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Abstract

Aims: To investigate the expression difference of DKK4 protein between primary colon cancer and
liver metastases, and fluorouracil-tolerated effect of DKK4 gene in human colon cancer cells. Me-
thods: Synchronous colon cancer liver metastasis cases and tissue samples were collected, expres-
sion of DKK4 between colon cancer and liver metastasis were analyzed via immunohistochemistry
(IHC). DKK4 gene in human SW480 colon cancer cells was knocked out via CRISPR/Cas9 technique
and gene editing efficiency was analyzed by Western Blotting and Real-time PCR. Also, 5-FU resis-
tance was tested for investigating the importance of DKK4 in colon cancer. Results: In 17 colon
cancer liver metastasis cases, positive rate of DKK4 expressions were 35% in primary site and 75%
in liver metastasis, which showed that liver metastases had higher DKK4 expression than colon
primary sites. We successfully knocked out DKK4 gene in human SW480 colon cancer cells by using
CRISPR/Cas9. Wild-type SW480 cells grew normally in 5%/10% 5-FU culture medium, while
DKK4-KO SW480 cells accelerated death with increasing 5-fu concentration. Conclusion: DKK4 ex-
pression was higher in liver metastasis than in colon primary site, and was critical to 5-FU toler-
ance in colon cancer. This result indicated that DKK4 was an important factor in 5-FU resistance
and a potential therapeutics target.
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WER %

HE

H ) : W22 DKKATE 45 I8 I 35 £ 40 41 ) R0k 22 R A DKK4ZE R %of 45 B 8 40 B Tk 32 5-FURIAE F » v
WE17BI R 4R EREAS, BldaRAl T REREMEBRILEDKKABEANRIEER .
#) Bl CRISPR-Cas OB Rk B N\ 45 I fE SW480 4 i DKK4AFR: K, i B8 3 BE ¥k ATRT-PCRYPAL 2 R 4w 453
R, HS T DKKARIEX & e 4 2 5-FURG I, &5: E170SHBHERBHAF, ER
JEDKK4ZLEE FH 2 N20% (2/10), FFEBLELEHMERT0% (7/10), #ARFEBIDKKAEHRIA
HERTEmERM . FIFCRISPR/CasoB: A B Ihibk A\ 45 i SW48041 i DKK4E: [, 7E5 A 5%-
10% 5-FURJ35FREF, WT-DKK4 SW4804H fuml 48 52358, {H DKK4-KO SW4804H i I B 5- FUIK B 1
DT NEIC T . 4518 : S T H S DKK4RIEFE 5, HDKK4RIX K5t 45 7% 40 e} 52 5-FU
AAARANEERNE W, RRNDKKAT BE RN 32 5-FUMLT M EER R MBAER TS

KA
DKK4E [, &BBITHE, WTTHL, EEGHE
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1. ARE R

58 L A A BRI R AF DG JE T 28 58— d v SR R [ 1], LA SR AR T 30 3 A AR R I A Rt v
s . RE S-URMERESR(S-FU) 21 R Bt I A0TT J5 S A6 A SR i 45 B W 1 DG I8 A6 A7 56 I g 301 P yd
Mz, (B4 H e BFAFAEANFTEER) 5-Fu My 25(2];  ELIZRR 24504 1 oA ROm i, — B8 X i
PRUEE R LGN RN 2, IR EME LI o R, SR — e Remiil . secb 00t b ss 48 i 5-FU i 24
PETE R 73 FHE R, b e 45 B i R T RO SR AIAE T 3R I T B

HAEraF A &I, A DKK4 (dickkopf homolog 4)£ [ [ 3R1A 7K1 5 # R W e A0y 7 i 25 1A 2 D)ok
R[3]: Sl it DKK4 REE 2 1) 8 E 2RI 5-FU AT Z; 4 DKK4-cDNA 45 iz 48
AT BA BB 5-FU [OIR 32 1, 30 B BIAAIE 3R . AT AT IR 7St R BL: TP #59% -F DKK4 mRNA
(R IE KT B 2 v T 45 B SR R i (74 i), Wi 4041 DKK4 mRNA FRik % 57 53 5-FU (7 Ut = 57
FH—2[4]. DR, AR SC 0L S0 180 I R T I8 b A G I T LY 5 A i e 5 T4 #8980 DKK4 B A (R IA 22
5, Fi#IT CRISPR-Cas9 HiAmi b A\ 454l il DKK4 [3R1E, #HATRSMIRE FRF1 5-FU W56, W25
53T DKK4 R 5 45 W Je 40 M 52 5-FU [R5200

