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ABSTRACT

Mature cell release takes place through the hypothetical barrier- the bone marrow-blood barrier. It consists of
blood vessels and cells that surround them. Such cells are, among others, megakaryocytes. They are involved in
the release of platelets or other cellular components of blood. The amount and the development of
megakaryocytes and thus the maturity of barrier depends on many factors. One of them is IL-6, which gene is
located on the short arm of chromosome 7 (7p15-p21). The study was performed on wild-type mice (C57B4/6J)
and on mice lacking the gene encoding IL-6 (IL-6 KO-C57B4/6J IL-6tm1 Kopf-/-). Bone marrow of all animals
in both groups has been collected, fixed and stained. Megakaryocytes were identified in each microscopic
specimen using immunohistochemical reaction with the CD61 antibody. Then all specimens were subjected to
histomorphometric analysis. Statistically significant differences in the total number and size of magakariocytes
was noted, which affects bone marrow-blood barrier functions. This could be used in the conventional treatment
of cancer, respiratory diseases and coagulation disorders and in the treatment using nanoparticles.
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1. INTRODUCTION

Bone marrow is the major haematopoietic organ.
Between the bone trabeculae there is the haematopoietic
tissue built up of progenitor cells, mature cells of the
respective developmental pathways and the so called
haematopoietic microenvironment with cells
(macrophages, fibroblasts, endothelial cells), their
receptors and the Extra Cellular Matrix (ECM) (Kidd et al.,
2011; Charboard et al., 1996; Yamazaki and Allen,
1990). The ECM is a complex structure that constitutes
the stroma of the cells present (Skora et al., 2006). It
consists of three main components: proteoglycans,
specialized cells (laminin, fibronectin, fibrillin) and
structural proteins (collagen, elastin). It also contains
such proteins as thrombospondin, hemonectin, cytokines

and enzymes (e.g., Matrix Metallproteinases MMPs)
(Visse and Nagase, 2003). The matrix is a “dynamic
structure” which adapts to the changing cellular and
extracellular relationships and promotes function of
endothelial ~ cells, including structural function
(proliferation, cytoskeletal organization, cell shape) and
regulation of transmitted signals (actions of cytokines
and growth factors) (Jackson, 2002). Cell release from
bone marrow to peripheral blood takes place through a
hypothetical barrier separating these structures, the so
called bone marrow-blood barrier (Tavassoli, 1979).

A well-developed system of blood vessels of varying
calibre, including arterioles, central veins and venous
sinuses, can be seen to surround the haematopoietic cells.
Each sinus is composed of several layers: inner, outer
and middle. The inner layer is formed by endothelial
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cells that closely adhere to each other. The outer layer
consists of stromal cells of the bone marrow,
macrophages and adipose cells which block the contact
of progenitor cells with the sinusoidal lumen. The middle
layer is made up of the incomplete basement membrane.
Also megakaryocytes are frequently found in the
perisinusoidal spaces (Italiano, 2013; Dzieciol, 1995).

Megakaryocytes are the largest (12-150 um) and least
numerous (0.04-0.08%) mononuclear cells of bone
marrow (Dzieciol, 1995; Italiano, 2013; Machlus and
Italiano, 2013; Arabanian et al., 2011; Deutsch and
Tomer, 2006). In physiological conditions, in normal bone
marrow, megakaryocytes are most common in close
proximity to the vascular sinuses. They are derived from the
Pluripotent Haematopoietic Stem Cell (PHSC) (Wu et al.,
2005; Machlus and Italiano, 2013; Deutsch and Tomer,
2013; Arabanian et al., 2011; Kidd et al., 2011). The
microscopic picture of bone marrow shows two types of
megakaryocyte colonies: primitive, which form clusters,
i.e., Burst Forming Unit-Megakaryocytes (BFU-MK) and
more mature and smaller, Colony Forming Unit-
Megakaryocytes (CFU-MK) (Deutsch and Tomer, 2006).
Maturation of megakaryocyte nucleus and cytoplasm
may occur at different time points and thus the cells have
different nuclear ploidi that may range from 2 to 64 N
(most often 8N or 16N) (Deutsch and Tomer, 2006;
Machlus and Italiano, 2013).

