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FIG. 8. Chromosomal mapping of the Spi-I gene locus on human
chromosome 11. (A) Detection of Spi-1 sequences by hybridization
of Bglll-digested genomic DNAs with the labeled Spi-1 probe. The
genomic DNAs are CHTG49 (hamster DNA), HeLa (human DNA),
J1-11 (human-hamster hybrid with all of human chromosome 11),
J1-4b through J1-53 (radiation-induced deletion series of human
chromosome 11 derived from cell line J1-11 [41, 44]), GH-1 through
GH-4 (Goss-Harris hybrids containing fragments of human chromo-
some 11 derived from cell line J1-11 [32]), and MJ (a somatic cell
hybrid from WAGR patient MJ containing only the chromosome 11
homolog carrying an interstitial deletion limited to 11p13 [31]). The
different hamster and human Bg/II restriction fragments detected by
the Spi-1 probe are indicated. (B) Schematic representation of the
human chromosome 11p region. The segments of 11p present in the
various somatic cell hybrids used for panel A are indicated by
vertical solid bars in relation to an ideogram of 1lp single-copy
markers (28-30, 32, 41, 72). The presence (+) or absence (—) of the
human Spi-1 BglII restriction fragment is indicated below each of
the somatic cell hybrid 11p representations. The region within which
Spi-1 maps is indicated by a horizontal stippled zone. Genetic
symbols: HRAS1, Harvey ras oncogene; HBBC, B-hemoglobin
cluster; PTH, parathyroid hormone; CALC, calcitonin; HVBSI1,
hepatitus B virus insertion site; FSHB, follicle-stimulating hormone
B; WAGR, WAGR complex; TCL2, T-cell leukemia breakpoint
cluster region; CAT, catalase; MIC1 and MIC4, cell surface antigens
defined by monoclonal antibodies; ACP2, lysosomal acid phos-
phatase; a, the alphoid repeat cluster which is concentrated at the
centromere. All other markers are defined by anonymous DNA
probes.
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FIG. 9. Secondary structure predictive analysis of the ETS do-
main of murine Spi-1. (A) DNA and amino acid sequences within the
ETS domain of murine Spi-1. The nucleotide sequence numbering
starts at the beginning of our clone, and the numbering of the
predicted amino acid sequence is in parentheses. The ETS domain
(45) is underlined with a thick line, and the ets family conserved
tryptophan (W) positions are circled. Note that Spi-I1/PU.1 is
missing the first of the conserved tryptophans and has a tyrosine (Y)
instead. Locations of the possible helices of a putative helix-turn-
helix-turn-helix motif predicted by both the Chou-Fasman and
Garnier-Osguthorpe-Robson algorithms (18) are boxed with solid
lines (prediction overlap) and dotted extensions (to mark the remain-
der of both predictions), and the region analyzed as a putative
recognition helix is double underlined. (B) The four contiguous
repeats within the ETS domain, aligned with the amino acid num-
bering to either side and a consensus written below according to
Dayhoff’s rules (17).

shown that the Spi-1 transcription rate is unchanged as MEL
cells differentiate and that the decrease in Spi-I mRNA is
due to an increased rate of degradation. This effect could
provide a means by which the agents inducing MEL cell
differentiation could bypass the transcriptional activation of
Spi-1 by retroviral insertion.

The BFU-E-like cell line CBS was generated by infection
of newborn mice with F-MuLV (79). Spi-1 is neither rear-
ranged nor activated in the leukemias induced by F-MuLV
(56). Instead, transformation of erythroid cells by F-MuLV
frequently (75%) results in the integration of the virus
upstream of the Fli-1 (Friend leukemia integration site 1)
locus, leading to the overexpression of another ets family
member, Fli-1 (4, 5). Similarly, the Fli-1 locus is not rear-
ranged in erythroleukemias transformed by the Friend com-
plex of SFFV plus F-MuLV (4). Spi-I mRNA was undetect-
able by Northern analysis in CBS cells (Fig. 5A); in contrast,
normal CFU-E had low but detectable amounts. This lack of
expression in a transformed BFU-E-like cell may represent
the status of Spi-1 expression in the untransformed BFU-E
cell, suggesting that Spi-I expression is an indicator of and
may play a role in the BFU-E-to-CFU-E transition. Alter-
natively, the lack of Spi-1 expression could be a result of the
transformation event or perhaps, more specifically, the
overexpression of another ets family member, Fli-1.

The cell type specificity of Spi-1 expression reported here
is consistent with that previously observed by EMSA for
complex Bl formation (27) and has been expanded by the
examination of additional cell types. In addition to MEL
lines, Spi-1 is expressed in the human erythroid cell lines
K562 and KMOE (27). Other hematopoietic cells expressing
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FIG. 10. Evidence that Spi-1-binding sites form a Spi-1 consen-
sus sequence. The sequences shown are described in the text. The
t’s in the first three positions indicates that the site containing these
residues bound less well than did the others. Although positions 4 to
6 can each be an A or a G, no site has been observed to contain more
than one A residue among these positions at a time. The dark line
denotes the ets family core motif. gb, globin; SV40, simian virus 40;
LPV, lymphotropic papovavirus.

Spi-1 include B cells (early pre-B through more mature
stages), myelomonocytes, mast cells (both immature and
mature), and possibly megakaryocytes but not T cells (Fig.
5) (27). Spi-1 was not detected by either Northern analysis
(Fig. 5) or EMSA (27) in a wide variety of nonhematopoietic
cell types. By in situ hybridization, Spi-1 was found in the
hematopoietic tissues such as bone marrow, spleen, and
fetal liver. In addition, Spi-1 expression was observed in
adult liver and in the testis, possibly in the Leydig cells.
Spi-1 expression was not detected in any other tissues.
Therefore, in contrast to Ray et al. (70), we did not observe
ubiquitous tissue expression of Spi-1 by either RNA analysis
or EMSA. Although Paul et al. (65) detected Spi-1 expres-
sion in the heart, brain, and lung, we along with Klemsz et
al. (47) did not. We also did not observe Spi-I expression in
the fetal mouse thymus, in contrast to others who observed
it in the adult mouse thymus (47, 65). It is important to note
that since monocytes and mast cells contain Spi-I/ mRNA
and infiltrate a variety of tissues, analysis of whole organs
may give an expanded view of the tissue-specific expression
profile.

The primary target genes of the Spi-1 protein in the
transformed MEL cell, as well as in the other primarily
hematopoietic cell types that express this factor, have not
yet been identified. Pongubala et al. (69) have recently
demonstrated an enhancer function for a Spi-1 site in the
mouse immunoglobulin k enhancer that lies downstream of
the constant-region exon. In this case, Spi-! binding is
required for another factor, NF-EMS, to bind to a distinct
site. The DNA binding of other ets proteins has recently
been reported to be enhanced by the association of unrelated
proteins (15, 38, 50, 82). Overexpression of Spi-I may
transform erythroid cells by direct binding to genes whose
inappropriate expression causes the malignant transforma-
tion or by interaction with other DNA-binding proteins,
thereby preventing the proper regulation of their target
genes.
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