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ABSTRACT

A bone defect is the effect of either injury or disease; it can be repaired due to the natural ability of bones.
In the healing process, it needs an active substance modulating its immunology process. Mesenchymal stem
cells (MSCs) secretome will be one of the promising therapies in the future since it is a cell-free therapy. As of
today, research exploring the potential of use of MSCs secretome in tissue engineering is rare. MSCs
secretome’s properties are better than MSCs itself because they consist of so many growth factors,
cytokines-chemokines, and transcription factors which accelerate bone defect healing. This review was to
describe the composition of MSCs secretome as a stimulator candidate in bone healing process. It also
warrants further investigation of the use of MSC secretome in injured bone healing.
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INTRODUCTION

Bone consists of 70% inorganic materials and 30%
organic materials which are mainly composed of a
small amount of collagen fibres, glycoprotein and
proteoglycan (1). With 70% of inorganic materials,
bone are able to protect internal organs, support the
body and control deposition of the main mineral
(calcium) (2-5). One of the bone injuries is bone
defect resulting from either injury or disease. Bone
can self-repair due to its natural ability. The 2013
Indonesian Basic Health Research mentioned that
3.7% of bone defect incidents in Indonesia were
mainly caused by falling, 56.7% by traffic light
accidents, and 7.7% by blunt or sharp traumatic
injuries. Bone healing can occur through spontaneous
regeneration without scar production; however, in
some conditions, there are also some healing
disturbances that need an active substance to induce
the healing of injured bone (6-9).

Mesenchymal stem cells (MSCs) are one of the stem
cells which contributes to bone repair because of
their high ability to differentiate into multiple cell

types. It can be isolated from bone marrow,
adipose tissues, umbilical cord, peripheral, and teeth
(summarized in Table I). The relationship between
MSCs and bone healing is observable in the formation
of osteoblast derived from MSCs (10,11).

A limited quantity of MSCs is the main issue, and
thus in vitro replication is required for MSCs before
transplantation. The other weaknesses are the aging
process, clinical characteristics, diseases related to
age, and donor-recipient immunological compatibility
which also need in vitro replication to increase the
stem cells quantity. A successful therapy cannot take
place more than a week after the transplantation
process because of its paracrine signaling (12-14).

The use of MSCs is developed towards to the use
of MSCs secretome to overcome the weaknesses.
This present study focused on the bioactive materials
released by MSCs, namely MSCs secretome and
extracellular vesicles (EVs). Secretome is composed
of a heterogenous bioactive molecules containing
different numbers of soluble factors (signaling
molecules, chemokines, and cytokines as growth
factors) and as insoluble/microstructure-vesicles
(called EVs) in the regeneration of injured bone.
Secretome application minimizes the risk of immune
compatibility, emboli formation, disease transmission,
and invasive cell collection procedures; reduces
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Table I : Summary of Stem Cell (10,11)

Sources of Cells

Strengths

Weaknesses

Bone marrow-derived mesenchymal stem
cells (BM-MSCs)

Adipose-derived stem cells (ASCs)

Umbilical cord mesenchymal stem cells  Slowly invasive

(UC-MSCs)
Dental pulp stem cells (DPSCs)

Peripheral blood mesenchymal stem cells

Potentially high osteogenic

Abundant in quantity, easy to collect

Easy to collect in dentistry

Easy to collect from the blood

Limited in quantity and highly invasive

Necessary to further explore its efficacy and
relationship in bone tissue regeneration

Necessary to further explore its efficacy and
relationship in bone tissue regeneration

Necessary to further explore its efficacy and
relationship in bone tissue regeneration

Limited in quantity and low efficacy

the time and cost (more economical); and is able
to be massively produced. MSCs secretome can
modulate differentiation, proliferation, production of
extracellular matrix (ECM), as well as pro and anti-
inflammatory secretion and their contribution to the
bone tissue engineering/regeneration (12,14,15).

Search strategies:

Literature search was conducted from January to
March 2021 to identify published studies on MSCs’
secretome to be a bone stimulator candidate in the
regeneration of injured bone. Searching strategies
focused on medical references from ScienceDirect,
PubMed and Google Scholar. A mix of words and
controlled vocabulary (Mesenchymal stem cells AND
secretome AND bone stimulator in regeneration of
injured bone) were used.

Criteria:

This review included published articles which address
MSCs’ secretome and its effects on the regeneration
of injured bone.

