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Biology and clinical potential of stem-cell factor

Abstract Stem-cell factor (SCF) is a hematopoietigrowth factors, also called colony-stimulating factors
growth factor that acts on both primitive and matur€CSFs) [19, 20] (Fig. 1). More than 20 hematopoietic
progenitor cells. Preclinical studies have shown that recogrowth factors have been identified, and some have been
binant SCF can protect against lethal irradiation, elicdloned and produced using recombinant DNA techniques.
multilineage hematopoietic responses and increases Time factors appear to have different roles and can affect the
bone marrow cellularity, and increase the number of circproliferation, differentiation, and maturation of progenitor
lating peripheral blood progenitor cells (PBPCs) in a doseells as well as the activation and survival of mature cells.
dependent manner. Both preclinical and early clinical Stem-cell factor (SCF), variously called c-kit ligand,
studies using recombinant methionyl human SCF pl$&eel factor, and mast-cell growth factor, is the natural
recombinant methionyl human granulocyte colony-stimligand for the c-kit tyrosine kinase receptor and has been
lating factor (Filgrastim) have demonstrated increasddund on various cell types, including melanocytes, neu-
PBPC mobilization as compared with the use of eitheons, germ cells, mast cells, and hematopoietic cells. SCF
factor alone. These data suggest a clinical role for tlaets on both lineage-committed and nonlineage-committed
combination. hematopoietic progenitor cells, mature hematopoietic pro-
geny such as natural killer cells, and mast cells [12, 15,
Key words Stem-cell factor Peripheral blood progenitor 16, 29].
cells- Mobilization - High-dose chemotherapyCD34 cells

. Biochemical characteristics of SCF
Introduction

. I ... The soluble form of SCF is a glycosylated protein with a
The growth and maturation of hematopoietic cells in thr%olecular weight of approximately 45 kDa in its dimeric

bone marrow are controlled by the action of hematopmetgcc)rml including the carbohydrate moieties [31]. The protein

_ ) _sequence is highly conserved across species, and there is
Work presented at the 11th Bristol-Myers Squibb Nagoya Internaﬂorﬁj

o ; : -
Cancer Treatment Symposium “Cytokines and New Anticancer Age 580/0 amino acid homology between the murine and

on the Horizon of Oncology”, 24—25 November 1995, Nagoya, Jap man_forms- SCF is found in two forms in great abun-
dance in the stroma of bone marrow: a membrane-bound

J. Glaspy ) form and a soluble form [28]. Human SCF is encoded by a
UCLA School of Medicine, 200 Medical Plaza, Suite 120, gene on chromosome 12, and the full-length, membrane-
'[;giﬁ“lgg'leg-gffggg“' USA bound form is known to have a 25-amino-acid leader

' _ sequence, an extracellular domain of 185 amino acids, a
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M. Foote membrane-bound form by proteolytic cleavage. A second
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Developmental Hematology, Amgen Inc., Thousand Oaks, California, The SCF receptor, c-kit, is a class Ill tyrosine kinase
USA protein receptor. When the SCF ligand binds to the c-kit
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receptor, the tyrosine kinase is activated, causing autoph®g- 1 Schematic hematopoietic tree showing the control of hemato-

; i i ; iesis as presently known. There appears to be a hierarchy of
phorylation of tyrosine residues and conformation evelopment, with SCF, flk-2/flt3 ligand, and IL-3 influencing early

changes [33]. . _multipotential progenitor cells. Other factors, such as EPO, G-CSF,
SCF was purified in 1989 and the human gene was fif§i1-CSF, MGDF/thrombopoietin (TPO), and macrophage colony-

cloned at Amgen Inc. (Thousand Oaks, Calif., USA) [3&timulating factor (M-CSF), appear to act on later progenitors. SCF
32]. Recombinant methionyl human SCF (r-metHuSCF) isthought to act on a subset of multipotent stem cells, enhancing their
a noncovalent, dimeric protein produced in EscherichPéomerative response to other hematopoietic growth factors

coli. It has one extra amino acid, the N-terminal methio-

nine, as compared with the soluble endogenous form and is

nonglycosylated. colony-stimulating activity. However, colony formation is

greatly increased when r-metHuSCF is used with other
hematopoietic growth factors [5, 13, 14, 17]; in all combi-
Biological effects of SCF nations, both the number of colonies and the number of
cells per colony were increased. The combination of
SCF has a major role in hematopoiesis because it stimulatdsSCF with rHu interleukin (IL)-3, rHu granulocyte
primitive, undifferentiated blast cells and works in synerggolony-stimulating factor (G-CSF), rHu granulocyte-
with other hematopoietic growth factors [5, 17]. In vitranacrophage colony-stimulating factor (GM-CSF), or rHu
studies have shown that r-metHuSCF used alone has limigggithropoietin (EPO) increased the frequency of colony
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formation as compared with that induced by each of these of cyclophosphamide is not without risk, and death has
growth factors alone [18]. been reported as a complication of this technique when

