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Effects of TFDP3 knock-out by CRISPR/Cas9 on biological function of prostate
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[Abstract] Objective: CRISPR/Cas9 technology was used to construct a stable transgenic strain of prostate cancer PC3 cells with
TFDP3 gene knock-out (KO) to explore the effect of inhibiting TFDP3 expression on cell cycle, apoptosis and invasion of PC3 cells.
Methods: The sgRNAs were screened by bioinformatics, and the sgRNA-cas9 co-transfection lentivirus with TFDP3 gene knockout
was constructed by CRISPR/Cas9 technology. The constructed lentivirus was used to infect PC3 cells, and the stable transgenic strain
was screened. Flow cytometry was used to detect the cell cycle distribution and apoptosis of cells in KO group (with TFDP3 KO) and
control group. Cell migration and invasion capabilities were further detected by Scratch and Transwell assays. Results: Three sgRNAs
were obtained through bioinformatics screening. Among them, the sgRNA2 obviously inhibited the prostate cancer gene expression. By
using the CRISPR/Cas9 technology, a stable transgenic strain of PC3 prostate cancer cells with low expression of TFDP3 was obtained.
The results of Flow cytometry showed that after the expression of TFDP3 gene was inhibited, compared with the control group, the
percentage of cells in GO/G1 phase increased while the percentage of cells in G2/M stage decreased in the KO group, and the cell
apoptosis rate significantly increased in the KO group (P<0.05); the migration rate of the PC3 cells in the KO group was significantly
decreased (24 h migration rate: [44.00+£1.60]% vs [65.00+4.40]%, P<0.01); the number of migrated cells in the KO group that passed
through the polycarbonate membrane was significantly lower than that of the control group (185.89+11.71 vs 248.33£11.95,
P<0.01). Conclusion: In this study, a stable transgenic strain of PC3 prostate cancer cell line with TFDP3 gene KO was constructed
through CRISPR/Cas9 technology. It was confirmed that after the expression of TFDP3 gene was inhibited, PC3 cell cycle was blocked
and the apoptosis rate was increased. Furthermore, the ability of migration and invasion was significantly weakened, suggesting that
TFDP3 is a tumor-promoting gene in prostate cancer.
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HE R Gt B R R R o B R AR, LA/
B W B B B % 5 R A A A A O] i R 4
TR BB M ) — Fh B AR, 2 A 5% X D) g i) o 2
T-Bro UL B B 4 8 R AL 45 BEHE AR I (zine
finger nuclease, ZFN) . % g U + £ 200 K 4%
2 M ( transcription activator-like effector nuclease,
TALEN) #1814 5 52 % [0l 3C 7 51 5% ( CRISPR/
Cas9) % 3Fp ), H v CRISPR/Cas9 ( Clustered
Regularly Interspaced Short Palindromic Repeats and
CRISPR-Associated Proteins) 42— ' 21 [& Al 1y A= B
rh HCAR Z DR P 5 B B8R A f B R AT 1 TR R
gt , R T AN IR R RS BE B8R T 5 B S )
RNA (sgRNA) , A4 Cas9 F5 511 51 A0 107 5 5
) DNA 73 F I A7 ACEE VDK, HLAT ) 45 7 2R L E
SR DAL, (A TR I g e o R b B
PN g [

¢ B — Ak B 4K ( transcription factor
dimerization partner, TFDP) ZZJ% ¥ 5 f& BE 5 5% o
T E2F (E2 factor) &5 5 1 mi 57 I8 — R AAHY —2K 53
¥ . 5 TFDPI1 #il TFDP2 (¥ JjfEAH S, TFDP3 7] LA
M E2F 2R 15 DNA 1945 & K e st Dse s
TFDP3 s -4 & B0 s 638 T, A 18 JH2H 21
HORZER O, I AT RE R E BRI . B
CA LR Y], TFDP3 5 2 Mk ik 40 1 i s A
LR O B K R B O o A R A A Y Kk B
TFDP3 7t Z F 2H b SRak g o, JEHOZARX T 1E
WO ANFIE TFDP3 (RIS R4S, (HHAERTF
iR 9 PR3 114 2 A K R R A A £ S AR, AR
F 5% 38 2F CRISPR/Cas9 £ AR #4 2 1ij 1) i Ji 41 i
TFDP3 J: P mlbr iER ik, tE5E 36l TFDP3 ik Xt