The cytoplasm of a mature megakaryocyte is divided
into three zones-perinuclear, intermediate and outer. The
perinuclear zone contains the endoplasmic reticulum with
numerous ribosomes, mitochondria, Golgi apparatus,
microtubules and granules. The intermediate zone is a
well-built Demarcation Membrane System (DMS)
together with numerous organelles, later present in blood
platelets (e.g., alpha granules). The outer zone contains
mainly protein fibrils (Dzieciol, 1995; Italiano, 2013).

Perisinusoidal mature megakaryocytes generate two
types of cytoplasmic processes: (1) small and short,
arising from the peripheral part of the cytoplasm, devoid
of cell organelles and (2) bigger and longer, derived from
the intermediate layer, with numerous cytoplasmic
structures. Short processes can adhere to endothelial cells
and thus “hold” megakaryocytes close to the sinusoidal
vessels and receive information necessary to regulate
platelet release. On the other hand, long processes are
capable of passing through micro-pores (up to 6 um in
diameter) between endothelial cells to the lumen of the
sinusoidal vessels (Mehdi and Makoto, 1981; Yeager ef al.,
1998; Italiano, 2013; Machlus and Italiano, 2013; Deutsch
and Tomer, 2006; 2013; Deutsch et al., 2010). In this
way, blood platelets are released via intravascular
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fragmentation.  According to  another  theory,
megakaryocytes take part in the release of other morphotic
components to the peripheral blood. This phenomenon
called emperipolesis involves internalization of one cell by
another and next its migration directly to the peripheral
blood. The process, which has not been fully elucidated, is
similar to phagocytosis, although in emperipolesis, the
absorbed cell is neither destroyed nor combines with the
cytoplasmic structures of the megakaryocyte (Cashell and
Buss, 1992; Dzieciol et al., 2001; Sable et al., 2009).

The number of megakaryocytes in the perisinusoidal
spaces and thus the count of platelets released to the
circulation vary and depend on many factors, including
platelet demand, haematological disorders and the activity
of stimulators and inhibitors of megakaryocytopoiesis.
Williams et al. (1981; 1982) have proposed two-stage
regulation of megakaryocyte development.The first is the
Megakaryocyte-Colony Stimulating Factor (Meg-CSF) that
was isolated from the urine of patients with aplastic
anaemia. Meg-CSF stimulates the proliferation of young
precursor cells towards megakaryocytes. The other is a
heterogeneous group of substances that condition the
growth and maturation of megakaryocytes. They directly
affect precursor cells, exert an indirect effect through other
substances, or acting  synergistically  stimulate
megakaryocyte maturation. The stimulators include e.g.,
Thrombopoietin (TPO), Interleukin-3 (IL-3), Interleukin-6
(IL-6), Interleukin-11 (IL-11), c-Kit Ligand (KL),
chemokines (SDF-1, FGF-4) and Erythropoietin (EPO)
(Pawlak et al., 2008; Kidd et al., 2011; Deutsch et al., 2010;
Donghua et al, 2011; Deutsch and Tomer, 2006).
Burstein ef al. (1992) found a significant in vivo
acceleration of the thrombocytopoietic system in dogs
exposed to low-dose radiation after administration of IL-
6 as compared to the animals that did not receive the
supplementation.

