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ABI-1, a Human Homolog to Mouse Abl-Interactor 1, Fuses theMLL Gene
in Acute Myeloid Leukemia With t(10;11)(p11.2;923)

By Tomohiko Taki, Noriko Shibuya, Masafumi Taniwaki, Ryoji Hanada, Kazuhiro Morishita, Fumio Bessho,
Masayoshi Yanagisawa, and Yasuhide Hayashi

Recurrent translocation t(10;11) has been reported to be
associated with acute myeloid leukemia (AML). Recently,
two types of chimeric transcripts, MLL-AF10 in t(10;11)(p12;
g23) and CALM-AF10 in t(10;11)(p13;q14), were isolated.
t(10;11) is strongly associated with complex translocations,
including invins(10;11) and inv(11)t(10;11), because the direc-
tion of transcription of AF10 is telomere to centromere. We
analyzed a patient of AML with t(10;11)(p11.2;g23) and
identified ABI/-1 on chromosome 10p11.2, a human homolog
to mouse Abl-interactor 1 (Abi-1), fused with MLL. Whereas
the ABI-1 gene bears no homology with the partner genes of
MLL previously described, the ABI-1 protein exhibits se-
quence similarity to protein of homeotic genes, contains
several polyproline stretches, and includes a src homology 3
(SH3) domain at the C-terminus that is required for binding

eps8 SH3 binding protein 1, was also isolated as a human
homolog to mouse Abi-1. Three types of transcripts of ABI-1
gene were expressed in normal peripheral blood. Although
e3B1 was considered to be a full-length ABI-1, the MLL-ABI-1
fusion transcript in this patient was formed by an alterna-
tively spliced ABI-1. Others have shown that mouse Abi-1
suppresses v-ABL transforming activity and that e3B1, full-
length ABI-1, regulates cell growth. In-frame MLL-ABI-1
fusion transcripts combine the MLL AT-hook motifs and DNA
methyltransferase homology region with the homeodomain
homologous region, polyproline stretches, and SH3 domain
of alternatively spliced transcript of ABI-1. Our results sug-
gest that the ABI-1 gene plays a role in leukemogenesis by
translocating to MLL.

© 1998 by The American Society of Hematology.

to Abl proteins in mouse Abi-1 protein. Recently, e3B1, an

ARIOUS CHROMOSOMAL translocations associated with leukemia (AML). TheABI-1 is a human homolog to mouse
human cancers have been identified and characte¥zed. Abl-interactor 1 Abi-1), encoding an Abl-binding prote#.
Recurrent translocations involving chromosome 11 band q23he ABI-1is the second partner gene located on chromosome
(11923) observed in acute leukemia or myelodysplastic syn10p, suggesting that heterogeneity of 10;11 translocation is due

drome (MDS) are characterized by the presence of a variety ofo the presence oABI-1 gene. These findings may help to
partner chromosomésAt least 20 chromosomal regions for clarify the mechanisms underlying chromosomal aberrations
partners of 11923 have been observed, such as t(4;11), t(9;18nd leukemogenesis in leukemias with 11923 abnormalities.
and t(11;19). TheMLL gené (also calledALL-1, HRX and
HTRX-) has been identified in 11923 translocatiérignd its
rearrangement was found in the majority of infalit and Patient. An 8-month-old boy was diagnosed as having acute
secondary leukemid&12Up to now, 14 partner genes fitLL myelomonocytic leukemia (AMMoL; French-American-British [FAB]
have been cloned from leukemia cells with various types ofM4), which was pytoggnetically characterized as t(10;11)(p11;923). He
reciprocal translocations, and they formed fusion transcripté"’as treated by intensive chemotherapy followed by autologous bone

with MLL. However. it remains to be elucidated whether the marrow transplantation and has been in complete remission for 5 years.
) ’ Southern blot analysis. High molecular weight DNA was extracted

MLL gene, the partner genes, or the fusion transcripts play #om bone marrow cells from the patient by proteinase K digestion and

critical role in leukemogenesis. ~phenol/chloroform extraction. Ten micrograms of DNA was digested
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MATERIALS AND METHODS
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with appropriate restriction enzymes, subjected to electrophoresis on
0.8% agarose gels, transferred to charged nylon filters (Amersham,
Buckinghamshire, UK), and hybridized to DNA probes labeled by the
random hexamer meth@d.A 0.9-kb BanHI fragment (designated (kb)
probe x) derived fronMLL cDNA??was used as a probe.

