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Zebularine induces apoptosis of esophageal cancer cells via demethylation
SFRP2/Dkk3 to regulate Wnt/g-catenin signaling pathway
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Abstract: To explore the effect and mechanisms of demethylation drug zebularine on esophageal cancer cells
apoptosis, ECA109 cells and KYSE170 cells were treated with zebularine at different concentrations (25, 50, 100,
200, and 400 pmol-L*). The cell viability was measured by CCK-8. Flow cytometry was used to detect the cell
apoptosis rate, Western blot was performed to determine the expression of apoptosis protein (Bcl-2, Bax, cleaved-
caspase-3, and cleaved-PARP) and Wnt signal pathway molecules (5-catenin, cyclin D1, and c-Myc), real-time
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quantitative PCR was used to detect the expression level of negative regulatory genes of Wnt signaling pathway,
methylation specific PCR (MSP) was used to detect the methylation status of secreted frizzled related protein 2
(SFRP2) and dickkopf 3 (Dkk3) genes. After knockdown of SFRP2 and Dkk3, the effect of zebularine on apoptosis
was detected. The studies showed that zebularine could inhibit the activity of ECA109 and KYSE170 cells in a
dose-dependent and time-dependent manner; zebularine could induce cell apoptosis, down-regulate the expression
of Bcl-2 protein, up-regulate the expression of Bax, cleaved-caspase-3, and cleaved-PARP protein, and inhibit the
expression of B-catenin, cyclin D1, and c-Myc protein (P < 0.05); the mRNA expression levels of Dkk3 and SFRP2
were significantly up-regulated by zebularine, while the methylation levels of SFRP2 and Dkk3 promoters were
decreased; knockdown of SFRP2 and Dkk3 could reduce the apoptosis induced by zebularine. In summary, zebularine
could reduce the methylation level of SFRP2 and Dkk3 gene promoter, promote the expression of SFRP2 and Dkk3
gene, and then induce the apoptosis of esophageal cancer cells by inhibiting Wnt/j-catenin signaling pathway.
Key words: esophageal cancer; zebularine; apoptosis; SFRP2; Dkk3; Wnt/f-catenin signaling pathway
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6 B ATCC. A E 55, TN & 10% fit 24 i 3 [
RPMI1640 17 7% 5 1, B T 37 °C.5% CO, (1 15 7= i h
FigR, 2~3 RHEH L IRIG IR . A A=K 2 70% LA
AT AAEAR, DUHEAT S SRR .

RF  Zebularine (Selleck 2 &]); Annexin V/FITC-
Pl (BD A l); % s a5 & A s i) o8 & PCR XA &
(Thermo 22 ®]); 28 il & E 2 U F & (b &R K E A
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FL 1x10° /> 4H A % 422 F0 T 6 LAk ', 4 100 pmol -L*
zebularine &b 2 48 h, Wt £ 4 fd, PBS ¥ W B i 2 IR,
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GGAAUAAGUACCAGACCAUUGICd-3'; Ctrl-siRNA: 5'-
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A, e & 2H A0 B, J A SR I T 3R Western
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Table 1  Primer sequences. DACT: Dishevelled-binding antagonist of beta-catenin; SFRP: Secreted frizzled related protein; Dkk: Dick-

kopf; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase

Name Sequence of primer

DACT1 Forward: 5-GGAAGAGGACAGGCTTGGAAAC-3'
Reverse: 5'-GTCCCATTGTTCAGAGAAGGTATC-3'

DACT2 Forward: 5-ACGCAGGGACAGTGGTCTCAT-3'
Reverse: 5-GCAGGAAACAGATGAGCCGG-3'

DACT3 Forward: 5-CTCCCCAGCGTCGTCTGCTTTA-3'
Reverse: 5-ATTCGCTCTCCCCGTAACCC-3'

SFRP1 Forward: 5-CCGAGCCCTACGGTGCCT-3'
Reverse: 5-GGAATCGCTGTCGTTGAAA-3'

SFRP2 Forward: 5-ATCGGTGCTGTCGCTCAA-3'
Reverse: 5'-CATCAGGATGCCGGGACT-3'

SFRP4 Forward: 5-CCAAAGTCAAAGGGAAGGCC -3'
Reverse: 5'-GCAAGTGGTATGTGGCCTTC-3'

SFRP5 Forward: 5-TCTTCCTCTGCTCGCTCTTC-3'
Reverse: 5-GGGCTCCAATCAACTTTCG-3'

Dkk1 Forward: 5'-TATCACACCAAAGGGCAAGAAG -3'
Reverse: 5-TGATGGTGATCTTTCTGTATCC-3'