HiT 0 i g 240 e R 3 L O T MR 2R R RE I RS
& 1E1E— 0 [ W] TFDP3 7 i 51 J g & A % e P iy
YEHL.

1 MREFE

1.1 AR A

N R B AN BBk 293T AN I B IR O AN A Bk
PC3 T A BBl 2# e, Bk LentiCRISPRV2GFP. ##
Bh#& pSP AX, #l pMD,G. Luciferase SSA 1 7%
BRI AW s w PR, A RS2 S 4 T DHSo. T4
Z R . BsmB 1 N VIR . T4 % B8 00 A
TaKaRa 23 H), DMEM #5323 | i 4= i 1 AR G5 1
H Gibeo 22w, Jit bz $2 B R & W H QIAGEN 28
F], TFDP3 HiKI [ Abcam 23 R, 2 Jf & B4
7| & H KeyGEN BioTECH /A ], Annexin V-APC
PR YU vk 20 U T A I 3K ) &5 0 H eBioscience 2
A, 1228305 & 1 36 [E Corning /A 7], GIEMSA
A A S E A ARG RAF, 5196 B
DU IR 55 i PG R A 2wl Al
1.2 sgRNA FFA 3Bk 4% 57 6938 i+

F| I CRISPR 7£ £k i 11 T. H W 3k http://crispr.
mitedw/, IR GITF 4, £ HEEITF 5 L3R
sgRNA (sgRNA1, sgRNA2, sgRNA3) , TFDP3 %:[A
A VAR, T TR AR R 7 S o7 A5 7)1 0 IXC
1511 CRISPR/cas9 # i o il YIS &= 1%
A8, X FHRE IR EE S I R B K . DL sgRNA JF
IR, BT B AN, A3 AR G A AR 5 v
i CACC, AR gmt a5 umis il AAAC, it
) sgRNA JFH1) L3 1.

% 1 TFDP3 &Y sgRNA $B{i S HZEH B F 5
Tab.1 Nucleotide sequences of sgRNA targeting TFDP3

Target sgRNA sequence 5°- guide sequence Oligo sequence
sgRNA1 GCCGGGCAGCACAACAGGAA /Cj;i% ?gggf &%%igéﬁéégéggéA
RN GOCOTCTTICCATGAAGGTC eace GECGTCTITCCATGANGGTC
MRNA GGAGGTGTGTICACGACGGE cace GGAGGTGTGITCACGACGGC

1.3 Cas9/sgRNA & ik SRk

HR 4 BE £ 1) sgRNA 43 315 A% oligo A B, SR
T4 Z RBER X oligo A Bk 4T85 MR 1k J5 1B k¥
RO o IR KR FR RIE | R S, O 10 pl R
10 pmol/L) , fiNZK & 50 pl, R 2J A 500 ml i 7k
L, BRI E R . Oligo — BIKHH A ZIK,

I3 & % 47 LentiCRISPRv2 [FIC= 4 1 pl. iR K 7= ¥
4 ul, T4 FEBENG S plo JCEIRIEH Y 10w, A
100 pl DHSa J8% 52 25 40 il Hr ik 2, B oK b i
30 min, FFALA 42 °C KIE 90 s, L E T KK H
3 min, I A 500 pl LB ¥ 1A 55 5% 3, i & 2 K
180 r/min 37 °C 1 h, HUE 100 pl #1544 F LB


http://crispr.mit.edu/
http://crispr.mit.edu/
http://crispr.mit.edu/
http://crispr.mit.edu/
http://crispr.mit.edu/
http://crispr.mit.edu/
http://crispr.mit.edu/
http://crispr.mit.edu/

