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We studied the content of hemopoietic precursor cells in the bone marrow, production
of IL-1, IL-3, and colony-stimulating and erythropoietic activities by bone marrow cells
under conditions of chronic stress. It was shown that in mice subjected to 15-h immo-
bilization no hyperplasia of the bone marrow developed against the background of
increased content of committed erythro- and granulomonocytopoietic precursors and en-
hanced production of short-distant humoral regulators of hemopoiesis, which reflects
dysregulation of hemopoietic cells proliferation and differentiation processes in stressed

animals.
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The key role in the regulation of proliferation and
differentiation of hemopoietic precursor cells under
extreme conditions is played by hemopoiesis-indu-
cing microenvironment (HIM) [4,9]. The important
role in the mechanisms of hemopoiesis regulation
during stress is played by HIM cells releasing some
humoral factors (erythropoietin, IL-1, IL-3, IL-6, IL-11,
CSF) essential for adequate response of the hemo-
poietic tissue [5,7]. Additional need for mature cells
developing in some pathologies leads to increased
strain in the blood system, in particular, massive
consumption of hemopoietic precursors, which are
required for replenishment of cell death in hierar-
chically lower populations [2,9]. However, long-
term stress can exhaust the compensatory reserve
of the hemopoietic tissue, which is accompanied by
dysregulation of the pool of hemopoietic precursors
and suppression of all hemopoietic lineages [8].
The mechanism of this phenomenon remains un-
clear.

Here we studied regulation of proliferation and
differentiation of hemopoietic precursor cells under
conditions of chronic stress.
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MATERIALS AND METHODS

Experiments were carried out on 2-2.5-month-old
male (n=140) CBA/Calac mice weighting 18-20 g.
The animals were subjected to repeated 15-h im-
mobilization (with a forceps by the skin fold on the
neck) over 10 days. Intact CBA/CalLac mice (n=6)
served as the control. The animals were obtained
from nursery of Institute of Pharmacology, Tomsk
Research Center (certified animals). The mice were
sacrificed by cervical dislocation under ether nar-
cosis at different terms of the experiment. The num-
ber of myelokaryocytes in the bone marrow was
determined routinely; their qualitative composition
was evaluated on smears stained after Nocht—Mak-
simov [6].

Hemopoietic islets were isolated, the content
of erythro- and granulomonocytopoiesis precur-
sor cells (CFU-E and CFU-GM) was determined,
IL-1, IL-3, colony-stimulating and erythropoietic
activities of media conditioned by adherent and
nonadherent bone marrow cells were assayed [6].
The number of Thy-1,2* cells was determined
by the method of complement-dependent cyto-
lysis using anti-Thy-1,2* monoclonal antibodies
(clone 5A-8 CL 8600A, Cedarlane) [6]. Feeder
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activity of adherent bone marrow cells was eva-
luated by their ability to maintain colony-forma-

tion [1].
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The data were processed statistically using Stat-
software. Student ¢ and Wilcoxon—Mann—

Whitney U tests were applied [3].
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Fig. 1. Content of erythroid cells (a), CFU-E (b), and erythroid islets (¢) in the bone marrow and production of erythropoietic activity
(EPA) by adherent (d), nonadherent (e) myelokaryocytes and in blood serum (f) of CBA/CalLac mice subjected to repeated 15-h
immobilization. Ordinate: total number of erythroid cells per femur, % of baseline (a); number of CFU-E per femur, % of baseline (b);
number of erythroid islets per femur, % of baseline (¢); EPA, % of baseline (d-). Here and Fig. 2: *P<0.05, *P <0.05 compared to the

control.
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Fig. 2. Total content of immature (a), mature (b) neutrophilic
60 | granulocytes in the bone marrow, number of CFU-GM (c),
granulocytic islets (d) in the bone marrow and production of colony-
40 stimulating activity (CSA) by adherent (e), nonadherent (f)
myelokaryocytes and in blood serum (g) of CBA/CalLac mice
20 subjected to repeated 15-h immobilization. Ordinate: total number
0 of cells in the bone marrow, % of baseline (a, b); number of CFU-

01 2 3 4 5 6 7 8 910 GM per femur, % of baseline (c); number of granulocytic islets

Time, days per femur, % of baseline (d); CSA, % of baseline (e-g).
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RESULTS

The production of erythroid precursors sharply
increased at early terms of the experiment (days 1-
3); their number increased by more than 10 times
compared to the control (Fig. 1, b). The formation
of granulomonocyte-macrophage colonies was also
increased from the first days of the experiment. The
yield of CFU-GM was significantly increased on
days 1-2, 5, 8, and 10 of the experiment (675-
1150, 775, 725, and 825%, respectively, from base-
line level; Fig. 2, c).

