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ABSTRACT

We have studied the effects of single and combined treatment with
interleukin IÃŸ(II.-1/i) and interleukin 2 (IL-2) on spleen and bone mar

row hematopoiesis in normal mice.
Injection of IL-lÃŸalone was followed by a significant increase in the

number of granulocytes in spleen and progenitors (burst-forming imits-
erythroid and colony-forming units-granulomonocytic) in both spleen and
bone marrow, as compared to control mice. In contrast, IL-2 alone in
duced only a slight increase in the number of marrow colony-forming
units-granulomonocytic and had no significant effect on spleen progeni
tors. Repeated injections of both IL-lÃŸand IL-2 resulted in a synergistic

increase in spleen weight and splenocyte number, as compared to mice
treated with the single cytokine regimen; in particular, the combined
treatment induced a marked rise in the number of neutrophilic granulo
cytes and erythroblasts, whereas splenic lymphocytes were not affected.
This regimen also caused a synergistic increase in the number of spleen
and marrow progenitor cells: a time-course analysis showed an elevation
in numbers of both burst-forming units-erythroid and colony-forming
units-granulomonocytic, first in marrow (day 10) and subsequently in
spleen (day 18). Combined IL-lÃŸ/IL-2 treatment dampened the decrease

and accelerated the recovery of myeloid cells after cyclophosphamide
injection, whereas the single cytokine regimen was not effective. Similarly,
the rebound of WBC (especially neutrophilic granulocytes) after cyclo
phosphamide treatment was markedly enhanced by the combined treat
ment, whereas the single cytokine regimen was ineffective.

These results, indicating a myelostimulatory effect by the combined
cytokine regimen, together with our previous observations showing a syn
ergistic antitumor activity by IL-l/IL-2 treatment in experimental mouse
tumors (V. Ciolli et ai., J. Exp. Med., 173: 313-322,1991), may provide the

basis for the development of new combination therapies with cytokines
and antiblastic agents in the treatment of cancer patients.

INTRODUCTION

IL-13 affects hematopoiesis at various levels by multiple mecha

nisms (1-^). This cytokine enhances the synthesis of multiple HGFs
(also termed colony-stimulating factors or interleukins); these include
GM-CSF, G-CSF, M-CSF, IL-3, and IL-6, which are produced in a
variety of cells, particularly bone marrow stremai cells (5-7), via

increased transcription and/or mRNA stabilization (1). In cultures of
nonpurified hematopoietic progenitors (i.e., in the presence of acces
sory cells releasing endogenous cytokines), IL-1 acts synergistically
with IL-3, IL-6, G-CSF, and GM-CSF to induce uni- and multilineage

colonies (8, 9) while increasing the survival of progenitor cells in vitro
(10). Finally, IL-1 stimulates the cycling activity of hematopoietic
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progenitors (11) and protects early progenitor cells from cytotoxic
agents (9). In normal mice, a single injection of IL-1 induces an

increase of circulating CSFs, an initial neutrophilia (due to mobiliza
tion of neutrophils from bone marrow) and subsequent expansion of
this population in marrow coupled with proliferation of progenitor
cells; following cytotoxic drug administration or irradiation, IL-1
protects stem cells and accelerates the granulocyte rescue (12-16).

IL-2 exerts significant effects on the hematopoietic system, as in
dicated by clinical and experimental studies. In cancer patients IL-2

may induce a variety of effects: (a) a progressive anemia, which may
require blood transfusion, particularly in high-dose trials (17); (b)

thrombocytopenia (17), without consistent changes in circulating neu
trophils; (c) eosinophilia after prolonged IL-2 therapy (17). Further
more, IL-2 bolus treatment is associated with a sharp decrease in
circulating BFU-E and CFU-GM number, followed by a striking
rebound when IL-2 infusions are discontinued (18). Myelostimulatory
or inhibitory effects of IL-2 have been reported in several studies. In
particular, injection of human-recombinant IL-2 in normal mice re
sults in an increase of CFU-GM number in the bone marrow (19). In
addition, IL-2 accelerates the recovery from cyclosphosphamide
(CTX)- or radiation-induced myelosuppression and peripheral blood
leukopenia (19). It was hence suggested that IL-2 may be beneficial in

cancer therapy by adding the stimulation of the immune system to the
direct antitumor effect of antiblastic agents, while allowing the deliv
ery of higher doses of chemotherapeutic agents (19). IL-2 has also

been described as inducing suppression of the growth of human pro
genitor hematopoietic cells in vitro (20, 21).