The following inclusion and exclusion criteria were
used for literature search.

Inclusion Criteria

The articles had to discuss about the relationship
between MSCs’ secretome and its effects on the
regeneration of injured bone. It included review articles
or research articles on MSCs’ secretome, its effect on
the generation of injured bone, and growth factors.

Exclusion Criteria
Articles with abstract only, letters to the editor, editorials,
and patient handouts were excluded.

Data Extraction

This study generated data on the composition of
MSCs’ secretome and generation of injured bone.
Flowchart above shows the four-phase preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) diagram which identifies the number of studies
searched, screened, and included in the review.

PRISMA Flow Chart

Total identified records * Google Scholar: 7,490

(a=7.621) +  PubMed o131

}

Records under screening

Identification

(n=5.115)

Duplicate records removed

(n=73,081)

———*
Full-text articles assessed for
eligibility
(n=350)

Screening

Duplicate records removed

(n=10)

————

Studies included in the qualitative
synthesis

(n=40)

4

Studies mcluded in the
quantitative synthesis

(n=40)

‘ Included‘ ‘ Eligibility

DISCUSSION

Stem Cells

Humans can repair and regenerate the functions
of body organs. Graft materials should be highly
biocompatible to the host. Regeneration is classified
as guided bone regeneration (GBR) or guided
tissue regeneration (GTR). The GBR focuses on the
edentulous ridge, and the GTR has something to
do with bone regeneration, periodontal ligament,
and cementum (5,16-18).

Materials for GBR and GTR are stem cells as
immature precursor tissues. Stem cells can self-renew,
form a clonal cell population, and differentiating
into multiple cells. Stem cells are categorized into
three groups: embryonic stem cells, pluripotent stem
cells, and adult stem cells i.e., hematopoietic stem
cells (HSCs) and mesenchymal stem cells (MSCs).
Stem cell therapy potentially has a “homing” effect
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on the acute injury location, the induction of the
restorative effect through an additional and reparative
ability on the damaged tissues, as well as locally or
systematically physiologic effects of bioactive materials
(19-22).

Stem Cells and Healing Process

Bone healing is categorized as primary/direct and
secondary/indirect bone healing. It depends on the
immobilization of the injured bone (2). The former
lies upon a completely immobilized fractures, and
thus the MSCs directly differentiate into osteoblast.
Its ossification occurs through intramembranous
ossification. The latter happens when the fracture
cannot be completely immobilized or there are still
some micromotions. Its ossification may go through
the formation of soft callus-hard callus and woven
bone-lamellar  bone  (endochondral  ossification)
(22-24).

There are three steps in the endochondral ossification
i.e., inflammation, repair, and remodelling stages
(see Table 1) and release of cytokine-chemokine-
transcription factor released (see Table 1) (6).

a. Inflammatory Phase

There are two inflammatory phases i.e., acute and
chronic inflammatory phases. These phases suddenly
happen after the bone injured and are seen from

Table Il : Three Steps in Endochondral Ossification (30-32)

clotting of blood vessels and cascade inflammations
that begin all bone regeneration in producing
chemotactic factors. The main inflammatory cell
related to bone healing is called acute-phase
response/APR which basic functions are to survive
(survival phase) and to repair fractures (repair phase).
In the survival phase, neutrophils will firstly arrive in
injury and secrete interleukin-6 (IL-6) and CCL-2
that can trigger the infiltration of second inflammatory
cell to the injured bone. They can attract monocyte
or macrophage cells and prevent the possible
invasion of normal flora leading to inflammation.

Chronic inflammation is a contribution from by
either macrophage or lymphocyte to a defect site.
Macrophage is recruited by neutrophils, and it
consists of two types, namely M1 and M2. The
former is directly produced through classically
activated macrophages (CAMs). The latter is called
alternatively activated macrophages (AAMs) which
mainly promote collagen deposition and restore
tissue  homeostasis in  producing transforming
growth factor-p (TGF-f), interleukin-10 (IL-10), and
arginase (7,25).