Z=#8, %5, 03 CRISPR/Cas9 Hi A4 TFDP3 I B i 41 it PC3 41 M 2E 40 2% Th & 1Y 7% i - 445 -

REE IR (5 50 ng/Ml R FHR ), 37 CHiFd
o PRELEEVE, WP 5E .
1.4 Luciferase-SSA R4 # 4K 89 & MAE |
P2l FER A 46 A Luciferase 244K+, U0
BT FLAETRT, DALY 344 L CRISPR/sgRNA
Z AR BB R B Y Luciferase #2753 K A1 2 donor
KL, X HE A B e 75 AR, Kl Luciferase {5 5
(B 1) o BARPTAERE: —2ETF1F Luciferase
) 2 fich X e (21 bRic ) W Luciferase 3% A3 1 1 -
N CRISPR/Cas9 8y 1iE M, #—1~ CRISPR/Cas9
() S5 B P S R & 1k TR (B EabRid) o 78
CRISPR/Cas9 1T, #5478 7 4 DSB, 41
it R 4] 5 B 2 DNA, S — A 36
Luciferase. i 52 MY HAZELS) CRISPR/Cas9
BY RS K-

Stop target site

N/
Truncated luciferase " 1 E}_
lCRISPR/cas9
DSB  se— X < E:“?}.—
SSA —ll | _,
Active luciferase =3

1 Luciferase-SSA & S iF 4N SR EE
Fig.1 The structural representation of the detection of
Luciferase-SSA activity

1.5 Lenti CRISPR-TFDP3-T2 it & ik 1% 55 & L 3%

FIFH HIV R ER B B SE R 4 AR A 3 325
YRR, 7 293T 4HME PN Sei g = AN kE, 189
BRI Mix (3¢ Bk psPAX2 Fil pMD2.G)
FEEA TR, 24 h 548 B8 B8 28 7 s 97 FE Ak 2k
FEFE 48 h IS WA MO SR, B0 FeBRJ% o RIS
M BE R . AR e 4 B DR Ik A T Bk 4, O
AR RBETTBOE A 75 22T B2 I o
1.6 #3E TFDP3 & B &k ey PC3 wmftk

12 i £ lenti CRISPR-TFDP3-T2 &% ¢ PC3 4f|
L, DL MOI=20 #4780 Yy, YL )5 48 h, K 4l Mab i
i e, HEATORE . R IR I 0 2 S5 1) 4t Pk 3k 2= 2
S TERESEA TN MY HE . RO Y S A 20 B I
F 1A, #H4T WB BiiF TFDP3 /& (AR 335, JF6 e
HE—2E00E . K BT R bR TFDP3 (1) 40t 1 A il 5
(knock-out, KO) 41, H#4HFE A PC3 4iifflfFE A%y iE4
1.7 2m g 8 B4

o0 A K R Rl 80% B, R TS 1k,

5E 4 20 M B 7% 3 T B AN M B . AR &
15 ml .08, AR E 3 PMEL. 1000xg &0
10 min, 7 35, PBS PEAZAE 1 X (5.0 2 000 r/min,
5 min) , Y& JF R 5K 40 i % A 1x10%ml, X
1 ml 4R 5 45 i B A0 B R S O e, TR 4R
HAIARFR BN 70% ¥ 500 ul [ (2 h 2k
), 4 CARAF. Yot PBS Yhk e, Ik
M2 200 Hi 58— A 500 pul P/Rnase A
Yeto TAEW, =R EE 30~60 min; I =X 41 HE ALK
M, 05 &G 488 nm Ab LT 255,
1.8 Annexin V-APC 3£ & 44 &40 20 o, 8 T &
YA K B 3 R 70% I, RN AL, 58
G20 M 3% % S R AN R, AR AE T 15 ml
BT, AR 3IANESfL. B0 5 minJ5 5 L
W, 4 °C W3 i D-Hanks (pH=7.2~7.4) V&4 41}l
DUPE . IxZEA S B AU IE 1 9K, B0 3 min,
WA . 200 pl 1x45 4 2% vh il Sk A0 L i i, Jn
A 10 ul Annexin V-APC 4+ @, =i #E)% 10~15 min,
MR 40 B i, #b N 400~800 pl 1x454 28 mg, L
I
1.9 XIJE £ 34 m| TFDP3 & & ik 2t 4m i £ & 48 A

