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The patient in this study was exposed to piraru-
bicin for weatment of non-Hodgkin’s lvmphoma,
which is asssciated with inacrivadon of ropoisom-
erase 11 (TOPOIL) and induction of DNA repair
{Aplan et al, 1996), Analysis of the sequence
around the genomic junction of KAT6A-LEUTX
shows suggestive association with the TOPOII

Fysion point
_LDhxz

_ETVE

ETV6-GOTT

MLL-GAST

MLL-NCKIPSD

FUS-DDIT3

Figure 8. Schemmtic representation of seversl fusion transeripes
with similar structares of the genomic junctions as in KATSA-LEUTX
Al five fusion genes have the genomic breskpoint 5 upstream of first
axons of 3’ side of fusion partners. Selid small box ia ETVEGOT!, a
genomic region which created a fusion transeript with ETVé concur-
rently with ETVS.GOT! (Janssen et al, 2006),

cleavage site (Fig. 7) {Spitzner and Muller, 1988),
Furthermore, the breakpoint was located upstream
of exon 1, though RT-PCR showed thar exon 16
of KAT84 fused w exon 2 of LEUVTX instead of
exon 1. KATBA-LEUTY fosion transenipt containing
the first exon of LEUTX could not be amplified in
thiy case. Similar findings have heen deseribed, for
example, the ETVE-CDXZ fusion [e(12;13)p13:q12)]
in AML (Chase et al,, 1999), E7V6-COTT 16,12}
(q24:p13)] in myelodysplastic syndrome  (MDS)
(Janssen et al,, 2006), MLL-GAS7 [((11;170q23p13)]
in acute leukemia (Megonigal et al, 20000, MLL-
NCKIPSD [{3:110p21;4233] in therapy-related AML
(Sane et al., 2000V, and FUS-DDIT3 1:{12;16)
{qi3:pii) in myxetd and round-cell liposarcoma
{Kanoe et al,, 1999) (Fig. 8). The 5 side of the first
exons are not flanked by splice recognition site; thus,
the first exons in the 3 side of genes would not be
recognized as an exon in the mature fusion mRNA.
Interestingly, in 2 case of MDS with «(10:12)
(GR&p1 ) ETVE-GUTT, a genomic region, which was
locared besween the breakpoint ar 10g24 and GOT1,
created a fusion transcript with E7V6 concurremly
(Janssen et al., 2006).

Based on FAB classification, the subiype was
defined as myclomoenocytic in the present patient,
KAT6A-related leukemias, excepr for those having
ASXLZ as & parmer, are associated with the M4/
M3, often therapy-related and with hemophagocey-
rosis. In other AML cases with 8p11 translocations,
including t(&;8¥q27;pl1y (Brizard er al, 1988),
381702 7:p1 1iq12) (Bestheas et al., 1989), and
t(8: 1) pl1iql 1.1} (Slovak er al, 1991} where the
genes involved in these translocations have not
been identified. the morphological phenotypes are
highly similar 1o leukemias with KAZ64 transloca-
tons (Table 2). Our case displayed an M4

TABLE 2. Summary of KATéA-Refated Hematologic Malignancies

Chromosome abnormality  Fusion partner Phenotype Clinical characteristics Reference

& 16)(pl Lpl3) CRERBP AML=-M4, M5 Therapy-related Borrow et al, {1996}
Hemophagocytosis

inv(B)pllgi3) NCOAZ AML-M4, M5 Therapy-related Liang et al, (1998
HMemophagoeytosis

1(8;20){p1 Liqi3) NCOAZ AML-MS No hemophagocyrosis  Esteyriss et al (2008)

€822 (p! bgid) EP300 AML-M4, M5 Therapy-related Chaffaner et al. (2600}
Hemophagocytosis

w28} (p23ip 1 ) ASXL2Z MBS Therapy-related Imamura et al. (2003}

(8 19)pl Ligl3) LEUTX AML-M4, M5 Therapy-related Present case
Hemophagoeytosis Brizard et al. (1988}

Stark et al. (1995); Gervais et al {2008)

o827l 1} Unknown AML-MS Hemophagocytosis Brizard ef al. (1988}

(3B T2 p1 1l Unknown AML-MS Hemophagotytosis Bertheas et al. {1989}

8N pihgl L) Unknown AML-MS Hemophagoeytosis Slovak et al, (1991}

Genes, Chromasanes & Gonrer DO 10082 pec
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phenotype, hemophagoeyiosis, and DIG, and
ather AML cases with €(8:19) also tend to have the
M4/M3 phenotypes, hemophagoeyiasis, and DIC,
‘Thus, the present case with £(8:19) is similar to
other ANIL cases with KA764 rearrangements,

In conclusion. LEUIX was identified as a
KAToA fusion partner. Molecular characterization
of the KATOA-LEUTX gene suggests thar LEUTX
may play a different role in leukemogenesis than
other KATwA partners previcusly identified.
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8024 amplified segments involve novel fusion
genes between NSMCE2 and long noncoding
RNAs in acute myelogenous leukemia
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Taku Tsukamoto', Shinsuke Mizutani’, Yuji Shimura’, Mio Yamamoto-Sugitani’, Tsutornu Kobayashi’,
Yosuke Matsurmoto’, Shigeo Horiike', Junya Kuroda'™ and Masafuri Taniwaki’

Abstract

oncogenic functional roles.

