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B 69 K L A AAVRAET — S5 500 93 e B AL 69 37 8 3%, 1d
LB JE I I8 P 04 Rk B FL AR R L) R R AR S AT R A A
I, A2 R KAk & AN TG F 04 Hadn ik Fe VR R AU E A A
Tt —F R, ALHIAA R FRE R EHL R % EK
98 W 0 F Ok B FAR AU — R
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JiPRE SR IR B A 2 e M, I RVE 7 AR 2 PR . RV
AT EL 0 R (Y8 T7 AR 2, T HL RS 28 Ji g (1) R T
WHE T AT B g, AR, AR A T
ML T ABEDR R R Ik 75 5 98 40 i 434 ATV v i
JAPe At 7R, T HLT R DRI g o 0 ek S A LA
Ok BZ BT S B ™. Td(inhibitor of DNA
binding or inhibitor of differentiation)J&A)E T
IRfBHLH (helix—1oop~helix) & KRR K& ) —F
BT HBenezra et al™ 19904F 15 Yk Mc DNAZH i 3¢
v BERLDI . H T A AR IR T Ak DAL R I DY A ]
AR 1d-1. 1d-2. Id-3Ff11d-4.

1 HIHZEH

— Mk U, HLH (B -Fr-1e) & AU H 2 M
T JTIZARAE T AR EE AL I BE 3 i A5 AR N R 4
farpr. HLHE AR A e - - IE 45 1), a0 & ok
DR 7B, RS AN (he 11 x) X ELARAE IR I —
Tk, REIERRL. HLHEE AT —28: (1) bHLHER
F1; (2)bHLH-zip#[1; (3)dnHLHEL 1. bHLHE [N
A Bk X, 2Rk R HDNAME I H R S, W]
PUNIEE A REE IDNAJT A, AT 2k e sk B DAL+ 1 15 3
K. MidnHLHEE FUAAE/ERIPED, IS BE S DNA B #5245
A, HA LS HARF R MHLHE AL S Rk, 1d

HAME TdnHLHE A, AT 5bHLHEL (454 ot g
TR, LAAIRIDHLHAR [ ) S v .

2 |dEBBIIIEE

T R 1) 3 0w DA Sk fieb 8 4 . 2 24k, 44 o 40 i 2
T 98 200 B 458 B S BT IR A 2 Bl R A e R R Ok
I A DRI a8 2 38w DA e e 40 i 24k T d R
FIGEIDUA R F 51 58 AL T AN R RIJE G e, DRI
KEEAMDMGREER. REVTRLEME KN
B AR T A3 [R] PR 3R 7K S T A2 {1 22 22 ol e 93 40 L 23~ 11
Bz . AT A NHLH 5 AR AL, {HHLHE,
FASsk AN X Sk 2540 22 5, XA gk T 1 dER A S BEm
HRE -V, FINBYoE T 58 EbHLHE RS &GN E
k. Mathew et a/ it (A4 M 438 5t S5 ZRA8
(S50 78 T T d—1RIT d=243 3l A T~ G 442091 1
M2p25. Deed et al®™VEPLTd-35EM T4 (iik1p36.
Ruzinova et al™VRINTId-45E4r T- Y tafk6p21-22.

LA [ EH LR S R 7 10 S vk ve i, LR
BT dEE A 2 108 20 M 15 R0 4 1 40 B o A O, BB
WSRO, BLC ORI AR A ThREAN IR Tk, FDhfe
A (D (e g s kg fb:  (2) FEIRIR A
AT R E T (3) R0 M 24 8 ke 4
s (O lgn s (65) s AfER:  (6) 2t
ML TERG  (7) SRR 28 i1 k.

L8 AR AR N L, R ELTE 2 Bl o R

TIdEARKRRL. Hd, Td-1MTd-3FIL LT LA
76, {HI1d-2F0T d-4 KB HZ—E 5 HIBE. Har,
T 1d-1FITd-219F 908 %
2.1 1d=1 Td-1J& T dFE PR 506 ik 57 43 i 22 de 32 1) 1) i
R, LRI oAk TR 4B R (R i 5 TR ROR
Jigeq AR RS OCBEE Y. I O R ILAE 22 NS 8 A
HERA T d- 11 RIA R, 1 HLAR0s TR i RE R 5 g 1
WMERRERISE. BAN, Td-17E NSRIhRa 4 fa b (1 S0 3%
AR AT DATE I8 8 4 A (a0 0 PR 8 e R e o 40 i . i
— RANEISE RAL SR ) IE W] T T d- 185 (2 40 i 1
B FE A IE PR A, ARk T R A R 4 R A
TR ) O DR 2R

