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FE BH#Y: @it CRISPR/Cas9 2 B % 3 3 A £ 5L % 49 i MCF7 A8 2 3k FOXQI , 5+ iR A B RIRBL P o h 4k,
F ik Cas9 12 mF R MCF7 M T A, £ T B P o554 4de® 3 AR R $eii &89 FOXQI-crRNA +tracrRNA, JA
TTE B i 8 th 5 3550 & 35 04 2 IO PR IRE S8 2 etk ; AUJR TTEL B Sanger M 5 A= Western ¥ 46 FOXQ1 % B 49 % 3 An &
KL Western BP 4§ B/ 8 B4 T @ e FOXQ1I FORHE L W RSB A S T i X R LI Ao transwell 55 I&AS ] 4w e
EAS AL A ;a8 id METABRIC #0380 #7 SUIRSE 7 FOXQI 5 HIFIA B 2 %A% G323 B LOX LDHA Fo GLUT3 &k #9548 %%
5B . i ik b 2 e ¥l CCCGTGCGCATCCAGGACAT A3 89 FOXQI-crRNA #) 20 it LA 5% 3 % 45 20 % TTE1 #4347 . Sanger M 5+
Fr Western P it £ R R 48 5€ 8k FOXQI 93L& MCF7 4l R o 5 #e B AT#E MCF7 488 FOXQ1 #9 &k ; s ALt
MCF7 #3E# 4k H (1=3.78,P<0.01;1=11.94,P<0.001 ), 8% FOXQ1 J& B3+ MCF7 i 4% 4% 71 49 4% 3545 A 4 47 4] (1=0.63, P=0.55;
1=2.54,P=0.064) . (1=2.46,P<0.05;1=4.95,P<0.05) , LA & F FOXQI 5 HIFIA .LOX .LDHA #= GLUT3 ¥ % ik 3 2 2 48 %
(P<0.000 1), Z5if:i8 1 CRISPR/Cas9 % %WM’J}%T FOXQ1 A R4 % 3k 69 SUM IR MCFT @ fetk , 7 £ 3L FOXQ1 A5 T %

At MCF7 48 e it 45 4% Ay 69 0L AR R, Ay it RS I 09 B B ER B FOXQ1 49 Re B AU L2 T 3hml,
X$EiF  CRISPR/Cas9;FOXQ1; & F ;ﬁ%?;mﬁ«% B A
hESZES R737.9 MEARERD A

Construction of FOXQI knockout MCF7 breast cancer cell line and itspreliminary functional exploration
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Abstract O bjective:To stably knock out FOXQ1 using CRISPR/Cas9 gene editing technology in MCF7 breast cancer cells and to
explore its function in hypoxic conditions. Methods: Cas9 lentivirus was infected with MCF7 cells to create tool cells, and FOXQI -
crRNA +tracrRNA targeting three different target sites were transfected into the tool cells. T7E1 enzyme was used to screen for cells with
high editing efficiency, and single clone cell lines were selected. T7E1 enzyme, Sanger sequencing, and Westernblotting were used to
detect the editing and expression of the FOX()I gene. Western blotting was used to detect FOXQ1 expression in cells under normoxic/
hypoxic conditions. The wound healing and transwell assay were used to detect cell migration ability under normoxic/hypoxic conditions.
The METABRIC database was used to analyze the correlation between FOX(Q1I and HIFIA, as well as its encoded protein target genes
LOX, LDHA and GLUT3 in breast cancer. Results: Cells transfected with FOX(Q1—-crRNA targeting the CCCGTGCGCATCCAGGACAT
sequence showed the highest editing efficiency. T7TE1 enzyme cleavage, Sanger sequencing, and Western blotting results confirmed the
successful construction of stable FOX(QI-knockout MCF7 breast cancer cells. Hypoxia promoted the expression of FOXQ1 in MCF7 cells
and also promoted their migration ability (z=3.78 ,P<0.01;¢=11.94, P<0.001 ). Knocking out FOX (I inhibited the promoting effect of
hypoxia on MCF7 migration(t=0.63 ,P=0.55;1=2.54,P=0.064), (1=2.46,P<0.05;:=4.95, P<0.05 ).FOXQI expression in breast cancer was
significantly positively correlated with HIFIA ,LOX,LDHA ,and GLUT3 (P<0.000 1). Conclusion: Astable FOX(Q I —knockout MCF7
breast cancercell line has beensuccessfully constructed using the CRISPR/Cas9 system. It is found that FOX(QI mediatesthe promoting
effect of hypoxia on MCF7 cells migrationability, laying the foundation for further exploration of the function and mechanism of FOXQ1 in
the hypoxic microenvironment of breast cancer.
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Wix, 5. FOXQ1 FEZLIRIE MCF7 4 bk A £ A ol e wi iR 501

