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ABSTRACT Effective hematopoiesis requires the commit-
ment of pluripotent and multipotent stem cells to distinct
differentiation pathways, proliferation andmaturation of cells
in the various lineages, and preservation of pluripotent pro-
genitors to provide continuous renewal of mature blood cells.
While the importance of positive and negative cytokines in
regulating proliferation andmaturation of hematopoietic cells
has been well documented, the factors and molecular pro-
cesses involved in lineage commitment and self-renewal of
multipotent progenitors have not yet been defined. In other
developmental systems, cellular interactions mediated by
members of the Notch gene family have been shown to inf lu-
ence cell fate determination by multipotent progenitors. We
previously described the expression of the human Notch1
homolog, TAN-1, in immature hematopoietic precursors. We
now demonstrate that constitutive expression of the activated
intracellular domain of mouse Notch1 in 32D myeloid progen-
itors inhibits granulocytic differentiation and permits expan-
sion of undifferentiated cells, findings consistent with the
known function of Notch in other systems.

Members of the Notch gene family encode large transmem-
brane proteins that play central roles in mediating cell fate
decisions during early development in a wide variety of
different tissues and organisms (for review, see refs. 1–5). The
high degree of structural conservation among family members
(6–12), as well as genetic and molecular studies in several
systems (1–3, 13–15), provide considerable evidence for evo-
lutionary conservation of Notch function from invertebrate
species to mammals. The protein products of Notch family
members consist of the following: an extracellular domain
containing tandem epidermal growth factor repeats and three
lin-12yNotch repeats; a single transmembrane domain; and an
intracellular domain that contains six cdc10ySWI6yankyrin
repeats, putative nuclear localization signals, and a C-terminal
OPAyPEST region (Fig. 1). Cellular interactions mediated by
the extracellular domain binding to its ligand(s) are thought to
activate the intracellular domain, resulting in inhibition of
differentiation along a particular pathway, but leaving cells
competent to adopt alternative fates (2, 4, 5).
Studies of Notch in various systems have demonstrated that

unregulated expression of the intracellular domain results in
an ‘‘activated ’’ Notch phenotype and that the cdc10 repeat
region is crucial for intracellular signal transduction (13–20).
In these studies, constitutive expression of truncated Notch
molecules results in phenotypic effects consistent with those
observed or expected from activation of the full-length mol-
ecule by its extracellular ligand(s). These truncated Notch
molecules lack most or all of the extracellular domain, contain
only the intracellular domain, or contain only portions of the

intracellular domain that include the cdc10 repeat region. Two
mammalian Notch homologs, TAN-1 (hNotch1) and int-3, are
similarly truncated in malignant cells (12, 21, 22). Taken
together, these observations support the view that unregulated
activity of intracellular Notch inhibits differentiation along a
specific pathway, leaving undifferentiated cells capable of
expanding or adopting a default pathway.
We previously described the expression of hNotch1 (TAN-1)

in human bone marrow hematopoietic precursors (23). In
those studies, we found expression of hNotch1 in CD341

