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Abstract

Background: Given the limitations of current therapies for the reconstruction of bone defects, regenerative
medicine has arisen as a new therapeutic strategy along with mesenchymal stem cells (MSCs), which, because of
their osteogenic potential and immunomodulatory properties, have emerged as a promising alternative for the
treatment of bone injuries. In vivo studies have demonstrated that MSCs have a positive effect on regeneration due
to their secretion of cytokines and growth factors that, when collected in conditioned medium (MSC-CM) and
applied to an injured tissue, can modulate and promote the formation of new tissue.

Objective: To evaluate the effectiveness of application of conditioned medium derived from mesenchymal stem
cells in bone regeneration in animal and human models.

Methods: We conducted a systematic review with a comprehensive search through February of 2018 using several
electronic databases (MEDLINE, EMBASE, SCOPUS, CENTRAL (Ovid), and LILACS), and we also used the “snowballing
technique”. Articles that met the inclusion criteria were selected through abstract review and subsequent
assessment of the full text. We assessed the risk of bias with the SYRCLE and Cochrane tools, and three meta-
analyses were performed.

Results: We included 21 articles, 19 of which used animal models and 2 of which used human models. In animal
models, the application of MSC-CM significantly increased the regeneration of bone defects in comparison with
control groups. Human studies reported early mineralization in regenerated bones, and no bone resorption,
inflammation, nor local or systemic alterations were observed in any case. The meta-analysis showed an overall
favorable effect of the application of MSC-CM.

Conclusions: The application of MSC-CM to bone defects has a positive and favorable effect on the repair and
regeneration of bone tissue, particularly in animal models. It is necessary to perform additional studies to support
the application of MSC-CM in clinical practice.
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Background

Reconstruction of bone defects generated by fractures,
tumors, infections or congenital diseases is a real chal-
lenge in oral and maxillofacial surgery and orthopedics.
Although bones have an ability to repair and regenerate,
in bone lesions of large size, the process of healing fails,
and such injuries do not repair themselves spontan-
eously (Oryan et al, 2013). Current therapies have fo-
cused on the placement of grafts and bone substitutes,
which are widely used but also have some limitations
and disadvantages in reconstruction of bone defects that
exceed the critical size (Oryan et al., 2013; D, 2010; Shri-
vats et al., 2014). This has stimulated the search for new
therapeutic alternatives to produce adequate regener-
ation and rehabilitation of these defects (Padial et al.,
2015; Bertolai et al., 2015). This may give rise to regen-
erative medicine, which seeks to repair or replace dam-
aged cells and tissues of an organ to restore its normal
functioning. Regenerative medicine uses tools from tis-
sue engineering, gene therapy and cellular therapy, the
latter of which is mainly represented by the use of mes-
enchymal stem cells (MSC) (de Santana et al., 2015;
Berthiaume et al,, 2011; Tatullo et al., 2015). MSCs are a
type of adult stem cells, which are multipotent and thus
can self-regenerate, proliferate and differentiate into
multiple cell lineages (Saeed et al, 2016; Wen et al,
2013; Monaco et al., 2011). There have been multiple re-
ports in the literature revealing the therapeutic effects of
the application of MSC for bone regeneration in animal
and human models (Cancedda et al., 2007; Ramamoorthi
et al.,, 2015; Wang et al., 2012a). Currently, it has been
suggested that their main mechanism of action in tissue
regeneration and repair through the release of growth
factors, cytokines and extracellular matrix molecules,
which have a paracrine effect on host cells, modulating
endogenous cell migration, angiogenesis, and cell differ-
entiation, and inducing the repair and regeneration of
injured tissues (Liang et al, 2014; Ivanova et al.,, 2016;
Chaparro & Linero, 2016; Linero & Chaparro, 2014). Se-
creted factors are referred to as a secretome and can be
found in the medium where the mesenchymal stem cells
are cultivated, known as a conditioned medium (MSC-
CM). It has been shown that MSC-CM exerts a benefi-
cial effect on regeneration of bone and tissue, as the
secretome participates in stimulation of multiple cellular
functions (Ivanova et al., 2016; Clough et al., 2015). Pub-
lished systematic reviews have evaluated the application
of MSC-CM for the treatment of injuries and patholo-
gies in several organs, such as acute renal failure, myo-
cardial infarction, liver failure, lung disease, and nerve
injury, where MSC-CM significantly promoted the repair
and regeneration of tissue injuries and/or damaged or-
gans (Muhammad et al.,, 2018; Akyurekli et al., 2015; JA,
2014). However, there have been no systematic reviews
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specifically evaluating the application of MSC-CM par-
ticularly in bone regeneration. Accordingly, the objective
of this review was to assess the effectiveness of applica-
tion of conditioned media derived from mesenchymal
stem cells in bone regeneration in animal and human
models.

Methods

This systematic review was designed to answer the fol-
lowing question: What is the effectiveness of application
of conditioned medium derived from mesenchymal stem
cells in bone regeneration in animal and human models?

Search strategy

We developed a search strategy to identify the studies
published before February of 2018 in the electronic data-
bases MEDLINE (OVID), EMBASE, CENTRAL (OVID)
EBM Reviews - Cochrane Central Register of Controlled
Trials, SCOPUS, Virtual Health Library (IBECS/LI-
LACS/CUMED) using the following search terms: “Con-
ditioned medium”, “Mesenchymal stem cell”, “Paracrine
communication”, “Secretome”, “Tissue engineering”,
“Regenerative medicine”, “Bone regeneration”, “Bone re-
pair’, “Humans”, “Animal model”, “Experimental study”,
“Clinical trial”, “Clinical study” and “Case reports”. The
“snowballing technique” was also used as a search strat-
egy in the lists of references of studies found in elec-
tronic databases. (See Appendix 1: Electronic search

strategy).

Study selection

The titles and abstracts of studies identified in the sys-
tematic search were evaluated independently by two re-
searchers (MB and IL). Disagreements in the selection of
articles were resolved by discussion and consensus. After
the initial selection, potentially relevant articles were re-
trieved for a full-text assessment.

Eligibility criteria

We included all experimental in vivo studies that evalu-
ated bone regeneration after the application of MSC-CM
in animal and human models reported in articles written
in both English and Spanish with a publication date after
2000 and that reported measurable clinical, radiographic
and/or histologic outcomes. We excluded studies that
applied conditioned medium for regeneration of other
tissues than bone, derived from other cell types, in vitro
studies and review articles. (See Appendix 2: Exclusion
criteria).

Data extraction

After evaluation of full-text studies that met the inclu-
sion criteria, we performed data extraction using a form
developed for this review, where we obtained the
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following information: authors, publication year, object-
ive, number (n) and population characteristics (age, sex,
strain), methods and study design, intervention charac-
teristics (cells used, preparation of conditioned medium,
administration method, type of bone defect evaluated,
duration of intervention, established groups (MSC-CM,
comparison and control), outcomes assessed (bone re-
generation, secondary outcomes, tests conducted for the
measurement of results, most important results, statis-
tical methods) and conclusions of the studies. Studies
were grouped according to the following experimenta-
tion models: animal models and human models. (See
Appendix 3: Data extraction form).