BRI SRR 1 i R AE . Voss ZFUE
FERIN, BRI T T BT R AT R BE Y
e, wehh, 2R AR E A A R
AR B RS R ML TR fin P, S & A T
la (hypoxia—inducible factor 1o, HIF-1o) 2R N Z 4%
B F G0 20 M ik S S I Y 3 S PR R B
T, AR A HIF-1o (IR RRIRE R AR R A
PRIz R AR | TR ERSE T HIF-1o 2R
AR, AT HIF-10 25 FIARR 1,

MLAE (forkhead box, FOX) 2 P2 FEHEL 1
Y S DR B SR L TEIRRAE Y R AR R R TR R
FEAEHIN, 122 FOX 1 BARan B a3 i 1y
BREASE T RIS 5, FOXQ1 J& FOX %3¢ A
THIBEWI Z— , AL SEFLIEAE N B 28 Fh
Hhp SRR b B2 ] T §% Ak (epithelial -mesenchymal
transition, EMT) i 32 22 3076 551, W3- 240 B % 7% A iz
ZERYRE Sy I H AR ) 52 BB 5 4 ] (mesenchy—
mal stromal cells, MSCs ) H 4% 1% 1 R it [7] 422 e i T
BRAEF SR IA B, A, AL b Ak
TR AR PR 114 95 240 B HE AT R e B T B AR S
FHFOXQI Rk L, Wiy~ B B e sl 7
ZRETI R ve b

TR EAT R SRR, Ve 1o i A
WU i) B % 1|0 SC 7 2 )% 3] (clustered regularly inter—
spaced short palindromic repeats, CRISPR )/CRISPR
FH %8 1 9(CRISPR —associated protein 9, Cas9 )&
GURMIEE FOXQI ZENFEFRE) MCFT7 4Rtk %%
4ith Cas9 # 4 .CRISPR RNA (crRNA)FIl S 2X#%
CRISPR RNA (trans—activating crRNA , tracrRNA ) 21
Mo o, erRNA R g U B R % U AR I A 4F
SEPEREFA s tracrRNA Fl erRNA A% R4 BE TR
P XF 2 B 545 5 RNA (single guide RNA,sgRNA ),
sgRNA 5 Cas9 —[RIJE A HEAZ 85 1 52 &) (i
bonucleoprotein, RNP) Ff-[A] B 3 1% Cas9 1E MR A
DI T RE"; Cas9 YIWT B (19 X WL IR | 175
S DNA S0 B ALH TR, R245 8%
AL 2 3 i % £ LA AU,

1 MRE5FEE

L1 B4 AFUBEAR MCF7 K H Ameri-
can Type Culture Collection; DMEM BRI G
A I35 AN 5 R AR R W T35 [E Gibeo 24 A ; Leti—
CAS9—puro HLER ARG FE W T PIIEH ; crRNA Al
tracrRNA FH | M 8¢ 18 4= 91 & 1l ; Lipofectamine 3000
5 gy 50 W T 35 1 Invitrogen; T7 4% R N VI il 1
(T7 Endonuclease 1,T7E1)#1 NE Buffer Iy F 3

NEB 7% #] ; DNA & Bl %) & \DNA a4l fb i ) &
PrimeSTAR Max DNA Polymerase 1 lj F H A&
Takara /A w] ;FOXQ1 $t /& 1 T 3£ [E Santa A A ;
HIF-1o $iA 0 T35 E CST /A H] s B-Actin FLIAN T
#H I ABclonal 2 F] jtranswell W4 F 3 [E Corning 2y
GIRETTE € S U AR R RSy /A I8

1.2 EBork

1.2.1  oRNA Wit & M M NCBI k&% A
FOXQ1 BN T8, e Cas9 HE ST
W), B S A DX B S A ZE AR X R SF Y PAM )7
FI(NGG ), I4T X HAN g F I e 5153 3 4~ mibk
(R 1) MRPERBRAL AT TS B R B crRNA
LI 5 2 B Y tracrRNA , KO#1 \KO#2 Fl1 KO#3
3N R A7 A5 6 I B erRNA 43 9 i 24 FOX QI -
crRNA#1 . FOX Q1-crRNA#2 Fl FOX Q1-crRNA#3 .,
F1 BRALAARIEF]

