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Study on the regulation of FOXQ1 in cell proliferation in luminal breast cancer
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Abstract Objective: To investigate the effect of FOXQ1 on the proliferation of luminal breast cancer (LumBC) cells and its regu—
latory mechanism. Methods: LumBC cells MCF-7 and T-47D were used as research subjects. FOXQ1 stably overexpression LumBC
cells were constructed by lentivirus infection. CCK-8 and colony formation assays were used to detect the effect of FOXQ1 on cell
proliferation. Immunofluorescence and Western blotting were used to detect the effect of FOXQ1 on (3—catenin nuclear translocation.
ChlP-seq was used to screen the target genes of FOXQI1. RT-qPCR and Western blotting was used to detect the regulatory effect of
FOXQ1 on the target genes of the Wnt/f3—catenin signaling pathway. The correlation between FOX(Q1 and the expression of CDK4/6
inhibitor resistance—-related genes was analyzed based on the METABRIC database. CCK-8 was used to determine the half-—maximal
inhibitory concentration (IC50), and colony formation assays were used to detect the effect of FOXQ1 overexpression on the sensi—
tivity of cells to CDK4/6 inhibitors. Results: FOXQ1 overexpression in MCF -7 and T-47D cells accelerated cell growth (¢=
8.262,8.192, both P<0.001) and increased cell colony formation (1=7.476, P<0.01;:=9.277, P<0.001 ). FOXQ1 overexpression
promoted B—catenin nuclear translocation in LumBC cells. FOXQ1 was enriched on the promoter of the WNT2 gene and promoted its
expression (1=6.063, P<0.01; t=9.716, P<0.001). FOXQ1 promoted the mRNA and protein expression of downstream genes MY C
(¢=5.729, 7.228, both P<0.05) and CCNDI(1=5.484, P<0.01; t=3.601, P<0.05) of the Wnt/B-catenin signaling pathway.
FOXQ! was positively correlated with the expression of CCNE1(r=0.271, P<0.000 1),CDK2 (r=0.13, P<0.000 1) .CDK4 (r=0.187,
P<0.000 1) and CDK6(r=0.382,P<0.000 1).The IC50 of CDK4/6 inhibitors in FOXQ1 overexpression cells was increased, and the
colony formation ability was enhanced (¢=14.85,5.871, both P<0.001). Conclusion: In LumBC cells, FOXQ1 upregulates WNT2
to activate the Wnt/B—catenin signaling pathway and upregulate the expression of MYC and CCND1, thereby promoting the prolifera—
tion of breast cancer cells and reducing the sensitivity to CDK4/6 inhibitors.
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AR AR B o3 T FLR AR B I USRS R
PR PR SR AR I 24, DRI & 1 A 255 A b
YIANGYT CDK4/6 il 381t 25 HA i R 2 9,
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T 22 FOB M R b S Rk . EAS E R,
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FOXQ1 Ak HA W AVRE R A — 2L
IR, MTE LumBC H IR IAY, WFRHRGEE , FOXQ1
PEHEFLIE b - R e B AL (EMT) T HE4ERE b
IT LY 25 REE RS, SR FOXQT 7€ LumBC 4
5 b B R B . AR B E IR
FOXQ1 X} LumBC 4t 13458 1) 5 S s #E L
1 MM5FE
1.1 @fef=i 5 A% LumBC 4048 MCF-7 fl T-
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Gibeo 23] s & 2 qPCR 519 (AL RV WA F]) 5
SYBR ¢PCR Master Mix X7 (74 5T it MEHE L ) 28
A]);RIPA BRI 24 (LE MCE AF]); SRyt A
FOXQ1 (ab51340) Fl et A c—Mye (ab32072) Hit 4
(B Abcam 28 A ); Y €0 5 G 3% U0 0 1 1 &
(9003S) . 5 it A\ B—catenin (8480) . T A\ Histone
H3(4499) St A Flag(14793) Flfdii A Cyclin D1
(2978)Hifk (S E CST A H]); BT A B-actin P ik
(AC026) . LLFHT I =31 (AS014, KIX ABclonal
oNaED; IPER RS 488 nm — 41 (A11008) .BCA
M E IR & Trizol RNA 2 BUR 5 .CO, B 55
FE AR = SO B A P Bl AR A (56 [E] Thermo
Fisher 22 /] ) ; 4 A% 85 1715 40 i3 A 1 3R Gt &
(P0O028 ) FIZh i S Yol (CO121, FIEE = R ANH] )
CDK4/6 #illii5] palbociclib(0332991, 35 [ Selleck 2y
] ) ; CCK-8(CKO04 ) iat 1 ([ [Fl k2= 2 | ) s FRTK
A L IEAY (32 [ Bio—Rad 23 7)) 5 3l Y62k K 9e
B (FE [ Zeiss 23 7)) ;7500 Fast Real-Time PCR
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ks ROCEG ot R 40 (LR e E k2 A R
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1.2 Rk

