletion leads to inhibition of breat cancer cell growth and increasing of cell apoptosis
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