Tab 1 Knockout site recognition sequences

AR RO A UIFEI (5" —3")
KO#1 GCAGCAAGCCATATACGCGG
KO#2 CGCTGTCGGCGGCGGGAGAC
KO#3 CCCGTGCGCATCCAGGACAT

122 M Cas9 T HAHMIMR HF 1x10° 4> MCF7
YHRREERN T 24 LA, FEAN ARG B IR 2124 30% 0T,

JMA 2 pL Leti—-CAS9—puro 129575, 40f0/EZL 12 h
WL A MR A, T SRV Y Sl ) A4t L M A T 4k
ZL3E5F 24 h R A S AR EL, R
fit DMEM 584235770k . L 2 d J5 BB IRl

2 wg/mL IS EE KA DMEM 5¢ 48 35 5 k4714

2L 3 d 2SI , BRI ARAS Cas9 F2UE #i8 MCF7
AR, 1EN MCF7-Cas9 T ELANMIARH .

123 %Yt FOXQI-crRNA+tracrRNA 4251 1x10°
AMCF7-Cas9 T HANMLF 24 FLAR , T4 ml A B
K F 50% ~70% i £ 47 FOXQI —crRNA +tracrRNA
LY BL—32 1.5 mL EP %, JILA 25 wL Opti-MEM
WL R IR 3L, B BIMA 2 wl FOXQ1-crRNA

FEP A, A 25 pL Opti-MEM Jai i 75 35 97 45 , 15
JIA 3 pL lipo3000 % Gk s M54 FOXQI-cr—
RNA +tracrRNA . Opti -MEM £ & % 0 A 2] Opti -
MEM P8Il ¥ 55 F2 5B 1ipo3000 % Juii i, %
TR 5 min, BEF ARG B FiRHIS 1 LR
YA SR FRE T, T 37°C.5%C0, 51F T
35,48 h 5 EHLHTEE DMEM Se2 8 3a 5L, I gkss
Py LRSS

1.2.4  T7EI B DRI FOAT S A R0R HIWEEN

B2 PCR 974G Jm H 5 728 MR 8 Ji e 50U
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DNA, T7EI B BEE IR 5 A 58 4= UG L ) 3 DNA, M
AN DT TE A o7 K Ll U], ) FH 34> 1 T R A 4 o
CRISPR/Cas9 g ¥ i (1) 2825 04, TEAf crRNA 1) 4
WMYCE . ¥Y FOXQI-crRNA+tractRNA ) MCF7-
Cas9 ALY 2 12 FLbe, BC—Pan sl &b
DREEIUER 4] DNA, IR S ot e & .
PCR : W 50 ng 3& K41 DNA H PrimeSTAR Max
DNA Polymerase 4T PCR P73, §7 14 1 & crRNA
RO A B B, Hon 1015 L3R 25 PCR 74 HIDNA
alifb R e T 2l Ak, IF R SR e B Tk
1T . PCR ™A MHR K HL 200 ng 4i{LJ5 ) PCR
7M1, A 2 WL NE Buffer, FHANTICZRRK 2 19 pl,
IERRE T7E1 300 & P AL a2 iR A5 iE A 728 PR ok
o TTELEEY): [aB K56 PCR P=40inA 1 pl. T7EL
fif, F 37°CHFE 15 min, 1A 1 pL B9 proteinase K,
37°CHRE 5 min ZARFFT . 2% BB RS HEEE IS FLIKAS:
DR K5 ) PCR 7= B DI85, i) 588 s D) 244
PRLREASE A5 2 R A8 3 A 5

£2 31WE3

Tab 2 Primer sequences

AL A LI TG S BUER (bp) BB (bp)

KO#1  ACGAGTACCTCATGGGCAAG/ 391 311/60
ATGCTGTCGATGGCGAAGG

KO#2 CGGAAGAGGACTCCGGAAAA/ 616 261/335
AGGTACTCGTTGATCTCCGC

KO#3 CGGAAGAGGACTCCGGAAAA/ 616 498/98
AGGTACTCGTTGATCTCCGC

125 FOXQI BRI mibR B e AR M AR Y O ik
1.2.4 T 0 AN G AR R 1 ) AT R T Ak
JE B T EUR 1 cel/FLAY BRI 2 96 FLARIE
TPHESR 12 h W T8 PSS, & L Z AL, S A
LRSS R e AN = 12 FLARIR—
AN MR BCE R ZH DNA, U TTET 4 E # e
G MRS DR ) S IR SR T ik R 1.2.40 1A
B IR PCR P24k 24 TAEY) TR WA T
Sanger JllJ3, I\ DNA 7KV-255E FOX Q1 REBRIE L ;
FRHE DNA 75 45 5 0 % th FOX Q1 FE DR R il B
1 MCF7 F g Aok . 15, il Western E[J375 DA
B AR5 FOXQI R

