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STEM CELLS AND STEM CELL FACTOR(S)
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ematopoiesis, the production of blood
Hcells, is a dynamic process that reflects a

balanced response to competing stimu-
latory, enhancing, and suppressing influences.'
Mature blood cells are derived in a hierarchical
fashion from relatively immature cells, referred
to as stem and progenitor cells.” The ultimate
marrow and blood repopulating cell is a pluri-
potential hematopoietic stem cell which has the
capacity to self-renew, differentiate into early
cells of multiple lineages as well as reconstitute
the myelo-lymphopoietic system in a lethally
irradiated host.” Stem cells give rise to multipo-
tential progenitors which in turn give rise to
more lineage-restricted progenitors. Progenitor
cells appear to have little or no self-renewal
capacity, but they give rise to precursor cells, the
tirst morphologically recognizable cells in a
given cell lineage.' Stem and progenitor cells
express the CD34 antigen, which identifies a
transmembrane glycoproteic structure.*” On the
basis of CD34 expression and low or high
expression of non lineage specific antigens,
including Thyl, CD38, HLA-DR, CD45RA,
CD71, hematopoietic cells can be fractionated
into primitive, intermediate and late progeni-
tors.®’

After two decades of in vitro studies, it is
apparent that much of the regulation of
hematopoiesis at the level of stem, progenitor,
precursor and mature cells is mediated by a
group of glycoproteic molecules termed colony-
stimulating factors (CSFs). CSFs can be classi-
fied on the basis of their target cell population
as early- and late-acting growth factors.” The
known regulators with proliferative effects on
one or another hematopoietic population
already exceed 20 in number, and added to
these are a variety of inhibitory factors and a

number of factors allowing selective cell-cell
adhesion.’ The relevance of CSFs to hematopoi-
etic regulation is supported by the presence of
specific CSF receptors on stem and progenitor
cells.” Environmental components have also
been described which can affect hematopoietic
proliferation and differentiation at several lev-
els, including direct cell-to-cell interactions,
interactions of cells with extracellular matrix
molecules, and interaction of cells with soluble
growth regulatory molecules.”

So far, the majority of clinically available
CSFs, such as granulocyte CSF (G-CSF) or ery-
thropoietin (Epo) affect late, lineage-specific
progenitors. And even the more primitive fac-
tors interleukin-3 (IL-3) or granulocyte-macro-
phage CSF (GM-CSF) are unlikely to act on
self-renewing progenitors. Therefore, the search
for early-acting growth factors allowing selec-
tive manipulation of stem cell self-renewal and
commitment is of particular biological and
clinical relevance.

Among early-acting cytokines is a factor that
has been referred to as stem cell factor (SCF),
mast cell growth factor (MGF), Kit ligand (KL),
and Steel factor (SF)."" SCF is the ligand for
the receptor encoded by the c-kit proto-onco-
gene." Kit receptor, similarly to the CSF-1
receptor encoded by the c-fms proto-oncogene,
has an extracellular ligand-binding domain, a
hydrophobic transmembrane domain, and an
intracellular domain with protein-tyrosine
kinase (TK) activity."

Several receptor TKs have been shown to be
important in the differentiation and prolifera-
tion of hematopoietic cells. Recently, as a step
in a strategy to isolate and clone growth factors
for human stem cells, the cDNA for stem cell
TK-1 (STK-1), a human homologue of the
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murine Flk2/FIt3 receptor which is expressed
on normal human CD34" marrow cells has
been cloned.”" The human homologue of the
murine Flt3 ligand (FIt3-L), an additional
early-acting growth factor, has also been cloned
and characterized.”

SCF and Flt3-L have several characteristics in
common. By themselves, both compounds only
weakly stimulate the differentiation of stem
cells and progenitor blood cells, though both
compounds synergize with lineage-restricted
growth factors. Both compounds are biological-
ly active in soluble and membrane-bound
forms, and both are transmembrane proteins
that undergo proteolytic cleavage to generate
their soluble forms. Both have four cysteine
residues that form intramolecular disulfide
bonds to stabilize their three-dimensional
structure. And both bind to a subfamily of
tyrosine kinase receptors that have five immu-
noglobulin-like segments in their extracellular
domains. Flt3-L and SCF have one very distin-
guishing characteristic: the absence of any mast
cell stimulatory activity by Flt3-L.

