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Preliminary Screening of Differentially Methylated Genes in Androgen-
independent Prostate Cancer Cell Line

Qin Tingting', Xu Gang', Ji Lili', Tao Zhihua'**
("Department of Clinical Laboratory Medicine, First Affiliated Hospital of Wenzhou Medical College, Wenzhou 325000, China;
*Department of Laboratory Medicine Second Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou 310009, China)

Abstract An integrated analysis of Illumina Infinium HumanMethylation27 BeadChip platform and
transcriptome RNA sequencing technology was performed to screen out the differential methylated genes between
androgen-dependent prostate cancer cell lines and androgen-independent prostate cancer cell lines. Compared
with LNCaP, 990 hypermethylated CpG sites (involved 855 genes) and 2 305 hypomethylated CpG sites (involved
1 970 genes) were identified in LNCaP-Al. Combined with transcriptome sequencing data, some hypermethylated
genes (including FAM111B, RAB36, PCDH7, COL6A2, IGFIR and GULPI) and hypomethylated genes (including
EPHA3, TM4SF1, IGFBPS5, FAM1054, RASD1, ITPR2, CYP27B1 and UBE2E3) were screened out. These dif-
ferential methylated genes were thought to be involved in some signaling pathways, such as the calcium signaling

pathway and the Wnt signaling pathway, participating in cell biological process and its regulation, gene expression,
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signal transduction, cell communication, cell movement, cell adhesion, angiogenesis and so on. Our data provide a

foundation for future study on the differential methylated genes in prostate cancer androgen-independent conver-

sion process.
Key words

tome sequencing

A 0 Jl i A2 248 5 1 i LI R P R 22—,
SIRVE I P, FERE AAE T3P BT A A IR AL
o Mo AESEIE, /A R IR R O s i,
BN PG VR RS — LR o 5 B R AE P
fitivh, 20124F 3 (1 K 247241 7401 A& Hi 51 [l I
B, BEAE LT AU SR PR m TR, B
I DRAR RIS W 7K1 R 38 e, ) 7 91 Jl e S A4 R
I A, MR LR SR T
RZAMRST /5 e A ROk —, (B 4t
18~244 H ARV LA, e J8k 22 A0 g ek iy 471 s A
oy 3 2 hy T R ARG T B s, A2 LA R
7 SEOIERT, WUS R ZE, 8 NG R AIC T . DNA
A 2 B W W) — R R s AL p B M5 U7 =X, 5 R
R AR R B TIAR G o A0 S5 TR B St 6 R A 5
AR IB A, T S5O R G0 L 1 B R AR R R e
¥, It 2 5 R AL A AL B R FEVE 2 IR
FRIRIE 9 o S A BT ik X 20 4 AADNAAIC Y R4 T 2
B g AR AT ED . BRI SR, ik
& 57 IDNA 5y F AL 8 2 G FF e A 1 25 3 B0k
DR 20 0, T (e BE TR A A Ao (RSN 9
I, T4 e (R AR P 55 DNA T BEAL %5 D) AH 50
A 3 R R S AR A £ T A7 % e 4 i AR N CaP-
AL 28 YIRS R < 855 97 MR S8 3% i 1 iy 51
JIR I 40 RARLNCaP i 3 /AR TR ™ ASHIFFUR H
[llumina Infinium HumanMethylation27 BeadChip it
Jv T S ZHRNA g it 0 > B R A I LN CaP 4 g A1
LNCaP-AT4H i (¥ 22 57 F BEAC LN, SR M E IR
ST B R R T RE A L] o

1 i 575
1.1 EZRXFIFLES

EAT AL NG AR 0 G 25 S (SAFC 2
Al); F128% 37 5. MRNA$E B3R 7 Trizol Reagent,
DMEM/F124% 35 i (Invitrogen 23 1 ); DNA$E ik )
% (QIAGEN/A 7]); RevertAidTMcDNAS — % 45 1%

\\\\\

androgen-independent prostate cancer; DNA methylation; DNA methylation chip; transcrip-

A); (58 W LE B R AR B AR (b DA R A
All.
1.2 HAEtESE

T 85 25 MR I T 271 I i LNCaP 41 Jia A 6 1
E Rl Bt LA B 2E AT B M2 . IE R AR
36 AT 4 I LN CaP-AT4H fi ok [ AR 52 56 % /i ) L gt
L AH BRI R IO FRILN CaP- A T4 i
PR Ay S0 2, T 2 UK I LN C aP 41 i ke 2 A 56
HEZH o A0 B A K 30 ) 9 41 40 i, £680.05% 1% 1
TS, AT F A 40 LBV, K 5 40 P s LA 122
BCL:3 1 oAl 43 208 8 0 b, IR I 10% (14
U BOMR A MU 58 S mLAc Ay, £E5% CO,.
37 CHEFRFA PR TR, A RAL ARG B3R, ok
AR
1.3 EEDNAFIRNAIZEY

