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Effects of TFDP3 knock-out by CRISPR/Cas9 on biological function of prostate
cancer PC3 cells

LI Rui, YANG Liu, LI Jinjie, DIAO Yanjun, SU Mingquan, HAO Xiaoke, LIU Jiayun (Institute for Clinical Laboratory Medicine of
PLA, Xijing Hospital Affiliated to the Air Force Medical University, Xi'an 710032, Shaanxi, China)

[Abstract] Objective: CRISPR/Cas9 technology was used to construct a stable transgenic strain of prostate cancer PC3 cells with
TFDP3 gene knockout 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 knockout)
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 inhibiting the expression of TFDP3 gene, 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 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 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 knockout was
constructed through CRISPR/Cas9 technology. It was confirmed that after inhibiting the expression of TFDP3 gene, PC3 cell cycle was
blocked and the apoptosis rate 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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(transcription activator-like effector nuclease, TALEN )

Fo S S [ SO F51% (CRISPR/Cas9) %5 3 Fijt!]
H: 1 CRISPR/Cas9 ( Clustered Regularly Interspaced
Short Palindromic Repeats and CRISPR-Associated
Proteins ) & — 4 & A1 vl A T HH AR A0 5 BE B
JFORL AR BRI PE S R 58, R R T MR 75
iz KLy 81 R B i R ] RNA (sgRNA) , 7] 4 &
Cas9 ¢ 5 DU ARG Y DNA 73 JF 547 XUk
DI, A 5 R et s SO, (S B e
PR Gt e P LA R R i R s T

Bk I F Z R AL B & ( transcription factor
dimerization partner, TFDP) ZJi% i¥ b1 /2 BE 5 #% 5%
¥ E2F (E2 factor) 5 &5 1B 5 I — Rk 19— 2
¥ . 5 TFDP1 #l TFDP2 (¥jfig#H 2 , TFDP3 1] )
Ml E2F 2 (15 DNA (25 & B s 3o gl
TFDP3 iz 9l & I e 38 T , 7R 1E 3 T2 21
HOR IR, ML AT AR SRR E R BOm N ¥, Bl
C A W55 % B TFDP3 5 20M: itk 12 40 A 11 i st A
FLAR RS 0 K AR R R OC . AR AL T R R
TFDP3 75 Z il 2 kg 0, JUHIZARXS T 1E
WG T ANZRiA TFDP3 ARSI IR 4L, (AILAER S
A8 e e 1) 2 A R g 1 A i AR B ARS, AR
WF 52 38 3 CRISPR/Cas9 £ A #4) 2 i 51 Ji 98 40 il
TFDP3 K& K @b AR e bk, W53 TFDP3 A%
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5 1E 17— 4 [ B TEDP3 78 5 4 B s & A= & e vh iy
,f/EFHO

1 MREFE

1.1 AR A

N R A BBk 293T Fn N T SRR o AN R Bk
PC3 (1 T Hr [ B} B ) , ik LentiCRISPRV2GFP,
i Bh 2K pSP AX, 1 pMD,G. Luciferase SSA Hi i
DCERL AW A w4 #1852 5 41 I DHSa,
T4 Z WWEFERHE . BsmB 1 P VI . T4 ¥ 28 W A
TaKaRa /2], DMEM 355758 | i 4 I3 A A 25 1
H Gibco 2A Fl, [tk £ B R £ W H QIAGEN 22
), TEFDP3 FiiKIg [ Abcam 23 7] . 40 & G 3
7| &) H KeyGEN BioTECH 7 ], Annexin V-APC
PR 20 O T A DU ) & W A eBioscience 2y
A, 1278150 & 3 3¢ [F Corning /A F], GIEMSA 4t
ORI B i E AE ARG BRA ], 516 B
DU M 55 FH VG B E ) N ml it
1.2 sgRNA FEAz Bk 4% 53 69381+

F ] CRISPR 7E £k 1% 11 T. B ™ ¥l http://crispr.
mitedw/, RIERGIF4r, £ H L EIF 5 L3 Y
sgRNA (sgRNA1, sgRNA2, sgRNA3) , TFDP3 J&[H
HA VAR, F5 TR R IR SR s b i DX Ik
11 CRISPR/cas9 1 5 . l U1 ¥ S5 &0k = A R
AL, X BRI BE G BB i K. DL sgRNA
IR, BB AN, A3 AR G ARSI 5 v
i CACC. AR gmt R 5w s il AAAC, it
Y sgRNA 741 ILZ 1,

