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BONE TISSUE ENGINEERING BASED ON BONE MARROW IN BLOOD
CLOT LOADED ON MINERAL MATRIX CARRIER: EXPERIMENTAL STUDY

IN SUBCUTANEOUS MICE MODEL

Jelena M. Zivkovi¢?, Marija b. Vukelié-Nikoli¢?, Jelena G.
Najdanovi¢?, Sanja Stojanovi¢?, Jelena S. Vitorovi&, Milena B.
Radenkovi¢®3, Stevo J. Najman?

Repair of bone defects can be supported by appropriate biomaterials, cells and
regulatory signals, which is the basic principle of bone tissue engineering. The components
of bone marrow and blood clot come in close contact with bone defects after injury. Since
these structures represent the source of different cell types and regulatory signals, we
wanted to examine their effect on osteoreparatory process in ectopic implants.
Subcutaneous implantation was performed on male Balb/c mice. Bio-Oss® biomaterial in
the function of mineral matrix carrier was loaded with blood diluted with bone marrow cell
suspension (MMB-type implants) or only with blood diluted with saline (MB-type implants,
control). Implant extraction was performed 2, 8 and 12 weeks after implantation. MMB-
type implants were characterized with more pronounced beginning of resorption in
comparison with MB-type implants. High cell density of connective tissue was also
preserved during the 12-weeks observation period in MMB-type implants, as well as good
vascularity, which was most pronounced 8 weeks after implantation. Osteoblast-like cells
and osteon-like structures could be observed. These results suggest that bone marrow in
synergy with blood clot might have a stimulating effect on osteoreparation process. Acta

Medica Medianae 2017;56(3):5-11.
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Introduction

Undisturbed remodeling of bone tissue and
repair of small bone defects involve a balanced
activity of osteoblasts and osteoclasts (1). How-
ever, despite this established mechanism, large
bone defects cannot completely heal and require
the application of biomaterials, when those on the
hydroxyapatite base in the form of granules and
blocks are often used (2, 3). Besides biomaterials,
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mineral matrix carrier, implant,

studies are directed toward their combinations
with cells and/or regulatory signals (4, 5). This
approach has proven to be highly suitable in bone
tissue engineering, because it can favorably affect
the speed and end-result of the osteoreparation
process (6-12).

Investigation of the effect of bone marrow
(BM) and blood clot (BC) on the osteoreparation
process is important from several aspects. Bone is
the natural environment of BM, so BM can come in
contact with biomaterials that are used to fill large
bone defects. In addition, BM is an excellent
source of different cell types, including mesenchy-
mal stem cells (MSCs), hematopoietic stem cells
(HSCs), vascular progenitors and different regu-
latory signals (13-15), all of which play an impor-
tant role in bone tissue reparation and regenera-
tion processes. Tissue injury, including injury of
the bone tissue, is often accompanied with
bleeding and consequent BC formation, which
contains different cells and regulatory signals. As
such, BC has an important role in tissue repa-
ration. During the application of biomaterials, BC
can permeate them and thus participate in the
healing of bone defects as well (11, 16, 17).

In the present study, osteogenic potential of
bone marrow cells (BMCs) combined with BC and
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implanted on mineral matrix carrier (MMC) was
examined in a subcutaneous mice model.
Material and methods

Male Balb/c mice aged 8 to 10 weeks and
weighing between 22 and 24 g were used in this
study (with the approval of the institutional Ethics
Committee, University of NiS Faculty of Medicine).
Mice were kept under standard housing conditions
with ad libitum access to food and water.

As a MMC in our experiment, we used the
Bio-Oss® biomaterial (Geistlich-Pharma, Wolhu-
sen, Switzerland), derived from the bovine bone
by the process of deproteinization.

BMCs were obtained from femurs of five
mice, as described earlier (18). In brief, femurs
were cleaned of the surrounding tissue in a sterile
chamber. Epiphyses were cut and BM was flush
out into 10 ml tubes by inserting a 26-gauge
needle attached to the syringe filled with cold,
sterile RPMI 1640 medium (PAA Laboratories,
Austria). Centrifugation of the cells at 1200 rpm
and 4°C, for 10 min was followed by adjustment
of their density.

Blood was collected from the retro-orbital
plexuses of five mice and immediately diluted with
prepared BMCs suspension or saline in 1:4 ratio.

