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Association of methylation status of RASSF1A and APC promoters with prostate cancer
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[Abstract] Objective To investigate the promoter methylation status of Ras association domain family 1 isoform A (RASSF1A)
and adenomatosis polyposis coli promoter (APC) and its association with prostate cancer (PCa), so as to pave a way for early diagnosis
of Pca. Methods The prostatic tissues and clinical data were collected from 60 patients with prostate cancer and 40 patients with benign
prostatic hyperplasia (BPH) tissues. Bisulphite Sequencing PCR was used to detect the promoter CpG methylation of RASSF1A and
APC genes. Results The methylation rates of promoter CG sites of RASSF1A and APC genes in Pca group were significantly higher
whan those in the BPH group (RASSF1A: 60. 8% vs 14%; APC: 48. 84% wvs 1. 19%, P<C0. 05). The methylation rates in
RASSF1A and APC genes were significantly associated with PSA, Gleason score, pathologic stage and risk classification of PCa (P<C
0.01). Combined detection of methylation status of RASSF1A and APC genes yielded a sensitivity of 95. 74% and a specificity of
82.90% in differential diagnosis of PCa and BPH. Conclusion The promoter methylation of RASSF1A and APC genes are associated
with the development and progression of PCa, and the changes of methylation rate is closely associated with risk classification of PCa.
Combined detection of methylation in RASSF1A and APC genes may be a promising method for early diagnosis of prostate carcinoma.
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PR BLUIE S8 & PCa 60 i, K PE TG 51 IR 3% 45 (BPHD
40 B, DL PCa B AW HIA L AFE S 61~86 % .13

(75.85+6.79)% ;BPH & N XA, 4 64~84
% FF1(76.6546.01) %, PIALF#E 25 55 K812~

1.2 HAKLEE DNA G4 MR A 54 2
A L YTBCA S T R, 42 BR8] 5 1 A 0 60 HE 21 40
DNA 4 B 751 & #8: 4F i F2 $2 L DNA, DNA 42 it
N 10~120 ng/ . A3 606 BE TN 5 K
N 260 nm, DNA J& RNA Fl & ({75 4, % 77
T —20°CUKA . R B IR DB DNA, ™ 4% &
18 EZ DNA Methylation-Gold™ Kit DNA (ZYMO
Research) i 7| & 0 BRAL HLAEAS

1.3 sl#&it W H primer 5. 0 & #4 i 47
RASSF1A APC B 51 ¥t 1Motk 1,
PEHE RASSF1A & R % S G A7 45 BiE 1 000 bp &
B FIXE A CG I EERNIERX 961 ~
11598 F5E 7 41, JE R K BE 199 bp, % 16 1~ CG
B 5 FE APC PR % 5B 46 67 £ 3% 1 000 bp &
B FXE S CG M mHmEMIRFKX 824 ~
1 054 AF5E 7 51, JE K & 231 bp. & 13 4 CG

S
(A=

X1 THEEE4IET DNA B PCR 3|4

Tab 1

PCR primer for bisulphate-treated DNA

Gene Primer type Sequence (5'-3") Product size (bp)
APC Forward primer GGG GTT AGG GTT AGG TAG GTT G 231
Downstream primer AAC ACC TCC ATT CTA TCT CCA ATA A
RASSF1A Forward primer GGG TTT TAT AGT TTT GTA TTT AGG TTT TT 199
Downstream prime ACT CAA TAA ACT CAA ACT CCC CC
RV-M GAG CGG ATA ACA ATT TCA CAC AGG
Miz.47 CGC CAG GGT TTT CCC AGT CAC GAC

RV-M, Miz4;: Identified by PCR primers

1.4 PCR R E AR 50 pl, i Hot Start
Version Taq 0.5 pl, 51#%& 1 pl.dNTP 4 pl B4 5
) DNA 8 pl. & F LA ddH, O %55, fr & 5 b B DA
ddH, O 1E A X #, PCR W 4 F:94°C 2 min 40
$:94°C 30 s,57°C 30 5,72°C 40 5,37 ™MEH;72°C 5
min, RASSF1A K™% 7 B K/NA 199 bp, APC
FEH P BE R/ K 231 bp, PCR RN =12 2%
T HEE I e Uk (I 1) L BE LR B 10 Y0 b A i2F 47
Sy, PCR PE¥) 2 Axy PrepPCR 3 i 1% 7 & 4l
el M .

