
Best
Available

Copy



For, p1,veAD-A280 460 ATrnN PAGE-08

2, owIew" oUudps.eww ftegm m" Alg 0004 LI A0 .Op2Mn

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
1 1994 IReprint _ _ _ _ _ _

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

(see title on reprint) PE: NWED QAXM

___ ___ ___ ___ ___ ___ ___ __ ___ ___ ___ ___ ___ ___ __ wu: 00132
6. AUTHOR(S)

Patchen et al.

7. PERFORMING ORGANIZATION NAMRfS) AND ADDRESS(ES) B. PERFORMING ORGANIZATION

Armed Forces Radiobiology Research Institute
8901 Wisconsin Ave. SR94-5
Bethesda, MD 20889-5603

9. SPONSORING/MONITORING AGENCY NAMEMS AND ADDRESS(ES) 10. SPONSORING/ MONITORING

Uniformed Services University of the Health Sciences
4301 Jones Bridge Road
Bethesda, MD 20814-4799

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT 1 2b. DISTRIBUTION CODE

Approved for public release; distribution unlimited.

13. ABSTRACT (Maximaa, 200 we,

ti Diccst:iuion Fo

OF REPO TI OFTISPGAOMBSRC
UNLASSIFIE TABSIFE NLASFE

NIN~~~~~~ ~~~~ e500c340 tnar o 9 Rv -9
CQ Unannounce



* NW O b No
mast CONl gowlth fatrenhancesAf
multlineage hematopoietic recovery
in vivo following radiation-induced aplasia
M.L. Patchen,l R. Fischer,' E.A. Schmauder-Chock,l D.E. Williams 2

'Department of Experimental Hematology, Armed Forces Radiobiology Research Institute, Bethesda, MD;
2•lmmunex Corporation, Seattle, WA

Offprint requests to: Dr. Myra L. Patchen, Department of Experimental Hematology, Armed Forces Radiobiology Research
Institute, 8901 Wisconsin Avenue, Bethesda, MD 20889-5603
(Received 28 January 1993; revised 28 July 1993; accepted 19 August 1993)

ebac and purified based on its ability to stimulate mast cell
Based on in vitro studies, mast cell growth factor (MGF; also growth; however, it has subsequently been ascribed numer-
known as steel factor, stem cell factor, and c-kit ligand) has ous hematopoietic and nonhematopoietic effects [4-71.
been implicated as an important hematopoietic regulator, In vitro, c-kit ligand has been shown to synergize with
especially in the presence of additional hematopoietic numerous hematopoietic cytokines, including granulocyte
cytokines. Since hematopoietic regeneration follows sub- colony-stimulating factor (G-CSF), granulocyte-macrophage
lethal radiation-induced hematopoietic injury and is thought colony-stimulating factor (GM-CSF), interleukin-1 (IL-1), IL-3,
to be mediated by endogenously produced cytokines, the IL-6, IL-7, and erythropoietin (Epo) [5-191. The observations
ability to accelerate recovery from radiation-induced hemato- that c-kit ligand in combination with other cytokines appears
poletic hypoplasia was used to evaluate in vivo effects of to generate large numbers of both committed colony-forming
MGF administration. Female B6D2F1 mice were exposed to a cells (CFC) and pre-CFC suggest that this factor may act earlier
sublethal 7.75-Gy dose of 6°Co radiation followed by subcuta- than other hematopoietic factors described to date.
neous administration of either saline or 100, 200, or 400 c-kit ligand has also been implicated in hematopoietic
pg/kg/d recombinant murine MGF on days I to 17 postirradi- regulation in vivo. Most notably, mice with mutations at
ation. Recoveries of bone marrow and splenic spleen colony- the Steel (So) locus, which encodes c-kit ligand, are defective
forming units (CFU-S), granulocyte-macrophage colony- in hematopoietic cell development, exhibiting severe
forming cells (GM-CFC), and peripheral white blood cells macrocytic anemia that is resistant to erythropoietin treat-
(WBC), red 1 lood cells (RBC), and platelets (PLT) were deter- ment [20], profound deficiencies in tissue mast cells 1211,
mined on days 14 and 17 during the postirradiation recovery abnormalities in megakaryocytopoiesis [22], and reduced
period. MGF accelerated hematopoietic recovery at the 100 granulocytopoiesis [23]. The hematopoietic defects in Steel
and 200 pg/kg/d doses. The 100 pg/kg/d dose accelerated mice can be partially corrected by the administration of c-
recovery of only GM-CFC, while the 200 pg/kg/d dose accel- kit ligand [24]. In addition to the data accumulated on Steel
erated CFU-S, GM-CFC, WBC, and PLT recoveries. In con- mice, a limited number of studies have recently reported
trast, hematopoietic recovery was delayed in mice receiving the ability of c-kit ligand to alter hematopoiesis in normal
the 400 pg/kg/d dose. These studies demonstrate the in vivo mice, rats, and nonhuman primates 125-27]. In rats, a single
dose-dependent ability of MGF to accelerate multilineage intravenous (IV) injection of recombinant rat (rr) c-kit
hematopoietic regeneration following radiation-induced ligand induced a rapid and transient neutrophilia and lym-
hematopoietic hypoplasia. They also document detrimental phocytosis; prolonged (14-day) administration resulted in
effects of providing "supraoptimal" doses of this growth fac- bone marrow mast cell hyperplasia but erythroid and lym-
tor and suggest caution in dose-escalation trials in humans. phoid hypoplasia [25]. When rr c-kit ligand was adminis-

