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i B JL e e i s R R, A 0 B R O 3 A AT ESCC R VB E I 26 8, [ F k] A
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FE VR A Circos B2 6 810 T ESCC Hp i B2 ) {7 LOH #45 IX 8k %) 45— X3k, ) A
2% e DR ZH B0 R g O o 35 RSB T RN N 2 R F IR A R 2 3 M G P ) e i JE
[Z5H] JET 85 M EH%T ESCC 9 LOH #HC3cik, FLaf5E 10 4~ ESCC /& I {5 LOH #45 IX 3k
FE BN 3p.5q.9p . 13q . 17p 1 7q S5 G AR | FLT 3 A S 0 43 B, 28 B4 K3 34 7
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Deciphering the Potential Tumor Suppressor Genes in
Esophageal Squamous Cell Carcinoma Based on Public

Database

SUN Yu-lin', CHEN Wan-qing®,ZHAO Xiao-hang'”

(1.State Key Laboratory of Molecular Oncology,Cancer Institute & Hospital,Chinese Academy of Medi-
cal Sciences & Peking Union Medical College,Beijing 100021,China;2. National Office for Cancer Pre-
vention and Control & National Central Cancer Center,Chinese Academy of Medical Sciences & Peking
Union Medical College,Beijing 100021, China;3. Navy General Hospital ,Beijing 100048, China)

Abstract: [Purpose] Since the early years of 1990s,people used the loss of heterozygosity (LOH)
technology to find the tumor suppressor genes which led to tumorigenesis of esophageal squamous
cell carcinoma(ESCC). However, the tumor suppressor genes in several high-frequency LOH regions
remained to be discovered,except for TP53 and CDKN2A etc. With the development of public
databases in recent years, it is necessary to re-analyze the potential tumor suppressor genes in ESCC.
[Methods] Pubmed retrieved using the key phrase ‘esophageal squamous cell carcinoma AND Loss
of Heterozygosity’. Literature published between 1991 and 2012 were obtained. After considering the
LOH frequency and repeatability in literature,the high-confidence LOH hot regions in ESCC were
showed and confirmed using the Circos software. For each region,the candidate tumor suppressor
genes were analyzed using three public databases,including the human genome database,the tumor
suppressor gene database and the human protein atlas database. [ Results ] Based on 85 papers,a to-
tal of 10 high-confidence LOH hot regions in ESCC were identified , which mainly involved in 3p,
5q,9p,13q,17p,17q chromosomes. After the analysis based on three public databases,one or more
candidates tumor suppressor genes were determined ,many of which had never been concerned in ES-
CC. [Conclusion] Considering the repeatable identification of LOH regions in the literature can
avoid the interference of the poor papers quality and bias on sample selection. Deciphering the can-
didate tumor suppressor genes in ESCC using public databases can provide a theoretical basis for the
in-depth genes expression and functional analysis.

Key words: esophageal cancer;tumor suppressor gene ;public database
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A e A W R, S SR I BT A A
6 i, FAE BTG B A OB T 48 T, EE S A TR
7 R ORI R TR AR O S B R R R T
VIR R M Y A S 3k R K TR A O v A DX
FE DI BRI #E  (esophageal squamous cell
carcinoma , ESCC) & &, F¢ 5| J& 76 A Wb X, A 5
[ 7E P, ESCC o 4= i B 8 vk b R 19 90% L ™,
HE 48 [ B i A A 55 LA (International Agency for
Research on Cancer,IARC) i1, 3 E & &N &
i R T R B HEAE 2B IR 5 4 7, 45K
ToABORE L 21 5. B IR AR E B A B
20 L 9 1) 53 a8 A R, X TR AR Y L U R
W2 R RIR 7 256 7 A RS2

ZRAPEBE (loss of heterozygosity, LOH) J& 18 5
[l — AR IE R L, Mg R R — R
N AR A T RAL A FIRE B E Y
i 83 T it A v LOH 8 5 2 i 83 40 i) 5 A (tumor
suppressor genes, TSGs) 2K 1% Y FZHLH| . LOH JE i
FEOR FZ G R O DUk R 1, bk
TR AR AN AT A S — 82> LOH >k A #5 UL
PR AR S, LE AN A 22 0 B4 2 BOR 23 B IR
Fih G €0 (A O A 251