In a murine model, recombinant rodent (rr) SCF preyclophosphamide doses of 4-7 @/have been used
treatment protected against lethal irradiation [33], and invéithout r-metHuG-CSF (Filgrastim) support [25, 27].
canine model, recombinant canine (rc) SCF enhancedMuch work has been done using rG-CSF to mobilize
survival and accelerated hematologic recovery from totBBPCs, and it is effective for this purpose. However, the
body irradiation [31]. When r-metHUSCF at 20@/kg per combination of r-metHuSCF with rG-CSF results in an
day was given to normal baboons fs28 days, it elicited a increase in the number of colony-forming cells detected
multilineage response in peripheral counts and increasesicompared with the use of rG-CSF alone [6].
bone marrow cellularity [1, 2]. In the same model, Studies using rr'SCF alone at p§/kg have shown that
r-metHUSCF given at 25-20Qg/kg per day for=28 this regimen is not effective for mobilization. Therefore,
days increased circulating peripheral blood progenitor csliudies of the combination of rrfSCF and rHuG-CSF were
(PBPC) counts as much as 300-fold in a dose-dependdohe to determine the ability of these factors to mobilize
manner. These PBPCs were capable of rescuing baboBBfCs with bone-marrow-repopulating ability in mice [6,
from otherwise lethal irradiation. 18, 30]. Synergistic increases in circulating low-density

SCF is capable of exerting synergistic activity withmononuclear cells, granulocyte-macrophage colony-form-
endogenous or exogenous cytokines in vivo as demang cells (GM-CFCs), and high-proliferative-potential col-
strated in preclinical studies. When recombinant forms ohy-forming cells (HPP-CFCs) were observed when the
SCF are used in combination with recombinant forms ofSCF and rG-CSF combination was used. Mice treated
G-CSF, PBPC mobilization is increased as compared withith the rrfSCF and rG-CSF combination showed an ap-
the mobilization induced by either cytokine alone. This hggoximately 1.5-fold increase in the number of circulating
been demonstrated in mice, dogs, and baboons andwlite blood cells, a 5-fold increase in GM-CFCs, and a
discussed in more detail below. 2-fold increase in HPP-CFCs as compared with those
treated with rG-CSF alone [6].

The combination of rcSCF and rcG-CSF dramatically
increased the numbers of PBPCs in a canine model [21, 22].
Mobilization of PBPCs Peripheral blood mononuclear cells mobilized by the cyto-

kines alone or in combination were capable of rescuing
As successful as autologous bone marrow transplantatlethally irradiated dogs, whereas an equal number of
(BMT) is in restoring hematopoietic function after myeloperipheral blood mononuclear cells from control animals
ablative chemotherapy, it is limited by the rate of hematd¢no cytokine pretreatment) were not. Additionally, the time
poietic recovery achieved, the requirement for genetal engraftment, as defined by the presence ofxQ®
anesthesia for harvest of hematopoietic cells, and its latgsanulocytes/| in the peripheral blood after transplant, was
intensiveness and cost. Some of these limitations can $f®wn to be reduced when the combination was compared
circumvented by PBPC transplantation. This technique haith either rcG-CSF alone or high-dose rcSCF alone. There
been used in place of BMT or to supplement BMT, and was a trend toward more rapid platelet engraftment to
can potentially extend the benefits of transplantation #1091 in animals receiving the cytokine combination,
patients unwilling to undergo standard bone-marrow hdut this was not statistically significant.
vest procedures and to patients who have inadequate bondn baboons, low doses of r-metHuSCF caused no change
marrow for harvesting due to previous pelvic irradiatiorin the number of peripheral white blood cells when given
bone marrow hypocellularity, or tumor infiltration into thealone but were found to increase significantly the numbers
bone marrow. In contrast to BMT, PBPCs are easilyf peripheral white blood cells and multilineage hemato-
collected without anesthesia. Most importantly, engraftmepoietic progenitor cells when given in combination with
with PBPCs is generally more rapid than engraftment aftemetHuG-CSF (Filgrastim) [3]. The increased progenitor-
BMT. cell population included megakaryocyte progenitor cells