marrow cells, including both the immature subset that lacks
expression of lineage-associated antigens (CD341lin2) and the
somewhat more mature lineage-positive (CD341lin1) popu-
lation. We hypothesized that Notch homologs influence cell
fate determination at multiple steps during hematopoiesis,
analogous to the role ofNotch in other developmental systems.
To explore the potential role of Notch activity in granulocytic
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FIG. 1. Diagram of the mNotch1 gene product and retroviral
constructs. The molecule consists of an extracellular domain contain-
ing 36 tandem epidermal growth factor (EGF) repeats and 3 lin-12y
Notch (LNR) repeats; a single transmembrane domain (TM); and an
intracellular domain containing 6 cdc10ySWI6yankyrin repeats, pu-
tative nuclear localization signals (NLS) and a C-terminal OPAyPEST
region. The activated mNotch1 construct (MT-mNotch-ICDOP) con-
sists of the region of the intracellular domain including the cdc10
repeats and 39 nuclear localization signals. The constructs included 59
myc epitope tags (MT) to facilitate detection of protein expression.
The control construct MT-mNotch1-ICDOPDCDC lacks the 59 end of
mNotch through the cdc10 repeats, but otherwise corresponds to
MT-mNotch1-ICDOP. Constructs were cloned into the LXSN retro-
viral vector that had been modified to contain a ClaI restriction site.
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differentiation, we have used retroviral transduction to express
the active region of the intracellular domain ofmNotch1 in the
myeloid progenitor cell line, 32D. We find that constitutive
expression of this activated form of mNotch1 in 32D cells
inhibits granulocytic differentiation in response to granulocyte
colony-stimulating factor (G-CSF), but leaves proliferative
capacity intact. The findings presented here are consistent with
the known role of Notch in other systems and, together with
the expression of Notch in normal hematopoietic progenitors,
suggest that Notch may play a similar role as a mediator of cell
fate specification in hematopoietic cells.

MATERIALS AND METHODS

Preparation of Retroviral Vectors Containing mNotch Con-
structs. The retroviral vector containing the active region of
the intracellular domain of mNotch1 was derived from a
full-length mNotch1 clone (11) as follows: the intracellular
domain of mNotch1 was cloned into the StuI site of the
pCS216MT vector so that the coding sequence ofmNotch1-IC
(amino acid 1753) was in frame with the six myc epitope tags
in the vector (15); the ClaI–XhoI fragment containing the MT
plus the mNotch1 cdc10 repeats and nuclear localization
signals (TKKFRFEE through KGCLLDSS) was then sub-
cloned into a pLXSN retroviral vector that had been modified
to contain a ClaI cloning site. The control construct mNotch1-
ICDOPDCDCwas derived frommNotch1-IC by deleting the 59
end through the cdc10 repeats (RK); this fragment was cloned
into pCS216MT and subcloned into pLXSN as for mNotch-
ICDOP. The resulting constructs included myc epitope tags
(MT) to facilitate screening for protein expression using an
anti-MT monoclonal antibody (9e10) (24). All constructs were
verified by DNA sequencing. The intracellular domain of
mNotch2 was PCR amplified from cDNA obtained from
FDCP mixA4 cells, a murine factor-dependent multipotent
hematopoietic cell line. PCR products obtained from several
independent amplifications were gel purified, cloned into
pGEM-T (Promega) and sequenced. The fragment of
mNotch2 corresponding to the cdc10-nuclear localization sig-
nals region used for the mNotch1-ICDOP construct (amino
acids 1767–2156) predicts an amino acid sequence 98.7%
identical to that of rat Notch2 (25). This fragment was sub-
cloned into pCS216MT and the MT-mNotch2-ICDOP frag-
ment then cloned into the pLXSN vector.
Retroviral Transduction. Retroviral producer cell lines

were established using published protocols (26). Retroviral
vectors were transfected by calcium phosphate precipitation
into the ecotropic viral packaging cell line, PE501, and the
transiently expressed virus was used to infect the amphotropic
viral packaging cell line, PA317. Cells were selected in G418
and resistant clones were assayed by reverse transcription-PCR
or Western blot for expression of the constructs. For trans-
duction of 32D cells, PA317 producer cells were seeded on the
bottom layer and 32D cells on the top layer of 24-mm
transwells with a 3-mm pore. After 24 hr of cocultivation,
polybrene (4 mgyml) was added and medium (containing
virus) was gently transferred from the bottom to the top layer
of the transwell. Cells were incubated for an additional 24 hr.
The 32D cells were then harvested, washed, and replated into
96-well plates in medium containing 1 mgyml G418. Resistant
clones for each construct were isolated, expanded, and eval-
uated by RT-PCR (LXSN retroviral vector alone) andyor
Western blot (LXSN-MT-mNotch constructs) to confirm con-
struct expression.
Western Blot Analysis. Total cell lysates prepared from 5 3

