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ABSTRACT

As part of a survey of the expression of homeobox-
containing genes in human hematopoletic cells, we
identified a novel gene (PL1) expressed only in cells
of the myelomonocytic lineage (Shen et al., Proc. Nati.
Acad. Sci, USA 86, 8536, 1989). On Northern gel
analysis, major transcripts of 3.0 and 2.2 kb length are
observed. Alternatively spliced homeobox-containing
cDNAs, corresponding to the major transcripts, have
been cloned from two myeloid leukemia cell libraries.
The two cDNAs share the homeodomain and 3' flanking
region but have unique 5' flanking regions. The longer
transcript, would encode a 496 amino acid homeobox-
containing protein, while the shorter message would
encode a 94 amino acid homeobox-containing protein
lacking the extended amino-terminal region. These two
transcripts are differentially expressed in human
leukemia cell lines. The larger transcript is exclusively
expressed in cells with myelomonocytic features, while
the smaller transcript is expressed in a variety of
hematopoietic cell types. PL mRNA is also detectable
in normal human bone marrow by RNAse protection.
Neither transcript is expressed in uninduced
teratocarcinoma cells or in the adult human tissues
surveyed. The homeodomain is identical to the
genomic sequence for Hox 1 H, a newly identified
member of the Hox 1 locus (Acampora et al. Nuci. Acids
Res. 17, 10385, 1989). The PL1 gene was localized to
chromosome 7 using chromosome specific blots and
sublocalized to region pl4 - 21 by in situ hybridization
of chromosomal spreads, confirming its location within
the Hox 1 complex.

INTRODUCTION

Proteins containing the homeobox, a DNA binding domain, play
a role in the transcriptional regulation of mammalian cell-specific

genes in somatrophic cells (1, 2), B cells (3) and liver (4).
Homeoproteins have also been been suggested to function as

transcriptional activators or repressors in the determination of
Drosophila embryological and neuronal development (5-7).
Since the process of the differentiation of pluripotent blood stem
cells to committed daughter cells has parallels to embryogenesis,
we have evaluated the possible role of homeobox-containing genes

in hematopoiesis. We have demonstrated the restricted expression
of certain homeobox genes in the HOX 2 locus in pluripotent
cell lines with erythroid features and the expression of a novel
homeobox containing cDNA, previously referred to as PLI, in
myeloid cell lines (8). Similar lineage restricted expression of
murine HOX genes in murine leukemic cell lines has been
reported by Kongsuwan and colleagues (9).
We have previously reported that the PL gene is expressed

as two major transcripts of 3.0 and 2.2 kb in a limited of number
of myeloid cell lines (8). The current work sought to characterize
the structure of these transcripts and to further evaluate the
specificity of their expression. Here we report the cloning and
differential expression of two cDNAs, PLI and PL2, which arise
from the alternate splicing of two 5' sequences to a common

homeobox-containing 3' region, and the chromosomal localization
of the PL gene.

MATERIALS AND METHODS
Cell lines and culture
CESS (ATCC), MOLT (ATCC), human bladder GIBBS (Dr.
B.Edwards, Dept. of Surgery, VAMC, Martinez, CA), HEL
(Dr. T.Papayannopoulou, Dept. of Medicine, University of
Washington School of Medicine, Seattle, WA), PLB985 (Dr.
T.Rado, Dept. of Medicine, University of Alabama,
Birmingham, AL) and U937 (Dr. E.Campbell, Washington
University, St. Louis, MO) cell lines were maintained in RPMI
media supplemented with 10% fetal calf serum (FCS, HyClone
Labs, Logan, UT). KG1 (ATCC) cells were maintained in
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Iscove's modified Dulbecco medium (IMDM) supplemented with
20% FCS. ML1, ML2 and ML3 cells (Dr. J.C.Pauly, Reswell
Park Memorial Institute, Buffalo, NY) were maintained in RPMI
media supplemented with 10% heat inactivated FCS.
Neuroblastoma SKNSH, and human teratocarcinoma PA (Dr.
P.Gumerlock, Dept. of Internal Medicine, University of
California, Davis, CA) were maintained in Dulbecco's Modified
Eagle's Media supplemented with 10% FCS. Cells were
resuspended in fresh medium at a density of 0.2 -0.3 x 106
cells/ml every third or fourth day and incubated at 37°C in 5%
CO2 atmosphere. Messenger RNA prepared from KU812 cells
(10) was kindly provided by Dr. T.Papayannopoulou.