M20 fHad 90 AFANE, AMTITER I LOH &
ESCC T 4345 4878 T ESCC E 75 2 4 Y (158

8p.9p.9q.13q.16q.17p 17q . 18q %', {HJ& B T
17p13 XY TP53 HE ] 3p14 XY FHIT 5 A DX
K 9p21 XA CDKN2A J& K DLAN , H 4y LOH #4
DX X R 9 e 18 TSGs H AT iR A +4r B, X 228
PEAEER 43 A X = E R TSGs, 32 AT TSGs
TE B8 1 3k 3B BEAAE B AATTX TSGs
LGN Ah AR JL A JE 40 A% RNAs
(non-coding RNAs) # A\ TIAE i 1Y TSGs, 1 £ 4
Fi ) LOH & 5 X 2Lk 4% RNAs A ¢, H i id
AR AWIFEHEET HAT1) 85 F% ESCC AHCH) LOH

F, M LOH 5t 5 R 5% Hi2 38 Y50 A # B2 2 Br
ESCC " BE v {5 1 LOH #A5 IXKR, i f5 56 1 S0k
PAAT R R IA A IO SRR B Tk 1A X
TRl BERY AL TSGs, AR A$E 7R X 4853 11 ESCC
S A8 TR A T AL BE T A
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1 #ABERE

1.1 #HEWE

7F Pubmed 1, FH G “("Esophageal Neo-
plasms" [Mesh] AND "Loss of Heterozygosity" [Mesh ])”
Krge A35) T 257 5 1991~2012 4F () £ LOH A
ISR o el 132 SC AR, e 2 A 38 Sk v i 3 g ek g 2 74
(B B ESCC) WF9E ABF FEACE A Jr i |
LOH X3, WURAFRAMEE , GO/ 85 o xt
ESCC ¥y LOH #F 58 3C %,

fE 85 i ESCC 9 LOH BF5¢ 3¢ v, JE T[]
ABEM WA 44 55,5 51.8% ;4 T H A AR 19 B
FA 215, 5 24.7%; T HAB AR BEEA 20
F L 23.5% . X SR TE R MOEAS () Ko O 132
], e Al R A 3 4], 2 E R 36 i,
1.2 #HiEsE

Al AE W5 B 22 8 Circos v0.62 2 il ESCC
A ARG AR B LOH DS 07 B 03 2% IX sk
S AT M OB AR B R SCHR P B 7Y LOH A3
R 50%, HSCHKE S % RECE I 7T I IX
I, IE S ESCC s B T {5 19 LOH #R R X
1.3 ESCC f&i% TSGs B ik

AN 5 241 509 2 NCBI A5 4 5 12 ol f
LOH FA¢ 8 DX I Ay 4 950 2t B 5 A1, K] D Mo 9 400 1) 35 A
B 2 OV 2 3k 2 Xl b O R O A A A U A
DA PR PR I8 v B TSGs, ) FH SCHR G 28 A R 3k 4 4
H 3L PR 1) £ D) BB FE ESCC i35k 825 Rl )
TR, &5, FIHASEE A B R
(human protein atlas, HPA) A #&7F 1E 5 &8 T Al
—2 L FRTE AL g B P& P —& £ ik (moderate-
strong) , M 7E 70% LA 1 14 % U e 20 20 v B ~ A B
#1K (negative-weak-moderate ) [ &R HE H , K E AT T4
I B ESCC i B2 AT A5 LOH #4 DX 1 2 i L ) I
AR 11 3R 35 1Y A BE DT IR 6 5 AT 1A 08 7E TSGs
1Al fE