The pathogenetic roles of 824 amplified segments in leukemic cells with double minute chromosomes remain 1o
be verfied. Through comprehensive molecular analyses of 8g24 amplicons in leukemic cells from an acute
myelogenous leukernia (AML) patient and AML-derived cell line HLEO cells, we identified two novel fusion genes
berween NSMUE2 and long nonceding RNAs (ncBNAS), namely, PYTI-NSMCE2 and BFT04016-NSMCEZ. Our study
sugoests that 8g24 amplicons are associated with the emergence of aberrant chimeric genes between NSMCE2 and
oncogenic IncRNAs, and also implicate that the chimeric genes involving IncRNAs potentially possess as-yet-unknown

Keywords: Acute myeloid leukemia (AML), Long noncoding RNAs incRNAs), PVTT, NSMCEZ, CCDC26

To the Editor,

To gain insight into the role(s) of double minute chromo-
somes {dmins) in leukemia, we cytogenetically/molecularly
analyzed 8q24 amplicons in patient-derived leukemic cells
and AML-derived cell line {(HL60) {See Additional file 1 for
supplementary materials and methods). The patient was a
71-year-old fernale with AML (M2). The G-banding karvo-
type of lenkemic cells was 47, XX, +mar [2]/48, XX, idem,
+mar [6]/46, XX [7], containing two marker chromosomes
{mars) from chromosome 8 (Figure 1a and b), DNA copy
number analysis (CNA) revealed 13 high-level amplicons on
8g22.1-q24.2 (9843 Mb-134.16 Mb) (Additional file 2
Table S1). SKY analysis of HL60 cells containing the 8¢24
amplicons revealed that the representative karyotype was 44,
X, der(G(E1M{gl12q11.2), H7:16:9)(q34:q24p21), 19:14)
(q22:q22), +13, -15, =17, der(21)t(15:21)(q22:q21) [1]. CNA
revealed several amplicons on 8g24.13-q24.12 {126.25 Mb-
13075 Mb) in the HL&G cells (Figwre 2a and bl
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() Biomed Central

Consequently, three comumon amplicons were identified be-
tween 8g24.13-21 in the patient and the HL60 cells; Le, the
regions covering NSMCEZ {8q24.13), PVTI (8q24.21) and
CCDC26 (8¢24.21) (Figures 1¢ and 2b). Further investiga-
tion revealed three fusion transcripts between PVTI exon
1a and NSMCE2 exon 3 in the patient (Figure 1d and g),
and a fusion gene between exon 6 of NSMCE2 and exon 1
of BFI04016, a noncoding RNA sharing the sequence of
CCDC26 exon 4 (Additional file 3: Figure 51) (Additional
file 4: Table 52), in the HL60 cells (Figure 2c-e). Both the
NSMCE2 and PVTI genes were amplified and located in a
micronucleus in the patient (Figure 1), and the genomic
junction of 5-PVTI-NSMCEZ-3 was located within intron
1 of PVTI and at & upstream of exon 1 of NSMCE2
(Figure 1j and k) (Additional file 5: Figure 53). In the HL60
cells, amplification of 3INSMCE2 and 5CCDC26 was co-
localized on der(13)hsi(8), ns{2:8) and dmins (Figure 2e-h)
{Additional file 5: Figure $3), Aberrant NSMCEZ transcripts
were higher than normal NSMCE2 transcripts in the patient
and the HLE0 cells, while NSMCE2 protein expression did
not correlate with normal or abnormal NSAMICEZ transcripts
among the leukemic patient cells or the HL60 cells, suggest-
ing the presence of regulatory mechanisms other than tran-
scription (Additional file 6: Figure §2).
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Figure 1 ldentification of PYTI-NSHMCEZ in the feukemic patient cells, @) G-harding analysis. Arrow indicates two marker chromoesomes

trnassh, b SKY analvsis for the patient identified bwoe mans derved rom chromosome 8 {arows). {¢} Copy number changes at 8u24 detected by
high-reselution oligonuclectide aray. NSMUEZ TRIBI, MYC, PVTE CCDC26, GSDMT, and FAMASE are amplified, The direction of the arrows raflects the
direction of gene tanscription NG o pene (d) Detection of thiee AVTLNSAMCE? fudion wanscripts by RT-POR. Primers were P18 and NSMCEZ-Ex4AS
for SWPVYTE-MSMOERS, Lane Pr1; leukemic cells Bom the patient: lane Nowater lane W size miarker, {g) Sequence analysis of MSMUCE? fusion manserpr
ir the patent, (8 FISH finding of the patient using PVTT probe. Muliiple red signabs indicate extachromosomal ampiification of SPYTT on dmins,
Co-localized redd argd areen sgnals Indicare normat 2YT1L Inset shows SPVTT amplificstion In a micronucisus souivalent of mar [arow). {Additionsl file
5 Figure $31 {g) FISH finding from the patient using an NSMCED probe. Intense vellow sionals indicate amplification of NSMUE? on raars and
co-lpcalized red and grean signals signify nomoal MSVCE? on chrompsom B Inset shows NSMCEZ amplification i a micronucieus equivalent of mar
{areowd, (h and 1} DAPI piciurss of retaphase cells comesporkding 1o (f} and {gl. Arows indicate mars. in metaphase, NSMUE2 amplification was
sieectabdle on mars, SPYTT amplification were observed on driing, however, PVTT FISH probe sels could not identify mars because of the background
drnins f and by, ) Results of LDIPCR. Prirners were NSM3B374 and NSM3ESEA for 5-T I-NSMCE2~”' Lane PLY: leukernic cells from the patient; lane
N water; lane Mo size rerker. (Additions! file 4 Table $2) (k) Genomic mapping of PYTT and NSMCEZ exons and breakpoimt, White vertical boxes
represent exons; dotted ne represents braakpoint of PUTT and NSAMCED in the patient detected by LOMPUR, Hodzontal line indicates the locaton

of miRNAs.
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file 4; Table $23 () FISH finding of HLEG using CCOCZ6 probe. Intense cosocalized red and green signal indicates amplification of the CCDC26
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The present findings are consistent with previous stud-