RNA isolation and Northern gel analyses
Total RNA was extracted from cells or tissue by the guanidinium
thiocyanate method of Chirgwin and coworkers (1 1). Poly (A)+
RNA was separated from poly (A)- by oligo (dT) cellulose
chromatography. RNA (5 Ag) was electrophoresed on 1.5%
agarose-formaldehyde gels, transferred to nylon, cross-linked
by UV irradiation for 2 min and hybridized in 50% formamide,
5 x Denhardt's solution, 0.5% SDS, 1 M sodium chloride, 1
ptg/ml single-stranded salmon sperm DNA, 50 mM Tris, pH 8.0
and 5% dextran sulfate. RNA ladders (BRL, Gaithersburg, MD)
were run in a separate lane which was cut off prior to transfer
and stained with ethidium bromide to estimate transcript sizes.
Filters were hybridized with random 32p CTP labelled DNA
probes at 55°C overnight. After hybridization, filters were
washed: 3 times for 10 minutes in 2xSSC, 0.1% SDS, 25°C;
twice for 30 minutes in 2xSSC, 1.0% SDS, 55°C; twice for
30 minutes in 0.1 x SSC, 0.1 % SDS, 55°C. Filters were air dried
and exposed to Kodak XAR film at -70°C for 4 h to 3 d. Filters
were stripped in 0.1 x SSC 0.1 % SDS at 95°C and re-hybridized
with a 2.2 kb human ,B-actin probe.

RNAse protection analysis
DNA fragments C and D, shown in Figure 1, were subcloned
into Bluescript vectors and RNA probes synthesized with 32p
UTP as described (12). Probes were purified by electrophoresis
in 4% polyacrylamide/urea gels, hybridized to poly (A)+ RNA
at 65°C, digested with RNAse A and TI, and the protected bands
electrophoresed in 5% polyacrylamide/urea gels as described
(12). Each protection experiment was repeated with at least two
separate preparations of cytoplasmic mRNA from U937 cells,
and from normal bone marrow.

cDNA library preparation and screening
A U937 cDNA library was synthesized using AMV Reverse
Transcriptase (Life Sciences) for first strand synthesis and E. coli
DNA polymerase and RNase H for second strand synthesis.
Double stranded cDNA was end-filled, methylated with DNA
methylase and ligated to EcoRI linkers. Complementary DNA
was cloned into the EcoRI site of Xgtl 1; titration indicated that
the library contained -5 x i0 independent clones. The ML3
cDNA library was synthesized using Moloney Murine Leukemia
Virus Reverse Transcriptase (BRL, Gaithersburg, MD) for first
strand synthesis and E. coli DNA polymerase and RNase H for
second strand synthesis. Double stranded cDNA was end-filled
and ligated to EcoRI linkers. Complementary DNAs greater than
350 bp were cloned into the EcoRI site of XZAPII (Stratagene,
La Jolla, CA); titration indicated that the library contained
4x 105 independent clones. The human genomic library in
Charon 4A was the generous gift of Dr. C.Craik, Dept. of

Pharmaceutical Chemistry, University of California, San
Francisco, CA. PLI is a partial cDNA clone initially isolated
from the U937 library during a moderate stringency screen with
a Hox 2.3 homeobox probe (8). The ML3 and U937 libraries
were screened with a random primer labeled PLI probe under
stringent conditions (50% formamide, 5 xSSC, S xDenhardt's
solution, 0.01 M Tris, pH 6.5; 1 Ag/ml single-stranded salmon
sperm DNA, 42°C) to isolate additional PLI-related clones.

Southern blot analysis
High molecular weight DNA was isolated from human placenta
(13). DNA digestions were performed with commercially
available restriction enzymes. Digested DNA was run on 0.8%
agarose gels and transferred to nitrocellulose (13). Southern blot
analysis was performed using a single-stranded MspI-MspI
cDNA probe containing the 3' region of PL (Figure 2; bases
1456-1936).
DNA Sequencing
Lambda gtl 1 cDNA and Charon 4A genomic clones were
subcloned into ml 3 and sequenced in both orientations using the
dideoxy-termination method according to manufacturer's
instructions (Sequenase, US Biochemicals, Cleveland, OH).
Bluescript clones obtained from the ML3 library were screened
using double stranded sequencing according to suppliers
instructions (Taq Track, Promega, Madison, WI) or subcloned
into m13 for single stranded sequencing. Sequencing primers
were synthesized by the UC Davis Protein Structure Laboratory
or on a PCR-mate model 391 (Applied Biosystems, Foster City,
CA).

In vitro transcription and translation
The longest PLI cDNA was converted to mRNA using the T7
promoter system in a Bluescript plasmid (Stratagene, La Jolla,
CA). RNA was translated in a reticulocyte lysate system
(Stratagene, La Jolla, CA) in the presence of 35S-methionine.
The products were subjected to SDS-gel electrophoresis on a
12.5% polyacrylamide gel and detected by autoradiography. Low
and high molecular weight markers (Amersham) run
simultaneously were used to estimate the translation product size.

Chromosomal identification and sublocalization
Human chromosomes were isolated from several diploid or
haploid cell lines and flow sorted (14, 15) onto 24 spots on
nitrocellulose filters. Each spot, representing an individual human
chromosome, contained 3 x 104 copies of that chromosome. In
some cases, human chromosomes 9-12 were sorted together
into spots containing 1.2 x 105 chromosomes. These spot blots
were hybridized with 32P-labeled probes corresponding to the 3'
flanking region of PL (Figure 1, Probe E).