2. B GE
2.1. SEIEFHE

N4t g A ik SW480 FH B Bt IR BF 7L BT S I8 S ARARFIORAT . AN 7748 FH RPMI-1640 41 fifaks %
WA 10%3F /NI 8 R 100 U/ml. 5585 % 100 U/ml), £ 37°C . 5%CO, 85 7848 h HEATAE A0 R 9% .
LIS I SW4R0 2 5 FHAH [R5 7= J7 A %A
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2.2. DKK4 EHF CRISPR/Cas9 fERE

2.2.1. DKK4-gRNA Hi%it

FIF NZ5 DKK4 DNA FFAIERAE L1 AT 41T R gRNA 5 %) (https://wwws.blueheronbio.com/external/t
00ls/gRNASre.jsp); LA FTHRHEHIFTAT gRNA FHIEHE 3 BAE R FHIH OriGene HiAA HHAT gRNA
ORI R AR, ik A BFS: 1) 57 ATGGTGGCGGCCGTCCTGCT 3°; 2) 5 TCCTGGACTTCAA
CAACATC 3° (& 1). 43lfd 2 Z5 51 gRNA R 8 URLEAT 5 SRR Z A M el B S0 56, A 78 2505 B v
i) gRNA F B

Target Sequence Cloned Donor Template DNA Containing
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Figure 1. Principle of CRISPR/Cas9
1. CRISPR/Cas9 TR

2.2.2. CRISPR/Cas9 Bt 38 iE

L GL T 18~24 /NRPRLAS L L (f) SWAR0 AHIfILA 3 x 10° ANALEEFN T 6 FLIRL, FRAiay 192 5 x 10° 4>/
FLo B YLHT 15 /3Bt gRNA FIRER DNA %5 2R A T Opti-MEM, 2R J5 S8 1% I NG YLl i 35 77
BEL 24 /NI ST ERS 35, I 1.5 ug/ml puromycin (Gibco, A11138-03)E4T 2540 k: 72 /N
JERE LI LA 1:10 AT 18, 2k9F R 1.5 ug/ml puromycin X BHYEAN G AT IR L, FF MMM R CRIEE
BL(A GFP SO F R RE Y Ih) . S2)WH10 ik J5 (1) DKK4 knock-out SW480 A 4l 4l itk 47 GFP
WAL ik . /P 5 K GFP BSR4k B85 77 72 /B, FERC ISR E .

2.2.3. 4B DKK4 knock-out ¥ FRIEHE

Xof 4 24940 i e R0 2 43 32 1 BH PR 4 A 3R 47 DKK4 28 7K “F(Western blot) FI#Z% B /K F-(RT-PCR) & -
AR 225 R 1) SWAS0 &5 [l 40 L, $R IS ES 11 .40 ug B3 14T 12% SDS-5 A M It i it fisk . ¥k (SDS-PAGE),
HVKFENR, =IREH 2 h, BN DKK4 —Hi(Abcam, ab38589) (Origene, TA302466) 4CHFH it , —Ii=
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IR 2 h, DABEREALER, LB MG RGN, THEKEEAE: L S-actin AN S,

RT-PCR f&ill: 4% RNeasy /fZ(QIAGEN) UL i D IRIE LA . DNA, #2IUSI OD260.
0D260/0D280 Pl DNA 5 fE 545 . {fi ] PCR X M4 % (Origene A 7])#47 DKK4 RT-PCR & [K £k 75
Mro JRLZAFITR: FiAEYE 94°C x 6 min; 281E 94°C x 1 min. iB-K 54°C x 30 s, #EfH 72°C x 1 min,
40 MER; 4 CHEEIR(F. PCR 5% H BIO-RAD R G0HHT B 4T

2.4. {KSMARA 5-FU ZoBISEIe FnE K ik 2241

¥ 734 BH M (¥) SW480 ZHALA 5 x 10° ANAFLEF T RE AR RHEATREFR, 24 /NI G BEHhE 7298014 B
A 10 ug/ml. 50 ug/ml f] 5-FU BEATAbHE . 4F 48 /NN BE o — PO 35 TR O FAT IS A T H 4. il A4S
AR HCL AT 2 i 2%

2.5. REEHLRE

B 2017 SRR AR FR AT A I FE R DB R 45 ks F 6 A8 ), AR R B2 B Igiva I . 45 M JR R A
JFFER AL A 213 22 HE Jetilf S o e A YL 0 R FH 00kl AT: A8 1 i . 7Ktk BRHUE,
PBS BRI E IIAN 3% S A0 UL P Vs 1 A Bl SO 10 438, AR —Bii E 4°Cid &, PBS Bik 3
PG P E =R 30 708, DR (DAB) Rt . DKK4 [H P GL 07 7 i BEAE SCHR 77 531047 (5]
DKK4 £ (A7EM A b A T M2, 200G R N 5t 3 4y, KRB0 2 4, k¥ 1 4,
THEENO 74 AR ETE 2 — ML N E B K T 75%4 4 535 51%~75%09 3 435 11%~50%
R25, AT 10%K 140, BIMR 0 . BIGPIEAM, 0~3 55 ANIERIE, 4~6 70 NFATERIL . G558 H
W 2 423 BEARFEEITXUE B o