ies demonstrating that segmental genome amplification of

824 contains recurrent PVTT fusion genes, which might
be generated by chromothripsis [2,3]. Both IncRNAs,
PVTI and CCDC26, harbor retroviral integration sites
and are transcribed into multiple splice forms [4-6]. PVTT
averexpression Is induced by MYC or p53, contributing to
suppression of apoptosis [7-8], whereas PVT! produces
six annotated microRNAs that have been implicated in
oncogenesis [3,10,11], The chimeric transeripts involving
PVT1 may also regulate the expression of as-yet unspeci-
fied target genes through “enhancer-like functions” [12}L
CCDC26 amplification has been also identified as a recur-
rent abnormality that is associated with the response fo
retinoic acid-induced differentiation in AML [1,11,13-161.
This study is the frst to identify NSAMCE2-associated
fusion genes in AML [17-19]. Knockdown of NSMCE2
induces chromosomal instability and increases the
frequency of chromosomal breakage and loss [20]. We
speculate that NSMCE2 gene rearrangement may poten-
tially influence its function. Collectively, our study identi-
fied novel PYTI-NSMCE2 and CCDC26-NSMCE2 fusion
genes that may play functional roles in leukemia.

Additional files

Additional file 1: Supplementary material information.

Additionat file 2: Table 57, UNAG analysis of the region betwesi the
MTDH and LRRCE genes on Bg24 in patient | withs raarker chiomosomes.
Results show the genomic dize of the sight amplified segments that
WEER 593&\?!% based on the existence of own genes withn them andg
el approdimate positions.

Additional file 3: Figure $1. Association betweer (70028 and
BI040 a1 802421, The scale indicstes the region 21 White boxes
andt grey Boxes indicate sxong of CCOC2E and BFI040I6 on the genenc
lotus at Bu2421, respecitively. Vartical black fines ingicate exons on the
CERC26 woforr, According to the NCBI database, isoform 1 (BCO70152.5
consists of four {1-2-3-4) exons, and isoform 2 (BCO2EGUB.T) consias of
trese {1a-3-4) exons, BFIOH6 consists of 3 exons. The sequiencs of
BFI04016 exan 2 is panly consistent with that of CCDC26 exon 4 ORF:
hypothetical ogen reading frame,

Additional fife 4: Table 52, Secuances of the primes used in this
ity

Additional fite 5: Figure $3, Identification of brezkpoints region at
8a24 by FISH. Upper panst location of FISH probes shown as color bars
and posiion of NSMCEZ TRIBT. MYC, and PVTT genes at 8024, Verteal
black lines mdicate exons of NSMCEZ, PYTE, and BFI04016, Lower parel:
mapping of breakpoint in eukemic cells of patient 1 and MUED. Gray
boxes indicate amplified eaions detected,

Additional #ite 6: Figure S2. Bupression of NSMUE? in patient ¥ and
Addl-derived cell lines. (a) NSMUEZ mRNA levels measured by RQ-PUR
(ri=8, mear = S0 Thedretically, the NSMUEZ 7-8 primer/probe can
amptlify buth nogmal and absrant NSAUE? transcapts, wh:ie the NSMCE?
23 primer/peoiie et which can amphfy anly normal A
NEMCEZ mBRA levels wers oormalized 1o Bactin and aie relats
control mRNA extracted fror normal BM calls, NSAICE? mRNA levels
amplified by the NSMUEE 8 orimertrobe set are Mgher than thoss
amplified by the NSMOEZ 2-3 orimerprote 3ot in parient 1, LS
KRG cells. (o Protwin analysis using the anth-NSMUEZ antibedy in calis,

Blot for f-actin was wsed as leading control Lane T normal BN lane 2
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|

KG; fane 3 HLBO. e and o) IHC analysis of NSMUEZ expression in BM of

atlent | and normal BM (), NSMCE2 expression of leukeric cells was

ot higher than that of nofmal BM calls, Monooses anc megakayocyies
showed srong positive signals i their cytoplasm.
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sEFwEamE OhR) %8 2K

(2012 & 4 BELET)

FLHIC

FE S, DEOEBMESEORTHISD 1 25D 5ROSVEETH B0, SHEEH
LB (acute myeloid leukemia @ AML) E/NIICIEAE T 5 FILE ORI 25%6 % H ¥,
DHSEICE ) ZHHZUT AML EGIEUILER 150 flfig g I hT0 3, /DMLAML T
&, BYEEORBREON LEME - ¢, EESLHNREREICeE S U HESORM
B o, BRI BY ABMEIESH/NEhBERICH 5, KATA K54 TR, &
YRR B TE E IS (de novo AML) & B PERT B BEBRYE B 7 (aute promyelocytic leukemia®
APL), 0 VBRI S B E B A M (AML-DS) £1243 1 T, ThEhEET 3,

I. RESEE
AML OFEISHE, 2001 HICBA S hic WHO 45040 G5 3 1D LUk, fapigs ks
L7z FAB (French-American-British) 48 flh b, AML O FPEEF LU TROEELE
SNBGEFREEPHETEROFENEREIND & 5101 - /o, &H© WHO 2008 4%
EAR) TERI1OXIEHHMESh T35, WHO AT, FHAlE LTEMEZLNE
(ANC) HDZFRRM 20% L1 1dH 2841 AML &2lra 555, t(8; 20D, inv(16), t(15:17
R RES B4, ZFERN ANC O 20%kiTd AML E2Hid 5,

. /N de novo AML DRBIEDBEIGEFDITET A LANJL
VITF, /MR de novo AML OBHIOHIGEEFDOLEF v A VI DNT, B2IRT,

1. /MEAML O FREF EERERL

AML OB EELFHREFE, AML MR O et il & @l A BEIc B 1 5 EY
PRI TH b, &SRR EHEOEEEZ 8D 7 AML OEEEABIREE,
NoOTFHEFICESHIY X7 FHHIC L Y IEEIN S Y, £(8;21) (¢22;922) /RUNXI-