FEAS AR SR R b, Td =100 8 40 234k < 41 338 i
6 2 1R 184 5 19 4 AL AN IRAR ], (R DL 2R L 20
A 1P (1) Td—11% 2 38 T LA HE i 8 240 i 1 i
R (2) 3 1k Raf/ MEKE 26 11 Ji 8 4 fra o =7,
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Parrinello er alP®IAE/NE S HIEIG R K & ok
P, Td-10] DMEREFLIR bR 40 M i3 e, fE 8535 1 40
Ji 85 ) s AR I ST DU g A A T X
HTd- 170 SR Sef L 1 ml DA 4 g 1
2.2 1d-2 Td-25T1d-140L, W7 RO, H
IR E T AR RER AT AR . RHIRIId-25 4
L JE 90 R A B o A G, T DA R 40 M G . Wag-
sater et al 4 ey R A B RARZ 40 O 1 AL
THP-1410 %, 45 BRI d-2fmRNAFKIL T, HId-2
FEIE T R PR R FEE 5 e 4 i A K SZ R R B AR O, X —
S5 R SCHFT d-2 0] LA R0 B g X i W s Td-1
TEJIT AT 8 B0 (1) 4t i 8 A2 1 1 B ek A% v 238 T v i 43 4L
RERE R FRIE PR, (BT d-28AMER T d- UG 18 e 14
F . AMEAT DU S e A g, oA T DU 0 e A i
o4k, Eehn, FErBE T A i (liHe04 i) « a1
0 0 32 ot A3 f et R R T d- 20 FRIA KSR T
Parrinello et al®RHLAE/IN il LR L Bz 40 Mo b i i 72
HHTd-13KIE, TR W d-23855. (HZESN i/ fh i f w4
RITd-2318, MId-1AKIA. FIUCHENTT d-2(2 g FLIR
R AR, T d- 2453 R A B 5 AR
MU S T d-16 25, BT d-28 05 oAb
AHOGHR 1R TR) 448 AT FH A e e 4 i 3

FH T4 B A 5 204 7 2 S AR R 23 Ak B 1 TR RS
W, X0 DU 3R ARk ST A I LA BLAR
M 28 A5G A AR ARG 2 1R IAIK
LTI —FEiE, Smialowski et a/B H BT
P IR SRR T BRI A RRE R DR (s,
Sy HTp RO [ /NS X N T d-288 1 LA Hodth 285 .3 22 1) 14
MEAEH, 450K, IXLLH (2 (AL P P E BT
ACHAEHT, DRI AEIT T d—2 8 4 4 it A AR 1 34 (9 1
P& 1 2 FAHOC B A RS AR R S 1. Td-27E/h
968 20 P v 1R 08 S LR Y s DU R IR EE s s (1) s A
RIS Td2R k™ (2) SN, Td-2/ ke ]
LABZE) T BB iy RAEK 73248 (IGF-TR) frif 15
2.3 1d—3 Feld—4 Td-3RITd-143 KEM)PH RGN, Rk
TE IR BE T BRI N AR L 2R b i 20k Ty SRR AR, AE FH R
KRBT, AT LU HE b 87 40 b 354 5. o) B e . FLIR
o Gl ST R T d-4 T d-248 22 I8 B 40 ki irh
SR RIE e, B TR A PR TR B, o R S AR
CLEh .

3 IdERAS FHOSAAPREEVRIA R EIER

3.1 M

3.1.1 Id%& & FE AT 40 o P o ik Td R (A IR IALE P 41
O SEHE IERE AN JE — BRI AE R, TR A R R A
RIS KFRIE . 7R8I IR 7K PR BUR AN A R
i, X5IdEATERLIYE . VI, g5 Rk

DU TAAR S, AT DL Td AR (e AR Rt e R OCRE , o
R S A M1 22704k (dedifferentiation) 63,
3.1.2 1d% & AT S 69 VE A AL Td- 1405640 i 26 55 34
A 16 ™R yEPE A OC. Lee et al BXF6241 A
JHE AN AR A EA TS, UE S 40 AR AR Td- 1Rk
TERG SRR ACEA T, LT P e A 40 Az i
Ji5 (PONA) #H6 (= 0. 334, P =0.033). Id-14E[IFIA(L
FIRT I 40 ,  HimRNAR K K A (2 = 0. 039) . [R]I7E
Ld-1R ARIAACHR M R, pl6™ el ik /K2
e Id-18 IR IE P m R R 4 i 52 (P = 0.039), J34h
R SEAETd- 1T P 40 b, S 48 it L 1 7o
X I A 20 M 3 AR BE PR bR R . DA B sc it B Td-1410
0 A G AR T 4 0 p 164 (13 A K.
3.2 B Td-1n] LASIHI B 4t B o db, (Rl 40 M 1 7 .
Han et al B9fWesternElZE Ml E 154 IEH B AL B
HEME MM AP Id-1E A SR, 455 RIS T 5
IERHHLR, 156 HmFEAP A 1M Td-1RIEAL T 57K
e A TR AR, AR A R R T Td- 1R IA
AT, R e BERT-PCRIEIN & K BAE 46K 2 3L
FEARTd-1 R ARG . D HERT Td- 1R A 7E Bk
AR EEAEA, Td-1RmRIE 5 B e B %
VEPS