tered daily for 21 days in mice, it was found to be only a
Ko ao d- MGF-Irradiation-Aplasia--c-kit ligand- modest stimulator of peripheral blood neutrophil produc-

Therapy-Stem cells-Stem cell factor tion but a potent stimulator of splenic CFU-S production
[261. In baboons, continuous infusion of recombinant

4 •lth*rd.lctM human (rh) c-kit ligand caused an increase in peripheral
Neutropenia and thrombocytopenia are major factors con- blood erythrocyte, neutrophil, lymphocyte, monocyte,
tributing to morbidity and mortality associated with hemato- eosinophil, and basophil numbers, as well as an increase in
poietic injury. Agents capable of enhancing regeneration of bone marrow cellularity, GM-CFC, and erythroid burst-
cellular elements necessary for efficient host defense mecha- forming units (BFU-E) [27].
nisms and facilitating hematopoietic hemostasis would be In contrast to previous studies performed with c-kit ligand
useful in treating hematopoietic hypoplasia caused by acci- in normal animals, we have evaluated the ability of this fac-
dental radiation exposures, radiotherapy, and chemotherapy. tor to stimulate hematopoiesis in the more clinically relevant

Hematopoletic proliferation and differentiation are condition of hematopoietic hypoplasia. Because hemato-
known to be regulated by a variety of colony-stimulating poietic recovery in the sublethal murine radiation model
factors and Interleukins [1,2]. Mast cell growth factor (MGF), used in our studies is presumed to be mediated by endoge-
also known as steel factor (SLF), stem cell factor (SCF), and c- nously produced hematopoietic cytokines 128,29], and
kit ligand, is the most recent cytokine implicated in hemato- because c-kit ligand has been shown to synergize with other
poietic regulation [3-5]. This factor was initially identified cytokines, we hypothesized that c-kit ligand may synergize
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with endogenous cytokines in irradiated mice and accelerate stimulating factors [31]. Colonies (>50 cells) were counted
hematopotetic recovery, after 10 days of incubation in a 370 C humidified environ-

ment containing 5% CO2. Triplicate plates were cultured for
M* ajb ai d I--ds each cell suspension.

am CFU4 m w
Recombinant murine c-kit ligand, henceforth referred to as Exogenous CFU-S were evaluated by the method of Till and
MGF, was provided by Immunex (Seattle, WA). It was McCulloch [32]. Recipient mice were exposed to 9 Gy total-
expressed in yeast and purified to homogeneity as previously body radiation to reduce endogenous hematopoietic stem
described [12]. Endotoxin contamination was below the limit cells. Three to Shours later, bone marrow, spleen, or periph-
of detection using the limulus amebocyte lysate assay. MGF eral blood cells were injected IV into the irradiated recipients.
was administered subcutaneously (s.c.) in a 0.1-mL volume at Twelve days after transplantation, the recipients were killed
doses of 100, 200, or 400 jig/kg. Injections were initiated 1 by cervical dislocation, their spleens were removed and fixed
day following irradiation and continued daily for 17 days. in Bouin's solution, and grossly visible spleen colonies were
Control mice were injected with an equal volume of sterile counted. Each treatment group consisted of five mice.
saline.