Dkk2 Forward: 5-CGACACACCATGCAGGCCGA-3'
Reverse: 5-CCTGGTCAGGCCGCCAATCG-3'

Dkk3 Forward: 5-GCAGGGGGACAGCAAT-3'
Reverse: 5-GGAAGCTGTCTATGAGTTCG-3'

GAPDH Forward: 5'-CGCTAACATCAAATGGGGTG-3'

Reverse: 5'-TGGTGAAGACGAAAGTGGA-3'

Methylated SFRP2

Forward: 5'-GGCTCGGAGTTTTTCGAGTTGTGT-3'

Reverse: 5-CCGCTCTCTTCGCTAAATACGACTCG-3'

Unmethylated SFRP2

Forward: 5'-TTTTGGTTGGAGTTTTTTGGAGTTCTCT-3'

Reverse: 5'-AACCCACTCTCTTCACTAAATACAACTCA-3'

Methylated Dkk3

Forward: 5'-GTTTCGGTTGGTTAATGGTC-3'

Reverse: 5-GCCGAACTACGAATCAAATACG-3'

Unmethylated Dkk3

Forward: 5'-TTTGGTTGGTTAATGGTTGG-3'

Reverse: 5-CACCAACTACAAATACATACAA-3'
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Figure 1 The effect of zebularine on the viability change in esophageal cancer cells. A: ECA109 and KYSE170 cells were treated with
zebularine (25, 50, 100, 200, and 400 umol-L*) for 72 h; B: ECA109 and KYSE170 cells were treated with 100 pmol-L* zebularine for 0,
12, 24, 48, and 72 h. The cell viability was detected by CCK-8. “P < 0.05, "P < 0.01 vs control group
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Figure 2 The effect of zebularine on the apoptosis of ECA109 and KYSE170 cells. A: The apoptosis was analyzed by flow cytometry; B:
The protein expression levels of Bcl-2, Bax, cleaved-caspase-3, and cleaved-PARP were analyzed by Western blot. "P < 0.05, ™P < 0.01 vs
control group
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Figure 3 The effect of zebularine on the expression of Wnt/f-
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catenin signaling pathway related proteins in ECA109 and KYSE170
cells. After treatment with zebularine (100 umol-L™) for 48 h, j-
catenin, cyclin D1, and c-Myc protein were detected by Western
blot. "P < 0.05 vs control group
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Figure 4 The effect of zebularine on the mRNA expression of
negative regulatory genes of Wnt/f-catenin signaling pathway, and
the demethylation of SFRP2 and Dkk3 gene in ECA109 and
KYSE170 cells. A: The mRNA expression of negative regulatory
genes of Wnt signaling pathway was detected by real-time quanti-
tative PCR; B: The methylation status of SFRP2 and Dkk3 genes
was detected by methylation specific PCR (MSP), M represents
products amplified by methylated primers, U represents products
amplified by unmethylated primers. “P < 0.01 vs control group

& (P < 0.05) (& 5A), p-catenin.cyclin D1 1 c-Myc &
H # ik /K F T+ (P < 0.05) (& 5B), % B Ui 2k SFRP2
Il DKk3 A [£ 1% zebularine X Wnt/g-catenin {5 5 3 % 1
NIV, [E I A zebularine 75 S 4B TE T .

g

WAL AL AE B S AR A EEAEH, 9T
38 F WAL &R TT R RE A g4 2 —T8, DNA
FH A9 e B B ) R LB A AB M 2 —, ZE BT g
HORERSZ eTE . H AT, — 5 DNA H &AL M1 259 1IE4E
HBEAT I PR A58 FH TR 97 2 Pl iE . Zebularine S #] 72
A g M EF ot 2 1) 55 5 B, AR, B R 22 R AT 5
RIE e AR M R B FAR AR A, BI4TH] DNA
FEAF PR G EAE A . B A S5 R 3N, zebularine
Al JE I H2AX B R A 175 5 1 i 96 240 ik 0 000, 3 o 417
il ARH I FF & A 184 581 P98 240 R P 0 T2, e o 4 i S
SO 457 ity AR 4 R 400 o) i 2 | e 4 PR A
N ] Bz R 4R R A= K . Zebularine 36 1] 5 S 2Rk



ik R %% Zebularine iE i SFRP2/Dkk3 2= F #: 4k 1% Wnt/g-catenin {5 5 3B % 5 5 & & i 40 I - - 1389 -