Id-476 B RIA N, 5 AR FLIE i R A AR
AOARTA . B35 B Td—4 m] DU HE B e 40 i Ak, 1 LRk
N RE S MR K AR DG, Chan et al®N I EE W i
PR R BEDIIN Y, R IAE K 22 300 9 40 i 3R AN 30%I1 35 1
Feh Id-4)3 ) T H#RE FYth, MR KTELd-4, H5-&
WE-2" — i 4 M T R (DNA FHIEFC RS BG4I 7)) b B 5, %%
Pl B e 40 M R P () Td -4 S n] FRT R A7 I 5 A R
5t 2 TR A 1 70 — ot R AT O R R Y,
FH A R AR P AR I RN, Td-4 % 5B Rk 2
S 1d-4/3 81 1 PG R I R AR . M R IR Td-4)5
A1 I AL S hMLHL S 311 R BE4E (P = 0. 008) Rl 1
SEANEEE (P = 0.006) R %),
3.3 s (L, 1d-1. 1d-2. Id-3fRIEH1d-
AHRIE RIAFIRE A, Td-1. Td-2. 1d-3F&iETHi,
M Id-431K5 TR, HF R IRE R -5 g 0 327 43 G AH
K. Wilson et al™Jy [ lEId-1. Id-2. Td-37:4ill%
P ERIE, X34 N RIS A I bR A AT b, &5
SR IARN T IR JEA 2L, It 1d-1(2 = 0.001)
Id-2(P = 0.001). Td=3(P = 0.002) (K] 5 i 1tk 5 25 1
s T LTI RRIRE R R WL TAR (13RI, S ANE R4
J Mg Th Td-1 RN Td-21) 3k 5 73 R4BHCH ¢, Td-111AH
FMERH (P = 0.005), Td-2fRAHKMERSS (P = 0.042).
AN, —RPIdE RIS Hpb 3 s i NAPEA G, 1R
533 PR Bk PR /0N B LE 5 W R =2 1) B R PR b, =
FhTdEE 2R IA .



2240 ISSN 1009-3079 CN 14-1260/R

RN HILZYE 20058093288 £513% 518HA

h TR =RTAE A IVER, Wilson et altT)wH]
R SEAT R BT Td 8 )RR G, N 46 1V e (R 3 i
2 EFE] . 7RG I 40 A b an SR B A E4T
bHLHER [ ) S e ik, 300 3ok 4 328 W R0 10 40 i 3 [X ek
T IEAT bHLHER 1] DA 24 5 N VR T Td B 1 45
JE R Id-bHLHS: 2844, (n M B fsevily. Ui Td-1.
Id-2. Td-3n] LAMEREZE W i 4t P . SR Ay b ik
EAT bHLHER (58 RPRIMZRIE, A mT LS 43l e e 40 b
B IXLENG A5 RO Ui X R AN, e NS
AR, WH =R IdE A ERE EIRARRREE], X
TR AN JE B AR g, ISR AN R R p5 35 R U
FEC 0 2 3 43 AR R .

Td-4LE &5 e P ERIE . Umetani et alW8 )N ]
e fb L —PEPCR#T (methylation—specific PCR) fll
DA 1 S DU PP 0 T =40 Ak, P e e SIE I T A
PCR (quantitative real-time reverse transcription—
PCR) #ll & 1d-4 mRNAWRIE, SEH0 SALFRIM IEH b
HEbRA . 13O BRIRERRAS . 9345 1L U 46 i b A 1 26 473
g R bR A, R R4 L —PEPCR 3T (methy la—
tion—specific PCR) M€ X LA Id-41) R4k,
G AAEI E AR Td-4R A SR, 48R 4
FE A0 R P Td- 480 35 Mk, mRNAZRIE 240, {HRH
5% (Z%) MU Ab 2 fEmRNAR IE ] IR K. fEIE S bR 4l
GURA . MRIRERRAS . LI 45 Wi s AR 25 fip g T 6 s b
AR F IR AR 435 R 0/94 0/13, 49/92 (53%) I
19/26 (73%) . 1M H.45 i Td—4 1) H A0 590 B2 7 4
HWEXR P =0.028). GEAMDITER: BT
7 FR A 1 B R A A P oK LmRNAZR TE Ak, LA AS o 10
AmRNAR L . 1 HAR 5 8 1 A AR R AR 5 b A G
Td—-4ff FIALA 5 (P = 0.0066) . RN, Td-4/2&—
ANVEAE R R AR RE DY, G PR A R e 7 b ek e R
Wl R