M ",,Recipient mice were exposed to 9.5 Gy total-body radiation,
B6D2F1 female mice (-20 g) were purchased from Jackson and various numbers of bone marrow or spleen cells were
Laboratories (Bar Harbor, ME). Mice were maintained in a injected IV. Animal survival was recorded daily for 60 days.
facility accredited by the American Association for Accredita-
tion of Laboratory Animal Care (AAALAC) in Micro-Isolator 011- 'bsif,
cages on hardwood-chip contact bedding and were provided Mice were killed by cervical dislocation, and the spleen, bone
with commercial rodent chow and acidified water (pH 2.5) ad marrow, and proximal small intestine were removed and
libitum. Animal rooms were equipped with full-spectrum immersion-fixed for 2 hours in a modified Karnovsky's fixa-
light from 6 a.m. to 6 p.m. and were maintained at 21 ± 1PC tive consisting of 2% paraformaldehyde, 2.5% glutaralde-
with 50 ± 10% relative humidity using at least 10 air changes hyde, and 4 mM MgCI2 in 100 mM cacodylate buffer (pH
per hour of 100% conditioned fresh air. On arrival, all mice 7.3). Specimens were postfixed in 1% osmium tetroxide,
were tested for Pseudomonas and quarantined until test results dehydrated in acetone, and embedded in Epon 812. To
were obtained. Only healthy mice were released for experi- enhance the visualization of mast cells, sections were stained
mentation. All animal experiments were approved by the with methylene blue-azure II, a metachromatic stain. With
Institute Animal Care and Use Committee. this stain, the granules of nonsecreted connective tissue mast

cells stain dark purple while secreted granules appear pink.
I Sections were examined and photographed with a Zeiss
The 6°Co source at the Armed Forces Radiobiology Research Ultraphot microscope.
Institute was used to administer bilateral total-body gamma
radiation. Mice were placed in ventilated Plexiglas containers SbEacI ambais
and irradiated with 7.75 Gy at a dose rate of 0.4 Gy/min. Results of replicate experiments were pooled and are repre-
Dosimetry was performed using ionization chambers [30] sented as the mean ± standard error (SE) of pooled data. Bone
with calibration factors traceable to the National Institute of marrow and splenic hematopoietic colony and blood cell
Standards and Technology. The tissue-to-air ratio was 0.96. data were analyzed by Student's t-test, survival data were ana-
Dose variation within the exposure field was <3%. lyzed by Fisher's exact test, and peripheral blood CFU-S data

were analyzed by a two-way analysis of variance (ANOVA).
P00"N Maed eeam b Significance level was set at p<0.05.
Blood was obtained from halothane-anesthetized mice by
cardiac puncture using a heparinized syringe attached to a £w"Wusu l b
20-gauge needle. WBC, RBC, and PLT counts were performed The ability to accelerate hematopoietic regeneration in a
using a Coulter counter. murine model of radiation-induced hematopoietic hypoplasia

was used to evaluate the in vivo effects of MGF. Mice were
S L;N ..... _ exposed to a sublethal (7.75 Gy) dose of 60Co radiation to
Cell suspensions for each assay represented tissues from three induce severe hematopoietic hypoplasia. MGF was adminis-
normal, irradiated, or irradiated-plus-MGF-treated mice at each tered s.c. daily on days 1 to 17 postexposure. On days 14 and
time point. Cells were flushed from femurs with 3 mL 17 during the postirradiation recovery period, three mice
McCoy's 5A medium (Flow Labs, McLean, VA) containing 10% from each treatment group were randomly selected and bone
heat-inactivated fetal bovine serum (Hyclone Labs, Logan, marrow and splenic cellularity; CFU-S and GM-CFC recover-
UT). Spleens were pressed through a stainless steel mesh ies; peripheral blood CFU-S, WBC, RBC, and PLT recoveries;
screen, and cells were washed from the screen with 6 mL and tissue histopathological changes were evaluated. The day-
medium. The number of nucleated cells In the suspensions 14 and day-17 assay points were chosen to bracket the most
was determined by Coulter counter. Femurs and spleens were dynamic period of hematopoietic recovery expected following
removed from mice killed by cervical dislocation, the 7.75-Gy radiation exposure, and were based on our previ-