Quality assessment

We assessed the risk of bias of animal studies with the
SYstematic Review Centre for Laboratory animal Experi-
mentation (SYRCLE) tool (Hooijmans et al., 2014), and
of human studies with the Cochrane risk of bias tool
(Higgins & Green, 2011). These risks of bias were classi-
fied into high, low or unclear. We used Revman 5.3 soft-
ware to perform the graphic summary of risk of bias in
the studies (Review Manager (RevMan) [Computer pro-
gram], 2014). When studies were not experimental, we
conducted a quality assessment with the “CARE check-
list” tool for case reports (Gagnier et al., 2013).

Intervention effect measure and synthesis of results

We performed a narrative description and an analysis of
characteristics, findings and primary and secondary out-
comes from the studies. Bone regeneration was reported
in the original measures used in the studies. The results
were treated with standardized mean difference (SSMD)
due to the diversity in the measure instruments, measure
units used, comparative interventions and the time when
the effect was evaluated. These comparative measures
were reported with their respective confidence intervals
(CI) at 95%. Calculation were made by Revman 5.3 (Re-
view Manager (RevMan) [Computer program], 2014).
We explored statistical heterogeneity using 12 and Chi2
tests for bone regeneration outcome, we performed four
forest plots, three of which were generated with a global
diamond (meta-analysis). The studies were grouped ac-
cording to the measure of the effect used and the time
at which the evaluation of bone regeneration was per-
formed. We assessed the percentage of bone regener-
ation at 2 and 4weeks and the volume of bone
regeneration at 8 weeks.

Assessment of publication biases

Due to the limited number of studies included within
the quantitative evidence of an overall effect of interven-
tion on bone regeneration (meta-analysis), it was not
possible to explore reporting bias using “funnel plots”.
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Assessment of the methodological quality of the
systematic review

All phases of this systematic review were performed and
reviewed according to PRISMA (Preferred Reporting

Items for Systematic Reviews and Meta-Analyses)
(Moher et al, 2009). (See Appendix 4: PRISMA
checklist).
Results

Search results

The searches yielded a total of 6500 articles after remov-
ing duplicates. After the first screening, 6473 studies
didn’t met the eligibility criteria, a total of 27 full-text ar-
ticles were reviewed, from which 6 articles were ex-
cluded (Shang-Chun et al, 2016; Otsuru et al., 2018; Li
et al, 2018; Byeon et al., 2010; Sakaguchi et al., 2017;
Pethd et al,, 2018). (See section 2.3: Eligibility criteria
and Appendix 2: Exclusion criteria).

We selected 21 articles that met the inclusion criteria,
19 of which described animal models and 2 of which de-
scribed human models (a case report and a phase I clin-
ical trial) (Fig. 1).

Description of included studies

The first published study in humans is a case report
(Katagiri, 2016) (Katagiri et al., 2016) that evaluated the
safety and use of MSC-CM for alveolar bone regener-
ation in eight partially edentulous patients aged 45 to 67
years, which required bone augmentation, including
maxillary sinus floor elevation (SFE), guided bone regen-
eration (GBR) and socket preservation (SP) for subse-
quent placement of dental implants. The second study
was a phase I clinical trial (Katagiri, 2017%) (Katagiri
et al, 2017a) that evaluated the safety of use of the
secretome of bone marrow-derived mesenchymal stem
cells (MSC-CM) for surgical procedures of maxillary
sinus floor elevation and bone grafting in 6 systemically
healthy, partially edentulous patients.

We found 19 experimental studies using animal
models where the conditioned media derived from mes-
enchymal stem cells were applied to regeneration of
bone tissue. The characteristics of these studies are de-
tailed in Table 1.

Description of intervention

Conditioned medium sources

Conditioned media used in the studies were obtained
from MSC of different tissues. In 81% (17 studies), hu-
man MSCs were used, and in 19% (4 studies), MSCs of
animal origin were used, specifically those of rats (Chang
et al,, 2015; Sanchooli et al., 2017; Tsuchiya et al., 2013;
Tsuchiya et al,, 2015). In the studies that used condi-
tioned media of human origin, 6 reported that MSCs
were derived from bone marrow (Katagiri et al., 2016;
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Katagiri et al., 2017a; Katagiri et al., 2017¢c; Kawai et al.,
2015; Osugi et al.,, 2012; Qin et al,, 2016), one from adi-
pose tissue (Linero & Chaparro, 2014), another from
umbilical cord (Wang et al.,, 2015) and one more used
fetal human MSC (Xu et al,, 2016), while the remaining
8 studies did not specify the human MSC tissue of origin
(Ando et al.,, 2014; Furuta et al., 2016; Inukai et al., 2013;
Katagiri et al., 2013; Katagiri et al., 2015; Katagiri et al.,
2017b; Ogata et al, 2015; Wang et al., 2012b). Of the
studies that used animal MSCs to obtain conditioned
media, 2 reported that MSCs were derived from bone
marrow (Tsuchiya et al., 2013; Tsuchiya et al., 2015) and
one used MSCs derived from adipose tissue (Sanchooli
et al.,, 2017).

Application of MSC-CM

In the human models: Katagiri, 2016 (Katagiri et al.,
2016) performed procedures of maxillary sinus floor ele-
vation and guided bone regeneration with an implant of
beta-tricalcium phosphate (B-TCP) soaked in MSC-CM
and socket preservation with an implant of atelocollagen
sponge soaked in MSC-CM. Katagiri, 2017* (Katagiri
et al,, 2017a) also performed maxillary sinus floor eleva-
tion procedures with an implant of B-TCP soaked in

MSC-CM, and in the control group, B-TCP without
MSC-CM was implanted.

In the animal models: In ten studies, MSC-CM were
applied to circular bone defects, eight of which applied
the MSC-CM in calvarial bone defects of 5 mm in diam-
eter (Chang et al., 2015; Katagiri et al., 2013; Katagiri
et al, 2017b; Katagiri et al., 2017c; Osugi et al., 2012;
Qin et al, 2016; Sanchooli et al., 2017; Wang et al,
2015), one in calvarial bone defects of 8 mm in diameter
(Wang et al., 2012b), and another in bilateral bone de-
fects of 10 mm in diameter in the mandibular angles of
rabbits (Linero & Chaparro, 2014). In two studies, MSC-
CM were applied in periodontal bone defects (Inukai
et al, 2013; Kawai et al, 2015). In one study MSC-CM
was applied in maxillary sinus floor elevation procedures
(Katagiri et al., 2015). In two studies, MSC-CM was ap-
plied in models of distraction osteogenesis of tibia (Ando
et al,, 2014; Xu et al,, 2016). In two more studies MSC-
CM was evaluated in fractures, one in a femur (Furuta
et al,, 2016) and the other in the middle third of the fib-
ula in rats with diabetes (Wang et al., 2012b). One study
evaluated osseointegration of an implant soaked in
MSC-CM in a socket created in a femur (Tsuchiya et al.,
2013), and another study evaluated the therapeutic
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Table 1 Characteristics of studies