105 cells of individual clones were electrophoresed through
SDSy10% polyacrylamide gels, transferred to nitrocellulose
membranes, and immunoblotted using the 9e10 (a-myc tag)
monoclonal antibody. Immunostained proteins were detected
using enhanced chemiluminescence Western blot reagents

(Amersham). Films (BioMax; Kodak) were scanned and re-
produced for publication using PhotoShop (Adobe Systems,
Mountain View, CA) and CANVAS (Deneba, Miami, FL)
software.
Cell Culture. 32D cells were maintained in Iscove’s modified

Dulbecco’s medium with 10% fetal bovine serum and 10%
Wehi-conditioned medium (WCM) as a source of interleukin
3 (IL-3). For differentiation experiments, 32D cell lines were
harvested in log phase, washed, counted, and replated at
constant density (2 3 105 cells per ml; 4 ml per well) in 6-well
plates in Iscove’s modified Dulbecco’s medium containing
10% fetal bovine serum, 1%WCM, and 10 ngyml recombinant
human G-CSF (provided by Amgen). Differentiation experi-
ments were done with all of the clones simultaneously, using
the same lots of media and growth factors to avoid any
variations in culture conditions. Viable cells were counted and
Wright-stained cytospins were evaluated for granulocytic dif-
ferentiation. Undifferentiated 32D cells generally have a single
large, relatively round nucleus and scant dark blue cytoplasm
containing few large granules. Criteria for granulocytic dif-
ferentiation included nuclear segmentation, an increased cy-
toplasmic/nuclear ratio, and increased eosinophilia and gran-
ularity of the cytoplasm. Considerable care was taken to ensure
consistent and unbiased evaluation of cellular morphology. All
differential cell counts were done by the same individual
(L.A.M.), repeated at least twice (100–200 cell differentials
each time) on separate occasions, and cross-checked in ran-
dom order to ensure consistency. Slides were also reviewed in
a blinded fashion by several other individuals to verify the
absence of observer bias.

RESULTS

To evaluate the effect of Notch activity on granulocytic
differentiation, we used retroviral transduction to stably ex-
press the active region of the intracellular domain of mNotch1
in 32D myeloid progenitors. Murine 32D cells proliferate as
undifferentiated blasts when maintained in IL-3, but differ-
entiate into mature neutrophilic granulocytes when stimulated
with G-CSF (27). We used a truncated mNotch molecule,
comparable to activated Notch molecules known to be func-
tional in other systems (14–16, 18, 20). This activated form of
mNotch would be expected to result in phenotypic effects
comparable to those resulting from activation of the intracel-
lular domain though ligand binding. Fig. 1 shows the activated
intracellular mNotch1 and control retroviral constructs. The
active form, MT-mNotch1-ICDOP, contains the cdc10 repeats
and nuclear localization signals, but not the OPAyPEST
sequences; control constructs consist of the pLXSN retrovirus
alone and a construct derived from mNotch1-ICDOP that
lacks the cdc10 repeats (MT-mNotch1-ICDOPDCDC). After
confirming construct expression, individual clones were eval-
uated for growth and differentiation characteristics in the
presence and absence of differentiation signals (G-CSF).
32D cell clones were routinely maintained in media con-

tainingWCMas a source of IL-3. The day before the beginning
of an experiment, cell cultures were split to constant density
and fed with fresh media to ensure similar logarithmic-phase
growth for all clones. On day 0, cells were washed and replated
at constant density in media containing 10% WCM or 10
ngymlG-CSF and 1%WCM. Cultures were evaluated daily for
the total number of viable cells and the relative percentages of
undifferentiated cells and mature granulocytes. Differential
cell counts on Wright-stained cytospins were used to separate
cells into three general categories: (i) undifferentiated (blasts),
(ii) mature (bands and segmented granulocytes), and (iii)
intermediate (myelocytes, metamyelocytes, and undeter-
mined). The relative percentages and absolute numbers of
undifferentiated and mature cells in cultures of mNotch1-
ICDOP-transduced cells compared with control clones and
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parental 32D cells were used to establish the effects of mNotch1
activation on granulocytic differentiation of 32D cells.
The Activated Intracellular Domain of mNotch1 Inhibits