Although the hematological effects of IL-1 and IL-2 have been

extensively investigated, no data are available on the combined treat
ment with both cytokines. In the present study, we have investigated:
(a) the hematological effects caused by single or combined adminis
tration of IL-lÃŸand IL-2 in normal mice; (b) the myeloprotective and
myelorestorative effects of the IL-lÃŸ/IL-2 regimen in mice treated

with CTX. Our results indicate that the combined treatment results in
a synergistic effect on both the myelostimulatory activity and the
rescue after CTX-induced myelosuppression. In light of our previous
data showing the synergistic antitumor effects of IL-l/IL-2 on murine

neoplasias (22), these results may contribute to the development of
new combination therapies with IL-l/IL-2 and chemotherapeutic

agents in the treatment of advanced tumors.

MATERIALS AND METHODS

Mice. Six- to 8-week-old male DBA/2 mice were obtained from Charles

River Italia (Calco, Italy).
IL-lÃŸ, IL-2, CTX, and Control Preparations. Electrophoretically pure

human recombinant IL-lÃŸ(mature fragment 117-269. expressed in Escheri-
chia coli; specific activity, 5 x 10s half-maximal units/mg of protein in the

DIO.G4.1 proliferation assay) (23) was provided by Sciavo (Siena and Cassina
de Pecchi, Italy) through the courtesy of Dr. D. Boraschi (Centro Ricerche.
Sciavo. Siena). Human recombinant IL-2 (specific activity. 3 X IO6 units/mg

of protein; Hoffmann-La Roche, Nutley. NJ) was obtained from the National

Cancer Institute (Dr. Michael J. Hawkins, Chief of the Investigational Drug
Branch). Cytokines were diluted in physiological solution (153 HIMNaCI);
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endotoxin contamination was less than 0.1 ng/mg as determined by Limulus
amehocyte lysate assay. Control preparations consisted of physiological solu
tion. Commercially available CTX (Endoxan-Asta: Asta Pharma AG, Frank

furt. Germany) was dissolved in sterile water.

Cytokines were always injected s.c.. and CTX was administered i.p.
CFU Assay. Spleens or tibias were removed from 3 animals/treatment

group and assayed individually. Spleens were removed aseptically and washed
with a syringe in Iscove's modified Dulbecco's medium. The cell suspensions

were then passed through a single layer of 100-gauge nylon mesh, centrifugea,
and resuspended in Iscove's modified Dulbecco's medium at an appropriate

cell dilution for colony assay. Bone marrow cells were derived from a tibia and
passed into a 2-ml syringe through an 11-gauge needle: cells were then counted

and resuspended at an appropriate dilution for colony assay.
The methylcellulose culture method (24) was used for the assay of BFU-E,

CFU-GM, CFU-GEMM progenitors. Bone marrow and spleen cells were
cultured at a concentration of 5 x IO4 and 1 X IO5 cells/ml/dish, respectively

(3 plates/point) in 0.99r methylcellulose (cell culture grade; Sigma, St. Louis,
MO), 40"7r fetal calf serum (Flow Laboratories. Glasgow, Scotland), and
a-thioglycerol ( I0~4 mol/liter; Sigma) at 37Â°Cin a 5% CO: humidified atmo

sphere. The growth of CFU-GM colonies was sustained by the addition of 10%
of WEHI-3 conditioned medium (a source of murine IL-3 and GM-CSF), the
growth of erythroid colonies by \07r WEHI-3 conditioned medium, and 3 IU

of human recombinant erythropoietin (kindly provided by Amgen, Thousand
Oaks, CA; specific activity, 1.1 x IO6 units/mg).

