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Screening for clear cell renal cell carcinoma metastasis-associated methylations by genome subtractive hybridization

SUN Jun-wen' ,CHANG Wen-jun' ,ZHAI Yu-jia' , TAN Xiao-jie' , HOU Jian-guo® , YU Yong-wei*, MA Li-ye' ,CAO Guang-wen'"
1. Department of Epidemiology.Faculty of Health Services,Second Military Medical University,Shanghai 200433, China

2. Department of Urology,Changhai Hospital, Second Military Medical University,Shanghai 200433

3. Department of Pathology,Changhai Hospital,Second Military Medical University,Shanghai 200433

4. Department of General Surgery,Changhai Hospital, Second Military Medical University,Shanghai 200433

[ABSTRACT] Objective: To screen for methylated biomarkers for the early diagnosis and prediction of clear cell renal cell
cancer (ccRCC) metastasis. Methods: Highly and lowly metastatic ccRCC cell lines, which were established using fresh surgical
specimens in our laboratory,were used in this study. Genomic DNA was extracted after pathological identification. Methylated
genomic fragments were enriched by 3 cycles of Not | genomic DNA subtractive hybridization and were linked to vectors, which
was then used for transformation. followed by « selection. Forty positive clones were randomly selected for DNA sequencing.
Bioinformatics analysis was used to identify methylation of CpG islands and to predict the function of unknown genes. Results:
DNA sequencing revealed 27 independent clones with different methylations between the highly and lowly metastatic ccRCC.
Five of the 27 clones contained CpG islands,and 2 of the 5 fragments contained CpG islands in the promoter regions of genes
MYADM and LOC646024. MYADM was associated with maturation of hematopoietic cells and regeneration of stem cells.
LOC646024 shared 85% homology with UL16 binding protein 1; the latter was related to tumor killing function of NK cells.
Conclusion: Novel methylated sequences have been discovered from Chinese ccRCC cells with different potentials for metastasis.
Methylation of 2 candidate genes, MYADM and LOC646024,is indicated to be involved in ccRCC metastasis. Our findings are
valuable for the biomarker exploration to predict metastasis as well as molecular epidemiological research.
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B 40 M JEE (renal cell carcinoma, RCC) 42 i R &
S0 UL A bR L 7 AR N A R Y 2. 620, &
I L 7 B R R 85 Y0 . I AF ok RCC 1Y & s 6 il
FAER AW BT, RCC BRI 2, 30 % Y
BEE LW HB R B RER, KA h
8~101MH .2 SN ELFHE R 10% ~20%511%
) RCC BEAERIBGHE B IR ARG 5 4FNET-0Y,
H AT ZE ) % B, X — 6 i 4 55 356 R PR 3 Aotk 25
AT A W] T e ) RS W A R T, AR
RCC DNA H 54k 77 i BB 58 B2 £ 5% SCHk i 38
B LI H 2 A A i DNA B3k h £, HAafe
2% M ple INK4A™ | VHL"™ | APC, GSTP",
DAPK,CDHI1,RASSF1A™ | DLC1™" £ fifr 2 #1 #i
F: [ (tumor suppressor genes, TSG) 7 RCC & 4=
99 B e AL BT LUE S RCC & A= 4H 5C H B4k
A= W b 7 W 5 R R 55 L2 DNA H S
b2z, (BAERBEIRRFREIUET EH .5 RCC &
AR EH) DNA H AL A W bs ) K 2 3% 3K 001 5 A
M5 A 34 % BCRARAR . R e B8 02 5 40 i o 1R
HANE R T RS T 0 R L E 2 H TG R
b WE A R B RS ) 2 W b L VA R D
FRA G & &M AR &8 . J8 8 FH 34k 2 RCC
B RS AH S 1 3 P R GRF UE 9 R UL ML L 1% 28 DNA
HEM AR ERE R SMEEE IRGE R
WUV C, BT T A RS,