By itself, SCF has little proliferative activity
on hematopoietic progenitor cells in terms of
number and size of colonies. However, SCF is a
potent co-stimulator and in most cases is a syn-
ergistic factor when used with a number of
other CSFs to stimulate the growth of hemato-
poietic progenitors in vitro and blood cell pro-
duction in vivo.*** SCF synergizes with inter-
leukin-3 (IL-3), interleukin-6 (IL-6), granulo-
cyte-macrophage colony-stimulating factor
(GM-CSE), granulocyte colony-stimulating fac-
tor (G-CSF), erythropoietin (Epo) to stimulate
myeloid, erythroid as well as megakaryocytic
progenitors.” In this issue of Haematologica,
Grossi et al. show that SCF administration
enhances both the proliferation and maturation
of murine megakaryopoiesis in vivo.”* SCF syn-
ergizes with interleukin-7 (IL-7) to stimulate
pre-B lymphocyte colony formation,” directly
acts on a highly immature population of CD34"
progenitors and supports the growth of multi-
potential progenitors with high replating
potential.”>*

SCF could find use in a number of clinical
settings ranging from chemotherapy recovery

to gene therapy. Following high-dose chemo-
therapy and autologous stem cell transplanta-
tion, SCF could accelerate hematopoietic recov-
ery. However, as may be anticipated on the
basis of in vitro studies, the target of SCF is a
very early cell population and there is no reason
to assume that following stem cell transplanta-
tion SCF alone can accelerate hematopoietic
recovery, as has been shown for IL-3, GM-CSF,
PIXY321 or G-CSF. Indeed, in the context of
allo- or autografting, SCF can be expected to
synergize with more lineage-restricted blood-
cell growth factors such as EPO and G-CSE.
Patients with engraftment failure or severe
aplastic anemia could benefit from in vivo SCF-
induced stem cell proliferation and expansion.
In addition, SCF as well as Flt3-L could allow
further escalation of the concentration of
chemical agents used for marrow purging, pav-
ing the way for hyper-purging strategies in an
attempt to improve the clinical efficacy of mar-
row decontamination.”

SCF has been shown to be very efficient in
stem and progenitor cell mobilization.” The
combined use of low-dose SCF and G-CSF
could efficiently influence both the quality and
the quantity of mobilized cells. In fact, SCF
could enhance the mobilizing effect of G-CSF,
permitting collection of large amounts of early
progenitors with in vivo repopulating potential.
This would result in an overmobilization of
stem and progenitor cells that could eventually
reduce the 4-7 days of aplasia following high-
dose therapy and autologous stem cell rescue.

SCF stimulates mast-cell proliferation, where-
as Flt3-L does not. In early phase I trials of SCF,
mast-cell-induced inflammation was observed
at doses of SCF >10 ug/kg/d and, subsequently,
in phase I/II trials premedicating patients with
an antihistamine was a mandatory step.”® All in
vivo uses of SCF will be limited by mast cell
activation and in all future clinical trials SCF
should be used at low doses in combination
with lineage-restricted cytokines.

The recent cloning of cDNAs for both human
and murine thrombopoietin (c-Mpl ligand) will
probably lead to strategies based on the com-
bined use of low-dose SCF and c-Mpl ligand in
order to achieve a significant and long-lasting
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stimulation of megakaryocytopoiesis and mega-
karyocyte maturation.””

SCF might be of relevant clinical value in two
ex vivo applications that would overcome all
problems related to mast cell activation. SCF,
once again in combination with other CSFs, has
been shown to be a factor essential to the ampli-
fication of progenitor cells as well as the mainte-
nance, or even slight amplification, of stem
cells.” The ex vivo amplification of stem and
progenitor cells is now considered an essential
step in the context of therapeutic strategies
based on high-dose sequential chemotherapy
and double autografting procedures.” In gene
therapy, SCF could help multiply a patient’s
stem cells, which make up less than 0.01 percent
of bone marrow cells, thereby making them eas-
ier to isolate. Self-renewing stem cells would be
the ideal cells to genetically engineer since the
goal of gene therapy is to produce a permanent
genetic alteration.”

In conclusion, early-acting factors are now
available for clinical use. By definition, these
factors exert pleiotropic effects, some of which
could be clinically dangerous. However, the
possibility of manipulating stem cells is now a
reality and opens fascinating scenarios.

References

1. Dexter TM. Regulation of hemopoietic cell growth and de-
velopment: experimental and clinical studies. Leukemia 1989;
3:469-74.

2. McCulloch EA. Stem cells in normal and leukemic hemo-
poiesis (Henry Stratton lecture, 1982). Blood 1983; 62:1-13.

3. Ogawa M. Differentiation and proliferation of hematopoietic
stem cells. Blood 1993; 81:2844-53.

4. Civin CI, Strauss LC, Brovall C, et al. Antigenic analysis of
hematopoiesis. III. A hematopoietic progenitor cell surface
antigen defined by a monoclonal antibody raised against KG-
1a cells. ] Immunol 1984; 133:157-65.

5. Andrews RG, Singer JW, Bernstein ID. Monoclonal antibody
12.8 recognizes a 115-kd molecule present on both unipotent
and multipotent hematopoietic colony-forming cells and their
precursors. Blood 1986; 67:842-52.

6. Andrews RG, Singer JW, Bernstein ID. Precursors of colony-
forming cells in humans can be distinguished from colony-
forming cells by expression of the CD33 and CD34 antigens
and light scatter properties. ] Exp Med 1989; 169:1721-31.

7. Civin CI, Gore SD. Antigenic analysis of hematopoiesis: a
review. ] Hematother 1993; 2:137-44.

8. Metcalf D. The molecular control of cell division, dif-
ferentiation commitment and maturation in haemopoietic
cells. Nature 1989; 339:27-30.

