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ABSTRACT

Emperipolesis is considered a physiological phenomena often present in various pathophysiological conditions, but its
etiology is still unknown. In this study, we analyzed the number of megakaryocytes and the percentage of emperipoletic
cells in the sternal and femoral bone marrow of Wistar rats. Five types in the thrombopoiesis lineage (megakaryoblasts,
promegakaryocytes and megakaryocytes - acidophilic, basophilic and thrombocytogenic) were determined. Except for
basophilic megakaryocytes, significant differences were found for number of thrombopoietic cells in the sternal and
femoral bone marrow. A larger number of thrombocytogenic megakaryocytes were present in the sternal bone marrow.
Emperipoletic cells were significantly present in the femoral compared to the sternal bone marrow. Emperipolesis was typical
for lymphocytes and neutrophils individually, while emperipolesis with two or more cells within thrombopoietic cell was
also present (1-7 %) and significant differences between the sternal and femoral bone marrow were detected. Emperipolesis
was found in all analysed rats and it most commonly occured within mature megakaryocytes and rarely megakaryoblasts,
while it was not recorded in the promegakaryocytes. The high incidence of megakaryocytes with emperopolesis in rats could
be a consequence of “normal” cell retention in the cytoplasm of megakaryocytes while passing blood cells to circulation or

related to haematopoietic response due to high incidence of inbreeding.

Key words: bone marrow, emperipolesis, femur, megakaryocytes, Wistar strain

INTRODUCTION

The recent research data associated with
the phenomena like engulfment of one cell into
another, include processes such as emperipolesis,
entosis and cell cannibalism. All these phenomena
are closely related (cell-in-cell phenomenon),
yet they differ from one another. Analysing the
mentioned phenomena is quite important as they
play a major role in the establishment of diagnostic
and prognostic values (1). Emperipolesis is a type
of cell engulfment where the cytoplasm of a host
hematopoietic cells contains other cells, most
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often neutrophils, lymphocytes and plasma cells
in aliving and intact state. The most common host
cells are megacaryocytes, histiocytes, monocytes,
endothelial cells, lymphocytes and plasma cells
(2). In this phenomenon both cells are sustainable
without apparent morphological and physiological
consequences for the “engulfed” cell and host cell
(3). Thisphenomenonis different from phagocytosis,
because the affected cell within the host cell remains
viable and leaves the cell without physiological and
morphological consequences. This process can be
physiological or pathological like a pathognomonic
feature of some diseases (4). Ethiopathogenesis
is undefined, especially in hematolymphoid
disorders and some non-hematological malignant
diseases in humans (3). Emperipolesis has been
established in bone marrow aspirates, liquors, and
tissue cultures in some diseases (5). Histiocytes
have shown emperipolesis of lymphocytes, plasma
cells, neutrophils and erythrocytes in Rosai-
Dorfman disease (6). Megacaryocytic bone marrow
emperipolesis increases due to granulocytic or
erythropoietic hyperplasia. Otherwise, the presence
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of emperipolesis in erythroblasts was increased
during high erythropoietic activity in the liver
and relative fetal anemia (7). The megacaryocytic
emperipolesis in bone marrow was found in some
cases of chronic lymphatic leukemia and hairy
cell leukemia (8). Emperipolesis nowadays is
understood as a mechanism for improving of cell
survival and preventing cell apoptosis within the
host cell or control cells that may be cytotoxic
to the host cells (7). Emperipolesis presented in
lymphoma is related with the role of cytokines
release from lymphoma cells, which may be the
result of active adherence of lymphocytes to tumor
cells or macrophages (9). Some studies showed that
emperipolesis is the pathway which is mediated by
natural killer cell-mediated tumor cell death, where
the target cell membrane fluidity is essential for
this interaction (10). “Suicidal emperipolesis” is
the most recently reported process, which is taking
place in a non-malignant environment. It is the
first cell-in-cell structure described having a role in
maintaining homeostasis in organism (11).

The aim of this study was to analyze the number
of megakaryocytes in the bone marrow of the femur
and sternum of Wistar rats and to determine the
presence and percentage of emperipolesis within
megakaryocytes. A special task was to determine
the most common type of cells affected by
emperipolesis.