Granulocytic Differentiation of 32D Myeloid Progenitors. As
shown in Fig. 2, constitutive expression of activated mNotch1
inhibited G-CSF-induced differentiation of 32D cells. In this
representative experiment, we evaluated six individual clones
expressing the activated mNotch1-ICDOP molecule, 10 con-
trol clones, and the parental cell line (32DWT) for growth and
differentiation in response to G-CSF. When maintained in
medium containing IL-3, but lacking G-CSF, 32D cells con-
tinued to proliferate as undifferentiated cells as expected (Fig.
2, top row). When stimulated with G-CSF, the 32D WT cells
and the control lines (LXSN and mNotch1-ICDOPDCDC)
showed a progressive decrease in the proportion of undiffer-
entiated cells and a concomitant increase in the proportion of
mature granulocytes (Fig. 2A). By day 6, ,10% of the cells in
these control cultures remained undifferentiated and an av-
erage of 35–45% had attained a mature granulocytic pheno-
type (Fig. 2B). In contrast, during the same period of time the
mNotch1-ICDOP lines never reached .10% mature granulo-
cytes and the majority of cells (.55%) remained undifferen-
tiated (Fig. 2 A and B Bottom).
Expression of the Activated Intracellular Domain of

mNotch1 Permits Expansion of Immature Myeloid Progeni-
tors. In addition to evaluating the relative proportions of
undifferentiated and mature cells, we used the total number of
viable cells and differential cell counts to determine the
absolute number of undifferentiated and mature cells over
time in culture with G-CSF. As shown in Fig. 2C, expression
of the activated intracellular domain of mNotch1 allowed
continued expansion of undifferentiated cells. After 5–6 days,
the majority of cells in the control groups demonstrated some
degree of granulocytic maturation and very few cells remained
undifferentiated (Fig. 2CMiddle); there was an average seven-
fold decrease in the absolute number of undifferentiated cells
(,15% of the original number of cells plated) during this time.
In contrast, the lines expressing mNotch1-ICDOP demon-
strated a progressive expansion of undifferentiated cells (Fig.
2C Bottom); by day 6 the average number of undifferentiated
cells in these cultures was nearly 2000% of the original number
of cells plated.
Therefore, we find that in addition to inhibiting differenti-

ation, expression of mNotch1-ICDOP permits continued pro-
liferation of cells in an undifferentiated state. However, ex-
pression of mNotch1-ICDOP does not stimulate proliferation
per se; proliferation of mNotch-ICDOP clones stimulated with
G-CSF was less than that of cells maintained in IL-3 alone
(compare with Fig. 2C Top and Bottom). The average prolif-
eration of clones expressing the various retroviral constructs
was comparable to 32DWT cells when maintained in IL-3 (not
shown). Thus, expression of mNotch-ICDOP does not enhance
proliferation, but merely permits it to continue under condi-
tions that normally result in its cessation. In addition, the
proliferation of undifferentiated cells in G-CSF was not due to
development of IL-3 independence, since the mNotch1-
ICDOP clones continued to require IL-3 for survival past a few
days (data not shown).
Expression of the Activated Intracellular Domain of

mNotch2 has No Effect on Granulocytic Differentiation of 32D
Cells. To further confirm the specificity of the effects of
mNotch1-ICDOP expression on the differentiation of 32D
cells, we compared G-CSF-induced granulocytic differentia-
tion of 32D cells expressing mNotch1-ICDOP to cells express-
ing the corresponding region ofmNotch-2 (mNotch2-ICDOP).
The use of mNotch2-ICDOP permits a comparison between
the effects of two very similar proteins, both containing the
myc epitope tag. Sequence analysis of the mNotch2 construct
predicted a protein product 98.7% identical to that of rat
Notch2 (25) and comparable levels of mNotch1- and 2-ICDOP

protein expression were verified by Western blot (Fig. 3A). In
addition, functional activity of the mNotch2-ICDOP construct

