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Core binding factor (CBF) is a heterodimeric tran-
scription factor composed of two distinct subunits.
The monomeric § subunit is ubiquitously expressed,
whereas expression of the three « subunits isolated
previously seems to be restricted mainly to hematopoi-
etic tissues. To isolate additional « genes, degenerate
oligonucleotides derived from the runt domain—a re-
gion shared by all a genes—were used for screening
cDNA libraries. A 228-bp fragment was isolated from
a mouse thymus ¢DNA library, which showed 82 and
76% DNA sequence identity to the previously isolated
murine « genes, Cbfal and Cbfa2. This novel a gene
was named Cbfa3. The corresponding sequence from
the human homolog CBFA3 was obtained by cosmid
cloning and sequencing of the appropriate restriction
fragment. The corresponding regions of mouse Cbfa3
and human CBFA3 show 91% nucleotide identity and
100% protein identity. In situ hybridization and physi-
cal mapping of somatic cell hybrids localized CBFA3
to chromosome 1p35-pter. © 1995 Academic Press, Inc.

Core binding factor (CBF; also known as PEBP2) is
a novel transcriptional regulatory protein detected in
various lymphoid and myeloid cells and implicated in
the regulation of viral and cellular genes specifically
expressed in these cells (7, 20, 24-26, 28). Although
CBF is undetectable in F9 embryonal carcinoma cells,
it is induced following differentiation of these cells by
retinoic acid (6, 10), suggesting that CBF may play a
role in mammalian development as well.

CBF is a heterodimer composed of @ and 5 subunits
(22, 23, 31). Thus far, two distinct genes encoding CBF
a subunits were identified, Cbfa2/CBFA2 (formerly
aml1/AMLI1; from mouse and human) (1, 5) and Cbfal
(formerly pebp2aA; from mouse; 23). Recently, two ad-
ditional human a genes have been isolated: AML2 and
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AMLS3, the latter apparently representing the human
homolog of Cbfal (11). In keeping with the current no-
menclature, AML2 and AML3 will be referred to as
CBFA3 and CBFA1, respectively. The o subunits all
share a 128-amino-acid region that is highly homolo-
gous to the product of the Drosophila segmentation
gene runt (9). This runt domain is responsible for di-
merizing with the £ subunit (17, 23) and binds to DNA
by recognizing the consensus sequence PUACCPuCA
(8, 15).

Various sizes of Cbfa2 transcripts, which probably
originate from alternative RNA splicing, have been de-
tected at different expression levels in T and B cells
(1), lung, heart, spleen, thymus, and ovary. Transcripts
have not been detected in brain, liver, kidney, or testis
(18). A very similar pattern of expression was observed
for human CBFA2 and CBFAS3 in multiple hematopoi-
etic lineages (11, 18). However, the expression of Cbfal
seems to be highly cell type-specific; it is abundantly
expressed in T-lymphocyte-derived cell lines but is un-
detectable in B-cell lines (23).

CBFS does not bind DNA directly but increases the
affinity of the o subunit for DNA (22). In contrast to
any of the identified « subunits, the 8 subunit, CBFB,
is ubiquitously expressed (31). One possible explana-
tion for this inconsistency might be the existence of
additional differentially expressed, and as-yet uniden-
tified, @ subunit genes. In this communication we de-
scribe the discovery of a new murine runt domain-con-
taining gene (Cbfa3) and the mapping of its human
homolog (CBFA3) to 1p35—pter.

Using a 64-fold 5’ degenerate oligonucleotide primer
(CGGGATCCGTNGCNTTYAARGT) and a 128-fold 3’
degenerate oligonucleotide primer (CGGAATTCT-
ANGTNGCNACYTG) to the amino acids VAFKV (aa
130-134) and QVATY (aa 201-205) from the runt ho-
mology region (aa positions are according to the Cbfal
sequence; 23), a 228-bp fragment was obtained by PCR
amplification from X phage DNA isolated from a liquid
phage lysate of a mouse thymus Lambda ZAP ¢cDNA
library (Stratagene) following the protocol described
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FIG. 1. Mapping of CBFAS3 to distal 1p. (A) Southern analysis with pR1 of HindIII-digested DNA of mouse, human, and three hybrid
cell lines containing different parts of chromosome 1. The human-specific fragment (indicated by an arrow) is present in cell lines A9/1492-
37 and A9/GM002014, indicating that the CBFA3 must reside in the region 1p35—pter. (B) In situ hybridization of a CBFAS3 cosmid to
normal human metaphase spreads. Fluorescent signals are located on distal 1p.

previously (31). This PCR product was subcloned into
the BamHI and EcoRlI sites of pBluescript SK(+) (pR1)
and sequenced using the dideoxy-chain termination
method with reagents provided in a Sequenase version
2.0 kit (U.S. Biochemical). Sequence comparison re-
vealed 82 and 76% identity to Cbfal and Cbfa2, respec-
tively, implying that the PCR product was amplified
from a novel murine gene. However, the deduced amino
acid sequence showed 100% identity with the recently
discovered CBFA3, implying that we have identified
the murine homolog of CBFA3. Therefore, this gene
was called Cbfa3.