Td&E A M RIEZ WL K EWE R ?
Rivat et alP9HWF9¢ N 451708 4 i ZHCTS/S11I KB,
PR = IR (TFF3) AL P 2 A DR (VEGF) m A
STAT3oFISTAT3IBIE /N MV 2 (¥ ik 2 B2 W W Ak, AT ST
STAT35 5345, DNABEE A 40 #r B /R STAT3BI L i ik
AT LU Id-201 261k,

3.4 BB CA, MNIdEALEE R D RREMET
Wz, HEHu et a6 PiRHESCCAN L R (HKESC-1
HMIHKESC-2) WP Id-11 B AT 7T, 4RI, 7Ek
D6 L4y HKESC- 1 FITHKESC-240 Jfs R bR A, A 5THr bR A
Id-1{MRESIEH &% L2 &, (587%. i
P Td—1AEILAR AR TR VR T, JRATTRT DAHEIT Td- 1422k T
T A MO GE , SRR L2 A Ak A R R, R
WL AR AT B T Al Y 2 Ak

3.5 MR (EBEIRAE R Id-1. Td-2fTd-3%&E# T,

W B =P T 7 g 0 1 5 e 1 L P A
JeHAEA e, Td-25 5 Ah A Tdas - s
BRI W EEN, X5 IR A A &, T
b i T AR FAR A, AR B0 T Td—-27E AN ) g v 4 11
P ARYE . SRy T ST d-2 06 R AR 40 B A= K 358 5 1 1 2 A
H, Maruyama et a/U343RkGIN T 1E & AR L, ik
JB I 9 R B Mg v =P LA R I RIA, 45 SRR IE
AR 2R, ANAT Td-1FITd-2/05S KiE, T 40 i b
PRI &5 R R, 5% B A, Joie ABH
I W T HOE A S Qe iR B, AR UL Id-1RIId-2(1
PR LT, L A e R 7 P R A DX T
AN SR HE N A I B T Td- 1A Td-2 0 4% B B b B
Kk, {EABTEBRIR A, A A RS LB
B, 1d-TRTd-21RE MR AER Y D —FE, THEiR
B IR . Td-3IRIAAG 7 Ab RN L8 84 FUAE T,
TEIEH PR A 2R3 b JL 08 R X 3 AN [l A7 59 3, (0
I w18 20 )k T v

IR RULH,  TdER IR T e e 40 P g
P TR I 8 v ) AN R A A0 R, T LR g L
B, I X B RAT T AHEWT,  TdE R R R R R
AN R AT REAL B T AR B I VE R . R AN T
WA, U FERATAM A i R TdER AR I, R TR
3P g s D

JYE TR RO A T2 s, 0 TdREDR 1w
T EN, HAT, #ld-1. 1d-2. Id-3F11d-4iX ]y
FRIERR UL, Td-1H1EH S L H, Ce A m b
b, AR IR A ) R R R Td-3 R Td-1A
e S PR A R, DS A AR ARAR AL, mr UG e
N MsEsE, HEA BN, LWrE R RRMG-6341 i &R,
Td-3335 S A8 AT LS BELN MO 7. Td-2F1Td-422 78 24
BT (R GO RSN R Td-1 AT d-2 s i %, H
Td=3FHT -4 SEAA g PR R 75 1E— 2D 92

53 IR 4 M oAb e — b H oy DRy i,
HNETEGHFRIZFI 5700 “BCmHIE” ,  RPEhR4n i
BB IE T A, 2T DAY S S i va
J7 5%, WAHREISAYA T ETF, (HEIER
DU TR arig s, LR, gt RN IR 2 2907
A ACE AT LS SRR A 231, HEAAR IR T . T
HH TGN 298 XA D2 R s e B E . ik
XT3 A A AT P Jen g 5 DR v 7 A AR L3, BT
DAAE 3 s BRI PR /KT L BELIE B e i TaE R 3Rk, e
Wi, FATTRT LAY FH 32 7 v (e B AR SE) A Td— 1L [
DUER. XRE R AT LA T d— 1 DRI o Jeg 184 1) 1 2k 1 4
YERT, Tk S 26 g [ i) SCAG Td—24F 4y i ggg o 4
SERFRIEW, FABE LA e i1 d-23K0E, FLam]
DL R R g Aok, 8k, A 1d-3RI1d-43RiL11,
FRATRT AR IL ke AR I RS R], B E sl ] LR



BEE, 5. IdER RS RS SUABIERFUHE

2241

i, WA 2375 5 e 40 o 7 A 1 H 1.

