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LXSN

This pattern of expression is consistent with a function for
DR-nm23 during early stages of hematopoiesis.

Expression of DR-nm23 in 32Dc13 Cells Blocks G-CSF-
Induced Granulocytic Differentiation and Causes Apoptosis.
32Dc13 cells were derived from normal mouse bone marrow
progenitors and undergo terminal myeloid differentiation
when cultured in the presence of G-CSF (19). 32Dc13 cells
were transfected with the pLXSN parental vector or with
pLXSN-DR-nm23, linked or unlinked to an in-frame HA
epitope, allowed to proliferate, and assessed for DR-nm23
expression (Fig. 4). Northern blot analysis with a 3?P-labeled
DR-nm23 cDNA insert revealed the expected transcripts of the
DR-nm23-containing retrovirus vector in transfected cells
(Fig. 44, lane 3). Endogenous DR-nm23 transcripts were
barely detectable only after a 5-day exposure of the blot,
perhaps reflecting low levels of expression in parental cells
and/or sequence heterogeneity between mouse and human
mRNAs. Use of anti-HA monoclonal antibody 12CAS5 allowed
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FIiG. 6. Myeloperoxidase (MPO) mRNA levels in parental LXSN-
and DR-nm23-transfected 32Dc13 cells cultured in G-CSF containing
medium. Reverse transcription-PCR analysis was performed as de-
scribed in Materials and Methods on pLXSN- and DR-nm23-
transfected 32Dc13 cells. Endogenous B-actin mRNA levels were also
measured as a control for RNA amounts. Time in culture (in h) is
indicated at the bottom. Each lane is representative of three indepen-
dent experiments with similar results.
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FiGg.5. Morphology of pLXSN-
and DR-nm23-transfected 32Dc13
cells cultured in G-CSF-containing
medium. Cells, cultured in G-CSF-
containing medium for 0, 3, or 9
days, were cytocentrifuged onto
slides. Slides were air dried and
stained with Giemsa. The arrow
indicates one of the numerous apo-
ptotic bodies visible after 3 days of
culture. By day 9, the large majority
of DR-nm23-transfected cells had
become ghost-like.

detection of a protein with the expected size for DR-nm23 and
the in-frame triple HA epitope (Fig. 4B, lanes 1 and 2).
Parental and pLXSN-transfected 32Dc13 cells, when cul-
tured with G-CSF, retained viability during the initial days of
incubation in differentiation medium; like parental cells,
pLXSN-transfected 32Dc13 cells underwent terminal differ-
entiation to morphologically recognizable granulocytes (Fig.
5). In contrast, DR-nm23-transfected 32Dc13 cells lost viability
at early times in differentiation medium and failed to termi-
nally differentiate upon treatment with G-CSF (Fig. 5).
Myeloperoxidase transcripts were detected in G-CSF-
treated 32Dc13 cells transfected with pLXSN after 3-4 days of
culture (Fig. 6). In contrast, these transcripts were undetect-
able in DR-nm23-transfected 32Dc13 cells for up to 4 days of
G-CSF treatment, after which time no viable cells were
recovered for RNA extraction. DR-nm23-transfected cells
appeared to die of apoptosis, as revealed by morphology and
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Fic.7. DNA gel electrophoresis of nontransfected and LXSN- and
DR-nm23-transfected 32Dc13 cells after a 72-h exposure to G-CSF.
DNA was analyzed by gel electrophoresis as described (14). Lanes 1
and 2, molecular weight markers; lane 3, DR-nm23-transfected 32Dc13
cells; lane 4, pLXSN-transfected 32Dc13 cells; and lane S, parental
32Dc13 cells. Left, size markers in bp.
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DNA gel electrophoresis evidence of a typical DNA fragmen-
tation pattern (Fig. 7).

DISCUSSION

By differential screening of a CML-BC cDNA library, we have
isolated a gene with sequence homology to nm23-HI1 and
nm23-H2, originally identified as putative metastatic suppres-
sor genes. The encoded protein has ~65% amino acid simi-
larity to nm23-HI and nm23-H2. A putative leucine-zipper
domain and the RGD domain implicated in integrin recogni-
tion in proteins involved in cell attachment (18) are conserved
among the different proteins. Their relevance for nm23 func-
tion is unknown, in part because the precise role of nm23 in
normal processes, such as proliferation, differentiation, and
neoplastic transformation, is still controversial.

It was originally reported that nm23 mRNA levels were
uniformly reduced in rodent cell lines with high metastatic
potential and in lymph-node metastases of human infiltrating
ductal breast carcinomas (14). Of greater importance, nm23-
transfected, highly metastatic melanoma cells exhibited re-
duced incidence of primary tumor formation, significant re-
duction in tumor metastatic potential, and altered response to
transforming growth factor B1 compared with untransfected
parental cells (15). However, metastatic phenotype and nm23
expression are positively correlated in pancreatic, prostatic,
and ovarian carcinomas (21-23) and in neuroblastomas (24),
thus raising the possibility that nm23 exerts distinct functions
in different tissue types. nm23 levels correlated with prolifer-
ation in mitogen-stimulated peripheral blood lymphocytes and
decreased during terminal differentiation of HL-60 cells (25).
In agreement with these observations, a differentiation-in-
hibiting factor for mouse myeloid leukemic M1 cells was
identified as the nm23 protein (26) and constitutive expression
of a full-length nm23 cDNA inhibited differentiation of MEG-
01, but not K562, cells (27).

The kinetics of DR-nm23 mRNA expression during myeloid
differentiation of CD34* cells (Fig. 3) supports a role for this
gene during early stages of hematopoietic differentiation and
is consistent with its identification by differential screening of
a CML-BC cDNA library. In this regard, comparison of
DR-nm23 levels in chronic phase and blast crisis samples
consistently revealed higher expression levels in the blast crisis
group (data not shown). Of greater importance, constitutive
expression of DR-nm23 in 32Dcl13 cells prevented G-CSF-
induced granulocyte differentiation and caused apoptosis of
these cells (Figs. 5-7). The phenotype of DR-nm23-transfected
32Dc13 cells is reminiscent of that described for Evi-1-
transfected 32Dc13 cells (28). In both cases, transfected cells
require IL-3 for their growth, manifest a block in differenti-
ation upon IL-3 removal and addition of G-CSF, and rapidly
undergo cell death. This phenotype is distinct from that
induced by constitutive expression of v-abl or p210ber/abl
which, instead, involves both IL-3 independence and the
inability to differentiate in response to G-CSF (29, 30). As
differentiation arrest is a feature of CML-BC, the phenotype
of DR-nm23-transfected 32Dc13 cells might be relevant to
explain the alteration of the hematopoietic differentiation
program typical of that disease stage. In contrast, in chronic
phase, CML progenitor cells retain the ability to differentiate,
despite the expression of the BCR-ABL protein, consistent
with the limited leukemogenic potential of BCR-ABL pro-
teins (31, 32). Since BCR-ABL expression prolongs the sur-
vival of CML myeloid cells by inhibiting apoptosis (20), it is
tempting to speculate that coexpression of BCR-ABL and of
a gene like DR-nm23 generates a cell phenotype resembling
that of CML-BC blast cells.
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The mechanism(s) associated with the differentiation arrest
and induction of apoptosis in DR-nm23-transfected 32Dc13
cells is, at the moment, unknown. Thus far, we could not find
evidence of changes in the expression of genes, such as p53,
bcl2, and c-myc, that negatively or positively regulate the
induction of apoptosis. Analysis of the effects associated with
mutation of the putative nm-23 functional domains is expected
to provide relevant information on the pathway involved in the
DR-nm23-induced phenotype.
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