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Radioprotection of Mice with Interleukin-1: Relationship to the Number of
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SCHWARTZ, G. N., PATCHEN, M. L., NETA, R., AND MAC-
virne, T. J. Radginprotection of Mice with Interleukin-1:
Relationship .o t1e Number of Erythroid and Granulocyte-
Macrophage Colony-Forming Cells. Radiat. Res. 121, 220~
226 (1990).

This report presents the results of an investigation of changes
in the number of erythroid and granulocyte-macrophage colony-
forming cells (GM-CFC) that had occurred in tissues of normal
B6D2F1 mice 20 h after administration of a radioprotective
dose (150 ng) of human recombinant interleukin-1 (rlL-1). Neu-
trophilia in the peripheral blood and changes in the tissue distri-
bution of GM-CFC demonstrated that cells were mobilized
from the bone marrow in response to rIL-1 injection. For exam-
ple_ 20 h after rIL-1 injection marrow GM-CFC numbers were
80% of the numbers in bone marrow from saline-injected mice.
Associated with this decrease there was a twofold increase in
the number of peripheral blood and splenic GM-CFC. Also, as
determined by hydroxyurea injection, there was an increase in
the number of GM-CFC in S phase of the cell cycle in the spleen,
but not in the bone marrow. Data in this report suggest that
when compared to the spleen, stimulation of granulopoiesis af-
ter rlL-1 injection is delayed in the bone marrow. Also, the ear-
lier recovery of GM-CFC in the bone marrow of irradiated mice
is not dependent upon an increase in the number of GM-CFC at
the time of irradiation. e 1960 Acsdemic Press, tnc.

INTRODUCTION

An increase in the number of mive surviving lethal doses
of radiation was observed when mice had been adminis-
tered a single injection of recombinant interleukin-! (ril-

' Views prewnted in this paper are thowe of the authoss: no endotement
by the Defense Nuclear Ageney has boen given or thould be infermad. This
rescarch wan supposted by the Armned Forees Radiohiology Research fnsti.
tute, Defenre Nuclear Agency under Rescarch Units 001 72 20d 03147 and
NIH Grant No. BSRG 2 807 RROST)T.

 To whoth correxpondence and repant requests thould be addressed at
Transplantation Laboratory, Bromadical Research and Development. The
Jerome H. Holland Laboratory. 15601 Crabbs Branch Way, Rockwille,
MD 085S,
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1)* 18-24 h prior to their irradiation (/). Also, there was
an earlier recovery of hematopoietic colony-forming cells
(CFC) in the bone marrow and spleens from mice exposed
to sublethal doses of radiation after rIL-{ injection (2-6).
The physiological mechanisms promoting the earlier hem:-
topoietic recovery in mice injected with rIL-1 are not well
understood. Previous studies demonstrated that the earlier
recovery of CFC was not dependent upon an increase in the
number of spleen colony-forming units (CFU-S) or in the
percentage of CFU-S in S phase of the ccll cycle at the time
of irradiation (3-3, 7).

An increase in colony-stimulating activity (CSA) for
granulocyte-macrophage colony-forming cells (GM-CFC),
erythroid burst-forming units (BFU-E), and multipotential
colony-forming units has been observed in cultures of fi-
broblasts, endothelial cells, bone marrow stromal cells, or
fetal liver stromal ccll iines after stimulation with rlL-1 (8-
12). The increased levels of CSA were partially due to an
riL-1 dose-dependent increase in the production of granu-
locyte-macrophage and granulocyte colony-forming factoss
and interleukin-6 (/0-12). Elevated levels of CSA for GM-
CFC also occurred in vivo after administratior of ril.-1 (13-
14). Several studies demonstrated that shortly after induc-
ing the production of CSA, rlL-1 injection stimulated gran-
ulopoiesis in the bone marrow of normal 1aice (/3-/6).
Neta ¢t al. (16) suggested that the radioprotective effects of
rlL-! injection may he associated with an increase in the
number of cycling CFC at the time of irvadiation.