Injured bone will activate hypoxia-induced factors
(HIF)-Ta which increase a stromal derived factor
(SDF)-1. SDF-1 regulates the stem cell homing
process and has a specific role in the recruitment

No. Stages in Bone
Fracture Healing

1

2

3

Inflammatory phase

Repair phase

Remodelling phase

Suddenly happens after bone fracture which its initial peak reaches in a few days and disappears
in a week after bone fracture

Helps to immobilize bone fracture through pain sensation and edema

Damages the vascular endothelial which activates complement cascade, platelet aggregation,
and release of a-granule

Platelet aggregation cascade acts as homeostasis function and release of some chemoattractant
growth factors

Releases of pro-inflammatory cytokine such as TNF-a, interleukin 1,6,11,8 and recruits of MSC
through SDF-1/CXCR-4/HIF-1a axis

Consists of acute inflammatory acted by macrophage M1 and chronic inflammatory acted by
macrophage M2

Happens in a few days before inflammatory phase ends and will be in some weeks after bone
fracture

Forms necrotic tissues caused by bone fracture, and the MSC will differentiate into fibroblast,
chondroblast, and osteoblast

Forms reparative callus either inside or surrounding bone fracture

Ends bone fracture healing and begins with replacement of woven bone with lamellar bone and
excessive callus resorption

Happens in some years
Form chondroblast and osteoblast (related to the osteoinductive properties of secretome)

Restore and repair haversian system similar to before fracture
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Table 111 : Cytokine-Chemokine-Transcription Factor Released during Endochondral Ossification (36-38)

No. Cytokine-Chemokine-Tran- Functions Expressions
scription Factors
1 Transforming growth factor e The most potent attractant for macrophage Expressed by osteoblast during
(TGF)-p endochondral ossification.
¢ Angiogenesis stimulator
e Regulating and stimulating of the cell differentiation
of periosteum mesenchymal into osteoblast
e Related to the fibroblast differentiation and colla-
gen deposition
2 Interleukin (IL)-6 e Cytokine pro-inflammatory which responses in in- Expressed in the early stage of
fection, tissue injuries, and host defence through inflammation stage during bone
acute phase responses fracture healing
e Stimulating of osteoblast production, angiogenesis,
and primary callus
3 Tumor necrosis factor e Cytokine pro-inflammatory which recruits inflam- Expressed in the early inflamma-
(TNF)-a matory cell and promotes angiogenesis, tion stage of inflammation stage
during bone fracture healing
e Stimulates second inflammation signalling, chemo-
tactic agent, and osteogenic differentiation of MSCs
4 Hypoxia inducible factor e Induces revascularization process through vasculo- Expressed to induce revascular-
(HIF) 1-a endothelial growth factor (VEGF), ization process
e Regulates cell progenitor MSCs by expression of
HIF-1
5 CXCR-4 Together with stromal cell-drive factor-1 (SDF-1) Expressed together with HIF1-a
to create an axis that acts as a key regulatory in the to create an axis which regulates
recruitment and homing process of MSCs to the bone the homing process of MSCs
fracture area
6 Stromal cell-drive factor ~ Together with CXCR-4 to create an axis that acts as a Expressed together with CXCR4
(SDF)-1 key regulatory in the recruitment and homing process to create an axis which to regu-
of MSCs to the bone fracture area late the homing process of MSCs
7 Runx2 e Master transcription factor which is needed in os- Expressed in the early stage of
teoblast differentiation and mineralization during the MSCs differentiation process
bone formation to become osteoblast
e Key transcription factor in regulation of osteogenic
expression gen
e Critical regulator during osteogenic development
e Binding with an osteoblast specific element in the
gen specific region of osteoblast
¢ Stimulates the expression of osteogenic extracellular
matrix genes
8 Osterix e Acts in the late differentiation of osteoblastic cells  Expressed in the late stage of os-
teoblast differentiation
e Regulates either the osteoblast differentiation or
deposition into the bone matrix
9 Osteocalcin Specific protein which is only produced by osteoblast Expressed after the formation of
with its role in the mineralization process, and thusit hard callus and osteoblast
can be detected after the formation of hard callus
10 Platelet derived growth ~ Activates fibroblast differentiation into collagen Expressed in the repair phase
factor (PDGF) maturation
11 Vasculoendothelial growth Stimulates the fibroblast differentiation, collagen Expressed in the repair phase
factor (VEGF) maturation, and angiogenesis stimulator
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of MSCs, and thus it will increase especially in
the periosteum of fracture area. HIF-Ta migrates into
the nucleus to bind with the HIF-1f complex. The
binding between HIF-1a and hypoxia-responsive
element (HRE) will happen into the CXCL12 gene
promoter region. CXCL12 binds with CXCR4 in the
circulating cells and changes the integrin surface
region into high affinity. CXCL12-CXCR4 also
binds with SDF-1 to create an axis that acts in
recruitment, migration, and homing of MSCs from
the circulating region to the defect site (23-25).