10

11

12

13

14

15

16

17

18

ZEXH

Axelson H, Fredlund E, Ovenberger M, Landberg G, PahlmanS.
Hypoxia-induced dedifferentiation of tumor cells-A mechanism
behind heterogeneity and aggressiveness of solid tumors. Semin
Cell Dev Biol 2005;16:554-563

DuC, LiD, Lin Y, Wu M. Differentiation of human nasopharyn-
geal carcinoma xenografts and repression of telomerase activity
induced by arsenic trioxide. Natl Med | India 2004;17:67-70
Hoehner JC, Prabhakaran K. Induced differentiation affords
neuroblastoma cells protection from hypoxic injury: | Pediatr
Surg 2003;38:1069-1074

Demetri GD, Fletcher CD, Mueller E, Sarraf P, Naujoks R,
Campbell N, Spiegelman BM, Singer S. Induction of solid tumor
differentiation by the peroxisome proliferator-activated recep-
tor-gamma ligand troglitazone in patients with liposarcoma. Proc
Natl Acad Sci USA 1999;96:3951-3956

Zhang X, Ling MT, Feng H, Wong YC, Tsao SW, Wang X. Id-1
stimulates cell proliferation through activation of EGFR in ovar-
ian cancer cells. Br | Cancer 2004;91:2042-2047

Kebebew E, Peng M, Treseler PA, Clark OH, Duh QY, Ginzinger
D, Miner R. Id1 gene expression is up-regulated in hyperplastic
and neoplastic thyroid tissue and regulates growth and dif-
ferentiation in thyroid cancer cells. | Clin Endocrinol Metab 2004
89:6105-6111

Coppe JP, Itahana Y, Moore DH, Bennington JL, Desprez PY.
Id-1 and Id-2 proteins as molecular markers for human prostate
cancer progression. Clin Cancer Res 2004;10:2044-2051
Matsuda Y, Yamagiwa S, Takamura M, Honda Y, Ishimoto Y,
Ichida T, Aoyagi Y. Overexpressed Id-1 is associated with a
high risk of hepatocellular carcinoma development in patients
with cirrhosis without transcriptional repression of p16. Cancer
2005;104:1037-1044

Yeung SC, Yip HK. Developmental expression patterns and lo-
calization of DNA-binding protein inhibitor (Id3) in the mouse
retina. Neuroreport 2005;16:673-676

Buitenhuis M, van Deutekom HW, Verhagen LP, Castor A, Ja-
cobsen SE, Lammers JW, Koenderman L, Coffer PJ. Differential
regulation of granulopoiesis by the basic helix-loop-helix tran-
scriptional inhibitors Id1 and Id2. Blood 2005;105:4272-4281
Schindl M, Schoppmann SF, Strobel T, Heinzl H, Leisser C,
Horvat R, Birner P. Level of Id-1 protein expression correlates
with poor differentiation, enhanced malignant potential, and
more aggressive clinical behavior of epithelial ovarian tumors.
Clin Cancer Res 2003;9:779-785

Ling MT, Wang X, Ouyang XS, Lee TK, Fan TY, Xu K, Tsao SW,
Wong YC. Activation of MAPK signaling pathway is essential
for Id-1 induced serum independent prostate cancer cell growth.
Oncogene 2002;21:8498-8505

Ouyang XS, Wang X, Ling MT, Wong HL, Tsao SW, Wong YC. Id-
1 stimulates serum independent prostate cancer cell proliferation
through inactivation of p16(INK4a)/pRB pathway. Carcinogenesis
2002;23:721-725

Ouyang XS, Wang X, Lee DT, Tsao SW, Wong YC. Over expres-
sion of ID-1 in prostate cancer. ] Urol 2002;167:2598-2602
Vandeputte DA, Troost D, Leenstra S, ljlst-Keizers H, Ramkema
M, Bosch DA, Baas F, Das NK, Aronica E. Expression and distri-
bution of id helix-loop-helix proteins in human astrocytic tumors.
Glia 2002;38:329-338

Kroll T, Odyvanova L, Clement JH, Platzer C, Naumann A,
Marr N, Hoffken K, Wolfl S. Molecular characterization of breast
cancer cell lines by expression profiling. ] Cancer Res Clin Oncol
2002;128:125-134