ous knowledge regarding the kinetics of hematopoietic recov-
OgaImw ery in this murine radiation model [33].
Hematopoletic progenitor cells committed to granulocyte
and/or macrophage development were assayed using a double-
layer agar GM-CFC assay in which mouse endotoxin serum Compared to saline-treated irradiated mice, some irradiated
(5% vol/vol) was added to feeder layers as a source of colony- mice given daily injections of MGF exhibited enhanced
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ftg 1. Effect of MGP (100, 200, or 400 pg/kg/d, s.c.) on ftg 2. Effect of MGF (100, 200, or 400 pg/kg/d, s.c.) on
postirradiation recovery of bone marrow (A) and spienic postirradiation recovery of bone marrow (A) and spienic
(31 CFU-S In subiethaily irradiated (7.75 Gy) 6 6D2F, mice. (B) GM-CFC In subiethaily Irradiated (7.75 Gy) B6D2F,
Data represent the mean t SE of values obtained from mice. Data represent the mean ± SE of values obtained
three replicate experiments. *p0.S with respect to saline from three replicate experiments. *P<.c0JJ5 with respect to
controls; 'p<0.05 with respect to 200 uig/kg/d MGF. Aver- saline controls; *p<0.OS with respect to 200 pzg/kg/d MGF.
age background CFU-S number In recipient mice not
Infected with cells was 0.2 ± 0.2.

* ________________________________CFU-S levels were evaluated to determine whether CFU-S
effects in the bone marrow of MGF-treated mice may be

regeneration of all hematopoietic parameters evaluated, with masked by mobilization. Table 1 illustrates that CFU-S mobi-
the exception of bone marrow CFU-S and peripheral RBC lization occurred in all MGF-treated mice. This phenomenon
(Figs. 1, 2, and 3). Effects were clearly dose-dependent, with was directly dose-dependent, the most significant mobiliza-
the most significant stimulatory effects observed In mice tion being observed following administration of the highest
receiving 200 pglkg/d MGF. In these mice, hematopoletic (400 pglkg/d) MGF dose. Furthermore, in all treatment
parameters Increased more, and in some instances were groups, CFU-S mobilization was more pronounced at day 17
observed earlier, than in mice treated with only 100 isg/kg/d postirradiation than at day 14 postirradlation.
MGF. Surprisingly, the 400 pg/kg/d-MGF dose induced less Additional studies were performed to determine the effects
hematopoletic recovery than the 200 Izg/kg/d dose; further- of MGF on the subsequent reconstitutional potential of regen-
more, splenic CR1-S and peripheral RBC recoveries in these erated bone marrow and spleen cells from the sublethally irra-
mice were even less than in saline-treated Irradiated mice. diated mice. Recipient mice were irradiated with 9.5 Gy 6wCo

Because c-kit ligand has been shown capable of moblizing and transplanted with various doses of bone marrow or
primitive marrow cells Into the circulation, peripheral blood spleen cells obtained from regenerating, sublethally irradiated
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F&, 3. Effect of MGF (100, 200, or 400 pg/kg/d, s.c.) on postirradlatlon recovery of peripheral white blood cells (AU, red blood
cels (WS, and platelets (Cl In sublethally Irradiated (7.75 Gy) 86D2F1 mice. Data represent the mean ± SE of values obtained
from three replicate experiments. *p<0.05 with respect to saline controls; *p<0.05 with respect to 200 Pg/kgld MGF.

