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Abstract Neuroblastoma ( NB ), one of the most common solid tumors in children, has widely varied clinical manifestations.
High-risk NB progresses rapidly; even with intensive myeloablative chemotherapy, relapse is still common and almost all are fatal. To
discover effective drugs and improve the prognosis of NB, the critical molecules in the pathogenesis of NB need to be examined.
Anaplastic lymphoma kinase ( ALK ) is a member of the insulin receptor superfamily of receptor tyrosine kinases. ALK abnormalities
exist in a variety of tumors, such as anaplastic large cell lymphoma, rhabdomyosarcoma, inflammatory myofibroblastic tumor, and NB.
The abnormal forms of ALK include gene fusion, gene amplification, protein overexpression, and gene mutation. These abnormalities
play important roles in the development of these tumors. Tyrosine kinase inhibitors as anti-cancer therapy for clinical applications and
new specific small-molecule inhibitors of ALK have been developed. Consequently, the relationships of ALK aberrations with NB
development and targeted ALK treatments for NB have received increased attention. This article mainly reviews the studies on the
relationship between ALK abnormalities and NB development.

Keywords Neuroblastoma; Anaplastic lymphoma kinase; Genetic abnormality; Targeted therapy

25 B 41 J 988 (neuroblastoma, NB) 52 /) JL & 1.1
UL SRR 2 — IR T 2, o] A T A B

ALK K N H =4
ALK i T A YL (14 2p23 , 4K 25 728kb (NCBI

ZRGINATBROL, 22 UL MRS G, 2905 /N L
SEARIEE 9 10% , JLEIFAESE T30 15% " . NBIIfi R
P22 K, LW ZE MM, W5 25 . =G NB
HE R, BT = ik BV BRI T IR R R AT AR
UL T2 R EEE S Ta) AR P 30 L 95 3 (anaplas-
tic lymphoma kinase, ALK) J& — Tl 7 (A 1 1% 4 1R 1%
fiff , it 7 1% 220 TR K 0 A0 o8 350 26 1 PR B 8 3 7 v 1
R AFRCR DL SR St/ INor - ALK 3581 A A &, NB
W ALK 808 e HEAE NB & A % R rh i /R sk 3 4
R s . AR SCE B X ALK 76 NB H ) 5% . 5 NB
KR R R MR IE U R TR

1 AKEERERE

EEAMLERERAXFRIILEERILBHARAT (I F&RYIT518026)

*ARRBZRYIT RO TEE S (45:201002112) BB
BIEEE . EWA lijieyue@yahoo.com

Reference Sequence: NC_000002.11) , & A 29 14h
T IEHMEOT 6226 bp K ¥ ALK ¢DNA % fith 177
kDa P 2R 1, 2 BHIE S &40, a0 N-BE 4L, 7= 2 0
200 kDa AL ALK ™ . AZRIEH 1% ALK FA7 HLU Y
RTK =445 46 BB A1 X5 AR IX | R P aic it A A
X, 1457 1620 /> 2 LR Y HA ks B 2 1, Mg &b
X5 1030~ E AR IR (aa 1~1 030) , BEFE X A 28
A FETR (aa 1 030~1 058) , i 3% PN 25 44 b 2 3 iR
1 058 ~ 1 620 /™4 4iF i 2 92 ¥ it A4k 1k 205 44 15K (aa 1
122~1376)"',
12 ALK 5%