A5 2R FH 35 DR 2 9 9 A 52 B2 R 0 12 3 B 4
J 9 % B AH & DNA W IR AR S, L 3ok HA 2
=X RCC # %A1k DNA H AL Uhr ik,

1 MBRFTE

1.1 ZZMHARXA  BamH [ B (D1010A), Bgl
Il i (D1021S) . T4 DNA i # fili (D2011A), Not |
fiti (D1166A) . UDG (JK & Bg 4l L AL il , # EN0361),
MBN( 4t & ¥ B2 Wi , D2420) , 58 B #% /& pMD18-T
(D101A) , ¥ { K% TaKaRa 22, PCR F %1
.10 X PCR £ #h .10 mmol/L ANTP & &
TaqPlusase W A i R A9 TG RA A ;LK
1% : NotX,5-AAA AGA ATG TCA GTG TGT
CAC GTA TGG ACG AAT TCG C-3"; NotY, 3'-
AAA CTT ACA GTG TGT GTC ACG TAT GGC
TGC TTA AGC GCC GG-5',¥J 1 ¥ Invitrogen
NGRS gL

1.2 @mfe¥ & DNA #3%  WHA L5 % i

HEST B DUIGE N RE B8 TCBRAL AN 2 AR 7E 3 4 55 2 v i
SEEAT W e 0 E & W AH ML (ccRCC) 4 i
BRE 1 BRI b A ok [ S W AN i R R =
BB O 1 BRI iz 20 i ok 17 M L R R
BEZICE R B H AR EERS, 8% Mo AR
A7 I AR AR 30k A A B R 2 KU B B W R A
B OIFSE Y] e SE . A 20 M bk A S0 12 AR 15 77
#3018, HAYHEHBE(Tester) 3K A 7 7% fit 88 40 il
UL X B (Driver) 2 F B I 9 40 A, 2 17 3 A
HTH IR AR, T 4 2 YA A A ) A 8 3 R T 1S 3R
AR AR FE N 4 DNA Z B 12 h #eil, A 8142
K EAIHACRS R P DNA il 48 75 325 45 51 4l
P2 DNA, P I DNA 200k B | 4l B fnog v %
JE JEAEAT

1.3 Not| Bsdn'g £ FAMABE KM Not [ %
PRLZL 9 9 2% 22 O ik ORI DA kil (R D, S A
DNA £ BamH [ Ml Bgl Il 3UEEY] 5 h; B Y] 7= ¥ 1
4°C NI T4 DNA % #: fig 3 % Al 5 5 74k ; 3540
Y Not T 78 37°C NV 5 hs H 10 mol/L & ik
(TaKaRa)# 51 # NotX Fl NotY A (1 = 1) Bl A%
A SE ] 20 pmol/L MW, B T 100°CK# H 5
min J57EZE IR T 218 B, BI3 S 3 W I Noe 1
BEUI G = 5k He R 1 s 10 WL BIIR &L 7E T4
DNA # #:0E T 4°C % 23 ; 55 LA NotX
S1¥p, EE =Y AR, 3517 PCR ¥, Hod, Driver
F dUTP, Tester i dTTP £ J 5 & # 17 PCR &
NS0 R 2 72°C ZE M 5 min 95°C 1 min,
60°C 1 min, 72°C 2 min, 30 NE#;72°C 5 min,
PCR W) 0 1. 5 Y SR 56 11 i vk WL ¢ i & 4 19 E
L B,

1.4 #Hm xR B Tester M Driver B & 4 F Bk
1: 50 MELBlR G s @ aifb)s . n A Z2 2 & vl [0. 5
mol/L NaCl,50 mmol/L Tris(pH 7.5),0. 2%SDS,
40 Y0 CHAFR 43 %80 WY BE e T 5 i m A 8 i B8 0] A
100°C/AKE 5 min G5 A 42°CIKTEZRAE 48 h; 2438
PR A AR 5 ] DR BE BE B AL & dUTP
PR IR DNA 55, 1 H & S MM AE 37°C 30 min
Rif A 7= 0 v 8 B BE DNA K A B S 19 7= 9 2547 PCR
Pug e LA 1 R e se., MRS A R T T
3HETHWAAE , LA 22 R 9 B 1~ 3 R 42 38 7™
WIHEAT S BE R EE IS (1. 5 %0) FLTK L WL 21 D 25 21 L OF
FH PCR ;=9 4li Ak i 50 &5 2l Ak 15 ™= .
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Liriven |t
11 K2 Rni B4 i w3 i 13
i s : ; I : :I 12 “| |
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M-l W3 HI ]