Two types of implants were made:

1. MMB-type implants: MMC + BMCs + BC

2. MB-type implants: MMC + BC

Implants, lump-shaped, contained each 10
mg of MMC mixed with 30 pl of diluted blood.
Blood in implants was allowed to clot before im-

plantation. The number of BMCs was adjusted at
2.5x10° cells per implant. MB-type implants ser-
ved as controls.

Each of two animal experimental groups
consisted of 18 animals. Mice were anesthetized
with 10% ketamidor (0.1ml/10g b.w.) and 4
implants of one type were inserted into the inter-
scapular subcutaneous pocket. Implants were
removed after 2, 8 and 12 weeks of implantation
and fixed in 10% neutral buffered formalin. Decal-
cification was carried out in 10% formic acid. After
standard tissue processing, H&E (Haematoxylin
and eosin) staining was performed.

Results

Histological analysis two weeks after implan-
tation

At 2-week observation point (Figure 1),
MMB-type implants are characterised by high cell
density of connective tissue between MMC par-
ticles. Among numerous cell types, inflammatory
ones stand out in the form of multinuclear cells,
polymorphonuclear cells and other leukocytes. The
tissue between the particles shows an excep-
tionally good vascular support. Multinuclear cells
are at the surface of particles, but are also
penetrating into particles accompanied by a hete-
rogeneous cell population resembling the hemato-
poietic process. In some spots, osteoblast-like

Figure 1. Microscopic images of implants two weeks after implantation.

(a, b) MMB-type implants, H&E, magnification 400x,
(c, d) MB-type implants, H&E, magnification 400x.

Legend: Mineral matrix carrier (star), phagocytes (thick arrow), blood vessel (thin arrow), cell infiltration (square).
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Figure 2. Microscopic images of implants eight weeks after implantation

(a, b) MMB-type implants, H&E, magnification 200x,

(c) MB-type implants, H&E, magnification 100x,

(d) MB-type implants, H&E, magnification 400x.

Legend: Mineral matrix carrier (star), phagocytes (thick arrow), blood vessel (thin arrow), osteon-like structure
(circle)

Figure 3. Microscopic images of implants twelve weeks after implantation

(a) MMB-type implants, H&E, magnification 200x,

(b) MMB-type implants, H&E, magnification 400x,

(c) MB-type implants, H&E, magnification 200x, (d) MB-type implants, H&E, magnification 400x.

Legend: Mineral matrix carrier (star), phagocytes (thick arrow), blood vessel (thin arrow), osteoblast-like cells
(arrowheads), osteon-like structure (circle)
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cells form cell monolayer on the particle surface.
In the same period of observation, phagocytes can
be found predominantly on the surface of particles
in MB-type implants. Well developed connective
tissue and a blood network are also seen.

Histological analysis eight weeks after im-
plantation

Strong resorption of MMC particles persists
in  MMB-type implants during this period,
evidenced by the presence of giant multinuclear
cells. The tissue between the particles, rich in
cells, is permeated with numerous blood vessels
(some of them very large). Highly organised
collagen fibers surround the MMC particles.
Osteon-like structures can be seen in some
particles. In MB-type implants, good tissue cellu-
larity is preserved. Thanks to numerous, giant,
multinucleated cells, the resorption process is in
full swing. The connective tissue between the
particles is permeated with blood vessels which
are obviously smaller in diameter compared to
those observed in MMB-type implants (Figure 2).

Histological analysis twelve weeks after im-
plantation

The particles of MMC in MMB-type implants
are reduced in size compared to the previous
period of observation. The connective tissue
contains blood vessels, humerous cells and fibers.
Osteon-like structures, as well as osteoblast-like
cells, are present. The particles in MB-type
implants are thinned and in some places a strong
resorption process takes place. Blood vessels
permeate the tissue between MMC particles.
Connective tissue cell density is reduced, compa-
red with MMB-type implants and MB-type implants
from the previous observation points. At some
spots osteoblast-like cells are found (Figure 3).