b. Repair Phase

M2 also promotes MSCs which reside in the bone
tissue. It represents 4-6% of adult-osteoprogenitor
stem cells in the bone tissue. MSC differentiates into
osteoblast  progenitor ~ which  expresses  Runx2
(Runt-related transcription factor 2). lts effect as an
immunomodulator  or  immunosuppressant  will
depend on the phenotype of toll-like receptors (TLRs).
If MSC is under controlled by TLR-3, it will show
immunosuppression;  constrastly, if it is under
control by TLR-4, it will show its immunomodulatory
function (23).

The osteogenesis process is strongly related to
angiogenesis, and thus each ossification process will
deal with the angiogenesis process. Endothelial and
pericyte cells into the sub-endothelial can transform
themselves into MSCs through the epithelial-
mesenchymal transition (EMT) mechanism. EMT in the
endothelial cells is called endothelial mesenchymal
transition (EndMT) in which the endothelial cells
will change into the MSCs, the main precursor of
osteoblast. A sub-endothelial cell also has pericyte
cells that will also change into the MSCs through
EndMT. Vascular ingrowth will cause the endothelial
cell to sprout because the ossification is closely
related to the angiogenesis process. The vascular
ingrowth also transforms itself into the EndMT
process to increase the MSCs. Increasing numbers
of MSCs will lead to higher numbers of osteoblasts
because MSCs are the main precursors of osteoblast (26).

c.  Remodelling Phase

The third phase following the fibrovascular phase is
bone remodelling by various cells, such as osteoclast,
osteoblast, osteocyte, and bone lining cells. Osteoblast
is the differentiation of mesenchymal stem cells
(MSCs) that form and deposit extracellular matrix
(ECM)  components, while osteoclast is the
differentiation of hematopoietic stem cells (HSCs) and
macrophage-lineage cells that resorb a mineralized
bone matrix and promote bone remodelling (27-
29). Both bone formation and remodelling involve
osteoclasts in the elimination of bone surface and
osteoblast in the precipitation of new matrixes.
Osteoblast and osteoclast are regulated through
bone remodelling so-called RANK/RANKL/OPG,

related to osteoclast maturation, bone modelling, and
bone remodelling. RANKL stimulates pre-osteoclast
differentiation, attaches osteoclast to the bone tissue,
and activates the bone reabsorption process. RANK
is also a receptor of transmembrane homotrimer as
part of the TNF family, which is restricted to the
mature dendritic cells. RANK does not have the
protein kinase that initiates activation as TNF does.
TRAFs 2, 5, and 6 bind to RANK, but only TRAF 6
has something to do with bone health. A competitive
inhibitor ~ of the RANK/RANKL  binding s
osteoprotegerins/OPG (liver, spleen, and kidneys) as
anti-osteoclastogenesis. OPG takes part in RANKL
binding and inhibits RANK-RANKL (27,28).

Whnt plays an important role in embryonic-proliferation
growth and cell differentiation, prominently in
the remodelling phase of secondary/indirect bone
healing. It consists of canonical and non-canonical
Whnt signalling, but only canonical Wnt signalling
is related to the secondary/indirect bone healing.
Wnt  canonical  signalling  prevents  p-catenin
degradation in the cytosol, causing it to translocate
to the nucleus, then interact with resident lymphoid
enhancer-binding factor/T cell (LEF/TCF), and activate
the Wnt target gene (4,29,30).

Whnt signalling acts as a prominent role in osteogenic
differentiation of adult MSCs. The relationship
between Whnt signalling in bone healing deals with
the prevention degradation of p-catenin and with the
increasing number of (-catenin. B-catenin is one of
the proteins associated with the adhesion between
the two types of cells and mediation of intracellular
Whnt signalling. Its intracellular accumulation of
B-catenin relates to the embryonic-proliferation
growth and cell differentiation as caused by activation
of transcription process needed in the bone healing
process. Therefore, the disturbance of p-catenin
will distract the bone remodelling. An activated of
B-catenin  will significantly enhance the bone
formation and lower the bone resorption (30-32).