28

- 281 -



<dll) AML O WHO 9455 4 fR

1. BEOREERSE - MEFEEEES AVL (Acute myeloid leukaemia with recurrent genetic
abnormalities)
AML with £(8; 21) (22 ; q22) ; RUNXI-RUNXITI (AMLI-ETO)
AML with inv(16) (p13.1¢22) ort(16 ; 16) (p13.1; q22) ; CBFB-MYH11
APL with t(15;17) (q22 ; q12) ; PML-RARA
AML with t(9; 11) (p22; q23) ; MLLT3-MLL
AML with t(6;9) (p23;q34) ; DEK-NUP214
AML with inv(3) (q21q26.2) or t(3;3) (q21; q26.2) ; RPNI-EVII
AML (megakaryoblastic) with t(1;22) (p13; q13) ; RBMI5-MKLI
Provisional entity : AML with mutated NPM1
Provisional entity : AML with mutated CEBPA
2. BHREREEELEHED AML(Acute myeloid leukaemia with myelodysplasia-related changes)
. REBEBHRAIERE (Therapy-related myeloid neoplasms)
4. FREAFITU—LIHO AML (Acute myeloid leukaemia, not otherwise specified)
AML with minimal differentiation '
AML without maturation
AML. with maturation
Acute myelomonocytic leukemia
Acute monoblastic/monocytic leukaemia
Acute erythroid leukaemia
Pure erythroid leukaemias
Ervthroleukaemia, erythroid/myeloid
Acute megakaryoblastic leukaemia
Acute basophilic leukaemia
Acute panmyelosis with myelofibrosis
5. BREANE (Myeloid sarcoma)
6. U EREEEEEEIEERE (Myeloid proliferations related to Down syndrome)
" Transient abnomal myelopoiesis
Myeloid leukaemia associated with Down syndrome
7. FEMTEMIEEHAMAIER (Blastc plasmacytoid dendritic cell neoplasms)

B, BUOSNTWREEDE, AML OREBAEEDBRIBEDEEEERLELETH S,
(Vardiman JW, et al : Blood 114 : 937-951, 2009 & 4))

oV ]

RUNXITI Wk, inv (16)(p13.1q22) & % id t(16; 16) (p13.1; q22) /CBFB-MYH1I Bitk,
972 5 core binding factor Bl H 7% (CBF HILKR) OBAIIKRY R 7B & L TL3EHE
BOHDIERMTON, /Y I— T%5q—, t{16:2D) (pll;q22) /FUS-ERG, +(9;22)
(q34;q11.2) /BCR-ABLI BT H A B SEKRRE SN H 2540, MRFEMEARELIC
WY LIERBEERERCHES AR TH - LA R &, BY A7 B LTE—RERIBIE
U5 EEEIMGHEEEOEIEELTSY, BYZR/BRHY R 7HICLHETEE AL

29
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2. 2iEERtams ChR) E2Mk

E=72 /M\E De novo AML OBEER

%%“?ﬁ o jurs e @gg;g;g : :
HE—-EE BURS* GNR GNR GNR GNR
fEl U X o” | GNR GNR GNR GNR
BYxL* S S S GNR
ELIROERRER S S S GNR
BIRETE BEREARICE | CO*” co Cco GNR

2D DEIE, BRYBIEEELY N VEKET D, DTETIR, AMLO SROBITEERD D,
MFoU 2058, REBLSNTNS,

Y D8 1(8;21)(q22; q22) /RUNXI-RUNXITI, inv(16)(p13.1022) & 3 L\ t(16:16)
(p13.1: q22) ICBFB-MYHII, EEL, WFNOBESE 1 I—-20EBETTS
BRECADEEEDH

PEURDE R D Y RDBEOLTNEEESBUVVES

BUDE UTOFERRFEETIEN. 1 D-2ADEEEETERERCASY, 20—
BREERICAOEER, B/ YS—7, 65—, t(16:21)(p11; q22)/FUS-ERG,
t(9;22)(q34 ; q11.2) /BCR-ABLI, FLI3-ITD &8I B,

UBEETOTEERRERTRTHD =S, EERRIEETRIENIBET COELEN,
performance status I BERBSBENCITONDEH DL,
S : standard of care BB IEEEETHD

(BHE, EEOE (QOL) BEDRMBE L DNTERH L EL TRENICREITNETHB)
CO : clinical option BHEZERL TEINES
Dev : developmental BBREDTHY, BRSBTS NEIES
GNR : not generally recommended —REE0IZ GEISH SN

(EEER)

BEE, FREY 27 BICEIRT 5h 3,

AR, BRI & 2 2RO MIT O R, ik 11g23/MLL BIZFREICENT
£(6;11)(q27;q23) /MLL-MLLT4 (AF6) BFHABTH B ERWP oM, £k
FRRFRIRT B O M I, EROBBEAST TRRE TE UL - LHOBETFR
WM e ERDHh o T %, FMS-like tyrosine kinase 3 (LLF FLT3) @ internal tandem
duplication (FLT3-ITD) REARLFHEARKTFTH Y, BA/NREMPFY G
W=7 (JPLSG) @ AML-05RERTIE, FLT3-ITD BHEFIRE Y X7 BHicaffiahi v,
Z DAlh, NUPIS-NSDI 78 EHHOFEREAREF bR A2 LS Mz Eh22H 80P, 2ho
DIFBETEROEIRG, BDFUSHELL T 3Hh i TRE L, R IBENAETH 5,

P TR AR OVREER R, DR AML KB 0T HEELFHREFTS 50,
TEROEBEFHM TR, T 5 Z EHRETH - LM/NEFHRE (MRD) %, AML
MO RN EEMAE S — 270 —9 1 b2 M) —iEThET 3, 550

30
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AML #E OEFD U EBAY IR T- 2 82 % PCR I THRINT 2 Fikhmi ah o250, 4%
DY ZRTBHINCH O SN B AFREDND B Y,