ALK 55 BUBAEAE T Z R0 i v, an i) 28 4K



2012445 39 445 11 1

J6] 75 ek L S B 5 A 22 L . A6 AR R 811

YA TV (ALCL) RESCVLPAIE (S REPENLEF 4B 20
MRS NBAF . ALK S8 76 I i kA= & T bl 5 R
WEBEMEN, B S am R RS LR
GEAR HEPIYTHE SR R 0, DUES R RS Bl
H Lo
12,1 ALKE:RELE 1994 4F Morris 25 1 IR TE AL-
CLH R BINPM-ALK @l &8 H o ik 7E R IEMENLET
Y BE 0 MR LA IR AN R i A K /N i B A g
(NSCLC) &3 T ALK HoAth JE 2 % il 15 35 PR SR
B A P ¥, i1 TPM4-ALK, EML4-ALK,
TPM3-ALK ,CLTC-ALK 251
122 ALKEEHZAE  Chen %% 215 ] 5 & V£ NB
SR A B2 6.1%I1) NB IR FRAS F1 33.3%11%) NB 2 ffd bk
HAETE ALK 55 U578 o HURBRAS 3 Abd o g
FEAE ALK 2875 (L1198F 1 GI1201E) , & A % 2 4
ALK p5.2878 1) NIH3T3 20 B Ak [R]85 NB H 9 ALK %8
A —FER I BRI AR VR TE BURE ) A A e (k= 28
BE 1™, BRIMIA EMLA-ALK 4 35 PR 9 NSCLC 7 [7]
B3 ALK 252875 i) 0 X ALK #iI7 Crizotinib
AT RI
1.2.3 ALK EERY 3 M Ak sk
P 1.2% (1/85) Jii &1 NB F110.3%(11/107 )NSCLC A
B A9 ALK 3738, 9.4% (8/85) J& & 1k NB Hil 63.6%
(68/107)NSCLC A3 ALK #5 DUEE . 77.8%(7/9)
JRENENB 38 ALK, BHEAR 507 T4 22 B 41 B i g
JEFNPR 2L YE 9 Bt R A S LA R B L 2
AP AETE A K ALK i3t ik
2 ALKEE5NB

2000 4 Lamant 25 % BAE 1E 8 09/ BLZH2H
AP 28 40 B A7 7E mRNA gt i ALK 35, iR P i
R BT NBHF7E ALK 5t E AR £, A
I, EANET ALK 5% 5 NB fUBF o8 2 #ii £, & 3
NB HAETEZ P ALK 5%, 046 ALK P73 FR 3Rk
BEIAN ALK 2878, ol DL ALK RAS IS 3 %2
2.1 NBHUY ALK 3 S FIER 2Rk 3Gm

RZWFIEUETE NB HFAFEAE ALK P37 0 2002
AF-FH Miyake 55" B UCHRGE ALK 9739 CAERAL G A ALK
BB BTSE , R IR 23.1% (3/13) 1 NB 41 it 77
TE ALK 2P 88 A ALK & (A b 263k | B8 24 B2 W 1R
k. NBMIEA S ALK &34 & A= 2 B i [E NB 41 g
RS, Z7F 0.8%~3.7%""" , H £ [ B} £ 7E MYCN
Pag e LETE ALK 1S 1 NB S ZAR IR
I PRA3HABE . SheC I 14 45 88 1 K% She H il — 61,
She 1Y i 2 2 9% W IR AL 5 RERE [A] GRB2 45 6, SR J5 I
116 Ras, fil & 0L A 3458 . Miyake 25 & BUFEWF 5% 1Y)
NB 4 L i 9 A4~ AT Azl 2] SheC 3R I8 FFAEFE SheC Y

fig AR B R AL , For 34N ALK Y34 A 4t ik b oA
AMRR A B E 0 ALK IR . /N RNA A1)
ALK JE X mi B (ALK—siRNA) {di /£ 75 ALK 3 1% ) NB
YRR SheC . Akt AT 2253 2457 1% AL 8 U (MAPK)
WA R A B S0 0 />, L 2 40 i+ B S 0 5 i
ALK #1155 TAE684 JR A ffi A7 ALK 93 1) NB 2 it bk
Akt ErK1/2 AR AL st i g8 T, R,
NB 8 # fihid 41 4L P AEAE ALK 9 88 20 2 1Y (B &
AR, 5 NB B TG R WA Z . ALKY™
HOTE NB 4 Ak OB SRR 8 %2, 224000 ) T ALK
P14 i R R A ALK & AR B IR AL, 55 Ui
5573 F SheC . Akt MAPK F1 (5% ) ErK 1/2 iR bk
JET NB 4B AR PR T TR LS ThRE , B i NB
YA P E R B
2.2 NBHAY ALK 2848