At days 8 and 10, CFU-GM and BFU-E colonies were scored and counted

under an inverted microscope by two independent investigators.
Each experiment was repeated at least three times.

Spleen Cell Morphology. Spleen cells were counted in a hemocytometer.
Approximately 1 x IO5 cells in 0.2 ml physiological solution were cytocen-

trifuged. Slides were then stained with May-Griinwald-Giemsa and examined

under a microscope.
WBC and Granulocytic Cell Count. Anesthetized animals were bled by

the tail. Five ul of blood were diluted in 50 ul of Turk's solution, and WBC

were counted on a hemocytometer. Blood was also smeared on a glass slide and
stained with May-Griinwald-Giemsa for granulocytes.

Statistical Analysis. Data were analyzed by Student's / test.

RESULTS

Effects of IL-lÃŸ and IL-2, Alone or in Combination, on the

Spleen Cell Population of Normal Mice. Repeated treatments of
normal mice with IL-lÃŸand/or IL-2 resulted in a significant increase

in the spleen weight as compared to control mice. The combined
lL-lÃŸ/IL-2 administration was considerably more effective than the

single cytokine regimens (Fig. 1/4). On day 18, the spleen weight of
mice injected with both cytokines was almost three times greater than
that of mice treated with IL-lÃŸor IL-2 alone. Likewise, a marked rise
in spleen cell number was observed in mice treated with IL-lÃŸ/IL-2,

as compared to single cytokine regimens (Fig. IÃŸ).
Morphological analysis of spleen cells revealed that combined IL-

lÃŸ/lL-2treatment resulted in a synergistic increase in the number of

both neutrophilic granulocytes (Fig. 1C) and erythroid precursors
(Fig. ID). However, no major difference in the number of splenic
lymphocytes between IL-lÃŸ/IL-2-treated and single cytokine-treated

mice was observed (data not shown).
Synergistic Stimulatory Effects of Combined IL-lÃŸ/IL-2 Treat

ment on Hematopoietic Progenitors. We evaluated the effects of
IL-lÃŸand/or IL-2 on the number of progenitor cells in the spleen and

bone marrow of normal mice.
Fig. 2 shows the number of BFU-E (Fig. 2A ) or CFU-GM (Fig. 2B)

in the spleens of mice treated for one weekly cycle (day 5), 2 cycles
(day 10), or 3 cycles (day 18) with one or both cytokines. Very few
BFU-E and CFU-GM colonies were present in the spleens of DBA/2
control mice. Following IL-1 treatment, the number of both BFU-E
and CFU-GM colonies showed a marked increase. No major effects
were observed after treatment with IL-2 alone. However, in mice
treated for 18 days with both IL-lÃŸand IL-2, the number of BFU-E
and CFU-GM was about 3 times larger than after IL-lÃŸalone.

In the same experiments, the number of BFU-E and CFU-GM was

also assayed at bone marrow level. As shown in Fig. 3/4, treatment

Days

Fig. I. Effects of IL-lÃŸand IL-2, alone or in combination, on the spleen weight (A) and number of total cells (ÃŸ).neutrophilic granulocytes (O and erythroid precursors (D) in
normal mice. Six- to 7-week-old male DBA72 mice were given s.c. injections (twice a day) of 0.2 ml of IL-1 ÃŸ(250 ng) or IL-2 (20,000 units) or a combination of both cytokines. Mice
were given injections on days 1, 2. 3, 8, 9. 10, 15, 16, 17. Al different time intervals, mice were sacrificed, and spleens were weighed. Each spleen was then disaggregated, and spleen
cells were filtered on a nylon mesh and counted. A part of the cell suspension was spun onto a microscopy slide and stained by May-Griinwald-Giemsa for morphological examination.
Points, mean of the values obtained from 5 individual mice; bars, SEM. Similar results were obtained in three other experiments. â€¢¿�,saline; O, IL-lÃŸ; A, IL-2; D, IL-lÃŸ + IL-2. *,
P < 0.05 versus control group; **, P < 0.001 versus all the other experimental groups.
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matically increased as compared to the controls on days 10 and 18,
whereas bone marrow CFU-GEMM exhibited a marked increase on
day 10. in correspondence with the increase of BFU-E and CFU-GM
frequency (Fig. 3).