2 & R

2.1 LOH 7 ESCC Hiy9 7
TE ESCC ' ,LOH TE £ 2k Y (oK /)43 Aii HE A
17 (Figure 1),12 51 22 S e ik 52 £ %4 LOH
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A SEIRAE , 1T 20 50 21 S e AR A{LA 1 5 A 3
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£ F 100% , A A 238 2 A 6 = 852 M $ s X 2
Jefafk Y LOH 7T 5850 73 ff AR AR (0 22 57 4 5%
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LEA R — Y R X B ) LOH A 38 1 5C
ik A 2 0 I, B LOH 51 %>50% , HLSCiHk 5 42 46
SE U RE 7 R IX A, A E R ESCC H s BE AT AR
) LOH # 5 X8, {348 3p24.3 3pl4.5¢21~q22.1,
9p21.13q11~q12.1,13q12.3~q14.3 13q32~q34 .17p13,
17p11.2.17q25.1 5%, FEZZ M 3p.5q.9p.13q.17p.
17q YRR (Figure 1),
22.1 3p24.3

A 10 R SCHRTE ESCC H %6 3 T 3p24.3 X
B LOH, 5% AE 67%~86% 2 7] , X — X I 4 K

Hh Rl I B 2 A 5 AR 3l XY R AR AL (Table
1), &7 3% P9 A~ 56 AR mT BB = 1 4 0 h i X Y
TSGs(Figure 2)
223 5q21~q22.1
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S TR A X LOH AR AE 299%~91% 2 [, X
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AR E A L9 ARG RNA FE A 22 M I
FEH X — XA 2 A G i A3 TSGs, 47
)& EFNAS Al APC, 7F ESCC " B 52 & B, APC
B AAEMIE A S F5R IR, s AL 21 rhoa] A6 )
APC 5 H 5 3+ X9 1 H 554K (Table 1), #2785 APC
Al BB B A TP XY TSGs.,
224 9p21
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(Table 1), FH HPA %4 R
R, X—XEHHA14EH
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MA%EE 1 PP2D1 (Figure 2) .,
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All of human chromosomes were highlighted by different colors. The outer histogram repre-
sents the repeatability in literature and marks orange; the inner histogram(marks green)
represents the LOH frequency, and the innermost histogram(marks blue) represents the
LOH frequency reported in whole chromosome arms. Ten high-confidence LOH hot regions

in ESCC were labeled by red dotted line.

Figure 1 Visualization of LOH region reported in ESCC on human chromosomes
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tumor tissues and the normal esophagus mucosa. (Data are from Human Protein Atlas database)
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Table 1 The analysis of candidate tumor suppressor genes in 10 high-confidence LOH hot regions in ESCC

Involved . Inactivated . . Aberrant exp
Hotspot senes Known TSG ~ Gene name Type Mutation mechanisms Major function in ESCC
3p24.3 35
3pl4 85 FHIT Fragile histidine triad gene Protein-coding Hypermethyla-  Hydrolase involved in purine Down!!®17)
tion 12131 metabolism.
ADAMTS9 ADAM metallopeptidase with Protein-coding Hypermethyla-  Cleaves the large aggregating Down"®’
thrombospondin type 1 motif, 9 tion in ESCC proteoglycans, aggrecan and
cell lines ''® versican.
FOXP1 Forkhead box P1 Protein-coding Transcription factor
5q21~q22.1 51 EFNAS Ephrin-AS Protein-coding Cell surface GPI-bound ligand for

Eph receptors, a family of
receptor tyrosine kinases.

APC Adenomatous polyposis coli Protein-coding Hypermethyla- ~ Promotes rapid degradation of Down 2!
tion %20 CTNNBI and participates in Wnt
signaling.
9p21 78 CDKN2A Cyclin-dependent kinase inhibitor Protein-coding  Frequent®?’ Hypermethyla-  Inducing cell cycle arrest in Down!!> 2.3
2A (melanoma, p16, inhibits tion [122+28] G1 and G2 phases.
CDK4)
CDKN2B Cyclin-dependent kinase inhibitor Protein-coding Homozygous Cyclin-dependent kinase inhibitor
2B (p15, inhibits CDK4) deletions B!
Hypermethyla-
tion 34
MTAP Methylthioadenosine Protein-coding Homozygous Enzyme that plays a major role in
phosphorylase deletions with  polyamine metabolism and is
CDKN2A™® important for the salvage of both
adenine and methionine.
PTENP1 Phosphatase and tensin homolog ~ IncRNA Exerts a tumor suppressive
pseudogene 1 function by acting as a decoy for

PTEN-targeting miRNAs.