FEA B RE SR I A L 3x10* i, Wk H #e
IR B M 35 AR5, 1 FH R {SORHAE 96 FLAR YT iy
S R VA 1 2 e O 1| R BB 8
BRI VR 2~3 IR, AR B 0l 95 15 R 4 (F 0.5%
FBS), 1AM, & 37 C. 5% Wb isg: 8. 24 h i,
BT O WA T A O R SR, THA A
1.10 Transwell 5 % # | TFDP3 & % i %} PC3 %8
Rz 5 RE 1 090!

M—20 C K5 H HBCH Corning 1228305 &,
/N TR 24 LA, TICE TCRERE & 9 TR
R, b F/NELM 500 wl JC il i 55 57 5,
37 C R FF P HCE 2 h{# Matrigel 3L 57 )2 7K 1k,
RGN E 23R 2R LT, NOBRE EE
HEEFRIETFINA 500 pl 4B (1x10° 4~/A4L) , F
ZENANA 750 ul & 30% FBS [R5 3R 5, B35 24 h,
B/ NE F oKL DL BRI R4, M TR
R/ NE N AR ZEFEANM, 7% 2 5 3 7% Giemsa JL A
FUPEH T L, Yt FARANME 3~5 min J5, B/hER
WePPEEOK, BT R, WAEEH R, THECE A
111 %itsam

K H SPSS 19.0 #4740 B, P A S5 3 4
SLHEE 3, A IESS AR AR D £ s
7N, B LBCRH ke %e . DL P<0.05 5% P<0.01 %
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Fig.2 Sequencing validation of the construction of
Cas9/sgRNA vector

2.2 CRISPR/Cas9 A7 B ¥F49 K A Sk &

ST K M HE B Cas9/sgRNA JE PR il 4% 25 14
A B BRI, B PR 4K S Luciferase-SSA
45 2 4K PL K donor 7 A& 3 %% Ye A IR B 41 i
PR 293T 4 i, 48 h /5 W A 40 ffl, K% I Luciferase
WAE L K gE R (K 3) BoR, 34 3K (lenti
CRISPR-TFDP3-T1. lenti CRISPR-TFDP3-T2 #I lenti
CRISPR-TFDP3-T3) #% 44 J& 09 2 56 16 14 {8 -5 X HE 2
YA I, H2ERBA%0 %5 L (P<0.01),
H rf lenti CRISPR-TFDP3-T2 {Ik 32 35 12 5 7% 0 3%
HHE N 7AE A A, X Uk BH 2R BE 08 A Ak M
% Luciferase-SSA it 5 # 44 o %f N A9 88 A7 &,
Luciferase-SSA T&%ﬁﬁiLﬂn/ﬁj{lﬂﬁﬁéﬂﬂ/}ﬁm
F& ) Luciferase, fi 2kt FH it EUARVE R T HAIK
2.3 LentiCRISPR-TFDP3-T2 1% J& # i /£

K PR R T 500 o0 Ay v 1 o i 0 A 7 VR B A
o K 293T 40 i T Ak T 80U B BEE 1x10° 4> /ml,
Jn 100 pl 40 f = CBD 1x10* >4 ) 2 96 L AR
VAL, RN EEMERS 16 1L (8 N EEM BEh
FE, BAEEEE 2481, A 37 °C 55 3R4H o i 8
FE5 FE 15 ml B0, 58 A4 5018 0 vk
AR GE 2L 8 SRR BE I 10 15 R B, BN BREE 24
Bl EREAELEPMA 90 W & 5 pg/ml {2 5%