2. /NBAML OEEE

INFL AML OEFEO ERESHFFLERETH Y, TOoPLEHESERNLZY Y S EY
(Ara-C) ET Y b7 H 47 ) YREFITH B, Thod 2 HEFOCIEBEARE &R
Ara-C Bk G UBALFEEEEN 4~ b 0 - RBET S OMPEENTH 21 » 70, MR
HBIZ20TR, FAa Vi & BFM Berlin-Frankfurt-Miinster) 7V — 7 TliEfF» T 5
Lom, 75 A0 LAME (Leucemie Aigue Myeloblastique Enfant) 89/91 BFFEiT f
THERFBER DB L B T > & WAL ORER, HERHIEERC B L TN 257 R(08) 28
HRICED - ETERENH ST L, TOBEHROVTRBHICEENTH S 1,

INEAML THOONTWAT Y bSHA 7Y v ELTH, FY/VEY Y, A FIVEY
Y, TRFV VIO UAB AN, ZOBEFLCOOTEERSHTORL, Z0M, Ara-C
ETYIIHAT ) VUNDOESOEREHMT S5 LOFESLT LUSUMETEAL
A, MEAML BT MRY FEEMPFHENS Z EMBE 0, FLCDB E/ Fo—
FOVHR I TS E A V r 7 <A ¥ VARG SRS LYy X< T o /W<
4 v (GO) K2 T, B L TRIBEGICE I 5 FRREO L ©F Y 24T
372K, ERYTBEEE, HREFAPEEIICLEDEI&THE Y, £/, GOK
DT, RSB AN U TE MBI 21T - 1285810, veno-occlusive disease
(VOD) /sinusoidal obstruction syn@rome (SOS) HIE L OMHEARIEH SN T B, 3

, B D FEZNE AML BREREUER DR RS
#E N :

ST CR . |J—R¥ | FMERE | EFS (&) 0S ()
AMLO9 * 2000 ~ 2002 | 240 | 94% | 6 19% 61%(5) | 75%(5)
AML-05 2006 ~ 2010 | 443 186% | 5 12% 54%(3) | 73%(3)
CCLSG AMLO805 | 1998 ~ 2002 | 101 | 90% | 8 19% 53%(5) | 74%(5)
SJCRH AMLO2 | 2002 ~ 2008 | 230 [94% | 5 27% 63%(3) 1 71%(3)
MRC AML12 1095 ~ 2002 | 455 1 92% | 4-5 7% 56%(5) | 66%(5)
AML-BFM98 1998 ~ 2003 | 473 | 88% | 5-+iEmE | — 49%(5) 1 62%(5)
NOPHO23 1993 ~ 2000 | 243 | 92% | 6-7 23% 48%(5) | 65%(5)
CCG 2961 1996 ~ 2002 | 901 1 88% | 3 18% 42%(5) | 52%(5)

MR AML HEERBIF S

CCLSG:MNBBEBIRIAZTI L~ SJCRH:St.Jude JUEH AR, MRC:Medical Research
Council, NOPHO : Nordic Society of Pediatric Hematology and Oncology, CCG : Children's
Cancer Group, CR: 52ERE EFS: BANYNEER, 0S: &4E%

EFS T 50 ~ 60%, OS T 60~ 70%DEHFLEFRTESNTVND, TER2, 6~104Y)
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2. 2EERERmE MR) B2k

I, BEOES/NR AML BRSSO R
3. B—EEHNE AML 2B BB HiEBSE

1980 SECLIRE, SB—EMMo/PIR AML I LT, HLA —EEBE K+ —» 5o RES
MEMEBESE{ITbha X2l ol L LML, (WEFREEAEHZVRER
BHEDT 7 LLLREBREFEREE T, TEYWENS v 7 44L (Mendelian/genetic
randomization) I, 97 b BEMENE ONIEZ, HLA BE&RE FF -8 38412E
FIEEBHEECE DAY, Fr—»B0RbGat3tERE(G 20 RARBEBE O

i, EEoBEEROBRICHEHL ST, BT on/l (FF—F0Bivs NF—HL
BE) ISP - THEEHTA4T S HiE (intent-to-treat T 2L b, L DEERABRMSTONAL

(&4 ).

KE CCG @ 5 2 DGR HER % & BT Licb®, #L0CCG 2891 BT, MRk

Cal BEEMENE AML ICH T SRS S LBEEDLEE (intent-to-treat #EHR)

DFS*, % 08, %
RFr—FY Rr—EL F+—FU R
AML-BFM98 (HR M #&**) 47 £ 7 434 58 + 9 56 + 4
CCG-251,-213,-2861,-2891,-2941 | 47 £ 6 37+4%** |54+6 45 + 4%+
CCG 2891 EEBE BRBAE FigisiE EE 2
55+ 9 42 +8 60 + 9 48 + 8
fesae {esmx
47 £ 8*** 53 + 8***
CCG 2961 60 + 8 50 +5%** |67 %8 62 £5
| POG 8821 EIESE BRBIE
59+ 8 38+ 6"
' =P
BE6""
EORTC-CLG 58921 B3 + 8 57 +5 78 £ 7 65 +5
MRC AML10 - - 68 59

* POG (Pediatric Oncology Group) 8821 (Dd+ EFS
“* AML-BFMS8 @ HR : SR (Auer MEZBET 2 M1/2 85I, MaEo #I, t1(8:21), inv(18), HD dayls
OBEFEEFIRECR B 963-E, M3, t(15:17) Sk

TP < 0.05

MEMZEOS VI Lol ELVBESER (Nh—8Y) S{LSEERE (N —#8L) &&HEmLE

HDo

32
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HH (DFS), £4FHL (0S) LI FF—HDEAE- ", UhL, CCG 2961 AR

TR N F—FYEBE->7DE DFS OAT, 0S TRESED SN, -7V, TDf,
AML-BFM98 #E:, EORTC (BEuropean Organization of Research and Treatment of