The gene encoding IL-6, composed of 5 encoding
segments located on the short arm of chromosome 7
(7p15-p21), is a pleiotropic cytokine of 21-28kDa, varied
biological activity and built up of 184 amino acids
(Banas er al., 2006; Gadient and Patterson, 1999;
Donghua et al., 2011). IL-6 acts through the stimulation of
the tyrosine kinase receptor complex, IL-6R. The complex
is built up of a subunit a (II-6Ro/gp80) that recognizes and
binds the ligand and a subunit B (II-6R/gp130), signal
transducer, which affects transcription activity and gene
expression. The combination of the ligand with the
receptor subunit o results in conformation changes in the
subunit B, leading to intracellular activation of the Signal
Transducer and Activator of Transcription (STAT)
proteins with the involvement of Jak kinases (Ara et al.,
2009; Giuliani et al., 2004; Murray, 2007; Skiniotis ef al.,
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2005; Donghua et al., 2011). Interleukin-6 plays a key role
in the immune response, inflammatory reaction,
haematopoiesis and is the major factor involved in the
induction of acute phase proteins (Hsu et al., 2002,
Lukaszewicz et al., 2007; Scheller et al., 2006; Pini et al.,
2011). It also regulates proliferation and differentiation of
several haematopoietic cell lines, at various stages of their
maturation (Kishimoto, 1989). In cooperation with 1L-3,
interlekin-6 stimulates the proliferation of granulocytes,
macrophages, megakaryocytes and progenitor cells of the
erythrocytic system (Ikebuchi et al., 1987; Ishibashi et al.,
1989; Okada et al., 1992; Patchen et al., 1991).

IL-6 is produced by a number of cell types of e.g., the
immune system (T cells, B cells, monocytes, dendritic
cells), fibroblasts, keratinocytes, vascular endothelial cells,
bone marrow stroma, cells involved in connective tissue
rebuilding (chondrocytes, osteoblasts), cardiomyocytes,
renal mesangial cells, adipocytes and some cancer cells
(Gwechenberger et al., 1999; Takabe et al, 2004;
Visseren et al., 1999; Volk et al., 2000). IL-6 is also a
myokine, i.e., the cytokine secreted by skeletal muscle.
InductionofIL-6gene expressionin the muscle is mediated
by numerousagents, including the levels of glycogen,
calcium ions and reactive oxygen species that originate on
exertion. It is the only one to appear already during physical
exercise and its level may increase even 120 times.

The study objective was to assess the system of bone
marrow megakaryocytes in IL-6 knock-out mice as
compared to the mice with the gene encoding IL-6. The
involvement of megakaryocytes in the formation of the
bone marrow-blood barrier and histomorphometric
parameters were assessed in the two groups.

2. MATERIALS AND METHODS

2.1. Animals

The study was conducted on two groups of male
mice. The first group consisted of 5 wild strain mice
(C57B4/6J), aged 18 months. The other group included 5
genetically modified animals, without the gene encoding
IL-6 (IL-6 KO) (C57B4/6] IL-6™' XM aged 17
months. Till the day of the experiment, the mice were
bred in the Centre for Experimental Medicine, Medical
University of Bialystok and had free access to food and
water. The experiment was performed in accordance
with the guidelines of the local Bioethical Committee.

Genomic DNA was isolated from murine tails using
Genomic mini kit (A and A Biotechnology, Gdansk,
Poland. Standard primers were used in PCR: F 5’-
AAGTGCATCATCGTTGTTCATAC-3’; R 5’-
CCATCCAGTTGCCTTCTTG-3* and commercially
available DNA polymerase Taq “Marathon” (A and A
Biotechnology, Gdansk, Poland). Next, DNA was
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isolated by electrophoresis on 1% agarose gel with
addition of ethidium bromide. The material obtained
from the wild strain mouse involved DNA fragments of
approximately 900 bp in size, whereas from IL-6 KO
mice-DNA fragments of about 1400 bp (with additional
neomycin fragments). In this way, the presence of the
gene encoding IL-6 (wild strain mice) or its absence
(transgenic mice) was confirmed.

Prior to the experiment, the animals were acclimated
to laboratory conditions for 7 days. They were kept in
the environment at a temperature of 22 + 1°C at 12h light
(07.00-19.00)/12h dark period (19.00-07.00).