& 1 TFDP3 A9 sgRNA $B{I 2 HU#ZE 8BS ¥ 51
Tab.1 Nucleotide sequences of sgRNA targeting TFDP3

Target sgRNA sequence 5’- guide sequence Oligo sequence
WRNAI GCCGGGCAGCACAACAGGAR cace GCCGGGCAGCACAACAGGAR
NAZ GOCGTCTTTCCATGAAGGTC cace GCCGTCTTICCATGAAGGTC
#NAS GGAGGTGTGTTCACGACGGC cace GGAGGTGTGITCACGACGGL

1.3 Cas9/sgRNA F ik & Kk # s

HR 4 BE £ 1) sgRNA 43 35 A% oligo A B, R
T4 2 R BRI XT oligo F Br k17 85 MR 1k J5 1B kB
BORUEE o IR KARZNIE | J A%, 45U 10 pl (R
10 pmol/L) , Jil7K 2 50 pl, & AJ A 500 ml ¥ 7k
i, QAR H ZEE R, Oligo — B AZIK, &
JO 1 2 A LentiCRISPRv2 [ F=4 1 pl, iR K 7=#)

4 ul, T4 HEERE S plo BUERER =Y 10 W, A
100 pl DHSo 2% 37 25 40 B vk &), 7 vk b i
30 min, FEHLA 42 C 7K 90 s, M & T ki
3 min, fill A 500 pl LB A& 3% 37 56, ik & % R
180 r/min 37 °C 1 h, HUAWK 100 pl &) A6 T LB
RIEFREE (50 ng/Wl AR EEER) , 37 C Higead
o PRELET, T I E
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1.4 Luciferase-SSA R4 # 4K 89 & MAs |

P2k FER A 46 A Luciferase z44&H, U0
BATTFLAETRT, DALY 344 Y CRISPR/sgRNA
AR ST e B Y Luciferase #f 45 55 5 F1 2 donor
JORL, X HE A B e 75 AR, Kl Luciferase {5 5
(B 1) o BARPTAERE: —D2ETF1F Luciferase
B 2 i DX Hp g (Z1 (A kRic ) W Luciferase 3% A 6 1 -
N CRISPR/Cas9 8y 1iEE:, #—1~ CRISPR/Cas9
B A BT R LR TR (EaAbRid) o 7F
CRISPR/Cas9 1E T, #2547 & 7 4k DSB, 41
it R E 4 5 B 2 DNA, B S —A A 36
Luciferase. i 52 MY HAZEfLS ) CRISPR/Cas9
B YIRS K-

Stop target site

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

1 Luciferase-SSA & H i 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 4 63

FIFH HIV a8 [ B S 46 AR5 2)7E 2
DRI R, 7E 293T i P % G = AN ooks, 120
BB IR Mix (3 f%¢ Bk psPAX2 Fil pMD2.G)
FEFUR . 24 h J5 008 B2 5 15 A2 77 3% 57 B ar 2
BE R 48 h IS AR A IS SR, B0 FE R i s B A
P BE R . A W 4 AR DR IR A T B Mk 4, T
AR RBETTBOE A 5 2T B2 I
1.6 #1# TFDP3 A B s 69 PC3 28 etk

12 5§ 5 lenti CRISPR-TFDP3-T2 &% 4% PC3 4fi
L, DL MOI=20 A 7/8% 4y, JEYLJ5 48 h, K 4 ffuth B2
iR, PEATORE . B IR IO S5 1) A M Pk 3k 2= 2
S TERESEAT ALY HE . RIS Y 20 A
E 1, #H1T WB KF TEDP3 & [0 3235, FH6 s
HE— L BE . K TR R TFDP3 A 20 it 1 A i B
21 (KO ) , KA PC3 FUMAE Ry % BR4H
1.7 2| e 3] HaAe )

9 i A K 2 55 R 2 80% B, TR TH 1k,
S 4 A0 i B 7% 3k TR AN M B . AR &
15 ml &0, AR E 3 DNEFL. 1000xg L