MSCs’ Secretome

MSCs can differentiate itself into mesenchymal
lineages (bone, cartilage, tendon, and muscle) in two
pathways, namely direct or indirect processes as
follows (11):

1. Direct process: MSC differentiates itself into
bone-forming cells (osteoblast), secretes and mineralizes
bone matrixes.

2. Indirect process: MSCs contribute to the bone
regeneration by producing cytokine, growth factor,
and transcription factor, as well as regulating
vascularization-modulation of inflammation.

Indirect process deals with the action of MSCs’
secretome. The use of MSCs’ secretome has a better
effect than that of MSCs alone because secretome
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is cell-free and thus does not need as specialized
handling as MSC. MSCs’ secretome can also modulate
differentiation, proliferation, production of extracellular
matrix (ECM), as well as pro and anti-inflammatory
secretion in the bone tissue engineering/regeneration.
It is caused by cytokines, growth factors, and
transcription factors (33).

Growth factors are protein which corresponds to the
variety of cellular processes. Their activities relate to
the signalling molecules between cell-cell interactions
through autocrine, paracrine, or endocrine manner
to influence the proliferation, differentiation, and
maturation. Growth factors also have osteoinductive
profiles for stimulating the differentiation and
proliferation of host MSCs to become osteoblast or
chondroblast. It increases bone regeneration through
the mobilization of cells-angiogenesis-osteogenesis,
increases the osteogenic marker (osterix, osteopontin,
osteocalcin, and Runx2), and recruits endogenous stem
cells into the defect site (homing process); in other
words, they are involved in the local bone formation.
The growth factors consist of transforming growth
factor (TGF)-B, granulocyte macrophage colony-
stimulating ~ factor/GM-CSF,  vascular  endothelial
growth factor/VEGF, platelet-derived growth factor/
PDGF, and insulin growth factor/IGF-1 (30,32).

TGF-p acts as signalling molecules participating
in osteoblast differentiation and bone formation with
mitogen activated protein kinase (MAPK) through
synthesizing of a transcription factor i.e., Runx2.
Runx2 is one of the important transcription factors in
osteoblastic cells differentiation and mineralization.
It is a master regulator, critical regulator, and inductor
for extracellular expression of the other osteogenic
markers such as osterix, osteopontin, and osteocalcin.
Runx2 also regulates the osterix expression needed
in osteoblast differentiation; osterix then binds with
specific osteoblast gen in the promoter region.
Osterix is also a transcriptional regulator for the
osteocalcin and osteopontin. The differentiation
between Runx2 and osterix occurs in the early
stage of bone formation. The latter one is in the
late stage of bone formation; osterix can either
differentiate osteoblast or deposit osteoblast into the
bone matrix (34).

Both VEGF and PDGF as cytokines are likely
to stimulate fibroblast differentiation, collagen
deposition, and  angiogenesis. GM-CSF  may

contribute to the proliferation and differentiation
of granulocyte-monocyte. Besides, IGF is prominent
to increase osteoblastic cell precursors to become
osteoblast and modulate the remodelling process
(35,36).
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MSCs’ Secretome as a Candidate of Active Substance
in Bone Healing

Figure 1 explains the concept mapping of
secretome and extracellular vesicles which can increase
growth factor secretion. Bone healing can happen
in two ways: direct/primary and indirect/secondary
ways. These ways are related to the three stages in
the bone regeneration (osteogenesis) and need of
active substance from secretome and extracellular
vesicles. Principally, osteogenesis is closely related
to angiogenesis, indicating that osteogenesis must
be followed by angiogenesis. Osteogenic growth
factors derived from both secretome and extracellular
vesicles including osteopontin, osteocalcin, Runx2,
osterix, and TGF-f also may increase. Osteopontin
and osteocalcin mainly function in growth factor
secretion and cell differentiation that mediate bone
formation and remodelling. Runx2, as a main and
critical regulator for transcription factor, contributes
to bone matrix production, osteoblast differentiation
through its promoter region, and regulates osterix
expression (34). Osterix deals with either osteoblast
differentiation or bone tissue formation through
osteoblast deposition in the bone matrix. Both
angiogenic growth factors, VEGF and PDGF, will
correspond to the angiogenesis properties, supporting
osteogenesis through endochondral ossification via
collagen deposition and fibroblast differentiation
(37,38).

