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Abstract

Neuroblastoma (NB) is an embryonal malignancy derived from precursor cells of
the sympathetic nervous system. Children suffer from the stage 4 disease display a poor
5-years survival (less than 40%) even following multi-modality treatments. For years,
studies of neurblastoma show that MYCN gene amplification consistently associated
with treatment failure. Recently, anaplastic lymphoma kinase (ALK) has been evolved
as an important factor in carcinogenesis of neuroblastoma. Previous studies showed that
NB with high ALK immune reactivity was associated with clinical outcome. Aberration
in ALK, including ALK gene gain/ amplification (12.2%/ 1.5% in NB), ALK gene
mutations (8% in NB) and others, makes ALK the second most commonly mutated gene
in neuroblastoma. ALK is a receptor tyrosine kinase, mutations on the tyrosine kinase
domain of ALK (eg. F1174, F1245, and R1275), would cause ALK overactivation and
predispose to carcinogenesis. ALK and MYCN showed regulatoty loop: ALK was able to
stimulate MYCN promoter via activation of ERK signaling, and MYCN was found to
bind onto ALK promoter region to regulate ALK transcription. Targeting to ALK, by
small molecular inhibitor, Crizotinib has been applied in the treatment of NSCLC
harboring ALK translocation. In cell experiments and mice xenograft model, crzotinib
can also inhibit the growth of NB cell lines and NB tumors and make ALK inhibitors a
potential effective adjuvant therapy for high-risk NB. However, in the MYCN-transgenic
mice harboring ALK F1174 mutation, Crizotinib couldn’t inhibit the development of NB
tumor, point out that Crizotinib is ineffective in inhibit ALK with certain mutation
within kinase domain. ALK inhibitors have limitation in treatment. The goal of this
research is to inspect the situation on ALK gene expression and mutations in
neuroblastoma in Taiwan. 61 NB tumor samples sand PBMCs from 34 healthy adults
were analyzed, PCR amplification of ALK gene fragments spanning exon20 to exon25
and theirs neighboring intronic regions, followed by Sanger’s sequencing, In 61 tumor
DNA samples, 7 (11.3%) were found to have heterozygotic ALK mutation: 3 F1174L
mutation, 3 with F1245 mutation, 1 with A1274T mutation, but there is no R1275

mutation found. Moreover, we find 6 SNPs in exon20 to 25 of ALK gene, 3 SNPs are

v
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synonymous variants which located in exon20, 21 and23; the other 3 SNPs are intron
variants, located in intron20 and 25. The allelic distribution of the ALK SNPs is not
significantly different between NB tumors and normal PBMCs. We find that ALK
mutation is associated with adverse clinical features (advanced stage, high risk, poorly
differentiation, and MYCN amplification), and inferior survival (EFS: HR 4.2, p=0.0021;
OS:HR 5.6, p=0.0015). Subset analysis of advanced stage, high-risk NB showed that
patient harboring ALK mutation displayed a shorter 5-year survival. Relative mRNA
expression of ALK and MYCN were determinate by g-RT-PCR. ALK expression was
found positively correlated with MYCN gene expression (r=0.5831, p<0.0001). High
ALK expression was associated with undifferentiated/ poorly differentiated NB
(p=0.0012), but not with ALK mutation, ALK genetic polymorphism, nor other clinical
features. We found ALK high expression correlated with worse patients’ survival (EFS:
HR 2.3, p=0.0600; OS: HR 4.8, p=0.0240).

In Summary, we obtain information in our research: (1) ALK gene mutation occurs
in NB with adverse clinical features. Further, ALK mutation is an important factor that
cause faster disease progression in advanced stage and/or high-risk NB. Detection of
ALK mutational spectrum in early diagnosis, could predict patients’ prognosis and
choice suitable ALK inhibitor as adjuvant therapy in neuroblastoma. (2) ALK high
expression could exist in ALK WT or mutant™ tumors. ALK high expression was not
necessary found in ALKM"* tumor. (3) ALK expression is highly correlated with MYCN
expression in NB tumor, (4) High ALK expression in NB tumor predicts poor clinical
outcomes. (5) ALK F1174L (known Crizotinib-resistant) is a prevalent type of mutation
in NB in Taiwan. Screening ALK mutation to evaluate the use of ALK inhibitor as

therapentics is very important for NB patients in Taiwan.

Keyword: Neuroblastoma, ALK gene, mutation, clinical outcome.
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Ala (A) Alanine

ALCL Anaplastic large cell lymphomas
ALK Anaplastic lymphoma kinase
A-loop Activation loop

AUC Area under the ROS curve
cDNA Complementary DNA

CRC Colorectal cancer

CT Computed tomography

DNB Ddifferentiating nerroblastoma
EDTA Ethylenediaminetetraacetic acid
EFS Event-free survival

ESCC Esophageal squamous cell carcinoma
EtBr Ethidium bromide

EtBr Ethidium bromide

FH Favorable histology

Gly (G) Glycine

GN Ganglioneuroma

GNB Ganglioneuroblastoma

HMGA1 High mobility group AT-hook 1
HPRT1 Hypoxanthine phosphoribosyltransferase 1
HVA Homovanillic acid

ID2 Inhibitor of DNA binding 2
IDRF Image defined risk factors
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Immunohistochemistry
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International Neuroblastoma Risk Group Staging System
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The Institutional Review Board
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Metaiodobenzylguanidine
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Mitosis-karyorrexis index

Magnetic resonance imaging

v-myc avian myelocytomatosis viral related oncogene, neuroblastoma derived
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Neuroblastoma

Nucleophosmin

Non-small cell lung cancer

Neuron-specific enolase
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Peripheral neuroblastic tumors
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Real-time PCR
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Receiver operating characteristic
Reverse Transcription-PCR
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Single-nucleotide polymorphism
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S

BEHR o R HT RBAER  AEB A R X F G A Rl T BER
Staged : iR HHIEE oM TR TR FERCAFNE B BE o
Stage 4S : %f:}l%ﬁ,fsa oA - ;%ai:}fm » % 3 Stage 1 &% 2 npm MR > & €4

BN KRR L R o
&

115 4 52 0o chops T4

TR mre G IR R R B R Y e A AR e 2R
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2Rl S s — imie A LARR AT :;,;3,& SIE (5 4 ARYF o
. International Neuroblastoma Pathology Classification (INPC)*® - 1/ & 5 A

AIE e e B 1§ i 4ol R T (Schwannian stroma) 3 5 A2 & ~ 44 g2 e

(neuroblast) » i+ f2 & v 2 5 3k 4 J -7 8% 4p k(mitosis-karyorrexis index, MKI) » #-

PNTS /& 3E (443 FITE 15 £ R A 2 = 4 87 222 (sga2 )

(1) # 5§ w22 % (ganglioneuroma) : ¥ & i f2 R b f » H R A R E ik
ervt &) & B (Schwannian-stroma-dominant) 5 & 2 |4 » 7 {8 B 45

(2) # & &4 &4 e B (ganglioneuroblastoma) @ ‘w% & i“ f2 B =t 2. ; RREH
(nodule) & F ¥ £ w4 =2 & 3 (intermixed) » e ¢ § 7 A KB EE
(Schwannian-stroma-rich) 2 2 % & 4] (nodular) » fe 3 @ 42 B @ L 57 - o
BF ~ 5 7 R A o

(3) # 52 ¥ F(neuroblastoma) : fwre A it A2 R B i 0 P A SRR ik oo
L b)w & " (Schwannian-stroma-poor) ; s &4 0 Fp 6§ b fi £ o A KB e R
¥ e T AwA = 1 & & 1 (undifferentiated) ~ 4 i+ 2 2 (poorly differentiated) 2 4

fv @ (differentiating) » — 5 fmbe & L fe R AXE > & T FEBARE P o

116 # F2 Wi Ko R

- A g e By hin R ER R LD TR 0 L R B EREA S
# % g b % ¥4 8P & Xi(International Neuroblastoma Risk Group Staging System,
INRGSS)™ » gt/ % 7 Jig 0 £ i dp 2. B0 s % Gl B i 35 > 3 1 JIFES B %
BE TR M T SRGFHARAY o 1 FRRARAY 0 R R LR B
B %k % %]+ (image defined risk factors, IDRF) (¥itékw )&_ZF 75 feiifp B Foa o
INRG 4 # & %ig= 9 BAd 52 e By o = 4 55 (M4%T ) ¢
Stage L1 : 4> low-risk neuroblastoma "% & M1IL & R 3R 5 B dFd 0 4r

40 4745 (CT) & Pié £ 4R (MRI)® A 58 T IDRFS © j5off & i 5 BB (S 11 £ jiesr th 7
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By o WHTR R DT AWM G EF R L 97% Y

Stage L2 : J§&>% intermediate-risk neuroblastoma "% & A #F4cE g N2 H iR
TR h 2 R dE s BTSSR IDRFs o i B B e T R 4 1 Bicdy » @
f©F AR 2O 5 R ypTRA 2 A BB R Tl B om R R E iR Ak

f’%o:"’rﬁlzﬂ &;'-r_{}«—;g_,;"ﬁ%_;w;g;‘;ng,)z,,nu/j Eb;u.ﬁpmﬁﬁ&tl,ﬁyr

‘—h

B 5 59 96% 3y ) 44 stage L2 T Roenia e R R R R B2 kR

NE IEE o

Stage M : /&> high-risk neuroblastoma o #& %; 1/ if =4 & BH o BE o (LR

SR T AR AR LY I =il SRR SERRE LS 3

PR AT ERESF A%

Stage MS: 5 & # ke 143 18 B 7 > @ MR EA 2 30 K B IOT LR TR TR
F % INRG 4 %7k sk & TRk 4p 1R(INSS ~ 3o # ) ~ o I e 5 5 4p (PR

e A ARR) ~ B @ 35 H(MYCN 3 15 ~ #6% 'm e DNA £ i) » * 203 ] /s 2

£ 2R on e BRI AR AR AFDOR R B R G i - HF

#g = very low-risk ~ low-risk ~ intermediated-risk 1+ 2 high-risk = g o (*d4%= )

117 # 52 % Brend 3 Hie 2 T HH
O |72 & 4 %~ INSS & 8 12 2 fgaﬁ"_,a AR N LR
¥ i e03F {4 4p 5-(prognostic markers) #b o 3T #E dbribre £ALYER ¢ R FIR T 0 4
FHE K6 e R R ERIAY S e B o T R o B R ALERG
g g i AR MR o 1T 5 R 18 dp iR eh A < iz (biomarkers) §
1. MYCN ##F (MYCN amplification) : MYCN #i tgehz & &5 B - 2484 Flie
(diploid genome) ® 3 + »* 10 i % #c(copy numbers) o 3557 3 &7 4 5 * wPe B
2% %% 2500 Gl F MYCN S iga & %%« 5 2.3 4 - 4SHhenp ¥ 5§

MYCN ST 15 » b mie BRI 2 FMGES 5 2w A9 215 7]
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TEon F AR o BA SR e mAp S AL S MR LI 17q
‘e(gain) % % 4 48 1p 4% % (deletion) ¥ % MYCN A FIH tF » & &2 5 5 9F 1 2
AF M %o d o MYCN i - #4715 > FU VS ER AT LR s B
WPz 7 5 o MYCN A Flat 59 3 4r MYCN smre 2 S Ap B AL Flend IR > 4o
HMGAL( 5 8 45 5 B )™~ ID2(Fr 4] fme A 1t 2 3 4 fwe 3 2 )% . ODC(%
£ polyamine & = > A F]i= & MYCN *4iT > F]#t MYCN 3+ % 2% ODC 3
15) 2 P53 AT L R A MR AH G ARG A F TR ATAR
(40 LIF)™ > Tt 3538 0 Pzt 5 Flend i * 30304 82 wre B3 AIE (4
. % i MYCN & %7 ﬁ%m | R A iapEh - P R Q4 Ak
B EF T MYCN 34 g A% T S 3ehd &4 %0 5 1997 &4 W.Weiss
B e TH-MYCN #7101 B0 %0 i p g 14 24 8 L 8gdd 5% dm e By 4p 2
BB avER o FF MYCN A F4@p a2 mie oy 4 2 FE > F]pt F a4t
* MYCN-amplified NB #p B 2. 77 7 -
FEEZ ¢ 8% (Segmental chromosome changes) @ &£ 144 ¢ f#cp %
L % AN PR oAt "f 3 B MYCN 3 ez 5234 52 ofe B2 4R o 7
FAHEH W Bm L EERE LRI AR A PRRY - F R GRS
R AL BRE NS SEC AR L
> % ¢ $ % (Whole chromosome changes) : m?®¢ ¥ 1 DNAindex > » Ij-kii
Hc(ploidy) » it 3% B i ;¢ fw ke & (Flow cytimetry) & 7 i B o 4 (5 * ‘w2 B fw #2 e
DNA index # £ & ¥ 0%z 4p fr (DNA index=1) » fi-ii= % 4 (diploid) ; & wm*e @
DNA index # +r (DNA index>1) B - €42 = i 48 (hyperdiploid)- 18 % 2@ % >
AL B A A e S B ARG Mo B R R edds o ¥

W AR G [ AT o R BB BT A NI E & A 0323

(s

55
o

=2
~my
—

K % % (ALK mutation) : & 4 it # = 5 jf# (Anaplastic lymphoma kinase ,
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ALK)E_i & fm¥e 4 6 chps deph jprfs < & (receptor tyrosine Kinase) > ¢ 3 5
P Paal B R 2 X R & § & IR o ALK 2k % % (germline mutations) 2_
B G RPN SR mre e Tl o om (6 X ALK a0l fmre 5 1Y R % (somatic
activating mutations)» 3 L E A &2 wme B it i Flem ALK R 80 b ik
HE* B BmELN8% I 2 B F R GEA G e B M E ST AR
B

5. =% % F]3 % B(Neurotrophin receptors) : id % £ Al ¥4 flmre 2 — &
Aed mie B g o BN E BRI MR S EA TS
(Neurotrophin)—nerve growth factor > % #F J# % * & 4 & (hormone-like
chermicals) » v #2440 ' im "o 2 J o F A KGR e BRI T F A SR £ T

+ X B R ETIKA » PIE 5 #dFif s o

-

6. = dptR(Serum markers): 5 o ve B o ve i 4 3 (ferritin) T R ¢
Bk ¥ A RRR FIELERL A G mie e o WA g R
2% B f¥ (Neuron-specific enolase, NSE) % j'p& "t & f# (lactate dehydrogenase,

LDH) - Mgt # NSE~LDH ER 1 2 21 8.7 257155 M -

1.2 Anaplastic lymphoma kinase (ALK) & 7]
1.2.1 ALK £ F1enf§ A

F A 1Yk = % cps (anaplastic lymphoma Kinase, ALK) & %18 - & 3-v B it iefic
#cfi# (protein tyrosine Kinase, PTK) A %] » #3 - B 8 - 7 %5 4 % & (single
transmembrane domain, TM) » * #g=h ALK & 1620 f# »= gk pedf &+ °c ALK Fd %
bR ¢ 7 2 1 MAM (meprin, A5 protein, and protein phosphatase p) domain % 1 i
BB chfe 4 % & % # (ligand-binding domain, LB)®®(*44%- ) - ALK & PTK
superfamily % 3uig i H42 4p $H35 = - &2 ALK jifs % 3 (kinase domian)£ &% & &

Zp i end_v o If L Vs cfie (leukocyte receptor tyrosine kinase, LTK 5 79%#p i &) ©
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B AHR RGP A g ki MEARALK A H 8 e R R A @R 5] ALK
2.3 o F M IEHRAATFIRAIRAS T > ALK FIt ARG A S R BB T AR
FER & o d W ALK 2 B A ReDA G > 7 F U b i) B L iwre &
R EFR RSSO R P AFAN Swrrai e st o ALK =
REAE AP FE ) P AR E ST i s R d S ALK X402 et £.4 £ 7

0263, e peziiz v 2 4 £33 * 4 pleiotrophin 2 midkine

=+ pleiotrophin % midkine
4 PR AL VA FHFEF ALK A TV 536 A F) € % dedd > (translocation)
Wi (inversion)2 2 it AFA 4 g E by SR EAFIRER T ALK 1253 % &

® ALK i 43 7 15 @B Fe k8 1] @ & 35 4% i (ligand-independent activation)®

1.2.2 ALK £ Flerd % £ i ¢
ALK 3 F] f %68 8 45 5 5 = 1 IR E_Morris £ 4 351994 & % & A A 1L X me i
% (anaplastic large cell lymphomas, ALCL)*® % 3% ¢ %% 5g35(nucleophosmin,
NPM1)£2 4 ¢ %8 2p23( 7 * e PTK £ %)% 4 ## = (translocation) » 3% PTK £ i
# & ¢ % anaplastic lymphoma kinase (ALK) £ %] - NPM1 £ vl it % =327 ALK A
Flehiglit F 4 (catalytic domain) % 4 55545 & g £ v (fusion protein) - i% i NPM1
¢ K i+ (dimerization) » # ¥ NPM1-ALK f& & 3-6 #2781 ® 0 7 - & ALK 5
g A e e e ie g (inflammatory myofibroblastic tumor, IMT) » ",f 0
%7 ALK 4 ILH 40> 7 4 I TPM3-ALK-TPM4-ALK f & 3-v °'o @ TPM3/4-ALK
b & 30 4 @i B % s (esophageal squamous cell carcinoma, ESCC)® & %%
(renal cancer)®® ® 3 7. - @ 2007 & Soda % 4 f.2t| fm#% % & (non-small cell lung
cancer, NSCLC) P % 3 2 5.4 ¢ §8 2 ARF(2p) %] & % 2 fui& (inversion) i¢ 1§ EML4 &
Fg2 ALK A F17) % EML4-ALK i & & 517> i NSCLC 7 £ 6% - # i 6754 }
W ALK g £ 25 7] 0 bl4e < % & % Jg(Colorectal cancer, CRC)# 3 EML4-ALK £