2.6. Geit st

TR U £ FRHEERRFR, B ¢ WEHIT 98 A R A 85N
0T, FAESEOG I AT . KA SPSS 13.0 Giit #7420 r. P P<0.05 AEEEEM%E

=X
It o

3. 858
3.1. DKK4 EEBFEE LM MTEB L HRIEER

NI PRECE e ISR 2] 17 90 R EAT 25 e BT 5 8 T RV BR AR BRZHL 21, JFEAT DKK4 QL5017
GER TR 17 145 e J5R i b, DKK4 YL B3R 35.3% (6/17), ARG RMEZR 70.6% (7/10),
P =0.042 (5 1). S FRTI, TE45M)E R k44 DKKY & A FZ e T Im g fiad s, 1k
FAZ B D BV Get. IFFE RS SR A 20 L DKK4 B A S A TAIm . BEEEIR(E 2). %35
I8 Bt — A ST R 4 DKKA Ik B 5 i T 45 i JE bt

Table 1. Differential expression of DKK4 protein in primary and liver metastases of colon cancer

= 1. B ERA M SE® M DKK4 EENRIEER ST

DKK4 & [ R iE(BI%)
P1E
BH 9 14
2 M I Rk 6 11 on
IR AL 12 5 '
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Figure 2. Differential expression of DKK4 protein in primary and hepatic metastases of colon cancer

B 2. ZpfER&ALFATE A DKKe ERMRIZESR

3.2. CRISPR/Cas9 Fjif& DKK4 EFpIHR

Xt Nt SW480 A it 4T CRISPR/Cas9 ik DKK4 &K, #E Y2590k J5 48 /NG WLES -2 g
BEOUOE(GFP BHYE), RS iE G A a AR R e Ok RE, ARRERE, FOREIREE G
(&l 3). WERE 25T AN xR 23 JE PO PH R A0, 2R k&S R EoR, BHIE 40 DKK4 & [3Ri%
B R 4). RT-PCR 45 R7R B RBHME4I T DKK4 FRIE R BT 2 AX UK. 30IE4S RIER
CRISPR/Cas9 ribx SW480 4 il DKK4 F [F 3R R 4T

GFP BF GFP+BF
GFP = S5 E N, BF = SME

Figure 3. Differential expression of DKK4 protein in primary and hepatic metastases of colon cancer

& 3. ZfRR & LFATE A DKKe ERMRIZESR
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Figure 4. Protein expression of human colon cancer cell DK4 knocked out by CRISPR/Cas9
4. CRISPR/Cas9 RiFR A LA 7 4AM DKK4 [REE B RIAER

3.3. ¥EL4Rpa 5-FU 28R i6

TEIEH R 93k op, B9 2E 8 DKK4 1 DKK4-KO SW480 A & 798 41 it iy 3 v ik A2 1 2 22 (1 5(2))
TEAH 5% 10% 5-FU [F85 750, WT-DKK4 SW480 4 ffl i 1] 4k 4L {7 385, {H DKK4-KO SW480 4
M IE 5-FU 34 B 38 g i 58T (& 5(b)).

Bk X104>/FL B X104 /7L
1400.0 1 250 -
12000 -
200 - ——— Wil type 5Fu
10000 - (10ug/ml)
< 150 - ——— Wild type 5Fu
800.0 ——WT-DKK4 (50ug/ml)
6000 - —KODKK4 100 - = = = =DKK4KO 5Fu
4000 - (10ug/ml)
50 1 e« " N e DKK4-KO 5-Fu
2000 1 (50ug/ml)
00 - - . . . s 00 . . : ’ ’ ‘
1 2 3 4 5 6 (A RED 1 2 3 4 5 6 (i R¥0

@ (b

(a) BFARY(WT-DKK4)F1 CRISPR-Cas9 i[5:(KO-DKK4)ft] SW480 A 1E i 3% 55 5 vh A KT I W I B 22 7. (b) AEANREIKE
5-FUME R, BFAE 2 (WT-DKK4) SW480 21 384 JE 13 A sk i , (A7) 6 O 45 P Fa2E & . CRISPR-Cas9 RilBR(KO-DKK4) 1) SW480
AMHRTE 5-FU AEH N HBUZHIAET, H S5-FU RIS, FETHE R,

Figure 5. Growth of wild-type and DKK4-KO human colon cancer SW480 cells under 5-FU
[ 5.5-FU {EA T4 84%0 DKK4-KO A%5BAHE SW480 MAAERIE K1ER

4. i1ig

AT S i e PR R ZH 2R ARSI, IF S BT F% kb DKK4 2 (A I 20k B 2 v T 45 1 J R
F}iBL CRISPR/Cas9 H ARk N\ 45 i 40 i DKK4 FE, FFdkT 5-FU 2580856, 45 B 5 R”mi% DKK4
FILHI L a2t 5-FU R EM 251, 78 5-FU AEF T HCET AR R TE 25 Sy 0 T . 145 R 5 BEAE i 74
7 DKK4 8755 M8 40 fiif 52 5-FU 45 S — 2.