Singh J, Murata K, Itahana Y, Desprez PY. Constitutive expression
of the Id-1 promoter in human metastatic breast cancer cells is
linked with the loss of NF-1/Rb/HDAC-1 transcription repressor
complex. Oncogene 2002;21:1812-1822

Umetani N, Mori T, Koyanagi K, Shinozaki M, Kim ], Giuliano

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

AE, Hoon DS. Aberrant hypermethylation of ID4 gene promoter
region increases risk of lymph node metastasis in T1 breast can-
cer. Oncogene 2005;24:4721-4727

Stighall M,Manetopoulos C,Axelson H,Landberg G. High ID2
protein expression correlates with a favourable prognosis in
patients with primary breast cancer and reduces cellular inva-
siveness of breast cancer cells. Int | Cance 2005;115:403-411
Kebebew E, Peng M, Treseler PA, Clark OH, Duh QY, Ginzinger
D, Miner R. Id1 gene expression is up-regulated in hyperplas-
tic and neoplastic thyroid tissue and regulates growth and
differentiation in thyroid cancer cells. | Clin Endocrinol Metab
2004;89:6105-6111

Li H, Gerald WL, Benezra R. Utilization of bone marrow-derived
endothelial cell precursors in spontaneous prostate tumors varies
with tumor grade. Cancer Res 2004;64:6137-6143

Ling MT, Wang X, Ouyang XS, Xu K, Tsao SW, Wong YC. 1d-1
expression promotes cell survival through activation of NF-
kappaB signalling pathway in prostate cancer cells. Oncogene
2003;22:4498-4508

Rivera R, Murre C. The regulation and function of the Id proteins
in lymphocyte development. Oncogene 2001;20:8308-8316
Schindl M, Oberhuber G, Obermair A, Schoppmann SF, Karner
B, Birner P. Overexpression of Id-1 protein is a marker for un-
favorable prognosis in early-stage cervical cancer. Cancer Res
2001;61:5703-5706

Ouyang XS, WangX, Lee DT, Tsao SW, Wong YC. Up-regulation
of TRPM-2, MMP-7 and ID-1 during sex hormone-induced prostate
carcinogenesis in the Noble rat. Carcinogenesis 2001;22:965-973
Houldsworth ], Reuter VE, Bosl GJ, Chaganti RS. ID gene expres-
sion varies with lineage during differentiation of pluripotential
male germ cell tumor cell lines. Cell Tissue Res 2001;303:371-379
Takai N, Miyazaki T, Fujisawa K, Nasu K, Miyakawa I. Id1 expres-
sion is associated with histological grade and invasive behavior
in endometrial carcinoma. Cancer Lett 2001;165:185-193
Kebebew E, Treseler PA, Duh QY, Clark OH. The helix-loop-helix
transcription factor, Id-1, is overexpressed in medullary thyroid
cancer. Surgery 2000;128:952-957

Langlands K, Down GA, Kealey T. Id proteins are dynamically
expressed in normal epidermis and dysregulated in squamous
cell carcinoma. Cancer Res 2000;60:5929-5933

Lasorella A, Noseda M, Beyna M, Yokota Y, lavarone A. Id2 is
aretinoblastoma protein target and mediates signalling by Myc
oncoproteins. Nature 2000;407:592-598

Kleeff J, Ishiwata T, Friess H, Buchler MW, Israel MA, Korc M.
The helix-loop-helix protein Id2 is overexpressed in human
pancreatic cancer. Cancer Res 1998;58:3769-3772

ForrestS, McNamara C. Id family of transcription factors and vas-
cular lesion formation. Arterioscler Thromb Vasc Biol 2004;24:2014-
2020

O'ToolePJ, Inoue T, Emerson L, Morrison IE, Mackie AR, Cherry
RJ, Norton JD. Id proteins negatively regulate basic helix-loop-
helix transcription factor function by disrupting subnuclear
compartmentalization. | Biol Chem 2003;278:45770-45776
Stinson J, Inoue T, Yates P, Clancy A, Norton JD, Sharrocks AD.
Regulation of TCF ETS-domain transcription factors by helix-
loop-helix motifs. Nucleic Acids Res 2003;31:4717-4728

Kumar MS, Hendrix JA, Johnson AD, Owens GK. Smooth muscle
alpha-actin gene requires two E-boxes for proper expression in
vivo and is a target of class I basic helix-loop-helix proteins. Circ
Res 2003;92:840-847

Humpbhries A, Klein D, Baler R, Carter DA.cDNA array analysis
of pineal gene expression reveals circadian rhythmicity of t he
dominant negative helix-loop-helix protein-encoding gene, Id-1.
] Neuroendocrinol 2002;14:101-108