Bone Healing

i

Bone
Regeneration

Active Substances

1
‘ Extracellular Vesicles (EVs) |

fG-mw‘Lh Factor
[

1

VEGF, PDGF Osteopontin, ‘ Tmmunosuppresive ‘ Tt
Osterix,
Osteocalein,
Runx2, TGF-B
‘ Inflammation
? Osteabl
Differentiation
? Bone
Formation

? Healing Bone
Defect

Figure 1 : Concept mapping the working of secretome.
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MSCs’ secretome and exosome are also able to
interact and communicate with both
pro-inflammatory and anti-inflammatory interleukins
(36). Secretome is related to the extracellular
vesicles (EVs) located in the extracellular areas
and the cytoplasm. While exosome is related to
the micro vesicular vesicles (MVs) mainly located
in membrane, cytosol, and cytoplasm. The EVs
consist of both MVs and exosomes. The diameter
of MVs is around100 nm-1 pm, while the diameter
of exosomes is below 100 nm (14,15). The
exosome is a part of the secretome demonstrating
similar function to MSCs. The use of MSCs is
nowadays reduced due to their expensive cost and
challenges for storage, production, isolation, and
handling (12,14).

An interleukin will dependently bind itself with
TLR-3 or TLR-4. If the interleukin binds itself with
TLR-3, it will become an immunosuppressive
interleukin.  Meanwhile, if it binds itself with
TLR-4, it will be immunomodulatory. The balance of
immunosuppressive and immunomodulatory effects
will  be related to osteoblast differentiation.
Pro-inflammatory interleukins associated with both
secretome and exosome activities include TGF-,
interleukin-13, interleukin-18 binding protein, ciliary
neurotropic factor (CNTF), neurotrophin 3 (NT-3),
interleukin-10, interleukin-12  p70, interleukin-25,
interleukin-17, interleukin-27, and interleukin-1
receptor  agonists  (IL-TRA).  Anti-inflammatory
interleukins  include interleukin-16, interleukin-6,
interleukin-8, and interleukin-9. The balance
between pro and anti-inflammatory  cytokines
will be the key determinant for inflammation
and  osteoblast differentiation. The increased
osteoblast  differentiation ~ will  directly escalate
bone formation. The more rapid bone formation,
the quicker bone defect healing (39,40).

CONCLUSION

Both MSCs’ secretome and exosome are cell-free
MSCs that can be used as bone stimulator candidates
in bone regeneration. They can secrete growth
factors, cytokines, and chemokines that influence
bone regeneration. These growth factors can be
either angiogenesis or osteogenesis factors. They will

influence osteoblast differentiation through
endochondral ossification and increase a greater
number of osteoblasts. The more osteoblast

differentiation, the quicker bone formation and

bone defect healing.

ACKNOWLEDGEMENT

This article is supported by the Indonesian
Ministry of Research and Technology and the
Faculty of Dental Medicine, Universitas Airlangga,
Surabaya.

REFERENCES

1. Kalfas IH. Principles of Bone Healing. Neurosurgery
Focus. 2001; 10(4): 1-4

2. Loi F, Cordova LA, Pajarinen J, Lin T, Yao Z,
Goodman SB. Review Article Inflammation,
fracture and bone repair. Bone. 2016; 86: 119-30,
https://dx.doi.org/10.1016/j.bone.2016.02.020

3. Hardy E, Patron CF. Destroy to Rebuild: The
Connection Between Bone Tissue Remodeling
and Matrix Metalloproteinases. Front Physiology.
2020; 11(47): 1-24; https://doi.org/10.3389/
fphys.2020.00047

4. Secreto FJ, Hoeppner LH, Westendorf JJ. Wnt
Signaling During Fracture Repair. Current
Osteoporosis Reports. 2009; 7(2): 64-9

5. Jacob SA. Guided tissue regeneration: a review.
Journal of Dental Health Oral Disorders & Therapy.
2017; 6(3): 67-73

6. Marsell R, Einhorn TA. The Biology of Fracture
Healing. Injury. 2011; 42(6): 551-5, doi: 10.1016/j.
injury.2011.03.031

7. Bahney CS, Zondreyan RL, Allison P, et al.
Cellular Biology of Fracture Healing. Journal of
Orthopaedic Research. 2019; 37: 35-50, DOI
10.1002/jor.24170

