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The content of hemopoietic precursors in the bone marrow, its morphological composition,
structural and functional organization, binding of hemopoietic precursors by adherent cells,
and expression of receptors for erythroblasts and sialoadhesin on bone marrow macrophages
were studied in CBA/Calac mice with hypoplasia of hemopoiesis caused by etoposide in a
maximum permissible dose. It was found that recovery of hemopoiesis after cytostatic
treatment was related to accelerated maturation of hemopoietic precursors and increased
ability of microenvironmental cells to bind hemopoietic cells.
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Bone marrow hemopoiesis depends on secretion of
humoral regulators by cells of the hemopoiesis-indu-
cing microenvironment (HIM) and presence of cell-
cell contacts [3,12,13]. Mature bone marrow macro-
phages playing an important role in the maturation of
hemopoietic cells are the main components of HIM
[1]. These macrophages express various receptors and
adhesion molecules, including receptors for erythro-
blasts and sialoadhesin, that bind immature erythroid
and granulocytic cells through specific ligands [13].
The cooperative interaction of macrophages, fibro-
blasts, or endotheliocytes with hemopoietic cells con-
tributes to the formation of specific structural and
functional elements named hemopoietic islets (HI).
Proliferation and maturation of hemopoietic cells oc-
cur in HI [4,6,12]. Previous studies of the effects of
various cytostatics (cyclophosphamide, 5-fluorouracil,
and adriamycin) on HIM revealed pronounced struc-
tural disturbances in the bone marrow. It was shown
that the ability of HIM cells to bind hemopoietic pre-
cursors plays an important role in the formation of HI
and recovery of hemopoiesis. The antitumor plant pre-
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paration etoposide widely used in anticancer therapy
markedly suppresses hemopoiesis [7,10]. Here we stu-
died the mechanisms underlying changes in structural
and functional characteristics of the bone marrow and
their role in the recovery of hemopoiesis during eto-
poside-induced myelosuppression.

MATERIALS AND METHODS

Experiments were performed on 170 male CBA/CaLac
mice aging 2.0-2.5 months and weighing 18-22 g (nur-
sery of the Institute of Pharmacology, Tomsk Research
Center). The animals received single intraperitoneal
injection of etoposide (Bristol-Myers) in a maximum
permissible dose (MPD 10 mg/kg, probit analysis)
[10]. The animals were euthanized by cervical dis-
location under ether anesthesia on days 1-8, 10, 12, 14,
and 16 after cytostatic administration. The total count
of bone marrow myelokaryocytes was estimated. The
qualitative composition of the bone marrow was as-
sayed in smears stained by the method of Nokht—
Maksimov. Cloning of erythropoietic (CFU-E) and
granulomonocytopoietic precursors (CFU-GM) from
nonadherent myelokaryocytes was performed in a me-
thylcellulose culture [2]. We counted colonies of bone
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marrow cells from intact mice before and after 2-h
incubation with adherent bone marrow cells from cyto-
static-treated animals. The ability of adherent bone
marrow cells from etoposide-treated mice to bind in-
tact CFU-GM and CFU-E was estimated by the diffe-
rence between the counts of colonies. To evaluate
structural and functional organization of the bone mar-
row, HI were enzymatically isolated, stained with neu-
tral red, and counted in the Goryaev chamber [2]. Ex-
pression of sialoadhesin receptors on bone marrow
macrophages was determined using the suspension of
sheep erythrocytes in phosphate-buffered saline con-
taining fetal bovine serum [12]. Expression of eryth-
roblast receptors on bone marrow macrophages was
determined using a suspension of embryonic liver (non-
adherent fraction) in phosphate-buffered saline con-
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taining fetal bovine serum [14]. The results were ana-
lyzed by Student’s ¢ test [8].

RESULTS

Etoposide decreased the cellularity of granulocytic and
erythroid bone marrow stems. Normalization of the
contents of immature neutrophilic granulocytes, ma-
ture neutrophilic leukocytes, and erythroid cells in the
bone marrow started 3 days after etoposide admini-
stration (Fig. 1, a, b).

The counts of CFU-GM and CFU-E in the hemo-
poietic tissue increased 1-7 and 1-8 days after treat-
ment, respectively, returned to normal on day 10, and
remained unchanged to the end of observations (Fig.

1, ¢, d).
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Fig. 1. Contents of immature (7) and mature (2) neutrophilic granulocytes (a), erythrokaryocytes (b), granulomonocytopoietic (¢) and erythropoietic
CFU (d) in the bone marrow of CBA/CaLac mice receiving etoposide in MPD. Here and in Figs. 2 and 3: confidence intervals at p=0.05 are

shown by dotted lines.
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Fig. 2. Binding of intact granulomonocytopoietic (a) and erythropoietic CFU (b) by adherent bone marrow cells and contents of granulocytic
(c) and erythroid hemopoietic islets (d) in the bone marrow of CBA/CalLac mice treated with etoposide.

This process was accompanied by structural and
functional in changes the bone marrow. The total num-
ber of HI islets decreased, but then increased to 124%
of the initial level (day 7). This was primarily related
to an increase in the count of erythroid HI (Fig. 2, d).
Migration of granulocytic cells from the bone marrow
was suppressed after cytostatic treatment (Fig. 2, ¢).

Expression of membrane-bound erythroblast recep-
tors on macrophages in cytostatic-treated mice tended to
decrease by 12 and 17% on days 2 and 10 after treat-
ment, respectively (insignificantly). These changes were
followed by a decrease in the count of erythroid HI by
53 and 55% on days 3 and 12 after cytostatic admini-
stration, respectively (Fig. 3, a). The increase in the
expression of sialoadhesin receptors on bone marrow
macrophages by 125% on days 7, 8, and 10 probably
contributed to normalization of the number of granulo-

cytic HI (Fig. 3, b). Since these changes occur later than
reparative processes, they do not underlie the recovery
of erythroid and granulocytic hemopoietic stems.

The binding of CFU-GM and CFU-E by adherent
bone marrow cells increased to 240 and 500%, re-
spectively, on the next day after treatment (Fig. 2, a,
b). The count of intact precursors bound to adherent
bone marrow cells surpassed the control in all periods
after cytostatic administration. This increase in the
affinity of adherent HIM cells to hemopoietic precur-
sors against the background of severe structural and
functional disorganization of the bone marrow prob-
ably potentiates precursor binding to fibroblasts and
macrophages not involved in the formation of HI.
These changes lead to the formation of class III HI
with high cellularity, which is related to the binding
of several precursors to one central cell [5].
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Fig. 3. Expression of erythroblasts (a) and sialoadhesin (b) receptors on bone marrow macrophages from CBA/CalLac mice receiving

etoposide in MPD.

Our results and previous data on changes in se-
cretion of hemopoietic growth factors indicate that
adhesion of hemopoietic cells to HIM elements con-
tributes to the regulation of functional activity of hemo-
poietic precursors [11]. The increase in the ability of
stromal cells to interact with CFU-E probably plays
the major role in the regeneration of the erythroid
hemopoietic stem at the early stages after cytostatic
treatment. The recovery of erythropoiesis at the late
stages after etoposide administration is associated with
intensive secretion of hemopoietic growth factors by
adherent bone marrow cells (erythropoietic activity)
and increase in plasma erythropoietic activity. These
processes are simultaneously involved in the normali-
zation of bone marrow granulocytopoiesis.
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