Author and year Specie/ strain Total n Source of CM-Dosage Application of MSC-CM

(Ando et al., 2014) Mice / ICR unclear hMSCs — 20 ul Distraction osteogenesis of tibia

Chang et al., 2015) Rats/ Sprague-Dawley 21 rMSCs-1 ml Circular calvarial bone defect of 5mm
diameter

(Furuta et al., 2016) Mice/ (C57BL/6),CD9 77 hMSCs-100 pl Femur fracture

(Inukai et al., 2013) Dogs / hybrid 18 hMSCs-300 pl Critical-size, box-type, one-wall intrab-
ony defects (width 4 mm, height 5 mm)

(Katagiri et al., 2013) Rats / Wistar/ST 24 hMSCs-NR Circular calvarial bone defect of 5mm
diameter

(Katagiri et al., 2015) Rabbits/ (JW/CSK) 15 hMSCs-NR Bilateral cavity in the maxillary sinus
(lateral window of 5x 5 mm)

(Katagiri et al., 2016) Humans 8 BM-hMSCs-3 ml Maxillary sinus floor elevation (< 5 mm
of residual bone)

Katagiri et al., 2017b) Rats /Wistar/ST 24 hMSCs-NR Circular calvarial bone defect of 5mm
diameter

(Katagiri et al., 2017a) Humans 6 BM-hMSCs-3 ml Maxillary sinus floor elevation (<5 mm
of residual bone)

(Katagiri et al., 2017¢) Rats / Wistar/ST 40 BM-hMSCs-30 ul Circular calvarial bone defect of 5mm
diameter

(Kawai et al., 2015) Rats /Wistar/ST unclear BM-hMSCs-30 ul Periodontal defect of 1 mm diameter at
palatal side of the first molar

(Linero & Chaparro, 2014) Rabbits / New Zealand 19 Ad-hMSCs-16,6 pl Bilateral mandibular bone defects of 10
mm diameter

(Ogata et al., 2015) Rats / Wistar/ ST 24 hMSCs-1 ml Exposed bone after tooth extraction in
rats with BRONJ

(Osugi et al., 2012) Ratas Wistar/ST 40 BM-hMSCs-6 ml Circular calvarial bone defect of 5mm
diameter

(Qin et al., 2016) Rats / Sprague Dawley (SD) 6 BM-hMSCs (Evs) -100 ug Circular calvarial bone defect of 5mm
diameter

(Sanchooli et al., 2017) Rats / Wistar/ST 24 Ad-rMSCs-NR Circular calvarial bone defect of 5mm
diameter in rats with hypothyroidism

(Tsuchiya et al., 2013) Rats /Sprague- Dawley 15 BM-rMSCs-1 mg/mll Implant in insertion socket of 1,5mm
diameter created on the femur

(Tsuchiya et al., 2015) Rats / Sprague-Dawley 24 BM-rMSCs-NR Circular calvarial bone defect of 8 mm
diameter

(Wang et al., 2012b) Rats /Sprague-Dawley (SD) unclear hMSCs-100 pl Fracture - Bone defect of 2 mm in the
middle third of the fibula in rats with
diabetes

(Wang et al., 2015) Rats / Sprague-Dawley (SD) 8 hUCMSCs-10 ug Circular calvarial bone defect of 5mm
diameter

(Xu et al., 2016) Rats / SD 24 F-hMSCs-100 pl Distraction osteogenesis of tibia

transverse osteotomy

hMSCS Human mesenchymal stem cells, rMSCS Rat mesenchymal stem cells, BM Bone marrow, Ad adipose tissue, h(UCMSCs Mesenchymal stem cells derived from
human umbilical cord, F-hMSCs human fetal mesenchymal stem cells. Evs Extracellular vesicles. NR No report

effects of MSC-CM in a bisphosphonate-related osteo-
necrosis of the jaw (BRONJ) model in rats (Ogata et al.,
2015) (Table 1).

Comparison and control groups

Most studies compared the application of the MSC-
CM with different treatments, demonstrating more
than one comparison and/or control group. In 11