1.2.6  Western EIE Kr4ifufi T 6 LA, Frdufi
F A I A 2t 40 R v B R B 1, ) BCA &
W AN A VR B 5 40 g B, FH 10%1
SDS-PAGE &t #:47 HL 7k ,80 V 30 min, 100 V 90
min; FE,80 V 120 min;5%/Bifg 4 04 %= MR B4 1
h; S5 A —$t FOXQ1 (1:1 000) \HIF1-a (1:1
000) F1 B—Actin(1:5 000)4°CHF & 1 % ; 'k H TBST

VRIS N AT R A9 — 30 (1:2 000), =iEFEF 1 h
J& TBSTHEIE, iNA ECL 74k 2 6

1.2.7 RESZE K MCF7-FOXQ17"1 il MCF7-
FOX Q172 ¢ HBF A5 B MCF7-WT 40 g 34 51 42 Fh
T 6 fLi T, FRA iRl G B2 IR 3] 100% , FHHE L 75
A LRI 2x2 B3 UG 4 4548, PBS 15 VEII 7%
N, S B i DMEM 553235, 55 F 48R, iC 4 0 h;
B AL 530 BT 20%0, F11%0, 4504
Big% AEJEHE 12 h FARRIE s — K, IR )
KPR A A % =(0 h QYR -55 37 5 RR A EE)/0 h
R AIHE % 100% .

1.2.8 transwell 255 T 24 fLARHFIIA 750 pl &
20% L35 i) DMEM J5 3555, I8 wanswell /NE BT
FLHp 5 43 ) 3 B RL(209%0,) FB 4R (1900,) 41,
AU KRS B 4F#9 MCF7-FOX Q171 F1 MCF7-
FOXQI72 20 j K HHF A= 5 BE MCF7-WT 4i il 4%
5x10* /), HET 500 wL. DMEM Bz rhIffefp 1
INEWN LR 3 ANER S 48 h JFEUR/NE
PR IR IR PR/ N A N BB B R R A iR I A L, 4%
Z WIS VR [ 30 min, 45 5 2= 1R 240 30 min,
PBS 1E VLG B TR . Wi R Y 20 g, bl
BLIEHL 5 BRI GE A EL .

129 AWEES0H M METABRIC $d %
T EIFREIE T 1 980 FIFLAE BT 1Y RNA-seq B8,
AT 0T FOX Q1 Sl AR R R E

1.3 %542 K GraphPad Prism 8.0 3% {4
HEATBCE o3 AR L B AT S IE R o A, R
AR 2240 M Fle ke B AT 25 AT, R
Pearson FAFMESIHTIEAR ZE A 8] mRNA 2235 i) FH 5
ko P<0.05 £nZEFA G027 L.

2 H#R

2.1 FOXQI KRSk ¥E 5 e miark ey R g
FOXQI -crRNA +tracrRNA ) MCF7 - Cas9 40 Jitd &
TTE1 BRI FOXQ1-crRNA#3 R 4 B #0037 5
B iR . HIZAERE T A e R 3R IR 4
TTE BEUIIE Y 4 AR A I PR G 4R 003 1) B S [
g (A 1A) o s i —25 U X) sanger P45 5%,
M4 ¥R FOX Q1 PR 4 8 2005 19 50 5 8 240 i v
B —RAEA T A 3 FRZY A T A, IRk
fir & W MCF7 —FOXQI “-1 MCF7 -FOXQI "2
MCF7-FOX Q173 1 MCF7-FOX Q174 244
PRI 45 5 R, 5 AR R MCFT AR H, ik T
148 FOXQ1-crRNA#3 FUJI| IXBAE N 1Y 57 Mk,
FFAESRF I G RIS 10 DRSNS A G-A gt
RAR(EI1B).
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2.2 FOXQI ABErhmiathey &G ke R
B SR RS 58 A X} R AR A R RS i), (ELIE 4
FOXQI BRIk FOX Q1 k2 i
V152 252 A T i — B UE . Western E[JE 45 R B
7, 5B AR MCF7-WT 40 A Fb , 464 T MCF7-
FOXQ171 F1Z%4 T MCF7-FOX Q172 itk E 58
KR FOXQI1 HE 1 , MZE T MCF7-FOX Q173
F MCF7-FOX Q174 i G Al 2] — &85> FOXQ1 &
FIRERIA . G b, DR R A 2% AT 20 R S R iy
RN A 50% (5 FOXQI1E MCF7 40 b A< &
EARFIRBOREIRN, K MCF7-FOXQ17*2 1l A