Preparation of mRNA and cDNA libraries.Poly(A)* RNA from
frozen cells was extracted with a Fast Track mRNA Isolation Kit 23.1 —
(Invitrogen, San Diego, CA). A cDNA library was constructed with
poly(A) selected mRNA from patient cells and BALM14 cell line
following established proceduré% Briefly, random hexanucleotide-
primed synthesized cDNAs were ligated wilBtoRl adaptors, and
cloned into theEcaRI-digested\gt10 cloning vector (Promega, Madi- 9-4
son, WI). After packaging with commercial packaging kits (Epicentre
Technologies, Madison, WI), phage plagues were screened with probes
labeled using a random primer synthesis kit (Stratagene, La Jolla, CA). 6 .6
The probe x for the patient cDNA library and the 320/BI-1 cDNA
probe derived fronMLL-ABI-1 chimeric clone for the BALM 14 cDNA
library were used for screening.

Reverse transcriptase-polymerase chain reaction (RT-PCRjtal 4.4 [
cellular RNA was extracted from bone marrow cells of the patient by the
acid guanidine isothiocyanate-phenol-chloroform metHdebur micro-
grams of total RNA was reverse transcribed to cDNA in a total volume
of 20 pL with random hexamers and 20 U of reverse transcriptase
(AMV; Boehringer Mannheim, Mannheim, Germany). One twentieth of
the cDNA was amplified by PCR in a total volume of 100 pL with 50
mmol/L KCI, 1.5 mmol/L MgC}, 10 mmol/L Tris-HCI (pH 9.0 at room

temperature), 25 pmol of each primer, 75 pmol/L of each dNTP, and 2.5 2 _3 —

U of Taq polymerase (Applied Biosystems, Urayasu, Japan). After 30 2 0 -

rounds of PCR (30 seconds at 94°C, 30 seconds at 55°C, and 1 minute at .

72°C), 5 uL of PCR product was electrophoresed in a 3% agaroge gel.

Primers used were as follows: MLL-7S-5CCTCAGCACTCTCTC-

CAAT-3’; m-1S, 3-CAGCATAGTCCAGGCAGGA-3; m-1A, 5-GG- Fig1l. Southern blot of DNA digested with Hindlll and probed with
AGAGTCATCAAACATGGG-3. the 0.9-kb fragment of the MLL gene. C, normal peripheral lympho-

Nucleotide sequencing.PCR products were cloned into the TA cytes. P, leukemic cells from the patient. The patient exhibited a
' rearranged band (arrowhead) with this probe.

cloning vector (Invitrogen). Nucleotide sequences of phage clones and

PCR products were determined by the fluorometric method (Dye . .
Terminator Cycle Sequencing Kit; Applied Biosystems). 15-21) of them was found to represent a fusion transcript of

Northern blot analysis. Multiple human tissue Northern blots MLL. Clone 15-21, 682 bp in size, contained a 362-bp sequence
(Clontech, Palo Alto, CA) were hybridized wifiP-labeled clone 48 as ~ corresponding to exons 5 to 7 in tMLL gene at the Sregion,
a probe® and the remaining 320-bp sequence did not matcivibe gene
Fluorescence in situ hybridization (FISH) analysisChromosomal  or the partner genes MLL previously cloned (Fig 2A).
mapping of the genomic clones (H4, H5-2, H7-2, H18, and H20) was  |solation of the ABI-1 gene. The 320-bp sequence identified
performed by the FISH methd8The phage clones were labeled by the in the chimeric clone was used as a probe to screen a cDNA
standard nick translation method using biotin-16-dUTP (Boehringer"brary from the BALM14 cell line. We isolated two kinds of
Mannheim). To confirm the origin of cloned DNAs, we also mapped clones. Clones B30 and B48 contained sequences of 2,920 and

these genomic clones to leukemic cells together with whole chromo-, 195 leotid ith di f di
some painting probe for chromosome 10 (WCP10; Coatasome 107’ nucieoides with an open reading frame, encoding a

digoxigenin-labeled; Oncor, Gaithersburg, MD). We also performed apmtein of 387 (42.7 kD) and 447 (48.8 kD) amino acids,

series of FISH studies on leukemic samples to further characterizéespectively (Fig 2B). Both clones include a poly(A) tail.
t(10;11) using WCP11 (Coatasome 11, digoxigenin-labeled; Oncor). Between these two clones, there are two sequence differences