BRI A Y S8 e AR, R - E DA
10 pl MR EERARE, RIS, H 10 wl IASE =4
BHRA), DLEHE, 58 MERERRE (1072 ~1077),
SEALARAE—HE; 2248 96 FLAR P I THES IR 3L, INAFE
BT B0 B0 B B, I PRI s 72 h JRAEDE
R FUEE (B 4) a2 R B R Y FL
L A 9 R, Bk Xy, T

. (X +Y x 10) x 100
WEE (TU/ml) = B A (al)

5 AL Y48 BN e AR BT B . T RE )
lenti CRISPR-TFDP3-T2 % & 4 1.2x10° TU/ml.
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Relative luciferase activity

(=)

NC TFDP3-T1 TFDP3-T2 TFDP3-T3

* P<0.01
& 3 LuciferaseSSA R &5 & 510 ME E SR %
Fig.3 Knock-out efficiency detected by Luciferase-SSA
activity assay

2.4 M HE TEDP3 A A PC3 48 flntk

lenti CRISPR-TFDP3-T2 2 5 £7 /&% 4% 1 4] i i
PC3 Aifflf5, Akt 37240 48 h, K 4H i 96 FLARER
FERR R TL R LA B e B RS 7 (18] SA) o FREL 11 4>
Y i v B R AT AR R AR KO, T e AT B 2 bR
TFDP3 & M @b iy 4 i ik (& 5B) , Ff it —2 %) I
TR 1 ZRAR B % 240 e 5 M A AR L PR P 37 44 T
FE X, S55% (& 5C. D) SR fibk TFDP3 AL .
2.5 TFDP3 ik 537 7 IR & PC3 8 i &g ) — F=
Gl #arar

TSR IR 1255 (K 6A) 7R, KO
ZH PC3 YRR T30 2 = TXT IR [ (5.9440.63) % vs
(3.62+0.62) %, P<0.05], B TFDP3 & A iR 5,
AT AR T o T A M ARG DU 240 B S 19 A
g5 5 (K 6B) W, MHELXTREZL, KO 41 PC3 4iffl &
AT Gl IR . TEDP3%E M AR 4H GO/G1 41 i
5] R (82.33+4.16) %, i 3% v T [ M X6 BE 41 iy
(62.33+2.08) % (P<0.01); TFDP3 it [X f#i & 2H S
YR LR (12.33£1.53) %, 2R TFFAMEXT RZH Y
(25.33+1.53) % (P<0.05) , 1M TFDP3 & [A @& Fr 2
G2/M A48 i L 45 Ry (5.33+3.79) %, b &% T BAME
XFHRZ Y (12.33+1.15) % (P<0.05) (& 6B) o
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10

& 4 lenti CRISPR-TFDP3-T2 €% &5 iff B #& o
Fig.4 Fluorescence detection of Lenti CRISPR-TFDP3-T2 concentration

C
wild type TFDP3
TEDE3-Allele A
Consensus attcctactectocacctocttgggocgggoageacaacay
wild type TFDP3
TFDE3-Allele A
Consensus

wild type TFDE3
TEDEI-Allele A
Consensus

atgaaggtctgggagacygtgcagaggaaagggaccactt

D

B
1 2 3 4 5 6 7 8 9 10 11
TFDP3 B ] — -—
B-actin — et P s et S Vgl S S e et
wild type TFDP3 320
TEDE3- Allele B 316
Consensus
wild type TFDP3 360
TEDP3-Allele B 346
Consensus
wild type TFDP3 400
TEDP3-Allele B 386

Consensus cctgecaggaagtggtaggcgagetggtegecaagttcag

A: Cell monoclone after LENTI CRISPR-TFDP3-T2 infection; B: WB screening of TFDP3 knock-out positive cell clones;
C: TFDP3 KO cell clone, allele A deletion mutation (=7 bp); D: TFDP3 KO cell clone, allele B deletion mutation (=7 bp)
5 B EREERERE
Fig.5 Identification of cell genotype

