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Inhibition of celecoxib on the proliferation and apoptosis of esophageal cancer
cells by up-regulating the methylation level of Cyclin D1 gene

PEI Shu-fei, ZHANG Xiang-dong?, LU Wan-li2, HU Tian-hong?
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Abstract: Objective To investigate the effects and mechanism of celecoxib on the cell proliferation and apoptosis by regulating
methylation status of Cyclin D1 in esophageal carcinoma cells. Methods Cells were divided into control group, transfected group and
celecoxib group. Cells in the control group were transfected with negative control vector while cells in the transfected group and
celecoxib group were transfected with Cyclin D1-overexpression vector. The celecoxib group was treated with 60 umol/L celecoxib
solution after transfection. MTT and flow cytometry were used to detect the cell proliferation capacity, cell cycle distribution, and cell
apoptotic rates in vitro. Western blotting was used to measure the expression levels of related proteins. MS-PCR and qRT-PCR were
used to detect the Cyclin D1 promoter region methylation level and Cyclin D1 mRNA expression level. Results Celecoxib can inhibit
cell proliferation in vitro, which was promoted by Cyclin D1 overexpression, block cell cycle transition into S phase and promote cell
apoptosis. MS-PCR showed that celecoxib could up-regulate the methylation level of Cyclin D1 gene and suppressed Cyclin D1
mRNA expression at transcriptional level. Conclusion Celecoxib can inhibit cell proliferation and promote apoptotic rate of
esophageal cancer cells through up-regulating the methylation level of Cyclin D1.
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B B TR AL I 4 AL R,
R R T DA SAbR 240 e oy 2 B Y ) s AR
R A TR S RAT LR, OB AR A
BIT R ZE, KRG 5 FELERICH 30%, W72
BEST 5 AL RAT] 10%3, HRHI AN
TR AE AR o SR BB G X R M A% 2 ML A R R
NHFFE, 2 g 22 R AR S e L DRy s il
B [FIVE T & SRR A A i R A FE v, Mg
b B-ZUMIEF S 259 CLPIE S BT Wi e R Mgt A%
SO AR VR FIBL,  BeAh, B ST R B R A 2
SR A B ] VCARSE7E A R S 44470 98 25 (NSAIDs)
REA% A RO B T A g () R A= 1, i LA AL 1)
B 5iHI A LEE-2 (COX-2) KIETEMCAN,
e 22 (T 7T W] NSAIDs 254 ml i 1 5 e i
AH I FE DR i 317 X HA 500 7K S R A2 40 it e 2 K 1)
VB FIBL, AHE @ A5 Cyclin D1 3K 5 351 X
AT B AR FRIBA M, B REERE A
XoF i DR 210 g 384 G R T R AR R AL
1 #MR5ERE
1.1 #8

N W AN Eca-109 20 a1 35 [ 3 Fh {4
0 (ATCC); fg4d-iMil (FBS). RPMIL640 £%
FrHE. PBS . 0.25%fE AW E Gibcos
FEREAT, B, HRg Lg%, P2k PHR1683,
4 H Sigma; Lipofectamine™ 3000 (Invitrogen);
MTT (Aladdin); Annexin V-FITC 40 163k
F & ($85 KGAL108-1, YLHHIEAEMAT); RIPA
R BCA THE&EGHI&E (185 70-PQO011).
ECL kotikiil & (25 70-U1421) ¥l F R
A%]; QIAmp DNA blood mini kit (%5 51104) i
E QIAGEN; EZ DNA Methylation-Gold kit (%5
D5007) W4 H Zymo; Cyclin D1 i F ik #44k f [7) 4
BF 14 0 B A AR 234 i F AR o B e 6 s
Cyclin D1 (#%5 sc20044). CDK2 (f%*5 s¢-53219).
CDK4 (175 sc-260) Bax (£¢ 5 sc-7480). caspase-3
('3 sc-119). caspase-9( £ 5 sc-56038) A1 GAPDH
B9 sc-25778) ZHEE PRI H Santa cruz.