12,1 HMO3EFR MY A E MCF-7 403557 T
DMEM % 3% 5, T-47D 401 % 3% T RPMI-1640 55
Fi3k . DMEM H1 RPMI-1640 1535 5 7480 10%
JiG 4R L7 100 U/mL 75 55 R A1 100 wg/ml 555 K .
FITA AHARTE 5% CO, 37°CIR IR B 46 KT 5%
122 FOXQI i #AAAME ([ pLV-CMV-
MCS-EF1-T2A-Puro 1E N 18 W 825 4000k, HF A
FOXQ1-3 X FLAG J¥ 44 A8 8 2 AR LA et %
ik FOXQ1-3 X FLAG JFHE, 12505 ook 5 4 Bl ioks
psPAX2 il pMD2G #4725 B 125 , 73 1) il FH 25 4%
PR EE AT FOXQ1 185 B R HL 41 i R 75 %F B 41
i MCF7-Vector Fll T47D-Vector LA 2 FOXQ1 i 5%
LA MCF7-FOXQ1 F1 T47D-FOXQ1, /&Y% 24 hfF
I 2 pe/mL BERS TS 2 1Y 50 29 S T i
1.2.3 it -E 8 PCR(RT-qPCR) i | Trizol
AR BN L RNA  FE SR A3 5] cDNA J5 #4715
H PCR, A LIRS ERE 3 K ROVIAR 2%
SYBR qPCR Master Mix 10 wL, IF S [15[#)4% 0.6 wL
(10 wmol/L),cDNA 1 nL(40 ng/uL) , JCAZERIK 7.8 pL.
JIE 264 £ 95°CHIAR T 30 5395°CAEME 10 s.60°CiE k
30 5. 72°CIEAi 30 5,40 PMEH . UL GAPDH HNZ,
K 220 B L A mRNA AEXF k. 5197
514535 N GAPDH (F:5'-GAAGGTGAAGGTCGG -
AGTC-3' ,R:5' ~GAAGATGGT GATGGGATTTC3' );
FOXQI(F:5'-AACTCCGTGCGCCACAACCTTT-3" ,
R:5'-GTACTCGCTGTTGGGGTTGAGCA-3'); WNT2
(F:5'-GGATGACCAAGTGTGGGTGT-3',R:5'-TG—
TAGCGGTTGTCCAGTCAG-3"); MYC(F:5'-GTCA-
CACCCTTCTCCCTTCG-3',R:5-CGGGTCGCAGAT-
GAAACTCT -3');CCNDI(F:5'-GATGCCAACCTCC
TCAACGA-3',R:5 ~ACTTCTGTTCCTCGCAGACC -
3"

1.2.4 HEHGFEENE (Western blotting) i H & A
BB B IR A RIPA 406 BFE 4°CHE R 24 240 il
1h, BIEEELE, 12000 /min 4°CE.L> 10 min J5&
W 59, R BCA 30 5 2 IV B, I Loading
Buffer A8 PE, B BRI 20 g H1TRNA
IR EE RS VKT e B 1, ] 5% MiRg 4%
YaE P 2 h, A B FOXQI1(1 : 1.000).B—catenin
(1:1000) Histone H3(1:2000).c-Myc(1:2000) .
Cyclin D1(1: 1 000)F1 B-actin(1:2 000),4°Cit & o
U H F TBST YRS 43 5103 & 5 — U Fh & AH [ i —
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2 h T 10% CCK-8 7] 1 58 45 373k, b
AR 450 nm ARMEOERE . DAREUR DN A W B B R
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0.01.0.1.1.10.100 pmol/L. ZHAIAE 5% CO,.37°C5
PR URSLRESE 96 h, 7E 48 h I HE 0 1 YREEFRK L 76
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1.2.6 A seREIERLSES: AR T 6 FLAk, &
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LB 3 d BB R RS R 14 d. T
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22 B H I [ 2 40 B 30 min, fdiH PBS W vE4i i, 45
FLIMA 500 pL 25 @ 5594 Rk, 48 10 min 5
PBS 15U, 2 TR,