Expression of Cbfa3 in various mouse tissues was
examined by Northern blot analysis, as described pre-
viously (31). However, no signal was obtained in any
lane, suggesting that the gene is expressed at very low
levels, or not at all, in the tissues examined, which
did not include any hematopoietic cell lines. Unless
expressed exclusively in hematopoietic tissues, the fail-
ure to detect a signal might also be due to the small
size of probe pR1.

The chromosomal localization of the human homolog
of Cbfa3 was determined by analyzing a somatic cell
hybrid panel. A human/rodent somatic cell hybrid
panel was obtained from BIOS Laboratories (New Ha-
ven, CT). The presence or absence of CBFA3 was deter-
mined by Southern blot analysis. The results showed
that the CBFA3 gene is located on chromosome 1 (0%
discordance; data not shown). Subsequently, a more
precise localization was obtained using mouse/human

hybrid cell lines containing different parts of chromo-
some 1. These hybrids included DCR-1 (16), A9/
GMO00201A (Human Genetic Cell Repository, Camden,
NJ), and A9/1492-37 (4). The breakpoints of these hy-
brid cell lines and their representative idiograms are
depicted in Fig. 1A. Based on these data, the human
CBFAS3 gene maps to 1p35—pter. This agrees well with
the results reported by Levanon et al. (11), which ap-
peared as this paper was being prepared.

In addition, human cosmid clones were isolated by
screening a total human genomie cosmid library (MHH,
unpublished) using pR1. A total of 11 positive clones
that all share multiple restriction fragments using var-
ious enzymes were obtained (data not shown). To inves-
tigate the authenticity of the cosmids, a 2.3-kb PstI
fragment present if all cosmids and hybridizing with
pR1 was subcloned in pBluescript SK(+) and se-
quenced using an ABI 373A DNA sequencer (Applied
Biosystems). Synthetic oligonucleotides were designed
to complete the entire sequence. The sequence (Gen-
Bank Accession No. U14520) was used to screen the
GenBank and EMBL databases. There is a 161-bp re-
gion with 77 to 79% similarity to the runt domain of
CBFA2, Cbfa2, and Cbfal. In addition, this 161-bp re-
gion revealed 91% homology with the newly identified
Cbfa3 and represents a single exon. The deduced amino
acid sequence of this exon shows between 93 and 100%
identity with the Cbfal and CBFA3 gene and the
CBFA2/Cbfa2 genes (Fig. 2).

Two of the CBFA3-cosmid clones were used to per-
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FIG. 2. Alignment of the nucleotide and predicted amino acid sequence of the 161-bp CBFA3 exon (capital letters) with AML2/CBFA3
(11), Cbfa3, Cbfal, Cbfa2, and CBFA2. Only those residues that are not conserved between the sequences are shown. Adjacent CBFA3

intronic sequences are shown in lowercase letters.

form fluorescence in situ hybridization (FISH), ac-
cording to standard protocols (12). Analysis of 30 meta-
phases confirmed in all cases a localization of the
CBFAS3 gene to the distal part of the long arm of chro-
mosome 1 (Fig. 1B).

In this report a new murine runt domain-containing
gene, Cbfa3, that is identified as the human homolog
of CBFA3 has been discovered. The chromosomal local-
ization of CBFA3 to 1p35—pter has been confirmed.
Based on comparative linkage mapping, Cbfa3 is pre-
dicted to be localized to mouse chromosome 4.

In parallel with the previously isolated « subunits,
it might be expected that the runt domain in CBFa3/
Cbfa3 forms a heterodimer with PEBP2B/CBFS as
well. Whether these different o genes have distinct
functions remains to be elucidated. However, it is at-
tractive to assume that each /8 combination forms a
cell-type/tissue-specific transcription factor whose
specificity is determined by the « gene.

Both CBFA2 and CBFB are implicated in myeloid
leukemia through chromosomal abnormalities leading
to fusion transcripts (5, 13, 21). Translocations involv-
ing 1p36 are found in a variety of malignant diseases,
both solid tumors and hematopoietic malignancies.
Translocations t(1;3)(p36;q21) and t(1;7)p36;q32) oc-
cur in patients with myeloproliferative diseases (19,
27, 30); the t(1;3) is also found in patients with acute

myeloid leukemia (2). A t(1;13)(p36;q14) has been re-
ported in alveolar rhabdomyosarcoma (3). Finally, a
t(1;2)p36;p24) has been observed in a small number
of uterine leiomyomas (14, 29). It will be interesting to
investigate whether the CBFA3 gene is rearranged in
any of these malignancies.
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