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[ Abstract] Background and purpose: Loss or altered expression of Ras association domain family 1A
gene (RASSF1A) through DNA methylation has been associated with the pathogenesis of a variety of cancers, which
suggests the tumor suppressor function of this gene. This study aimed to explore the effect of DNA methyltransferase
inhibitor 5-Aza-2’deoxycytidine (5-Aza-dc) on demethylation and expression of RASSFIA in cervical cancer cell
lines. Methods: HPV positive cervical cancer cell lines HeLa and Caski, HPV negative cell lines HT-3 and C-33A
were treated with two different concentration of 5-Aza-dc (5 pmol/L, 10 pmol/L). MSP (methylation-specific PCR)
and Bisulfite genomic sequencing PCR (BGS) combined with TA clone were used to investigate methylation status

of RASSF1A gene promoter and exon 1 before and after treatment of 5-Aza-dc. RASSF1A gene mRNA expression
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was detected by RT-PCR. Results: Two HPV positive cell lines showed hypomethylated RASSF1A promoters and
expressed RASSF1IA mRNA, and after treatment with 5-Aza-dc, the mRNA expression of RASSF1A did not change
significantly (Fy,=3.003, P=0.125; F,,=0.045, P=0.956). Two HPV negative cervical cancer cell lines showed
hypermethylation status of RASSF1A promoter and silenced RASSF1A. After treatment with 5-Aza-dc, demethylation
occurred in the promoter region of RASSF1A gene, which subsequently induced re-expression of this gene in HT-3 and
C-33A. The F test (Fy;1;=18.002, P=0.03; F.33,=17.179, P=0.03) and LSD-¢ test (P<0.05) demonstrated that significant
difference in the expression of RASSF1A was found upon two different concentrations drug treatment.Conclusion:
The methylation status of promoter and exon 1 of RASSFIA gene in HPV positive and HPV negative cervical cancer
cell lines are different. The promoter hypermethylation is correlated with RASSF1A gene expression in HPV negative
cervical cancer cell line HT-3 and C-33A, and plays a key role in RASSF1A silencing. 5-Aza-dc may effectively

reverse the methylation status of RASSFIA gene promoter in cervical cancer HT-3 and C-33A cells and reactivate gene

expression silenced by aberrant hypermethylation in a dose-dependent manner within certain extent.

[Key words] Ras association domain family 1A (RASSF1A); Human cervical cancer cell line; 5-Aza-2-

deoxycytidine; DNA methylation; TA clone
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100 U/mLTFEZM100 pg/mLEE 52 0 5 b
DMEME; 7 3 (4 H 2 E GIBCOA ), 37 C.,
TR EE . COMRFR R 5% M35 F2 48 T 1K
Higr.
1.2 5-Aza-dcAbIE

HU3x10°4~/mLAE$iA: 0] 1k 4 ey it 41
ffL, 25 em’4ifds IR R TR G, ins-Aza-
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B, 50 pL TEZ: mfk e i 28 5ok Ji 36 4t Ak iy
DNA, ZEE TFH#ES min, /13 mol/LHYNaOH
5.56 uL, 37 ‘C/K¥A15 min, P07 &F B0 0
9 mol/L NH,OAc (pH=7.0), 3 mol/L NaOAc
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AER LM . W fiMegAlign (DNASTAR, Inc,
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Pty Ltd, Eden Prairie, MN) 5 3L K2l J 75| (NM 5 ;
170714) 47 L X 34T o
1.7 RT-PCR#&MRASSFIAEEMRNAR A

TRIzol— ik FEHUAS L A1 I S RNA, SR H
Thermo/\ v (Y30 5% s i f & 5 icDNA, RT-
PCRAG M 5-Aza-defE HIZH Bkt FERZR ASSFIA Sk
FImRNARG SR RIKM 22 57 o A DL KA A
] % WE RS R 1IN S B (gly ceraldehyde-3-phosphate
dehydrogenase, GAPDH)/E NN ZHR, § 1G]
SIS Bk [8 ] B(ER2).
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Tab.1 The primer sequences and reaction conditions of MSP and BGS