Discussion

The basic principle of tissue engineering
involves the use of three components in order to
achieve good tissue regeneration: cells, scaffolds
and regulatory signals (19). Bone fractures do not
involve only the injury to the bone tissue, but
other structures such as bone marrow and blood
vessels as well. As mentioned above, bone
marrow and blood are the source of different types
of cells (stem cells among others), as well as
regulatory signals (cytokines and growth factors).
At the fracture site, due to blood vessel injury, the
formation of blood clots (hematoma) occurs,
which together with bone marrow, periosteum and
surrounding tissues participate in proper bone
tissue healing (20).

An implantation of biomaterial is naturally
followed by the resorption, which is a critical step
that allows the creation of space to be filled with
bone and vascular tissues (21). Both types of
implants are characterized by the presence of
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phagocytes during the 12-week period of ob-
servation. However, in MMB-type implants, a
stronger resorption process is noticeable 2 and 8
weeks after implantation, decreasing thereafter,
compared to MB-type implants in which resorption
increases in 8th week and persists in 12th week
after implantation. It is well documented that bone
marrow accomodates bone marrow-derived
macrophages (22), while blood contains monocy-
te- macrophage precursors (23). The differences
in the resorption rate between these two
examined types of implants could therefore be
explained with the initial presence of both cell
types in MMB-type implants, compared to MB-type
implants (which initially contain blood monocytes
only). Further, bone marrow and blood are the
reservoir of different cytokines e.g. tumor necrosis
factor-alpha (TNF-alpha) and Interleukin-6 (IL-6)
(24, 25), responsible for phagocyte support and
attraction. Even 12 weeks after implantation MMC
is not fully resorbed in any of the implant types,
which is in correlation with fact that resorption of
inorganic biomaterials can last for many years
(26).

Both types of implants are characterized by
the presence of good vascular support 2 weeks
after implantation. In this regard, greater
differences are noticed, especially at 8-weeks
observation point. Again, these differences could
be attributed to the initial content of these two
types of implants we studied. Bone marrow is a
rich source of proangiogenic factors, as it is shown
that conditioned BMCs supernatants increase
proliferation, migration and tube formation of
human coronary artery endothelial cells (27).
Likewise, endothelial progenitor cells exist in bone
marrow (28), while platelet secretory factors have
a chemoattractant activity on endothelial cells and
promote growth of new blood vessels (29).
Platelets promote mobilization of BMCs and their
recruitment into the growing vasculature,
according to the results obtained from hypoxia-
induced angiogenesis models (30). Angiogenesis
and vasculogenesis are the basis of proper
osteogenesis and bone fracture healing, because
bloodstream is the means of transportation for
different cells and regulatory signals which are the
key for successful osteogenic and reparation
processes (8, 31). Good vascular support in MMB-
type implants through 12-weeks observation
period and initial presence of not only BMCs and
blood cells, but also cytokines with chemoat-
tractant influence, may have a role in preserved
tissue cellularity between the particles in these
implants. Unlike MMB-type, in MB-type implants
tissue cellularity decreased at 12-weeks observa-
tion point. Osteoblast-like cells, osteon-like struc-
tures, as well as hematopoietic fields have been
observed in MMB-type implants, which can be
(although not solely) attributed to the initial pre-
sence of MSCs and HSCs.

Conclusion

The inclusion of bone marrow and blood clot
in ectopic implant composition enhances angioge-
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nesis and neovascularization and enables long-
term tissue cellularization, all of which could have
a beneficial effect on the ectopic osteogenic
process. Our results indicate that bone marrow in
blood clot loaded on a mineral matrix carrier can

be promising for bone tissue engineering.
Acknowledgment
This paper was supported by the Project Grant

11141017 by the Ministry of Education, Science and
Technological Development of the Republic of Serbia.

References

1. Clarke B. Normal Bone Anatomy and Physiology.
Clin J Am Soc Nephrol. 2008; 3(3): S131-9.
[CrossRef][PubMed]

2. Oberg S, Rosenquist JB. Bone healing after
implantation of hydroxyapatite granules and blocks
(Interpore 200) combined with autolyzed antigen-
extracted allogeneic bone and fibrin glue.
Experimental studies on adult rabbits. Int J Oral
Maxillofac Surg. 1994; 23(2): 110-4. [CrossRef]
[PubMed]

3. Shirai Y, Okuda K, Kubota T, Wolff LF, Yoshie H.
The effectiveness of granules or blocks of
superporous hydroxyapatite for the treatment of
intrabony periodontal defects. OJST 2012; 2: 81-7.
[CrossRef]