A DKKs ZIEHEAA 4 F, DKK4 2HAp—F, WEHCNIE T &SI — . DKK4 i
H i Krupnik 8 A7E 1999 4F 5 IRARIE[S5], HATC AN DKK4 B A T4 Qe ik 8pl1.2~pll.1, HH
Iy T2 34kDa [6]. fEIEH M0 DKK4 A & HLAK, (E7E S A iR 25 BRR A N o] B
R WEBE A% B, QS8R T8 AR AR 4 215 rTAT I 3 DKK4 mRNA B0 F 1)
FIETE[7]-[12]; MAERT4H M DKK4 812 2815 T, nTRe 5 E4 - DKK4 JE A A0
FRAXR13] [14]. BT DKK4 BFIFRILRE HTMA G AR SR EhEHL T DKK4
mRNA 5 25 T BlEFRR, (A A HE Ny DKK4 fE45 e a4 R RE N HIEAFRAL
a4 2 o DKK4 RIEK A 22 7 [15] M1EE BEAE M 78 FI A 7o 45 RIJUESE, IFF5F8 kL DKK4
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A mRNA R E KPR & T 85 R R kL X 5 IG R 5 WALYT 2 v 45 B e R R LE
R ALY 5 LR AE I SARST . SCHRIRGE AR, 45 B 7w 40t DKK4 300k 2 n g N2 e B
55%F 5-FU Wi 52 7: Ebert S84} 74 135252 UL 5-FU SNBEREHE BT (1 25 B 0 i 3E AT 97 S8R 2L 4
Mr, G55 E R B RO S5 MR 24U TFAP2E [ EAIR S A DKK4 fIR LK P, HAR
Z MSLARZ . 5-FU &R m[3].

HATiA N DKK4 )38k B2 4 5% [ -7 AP2E (Transcription Factor AP-2E, TFAP2E)f] i ZAL IR A5
Wi : TFAP2E ) 5 F AL T 0E DKK4 JH3N1, 3601 DKK4 s R3] 45 B e S i 2R
ARG 25 SR BoR, PR DKK4 & ARIEAK T 4 TEAP2E W REALFLRE K itgi st 5-FU fbyr st
= F A YIASR, 78 TFAP2E R AT el DKK4 -5 F 38 i s 40 o ek tb 7 25 ¥ i 259161 [17]
[18], HEARHLHEITIARIIHA . TIARYE DKK4 FAEY 51, HATIAH DKK4 224 8t Wt {5 581 —4
PR, FEH L FZD-Wnt (K% 5 5 5 A 2R A CE E 5/6 (LRPS/6)E ST, 4k FELIT Wnt
SEM N, A B-catenin LEFFBERRAY, 5B R BRI PR AR T O IAAE UZ AR SR 14] . 75 B TR Y
L YRR A0 DKK4 MRIA 5, RIS E]— R 41 Wnt/B-catenin #LEE K I 3R0K T FE[19]. 2RT, 8T
AR I, FELEE HL N id ik DKK4 e A e A . anxHIFRik DKK4 1) A 45l 4i il & DLD-1
BEAT I FIEAEN,  PT BH  R R 4 ) R ST R AR 2868 ), UTERER A DKK4 51X S48 i D) 5 U 52 2|
HOHI20]. I, SR DKK4 #iA AL Wnt/B-catenin 15 530 B i — N0, (8 H6 528 o (2 #E4E
P75 DKK4 [IZhAE AT e S Wnt/B-catenin. 1] DKK4 U fa[ 18 55 filogg 5k 5-FU i 52 1 (ML 475 oK

NS
B

SFET R, AT I W S S S AT R 4L 4 DKK4 KR B m T4 e R ki, 57
F CRISPR/Cas9 £ Rk DKK4 [, &I DKK4 X} 25 i 4l i 52 5-FU ’MGA WA EERMIEH. H
AW FUAN RS R Tk /200 B 1) 25 DR R Bk, A DG 23 T WL SR B TS R AN RO AL, TR 2 30
BRI AN KBS HE— B I0F DKK4 1 5-FU ALJ7 i 24 v B 4

5. &t

S e I R I U A S /KT DKK4 335, H DKK4 ik K-t 4 i@ 40 i 2 5-FU S
O E BN, 75 DKK4 7] fe2 M IR 52 5-FU A7 1 8 2 R 3 A A IR T #E
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