Cancer)-CLG (Children Leukemia Group) 58921 i, ZEE O MRC AMLI10 BT N
F—DFMTEEIRD LD 217,

ZOED, RAEEBICITDNAEER T LT, BEREE TORBIIRBAIsES
D51 N M % time-to-transplantation #iIE U 7o #iss Tid, LAME 89/91 {Bic B
T OS THREBHEESE - 7208, ER/NADBADIE 7V — 7 (TCCSG) M91-13/M96-14 ?ﬁ\"
%, AML-BFM87/93 BB ClREA RO LM - 01 18,

1990 SEACEELIRE, £ & LT AML HIBO R BIC &L 5 U 2 7 BRLIARIEA &
N5 &b, £(8;52D) 2 inv(16) BERIE &0 CBF AMUF I LT, H—EfHK
B AREBEOBEISERY, &5 avk Y ARE SN, CBF HiFEUSA O Y
27 BB RUE Y A7 BN AML IS 2 B—TUHEIC B 0 2 AEBEOEIEIT > T
DAL AF-HLTEST, B AIHOSBEEIEE L THWE 7 V-7, JEFIK
Pl E 72 BERERICOBBEIEE LTWAE 7 V— 715 Ekix ThH 5, bHRETHE, AMLI9
BofER, SURIHOSEOSHET%E, PHYXIE, KY X7BHD 72 ~87% &1
BMUTHOMIZRBETHB I &, AMBPHOEIEE LTVAEY, wIhiclTsh, 1k
ERHEIC X AEEREO M L, BHAIEEEY RERHOY X7, /MR AML O8&
IAMLEERRR I X A R EOEFRBSILENBIFTH 5 & Eh 6, F—EEHI
A RO NS A EmICH BT P,

Wi, FF—V—RICD0 T, HLA —8E foid 1 A2 F—, HLA —%3E
iz ¥ — OFRAEIER T H 5 A5, HLA 2 FEA—E & TOIFMBEFM K —ic X 58
REAGAT & S 5 WIRIEMRE F - — I X 3B S BELOEREMES LT E ™ 2,

WL D0 T s, SSREHES (TBD 2 HLiil@EkeE 7 AV 7 > v (BU) B &
RO IEBARTLEERE E OB TELE I DWTOMHES ZEF v X di, UL L

, TBL i f el & O 2 ERE S 2 Hiih o, H—TR < OBE TSRS AT ik
;f;):»ﬁg#[{ SINBMWAENCH 5, Eio, BINMEREARE LB (Reduced intensity stem
cell transplantation : RIST) X2 Td, HREE TR EF v AM0 TR,

E—EREI/NE AML 23T 2 BRISMEFDZSE

FE & LT 1980 4R~ 1990 FEMAFTHE T TOE—TURL/NE AML icx-¢ 2 BHRER
B OMFHRER, 5, e OSDHBICB W TEE O/LFEFRE L DEE T
o AZFRIC T 2 OBEEEEMN SN, BEL QBB N > 2,

33
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2. 2EEHEAIRE UNE) B2k

. EBEEREAMEONE AML &0 DiEMEFBiEEE

HAE MRS RS I & 25 28 EEAEREREE IC XL, 16 8RB OB
5 EEFRIE, FEMHOEA 61.4% (95%FHERE 49.6 ~71.2%) TH b, FEEME
DA 28.1% (95%EHAKM 20.9 ~ 35.6%) Th 5, BY, HHREEZEMMLIEDE
&%, EROEAEE, LEHHEDS THESE SN AHEREIERICEL, FHESmEM
e 2T S o EofiEdh B, /5L, EEROBEE, BEROEKS, REEESH

EERITIR7EZRELT, BHEOBLETHIRETILEND 5,

INE APL DBMEDERETDIET A LA
UTF, 'hNEAPL OBHEOMIGEEZO T EF Y AVRMITDINT, B5ILRT,

1. APL OF#ERT

PIFEFEMERE, VM XA ERY R 758N, 41707, ARA VERINV—T
LOVMESNTEDL®, B X7 7V~ 7 (HERES 10,000/ «L, Mf/hMEEL > 40,000/
gLy, Y 22 2 v—7 (AMEREE 10,000/ wL, fU/MRES 40,000/ L), &Y X7
77 (AMEE > 10,000/ uL) E4EEh T3,

F LR T 0 RT-PCR it & 5 PML-RAR o Bi &8 2 F %0 % & L7z MRD ##

Eoh) /MR APL OBHEEIG
» Fx‘??ﬁ?ﬁ%ﬁ | A
; HLA B&RER | HLABESIEME | w0 :
HE—FRL MRD (—) GNR GNR GNR GNR
SETEME MRD (—) co- co* co* s
SRR MRD (+) co" co* co* co"
BEY  ERYATIEY co“** co=** co** GNR

MRD [& PCR-MRD

‘BREEESHENESSNDEY, BELIRNEETgDEVLWVDEKRTCOLELE

UBEOBSSNDEY, BELRHEETRCVWDIBKTCOELE

TUBEBET O CEHEERBIIRRTHIES, EEUBHEBETILNVDERTCOELE

S :standard of care BENIEEESETHD (BHE QOLBEDTFHRECODNTERELELT
MRENCREINETHD)

CO : clinical option BEEZERL THIWNES

Dev : developmental

REPTHY, BRFREL TERINESRSE

GNR : not generally recommended —#69I2 (&b SNELY
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FiC & 50 FRERFHERORFZEN, TOoBROTHREUET 5 L0WMENSH Y, il
FEERR 3 AERIZ 3 A A B ITEMDO MRD iz 45 C &, BE& @ - 7c5410id 28R
BICEBL, ThTOEEOHE IR THIEROMIEIERES LT 5,