4. Yuan X, Smith RJ Jr, Guan H, Ionita CN,
Khobragade P, Dziak R, et al. Hybrid Biomaterial
with Conjugated Growth Factors and Mesenchymal
Stem Cells for Ectopic Bone Formation. Tissue Eng
Part A. 2016; 22(13-14): 928-39. [CrossRef]
[PubMed]

5. Font Tellado S, Balmayor ER, Van Griensven M.
Strategies to engineer tendon/ligament-to-bone
interface: Biomaterials, cells and growth factors.
Adv Drug Deliv Rev. 2015; 94: 126-40. [CrossRef]
[PubMed]

6. Janicijevi¢ JM, Najman SJ, Ignjatovi¢ NL, Savi¢ VP,
Koci¢ ]S, Vasiljevic PJ, et al. Nanomaterial NP-
CP/DLPLG as potentional tissue graft in
osteoreparation in combination with bone marrow
cells on subcutaneous implantation model. Hem
Ind. 2008; 62(3): 205-10. [CrossRef]

7. Vasiljevi¢ PJ, Najman SJ, DPordevi¢ LjB, Savi¢ VP,
Vukeli¢ MD, Zivanov-Curlis JZ, Ignjatovi¢ NL,
Uskokovic¢ DP. Ectopic  osteogenesis and
hematopoiesis after implantantion of bone marrow
cells seeded on HAp/PLLA scaffold. Hem Ind. 2009;
63(4): 301-7. [CrossRef]

8. Najdanovic JG, Cvetkovi¢ V], Stojanovi¢ S, Vukeli¢-
Nikoli¢ MD, Stanisavljevi¢ MN, Zivkovi¢ JM, Najman
SJ. The Influence of adipose-derived stem cells
induced into endothelial cells on ectopic
vasculogenesis and osteogenesis. Cell Mol Bioeng.
2015; 8(4): 577-90. [CrossRef]

9. Cvetkovi¢ VI, Najdanovi¢ ]G, Vukeli¢-Nikoli¢ MD,
Stojanovi¢ S, Najman SJ. Osteogenic potential of in

vitro osteo-induced adipose-derived mesenchymal
stem cells combined with platelet-rich plasma in an
ectopic model. Int Orthop. 2015; 39(11): 2173-80.
[CrossRef][PubMed]

10. Zivkovi¢ JM, Najman SJ, Vukeli¢ MD, Stojanovi¢ S,
Aleksi¢ MV, Stanisavljevi¢ MN, Najdanovi¢ JG.
Osteogenic effect of inflammatory macrophages
loaded onto mineral bone substitute in
subcutaneous implants. Arch Biol Sci. 2015; 67(1):
173-86. [CrossRef] ]

11.Barbeck M, Najman SJ], Stojanovi¢ ST, Miti¢ ZJ,
Zivkovi¢ JM, Choukroun J, et al. Addition of blood to
a phycogenic bone substitute leads to increased in
vivo vascularization. Biomed Mater. 2015; 10(5):
055007. [CrossRef][PubMed]

12. Rajkovi¢ ], Stojanovi¢ S, Dordevi¢ Lj, Cvetkovi¢ T,
Najman S. Locally applied cholecalciferol and
alfacalcidol act differently on healing of femur
defects filled with bone mineral matrix and platelet-
rich plasma in ovariectomized rats. Biotechnol
Biotec Eq. 2015; 29(5): 963-9. [CrossRef]

13. Méndez-Ferrer S, Michurina TV, Ferraro F, Mazloom
AR, Macarthur BD, Lira SA, et al. Mesenchymal and
haematopoietic stem cells form a unique bone
marrow niche. Nature. 2010; 466(7308): 829-34.
[CrossRef][PubMed]

14. Guerrero J, Oliveira H, Catros S, Siadous
R, Derkaoui SM, Bareille R, et al. The use of total
human bone marrow fraction in a direct three-
dimensional expansion approach for bone tissue
engineering applications: focus on angiogenesis and
osteogenesis. Tissue Eng Part A. 2015; 21(5-6):
861-74. [CrossRef][PubMed]