9. Metcalf D. Hematopoietic regulators: redundancy or subtlety?

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Blood 1993; 82:3515-23.

Boswell HS, Mochizuchi DY, Burgess GS, et al. A novel mast
cell growth factor (MCGF-3) produced by marrow-adherent
cells that synergize with interleukin 3 and interleukin 4. Exp
Hematol 1990; 18:794-800.

Zsebo KM, Wypych ], McNiece IK, et al. Identification, purifi-
cation, and biological characterization of hematopoietic stem
cell factor from buffalo rat liver-conditioned medium. Cell
1990; 63:195-201.

Nocka K, Buck J, Levi E, Besmer P. Candidate ligand for the c-
kit transmembrane kinase receptor: KL, a fibroblast-derived
growth factor stimulates mast cells and erythroid progenitors.
EMBO ] 19905 9:3287-94.

Witte ON. Steel locus defines new multipotent growth factor.
Cell 19905 63:5-6.

Williams DE, Eisenman J, Baird A, et al. Identification of a lig-
and for the c-kit proto-oncogene. Cell 1990; 63:167-74.
Matthews W, Jordan CT, Wiegand GW, Pardoll D, Lemischka
IR. A receptor tyrosine kinase specific to hematopoietic stem
and progenitor cell-enriched populations. Cell 1991; 65:1143-
52.

Rosnet O, Marchetto S, deLapeyriere O, Birnbaum D. Murine
Flt3, a gene encoding a novel tyrosine kinase receptor of the
PDGFR/CSFIR family. Oncogene 1991; 6:1641-50.

Lyman SD, James L, Vanden Bos T, et al. Molecular cloning of
a ligand for the flIt3/flk-2 tyrosine kinase receptor: a prolifera-
tive factor for primitive hematopoietic cells. Cell 1993; 75:
1157-67.

Small D, Levenstein M, Kim E, et al. STK-1, the human homo-
logue of Flk-2/Flt-3, is selectively expressed in CD34* human
bone marrow cells and is involved in the proliferation of early
progenitor/stem cells. Proc Natl Acad Sci USA 1994; 91:459-
63.

Hannum C, Culpepper J, Campbell D, et al. Ligand for flt3/flk2
receptor tyrosine kinase regulates growth of hematopoietic
stem cells and is encoded by variant RNAs. Nature 1994;
368:643-8.

Lyman SD, James L, Johnson L, et al. Cloning of the human
homologue of the murine flt3 ligand: a growth factor for early
hematopoietic progenitor cells. Blood 1994; 83:2795-801.
Broxmeyer HE, Maze R, Miyazawa K, et al. The kit receptor
and its ligand, Steel factor, as regulators of hemopoiesis.
Cancer Cells 1991; 3:480-7.

Hoffman R, Tong J, Brandt J, et al. The in vitro and in vivo
effects of stem cell factor on human hematopoiesis. Stem Cells
1993; 11(suppl 2):76-82.

Broxmeyer HE, Cooper S, Lu L, Hangoc G, Anderson D,
Cosman D. Effect of murine mast cell growth factor (c-kit
proto-oncogene ligand) on colony formation by human mar-
row hematopoietic progenitor cells. Blood 1991; 77:2142-9.
Grossi A, Vannucchi AM, Bacci P, et al. In vivo administration
of stem cell factor enhances both proliferation and maturation
of murine megakaryocytes. Haematologica 1995; 80:18-24.
Carow CE, Hangoc G, Cooper SH, Williams DE, Broxmeyer
HE. Mast cell growth factor (c-kit ligand) supports the growth
of human multipotential progenitor cells with a high replating
potential. Blood 1991; 78:2216-21.

Carlo-Stella C, Mangoni L, Almici C, Caramatti C, Rizzoli V.
Effect of recombinant human stem cell factor on mafosfa-
mide-treated bone marrow clonogenic cells. Stem Cells 1993;
11(suppl. 2):170-4.

McNiece IK, Briddel RA, Hartley CA, Smith KA, Andrews RG.
Stem cell factor enhances in vivo effects of granulocyte colony
stimulating factor for stimulating mobilization of peripheral
blood progenitor cells. Stem Cells 1993; 11(suppl 2):36-41.
Spalding BJ. Stem-cell-factor race heats up. Biotechnology
1994; 12:974.



29.

30.

31.

C. Carlo-Stella et al.

de Sauvage FJ, Hass PE, Spencer SD, et al. Stimulation of
megakaryocytopoiesis and thrombopoiesis by the c-Mpl lig-
and. Nature 1994; 369:533-8.

Cazzola M. The end of a long search: at last thrombopoietin.
Haematologica 1994; 79:397-9.

Brandt J, Briddell RA, Srour EF, Leemhuis TB, Hoffman R.

32.

Role of c-kit ligand in the expansion of human hematopoietic
progenitor cells. Blood 1992; 79:634-41.

Carlo Stella C. Biological aspects and clinical applications of
long-term bone marrow culture: a meeting report. Haemato-
logica 1993; 78:236-8.