A Maker

A FOXQI AJEFRIB RGN Rl Lk,
AR T WS FOX Q1 FE R Fa % bk i MCF7 41
Ji, BR4fi4 - MCF7-FOXQI171 FZe4 T MCF7-
FOXQI72 AMMubR, s 22 5% 5 2 Bl P bR 217
(E2).

2.3 HRASLEE MCF7 ZafeF FOXQI #9&i%k  Western
E s R R, 58 A L, BE A, MCF7-WT
HpL FOX Q1 I FRIA R L AR, FOX Q1
4 2% 4 F 40 i MCF7 —-FOX Q172 3 i 7 4 &8 4%
FOXQ1 &AM LA 3),

24 FOXQI N--F# 2.5 A2 69 MCF7 @ fe i 4558 71

T7E1
2 000

1 000
750
500
250

100

crRNA#3

cCcoccoEETEE AT CERNEIRCERT CAAGACCOAGAACGGTACOTHCCCECTCOCCGECECAGEEEET

FOXQI* 2 HH W IHMMM l ! Mﬁm !

CCOACBBCAACOCOCCCOBTECACABECOEE

GeCr EBAE T T CAAGOAAT T T eeceeceeeeeeeasen AR © JRWER R o © il © © c ff

FOXQI7 3

FOXQI* 4

TE: A e MR T7E T BFUIRIE, LL OSSR TE h TTEL BEABAIHG AR i5l 1 S 085 T, 2~4 5 045 15 B SERE AN I bR sanger

W FE25 5L, W7 HE R FOXQI-crRNA#3 (R4
B 1 FOXQ1 EFE &R 5 e b Mk AR EX

Fig1 Acquisition of FOXQI gene knock out monoclonal cell lines
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4 ¥ A RIPPESCIH transwell SZIG4AE T RR , 54 Toe ooow

FLL, SREEE LI MCF7-WT iR A1 (1=3.78, . = 3 3 g
P<0.01;¢=11.94,P<0.001), 1fii FOXQ1 fkFE 44T a __L.%' S

4 _ - = 5 ab FOXO1 ! - W 40 kD
4IHE MCF7-FOX Q171 TEBE ST T RS RE 1 3% 0

A5 5 A S FHRF-(1=0.63, P=0.55;1=2.54,P=0.06 ),
FHILEY, FOX Q1 WBRI ARG T 40 MCF7-FOX Q17
2 HAEGR AR TR R 1A — o Ry H
(1=2.46,P<0.05;1=4.95,P<0.05) , {8 H: F AL A
K MCF7-WT, Z45REY],FOXQI T T 45|
1) MCF7 AT FE R ) s i (141 4) .

2.5 HIF-la 7T 4% A 4 # F A& FOXQI ¥ &
# A HrRIET METABRIC 0 12 19 A\ S 7L
Bl kB FOXQI 5 HIFIA (r=0.099, P<0.000 1)
DL HIF-1a AR RIS IE R LOX™(r=0.375,
P<0.000 1) .LDHA'™'(r=0.136,P<0.000 1)l
GLUT3™(r=0.213,P<0.000 1)f) mRNA F£ikH ik
EAH M WA, 7E FOXQI (95 3+ FAETE HIF-
la ZE AR (K S) .

poein [ - - - -] o

B2 FOXQI EFEFRMAMKEE B RIEHIE

Fig2 Verification of protein expression in FOXQ1I knockout cell lines
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B—Actin|
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Fig3 Hypoxia promotes FOXQ1 expression in MCF7 cells
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=
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= 1.5 5 e - v ]
g . > r 6
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» a' ) = : ﬂ;z 4_ ﬁ
TR ; = %
B S
g B : * . 7
g iy . - . ’
z cen - . L
jus] (A P
: », 0=
s 3 s v WT  FOXQI™1 FOXQI2