In previous studics it was found that in mice irradiated
after rlL-1 injection there was an earlier recovery of GM-
CFC in the bone marrow (3. 4). Studies in the present report
were performed to investigate rlL-1-induced changes in
CFC numbers in tissues of mice prior to their irradiation
that might further delincate possible mechanisms for the
observed catlier hematopoictic recovery. Specifically, the
numbers of GM-CFC, erythroid colony-forming units

* Abberviations used: ¢IL-1, recominnant interkeukan-1; CFC, coloay-
formuing cells: CFU-S. sploen coloay-forming units: CSA. colony-timutat-
wg actstty, GMCFC, granulacyte-macrophage coloay-formung cells:
BFU-E, enythtond duniforrinag uaitss CFU-E. enythrond colony-forming
umts.
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{(CFU-E). and BFU-E in bone marrow or spleen were deter-
mined in mice 20 h after saline or rIL-1 injection. The de-
crease in GM-CFC. CFU-E. and BFU-E after hvdroxyurea

injection was used to measure the proportion of CFCin S .

phase of the cell cycle.

MATERIALS AND METHODS
Mice

BAD2FL. ortC37BI1/6J < DBA/2)FI, temale mice were purchased from
Jacksoa Laboratories (Bar Harbor, ME). Upon arrival, mice were main-
tained in an AAALAC-aceredited facitity. They were housed 10 per cage
in plastic microisolator cages on hardwood-chip contact bedding, and were
allowed food (Wayne Rodent Blox) and HCl-acidified water (pH 2.4) ad
lihitem. Animal holding rooms were maintained at 70 + 2°Fand 50 + 10%
relative humidity using at least 10 air changes per hour of 100% condi-
tioned fresh air and exposed to tull-spectrum light from 6:00 aMm to 6:00
pM. Upon arrival, mice were tested tor Pycudomonas contamination and
quarantined until test results were obtained. Only healthy mice were re-
leased tor experimentation. Twelve 1o 16-week-old mice were used for
these studies. Research was conducted according to the principles enunci-
ated in the “Guide tor the Care and Use of Laboratory Animals™ prepared
by the Institute of Laboratory Animal Resources, National Rescarch
Council.

Irradiatien

Twenty hours atter saline or riL-1 injection. mice were placed in venti-
lated Pleniglas hoves and exposed bitaterally to y radiation from a *'Co
radiation source. In radiation studies. mice were exposed to 6.5, 1.0, or 0.5
Gy total-body irradiation at a dose rate of 0.40 Gy/min 20 h after saline or
rll.-1 injection.

Preatment with Inerleukm-1

Purificd human riL- 1 alpha. a generous gift from Dr. Steve Gillis of Im-
munex (Seattle. WA). was used in these studics. The rlL-1 was supplied in
a solution of phosphate-butfered saline at pH 7.2 with a specific activity
of 7.3« 10" U IL-1/myg protein, and aliquots were maintained at -70°C.
Immediatels before use. stock solutions of rlL-1 were diluted with pyro-
pen-tree saline (McGaw), and 130 ng/0.5 ml was administered to normal
mice by intraperitoneal (.p.) injection. Mean body weight of mice used in
these studics was 27 = 2 g so that the average dose of rlL-1 was approxi-
mately 5.6 g7k body weight. Control animals were given 0.5 ml saline at
the sanie time. Endotoxin (1LPS) contamination in rlL-1 stock solutions
was measured by the Lonudus lvsate assay. Based on these results less than
0.2 ng of L.PS was administered per injection. The nember of mice surviv-
g >3 dass atter 10,5 Gy irradiation was similar for noninjected mice”
(17100, saline-injected mice (17100 and mice injected with 150 ng heat-
inactivated il -1 01710). Also, Jata in an carlier report demonstrated that
150 ng rlL-1 from the same stock solutions as used in the present studies
increased the number of BoD2ET miice that survived after 10.5-Gy irradia-
tionfrom 7 « 130 1o RS + 70 ¢4),

Preparation of Cell Stuspensions

Peripheral blood for cell ditlerential determinations was obtained from
the orhital sinus of nonanesthetized mice using a 75-ul heparinized micro-
hematoerit capitlary wube (Cuntin Matheson). Smears were made and
stained for ditferential determinations with Hema 3 (Curtin Matheson),
and 200 ¢ells per mouse were counted. Different mice were used for cach
time point.