RASSFIA APC
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Fig 1 Electrophoresis of RASSF1A and APC genes
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FHF 56 B 5 B 0, S50 25 38 . pMIDIS-T #h 4k
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10 pl IR ATJE 16°C )W 90 min, 425 (10 pD fTA
100 pl RIBFFH DHS o BEZ ST, KA 30 min,
42°C A 60 s Ji o HE K K 2 min, LA 890 pl
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(SOOFFM (AN HFHR),37°CEH 220 r/min
Kig% 120 min, 2 B0 # L LWEBRRAT LB
TENG Al b 35 5%, 37 C BE FRAR

1.6 PCR %% AN A Mok )n HE % b 45k
PE 10 A E AR, FORE L B 200 pl LB By 3R £
3 h 54T PCR %@, PCR RN KR . £ 259
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12.5 pl B (O 1 pl.ddH, O #h & 25 ul, PCR
S 2 :94°C 3 min; 94°C 30 $,55°C 30 s,72°C 30
s,30 MG ;72°C 5 min, PCR F=¥14: 2% BigHE§E
e HL K L 288 RASSF1A JEF K/ 351 bp(H I EE A
199 bp+#AKIX 152 bp) . %% APC F&[H K/ 382 bp
CHZER 231 bp+3RAIRIX 152 bp) (K 2), %&E A%
Je ¥ vE R T A R A RS B
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Fig 2 Electrophoresis results of monoclones

of RASSF1A and APC genes

1-10: Different monoclones
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2.1 PCal BPH ¥ &% &% RASSFIA.APC
FEATE 60 1] PCa Hr 43 A1 7 960,780 1~ CG i &3,
7E 40 ] BPH w43 53 W ¥ 640,520 4~ CG 7 £,
PCa 41 RASSF1A,APC 3K CG i 55 B 34k iy &
AR F BPH 4 (60, 8% vs 14%, P<C0. 05;
48.84% vs 1.19%,P<0. 05,1 3),
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Fig 3 CG sites and methylation of RASSF1A and
APC genes in Pca and benign hyperplasia tissues
PCA. Prostate cancer; BPH:
A: RASSF1A gene; B: APC gene

Benign prostate hyperplasia.

2.2 RASSFIA # APCAH B3 TR ¥ AL E S
PCa s R4FFE6) % 2 PCa 41, 5l 51 Bt 45 5 B J&
(prostate specific antigen, PSA) A1 TNM 4 #1 &
Gleason PForliE, WA LR G, ZRASIHHEE
X (P<<0.01)., Hotr5 WAL R KR, K PCa
o3 I A AR 4 1L 7% PSA | Gleason W43 I IR 43 1 43
K G2 (<< T2a.,Gleason PE43r<C6 F1 PSA<C10 ng/
mD) &4 (T2b 3% Gleason PF4r =7 5 PSA 10~
20 ng/ml) | B fE 4 (T2c % Gleason ¥4 >7 4ok
PSA™>20 ng/ml) "', Z5 R L P RASSF1A 3 H 1
APC JEH H AL R 5 PCa MK/ I3 VMG, 22
SH G L (P<C0. 001) , F 5 R F Ak 56 1k e
PCa [ W fa B o0 8w (R 2), $7R BE D Ay P ik
AR E RS PCa MIRYT M UR % DIAH G,