studies, applications of MSC-CM and phosphate buff-
ered saline (PBS) were compared (Inukai et al., 2013;
Katagiri et al, 2013; Katagiri et al., 2015; Katagiri
et al., 2017b; Katagiri et al.,, 2017¢; Kawai et al., 2015;
Osugi et al, 2012; Tsuchiya et al., 2013; Tsuchiya
et al, 2015; Wang et al,, 2015; Xu et al,, 2016). In 10
studies, the control defects were allowed to heal by
second intention, leaving the bone defects without
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Author and  Outcome MSC-CM (n) Comparison(n) Control (n) Time Conclusions
year
(Ando % of new bone MSC-CM 62% FB-CM: 37%(10)  DMEM: 32% (10)  15days MSC-CM accelerates the formation of new
et al., callus in the (10) bone callus, shortening the period required
2014) distraction gap for DO treatment
(Chang % of new bone HCM:NC NCM: NC _ 56 days Bone repair is significantly increased with
et al., formation over the hypoxic MSC-CM by enhancement of en-
2015) total area of the dogenous MSCs migration and adhesion and
defect gene regulation by miRNA
(Furuta Bone union presence  MSC-CM (9): NC  Exosomes (9): NC  PBS (15): NC 6 MSC-derived exosomes rescued the
etal., of bridging callus on weeks  retardation of fracture healing in CD9 —/—
2016) two cortices mice
(Inukai Bone regeneration MSC-CM PBS/ Scaffold: 24 No implant/ 4 Large amount of bone and cement formation
et al., area /Scaffold: 489+  mm2 (6) Scaffold: 1,8 mm2 weeks  was observed in the MSC-CM group. There
2013) 1.08 mm?2 (6) 6) was minimal inflammatory cell infiltration in
the MSC-CM
(Katagiri % area of newly MSC-CM PBS (60.63% +—  Defect (unfilled) 2y 4 MSC-CM group showed higher new bone
et al., regenerated bone (81.50% + —2.7%), 5.8%) (863% + — 1.78%) weeks  regeneration compared with control groups,
2013) over the total area of (93.07% + — (84.04% + — 49%) (4) at 4 weeks the defect was completely
the defect 6.6%) (4) 4 replaced by mature bone tissue
(Katagiri % of newly formed MSC-CM/ B-TCP  PBS/B-TCP Aprox. __ 2,4y Sinus floor elevation with MSC-CM/B-TCP en-
et al., bone area in the Aprox. 15%, 22%, 9%,17%, 35% 8 hanced early bone regeneration compared to
2015) elevated sinus floor  37% (NC) (NO) weeks  B-TCP alone
(Katagiri New formed bone in MSC-CM/B-TCP:  B-TCP: NR _ 8-9 MSC-CM promoted early bone formation and
et al., augmented area NR months mineralization compared to B-TCP without
2016) MSC-CM, No bone resorption was observed
(Katagiri % area of newly MSC-CM (723 £  PBS: 309+62%) Defect 2 MSC-CM enhanced the migration of
etal., formed bone over 17.1%) (24) (24) (unfilled)(22.2 + weeks  endogenous cells, which enabled the
2017b) the total area of the 8.0%) (24) formation of more blood vessels and bone
defect tissue in the bone defect
(Katagiri New formed bone MSC-CM/B-TCP B-TCP (2) NR _ 6 MSC-CM was used safely and enhanced
etal., area in maxillary (4) NR months  vascularization and early bone formation in
2017a) sinus floor elevation. maxillary SFE
(Katagiri % of the area of MSC-CM PBS: 3161 + Defect 2 A higher percentage of bone formation was
etal., newly formed bone (7494 +19.11%)  5.23%) (8) (unfilled)(15.27 +  weeks  observed in CM and CC groups, in
2017¢) over the total area of (8) 8.21%) (8) comparison with the other groups. MSC-CM
the defect elicit osteogenesis and angiogenesis
(Kawai Qualitative MSC-CM: NR PBS: NR Defect (unfilled) 2y 4 MSC-CM promoted periodontal tissue
etal., description of NR weeks  regeneration through mobilization of
2015) histological findings endogenous MSCs, angiogenesis and
differentiation
(Linero & % of regenerated AdMSC-CM: 75%  Ad-MSC/HBPH: Blood plasma 45days Ad-MSC improves bone regeneration, and the
Chaparro, bone tissue, (3) 62% (4) hydrogel: 32% (4) quantity and quality of regenerated bone is
2014) compared to the similar with paracrine factors collected and
initial defect. applied as CM instead of Ad-MSCs
(Ogata Volume of bone MSC-CM Aprox ~ DMEM: Aprox Non treatment: 2 Open alveolar sockets in 63% of the rats with
et al., sequestra (mm?3) (04 mm3) (8) (2.6 mm3) (8) Aprox (28 mm3)  weeks  BRONJ healed with complete soft tissue
2015) 8 coverage, whereas the exposed necrotic bone
remained in the other groups
(Osugi % area of newly MSC-CM PBS:(24.9% + — Defect (unfilled) 4y 8 The area of new regenerated bone was
et al., formed bone over (49.5% + — 2.7%), 2.2%) (36.1% + (234% + — 45%)  weeks  significantly higher in the MSC-CM group
2012) the total area of the  (64.4% + — —2.9%) (4) (28.6% + — 5.3%) compared to the other groups.
defect 19.7%)(4) 4
(Qin et al., Volume of Evs-MSC: 4.0 + Hydrogel 1.3+ - 8 The Evs derived from human BMSCs
2016) regenerated bone 1.9 mm3 (6) 0.7 mm3 (6) weeks  contained in gel, accelerated bone
(mm3) regeneration and showed a clear increase in
the repair of the defect.
(Sanchooli New bone volume MSC-CM Collagen gel Empty defect 4y8 Significantly greater bone volume was
et al, (mm3) (2126 +— 0.064) (1433+— 0266), (0.173+— 0.060), weeks observed in the AMSC-CM group compared
2017) ©), (3113 +— (2536+— 0085 (0626+— 0.104 with the other groups
0.021 mm3) (6) mm3) (6) mm3) (6)
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Author and  Outcome MSC-CM (n) Comparison(n) Control (n) Time Conclusions

year

(Tsuchiya % direct implant- MSC-CM (743 +  PBS: (63.7 +— DMEM: (623+— 7y 28 The removal torque increased gradually over

etal., bone contact / peri-  —28)(5), 847+ 58) (5) 823+— 5)(5),(81.6+— days time in the CM group. CM promoted

2013) implant length. — 54) (5 24) (5) 4) (5) integration into bone during an early stage.

(Tsuchiya % newly formed CM 14.5% (3), CM-HM 22.7%, PBS: 8.1%, 4y8 Bone formation was increased in the CM and

et al, bone area 24.1% (3) 26.9% (3) 15.8% (3) weeks  CM-HM groups, compared with the other

2015) groups.

(Wang Bone volume, MSC-CM (6,6 DM- MEM: (1,7 Unfilled: (2,5 8 MSC-CM promoted angiogenesis and fracture

et al, healing rate of the mm3) 36,8% (19) mm3), 0% (10) mm3) 0% (10) weeks  healing in a diabetic model. Enhanced bone

2012b) fracture. ingrowth and fracture healing rates compared
to the other groups.

(Wang Ratio of bone MSC-CM: Aprox  PBS: _ 4y8 Bone generatioserum was increased in the

et al., volume / total 0.04 (4),0.07 (4) 002 (4),004 4 weeks  group of factors secreted by hUCMSCs than

2015) volume in the control group

(Xu et al, Bone volume / total ~ Secretome: NC PBS: NC Serum-free 6 The secretome increased the osteogenic

2016) tissue volume medium: NC weeks  differentiation potential of the rBMSCs and

accelerated bone healing and bone
consolidation during distraction osteogenesis.

NC Results not clear, approximate values according to graphs; NR It does not report the results. CC Cytokine cocktail. MSC-CM Mesenchymal
stem cells- Conditioned medium. FB-CM Fibroblasts conditioned medium. DMEM Dulbecco’s modified Eagle’s medium. DO Distraction
osteogenesis. HCM Hypoxic conditioned medium. NCM Normoxic conditioned medium. PBS Phosphate-Buffered Saline, B-TCP Beta-tricalcium
phosphate scaffolds. HBPH Human blood plasma hydorgels. Evs Extracellular vesicles. CM-HM Conditioned medium- hydrophilic membrane.

hUCMSCs Mesenchymal stem cells derived from human umbilical cord

filling (Furuta et al., 2016; Inukai et al., 2013; Katagiri
et al, 2013; Katagiri et al., 2017b; Katagiri et al.,
2017c; Kawai et al, 2015; Ogata et al., 2015; Osugi
et al, 2012; Sanchooli et al, 2017; Wang et al,
2012b). In 4 studies, a comparison was with applica-
tion of the MSC (Linero & Chaparro, 2014; Osugi
et al, 2012; Sanchooli et al., 2017; Wang et al.,, 2015),
another 5 studies used Dulbecco’s Modified Eagle

Medium (DMEM) for a control group (Ando et al,
2014; Ogata et al., 2015; Osugi et al., 2012; Tsuchiya
et al,, 2013; Wang et al., 2012b), and in 5 studies, dif-
ferent scaffolds or media (collagen gel, hydrogel,
blood plasma hydrogel, or serum-free medium) were
used (Linero & Chaparro, 2014; Chang et al, 2015;
Qin et al., 2016; Sanchooli et al., 2017; Xu et al,
2016) (Table 2).
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Risk of bias of studies

In 19 studies (95%) that underwent the assessment, a
high risk of bias was observed for most parameters.
Only one study scored a low risk of bias in 8 of the 9
parameters evaluated (Sanchooli et al., 2017) (Fig. 2).