In situ chromosomal hybridization
Human metaphase cells were prepared from phytohemaglutinin-
stimulated peripheral blood lymphocytes. Radiolabeled PL2
cDNA and genomic (HG-19) probes were prepared by nick
translation of the entire plasmid with all four 3H-labeled
deoxynucleoside triphosphates to a specific activity of
7.0 x 107 -1.0<X108 dpm/,ug. In situ hybridization was
performed as described previously (16). Metaphase cells were
hybridized at 0.5, 1.0, 5.0, and 20 ng of probe per ml of
hybridization mixture. Autroradiographs were exposed for 11
days. All hybridizations were repeated three times and gave
similar results.
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RESULTS

Isolation of PL cDNAs
Preliminary screening of human leukemia cell lines suggested
that the myeloid line ML3 expresses the 3.0 kb transcript as the
predominant message (see below). To obtain clones
corresponding to this transcript, ML3 poly (A)+ RNA was used
to construct a cDNA library in XZAPII. Five independent clones
corresponding to the 3.0 kb transcript (see below) were obtained
by screening the library with a partial homeobox containing a

cDNA clone (PLI) (8). The clones were shown to be co-linear
by restriction mapping and partial sequence determination. The
longest clone, which was renamed PLl (Figure 1), was sequenced
and shown to contain a long open reading frame which began
at the 5' end of the clone and terminated immediately 3' to the
homeobox (Figure 2). This open frame encodes a putative 390
amino acid protein when the first in-frame methionine (residue
107, Figure 2) is used for translation initiation. This clone has
been transcribed and translated in vitro to produce an

approximately 40 kD protein closely corresponding to the 43.3
kD calculated size (results not shown).
Because the reading frame of the PLl cDNA was open to the

5'end of the clone and there was a discrepancy between the length
of PL1 (2.7 kb) and observed transcript size seen by Northern
analysis, it appeared that the PL1 cDNA was not a full length
clone and did not contain the actual starting methionine. To isolate
a genomic subclone of the 5' region of PLI, a human genomic
library in Charon 4A was screened with a probe specific to the
PLI 5' flanking region (Figure 1, probe A). A 1.5 kb EcoRI
genomic clone containing the PL 5' flanking region was

subcloned and sequenced. As shown in Figure 2, the reading
frame remains open for an additional 237 bp 5' to the cDNA
clone to a methionine which is preceded by numerous stop codons
in all three reading frames. The conceptual translation of the
protein encoded by the combined genomic and cDNA sequences

suggest that a full-length PLI transcript would generate a 496

amino acid, 54.7 kD protein. The full-length PLI protein does
not possess regions enriched in glutamine, serine/threonine, or
acidic amino acids, regions associated with transcriptional
activation (17-19). There are however, regions enriched in
preline (residues 215-238) and glycine (residues 181-197),
amino acids which disrupt alpha helical structure. In addition to
the large concentration of basic residues in the homeodomain,
the remainder of the protein is enriched in arginine (12.4%) and
there is a second particularly rich basic region (residues
127-147) which might function as a DNA binding moiety.
The 5' flanking region of the PLI clone (Figure 1, probe A)

did not hybridize to the major 2.2 kb transcript observed in U937
cells (below), suggesting that this band represented an
alternatively spliced transcript. To obtain full length clones
corresponding to this message, a U937 cDNA library constructed
in Xgtl 1 was screened using a clone containing the PL homeobox.
Three unique co-linear clones were obtained which appeared to
differ in structure from PL1 based on restriction mapping. The
longest cDNA (PL2) was sequenced (Figure 2) and shown to
contain the PL homeobox. However, PL2 diverges from PL1
at a consensus splice acceptor and possesses a unique 5' flanking
region (Figure 1). Utilization of the first methionine in the reading
frame which contains the homeobox predicts a 94 amino acid
protein consisting predominantly of the homeodomain DNA
binding region (Figure 2). There are only 14 amino acids 5' to
the homeodomain, three of which are unique to PL2 and the
remainder common to PL1 and PL2.