1 Bamii [ and Hgl lenzyme I
[Tk
iz SN B4 {1E2 A2E GELE
't:' Q Q Mai | enzyme t" ‘::)
M- ) L1 [
HiEd BEES o i N T4 DN A BINZ gy pemd M1° N3 YR W2
{:} ———— Ligmss unzyme o i '
b 1 AUTR T s POk M 2R3 I HI
i .
M2 HIB4 [ )
s N1 e M1
= = Teater and Driver | : 30 T B = T
Hubirmotive hybridizsiion l
Hi HIA3Z bl W2 IR]IE] Hl1 Ml qERIT] NE NI i LI
s ] :%: ey — T
l LD, Mung Tiean Linciass
MR

Ml IS b

Bl 1 Notl HEEXTRE
Fig 1 Procedure of Not [ subtraction hybridization

B:BamH I and Bgl Il enzyme cutting site; N:Noz | enzyme cutting site; M: Methylation site

1.5 SEAEME  4Aifbf5 a8 Y5 pMD18-T
A 1 AR MEFEF 5 AL XL-Blue KA 75 &
Amp B[R LB P AT o i i, 37°C F 85 57
24~36 h, [F] I B2 E FIPEXT IR L R RV K2 2 mm A2
LET 4CFHRNHE 4~5 h, TH 80 BEECE ; B AL
Pk 96 MHEREE T & Amp IWIRAK LB 55 5 5
H 37°C TR R BOEE R S B A NotX i 51 4 i
11 PCR.JTA 96 4~ B AP 2EAT PCR W (95°C
1.5 min;95°C 1 min,60°C 1 min,72°C 1.5 min, 30
AEIR72°C 5 min) , FEH 100 B BIR B B E AT
FEL YK 5 AR i 45 1 DL BE B 40 AN B % LI Invitro-
gen A Al AT,

1.6 ABfE&Fom FEMNTFIRELT
AT AEWAE B . EEALHE . Stand pack-
age(hitp://staden. sourceforge. net/) ¥ At 5 b 2%,
R 7 51 B 4% 3k P 81 5 Repeat Masker (http://www.
repeatmasker. org/) 5t ik DNA = & J# %]; Meth
primer Chttp://www. wurogene. org/methprimer/
indexl. html) Ml CpG Island Searcher Chttp://
www. uscnorris, com/cpgislands2/cpg. aspx) R
FEAth e & A CpG &, Hoh CpG 8 FI5E brifEh .
KJE>200 bp, GC & # >50%, CpG/GpC=>0. 5,
NS HE DR 5 6 A0 2 2% TR 10 A 32 8 T G 4
TEL A AT L XS FRE 7« Blast Chtep ./ /www. ne-
bi. nlm. nih. gov/genome/seq/BlastGen/BlastGen.
cgi? taxid = 9606) F Blat Chttp://genome. ucsc.

edu/cgi-bin/hg Blatr), JCHC Fb 3K A2 B IE K Y
FEA R 31 FER 1 A0 T A1 FirstEF # 47
T Cheep://rulai. cshi. edu/tools/FirstEF) , &
T EPD A Chtep://www. epd. isb-sib. ch/) it
TR, BFEAARID FAASUETES 1 /MR 71y
CpG & B R 9IE Ry i e F 1)

2 # R

2.1 HRMERARLEMFEER FHRYE RCC MR
BRI RCC HK 4 DNA £ Not | BV & % 5 dk 47
R HLIK , i B B 4 7E 200~ 900 bp. £5 & FiliE
BEr RN LUAERE B4 RCC FE R 4045 N Tester 48 3
WA GRS 3 DR RIS .4 o
BEOR 2K 96 4~ 1 T, 84 A TUBE LR V5 PCR
P R — Rk A, dhiE il 40 MR BLRE
AN S I T R R AT I

2.2 FAIoEAEAEIL WE 40 DFH, 5
S P8 AR R B 5 23k 27 AP A B — S 4
DNA JF41 (% 1), 27 MIFFI AW E B4 e b,
CpG WM A S H B A G T 8 AN
[P ¥4, 2 A 50 43 51 5 /0 B RZR1 /M B EMP2
YR, 7 A4 FF 8 4 il 5 RPS6KA3, LOC646024 .
ROR2, MYADM, LOC730259, INTS1 #l ERN1
HXF R, 3 475 T LINE Al fif 88 &2 )57 51, 2
NIF A& CpG B I Ab A B A ) 8h F 805 — 4
FX,
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Tab 1 Twenty-seven DNA methylated clones related to RCC metastasis