Description of a primary outcome: bone regeneration
Instruments and evaluation measures

In studies performed in humans (Katagiri et al., 2016;
Katagiri et al., 2017a), bone regeneration was evaluated
by measuring the area of newly formed bone using
panoramic radiographs and computerized tomography
(CT) before and after maxillary sinus floor elevation pro-
cedures. In addition, histological analyses of bone biop-
sies taken out of the regenerated bone were performed 6
months after the surgical procedure.

In animal model studies, different tools were used for
the measurement and analysis of bone regeneration. Fif-
teen studies used X-rays and/or microcomputerized
tomography (micro-CT) (Linero & Chaparro, 2014;
Chang et al., 2015; Furuta et al., 2016; Inukai et al., 2013;
Katagiri et al., 2013; Katagiri et al., 2017b; Katagiri et al.,
2017c; Ogata et al., 2015; Osugi et al., 2012; Qin et al,,
2016; Tsuchiya et al., 2013; Tsuchiya et al., 2015; Wang
et al., 2012b; Wang et al., 2015; Xu et al., 2016), 18 stud-
ies performed histological and/or morphometric analyses
(Linero & Chaparro, 2014; Ando et al, 2014; Chang
et al., 2015; Inukai et al., 2013; Katagiri et al., 2013; Kata-
giri et al., 2015; Katagiri et al., 2017b; Katagiri et al,
2017c; Kawai et al., 2015; Ogata et al., 2015; Osugi et al.,
2012; Qin et al., 2016; Sanchooli et al., 2017; Tsuchiya
et al, 2013; Tsuchiya et al., 2015; Wang et al,, 2012b;
Wang et al,, 2015; Xu et al,, 2016), and one study per-
formed a stereological analysis (measure of the volume
of a new bone and connective tissue) and an enumer-
ation of bone cells (Sanchooli et al., 2017). In addition, 7
studies conducted an immunohistochemistry analysis
(Katagiri et al., 2015; Katagiri et al., 2017b; Katagiri et al.,
2017c; Kawai et al., 2015; Ogata et al., 2015; Wang et al.,
2015; Xu et al,, 2016) to assess the presence of MSC at
the defect site or regenerated area and one study
assessed the osseointegration of an implant with a re-
moval torque test (Tsuchiya et al., 2013). Another study
conducted a mechanical test in a model of distraction
osteogenesis (Xu et al., 2016).

The bone regeneration was reported in terms of the
percentage area of newly formed bone over the total
area of bone defect (9 studies) (Linero & Chaparro,
2014; Ando et al, 2014; Chang et al., 2015; Katagiri
et al, 2013; Katagiri et al, 2015; Katagiri et al,
2017b; Katagiri et al., 2017c; Osugi et al,, 2012; Tsu-
chiya et al., 2015), the volume of new regenerated
bone relative to the total volume of bone defect (3
studies) (Qin et al., 2016; Sanchooli et al., 2017;
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Wang et al., 2012b), the ratio of bone volume over
the volume of tissue (one study) (Xu et al., 2016), the
fractions of area and volume of newly formed bone
tissue (2 studies) (Inukai et al., 2013; Wang et al,
2015), the volume of the sequestra in the model of
bisphosphonate-related osteonecrosis of the jaw (one
study) (Ogata et al., 2015), the osseointegration of the
implant measured as the rate of bone contact (one
study) (Tsuchiya et al, 2013) and the presence of
bridging callus on two cortices in fractures (one
study) (Furuta et al, 2016). Only one study reported
bone regeneration in a qualitative manner by using
the findings of histological analyses (Kawai et al,
2015) (Table 2).

Effect of MSC-CM on bone regeneration

In the studies performed in human models (Katagiri
et al,, 2016; Katagiri et al., 2017a), the radiographic im-
ages and CT showed an early mineralization of regener-
ated bone without bone resorption or evident
inflammation of maxillary sinus membrane. Histological
analysis showed increased formation of new bone tissue
as well as increased vascularity of regenerated area with
little infiltration of inflammatory cells in comparison
with the control cases, where the formation of new bone
was significantly lower and there was a greater inflam-
matory infiltrate.

In general, studies in animal models reported that ap-
plication of MSC-CM to bone defects significantly in-
creased regeneration of bone tissue in comparison with
other intervention or control groups (Linero & Cha-
parro, 2014; Chang et al., 2015; Furuta et al.,, 2016; Inu-
kai et al, 2013; Katagiri et al, 2013; Katagiri et al,
2017b; Katagiri et al, 2017¢; Kawai et al., 2015; Osugi
et al,, 2012; Qin et al., 2016; Sanchooli et al., 2017; Tsu-
chiya et al., 2015; Wang et al., 2012b; Wang et al., 2015).
Studies that carried out maxillary sinus floor elevation
reported early mineralization in the grafted area upon
application of conditioned media (Katagiri et al., 2015).
The studies that evaluated bone regeneration during dis-
traction osteogenesis reported that the secretome of
MSCs accelerated the formation of new bone callus and
bone healing, shortening the period required for treat-
ment (Ando et al,, 2014; Xu et al., 2016). In models of
bone fracture, conditioned medium helped to improve
new bone formation, angiogenesis and consolidation of
the fracture (Furuta et al, 2016; Wang et al., 2012b).
The studies that evaluated bone regeneration in peri-
odontal defects, reported that application of conditioned
medium promoted differentiation of stem cells to osteo-
blastic lineage, endogenous cellular migration and bone
regeneration, showing a large amount of new bone and
cement formation and minimal infiltration of inflamma-
tory cells (Inukai et al., 2013; Kawai et al,, 2015). In the
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study that evaluated therapeutic effects of MSC-CM in
rats with bisphosphonate-related osteonecrosis of the
jaw (BRONJ), 63% of the open sockets healed with full
coverage by soft tissue (Ogata et al., 2015). In the study
that evaluated implant osseointegration, it was reported
that the removal torque was significantly higher in the
group where the MSC-CM were applied, than in control
groups (Tsuchiya et al., 2013) (Table 2).

Of the 21 articles included, 5 did not report the vol-
ume of CM used and of the remaining 17, only 4 report
the protein concentration (Linero & Chaparro, 2014;
Tsuchiya et al., 2013; Wang et al,, 2015; Xu et al., 2016).
The non-reporting of MSC-CM dose used, the variability
in the amount of CM applied, but above all, not identify-
ing the concentration of proteins contained in the ap-
plied conditioned medium, prevent a comparative
analysis of the studies and therefore to find a relation
between the dose of MSC-CM and therapeutic
effectiveness.