MATERIAL AND METHODS

Animal Breeding

In this experimental design, we used 10
individual rats (Rattus norvegicus, Wistar
strain). Animals were bred in the Laboratory for
Biochemistry and Physiology, Faculty of Science,
Sarajevo. The animals were kept in special cages
at an optimum room temperature (25 °C) and fed
with the Oxbow Essential pellets for rats with water
ad libitum. During the breeding and experimental
phases animals were treated according to the
ethical and legal requirements (“Declaration on the
Rights of Animals”, UNESCO 1978 and “Universal
Declaration on Animal Welfare”, WSPA 2000).

Experimental design

The selected animals used in this study were
15 weeks old with a mass between 250 g and
290 g. Sufentanil/medetominide (50/150 pg/kg)
was used for anesthesia and a doubling dose was
administered intramuscularly for euthanasia. After

72

euthanasia, the femur and sternum were completely
isolated and used for further bone marrow isolation
and analysis. Both bones were longitudinally cut
and the bone marrow was removed with a small
gauge needle (22G; Semikem, Sarajevo, BiH). The
bone marrow was placed on a microscop slide and
smeared gently using the touch technique. The
smears were stained by May-Griinwald and Giemsa
stains (Sigma-Aldrich).

Microscopic analysis

Cell identifications were performed on an
Olympus BX41 light microscope and an Olympus
DP12 camera. Image analysis and processing was
done in the licensed software (Olympus DP12 Soft
DP12-CB Ver.01.01.01.42. ® Olympus Corp).

Statistical analysis

The obtained results were analyzed using the
IBM SPSS ver. 20 statistical software (Inc., Chicago,
IL, USA). For all data, the mean, standard deviation
and range were calculated. One way ANOVA was
used to calculate significant differences (p value
less than 0.05 shows significant differences).

RESULTS

Table 1.showsthe percentage of megakaryocytes,
including standard deviation and range, in the
femoral and sternal bone marrow. In the femoral
bone marrow, a larger number of megakaryoblasts,
promegakaryocytes, acidophilic and basophilic
megakaryocytes were present in relation to the
sternal bone marrow. Otherwise, the sternal bone
marrow contained a significantly higher number
of thrombocytogenic megakaryocytes. Only for
the acidophilic and basophilic megakaryocytes
significant differences between the sternal and
femoral bone marrow were not found.

Table 2. shows the percentage of emperipoletic
cells in the sternal and femoral bone marrow. The
total number of emperipoletic cells was calculated
to be 100 megakaryocytes in total. We found that
incidence of emperipolesis was 10-30% in the
femur and 12-26% in the sternum. In our study,
emperipolesis mainly included one type of cell (most
commonly lymphocytes) within megakaryocytic
cell and it was rather more present in the sternum
(13.60 + 3.24) than in the femur (10.90 = 4.70). The
emperipolesis of neutrophils was more observed in
the sternal bone marrow, while emperipolesis with
more than two cells was significantly presented in
the femoral bone marrow.
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Table 1. The percentage of megakaryocytes in the sternal and femoral bone marrow

Bones Femur Sternum

Cells Meanzstdv Range Meanzstdv Range Sig.
Megakaryoblasts % 5.40+1.58 3-9 4.00+0.94 2-5 0.013*
Promegakaryocytes % 4.80+0.79 4-6 3.20+0.79 2-4 0.000*
Acidofilic megakaryocytes % 39.10+8.32 24-50 36.90+6.17 23-43 0.255
Basofilic megakaryocytes % 41.40+6.79 31-52 38.80+£6.94 29-54 0.204
Thrombocytogenic megakaryocytes %  9.30+3.20 6-16 17.10+£5.63 10-25 0.001*

Note: * significant values at 0.05

Table 2. Percental ratio of emperipoletic cells in the sternal and femoral bone marrow

Emperipolesis Femur Sternum

Meanz=stdv Range Meanz=stdy Range Sig.
Emperipoletic cells % 16.90+5.78 10-30 20.40+4.03 12-26 0.067
Emperipolesis of lymphocytes % 10.90+4.70 4-21 13.60+3.24 8-18 0.076
Emperipolesis of neutrophiles % 3.13+1.81 1-6 4.30+1.77 2-8 0.092
Emperipolesis of more cells % 3.89+1.83 1-7 2.50+1.08 1-5 0.029*