TOPORS Topoisomerase | binding, Protein-coding E3 ubiquitin-protein ligase.
arginine/serine-rich, E3 ubiquitin
protein ligase

13ql1~ql2.1 163 IFT88 Intraflagellar transport 88 Protein-coding Involved in primary cilium
homolog (chlamydomonas) biogenesis (by similarity).
PDX1 Pancreatic and duodenal Protein-coding Transcription factor Up™*
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Continuous Table 1 The analysis of candidate tumor suppressor genes in 10 high-confidence LOH hot regions in ESCC

Involved Inactivated . . Aberrant exp in
Hotspot senes Known TSG ~ Gene name Type mechanisms Major function ESCC
13q32~q34 189 CULAA Cullin 4A Protein-coding Core component of multiple

cullin-RING-based E3 ubiquitin-
protein ligase complexes
ING1 Inhibitor of growth family, Protein-coding Nuclear protein that physically Down'5%311
member 1 interacts with TP53, induce cell
growth arrest and apoptosis.
17p13 280 GABARAP GABA(A) receptor-associated Protein-coding Ligand-gated chloride channels
protein that mediate inhibitory
neurotransmission.
MIR195 microRNA 195 miRNA
TP53 Tumor protein p53 Protein-coding Rare Transcription factor Up %3660
hypermethyla-
tion
KCTD11 Potassium channel tetramerisation Protein-coding Induces apoptosis, growth arrest
domain containing 11 and the expression of CDKN1B.
Acts as an E3 ubiquitin-protein
ligase towards HDAC1.Functions
as antagonist of the Hedgehog
pathway on cell proliferation and
differentiation.
PFN1 Profilin 1 Protein-coding Binds to actin and affects the Up'e- &
structure of the cytoskeleton.
XAF1 XIAP associated factor 1 Protein-coding Hypermethyla-  Negative regulator of members of Down'®!
tion % the TAP (inhibitor of apoptosis
protein) family
DPH1 DPH1 homolog (S. cerevisiae) Protein-coding Required for the first step in the
synthesis of diphthamide, a post-
translational modification of
histidine which occurs in
translation elongation factor 2.
HIC1 Hypermethylated in cancer 1 Protein-coding Transcription factor
MIR22 MicroRNA 22 miRNA
MYBBP1A MYB binding protein (P160) la  Protein-coding Transcription factor
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Continuous Table 1 The analysis of candidate tumor suppressor genes in 10 high-confidence LOH hot regions in ESCC

= F1 4 A% 56 A, 10 4~ 3F 4 5 RNA
& LI AN 35 MEIEI X — X3
g 5 5 AT HGE B A TS-
ENS)
5 & Gs, > %l J& CDKN2A .CDKN2B
=
MTAP .PTENP1 #1 TOPORS, 7F
= 5 w =
= . . = s ,E_5 £ ESCC 1 # #F 5% & #i ,CDKN2A
£ ¥ = B = S o 5= 5 * 8= 9 N N
E EX¢ SeF =2 §Z fElx | WAGEMMAZUPIATM W
2 =83 S 29 g =% L EELEE 2 ;
SRy Ezg 538 TE G %ég & 988 24U AT K I B CDKN2A 1
BSS g & 582 gE See ELEZ w8 g = —
LT PEE Soe ZTE DI SEIEECE | CDKNZBEWHITIX R
- |& = 2 o & o= = o X ﬁv ,_‘hw-S:%
£ |l588cz $8= $EE TE. SESZ:ii| MIL,CDKN2BFIMTAP R[N
o S < :ow :q_y wgg (3) [SREC . N
g BEEZ a8 SEE ToLSLEEEEzESZ Y nfafk BN EAE CDKN2A
= 25O g ° E 38 S 2% <2gxg EE“?EQE%AIS R
2 |Te=H3 5 2E<2 ZpEEZ S S IEZSE LS| KL EWRINY CDKN2A KK
=S (2= 2% 8 E =SE£5 =SEJELHEABLEEELS TR