C20rf44-ALK f& & $ 7] » ¥ 4w B (Renal cell carcinoma, RCC)™ + %&£ & (Renal
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medullary carcinoma, RMC)* # B4 3L VCL-ALK i & L %] » (*t4k =)

123 ALK A Fla i £8 w2 &

2008 & Mosse # 7 E I} By ok A 3 mmore s (Familial/germline
neuroblastoma):& 7 ¥ — % A& 5 4] 124§ (single nucleotide polymorphism mapping)
et 2 A8 R 3 1 = & ALK tyrosine kinase domain 1% % (R1192P, R1275Q,
G1128A) - @ i iE high-risk NB 4 ¢ % 2 #ic 4 47 (chromosome copy number
analysis) » % 7 high-risk NB # % # ALK A %] gain £ amplification » & * ;ﬁ%v} ¥
€_F 3% 3 ALK gain/amplified high-risk NB # - ALK tyrosine kinase domain » 7 ALK
B iR % 4 (M1166R, 11171N, F11741/L, F1245V/C, 11250T, R1275Q % 8 i) »
i3 & ALK tyrosine Kinase domain g4 2 R % f 52 e By o fLITIRF A
‘=& 'mre 7 (sporadic neuroblastoma)™ '3 7° - 2014 & Bresler % 4 4 4% 1596 t|f52 %
AUGA e B etk A ¢ g IR 126 )(8%)F ALK A F1 % %o i % ¥ 4 F 3% tyrosine
kinase domain 016 & =% » H ¢ 3 B % %4 2 (hotspots)sh R % + #k % F1174 : 38
4 (30%) ~ F1245 : 15 + (12%)% R1275 : 54 * (43%) » % it NB ALK % % % 6% #ic
185% o A & e B¢ ALK A ¥ % £ (genetic aberration)l‘% 7 ALK A FE R
% &3 ALK A Flehgain (12.2% > copy number % 3-10 copies)zt amplification
(1.5% - copy number % >10 copies) °

FiMA ALK AFH 2 88 (A7 %S AT IT) 0 55 o B b o
FTEFEFER)EFHHEFOS) T AF L AFIRE F M - H A
high-risk NB i B PJALK A 7% R g Bagadmmarig 4 ALK A7)
%,y R2 F 4% & (Tumor Neuroblastoma-Kocak-649 custom-ag44kcwolf)f|+# 2 ALK
AFIER A GG 34 02 weBRHA GREF T Pon § L H 4HH 5 ooy
X008 A5 2 ALK AR R 2K G 224 ALK 2 A 7 7t NB #% ¢ ALK

AFELREFEITRAGEF wm BTy A LR o
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1.2.4 ALK £ Flez g
Mg wre g o ALK AT g F & MYCN A F1Rams > F15 & § = 4
B4 4 A8 2D ARIT 3% (ALK :2p23~MYCN:2p24) & ALK # #1315 & ¥ X 5 MYCN
3 715 g 22787 o d Schonherr % 4 87 7 % . ALK it 51835 7% 1© T 2% ERK 2
A @ vEig = 1] MYCN promotor it {7 &4 @ 23& MYCN 4 7 - @ Hasan % 4
i ALK promoter region * 3 non-canonical E-Box s i f& » 48 Sede 4p. 2 e )
o T2 P MYCN £ %] 5t ;ﬁ d 22 ALK promotor }+ 7 non-canonical E-Box & & %

e ALK & Flenigdr

125 ALK $r4|# il T2 e B¢ s

ALK 1% 5 & e cv] & 3 e | Crizotinb (PF-02341066) *t 2011 & 5 % R
FDA +8 > ik 2 @ * 205 ALK # =% 8 2] fmPe 7 g (NSCLC) 2 in i »
Crizotinib enie #* 4|8 2 & 3 ALK en ATP 2 & > %ﬁﬂ & ATP s+ k¥ ALK
1 autophosphorylation » i& @ Fr4] ALK 35 3§75 14 o d 304 52 mre @ J 380 ALK
AFIR#E g2+ ALK SHp:c % > it ALK ¢ inactive form # % = active form -
H#4e ATP & ALK 7 ATP & & =344 » 51k ALK #1272 4 ligand-independent
activatione:& @ (F3F 5 A7 3 B Ff> F 0 ALK Frd 3] 2S5k 4 52 e Byo
1235 Heukamp % « #+ 2012 & 9= 3 % Crizotinib &% 9 5% % -] & xenograft -
AP a3 oradrd| NB fmve 2 M4 £ > @ ALK &) 2 %4 5 high-risk NB #
W el B LRy o

Rm o &t ALK & 7] 3 % 43 Crizotinib st £ K > & 7 ALK Fr4 3 %

S

R ALK 32 el £2 me By @ 2 Frd]re %k A 43 o Bt d soanCrizotinib-resistant
ALK 7 % §_F1174L°%°% # ¢ %4 Crizotinib g % £ £ ¢hALK & % 4 G1128A~I1171IN ~

Y1278S % *°-Heukamp % + %= 3 %7 £ 4 ALK F1174L/MYCN double-transgenic
mice 7 NB -] &4£3] ¢ » Crizotinib & j* $r4| %6 5% s FERt o ALK /) A

10
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F P44 (4 ¢ TAE-684)R] £ § #r4] ALK F1174L % % 0 NB *8 o 1149 I # £ o1
TAE-684 2 Crizotinib g2 ALK F1174L-mutated NB cell > 3% 3. TAE-684 { & i *
sz chviability o #- ALK F1174L-mutated NB cell A T /3 &3 3% B 97 £ 3 el g >
I # 12 TAE-684 2 Crizotinib ;5% > ¥ 3. Crizotinib j i #~#] ALK F1174L-mutated
tumor 4 £ > fe TAE-684 Bl i § »cfr| 64 £ o i& 4, vk F 754 %3¢ Crizotinib g

LHPAONB & 0 B8 ALK Fr ) #420 NB s g 45 §Tes

1.3 =3 Bk

ALK 2 e S 4 52 mie g Mo 2 % ALK 3r4]& ¥ & 5 i B seh
WL ISR oo d 3t R ALK R % ¥F Crizotinib g < (24 i< > 4c F Crizotinib #_% % 5
fhde Z 40 Flt 00 NB s @ ALK A Flehd sk in 2 ALK A F1 3 % 05 5 3081 &
# Crizotinib g Xt endpth » 7 2 it ph 24 B 7 21805 B ALK Frd (&) 5 40 5% m e

Bip Rin i g e

11
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¥-F FLP A RERRY
21 =% B én

AT P R S RA D we Y ALK AT REEA0(D)
i% 18 qQRT-PCR 14 jp] ALK £ Flen4 35 (2) 12 sanger‘s sequencing # B ALK & #/%

22 RE&RR?
AET LRSS A I(N)NB Y ALK AFI RS2 AF 5 A4 (2)

NB e ® ALK AFAE 2 47-(3) HF ALK A F1 L2 ALK AF 2 88 4

A EA e B Rk R & o

(1) #CNB Jm & %675 55 DNA * 20245 ALK A PR 2 A %) 5 A1 5 7 it B
4 PBMC %2 DNA p s 22 NB It ALK 2 F1 5 71 bt $enge 4] e o -4
¥ ALK Zk 7] tyrosine kinase domain ¥ Exon20 3] 25 3% 4 & £ i& {7 PCR (& »
i Sanger‘s sequencing % 1 jp] ALK X F] R % -

(2) H_NB s & %6 5 B~ RNA i 4= cDNA {4 41 * real-time PCR # ip]"6.%; &
¢ ALK A F14RE -

(3) AR A A GA mie e ALK R %% 4 #7332 ALK kinase domain % 3 L 7]
A A F o

(4) »BFEFALK £ 12 %2 ALK A 714 & & NB 3 8 a‘ﬁ 1> 4o INSS :}if}l%/,,\
#F ~ INPC :ffsﬂﬁf&iiﬁ ~INRG R *&3:%% ~MYCN # tger & > 2 ALK &%

CERS BREFRG AT D URE A IR

12

doi:10.6342/NTU201602300



R Rt

[# 4]
31 oA el

2 = R
WF LT L BT BB R A 0 ST AR o B RE Al

ELRILTNBAPHMAY > 32 S A HMRBRTFY

Review Board, IRB) % 73 i c #F7 7 £ & * 7

1% 64 fﬂ;:)?:, A W@_@gg_%&(:d ¢
2 7] cDNA # & 55 & 2
BB R e

%2 RNA > # 7 RNA # #

R e fn E R PR

41 cDNA -

32 WA FE - FRE pHa vFE

321 #RFEEFFE

15 A 52 fmiz;

7 3 b e FL«
7 R

< e B TEA AL K p 2007 £ 3 2014 # A4 L H v

%1% F ¢ (The Institutional

# 2 %P~ 2453 DNA~RNA #4112

¢oeTiE ot 2 Frdm iR L 34 B

% i R H P & k-3 P DNA

=% R % Cat. No
Agarose AMRESCO 0710-500G
Chloroform* MERK 1.02445.1000
EDTA MERK 1.08418.0250
EtBr* Flow Laboratories 16-891-49
Ethanol MERK 1.00983.2500
Isopropanol MERK 1.09634.2500
MqCl, SIGMA M-2670
NaCl Mallinckrodt AR 7581-05
Proteinase K MERK 1.07393.0010
SDS AMRESCO 0227-500G
Sucrose SIGMA S-7903

TBE Buffer AMRESCO 0478-2PK
Triton X-100 SIGMA T-9284
Tris-Cl AMRESCO 0826-1KG

*3 i PRk

13
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322 #Hz e

g B Cat. No.
NucleoSpin TriPrep Kit MACHEREY-NAGEL 740966.50
GeneAmp® 10X PCR Buffer | ABI | Life Technology N808-0129
TRIzol LS Reagent ambion | Life Technology 10296-010
SuperScript 111 First-Strand Synthesis System RT-PCR  Invitrogen | Life Technology 18080-051
Maxima First Strand cDNA Synthesis Kit with dsDNase ~ Thermo Scientific #K1671
Maxima SYBR Green/ROX gPCR Master Mix (2X) Thermo Scientific #K0221
DreamTag DNA Polymerase Fermentas | Thermo Scientific ~#EP0702
10mM dNTP Mix Fermentas | Thermo Scientific  #R0192
REPLI-g Mini Kit Qiagen 150023
QuantiTect Whole Transcriptome Kit Qiagen 207043
PCR/Gel Clean UP Kit Favorgen FAGCKO001-1
Bio-100 Mass DNA Ladder Protech Technology Enterprise  M1-100T

Nuclease/EtBr Terminator

Protech Technology Enterprise

PT-R475-500ml

3.2.3 #FR|pe?
(2) DNA 1%
5X RBC Lysis Buffer

ki RIER
Sucrose (MW=342.3) 1.6 M
Triton X-100 5% (v/Iv)
MgCl,-¢H20 (1M Stock) 25 mM
Tris-Cl (1M Stock, pH7.5) 60 mM
REE o AW ACHES
5X Proteinease K Buffer

ki RIER
NaCl 0.375M
EDTA (pH8.0) 0.12 M

12 0.450M R R 1S 0 2R

Proteinease K Stock

14
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KK * g
Proteinase K 100 mg
10mM Tris-HCI, pH7.5 10 mi

A #15-20C B

Proteinase K Mixture (700ul for each reaction)

SEE A (u)
5X Proteinase K Buffer 160
Proteinase K (10 mg/ml) 40
10% SDS 80
ddH,0 420

i % m e

(b) Polymerase Chain Reaction (PCR)

10X PCR Buffer

7R KRR
10X DreamTaq Buffer
MgCl, 20mM
KCI
(NH,)2SO,
GeneAmp® 10X PCR Buffer I
MgCl, 15mM
KCI 500mM
TrisHCI, pH8.3 100mM
Gelatin 0.01%
3-20C %75

324 BAPRYF B2 313 A7

(a) ALK % 5]
. Amplicon  SNPs in the
Name Primer sequence ] _
size amplicon
Exon20 ALK 1191 ATGCTCGCAGGCCATGTTGC rs146074150,
ALK 1202 GTCTGCGGTGCTGTGAT AAC 301bp  rs4622670,
rs2276550

15
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Exon21+22 ALK 120.1 CCAGCTGCCTCATTATTGTG
413 bp - rs3795850

ALK 122.2 CTTGGAGATATCGATCTGTTAG

Exon23 ALK 122.1 TTTGCCCAGACTCAGCTCAG 221b COSM28055,
ALK 123.2 TGGCACAACAACTGCAGCAAAG P rs56247462

Exon24 ALK 123.1 CTGACAAGCTCCTCGTCAGT 188 b rs281864720,
ALK 1242 CAGATCAGCGACAGGATGAC P COSM28493

Exon25 ALK 1241  GCCGTTGTACACTCATCTTCC 201 bp rs45502292,
ALK 1252 CTGAGGTGGAAGAGACAGGC rs3738868

(b) Control gene

Name Primer sequence Amplicon size

hu-p2M-F GCCGATATTCCTCAGGTACT 331 bp

hu-g2M-R TCCAACTTTCAGCAGCTTAC

325 FGREFRYF R/TRLEF GSEREFRYF RIS

(a) ALK £ 7]

Name Primer sequence Amplicon size

ALK E19.1 TTTCTGCGGCATCATGATTG 1049 bp $fe ALK E29.2

ALK E27.1 AGTTTGTCACCAGTGGAGGC 183 bp # e ALK E29.2

ALK E29.2 ATACTATCGGCAAAGCGGTG

ALK E22.1 GTGCTCTGAACAGGACGAAC

ALK E26.2 CTTAACTGGCAGCATGGCA 418 bp A ALK E22.1

ALK E27.2 GATTTCCCATAGCAGCACTCC 502 bp A ALK E22.1

(b) MYCN £ 7]

Name Primer sequence Amplicon size
MYCN-F GACCACAAGGCCCTCAGTAC 240 b
MYCN-R GTGGATGGGAAGGCATCGTT P

(c) Control gene

Name

Primer sequence

Amplicon size

16
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hu-c-p2M-F TGGAGGCTATCCAGCGTACTCC

333 Db
hu-c-p2M-R CATCTTCAAACCTCCATGATGCTG b
hu-c-g-actin-F GCTCGTCGTCGACAACGGCTC 353 bp
hu-c-g-actin-R ~ CAAACATGATCTGGGTCATCTTCTC
hu-GAPDH-f GCCAAAAGGGTCATCATCTC 227 bp
hu-GAPDH-r GGCCATCCACAGTCTTCT
hu-c-HPRT1-f TGACACTGGCAAAACAATGCA 94 bp
hu-c-HPRT1-r GGTCCTTTTCACCAGCAAGCT
hu-c-SDHA-f TGGGAACAAGAGGGCATCTG 86 bp

hu-c-SDHA-r CCACCACTGCATCAAATTCATG

326 RHRE

RE R4 3%

5 Al A 4 KUBOTA 8800

Vg - A HERMLE Z233MJK-2
kEREE KS Orbital shaker 0S701

po#s a1 DENG YNG DB 45 incubator

& &k R 3+ (Nanodrop) J&H ND1000

PCR # % & pegLab peqSTAR ~ Thermal PX2
T A Mupid-21

e %k 5 (UV Box)

Quantum-1000-26M

327 M i £

LH(ER) BEHE - (n) * i

NCBI http://www.ncbi.nlm.nih.gov/ PR AR F]FOR R

Ensembl Genome brower  http://asia.ensembl.org/index.ntml e f& 2 7] 5 4L &

R2 database http://hgserverl.amc.nl/cgi-bin/r2/ #3424 &
main.cgi?&species=hs

DNA MAN (7.0.2.176) Lynnon Corporation Z_F B2 5% B o

Chromas (2.5.1.0) Technelysium Pty Ltd Fe 7] A 47 vt 4

GraphPad Prism 4 GraphPad Software, Inc. St~ B R acR
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[R5 %]
3.3 # %8 DNA -~ RNA % #
3.3.1 3L ¥ 4 DNA 33

v EDTA s B (%) 3 ml 2 15 > A5 f )é]L R RTINS
= 3% 4 j27% (Red blood cell lysis buffer, RBCL)3< 16 » § ™ $n ¢ KR § o I
BB > 4~ -9 s KR & ;% (Proteinase K mixture) {s #-F 3 %4 %5 1.5ml i & i
S o ITCREB AT FF- R d sskimi? hjd FrEfReZp > 2R R

T A EI RS o 4o~ 6N NaCl #4740 3v B o A E g e B A 128

—

PR H# T Loml e g P oo 4o~ B AR (Isopropanol)ds cis & 3 P pk itk b
ArIR o {%}El'u—i Kf.f /’%Lw? » 75%/]?5]‘}%: 77 /7J5’F+ ﬁﬁnﬂb/ﬁqx# ° lj’/ﬁﬁ:}l 3& ‘1'9 » A~ _E é
BA % 7k @ 5% DNA EAR 9 % 40ug/ml » 5B~ ) 5 DNA He 4 % 75 %5 -20°C 7k

faE ook [F%&%531]