FIG. 2. Effect of activatedmNotch1 expression on the differentiation
and proliferation of 32D cells. The parental 32D line (WT) and 32D cells
transduced with the pLXSN retrovirus, pLXSN containing the active
region of the intracellular domain of mNotch1 (mNotch1-ICDOP), or a
pLXSN-mNotch1 control lacking the cdc10 repeats (mNotch1-
ICDOPDCDC) were evaluated for growth and differentiation in response
to G-CSF. This figure represents one of four experiments, all having
comparable results. (A) The relative percentages of viable cells remaining
undifferentiated (E) or showing morphologic characteristics of mature
granulocytes (m) after successive days in culture. Plots for the retroviral
lines represent the averages of four (LXSN) or six (mNotch1-ICDOP and
mNotch1-ICDOPDCDC) individual clones. Error bars 5 SEM for each
set of clones; error bars are not included on the WT graphs since these
represent a single population. (B) Representative Wright-stained cells.
IL-3, undifferentiated parental 32D (WT) cells maintained in medium
containing 10% WCM as a source of IL-3; G-CSF, 32D WT cells and
representative clones expressing pLXSN, pLXSN-mNotch1-
ICDOPDCDC or pLXSN-mNotch1-ICDOP after 6 days in medium
containing 1% WCM and 10 ngyml G-CSF. The cells depicted in the
second and fourth panels (32D WT and mNotch1-ICDOPDCDC) rep-
resent a single field condensed by deleting vacant areas to show a greater
number of cells. The white and black arrows indicate band forms and
segmented neutrophils, respectively. (C) The proliferation of undiffer-
entiated cells (E) and mature granulocytes (m) after successive days in
culture with IL-3 (32D WT, Upper) or G-CSF. The total number of
undifferentiated cells and mature granulocytes relative to the original
number of cells plated are compared for the 32D parent line (WT) and
each set of retroviral clones. Again the graphs represent the averages of
four (LXSN) or six (mNotch1-ICDOPDCDC and mNotch1-ICDOP)
clones. SEMswere small; error bars are not depicted for the sake of clarity
and would not change the impression created by the figure. Cells showing
some characteristics of differentiation, but which were less mature than
band cells were not included in either the undifferentiated or mature
categories.
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was verified in two other assays (R.K., unpublished observa-
tions). As shown in Fig. 3B, 32D clones expressing mNotch2-
ICDOP showed granulocytic differentiation comparable to
that seen with the parental 32D cells and control clones (see
Fig. 2A), in contrast to the cells expressing mNotch1-ICDOP,
which, as in other experiments, remained predominantly un-
differentiated. These results provide additional confirmation
that the effects seen in cells expressing mNotch1-ICDOP are
specific for Notch1 rather than a general effect of the myc tag
or cdc10yankyrin repeats.

DISCUSSION

We have demonstrated that expression of an activated form of
mNotch1 inhibits G-CSF-induced granulocytic differentiation
of 32D myeloid progenitor cells. 32D clones expressing the
active region of the intracellular domain of mNotch1 continue
to proliferate primarily as undifferentiated cells, in contrast to
parental 32D cells and clones expressing control constructs,
which terminally differentiate into mature granulocytes when
stimulated with G-CSF. These findings are consistent with the
general model emerging from studies of Notch function in
other vertebrate systems (13–15), where expression of similar
activated forms of Notch has been shown to inhibit cell
type-specific differentiation.
Members of theNotch family are thought tomediate cell fate

decisions by inhibiting or delaying differentiation along a
particular pathway, leaving cells competent to respond to