mice that had been treated for 17 days with either saline or No adverse effects were observed in mice treated with the
MGF. Transplanted mice were then monitored for survival 100 )ig/kg/d-MGF dose; however, the higher doses induced
over a 60-day posttransplant period (Table 2). The survival- some lethality in otherwise sublethally irradiated mice.
enhancing ability of bone marrow cells obtained from irradi- Twelve percent of mice receiving 200 Pg/kg/d and 22% of
ated mice treated with either 100 or 200 pg/kg/d MGF was mice receiving 400 pg/kg/d died before day 17, the final assay
superior to that obtained from saline-treated mice; effects point. Most of these animals died between days 14 and 17
were more dramatic in mice transplanted with cells obtained postirradiation. Mice receiving 400 pg/kg/d MGF also
from mice receiving 200 pg/kg/d MGF. For example, com- appeared to become progressively emaciated and lost signifi-
pared to 096 and 5% survival provided by 5x1I0 or IOx 104 cantly more weight than mice in the other treatment groups;
bone marrow cells obtained from saline-treated mice, 60% at day 14 postirradiation, body weight had decreased -15%
survival and 10096 survival, respectively, were obtained with in these mice compared to only a 5% decrease in saline-treat-
these cell numbers obtained from the 200 pg/kg/d MGF-treat- ed mice and a 7 to 8% decrease in the 100 or 200 pg/kg/d
ed mice. Survival-enhancing effects were less obvious in mice MGF-treated mice (Table 3).
transplanted with spleen cells, yet spleen cells from mice Because of the possibility that the detrimental effects
treated with 200 pg/kg/d MGF did increase survival. In con- observed in mice treated with the higher MGF doses may be
trast, bone marrow and spleen cells obtained from mice treat- related to MGF-induced mast cell proliferation and/or degran-
ed with 400 pg/kg/d MGF exhibited a reduced ability to ulation, the bone marrow, spleen, and small intestine (murine
reconstitute irradiated mice. tissues that typically exhibit easily detectable mast cells in
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Tablet 1. MGF-Induced mobilization of CFU-S Into the peripheral
blood of irradiated mice

Day 14 postlrradlation Day 17 postirradiation

Daily CFU-S/10 5  CFU-S/10'
MGF dose mononuclear mononuclear
(pg/kg) CFU-S/mL cells CFU-S/mL cells "

0 (saline) 3.50:tO.83 0.82*'0.31 4.65±04.84 1.34+0.25 !0[•.•

100 3.65±0.35 0.99±0.09 5.77±1.37 1.38±0.23
200 5.48±0.98 1.09±0.19 6.10:1.25 2.23±0.55
400 6.67±1.85 1.46±0.40 10.09±2.08 2.73±0.57

Five Irradiated (9.0 Gy) B6D2F1 recipient mice were inject-
ed with peripheral blood obtained from mice on days 14
and 17 after irradiation (7.75 Gy) and daily treatment with
saline or the Indicated doses of MGF. A two-way ANOVA
was performed using the endpoints CFU-S/mL and CFU-

S/10s mononuclear cells with MGF dose and postirradia-

tion days as factors. For the endpoint CFU-S/mL, a dose
effect significant at p=0.01 2 7 

and a day effect significant
at p=0.0517 were found. For the endpoint CFU-S/10s Fg 4. Ught micrograph of connective tissue mast cells

mononuclear cells, a dose effect significant at p=0.0311 (mc) in the gut of B6D1F1 mice, demonstrating these easily

and a day effect significant at p=0.002
7 

were found. The detectable cells using metachromatic stain.

average number of background CFU-S in recipient mice
not Injected with cells was 0.15 ± 0.15.

connective tissue areas as illustrated in Fig. 4) were histologi-
Tale 2. Survival of lethally irradiated mice transplanted with bone cally evaluated for the presence of mast cells and mast-cell
marrow or spleen cells degranulation. Almost no mast cells were detected in any tis-

sue of irradiated saline- or MGF-treated mice at either day 14
Number of cells infected or day 17 postirradiation. Furthermore, no other obvious his-

5x10 4 10x104 5x105 10x105 20x10s tological differences were observed in MGF-treated mice com-

Bone ,narrow pared to saline-treated mice. The gut, spleen, and bone mar-
Normal 100% 100% - - - row in both treatment groups appeared similar in terms of cell

Saline 0% 5% - - - numbers and composition (Fig. 5).