Note: * significant values at 0.05

Figure 1. Emperipoletic cells in the bone marrow (a-emperipolesis of lymphocytes within megakariocyte;
b-emperipolesis of neutrophiles within megakariocyte; c-emperipolesis of neutrophilic granulocyte within
megakaryoblast; d-emperipolesis of more cells in megakariocyte; scale bar =20 pum)
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Figure 1 shows megakaryocytes that engulf
some cells of the leukopoietic lineage. Emperipolesis
was most common in mature megakaryocytes.
However, one example of emperipolesis was
observed in the megakaryoblast, (Fig. Ic), as
immature cells. Emperipolesis was not found in the
promegakaryocytes.

DISCUSSION

In the femoral bone marrow of rats, a higher
number of megakaryocytes were presented in
comparison to the sternum. This may be due to the
anatomical bone structure that contains a greater
cavity and it is filled with larger amount of bone
marrow. On the other hand, the sternum does not
have a large bone cavity and contains a larger
number of osteoclasts and osteoblasts participating
in the ossification. Osteoclasts are very large cells,
morphologically like megakaryocytes. Osteoclasts
promote the formation of hematopoietic niches for
stem cells in the bone marrow (12).

Considering the osteoclast function and the
structure of the sternum, thrombopoiesis is probably
poorly active in this microenvironment. However,
maturation of thrombocytogenic megakaryocytes is
significantly higher in the sternal bone marrow. We
believe that such a bone structure leads to a higher
production of megacaryocytic cellsinthe bone marrow
and that the bone marrow sternum is responsible for
the platelet maturation of thrombocytes produced
by thrombocytogenic megakaryocytes, as the last
mature cell of the thrombocytogenic line.

Recent studies regarding characterization of
bone marrow structure and function reported
the special microcircuits associated with the
differentiation or mobilization of hematopoietic
stem cells (13). The analysis of the cell composition
and its localization identified a peri-vascular niche
composed of endothelial, CXCLI12+ reticular cells
and nestint mesengimal stromal cells, as well as
an endosa-related niche composed of osteoblasts,
osteolinage cells, and NG2+ pericytes (14). During
the differentiation of hematopoietic stem cells,
megakaryocytes migrate from the endost to the
vascular niche where the platelets are directed into
the bloodstream, as a end stage of maturation in
the megakaryopoiesis. Megacaryocytes are closely
linked to the vascular bone marrow niche, where they
are found in adjacent sinusoids in the bone marrow
using intravital fluorescence microscopy (15).

Ex vivo analysis of the localization of
megakaryocytes showed that they are presented in
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various anatomical parts of the rat bone marrow that
are interconnected with the endosteum, through
arterioles and sinusoids (16). Megacaryocytes play
a major role in the production of platelets through
a highly controlled formation of long, branched
protrusions known as protrombocytes connected
with cytoplasmic bridges (17). Prothrombocytes
pass through the sinusoids between endothelial
cells; however signals that regulate the terminal
maturation of megakaryocytes are still unknown.
The presence of a large number of thrombocytogenic
megakaryocytes in the sternal bone marrow is a
point of interest.

Many in vitro and in vivo studies have
shown a clear role for the megakaryocytes in
modulating the proliferation and differentiation
of osteoblasts and osteoclasts. In four models of
mice megakaryocytosis and osteosclerosis were
observed, indicating the positive effect of the
megacaryocytic line on the cellular dynamics in
the bone marrow (18). Megacaryocytes express
osteoprotegerin (OPG), GM-CSF, RANKL and
others that inhibit the development of osteoclasts, as
well as some factors that enhance the proliferation
and differentiation of osteoblasts. Therefore,
often in the bones of the bone marrow, beside the
megakaryocyte, osteoclasts are also presented.

In our study, emperipolesis has been established
in all rats and there was no significant difference
in their formation in the femoral and sternal
bone marrow. Emperipolesis can affect all types
of hematopoietic cells, most often a leukocyte
lineage, although this phenomenon is often related
to lymphocytes and neutrophil granulocytes. On
the other hand, the megakaryocyte emperipolesis
is mainly found in mature cells, although one
case is observed in megakaryoblasts. This
cell-in-cell phenomenon was not found for
promegarkariocytes. The reason for the presence
of emperipolesis in mature megakaryocytes is
probably due to the fact that megakaryocytes have
larger dimensions and higher free cytoplasmic
space than megakaryoblasts. Megakaryoblasts
and promegakaryocytes have a large nucleus and
smaller cells, which makes this phenomenon often
absent in immature form. The largest number of
megakaryocytic emperipolesis involved one type
of cell, a lymphocyte or neutrophil granulocyte.

