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Abstract

Chromosomal region Ilq23 participates in a number of reciprocal
translocations with specific regions of chromosomes 4, 9, 19, and others.
These translocations are associated with acute lymphocytic leukemia and
acute myelomonocytic, monocytic, and myelogenous leukemia. From a
yeast artificial chromosome containing human DNA derived from Hq23
we cloned a DNA fragment which can be used as a probe to detect
rearrangements in leukemic cells from the majority of patients with the
t(4;l 1), t(9;l 1), and t(l 1;19) translocations. The breakpoints cluster in a
small DNA region of <5.8 kilobases.

Introduction

Chromosome translocations have been shown to play an
important role in the pathogenesis of human leukemias and
lymphomas by either activating cellular protooncogenes or
leading to the formation of chimeric genes capable of transform
ing hematopoietic cells (1-5).

Chromosomal region Ilq23 has been shown to be involved
in different chromosomal translocations in human acute leu
kemias of different hematopoietic lineages (6). A t(4;ll)-
(q21;q23) translocation appears in up to 10% of ALL3 patients.

Among children, most patients with this abnormality are less
than 1 year of age and have a poor prognosis. The leukemic
cells have a CD10-/CD19+ early B-cell precursor phenotype

and most of them express a myeloid associated antigen (CD 15)
(7). Myelomonocytic and biphenotypic leukemias carrying the
t(4;l 1) aberration have also been reported (8). The same seg
ment on chromosome 11 is apparently involved in the
t(ll;19)(q23;pl3) and t(l;l I)(p32;q23) translocations in ALL
as well as in translocations with the chromosomal regions 9p21,
2p21, 6q27, 17q25, and 19pl3 associated with 5-6% of acute
myelogenous leukemias (6).

Recently, Rowley et al. (9) used a probe for the CD3 gene to
isolate from a human DNA library in yeast an artificial chro
mosome (YAC) which by in situ hybridization techniques was
found to span the translocation breakpoints in t(4;l 1), t(9;l 1),
t(l 1;19), and t(6;l 1). We used a similar approach to clone from
chromosome 11 a DNA fragment which could detect DNA
rearrangements by Southern analysis in the majority of patients
with t(4; 11), t(9; 11) and t( 11; 19) chromosomal aberrations. We
refer to this locus as ALL-] for acute lymphocytic leukemia.
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although the same locus is also involved in acute myelomono
cytic, myelogenous, and monocytic leukemias carrying trans-
locations involving 1Iq23.

Materials and Methods

Isolation of Cosmid Probes. DNAs and RNAs were extracted from
cell lines and primary tumors by conventional methods. Southern and
Northern analyses were performed as described (4). To obtain unique
(repeat free) probes, cosmids were digested with a variety of restriction
enzymes and analyzed by Southern blotting for fragments which do not
react with radiolabeled total human DNA. End fragments of cosmids
were identified by hybridizing cosmids' digests to radiolabeled oligo-

nucleotides corresponding to the recognition sequences for T7 and T3
RNA polymerases. If the end fragments contained human repeats, they
were isolated, digested with frequent cutters, and analyzed as described
above. The 0.7 kilobase Dde I probe was thus obtained from a terminal
3.5-kilobase EcoRV fragment of cosmid 53.

Results

A portion of the Washington University's human DNA-

containing YAC library (10) was screened for CD3 DNA se
quences (11) by a polymerase chain reaction-based screening
protocol (10). The YAC clone obtained appeared to be identical
to the one previously described (9) and spanned the transloca
tion breakpoint in a t(4:11) cell line as evidenced by in situ
hybridization analysis (not shown). By pulse field electropho-
retic analysis we estimated the size of the insert to be 350
kilobases. A 310-kilobase version of the insert, generated by
spontaneous deletion at the left (telomeric) side, predominated
in the population of DNA molecules and was mapped (Fig. 1).

To obtain specific segments of the insert, the YAC was
purified by pulse field electrophoresis and shotgun cloned into
the SupÃ©reos(stratagene) cosmid vector. For this purpose the
insert was partially digested by a combined application of dam
methylase and the restriction endonuclease Mbol (12). Both
enzymes act on the sequence GATC, but Mbol is unable to cut
the methylated form. More than 100 cosmid clones, detected
with a probe for human repetitive sequences, were obtained.
The cosmids were mapped by screening for those with sites for
Noti and Mlul enzymes and for those hybridizing to CD3, trp
and ura probes. Some contigs were established using unique
(repeat free) probes obtained from termini of cosmids. The
positions of 3 cosmids mapped to the center of the YAC are
shown in Fig. 1. Unique probes from these cosmids as well as
from cosmids mapped to other regions of the YAC were used
to screen Southern blots of DNAs from tumors exhibiting
translocations.