15.Rodriguez-Menocal L, Shareef S, Salgado M,
Shabbir A, Van Badiavas E. Role of whole bone
marrow, whole bone marrow cultured cells, and
mesenchymal stem cells in chronic wound healing.
Stem Cell Res Ther. 2015; 6:24.
[CrossRef][PubMed]

16. Webb NJ, Bottomley MJ, Watson CJ, Brenchley PE.
Vascular endothelial growth factor (VEGF) is
released from platelets during blood clotting:
implications for measurement of circulating VEGF
levels in clinical disease. Clin Sci (Lond). 1998;
94(4): 395-404. [CrossRef][PubMed]



https://doi.org/10.2215/CJN.04151206
https://www.ncbi.nlm.nih.gov/pubmed/18988698
https://doi.org/10.1016/S0901-5027(05)80604-6
https://www.ncbi.nlm.nih.gov/pubmed/?term=Int+J+Oral+Maxillofac+Surg+1994%3B+23(2)%3A+110-4.
https://doi.org/10.4236/ojst.2012.22015
https://doi.org/10.1089/ten.tea.2016.0052
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tissue+Eng+Part+A+2016%3B+22(13-14)%3A+928-39.
https://doi.org/10.1016/j.addr.2015.03.004
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adv+Drug+Deliv+Rev+2015%3B+94%3A+126-40.
https://doi.org/10.2298/HEMIND0803205J
https://doi.org/10.2298/HEMIND0904301V
https://doi.org/10.1007/s12195-015-0403-x
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cvetkovi%C4%87%20VJ%5BAuthor%5D&cauthor=true&cauthor_uid=26231492
https://www.ncbi.nlm.nih.gov/pubmed/?term=Najdanovi%C4%87%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=26231492
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vukeli%C4%87-Nikoli%C4%87%20M%C4%90%5BAuthor%5D&cauthor=true&cauthor_uid=26231492
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stojanovi%C4%87%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26231492
https://www.ncbi.nlm.nih.gov/pubmed/?term=Najman%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=26231492
https://doi.org/10.1007/s00264-015-2929-x
https://www.ncbi.nlm.nih.gov/pubmed/?term=Int+Orthop+2015%3B+39(11)%3A+2173-80.
https://doi.org/10.2298/ABS140915020Z
https://doi.org/10.1088/1748-6041/10/5/055007
https://www.ncbi.nlm.nih.gov/pubmed/26359820
https://doi.org/10.1080/13102818.2015.1055702
https://doi.org/10.1038/nature09262
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nature+2010%3B+466(7308)%3A+829-34.
https://doi.org/10.1089/ten.tea.2014.0367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tissue+Eng+Part+A.+2015%3B+21(5-6)%3A+861-74.
https://doi.org/10.1186/s13287-015-0001-9
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stem+Cell+Res+Ther.+2015%3B+6%3A24.
https://doi.org/10.1042/cs0940395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clin+Sci+(Lond).+1998%3B+94(4)%3A+395-404.

Bone tissue engineering based on bone marrow in blood clot...

Jelena M. Zivkovié al.

17.

18.

19.

20.

21.

22.

23.

24.

10

Kabashima H, Sakai T, Mizobe K, Nakamuta H,
Kurita K, Terada Y. The usefulness of an autologous
blood clot combined with gelatin for regeneration of
periodontal tissue. J Oral Sci. 2013; 55(4): 363-6.
[CrossRef][PubMed]

Swamydas M, Lionakis MS. Isolation, Purification
and Labeling of Mouse Bone Marrow Neutrophils for
Functional Studies and Adoptive Transfer
Experiments. J Vis Exp. 2013; (77): e50586.
[CrossRef][PubMed]

Murphy CM, O'Brien FJ, Little DG, Schindeler A.
Cell-scaffold interactions in the bone tissue
engineering triad. Eur Cell Mater. 2013; 26: 120-
32. [CrossRef][PubMed]

Fréhlich M, Grayson WL, Wan LQ, Marolt D, Drobni¢
M, Vunjak-Novakovi¢ G. Tissue Engineered Bone
Grafts: Biological Requirements, Tissue Culture and
Clinical Relevance. Curr Stem Cell Res Ther. 2008;
3(4): 254-64. [CrossRef][PubMed]