8. Baker CE, Lotridge SNM, Hysong AA, et al.
Bone Fracture Acute Phase Response-A Unifying
Theory of Fracture Repair: Clinical and Scientific
Implications. Clinical Review in Bone and Mineral
Metabolism. 2018; 16: 142-58, https://doi.
org/10.1007/s12018-018-9256-x

9. Arnold K, Sampaio M, Schweitzer M. Fracture
Complications and The Role of Imaging. Sports
Medicine Journal. 2013: 52-9

10. Oryan A, Kamali A, Moshiri A, Eslaminejad
MB. Role of Mesenchymal Stem Cells in Bone
Regenerative Medicine: What Is the Evidence?
Cells Tissues Organs. 2018; 204: 59-83;
DOI:10.1159/000469704

11. ljima K, Otsuka H. Cell Scaffolds for Bone Tissue
Engineering. MDPI Bioengineering. 2020; 7, 119:
1-11, doi:10.3990/bioengineering7040119

12. Vizoso FJ, Eiro N, Cid S, Schneider J, Fernandez
RP. Mesenchymal Stem Cell Secretome: Toward
Cell-Free Therapeutic Strategies in Regenerative

Mal ) Med Health Sci 17(SUPP13): 98-106, Dec 2021 104



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

105

Medicine. International Journal of Molecular
Sciences. 2017; 18: 1-25; doi: 10.3390/
ijms18091852

Phelps J, Nezhad AS, Ungrin M, Duncan NA, Sen
A. Bioprocessing of Mesenchymal Stem Cells and
Their Derivatives: Toward Cell-Free Therapeutics.
Stem Cells International. 2018; 28: 1-24; https://
doi.org/10.1155/2018/9415367

Meliana A, Dewi NM, Wijaya. Mesenchymal Stem
Cell Secretome: Cell-free Therapeutic Strategy in
Regenerative Medicine. Indonesian Biomedicine
Journal. 2019; 11(2): 113-24, DOI: 10.18585/
inabj.v11i2.839

Moshy SE, Radwan IA, Rady D, et al. Dental Stem
Cell-Derived Secretome/Conditioned Medium: The
Future of Regenerative Therapeutic Applications.
Stem Cells International. 2020; 2020: 1-29; https://
doi.org/10.1155.2020/7593402

Putra A. Basic Molecular Stem Cell. Semarang:
Unissula Press. 2019

Liu J, Kerns DG. Mechanisms of Guided Bone
Regeneration: A Review. The Open Dentistry
Journal. 2014; 8(1M3): 56-65

Farzad ™M, Mohammadi M. Guided bone
regeneration: A literature review. Journal Oral
Health Oral Epidemiology. 2011; 1(1): 1-16
Setiawatie EM, Ulfah N, Wahjuningrum DA,
Sari SD, Rubianto M. Viability bovine tooth
hydroxyapatite on bone marrow mesenchymal
stem cells. International Medical Device and
Technology Conference. 2017: 100-4

Dwi R, Indrawati RR, Setiawatie EM, Yuliati A,
Bramantoro T. Osteogenic ability of combined
hematopoietic stem cells, hydroxyapatite graft,
and platelete rich fibrin on Rat (Rattus norvegicus).
2017. Journal of Khrisna Institute of Medical
Sciences University. 2017; 6(4): 88-95

Kamadjaja DB, Rantam FH, Pramono C. The
osteogenic capacity of human amniotic membrane
mesenchymal stem cell (hADMSC) and potential
application for application in maxillofacial bone
reconstruction in vitro study. Journal of Biomedical
Science and Engineering. 2014; 7: 497

Einhorn TA, Gerstenfeld LC. Fracture healing:
mechanisms and interventions. Nature
Reviews Rheumatology. 2014; doi: 10.1038/
nrrheum.2014.164

Oryan A, Monazzah S, Sadegh AB. Bone Injury
and Fracture Healing Biology. Biomedical
Environtmental Science. 2015; 28(1): 57-71
Sathyendra V, Darowish M. Basic Science of Bone
Healing. Hand Clinics. 2013; 29: 473-81; http:/
dx.doi.org/10.1016/j.hcl.2013.08.002

Medhat D, Rodriguez Cl, Infante A.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Immunomodulatory Effects of MSCs in Bone
Healing. International Journal Molecular Science.
2019; 20: 1-17; doi:10.3390/ijms20215467