Clone Frequency Size(bp) CpG island Refseq gene Position Location
1 4 246 No Mouse FZR1 Exon Ch10(qC1)
2 1 90 - No match - -
3 2 163 No No refseq - Ch4(pl5.32)
4 1 157 No RPS6KA3 Intron ChX(p22.12)
5 1 107 No No refseq - Ch3(pll. 2)
6 2 124 - No match - -
7 2 167 No No refseq - Ch10(pl1.23)
8 1 288 No Mouse EMP2 Exon Ch16(qAD)
9 1 150 Yes LOC646024 Promoter Ch6(q25. 1
10 1 124 - No match - -
11 1 225 No LINE-L1 - Ch15(q21. 3)
12 1 140 No ROR2 Intron Ch9(q22. 31)
13 1 166 No No refseq - Ch11(ql3. 4)
14 1 153 No LINE-L1 - Ch1(p32.2)
15 1 124 - No match - -
16 1 155 - Simple repeat - -
17 1 248 Yes MYADM First exon Ch19(q13.41)
18 1 168 No LOC730259 Intron Ch2(pll.2)
19 1 195 No INTS1 Intron Ch7(p22. 3)
20 1 169 No Cow Ch5 - -
21 1 169 No Human EST - Ch17(ql1. 2)
22 1 172 No ERNI1 Exon Ch17(g23. 3)
23 5 254 Yes No match - -
24 1 257 Yes No match - -
25 1 129 - No match - -
26 1 157 No No refseq - Ch13(qg21. 33)
27 1 212 Yes No match - -

2.3 RCC#H#BHMEAHFTELAELI 27 PTEEFIL Clone 17 JEFI 78 3 K 240 DNA 89 & v BF 95 & 0,
A Clone 9 5 Clone 17 3 SIALTESE 1 48 i F HIN & WA E 7 43 95 LOC646024 F1 MYADM #H % Jif
F X 3k, BT 6 R X 8k 2 A7 7E CpG &, Clone 9 Al (B 2).

BT AL

Cluae T
-

i : IiIiI i rpare i i [50]

Eptl igtaml 1 Bzonl TR} g

= ke |

RO A LA CRCTN, OO A R OO C TG R A O CT T A LA RO O DR T OO TG AN TR A CRA TR
A ACTC AR I T OOCA T TS OO OO OO T O OO OO O C CAA CA TO OO AACOTTEAD
CTCCCTOTIT T IO IT LI TOO AT O COTT T TA RGO O A A ROO 0T TT T TAAN AR AT ACT
IO A T OO T T IO OO TG DT TG 0T TG CAGCCTOTIGGAAT

(RIS L]
Clnne ¥

L] -_-ﬁ Lii]

CpiF faladad 1 Eua| it bp
e

=L’ long #
BOoOOCTOCCAT TOIORAL CT OO A C A IR AC T RIA TN T OO RN T LA OO LA T A T O THLA

GOAATOOUTT G e T AT A T ICAGGTT AT GAAT T AT DG T C e O T A O TR T O
OO T A OO

B 2 Clone 17 #1 Clone 9 B 51 43 A E fif T MYADM #1 LOC646024 FJ % F £ i =
Fig 2 Sequences of Clone 17 and Clone 9 were located at genomic loci of MYADM and LOC646024 , respectively

ZIFF A 702 LB AL R By, IR, 7 5 26

i 10 v it BN SR O i LA R A L N T AR R

MCA/RDA 2% B iR 1O I 2Rk b ABEFORTEY Not T BEDIIE AT AR 5 X Ff 85 50 19 )
YRS FE A AN RO A Ak SR T IR TAR . SR Nor 1 VD SE  SRAE P R 4L A