Mice were sacrificed by cervical dislocation, and the femurs and spleens
were excised. Cells were flushed from the tissues with Hanks' balanced salt

solution (HBSS) (GIBCO) and dispersed through a 25-gauge necdie until
a single cell suspension was obtained. All cell concentrations were deter-
minzd by hemacytometer counts. When plood was collected for colony-
forming assays. mice were anesthetized with ether, and blood was obtained
from the vena cava with an 18-gauge needle attached to | m! heparinized
syringe. The blood was diluted with an equal volume of HBSS and layered
over Lympholyte-M (Cedarlane Labs) a Ficol-Hypaque solution with a
density of 1.09 g/cm’ to remove red blood cells and granulocytes (/7). Cells
at the interface were removed, washed two times with HBSS. and counted.

Assay for Gramdocyte-Macrophage Colony-Forming Ceils

The GM-CFC were assayed using the double-layer agar technique basi-
cally as described by Hagan ¢t al. (18). The culture medium was double
strength CMRL-1066 culture medium (Connaught Medical Research Lab-
oratory) containing 10% (v/v) fetal calf serum. 5% (v/v) horse scrum, 57
tiyptivase soy broth. 0.02 g/m} L-asparagine, and penicillin-streptomycin.
In tie bottom layer of 35-mm plastic petri dishes was | mlof'a 1:1 mixture
of culture medium ana 1.0% agar (Bactoagar. Difco) containing 10% (v/v)
L-929 cell-conditioned medium as a source of colony-stimulating activity.
The top layer contained | ml of a 1:1 mixture of culture medium and
(.66 agar containing 5 < 10* bone marrow cells, | X 10* separated blood
cells. or 1 X 10° spleen cells for assay. Cultures were incubated at 37°C in
5% humidified CO. in air. After 10 days of culture colonies greater than S0
cells were scored as GM-CFC.

Assavs for Ervthroid Colony-Forming Cells

Determinations of CFU-E and BFU-E were made using a plasma clot
culture system basically as described by Weinberg 1 al. (19). Iscove’s modi-
fied Dulbecco’s medium (GIBCO) was substituted for « medium. Cells
were plated with 0.25 U/ml (for CFU-E) or 3.0 U/ml (for BFU-E) anemic
sheep plasma, step 111 erythropoietin (Connaught Labs. Inc.. Lot No. 3092-
2) as 0.4-ml plasma clots in 4-well Nunclone cuiture dishes (Nunc). Cul-
tures of CFU-E and BFU-E were placed into a humidified 37°C incubator
with §% CO, for 2.5 and 8 days. respectively. Cultures were then harvested.
tixed with 5% glutaraldehyde. stained with benzidine, and evaluated as de-
scribed by McLeod er al. (20).

Determination of Colony-Forming Cells in S Phase of the Cell Crele

The percentage of CFC in S phase of the cell cycle was determined basi-
cally as described by Rickard ¢t al. (21). Mice were administered 900 mg
kg body wt hvdroxyurea (Sigma) in Dulbecco’s PBS (GIBCO) by i.p. injec-
tion. Control gronps of micc w. .~ administered DPBS without hyvdroxy-
urea at the same time. Two and a half to 3 h later. tissues were assayed for
surviving CFC. Tne number of CFC in tissues from hydroxyurea injected
mice was compared 1o the number in tissues from DPBS-injected mice,
and the percentage decrease in CFC after hyroxyurea injection was calcu-
lated as the percentage of CFC that were in S phase ol the cell eyvcle.