In all the studies that performed histological analysis,
it was observed that in bone defects treated with MSC-
CM there was a greater formation of new, primarily
mineralized, regenerated bone with little or no infiltra-
tion of inflammatory cells, whereas the control groups
showed reduced formation of bone tissue with less
mineralization, greater amounts of connective tissue and
increased infiltration of inflammatory cells (Linero &
Chaparro, 2014; Ando et al., 2014; Inukai et al, 2013;
Katagiri et al., 2013; Katagiri et al., 2015; Katagiri et al.,
2017b; Katagiri et al, 2017¢; Kawai et al., 2015; Osugi
et al,, 2012; Qin et al,, 2016; Tsuchiya et al., 2015; Wang
et al.,, 2012b; Xu et al., 2016).

Most studies reported that cytokines and growth fac-
tors contained in conditioned medium act synergistically
to stimulate the migration and proliferation of osteopro-
genitor cells, promote osteogenesis and bone regener-
ation and improve the early vascularization (Linero &
Chaparro, 2014; Chang et al., 2015; Kawai et al., 2015).
MSC-CM contains a mixture of multiple growth factors
at relatively low concentrations that promote bone re-
generation without causing a severe inflammatory re-
sponse (Katagiri et al., 2016; Katagiri et al., 2017a; Ando
et al., 2014; Chang et al,, 2015; Furuta et al., 2016).
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Meta-analysis of MSC-CM effect on bone regeneration

We grouped 7 studies that shared similar characteristics
to evaluate through a meta-analysis of the effect of
MSC-CM on bone regeneration in terms of the amount
of newly formed tissue and time of tissue regeneration.

(Fig. 3) details the effect of the application of MSC-
CM compared with PBS control at 2weeks (Katagiri
et al,, 2013; Katagiri et al., 2017b; Katagiri et al., 2017c).
We observed an overall favorable effect of MSC-CM
with SMD: 3.16 (95% CI 2.42, 3.49), which indicates a
significant difference between the MSC-CM and PBS
groups. Regarding the comparison of MSC-CM with an
empty defect, the favorable MSC-CM effect was main-
tained (SMD 4.09, 95% CI 1.82 to 6.36), indicating a sig-
nificant difference between the MSC-CM and empty
defect groups (Katagiri et al., 2013; Katagiri et al., 2017b;
Katagiri et al., 2017¢) (Fig. 4).

At 4 weeks of bone regeneration, (Fig. 5) details the ef-
fect of the application of MSC-CM compared with PBS.
In Osugi 2012 (Osugi et al,, 2012), there was a favorable
MSC-CM effect with a statistically significant difference
(SMD: 8.69, 95% CI 2.55, 14.82); Katagiri, 2013 (Katagiri
et al., 2013) also presented a favorable MSC-CM effect;
however, the difference between the two interventions
was not significant (SMD: 1.30, 95% CI -0.35, 2.95). Due
to high heterogeneity (I2: 81%), it was not possible to
obtain the overall effect of the intervention.

(Fig. 6) details the results of analysis of the overall ef-
fect of the intervention after the application of MSC-CM
compared with the implantation of scaffolds (gel of type
1 collagen, Hydrogel) as measured by the volume of re-
generated bone at 8 weeks (Qin et al., 2016; Sanchooli
et al., 2017) when the favorable MSC-CM effect was
maintained with statistically significant differences
(SMD: 1.78, 95% CI 0.77, 2.78).

Secondary outcomes

Markers and gene expression

Several studies evaluated the expression of osteogenic
and angiogenic genes and markers in MSCs after MSC-
CM application by using RT-PCR analysis, reporting an
increase in the expression levels of ALP, Col Ia2, OCN,
Runx2, GAPDH, VEGF-A, ANG-1 and ANG-2 in MSCs.

at 2 weeks

MSC.CM PBS Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Katagiri 2013 815 27 4 6063 58 4 57% 4.01[0.92,7.10)
Katagiri 2017 723 171 24 309 6.2 24 71.2% 3.17(2.30,4.04) E 3
Katagiri 2017b 7494 1911 8 3161 523 8 232% 2.92(1.40,4.49) —_—
Total (95% CI) 36 36 100.0% 3.16 [2.42, 3.89] E-3
Heterogeneity. Tau®= 0.00; Chi*= 0.38, df= 2 (P = 0.83), F= 0% ?_10 '5 S S 10‘
Test for overall effect Z= 8.43 (P < 0.00001) PBS MSC-CM

Fig. 3 Percentage of bone regeneration at 2 weeks. MSC-CM vs. PBS. Details the effect of the application of MSC-CM compared with PBS control
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MSC-CM Defect Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Katagiri 2013 81.5 27 4 863 1.78 4 14% 27.71[8.60, 46.82)

Katagiri 2017 723 171 24 222 8 24 54.9% 3.69[2.74, 4.65) O

Katagiri 2017b 7494 1911 8 1527 821 8 437% 3.84 [2.02, 5.65) L
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Test for overall effect: Z= 3.53 (P = 0.0004)

Fig. 4 Percentage of bone regeneration at 2 weeks. MSC-CM vs. Defect (unfilled). Compares the effect of MSC-CM vs. an empty defect at 2 weeks

Defect MSC-CM

J

This indicated that MSC-CMs promote osteoblast differ-
entiation, migration of endogenous MSCs and angiogen-
esis (Chang et al, 2015; Katagiri et al, 2013; Katagiri
et al,, 2017¢; Kawai et al,, 2015; Osugi et al., 2012; Qin
et al,, 2016; Tsuchiya et al., 2013; Wang et al., 2015; Xu
et al., 2016).

Inflammatory response

In the human studies (Katagiri et al, 2016; Katagiri
et al., 2017a), the clinical observations and blood tests
showed no abnormal findings except for lesser signs of
inflammation after surgery. No local or systemic alter-
ations were observed, and no patient showed abnormal
swelling or delayed healing.

Animal studies reported that there was no inflamma-
tory response to the application of MSC-CM, and histo-
logical analyses showed reduced infiltration of
inflammatory cells in MSC-CM groups in comparison
with other groups (Inukai et al, 2013; Katagiri et al,
2013; Katagiri et al., 2017¢; Kawai et al,, 2015; Osugi
et al.,, 2012; Xu et al., 2016).

Angiogenesis

In Katagiri, 2017 (Katagiri et al., 2017b), the results
indicated that the presence of vascular endothelial
growth factor (VEGF) in MSC-CM promoted the mi-
gration of endothelial cells and endogenous stem
cells, which allowed the formation of more blood
vessels and bone tissue in the defect. They also ob-
served that neutralization of VEGF in MSC-CM
abolished angiogenesis, which caused only a minor
migration of endogenous stem cells into the defect
and reduced new bone formation. Similarly, Kawali,
2015 (Kawai et al.,, 2015) demonstrated that MSC-
CM strongly promoted angiogenesis by increasing

the expression levels of angiogenic markers, such as
VEGEF-A, ANG-1 and ANG-2, in MSCs cultured with
MSC-CM. In addition, the results in Osugi 2012
(Osugi et al., 2012) indicated that MSC-CMs have
the potential to mobilize endogenous MSCs to pro-
mote angiogenesis and bone regeneration.