Primers Sequence (5’—3’) Genomic position Product size/bp Annealing temp/°C
MSP-MF GAGAGCGCGTTTAGTTTCGTTTTC -64 to -41 184 56
MSP-MR ACCCGTACTTCGCTAACTTTAAAG +96 to +120

MSP-UF GAGAGTGTGTTTAGTTTTGTTTTTG -64 to -40 183 56
MSP-UR CCCATACTTCACTAACTTTAAACC +95 to +119

BGS-F GGTTAAGTGTGTTGTTTTAGTAAT -271 to -246 704 60

BGS-R CTACCCCTTAACTACCCCTTCC

+413 to +434

M: Methylated; U: Unmethylated; F: Forward primer; R: Reverse primer. MF/MR was designed for the amplification of the bisulfite-converted
methylated promoter; UF/UR was designed for amplification of the bisulfite-converted unmethylated promoter; BGS-F/BGS-R was primers for the

amplification of RASSFIA promoter and exon 1.

#*2 RT-PCR3I4/F 5 R [ Bz & 14

Tab. 2 The primer sequences and reaction conditions of RT-PCR

Primers Sequence (5’—3’) Product size/bp Annealing temp/°C Cycle
RT-F TCTGTGGCGACTTCATCTGG 424 60 35
RT-R TTGGGCAGGTAAAAGGAAGT

GAPDH-F CTCAGACACCATGGGGAAGGTGA 499 60 35
GAPDH-R ATGATCTTGAGGCTGTTGTCATA

F: Forward primer; R: Reverse primer.
1.8 SritF4haE

RHISPSS 18.045 ik 46 %4 5 36 B 7
it # oM, HeARS-Aza-defE RIS 450 e 2

Mt Z2 P RASSFIA KA mRNA 15 22 B R A5
RZE 2000, FEFEAN B R HLSD-tk:
5, P<O.0SHESHSITHFEX,
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22 2% B R WEEE I HL UK 5 T OULER £ 704 bp Y FE 5
PEE M R BL(#1B),

A

1 MSPHBGS#ill47h =5k 20 il R5-Aza—dcfE ARG
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Fig. 1 The results of RASSFIA gene promoter and exon 1
methylation detected by MSP and BGS in cervical cancer cell
lines

A: MSP results; M: Methylated; U: Unmethylated; Ma: Maker
DL2000; 1: Control group; 2: 5 pmol/L5-Aza-dc; 3: 10 umol/L
5-Aza-dc; 4: Double distilled water; B: BGS results; 1-4: HeLa,
CaSki, HT-3, C-33A control groups; 5: HT-3 with 5 pmol/L 5-Aza-dc;
6: HT-3 with 10 pmol/L 5-Aza-dc; 7: C-33A with 5 pmol/L 5-Aza-dc;
8: C-33A with 10 umol/L 5-Aza-dc; 9: Double distilled water.
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HT-3 . C-33 AN R I K JL-F- Fr A 7 55 H 4k
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C-33AZMME R, HIEILFEEERER(&I2B), A
HPVEHHHT-3 40l 2 5- Aza-defE A IS #8507
S5 45 5, R WA S g 4 (K13),
DU 25 SR MR TS

RASSF1A: NM_170714 range=chr3:50367217-50378367 1 115 bp
L e
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Bisulfite genomic sequencing region

CpGisland
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2 4 & 51012 14161320222426 25303234 363540424446 48 5052 54 56 55 60 6264
A 15 5 7 513131517152123252729515335 37894245 45 4749 5153 5557596168

40424446 4850 5254 56 58 60 62 64
94143 45 4749 5153 5557 59 6163

HT-3-1

HT-3-2

C-33A-1

C-33A-2 |

@ Methylated CpG site O Unmethylated CpG site
2 ATETEMAMRRASSFIARREHFREINEFXTA
BN R
Fig. 2 CpG methylation status of RASSFIA gene promoter and

exon 1 detected by TA clone and BGS

Each circle is one CpG site and filled circles are methylated CpG
sites. There are 64 CpG sites in RASSFIA gene promoter and exon 1
from -300 bp to 404 bp. A: Four cervical cancer cells without 5-Aza-
dc. B: HT-3 and C-33A cell lines treated with 5-Aza-dc. -1: 5 umol/L
5-Aza-dc; -2: 10 pmol/L5-Aza-dc.
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Fig.3 Sequencing results of RASSFIA gene promoter and exon 1 in HT-3 cell line.