In order to clarify the relationship between the PL transcripts,
a series of overlapping Charon 4A PL genomic subclones were
isolated. Restriction mapping and partial sequence analysis
suggests that there are two introns between the homeobox and
the start of the PL2 cDNA clone and that another intron of
undefined size separates the PL1 specific exon from the first PL2
exoin (Figures 1 and 2). Each intron-exon boundary as well as
regions of nucleotide ambiguity in the cDNA clones were
confirmed by sequencing. Thus, PL1 and PL2 represent

genomic cDNA
%. I A E

Human genomlc-19 (6 kb) I>
200bp

Sacl SacI

Figure 1. PL genomic and cDNA structures. The upper line represents the PL genomic structure with boxes indicating exons and thin lines representing introns
of unspecified sizes. PLI and PL2 represent the longest cDNA clones containing the intron splicing structures shown. An additional genomic fragment is appended
to the 5' side of the PLI cDNA to indicate the structure of the proposed full-length PLI transcript. The triangles represent splice junctions for which the genomic
boundaries have been determined by sequence analysis. Black boxes represent the homeobox domain, while grey areas represent protein coding sequences. The
cross-hatched boxes indicate that both cDNAs are co-linear with the gene in these areas. The human genomic 19 clone is a 6 kb SacI/Sacd fragment which was

used for in situ chromosomal hybridization. Restriction fragments depicted by A, B, and E represent specific probes for PLI, PL2, or a common PL probe, respectively,
while fragments C and D represent probes used for RNAse protection experiments.
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alternative transcripts of the PL gene which would code for two
proteins, both of which would contain the homeodomain DNA
binding region but possess either an extended N-terminal region
(PLI) or a truncated N-terminal region (PL2).

Correspondence of PL cDNA clones to myeloid cell transcripts
To confirm the identity of the two PL transcripts observed in
myeloid cells, probes corresponding to unique 5' regions of PL1
and PL2 and the common 3' flanking region were used to evaluate
expression in U937 and ML3 cell lines. The 3' flanking region
probe hybridizes to both the 3.0 kb and a 2.2 kb transcripts in
U937 and ML3 cells (Figure 3, lanes 1, 3 and 4). The PLI
specific probe binds only to the upper 3.0 kb transcript of both
cell lines (Figure 3, lanes 5, 6) while the PL2 specific probe binds
only the 2.2 kb transcript (Figure 3, lane 2). Figure 3 also
illustrates the relative expression of the two transcripts in U937
and ML3 cell lines. Using the common 3' probe, U937 cells are

1 20
PL1 MetProGlyProProProAlaThrLeuGlySerProHisSerSerProPheClyProArg

1 ATGCCAGGCCCCCCACCAGCCACGTTGGGCAGCCCCCACAGCTCCCCGTTCGGGCCAAGG
40

CysArgGlyAlaSerProGlyProSerIleGlnIleThrTyrLeuTyrGlnSerArgAla
61 TGTCGGGGTGCGTCTCCTGGCCCATCAATACAGATTACATATTTATATCAATCGCGGGCT

60
LeuArgAlaProSerGluSerGlyProArgAlaTyrGluThrLysLeuGlyValValAla

121 CTGAGGGCGCCCTCGGAGAGCGGGCCCCGCGCCTACGAAACCAAACTGGGAGTGGTCGCG
*80

ArgLysLeuTrpLeuGlyI leGlySerGlyArgArgProValArgG lyAspCysTyrArg
181 CGGAAACTCTGGCTCGGGATTGGCTCGGGGCGCCGGCCGGTGCGGGGGGATTGCTATCGT

100
IleGlnHisValLeuHisLysLysCysGlnProGluGlyLeuSerAlaProPheAlaLys

241 ATTCAGCATGTTTTGCACAAGAAATGTCAGCCAGAAGGGCTATCTGCTCCCTTCGCCAAA
120

LeuSerHisAsnAsnValMetLeuGlyGluProArgArgGluLeuPhePheGlyArgLeu
301 TTATCCCACAACAATGTCATGCTCGGAGAGCCCCGCCGCGAACTCTTTTTTGGTCGACTC

140
AlaHisGlnLeuGlyGlnArgArgGlyArgArgArgTrpTrpTrpArgG lyG lyArgArg

361 GCTCATCAGCTCGGGCAGAGGCGAGGCAGGCGGCGGTGGTGGTGGCGCGGGGGGCGGCGG
160

ArgTrpArgLeuHisAlaHisAlaGlySerThrCysArgProProProThrCysProThr
421 CGGTGGCGGTTACACGCCCACGCGGGGTCTACCTGCCGCCCGCCGCCGACCTGCCCTACC

180
TrpGlnSerCysGlyLeuPheProThrLeuGlyArgLysArgAsnGluAlaAlaSerPro

481 TGGCAGAGCTGCGGGCTCTTCCCCACGCTGGGGCGCAAGCGCAATGAGGCAGCGTCGCCG
200

GlySerGlyGlyClyClyClyClyLeuGlyProGlyAlaHisGlyTyrGlyProSerPro
541 GGCAGCGGTGGCGGTGGCGGGGGTCTAGGTCCCGGGGCGCACGGCTACGGGCCCTCGCCC

220
I leAspLeuTrpLeuAspAlaProArgSerCysArgMe tGluProProAspG lyProPro

601 ATAGACCTGTGGCTAGACGCGCCCCGGTCTTGCCGGATGGAGCCGCCTGACGGGCCGCCG
240

ProProProGlnGlnGlnProProProProProGlnProProGlnProAlaProHisArg
661 CCGCCGCCCCAGCAGCAGCCGCCGCCCCCGCCGCAACCACCCCAGCCAGCGCCGCACCGG