1.2 YHREST AR FEH

J7 AR Eca-109 4l 52 75 J5 55 7% T 10% FBS 1
RPMI 1640 SE43iaedkrt, Rideskfh: 5% COq.
37 ClEIR, FREMEAR 3 W HEF T 6 FLiH,
PR BN B Y[R BT B AR O R L B
Cyclin D1 & ik #AAR i% GL 240 Fi% 4 Cyclin D1 i

FIBFRFIN 45 T KRB AT P ZERE A . HpfiE L
28 Lipofectamine™ 3000 & B, #4448 h
JE B HIE IR, WEERR B AAZS T 60 pumol/L
FEARE AT (FERE AR AT DMSO AT
#1161, %HEEZH AN Cyclin D1 ZH 20 A [R5 T 25k 1
(1) DMSO #47 4b# .
1.3 MTT AERNEXRERX RERMMIEEEM
B A

B S AR R Y fE A RS R T 96 FLAR
W, REHBEE 6 N TATRER, WO I S0 ARG EE,
SR 3R DMSO BREERE AW, FrETTi
24.48.72 h JG LA 5 mg/mL MTT # 100 L,
TR AP EE 4 h JFHUE, DMSO Wk 4h ™
W, R FH BRSO - 2R BRAE 570 nm KR
R (A 1H.
14 EXEHRXREEMMERHEZENF

FsE e e Ja 1 S A AN 20 25 25 Ab 48 h 5 T4k
B0, PBS PRGANN 1 I, I 70%% . BE 240
MItE e, BeH B OURE LRI, SR
e ARG N 7)1 B S e £ A 3 SR 9 A A
8055 2L 200 i & 3R 43 A1 224K, Flow Jo 10.0 3k F
SIS HAR R34
1.5 EXEHXREBAMETHAIIEIER

YIRS IS 1X 10544, IS & Annexin
V-FITC #etass & EBMEIiiE, S Annexin
V-FITC 4 i T4 a5 S B 45 Gyt b 2 5 R
FH It At i SRS I 5L Am R T bl R E A A
YA . Gt REA F T M R, Flow Jo 10.0
BAE R T SEB0HE (1 7 b o AR AR 7 3 0 gt 40 4
R g e KA1 R e

R TR = Y14 R T K e A R T D
241 o 5 8
1.6 Western blotting E& M ZERE R R E R
Bl Cyclin D1 #1 CDK4 E R RIAK RIS

YRR TE E 3 R AN S R S B, PBS BRI
SR 1 IR, IINGH R DK 2R A A 30 min,
4 ‘C. 12000 r/min &5 15 min WAEZR AR I,
BCA & 7€ R & e 5 R B IR, 4Lt
BN EFEGZ IR AR R . B 20 pLl B
1T 12% SDS-PAGE fHEHLVK, BIEHBEASR
PVDF i I, BN & J5 58 O 5k e 78 2kt
B RAG A R, L GAPDH NN ZEH, EEiF
SR ZHRE i ) B AR R SRR K
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1.7 EREHTRERLEMM Bax. caspase-3 F
caspase-9 & R FIXRIF T

ZGALEE 48 h JFUIE RIS QIAmMp
DNA blood mini kit 5 B 5 $2 HU%S#F i 41 il & DNA,
AR E AT DNA WK% J5 F T AR R $h i IR 1%
B FT43 DNA W, SLR#{EZ IR EZ DNA
Methylation-Gold kit i B 5, oK H 54k ") DNA 7
HIH i “C” IR JE N “U” NJE8: PCR § 14508 “U”
[ “T” AL EE AT BE . MS-PCR #5543 4 5]
Y H 8 FH CpG B 7E 444 % 1.2 MethPrimerChttp:/
www.urogene.org/methprimer/), FHEALAEE (M) 71
51%: L5 -GGTTGGTATTCCTATG-3’, Fif5 -
CGAAGGTATTCGTTAAT-3"; AKHFEML B (U)
P Ha5I4): LiF 5 -GGTAGGTCGCCATAGGT-3,
T 5 -AACATTTCTAATGGTT-3’. PCR /*#47
TR MR REEER Fk,  FRUK R R R AR A R
1.8 QgRT-PCR ZE#MERE GBI | E & MM
Cyclin D1 mRNA BELKFHIFNT

WA S AP 250 UE SE DN 1 mL TRIzol 22
fESEELAN LS RNAs, W64 ak cDNAs, FriE 54
FEA cDNASs ¥ J5 2 1% Power Up SYBR Green Kit
i P E BRI H 3 FRIAE . GADPH 1E 8%
PE DR, RN A B E 3 APATX I, DLREE
FPOEE S (CHE) 5 2" FoR H ML