(Fig 2B and C). Based on the sequence analysis, a 177-bp
RESULTS stretch was inserted in the middle of the coding region in clone
Rearrangement of MLL and noninvolvement of AF18outh-  B48, whereas a 1,121-bp sequence in therranslated region
ern blot analysis of DNA prepared from the leukemic cells of was shortened in clone B48. The entire amino acid sequence
the patient using probe x showed a chromosomal breakpoingxhibits high similarity (81.5%) to mouse Abi-1, a SH3 protein
within the breakpoint cluster region dMLL gene at 11923 (Fig that suppresses v-abl transforming activity by binding to the Abl
1) that spans exons 5 through 11 in teL locus22 However,  protein2° suggesting that the protein is a human homolog to
no PCR products were amplified from the cDNA prepared frommouse Abi-1. Therefore, we designated these clones as ABI-1.
these cells wheMLL-AF10specific primer pair was used. We ABI-1 has no significant similarity to othélLL partner genes
inferred that theMLL in this patient is fused to a novel partner reported previously, except for the SH3 domain of EEN.
gene. Recently, another group isolated an e{3§H3 binding protein
Isolation of the MLL fusion cDNAs in t(10;11)(p11;q23). 1, e3B128as a human homolog to mouse Abi-1. The amino acid
To isolate fusion transcripts dfiLL, we prepared a cDNA (nucleotide) sequence of ABI-1 completely matched that of
library from mRNA of the patient’s leukemic cells. Four cDNA e3B1 except in two regions, an additional 5 amino acids stretch
clones were isolated by screening with probe x, and one (clonéregion A in Fig 2B and C) and 29 amino acids stretch (region
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A
MLL exon 7 ABI-1

CCAGCAGATGGAGTCCACAGGATCAGAGTGGACTTTAAGACTGTGGATATTCATAAGGAGAAAGTGGCACGA
P A DGV HRTIURUVDVFI KTV DTIHI KEIZ K V A R

break
B point
0 1000 2000 3000bp
| 1 1 |
>
ATG m-18 m-1A TAA
e3B1 AAAAA
B48 AAAAA
B30 AAAAA
)
e3Bl 131 ERPVRYIRKPIDYTVLDDVGHGVKWLKAKHGNNQPARTGTLSRTNPPTQK 180
B48 ERPVRYIRKPIDYTVLDDVGHGVK HGNNQPARTGTLSRTNPPTQK
B30 ERPVRYIRKPIDYTVLDDVGHGVK HGNNQPARTGTLSRTNPPTQK
| I—
Fig 2. (A) Partial sequences ®
of MLL-ABI-1chimeric transcript.
Vertical lines indicate the exon-
exon junctions of each gene. Ar- e3Bl 266 SPPTIGPAAPGSAPGSQYGTMTRQISRHNSTTSSTSSGGYRRTPSVTAQFSAQPH 320
rowheads indicate the fusion B48 SPPTIGPAAPGSAPGSQYGTMTRQISRHNSTTSSTSSGGYRRTPSVTAQFSAQPH
points of each cDNA. (B) ABI-1 B30 SPPTIGPV

cDNA clones (B48, B30) and e3B1.