SFRP2sRNA

gw“ w ow? et gt
FITC

Zebularine

i
158

] @

e v ° e s
w0 w' a0? w0 w0t i) ' 102 w0 0t
[ AT

R

1
FITG

ECAI9

B CulsRNA + = - - -
SFRP26RNA —= + - = + =
Dkk3SRNA = = + = - &
Zebubrine - - - 4+ o+ 4
[HOACTIN e e i e o
Cyelin D] o e w—— e %
CMYC o= —— e — B
GAPDH e e s e s— —
£m CulsRNA
s B3 SFRP2SRNA
L3 E3 Dkk3sRNA
: @D CirdsiRNA + Zebularine
o ED SFRP2SRNA + Zebularine
: % B3 Dik3SRNA + Zebularine
g-o.s
0.0
[HCatenin Cydin DI eMye
CrlsiRNA  + - - * - -
SFRP26RNA -+ - = + =
DH3SRNA - - + - - &
Zebubrine - - - + o+ +
C)dinm- —_—— e e -
MY . . —— —
GAPDH w— e e —— e cm—

b iy s 24 ] [ s
1wl w0’ "gr?g w0t Tid o ;1% [T T LT T )

Figure 5 Effect of knockdown of SFRP2 and Dkk3 on zebularine induced apoptosis of esophageal cancer cells. A: The apoptosis was
analyzed by flow cytometry; B: The protein expression levels of s-catenin, cyclin D1 and c-Myc were analyzed by Western blot. “P < 0.05

vs Ctrl-siRNA + Zebularine group
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53 WA F) Wint B A 25 45 B Frizzled 5% 52 A6 TT 46, SR )5 fi
K p-catenin {5 5 I ) NI, X — 427 BIiF AR B AR
WA R, A4 DACT K%k 4 T DRk FK Ik 4+ Fl
SFRP XKt/ 155 . #E4liE, iX % Wnt/B-catenin 5 5 18
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P b o A R 45 L TR (1) R I KT AE R R R 2 A
[F) 2 B b B I, 9 HL 52 93 3 Jig AN R T3S A R,
AW FAE I T zebularine Xf DACT i #[K (DACTL.
2 F13), Dkk 5 J % 5] (DKK1.2 £ 3) 1 SFRP 5 jk #&
(SFRP1.2.4 #15) Fi& 5200, K 3 zebularine fit
% I SFRP2 Fl Dkk3 % [ % ik, $2&7~ SFRP2 i Dkk3
FRFZ 5T zebularine T iF SN T . #9E FE I H)
FH G A0 2 1R 1 25 DR 3R 0A 11 B AL AIEe0l, S T BH A
zebularine % SFRP2 A1 Dkk3 2 K (AT 2 B 5 E 51 T
X 45k B ALK A DG, B SRl 1 )5 3 DX 4 F O
17K, & B ECAL109 A1 KYSE170 41 il 4 i3 zebularine
REFE IS, 40 A SFRP2 A DKK3 35 A Ji 5 1 F 34k 7K 1
FRAR, A JEAE KT 48 . 3X ik B SFRP2 11 DKK3 J& 3l
1) B 3 4L 7E zebularine _E i SFRP2 #11 Dkk3 ik it
HEAMEH, 454 PCR 4 R & W, zebularine i & § 1
SFRP2 il DKk3 F [K] H JE AL K1, AT SR Rk . BeJn
T #E— 1 5 SFRP2 1 DKk3 7 zebularine 7% 5 (1) 4H
JL VT R AR B, R SiRNA R A% SFRP2 1 DKk3, %
LT Bk SFRP2 A1 DKk3 Ji5 , zebularine ¥ 2 g 7 T ¥ 175
50N B S BRI, X Wnt/g-catenin 45 5 38 4 1 400 1) /8
FH 1 B A%, % W] SFRP2 1 DKk3 7E zebularine 5 5 1) &
B AN A TR B OB R TR A

2 I Bk, zebularine B DL i1 £ & Je8 40 Al A 2E
K, H B AR ML 3= 2 K zebularine B4 & SFRP2 Al
DKk3 Jik (K] J3 2l 1 H B 467K F, 15 5 SFRP2 Al Dkk3 Ji&
(K 23, 3k 17 38 o 30 1) Wint/g-catenin 5 5 B 8 15 5 &
BN RFE T . A SLI6 A AT 5T zebularine 7E & 8 R
HH AR B AL R L S B0 AR A

B ST 5K R B Ak A AR A7 Tt S B MBI 23 A, e R
NEBE; il &AM AR B T T S8 B P (R 1
XA AT i Tk o

FES: AR
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