MGF 100 Ig/kg/d 30%" 70%" - - -

MGF 200 pg/kg/d 60%8 100%W - - - D-ilm
MGF 400 Ipg/kg/d 0 % b 0 % b _ - - Morbidity and mortality associated with high-level radiation

exposures can be directly attributed to infectious and hemor-
Spleen rhagic complications resulting from radiation-induced neu-

Normal - - 50% 100% 100% tropenia and thrombocytopenia. in recent years, several
Saline - - 20% 60% 95% hematopoietic growth factors have been shown to stimulate
MGF 100 pg/kg/d - - 20% 70% 90% hematopoietic regeneration following radiation- or chemo-
MGF 200 pg/kg/d - - 40% 100%" 100% therapy-induced myelosuppression, most notably G-CSF,
MGF 400 pg/kg/d - - 0 % b 4 0 Vb 6 0%,b GM-CSF, IL-6, and the GM-CSF/IL-3 fusion protein, PIXY321

Ten to 20 irradiated (9.5 Gy) recipient B6D2F1 mice were 133-371. Following sublethal radiation exposure, hemato-
transplanted with the Indicated number of bone marrow or poietic recovery gradually occurs and appears to be mediated
spleen cells from nonlrradiated normal control mice, saline- by endogenously produced hematopoietic cytokines [28,29].
treated mice 17 days after sublethal 7.75-Gy Irradiation, or Because c-kit ligand has been shown to have little hemato-
MGF-treated mice 17 days after sublethal 7.75-Gy irradia- poietic effect alone, but rather to synergize with a variety of
tion. Survival was monitored for 60 days posttransplant. hematopoietic cytokines to enhance their effects, we
"ps-0.05 with respect to saline values; bp<o.0 5 with respect hypothesized that sublethally irradiated mice should provide
to 200 pg/kg/d-MGF values, a good model in which to evaluate the potential in vivo

effects of MGF.
Tabe 3. Weight loss in Irradiated mice treated with MGF Our results demonstrate that a 17-day treatment course of

MGF can alter multiple-lineage hematopoietic regeneration
Daily MGF dose (pg/kg) following radiation injury. Effects were dose-dependent, 100

0 100 2W 400 or 200 pglkg/d stimulating recovery and 400 pg/kg/d appear-
ing to inhibit recovery. The hematopoietic stimulatory effects

Prelrradiation (g) 21.8±0.4 21.0±0.6 21.5±0.5 21.6±0.6 observed in our studies at the 200 pg/kg/d MGF dose con-
Day 14 firmed results published by Scheuning et al. in which 200

postirradiatlon (g) 20.7±0.4 19.5±1.1 19.7±0.9 18.4±1.1' pg/kg/d recombinant canine SCF administered for 21 days
Loss (g) 1.1 1.5 1.8 3.2 postirradiation in dogs was shown to enhance recovery from
Percent loss 5.0% 7.1% 8.4% 14.8% otherwise lethal hematopoietic injury [38]. Furthermore, our

Twelve mice in each group were Irradiated with 7.75 Gy studies at the 100 pg/kg MGF dose expand observations of
6Co and daily Injected s.c. with either saline or the indicated Zsebo et al. in which even a single 100-pg/kg injection of
dose of MGF. 'p<0.05 with respect to prelrradlatlon values. rrSCF administered to lethally irradiated mice 4 hours postex-
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ftg 5. Light micrograph of gut IA, D), spleen (15, El and bone marrow (C, F) from irradiated (7.75 Gy) 8 6132F, mice treated for
17 days with 400 pig/kg/d of MGF (A-C) or saline (D-Fl. Gut endlothelial cells (e) are hypertrophled. Both spleen and bone
marrow are cellular, and normoblasts (n), megakaryocytes (mkc), and neutrophils (pmn) are prominent. The cell in D adjacent

to the arteriole is a macrophage (in). If present, mast cells would be visible In connective tissue (ct) areas as in Figure 4.
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posure extended mean survival time, presumably through was a soluble c-kit ligand, high doses of MGF may have satu-
enhancement of hematopoietic recovery [391. rated c-kit on hematopoietic cells, preventing the binding of