AAAAA, poly(A) tail. (C) Compari-
son among three types of ABI-1  ©3Bl 321 VNGGPLYSQNSISIAPPPPPMPQLTPQIPLTGFVARVQENTADSPTPPPPPPPDD 375

(e3B1, B48, and B30) predicted B48 VNGGPLYSQNSI @1 ADSPTPPPPPPPDD

amino acid sequence. B30 B2 ADSPTPPPPPPPDD

B1 in Fig 2B and C). Region A (residues 155 to 159 in e3B1) B30 and full-lengthABI-1, e3B1. Furthermore, we performed
occurs after the homeodomain homologous region, which iRT-PCR analysis for RNAs from normal peripheral blood using
homologous to the DNA-binding sequence of homeodomainprimers m-1S and m-1A and detected two major transcripts and
proteins. Region B1 (residues 333 to 361 in e3B1) occurs jusan extremely weak expression of the largest sized transcript in
before the polyproline stretches, but both regions are locatedll cells (Fig 4). Sequence analysis showed that the two major
after the chromosomal breakpoint of t(10;11). Region B2products correspond to clones B48 and B30, respectively, and
(residues 274 to 361 in e3B1) lacking in clone 30 included a parthat the largest sized band corresponds3B], suggesting that
of the homeodomain homologous region (the second PESThe alternatively spliced transcripts 6BI-1, clones B48 and
domain in e3B1) and region B1. B30, are major transcripts @BI-1in normal peripheral blood.
Expression of the ABI-1 gene in normal tissue$o examine MLL-ABI-1 fusion transcript is formed by alternatively
for expression of thé\BI-1 gene, we performed Northern blot spliced transcript of ABI-1. To clarify the expression of
analysis on poly(A)-selected RNA from various human tissues MLL-ABI-1 fusion transcript in the patient’s leukemic cells, we
The expressions of the 2.4- and 3.2-kb transcripts appeareperformed RT-PCR analysis for RNA from leukemic cells using
constant in most tissues examined (Fig 3). Clone B48 of theorimers MLL-7S and m-1A that could detect regions A, B1, and
ABI-1cDNA obtained encompasses approximately 2,195 nucleB2, absent in clones B48 or B30, and detected only about a
otides and most likely corresponds to the 2.4-kb transcript. OriL.0-kb band (data not shown). The amplified fragment was
the other hand, the 3.2-kb transcript may be the product of cloneloned into TA cloning vector and sequence analysis showed
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A B performed FISH analysis on U937 cell line, in whidlF10o0n
§ 10p12 translocated t6ALM on 11g147 and showed that all
2 phage clones oABI-1 hybridized to der(10) but not der(11)
£ T - § (data not shown). These results suggest thatAfBel gene is
s8es 2 g g 5 2 s disrupted in t(10;11)(p11.2;423)-AMMoL and that the break-
@) £60222G=%a wwy == =2 point is located centromeric to tiAd=10gene.
95— 7ac &
75- i DISCUSSION
44- 44- Two types of t(10;11) have been identified: t(10;11)(p12;

g23), which creates th&ILL-AF10 fusion genéf and t(10;
11)(p13;q14), which creatésALM-AF10fusion gené’ In the
® present study, we isolated a novel chimeric transcript,
ﬁ_acﬁn_r. MLL-ABI-1, in a patient of AMMoL with t(10;11)(p11.2;923).
B-actin— ” FISH analysis shows th&BI-1 gene is located centromeric to
the AF10 gene. At the cytogenetic level, it may be difficult to
Fig 3. Northern blot analysis of RNAs from adult (A) and fetal (B) distinguishMLL-ABI-1 andMLL_AFlOfUSIOUS’ and itis “kely_
human tissues. ABI-1 cDNA fragment was used as a probe for the that other cases of t(10;11) may result in this gene fusion.
Northern blots in the upper figures. Membranes were rehybridized to Recent molecular analysis showed tf&ML,5 ELLZYMEN,3°
the B-actin probe for the lower figures. Names of the organs are andEENB! genes in the same chromosomal region, 19p13, were
indicated on top of the figures. partner genes dILL with t(11;19)(q23;p13), respectively. That
no amplified product was detected by RT-PCR may be due not

that it was formed of the fusion transcript ABI-1 that lacked only to the heterogeneity of the breakpoints of the same gene,
regions A and B1, as observed in clone B48. In clone 15-21 oyt also to the different partner genes.