2. APL OEWIEE

FEk APL i, APL MIfiEIc & b #0E &0 2 MR INAE P B EGE R EE (DIC) o 7o, Tifif
WAHIZIE LT T BIEMANE L, FERABOBERTH -7, LHL, 9B FIZL&INT VAV
F ) 4 Vi (ATRA) I & B0 LFRESHE SN P, LIk ATRA 2Rk RE
AT B LI KO BHREARBEPOFETHRD U, THREARSmLE, BB
ek Ui,

32—y APL 7V —7IC & B APLO3 WFFEIC & B &, /NAHIO & 2 i U7 5 48 EFS
ETI%EWABIERSETH D ®, & 510 ATRA B L UHHB ARG I & 5 EEREIE
WTH5HIEbRBENI ™, L L ATRA T & 3§55 H BESTE S hcld b
HY, HERRHEORIEIC DO TROE R TOEL, ,

ATRA #A LK, BN TR/ AML JERIEEDF RS X 5 AMLIO-M3 BHF9E %,
CCLSG-APL-ATRA B ® A2 g R T h, © 0 AMLI9-MS FFgt % HAEk &
U7c B JPLSG AML-P05 A& 175 BB & L TiTb iz, THhid ATRA EHLAAH
DEFPERTIC & 2 B AR, TRLIFER O, ATRA BRI £ 2 HERFRED 512 5,

D AML-PO5 (%, XEEEMITMITHOAZEShTWRLYE, TOEKEE -«
AML99-M3 WIF I3 AR A £ 96.2%, THEEFS914% LIEFICRIFEEREELTH
5,

PIEX 0B S TERTE, @ ATRA EHMBAFIFRICL 3 EREAFELE @7 v 5
Y1 7Y vEPLE UigbEE, O ATRA Bilidk 5 O3 AFIOHE IC & 2 JERt L,
PN APL iEH OB T & L THELS >0 dH 5,

1997 FEICHRE S WA ZBL LI (ATO)® i, ATRA RBERICE L CENAET
REAREZTRLY, ZOBBAZPLICTHREG, MZEAT 2EFERESHEL TS,
ZLTOATRATHHEMICLEN TS S, @ TV bS5HA4 2 ) VRBEREZRHSE5, ®
e Ry MEFRAEBEIIW LT A3AREEND 5 HOHE» S, TEERALF APL Hilic
HUTATO ZEA U7 KBS ERRDIZES I L T 5,

/MR APLICBI LT, RE Children's Oncology Group (COG) 45, FJ¥E APL13 fEH
Z ATO BRITIHER UETIMEAR 85% & BRIFHERARE U™, /NEFF APLIZH LT
b ATRA EHAFI DB R ICIEHT 18 EIARENTE T 5, BIfE, COG 48
RALFEE O —EBIC ATO 43800 L7z AAMLO631 BFFE% 2009 4570 S /T H T 5,
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2. BHSHERDE NE) B2k

Ua L ATRA ® ATO I X BiEHIZ, Wb B{L3EEER 0 & 4HEH D% VR, APL
SACFERREEP ATO I2 X 3 QT EES & DML EPHEMESLETH 5,

ZOM, FLYXTT AV HTA Yy (GO) 13 EFHLERERMSEN L ER L LT
s h, EBRAPLICHT 3 GO 0F MDY, BERUFIHE APL bFhii 20T HE
EhTHh3Y,

UED LS APLIERGEBORADZAMBO O LD LM > T b, BHOHEEE
FEIZDWV T id Buropean LeukemiaNet & Y i &N T3 ¥,

TFHRAFOETH M2, B—FHHOMIREK T H%IZEB 1 5 PML-RAR e Bl &#
fZFEHR E Lk RT-PCR i< & 3B MRD Bt:fhics Uiz, 2 BELNICEREETT
WV, ThTEEEOEE, EFICERTMRENICERT 20w, BEPMC ATO L EK

aé&%xmﬁﬁfﬁbw,%@%ém%ﬂm@ﬁ®mﬁbméc

3. APL OZEYEZAESMEFHRBIEOLER

B O BN OIRFEIIE T, (LEFHEOHTRIFERENEONATHE I LS, §
— B T O A ISR D BRI 7 1,

MRS OEISE L 501, BTEMBE, #e mbahﬁ% EFICR oG &%
ZAbhb,

APL ictd 2 (b3t S MBS o i, & U< 38l — o imsmpg
RO A U7ciS 22 TR FERETH 5,

T b RERIE D Z T IZ, European Acute Promyelocytic Leukemia Group 2 & % B
NE LRI 122 FEBIOMRIT T & 5 ¥, |

itk B &, ATRA ETMBARI &I & 2 B ER 0 MRS IR, 73 6
(60%) WiEHEZZY, €05 b0 flIZBEREHE, 23 FIRAMBHMTH » 1t 7THEEER
HEAFR, TAEEFS, TLEOSREhZN, HFBMETI9.4%, 60.6%, 50.8%, FWH
BT 92.3%, 52.2%, 51.8%, JEWMEBETII 38%, 30.4%, 39.5% Th D, BAEBAIER
TREL D BB B » foo BREBIC OO TRRAEBMEENEFICEOY, BEESEAIHE
BHE L, EFS, 08 Tlddr LA BRBHEENE - "{L\fca Z UC, BRBRRABRIUE MRD
BMTHh 2 EETE, MRD BB ENTHRWEZITH LT T4 EFS A8 76.5% vs 49.2% .
EHEEERYD, HEBREETSBECES FEEE %hﬁ%?&ap&ﬁﬁ%@%%L
EEiRE NI,

INBIRDEH D 5 WD IZTEREYE APL BFAWRIC UCERBE, REBHEO Lk
& LT Dvorak & 88E U7z 32 6l & 05 D EBIO B FHEMRE BH 5 9,

FFHH B REFERE 2SO, FERERORFENERICE 1232605 5,11
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Pl LT BRBHE, 21 flic L TREBEA TN, BHEEEIETER, HRER, B
W T0%, 27%, REBEHTI9%, 10%THY, S5LHEEFS, 5HE0SEENE
N, HEBWET 3%, 82%, MEBMEEETT1I%, 6% THODEEERZ AL -1,