— g & A4l Ak e (Table 1), 42
7N/ CDKN2A JER e
ZX I TSGs,
225 13qll~ql2.1

LA 12 7 SCHRE ESCC
WER]T 13q11~ql2.1 &K &5

Inactivated
mechanisms

k5 Gy KB LOH, MR 7E 40% ~
<
z 100% 2 1], iX — X d 42 K 9.9Mb,
% 163 MO AR, L 35
£ £ £ £ £ £ 2 g A5 3 R, 34 A 3R g
S S <} S <] <} N
i I 1 p i RNA B:[H F1 94 MEE, X —
g |2 = : : z XA 4 A C a2
e | £ £ & & & o
) ~ TSGs, 43 5|2 IFT88 .PDX1 .GJB2
. E = B % FILATS2, £ ESCC P52 %
3 c = 2% BL,PDX1 25 11 76 Jol 8 41 40 %
= = — © = N N [T
3 g E £73 g 2= 5 b A T DR k0 B s
EGN] o =% > EP MUY XS GIB2 76 2454
ER Z &% = = s o s .
. EEE = £ - P 04 A A R — B T A
5 |15z T Ew £ = Fr 155 SCHk IR 36 LATS2 76 £ 45 95
<% E S+ 57 g 2 8 P e
ey £ 3 2 2 2is s A % A B 565 (Table 1),
S = 87 nE =2 = = B2 L IV s
H HIT X 3X — X LA TSGs
B |2 g z Y B 52 38 850 HPA B0 7
nE é o _ 7 = GJB2 il LATS2 ¥ 7645 I fz
2 = n NN N
g F = & = = 7 BEdeik, TAEH TR R 30
—qg (Figure 2),
:g %D & o 22.6 13ql2.3~q14.3
A 21 K5 ScHk e ESCC
- ~ — WEF]T 13q12.3~ql4.3 &K )
. s .
z = <& o X R LOH, $R7E 46%~
e = =

100% =z 6] , X — X 3 4 K
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26.4Mb, %t 101 S E AL | 445 35 4~ H i i
FE,95 A ES S RNA LA 118 MBEH , X —
XA A 15 M E B LM AZE TSGs, 47512 BR-
CA2 STARD13 PDS5B . DLEU2  TRIM13 TSC22D1 ,
FOXO1 .KCNRG .ARL11 . THSD1 MIR15A MIR16-1 .
RB1.DLEUL A1 INTS6, # ESCC ' 1y #ff 5% & L,
BRCA2 & I 7E Mg A1 8irh %38 18, 1 PDX5B,
THSD1 1 RB1 H: R 7E Mg A 2 rp K3k I, b g 42
U £ e THSDI Fl RBI JE A f3 3h 1 X i vy Y 3
b, WRAR M R, PDXSB 1 INTS6 78 £ 4 J5 b
(R 2 A8 LA 52 L, BRCA2 (1) 2878 R AE A [6] i i 52 o
HRIEA—F (Table 1), HT3X — KIS EC W] RE
FETE 2> TSGs #7612 45 i 9 22 R AFE L BRCA2
PDS5B  THSD1 #1 RB1 W] fig #B /& iX — X 3k 7 ESCC
TSGs A J1 5 3% (Figure 2) o
227 13¢32~q34

A 11 55 SCHRAE ESCC H % E 3] T 13¢32~
q34 G K A XY LOH, #RA1E 41%~100% 2
M), 3% — X4 K 20.17Mb, 4@ % 189 T A,
B35 61 ME A IR |72 M HE% S RNA 3 F
56 MBI, X —XEAE 2 A CRES AR
TSGs, 43 /& CULAA FIl ING1, 7£ ESCC HIHF5T &
ILINGT B EMIE AU FaR N, i R A 7
Bri o, HAE &4 i b 9 22 28 LK UL (Table 1),
PR Z A INGT PR B 8 % X 8P (9 TSGs
v
228 17pl3