Dose-dependent Effect of IL-1ÃŸ/IL-2Treatment on Spleen Cells
of Normal Mice. To determine the IL-1ÃŸ/IL-2doses inducing a
maximal myelostimulatory effect, DBA/2 mice received injections of
increasing amounts of a combination of IL-lÃŸand IL-2. On day 15,
mice were sacrificed, and spleens were removed for cell counting and
BFU-E/CFU-GM assay. As shown in Fig. 4, IL-lÃŸand IL-2 induced
a dose-dependent increase in the number of spleen cells and BFU-E/
CFU-GM colonies, with peak effects at 250 ng and 20,000 units,
respectively.

Myeloprotective Effects of IL-lÃŸ/IL-2Treatment on CTX-
treated Mice. As IL-1ÃŸ/IL-2treatmentinduceda synergisticincrease
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chemotherapy-induced myelosuppression. DBA/2 miceweretreated
with a weekly cycle of IL-lÃŸ/IL-2injections (125ng1003
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520Fig.2. Effects of IL-lÃŸ and IL-2, alone or in combination, on BFU-E (A) and H '*"

CFU-GM (B) number in spleen of normal mice. Six- to 7-week-old DBA/2 mice were QQ
treated s.c. (twice a day) with 0.2 ml of IL-lÃŸ(250 mg) or IL-2 (20,000 units) or a

combination of both cytokines. Mice were given injections on days 1, 2, 3, 8, 9, 10,15,**Ã¯]W99*\Ã¨%lÃ¬16,
17. At different time intervals, mice were sacrificed, and spleens were removed and^T711disaggregated

to obtain a spleen cell suspension. Spleen cells were then plated atanappropriate
dilution in semisolid medium (methylcellulose) in Retri dishes to evaluate800BFU-E

and CFU-GM colony formation. BFU-E and CFU-GM co onies wereidentifiedand
counted under an inverted microscope. Each spleen was double plated. Points, mean 1J

of the values obtained from 3 individual mice; bars, SEM.0, saline; D. IL-lÃŸ;EÃœJ.IL-2;*^J^,
IL-lÃŸ+ IL-2. *, P < 0.05 versus control group; **, P < 0.001 versus all the otherÂ°experimental

groups. 9 600'*B1mÃ»

with IL-lÃŸor IL-2 alone did not induce a significant increase in the
BFU-E frequency. However, mice treated with both cytokines dis
played a marked peak of BFU-E number on day 10, with a subsequent
decrease at day 18. A similar kinetic pattern was observed for bone
marrow CFU-GM (Fig. 3B). On day 10, IL-1ÃŸ/IL-2treatment induced
an increase in the frequency of CFU-GM over the values observed
after single cytokine treatments (Fig. 3fi), which also caused a rise of
the progenitor number over control level.

We have also investigated the effect of IL-1 and IL-2 administration
on the number of splenic and bone marrow CFU-GEMM. Thus, Table
1 shows the number of CFU-GEMM in the spleen and bone marrow
of mice treated for one weekly cycle (day 5), 2 cycles (day 10), or 3
cycles (day 18) with one or both cytokines. Few CFU-GEMM colo
nies were present both in spleen and bone marrow of DBA/2 control
mice. Following IL-1 treatment, the number of splenic CFU-GEMM
colonies showed a marked increase, whereas bone marrow CFU-
GEMM colonies were only moderately increased. No major effects
were observed after treatment with IL-2 alone, with the exception of
a moderate increase in the number of splenic and bone marrow CFU-
GEMM observed on days 10and 18. However, in animals treated with
both IL-lÃŸand IL-2, the number of splenic CFU-GEMM were dra