Tang Z, Li X, Tan Y, Fan H, Zhang X. The material
and biological characteristics of osteoinductive
calcium  phosphate  ceramic.  Regenerative
Biomaterials. 2018: 43-59; doi: 10.1093/rb/rbx024
Affshana M, Saveethna JP. Healing Mechanism in
Bone Fracture. Journal of Pharmaceutical Sciences
and Research. 2015; 7(7): 441-2

Quax WJ, Assen AHG, Wang YZ. TNF-family
member Receptor Activator of NF-KB (RANK)
and RANK-Ligand (RANKL) in bone remodeling.
4th International Conference on Agricultural and
Biological Sciences. 2018; 185: 1-9; https://doi.org
/10.1088/1755-1315/185/1/012001

Yuasa T, Otani T, Koike T, Iwamoto M, Iwamoto ME.
Whnt/p-catenin signaling stimulates matrix catabolic
genes and activity in articular chondrocytes: its
possible role in joint degeneration. Lab Invest.
2008; 88: 264-74; doi:10.1038/labinvest.2008.26
Houschyar KS, Tapking C, Borrelli MR, et al. Wnt
Pathway in Bone Regeneration — What Do We
Know So Far. Front. Cell Dev. Biol. 2019;6:170;
doi: 10.3389/fcell.2018.00170

Bao Q, Chen S, Qin H, et al. An appropriate Wnt/
B-catenin expression level during the remodeling
phase is required for improved bone fracture
healing in mice. Scientific Reports. 2017; 7: 2695;
DOI:10.1038/s41598-018-02705-0

Gugliandolo A, Fonticuli L, Trubiani O, et al.
Oral Bone Tissue Regeneration: Mesenchymal
Stem Cells, Secretome, and Biomaterials. Int )
Mol Sci. 2021; 22: 5236; https://doi.org/10.3990/
ijms22105236

Tsuitsui TW. Dental Pulp Stem Cells: Advances to
Applications. Stem Cells and Cloning Advances
and Applications. 2020; 13: 33-42

Pokrovskaya LA, Zubareva EV, Nadezhin SV,
Lysenko AS, Litovkina TL. Biological activity of
mesenchymal stem cells secretome as a basis for
cell-free therapeutic approach. Research Results in
Pharmacology. 2020; 6(1): 57-68; DOI 10.3897/
rrpharmacology.6.49413

Zou L, Kidwai FK, Kopher RA, et al. Use of RUNX2
Expression to Identify Osteogenic Progenitor Cells
Derived from Human Embryonic Stem Cells. Stem
Cell Reports. 2015; 4: 190-8

Putra A, Ridwan FB, Putridewi Al, et al. The Role of
TNF-a induced MSCs on Suppresive Inflammation
by Increasing TGF-f and IL-10. Open Access
Macedonian Journal of Medical Sciences.
2018; 6(10): 1779-83; https://doi.org/10.3889/
oamjms.2018.404

Mal ] Med Health Sci 17(SUPP13): 98-106, Dec 2021



37.

38.

Nugraha A, Putra A. Tyumor necrosis factor-a
activated mesenchymal stem cells accelerate
wound healing through vascular endothelial growth
factor regulation in rats. Universa Medicina. 2018;
37(2): 135-42

Sunarto H, Trisnadi S, Putra A, Sa’dyah NAC, Tjipta
A, Chodidjah. The Role of Hypoxic Mesenchymal
Stem Cells Conditioned Medium in Increasing
Vascular Endothelial Growth Factors (VEGF) Levels
and Collagen Synthesis to Accelerate Wound
Healing. Indones ] Cancer Chemoprevent. 2020;
11(3): 134-43

Mal ) Med Health Sci 17(SUPP13): 98-106, Dec 2021

39.

40.

Hasib A, Wahjuningrum DA, Ibrahim MHR, et al.
ALP (Alkaline Phosphatase) Expression in Simple
Fracture Incident in Rat (Rattus norvegicus) Femur
Bone Supplemented by Apis Mellifera Honey.
Journal of International Dental and Medical
Research. 2020; 13(3): 887-91

Setiawati EM, Widiyanti P, Ryan M, Rubianto M.
Carbonate Hydroxiapatite-Hyaluronic  Acid as
Bone Healing Accelerator: in vitro and in-vivo
Studies on the Alveolar Bone of Wistar Rats. Journal
of International Dental and Medical Research.
2019; 12(4): 1280-6

106