260
ThrSerCysSerPheAlaGlnAsnIleLysGluGluSerSerTyrCysLeuTyrAspSer

721 ACCTCGTGCTCTTTCGCGCAGAACATCAAAGAAGAGAGCTCCTACTGCCTCTACGACTCG
280

AlaAspLysCysProLysValSerAlaThrAlaProAsnTrpLeuProSerAlaGlyPro
781 GCGGACAAATGCCCCAAAGTCTCGGCCACCGCGCCGAACTGGCTCCCTTCGCGGGCCCCG

300
ProProAspGlyAlaAlaProTrpAlaProProAlaGlyCysSerAlaTrpLeuLeuArg

841 CCGCCCGACGGCGCTGCGCCCTGGGCACCTCCAGCGGGGTGCAGTGCCTGGCTACTTCGC
320

LeuLeuArgProThrArgProProArgAlaMetAlaAlaGlyGlyCysTrpArgAlaArg
901 CTTCTCAGGCCTACGCGACCGCCAAGGGCTATGCCACGruGGC;GC:'rGCTCc;(c(c(;(CGAo(A

340
ThrArgGlyTrpProSerProArgSerProArgGlyGlyGlyPheAspLeuProProAla

961 ACTCGGGGCTGGCCGTCCCCGCGCAGCCCCCGGGGCGGCGGTTTCGATCTCCCGCGCG
360

LeuAlaSerGlySerAlaArgMetArgProGlyArgSerGluProSerI leArgArgArg
1021 CTAGCCTCCGGCTCGGCTCGGATGCGGCCCGGAAGGAGCGAGCCCTCGATTCGCCGCCGC

enriched for the 2.2 kb PL2 transcript (lane 1) while in contrast,
ML3 cells are enriched for PLI message (lane 4). It should be
noted that the 2.2 kb band seen in U937 cells (lane 1) is broad
and may contain additional uncharacterized transcripts. In
addition, the 5' PLI specific flanking region probe appears to
hybridize weakly to other transcripts (lane 5).

Myeloid specific expression of PL
We have previously reported that the expression of PL occurs
predominantly in cells of the human myeloid lineage. However,
PL2 is expressed in an Epstein-Barr virus infected B cell line,
CESS (Figure 4A, lane 1) and a T cell line, MOLT (data not
shown). Two cell lines with mixed erythroid/myeloid potential,
HEL and KU812 (lanes 2, 3) also express PL2. In contrast, the
PL1 transcript appears to be expressed exclusively in cells with
a predominant myeloid phenotype (Figure 4). In these myeloid
cell lines, both PLI and PL2 transcripts are expressed. U937
and KGl cells are relatively enriched for the PL2 transcript (lanes

380
ProProArgTrpLeuAlaAlaAlaAlaGlyAlaArgArgAlaThrArgArgAlaThrArg

1081 CCCCCACGCTGGCTTGCGGCAGCGGCGGGGGCTCGCAGGGCGACGAGGAGGGCCACGCGT
400

ArgSerSerAlaAlaGluGluLeuSerProAlaProSerGluSerSerLysAlaSerPro
1141 CGTTCCTCGGCCGCGGAGGAGCTCTCCCCGGCCCCTTCCGAGAGCAGCAAAGCCTCGCCG

420
GluLysAspSerLeuGlyAsnSerLysGlyGluAsnAlaAlaAsnTrpLeuThrAlaLys

1201 GAGAAGGATTCCCTGGGCAATTCCAAAGGTGAAAACGCAGCCAACTGGCTCACGGCAAAG
440

SerGlyArgLysLysArgCysProTyrThrLysHisGlnThrLeuGluLeuGluLysGlu
1261 AGTGGTCGGAAGAAGCGCTGCCCCTACACGAAGCACCAGACACTGGAGCTGGAGAAGGAG

460
PheLeuPheAsnMetTyrLeuThrArgGluArgArgLeuGluIleSerArgSerValHis

1321 TTTCTGTTCAATATGTACCTTACTCGAGAGCGGCGCCTAGAGATTAGCCGCAGCGTCCAC
480

LeuThrAspArgGlnValLysIleTrpPheGlnAsnArgArgMetLysLeuLysLysMet
1381 CTCACGGACAGACAAGTGAAAATCTGGTTTCAGAACCGCAGGATGAAACTGAAGAAAATG

1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2 101
2161
2221
2281
2341
2401
246 1
2521
2581
2641
2701