[FIAEXRIAE . PCR ¥ G547 411~ Cyclin D1
%5 -CGGTTATTCCGGATGG-3’, il 5" -TAT
TACTTGTTCCGGTT-3"; GAPDH Ljif 5’ -AAAGT
TCGTGGTTAAT-3’, i 5° -CCGTTATGGCGAT
TGTTT-3 .
19 SitESH

FT A Bds Y% F SPSS 18.0 #4740 78,
M HHELL x£s F#ox, HAECRA tLk, £
1] LR F B R 36 22 BT o
2 #R
2.1 EREMITREREMMIEEEMERHIIEER

X HRALAREL, YL eh 2 48, 72 h /) A {EH
BET R4 (P<0.05), BiBHZAZ 48 h #5LriT).
R L, FEREAT Y524 48, 72 h 1) A {H B
BALTHYA (P<0.05). 54525 24 h L, [FILL:
2548 h i A BT (P<0.05); 5%52548h Lk
B, FHSZ 720 1 AER SIS, WA ZES
B2 L (P<<0.05). ZERH A £ 5 i 40 i
SV A 4 R 1.
22 EXREMXIRERMMEIAFHZRNFZ

S5 IEA MM, YA GoJ/M BAFT S HAM 2
A LA 2 25390 (P<<0.05), Go/Gy W23 A1 Le Ao i
ER#K (P<0.05). HEYLA LLEL, FEREAH Go/M
WIFL S HAR /A5 Lo 2 35 B (P<<0.05), GolGy
W A e S B (P<<0.05). WL 2. K 1.

*1 BEREHNASEEMEETEENMENER ( xts, n=3)
Table 1 Inhibition of celecoxib on the proliferative activity of esophageal carcinoma cells ( x+s,n=3)

- - AfH
A FRmol L) 4575 24h 4575 48h 4575 72h
X e — 0.43+0.03 0.63+0.07 0.87+0.06
L2/ — 0.41+0.04 0.81+0.08™ 1.25+0.14"*
FEAR AT 60 0.45+0.03 0.72+0.07* 0.96+0.10""

SRR "P<0.05; SHEYARINIILE: *P<0.05; SFIHLAZ 24h L *P<0.05; SRI4LZ 48 h LLit: “P<<0.05
P < 0.05 vs control group at the same time; *P < 0.05 vs transfected group at the same time; 4P < 0.05 vs treatment for 24 h in the same group; 4P < 0.05 vs

treatment for 48 h in the same group

R2 EXREHMRSBELEARIHEOENE ( x+s, n=3)

Table 2 Effects of celecoxib on cell cycle distribution in esophageal carcinoma ( X +s,n=3 )

) I/ (umol-LY) Gol/G1/% G2/M/% SI%

it HR — 68.22+5.29 24.28+1.92 7.50+0.06
L2/ — 46.43+3.74" 35.85+2.48" 17.72+1.81"
FEREAT 60 57.76+3.98" 28.15+1.67* 14.09+1.10*

EXRAE: P<0.05; SHYHILE: *P<0.05
P < 0.05 vs control group; P < 0.05 vs transfected group
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Fig. 1 Effects of celecoxib on cell cycle progression of esophageal carcinoma

23 EREMMIRERMMATHINFIER
5L, T Y2 40 A R T 26 5 2 PR AR
(P<0.05). SFYLAHLILEL, ZEAREATHAMMM T2
BETE (P<0.05), WK 2. % 3.
24 EREMIBEREYM Cyclin D1 1 CDK4 &
AFRIAKFERIF M
xR AL, FEYHANi N CDK2, CDK4

R ARIEAT BN (P<0.05). SHERMA L,
FERE AP CDK2. CDK4 & [HRIEKT &
FEIRE (P<005), WK 3. % 4.
25 EXEHINREEYMM Bax. Caspase-3 #
Caspase-9 & R FRIA KN

LT REZH A AR LE, B YL 2H 4010 P Bax. Caspase-3
A1 Caspase-9 i H R IA/K- i 2 FEIK (P<<0.05). 5