The mice were killed by cervical dislocation and
then, immediately, both femoral bones and sternum were
collected from each of them.

2.2. Morphological Analysis of Bone Marrow

The tissue material was fixed in 10% buffered
formalin and then decalcified using a dehydrating and
decalcifying buffer composed of: a fixative solution-zinc
chloride, 37-38% formaldehyde, ice acetate acid,
distilled water; and decalcifying solution -10% formic
acid, 5% formaldehyde. After a 24 h fixation, the
material was embedded in paraffin blocks and then cut
on a microtome into 6 um paraffin sections. The sections
were then stained with haematoxylin and eosin and
subjected to histopathological and histomorphometric
analysis using a morphometric kit Olympus, consisting
of an optical microscope Olympus BX41 with the
Camedia 3030 digital photography system and Cell°-
Imaging Software for Life Science Microscopy.

Megakaryocytes were identified in each microscopic
specimen routinely stained with haematoxylin and eosin.
Their presence was confirmed by immunohistochemistry
using CD61 antibody, Clone Y2/51 from DAKO
(catalogue no. M 0753). DAKO EnVision™+ System,
catalogue no. M 0753, diluted at 1:100, was used as a
detection  kit. Next, the assessment involved
megakaryocyte count in the field of vision, per 1 mm® of
specimen area and in the vicinity of the sinusoidal
vessels, the number of clusters and the number of
clusters close to the vessels. The minimum of 3
megakaryocytes were referred to as a cluster. Other
calculations included megakaryocyte -circumference,
surface area and Circular Deviation (CD), defined as
CD 4nA/C2 (C-circumference, A-surface area),
giving the value of 1.0 for the ideal circular shape.
Reduced CD indicates enhanced circumferential
irregularities of the morphometrically assessed
structure (Thiele ef al., 1992). The results were then
analysed and elaborated using a computer programme
Statistica 10PL. Statistical analysis was performed
with t-test (significance) and U Mann-Whitney test.
Statistical significance was accepted for p<0.05.
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3. RESULTS

The analysis of the involvement of bone marrow
megakaryocytes in the formation of the bone marrow-
blood barrier concerned the evaluation of the total
megakaryocyte count, their distribution in relation to
the sinusoidal vessels and the number and location of
clusters. A statistically significant difference was noted
in the total megakaryocyte count between the two
groups (mean 114.0 in wild strain mice vs 71.67 in
transgenic mice, p<0.05). The comparison of the
megakaryocyte count per 1 mm® of specimen area and
near the vessels, the number of clusters and clusters in
the vicinity of the sinusoidal vessels showed no
statistically significant differences. The mean surface

area of megakaryocytes in bone marrow specimens of
wild strain mice was 364.76 um?”, whereas in transgenic
mice-299.27 pm® (statistically significant difference,
p<0.05). The circumference was 79.28 pm and 71.09
um, respectively, the difference being statistically
significant (p<0.05). No statistically significant
difference was found in the CD, which was 0.71 in wild
strain mice and 0.73 in transgenic mice (p>0.05).

The results indicate a statistically significant
difference in the total number and size of
megakaryocytes in the groups studied. The differences in
the topography and clustering tendency were observed
but they were not statistically significant.

The findings are presented in Table 1.

Table 1. Numerical values used to assess the participation of megakaryocytes in formation of the bone marrow-blood barrier