PL

496
AsnArgGluAsnArgI leArgGluLeuThrAlaAsnPheAsnPheSerTRM
AATCGAGAAAACCGGATCCGGGAGCTCACAGCCAACTTTAATTTTTCCTGATGAATCTCC
AGGCGACGCGGTTTTTTCACTTCCCGAGCGCTGGTCCCCTCCCTCTGTCTTCAGGCTCTG
CCAGGAACTCGCACCTGTGCTGGAGCCCTGTTCCTCCCTCCCACACTCGCCATCTCCTGG
GCCGTTACATCTGTGCAGGGCTGGTTTGTTCTGACTTTTTGTTTCTTTGTGTTTGCTTGG
TGCTGGTTTATTTGTTGTTTTCTGGGGGAAAAAGCCATATCATGCTAAAATTCTATAGAG
ATAGATATTGTCCTAAGTGTCAAGTCCTGACTGGGCTGGGTTTGCTGTCTTGGGGTCCCA
CTGCTCGAAATGGCCCCTGTCTTCGGCCGAGCTGGTTTCCTGCCCAGCCTGGGGCAAACC
TAGCCGAAGGCCGAGGTCCCATTGTTGGCGCTGAGGTGTCTGGCCTGAGGTCAATGGTGC
AAAGGAGCCGCCACCGGGCATGTCTGCCTGGAGTGCTGTGCTGTGTTTAATCAGGGGATA
CAGGCCCCTGGGTTTCTTTTTTCTTTCTTCCTTTCTTCCTTGGCCAAGAGAAGGGCTTAC
AGGCATGGACATGCAGGTTGGCAAACGGGCTTGACTTTGGCTGATTTAAAAAGTGAGAAA
GAAAGTAAAAAAGGTTAATTTTTCCTTCCTCTGTAAGATATCCCAGCTTTAAAAAGAAAA
AAAAAAAGAATTACCAAGAGAAGGGGACTTCTCTTCCAGTTTCTGTAAGGTCTTACATTG
CCTGACTAAAATGTTTCATTTACCTCTAAATTTCCATATCCTTCTGGCTGTAGATAAATA
ATGTAGTTTTGTTTATGCATTTGGAATTAGTGGATTTTTTTGTCATTAAAATTGTTACCA
CTGGTAACATGTGACAAGCACACCACAATTCTCCCTATCTTGTGAAGTTGTTTTTTTAAA
TCGCCTTGAACAAAAAGTTTTTTTTTTTGTTTGTTTTTGCTTTCTGAAATTCACAGAAGC
CTAGGAGGACTGGGGTAAGCGGAATAAACTAGAGAAGGGAGACATTGTTTGGATTTCCTT
CCTATAAATACAAATCTGTATAAATGTCTATTATTATGAAGAATTGCCAATCTTGTTTTA
AGCAAATGCATTCTATCGTTATTATAAATGTTAGTTCTAGCTCTATTTACTTCTAATCTT
AAATCAGAATAAATTAATATTGTATTGCTGCTGTGCGTGGAAAAAGACGATGTTTATGTT
CTTATAGAATAAAAGCTGTGGAATGAAAAAAAAAAAAAAAAAAAA

,2: 1 GTAGGGGTGGAGACCTAATTGGGCTGATTTGCCTGCTGCTGCTAGGAGGAGGCCTAGTAG
61 TGGGGTGAGGCTTGGATTAGCGTTTAGAAGGGCTATTTGTTGTGGGTCTCATGATTTATC

121 CTCGGAATTCCGGGAGAGGATGTGCCCAGAGCTGGTTTCCGTCTCTCGGCTCGGGGCTGG
181 AACTCCGGCCGAACCTAGGCG;C(:C;ACCGGGAC0ACATGGCGCACTTCCGATCAATGTCAA
241 ACCCGCCGGG0AGGCGGGAACCCCACCATCATTCTTGGCCTTTGTTCGCTTCTGATAC'l'A
301 AGAGCAGCACGGTACATTATTTCACTTGTCCCGCTCCCCTTCATAACAGAAAAGGGGAC
361 TCACCCTCAAGAAGTGATTGGTATGGTAATTTAAAGCAACGCGCATTCGCTAGGCCTCGC

1 **
MetCysGlnGly...

421 GAGCGTCGCCGCGCGGAGAAGCCAGCTGTCCCTTGGCAGTGATTTCGGAAATGTGTCAAGGC

Figure 2. Nucleotide and deduced amino acid sequences of the PL cDNAs and 5' genomic region. The PLI cDNA extends from nucleotide 238 (*) to the poly
A tail. Met-107 (# # #) is apparently used during in vitro translation of this cDNA to synthesize a 43,300 dalton protein (see results). The open reading frame
in the 5' direction extends from Met-107 through the start of the cDNA clone and for an additional 237 bp of upstream genomic sequence to Met-i. The PL2 cDNA
is shown below the PLI sequence and extends from nucleotide I through nucleotide 480 of unique sequence followed by a region common to PLI which contains
the homeodomain, 3' untranslated region, and poly A tail. Gly-3 of PL2 (***) denotes the start of the common nucleotide and amino acid sequence shared with
Gly406 (***) of PLl. Splice sites in the PL cDNAs are underlined. The common homeodomain is boxed, while three possible polyadenylation signals are overlined.
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4, 5) while MLl, ML2, ML3 and PLB985 cells are relatively
enriched for PLI transcript (lanes 6-9). Blood cell specificity
of PL expression is also suggested by the failure to detect PL
transcripts in Northern gel analysis of human neuroblastoma,
bladder carcinoma, uninduced teratocarcinoma, and lung
carcinoma cell lines or in normal human testis (Figure 4B).