Roberts EC, Deed RW, Inoue T, Norton JD, Sharrocks AD.Id helix-
loop-helix proteins antagonize pax transcription factor activity
by inhibiting DNA binding. Mol Cell Biol 2001;21:524-533
Benezra R, Davis RL, Lockshon D, Turner DL, Weintraub H.
The protein Id: a negative regulator of helix-loop-helix DNA



2242

ISSN 1009-3079 CN 14-1260/R

HFRENBIRTE

20050F9F28H £513%6 251857

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

binding proteins. Cell 1990;61:49-59

Norton JD. ID helix-loop-helix proteins in cell growth, differen-
tiation and tumorigenesis. | Cell Sci 2000;113:3897-3905

Deed RW, Bianchi SM, Atherton GT, Johnston D, Santibanez-
Koref M, Murphy JJ, Norton JD. An immediate early human
gene encodes an Id-like helix-loop-helix protein and is regulated
by protein kinase C activation in diverse cell types. Oncogene
1993;8:599-607

Liu J, Shi W, Warburton D. A cysteine residue in the helix-loop-
helix domain of Id2 is critical for homodimerization and function.
Biochem Biophys Res Commun 2000;273:1042-1047

Rivera RR,Johns CP,Quan J,Johnson RS,Murre C.Thymocyte se-
lection is regulated by the helix-loop-helix inhibitor protein,Id3.
Immunity 2000;12:17-26

Moldes M, Boizard M, Liepvre XL, Feve B, Dugail I, Pairault J.
Functional antagonism between inhibitor of DNA binding (Id)
and adipocyte determination and differentiation factor 1/ste-
rol regulatory element-binding protein-1c (ADD1/SREBP-1c)
trans-factors for the regulation of fatty acid synthase promoter
in adipocytes. Biochem | 1999;344:873-880

Chaudhary ], Skinner MK. Basic helix-loop-helix proteins can
act at the E-box within the serum response element of the c-fos
promoter to influence hormone-induced promoter activation in
Sertoli cells. Mol Endocrinol 1999;13:774-786

Yokota Y, Mansouri A, Mori S, Sugawara S, Adachi S, Nishikawa
S, Gruss P. Development of peripheral lymphoid organs and
natural killer cells depends on the helix-loop-helix inhibitor Id2.
Nature 1999;397:702-706

Florio M, Hernandez MC, Yang H, Shu HK, Cleveland JL, Israel
MA. 1d2 promotes apoptosis by a novel mechanism independent
of dimerization to basic helix-loop-helix factors. Mol Cell Biol
1998;18:5435-544

Stewart HJ, Zoidl G, Rossner M, Brennan A, Zoidl C, Nave KA,
Mirsky R, Jessen KR. Helix-loop-helix proteins in Schwann cells:
a study of regulation and subcellular localization of Ids, REB,
and E12/47 during embryonic and postnatal development. |
Neurosci Res 1997;50:684-701

Rescan PY. Identification in a fish species of two Id (inhibitor of
DNA binding/ differentiation)-related helix-loop-helix factors
expressed in the slow oxidative muscle fibers. Eur | Biochem
1997;247:870-876

Tzeng SF, de Vellis J. Expression and functional role of the
Id HLH family in cultured astrocytes. Brain Res Mol Brain Res
1997;46:136-142

Cooper CL, Brady G, Bilia F, Iscove NN, Quesenberry PJ.
Expression of the Id family helix-loop-helix regulators during
growth and development in the hematopoietic system. Blood
1997;89:3155-3165

Melnikova IN, Christy BA. Muscle cell differentiation is inhibited
by the helix-loop-helix protein Id3. Cell Growth Differ 1996,7:1067-
1079

s, F oK AR - (1d) ZOBT SU s . AR 2 e
1997;28:139-141

Mathew S, Chen W, Murty VV, Benezra R, Chaganti RS. Chro-
mosomal assignment of human ID1 and ID2 genes. Genomics
1995;30:385-387

Deed RW, Hirose T, Mitchell EL, Santibanez-Koref MF, Norton
JD. Structural organisation and chromosomal mapping of the
human Id-3 gene. Gene 1994;151:309-314

Ruzinova MB,Benezra R.Id proteins in development,cell cycle
and cancer. Trends Cell Biol 2003;13:410-418

Volpert OV, Pili R, Sikder HA, Nelius T, Zaichuk T, Morris C,
Shiflett CB, Devlin MK, Conant K, Alani RM. Id1 regulates angio-
genesis through transcriptional repression of thrombospondin-1.