Analysis of the morphological composition of
the bone marrow in stressed animals revealed
decreased number of erythrokaryocytes (except
day 1, Fig. 1, a) and slightly increased content of
erythroid islets (significant on day 6, Fig. 1, c¢).
This can result from disturbed differentiation of
erythroid cells, because, according to modern views,
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maturation of hemopoietic cells from precursor to
more mature forms occurs in hemopoietic islets
[10]. In the bone marrow of mice subjected to re-
peated immobilization the content of immature neu-
trophilic granulocytes did not increase throughout
the experiment, except day 10 (Fig. 2, a). The con-
tent of mature neutrophilic granulocytes after a tran-
sient decrease (days 1-4) gradually recovered and
attained the initial level on day 9 of the experiment
(Fig. 2, b). Analysis of structural and functional orga-
nization of the bone marrow revealed considerably
increased content of granulocytic islets only on day
2 of the experiment (157.7% from the initial level),
but then this parameter decreased (significant decrease
was observed on days 9-10; Fig. 2, d).

The content of CFU-E in the bone marrow in-
creased against the background of enhanced pro-
duction of erythropoietic activity by nonadherent
(days 1-4) and adherent (days 4-6) myelokaryo-
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Fig. 3. Content of Thy-1,2* cells in the bone marrow (a), production of IL-1 activity by adherent (b), IL-3 activity by nonadherent (c)
myelokaryocytes and feeder activity of adherent bone marrow cells (d) from CBA/CalLac mice subjected to repeated 15-h immobilization.
Ordinate: content of Thy-1,2+ cells, % of baseline (a); IL-1 activity, % of baseline (b); IL-3 activity, % of baseline (c); feeder activity, %

of baseline (d). *P<0.05 compared to the control.
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cytes (Fig. 1, d, e); serum erythropoietic activity
also increased (Fig. 1, f). Colony-stimulating acti-
vity increased in both media conditioned by adhe-
rent myelokaryocytes (significant increase was ob-
served on days 2-6) and supernatants of nonadhe-
on days 5 and 7 respectively, from baseline level).
The level of colony-stimulating activity in the se-
rum of experimental animals on days 1-2, 4-6, and
8 of the experiment significantly increased compared
to the control (Fig. 2, e-g).

Repeated stress exposure was not associated
with accumulation of Thy-1,2* cells in the bone
marrow at early terms of the experiment against the
background of pronounced thymus involution, al-
though previous experiments demonstrated increa-
sed content of T cells in the bone marrow under
conditions of immobilization stress [9]. Significant
accumulation of Thy-1,2* cells in the bone marrow
was noted at later terms: on days 7 and 10 (232.2
and 247.2% compared to the initial level; Fig. 3, a).
This cell population is probably responsible for
enhanced production of IL-3 (maximum on day 7;
Fig. 3, ¢) in supernatants of nonadherent bone mar-
row cells from stressed mice. Production of IL-1 by
adherent myelokaryocytes was enhanced starting
from the first day of the experiment and remained
increased throughout the observation period (Fig.
3, b), being a manifestation of nonspecific response
of the organism [11]. Feeder activity of adherent
bone marrow cells from stressed animals was con-
siderably increased only on day 4 of the experiment
and did not differ from the control at other terms
(Fig. 3, d).
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Thus, the absence of hyperplasia of the bone
marrow hemopoiesis together with increased yield
of hemopoietic precursors, enhanced production of
short-distant regulators of hemopoiesis, and minor
increase in the number of hemopoietic islets at-
tested to imbalance in hemopoietic cell prolife-
ration and differentiation under conditions of chro-
nic stress.
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