332 BiL¥ R RNA 3
F1* Guanidinium thiocyanate-phenol-chloroform s 72 & 4 % RNA ~ DNA 2 3-

v F o g * isopropanol 5B~ RNA o g+ - [5 % 3¢ 2]

333 ) DNA-RNA 2 3¢ FX B2 EX3BH 52 e WGk >

F1* z 3 ~ £ chaotropic ions iz B 2% (lysis buffer) 4 f# 'w e chfe pF -
7% Jmfe N chf% % (¢ 45 DNase ~ RNase ~ proteases 4 2 phosphatases % %)% 2 /&
JERERE GECS S gl S A %gu i# ¥ DNA %2 RNA T 4 ## % g ¥(silica
membrane)sx j o il B = Fiedh FiS o L B R - DNA e o o RNA ¢
LM o 2§ et e DNA P i% i rDNase 3 7% 2 ",%i o BLis I B fhAE e
ERY L) M % B NP U AL TR s s PR R F T RNA T R

oo B 18 & 11 RNase-free water #- RNA i£% T % o & DNA - RNA ¥ B4z ? 1%
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TEF R0 FLBRRATAE R TR o B TR R TR R

SRS I 0 Beib ) R0 IR GRS o et - [ %98 3]

3.34 cDNA ¥l %
(a) SuperScript® 111 First-Strand Synthesis System

FERL ] SuperScript® Il &7 M-MLV F #&4&-fx 2 RNA 5 fi9% & = 1) first-strand
cDNA « SuperScript® 11l s15 $45fs £ — #8554 13 45 @ 5 > RNase H /& 13 3 4c #
£ R > m 2 % ¢ X T ribosome RNA % transfer RNA th= & F#r |0 M-MLV & #&
$cfis » F1ot {7 2 i total RNA ¢ & =6 1 first-strand cDNA- 45+ - [ %% 22 4 (a) ]
(b) Maxima First Strand cDNA Synthesis Kit with dsDNase

% & @ s B 4 DNA fs(dsDNase) ™ #- RNA i3 7% ¢ 2 5 chgE 'k DNA 2
‘,ﬁt o I AT - RNA o3 % DNA(# 35 CDNA 11 2 513 )2 42 2] o @ B e @ ank i
AR E M-MULV 7 #4505 Gec 214 2 4 3 R AT { % 5 0 3 4 cDNA

g A o et - [F %24 (b))

BAREFRYF B3 SR
B Ensembl Genome brower 4 =T ;‘ PAAFGEZ]  LHEF M2 L];Je NCBI
(National Center for Biotechnology Information) # =t F 7K %] % A4 FHLRE » -2 97 &

BAZAFAM/ R BRTPAEIIRTEELIF e

35 X & 48 ¥ B (Polymerase Chain Reaction, PCR)

#4848 DNA B~ 0.2ug/ul (3 % 3u)) 3 0.2ml R g & ¢ > 540~ 30ul B & fx
BAF R ER 0 2t DNA 2R 3 18 > Ip AR L ihig § PCR 2 T ig
GE e F R SR 7 1.5~2.0%%E 5% ¥ (5 1%EBr)ie 7 3 ik 4 3t » ¥ /ein

ERFgr REAF AP X NEFRETHR - AT %Y 17 REPFRYF B2 F
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R LR e Ao - [ 5% 2 5] -

36 F weR Epvi g F B (Reverse Transcription-PCR, RT-PCR)

#-CDNA A2~ 1pl 1 0.2ml g @ 3w g ¢ > T4e » 30pl FEfeig 4 F iR
E > B2 cDNA L2 R WHEARTHNFEF PCRIFETEFAE B F =
P {8 L 12 1.5~2.0%:% F %% 5 (7 1%EtBr)ie (7 7 A 2 8t » T rrin R A4 F T
TIALENMNEFLEEAK AR %Y T REFRY F B2 FE AR EREEE

dotitg - [ % 2 5]

3TREFRYF BAF N R TR

R EPF R4 F Bis2 AP 4% PCR/Gel clean up £ = (Favorgen) it i > 14 2%
AERRPEFR AT UV RS RBY T I R RAR SIS AP I DNA
ERBHRE - BB EaArRREREEFHE TS L2 0% %5%‘31‘%%: £k
Ay ¢ s iE {7 & 8 TR (Sanger’s sequencing) & & (APPLIED BIOSYSTEMS, 3730xI

DNA Analyzer) = 38 4+ - [ %% 2 6] -

S8rFXEREFRYF &

-tk 48 CDNA 18 10 215 > B~ Ipl 2 0.2ml Ac® 3w F ¢ > &4 » 19yl Tps
TEREfPFRE F IR &% (2X SYBR Green Master Mix) » £2 # 42 cDNA v 2 /2 3
ts 0 ¥ 3E L3k T4 i § real-time PCR i i T & (7 £ i (ABI 7500 Fast) o & i = =
18R B Hoyp i 3 oexcel A RS A FUARE A E A AT PR et - [F

P FT] e

3.9 B it A

Tk T4 2 4 A T1AI A 47 g ¢ ALK B P12 B B/ 200 o 1+ = 4

20
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TEFRFAAT(EE) F pE 005305 oA B FALR o F wmiidkn

B3 5T gl * g 2o Fr i T (Fisher’s exact test) o Tfk R R B iy Bt

¥+12 2 Kaplan-Meier curve (survival curve) ¥ &_3% i GraphPad Prism #it #8 :& {7 4 15 ~

TR E 3t Em e R gk = 7 2 5 Mann-Whitney U Test » 7 e o A

2R3 E v gk 2t Log-rank test e
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Frg 2%
[FeB 75k 2 e 8 dc & 35]

A F R T 79 5] 2007-2014 & B A S -Pgl‘m/j} TR LR A g A
”é’f"”}f& Atk B P 15 55 cDNA k& > 64 & | A R RN AN G B
# 305 DNA % RNA f & » i % RNA & 455 cDNA (2 ¢ § 3 b fe i 25 T
5 DNA~RNA 4112 2 6] RNA ff 5 & F i 5 & A 458 4) o Fp st ® 5
KB P FRA T i ke d - 7 T4 B 4 CDNA A i 7 T R R
PCR i "6 ¢ ALK~ MYCN A F1#R £ 5 61 67 ¢ DNA e (7 P L5
(Sanger’s sequencing)~ 17 .8 ¥ ALK A F1R % 2 A 5] 5 Al 1o 4 fok T304
3 74 5, [IiaI“’ FLT4 ﬁrl]:ﬁi:}ﬁa&\ﬁﬁ FAINTS b A I R ' o FHF 70 ) MYCN
AFHAGLE E TR T4 GBS BE T 74 7= BEFHEEZ 31 6] ALK 4%

I F RS TR

41 W E* e BB FFRABREIFF LAY

¥R G RETRA TG T4 BB B 4 pE ko A B (INSS
stage) &2 /¥ 18 2 4 i 4R 3 P (time to relapse) & 5 = p [ (time to death) 4 &) i& {7
R GV AN BB A B R E R R RS D APM DT B 2 50 5 (event-free
survival, EFS) 2 % % 13 /& & (overall survival, OS) -

KR HFETHR T F NB pAgFpEe <3 18 BT > g% 23555
(Event-free survival, EFS) 2 & %8 7 /% & (Overall survival, OS)'# p# B i<t 5 IF% o
* 18 i ¥ dup 4 (B a > EFS @ p=0.0013 ; OS : p=0.0015) - #¢ '5* m¥ % INSS
A FNBRABRAY S % 48 F EFS2 T &35S 5 142%(5 F R R
8 206 BP)ME OS2 7 E3iaF s 271.0%(F AR P =8ki 390 B 7))

FHFMNE L 20 pb|(R- b) -
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42 ALK AFIR %2 A5 5 3447
421 A 52 mee B A k¢ ALK RFIR A H

#-75 DNA # %8 43 ALK 2 %] Exon20 | Exon25 2 H A8:T Intron 384 4 f
{7 PCR {¢ » i&{7 % i ®_& (Sanger’s sequencing) » I j& % & % % &4 ALK 2 7]
2% ¢ 3RE ALK 3 B R %4 F1174 ~ F1245 2 R1275 %~ %2 = & ALK A 7]
Exon23 ~24 2 25(Bl= ) AF 3 ¥ #73 B RDORE ¥ LE P2 £ & PCR/Sanger's
sequencing & " FEIL c T3 ¥H R A CDNA ¢ iR ®ERE R H 550 o & 47 61 B
MR me Y FIREF T2 F ALKAFI RS2 =) 29 F 365 F1174
X% a+3522 % NH - %"ﬁ*ﬁ‘r;%_a*ﬁ vd C RS A Tig a5 1174 50k
fad F b deps( phenylalanine, Phe (F) )zc % = ¢ "<& ( leucine, Leu (L) )—F1174L -
peebs g 365 F1245 %2 ¢ 02 6] 243733 =R Jﬂ!ﬁﬁ«%’?%}'ﬁﬁzﬁﬁ’
1o 8d TR G #1EF% 1245 g fiped F [ vefh sa % = % epk(valine, Val
(V))—FI1245V ;1 6] 8d THEH S A> @@ % 1245 et d F 7 e g+ B
v iefé (isoleucine, lle (1) )—F124515 ¥ 1 6] & & +3735 =% H IR H - 1y # o
d C R Av g% 1245 50l féd 3 3 »efa( phenylalanine, Phe (F) ):x % =
v %efz( leucine, Leu (L) )—F1245L - 4% 7 ** NB tk &~ ¢ ¥ X % 3 ALK R1275 %
Fo2EERT LBT A PATR RB—AI274 > A+3820 g RE - PR
#Hod GR&ES A Ty 1274 5Ll pi d 3 eph (alanine, Ala (A) ):2 % = &
g (threonine, Thr (T) )—A1274T - ¢ % % 2k & Ensembl Genome brower 8 %] F L
2 (CANCER-GENOME, EVA-EXAC, PERLEGEN database) ® 5 345 > # 3¢ 4 #7
G allele: Aallele=12,1411:1 (EVA-EXAC database) » 2 & 4 & & * SF ¥ & fm

Z AR SRS 38
422ALK % %4 73 chi 2
j‘lgm;?IRALK éqt%mﬁ:*\%t ALKWT/MUHE* (%]E.)"z?i'a‘v*f}ﬁ%-
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#p 12 %2 NB # 48 %55 168+203 2 277-L #2 NB ‘w " $ SH-SY5Y ¢ # 4 ALK F1174L
RE S K AABT LI F A e A F)(WT allele)frz % 4% 2 F(mutant allele)
AR AT R T2 R(B = a) o £ ¥R bl m e k2 CDNA A& 7 4
BT R BEFRL "JI?’ AR Rr s %r, 168 2 277-L 2 SH-SYSBY m% tk- H WT allele
2 mutant allele & 32 31555 & &2 DNA R & ¢ 3ugisp Rt blAp g - 2 & ¢ iR
%5 203 e cDNA # ~ & & %Rl 4ra 2 4 p ) ALK F1174 % %(B = a) - &4
% 256 ~ 270 2 274 ‘FK H_ALK F1245 % % > j¥_DNA/cDNA - fx = % Bl ¥ L WT
allele ¥2 mutant allele 2 555 & ~ k4p 5 (Bl= b)- &% %3l 254 5 ALK AL274T %
% » 3 DNA/CDNA ¥4 % 5 & o WT allele: mutant allele 3t 5533 & % % 1:1 (B =
C)e #4757 ALK 2R A7 #F I &8 * § ficentk & ALK mutant allele & 7 %
> WT allele E'J}_%K’F’K LI TR AR R e B Y ALK AT A d

RRETRF AR

4234 52 me 4 ALK AFIR BRI A T pM L2 A4
B3 ALK B F1e S A 5% i Bt Moo Tl A a7 ALK A 7R %2 4
BA i g s (ES - BRAY >~ B EASFE S BHEEE L Z MYCN
RFIH g 2)2 a47(4 2) o & E A 52 mie BT yaz;*:},;s& E—18 B " AT
Ao 7RG ALKAFR®eaup 4 ¢ 0 3£ ko 18 B0 (B35
4 6110.3%) 5 4 g gpE g A 18 B 1 (IR 4 60 12.5%) o - INSS A
RS E NB(H 1-28) 8l NB($ 3 4#)22% % 4SS > 7 =523 ALK
RFRRehcp A e BRI AEQ S B3 B 6t LN AW ik
ot e 18.9% - Aok A FE T mEF ALK AFIRFhap A P 2 B R R AH
2 A4 5 e g (1 nd s A ¢ 23.3%) 0 1 VAR A ALK R #4281
Jor B REAFEG P KL AR M (p=0.0105)- o s I B i BB e A (U AR R R E A
A3 ARASTL AL BB (e AL BRERE > HeT £ qe ) T

24
doi:10.6342/NTU201602300



8 F ALK R R REddup A v 02 i AR g .f‘:m’?f?:}g’;(fégz%i:}?q L e
18.296) ~ 3 1= 3 204 & 1444 (5 dn%e Ry(1b3a ¥ 4 £113.6%) 0 F1T 2 iFHT

o (k3% 1)]%- A 71%) e Bfs 07T B ALKE&?W?-E%&?&?T}?; AP G 4l
MYCN 3 13 15 (83235 £ ¢130.8%) 5 3 27 & MYCN A F15 i (16373 ¢
1 6.8%) » 1 AT AR ALK R 4 &2 MYCN % g5 P &8 ¢ 4p B (Odd
Ratio : 6.07 ~ 95% CI : 1.15-32.20 2 p=0.0407) - 1« v BAZEEF ALK % % (WT ~
Mut") 4 %] f- NB % 5 # % (<18 months ~ >18 months) ~ 532 = 5 & (UNB/PDNB ~
others)i& {7 3 M retk T A 470 % 7 £ w3t g% £ £ (Age:p=1.0000-Histology :
p=0.4367) - 55 & 2+ » & NB ¥ ALK % % - g 4 > INSS Stage3/4 » 1 2 INRG

high-risk NB 12 2 MYCN-amplified NB %2 % & 4p i -

424 ALK & %)% 4|4 45

#-73 DNA #4 4-4 ALK £ F] Exon20 | Exon25 2 # #8iT Intron 384 A FX
217 PCR {¢ » i {7 ¥ ik ©_F (Sanger’s sequencing) » "% TR TS HRAL ALK &
FlR Bk R ARA SR mres R R 2 ¢ ALK A F] Exon20 ] Exon25(# 3= #8
i Intron 384 )8 — 17 3 A& § 4] 4 (single nucleotide polymorphisms, SNPs) 4 # {5
A, 782 34 BBk A % B i R H 53k e (Peripheral blood monocyte cells,
PBMCs)1SNPs & # fat i 2 F7 7 e Exon20 3] 25 F 43, = 28 3.6 13 SNPs (% ) »
3 ¥ SNPs iz & ALK £ ¥] Exon20~21~23 = coding region- /& >+ Synonymous variants:
T ki 2Rk 0 ALK Exon20 +3336 G/A = 2k(rs146074150)2 & F14] & G/G
2 GIA > ¥ g2 =3k e 5 5 »=pi(proline, Pro(P) ) » . A &% 4rBlz a; 61 =4 5
e By B2k F17) 4 B B 5 GIG 1 60 4 (98.4%) ~ G/A 1 1 4 (1.6%) ~ A/A: 0
Aodm 4R HRELTFAAEKE G/G: 34 4 (100.0%) ~G/A:0 + ~A/A:0
4 (4 ) ALK Exon2l +3375 C/A (rs3795850) 2 # F14] & C/C ~ CIA ~ AIA > ¥+
2 ik e 5+ =pL( glycine, Gly (G) )(Rlz a) s NBjm & A F13 + #& 5 C/C 19 4
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(14.8%) ~ C/IA : 23 4 (37.7%) ~ AJA 1 29 * (47.5%) ; @ it %+ PR e & 53] 4 #c i

C/C:5 * (14.7%)~C/A:10 * (29.4%)~A/A:19 4 (55.9%)(% = )- ALK Exon23 +3600
GIC (rs56247462)2_ 7 F13| 5 GIG 2 G/C > ¥ 2. A ik 5 + Yefis [ ¥&fiz(alanine,
Ala(A)) (Rl a):NB s & % 513 4 #z 3 G/G:51 4 (83.6%)G/C:10 * (16.4%) »

C/IC:0 4 ER¥Rep I G/G:30 4 (88.2%) ~G/C:4 +(11.8%)~C/C:0 * (%

2 )o ¥ *F A Intron20 % 25 ¥R 4 Pz 38 3 B SNPs» /& >+ intron variant: ALK Intron20
% 6 =% 0 C/T 12 8(rs4622670) » A F1%] % C/IC~C/T 2 T/T (Blz b); NB % &
A T4 A i C/C:58 4 (95.1%)~C/T:3 A (4.9%)~T/T:0 % ; @ EE$RE
= C/C:31 4 (91.2%) ~ C/T : 2 ~ (5.9%) ~ T/T : 1 % (29%)(# =) o " =857 7 &
intron variant ) " i splicing region variant