1.2.7 996 (immunofluorescence, [F) 41 Ji
FhFREE 3 7 b R RS R A 2] 60%0~80% 8,
FERREFREL, I 4% 2 5 H R 2 403 20 min,
0.5%TritonX—100 JEFEA 15 min, Geie Je o5 PR
EH] 1 h, iIlA B-catenin(1 : 200)HLA T 4CHFE
W . PBS THUEAM, iIA 488 nm ZEGHRic —Hi(1 :
500), ZREEHEE 1 h,DAPL BG4 10 min,
PBS V& VEAIM , 25 T IE 8 R, 2O g igg
1.2.8  Jett e iiE ¥ (ChIP-seq) LG S%
A BEIRE] 80%~90% 5t , {fi FH H W A B4 it , H
SR ACHR B AN S5 B0 AR 20 BRI UE , T Ak
S 60 50 P A LA DT |, 308 Ao P A S 2R i 2
¥, B DNA B3, [FIRHRE 2% input £
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A/G BESRIEA T S B ILT0E , T FH DR IR U ik I
(4 G e I, o G £ SO VR S IR R T DN, X 3R A5
f9 DNA $EA74l4k, %7 DNA 5 3EF 5 6204
129 FsgHAF45 5005041 NCBI(https : //www.
ncbi.nlm.nih.gov/) 3 B WNT2 (NC_000007.14 ) %% 5%
A UG 5 L E 1000 bp J¥ 41, ffi | JASPAR T H
(https://jaspar.elixir.no/ ) FEA 7438 , I S HCR FH #K

NI B, AR BB A K15 57 (relative score) =0.8 HY
7 1o

1210 FERHE B FGRAOCHES T ZETMETABRIC
R, N2k 1980 ke i I kM LR I R A
21 RNA-seq £08 , s M gL 40 2rh FOXQ1 5
CDK4/6 il 7 25 AHSCHEE P mRNA FR3B M AHSCH: .
1.3 %it5 a2 (i GraphPad Prism 9.5 #f4:3#
TPBAE I IR BT FORER ] ats 1,
PR AL LR Y ¢ Ky, 24l M8 bR
BAH T 22001, R Pearson #H M0 HF T4 3
mRNA 2 [0 (A K, P<0.05 i 22 78 it 2#
2 BR

2.1 #E FOXQ1 AT & ik 6§ MCF-7 F= T-47D
mie, FOXQI R E41H MCF7-FOXQ1 F1 T47D-
FOXQ1 ) FOXQ1 mRNA (1=25.06.20.06, ¥ P<
0.001, & 1A)FN7E 1 (& 1B) 26 35 7K -4 %k BE 40
ET .

5 500 © Vect
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2300 ok

Z 200 5
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TE - ##4P<0.001 ; Vector: XJ BEAfi] ; FOXQ1 : FOXQ1 iz 3% i 4
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Fig.1 Verification of FOXQ1 stably overexpressing cells
22 FOXQI i &k 4t LumBC 4af3g 74 CCK-8
SEHGZE L R, FOX QL 3 Rk fE #E MCF-7 F1 T-
47D 4 ff 3 5 (1=8.262.8.192, 15 P<0.001, ¥l 2A);
YA s TR B S0 45 R R, FOXQ1 2 Fak 2t i 4%
Xof HE 240 i 5 R TR UK G 1S 22 (0=7.476, P<0.01 5¢=
9.277,P<0.001, & 2B ).
2.3 FOXQI it & X 38 3) LumBC %8 . B—catenin #%
D IF AR ER, EXIRAAMI, B-catenin
FEIMAGTEAN AL BT N, TAE FOXQ1 i 5%
ik MCF-7 #1 T-47D #ijfir, B—catenin 7EZHHIA%
WA 22 (8 3A) 85 A BN 5L B0 45 R o
FOXQ1 & 35 H MCF-7 1 T-47D 40 4% N B-
catenin 2 F17KF- B (18 3B).
2.4 LumBC e FOXQ1 # % L8 WNT2 i %
Wnt/B —catenin 13 5 i %  ChIP-seq 45 £ B 7K~ ,
FOXQ1 7£ WNT2 JEH A 3l XU E M (K4A )
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o o sy
e e 2 10
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d d
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Fig.2 The effect of FOXQ1 on the proliferation in LumBC cells
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=
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B—catenin