An Initial enigma in our studies was the observation that, these receptors with stromal-associated c-kit ligand and there-
while increased numbers of both CFU-S and GM-CFC were fore preventing subsequent stromal-hematopoietic cell inter-
observed In the spleens of MGF-treated mice, only GM-CFC actions that lead to proliferation and differentiation, result-
numbers were Increased in the bone marrow. Since recent ing in reduced hematopoietic recovery in irradiated mice.
studies in normal mice have demonstrated the ability of c-kit The fact that mice treated with the 400 pg/kg/d MGF dose
ligand to mobilize into the peripheral circulation large num- exhibited decreased splenic CFU-S numbers concurrent with
bers of cells capable of engrafting irradiated animals [40,411, the greatest CFU-S mobilization may suggest an inability of
we suspected that the apparent lack of CFU-S proliferation in these cells to attach to the splenic microenvironment.
the bone marrow of our MGF-treated mice may be due to In conclusion, these studies demonstrate a dose-depen-
the mobilization of these cells out of the marrow as rapidly dent ability of MGF to stimulate multilineage hematopoietic
as they were being produced. Studies presented in Table 1 regeneration following radiation-induced hematopoietic
verify that CFU-S mobilization did occur in the MGF-treated injury. Detrimental effects observed following high-dose
mice, suggesting that CFU-S proliferation in the marrow MGF treatment do not appear to be mast cell related, and
most likely was occurring but was not apparent due to this their cause remains to be determined. However, the effects
mobilization phenomenon. observed with "supraoptimal" doses of MGF suggest that cau-

As described, the 400 pg/kg/d MGF dose appeared to inhib- tion should be taken in dose-escalation trials in humans.
it hematopoiesis. This effect did not appear to be due merely
to "toxicity" since, although 22% of mice treated with the
400 pg/kg/d MGF dose died before evaluation, 12% of mice We are grateful to Ruth Seemann, Drusilla Hale, and Joe Park-
receiving 200 pg/kg/d MGF and exhibiting the greatest er for excellent technical assistance, to William Jackson for
hematopoietic stimulation also died before evaluation. The statistical analysis, and to Modeste Greenville for editorial
cause of the lethality and weight loss observed in otherwise assistance. This work was supported by the Armed Forces
sublethally irradiated mice given high-dose MGF remains Radiobiology Research Institute, Defense Nuclear Agency,
unknown, but mast cells do not appear to be involved, under research work unit 00132. Research was conducted
Although high doses of MGF have previously been shown to according to the principles enunciated in the Guide for the
induce extensive mast-cell degranulation associated with res- Care and Use of Laboratory Animals prepared by the Institute
piratory distress [42], histopathological evaluation of tissues of Laboratory Animal Resources, National Research Council.
typically exhibiting mast cells in the mouse revealed almost
no mast cells in any of the irradiated mice. Since mast cells Refeefm
are ultimately generated from the radiosensitive hemato- 1. Robinson BE, Quesenberry P (1990) Review: Hemopoietic
poietic stem cells [43,44], apparently recovery of these cells to growth factors: overview and clinical applications, part I.
detectable levels had not yet occurred in our irradiated mice. Am J Med Sci 300:163

c-kit ligand in combination with additional cytokines has 2. Moore MAS (1991) Clinical implications of positive and
been demonstrated to stimulate the proliferation and differ- negative hematopoietic stem cell regulators. Blood 78:1
entiation of primitive hematopoietic precursors [11,15]. 3. Witte ON (1990) Steel locus defines new multipotent
Because of this, the possibility that stem cell exhaustion may growth factor. Cell 63:5
occur following prolonged MGF administration cannot be 4. Williams DE, Eisenman J, Baird A, Rauch C, Van Ness K,
excluded as a possible explanation for the observed MGF- March CJ, Park IS, Martin U, Mochizuki DY, Boswell HS,
induced inhibition of hematopoiesis. Indeed, our results in Burgess GS, Cosman D, Lyman SD (1990) Identification
Table 2 indicate that as the MGF dose was increased from 100 of a ligand for the c-kit proto-oncogene. Cell 63:167
to 200 1ig/kg/d, the reconstitutional potential of bone mar- S. Zsebo KM, Wypych J, McNiece IK, Lu HS, Smith KA,
row and spleen cells increased; however, at 400 pg/kg/d such Karkare SB, Sachdev RK, Yuschenkoff VN, Brikett NC,
reconstitutional potential decreased. Thus, following the 400 Williams LR, Satyagal VN, Tung W, Bosselman RA, Men-
pg/kg/d MGF dose, primitive cells may have been stimulated diaz EA, Langley KE (1990) Identification, purification,
to proliferate to the point of exhaustion. Had this occurred, and biological characterization of hematopoietic stem cell
however, an increase in downstream progenitor populations factor from buffalo rat liver-conditioned medium. Cell
would have been expected; this was not observed in the 400 63:195
pg/kg/d MGF-treated mice. 6. Nocka K, Buck J, Levi E, Besmer P (1990) Candidate
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