Sheikh Z, Abdallah M, Abdalla Hanafi A,
Misbahuddin S, Rashid H, Glogauer M. Mechanisms
of in vivo degradation and resorption of calcium
phosphate based biomaterials. Materials. 2015;
8(11): 7913-25. [CrossRef][PubMed]
Weischenfeldt ], Porse B. Bone Marrow-Derived
Macrophages (BMM): Isolation and Applications.
CSH Protoc. 2008; 2008:pdb.prot5080. [PubMed]
Breslin WL, Strohacker K, Carpenter KC, Haviland
DL, McFarlin BK. Mouse blood monocytes:
standardizing their identification and analysis using
CD115. J Immunol Methods. 2013; 390(1-2): 1-8.
[CrossRef][PubMed]

Pino AM, Rios S, Astudillo P, Fernandez M, Figueroa
P, Seitz G, Rodriguez JP. Concentration of
adipogenic and proinflammatory cytokines in the
bone marrow supernatant fluid of osteoporotic

25.

26.

27.

28.

29.

30.

31.

women. ] Bone Miner Res. 2010; 25(3): 492-8.
[CrossRef][PubMed]

Shukla R, Patel T, Gupte S. Release of cytokines in
stored whole blood and red cell concentrate: Effect
of leukoreduction. Asian J Transfus Sci. 2015; 9(2):
145-9. [CrossRef][PubMed]

Galindo-Moreno P, Hernandez-Cortés P, Mesa F,
Carranza N, Juodzbalys G, Aguilar M, et al. Slow
resorption of anorganic bovine bone by osteoclasts
in maxillary sinus augmentation. Clin Implant Dent

Relat Res. 2013; 15(6): 858-66.
[CrossRef][PubMed]
Korf-Klingebiel M, Kempf T, Sauer T, Brinkmann E,

Fischer P, Meyer GP, et al. Bone marrow cells are a
rich source of growth factors and cytokines:
implications for cell therapy trials after myocardial

infarction. Eur Heart J. 2008; 29(23): 2851-8.
[CrossRef][PubMed]
Nolan DJ, Ciarrocchi A, Mellick AS, Jaggi JS,

Bambino K, Gupta S, et al. Bone marrow-derived
endothelial progenitor cells are a major determinant
of nascent tumor neovascularization. Genes Dev.
2007; 21(12): 1546-58. [CrossRef][PubMed]

Brill A, Elinav H, Varon D. Differential role of
platelet granular mediators in angiogenesis.
Cardiovasc Res. 2004; 63(2): 226-35. [PubMed]
Feng W, Madajka M, Kerr BA, Mahabeleshwar GH,
Whiteheart SW, Byzova TV. A novel role for
platelet secretion in angiogenesis: mediating bone
marrow-derived cell mobilization and homing.

Blood. 2011; 117(14): 3893-902.
[CrossRef][PubMed]
Kanczler JM, Oreffo RO. Osteogenesis and

angiogenesis: the potential for engineering bone.
Eur Cell Mater. 2008; 15: 100-14. [CrossRef]
[PubMed]