,1400

200

10 18

Days
Fig. 3. Effects of IL-lÃŸ and IL-2, alone or in combination, on BFU-E M) and

CFU-GM (/?) number in hone marrow of normal mice. Six- to 7-week-old mule DBA/2
mice were treated s.c. (twice a day) with 0.2 ml of IL-lÃŸ(250 ng) or IL-2 <20,(XK)units)
or a combination of both cytokines. Mice were given injections on days 1. 2, 3, 8, 9, 10,
15, 16, 17. At different time intervals, mice were sacrificed, and tibias were removed and
washed with I ml of RPMI. to obtain a bone marrow cell suspension. Bone marrow cells
were then plated at an appropriate dilution in semisolid medium (methylcellulose) in Petri
dishes, to evaluate BFU-E and CFU-GM colony formation. BFU-E and CFU-GM colonies
were identified and counted under an inverted microscope. Each bone marrow cell
suspension was plated twice. Columns, mean of the values obtained from 3 individual
mice; bars, SEM. â€¢¿�saline; EL IL-lÃŸ;EL IL-2;^, IL-lÃŸ+ IL-2. *, P S 0.08 versus
control group. **, P < 0.001 versus all the other experimental groups.
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Fig. 4. Dose response of IL-1 ÃŸ/IL-2treatment on the number of total cells. BFU-E. and
CFU-GM in spleens of normal mice. Six- to 7-week-old male DBA/2 mice were treated
s.c. (twice a day) with 0.2 ml of IL-10 or IL-2 or a combination of both cytokines.
Cylokine doses are indicated at the bottom of the figure. Mice were injected on days 1, 2.
3, 8, 9, 10. On day 15, mice were sacrificed, and spleens were removed and disaggregated
to obtain a cell suspension. Spleen cells were then plated at an appropriate dilution in
methylcellulose in Retri dishes to evalÃºale BFU-E and CFU-GM colony formation.
BFU-E and CFU-GM colonies were identified and counted under a microscope. Each

spleen was plated twice. Columns, mean of the values obtained from 3 individual mice;
bars, SEM.

10,000 units/inoculum, respectively) before treatment with CTX
(150 mg/kg). Mice were then sacrificed at sequential times, and bone
marrow and spleens were removed for analysis.

The number of cells recovered from tibias showed no significant
variation between control, CTX-, or CTX/IL- l/IL-2-treated mice (data

not shown). CTX induced a sharp decline and a mild rebound of
CFU-GM number in marrow at days 1 and 5 after injection (i.e., days
5 and 9 after the initiation of cytokine treatment) (Fig. 5). IL-1 ÃŸ/IL-2
pretreatment dampened the reduction of CFU-GM number at day 1

after CTX and markedly accelerated the recovery of the progenitor
pool size at day 5 after CTX.

In the same experiment, spleen cells of mice treated with IL-IÃŸ/
IL-2 alone or in combination with CTX were counted and cultured for
CFU-GM or BFU-E assay. The spleen cell number was greatly re

duced by CTX treatment, while the low frequency of hematopoietic
progenitor cells was not affected. When animals were injected with
both cytokines and CTX, the number of splenocytes and progenitors
markedly increased, to a level significantly more elevated than after
CTX alone (Fig. 6). Conversely, single cytokine regimens did not
significantly modify the effects of CTX (data not shown).

The analysis of peripheral blood leukocytes did not show a signif
icant difference between CTX- and CTX/IL-l/IL-2-treated mice (data

not shown).
Myelorestorative Effects of IL-1 ÃŸ/IL-2Treatment after CTX-

Â¡nduced Myelosuppression. In order to evaluate a possible my-
elorestorative effect of IL-1/IL-2, we then assayed a therapeutic pro

tocol in which cytokines were repeatedly administered after CTX
injection.