(http://asia.ensembl.org/Homo sapiens/Transcript/Exons?db=core;q=ENSG000001710

94:r=2:29223286-29223386;t=ENST00000389048;v=rs4622670;vdb=variation;vf=27

94666) - ALK Intron20 % 24 i+ % 1 G/C i+ BL(rs2276550) > & #14] % G/G ~ G/C ~
C/C (Rl= b);NB s & & %1% + # G/G:8 + (13.1%)~G/C: 23 + (37.7%)% C/C:
30 * (49.2%) ; @ GE B $HEE A F)A A B G/G 1 5 4 (14.7%) ~ G/C : 10 4 (29.4%)
2 C/C:19 4 (55.9%)(% =) - ALK Intron25 % 27 i~ % ¢ G/C i+ 8:(rs3738868) > A&
F14] 3 G/G~G/T = T/T (Bw b); NB s £ A F]3) * # G/G : 55 * (90.2%) ~G/T :
6 £ (9.8%)% T/T:0 * ;@ itk eh %3 < 8 G/G: 30 «(88.2%) ~ G/T : 3
A (8.8%)% T/T:1 4 (29%)(# =)o 473 2 o st 6 i SNPs % £ L 5o # 45 F 4Al

SR wmrr s BEE A PBMC Y g £ 2 -

43 ALK A F2 BE A H
431 #ga mem® ALK AF2RE2 44
#err g A A v Bk 4 CDNA HeAE 2 T pr 2 8 R £ frib 4 F s (real-time

PCR, qPCR) il * ¢ ALK A FlAp$t& ME o #7# * hd 4 F)(reference
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genes)®_HPRT1 2 SDHA # 7] » }* & B housekeeping genes ##3F 3 & 4 & * 'mPe
doend AP RAE T P o ¥ i ot ¥ 2 L 2% HPRTL 2 SDHA & A %]z Ct
EAp ks £ B8 $1¥ Ct-control e o T 3atg ; 1y 2 ICHALIO(Ceontroll L Ay i 4
¥4 IE o 2% 12 ROC (Receiver operating characteristic)# 5 % 4~ ALK %
E ® 2 Menig E(threshold, cut-off value) o d *v5 % ALK L& 25 - F 4 d 2
31 "% % #c i advanced stage ® IHC %% 2B ILF oo %RZE AR BEM
Ad B%ITLF £1E%(Coldstandard)F 35 ALK 2 & 5 /M2 &> F]@ s
AU e By BY S #1355 ROC e £ * o ROC o #teh Y b5 & 50R
(sensitivity) L.4p = 7= 2 B F 515 ALK 3 2 RE DS 5 X fhil 5 1R 2
(L-specificity) & 4p © 7= 2 B 215 ALK M AR E i 5 o d 4 4755 % 12 0.2816
& W% A ALK £ & 3B /1 & 3§ § 0 Bh(sensitivity 5 62.50%-specificity % 81.82%);
@ A= ST G f% (area under the ROS curve, AUC) % 0.6614 » 2 7 £ 23§ &
(p=0.1040)(®] 7 ) - 2 0.2816 #i s ALK % L& & & K > Pl KA F ¥ 74 G4
B e R B¥ 3 42 55 ALK ® & £ 3R (56.8%) ~ 32 ] 2 ALK B & £ IR

(43.2%) (M= ) » ROC i Bl e 50/ & 35 B 5] 4 32020 s~ o

432 ALK £ 714 L& g4l £ e B30 18 713 2 M B

P A ALK AR B B4 g e g n R BB e ILAR M P2t AT
#-rs qRT-PCR #7ip] (7 ehid (5 * e s B¢ ALK A FIip 4t 2 RE 2 e
F TR TR T A 4T 0 PE A HAR S 2 A SR e B Ap B DI 1S TS
B pmER SRR EAFE S BRAD R B RS o TR R v T4 b
NB 7 &3 5 & & T > § 29 blgm & & ]2 18 7 ~ 45 GlgF g & & % 0 18
B2 > ALK AF A LE A F 4cBl- a> & -2 42 U 2(Mann Whitney U test)
AT s R F A B (p=0.1565) o § At A TR T B R £ k< T ]
18 B * &2 ALK £ IR E B /153t ¢+ & 4p M 12(p=0.2367)(% 7 ) o A 47 73 b4 5 *
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wiE B A R R A TR > F 3L bl a MR G 42605 F b e 0 ALK £ 4
BEALF4oB - by g -2 F R U 2 (Mann Whitney U test) 4 47 & sezt + &g &
% B (p=0.8452) - ‘5% ALt LT o NB B & b G H Y ALK 3 /KA RE
Igm PR AR B (p=0.4463)(% 7 )o@ T4 bR 5 i B A o A P dma S 12
3~4-4S T ALY HAE 5 17311385+ ; rﬁﬁflﬁln\ﬁﬁﬁ?ﬂ'ﬁln\
= % 4 (early stage)—¢ 7 12 4 A mi 2 it 1 5 20 68t (advanced stage)—
2 3~4r3 ﬁ)ﬁ?ik o 25 49 %] s 0w R A4S 2 Hp o 3 56 0 ALK A FE
REAF4eBl- ok -B R U 2 (Mann Whitney U test) » 47 7 5 % 7 (S1,S2)
% i 3P (S3,54) 7 ww| T @ sttt B ¥ £ B (0=0.5473) o @ 1 S AR TR AL
s 2R aLd NB 22 ALK % /14 4 8 & & 55 % 1 4p B (p=0.4503)(% 7 ) » ~ ¥5
74 Gl e SO T & ke 8] T NBX (11 )~ UNB (13 &) ~PDNB (29 1) ~
DNB (6 #]) ~ GNBi (8 #]) ~ GN (7 &) : » 7 #pLa g fFag s 4 7 2
(unfavorable)—=# 7z UNB ~ PDNB > x 42 |2 & it 2 4+ (favorable)—=# 7 NBx -~
DNB ~GNBi ~GN » % 32 & » ALK A F| LA R E L F 4ol - d> ME-BFEHFRE U
Z(Mann Whitney U test) 4 47 & 3 st3- & ¥ Z 8 (p=0.0152) - & 1 5 < Hrate T
BT MR me A it 2R M UNB 2 PDNB & ALK 3 23R8 & 5 i3t 1+ &g
it Ap B (p=0.0012)(# 7 ) sx & b > ¥ ? ALK 2 BB w3 24 M5 ¥

PRk o

433 ALK A R4 RE L2 ALK A FIR ¥ Mol

ALK A P15 % 2 ALK Jh P13 0 B A 5% moe g 4 2R M (2 0 #4
F B Fedp O ALK A FIR %7 3 5% s Rk e ps (tyrosine Kinase) 4 B 127 1 § i &
ALK R 27 F R Ry § - &% 49 g2 wre B &0 228 ALK
ARG #2 2% ALK AREF o o A gl 53 e By L ALK
AT G ARRE ALK 2R EEFAFT - A2 B 1% 25 28 ALK A 711

28
doi:10.6342/NTU201602300



7 7 5] E ALK

‘\3\\-

ALK AF AR B SIS T EE A KRR Uk
% (ALK 2 2 g2 mre B 0 ALK Ap 3t 2 B 2 ALK &£ % id(ALKWf ' N=52)
¥ EE ¥ LB (p=0.0938)(F ~) o £ ALKV™M™ g ALK B/isimEemd <
FEte A7 0 B R BT I oE At g E AP M (p=0.2229)(£ T ) o d st ¥ > NB A

¢ ALK e B B/ ALK 2354 R %21 M5 o

434 ALK A F142 82 ALK £ 7] % A2 B s

AR R ALK A 5] 5 A ALK A 5] 2 sLenf 50 200 A% 5% & ALK
& ¥ Exon20 3] Exon25 % H #8iT Intron 3% 4 ”’“r*’ﬁ 216 B SNPs &7 ALK £ L&
R I B4 2 ALK AT 2 2 4 ALK R T AL 059 & F e 7 A
177 R L5 4cBl4 277 o Bl4 a-c 1 & Exon 3 B SNPs—E20 : rs14674150 -
E21:rs3795850 2 E23:rs56247462 7 ALK A F14 I » % > £ 5 E23:rs56247462
EFEFE-AER U TP BN % L AFRR 2 ¥ £ F (p=0.5245)-
#0255 % fIntron 503 B SNPs » &t —Fq Todrh SR B FARM (R4 d)e
- H Uy AR ITAITESNPS 2 P A RS ALK 2R EF M 2% T 8

B AP M (R ) -

435 ALK A Fl4A RE# ALK B3 3 ¢ 2 B

3160 & ALK ‘e it 8 4 & (IHC)TaAk 742 2 6 ALK Fubli % ¢ 5 & A & IHC
t£ 4 (grade0) 2 IHC I {4 (gradel,2,3) > # ALK % 38 A # 4@ L #757 » ALK IHC
P sigs ¢ ALK 444 L8 # 3 (median © IHC(-) % 0.2698 ; IHC(+) % 0.5462) »

d 3> HC A 25 8E " > @ EZ g -2 U s 7ot adr o
436 ALK A F14 R E 2 MYCN AF3t52 2 MYCN 2R E 2 ApM 1447
7 Bor Tl ALK 22 MYCN 3t A 554 ¢ 8 2p 2837 % 38 > wc ALK A 713 g 55
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¥ 25 MYCN 2 713 b5 "% 2 g%k NB #68# ALK &2 MYCN % % & L& 0l
o EE G R ALK A FIA R Z Ap I MYCN A Fl 4 3R2 70 £ F 8 7 4
2+ 4% o 12 Spearman correlation test 4 47 » ALK 2 F14p 4+ 4 & &2 MYCN £ Fl4p
HE2RELF B RLITAME(r=05831) kit &5 ¥ L £ (p<0.0001)(®-+ - a) -
e e A NB s ¢ "5 MYCN 3 152 3 2 ALK £ 3L 8 & # - 82 28 MYCN-amplified NB
e ALK % 34 # #% MYCN-non-amplified NB 8% % » e 2 & - R U & 2

(7 A 45 5 3t B ¥ 4 B (p=0.0654) (B~ - b) -

44 ALK AFIR A2 AFIAREAH G wR B HERA T EF L AN
441 ALK AFIRBAX G2 me Bm 2 Lt F E BT pME

AU B ow T f B e A e e B A TRk TR Rem A R Y ALK B FTAL
TREE B AL 2 E P (time to relapse)i& {71+ $f 2 7 §](Kaplan-Meier
Survival Curves) » { ¥ # 3]s 4 e ALK AFIREAAM DET #3535
(event-free survival, EFS) - 22 & 5 = £ ALK K F]3] &~ 4714 % dp A 52 e B
FARFREELRR TR 61T B 54 5] 5 ALK AT AH 4 R (ALK -7
12§ ALK 2 F1% % (ALKM™) D EFS A 474 5 w5 B & o ALKM e ehg &
F 7% & (5-year survival rate) 3 0% (75 7= PR ¢ = #c(median survival time) 5 10.0 i
)ik i ALKV e & 505 5 60.4% > 12 Log-rank test k3t B BEF A B
(HR : 4.2 95% CI : 2.6-78.4 > p=0.0021)(®] -+ = a) - 4 17 OS k% » ALKM
eI EBEF L 0% (HEPEFY tlkc: 277 B ) Bt ALKV g e
74.4% > A ¥ E 4 ¥t kg ¥ £ B (HR 5.6 95% ClI : 3.7-230.0 » p=0.0015)(H#
+ - b)-

w- HEFNBIFE FFchxHA 45 A2 Bdp 0 % 24 28 ALK 4 7]

A2 44 NB g 18 715 2§k T 42 ¢ & advanced stage NB =t 3¢ & {74 47 >

)~

ALKM™ NB o & ¢h7 & & % 5 5% 5 (EFS) 5 0%(is %P R ¢ dc s 100 B 1) »
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ALK"T NB ks 38.7%( R Y mfci 26.1 % 7 ) 12 Long-rank test suit
L F 4 P (p=0.0725)(F -+ = a) o A 17 HH 5 % 5 (0S)ehs % » ALK NB 5 &,
I & HEF R 0% (FEMEEY ks 277 %0 )~ ALKYT NB 5 £ 5 46.6%(%
SPER Y #ci 39.0 1 %) > 12 Long-rank test s it & F £ B (p=0.0851) (Bl - =
a) o % high-riskNB ¥ it 7 = 3 A 45 » ALKM'™ NB keI & & 5 E 5 (EFS)
5 0%(E AP R Y il s 10.0 B 7 )SALKYTNB 5 & 5 25.4%(7% P ¢ s
21.8 1 * ) > 2 Long-rank test & i3t % ¥ £ £ (p=0.2156) (B -+ = b) - » 47 &4 5
7% 5 (0S) e & > ALKM NB s 607 & 3575 5 5 0%(5 = e e 27.7
")~ ALKYTNB 3 £ 5 23.2%(75 i pF ¢ = 8ic: 385 % 7 ) > 12 Long-rank test &
A F L B (p=0.3431) (B1* = b) - & MYCN-amp = #4457 > B2 2% ALKM™ 2

ALK" 5 &2 EFS 82 OS % 5 0% > ¥ @ s3>+ % £ B (EFS : p=0.1182 > OS :

p=0.5289) > fe A PE R ¢ = ALKMY(EFS 1 7.7 B 0 > OS 1 19.2 7 )uk it
ALKVT(EFS : 158 i * > OS : UD)(® - = c) - MYCN non-amplification = 3 4 44
EFS - ALKM™™ NB s &1 & & % 3572 5 (EFS) & 66.7% ~ ALK"T NB 7 & &
67.3% 12 Long-rank test si3* & &8 ¥ £ £ (p=0.4447)(B] - = c) - ~ 47 OS .5 % >
ALKM'NB s & 497 & 75 7% 5 5 100%~ALK"™" NB s £ 5 79.4%: 12 Long-rank test
SRR E L R (P=0.7842)(Bl - = C) o sFE I} B A PA T i B (8
#]+ (advanced stage - high-risk)=c # 4 47 ¢ > 5 & L F 3 2 ALK R %3 7% 4 11 4%
ERFRFLE T Agd ALK R #2054 Bdc” > #3002 Long-rank test s
PEANFALAE LAV ROBRT EGEFEGEBEY mir 2 ALKM
ALK 5 10 Bt ALK R 7 00 2d 2 B A 5 e B o b2 B (dieasse
progression)z. £ & F]F o gt ¢b o d 3t ALK R B R HS 0 5 MYCN #3 i b
DR G S H - o FPL P w A AP R F e ALK 2% & MYCN 3

g/ & 3t NB ¥ ¥k 75 18 2 58

o
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442 ALK A F1 5 AR 52w ik 5 dF 2 ML

Bep warie R St R B mE RS B REERE 5 FRE 2 TRE TR
AwlE ARy P N6 B Exon20 | Exon25 2 H ARiT Intron 3K 4 (A SNPS -
BHREAFYARKM Y R 7 EF LA HEFS 2 OS(B L w ) F st % r
7 E23 571556247462 =22 2 b A FAI R & m L £ F 2 558 F(EFS)E § st
BF AP (p=0.0423) H A SNPs § 815 B 5 F R LB ook = 2 & AT o
e 71 3 ehE_> A Exon23 +3600 G/C i Bk SNP (rs56247462) » #+ C %+is 2
F|(n=10)rup &1 & 5% F 1 GIG £ F)3] 5 % (n=51) > + ¥ & Exon23 +3600 G/C

R TS R 2 T o

443 ALK & F1& REH 55 e Bp b 5 8 F 2 A0 b1

G A R e i (n=74)Y ALK 2 RE B /B p k2w iE A
He 42 5% ALK 2 514 8 (ALK ™) 32 5] & § ALK A 714 2 3 (ALK"")(®]
L 7 a)e j&m T E 55X (EFS)sh Kaplan-Meier 1375 d R7 4v @ 4 L2 e
pk ALK A F1% & 290 2 7 & 555 5 (5-year survival rate) 3 35.2% (3% i& P& /& ¥
dc s 23.0 1 7 )ovk Mt ALK AR TSR & S B 6047.6%(75 A PE T (=8 5 36.7
7 )> 1 Log-rank test 53+ 1 & 38 ¥ £ B (p=0.1406)° A 7 £ & 5 7% =% (0S): ALK""
Eoagl SR e )I%é, EGEF s MO EERY ki 489 B P ) wk g
30 ALK fep5 B, 69164.5% (T 7S PR ¢ (= 8ics 665 B 1) B W A P EMF
£ 2 (p=0.1192)- it - # i& {7 51 L 4~ L ¥7 NB "B (4 R S8 )7 BB B2 % iF
Ao B¢ 4 27 65 ALK B £ 924 5] 5 ALK 3 & 4 JoEFS 4 47 ¢ » ALK
BT EGES A28%(GFEFER Y il 23.0 B9 ) vk ot ALK T & HiE s
60.5%(7F EPERF P ~# 91.3 B 7 ) fe it F mAE ¥ X B(HR:235>95% Cl:
1.0-6.2 > p=0.0600) > » 45 OS : ALK"" @ 7 & % ;5 % % 53.00 - M &g <> ALK
I EEF T14% 0 TR R P REFLEMHR: 48 95% CI - 1.2-13.1 >

p=0.0240) -
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LES S

AT ? o A4 6L 6 NB MY M7 67 &2 ALK AFIR % i
B FALE T B ALK R %2 EMA £ e %  advanced stage ~ high risk
poorly differentiation, MYCN amplification 4p i (% =)o m * ALK & %1% %22 NB i
BRipisZ(EFS2 OS % )3 23  F LA B (B2 )