There are several potential ways to mobilize PBPCs fGvIK-CFC), suggesting that the use of r-metHuSCF/
harvesting for transplantion, including use of chemotherapynetHuG-CSF-mobilized PBPC may produce improved
alone, use of CSFs alone, use of chemotherapy and CS#graftment of platelets after transplantation.
combinations of CSFs, and sequential use of CSFs. Several
theories have been proposed to explain the possible mech-
anism for progenitor cell release, including down-regula
tion of, or a functional change in, adhesion moleculeEary clinical results
proliferation of progenitor cells; and delay in the clearance
of progenitor cells from the blood. Phase | clinical studies using r-metHuSCF at doses of 5, 10,

Cyclophosphamide has been shown to be effective 28, and 50ug/kg per day in patients with advanced non-
increasing the number of circulating stem cells in patienssnall-cell lung cancer [8] and breast cancer [9] have been
with myeloma, lymphoma, and solid tumors [26] and is ongerformed. Recombinant r-metHUSCF has shown synergy
of the chemotherapeutic agents that has been most extsith r-metHuG-CSF in clinical studies of PBPC mobiliza-
sively studied for its use in PBPC mobilization. Howevetjon and transplantation. It was reported [8, 9] that at higher
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doses, several patients developed allergic-like reactiogs, .
including generalized urticaria and/or throat tightness, afgnelusions
50 pg/kg per day was thought to represent the maximu . _ .

tolerated dose without premedication. Other common siH] t."OIOQ'C.:"?‘l properties suggest that r-metHgSCF may h_ave
effects often seen with cytokines, such as fever, were ical utility in settings in which there is synergistic

observed. However. the use of r-metHUSCE in phaseaﬁ'ti\’ity with other hematopoietic growth factors. Recom-
studies was restricted to doses @50 ug/kg per day. binant-metHUSCF is anticipated to be useful for mobilizing

The mean frequency of bone-marrow CB3zlis in- progenitor cells for transplantation after high-dose chemo-
creased, as did the mean proportion of cells with prolifergi€'aPy, €X VIVO gene transfe(_:tlon, EX VIVO expansion and
tion-associated nuclear protein €®.003 and P=0.01, ifferentiation of hemato_p0|_et|_c progenitor cells, and en-
respectively). Patients with high-risk or advanced bred&ncement of hematopoiesis in various bone-marrow fail-

cancer were enrolled into a study of r-metHUSCF-mobilizelf€ States. In PBPC transplantation, the combi_r)ation of
+ r-metHuG-CSF-mobilized PBPCs for transplantatiogMetHUSCF and r-metHuG-CSF appears to mobilize more

[10]. All patients had received previous chemotherap§yD34 cells than r-metHuG-CSF alone and may lead to a

Patients were given r-metHuSCF alone, r-metHuG-C uction in apheresis requirements. In addition to poten-
alone, or the combination of r-metHUSCF plus r-metHud@lly reducing the number of apheresis procedures, the
CSF. Several r-metHUSCF doses (5+4&@kg per day) and increase in PBPC yields achieved with r-metHUSCF plus
schedules of administration (7, 10, and 13 days) Werr—%netHuG-CSE may be useful in multicycle PBPC trans-
tested. plants, extension of_ transplantatpn technlque_zs_ln heavily
Leukapheresis was performed on 3 consecutive days treated patients, improvement in hematopoietic recovery

the harvested PBPCs were infused after high-dose cherflb/ egvny pretreatt_ad patients, and'ex vivo man|pl_JIat|ons
therapy with a myeloablative regimen of cycIophosphé’?VOlV'ng ceI_I loss (i.e., CD34 select|.on, tumor purging, ex

mide, cisplatin, and carmustine. Supportive therapy witfi’0 €xpansion, and gene transduction).

r-metHuG-CSF at 1Qug/kg per day was started on the day

of PBPC transplantation and continued until the patient’s
neutrophil count had reached5 x 109/ for 3 consecutive References
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