Fig. 7 shows the effect of single or combined IL-1 ÃŸ/IL-2treatment
on the recovery of peripheral blood granulocytes after CTX-induced

suppression. Two injections of CTX (150 mg/kg) on days 0 and 4
rendered the animals almost totally neutropenic. The WBC rebound
after CTX treatment was significantly accelerated by combined treat
ment with IL-1 ÃŸ/IL-2(but not by single cytokine administration). In

particular, granulocyte recovery after CTX treatment was markedly
stimulated by IL-1 ÃŸ/IL-2(Fig. 7).

B-jif*o

5.6-â€¢aÂ§

4ko.8

*
ÃˆTJI*Ã•,\1

5Day

after CTX

Fig. 5. Effect of IL-1/3/IL-2 on the number of bone marrow CFU-GM in CTX-
pretreated mice. Six- to 7-week-old male DBA/2 mice were treated s.c. (twice a day) with
IL-I (125 ngl and IL-2 ( 10,000 units) on the first 3 days of each week. Mice were given

i.p. injections of CTX (150 mg/kg) on the fourth day of each week. Saline solution was
used as the control injection, instead of cytokines or CTX. On days I and 5 after CTX,
mice were sacrificed, the tibias were removed, and bone marrow cells were washed out
and plated for CFU-GM colony assay, as described in "Materials and Methods." Each

bone marrow cell suspension was plated in double. Columns, mean of the values obtained
from 3 individual mice: bars. SEM. D, saline; f%. CTX-saline: &, CTX-IL-1/1L-2.
*, P < 0.001 versus mice treated with CTX alone.

Table I Effects of IL-lÃŸand IL-2, alone or in combination, on CFU-GEMM number in spleen and bone marrow of normal mice

DBA/2 mice were treated as described in Fig. 2. The data reponed in the Table represent the mean values Â±SEM of CFU-GEMM colonies observed in six different mice. The

significant values (P < 0.01 versus control group are underlined).

CFU-GEMM (mean Â±SEM)

TreatmentSaline

(control)
IL-lÃŸ
IL-2
IL-lÃŸ+ IL-2Spleen"172

Â±15
124 Â±11
123Â±2I
II9Â±9Day

5Bone

marrow''3.3

Â±1
3.1 Â±1.7
2.6 Â±0.8
2.8Â±l.lSpleen"127

Â±15
600Â±61402

Â±941708
Â±302'Day

10Bone

marrowb1

.8 Â±0.75
3.1Â±0.92.1

Â±0.81
10.8Â±1.15'Spleen"115

Â±27
945 Â±202193

Â±61
3577 + 515'Day

18Bone

marrow''3.1

Â±1.35
5.5Â±1.26.1

Â±2.3
4.5 Â±1.2

" Total number of CFU-GEMM per spleen.
* CFU-GEMM per IO4 bone marrow cells.
c P < 0.001 versus all the other groups.
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Fig. 6. Effecl of IL-lÃŸ/IL-2 on the number of spleen cells and CFU-GM and BFU-E
in CTX-pretreated mice. Six- to 7-week-old male DBA/2 mice were treated s.c. (twice a
day) with IL-IÃŸ(125 ng) or IL-2 (10,000 U) on the first 3 days of each week. Mice were

given i.p. injections of CTX ( 150 mg/kg) on the fourth day of each week. Saline solution
was used as the control injection, instead of cytokines or CTX. Treatments were repeated
for 3 weeks. On days 5, 8, and 11 after CTX, mice were sacrificed, the spleens were
removed, and spleen cells were disaggregated, counted, and plated for CFU-GM and
BFU-E colony assays, as described in "Materials and Methods." Each spleen cell sus

pension was plated in double. Columns, mean of the values obtained from 3 individual
mice; bars. SEM. D. saline;EÃ•. CTX-saline: m. CTX-IL-l/IL-2. *,P< 0.001 verrai all

the other experimental groups.