AT ERAGH me P ALK R % % 5 WT/mutant 32 & & - s

F_
\F

1 cDNA 24 A 47 7 5 14k % % 240 WT &2 mutant 3 L 550505 & &2 DNA
TR B = NB Y WT & mutant £+ A F1% 5 2 3R > ¥ mutant «hi 3§
Z T A WT B o 3 b ALK F1174L X % > 3 2 Gl# 5% ke, ﬁr,—é,ﬁ
mutant allele & F] 2 A FF > 5L & W A F M3 WT allele(Bl = a) @ AT LS
%0 20§ ALK FLI74L RREZEES p © LLE R ap ko 2w
g FH EAEPCT GhR  OR G MR 0 VR iE S R E B A T GIAR
# > @ Sanger’s sequencing (A& AT & 5 20% > ¥ aw Flpt R A 3] o

~# 3 ¢ J1* Sanger's sequencing # % ALK s kinase domain > o WARA
2 mie g F ILen 3 B ALK A F1 R 3 8E(F1174 ~ F1245 ~ R1275) » P+ ¥ 4
NEZENRE W ALK 2% o K25 £ -7 161 GMme L5 7 6|54 28
(11.3%) » # # 3 )5 F1174 % %(3/7 > 42.9%) ~ 3 ] 5 F1245 % %(3/7 > 42.9%) >
ME LB AT AR SR mie A dR Wil e AL274 % % (1/7014.3%); F1174 2 F1245
it F R %1 85.7%¢ &2 2014 # Bresler % 4 4 £ *t Cancer Cell ch4g 2 *°(1,956 i
AEAwmie Ry g2 ALK R 55 8% m 3 B REH/ZL S ETH ALK R ¥
Z_vt ) & F1174 0 30% ~ F1245 : 12% ~ R1275 : 43% » & k%15 R % 5 85%)4p - »
NP FI ALK R84 FRE A FLEF > 2 ALK R ¥ & ¢ 3t advanced NB >
it LF| A P Ay B etk & ¢ advanced NB * 5](50/76 > 65.8%) #x Bresler & + e
7 % (216/476°46.0%) % 2 tee B A fd B3 e ¢ ALK % %07 F1174L ~
F1245 24 > # A# R RI275 2% SR AP LB R - PR F AT S
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ALK % 2 F1174L % % > B4 ALK ##41#] Crizotinib 7 Fuld > & 4 et < iR L
O, m Kk ALK Frg BT ¢ R A S mre g b 0 ALK & IR % kR
LR #2085 ALKFLL7AL % % 6] > 7 38 g5 & & * Crizotinib eiifie
et E A4 0 R et % - % ALK #r4]#&[4e Certinib ~ Alectinib # i Vg B
Sl SIS
BA TR 0o R R M 254 #13 TR0 A1274 A TR R (B2 c) o A A

R R®A 2 SNP chad At (1) MATFIRENFRHE 0 AF L LR
A o (2) ** Ensembl z 77 #L E (CANCER-GENOME, EVA-EXAC, PERLEGEN
database) 7 & §*(rs45502292) - i »+ mis-sense variant - H - ¥ H 4 G B+ A
@Ry 1274 5ok phd p vepk(alanine) % = FRo=pk(threonine) ; & b 2 ] %

447 S 4 < > G allele: Aallele=12,1411:1 (EVA-EXAC database) - (3) 1245 NCBI
F]1 % #% & (MMDB—Entrez's ‘Structure’ database) % 39 3] ALK 3D . J’Jfﬁ v gt AL F
A eni= % % ALK tyrosine kinase domain =7 ATP binding site - active site 2 %
activation loop (A-loop)(*q4454 ) % %2 ALK &t chE & =% - (4) 1345 &= NCBI
A F1F 44 2 (Conserved Domain Database, CDD) % 33 ALK A F% 1274 HLiejipk
alanine =** ALK A-loop> ¢+ =Bt 3+ % o = f8 ¥ (ALK A-loop & 7| & 3 B R 4p i
Mo p et B ATIREEE T ER L A(HET)(5) ERFREL@LS B
371 k)¢ p 4 41 (Stage 4) P ER BT ERA S wre g o R 0 L ATFIRE
# 5 F ARE S SNPasmd f(1) A FIRR PR B G ke By A § AR BE
@ v — 0 IRLE e 42007 £ Greenman # 4 3R ALK AL274T 3 4 50— e &
* % 9t (colorectal adenocarcinoma) 775 & 9 127 2 & # 5 2 F1% # 3] (germline
variant)™ e (2) B hop blA g e BT S a0 T R R B R E BRI E
*> Stage 4 “t > ;25 MYCN H#tg ~ 3 B 219 B * A3 24 A f},a‘ﬁ?f&%ﬁ‘g“ e o pLeb g
B ALK AP435 M E o B2 B % A s ALK AL274T A FIARL 5 8240 (5% fm¥e

BARML R € AR BRI HER DB R o bl () B0
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¥ 254 2o BenH B e R (A0 ¥ R~ T ORAERRE) 0 R R 12 PCR # bk

TR AENGATFISELE IR A- Jé,tj‘:g_f%‘; ¢ o pg T 2% 5 germline mutation
FEMBEY BRI H NH 8 B AP RER L - (2) g FF i %

erplasmid - transfect 2 NB fw% {s > i @] ALK & 252 4 @84 3 (40 ERK)&_F 7]

™

Mo i o (3) VBT Lk 7 Awe 2 i MRS (functional assay) @ & ALK & R % N
‘e ¢ #]id gt R (64 site directed mutagenesis) > ¥ ¥ BB e B_E A 4 R R
it Ap B 4F 42 22 % > 4o colony formation ~ migration ~ invasion ~ xenograft tumor
formation % -

ALK A FIR #8 ALK A FIA R E & SFAA 5 we Bp L a3 255 i
FEEMGES A SRR ALK ot ALKV g m BT & 5 R
L35 3Rk (EFS:HR 4.2 95% Cl 2.6-78.4 > p=0.0021 %2 OS : HR 5.6 > 95% ClI
3.7-230.0 » p=0.0015)(Wl - = ) » fw AF 5 ¢ ALKM™ i &5 B 3% 78 s
a2 5 ALK ”{%mﬁrj% 5 %% 438 ~highrisk 2 MYCN s tg53 B © Xm > &i7

advanced stage NB(n=37)%# high-risk NB(n=30)=x # 4 47 > # 3 ALK % % %% »

FhLIE FHEGERERY PR RALK AF 4 285 M(B+L = ab) 1
ALK % 43 B M4 T2 wmie B a8 R f};—jxa B ¥+ o i NB * e ALK &
FlEILF 1B /,%& EFEF2 P o RARALK B AR e e 35 0 AL

b A 4 B (EFS: p=0.1406 % OS : p=0.1192) » # 475 ¢ B % &% ALK 3

&

REHMEAR > B OT &GS EH40%EL(@+-1) TR hFF Q) &
3¢ e ehfk & 5 5 advanced NB (50/76 » 65.8%) 7 B - advanced NB 3 £ 77 {4
ﬂxj\ﬂ}gr_"ﬂﬁl%ﬁ“ TR EFHTALKIPHF & MARTE R L FFHFZMBIL -
(2) 124 2015 & Regairaz % < # 4 o7 3 % p i 52 w5 ALK A %)
LI 2 ER NB Rt chBf 4 0 4% % 75 i phospho-ALK 4 { & & o 5 jmig -
ik 7458 NB PR (F A 5B )¢ ALK B/MEREBA2Z BEAH > F 1R
ALKMM 0 EFS thy & %5755 (42.8% > HiE PR ¢ =i 23.0 B ¢ ) ALK &
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(60.5% > /&P ¢ (=4 91.3 B 7 )(HR : 2.3 95% CI : 1.0-6.2 » p=0.0600) ; =
0S 447 ¢ » ALK"" % EFS th7 & % 52 5 (53.0%) 0 &g 14>+ ALK'™Y % (71.4%) > ¥ £
F A ¥ L B(HR: 4.8 95%Cl: 1.2-13.11 » p=0.0240) » & 77 $ 3t 4= 2 %7 NB
WG T Y ALK AFIR/MARP T NBREREGALRALK - AP W g
T ALK # 4 R %% ALK Ap$t 2 ME X P M % > 9 § ALK kinase & it
PR R A p R R > TR A ALK R R NB R Eed &
£ eniRE F]F o v §_2 K-M survival curve & 47 31 &) %= & ALK i#i.féﬁ_fsrﬁ-‘i v g7
¢ NB s A (et - ) #9 2605 IHC K1 ~ 29 6] 5 IHC B % & EFS 2 OS
247 % ALK IHC 151269 NB o & 75 7% 5 #4028 IHC B 1% (EFS : p=0.0214+ OS
p=0.0123) » it * & HIFH 2 24pF DR F > A 2 6] IHC 42 NB m L% :
advanced stage(% 4 #p) > @ ¥ ITHEHE S RE T o AT BA AU A
NSCLC #% & # ] % ALK # Jehpikl DEF3 i (7 NB et e S ik " 8 4 4 4% &
* T ALK QRT-PCR R H Ap 3t 2 B B/ B B B RS2 2P NEEE AR A
ALK /02 B (s 2) % 7 & IHC 2 bl § M Jos & 0 i3l
IHC £ 1+ éi % J advanced stage 7 B -

HiE AT BB L FTRAE TR 4T AP RE T (L) ALK A 7]
Y IMAZEEA 5 e B—INSS ~ it dp (£ B §_Stage 4) ~ fwmre A it 42
B 5% (40 0 UNB ~ PDNB) ~ & *& 4 #42.% & (high-risk) - £ § MYCN 3 15 NB
&ﬁ ’:}I%,aﬁvsﬁ;ﬁ;;g; = EFE oom AEMEA SR mre Y ALK R 0TV 4
WA HER ALK R 0] 35 AR ¥ ALK Frd| B eni@ sish ™ < 5 g 8 7~
= o BB R R AR EALK AFIREZ 5 PARE w2 WS
Rlps 4 A 18 2 E B e A ALK Fr 8] 1% 5 o & cdf 2400 © (2) 7 o ALK 2 514
FREMEA wme T ALK B R AR A ALK 3 £ E & ALKYT
2 ALKMT 0 ¢ 7 o e (3) i ¢ ALK 4 387 MYCN 4 33 B2 ¥ 1t 4p B <2013

£ Hasan % 4 g5 |0 fdd 9 v BTk A ¢ 3 . MYCN-amplified NB #
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ALK & B 4 7 ® MYCN it %2 ALK & promotor region % & %3 4¢ ALK &g
44 3. o Schonherr & 4 € pJ &) ALK 2 4 @ %+ /2 * ERK > f& kx# MYCN &0
promoter o ¢ TF“—Q— 3 ALK # 3R &5 MYCN 35 NB ¢ @ MYCN 34 5 NB #%; ¢
BB(etdy AZHFLR) e ALK MYCN £ I % & ¥ 0 4p B> 2 % £ 3% Hasan,
Schonherr & * e 8L(Bl - - ) Aaztd ¢ > ALK 217 Ak v 3 249 NB *%
PREFRE (RS A7) XY ALK R 2R 47 LT B M B
LT) o Hib ARERET 2 DR RETOREEAS T ALK 3 £ w2 NB 07 2%
RIS ARM > 2 UL b e P SR R RS ] B P *'3 A T ALK ] e 24
FlHE B g 4 0 ALK e B3 e I 7 chio i $30 NB g (£ 2 2.8 &g b
ALK % % G a0 (54 fmre )10 5§ AR § * s o pheb o d ST RL S NB s b
7 ¥ Crizotinib £ 10 ALK F1174L R % b Rt & P A KRER B H
ALK Fra#705% B A A 54 w0 ALK L F] kinase domain % % 2_ i %+ » £

_Q o
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- f_ * %ﬁffb;fd il _3‘;79{3:)‘&;;;’)35 A TRk ?;}i

Prognosis factors (N=74) n (%)
Age
<18 months 29 39.2
>18 months 45 60.8
Stage (INSS)

Early stage 20 27.0
Stage 1 17 23.0
Stage 2 3 4.1

Advanced stage 49 66.2
Stage 3 11 14.9
Stage 4 38 51.4

Stage 4S 5 6.8

Risk (INRG)

Very-low risk 8 10.8

Low risk 12 16.2

Intermediate risk 11 14.9

High risk 42 56.8

NA 1 1.4

Histology (INPC)

Favorable 32 43.2
NBXx 11 14.9
DNB 6 8.1
GNBiI 8 10.8
GN 7 9.5

Unfavorable 42 56.8
UNB 13 17.6
PDNB 29 39.2

MYCN amplification

Non-amplification 56 75.7

Amplification 14 18.9

NA 4 54

NA D e 2 A% -
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2 S 6L b4 g e B 4 MY ALK A FIR #15)

Hotspot of . 4 NB
i Nucleotide position 2
ALK Location SNP ID ) N=61 Variations
) and allelic form

mutations n (%)
F1174 Exon23  rs281864719 +3522 C/A 3 (49) Phe>Leu
F1245 Exon24  rs281864720 +3733 T/G 1 (1.6) Phe>Val
F1245 Exon24 COSM28492 +3733 T/A 1 (1.6) Phe>lle
F1245 Exon24 COSM28493 +3735 C/A 1 (1.6) Phe>Leu
R1274 Exon25  rs45502292 +3820 A/G 1 (1.6) Ala>Thr
R1275 Exon25  rs113994087 +3824 G/A 0 (0.0) Arg>GIn
Total 7 (11.3)

“4395 Ensembl 7k E_ALK-001_ENST00000389048, + i& :#4= 4~ 2k(translation start

site) B 4p3* & (+1)
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2z A EA w4 ALK AFIR B EER A+ 2 447

No. with ALK mutation/ % in ALK

Prognosis factors P value
No. of subset NB (%) mutants
Age
>18 months 4/32 (12.5) 57.1
<18 months 3/29 (10.3) 42.9
INSS stage
Advanced stage (3,4) 7/37 (18.9) 100.0 0.0823
Early stage (1,2) 0/19 (0.0) 0.0
Stage 4S 0/5 (0.0 0.0
Risk (INRG)
High risk 7/30 (23.3) 85.7 0.0105*
Low/ intermediate risk 0/30 (0.0) 0.0
NA 0/1 (0.0 14.3
Histology (INPC)
UNB 2/11 (18.2) 28.6 0.4367
PDNB 3/22 (13.6) 42.9
others 2128 (7.1) 28.6
MYCN amplification
Amplification 4/13 (30.8) 57.1 0.0407*
Non-amplification 3/44 (6.8) 42.9
NA 0/4 (0.0) 0.0

NA: R A B % -
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Zow o~ FAA SR v R rE R kB 2 A PBMCs ¢ ALK A7) % e F

Nucleotide NB Health

Location SNP ID position®and  Genotype N=61 N=34

allelic form n(%) n(%)
Exon20 rs146074150  +3336 G/A G/G 60 (98.4) 34 (100.0)
G/A 1 (1.6) 0 (0.0
A/A 0 (0.0 0 (0.0
Exon21 rs3795850 +3375 C/A CIC 9 (14.8) 5 (14.7)
C/IA 23 (37.7) 10 (29.4)
A/A 29 (47.5) 19 (55.9)
Exon23 rs56247462 +3600 G/C G/G 51 (83.6) 30 (88.2)
GIC 10 (16.4) 4 (11.8)
C/C 0 (0.0 0 (0.0
Intron20  rs4622670 CIT CIC 58 (95.1) 31 (91.2)
CIT 3 (4.9 2 (59)
TIT 0 (0.0) 1 (2.9)
Intron20  rs2276550 G/IC G/G 8 (13.1) 5 (14.7)
GIC 23 (37.7) 10 (29.4)
C/C 30 (49.2) 19 (55.9)
Intron25  rs3738868 GIT G/G 55  (90.2) 30 (88.2)
GIT 6 (9.8 3 (88)
TIT 0 (0.0) 1 (2.9)
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27 ALK AFIA R 2 £ mw Bl 73 2 0 8%

] ALK expression ] :
Prognosis factors n ALKHED A KLow Odd ratio 95% ClI p value

Age

<18 months 29 15 14 1

>18 months 45 17 28 0.57 0.22-1.46 0.2367
INSS stage

Early stage (1,2) 20 7 13 1

Advanced stage (3,4) 49 22 27 151 0.51-4.45 0.4503
Risk (INRG)

Low/ intermediate risk 31 12 19 1

High risk 42 20 22 1.44 0.56-3.70 0.4463
Histology (INPC)

Others 32 7 25 1

UNB/PDNB 42 25 17 5.25 1.85-14.86 0.0012*

MYCN amplification

No 56 22 34 1

Yes 14 9 5 2.78 0.82-9.40 0.0919
ALK mutation

ALKWT 52 21 31 1

ALKMut 7 5 2 3.69 0.65-20.84 0.2229

Cut-off value of ALK high expression=0.2816.
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Z2 ALK A FIAREE ALK A F % A2 53-8 %

] ALK expression ] e
Prognosis factors n ALKHED AL KLow Odd ratio 95% ClI p value

E20 : rs14674150
G/IG 58 26 32
G/A 1 0 1

E21 : rs3795850

c/C 9 4 5 1
C/IA 23 12 11 1.36 0.29-6.42 0.9999
A/A 27 10 17 0.74 0.16-3.39 0.9999

E23 : re56247462
G/G 49 23 26 1
G/IC 10 3 7 0.48 0.11-2.10 0.4880

120 : rs4622670
CIC 56 25 31 1
CIT 3 1 2 0.62 0.05-7.24 1.0000

120 : rs2276550

G/IG 8 4 4 1
G/IC 23 11 12 0.92 0.18-4.58 1.0000
CIC 28 11 17 0.64 0.13-3.14 0.6940

125 © rs3738868
G/G 53 24 29 1
GIT 6 2 4 0.60 0.10-3.59 0.6852

Cut-off value of ALK high expression=0.2816
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Z= ALK A 5] 5 A4 0 e B B R % B 5 (EFS) 2 sih B %