2.3 RASSF1A #= APC A H B 3 T X ¥ AL 46
Mg A DL PCa 4% M BPH % X4,
iz FHH: 52 5 B AR F7 M #h 48 (receiver operating char-
acteristic curve, ROC 1 £) ., iF 1 LI RASSF1A #1



« 482 -

B OFEEKRF¥M 2012485 AL 33 %

APC F:H 1 Ji ) 7 X 36 46 R Sk K 0 48 A 19 2 4
JERFRSRE . RASSF1IA 1 APC 3 [H 1) ROC #h &
T AR 50 R 0. 837 0. 874,95 % A IX A 43 H
H9(0.732,0.942) F(0. 775,0. 972) . T F B4 4
(RASSF1A Fl APC %t [ [\ B & A4 B 36 46) 15 ROC
Mk om0, 917, 95% B 15 X Al b (0. 844,
0.990), UL 4,

3R 2 RASSFIAAPC EREEARE PCa ZEHH B REML X
Tab 2 RASSF1A and APC gene methylation rates

in different groups of prostate cancer (PCa)

RASSF1A APC
Variable n Methylation P Methylation P
0 )
PSApB/(ng' ml™") <0.01 <C0.001
<10 48 50. 16 30. 60
10-20 7 44,28 41.25
=20 5 62.48 72.32
Gleason score <0. 001 <0. 001
<6 51 60. 2 50. 60
7 5 65. 00 72.40
=7 4 97. 40 78. 20
TNM <20.001 <20.001
<Tz 52 78.06 60. 20
Tay, 5 80. 33 72.83
Tae 3 100. 00 100. 00
Risk staging <0. 001 <0. 001
Low-risk 31 48. 35 30. 36
Middle-risk 17 64. 80 59.70
High-risk 12 87. 30 81. 20

PSA: Prostate specific antigen
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Fig 4 ROC curves of detection with RASSF1A

and APC alone or their combination

1E PCa 414 ] RASSF1A Fl APC 3 [A [q] i}
KA AL RS A A7 ), BPH A 35 41, i H CG AL
SR TH AT B P 2 G Ak R A R 2 SV AR A
AUy B8 40, 26 %5 F1 6. 9%, LA AR 4l A
A5 DRRR R DRI 5 Y A 23 TR/ Sk 4 W A 4 14 77 43
25 ,RASSF1A J:[H 7 PCa 4 F1 BPH 41 A9 H 34k

R=14% 58 LR, <14 % R B APC 2 R 7E
PCa ZHF1 BPH 4 H AL =1, 19% & X K [
P, <<1.19% I B ; RASSF1A 1 APC & [H 7E PCa
4F BPH AEBEG W EK =6 9% & XN
PE <26, 9% R BIME , 45 5L 32 T 35 DR K 5 e D0 e %
JER 95. 74 % K5 SN 82. 9%, M T B L R A
(P=0.00) 0.3 3,

& 3 RASSFIA 71 APC EF R EMNLE
il PCa BB E 4T R E
Tab 3 Sensitivity and specificity of methylation rates

of RASSF1A and APC in prostate cancer screening

Sensitivity Specificity

Screening test Result PCa BPH %) %
RASSF1A + 43 8 71.67 80
— 17 32
APC + 52 4 86. 67 90
— 8 36
RASSF1A and APC + 45 6 95.74 82.9
— 2 29

PCa: Prostate cancer; BPH: Benign prostate hyperplasia

3 3 i

2010 4F 3 H . 3¢ B AE 5 25 CACS) B8 1Y CHip
A Rt i SRS O e 8 R ) P B D L AR I PR B2 W P 22
W8 F) PCa 55 BPH CHy 51 02 5 B AS S 7D 38 A ) 11 56
S Wi A, R & B R2 W PCa JEH B2, Wik
BCA Z2 100K 0 48 472 W7 PCa 7E I IR I J2 38 Y1) il b
B, DNA Ak 55 B4 78 0 36 12 1k g
Rl 7, PSA fE R H AT PCa 10 0 45 1 M — 48
B, AR BE 3K B 94, 790, T AR SR H A 18, 4%,
52 Wn RASSFIA, APC % 3% K iy Y 3% Ak R 5% 7
M PCa B2 W HE 5 BE 3k 93 %, B & /T PSA HU%;
SR U R 78 96, A T A sk A U i 41 AR 4 41
1 RASSF1A \APC JE [ % H 6 AL R AT BB A
PCa #1725 9 AR S A