A 0.7-kilobase Ddel fragment derived from the terminus of
cosmid 53 detected rearranged fragments in tumor DNAs di-
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Fig. 1. Physical map of YAC B22B. ura and trp correspond to the termini of
the vector. A 40-kilobase (Kb) segment located towards the ura end and lacking
Noll and Mlul sites is not included in the map. Pulse field analysis indicates two
or three 5/71 sites located to the left of cosmid 43.

gested with EcoRV, Xbal, or BamHl. Examples of these anal
yses are shown in Fig. 2. The leukemic cells from patients A.
G., E. C., A. I., B. H., I. B., G. F., P. P., and V. S. contained
novel EcoRV or Xbal fragments of various sizes. This probe
detected rearrangements in 6 of 7, 4 of 5, and 3 of 4 patients
with the t(4;ll), t(9;ll), and t(ll;19) translocations, respec
tively. Upon determination the smallest genomic fragment in
which rearrangement could be identified (Fig. 3) it became
apparent that most or all breakpoints clustered within a small
DNA region of <5.8 kilobases. In three patients (not shown)
two rearranged fragments (as well as a germline species) were
detected, probably due to the presence of the breakpoint in
these patients within the 0.7-kilobase Ddel segment corre
sponding to the probe. Finally, normal fibroblast DNAs from
7 individuals showed only the germline fragments after diges
tions with EcoRV, Xbal, or BamHl (not shown).

As a first step toward identification of genes neighboring the
breakpoint cluster region, we labeled pooled unique fragments
from cosmid 20, together with the terminal fragment of cosmid
53, and probed RNAs from cell lines and patients with or
without Ilq23 translocations (Fig. 4). The pooled probe de
tected 0.4-, 5-, and 11-12-kilobase RNA species in the K562,
glioblastoma T98G, and SupT cell lines (Fig. 4, Lanes a, b, c).
It also hybridized with similar RNAs from patients with t(4;l 1)
and t(9;l 1) (Fig. 4, Lanes d, e, respectively). In another patient
with t(4;l 1) the probe detected the 11-12-kilobase RNA species
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I.B. 9:11
R.C. 9:11
V.S. 11:19
L.G. 11:19
K.B. 11:19

Fig. 3. Mapping of tumor breakpoints. The internal Noti fragment of YAC is
shown in the same orientation as in Fig. 1. . region not cloned in cosmids.
Restriction sites within this region are deduced from the size of the relevant
germline fragments detected in genomic Southern blots using the indicated probe.
Additional EcoRV and Xbal sites are not shown. Some of the samples were not
analyzed with BamHl. Lines below map correspond to the smallest genomic
fragments found rearranged. N, Noll; B, BamHl; RV. EcoRV; X. Xbal; Kb,
kilobases.

alone (not shown). The identity and significance of the RNA
species hybridizing to the probe have still to be determined.

Discussion

The main finding of this work is that in leukemic cells of
patients with the t(4;ll), t(9;ll) and t(ll;19) translocations,
the breakpoints on chromosome 11 cluster in a small region of
<5.8 kilobases. Other translocations in acute leukemias affect
ing 1Iq23 probably map to the same locus. We have designated
this locus ALL-1 for acute lymphocytic leukemia, although the
ALL-1 locus is also involved in translocations in acute myelo-
monocytic, monocytic, and myelogenous leukemias. The tight
clustering of breaks suggests that the gene involved is close to
the breakpoints. The Northern analysis indicates that DNA
sequences adjacent to the breakpoints are expressed. However,
no new transcript was detected in the leukemic cells. At this

EcoRV Xbal

Fig. 2. Southern blot analysis of tumor
DNAs. Blots were hybridized to the radiola-
beled 0.7-kilobase Ddel fragment derived from
the terminus of cosmid 53. Aliquots of 10 /jg
were analyzed.
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Fig. 4. Northern blot analysis of RNA from cell lines and a primary leukemia.
Aliquots ( 10-20 ng) oriolai RNA were analyzed on a formaldehyde gel. Following
hybridization, blots were washed in a solution containing 0.1% standard saline-
citrate and 0.1% sodium dodecyl sulfate at 70Â°C.RNAs were obtained from:

(Lane a) K562 cells; (Lane b) the glioblastoma T98G cell line; (Lane c) the SupT
cell line; (Laned) a patient with t(4:ll): and (Lance) a patient with t(9;ll).

stage it is not known whether the ALL-1 locus represents a
coding sequence or a control element. If the latter is found true
(in analogy with translocations involving the lg or TCR genes)
then the induced genes must reside on the other chromosomes
participating in the translocations. Using the breakpoint probe
described in this work it should be possible to clone these genes.
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