Antiresorptive activity

In Ogata 2015 (Ogata et al., 2015), the application of
MSC-CM in rats with induced BRON]J generated an
effect of maintaining the osteoclast function. The re-
sults indicated that 63% of rats with BRONJ in the
MSC-CM group healed with a full coverage of con-
nective tissue, while in the control group, exposed
necrotic bone and inflamed soft tissue were ob-
served. The anti-apoptotic, anti-inflammatory and
angiogeneic effects of MSC-CM dramatically regu-
lated the turnover of local bone, generating positive
results in the treatment of BRONTJ.

Discussion

Bone regeneration is a physiological process that re-
quires the migration and proliferation of specific
cells in a biological substrate of soluble factors and
proteins, which coordinate the formation of new tis-
sue, thus restoring bone structure and function.
Local unfavorable conditions, such as inadequate
blood supply, damage to the surrounding soft tissues,
mechanical instability, extensive loss of bone tissue
and local infection, cause a delay in the repair
process and persistence of bone defects (Rosset
et al., 2014). Although the exact mechanisms that
regulate the process of bone regeneration at the mo-
lecular level are not yet fully understood (Dimitriou
et al,, 2011), several methods have been proposed for

at 4 weeks

MSC-CM PBS Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Katagiri 2013 93.07 66 4 844 49 4 1.30 [-0.35, 2.95) r
Osugi 2012 495 27 4 249 22 4 8.69[2.55,14.82) .=
4100 -50 0 50 100
PBS MSC-CM

Fig. 5 Percentage of bone regeneration at 4 weeks. MSC-CM vs. PBS. Details the effect of the application of MSC-CM compared with PBS
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Fig. 6 VVolume of bone regeneration at 8 weeks. MSC-CM vs. Scaffolds. Details the effect of the application of MSC-CM compared with scaffolds

Scaffolds MSC-CM

bone reconstruction, ranging from autografts, allo-
grafts, xenografts and bone substitutes (Pilipchuk
et al., 2015). These treatment strategies have several
drawbacks. An autologous bone graft is widely used
for its osteoinductive, osteoconductive and osteo-
genic properties and immunogenic compatibility, but
this implies the need for a double surgical proced-
ure, which causes morbidity at the donor site, thus
making it difficult to use (Goulet et al, 1997); in
addition, the absence of cell populations in allografts
and xenografts results in poor osteogenic and
osteoinductive properties (Padial et al, 2015). To
overcome these limitations, regenerative medicine
aims to replace or regenerate tissues or organs to re-
store and stabilize their normal functions (Mason &
Dunnill, 2008) using different tools, such as tissue
engineering, gene therapy, cell therapy and therapy
based on growth factors. An interest in cell therapy
and specifically in mesenchymal stem cells and their
clinical application has grown exponentially in the
past 25years (Le Blanc & Davies, 2018). MSCs are
relatively easy to harvest and expand ex vivo, are
able to modulate the immune system, and are able
to repair injured tissues in particular; therefore,
MSCs have become an attractive source for many
applications in regenerative medicine (Le Blanc &
Davies, 2018; Klyushnenkova et al., 2005; Caplan &
Correa, 2011). Several studies showed the beneficial
effects of stem cell therapy in diseases such as osteo-
arthritis (Yang et al., 2015), acute myocardial infarc-
tion (Zhang et al.,, 2013), wound healing (Yoshikawa
et al., 2008), kidney damage (Ma et al., 2013), per-
ipheral nerve injury (Wang et al, 2009), bone de-
fects, and others (Linero & Chaparro, 2014). Thanks
to the large amount of scientific research on in vitro
and in vivo models and 799 clinical trials reported
by the US National Institutes of Health (NIH) (clin-
ical trials.gov) (consultation carried out in June
2018), we know that MSC therapy is a safe and ef-
fective method for treatment of certain diseases and/
or conditions. Originally, it was hypothesized that
due to their proliferative and multipotent capacities,

transplanted stem cells differentiated into the cells of
interest and replaced the injured tissue (Spees &
Lee, 2016; Ankrum & Karp, 2010); however, the re-
sults of animal studies and clinical trials have dem-
onstrated that a curative effect can be attributed to
their ability to secrete growth factors, cytokines, che-
mokines, and extracellular matrix molecules at the
receptor site, which modulate endogenous cell mi-
gration and stimulate angiogenesis and differenti-
ation of the patient’s stem cells, thus inducing the
formation of new tissues (Muhammad et al.,, 2018;
Chen et al., 2008). The secreted factors are referred
to as the secretome and can be found in the envir-
onment where mesenchymal stem cells grow; that is,
mesenchymal stem cell-conditioned medium (MSC-
CM). MSC-CM contains the regenerative agents cap-
able of promoting and modulating the formation of
new tissues (Muhammad et al., 2018; JA, 2014). The
application of MSC-CM has been shown to be ef-
fective in diseases such as focal cerebral ischemia
(Inoue et al., 2013), Alzheimer’s disease (Mita et al.,
2015), acute renal failure (Matsushita et al., 2017),
rheumatoid arthritis (Ishikawa et al., 2016), diabetes
(Izumoto-Akita et al, 2015), and other diseases
(Muhammad et al., 2018; Akyurekli et al., 2015; Shi-
mojima et al., 2016; Yamaguchi et al., 2015; Waka-
yama et al, 2015; Fukuoka & Suga, 2015) and in
conditions that affect the bone tissue, such as non-
union fractures and bone defects (Linero & Cha-
parro, 2014; Shang-Chun et al., 2016; Otsuru et al,
2018).

Molecular mechanisms and key factors involved
in the therapeutic effects of MSC secretome are
still unknown (Bari et al., 2019). Some studies have
compared the biological effects of secretome with
those of stem cells and in general terms, most of
them have shown that the secretoma has greater or
equal efficacy to that of cells (L et al., 2019; Tran
& Damaseer, 2015). Porzionato and collaborators,
demonstrated in a model of bronchopulmonary dys-
plasia, that the extracellular vesicles contained in
the MSC secretome obtained better results in terms
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of pulmonary vascularity and alveolarization with
respect to MSC (Porzionato et al, 2019); Sang
Mook Lee, et al; found no significant differences in
the potential to induce immune tolerance in the an-
imals to which MSC vs MC-MSC were applied in
an allogeneic mouse skin transplant model (Lee
et al., 2014), likewise, our research group in a pre-
vious study, in a rabbit model where bicortical
mandibular bone defects were performed, we found
that the amount of neoformed bone tissue, bone
density, the arrangement of collagen fibers, matur-
ation and calcification of the inorganic matrix, were
very similar on the side treated with MSC vs the
side treated with the MC-MSC, demonstrating mor-
phologically, radiologically and histologically, that
there are no significant differences between the
transplantation of MSC and the application MSC-
CM in bone regeneration (Linero & Chaparro,
2014). Three other articles included in this review
compared the application of MSC vs MSC-CM for
bone regeneration. Which reported that although
increased bone regeneration was observed in all
groups where MSC-CM were applied, the difference
with the MSC groups was not significant (Ando
et al, 2014; Osugi et al, 2012; Sanchooli et al.,
2017). The therapeutic differences between the ap-
plication of cells and conditioned medium, perhaps
arises from the possibility of using a cell-free prod-
uct, which offers advantages over cell therapy. Al-
though it has been reported that the application of
MSC is safe, using only the proteins they secrete
and not the cells, avoids the risk of emboli forma-
tion after intravenous administration and decreases
the risk of pathological and tumorogenic transform-
ation due to uncontrolled cellular differentiation
(Bari et al., 2019). In addition, the application of
cells is subject to problems such as poor cellular
survival in the host after transplantation, poor abil-
ity to differentiate from transplanted cells, seques-
tration at non-target sites and failure of cells to
graft in the long term (L et al, 2019). Secretome
preserves the composition of the parental cells
while maintaining the same privileged immunity of
the MSC, allowing its allogeneic application without
immune activation. Conditioned medium can be
manipulated, stored and characterized more easily
than cells, sterilization is possible without loss of
efficacy, and they are ready for immediate use.