AWFFEH RASSF1A F1 APC 3£ [H 1y ROC fh4k F
T A3 R 0. 837 A1 0. 874, P 3k R B A K ) ROC
LT MR 0.917,95% B A5 X 8] 24 (0. 844,0. 990) ,
RASSF1A F:F AT APC 3 FBC G B SL 4B A PCa (1)
PR R S AT IR B 95, 74 % F1 82, 9%, B AR T
A JLRAE I, FAE 1896 4F, Ashworth B UK $ H 7
A AR 40 B2 Ccirculating tumor cell, CTC) R HE &7,
Okegawa S5 FE B R AL PCa 3 CTC HA il H
RASSF1A APC 555K H Bk 5 HLBF S X & e B
MREBAE G RM CTC, A 18 A5 W 98 | F e 1
FLARIE B3 CTC X4 & 30 e i) oz b 7 % A1
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PRIRTT A 15 50 S {E S e G i A R 4 i
FE DR AL SR AT R PCa 992 Wi AT 75 E — 2 5T
JEWF I I IE

RASSF1A AN APC R J& 2 A 2 [,
LR 35 A% 2 R A 1 o0 720 5 25 55 W g 1) & A= R R
&, AHEFE R B RS A BB 5T 3 R 34k Y 4 b
e WG R A A8 i J5 I P 15 (bisulphite se-
quencing PCR,BSP)"*', %} PCa 44! & BPH 414!
"' RASSF1A  APC SR 3 11X CpG W AL 17 0
AT TR, 452 R, RASSF1A R 7E PCa 5
BPH CG {7 fi i H AL &A% R 60. 8% .14, 0% 5
APC 37 PCa 5 BPH CG i 5 1Y F 34k &k 2 &
7 48.84%,1.19% ,PCa 41 RASSF1A ,APC A H
FALFEYE T BPH 4 (P<<0.05), AL L,
RASSF1A K1 APC 3 1 1 32 L% 5 PCa f&
B /r WA E . PSA AT TNM 23 K Gleason 143 i
., FRAARME . Gleason T4 ZTEM PCa 41 Y
AR BE I — VPR ZR . i A0 R 1 A R R S
Je 1) T R R ER ) TS B DDA G, — Bk 1
20 Ak 2%, R ) ST R R AR B S L PCa B9 G-
eason Pk &, PCa W& K 40 11 75 5 Hyk J7 Fn i
JEA ., PEIRE S PCa IR & WA i H 31 7
W3 N A 41 45 . GSTPL, RARB, ECAD, CD44, ED-
NRB.MGMT,P14,P16 %1 HHF55 K W, DNA
H B3 % Bl (DNMT 1) 98 /0 G BE W7 28 A2 53 £k 5 477 1)
PRI T, X DNA LB B it 5k IR A 1R A i
5 e B UG, JF ELRE A — R E b
PR L B JE R AR E R W 25
BN R AR IR T TP — A FE R AL W R DN ) Y R
S R0 T RE B AR T 2 IR T W e ) T B
A P9 A G 3 R 3h T X R R 3R AR 4 BT A 3 O st
T2 W5 W i 7R T 22 4 1 R JUT R0 1 9 O 90T 9 A2 Ak
Sk 2 YA 7 AE S AE R O ERE BT G R M, AR
T RFEA DL — 25 5630 , [R] B v] 285 4 28 1 41 2%
HE— R H IR 7E PCa R A= LR BT B9/EH .

