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Repeated injections of hemopoietic cytokines (granulocyte colony-stimulating factor and
stem-cell factor) to normal mice increase the content of bone marrow stromal precursors,
which are capable of transferring hemopoietic microenvironment; cytokines have no effect
on osteogenic potencies of stromal precursors. In contrast, injection of granulocyte colony-
stimulating factor during organization of a hemopoietic microenvironment considerably
decreases the number of stromal precursors in the ectopic focus. The role of these stromal
effects of cytokines in cytokine-induced mobilization of stem cells from the bone marrow

into circulation remains unciear.
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Peripheral blood cells have long attracted interest as
an alternative source of hemopoietic stem cells (HSC)
for transplantation. In steady-state hemopoiesis only
minor population of HSC belonging to a more dif-
ferentiated pool compared with the bone marrow is
presented in the circulation [2,7]. It was found that
regeneration of hemopoietic tissues in patients after
chemotherapy is accompanied by a considerable in-
crease in blood content of HSC. Studies with hemo-
poietic growth factors showed that cytokines not only
potentiate the release of HSC into circulation after
chemotherapy, but also induce an appreciable mo-
bilization of precursors without chemotherapy: maxi-
mum concentration of precursors in the blood at-
tained or surpassed that in the bone marrow [4,5,8].
This allowed for the use of mobilized precursors from
peripheral blood as an additional or alternative source
of HSC for transplantation. At present, the number
of autotransplantations of peripheral blood cells sur-
passed that of transplantation of autologous bone
marrow [3]. Since cytokines are less dangerous than
chemotherapy, practical studies on cytokine-induced
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mobilization of HSC in healthy donors as a source
of peripheral blood precursor cells are recommended
and have been initiated [6].

The mechanisms of the mobilizing effect of cyto-
kines remains unclear. This activity may be due to
changes in hemopoietic microenvironment, in parti-
cular, weak adhesion of HSC to the stroma, and effect
on HSC, for instance, blockade of adhesion molecules
and enhanced release of HSC into circulation.

Here we report on the effects of the widely used
cytokines granulocyte colony-stimulating factor (G-
CSF) and stem-cell factor (SCF) on the number of
stromal precursors, which are capable of transferring
hemopoietic microenvironment 1], and on their ac-
tivity during organization of this microenvironment.

MATERIALS AND METHODS

Experiments were carried out 12-25-week-old female
and male CBF, (CBA/LacxC57Bl/6)F, rats. Cyto-
kines, recombinant rat SCF (Amgen) and recom-
binant human G-CSF (Neupogen 48, Amgen) were
dissolved in physiological saline containing 0.1%
bovine serum albumin and injected subcutaneously
in doses 250 pg/kg (G-CSF) and 34 pg/kg (SCF)
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for 6, 10, or 17 days. Control mice received the
vehicle. Twenty hours and one month after the last
injection, bone marrow from the femurs of control
and experimental mice was implanted to syngeneic
mice under the kidney capsule [1]. The size of the
ectopic islet (by number of hemopoietic celis) and
osteogenic activity of stromal precursors (by the mass
of newly formed bone tissue) were assessed 1.5 months
after implantation. In one group the effect of G-CSF
on the formation of ectopic hemopoietic islet was
evaluated. To this end implantation of syngeneic
bone marrow was performed 1 day prior to the first
cytokine injection; G-CSF was injected for 10 and
17 days. The size of ectopic hemopoietic islet was
determined 1.5 months after transplantation. To de-
termine the content of cells in the initial bone mar-
row, which are able to transfer hemopoietic micro-
environment, some newly formed islets in the bone
marrow were retransplanted to secondary recipients,
in whom the size of hemopoietic foci was measured
1.5 months after transplantation. The data were pro-
cessed statistically using the Student ¢ test.