10 min, 5 F3%, PBS PS4 —IK (.0 2 000 r/min,
5 min) , W 4E I VA 40 % B O 1x10%ml, HX
1 ml 4NHE s 45 A9 A0 BB S O e, FE 4T
MR ECR 70% ¥ 500 pl [E5E (2 h i
), 4 CARME . YetaniH PBS Yhk e R, FHkan
M2 200 HFfiRE3E—I; JIA 500 ul PI/Rnase A
Yeto TAEW, =R EE 30~60 min; I X 40 HE ALK
M, 0 5RE &G 488 nm AbLT 255,

1.8 Annexin V-APC 3£ & 44 &40 4m o, 8 T %

AR K T w2 RN T0% I, BRI AL, 58
e 2 M 35 5 R R AN A, AR AR T 15 ml
BET, AR 3ANESL. B0 S min J5 5 L,
4 °C #i¥4 #Y D-Hanks (pH=7.2~7.4) ¥k % 40 L 1T
VE o IxZ5A S IR A T TE — IR, B0 3 min,
WO . 200 pl 1x45 65 22 vhif S 4 LT iE , in
A 10 pl Annexin V-APC 4%, =y 10~15 min,
MR A0 Mo &, #Miim 400~800 pl 1x4% & 22wk, HHL
I
1.9 X195 B4 m TEDP3 & & ik *F 4m it i 45 4k
89 % v

FEAN B RE SR I A 3x10* 4, Wk H e
IR BE il T R R, IR SO0 E 96 FLAR Y T ity
T ERAL, ] AR R, i TG I i 4 5
BRIV 2~3 i, AR B 0l v 15 R A (F 0.5%
FBS), #ild. & 37 °C. 5% EF4hiE3: 8. 24 h )5,
BT OO0 1 IR R TE R, T AN
1.10  Transwell 52 3 # | TFDP3 {& & % #F PC3 4
RoOAZ 5 RE 1 09 3% 0!

M—-20 °C vkA B Corning 17 221857 &, ¥
INEEE T 24 FLAR R, HCE TR ERAE & K
BEER. b F/NESM 500 pl JC i i 5 5% 5,
37 C K FEFHICE 2 h i Matrigel 3 502 K 1L,
SRJG K /INE AR RS R LR, N B B E
HEEFEEITIA 500 wl 4RI (10° AFL), FEMIMA
750 pl % 30% FBS [ 5R 2L, #5355 24 ho FHH0/NE
TWoKYR LA LBRIG SR, AR FREELNE
PIARZEREANA, 3% 2 5K 3 7% Giemsa YR B BEAY T
FM, Yot ZE LA 3~5 min J5, BN IR I Pk
W, BTE, BRI, TR .

111 %itsa =

K F SPSS 19.0 #4047 40 B, T A S 56 35l
SCHEE 3, A IEA SRR AR D £ s
N, PRI LR ¢ k% . DA P<0.05 5 P<0.01 %
NEFHEEGIFE L
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P AL A AT 1R T 51 1B K WU I 5 2t ik
fY) Lenti CRISPRv2 % #%, ¥ 1. %] DH5a J&3Z &,
P U BH 1 B o B TRV, Gl I BRI . W 4
(K 2) B, ZRAR BT 7 i A B .
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b
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i \.JI' rnl ]. , !I

El 2 Cas9/ngNA %ﬁﬁ:ﬂ']m]f'_

Fig.2 Sequencing validation of the construction of
Cas9/sgRNA vector

| TFDP3-gRNA3

2.2 CRISPR/Cas9 A7 R 449K R Sk &

R T KR HE Y Cas9/sgRNA K& [H] B 5 2 1A 2
5 EA mBRIEE, B Br A5 Luciferase-SSA
i 2 R DL f donor £ 1A St B g N IR B 40 M BE
293T 4iififd, 48 h WAL, Kl Luciferase 3 14,
gEH (] 3) 87w, 3 4384A (lenti CRISPR-TFDP3-T1 ,
lenti CRISPR-TFDP3-T2 #/I lenti CRISPR-TFDP3-T3)
YL 5 DTG YE(E 5 % BB AL AR E 3/ 1, H.2%
SHA S % E X (P<0.01), H ' lenti CRISPR-
TFDP3-T2 XK A dE e 38 7 45 A4, XUt
B AR BE U A AU A R Luciferase-SSA it 45 2k &
XTI A 5, Luciferase-SSA #2452 448 1o A1 IR
i B ZH B 52 2 1Y Luciferase, Jig St AR 1E Ry
THEIA,
2.3 LentiCRISPR-TFDP3-T2 1% % 7 i &