chimeric MLL-ABI-1 transcript isolated from the patient's  ABJ|-1, a human homolog to mouse Abi22, has high

leukemic cells, a portion oABI-1 with 320 bp in the fusion  homology to ABI-232 These proteins exhibit sequence similar-
cDNA fragment also lacked region A. These findings suggesity to homeotic genes and contain several polyproline stretches
that MLL-ABI-1 fusion transcript is formed by alternatively and an SH3 domain at the C-terminus. Although EEN, a partner
spliced transcript oABI-1, corresponding to clone B48. Onthe gene forMLL, also has an SH3 domain, the remaining region of
other hand, when we used reciprocal primers for identifying anEEN does not have any homology to ABEAThe e3B1, which
ABI-1/MLL fusion transcript, no PCR prOdUCtS were obtained. showed fu||.|ength ABI-1, was isolated as an ep38 b|nd|ng
Assignment of the ABI-1 geneTo assign a chromosomal protein28 eps8 is a substrate of receptor tyrosine kinases and is
localization for theABI-1 gene, we obtained 6 phage clones an SH3 domain containing protein that plays an important role
(H4, H5-2, H7-2, H18, H20, and H7-3) after screening of a jn mitogenic signaling’ e3B1 is considered to be a downstream
genomic library from human placental DNA using clone B48 astarget for eps8. Overexpression of e3B1 inhibits cell growth,
a probe. All phage clones were assigned to band 10p11.2 ogyggesting that e3B1 is associated with regulation of cell
normal metaphase chromosomes by FISH analysis (data njroliferation. On the other hand, the mouse Abi-1 protein was
shown). Because multiple phage clones mapped to only ongsolated as an ABL-binding protein that suppresses v-ABL
chromosomal locus, it is also suggested tABl-1 (B30 and  transforming activity® Similarly, ABI-2 was isolated as another
B48) ande3Bl are alternatively spliced transcripts of a single ABL-binding protein that interacts with c-ABL through both the
gene. SH3 domain and C-terminus of the c-ABL and modulates
Precise chromosome analysis of leukemic cells by FISH¢-ABL transforming activity? The c-ABL protein, originally
FISH analysis on patient's metaphase chromosomes usingjentified as the cellular homolog of the v-abl oncogene product
human genomic DNA clones spanning t#hBI-1 gene showed  of Abelson murine leukemia virus, is a tyrosine kinase. c-ABL
that five (H4, H5-2, H7-2, H18, and H20) of the clones js closely associated with leukemogenesis of chronic myelog-
containing the 5end of the breakpoint of thé&BI-1 gene  enous leukemia and acute lymphoblastic leukemia (ALL)
hybridized to der(10) and one (H7-3) containing tHeeid to  creating BCR-ABL fusion transcript in t(9;22)(g34;q11). Al-
der(11) in leukemic cells (data not shown). Furthermore, Wethough it was suggested that both Abi-1 and ABI-2 are
regulators of ABL function in transformation or in signal
M1 2 3 456 7 8 transduction, the functional correlation between Abi-1, ABI-2,

24— 24—

1.35 - 1.35-

L F

517 (Sbops) and BCR-ABL is still unknown. Furthermore, it is not known
’ 396\ whether the function of alternatively spliced transcripts of
298 — R ABI-1, clones B30 and B48, is the same as tha2B1 or Abi-1.
344~ : The MLL gene is fused to various partner genes by 11923
220~ chromosomal translocations. Up to now, 14 partner genes for

MLL have been cloned from leukemia cells with various types
) ) _ _ of reciprocal translocations, including t(4;11), t(9;11), and
Fig 4. Expression of the ABI-1 in normal peripheral blood by t(11:19). They include the putative transcriptional factors (AF4,

RT-PCR analysis. Total RNAs isolated from peripheral blood of 8
healthy volunteers were used as the cDNA template. M, size marker AF9, AF10, AF17, and ENL)‘ atargetgene for Ras (A%nd

(1-kb DNA ladder; GIBCO BRL, Gaithersburg, MD). Arrows indicate an RNA F’_Olymerase _” elongation faCt_Or (ELBYFurthermore,
the amplified bands. transcriptional coactivators and/or histone acetyltransferases,
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Breakpoint

AT-Hooks MT Zn Fingers TRX

MLL

MLL-ABI-1

y-/ ] -
—
R
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=
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SH3
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SN

ABI-1 | |

—

Polyproline

Fig 5. Schematic representation of the MLL, ABI-1, and MLL-ABI-1 fusion proteins. MT, DNA methyltransferase homology region; TRX,
Drosophila trithorax. HHR, homeodomain homologous region.
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