In a subsequent experiment, we evaluated the effects of single or
combined IL-1/IL-2 injections on both bone marrow/spleen hemato-

poietic progenitors and peripheral blood leukocytes after CTX. In this
experiment, mice were inoculated with CTX (150 mg/kg) on days 0
and 4 and subsequently treated twice a day for II days with IL-IÃŸ
(250 ng/inoculum) and IL-2 (20,000 units/inoculum) or a combination

of both cytokines. CTX treatment almost totally abolished the fre
quency of CFU-GM and BFU-E in the bone marrow and spleen

progenitors.
The physiological rebound of progenitor cells (after CTX discon

tinuation) was significantly accelerated by the combined IL-1/IL-2

treatment, with marked peaks on days 4 (bone marrow) and 7 (spleen)
(Fig. 8). In contrast, no significant myelorestorative effects were ob
served in mice treated with either cytokine alone (Fig. 8). Also in this
experiment, analysis of the peripheral blood leukocyte number re
vealed a more rapid WBC rebound after CTX in IL-2/IL-1-treated

mice as compared to control mice or mice treated with either cytokine
alone.

DISCUSSION

The present results demonstrate for the first time that combined
treatment of normal mice with IL-IÃŸand IL-2 induces a synergistic

myelostimulatory effect. Simultaneous injection of both cytokines
resulted not only in a marked increase in the number of splenic
neutrophilic granulocytes and erythroblasts, but also in a synergistic
amplification of both BFU-E and CFU-GM number in spleen and

bone marrow. Kinetics analysis revealed that the amplification of
the BFU-E and GM-CFU pool size occurs first in the bone marrow

(day 10) and subsequently in the spleen (day 18). This finding
suggests that IL-lÃŸ/IL-2 initially act essentially at the marrow

progenitor level; the precursors then migrate into the spleen, where
they differentiate into mature cells (mainly neutrophilic granulocytes).
Furthermore, the observation that IL-l/IL-2 markedly increases
the frequency of CFU-GEMM colonies (Table 1) indicates that the

myelostimulatory effect elicited by the combined cytokine treatment
is largely mediated by an effect on the most primitive hemopoietic
progenitors. However, future studies are required to evaluate a pos
sible effect of IL-l/IL-2 administration on pluripotent hemopoietic
stem cells (CPU-stem cells).

The injection of mice with IL-IÃŸalone resulted in a significant
increase in the number of both granulocytes and BFU-E/CFU-GM in

the spleen. These results are in agreement with previous data on the
myelostimulatory effects of IL-1 in mice (8, 9). In contrast, IL-2

Fig. 1. Effect of IL-lÃŸ/IL-2 on blood granulocytes number in CTX-trealed mice. Six
to 7-week-old DBA/2 mice were given i.p. injections of CTX ( 150 mg/kg) on days 0 and

4. Mice were divided into 4 groups (5 mice/group) and treated s.c. with 2 daily injections
of IL-lÃŸ(125 ng) or IL-2 (10,000 U), alone or in combination, for 6 days from day 5.
Control mice were treated with saline. At different time intervals mice were bled for
hemocytometric analysis. Granulocytic cell percentage was evaluated by microscopic
examination of blood smears stained by May-Griinwald-Giemsa. For leukocyte count,
blood was diluted in Turk's solution, and cells were counted on a conventional hemocy-

tometer. Points, mean of the values obtained from 5 individual mice; bars, SEM. â€¢¿�.CTX
+ saline; A, CTX + IL-lÃŸ;D, CTX + IL-2; O, CTX + IL-lÃŸ/IL-2; Â»,P < 0.01 versus all

the other experimental groups.
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Fig. 8. Effect of IL-1 ÃŸ/lL-2on the number of spleen and bone-marrow BFU-E/CFU-GM colonies after CTX-induced myelosuppression. Six- to 7-week-old DBA72 mice were given
i.p. injections of CTX ( 150 mg/kg) on days -4 and 0. From days 1 to II, mice were treated s.c. (twice a day) with IL-lÃŸ(250 ng) or IL-2 (20.000 units) or a combination of both
cytokines (see the hoiiom of the figure). Control mice were treated with saline. Each day. mice were bled for hemocytometric analysis (see E and /â€¢').At different days after the second