A: In HT-3 control group, four CpG sites showed CG; B: After treatment with 5-Aza-dc, CG turn to TG. Four CpG sites in the sequence corre-

spond to 6, 7, 8, 9 CpG sites in figure 2.

2.3 5-Aza-dciE FAXTRASSFIARE EmRNA%:
RRIEHIZN

RT-PCRAGINZ5 S s, 2FHPV FHEE 85
T A 5 - Aza-d e A U 5 34 AT Gl #|R ASSFIA
N FRIE(EA), 2o HEFEZ00, £
ST G B L (Fy.,=3.003, P=0.125;
Fryi=0.045, P=0.956), TM2FHPV M5 S
4l ZHT-3 F1C-33A7E5-Aza-dehb P ATRASSFIA
FERFIR GRS, 2FPAS[A] R BE 11 5-Aza-dc b B
Al LIRS # R ASSFIA LN B #¢34 , RASSFIA
JE PR i S 3K B 5 - Aza- d e Vi BE v 1T 4 0
(Fyrs=18.002, P=0.03; Fo,,=17.179,
P=0.03), ZLSD-tfq 552 F wimirE, 25/

Giitoes X(P<0.05, #3),

M1 2 3 4 5 6 7 8 9

10 11 12 13

500 bp
mRNA

GAPDH
250 bp

4 AThEFEMM R5-Aza-dc b IR FERASSFIAE H
mRNAR %
Fig. 4 RASSFIA mRNA expression detected by RT-PCR in four

cervical cancer cell lines

M: Maker DL2000; 1, 4, 7, 10: Control groups; 2, 5, 8, 11: 5 umol/
L 5-Aza-dc; 3, 6, 9, 12: 10 umol/L 5-Aza-dc; 13: Double distilled
water.

#* 3 ARIRES-Aza-dcIBAMEMEMAMRREMRANARIEZE R

Tab.3 The comparison of mRNA expression in four cervical cancer cell lines treated with 5-Aza-dc

Group
Cell F P
Control 5 umol/L 10 pmol/L
HeLa 0.42+0.05 0.43+0.05 0.42+0.06 3.003 0.125
Caski 0.39+0.05 0.39+0.05 0.40+0.04 0.045 0.956
HT-3 0 0.15+0.07 0.33+0.09* 4 18.002 0.03
C-33A 0 0.12+0.05° 0.30+£0.06** 17.179 0.03

* *: Compared with control group, P < 0.05; “: Compared with 5 umol/L group, P < 0.05.



782 T, 5. S

BB ARRASSFIARRB TS S5 IOMNE 5 KEBEWRSHIASR

AR SR AT e B S R s AL PR IR AR
MR I R AR RO E L, W O
i, AP DNA Y 3R Ab 0 3988 2k PR A\ g e
T RasE Rk o IR LR v R AL T S
FOHL ARG, FE 2 2% B sed 20 it A 1Y) £
PEVAPEVE R . DNAF JEAL L i3 77 5-Aza-
de/Z—FhERERZ T2, T SDNAH B
A WA 2 A Wi BHLIE DN ARG H Ak, b
396 Bt BB I TR T Bl X 3 B Ak Cp Gz A5,
B Fh e R AT T BR e 4 i L
PRI ek RGO R 0

RASSFIAJE K 2 RasH 56 [X 38l 52 i b fie &
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HME—HLH], PaulsenZs ' WFFERBL, TENTAM
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fitg 53 A1 (COBRA) 73 M7 T 6FHPV 4 4 i 5
F2FHHPV A ZR , 255 & L6 FTHPV B4
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P (HeLa, C-4D)4f iR H KK -7 THPV39
FHE(ME180)FIHP V4S5 (MS751) 40 il % .
Dong2s 11 %6 e Y5 T 3k 25000 kR 40 it 95 1) 7 R
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. FHIRASSFIASE F 3k HAT I e 5%
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@i B2 1 B oS I €< RSl P o e
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WM . R SUE . AL S AL LU A
TR A B L g T s it 4 9 R
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