SR FH R B T 50 % ) 2 1 122 5 i 2 4 U B A
M. ¥ 293T 40 M7 AT 80U B B & 1x10° 4> /ml,
Hn 100 pl 20 M2 (BP 1x10* S 20 ) %) 96 FLik—
AL, HEARTEE S 16 L (8 A9 JE s b
B, BB 2 AN L), A 37 C B 3RAR i i
F%5 A8 L5 ml BL08 Y, 98 285 7 50 18 e 1 v
G5 WA BE 8 ANBEJE Y 10 546 BE, BENBR R 2 4
BAL; EREAELETIMA 90 ul & 5 pg/ml {2 5%
BRI Ry o8 SR, RS - E A

BHRIRAT, LIS, fi 8 MEREREE (10°~107),
SR E—RE; 2o 96 FLMR I IHESFRIE, IAKG
TGP 0O BR BER FE R BV, R ITARie s 72 h IR FEDE
e s TR (1 4) Sa P 2GR RRREE AL
LT T AT GRS EL, R XORT Y,

e _(X+Y><10)><100

WEE (MU /ml) = S T A ()

A L B N R A G TR R . TIE Y

lenti CRISPR-TFDP3-T2 %% Jy 1.2x10°* TU/ml.,

* %k

—
S
d

< < o
E =)} oo
T

Relative luciferase activity

<
S}

(=)

NC TFDP3-T1 TFDP3-T2 TFDP3-T3

" P<0.01
& 3 LuciferaseSSA 1 & H ik 46 M & E S 2%
Fig.3 Knock-out efficiency detected by Luciferase-SSA
activity assay

2.4 A TFDP3 A B &tk PC3 4 itk

lenti CRISPR-TFDP3-T2 18 J5 £ J&& 4t 7 4] if 9
PC3 45, dkLedi il 48 h, K4 96 FLARAS
FERR R PR I s e R (& SA) o BREC 1T A4
G B v B R AT B R GA KO S, TR AT B 2 Bk
TFDP3 &5 H bR A4tk . JfiF— 20 % BRI
IR 1P A 4 B i 5 T A AR R DR A A T I LR X
455 (B 5C. D) Rk TFDP3 B,
2.5 TFDP3 8% 531 5] i & PC3 20 A 6d A — Fm
Gl # i

it 2 A AR A A 0 40 B R T 5 2R (] 6A) B,
% B4 A, KO 41 PC3 i TR B 5 TXF
W ZH [ (5.94+0.63) % vs (3.62+0.62) %, P<0.05], %
A TFDP3 JEHmibR S5, v LAE AT S0
I A G 000 40 i 3 A 25 5% (1] 6B) o, AH EL X
M4, KO4 PC3 4t &4 T G1 W%y . TFDP3
FE DR i B 2 GO/G L U 40 it L 451 Ry (82.33+4.16) %,
2R T B IR AY (62.33+2.08) % (P<0.01);
TFDP3 JEA m bR S AL Lok (12.33+1.53) %,
K T I 6 R 4H Y (25.33+1.53) % (P<0.05) ,
il TFDP3 3 K wf B 20 G2/M 301 40 g Eb 4 oy (5.33+
3.79) %, W EALTFBIMHXT BAL A (12.33+1.15) % (P<
0.05) (|51 6B) .
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107 10°¢ 107
&l 4 lenti CRISPR-TFDP3-T2 184% & 5 BR3¢
Fig.4 Fluorescence detection of Lenti CRISPR-TFDP3-T2 concentration