FEf A 60 pmol-L 1
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Fig. 2 Inhibitory effect of celecoxib on apoptosis of esophageal carcinoma cells

®3 EREMXREMEMBATHIFER ( x£s, n=3)
Table 3 Inhibitory effect of celecoxib on apoptosis of esophageal
carcinomacells ( X +s,n=3)

2H 51 7l &/(umol-L ) NI T 2R 1%
it — 9.47+0.82
L2/ — 3.28+0.29"
FENEAT 60 24.17+2.11%

S "P<0.05; HFLYLALLE: P<<0.05

P < 0.05 vs control group; P < 0.05 vs transfected group
B LR, FEREATAYNEAN Bax. Caspase-3 Al
Caspase-9 &5 [1RIAKFRET = (P<005). W&
5 ~ 4 o

— I —

- -

Cyclin D1

CDK4 ———— T —
GAPDH e e— om—
X HR L/ FE A 60 pmol L

3 ZEkEHXF Cyclin D1 f1 CDK4 E B FIAKFHIZ M
Fig. 3 Effects of celecoxib on Cyclin D1 and CDK4 protein
expression levels
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4 EFREMXE Cyclin D1 1 CDK4 ERFIAKFHEM ( xts, n=3)
Table 4 Effects of celecoxib on Cyclin D1 and CDK4 protein expression levels ( x +s,n =3 )

A 7l &/ (umol L1 Cyclin D1/GAPDH &% CDK2/GAPDH ik CDKA4/GAPDH ik
ot R — 1.0040.08 0.67+0.07 1.26+0.13
L2/ — 2.38+0.17" 2.82+0.21" 1.63+0.15"
FEREAT 60 1.2140.10% 1.8840.16* 1.30+0.11*

ExRAIb: P<0.05; SEYLALEE: *P<<0.05
P < 0.05 vs control group; *P < 0.05 vs transfected group

x5 EREHINIEERMAM Bax. Caspase-3 1 Caspase-9 EAFKIKHIEM ( x+s, n=3)
Table 5 Effects of celecoxib on the expression of Bax, Caspase-3, and Caspase-9 in esophageal carcinoma cells ( X s, n = 3)

ZH 5 )&/ (umol-L ™) Bax/GAPDH #it Caspase-3/GAPDH %15 Caspase-9/GAPDH FiX
it HR — 1.234+0.13 1.46+0.13 0.7240.05

L2/ — 0.58+0.06" 0.38+0.03" 0.5240.04"
FEREAT 60 1.8740.15% 1.2140.09* 0.88+0.07*

ExRAIbE: P<0.05; SEYLHLEE: *P<<0.05
P < 0.05 vs control group; *P < 0.05 vs transfected group

Bax

— — .
Caspase-3 - pr— -
Caspase-9 —— | c——
crppy || D e <

ot Y $E3k 15 60 pmol-L 1
4 EREMITAEEMM Bax. Caspase-3 F1 Caspase-9
E=ESvN:tA)
Fig. 4 Effects of celecoxib on the expression of Bax, Caspase-3,
and Caspase-9 in esophageal carcinoma cells

26 EREMIIREREMA Cyclin D1 mRNA FE
& S0

XA, AN Cyclin D1
MRNA Fik/KFREF R (P<0.05). S#GLAHLL
5, FEREAAANM A Cyclin D1 mRNA FiA/KF
BERL (P<0.05). WK 5. % 6.

u M u M u M
Xt e FEKE A 60 pmol- Lt

5 EREMIIEEREMAA Cyclin D1 mRNA BHELKFE
gEA

Fig.5 Effects of celecoxib on Cyclin D1 mRNA methylation
in esophageal carcinoma cells

%6 BEXREHITEEREMMAE Cyclin D1 mRNA BELKFE
BISZME ( x£s, n=3)
Table 6 Effects of celecoxib on Cyclin D1 mRNA methylation
in esophageal carcinoma cells ( X +s,n=3 )

151 FE/(umol-LY)  Cyclin D1 mRNA #ik
it — 1.0040.07

L2/ — 4,56+0.38"
FENEAT 60 0.72+0.06*

S "P<<0.05; HELYLALLE: *P<<0.05
P < 0.05 vs control group; P < 0.05 vs transfected group