subsequent inductive signals and thus capable of adopting an
alternate fate. Signaling through the Notch pathway is thought
to occur through cell–cell interactions in which Notch func-
tions as a receptor; ligand binding to the extracellular domain
appears to modulate signal transduction through the intracel-
lular domain, resulting in inhibition of differentiation (for
reviews, see refs. 3–5). The intracellular signal transduction
pathway of Notch involves nuclear factors and there is some
evidence that the intracellular domain of Notch is proteolyti-
cally cleaved and translocated to the nucleus (28). Direct
interactions of the intracellular domain of Notch with nuclear
proteins such as Drosophila Suppressor of Hairless [Su(H)]
(29), the mammalian homolog of Su(H), RBP-JkyCBF (30,
31), and NFkB (32) have been documented. The result of the
interaction of Notch and Su(H) or CBF appears to be regu-
lation of lineage-specific genes, most likely indirectly through
increased expression of negative regulators such as Drosophila
Enhancer of Split [E(spl)] and the mammalian homolog, Hairy
Enhancer of Split (HES) (33–35).
Based on the molecular mechanisms implicated in signaling

through the Notch pathway in other systems, we hypothesize
that Notch functions at each maturation branch point during
hematopoietic differentiation to inhibit expression of lineage-
specific genes. The specific genes regulated by Notch in
hematopoietic cells are unknown, but are likely to represent
those required for the next step in the differentiation of a given
cell. Given that 32D cells represent a heterogeneous popula-
tion of myeloid progenitors at various stages of maturation, the
genes ultimately regulated may vary from cell to cell; thus, the
phenotype of individual clones would be expected to reflect
the maturational stage of the cell when Notch became acti-
vated. While it is unlikely that Notch activation results in a
discrete block in differentiation, it is likely that Notch functions
through a common signal transduction pathway involving the
regulation of transcription factors [such as Su(H) and E(spl)-
like molecules]. Considering the frequent association of Notch
with the regulation of basic helix-loop-helix proteins (1, 15,
35–38), it is potentially of interest that the basic helix-loop-
helix protein Id also inhibits granulocytic differentiation of
32D cells (39). Studies are in progress to identify molecules
interacting with Notch and genes regulated by Notch activity
in 32D cells; these studies should help elucidate the signaling
pathway of Notch in myeloid differentiation.
In the studies presented here, we have demonstrated that an

activated form of mNotch1 inhibits granulocytic differentia-
tion of myeloid progenitors. It remains possible that ligand
activation of the native Notch1 molecule will not result in this
same inhibitory effect in normal hematopoietic progenitors in
vivo. However, when considered together with the inhibitory
effects of Notch signaling through extracellular ligand binding
in other systems, our results suggest that Notch functions in a
similar way in hematopoietic cells.
In the context of the normal hematopoietic microenviron-

ment, the effects of Notch activation are likely to be complex
due to the influence of multiple cell–cell signaling pathways,
the effects of various cytokines, and the capacity of individual
hematopoietic cells to express lineage-specific genes. In addi-
tion, stimulation of Notch activity in vivo is likely to be
transient, allowing cells to receive subsequent signals and
adopt alternate differentiative fates. In the present studies,
32D cells constitutively expressing activated Notch would not
be expected to demonstrate an alternate cell fate because of
the lack of alternative signals and because unregulated expres-
sion of activated Notch is likely to result in continuous
inhibition of differentiation. In this case, the ‘‘alternate’’ cell
fate may be self-renewal of relatively undifferentiated progen-
itors. We propose that in the context of the normal hemato-
poietic microenvironment, regulation of Notch activity
through extracellular ligand binding will permit only those cells