Statistics
The two-tailed Student’s 7 test was used to test for significant ditferences
in cellularity and CFC per tissue between groups ol mice,

RESULTS

Effect of rlL-1 on Recovery of Colony-Forming Cells
after Irradiation

Two days after exposure to 0.5- or 1.0-Gy doses of radia-
tion, rIL-1-injected mice had more BFU-E/femur and
CFU-E/femur and spleen than saline-injected mice (Table

Best Available Copy
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TABL LI
Recovery of Erythroid Colony-Forming Cells from Tissues of
Saline or rIL-1-Injected Mice 2 Days after Irradiation®

Recovery after 0.5-Gy Recovery after 1.0-Gy

injection injection
Assay" Saline rlL-1 Saline riL-1
No./femur
CFU-E (x10% 1.1£03 1.3+0.2 1201 1.2+0.1
BFU-E(x10°) 1.3£00 360 0 +0 0.7£03
No./spleen
CFU-E (x 10"y 14204 6510 08+02 47x06
BFU-E: 0 +0 0 =0 0 +0 0 +0

“ Female B6D2F | mice (16 weeks old) were administered 0.5 ml saline
or 150 ng rlL-1 by i.p. injection 20 h prior to their exposure to 0.5 or 1.0
Gy *Co radiation.

* Cells were pooled from both femurs and the spleens of twe mice per
group,

* Mean number £ SD of two plasma clots cach.

I). When compared to the number of GM-CFC/{emur for
nonirradiated control mice, the percentage of GM-CFC
surviving 24 h after 6.5-Gy radiation was 1.0 + 0.3% for
saline-injected mice and 1.2 + 0.6% for riL--injected mice
(n = two studies). However, previous studies demonstrated
that 4 and 8 days after exposure of mice to 6.5 Gy radiation,
the number of GM-CFC in the bone marrow of rlL-1-in-
jected mice was approximately 1.7 greater than the number
in the bone marrow from saline-injected mice (¥). These
studies demonstrate that administration of ril- 1 to mice 20

100 —r——
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h piior to their irradiation induced an earlier recovery of
CFC. The following studies were performed to compare tis-
sue cellularity and CFC content in saline-injected mice and
rIL-1-injected mice prior to their irradiation.

Changes in Peripheral Blood Cellulari:y
after rIL-1 Injection

The number of nucleated cellsymm*® whole blood was
similar for noninjected mice (10,423 £ 28,5 for 13 mice)
and for mice 2, 6, 24, and 48 h after saline injection (8420
+ 2618 for 15 mice) or rIL-1 injection (9143 £ 1775 for 14
mice). However, compared to noninjected mice, a signifi-
cant neutrophilia (Fig. 1) and lymphopenia (Fig. 2) were
observed within 2 h after saline or rIL-1 injection. The per-
centage of neutrophils had increased to almost 80% of the
nucleated cells in the blood with a significant increase in
nonsegmented neutrophils from 12 + 5% in saline-injected
mice to 56 + 15% in rIL-1-injected mice. By 6 h, the levels
of more immature neutrophils had returned to normal val-
ues, but a twofold increase in the more mature segmented
cells was still evident 48 h after rIL-1 injection. These results
demonstrate that soon after injection of a radioprotective
dose of rIL-1, mature and immature neutrophils were mo-
bilized from the bone marrow to the blood.

Effect of rIL-1 Injection on the Number of GM-CFC

Twenty hours after saline or rIL-1 injection, there was no
significant difference in splenic cellulanty from saline and
riL- l-injected mice (Table 11). However, total cellulanty per

80+
N

60}

40~{

% Neutrophils/mm? Blood

Time After Injection thours)

FiG. |

£t of il 1 cnpevhipa oo acuttophuly o penpheral Momd. Nuckeated cell aumbee and cell diffecentials were easured 10 peripdreral Mond

from mtece vasomgn tumen alfter mpaction of 150 ng il -1 o 03 ml prrogen-feee waline Valuer represent the mean * SD of aumbers «tom theee to e
e [ - two gudex) Sepaste mke were wsad 3t each time ponat The aumber of acutropluly/cam® blaad fiom noaingevted muce was 1625 = 573
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FIG. 2.