3 g

DNA HEEAUAE Ny — Pl 4 16 . A A8 25 (R A%
R 7 51 (2 W3 A 2R3 LA, TR SR AE 22 Fol e
PR IRIE S 82 3 iz S8, E AL R 2 DNA 1)
LR CpG Bim LTI 2 T R &K
AR BRI AR, Forod T 3 IR 1) 2 FR LR T
W H BN R, AT RIS R Bk g i
JiEH % RASSF8. CDO1. Pl6inkda. CDH1 £kt
DR A o FR AT A e it R AT e AR L STk 1A A
R 5y TN 00, a7 FRUE S T 5- 7%
2'- i EU T (5-Aza-dC) . 5-F 2% -2- i AT (5-Aza)
%5 DNA HUEEBEEHIHFIMREETILRREE
FRREREEES 43 FARF=I, NSAIDs K254 1) Al
BT B M TE S E M AE F ACR B O HoE B 7T 14
JRIBR o BRI i g 5 R ) 4 JR I R A B o ik
BT SRR A AR A DT, AR
YA T FE R E A Xt Cyclin D1 FE R ek 7 e 3
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WK RTRTAE R, R e H R B IR 4 e
A BRI G SR T LRI TR R BRI R .
FEIE T AR AT, 2 M 84 B RH 8 T P R L o e [
AELE IR0 S N A e ARHE B, 4R 1
T W R S AR I E R R, T
gl R A e et AR, TR R R S i SRR AR
BOEET,  IEH ARG SE S T A BN, i
T o0 i e 9 40 L ) 37 4 B i i 21, ARt F iy A 5
7R Cyclin D1 7 iy 1A T B iR 4t e Jae 40
FZHIFAE Eca-109 4 R BoR HBUE R € F L7
Yl HEEC 40/iY Cyclin D1 ik %= R HuR K,
MM A Eca-109 40 s H T-#4 & Cyclin D1 i & iA 4
AT G EL DR Sy Tk . dlId MTT . Ji =04t
ARAT Western blotting 1555250 K BLILFRIE Cyclin
D1 BEf o 2 18 i sk 40 i J&] SRR, i Eca-109
YL SZIL GolGr HTH] Go/M A 2 S JA )33k Ji S Ei Xt
Eca-109 41 ks BEAEH, 7R 10T FE
Cyclin D1 H & & ARIEAFRIE N,  [FEHRm 2
CDK?2 #il CDK4 & H/KFfE4Hff i Cyclin D1 &
RN R, R4 THEK S TS, CDK2
HI CDK4 5 [ 21K 7K Y-t 248 it 386 5 % 77 Bae AR T ik
/b, CDK4 HEHARIEKFEXRAMPITZE 7. P
AR 702 B 40 P BA A i 1 B 1 B (CDKs) %%
P AR (eycling) FKIEMIHATE, —&INLEE
ST — RE A 0B R AL TS R Ui S A
BESk . HEShAN PR RS, fEIX AN RE R CDK2 Al
CDK4 5 Cyclin D1 &54 J5 £ R4 m S HH)
AL A A1), $RRFE R E A @ fHE Cyclin D1
FIEAH T 40N CDK2 F1 CDK4 (1383, i bH
Tir 1AM EHATE Go/Gy JHAT Go/M S 73 A1 L 451,
IR T 0T Eca-109 213G 5 4 o 7] B & e
JH TR I 25 R s ZE R B AT RE S 45T Cyclin D1 A
SRR TS, SRR EE RN Eca-109 4P 2
{8 T8 1 Bax. caspase-3 f/l caspase-9 1K1 . i )b
] ZE 5k E A 6 Cyclin D1 & B FF AL K T () 5200
g R R SR G AT U@ _FiA Cyclin D1 F5EE
KP4 Cyclin D1 mRNA FI#E5%, AR 7RI
FEREAXT DNMT3a 45 F R AL F2 g 1) 2 ik BA 4
HI7E 04, 148 DNMT3a (335 H A BExF Cyclin
D1 A5, HoR ZERKE A Cyclin D1 &K HH
FALR RS DNMTs 5%, B— HHEK KT
xof P 35 R B 53 10 42 i 52 B HL I SUIG 3 DR 11 1
061, AN[E [ Cyclins 85 P R 4456 41 A i 4 1E P 5k