T A RIJRESEEE Oh il 48h ARIEMEF IR A (45,48 h PR A REURGET () s B ranswell S5 48h AR IR R (42, 48h IEF8 4L

BB RS (47 5 LI 100 um; * P<0.05; ##P< 0.01; ##%P<0.001
4 FOXQI1 fr SHL&E5I#2AI MCF7 41T 88 5193 0

Fig4 FOXQI1 mediates the increased migration of MCF?7 cells induced by hypoxia
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A METABRIC_dataset B METABRIC_dataset

B 1y n=1980,r=0.099 B qpq ne1980,=0375 o = OB0E0A6 g nsl 98020213

< . 2 2 2

by P00 1 b P<0.000°1 - P00 L 5] P<0.000 1

® 9 'l 2101 J w10 B

< < < <

zZ Z Z 8 Z 94

[a=1 [2=1 8 1 ~ a1

E ) E E E

§ §, o § 6 § 74

E 5 T .l = T T 1 g T i T L L E 4 L] L] L] E 5 L] l' L L]

5 6 7 8 9 10 6 8 10 12 9 11 13 15 6 8 10 12 14

HIFIA mRNA Fik/K -

LOX mRNA Fik/KF-

LDHA mRNA Zik/K¥- GLUT3 mRNA ik/K -

W A:FOXQI 5 HIFIA WZFRAREE /M s B FOXQI 5 LOX .LDHA Fl GLUT3 fIZ25M Xtk

& 5 HIF-1a FIEEEZEEREE FOXQI HRiE
Fig 5 HIF-1a maydirectly regulate the expression of FOXQ1

3 itig

H 2013 45 gk v FH T 7L 30 1 3k R 4 G 4
DA, CRISPR/Cas9 B AR LA Sl . M HERI RS
B2 N R 20 A I R B Dy R L ST fer R
YR FRR YR A R MBS 3 T 3R AT
ERESE I 22 A2 FEARRF S SR T
— BRI E A B R AL CRISPR/Cas9 i D5
%, M Caso 189K 8 M 4L AU crRNA |
tracrRNA 448 CRISPR/Cas9 &KX 4R & , 4 2%
FIIFEE gRNA #AKEL Cas9 ZAKHY T AR, B A
b TN g LA, RO, IR
T FOXQI 2R MCF7 4086k, swiRT
FOXQI 7£ MCF7 1 IJCi% L siRNA 8¢ shRNA #E47R%
FEIR AL, I DL R B AR R AR SRR T
FOX Q1 XA A5 Z LR I6 A0 M A e 1 (4 52 m
EILRE, SRR LA MCF7 41 g FOXQ1
(2%, [R)ift BEAE AR ZM G i MCF7 4 i )i F5 B
1, 9 Hazad #9k FOXQ1 i X ENIE T2
H IR

HIF-1o S A3 Bl 480 s g ) o e S PR, L
CH T N AEMRE 1R 28 A Tl S E ™, £
Xt RE R AT R & B, fEFLIME S FOXQI 5
HIFIA ) mRNA B HA W AHCHE: . [FE, 28
Fb i — T HIF-1o B9 2 MR RE N LOX |
LDHA F GLUT3 5 FOXQ1 K00 X61E, KB
SRELEMSE, I H FOXQI WR3h T AFAE HIF-1a
FILE-E 5, PIHEN FOX Q1 PTREVE K HIF-1a 1)
LRI T R

WF5E % B, Twist1 . Snail \Slug . ZEB1 F1 ZEB2 %
EMT #95 A Bz kA 452 HIF-1a RO, i
PR AR , Twist] \Snail F1 ZEB2 W [7]#E4E S FOXQ1
(4T Ui DR IR B A B AT RS A 28, Rl , 28

HIGEREY, FOX Q1 FEARFRIE AN MCFT 1T
FeRE T B HEAE LT 58 A Al , - H. MCF7 2
MRERBE 1S FOXQI ik HA —& &K
B, FOX Q1 TEB AL 5 TP i) — 2R 5 4L %
FHOR T DR 1 rhaE S AR

822 ,ilid CRISPR/Cas9 RGN T FOX Q1
BE DR RS w9 3L MCF7 #i bk, JF &3
FOXQI 553 T B X MCF7 4T R 6E S e oA
FH o3 S8 TAE N AR IR AW FUIRER B R A S
FOXQ1 WUIRE LHLHITRAL T R AFAY SRR
SE 0k
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