Effect of rlL-1 injection on lymphocytes in penipheral blood. Nucleated cell number and cell difterentials were determined in peripheral

blood from mice various times after ini=ction of 150 ng ril.-1 or 0.5 ml pyrogen-free saline. Values represent the mean * SD of number from three to
five mice (1 = two studies). Separate mice were used at each time point, and the values were determined from the same samples represented in Fig. 1.
Ly mphocytes/mm’ blood from noninjected mice were 7870 £ 1705 (1 = (0). (@) salinc injection; (O) rlL-1 injection: (\) no injection.

femur of riL-1-injected mice was approximately 79% of
bone marrow cellularity from saline-injected mice. Similar
to the decrease in marrow cellularity, there were approxi-
mately 20% fewer GM-CFC per femur of mice 20 h after
riL-1 injection (Table II). Associated with the reduction in
the number of marrow GM-CFC from rll.-1-injected mice.
there was an increased aumber of GM-CFC in the blood
and spleen. In both blood and spleen, the number of GM-
CFC was approximately twofold greate” than the number
in these tissues from saline-injected mice. These data sug-
gest that, in addition to neutrophils, rlL-1 injection induced
the mobilization of GM-CFC from the bone marrow.

Sensurivay of Granulocvte- Macrophage Colony-Forming
Cells o Hvdroxvurea

The decrease in the number of GM-CFC after hydroxyurea
injection was used to determine the percentage of GM-CFC
m § phawe of the vell eyele 20 h after aline or riL-1 injection.
The percentage decrease in the number of GM-CFC in the
bone marvaw and spleen was similar (P > 0.095) for shine-
wyected mice and fll.-1-injected mice (Table 1), Bue to the
nerease 1 total nusiber of GM-UTFC per splocn induced by
ril-) injection, this represented an increase from 0.3 = Q)
(10" GMOCFCigleen from aline-tnjected mice to 0.7
+ 0.04 (% 10 GM-CFC/spleen from 1L~ injocted mice in S
phase of the cell cycte. However. thefe was not a umilar in-
crease in the number of GM-CFC in S phase of the ecll evcle in
the hone marmow of 7lL- 1-injected mice. These results suggest
that. compared to the spleen, stimulation of granulopoiesis af-
ter rlL-1 ingoction was delayoed in the bone marrow.

Effect of rIL- 1 Injection on Number of CFU-E and BFU-E

Twenty hours after rIL-1 injection, the number of CFU-
E per femur was reduced to 69 % 8% (n = 7) of the number
in bone marrow from saline-injected mice. The number of
CFU-E per spleen from rlL-1-injected mice was 101 + 35%
(n = 4) of the number from saline-injected mice. The num-
ber of BFU-E per femur was similar (P = (.5) for nonin-
jected mice [1.3 £ 0.6 (X10”) n = 9 studies]. mice 20 h after
saline injection {1.3 + 0.4 (x10%) n = 6 studies), and mice
20 h after rIL-1 injection [1.1 2 0.3 (x10%) n = 6 studies).
A decreas in the percentage of CFU-E in S phase af the cell
cycle was abserved in boite marrow of mice 20 h after saline
injection (Table ). There was no significant difference in
the percentage of BFU-E in § phase of the cell cycle for sa-
line or ell-1-injected mice. These results demonstrate that
il | injection did wot induce an inerease in the number of
CFU-E or BFULE ¢ - v hans marrow of mice prior to their
wradiation.

DISCUSSION

Data in the present fepornt confirm that, similar to fwevi-
ous studics with C37B1/65 and BSD2F mice, ril-1 injee-
tion induced an earlice hematopoistic recovery in mice zlter
their exposure to sublethal doses of radiation (5-4). Also.
i noatrradiated mice, marrow CFU-E levels 20-24 h after
fil.- ] injection were decreased without an 3pparent com-
penhsatory increase in the spleen (3). Results in the present
report further demonstrate that injection of a radioprotec-
tive dose (150 ag) of riL-1 nducad changes in the tissuc
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TABLE 11
Cellularity and Number of GM-CFC in Tissues of Mice 20 h
after Saline or riL-1 Injection®

Treatment
Saline rll-1
injection injection “rll-1/
No./tissue” (ny () saline?
Cellulanty
No./femur (x10") 14 £ 02010 LI 2001 79+ 11
No./spleen (< 10%) 1.3+0.2(9) 1.2 £0.2(10) 95 *
GM-CEC’
No./temur { < 10%) 1.6 20.5(10) 1.2 £ 0.4 (10) 77+ 12
No./spleen (x 10%) 0.5 £0.3(8) 1.3 £0.3(8) D+ 74
No./10* blood 4 £35 (D 33 o7 252 + 163

“ Female B6D2F1 mice (12-15 weeks old) were administered 0.5 ml
saling or 150 ng riL-t by i.p. injection 20 h before assay.