4 FEmHR
A AR 7 AR SO AT AT R 25 vh 28,
[& & X k]

[1] Jemal A,Siegel R.Xu J,Ward E. Cancer Statistics,2010[J]. CA
Cancer J Clin,2010,60:277-300.

(2]  FhAU0E. 36 Ay 50 o 09 0F 58 SR L. o AR i IR A0 Bk 2
2004,25.77-80.

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Sebova K, Fridrichova 1. Epigenetic tools in potential anticancer
therapy[ J]. Anticancer Drugs,2010,21:565-577.

Van Noort M, Meeldijk J,van der Zee R, Destree O, Clevers H.
Whnt signaling controls the phosphorylation status of beta-cate-
nin[ J]. J Biol Chem,2002,277.17901-17905.

Chealde J P,Krawczak M, Thomas M W, Hodges A K, Al-Tas-
san N, Fleming N,et al. Different combinations of biallelic APC
mutation confer different growth advantages in colorectal
tumours[ ] ]. Cancer Res,2002,62:363-366.

Mohler J,Bahnson R R,Boston B,Busby J E,D” Amico A, Eas-
tham J A, et al. NCCN clinical practice guidelines in oncology:
prostate cancer[ J]. ] Natl Compr Canc Netw,2010,8;162-200.
Palmisano W A, Divine K K, Saccomanno G, Gilliland F D, Bay-
lin S B, Herman J G,et al. Predicting lung cancer by detecting
aberrant promoter methylation in sputum [ J ]. Cancer Res.,
2000,60:5954-5958.

Rouprét M, Hupertan V, Yates D R, Catto J] W, Rehman I,
Meuth M, et al. Molecular detection of localized prostate cancer
using quantitative methylation-specific PCR on urinary cells ob-
tained following prostate massage[ J ]. Clin Cancer Res, 2007,
13.:1720-1725.

Ghossein R A,Carusone L., Bhattacharya S. Review: polymerase
chain reaction detection of micrometastases and circulating
tumor cells:application to melanoma, prostate,and thyroid car-
cinomas[ J]. Diagn Mol Pathol,1999,8:165-175.

Okegawa T, Nutahara K, Higashihara E. Association of circu-
lating tumor cells with tumor-related methylated DNA in pa-
tients with hormone-refractory prostate cancer [J]. Int J Urol,
2010,17.466-475.

Louha M, Poussin K, Ganne N, Zylberberg H, Nalpas B, Nicolet
J.et al. Spontaneous and iatrogenic spreading of liver-derived
cells into peripheral blood of patients with primary liver cancer
[J]. Hepatology,1997,26:998-1005.

Cristofanilli M,Budd G T,Ellis M J, Stopeck A, Matera J, Mill-
er M C, et al. Circulating tumor cells, disease progression,and
survival in metastatic breast cancer[J]. N Engl ] Med, 2004,
351.781-791.

Patterson K, Molloy L, Qu W, Clark S. DNA methylation: bisul-
phite modification and analysis[J]. ] Vis Exp,2011(56):3170.
Singal R, Ferdinand 1., Reis T M, Schlesselman ] J. Methylation of
multiple genes in prostate cancer and the relationship with clinico-
pathological features of disease[ J]. Oncol Rep,2004,12.:631-637.
Laird P W,Jackson-Grusby L,Fazeli A,Dickinson S L,Jung W
E,Li E, et al. Suppression of intestinal neoplasia by DNA hy-
pomethylation [J]. Cell,1995,81:197-205.

MacLeod A R, Szyf M. Expression of antisense to DNA meth-
yltransferase mRNA induces DNA demethylation and inhibits
tumorigenesis[ ] ]. ] Biol Chem,1995,270:8037-8043.

Sebova K, Fridrichova I. Epigenetic tools in potential anticancer
therapy[ ] ]. Anticancer Drugs,2010,21:565-577.

[(Ax%HE] T XK