PRl JE R P 35 PRI 34 R () S5 PRI 9 AR, F
FEEANTHEMITF 4R I NB Hh ALK & A i AF A L R 28 7E
HBFFR IR FEE T HET 2008 4F , 5 MIFSE 413 AR
TR RGN NB (BB e ALK 2878, AEHL
KIRHIR AR RN 6.1% ~ 11,1977 ALK %
AW N E I NB HLZ [HBHA MYCN 418171
HLAE e 16 NB R 91 2 A= 38R vy (12.4% ) [l 9E 34
8 ALK 2748 55 S 22406 (0 ALK RAE7EAR
[FJIIfG PR 43 H0 NB i TR A A2 AE . 76 NB dii ik
ALK 8755 A 14 20.0% ~ 33.3% 7 . HET A 11, fE
I 157 ALK SUAE  AFE K1062M .\ T10871 .D1091N .,
G1128A . T1151M . M1166R . 11171N, F1174L/1/V/C/S
R1192P.R1231Q) A1234T.F1245V/C.11250T R1275Q/L.
Y1278S, X6 5 5845 T ALK AN 720 ~ 255, K%
B ALK S AR Tt o BE DR R A5 A e, Herb e I
(R 9 AR G FEMR AN 15 2 F 1174 FIR1275 , HRE T34 iy
TEPEAEEAEA

NB ALK 2878 i B BEMTF 5% H A 32 RS20
M5 AN sh P S8 . HRAE Y 154~ ALK 45 LA
£ B 9% 7% B K1062M ., G1128A . 11171N . F1174L/S .
R1192P F1245C R1275Q {5 AR 7141018223 [y
T1151M, A1234T 11250T F AR G pEge Ag 2! Hifih 58
5 1 TCA R IR TG ALK 2872

BE Y ALK F11741 57 R1275Q %8 48 5 [R 15 5 e
NPM-ALK filt 75 56—, o] DU 11.-3 A4 4 25
(1) BRI B2 440 AR Ba/ I3 AR S = TL-3 145 T e
G 02 S SRR L AT LRSI S ALK B A
US55 7 STAT3 Akt Exk 172 By R R AL "¢, 2%
5 ALK F1174L 8% K1062M %€ 45 it NIH3T3 21 it #k 78
BNR R IR LY BUAE VA I fig B 7 i L
SRR R N AR L T MR, X SR B F1174L,



812

20124F45 39 445 11 48]

R1275Q I K1062M 4 1% P ALK 282817141 fifF 53 E
SEF1174S 7R R 1 M ALK 2845, Al ffi{& g FiASh ALK
TR TG P 5 e T A R IR 25 A R e
G1128A .11171N R1192P F1245C [FFE I e dR154:
) ALK 2878 , HAG 3k Be 98 A8 [ A G AL RE A [R]

F 5% 26 B T1151M 1 A1234T S E 3% P ALK 28
AR T1250T #IESE Rl A AFAE B TCIe AR N sl A 41
PIARE M ALK 4R75 RTK 16 4, 2 A B 002 8%
112507 [m) A5 Y ALK 5 H Al ALK 2878 (41 F1174L.
F1174V) 4L 9L NB 20 Bt , 40 i EdK 2 H iR 1k
WD R 112507 5 HA ALK 9878 A7 i & —Fh K
I ALK BTG MR 848 2 A AT ALK 8728 [ 4 f+f
R A R AR

ALK #1115 TAE684 Fil ALK—siRNA X} 4 F1174
LALK 245 (%) NB 28 il bk B AT #0fI4E H , H ALK 3Rk
JK R, ALK . STAT3 Akt X Erk 1/2 B8 % 16 Y5 95
A G R B g D PR TR e ALK 4 51
NVP-TAE684 #l Crizotinib X 4% % & GI1128A.
I1171N R1192P F1245C 445 PC12 41 i ik 45 1 il
YER  AE R AU EAN ] >
2.3 NBH'ALK 5 el oo HL A AR i JRe 1 52 e

