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[(HE] a« KNS EREALH PR AN 12 (PRDMI2) | XSKHEEL (FOXEL) | B-1,3- FiifHEE 5
fiti 2 (B3GAT2) . Wlbai1 (VIM) | Zrib G OCEE 11 2 (SFRP2 ) FEIK ) H ALK, WIABATAS LR B AR 45
B AN ek RBUBZEZER RS (5 AR RS ) KB 31 HilHEZ T ARUIBRIGI T4,
et FR B 1R S V) BrAR, ol PR A R 0 P o A 0 e 2H 2P URTAH Iy Je 55 1E i 4l 48 PRDM12 . FOXEI . B3GAT2 ., VIM,
SFRP2-1. SFRP2-2 3£ B TR ALK T, 4 % 31 045 B i B 44 rh PRDM12, FOXEI, B3GAT2.,
VIM . SFRP2-1. SFRP2-2 3L 5 ol 7 H SLALFa 503 & AR 25 IE W 12, 22 553898 Guit2#E L (P3#<<0.01)
TE 31 Bilgh B % v, PRDMI2., FOXEI. B3GAT2. VIM. SFRP2-1. SFRP2-2 3L 3 85 & B 5e Ak 00 5 Ry
87.1% (27/31) . 90.3% (28/31) . 80.6% (25/31) . 77.4% (24/31) . 74.2% (23/31) . 64.5% (20/31) ; 7£ 18 f4i
B (TNM [~ 1 91) 45 5 s i &b, PRDMI2, FOXEI., B3GAT2. VIM., SFRP2-1. SFRP2-2 K[ Ji )1 = i
FH AR5 88.9% (116/18 ) | 94.4% (17/18) | 83.3% (15/18) . 77.8% (14/18) | 83.3% (15/18) . 61.1% (11/18) .
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Methylation status of PRDM12, FOXEI, B3GAT2, VIM and SFRP2 genes in colorectal cancer
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[Abstract] Objective To detect the methylation levels of PR domain-containing protein 12 (PRDM12), forkhead box E1
(FOXEI), beta-1,3-glucuronyltransferase 2 (B3GAT2), vimentin (VIM) and secreted frizzled-related protein 2 (SFRP2) genes in
colorectal cancer tissues, so as to evaluate their potentials as early screening markers for colorectal cancer. Methods The paraffin
specimen samples were collected from 31 colorectal cancer patients receiving surgical resection in Changhai Hospital, Naval
Medical University (Second Military Medical University). The methylation levels of PRDM12, FOXEI, B3GAT2, VIM,
SFRP2-1 and SFRP2-2 gene promoters in cancer tissues and corresponding paracancerous normal tissues were detected using
pyrosequencing method. Results The promoter methylation indexes of PRDM12, FOXEI, B3GAT2, VIM, SFRP2-1 and
SFRP2-2 genes were significantly higher in the cancer tissues of the 31 patients than those in the paracancerous tissues (all
P<C0.01). The positive methylation rates of PRDM12, FOXE1, B3GAT2, VIM, SFRP2-1 and SFRP2-2 gene promoters were
87.1% (27/31), 90.3 (28/31) , 80.6% (25/31), 77.4% (24/31), 74.2% (23/31) and 64.5% (20/31), respectively. In the 18 cases
of early stage (TNM [ - I') colorectal cancer, the positive methylation rates of PRDM12, FOXEI, B3GAT2, VIM, SFRP2-1
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and SFRP2-2 gene promoters were 88.9% (16/18), 94.4% (17/18), 83.3% (15/18), 77.8% (14/18), 83.3% (15/18) and 61.1%

(11/18), respectively. Conclusion PRDM]I12 and FOXE! genes show abnormal methylation in colorectal cancer tissues,

suggesting that they may serve as potential molecular markers for the early diagnosis of colorectal cancer.

[Key words] pyrosequencing; PR domain-containing protein 12; forkhead box E1; DNA methylation; colorectal neoplasms
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HAHR 55 1E 45 A S A, AR AT 75 245
LI BEH PR 4549388 11 12 ( PR domain-containing
protein 12, PRDM12) . 3K HEE1 ( forkhead box
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glucuronyltransferase 2, B3GAT2) . % B #H H
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(EE ZYMO /A H] ) ; Tag i PCR FUIRIRF &
( f%# Qiagen /A 7] ) ; LC480 I PCR ¥ 44 ( Fit
-+ Roche /A 7] ) ; NanoDrop ND-2000 {3 & %5 7h 43
366 B 4t (22 [# ThermoFisher Scientific 2 7@ )
FEA IR DU 6 00 AH DG 75 ( Fif B Biotage 24 7] )
PSQ96 FEBEIRINFAL (725 Qiagen AH] )