43 W Y ZE0E O I A0 iR, £9(1~2)x10%mL,
1§ FHQIAamp DNA Mini Kit DNA$Z iz 71 £ (QIA-
GENZA m)) B H M 2H 40 i 1) 4= 2L PRI 4L DNA, 77 4% 44 i
IRV PR . AN O BE VR I P 21 40
DNA it i, DI AE1.8~1.92 [A] h &%, —20 °CIR-A7 %
o TrizoliZi sy HIFLEHE 4L 40 M (A B RNA, 30085 55 il
cDNA 520 °C{#-A745 H -
1.4 DNABEALE e

ffi f{Illumina Infinium HumanMethylation27
BeadChipits i HEAT 4 FE K I DNAZSAS S 56, vl A4 ]

FEDH, 1444 LA ()i 2 DR (1) FR IR AR AT S 29
S FEE A I B AR (1) R L DNA, 28 P At 1 6 15 1
JE EATDNAZRAS, FE o 12D R BT %,
A AT FE S R G 4 (staining) . ZE {H (extension).
41 55 % [5% (target removal) 1 342 (hybridization) 21, DA
SMRRE it T B IR As g ARR R RS A BT
X HORTEE Z2 2 o0 B TR i 44 4K - Bead Ar-
ray Reader(Illumina) X .0 Fy 2K BEHEATH148, X414 45
H{# F GenomestudioV2011(Illumina)y #1, 7] LA 15
B A AT 2 Signal AFISignal BIF) 46



26

BRI -

T AR SR KT (Avg_Beta). il P
o B o MR IX L S I AT IS S I BUE 53 A, TR
16 th 72 2 AL AR AL
1.5 5 RLBARNAT FEN

53 ) B HCSE 56 2H RN ORE A1 48 il S RNA, i
Mlumina/Solexakk K ZH I 1~ &, 6B AZ H R KT

PR ZH 20 PR 3 A e SR Bl R AT RS AR DU . XS P A
A0 M 2 % AT — XmRNAFEA I 55, 5% I Bl LR FE
L 20 38 ok R VA 0 ok o AT 22 e RIS . AR AN i
BORH T HRAE, FRFFAKE X T—IKRNA-
seq s I, HAFAR AWML W] LLHX AN L B
Bk B Fnr LT A7 2 DA b ) s B R BNk Al o, B
RPM(reads per million reads). =F/FA% IR %
T SR R 7K o A W AN JEE R FE P A R AR
(1) 2B KA 17— 2, vl LA ok A 50 A ALE PN
TS A R AR 2 B — BORSEIS . AL
JHIRPKM(reads per kilo bases per million reads)ff 4
Gevh s R BT RIS 2 A, TR LU ] — A 3
ERIAE P AN AS B 1R 22 e, i DRI 2 0055 o e 9,
RPKMAIHRPMAS 31 1) 45 HAHAA s
L6 £MERFNI

FH GenBanki: B 3 K], JF4 077 108 t (1) 2 5 A AR

b 358 B] 43 99 1 A% 2 DAVIDHL 45 % (http:/david.abee.
ncbicrf.gov/home jsp)1F 3k [5] 25 4 (Gene ontology, GO)
2%, KEGG(Kyoto Encyclopedia of Genes and Geno-

(A) AIF4 AVG_Betavs L37 AVG_Beta
10°
s
A
-1
O‘ 10
>
<
= L
< 10? S
//

102 10" 10°
L37 AVG_Beta

AN E iR ratioFRAE I HY (¥ 0 B BT H 10 22 S AR D B0 H

mes)E 3 AT AR 5 i Sl K 11 43 2K, DL AMILA-
NO ¥ % (http://milano.md.huji.ac.il)5¢ ¥ SCER G 2%

2 %R
2.1 M ERIEKRBIERTS IR HLNCaP-ALYF
SHEEFEHADNAK R ENDNAR R IFELER
A5 K Hllumina Infinium HumanMethyla-
tion27 BeadChip~F- 5 £7 K, LALNCaP4i Jfi bk 4y 55 46
X HEAH, LNCaP-AL4H J bk A 5256 41, 4 B4 i 4 2%
IR ZIDNAJEAT F LA DR AN, 52 56 4 55 0k FR
21 b AT Hratio Jy v SIZI6 21 55 5% B 4L AT T — 41
1 Detection P value<0.054 15 & F B4k s5, Hratio
(B A — 3o [ R R 22 532 64k o [ratio(SE B0 41/6)
WA ) =512 56 21 1R S8 (B %) R AL i 3804 AE S 4 X) bk
ik $ {Eratio 4 2/0.5( 1A). 25 BRI (1)HE P4
DNA S| H AL 1 CpG A A5 3z 2 1 & A F LA IT)
CpGA A, A= LR 2 A% W AL AN 3 - DX v
Bl AR AE M (1 AR I, (2)¥DNA 5L Ab 5
v 5 Jrh 22 S 3R (M B B H ok, LGOFIKEGG
G PEHAT 40 Mo 50 BAATLNCaP4l B fRAH LE, 52
55 41 LNCaP-AlL41 i 4k 45 9904 CpGAv 5 22 1Ly v Y
Fetk, ¥ R 855ANKEI, Hrp STAN A ShAER AL N, A
4984 CpGAy 5 T-CpG ;2 3054NCpGAiv s ZH A
IR AL, W0 21 970 FEDR], Forp 133424 DA A0
KPR, #11 857ANCpGAL A T-CpG &y (Kl 1B).