3 it it
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B ARG WHEE RS FUEAL RCC 40 i 1 A7 25 [ 40 71 v 4%
2L 552 5 DNA H 34k B B, S8 5 F 47 v b | U
¥ BT R SR I TR AR R S . AR5
AT 40 4 ccRCC F R AH G 22 5 i b, 27 A~ H—
SOl H & CpG B MACA 5 D741, X H A L 2
ANHWFIIE CpG & IFab e 5 M 5 8h 7 5058 1 4h
X, S0 ORI, X AT RE 3R AT AT
PCR B KO BE 3 IR A 56, FRATT & BLAE B AL 4 5+
P PCR &M L iR KR E R &S CG & &= 1M
5 5 AT it g TR M VR EE (— B >95°C , 10 min) 7S
PEVREE (>95°C .1 min) » 1B K IR BE LA 60°C 1E K B 5%
T0CHERE & EAT F AL 5 5 Pk PCR AT DUAR 47 Hb 42
SRR ARSI 2k R o AT S Sk B2
PRI 20 90 990 4 38 7 TR AR AL T A

ARWLBAFE 2 % CpG B RS S5
MYADM Fil LOC646024 15 % % K AH W) 4, I H. 4B
& CpG B FRMNE S FEEE 140 FX.5H
TR S A A DG ZE ) b i A L RE AL A W . A
Blast ¥ MYADM #l LOC646024 )% %/ ¥ 51 iF
T, &3 MYADM J2: 2 3 /9 77 41, 4% 48 5 i
2 60 18 A L A0 PR AR O T LOC646024 & —
AT AR R L 0 51 L AR BF 5 AE R 2 R Y )
MERF I AT GRS UL1e 454 8E M 1
A3 85 %A 99 Y I AHLEE L AT LN e — & T B
SRAEAL, A SCERE AT R B ULLe 45581 1 78
55 NK 20 4 i A o6 v A R ARl . NK 48
S50 RGN LA R RGEE IR AT SR,
SRR R AR S () 3 BRI 3, 78 B b g e i vh &
FEEZAEAYY . NK 4 1f 4458 i H 52 & NKG2D
Xof 5 728 4 40 A Sk Wy I ROk e AL 10 40 M K 35 B
SRAe e my e e WM AE ;O NK 4 KA
NKG2D A 1H 51 F17 45 A8 28 5t A HLfC 44 4 1 3%
I FLA0 AR, B LA NKG2D 9 Bt 44 43 7 0] DA AE Ry ax
S A A0 A — S EE AR R T N E 4
JREE 1 ULL6 M45 5 8 H (ULBPs) , & NK 41 /i
132 A& NKG2D 1 75 —Fobr & 3B B AR 4 F , 7295
BRI F N2 20 B 7 S 28 b itk ) e oh R e R
HEAE M. ULBPs H A & 8L Lt 5 ULBPL,
ULBP2  ULBP3, A ik T Z F 40 il | 24 23 Je i 93
Htl B2 UNK 41 AZ 7R NKG2D K 3 fie 44 43
ULBPs 1% 3 il 5l 80E 5 5 94 5 E NK 4 MG v
5 TRE L 7E R A0 M0 G W AR R
HE W E AP, F R B R BF R o N
LOC646024 5 ULBP1 2218 )7 91 #1418 )7 5 1 A
LR, AT A LOC646024 7] REJ& ULBPs %

F9 B 53 A G 7 40 i 3% T A9 2% 5K DA &5 NKG2D 45
A BE IR R UE S AT R IR A 4y T K
- BIESE X A o 3 R BE S AE S DNA 3
A= Wrbr W T T 1l PR K i AR A b, 5 058 55 A
TENG IR B30 E , %W 98 45 B M 5 28 ccRCC 5 7% A
PR X R T 7/ R R T S = e 2 i B R U]
RCC DNA H A0 AR OC A W s 35 W 19 22 o0 1% 43 #r
XF RCC #5112 Wr 2 7% F i A #2950 11 DL S IR
BIhAEEBEENR R X,

[Z % X #K]

[1] Herbert T,Cohen M D, Francis J, McGovern M D. Renal-cell
carcinomal J]. N Engl ] Med,2005,354:2477-2490.

[2] Jungwirth A,Schally A V,Pinski J,Groot K, Armatis P, Hal-
mos G. Growth hormone-releasing hormone antagonist MZ-4-
71 inhibits in vivo proliferation of caki- | renal adeno caraino-
mal J]. Proc Natl Acad Sci USA,1997,94.:5810-1813.