2.6 TFDP3 &k M =T 4741 47
e &9

21 Jf SR S B0 K I 45 5 (&1 7A) W7, TFDP3

2 DAL R 5% 2EL 40 PR %) 24 41 BT B8 SR AT T A 2 X R

4, MM 8 h AT R I i 22 % [24 h BT iE

3| i & PC3 2m fe T 45 Fn

B E . (44.00£1.60)% vs (65.00+4.40) %, P<0.01;
ShIFITH % (12.33+1.50) % vs (10.0+£0.82)%, P=

0.297 7], #& 7~ TFDP3 Ft K It 2R v] B A% 67 51 iR 9

PC3 4l il 49 3T % BE /1 . Transwell 52 56 46 I 2%
(& 7B) s, LE[EFERRIPY, BIPEXT BRZHF1 TFDP3
HE DR R o 2 40 2 o R e TR T R ) - 1 400 i Kk
S35Ih (248.33£11.95) 4>, (185.89+11.71) >, TFDP3
HE DR R 20 4= 2 A R B T IR T R e R A
(P<0.01) , UEW] TFDP3 JE [K it [5: 7T B ALK A 51 i o
PC3 AR ZERE ] -
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~ Plot P02, gated on PO1.R1 Plot P02, gated on PO1.R1

?10’ £ 95.38% 3.72% ?105 F 94.80%zz oy 517%
I n
B 104k 2 10°E
S| S|
8 3
§ 2 § 2
§ 10% ¥ § 10% ¢ R2 3
E E
= 101 = 10!
= 10" = 10"k
3 | ob091% . W .. B L £0.03%, . . 0% .
o 10! 10? 10 10* 100 © 7100 10! 10? 10 10* 10°
Red-R fluorescence (RED-R-HLog) Red-R fluorescence (RED-R-HLog)
NC KO
B 1400 _ 2000 [ _
[] Debris [) Debris
1200 + [[] Aggregetes [[] Aggregetes
B Dip G1 1500 B Dip G1
1000 | H Dip G2 81% H Dip G2
” X Dip S ” [ Dip S
8 800 2
§ g 1 000 +
Z 600 Z
400 | 500 |
200
13% % 8%
0 i L ] 0 L L L ]
0 60 80 100 0 20 40 60 80 100
PI-A PI-A
NC KO

A:The results of flow cytometry showed that the apoptotic rate of PC3 cells in the KO group was higher than that in the NC group;

B: Compared with the NC group, the percentage of the cells in the G1 phase was significantly higher in the KO group,

while the percentage of cells in the S phase and G2/M phase decreased, indicating that cells were blocked at G1 phase

after TFDP3 KO (NC: Normal control group; KO: TFDP3 gene KO group)
B 6 TFDP3 EFE RIS PC3 4 ARMETHHNE
Fig.6 Changes of PC3 cell cycle and apoptosis after TFDP3 gene KO

3 it i

1 55 1 JE [H] 4 B 4 AR ZFN FI TALEN 0K, i
TR I A 55 58, ARME R T Ilfe AR S pRt
CRISPR/Cas9 % [H 4 5 £ R #H b ZFN #l TALEN
FoA, @it RNA 5 HAY DNA RS, 515 cas9 # iz
VI EI B4 DNA, 1] =528 (A7 5 b 41 il A G S5 R 1)
ik, GIABRSHR A, B0 & 1T A W 1
SR g T HUY ) [@]EF, CRISPR/Cas9 4% A A £ A
XoF NS BE R HEAT e R Va7 AR DG, TRt mT 1) ]
AR X A G I B R AT A& i, 00 e 4 1) 34
B IERE RS Ak, A B HE iR 1) YA T B AR R 08 O
. BIAA, KEEYRHL A A Editas 56252 7
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