5-year
ALK gene Y Median time of "
] Genotype N event-free p-value
polymorphism . EFS (months)
survival (%)

E20 : rs146074150 GIG 60 56.9 UD?
0.4317

G/A 1 0.0 26.1

E21 : rs3795850 C/C 9 71.1 ubD
C/IA 23 61.8 ubD 0.5159

A/A 29 43.4 27.5

E23 : rs56247462 GIG 51 48.2 30.0
0.0423*

G/C 10 100.0 ubD

120 : rs4622670 C/C 58 54.0 ubD
0.9339

CIT 3 66.7 ubD

120 : rs2276550 GIG 8 65.6 ubD
G/C 23 60.8 ubD 0.6995

C/C 30 46.9 27.5

125 : rs3738868 G/IG 55 55.4 ubD
0.8545

GIT 6 50.0 51.4

! Log-rank test; 2 UD: undefined.
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N ALK A5 5 Al g2 oo o &R 05 5 (0S)2 st 5 %

ALK gene 5-year overall Median time of OS

_ Genotype N _ p-value’

polymorphism survival (%) (Mns)

E20 : rs146074150  G/G 60 63.8 uD?
0.6492

G/A 1 100.0 uD

E21 : rs3795850 C/C 9 88.9 ubD
C/IA 23 76.9 uD 0.7454

AlA 29 6.0 48.9

E23 : rs56247462 GIG 51 60.9 ubD
0.1992

G/C 10 100.0 uD

120 © rs4622670 C/C 58 63.5 ubD
0.7002

CIT 3 66.7 uD

120 : rs2276550 GIG 8 87.5 ubD
G/C 23 75.7 ubD 0.8431

C/C 30 39.5 48.9

125 : rs3738868 GIG 55 65.8 ubD
0.8305

GIT 6 50.0 63.5

! Log-rank test; 2 UD: undefined.
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i

100- 100+
z =4 < 18 months (n=29) e =+ < 18 months (n=29)
5
P . . =+ > 18 months (n=45) é =+ > 18 months (n=45)
T 754 = 754
2 ©
z =
@ s0- 5 50-
@ (2]
& 3
&
£ 259 g 25
>
2 o
2
i P=0.0013* P=0.0015*
25 50 75 100 0 25 50 75 100
(N=74) Follow up in months (N=74) Follow up in months
b
100. 100
3z Stage 1 (n=17) Stage 1 (n=17)
< -
== Stage 2 (n=3) B = Stage 2 (n=3)
2 ] ——Stage 3 (n=11) E i ——Stage 3 (n=11)
>
5 -+ Stage 4 (n=38) E —— Stage 4 (n=38)
2 50 —— Stage 4S (n=5) a 91 —— Stage 4S (n=5)
£ 254 g 251
o
] P=0.0002* P=0.0118*
25 50 75 100 25 50 75 100
(N=74) (N=74)

Follow up in months Time_Death (months)

Bl- ~#G* e BIpie FlF 2 282 555 5 (EFS)2 AR 5= 5 (0S)2 B 7 »
a FHEH mregpLLFpe L0180 o # EFS 2 OS ¥ ik Mg & &
| #t 18 1B ¥ ¢ops #(p=0.0013 2 p=0.0015) o b. INSS 4 # % 4 #940 [5* m e B
B2 EFS» HT #3525 142%11%2 OS 2.7 & 555 27.0% » ' i 1130 INSS A

oS e ko
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ATK-001 ENST00000389048
Chromosome 2: 29,192,774 - 29,921,566
Length: 6220bp ; Protein: 1620aa

5’ 1 ! 3’
] ]
] 1
el 3
: 1
| Protein kinase domain |
1
E20 E21E22 E24 E25 E26 E28 E29
5 I—-JI—- R R m 3
187bp 91 65 130 98 93 102 135 91
1932 734 1081508 6624 4105 2513 9494 681 2847
50 3 5 ¥ F ¥
CAAA TTC AAC CGC CCG AGC " CACTTC ATC CAC CG AGAC ~ GCC CGA GACATC TAC AG
K F N 7 R P s H F I H D A R D I Y
4423 4552 4553 4650 4651 4743
F1174 F1245 R1275
(+3520~+3522bp) (+3733~+3735bp) (+3823~3825bp)

Bl- ~ALK A F1R 841282 4 F 235 o ALK A& Flenis v % % (activating mutation)
AT it fRRpL gcps 45 B (tyrosine Kinase domain) %> o & E 7 ALK Zk 7
Exon20 3] Exon29 - # ¥ & ¥ 3= B R %4 2 (hotspots of mutation) 4 %] E_ix &
Exon23 ~ 24 ~ 25 e F1174 ~ F1245 ~ R1275 - %7 3 4-%F Exon20 ¥| Exon25 2 H K
iTintron i £ FE T PCR 2. (887 e/ > MR ALK A7 R %2 A7 %

i -
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No.168 No 203 No 2771 SH-SY5Y
F1174L, C>A F1174L A d F1174L CA 7 F1174L, C>A
No.168-c No.203-c No.277-L-c SH-SY5Y-c
b c
€ € A c T T cC A T c C ccac T T CAT c C C €A C T T CA 2% € € G AT G A C €C €C 6 A G
No.256 No.270 No.274 No.254
F1245V, T>G F1245L, C>A F12451, T>A Al274T, G>A
Cc c & c T ( 3 C A 3 C c c e & €% 3 € A 2 c c c A c 2 2 €A% c c A G c c T~ G A G
No.256-c No.270-c No.274-c NO 254 -C

W v

Bl= -~ 35452 w2 o A Mg 2 e ik DNA &2 cDNA % & 22 ALK R

Ji

¥

Fe B oo a A4 5w F I 3 52 ALK F1174L % % (TTC>TTA) »
SR REES oAl G e By im e th—SH-SYBY ¥ 4§ ok B UEA 2 mie fk Y
A FLT74 0 R ghenl § (C)E REA)VHBAFIAL AF 5|7 - Ko b B
BT L3 0| ALKFI245 2% > 1 3 kbl 2 enl - PHMEH I B o g
doie A pR e 4 3 - $o 4 W E_F1245V (TTC>GTC)~F1245L (TTC>TTA)~F1245]
(TTC>ATC) - c. ¢ ALK £ F1R % 2.—A1274T (GCC>ACC) » P 7t i A 304 52

¢RI -
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a
E20: rs146074150 +3336 G/A (1112 Pro)

T e A & € % e e e 3 A
6 6 T 6 €C € 6 € 6 6 A €6 6 T 6. C C a C G G A

” n G/G, Pro ” A/A, Pro

E21: rs3795850 +3375 C/A (1124 Gly)

C C A T €C AT 6 G A C A I 6 6 A 6 c

E23: rs56247462 +3600 G/C (1199 Ala)

G/G, Ala G/C, Ala
Bl ~ 4 &2 ,fém}?ie:}gf;:}rﬁ Arigse ALK A7) A1 H2 PR AR % - a ALK &

] Exon20~21-23 ¢ % 11351 i3 SNP:+3336 G/A (1112 Pro)~+3375 C/A (1124 Gly) -

+3600 G/C (1199 Ala) » ' Bt £ %8 » ¥ A S vk phee s o
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b

120: rs4622670 C/T

6 T 6 A 6 € 6 C C C T 6 T 6 A 6 €C 6 € €C ¢ 1

c/c /T
‘ |

120: rs2276550 G/C

125: rs3738868 G/T

I 6 G C C T

G/G G/T ﬂ

Ble () 4 5% dmve B A BB ALK A %5 22 Pt 2 A %% o b & ALK
A F]Intron20 % 6 % 24 = % 27 Intron25 % 27 = % ‘¢ 213 SNP> ¥ & Intron variant »

Intron20 7% 6 = % F P&+ /3% splicing region variant »
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o\o 75=
>
Z 50+
=
[ o
[eh)
» 25
; AUC=0.6614. P=0.1040
0 25 50 75 100
(N=51)

1 - Specificity %

I A g mt s B R E Y ALK 222 ROC o &L - {]*
51 b4~ 2 #THa B (1Y e 70 )2 40 (2 e By & 0 < &2 3 1F 5 ROC #0504 2 (Gold
standard)(n=51) - ROC # & =hY fih 5 et (sensitivity) L.4p = 7= 2 & ¢ ALK 2]
5B AMENPF X R 5 1-4F R 2 (1-specificity) & 45 © 7= 2 ,&ﬁéﬁj % ALK
MEREEF o 2472587 02816 5 %4 ALK £ & 5/MEf § or gk
(sensitivity = 62.50% -~ specificity = 81.82%) ; @ B2« %™ & ## (area under the

ROC curve, AUC) & 0.6614 » it 7 E xi3+ 3, & (p value=0.1040) -
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b
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B~ ~ 4 g2 3m9é:}§f;:}rﬁ A Y ALK A F1 & IRE 4~ B o 1395 ROS ~ 7% % > 11
0.2816 4 i ¥ % ALK # 3£ % & < hE i (threshold) » Bl 2 5 ¢ 74 64 52

R AT F 42 63 ALK i 4 7.(56.8%) ~ 32 b 3 ALK & A # 7.(43.2%) -
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Paraspinal tumor

Liver infiltration

Bone marrow metastasis

- /n\' _——a

A -~ A TR e B TR R

Horner's syndrome

L

Celiac-axis tumor

Adrenal tumor

7ok % &+ John M. Maris, M.D.: Recent Advances in Neuroblastoma, N Engl J Med

2010; 362:2202-2211
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i

International Neuroblastoma Staging

System (INSS)

Localized tumor confined to the area of origin, completely removed
during surgery, and identifiable ipsilateral and contralateral lymph
nodes negative microscopically.

Localized tumor with incomplete gross excision, identifiable
ipsilateral and contralateral, and nonadherent lymph nodes negative
for tumor microscopy.

Stage 2B

Unilateral tumor with complete or incomplete gross excision, with
positive ipsilateral non-adherent regional lymph nodes, identifiable
enlarged contralateral lymph nodes negative microscopically.

Stage 3

Unresectable tumor infiltrating across the midline, with or without
regional lymph node involvement, unilateral tumor with contralateral
regional lymph node, and midline tumor with bilateral extended
lymph node involvement.

Stage 4

Spread of tumor to distant lymph nodes, skin, bone, bone marrow,
and liver or other organs.

Stage 45

Localized primary tumor, as defined for stage 1, 2A, or 2B, with
metastases limited to skin, liver, and bone marrow in children
younger than 1 year. Presence of elevated serum ferritin levels and
E-rosette inhibitory factor distinguish stage 4 neuroblastoma from
stage 45,

X4 A ave B 4 HP % %o (International Neuroblastoma Staging System,

INSS)

o

+ ?;}i :

Roy Choudhury S, Karmakar S, Banik NL, Ray SK.: Targeting angiogenesis for

controlling neuroblastoma., J Oncol. 2012; 2012:782020.

NANT : http://www.nant.org/Patients and Families/neuroblastoma.php
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MKC** Age
Any MKI | Any age UH
>4% Any age UH
Any MKI | >1.5years UH
<4% <1.5 years FH
— Any MKI | >5 years UH
% <4% <1.5 years FH
>4% <1.5 years UH
; g <2% (1.5-5.0 years) | FH
" Differentiating. >2% (1.5-5.0 years) | UH
Ganglioneuroblastol
oduiar dassics | UHFH
and
> GNBn variant
with or without macros- UH/FH|
p— / copically visible nodule(s)*
resent )

Il ?
Oor ;50% ) >50% )=p vnsuble md::(:; Present )= |

' Ganglneuroma

maturing subtype

M=~ BI'RA S e g m I F 4 5 (International Neuroblastoma Pathology
Classification, INPC)
%4 74 : Park JR, Eggert A, Caron H.: Neuroblastoma: biology, prognosis, and

treatment., Pediatr Clin North Am. 2008 Feb; 55(1):97-120
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Table 1. Image-Defined Risk Factors in Neuroblastic Tumors

Ipsilateral tumor extension within two body compartments
Neck-chest, chest-abdomen, abdomen-pelvis
Neck
Tumor encasing carotid and/or vertebral artery and/or internal jugular vein
Tumor extending to base of skull
Tumor compressing the trachea
Cervico-thoracic junction
Tumor encasing brachial plexus roots
Tumor encasing subclavian vessels and/or vertebral and/or carotid artery
Tumor compressing the trachea
Thorax
Tumor encasing the aorta and/or major branches
Tumor compressing the trachea and/or principal bronchi

Lower mediastinal tumor, infiltrating the costo-vertebral junction
between T9 and T12

Thoraco-abdominal
Tumor encasing the aorta and/or vena cava
Abdomen/pelvis
Tumor infiltrating the porta hepatis and/or the hepatoduodenal ligament

Tumor encasing branches of the superior mesenteric artery at the
mesenteric root

Tumor encasing the origin of the coeliac axis, and/or of the superior
mesenteric artery

Tumor invading one or both renal pedicles
Tumor encasing the aorta and/or vena cava
Tumor encasing the iliac vessels
Pelvic tumor crossing the sciatic notch
Intraspinal tumor extension whatever the location provided that:

More than one third of the spinal canal in the axial plane is invaded and/
or the perimedullary leptomeningeal spaces are not visible and/or the
spinal cord signal is abnormal

Infiltration of adjacent organs/structures

Pericardium, diaphragm, kidney, liver, duodeno-pancreatic block, and
mesentery

Conditions to be recorded, but not considered IDRFs
Multifocal primary tumors
Pleural effusion, with or without malignant cells
Ascites, with or without malignant cells

Abbreviation: IDRFs, image-defined risk factors.

Mg~ A SR e B R P E 2 b "% F1-+ (Image defined risk factors, IDRFs)
7 &R - Monclair T, Brodeur GM, Ambros PF, et al.: The International
Neuroblastoma Risk Group (INRG) staging system: an INRG Task Force report. J Clin

Oncol 2009; 27(2): 298-303.
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Table 2. International Neuroblastoma Risk Group Staging System

Stage Description

L1 Localized tumor not involving vital structures as defined by
the list of image-defined risk factors and confined to
one body compartment

L2 Locoregional tumor with presence of one or more image-
defined risk factors

M Distant metastatic disease (except stage MS)

MS Metastatic disease in children younger than 18 months

with metastases confined to skin, liver, and/or bone
marrow

NOTE. See text for detailed criteria. Patients with multifocal primary
tumors should be staged according to the greatest extent of disease as
defined in the table.

T R

A SR e B b ¥4 % Y(International Neuroblastoma Risk

Group (INRG) Staging System

F 4 &R - Monclair T, Brodeur GM, Ambros PF, et al.: The International

Neuroblastoma Risk Group (INRG) staging system: an INRG Task Force report. J Clin

Oncol 2009; 27(2): 298-303.
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INRG Age Histologic Grade of Tumor 11q Pretreatment
Stage (months) Category Differentiation MYCN  Aberration Ploidy Risk Group
L1/L2 GN maturing; A Very low
GNB intermixed
L1 Any, except NA B Very low
GN maturing or .
GNB intermixed Amp K High
L2 Any, except No D Low
<18 GN maturing or NA -
GNB intermixed Yes G Intermediate
No E Low
Differentiating NA
Yes
218 GNB nodular; .
- - H Intermediate
neuroblastoma Poorly differentiated NA
or undifferentiated
Amp N High
M <18 NA Hyperdiploid F Low
<12 NA Diploid | Intermediate
12t0 < 18 NA Diploid J Intermediate
<18 Amp O High
=18 P High
MS No C Very low
NA .
18 Yes Q High
Amp R High

“t4%- ~ INRG Consensus Pretreatment Classification schema.

7L kR Cohn SL, Pearson AD, London WB, Monclair T, Ambros PF, Brodeur GM,
Faldum A, Hero B, lehara T, Machin D, Mosseri V, Simon T, Garaventa A, Castel V,
Matthay KK; INRG Task Force.: The International Neuroblastoma Risk Group (INRG)

classification system: an INRG Task Force report. J Clin Oncol. 2009; 27(2):289-97.
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ALK
™

MAM LB MAM H Kinase

NSCLC EML4

ALCL NPM1 :_'::I

IMT e e

First approval of

ALK inhibitor
|
ALK mutations
in ATC
|
NPM1-ALK EML4-ALK VCL-ALK
in ALCL in NSCLC in RMC

1994 2000 2007 2008 2011 2012

TPM3/4-ALK ALK mutations/
in IMT amplification
in NBL ALK amplification

in RMS

Hdk- s ALK A FlgdE ~ ALK g & A 512 ALK A& Flenvdii & ¢
T kR © Mano H: ALKoma: a cancer subtype with a shared target. Cancer Discov.