Carén 557NN ALK 55 5 A I PRAHE 20 Ji
R IEY B B AN RBUS A, 0 H AT
SCRE ALK 28748 5 NB M 2 28 AR I T
FRAFNE ALK 878 76 NB & A= 0F i vt 81 24
PRAMSZEG TR UE S ALK 2848 %5 NB 20 i 114 20 At 33
YA TG B R . SR — e 58 & B ALK 57
B0 Az ZRAE N [ IG R 43190 7 NB Jifsgg 2 ] 9F:- TS I
EARTA], B TC ALK 2875 X6 NB 8 5 A A7 (1) 5 0 -G ik
FaElena s S ALK F1174L 2848 1) NB 345 A=
FER 5 R1275Q s B AR AU ALK A9 R FH M LU A 4t
TR, B FULTAL 288 1 8 AR AR A HRAIR, 5
VRN F1174L 2875 NB % [F I AE7E MYCN 973
FOARE e, T ALK I8 7 NB A A9 & A R AR,
HAE R —A S i R 5 NB B AR A ek
TGt e

25 LR, ALK 58 AE AL D ALK 97 1S 5l 58
A fift ALK A TR Ak 385 0 i S5O0 0 6 1 3 v 3 S A
PLF1174L 2875 1 NB 4 AR A (o 76 1LY ALK /E
FHTF FUHE 57 STAT3 Akt 2% Erk 1/2 %5 22 — 5 H:
HLAS, B FES G 40 08 T 38 0 20 i A, T R NB
YRR AR A . SR IR WFIE AR TE 6 28 A8 AU IR
S WP A ALK 515 ALK & 2 35 W $i 7% NB R R i
Ji 27, B ALK RAR & ALK 35 7K-F-X%F NB
BE TG R AT B SURAEAE G, 2 ]

(126 R ATt — 2
3 Xt ALK RYNBEB[EETT
FH T SC T AT AT, ALK 0 ] 77 A ALK-siRNA Xf

A ALK § B B ALK 2 AZ 1 NB 4 kAT I 24

A, R BLH D] NB 4 H R 5 58 A0 {2 08 NB 210 7

AFERT . R NBBE P ALK S A PR RN B

ALK FY$E 3R Y75 A BT i NB iR F-B, 20

ARG FBZ —o B ALK AR5 58285

2D i Bt ALK 57 528 AN ] Al LA i, 6N

AR DR IR 7 PR ML D) E 24T 1 3 1

FELIRE ™,

NB T ALK 53 By & BRAEAS A NTIA L 2R /)y

0 AR G PRI ) 50 1 ALK —siRNA JE [ BB

Y7 NB T BE . B NB U R U ALK 52

AT JC HE ALK A2 TS, ALK 5% % NB & AR

K (A RO B BT B, X100 NB P ALK 535 5 NB

BHE TR Z B B9 5C R, A Fh ALK 539 76 NB i) K 4

JE& A FH R B A5 () R RS AFAE e TR

T ALK 525 5 NB Z [A] i 56 R — L A2 19

5, o NB B 731 B AT 58 S A RIS I 5 1) o

P

1 Schor NF. New approaches to pharmacotherapy of tumors of the
nervous system during childhood and adolescence[J]. Pharmacol
Ther, 2009, 122(1): 44—55.

2 Matthay KK, Villablanca JG, Seeger RC, et al. Treatment of high—risk
neuroblastoma with intensive chemotherapy, radiotherapy, autologous
bone marrow transplantation, and 13—cis—retinoic acid. Children’s
Cancer Group[J]. N Engl ] Med, 1999, 341(16): 1165—1173.

