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Colony-forming activity of bone marrow cells in 3- and 12-month-old Wistar rats does
not differ by the number of early and erythroid precursors and by the formation of
granulocyte-macrophage colonies. In senescence-accelerated OXYS rats, the number of
early and erythroid precursors significantly increases by the age of 12 months and
surpasses the corresponding values in Wistar rats. The number of granulocyte-macro-
phage colonies in OXYS rats does not change with age, but the numbers of these
colonies formed at the age of 3 and 12 months in these animals are higher than in Wistar
rats. As a result, the total number of hemopoietic colonies in 12-month-old OXYS rats
2-fold surpassed that in 12-month-old Wistar rats. Activation of granulopoiesis and
increased numbers of early and erythroid precursors indicate deep changes in the func-
tional status of the hemopoietic stem cell in 1-year-old OXYS rats in the direction
characteristic of aging animals.
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Disorders in functional activity of hemopoietic stem
cells often precede or parallel immunopathological
conditions associated with aging: immunodeficien-
cy, autoimmune diseases, and cancer. It was assu-
med that baseline hemopoiesis did not change with
age in humans and animals or changed negligibly
[1]. Recent studies showed that proliferative acti-
vity of hemopoietic stem cells increases during aging,
but their migration and repopulating activities de-
crease and differentiation processes are disordered:
the erythroid direction predominates, while the con-
tent of myeloid precursors decreases [13,15]. Recent
findings persuasively prove close relationship be-
tween genetically determined differences in functional
reserves of hemopoietic stem cells and life span [7,8].
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We previously showed that cataract, retinal
dystrophy [2], arterial hypertension [5], osteoporo-
sis [4], deviations in the cognitive and emotional
spheres [9,12] in OXYS rats developed against the
background of early involution of the thymus and
reduced activity of T-cellular component of the im-
mune system [3]. The function of hemopoietic stem
cells during the period of active formation of signs
of early aging was never studied in OXYS rats.
Here we compared colony forming activities of
bone marrow cells of OXYS and Wistar rats.

MATERIALS AND METHODS

The study was carried out on 3- (12 animals per
strain) and 12-month-old (6 Wistar and 5 OXYS
rats) male Wistar and OXYS rats. The animals recei-
ved standard granulated fodder and had free access
to water. In order to evaluate the number of com-
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mitted precursors, bone marrow cells in a concen-
tration of 5x10*ml were incubated in 24-well plates
in methylcellulose medium Metho Cult GF M 3434
(Stem Cell Technology) with stem cell factor, eryth-
ropoietin, IL-3, IL-6. Granulocyte-macrophage (CFU-
GM), erythroid (BFU-E+CFU-E), and mixed (CFU-
GEMM) colonies were counted under an inverted
microscope after 14-day incubation at 37°C in a
humid atmosphere with 5% CO,.

The data were processed using ANOVA/MA-
NOVA (Statistica, 6.0 software). The genotype and
age were regarded as independent factors. The re-
sults are presented as M=+m.

RESULTS

The age was inessential for the formation of CFU-
GM in the bone marrow: their number was the same
in Wistar and OXYS rats at the age of 3 and 12
months (Fig. 1). On the other hand, genetic dif-
ferences were detected. In OXYS rats, the number
of CFU-GM formed in the bone marrow was higher
than in Wistar rats (F,,,=19.3, p=0.0002): by 1.4
times in 3-month-old animals (p<0.002) and by 1.7
times in 12-month-old animals (p<0.037).

The number of early hemopoietic precursors
(CFU-GEMM) depended on the genotype (F,,o=
20.2, p=0.0001) and age of animals (F,,,=17.0,
p=0.0003). However, the number of CFU-GEMM
was the same in the bone marrow of Wistar and
OXYS rats aged 3 months (Fig. 2, a). This para-
meter changed with time only in OXYS rats: the
number of CFU-GEMM increased 8-fold (p<0.0005)
in these animals and surpassed the corresponding
value in Wistar rats (p<0.023).