[3] Lerner S E,Hawkins C A,Blute M L,Grabner A, Wollan P C,
Eick H,et al. Disease outcome in patients with low stage renal
cell carcinoma treated with nephron sparing or radical surgery
[J].J Urol,1996,155:1868-1873.

[4]  IRIGEE . A0 M0 o0 A 3% 1% 20 7 L ) B G s % 2 R e[ . [ Ah
Be 2 PR R e 41 E. 2005, 25:8-11.

[5] Ann S W, Barbara E, Peter .. M. DNA hypomethylation and
human diseass[ J]. BBA,2007,1775.:138-162.

[6] Sanz-Casla M T.,Maestro M L,del Barco V,Zanna I, Moreno J,
Vidaurreta M, et al. Loss of heterozygosity and methylation of
pl6 in renal cell carcinomalJ]. Urol Res,2003,31:159-162.

[7] Morrissey C,Martinez A,Zatyka M,Schraml P, Latif F, Maher
E R. Epigenetic inactivation of the RASSFI1A 3p21. 3 tumor
suppressor gene in both clear cell and papillary renal cell carci-
nomal[ J ]. Cancer Res,2001,61.:7277-7281.

(8] XU 7 AREEHE. W VHL B P i 0F 50 2 i 5 i R R LT .
[ MR o7 IR R GE M, 2005,25:4-7.

[9] Esteller M, Corn P G, Urena ] M, Gabrielson E, BayLin S B,
Herman J G,et al. Inactivation of glutathione S-transferase P1
gene by promoter hypermethylation in human neoplasia[ J ].
Cancer Res,1998,58:4515-4518.

[10] Dreijerink K,Braga E,Kuzmin I,Geil L,Duh F M, Augeloni D,
et al. The candidate tumor suppressor gene, RASSF1A, from
human chromosome 3p21. 3 is involved in kidney tumorigenesis
[JJ. Proc Natl Acad Sci USA,2001,98:7504-7509.

[11] Zhang Q.Ying J,Zhang K,Li H.Ng K,Zhao Y.et al. Aberrant
methylation of the 8p22 tumor suppress gene DLCI in renal cell
carcinomal[ J |. Cancer Letters,2006,25:1271-1277.

[12] Sutherlandl C L, Chalupny N J, Schooley K, VandenBos T, Kubin
M, CosmanD. ULI16-binding proteins, novel MHC class I-related
proteins, bind to NKG2D and activate multiple signaling pathways
in primary NK cells[J]. ] Immunol,2002,168:671-679.

(137 FPE R A, 1 a2 P, Aok i, 45, DU
i W1 4 M09 240 0 2R 0 S [ . B8 7R R OR A A L 2008, 29
479-484.

[14] LiJ F,Protopopov A, Wang F L, Senchenko V,Petushkov V,
Vorontsova O. Not [ subtraction and Not [ -specific microar-
rays to detect copy number and methylation changes in whole

genomes[ ] |. PNAS,2002,6:10724-10729.



* 490 -

B EBEREMR 2008 4E 5 AL 29 %

(157 R Rk .88 B R KM, BT AL CpG B ¥ 1 ik 45
B AR I M 2 5 0T O 8 285 i 8 #H G 1 R K DNA R BE[ T,
IR 2 I8 75 ,2003,20: 425-429,

(167 @ S AAR L KEA %, PR R PCR &85 1
R 100 0 4 i F L) ] A6 R 2%, 2006, 21 437-438.

(177 X4, %0 B3 NK 4032 7k NKG2D B H 5 15 40 i g 1) 56 &
Wtk [ J]. IR EE2Y.2007.17.93-95.

(18] B #.8¢ .9 H. NKG2D K i i 7 i %y b i 18

FILIT. ST PR B2 %, 2005, 6 : 173-175.

[197 X4x2%. NKG2D 32 A AE BT 8 G o i 4 LD 0. 1 B b 9 2
Z,2006.33:329-331.

[20] Vivier E, Tomasello E, Paul P. Lymphocyte activation wvia
NKG2D:towards a new paradigm in immune recognition[ ] ].

Curr Opin Immunot,2002,14.:306-311.

[(AxX%HE] & #