U URER RO RO ETRE, &, APL 1 2 RIERE R OB S E R R
(GVL)DRHTE 3 2 &, AEBEHOBFMEECRMECER S UCERRERES
D OIERNILBENBEETH A ERENREIN TS, Ao REEHOERE
Bourquin #5#HEL TH 5 %,

ZITHE, MRICEWTS ATO 20 AN cfiERES—RIICA » 12356, [
OB, 12 MRD BRI 2 s, #UTL 2WHEEDSH 5,

V. AML-DS OBED#EILEFOIET AL RIL
PIF AML-DS OBHEOREIGEZDOLEF v Z VR DN TREE ITRT,

1. AML-DS OEWIEX

¥ UREREE (MITFDS) 13, & ashicpmkRygREBo 1>, DSIREIEDS B
TN, BB ARE LS TN EBHLN TIN5,

DS ICRSE L - 2B AR (BUF AML-DS) 1%, JE DS ICFAE L7z AML 2 M-,
1E&EAENARELIT EREEMME L, SUEEMEFREEIFSE WS EORBER D,
AML-DS 123k DS AML IZ e, WA PHENS W —FT, BERILEAL LI &S
NaLH1I0ED, BRI UREERTOh T A,

RIRIEIEDS AML &R, Ara-C &7 U bSHA 7Y vEEKREL, BEkO LS K

Es] AML-DS OBHEEG

O RMEmE
e ERBE
T HABARR |HAB&*NE| wem |
B-mEs. | O GAR GNR GNR
BrEmE co co co GNR
BRI - AU ALY co* co* co* GNR

BEZTOTEHBERBREIRTHIES, EEGRIEZETDEVWDSBHRTCOELE
S :standard of care BIEHIEEEETHD (BHE QOLBEDOFRFRLODLWTEREILELT
BRENCAREITNETHD)
CO : clinical option BIBEEZEBL THIVES
Dev : developmental FRPTHY, HKREHES L TEREINEES
GNR : not generally recommended  —AZ8%I2 13 EIsH SN
(EBBIERL)
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2. BlEBgEtanE (hE) B2k

DSAML tREIULEBERBRZHOWTREROEREEZT->-TWA D&, DAED LD I AML-
DS Icd L LB EA T > T30 ENHEH, WIhd 70 ~80%D EFS Ko h T

A % 37**42}0

2. AML-DS OZEWEEL S SMEHBRZIBOLLER

BEOENIOEBREIR TR, (FFREOATEFLKESEONTHAI E0S, B
—REHTOZMBEMEBHOMIEIZE 0. Licd-T, BMBHEEHEO#EEEE 50
i, HHABSCRBEREMCESNS &AL oh b, Bk L EMnaBEs il
BRI, INETOELE - AENOREZTNTHRIRNKRETH B, T,
AML 72 OHEF I D0,

Rubin 51, 27 #0577 VRIS 2B (BHEEMIRE & HERBER D 2R
LT3 %,

EFITBITS Gy Pk, ¥ 7 okZx7 » 3 F(CY)120 mg/kg Y LOWRBE ML T 2bh,
T B AOHE (%, M &) TR, 1941 (T09%) #3100 HEL L4ETF, AL,
GVHD FHOEHK], B4 LETI100 HEFIKFECHERLTWAZERRL LM, CY + TBI
i BU + CY %72l Ara-CITkb, ©PRUFECHEH» »7c, GVHD FHIKA M PLUF
P— b (MTX) 2B, YooY 0 (CyA) BICH~RBIFEENES h 728 L
T3, 34EOS 1 48%, FERMIBICTHRIL 39% T, Himnd LT DS RiLBH OB
A5 BA, EMGEEITHMMEHEEE, JEDS BRI, BHGBENOSER T
KIABHEICEESDETH S LT3, AMLIZ 116, 1880 S 4 THRES
M, BE—RIRIAN T B, BRI 3 B, TR 1 B, BAY — X ElERTER
3B, R T B, FEMEE LB, SHMEFELLY, ITNTE—LRUTOBEN (HFR1
BlAEEE) TH-7E LT B, TERIZERIE 3 U, SBHETE S HITH - 72,

Meissner 5%, 110 DS HIEOBHEMEZHE L T35 ¥,

LROBHER EFS 14 18%, OS136% T, BEAIMELVEREOBEIWIERE LTS
Motk LTn5B, AML i 3HIT, ¢ XTE_REMETOBH, iLER, BU 16 mg/kg +
thiotepa 300 mg/m* + CY 200 mg/kg, BU 16 mg/kg + 7 /% 5 £ 2 (Flu) 160 mg/m’,
BU 16 mg/kg + CY 120 mg/kg T, 1#1HA Day 80 CHEMTHBHEEBERE, 2, 34
Blidfhite 6, 105 WATHEHFEL, LU TS,

HMRETIE, FASH TRUMP ¥4 » o FEBHE 15 floSEEmE LTS 9,
TR A B, BT, SISO LG, FETMETH, 3SERETRIEIBI
12.9%, MEBFTTEFlu + AT 75 VICXBHILBENTHRET, HMEE (R
5%, & GVHD 1, 18 GVHD1Hl, —ki4EERE 1H, MEEME1IH) &L
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T3,

¥ o, HRFSANGE « BHO AML-DS 0% FHIPIE T, BEHEA K]
8 Bl AR E M AR R AT b iehs, RGN 2 flo s, IR A&HFTT LT
Wi LHREL TS,

Pbo X5 cBFREHE0 AML-DS ot U, BE#EEHH 500, £ORKHL, Lok
HEBAEY — X« BLE « GVHD PHABOOME FRBEES TRIEBETE L, 4HBOME
PlOLEREBBETH 5,

(B3 #t—)
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