Similar results were obtained in evaluation of
BFU-E+CFU-E: this parameter was the same in
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Fig. 1. Content of CFU-GM in the bone marrow of Wistar (light
bars) and OXYS rats (dark bars) at the age of 3 (7) and 12 months
(2). *p<0.05 compared to Wistar rats.

Wistar and OXYS rats at the age of 3 months. By
the age of 12 months, the number of BFU-E+CFU-
E increased 2-fold in OXYS rats (p<0.0005) and
did not change in Wistar rats (Fig. 2, b).

The detected changes led to shifts in the basal
clonogenic activity (summary number of hemopoie-
tic colonies; Fig. 3), which was higher in OXYS rats
in comparison with Wistar rats at the age of 3 months
(p<0.019) and 12 months (p<0.001).

Hence, the number of CFU-GM formed in OXYS
rats is higher than in Wistars. Activation of the
granulocyte-macrophagic stem, usually means com-
pensatory replenishment of the granulocyte and
macrophage pools during inflammatory processes
and immune responses [9]. Phagocytic activity of
neutrophils and monocyte/macrophages can increa-
se with aging, but bactericidal activity decreases
due to reduced capacity to “respiratory burst”, pro-
duction of proinflammatory cytokines increases,
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Fig. 2. Content of mixed (CFU-GEMM; a) and erythroid (BFU-E+CFU-E; b) precursors in the bone marrow of Wistar (light bars) and
OXYS rats (dark bars) at the age of 3 (7) and 12 months (2). p<0.001 compared to: *Wistar rats, *3-month-old animals.
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Fig. 3. Basal clonogenic activity of bone marrow hemopoietic
precursors in 3- (1) and 12-month-old (2) Wistar (light bars) and
OXYS rats (dark bars). p<0.02 compared to *Wistar rats, *3-month-
old animals.

while that of antiinflammatory cytokines decreases
[11]. These functions are normalized as a result of
injection of recombinant granulocytic CSF, which
is paralleled by a significant increase in the number
of peripheral granulocytes [15]. By some parame-
ters, the status and reactivity of the mononuclear
phagocyte system in 3-month-old OXYS rats cor-
respond to parameters in old animals: basal activity
of inflammatory effector cells increases, while the
capacity to respond to an extra stimulus decreases
[3]. These results are in line with the fact of chro-
nically hyperactive myelopoiesis in OXYS rats de-
tected in our study.

Proliferation, differentiation, and maturation of
hemopoietic precursors are closely related to their
migration activity. Migration activity decreases with
age, which presumably leads to an increase in the
number of immature hemopoietic cells in the bone
marrow of old animals. The excess of cells in the
bone marrow can become a cause of “ineffective”
hemopoiesis, when some early hemopoietic precur-
sors are destroyed [12]. An appreciable increase in
the number of early hemopoietic precursors (CFU-
GEMM) and erythroid precursors were detected in
the bone marrow of 12-month-old OXYS rats, while
in Wistar rats their content was the same at the age
of 3 and 12 months. This attests to increased pro-
liferative activity of hemopoietic stem cells, which,
according to some authors, is observed in aging
animals and in diseases associated with aging [12].

Increased proliferative activity of hemopoietic stem
cells promotes their erythroid differentiation and
accumulation of erythroblasts in hemopoietic or-
gans. It seems that accumulation of early erythroid
precursors in the bone marrow and spleen can be a
compensatory reaction limiting activity of immuno-
competent cells. The expression of the majority of
proinflammatory cytokines (IL-1, IL-3, EPO, IL-6)
virtually does not change or even increases during
aging [11]. This dysregulation can be responsible
for senile phenotype of hemopoiesis with enhanced
erythropoiesis. Presumably, the population of early
hemopoietic precursors is involved in the formation
of pathological phenotype in OXYS rats: the de-
tected changes in the differentiation potentialities of
hemopoietic stem cells (active granulopoiesis, in-
creased content of early and erythroid precursors
with age) indicate deep disorders in their functional
activity, characteristic of aging animals.

The study was supported by the Russian Foun-
dation for Basic Research (grant No. 05-04-48483).
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