13 4o ok I AT AT A R, 4
B A DG SCHR IR B, i TR BRI CpG By .
fif F Pyro Mark Assay Design 2.0 4% 14 1% i1 ¥ 5+
PP WS BT 51 W, 510 S (R 1)
A TAY TR (R BhA RN A .
16 FH 40 24 4> 35 X ZH DNA 45 BUR 77 & A7 i 28 41
Yl B 1 B3 (A 20 DNA,  {# H NanoDrop ND-
2000 fi i 58404 Y60 BE 1l a2 DNA % &, i R
DNA H Ak & 108 W] 43 68 B K] 20 DNA #5470
W2 b kb B J5, —70 °C {3 77 4% J1. PCR J2 i 4
AN 50 uLo FEFA K 7 By s 4k 95 °C
5 min; 94 'C 30s, 60 C 40s, 72 C 30s, 35 4
PEER; 72 °C 5 min, AEBFER I B 1 K2 2%
4. 95 °C 5 min; 94 C 30s, 54 ‘C 40s, 72 C
30s, 40 MEFR; 72 °C 3 min. AR A LM ED
PCR 7= 53847 85 R MR TR &), AbEjs
FEALADSENI AR, SO FE B IR T S r A 5 I
i 21 F CpG o7 s, 3K
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A B S A, R AR B IR I A A A5
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i H L L5 %0 ( methylation index, MtI) ffif &,
Mt = S5 R B A7 e i g B/ ( H SRR 0 f
AR H I S R ) o MET<<5% Al
R, =5% Rmizh S S b, mais
FEPRRINASE 557 ML K T 5% 1E 5 4140 Mt 11 95%
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PRDM12

F1: GAAATTTTTTTTYGGGGAGATGTGAGTATAGGGTTTTG

F2: GGGYGGGGGTTTAGGTGGGTTTTGT
R1: aaccttcaacaccccaaccatataCAAACCCRAAAAACAATACTAAAAACC
Seq: GTTAGATTAGAAGTATAAAATGTGA

FOXEI

F1: GGTTAATTTTTATTTTTTTAGGATAAAAAAGTG

F2: TTTTTAGGATAAAAAAGTGAGATGAGTT
R1: aaccttcaacaccccaaccatataACTAAAACCCRAAAAATTCAAAAACC
Seq: GTTTTTGGTAGAGGTTTGAAAAGT

B3GAT?2

F1: GTTTTTTTAAGTTTTTTTGTGGGAAGATAGTAG

F2: GTTGTTATTGGTGGAGAGGGGTTG
R1: aaccttcaacaccccaaccatata ATCACCCCCTCCAAAAAATCRTACAACCCC

Seq: GGAGGGATTTTTTGGTTTTT

VIM F1: GTTATTTTTYGTAGTTATGTTTATTAGGTT
F2: GAGTTTTAGTYGGAGTTAYGTGATTA
R1: aaccttcaacaccccaaccatataAAAAATCCACCRAATCCTACAAAAACC
Seq: TTATTYGTATTTATAGTTTGGGTAG

SFRP2-1

F1: TTATTATAGGGTATAYGYGGTTATTAGGGA

F2: GGTAATTTAGTAGAAATTTYGGATTGGGG
R1: aaccttcaacaccccaaccatataCCCTAAAATTTCTTTAAACAACAAAC
Seq: ATTTYGGATTGGGGTAAAATAAGTT

SFRP2-2

F1: GGGTYGGGTAAATAAGTTGGTTAGAGG

F2: GGTAAATAAGTTGGTTAGAGGTGGATATTG
R1: aaccttcaacaccccaaccatataCAAAACCCCTTATTAAAAATTCAAAAAACCC

Seq: GAGGGTTTTTAAAATAATGTAG

IR

R2: aaccttcaacaccccaaccatata

PRDM12: PR 4585 11 12; FOXEL: X SkHE E1; B3GAT2: B-1,3- HBHIAEE RS 2; VIM : I 85 (1 ; SERP2 : 43 i 45 i 4
KA 2. F1LRI BRI K A By 8RO b RIS 1405 F2 R2 5l R AR R e i dle b 388 sy b R UE5 1405 Seq AR

WGP 5 1 4

1.5 itz (fiH] SPSS 20.0 BPFHE 742
M. BIERS AR X Es RoR s R
BT ETR PO CT a8k, sy
%) Fon, R Wilcoxon 7455 Bk A6 36 L 45 9 4
S 55 1 HE LN CpG A T EAE KT 1Y
Z5 o TR LABIECR T 8RR . KR K i
(o) 2 0.05,