* Cells were pooled trom both femurs and the spleens of three mice per
group in each study.

* Number of studies.

“Mean + SD calculated lrom the percentage of the number from ril-
L-injected mice/saline-injected mice of indisidual studies.

“ Significantly ditferent from saline-injected mice at £ < 0.0§,

" Values represent the mean = SD of mean values from three plates per
group.

distribution ol mature hematopoietic cells and GM-CFC.
Neutrophilia and a lymphopenia were observed within 2 h
after rlL-1 injection. After 24 h, peripheral blood values
were returning 10 normal. Twenty hours after rlL-1 injec-
tion. bone marrow GM-CFC content was 77% of values
tfrom saline-injected mice. Also, there was approximately a
twotold increase in the number of GM-CFC in the blood
and spleens from rll-L-injected mice. An increase in the
number of GM-CFC in § phase of the cell cycle as deter-
mined by in vevo hydroxyurea treatment was observed in
the spleen, but not in the bone marrow of mice 20 h after
vil.- 1 ijection.

Stork et af (13} observed a twofold increase in the white
blood cell count in mice 6 b after rlL-1 injection. This in-
crease was associated with an increase in the number of
neutraphils. Similarly, in the present report, neutrophil
counts in the blood were increased wn mice after riL-1 injec-
tion. However, there was no increase in total white blood
cells due to a comparable decrease in the number of lym-
phocytes. A lymphopenia has also been observed in rats af-
ter elL- 1 aingection (22).

Others demonstrated that there was a comparable de-
¢rease of neutrophals in the bonre marrow associated with
the increase in the number of neutrophils in the blood atter
Al-1 or endotoxin wjection (22-25) Data in the present
report and in an earlier repont (5 demonstrated that rilL-|
mnjection wduced a deercase i bone marrow cellulanty.
Neta ot al. (16) observed a 25% increase in the propartion
of large or hlast cells in the bone marrow of mice 20 h after

SCHWARTZ ET AL.

injection of a radioprotective dose of riL-1. Metcalf and
Wilson (24) reported a similar increase in the proportion of
large cells such as blasts and myelocytes in the bone marrow
of mice after endotoxin injection. In their studies, this was
consistent with the capacity of endotoxin to induce mobili-
zation of more mature granulocytes from the bone mar-
row (24).

In the present studies there was a reduction in the number
of GM-CFC associated with the decrease in marrow cellu-
larity observed in mice 20 h after rIL-1 injection. Castelli et
al. (15) also observed a decrease in the number of GM-CFC
in the bone marrow of mice after rIL-1 injection. In those
studies, 6 h after intravenous administration of 0.5 ug/kg
body weight, the number of GM-CFC per femur had de-
creased to 50% of normal values. By 24 h, the number of
marrow GM-CFC was still only 75% of normal values. In
the present studies and those by Castelli et al. (15) there was
an increase in GM-CFC in blood and spleen associated with
the decreased numbers in the bone marrow. Castelli ¢t al.
(15) also observed an early return of GM-CFC levels in pe-
ripheral blood to normal. These studies suggest that in addi-
tion to neutrophils a radioprotective dose of rIL-1 induced
mobilization of GM-CFC from the bone marrow that was
still evident 20 h after injection.

Earlier studies suggested that the decrease in marrow
GM-CFC content after endotoxin injection is the result of
mobilization of GM-CFC from the bone marrow into circu-
lation, as well as differentiation of GM-CFC to replace the
decrease in bone marrow neutrophils (25, 26). Several re-
ports demonstrated that it is primarily a noncycling popula-
tion of GM-CFC that is mobilized from the bone marrow

TABLE HI
Decrease in the Percentage of Colony-Forming Cells after
Administration of Hydroxyurea to Mice 20 h after Saline of
rlL-! Injection

Treatment?