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

Cancer Cell 2002;2:473-483

Cheung HW, Ling MT, Tsao SW, Wong YC, Wang X. Id-1-induced
Raf/MEK pathway activation is essential for its protective role
against taxol-induced apoptosis in nasopharyngeal carcinoma
cells. Carcinogenesis 2004;25:881-887

Parrinello S, Lin CQ, Murata K, Itahana Y, Singh ], Krtolica A,
Campisi J, Desprez PY.Id-1, ITF-2, and Id-2 comprise a network
of Helix-Loop-Helix proteins that regulate mammary epithelial
cell proliferation, differentiation ,and apoptosis. | Biol Chem
2001;276:39213-39219

Wagsater D, Sirsjo A, Dimberg ]. Down-regulation of ID2 by
all-trans retinoic acid in monocytic leukemia cells (THP-1). | Exp
Clin Cancer Res 2003;22:471-475

Smialowski P, Singh M, Mikolajka A, Majumdar S, Joy JK, Na-
labothula N, Krajewski M, Degenkolbe R, Bernard HU, Holak
TA.NMR and mass spectrometry studies of putative interactions
of cell cycle proteins pRb and CDK6 with cell differentiation
proteins MyoD and ID-2. Biochim Biophys Acta 2005;1750:48-60
Lofstedt T, Jogi A, Sigvardsson M, Gradin K, Poellinger L, Pahl-
man S, Axelson H. Induction of ID2 expression by hypoxia-induc-
ible factor-1: a role in dedifferentiation of hypoxic neuroblastoma
cells. J Biol Chem 2004;279:39223-39231

Navarro M, Valentinis B, Belletti B, Romano G, Reiss K, Baserga
R. Regulation of Id2 gene expression by the type 1 IGF receptor
and the insulin receptor substrate-1. Endocrinology 2001;142:5149-
5157

Damdinsuren B, Nagano H, Kondo M, Yamamoto H, Hiraoka N,
Yamamoto T, Marubashi S, Miyamoto A, Umeshita K, Dono K,
Nakamori S, Wakasa K, Sakon M, Monden M. Expression of Id
proteins in human hepatocellular carcinoma: relevance to tumor
dedifferentiation. Int | Oncol 2005;26:319-327

Lee TK, Man K, Ling MT, Wang XH, Wong YC, Lo CM, Poon RT,
Ng IO, Fan ST. Over-expression of Id-1 induces cell proliferation
in hepatocellular carcinoma through inactivation of p16™**/RB
pathway. Carcinogenesis 2003;24:1729-1736

Han S, Gou C, Hong L, Liu J, ZheyiHan, Liu C, Wang ], Wu K,
Ding ], Fan D. Expression and significances of Id1 helix-loop-
helix protein overexpression in gastric cancer. Cancer Lett 2004;
216:63-71

Chan AS, Tsui WY, Chen X, Chu KM, Chan TL, Chan AS, Li R,
So S, Yuen ST, Leung SY. Downregulation of ID4 by promoter
hypermethylation in gastric adenocarcinoma. Oncogene 2003;
22:6946-6953

Wilson JW, Deed RW, Inoue T, Balzi M, Becciolini A, Faraoni P,
Potten CS, Norton JD. Expression of Id Helix-Loop-Helix Proteins
in Colorectal Adenocarcinoma Correlates with p53 Expression
and Mitotic Index. Cancer Research 2001;61: 8803-8810

Umetani N, Takeuchi H, Fujimoto A, Shinozaki M, Bilchik AJ,
Hoon DS. Epigenetic inactivation of ID4 in colorectal carcinomas
correlates with poor differentiation and unfavorable prognosis.
Clin Cancer Res 2004;10:7475-7483

Rivat C, Rodrigues S, Bruyneel E, Pietu G, Robert A, Redeuilh G,
Bracke M, Gespach C, Attoub S. Implication of STAT3 signaling
in human colonic cancer cells during intestinal trefoil factor 3
(TFF3) and vascular endothelial growth factor-mediated cellular
invasion and tumor growth. Cancer Res 2005;65:195-202

Hu YC, Lam KY, Law S, Wong ], Srivastava G. Identification of
Differentially Expressed Genes in Esophageal Squamous Cell
Carcinoma (ESCC) by cDNA Expression Array. Clinical Cancer
Research 2001;7:2213-2221

Maruyama H, Kleeff ], Wildi S, Friess H, Buchler MW, Israel MA,
Korc M. Id-1 and Id-2 Are Overexpressed in Pancreatic Cancer
and in Dysplastic Lesions in Chronic Pancreatitis. Am | Pathol
1999;155:815-822

Wi B BB RKET