1 2 3 4 5 6

3.0 kb- -
2.2 kb -

.~I : >8S

OFF

-urn
It

Figure 3. Correspondence of PLI and PL2 cDNAs in myeloid cell lines.
Expression of PL homeobox-containing transcripts was detected using a common
3' flanking region probe, (Figure 1, probe E), in U937 poly A' RNA (lanes
1 and 3) and ML3 poly (A)+ RNA (lane 4). The lower 2.2 kb transcript is visible
in lane 4 upon extended autoradiogaph exposure (data not shown). Re-probing
the blot of lane 1 with a PL2 5' specific probe (Figure 1, probe B) demonstrates
that the 2.2 kb message corresponds to PL2 (lane 2). Re-probing the blot of lanes
3 and 4 with a PLI specific 5' flanking region probe (Fligure 1, probe A)
demonstrates that the 3.0 kb transcript corresponds to PLI (lanes 5 and 6). The
heavy band in lanes 5 and 6 at approximately 4.4 kb co-migrates with residual
ribosomal RNA remaining in the sample and probably represents non-specific
hybridization of this material with the probe. To confirm this possibility, a sample
of poly (A)- RNA from ML3 cells was run in a parallel Northern gel
experiment. Probe A was shown to hybridize under stringent conditions to a 4.4
kb band in the poly (A) RNA (results not shown).

A

(1) N lx X

-4.--3.01
.x2.21

Expression of PL transcripts in normal human bone marrow
RNAse protection of mRNA from bone marrow or U937 cells
was performed with two probes derived from PL2 which span
the splice junction (Figure 1, C and D). As shown in Figure 5
lanes 1 and 2, mRNA from U937 cells protects two bands with
both probes. In each case, the top band represents full protection
of the probe afforded by transcripts corresponding to PL2, while
the lower band represents protection of the 3' common region
of the probe and thus is attributed to the presence of PLI
transcripts. RNA isolated from normal human bone marrow
protects only the lower band of message, suggesting that the PL2
transcript is quite minor in normal marrow (Figure 5, lane 3).

Chromosomal localization and structure
The PL gene is present in the mammalian genome as a single
copy gene as indicated by Southern analysis of enzymatic digests
ofhuman genomic DNA probed with a PL homeobox containing
cDNA probe (Figure 6). Hybridization to chromosome specific
blots with a probe corresponding to the 3' flanking region
common to PLI and PL2 (probe E, Figure 1) placed the PL gene
on chromosome 7.
To sublocalize the PL gene, cDNA and genomic probes were

hybridized to normal metaphase chromosomes, resulting in
specific labeling only of chromosome 7. Of 100 metaphase cells
examined from the hybridization of the HG-19 genomic probe,
33 (33%) were labeled on regions pl or p2 of one or both
chromosome 7 homologues. The distribution of labeled sites on
this chromosome is illustrated in Figure 7; of 227 labeled sites
observed, 63 (27.8%) were located on this chromosome. These
sites were clustered at bands p13 -21, and this cluster represented
20.3% (46/227) of all labeled sites (cumulative probability for
the Poisson distribution is < <0.0005). The majority of the
labeled sites were located at 7pl4-21. To examine the possibility
that the specific labeling of 7p, and in particular, the labeling
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Figure 4. Myeloid specific expression of PL. Northern gel analysis of PL expression in human hematopoietic cell lines (A) and non-hematopoietic cell lines and
tissue (B). Both blots were hybridized with probe E which contains 3' flanking sequence which is common to PLI and PL2. The cell phenotypes are described
in the text. U937 cells were included on blot B to act as a positive PL signal. An actin probe was used to demonstrate equivalent mRNA loading.
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Figure 5. Expression of PL in bone marrow cells. RNAse protection was used
to assess PL expression in normal marrow and in U937 cells. Lane 1 shows
protection of probe C by U937 mRNA. Lanes 2 and 3 show protection of probe
D by mRNA from U937 cells and bone marrow, respectively. Probe C is 217
nt and contains 90 nt of PL2 specific sequence and 127 nt of sequence common
to PLl and PL2. Probe D is 328 nt and contains 90 nt of PL2 specific sequence
and 238 nt of sequence common to PLI and PL2. The top arrow shows the 328
nt band representing protection of the entire D probe by PL2 transcripts, and
the bottom arrow shows the 238 nt band representing protection of the common
PL region of probe D by transcripts thought to represent PLL.