A 17 FSCHk#E ESCC S T 17pl3 £
K B4y XS LOH, 35 R AE 36%~95% 2 18], iX —
X 4K 10.7Mb, %% 280 NE LN, 145 214
NE AR 31 RS RNA ZEEF 35 4
BN X — RIS 13 A0 RE T A TSGs, 4
5J& GABARAP MIR195 TP53 KCTD11 PFN1 XAF1,
DPH1 HICI ,MIR22 MYBBP1A PAFAHIB1 SMYD4
H1VPS53, 7 ESCC HIF 5T & B, XAF1 & [ 7E Ik
LSNP 3K T R, TPS3 Al PEN1 25 1 78 Jib g v 36
iiiLiFJ AR SR TPS3 752 80 Y 28 748 R
JEH & A sh T LW, XAFT 3£ 8 178
H#ﬂﬁ.ﬁéﬂ,/\ i LR A (Table 1), 17 F
17p13.1 X 38 P 9 TP53 BBl IA b 2 8 45 o vh i
B TSGs, (HWAHEBRAL T 17p13.2 K k1) XAF1
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FTKCTD11 HE P2 B 48 A OC TSGs 1Y AT RETE
229 17pl1.2
IF 7 5 SCHRAE ESCC H % 3 1 17pl11.2 X

B LOH, #RAE 72%~100% 2 18], X — X 4 K
6.2Mb, 4 fi% 152 > C AL 4248 76 1 gt 5L
B, 18 AMIE4a % RNA JEP Al 58 B JE X — X
WAL 1O HiES R AZE TSGs, B FLCN,, HHT &
WA FLCN 78 ESCC HF 98 i AH SC i i, HPA %4l
IR FLCN 7E 48 I fz b 5t rh— e 5 B 3R 3K | i 7
3 UL L RR R 4 g R U | B IR
i g 3 96 45 v W W IR 3R A (Figure 2) o
2210 17¢25.1

A 8 B SCHk#E ESCC FEH] T 17¢25.1 X
B LOH, #0RAE 25%~69% 2 [f] , X — X 8 4 K
3.9Mb, 4t 59 A~ O HISE B LG 41 4S8 (A 4 g 3L
LTSRS 5 RNA JERIR 7 MR i — X
A5 2 D RIE AL TSGs, 43 5102 RADS1C
SLC9A3R1, HHETiA¥E A RADSIC Fil SLC9A3RI 7
ESCC f #F 58 19 #H 5C fit 1 ,HPA % 48 Kk B8 535
RADSIC, 1M SLC9A3R1 & HTE R E b oKk,
I E & UL IR IR 3R 3k , $&7R% SLC9A3R1 JE A W]
AE 2 B R I X 38 19 TSGs 6 1E (Figure 2)

3 3 i

ik e 0 ) 5 PR 3 R R — 2R MR D AL AR
FEERESE R, HETIA A TSGs 7845 R I () & A= &
b R ESAEH R IE R i, TSGs 7“4 i
A, FEE ST A0 AE S AR I A DNA fi g 2 R
HZz ZALRE AR A 22 0 255 A ik o1k i
% . T AR R A OGP R AR T
TSGs it % 2% 1 5% Dy B i 2 38 5 B oA hy J2 18 i 928 4
MIARAR AR AR S 3K B i, HEARALT 24T DA
TR, @5, W TP53 % DY iR 40 i 28 28 £
ESCC % Y 28748 ] 1K 48%~90% ' ; (45 {0
R, B3 R 2 rp 4 DB S sk O, A HE
LOH &l &tk | )5 & 18 5 W — A i 1E 5 2141
AH L, I A 2 A R A A 6 B R A & IR
S i LOH & 4 ik B 2 fige 32 0 9 25 BRI ) A 804
AR BT FEE ALK, I sl XA i 3R Ak 2
VFZ TSGs G B ZALH] . AF X EEHLH B EHT