CTX injection, mice were sacrificed, tibias and spleen were removed, and bone marrow and spleen cells were counted and plated for CFU-GM and BFU-E colony assays, as described
in "Materials and Methods." Each spleen cell suspension was plated in duplicate. Columns and points, mean of the values obtained from 3 individual mice; hors, SEM. D. CTX + saline;

â€¢¿�,CTX + IL-1 ÃŸ:Â®CTX + IL-2; â€¢¿�.CTX + IL-1 ÃŸ+ IL-2; â€¢¿�.CTX + saline; D. CTX + IL-10; A, CTX + IL-2; O, CTX + IL-1 ÃŸ+ IL-2. *, P S 0.01 versus all the other experimental

groups.

treatment caused only a slight increase in the number of bone marrow
CFU-GM, with no significant effect on spleen progenitors/precursors.

Although the mechanisms underlying the IL-l/IL-2-induced my-

elostimulatory effects are still unknown, it may be suggested that these

cytokines synergize for the production of HGFs, which in turn stim
ulate the proliferation of progenitor cells. In this regard, IL-1 stimu
lates HGF synthesis from different cell types (5-7), as well as the
up-modulation of type II IL-1 receptor expression on hematopoietic
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bone marrow cells (25), while IL-2 up-regulates the cytoplasmic RNA
level of GM-CSF and IL-3 in T-lymphocytes (21). However, IL-2
injection also induces the release of other cytokines, such as y-inter-
feron and tumor necrosis factor a (26-29), exhibiting a significant
myeloinhibitory activity (30). Our studies suggest that the myeloin-
hibition, possibly elicited by IL-2 via secondary cytokines, can be
abolished by simultaneous IL-IÃŸinjection. On the other hand, anal
ysis of the direct effects exerted by IL-IÃŸand/or IL-2 on hematopoi-

etic progenitors requires stringent progenitor purification, as recently
reported in mice (31) and humans (32). Our studies on "pure" human

progenitors in semisolid culture indicate that these cytokines do not
exert a direct stimulatory effect (data not presented here).

Combined IL-1 ÃŸ/IL-2treatment protected mice from CTX-induced

myelosuppression at bone marrow level (Figs. 5 and 6). Furthermore,
an enhanced rebound of bone-marrow/spleen progenitors after CTX

was detected in mice given injections of both cytokines, as compared
to mice treated with CTX alone, whereas no significant effect was
observed in CTX-treated mice given injections of either cytokine
alone (Fig. 8). Finally, rebound of WBC (especially neutrophilic gran-

ulocytes) occurring after CTX treatment was markedly enhanced by
the combined IL-1 ÃŸ/IL-2treatment (Fig. 7; Fig. 8, E and F).

Several studies have reported the antitumor effect of IL-2 in both
experimental models and cancer patients (reviewed in Refs. 33-36).

However, few observations are available on the antitumor effects of
IL-1 (36-39). Preliminary results suggest that this cytokine is well

tolerated and induces marked stimulatory effects on the hematopoietic
system (40-44). We have recently reported that combined IL-l/IL-2

treatment of mice with established Friend leukemia cell tumors elic
ited a synergistic antitumor effect (22).

The combination of various cytokines (e.g., IL-2, tumor necrosis
factor a, G-CSF, and GM-CSF) with chemotherapeutic agents exerts
potent antitumor effects in mice (45), and cytokine-chemotherapy

regimens are currently used in clinical trials. The data presented here
may contribute to the development of more effective combined treat
ments with IL-1 ÃŸ/IL-2and chemotherapeutic agents in antitumor

therapy.
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