3 Li R, Morris SW. Development of anaplastic lymphoma kinase
(ALK) small-molecule inhibitors for cancer therapy[J]. Med Res
Rev, 2008, 28(3): 372—412.

4 Morris SW, Kirstein MN, Valentine MB, et al. Fusion of a kinase
gene, ALK, to a nucleolar protein gene, NPM, in non—Hodgkin’s
lymphomal(J]. Science, 1994, 263(5151): 1281—1284.

5 Chiarle R, Voena C, Ambrogio G, et al. The anaplastic lymphoma
kinase in the pathogenesis of cancer[J]. Nat Rev Cancer, 2008, 8(1):
11-23.

6 Pearson R, Kolesar JM. Targeted therapy for NSCLG: ALK inhibi-
tion [J]. ] Oncol Pharm Pract, 2011, [Epub ahead of print].

7 Chen Y, Takita J, Choi YL, et al. Oncogenic mutations of ALK ki-
nase in neuroblastoma [J]. Nature, 2008, 455(7215): 971—974.

8 Murugan AK, Xing M. Anaplastic thyroid cancers harbor novel on-
cogenic mutations of the ALK gene[J]]. Cancer Res, 2011, 71(13):
4403—4411.

9  Osajima —Hakomori Y, Miyake I, Ohira M, et al. Biological role of
anaplastic lymphoma kinase in neuroblastoma[J]. Am J Pathol, 2005,
167(1): 213—222.

10 Salido M, Pijuan L, Martinez—Avilés L, et al. Increased ALK gene

copy number and amplification are frequent in non—small cell lung

(FHE 816 11)



816

20124F45 39 445 11 48]

ed nociception by cocaine—and amphetamine—regulated transcript
peptide via PKA and PKC signaling pathways in rats[]]. Regul
Pept, 2009, 158(1—-3): 77—85.

28 Chacur M, Matos R], Alves AS, et al. Participation of neuronal ni-
tric oxide synthase in experimental neuropathic pain induced by sci-
atic nerve transection[J]. Braz | Med Biol Res, 2010, 43(4):367—376.

29 Chen Y, Boettger MK, Reif A, et al. Nitric oxide synthase modu-
lates CFA—induced thermal hyperalgesia through cytokine regula-
tion in mice(J]. Mol Pain, 2010, 6: 13.

30 Hervera A, Leanez S, Negrete R, et al. The peripheral administration
of a nitric oxide donor potentiates the local antinociceptive effects of
a DOR agonist during chronic inflammatory pain in mice[J]. Naunyn
Schmiedebergs Arch Pharmacol, 2009, 380(4): 345—352.

31 Kolesnikov YA, Chereshnev I, Criesta M, et al. Opposing actions of
neuronal nitric oxide synthase isoforms in formalin—induced pain

in mice[J]. Brain Res, 2009, 1289: 14—21.

32 Liang DY, Liao G, Wang J, et al. A genetic analysis of opioid—induced
hyperalgesia in mice[J]. Anesthesiology, 2006, 104(5): 1054—1062.

33 Cohen SP, Christo PJ, Wang S, et al. The effect of opioid dose and
treatment duration on the perception of a painful standardized clini-
cal stimulus[J]. Reg Anesth Pain Med, 2008, 33(3): 199—206.

34 Baron MJ, McDonald PW. Significant pain reduction in chronic
pain patients after detoxification from high—dose opioids[J]. ] Opi-
oid Manag, 2006, 2(5): 277—282.

35 Hansen EG, Duedahl TH, Rgmsing J, et al. Intra—operative remifen-
tanil might influence pain levels in the immediate post—operative pe-
riod after major abdominal surgery(J]. Acta Anaesthesiol Scand,
2005, 49(10): 1464—1470.

(2012—04—20 ki )
(2012—05—28 & 111
RS Gh  TRAR)

(#5812 10)

cancer([]]. ] Thorac Oncol, 2011, 6(1): 21—27.

11 Corao DA, Biegel JA, Coffin CM, et al. ALK expression in rhabdo-
myosarcomas: correlation with histologic subtype and fusion status
[ Pediatr Dev Pathol, 2009, 12(4): 275—283.