TSGs 7E e 20 4 i 7 38 10 35 I (H A A 38 43
SE7AE R TSGs Y 2R 34 5 K21 5 & G I, Gn 2 AR AU
TP53 i T 25 A R 0 el 28 | 2k 25 1 f He A el 455 B
MDM?2 F) %% S BTG AE R, T 30T 28 248 B 1 A
Je AN A 9 ) BRI , Bk JLAEIFSE & B L AE
it RNA, 40 miRNAs , £ 4% 4F % £ RNA (IncRNA)
A5 A AT LAAE bR 2 A i BE AR A TSGs, 78 7 St I
ARV LR A s A R T R

AR 5% 38 3 A A B SOk i 38 1 ESCC T
LOH X3 A 545 AR B T H2H T X
46 LOH X3 AE N Ge o fk 1 i oA ], 5 DA H oG
T LOH XIS 1 5 5 A5 BT AN TR] FRAT TR ) 56 1 1 3 2
DX 5 118 A0 25 R A BN R AR e A M IR
2 0 X35 S ESCC s BE T {5 9 LOH #45 IX.
B XAEILARE] 10 DRI, FEER KA 3.5,
9.13 17 S Y afk, IAERIA G4k 1p36.8p22 .
16¢23.3~q24.1 ,18q21.1 F1 18423.3, 7E ESCC "7
FE A LOH, ] fig 82 J B 26 ft ik TSGsP', [HJ2 iX
Sev iR Y LOH D58 408 5 52 PR AIG, FHPE 2%
ISR AER = N = N s B e L R S 1 I a
WA 2 R SCHRARGE T 1p36 Xk LOH Bl g, H
H H AR AN BERFSE AR AR 48 1], 4B 4Ry 8%, i
] N BERIFSE (S REARAN 14 B, 3B A% 64% 1,
PRHCAN, A7 3 RS SCHER A T b EOCHE 8p22 X
LOH,2 FFEARBIEL <15 6], K44 50%LA 1,
TR 1k RGN 18 6] 3% HA 33%, h
P UL Bk T LOH 43R LLAN , 2 X 36k () ] 1 &2 %
PERR IZE S 5 B A TSGs (1) 5 2 1 Wi br

TE15 2 5 BE A5 B9 LOH Ut IX B LA, FeATH)
FH 3 AN B e N2 DR 20 508 %2 NCBIL, Jib
1 1) 35 R 500 R N S B 1 T R AR B I, AR T
XS XSk A R A i i LR . LT TSGs LA K FE
A b RORTE DL AR S SRR B T, 4
A SCERIEBE , AT T RS XU T RS S B A AR
(A TE TSGs ., Horr B T JLAS TV A1) ESCC TSGs, 4
FHIT ,CDKN2A .TP53 BRCA2 RB1.ING1 % L) 4} ,
TE R — X B 1 %5 B 2 /D — MR TSGs, HPA
s s X BBk TSGs R4 b i, JuH 1 5
T R 1Y) 5 0 2 A v B Wl v 3Rk TR 22 AR DL
PR R 1) SR 200 e A VR 1 U | Sk S g A
HRILA NI (Figure 2), HREEME, 7F 9p21,

490

13q12.3~q14.3 . 17p13 55 Xk | A48 24~ 2 0 7 H
i i 98 b BB TSGs 1% P 19 K AE 4 #5 RNA (long
non-coding RNA ,IncRNA) 1 miRNA . H /i 76 & &
R WX 22 3E J i RNA A7 7E 5 5 2R8I AH G E
PRI B AT o 7 7 14 98 28 TP R 4% TSGs IAE T, i
7 i — 2 I SRR UE S

i BTk, BEAE AR AE WS B AT AL TR
AP €T RN -8 N | S e S A S S
ESCC Hr iy (e B A, A 58 6 SCHR AR I T
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