2 & R

21 ZHMBARIEFEFARTELAR B
T W ARALRE 31 FEE T, B 23 6], L8,
AR R 38~65 %, PRI N (45.29+4.36) 4,
S5 TNM 01 T30 7 0 T30 10 . T 49
8. IVI S ], 45 M ias 41 2R 55 1 H 4 41
o PRDM 12 35 K () MtL 43 51| K 42.49% (24.59%,
52.52% ) K1 18.44% (16.87%, 21.06% ) , J#H 21
PRDM 12 FE[H Mt 5 T 55 1IE #4140 (Z=5.357,
P<0.01) ; {EFFINRERY PRDMI2 KP4 7 4> CpG f
S, AL ZIMU s RS IE R 4121 P4 <0.01,

Kl 1A) o 45 B Ui 55 1E 5 41811 FOXEI
e B9 Mt ) R 36.22% (17.60%, 42.53% )

1 6.90% (5.69%, 9.64% ) , ¥ 4 41 FOXEI #
Mt T 98 5% IF & 4 41 (Z=—4.68, P<
0.01) ; 7E i M ¢ 59 FOXET 3£ ] 6 4~ CpG 7 A5
H, JERZLZ MU B TS5 IR H 4140 (P 11<0.01,

K 1B) . 45 B S g5 15 F 8 B3GAT?
B PR ML 43 51 K 22.78% (8.21%, 34.33%) il
7.97% (5.14%, 10.26% ) , % 20 4 B3GAT2 % A
Mt & T 5% 0F % 41 41 (Z=423, P<0.01) ;

TE T M ¥ 1) B3GAT2 3 [N 6 > CpG i i 1, i
41 MUY = T 5% 1 & 414 (P5<<0.01,

B 1C) o &5 B 418V 55 15w 418U VIM 3
IR B MtT 23510 K 33.25% ( 8.83%, 70.36% ) F116.99%
(4.62%, 11.82%) , FZHZL VIM 5L K Mtl & T
I (Z=3.51, P<0.01) ; 1€FFI )% Y
VIM 24 7 4~ CpG {7 5 P, i 41 40 ML 3 5 T
FEH AL (P1<0.01, B D) . 45 H G
2RV 25 1F 3 L 4 rh SFRP2-1 32 1 19 Mt 43 51
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28.25% (15.61%, 48.61% ) £ 11.80% (5.92%,
16.65%) , JEZHZ SFRP2-1 B Mt 5 TR 52 1E %
41 (Z=4.02, P<0.01) ; 1EFTIF K SFRP2-1
%IV\Cth'ﬁP I 2H 41 Mtlﬂjm?ﬁﬁ%m
BN (Pi’J<001 Bl 1E) . 45 Hmfds
b5 R # 4L 4p SFRP2-2 32 H i Mt 4351 8.85%
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VIM. SFRP2 EEARE CpG s BENKEER

A:PRDMI12;B.FOXEI;C:B3GAT2;D:VIM;E:SFRP2-1;F:SFRP2-2. PRDM12:PR 51 1 12; FOXE1 : X3LHEEL;
B3GAT2:B-1,3- B Ao Bl 2; VIM : I FE 2R 111 ; SFRP2 - 43I IR il AH SGTE 11 2 NS 1B H 44 T s dH 4L 1 ~7 433 FR

AFECpG k. "P<0.01.n=31

22 RETNMpH4E AmBEan A5 LR BT
B E T RMKRE LA TE 31 HILS RS

PRDM12 . FOXEl. B3GAT2. VIM. SFRP2-1 .
SFRP2-2 K& A Ji ) ¥ & B W B4k 243 30l oy 87.1%
(27/31) . 90.3% (28/31) . 80.6% (25/31) .
77.4% (24/31) . 74.2% (23/31) | 64.5% (20/31) ,
A W PRDM12 Fl FOXET 3R 5 501 2 i F 34k %R
BE W, Wi B3GAT2. VIM., SFRP2-1. SFRP2-2 3 A

JA Bl e AR A XA
ANTR] TNM 733 B 45 B i 2 4L b a5 L TR B9 1

PSR L R 2, ZE 18 4] (TNM [ ~ 11
) 45 m BB A 20, PRDMI2 ., FOXEI .