RESULTS

For evaluation of the effect of cytokines on stromal
precursors the method of ectopic hemopoietic islets

was used. Ectopic hemopoietic islet is formed 1-2

months after transplantation of syngeneic bone mar-
row under the kidney capsule. Stroma in this islet is
derived from donor, while hemopoiesis is provided
by host HSC. The number of cells in this focus
reflects the amount of stromal precursors in it [1].
Injection of G-CSF to donor mice 1.5-fold en-
larged the size of ectopic islet formed by their bone
marrow in syngeneic recipients (Table 1). Retrans-
plantation of these foci showed that this enlargement
is due to increased content of stromal precursors in
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Fig. 1. Size of ectopic hemopoietic focus from mouse bone marrow
1 day and 1 month after injection of cytokines.

the bone marrow of cytokine-treated mice. Injection
of G-CSF/SCF combination had a stronger effect on
the size of ectopic islets and the content of stromal
precursors in it; the maximum effect was produced
by long-term (17 days) treatment with cytokines, the
size of ectopic islet and the number of stromal pre-
cursors being increased 3-4 fold (Table 1). Stromal
precursors possess osteogenic potencies and form de
novo bone tissue. The test cytokines had no significant
effect on de novo bone formation (Table 1). The ob-
served effect of cytokines can play a negative role in
their clinical use in healthy donors for mobilization of
HSC into circulation for allogenic transplantation. In
light of this, we studied persistence of the stromal
effect of test cytokines. As seen from Fig. 1, one

TABLE 1. Size of Ectopic Hemopoietic Focus Formed by Bone Marrow Cells from Cytokine-Treated Mice (M+m)

Implantation of bone marrow from Reimpiantation of ectopic focus to
cytokine-treated mice secondary recipients
Group
number of ":e'::e;e‘:f bone number of ";;E:e;e‘r’f bone
foci focus, X108 weight, mg foci focus, x10° weight, mg

Control 9 6.5%1.0 2.00.2 4 5.9+1.2 2.6+0.4
G-CSF 6 days 4 7.4£2.2 1.1£0.2

10 days 3 10.74£2.0 1.040.2 3 11.3x2.9 3.0£0.6

17 days 4 9.2¢1.0 3.320.7 3 13.3+2.8 3.5+0.7
G-CSF+SCF 6 days 4 6.4£1.6 2.240.5
10 days 4 12.8%1.5 2.410.6

17 days 4 18.4+3.9 1.740.5 5 19.5+4.2 3.2+06
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TABLE 2. Effect of G-CSF on Ectopic Hemopoietic Focus Formed by Bone Marrow from Normal Mice (Mtm)
Implantation of bone marrow Reimplantation of ectopic focus
Treatment from normal mice to secondary recipients
with G-CSF . .
number number of ceils | bone weight, number number of cells| bone weight,
of foci per focus, x108 mg of foci per focus, x108 mg
Control 4 8.3%1.7 2.240.4 4 16.2+3.3 2.3:0.5
10 days 4 5.310.7 2.710.7 4 9.0+1.8 1.9+0.5
17 days 6 3.410.6 2.010.4 6 1.710.3 1.3£0.4

month after treatment with G-CSF the content of
stromal precursors returned to normal regardless the
duration of the treatment. Other results were obtained
in long-term combined treatment with G-CSF and
SCF. Effect of this combination did not decay over
one month after completion of cytokine treatment.
Hence, special attention in clinical studies should be
paid not only to choice of cytokines, but also to
duration of cytokine treatment for HSC mobilization.
We studied the effect of cytokines on the con-
tent of stromal precursor cells in the bone marrow.
It could be assumed that cytokines modulate pro-
liferation and differentiation of stromal precursors
during formation of hemopoietic microenvironment,
i.e., ectopic hemopoietic islet. We explored this
possibility for G-CSF (Table 2). Experiments showed
that G-CSF has an opposite effect on stromal pre-
cursors: it inhibits proliferation of transferred stromal
precursors and sharply reduces both the size of ecto-
pic islet (1.5-2.5-fold) and the content of stromal
precursors in it (2-10-fold, Table 2). Cytokines had
no appreciable effect on osteogenic potencies of the
stromal precursors.
Thus, we observed two different stromal effects
of hemopoietic cytokines:
— during the formation of ectopic hemopoietic islet
characterized by proliferation and differentiation
of stromal precursors {1], pharmacological con-

centrations of G-CSF suppress the formation of
hemopoietic focus and reduce the content of newly
formed stromal precursors;

— in the bone marrow of normal mice (differentiated
non-proliferating system) cytokines increase the
number of stromal precursors capable of trans-
ferring the hemopoietic microenvironment. The
question whether cytokines are involved into HSC
mobilization remains unanswered.
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