Histone H3

Vector FOXQ1 Vector FOXQ1 Vector FOXQ1

92 kD

42 kD

17 kD

T A TF Kl B—catenin 76 4H L H 1Y) 437 5 B2 25 (GBI AN B—catenin 2 [ ZE 40 ML HP 12235 s WC.: A 4H ISR IRCY) 5 Cy - 40 ML BT H2 1) 5

Nu:: A% S HU)

3 LumBC B33 RE FOXQ1 Xt B—catenin 4% 5 {3 i 2501

Fig.3 The effect of FOXQ1 overexpression on —catenin nuclear translocation in LumBC cells

JASPAR il FOXQ1 76 WNT2 J3 31 X ds A W 4k
SEE 7 (F 1);RT-qPCR 4553 R, FOXQ1 3
ik EE WNT2(1=6.063,P<0.01;:=9.716,P<0.001 ) LA
. Wnt/B—catenin {5 5 1 JH0 KL K MY C(1=5.729 |
7.228, 1 P<0.01) il CCND1 (1=5.484,P<0.01;¢=
3.601,P<0.05)mRNA (5] 4B) K H ik (K 4C).

2.5 UL T FOXQ1 5 CDK4/6 #74) 7] it 25
O R B A KT AR R AT A BT 4 R
KB FOXQ1 5 CCNEI(r=0.271,P<0.000 1) .CDK2
(r=0.13,P<0.000 1) .CDK4(r=0.187,P<0.000 1)l

CDK6(r=0.382,P<0.000 1) AR IEM (A 5).

2.6 FOXQI1 M4% LumBC 48 L5 CDK4/6 47 4] 7] 4L
Bt FOXQI i F AT CDK4/6 il palbo—
ciclib /% 1C50 FH &7 , £ 33k FOXQ1 MCF-7 X}
20 B Y 1C50 2R 2.651.0.905 5 pmol/L, #F K ik
FOXQ1 [ T-47D S X} B 41 it 115 1C50 K 0.866 5.
0.425 9 pmol/L(I&l 6A ), i —HRZEAE CDK4/6 il
FUFIHT , FOXQ1 2 Fk X 4 it v BT 1 RE ) 52
Wi, 2 5 %5 BRZHAH Eb , FOX QT et 33k 40 Jfd 1) o [
TE R SEVK £ (1=14.85 ,5.871,3 P<0.001, K 6B).
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1, ! | I I I |
WNT2 ¥ I F }
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B e ¢ MCF-7 T-47D
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o
S ° FOXQ1 ]—E ek ° FOXQ1 Vector FOXQ1  Vector FOXQ1
3F 3 —_—
o i) —Mve
X oo X . c—Myc 55kD
K2 o w2k —_—
= = oo Cyclin D1
| r] m | ﬂ |
0 0 B-actin ‘

WNT2  MYC  CCNDI WNT2 ~ MYC  CCNDI
T :%P<0.05, #P<0.01, *+%P<0.001 ; A : ChIP-seq #:il] FOXQ1 7E WNT2 HEFFI 23 & 42K T, Wi (0 X3y 6 PR X3l , 488 60 DX AR i 3 7 X3
& 1000 bp; B: RT-qPCR Kxilll WNT2 MY C #1 CCNDI mRNA Fik7K -5 C: 85 A 5 R AL c—Myc Fl Cyclin D1 2 [13R3K7KF
4 LumBC Ziffith FOXQI %t Wnt/B—catenin {5 S 1% B #9185
Fig.4 The regulation of FOXQI on Wnt/3—catenin signaling pathway in LumBC cells
#1 FOXQl 7 WNT2 BEh TR HTAMLE &5
Tab.l The predicted FOXQ1 binding site in the promoter region of WNT2

TF ID A HASAT5) EREE A T 731
MA0040.1.Foxql WNT2 0.818 531 4 -117/-107 CAATGTTTCTG
MA0040.1.Foxql WNT2 0.828 091 8 -213/-203 TTTCGTTTATT