Sahine injection il mpection
Away’ ) tn)
% Dxcrease after hydroayurca?
GMCFC flemur 43213 47 = 14y
GM-CEC Apleen =k $a = 161 h
CPUBfemur T2 1T FTERET N
BFU.EBtemur 613} N WD

* Female BADFT mirce (12416 weeks old) were admnustered 0 3 m)
saline o¢ 150 ng odL-1 by up ingction.

* Celis were pooled from both Eeuts and the splosts of three mixe pee
poup in cach study.

* Number of dudies.

“Mice were administersd DPRS or 900 mp hydroasurcaily body
weght 20 b 3fier waline or efl- | ipection, 2ad 2.5- 5 & Later anunale were
euthaniped for anay.

* Sgnukcanily dilfferent from aline-tapectad auce ( £ < 8 05)
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after endotoxin or dextran injection or extended leukophe-
resis (27-29). Thus an increase in the percentage of GM-
CFC in S phase of the cell cycle would be expected. How-
ever, in three studies of the present report, as determined by
the number of GM-CFC surviving after hydroxyurea treat-
ment, there was no significant increase in the percentage of
marrow GM-CFC in S phase of the cell cycle. These studies
suggest that the decrease in GM-CFC in bone marrow was
aresult of rlL-1 injection inducing an early mobilization of
GM-CFC from the bone marrow and a differentiation of
GM-CFC to replace the decreased marrow neutrophil
levels.

Stwudies in the present report demonstrated that the earlier
recovery of GM-CFC in the marrow of mice irradiated 20
h after rIL-1 injection was not dependent upon an increase
in GM-CFC in the marrow or stimulation of granulopoiesis
at the time of irradiation. However, other studies demon-
strated that rlL-l stimulates granulopoiesis in nonirradi-
ated mice. For example, in studies in which the number
of GM-CFC in the marrow from rlL-I-injected mice had
returned to values found in saline-injected mice, there was
an increase in percentsge of GM-CFC in S phase of the cell
cycle (3). Also, others demonstrated that marrow GM-CFC
content increased 1.5- to 2.3-fold above normal values
within 48-72 h after riL- | injection (/3. 15). In preliminary
studies, 3-5 days afier injection of 150 ng rIL-1 (Hoffman
La Roche) numbers of GM-CFC in the bone marrow were
2.0 * 0.7 times greater (1 = 3 studies) than in marrow from
‘saline-injected mice (data not shown). Thus an increase in
marrow GM-CFC content oceurred after the optimal time
for radioprotection. In a previous report (3) and studies by
Stork et al (13), GM-CFC content of the marrow was sim-
ilar for mice 24 h after saline or 1L-] injection. Differences
wn duse of rlL-1 administered per kilogram body weight,
timing of assays, batch of rlL.- 1, and mouse strain are possi-
ble reusens for vartations in bore marrow GM-CFC con-
tent, (Other studizs demonstrated that the amplitude and
tiee e of 3L Fanduced changes in the cellulanity of periph-
eral bload and bone marraw in mice and rats were Gepen-
dent upon the souree and dose of IL-1 (6, 13, 15. 2.

Previous reports demonstrated that the serum CSA lev.
els, which increased after rll-1 injection, returned to nor-
sral wathan 24 b (75, 19). Studies by Francws ¢ @f (28) also
demonstrated that human blood CSA levels did not ceere-
late vath granulopotetic activity wt vivoe However, thew
studies suggested that CSA produced by hane marvow cells
regulated marrow granulopoieus (25). Interleukm-1 has
been shown to nduce the production of (A and CSF from
a varnety of cell types that iclude cells denved from bone
marrow (8- . Also catlicy reponts desmonsirated that the
radtosensitivity of GM-CFC could be decreased by an -
creasng CSA concentration or by changing the source of
CSA 129 and 10). Thus one possible mechanisn for the ear-
lier vecovery of GMLCEC in tissues of nuce irradiated after
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rlL-1 injection is the production of hematopoietic growth
and synergistic factors from cells that are part of the hema-
topoietic microenvironment.
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