12 Perez Pinera P, Chang Y, Astudillo A, et al. Anaplastic lymphoma
kinase is expressed in different subtypes of human breast cancerf]].
Biochem Biophys Res Commun, 2007, 358(2): 399—403.

13 Lamant L, Pulford K, Bischof D, et al. Expression of the ALK tyrosine
kinase gene in neuroblastoma[]]. Am ] Pathol, 2000, 156(5):
1711-1721.

14 George RE, Sanda T, Hanna M, et al. Activating mutations in ALK
provide a therapeutic target in neuroblastom[J]. Nature. 2008, 455
(7215): 975—978.

15 Miyake I, Hakomori Y, Shinohara A, et al. Activation of anaplastic
lymphoma kinase is responsible for hyper—phosphorylation of ShcC
in neuroblastoma cell lines[J]. Oncogene, 2002, 21(138): 5823—5834.

16 De Brouwer S, De Preter K, Kumps C, et al. Meta—analysis of Neu-
roblastomas Reveals a Skewed ALK Mutation Spectrum in Tumors
with MYCN Amplification[]]. Clin Cancer Res, 2010, 16(17):
4353—4362.

17 Carén H, Abel F, Kogner P, et al. High incidence of DNA muta-
tions and gene amplifications of the ALK gene in advanced sporad-
ic neuroblastoma tumors|[J]. Biochem J, 2008, 416(2): 153—159.

18 Moss¢ YP, Laudenslager M, Longo L, et al. Identification of ALK
as a major familial neuroblastoma predisposition gene[J]. Nature,
2008, 455(7215): 930—935.

19 Duijkers FA, Gaal J, Meijerink JP, et al. Anaplastic lymphoma ki-

nase (ALK) inhibitor response in neuroblastoma is highly correlat-

ed with ALK mutation status, ALK mRNA and protein levels[]].
Cell Oncol (Dordr), 2011, 34(5): 409—417.

20 McDermott U, Iafrate AJ, Gray NS, et al. Genomic Alterations of
Anaplastic Lymphoma Kinase May Sensitize Tumors to Anaplastic
Lymphoma Kinase Inhibitors[J]. Cancer Res, 2008, 68(9): 3389—3395.

21 Janoueix—Lerosey I, Lequin D, Brugieres L, et al. Somatic and germ-
line activating mutations of the ALK kinase receptor in neuroblasto-
ma(J]. Nature, 2008, 455(7215): 967—970.

22 Schonherr C, Ruuth K, Eriksson T, et al. The Neuroblastoma
ALK(I1250T) Mutation Is a Kinase—Dead RTK In Vitro and In Vi-
vo[J]. Translational Oncology, 2011, 4(4): 258—265.

23 Martinsson T, Eriksson T, Abrahamsson J, et al. Appearance of the
novel activating F1174S ALK mutation in neuroblastoma correlates
with aggressive tumor progression and unresponsiveness to therapy
[J]. Gancer Res, 2011, 71(1): 98—105.

24 Schonherr G, Ruuth K, Yamazaki Y.et al. Activating ALK muta-
tions found in neuroblastoma are inhibited by Crizotinib and
NVP-TAEG684(]]. Biochem J, 2011, 440(3): 405—413.

25 Passoni L, Longo L, Collini P, et al. Mutation—independent anaplas-
tic lymphoma kinase overexpression in poor prognosis neuroblasto-
ma patients[]]. Gancer Res, 2009, 69(18): 7338—7346.

26 Schulte JH, Bachmann HS, Brockmeyer B, et al. High ALK recep-
tor tyrosine kinase expression supersedes ALK mutation as a deter-
mining factor of an unfavorable phenotype in primary neuroblasto-
mal(J]. Clin Gancer Re, 2011, 17(15): 5082—5092.

(2011-11—04 ki)
(2012—01—20 &)
(AR HBAT)