12 - n=1980,r=0.271 12 - n=1980,r=0.213 13 n=1980,r=0.187 14 - n=1980,r=0.382
g P<0.0001 I P<0.000 1 T P<0000 1 T P<0.000 1
o) ™ . 12
= 10F 2 : 2 . 2 .
< < 10F - 11 <
Z z z = 10
g 8r ~ ~ ~
= S os E s e
S e 5 3 2 6
S S S S
4 1 1 1 J 6 1 - 1 1 J 7 1 - 1 1 J 1 1 1 1 J
4 6 8 10 12 4 6 8 10 12 4 6 8 10 12 4 6 8 10 12
FOX(Q1 mRNA level FOXQ1 mRNA level FOX(QI mRNA level FOX(Q1 mRNA level

5 FLIEED FOXQ1 5 CDK4/6 iMMFIFIMZE X ERRIEHE X

Fig.5 Correlation between FOXQI and CDK4/6 inhibitor resistance-related genes expression in breast cancer

A B Palbociclib
MCF-7 T-47D MCF=7 T-47D o Vector ° FOXQ1
100 —-—FOXQ1 100 ™ I > W 2.0 *k
~ —Vector ~ 2 - & ok
S S g . T 15
= = 2 £
w2 50 p--mmmeoee- wo S0 £ 10
= = ¥t N
F = — 88 Jin 0.5
O X [ =
0 0 é e N w
3-2-101 2 -3-2-101 2 = o MCF-7 T-47D
Log[Palbociclib]( wmol/L) Log[Palbociclib]( mol/L)

T #54P<0.001; A : CCK-8 H:M ARy 1C50; B SERETE BUAG I 4N MIAE palbociclib AbBR TS TE ALY 4N ISE 5 4508 (8 FH 2 wmol/L fipalbociclib
SO 4 d, A 10 d e HHTEEEE R RAR S 3R
6 LumBC ZHffl FOXQ1 &5 i%3t CDK4/6 I HI 781 B M50
Fig.6 The effect of FOXQ1 overexpression on CDK4/6 inhibitors sensitivity in LumBC cells
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3 itig Y5 CCNEI .CDK2 .CDK4 F1 CDK6 & [F 3 ik i) AH ¢

HATHESE FOXQT P45 FL IR I i) i Jie 32 2 OCTE
TR EMT GRS % 21 0 Jas 4 A 33 78 A9 B 53 45
b BRI VE AR i, 2 = I FLARIE T, Zhang
FENLH FOXQT oA i 25 5% i L g 401 e 334 33, i
Lin 55"& I FOXQ1 A #F 7L Ao 20 ML 1 5 A i A=
K, % LumBC 4L A A 4% v AR HRGE . PRI AR
WFFRARSIT T FOXQ1 X LumBC 20 g 8 7 i 5% 0, 18
it CCK-8 1 7E BT A S 06 % BLad % 1k FOXQI {2
# LumBC 4H 18 %E

22 ML) Wnt/B—catenin {5538 [ 75 4 il i iz
SE PR R SR, Wat 15 5l BRI S LB -
catenin ¥ %) 31 5 TCF/LEF $; ¢ N F45 4, A sh 2 Fh
A PR A 2 S0, ] AR 0 A R G A L AR T A R
P 2y (RS A B R B, FOX QI JE i
WS Wnt/B—catenin {5 538 i, AL HE I 40 EEMT
FEEREI0, R AR 5Y i — 2P AR5E FOXQ1 J& il
i Wnt/B—catenin {55518 AL ¥ LumBC 41 {3451
L TR FER SR8 ELR A 4 MIA% ) B—catenin &
FIZKPAHIESE , FOX Q1 i ik 9K 5 B—catenin A%, 12
/N Wnt/B—catenin {5 538 FEHIG . S350, DF9E LI
FOXQ1 7E WNT2 Ja 3 ¥ b & %I H 4% % Bl
WNT2,WNT2 {E -k Wnt 15 5 18 # H (14 BC K 3405
Wnt/B-catenin {55538 #§17, I EEE HED FOXQ1
Al REE L BIE WNT2 B335, BLTE Wnt/B-catenin
{EE@ MK, 9 HRIE , MYC B CCNDI VEH Wnt 5
A AR (R A AT, AR
K, FOXQ1 i %55 F I MYC Hl CCND1 [i5.
DL g5 BRI FOXQ1 F i WNT2 (1) 36 35 305
Wnt/B-catenin i, i LR FHFEEEER MY C Al
CCNDI mRNA FIE RIS, MK LumBC 4
) HE T

21 5 1 57 2o A DR T 4 s )2,
A0 VA DR 6 455 A0 ] 0 A B
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