FIG. 3. Comparison of mNotch1- and mNotch2-ICDOP expression
and effect on granulocytic differentiation of 32D cells. (A) Western
blot of three representative mNotch1-ICDOP and four mNotch2-
ICDOP 32D clones. Each lane contained a total cell lysate representing
5 3 106 cells electrophoresed through a 10% acrylamide gel, trans-
ferred to nitrocellulose, and immunostained using the 9e10 (a-myc)
monoclonal antibody. The clones shown include those used for the
experiment depicted in B. (B) G-CSF-induced granulocytic differen-
tiation. In this experiment, three individual clones expressing
mNotch2-ICDOP, a representative mNotch1-ICDOP clone, four
LXSN-MT control clones, and the parental 32D WT cells were
evaluated for differentiation in response to 50 ngyml G-CSF and
plotted as the relative percentages of viable cells remaining undiffer-
entiated (E) or showing morphologic characteristics of mature gran-
ulocytes (m). Differentiation of the mNotch2 clones was comparable
to the 32D WT and LXSN-MT controls (not shown, but comparable
to Fig. 2A).
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maintaining the highest relative levels of Notch expression to
remain multipotent.
Our findings in 32D cells are similar to the effects of

unregulated expression of hNotch1 (TAN-1) in T lymphocytes.
The predicted protein product resulting from the translocation
involving the hNotch1 (TAN-1) gene in some T-lymphoblastic
leukemias lacks most of the extracellular domain of hNotch1,
suggesting that unregulated activation of the intracellular
domain of hNotch1 may contribute to the development of
these malignancies. Recent studies demonstrating the devel-
opment of T-cell leukemias and lymphomas in mice trans-
planted with bonemarrow expressing similar truncatedNotch1
molecules support this notion (40). The effects of unregulated
Notch activation in leukemic cells may be to inhibit further
differentiation, permitting uncontrolled expansion of imma-
ture cells at the expense of normally maturing cells, leading to
the malignant phenotype. These effects are comparable to
those we observed with constitutive expression of the activated
intracellular domain of mNotch1 in 32D cells; in this case,
mNotch1-expressing 32D cells continue to proliferate in an
undifferentiated state rather than undergoing granulocytic
differentiation in response to G-CSF.
The process of hematopoiesis has many similarities to other

developmental processes in which pluripotent stem cells give
rise to progeny that undergo proliferation and maturation to
result in mature cells of different lineages. Members of the
Notch family are known to be general mediators of cell fate
determination in many of these developmental processes and
have highly conserved structural and functional features both
in invertebrate and vertebrate systems. We have speculated
that members of the Notch family are also involved in medi-
ating cell fate decisions during hematopoiesis. The findings
presented here, demonstrating that expression of an activated
form of mNotch1 inhibits granulocytic differentiation of 32D
myeloid progenitors, support the view that Notch is capable of
influencing cell fate determination in hematopoietic cells.
Hematopoiesis is a complex process that is highly regulated

through the interactions of various signaling pathways involv-
ing positive and negative, soluble and cell-bound, factors (for
reviews, see refs. 41–44). The intersection of Notch signaling
with these other pathways is also likely to be very complex and
highly regulated. In addition, four mammalian Notch genes
(9–12, 25, 36, 45–49) [and several putative Notch ligands (5,
50, 51)] have now been identified and at least three of these are
expressed in hematopoietic cells (L.A.M., unpublished work).
It is possible that the different Notch molecules have distinct
functions in hematopoietic cells; our observation that an active
form of mNotch1, but not the corresponding form of mNotch2,
inhibits G-CSF-induced granulocytic differentiation of 32D
cells supports this hypothesis. Keeping these issues in mind, we
speculate that in the appropriate context, multiple Notch
family members function during hematopoiesis to inhibit dif-
ferentiation, leaving some cells multipotent at each matura-
tional stage; depending on the subsequent signals encountered
and the relative levels of Notch expressed, these cells may then
choose to adopt a specific cell fate, or to again self-renew,
maintaining a multipotent phenotype. Such a role for Notch in
hematopoiesis has broad implications for the regulation of the
numbers and types of cells produced during hematopoietic
differentiation. Further studies to define the role of Notch
molecules in hematopoiesis may provide new insights into
disorders of hematopoiesis, including cytopenias and hema-
topoietic malignancies, and may contribute to achieving the
potential for stem cell expansion.
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