https://doi.org/10.2334/josnusd.55.363
https://www.ncbi.nlm.nih.gov/pubmed/?term=J+Oral+Sci.+2013%3B+55(4)%3A+363-6.
https://doi.org/10.3791/50586
https://www.ncbi.nlm.nih.gov/pubmed/?term=J+Vis+Exp.+2013%3B+(77)%3A+e50586.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murphy%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=24052425
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Brien%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=24052425
https://www.ncbi.nlm.nih.gov/pubmed/?term=Little%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=24052425
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schindeler%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24052425
https://www.ncbi.nlm.nih.gov/pubmed/24052425
https://doi.org/10.22203/eCM.v026a09
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eur+Cell+Mater.+2013%3B+26%3A+120-32.
https://doi.org/10.2174/157488808786733962
https://www.ncbi.nlm.nih.gov/pubmed/?term=Curr+Stem+Cell+Res+Ther.+2008%3B+3(4)%3A+254%E2%80%9364.
https://doi.org/10.3390/ma8115430
https://www.ncbi.nlm.nih.gov/pubmed/?term=Materials.+2015%3B+8(11)%3A+7913%E2%80%9325.
https://www.ncbi.nlm.nih.gov/pubmed/?term=CSH+Protoc.+2008%3B+2008%3Apdb.prot5080.
https://doi.org/10.1016/j.jim.2011.03.005
https://www.ncbi.nlm.nih.gov/pubmed/?term=J+Immunol+Methods.+2013%3B+390(1-2)%3A+1-8.
https://doi.org/10.1359/jbmr.090802
https://www.ncbi.nlm.nih.gov/pubmed/?term=J+Bone+Miner+Res.+2010%3B+25(3)%3A+492-8.
https://doi.org/10.4103/0973-6247.162708
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asian+J+Transfus+Sci.+2015%3B+9(2)%3A+145%E2%80%939.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Galindo-Moreno%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22376122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hern%C3%A1ndez-Cort%C3%A9s%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22376122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mesa%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22376122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carranza%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22376122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Juodzbalys%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22376122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aguilar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22376122
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Valle%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22376122
https://www.ncbi.nlm.nih.gov/pubmed/22376122
https://www.ncbi.nlm.nih.gov/pubmed/22376122
https://www.ncbi.nlm.nih.gov/pubmed/22376122
https://doi.org/10.1111/j.1708-8208.2012.00445.x
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clin+Implant+Dent+Relat+Res.+2013%3B+15(6)%3A+858-66.
https://doi.org/10.1093/eurheartj/ehn456
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eur+Heart+J.+2008%3B+29(23)%3A+2851-8.
https://doi.org/10.1101/gad.436307
https://www.ncbi.nlm.nih.gov/pubmed/?term=Genes+Dev.+2007%3B+21(12)%3A+1546-58.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cardiovasc+Res.+2004%3B+63(2)%3A+226%CB%9735.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feng%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21224474
https://www.ncbi.nlm.nih.gov/pubmed/?term=Madajka%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21224474
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kerr%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=21224474
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahabeleshwar%20GH%5BAuthor%5D&cauthor=true&cauthor_uid=21224474
https://www.ncbi.nlm.nih.gov/pubmed/?term=Whiteheart%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=21224474
https://www.ncbi.nlm.nih.gov/pubmed/?term=Byzova%20TV%5BAuthor%5D&cauthor=true&cauthor_uid=21224474
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3083301/
https://doi.org/10.1182/blood-2010-08-304808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blood.+2011%3B+117(14)%3A3893%E2%80%93902.
https://doi.org/10.22203/eCM.v015a08
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eur+Cell+Mater.+2008%3B+15%3A+100-14.

Acta Medica Medianae 2017, Vol.56(3) Bone tissue engineering based on bone marrow in blood clot...

Originalni rad UDK:616.71-018.46-092.9
do0i:10.5633/amm.2017.0301
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Reparacija kostanih defekata moze biti potpomognuta odgovaraju¢im bio-
materijalima, celijama i regulatornim signalima, Sto jeste osnovni princip tkivnog
inZzenjerstva kosti. Komponente kostne srzi i krvnog ugruska dolaze u bliski kontakt sa
kostanim defektima nakon povrede. Imajucéi u vidu da ove strukture predstavljaju izvore
razli¢itih celija i regulatornih signala, zeleli smo da istrazimo njihov efekat na
osteoreparatorni proces u ektopi¢nim implantima. Subkutana implantacija je izvedena na
misevima Balb/c soja. Biomaterijal Bio-Oss® u funkciji mineralnog matriksa kombinovan
je sa krvlju razblazenom suspenzijom celija kostne srzi (MMB implanti) ili samo sa krvlju
razblazenom fizioloSkim rastvorom (MB implanti, kontrola). Implanti su ekstrahovani dve,
osam i 12 nedelja nakon implantacije. MMB implante karakteriSe izrazeniji pocetak
resorpcije u odnosu na kontrolu. U MMB implantima je takode prisutna velika gustina
vezivhog tkiva tokom 12-nedeljnog perioda posmatranja sve vreme, kao i dobra
vaskularizovanost, koja je najizrazenija 8 nedelja nakon implantacije. UoCavaju se i ¢elije
nalik osteoblastima i strukture nalik osteonu. Navedeni rezultati ukazuju na to da
komponente kostne srzi, zajedno sa krvnim ugruskom, mogu imati podsticajan efekat na
osteoreparatorni proces. Acta Medica Medianae 2017,;56(3):5-11.

Kljucne reci: kostna srz, krvni ugrusak, mineralni matriks, implant, osteoreparatorni
proces
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