B3GAT2. VIM. SFRP2-1. SFRP2-2 3 A ¥ &
JE I RAL R0 88.9% (16/18) . 94.4%(17/18 ) |
83.3% (15/18 ) | 77.8% ( 14/18) . 83.3% (15/18) .
61.1% (11/18) ; i 7€ 13 {4 e ] (TNM M~ IV
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) 45 EHpm B A4, PRDMI2, FOXEL ,
B3GAT2. VIM. SFRP2-1. SFRP2-2 3:H A8 F 5
JE F AR50 84.6% (11/13) | 84.6%(11/13) |
76.9% (10/13) | 76.9% ( 10/13) | 61.5% (8/13) .
69.2% (9/13) . H LA I &5 5 0] W PRDM12 Fli
FOXEI WG s F R M4 a2 h e
B W KL AL R &, 1 B3GAT2, VIM ., SFRP2-1 .,
SFRP2-2 K i3 1) i B HH SRR AR AR

R2 ATE TNM S EEEGEAR S
ZEEFRBHTFEEREMRS

N=31,n

. . TNM 43 14]
HePH w0 SRS I m I v
PRDM]I2 FHM: 7 9 7 4
[ 0 2 1 1
FOXE1 FHM: 7 10 7 4
B 0 1 1 |
B3GAT?2 FHE 7 8 6 4
B 0 3 2 1
VIM [ELES 6 8 6 4
Bk 1 3 2 1
SFRP2-1 FHYE 6 9 5 3
Bk 1 2 3 2
SFRP2-2 FH M 5 6 7 2
Bk 2 5 1 3

PRDMI12:PR Z5 #3211 12; FOXEL : X L HEE1;
B3GAT2:B-1,3- MM Ao T 2 VIM : P IE 5 4 ; SFRP2 : 43
INELE AR SR 1 2

3 3t 8

25 B g W DR DL Ak B B s, 1297
ot e B, FIaYY, PR 0 A o &
B0 T AR SR JE D ARG I R 25 R,
OB F T 45 25 b s 1 L B i A . E T AE 45
L A R A R R B R A R 3 Ak A
I KA Septin9. N-myc T i 17 45 3& [ 4 ( N-myc
downstream-regulated gene 4, NDRG4 ) aelsitl gy
SELRTRRIN T 172 145 B R ST Septing F P
FEARRE O, o 152 B B, REUE N 88.4%.
Xiao %5 K BL4E T 46 2 41 NDRG4 S [H i
KAV BAPERS 2y 81%, T 7598 5% 1F 21 4 P Y
1 8.3%. AHHFE R I PRDMI2 Fl FOXE] B #E 45
H i 2 i W A 855 51 R 87.1% (27/31)
F190.3% (28/31) , @& F b ik #ft 38 (14 Septin9 |
NDRG4 B HeAb 2, $&75 PRDM12 Fl FOXE] %
PR R AR AT V8 0 R i B2 W e e bR 5 ) -

PRDM12 FE R F N5 9 5 YL 8 {K 9q34.12
I, JBT & PR/SET & F A5 801 5% sl 42 A 1
KM 51 . PRDM12 & 52 A% sl o K, fEfs
PR AR B, 55 SR e R I A e R
KA FOXEL 3L T 5 9 S fafk
9q22.33 b, J& XCRF SRS L, BEAE SR
KU FOXEl 2l B 51, SHUARMR . PR
S B2 IDRIRIR R M ) 2 LR B AN . Dai 51
WHoE R W45 5 % b FOXED JERAR 335, H S5
SHMETG AR, XRS5 FOXET 5 5 H 3t
Al L R T g 2 2l K .

AT S AR BRI P A 31 9145 B R 4
LU Z A SR HOEARIRAS, 25 &3 PRDM12
FOXEI . B3GAT2. VIM . SFRP2-1. SFRP2-2 3t
KA 3l 7 B S A KO- 7R 45 B i A1 2 59 55 16 %
HAVh I FEE LS (P1<0.01) , H PRDMI2,
FOXE! &5 J5 30 1 B W Ak Sy T BE A SOk
T #E £ (1) VIM, SFRP2. Septin9. NDRG4 %5 3t A
(R R e 1200 1 i (TNM T ~TT)
45 HmdEYe, PRDMI2, FOXEID IR 3 3h i
efb #4350 88.9% (16/18) . 94.4% (17/18)
L% PRDM12 . FOXEI F: IR W Rk 76 1 45 H
R ELHTh B EAT —E M. B3GAT2 LA G
AR IR MRS IR, 25 ANAR
ROE A LKL E YR AR, SHEREMN
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BT S PR 3 7 A Y L VIM
FEIE S By FE T i 2R3k, I H s W 4L 5
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SFRP2-2 578 45 15 W 9 41 23 iy F Ak /K1 A
XFA, H F T30k S PR 34 2 AR J A A 4 IO B
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TR 2 I S SRR, WIS A
TR Es B in R R B2 Wi T s, (A
HE— 2058 . JE TR A PR AE AT 45 SR A Ll
LK. BRI B E AR A LU ZE
FEA, WRRIE SH0E . B BRIE Ml A BE
T R AP R 25 5%, ifF— 4R % PRDM12
FOXET JE PR H A0 1 FH 45 B o 57 S0 s A 1) T

a6
He’lTt o
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