B)
2500 O Hypermethylated
1970 & Hypomethylated

2000 1837
1500
1000 | 853 798

500

57 133

Total genes Known genes ~ Unknown genes

A: methylated genes screened by methylation microarray on the logarithmic scatterplot do not contain negative point, with the fold>2 points above the

red slash and the fold<0.5 points below, blue points selected in accordance with the above ratio standards; B: the number of methylated genes screened

by methylation microarray.
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Fig.1 Different methylated sites and genes screened by DNA methylation microarray
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Table 1 The hypermethylated genes of androgen-independent prostate cancer cell lines

FEH B LA N BEDH 42K KR E AL
Genes Ratio(LNCaP-AI/LNCaP) RPKM ratio(LNCaP-Al/LNCaP) Gene name Gene mapping
FAMI111B 34.809 980 8.123 387 Family with sequence similarity 11ql2.1
111, member B
RAB36 16.365 870 8.686 876 Member of RAS oncogene family 22ql11.22
PCDH7 20.064 560 61.969 260 Protocadherin 7 4pl5
15.205 290
COL6A42 9.844 864 2.635 505 Collagen, type VI alpha 2 21q22.3
IGFIR 8.442 970 16.960 830 Insulin-like growth factor 1 receptor 15q26.3
GULPI 2.006 895 642.994 100 Engulfment adaptor PTB domain 2q32.3-q33
containing 1
R EMFEIRBE R T AR AR R B B E
Table 2 The hypomethylated genes of androgen-independent prostate cancer cell lines
HA SRR B R BRI AR E Sy A
Genes Ratio(LNCaP-AI/LNCaP) RPKM ratio(LNCaP-AI/LNCaP) Gene name Gene mapping
EPHA3 0.490 381 192.462 986 Erythropoietin-producing hepatocellular 3pll.2
receptor receptor A3

TM4SF1 0.074 772 8.521 232 Transmembrane 4 L six family member 1 3q21-q25
IGFBP5 0.441 695 31.363 888 Insulin-like growth factor binding protein 5 2q33-q36
FAMI1054 0.372 051 20.699 672 Family with sequence similarity 105, S5pl5.2

0.132 672 member A
RASD1 0.048 240 3.552 536 RAS dexamethasone-induced 1 17pl1.2
ITPR2 0.074 977 3.463 344 Inositol 1,4,5-trisphosphate receptor type 2 12pll

0.082 312

0.113 495
CYP27B1 0.232 702 17.223 293 Cytochrome P450, family 27, 12q13.1-q13.3

subfamily B, polypeptide 1

UBE2E3 0.287 659 6.007 056 Ubiquitin-conjugating enzyme E2E3 2q32.1
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Table 3 The signaling pathway of hypermethylated genes of androgen-independent prostate cancer cell lines
ERcplits i PP REA L R K]

Signaling pathway

Hypermethylation of genes

Calcium signaling pathway
HRH?2, PDEIA, SLC8A1
Neuroactive ligand-receptor interaction
ADRB3, HRH2, PRSS?2
Pathways in cancer
CBLC, WNT74
Wnt signaling pathway

Basal cell carcinoma

LHCGR, GRIN2D, PRKACB, HTR4, PRKCB, ADRB2, CYSLTR2, TRHR, PPP3R2, BDKRBI, ADRB3,

LHCGR, TAARS, TAARG6, GRIN2D, TAAR2, HTR4, ADRB2, GRM7, CYSLTR2, TRHR, TSHB, BDKRBI,

WNT1, CASP8, WNT6, FGF4, PRKCB, VEGFC, WNT9B, DCC, IGFIR, PIK3R5, KLK3, VHL, LAMAI,

PPP3R2, WNT1, PPP2CB, PRKACB, WNT6, CSNK1A41L, PRKCB, SFRP1, WNT9B, PPP2R5E, WNT7A4
WNT1,WNT9B, WNT6, WNT7A
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