A B
1 2 3 4 5 6 7 8 9 10 11
TFDP3 e B = — -
B-actin -——‘JI—--”"_‘-’H"-'-
C D
wild type TFDP3 250 wild type TFDP3 CR. TTCC 320
TEDEZ-Allele A 280 TEDE3- Allele B CE. aaie 316
Consensus attcectactectocacctocttgggocyggcageacaacany Consensus gaaaggagagaagaatggcatgggectgtgeegtct
wild type TFDP3 320 wild type TFDP3 BTCEAGGTH 360
TEDP3-Allele A 313 TFDP3-Allele B e 346
Consensus Consensus
wild type TFDP3 360  wild type TFDP3 400
TEDP3-Allele A 353 TEDP3-Allele B RG 386
Consensus atgaaggtctgggagacggtgcagaggaaagggaccactt Consensus cctgecaggaagtggtgggcgagetggtegecaagttcag

A: Cell monoclone after LENTI CRISPR-TFDP3-T2 infection; B: WB screening of TFDP3 knock-out positive cell clones;
C: TFDP3 knock-out cell clone, allele A deletion mutation (=7 bp); D: TFDP3 knock-out cell clone, allele B deletion mutation (=7 bp)
BES5 AmanEERRERE
Fig.5 Identification of cell genotype

2.6 TFDP3 g% =T #7487 90 I 5% PC3 4m fa 45 4% Ae
cE 2

21 B R0) IR S 56 A N 245 2R R (1€l 7A) , TFDP3
S DR R0 4% 2EL 400 R B 24 40 B3 RS SRR T 9 4 o TR
4, MM 8 h AT R ICH B 22 5 [24 h Bf T
F . (44.00£1.60)% vs ( 65.00+4.40) %, P<0.01;
Shif TR, (12.33£1.50) % vs (10.0+0.82)%, P=
0.2977], $2& 7~ TFDP3 3k A Ii 8k v] B AIX 11 51 B 9

PC3 40 BT RS fE J1 o Transwell 254G 45 5 /R
(K 7B) , LE[RIAEREE] Y, B PR B 2H F11 TFDP3 2
Fo 5% 2L 24 L 2 3o SR Ttk 2 T S 1 - 12 240 R 50 3l
(248.33+11.95) . (185.89+11.71) 4>, TFDP3 & [
R 2 12 22 4 Mo B0 AR T B M IR 4 (P<0.01) , TiE
W] TFDP3 J [A i 5 AT R T 51 Bt PC3 240 i 19 4=

RAET .
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~ Plot P02, gated on PO1.R1

§°10~’ £ 95.38% 3.72%
T
2 104k L
ST
3
2
2 10% ¢
3
2
o101y
=
8 Lok 0.91% . 0% .
o 10! 10 10° 104 10
Red-R fluorescence (RED-R-HLog)
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B 1400 )
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1200 [[] Aggregetes
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=
5 800 W Dip §
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2 600
400
200
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0 60 80 100
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—_ Plot P02, gated on PO1.R1
é‘)IO5 £ 94.80 G 5.17%
ml s
R 10%
S}
3
5
% 10° R2
£ .
Z 0
o 10" E
=]
3| [ 003%, . W
S 100 10! 10 10° 10* 10°
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KO
2000 ¢ .
O Debris
[[] Aggregetes
1500 B Dip Gl
81% B Dip G2
5 i Dips
E1000}
=
Z
500 +
11% 8%
0 L L L ]
0 20 40 60 80 100
Pl-A
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 knock-out (NC: Normal control group; KO: TFDP3 gene knock-out group)
B 6 TFDP3 EFE RIS PC3 4 ARMETHHNE
Fig.6 Changes of PC3 cell cycle and apoptosis after TFDP3 gene knockout

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 K 4 £ AAH b ZFN R | 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
L G TR [EIF, CRISPR/Cas9 # AR A & 7]
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 ERS RISk, Sk W i R T T B AR i
. BIAA, KEEYRHL A A Editas 56252 7
Allergan B JF /T3l i AAV 3#1% CRISPR 1A PN
B CEP290 %748 N & + 1) 7 SR I7 S KM BRI 10
(LCA10) (i T /10 Wl Rt a8 ™, 3 H, idba s
XIS 7% Sk Ao 5 20 25 22 1> i 52 1A B i IR CRISPR/
Cas9 FE DK 4t 48 19 AR HSCs 3477 S35 1 E I B
F, LI T CCRS 78 iy HSPC 1E B A R & IF
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