Statistical
Wild strain mice Transgenic mice significance (p value)
MKC count Total 228,00 215,00 p<0,05
Mean 114,00 71,67
Minimum 87,00 65,00
Maximum 141,00 82,00
SD 38,18 9,07
MKC count per Total 188,89 271,50 p>0,05
1 mm? of Mean 94,45 90,50
specimen area Minimum 93,55 69,89
Maximum 95,34 110,21
SD 1,27 20,18
MKC count near Total 82,00 105,00 p>0,05
the vessels Mean 41,00 35,00
Minimum 27,00 26,00
Maximum 55,00 40,00
SD 19,80 7,81
Number of clusters Total 8,00 8,00 p>0,05
Mean 2,66 2,66
Minimum 0,00 0,00
Maximum 7,00 6,00
SD 3,78 3,06
Number of clusters in Total 7,00 5,00 p>0,05
the vicinity of the Mean 2,33 1,66
sinusoidal vessels Minimum 0,00 0,00
Maximum 6,00 3,00
SD 3,21 1,53
Surface area Total 53 91 p<0,05
Mean 364,76 299,27
Minimum 169,25 129,13
Maximum 697,83 610,37
SD 132,65 103,79
Circumference Total 53 91 p<0,05
Mean 79,28 71,09
Minimum 51,61 45,74
Maximum 112,17 107,67
SD 14,95 13,20
CD Total 53 91 p>0,05
Mean 0,71 0,73
Minimum 0,48 0,55
Maximum 0,84 0,86
SD 0,09 0,06
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4. DISCUSSION

Megakaryocytopoiesis  is  the  process  of
megakaryocyte generation and maturation under the
influence of the respective regulatory agents,
including interleukin-6. IL-6 is a cytokine which by
affecting murine bone marrow accelerates maturation
of megakaryocytes. This is manifested by their
enlargement and enhanced involvement in the
formation of bone marrow-blood barrier and as proved
by Kishimoto (1989), by an increase in their
proliferative activity. In consequence, the effect leads
to a rise in the total megakaryocyte count, to the
production of the so called “immature” blood platelets
and to increased accumulation of megakaryocytes in
the vicinity of the sinusoidal vessels.

As revealed by the results obtained for the normal
bone marrow of wild strain mice possessing the gene
encoding IL-6 as compared to the IL-6 knock-out mice,
megakaryocytes constitute a population of cells with
substantially larger surface and circumference. This is
particularly important for megakaryocyte involvement in
the formation of bone marrow-blood barrier or
production of platelets. The statistically significant
differences in megakaryocyte circumference and surface
area seem to suggest that when all the factors regulating
proliferation and maturation are present, functionally
mature cells are produced. However, according to the
two-stage megakaryocytopoiesis regulation model and
the current study findings, removal of even one
component results in factor imbalance, causing disorders
in  the differentiation and  maturation  of
thrombocytopoietic cells. Moreover, as shown by our
research, lack of IL-6 leads to structural alterations in the
bone marrow-blood barrier due to changes in
megakaryocyte count and topography. Statistically
significant differences are noticeable in the total
megakaryocyte count.

Advances in medicine and in the related sciences
frequently involve nanotechnology which uses molecules
smaller than 10™ m for clinical purposes. Numerous studies
are being currently conducted on the use of drug molecules
of that tiny size to act precisely in the disease focus, with no
all-systemic effect. As reported by Suri et al. (2007) in
order to achieve a desired therapeutic effect, scientists
should have a profound knowledge, first of all of the
molecular mechanisms underlying transmission of cell
signals. Properly prepared nanomolecules can be employed
not only in the treatment of cancers or respiratory diseases
(Peppas and Blanchette, 2004; Pison et al., 2006;
Schatzlein, 2006; Stylios et al., 2005; Suri et al.,
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2007; Yokoyama, 2005). Due to the effect they exert on
the bone marrow system, nanomolecules can also contribute
to the treatment of e.g., thrombocytopenia-related disorders.

5. CONCLUSION

The current findings indicate that transgenic mice can
be used in experimental studies whose results can be
utilized in nanotechnology. They also show that the
pleiotropic interleukin-6 can be applied in the analysis of
pharmaceutical drugs administered to treat coagulation
disorders. Additionally, current researchsuggeststhe
possibility of usinglL-6 in the treatment of orthotopic
renal cell cancer with a high therapeutic potential
(Wysocki et al., 2010).
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