2012 Jun; 2(6):495-502.
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Cutoff | Sensitivity% 95% CI Specificity% 95% CI Likelihood ratio
<0.0025 25 0.06327% to 13.16% 100 71.51% to 100.0%
< 0.00495 25 0.06327% to 13.16% 90.91 58.72%t0 99.77% 0.27
< 0.0069 5 0.6114% to 16.92% 90.91 58.72% t0 99.77% 0.55
<0.0103 7.5 1.574% to 20.39% 90.91 58.72%to0 99.77% 0.82
<0.01605 7.5 1.574% to 20.39% 81.82 48.22% to 97.72% 0.41
<0.0202 10 2.793% to 23.66% 81.82 48.22% to 97.72% 0.55
<0.0245 12.5 4.186% to 26.80% 81.82 48.22% to 97.72% 0.69
<0.0282 15 5.710% to 29.84% 81.82 48.22% to 97.72% 0.83
< 0.03535 17.5 7.338% to 32.78% 81.82 48.22% to 97.72% 0.96
<0.04415 20 9.052% to 35.65% 81.82 48.22% to 97.72% 1.1
<0.0628 225 10.84% to 38.45% 81.82 48.22% to 97.72% 124
<0.08115 25 12.69% to 41.20% 81.82 48.22% to 97.72% 1.38
< 0.0889 275 14.60% to 43.89% 81.82 48.22% to 97.72% 151
< 0.09685 30 16.56% to 46.53% 81.82 48.22% to 97.72% 1.65
<0.1074 325 18.57% to 49.13% 81.82 48.22% to 97.72% 1.79
<0.1190 35 20.63% to 51.68% 81.82 48.22% to 97.72% 1.93
<0.1266 375 22.73% to 54.20% 81.82 48.22% to 97.72% 2.06
<0.1365 40 24.86% to 56.67% 81.82 48.22% to 97.72% 22
<0.1452 425 27.04%t0 59.11% 81.82 48.22% to 97.72% 2.34
<0.1575 45 29.26% to 61.51% 81.82 48.22% to 97.72% 2.48
<0.1798 475 31.51%to 63.87% 81.82 48.22% to 97.72% 2.61
<0.1943 50 33.80% to 66.20% 81.82 48.22% to 97.72% 2.75
< 0.1996 52.5 36.13% to 68.49% 81.82 48.22% to 97.72% 2.89
<0.2046 55 38.49% to 70.74% 81.82 48.22% to 97.72% 3.03
<0.2131 575 40.89% to 72.96% 81.82 48.22% to 97.72% 3.16
< 0.2438 60 43.33% to 75.14% 81.82 48.22% to 97.72% 3.3
<0.2816 62.5 45.80% to 77.27% 81.82 48.22% to 97.72% 3.44
<0.2984 62.5 45.80% to 77.27% 72.73 39.03% to 93.98% 229
<0.3097 62.5 45.80% to 77.27% 63.64 30.79% to 89.07% 1.72
<0.3494 65 48.32% to 79.37% 63.64 30.79% to 89.07% 1.79
< 0.4081 67.5 50.87% to 81.43% 63.64 30.79% to 89.07% 1.86
<0.4404 70 53.47% to 83.44% 63.64 30.79% to 89.07% 1.92
<0.4519 725 56.11% to 85.40% 63.64 30.79% to 89.07% 1.99
< 0.4963 725 56.11% to 85.40% 54.55 23.38% to 83.25% 1.59
< 0.5401 725 56.11% to 85.40% 4545 16.75% to 76.62% 1.33
<0.5618 75 58.80% to 87.31% 4545 16.75% to 76.62% 138
< 0.5817 775 61.55% to 89.16% 4545 16.75% to 76.62% 142
<0.6170 80 64.35% to 90.95% 4545 16.75% to 76.62% 147
< 0.6556 82.5 67.22% to 92.66% 45.45 16.75% to 76.62% 151
< 0.6983 825 67.22% to 92.66% 36.36 10.93% to 69.21% 13
<0.8166 85 70.16% to 94.29% 36.36 10.93% to 69.21% 134
< 1.006 875 73.20% to 95.81% 36.36 10.93% to 69.21% 1.38
<1.135 875 73.20% to 95.81% 27.27 6.022% to 60.97% 12
<1.181 90 76.34% t0 97.21% 27.27 6.022% to 60.97% 124
<1.265 90 76.34%t0 97.21% 18.18 2.283%to 51.78% 1.1
<1343 92.5 79.61% to 98.43% 18.18 2.283% to 51.78% 1.13
<1.386 92.5 79.61% to 98.43% 9.091 0.2299% to 41.28% 1.02
<1.715 95 83.08% to 99.39% 9.091 0.2299% to 41.28% 1.04
<2.126 95 83.08% to 99.39% 0 0.0% to 28.49% 0.95
<2.248 97.5 86.84% to 99.94% 0 0.0% to 28.49% 0.97

it N~ 1Y NB:}I‘;‘G,& F- 2 ALK A F 27 ROC (THRIZ a2 HFB 2L -
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S NeBl Related Structures ”

HOME | SEARCH | GUIDE | SR Structure Home 3D Macromolecular Structures Conserved Domains BioSystems Pubchem BLAST

Structures related to [i29029632[refiINP_004295(]

[ALK tyrosine kinase receptor precursor [Homo sapiens]]

Subset: Lowredundancy v | Sort by: BLAST E-value v | Display: Graph v | Structures per page: 20 Refresh Display | [Total structures: 1]

[ Page1v |
A Synonymous SNP A NonSynonymous SNP
1 25 S00 750 1000 !2[50 1500 1620
i \

Query se e —— —
SNP 2 A

active site :

polypeptide substrate binding site | 1) § rs45502292:A1274T n apped to
e = activation loop (R-loop) L\ | position 207 on neighbor sequence
Specific hits | I [ i p
Superfanilies superfan | LO| pan w.,.ﬂ E PRe_like superfamily Click on the triangle for more
Related ’ ! "]
HuLti-donains Pkinase_Tur
i oMM omaM

Evalue

l—l. 3A0X_A Ge+00

L NonSynonymous SNP
750 1000 u»lso 1500 1620

ATP binding site ) A 0
active site ) A MO A
polypeptide substrate binding site | )
activation loop (R-loop) =

~
' PKc_like superfamily ‘

Stiied > ALK AL274T % % (rs45502292) =+ ALK # F] TKD & it = o

AL k&R : NCBI_MMDB_ Entrez's ‘Structure’ database :

http://www.ncbi.nlm.nih.gov/Structure/cblast/cblast.cqgi?client=snp&master qi=29029

632&neighbor 0i=333944147&snp pos=207&snp title=dbSNP:rs45502292&snp des

cr=rs45502292 A1274T&snp color=2&snp id=rs45502292
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http://www.ncbi.nlm.nih.gov/Structure/cblast/cblast.cgi?client=snp&master_gi=29029632&neighbor_gi=333944147&snp_pos=207&snp_title=dbSNP:rs45502292&snp_descr=rs45502292_A1274T&snp_color=2&snp_id=rs45502292
http://www.ncbi.nlm.nih.gov/Structure/cblast/cblast.cgi?client=snp&master_gi=29029632&neighbor_gi=333944147&snp_pos=207&snp_title=dbSNP:rs45502292&snp_descr=rs45502292_A1274T&snp_color=2&snp_id=rs45502292
http://www.ncbi.nlm.nih.gov/Structure/cblast/cblast.cgi?client=snp&master_gi=29029632&neighbor_gi=333944147&snp_pos=207&snp_title=dbSNP:rs45502292&snp_descr=rs45502292_A1274T&snp_color=2&snp_id=rs45502292

_ Conserved Protein Domain Family
> NCBI PTKc_ALK_LTK

cd05036 Sequence Cluster

Chain A, X-Ray Crystal Structure Of Human Anaplastic Lymphoma Kinase In Complex With Ch5424802
Chain A, Structure Of Human Anaplastic Lymphoma Kinase In Complex With Nvp- Tae684

Chain A, Crystal Structure Of The Anaplastic Lymphoma Kinase Catalytic Domain [Homo sapiens (human)]
iH Actinopteryi novel protein similar to vertebrate anaplastic lymphoma kinase {ALK) and leukocyte tyrosine kinase receptor prescursor (LTK or TYK1), partial [Danio rerio (zebrafish)]
8 Amphibiz

PREDICTED: ALK tyrosine kinase receptor-like [Xenopus (Silurana) tropicalis (western clawed frog, 475 Td2)]
B Aves ALK tyrosine kinase receptor, partial [Columba livia (rock pigeon $7#8)]
PEELEA Mammaliz
SEFHENMITEPT Cephalochordata

HRBMHTEFY

ertebrata

leukocyte tyrosine kinase, isoform CRA_a [Homo sapiens (human)]

hypothetical protein BRAFLDRAFT_216804, partial [Bronchiostoma floridae (Florida lancelet 2 i E4)]
PREDICTED: leukocyte tyrosine kinase receptor [Strongy/ purp (purple sea urchin 55/8M%)]
hypothetical protein CAPTEDRAFT_42843, partial [Capitella teleta, [5iEsR]

PREDICTED: ALK tyrosine kinase receptor-like [Metaseiulus occidentalis (western predatory mite, FEERHE B:4/)]
receptor protein tyrosine kinase ALK splice variant A [Drosophila melanogaster (fruit fly)]

TK/ALK protein kinase [Wuchererio bancrofti 3EEEZ583]

nh

[Daniorerio (zebrafish, FE%®)]  gi 22204233 718 1GD

[Homosapiens (human, A$8)] gi 119612900 662 IGD

[Drosophila melanogaster (fruitfly, £4#E)) gi 7110575 1345 TADFGH

[Xenopus (Silurana) tropicalis (westernclawed frog, ¥ /M&)] gi 301608382 983 IGDFGH
[Branchiostoma fioridae (Florida lancelet IEEIEXEB)]  gi 229295579 644 IGDFGH
[Columba livia (rock pigeon ¥738)] gi 449274651 901 IGDFGI

[Strongylocentrotus purpuratus (purple sea urchin §5388&)] gi 390364602 819 IADFGH
[Capitellateleta, HIRdA] gi 443716059 216 IADFG

[[Metaseiuius occidentalis (western predatory mite FRABIERMA)]  gi 391343482 1122 IADFGH
[Wuchereria bancrofti BEEC 48]  gi 402588332 595 IADFGH

RDIYRASYYRKGGRAMLPVKWMPPEAFLEGIFTCKTDTWSFGVLLWEIFSLGYMPYPCKTNQEVLEFVTGGGR 797

DIYRASYYRRGDRALLPVKWMPPEAFLEGIFTSKTDSWSFGVLLWEIFSLGYMPYPGRTNQEVLDFVVGGGR 741

RDIYRSDYYRKGGKAMLPIKWMPPEAFLDgIFTSKTDVWSFGILLWEVFSLGRSPYPGQHNTQVMELVVRGGR 1424
DIYRASYYRKGGRAMLPVKWMPPEAFLEgVFTSKTDTWSFGVLLWEIFSLGYMPYPCKTNQEVLEFVTSGGR 1062
DIYRSNYYRKGGRAMLPVKWMPPEAFLDgVFTTKTDVWSFGVLLWEVMS LGYMPYPGKSNQEVMQEVTEGGR 723

DIYRASYYRKGGRAMLPVKWMPPEAFLEGIFTSKTDTWSFGVLLWEIFSLGYMPYPCKTNQEVLEFVTSGGR 980

DIYRADYYRKGGQAL LPVKWMPPEAFQDEIFTSKTDVWAYGVLLWEIISLGFMPYPGMSNQEVIQFVSAGER 898

RDIYRADYYRKGGKAMLPVKWMPPEAFLDGIFTSKTDVWSFGILLWEVFSLGYMPYPGRGNQEVMQLVTAGGR 295

RDIYRADYYRKGGKAMLPVKWMPPEAF LDgLFTSKTDVIWSFGVLLWEVMSMGYMPYPGRGNQEVMQMVTGGSR 1201
DIYRQDYYRKGGKAMLPVKWMPPEAF LDgVF TVKTDVIWSFGVLLWEIFSLGYMPYPGRSNQEVMSLIVNGGR 674

ALK A1274T

L. 170 180 190 200 210 220 230 240
o L L e D L P |
Feature 4 EEEEE B RS E R s s
3A0X_A 201 IGDFGN DIYRASYYRKGGCAMLPVKWMPPEAFMEGIFTSKTOTWSFGVLLWEIFSLGYMPYPSKSNQEVLEFVTSGGR 280
2XB7_A 176 IGDFGN DIYRASYYRKGGCAMLPVKWMPPEAFMEGIFTSKTDTWSFGVLLWEIFSLGYMPYPSKSNQEVLEFVTSGGR 255
3LCT_A 202 IGDFGH DIYRAGYYRKGGCAMLPVKWMPPEAFMEGIFTSKTDTWSFGVLLWEIFSLGYMPYPSKSNQEVLEFVTSGGR 281

®
G

=4

[

e RN NN NN S N - S T

gt s ALK AL274T (= BH(rs45502292) f & 4+ #6 ¥ & B A& 4p 244

7 kiR NCBI_ Conserved Domain Database : http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=270632
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http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=270632

s
=]
=]

-

=]

=]

——HC(-) (n=2) ——HC(-) (n=2)
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b g
3

P=0.0214* P=0.0123*
25 50 75 100 et 25 50 75 100
Follow up in months {N=31) Follow up in months

=4—|HC(-) (n=10) i =4—|HC(-) (n=10)
=+ |[HC(+) (n=21) 3 =4+ |[HC(+) (n=21)
3 S

P=0.8024 P=0.8227
25 50 75 100 et 25 50 75 100
Follow up in months {N=31} Follow up in months

(N=31)

o

-
o
=]

s

=]

=]

~

o
1
~
o

»n
o
1
»
o
1

Event-free Survival (%)
-] g
L
Overall Survival (%)
3

o

i
|
w
=

et - ALK g g B R4 B g2 e B3 E S 2 M o a A g
e By b PR % £ 7505 5 (EFS)» ALK 1 1275 B (gradel,2,3)shT & %% 5 EFS 2
39.8% (FiEPFA ¢ =B s 30.0 B % )~OS 4 49.3% (5 AR Y i 540 B 1) ;
ALK F& 15 £ (grade0) T & % % 5 EFS 2 OS ¥ 5 0% (% PR ¢ =8 EFS 5 125
7 ~0S %293 7) A /W E syt F i¥ £ B (EFS:p=0.0214 2 0S:p=0.0123) -
b. A g e o B g F 25505 5 (EFS) » ALK B {5 R (grade2,3)shT & 73 7%
% EFS % 40.0% (5 /5 pFRF ¢ =i 245 % 7 )~ OS 5 56.9% (A PER Y ik
UD) ; ALK 54255 & (grade0,1) 7 # 7% 7% 5 EFS 3 35.0% (3 /#PF /¢ =i 36.7
7 )0S 5 32.4% (i EPFAF Y 28 s 540 1) s KA B G AF LB (EFS

p=0.8024 % OS : p=0.8227) -
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Cutoff | Sensitivity 95% CI Specificity® 95%Cl Likekhood ratio
1004 <000355| 0 0.0%t084.19% | 9655 | $224%1099.91% 0
<00066 | 50 | 1.258%1098.74% | 96.55 | $2.24%1099.91% 135
<00103 | 50 | 1258%t098.74% | _ 93.1 77.23%t0 99.15% 725
2 759 <00539 | 50 | 1258%1098.74% | 8966 | 7265%t09781% 483
B <009685| 50 | 1258%1098.74% | 8621 | 6834%1096.11% 362
£ <0.1459 | 50 | 1258%1098.74% | 82.76 | 64.23%to 94.15% 29
= 504 <0.1980 | 50 | 1258%1098.74% | 7931 | 60.28%to0 92.01% 242
@ <02118 | 50 | 1.258%1098.74% | 7586 | 56.46%to 89.70% 2.07
S <02438 | 50 | 1258%1098.74% | 7241 | 52.76%t087.27% 181
» 25 <02816 | 50 | 1258%1098.74% | 6897 | 49.17%to 84.72% 161
<03071 | 50 | 1258%1098.74% | 6552 | 45.67%to 82.06% 145
AUC:0.7241: P=0.2959 <03771 | 50 | 1258%1098.74% | 6207 | 42.26%t0 79.31% 1.32
0- . : 4 . <04372 | 50 | 1258%1098.74% | 5862 | 38.94%to 76.48% 121
0 25 50 75 100  _<03418 | 50 | 1258%1098.74% | 5517 | 35.69%t073.55% 112
<04519 | 50 | 1258%1098.74% | 5172 | 32.53%to 70.55% 104
<04963 | 50 | 1258%1098.74% | 4828 | 29.45%1067.47% 0.97
1 - Specificity % <0.5401 100 | 15.81%10100.0% | 4828 29.45% to 67.47% 1.93
<05618 | 100 | 15.81%10 100.0% | 4483 | 26.45%10 64.31% 181
<05817 | 100 | 15.81%10100.0% | 4138 | 23.52%to 61.06% 171
<06170 | 100 | 1581%10100.0% | _37.93 | 20.69%to 57.74% 161
<0655 | 100 | 1581%10100.0% | 3448 | 17.94%to 54.33% 153
<0.6983 | 100 | 1581%10100.0% | 31.03 | 15.28%to 50.83% 145
<08166 | 100 | 1581%10100.0% | 27.59 | 12.73%to 47.24% 138
<1006 | 100 | 1581%10100.0% | 2414 | 10.30%to 43.54% 132
<1135 | 100 | 1581%10100.0% | 20.69 | 7.994%t039.72% 126
<1181 | 100 | 1581%10100.0% | 1724 | 5.846%t035.77% 121
<1265 | 100 | 1581%10100.0% | 1379 | 3.889%to 31.66% 116
<1343 | 100 | 1581%10100.0% | 1034 | 2.186%t0 27.35% 112
<1386 | 100 | 1581%1t0100.0% | 6.897 | 0.8464%1022.77% 107
<1836 | 100 | 1581%10100.0% | 3448 | 0.08726%to 17.76% 104
stk = M ALKIHC 22 ALK £ 38217 ROC iR 2 H R {fraF B B2 B % o
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HiaE = s F R AR

[#5%%% 1] ®35% £ DNA 55

1.