Microscopic observation of  affected
hematopoietic cells (lymphocytes or neutrophils)
by megakaryocytes did not show any morphological
changes in the affected cell or the formation of
phagosomes in megakaryocytes. Emperipolesis of
megakaryocytes in the human bone marrow are
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presentat various clinical conditions (19). According
to Tavassoli (20), emperipolesis is related with
blood loss and neutrophil emperipolesis have been
increased in patients with autoimmune hemolytic
anemia and iron deficiency.

Increased and pathologic emperipolesis of
neutrophils within megakaryocytes is associated
with marrow fibrosis (21). The incidence of
megakaryocytic emperipolesis is significantly
increased in rats during the aging process,
where hematopoietic cellular hyperplasia in the
bone marrow has been observed as the result of
chronic blood loss and chronic inflammation
(22). Otherwise, the incidence of emperipolesis in
younger rats (2-12 months) was 0.3% and it was
increased by 2-5% in the older rats (18-24 months).
In a study performed by some authors (23) where
incidence of megakaryocytic emperipolesis was
analysed after X-ray exposure, the frequency
of megakaryocytic emperipolesis was less than
15% of the megakaryocytes in control group but
it increased to 34% in mice that had only been
irradiated (23).

Our results are not in accordance with published
studies, especially regarding the age of rats in
whom emperopolesis was detected. In our study, the
incidence of emperipolesis was 100% in young rats
(15 weeks old). On the other hand, if emperipolysis
can be considered as a physiological phenomenon
in healthy rats, it could be explained in two ways.
Namely, the bloodstream cells in the bone marrow
pass into the circulation through the vascular sinus
which represents the barrier between hematopoietic
cells and blood. The wall of the vascular sinus in
the bone marrow is coated with a continuous
endothelial layer, while the outer surface of the
endothelium is covered with a discontinuous layer
of adventitial cells. In experimentally induced
conditions such as acute blood loss, the adventitial
cells are moving to the endothelium, allowing quick
blood cell passage. Otherwise, megakaryocytes are
located close to these sinuses and do not move to
facilitate the passage of cells into the circulation.
It is possible that the passing cells could be trapped
into the megakaryocytes (20).

Another explanation is that the cytoplasm
of megakaryocytes is a ,shelter for normal
granulocytes during adverse conditions in the bone
marrow microenvironment (24). Other hypotheses
suggest that emperipolesis is a consequence
of simple movement and adhesion of cells to
megakaryocytes. When considering all the claims
and hypotheses, previous studies have reported that
emperipolesis is associated with rats age or is the

result of accidental cell intake during migration
into the bloodstream. Nevertheless, incidences of
emperipolesis in previous studies are quite low in
comparison to our results. Overall, emperipoletic
megakaryocytes were present in all healthy
rats, where the emperipoletic megakaryocytes/
megakaryocytes ratio was high.

Since high incidence of emperipolesis in
our study was demonstrated in healthy rats that
were younger than rats observed in other studies,
emperipolesis in megakaryocytes may be related
with uncontrolled mating (inbreeding). Rats in our
laboratory have been inbred for several generations
and children of parent-child or sibling-sibling
unions as well as cousin-cousin unions were
presented. It has been already known that inbred
individuals are more likely to show physical and
health defects like lower birth rate, loss of immune
system function, increased cardiovascular risks
and genetic disorders (25, 26).

CONCLUSION

Emperipolesis has been obtained with
incidence of 100 % and there was no significant
difference in its appearance in the femoral and
sternal bone marrow. Mainly, this phenomenon
was characteristic of more differentiated cells of
the megakaryocytic lineage. Interestingly, our
animals were quite young; however, emperipolesis
is a feature typical for older rats. In our case, over
time, inbreeding within the rat population resulted
in increased genetic relatedness between breeding
individuals, so the incidence of emperipolesis is
much higher than in cases of individuals who have
not been bred in kinship.
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