FPERTRATRT, BN FE R E AT Cyclin D1 4
PR FRE S AR 1R 4% 0T e 5 5 5 LR O SR IR 1A
B AE Cyclins JEF 2 MM RAH, (HHAAST
BLEIEA FE— P IR .

i bprid, ZEREARET LA Cyclin D1 2
AL KPR T & e AR M R A MG 5 SR T, e Ab
ARHIFFEATY /D 7 22 b B 0 A0 P R B PR B8
ISCHE, AJESIEIRTE F 2R AT G T HR AL 3T
IR o

SE R

[1] Sasaki Y, Tamura M, Koyama R, et al. Genomic
characterization of esophageal squamous cell carcinoma:
Insights from next-generation sequencing [J]. World J
Gastroenterol, 2016, 22(7): 2284-2293.

[2] Zhang J, Jiang Y, Wu C, et al. Comparison of
clinicopathologic features and survival between eastern
and western population with esophageal squamous cell
carcinoma [J]. J Thorac Dis, 2015, 7(10): 1780-1786.

[3] BaoY, Wang Q, Guo Y, et al. PRSS8 methylation and its
significance in esophageal squamous cell carcinoma [J].
Oncotarget, 2016, 7(19): 28540-28555.

[4] Antunes D M, Mfsd R, Guimardes D M,
Nonsteroidal anti-inflammatory drugs modulate gene
expression of inflammatory mediators in oral squamous
cell carcinoma [J]. Anticancer Res, 2019, 39(5): 2385-
2394.

[51 Wilson L E, Kim S, Xu Z, et al. Non-steroidal anti-
inflammatory drug use and genomic DNA methylation in
blood [J]. PLoS One, 2015, 10(9): e0138920.

[6] wianH, AU HEH 5 SRS EEmA
i & ECal09 458 [J]. JEREZEZ 5K, 2019, 39(1):
88-89.

[71 Leonhardt H, Cardoso M C. DNA methylation, nuclear
structure, gene expression and cancer [J]. J Cell Biochem
Suppl, 2000, Suppl 35: 78-83.

[8] 725, &I DNA HUIE(L 5 MR M TR [I].
IAEZ A, 2015, 31(7): 1007-1009.

[9] Ushiku H, Yamashita K, Katoh H, et al. Promoter DNA
methylation of CDOL1 gene and its clinical significance in

et al

esophageal squamous cell carcinoma [J]. Dis Esophagus,
2017, 30(2): 1-9.

[10] Kumar R, Kannan R R, Verma A K, et al. High ALDH1,
S phase fraction, p16 INK4A in esophageal squamous cell
carcinoma could predict response to neoadjuvant
chemotherapy [J]. Cancer Res, 2017, 77(13 Suppl): 2788.

[11] Morris J, Moseley V R, Cabang A B, et al. Reduction in



PRS- T Y Drugs & Clinic

FI5E Fo

2020 4E 6 A * 1063 -

[12]

[13]

[14]

promotor methylation utilizing EGCG (epigallocatechin-
3-gallate) restores RXRa expression in human colon
cancer cells [J]. Oncotarget, 2016, 7(23): 35313-35326.
Kumar R M R, Schor N F. Methylation of DNA and
chromatin as a mechanism of oncogenesis and therapeutic
target in neuroblastoma [J]. Oncotarget, 2018, 9(31), doi:
10.18632/oncotarget.25084.

$ORE, BUBES, LR, T E RN PR 4
it o BRI A I i [9]. PR Ak, 2018,
43(4): 772-778.

LiuJF Yi S L, Drew P A, et al. The effect of celecoxib
on DNA methylation of CDH13, TFPI2, and FSTLL1 in

[15]

[16]

[17]

squamous cell carcinoma of the esophagus in vivo [J].
2016, 27(9): 848.

FHR. EEME RS DNA HFIEEERE 3b @it
mir-145 7 Cyclin-D1 ZE [R5 [D]. A X8
JHK %, 2015.

Tufarelli C, Sloane S J A, David G, et al. Transcription of
antisense RNA leading to gene silencing and methylation
as a novel cause of human genetic disease [J]. Nat Genet,
34(2): 157-165.

Bloom J, Cross F R. Multiple levels of cyclin specificity
in cell-cycle control [J]. Nat Rev Mol Cell Biol, 2007,
8(2): 149-160.