10.

11.

#- EDTA blood sample (3ml 2 = )12 3000rpm, 10mins, 4C &g~ » & K,lrt plasma -
(KUBOTAB8800)
4t » 1X RBCL (Red blood cell lysis buffer) i & % #8 4 9 5 10mL > # 32 & T
5~10 #) » & 22 3 B¥. o gt~ 3000rpm, 10mins, 4°C - (KUBOTAS8800)
OSBRI L FEIIR O PR B 77 %0 k2 AR > F
Lp BRIR2 e MBI R Y o EldodRe B AT M (FATE LS R A
g) o
HH 24 EAF 23 0 Rlri HR 2L E -
fie B PK Mixture (n+1)chi> & o (i@ * mofie ¥ )
e » 700uL PK Mixture 3 # 5 & © - #-9 & BH$7HciE A 8 > Lo5mL #c g 4
S E R o Mg F Rl 0 Al 3T K Y 0 2 80rpm i BT
e (2 12/ pF) o
SP o EFPERESA T RIE 0 4~ 250uL 6N NaCl (49 1/4 %84%) > B2 2 F
(votex) 15 45 > & %+ F-v 7 4! o .« 15000rpm, 10mins, 4°C - (HERMLE
Z233MJK-2)
Bt iR B3 R 1LomL e E e ¢ 0 f dew 15000rpm, 10mins, 4°C -
(HERMLE Z233MJK-2)
Pl i 2 ATH LML R e g 0 K A A g (8 450ul/F) e
4 » 450pL isopropanol (1:1 #84%)> 323 F #icE 4po -7 L0 ¢ 2 3k DNA
1% 41 o gt 15000rpm, 10mins, 4°C - (HERMLE Z233MJK-2) (2 # — > DNA
HWEHILL T - GRIFRGEHY o FERT FE) e

fi Fikts o e~ ImL 75% FE iF-% DNA » 12 votex @ DNA ik 4
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12.

13.

14.

4t 15000rpm, Smins, 4°C » 2 *7 P « £ 47 % S 15~16- (HERMLE Z233MJK-2)
KB AR ES o B R e F % B 2 2408 0 2 3 DNA
A d 0 8 L Pk o

¢~ 300uL ddH,0 w33 » 12 56°C4e# Ky 2 | FF » e DNA 2 273 f& 1 -

_%. %/.'\'ZOOC T’? ’é/{ o
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[ 54 28 2] @3L§ R RNA 53~

MOARFA FHREFDHRLR 2T RE B L T0%F #2450 7 RNase
inhibitor -

1 #5FF 2 i (3 > 5x10° cell) < 1200rpm, Smins » & #-+ Fi% 4 % o
(KUBOTA2100)

2. 4> ImLTRIzol® LS Reagent » #-H r e B s % 5 ek 395 4747
(1x10°~10%x10° % 4r 1mL TRIzol)

3. #3537 & shiwe [TRIzol ) &% # 3 1.5mL RNase-free fic & 4w & ¢ - (&
A& F 40 RNA > 30t 3RS #-lm 52 1475 %-80C)

4. 4c > 200pL chloroform » + T fudg e & 3o p 15sec B I e R 54 o 3k
¥ %8 5mins o

5. #.< 15000rpm, 15mins, 4°C - (HERMLE Z233MJK-2)
(3~ = s~ = & - aqueous phase -~ inter phase ~ organic phase ; @ RNA - 7
aqueous phase » DNA %2 F-v F | 4 %] =3¢ inter phase 4 % organic phase)

6. Pt Fir (¥ 500uL) kAT 15mL M E e F

7. 4v » 500uL isopropanol (1:1 8 4%)E =i 3 » ¥ ** 2 & 10mins o

8.  #t.~ 15000rpm, 5mins, 4°C - &< (6 ¥ L & ¥%F RNA w#kk$ - (HERMLE
Z233MJIK-2)

9. 4 “,ﬁzj Fite 15 > 40 » 1ImL 70% ethanol i3 RNA > $= 58 @ RNA Tk 4 i o

10. 4.~ 15000rpm, 5mins, 4°C - £ 4§ % 2 9~10 - (HERMLE Z233MJK-2)

11, st k(R & £ R 2 “,f) R e E R ERER R EL R
B AEP 46 % 5mins > P-ig b 52 RNA - (BB A b iz € "8 M RNAZ f2R)

12. * 20uL DEPC water % ;3 RNA > ¥ *>+-80°C i3 %% o
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[ 5%+ 3¢ 3] *2 DNA ~ RNA 2 3-¢ FI2 e3d 52 we ik &
CEELE

Fe % Buffer DNA Wash, Wash Buffer RA3, and rDNase ¢ # i & 5

v/ #r3% ®E 12 RNase inhibitor vf 6 - # - ™ % 4. RNA 3% (T 427 degrade °

1. ##3% % 30mghuman/animal tissue # &< Jc & = % 5x10° cultured cells -

(1) Pa#fcirg 5B E B fiﬁ’“ F o Wd o Br-80C k4R E -

(2) Foiei® o 4 w8 g F(RWE 2 Lysis Buffer RP1 4 chE
) o

(B) WHRMFF B LR F ¢ gk ERk

(4) FAarEar gkt > Bhp oA THY o B G OFREF BISC
R B R 0 R BRI

(8) 5 k1t dropper( =i e ¥ % U 3] » 224 k) 1 A7 16mL iR 4

AR ?, (g 1%)
2. #4c » 350uL Buffer RP1 12 2 3.5uL B-mercaptoethanol (B-ME) » < 4 & #F -

3. P~ 1 i# NucleoSpin Filter (violet ring) - ¥ ** 2mL Collection Tube ; #-t 4 28 3
g R A 3 filter ¥ > #.o 15,000rpm, 1min, 4°C -

4., BT ke A I AT 1.5mL e ® s # (A & ) 4e » 350pL 70% ethanol>
pipetting + ¥ 5 (& F TR 2R 5) o

5. ## - % NucleoSpin TriPrep Column (light blue ring) - #-lysate # % Column ¥ o

6. #t.~ 15000rpm, 1min, 4°C -

7. #-NucleoSpin TriPrep Column =& #7 1 2mL Collection Tube - (RNA 4§ DNA
¢ F % column membrane + ; @ Protein =& T 3 x40 ¢ > F & protein > 3
BTSRRI T Ok o)

8. 4¢ » 500uL DNA wash © NucleoSpin TriPrep Column- #t.< 15000rpm, 1min, 4C -
KEis 3 K,ﬁ% Collection Tube # =i o £ Fst# 3 -

9. p# - BATHLIEML McE HroF o #-FF T4 4 NucleoSpin TriPrep Column
i ¢ e 15000rpm, 3min, 4°C o K ARFRE > 52 o £ % Column

FRE R 3mins o AR RA AT 2 2 IEF -
96
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10. #-100uL DNA Elute ;< » membrane » - # ¥ 1min; %S &t~ 15000rpm, 1min,
4°C > # DNAelute ™ % ° 4= eluted DNA # % #7¢h 1.5mL e 4rs 8 (B #) »

(+ T 7 RNA B )

11. p # #7e0 1.5mL #c £ 4 ¥ fe B rDNase reaction mixture » i #-95uL rDNase

reaction mixture ;x » column =7 silica membrane # £ > % ** % /8 15mins -

gach N=?
Reconstituted rDNase 10
Reaction Buffer for rDNase 90

12. 4v » 200uL Buffer RA2 = NucleoSpin TriPrep Column> .~ 15,000rpm 30sec °
%L fs # NucleoSpin TriPrep Column 2z % %77 2mL Collection Tube -

13. 4v » 600uL Buffer RA3 I NucleoSpin TriPrep Column> .~ 15,000rpm > 30sec °
3 K,f Collection Tube # &% -

14, 4v » 250uL Buffer RA3 % NucleoSpin TriPrep Column> &t~ 15,000rpm>2mins »
% 2 ¥ 37°% membrane -

15. p # - ®2 ¥ 1.5mL RNase-free #ic & &t~ » #- NucleoSpin TriPrep Column =z
R E Y o

16. 4c » 40uL RNase-free H,O % elute RNA > &t~ 15,000rpm > 1min - # RNA # %

A 2 2 4% -2 RNase-free i &< ¢ (1.5mL Collection Tube) -
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[ 5+ 2¢ 4] cDNA # %

(a) SuperScript® 111 First-Strand Synthesis System

1 B3 g IInEE @8 s L5 2R RIRE o R TS%IFR B 0 £
% RNase inhibitor -

2. tH b P fe® RNA/primer ;& &% 8B~ 1 o

each (uL)
Total RNA (2ug) n
Primer (Oligo dT) 1
10uM dNTP mix 1
DEPC H,0 8-n

3. ARAFFHRBFAZ RNALR »#7 A2 RNA 4cig 0.2mL e g gps 3 ¢
(%R0 5 10pL) > 353 R & > P& & (spin down) s 2cie PCR 4 5 38 % 0
65°C, 5mins » 4§ {3 % vk 7k4E 1min o

4. HFI2Z T FFF R R IFT fe cDNA £ iR & o

each (uL)
10X RT buffer 2
25mM MgCl, 4
0.IMDTT 2
RNase OUT™ 1
SS I RT 1

5 #-10uLcDNA & =/’ &% 42 7 RNA E"f”/f#‘ui“g_fi}'ﬂi‘\'»‘%" °
6. {7 F #4%F  50°C, 50mins — 85°C, Smins — ice, Imin °
7. 4v» IpuLRNaseH I & #cg s g @ » 84 377C, 20mins -

8. #-cDNA %3x*t-20Crk# °

98
doi:10.6342/NTU201602300



(b) Maxima First Strand cDNA Synthesis Kit with dsDNase
1 #975 g FnEL ~FH Lo U2 RIS > L TB%EHEREE £
*# RNase inhibitor -

2. 3 b ¢ fe® RNA/DsDNase /R & g f$ B~ ) o

each (uL)
Total RNA (2g)
10X dsDNase Buffer
dsDNase
Nuclease-free Water 8-n

3. A R AZ RNAER »#7 A 2 RNA e 0.2mL #c 8 g 3 ¢
(%R0 5 10uL) > 353 R & > P & (spin down) s 2 ie PCR 4 5 38 %
37°C,2mins » SE s B 3tk b R4E

4. J;/\:j&b,kﬁﬂ ﬁo Fg&rﬁk (v /fé ’ i::-lg (y ‘:A—.fél' i%’ﬁ’_t\»‘ o

5X Reaction Mix
Maxima Enzyme Mix 2
Nuclease-free Water

5. % 10uL F g2 R & tei 5 RNA e g 5 ¢ o
6. it £ #4257, 10mins — 50°C, 30mins — 85°C, 5mins -

7.  #cDNA 75223-20°C 7k 4 ©
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[#5#%% 5] R&pv@4 F B (Polymerase Chain Reaction, PCR) %
F #4&-R & vk 4 F & (Reverse Transcription-PCR, RT-PCR)

1. #-genomic DNA B~ uL % »* 0.2mL s 8 e 4 @ o
2. PRREFRYGF BRER L AT F - SIS B F BREA G
ks i E BiE AT

[PCR Mixture 1] (with 2.0mM MgCl,)
each (uL) B H* kR

10X PCR Buffer 3 1X
2.5mM dNTP 24 0.2mM
10uM Forward primer 1 0.3uM
10uM Reverse primer 1 0.3uM
DreamTaq DNA Polymerase 0.15 0.75U
ddH,0O 22.45

[PCR Mixture 2] (with 1.5mM MgCl,)
each (uL) B # kR

10X PCR Buffer 3 1X
2.5mM dNTP 2.4 0.2mM
10uM Forward primer 1 0.3uM
10uM Reverse primer 1 0.3uM
DreamTaq DNA Polymerase 0.15 0.75U
ddH,0O 22.45

3. RMEMAHF TR T FEERR T

Program  Hot Start Denature  Annealing Extension

No. ("C/lsec) ("C/lsec) ("C/lsec) ("C/lsec) Cycle
1 95/90 95/30 55/30 72/30 35
2 95/90 95/30 60/30 72/30 40
3 95/90 95/30 60/30 72/60 40
4 95/120 95/15 55/30 72/60 40
5 95/90 95/30 63/30 72/60 40
6 95/90 95/30 63/30 72/30 40
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doi:10.6342/NTU201602300



IS TR TIESE W 3ty 0y Nea

(a) ALK z 7]
Genomic DNA
PCR Primer Pair  PCR Mixture PCR Program
ALK 119.1/120.2 2 2,3

ALK 120.1/122.2 2 2,3
ALK 122.1/123.2 1 2,3
ALK 123.1/124.2 2 2,3
ALK 124.1/125.2 2 2,3

cDNA

PCR Primer Pair  PCR Mixture PCR Program
ALK E19.1/E29.2 2 5

ALK E22.1/E26.2 2 5,6
ALK E22.1/E27.2 2 5,6

(b) %% &7

Genomic DNA

PCR Primer Pair PCR Mixture PCR Program
S-2M 1 1
cDNA

PCR Primer Pair  PCR Mixture PCR Program
S-2M 1 1
p-actin 1 4
GAPDH 1 1

5. P5uLPCR & > 1.5~2% % 3 T A 2 3 EtBr 4 4 {53 UV & T fzid -
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[R%HF6] REFAGF RAFH AR

12 Favorgen FavorPrep™ GEL/PCR Purification Mini Kit i& {7 2 i

1. #PCRAY# 3| - BATHLEMLACE 4o ¢ > ¥ 4e » 5 444 1 FADF buffer
B3 RE -

2. P~— i FADF column #z:& Collection Tube # -

3. #-PCR 2 # /FADF buffer ;& & ;% # 1 FADF column- &< 15,000rpm, 1min, 4°C -
i#)4#L Collection Tube ¥ =g %

4, 4~ 750uL Wash Buffer * FADF Column > .~ 15,000rpm, 1min, 4°C » &+ B
e

5. #- FADF Column £ =t &< 15,000rpm, 3min, 4°C » §z% column -

6. # FADF Column 3z ¥ - #7032 ¥ 1.5mL Ac® 4§ -

7.  4c o 40uL Elution buffer = FADF Column #»membrane ® < » ¥ # % 2min o

8. &< 15,000rpm, 2min, 4°C - & DNAelute 1} % -

9. B AP 1 L52%E W F R AL 3 EtBr 24 {530 UV kT i
BRoITHRSFRRIEGF A DNAER -
EROAFFRF - AFALY 2 EREFARELLFA IR (B0 5

ABI 3730 ; % % % BigDye v3.1)

each (uL)
DNA template (1~2ng/100bp) n
2.5uM primer 1
ddH,0 5-n

10. 45 it 15 S PCR A 4 i 73 5+-20°C

102
doi:10.6342/NTU201602300



[REHZT] TEIEIREFRYF R

(@) v &

1. -8 Piepe A ¥t PCR 96 well plate » rdZ 45 48 %0 » 2L - TuL = fF7k 4e
NTC well # -

1 2 3 4 5 6 7 8 9 10 11 12
NTC | NTC | NTC

1:4096
1:1024
1:256
1:64
1:16
1:4

11

I & m m O O w >»

2. RARMESE

N

1478 -

1 1/4 1/16 | 1/64 | 1/256 | 1/1024 | 1/4096
ddH,O | £ 525uL | OpL | 7.5uL OQuL | 9uL | 9puL 9 uL 9 uL
sample | & 9.5uL | 7uL| 2.5uL

Pilals ado ado oo ol ol
3uL 3pL 3uL 3uL 3uL 3uL(EH)
TuL | 9L | | | | |

3. P~ 1uLcDNA X ¥Rk R 2 well ¢ o

4. WY RUTERREFAGE RRL R

each
Maxima SYBR Green/ROX gPCR Master Mix (2X) 10
Forward primer 0.7
Reverse primer 0.7
Water, nuclease-free 7.6
Total volume (uL) 19

5. #19uL F iR &if4en 825 B well ¥ B A8AF 20uL s Poif 4w {5 ¢ 4 o
6. PCR program:50°C, 2 min — 95°C, 10 min — (95°C, 15 sec; 60°C, 30 sec; 72°C,
30 sec)qp °
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(b) AFApi#RE

1. #-8:dPixpeE A % > PCR 96 well plate » &J2 # %8+ - L 1ul water 4 »
NTC well ¢ -

2. #-CDNA 210 B #fF > B 1uL T # k& 2 well @ -

1 2 3 4 5 6 7 8 9 10 11 12
NTC | NTC | NTC

I O mmooowX

3. A AT EREFRYF R LR

each
Maxima SYBR Green/ROX gPCR Master Mix (2X) 10
Forward primer 0.7
Reverse primer 0.7
Water, nuclease-free 7.6
Total volume (uL) 19

4. H#19uL F iR &4 X 8= B owell ¥ o 484 20ul > Poid s {5 F s o
5. PCR program : 50°C, 2 min — 95°C, 10 min — (95°C, 15 sec; 60°C, 30 sec; 72°C,

30 sec)qp °
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