1 2 3 4 5

- 23.1
- 9.4
- 6.5
- 4.4

- 2.3
- 2.0

Figure 6. Southeem analysis of PL gene copy number. Restriction digests of human
genomic DNA were hybridized to a PL homeobox containing single stranded
DNA probe (probe E). Lane 1: ApaI; Lane 2: BamHI; Lane 3: HindIll; Lane
4: EcoRI; Lane 5: Styl.

at 7pl4-21 observed in these hybridizations was due to cross
hybridization to the other homeobox genes located on 7p,
hybridization experiments were performed using a PL2 3'
flanking region probe (B, Figure 1). In this case, also, we noted
specific labeling only of chromosome 7. Of 100 metaphase cells
examined, 25 cells were labeled on regions pl-p2 of one or
both chromosome 7 homologues. A total of 44 grains were
observed on this chromosome; of these, 34 (77%) were clustered
at bands 7pl3 -22 and represented 16% (34/212) of all labeled
sites (P < < 0.0005). The largest cluster of grains was observed
at 7'plt4-21. Thus, the PL gene is localized to chromosome 7,
at bands p14-21.

DISCUSSION
We report here the cloning and partial sequencing of a myeloid-
specific homeobox gene with alternatively spliced transcripts
which are conceptually translated into homeodomain-containing
proteins of 496 and 94 amino acids, respectively. Alternative
splicing to produce variant protein products appears to be a
frequent event in homeobox containing genes. For example, an
Abd-B homeoprotein which contains a long amino terminal region
is thought to function as a transcriptional activator while a
truncated Abd-B protein, which lacks the activating region,
functions as a repressor (20). In contrast, the ERA-I gene which
contain the Hox 1.6 homeobox (21) is expressed as two transcripts
one of which encodes a protein which contains the homeodomain
while the other encodes a truncated protein containing only the
amino terminal region.
The products of PL gene expression reported here are similar

to Abd-B and the converse of ERA-I expression products. While
the homeodomain has been shown to bind to DNA (22), the
flanking regions are thought to confer, in part, the properties
of transcriptional activation or repression on the homeoprotein.
The two putative PL proteins described here both contain the
homeobox and would be likely to compete for the same target
DNA. Although the PL1 protein lacks several of the known
activation motifs such as acidic (23), glutamine (24) or
serine/threonine rich regions (25), there is a proline rich domain
(residues 215 -238) which may function as an activation region
(26). In addition, there are islands of arginine which could form
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Figure 7. In situ localization of the PL gene to chromosome 7. Distribution of
labeled sites on chromosome 7 in 100 normal human metaphase cells from
phytohemagglutinin-stimulated peripheral blood lymphocytes that were hybridized
with the PL HG-19 genomic probe. The labeled sites observed in the hybridization
were clustered at 7pl4-21.
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a second DNA binding site, as well as glycine rich regions which
should yield an extended protein structure. Since the putative PL2
protein lacks this amino terminal element, it may function as a
non-regulated DNA binding protein interacting with a number
of DNA binding sites. Expression of the two PL proteins will
permit analysis of their respective roles in transcriptional
regulation.
Knowledge of the chromosomal localization of the PL gene

may also provide insight into its interaction with other homeobox-
containing genes. The PL homeodomain is a member of the
Antennapedia class I homeobox proteins (27). While this work
was in progress, Boncinelli and coworkers described the cloning
of several new human homeobox genes which are arranged along
the chromosome in patterns which parallel homeobox gene
patterns in Drosophila. One of these genes, 1H, is identical to
PL within the homeodomain (28). These authors assigned the
1H homeobox to the 5' end of the Hox 1 cluster on chromosome
7 and our localization of the PL gene to 7pl4-21 is consistent
with its placement within the HOX 1 locus (29). On the basis
of the nomenclature of Acampora et al. (28) and the tentative
designations of the murine Hox 1 locus by Kessel and Gruss (30),
we suggest that the human PL homeobox gene be designated
HOX 1.8. Boncinelli and colleagues also report that a previously
described conserved peptide YPWM, is contained in the limited
number of human class I homeobox proteins for which the
flanking regions have been determined (28). However, neither
the PL1 nor PL2 protein contains this sequence.
PL expression appears to be limited to hematopoietic cells and

is predominantly localized to cells with myeloid potential.
Although a range of human hematopoietic cell lines express
varying amounts of the PLI and PL2 transcripts, bone marrow
apparently contains predominantly the PLI transcript, which
would encode a full-length homeobox protein. We hypothesize
that PL proteins play a role(s) in control of myeloid cell
phenotypic differentiation in a manner similar to that of MyoD
in muscle cells (31). Transfection of sense and antisense PL1
or PL2 expression plasmids into human hematopoietic cell lines
should help to elucidate the role of PL in hematopoiesis.
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