In this review, we systematically collected all the
available data in the literature and critically evalu-
ated whether the conditioned medium derived from
MSC significantly promoted bone regeneration in an-
imals and humans, making an objective and clear as-
sessment of the scientific evidence published,
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resulting in a systematic review developed specific-
ally to evaluate the effect of MSC-CM on regener-
ation of bone tissue.

The results of this systematic review indicate that
research on this topic has been conducted mainly
in animals. Critical evaluation of interventions in
this type of models is a real challenge, since the
reporting of methodological aspects and results is
generally poor, the random allocation of animals
into experimental and control groups is not a
standard practice, the sample size is relatively small,
and several details of the experimental designs were
not included in the publications. For this reason, it
is important to assess the similarity in the base
characteristics between the control group and the
experimental group as a necessary parameter
(Hooijmans et al., 2014). In the assessment of risk
of bias in the articles included in this review, we
observed that 95% of these studies presented a high
risk of bias in most parameters, mainly due to not
reporting randomization in the selection of the ani-
mals, concealment of sequence and blinding of the
evaluators. This observation applies to many animal
studies published at the global level, since most of
them have a high risk of bias for the abovemen-
tioned aspects (Hirst et al., 2014). Currently, the
“SYRCLE’s RoB” tool, available from the year 2014,
which was developed to establish consistency in the
assessment of risk of bias of systematic reviews car-
ried out with animal studies, facilitates the critical
evaluation of the evidence and improves the abil-
ities of these studies to transfer to human models
(Hooijmans et al., 2014). It is worth noting that
one of the studies included, which was published in
2017 (Sanchooli et al., 2017), presented a low risk
of bias in 8 of the 9 evaluated parameters. This al-
lows us to conclude that authors are currently
reporting all these aspects, improving the quality of
the studies and facilitating the transfer of basic re-
search to clinical practice.

The results obtained and the outcomes
highlighted in the application of mesenchymal stem
cell-conditioned medium for bone regeneration in
this review, allow us to indicate that in general, a
positive and favorable effect on bone tissue regener-
ation with this intervention in human and animal
models was observed. In animal models, the meta-
analysis established an overall favorable effect of
intervention with MSC-CM, indicating statistically
significant differences in the percentage of bone re-
generation between the MSC-CM groups and
groups with other treatments. This demonstrates
that the mechanism through which the MSC-CMs
exert their biological effect, is primarily mediated
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by the action of growth factors, cytokines, and
other constituent molecules, which stimulate and
induce the migration of endogenous mesenchymal
stem cells, endothelial cells and osteoprogenitor
cells, promote their differentiation and expression
of osteogenic and angiogenic markers, and stimu-
late angiogenesis, osteogenesis, repair and regener-
ation of bone tissue (Inukai et al., 2013; Katagiri
et al., 2013; Katagiri et al., 2015; Katagiri et al,
2017b; Katagiri et al., 2017¢; Kawai et al., 2015;
Ogata et al, 2015; Osugi et al., 2012; Qin et al.,,
2016; Sanchooli et al., 2017). These effects obtained
by the conditioned media are consistent with what
has been previously reported in other studies where
MSC-CM were applied for the regeneration of dif-
ferent tissues. Chen in 2008 and 2014 (Chen et al,,
2008; Chen et al., 2014) mentioned that application
of MSC-CM stimulated wound-healing due to the
presence of high levels of cytokines that induced
angiogenesis, migration and cell proliferation,
thereby accelerating injury repair. Shen and Bangh
in 2015 and 2014, respectively, indicated that fac-
tors present in MSC-CM have chemotactic proper-
ties, which are involved in the blood vessel
formation and remodeling, angiogenesis stimulation
and tissue repair (Shen et al., 2015; Bhang et al,
2014), Zhang et al., showed favorable results and
effectiveness of MSC-CMs in repair and regener-
ation of cartilage (Zhang et al., 2016), Nakamura in
2015 showed that the secretome of mesenchymal
stem cells accelerated regeneration of skeletal
muscle (Nakamura et al., 2015), and Monsel and
colleagues identified secretome effectiveness for the
treatment of lung inflammatory diseases through
activation of anti-inflammatory and antiapoptotic
pathways (Monsel et al., 2016).

In most of the scientific papers evaluated in this
review, the doses of MSC-CM used are expressed
in volumetric units ranging from 10pl to 6ml,
identifying a fairly wide range of dosage, which is
likely to respond to variables such as the size of
the bone defect and the scaffold used for the appli-
cation of MSC-CM. But in our concept, to find a
relationship between dose and therapeutic effective-
ness, it is necessary to identify the concentration of
total proteins contained in the applied conditioned
medium, not just the volume used. Of the 21 arti-
cles included, 4 report the protein concentration
(Linero & Chaparro, 2014; Tsuchiya et al, 2013;
Wang et al., 2015; Xu et al,, 2016); but only one
makes a comparative analysis of bone regeneration
of jaw defects where conditioned medium were ap-
plied with a protein concentration of 100 mg/ml vs
twice protein concentration (200 mg/ml); identifying
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that there are no statistically significant differences
in morphometric, radiographic and histological as-
sessments (Linero & Chaparro, 2014). This finding
suggests that the biological system has a saturation
point where even if there are more proteins in the
wound bed the therapeutic effect is not potentia-
lized. However, we consider that more preclinical
research is necessary to clarify the relationship be-
tween the dose, in terms of protein concentration,
and the therapeutic effect.

The results found in studies performed in human
models suggest a positive effect of MSC-CM applica-
tion on bone regeneration (Katagiri et al., 2016;
Katagiri et al., 2017a), blood vessel formation, osteo-
genesis, and bone tissue repair and regeneration
without causing an inadequate inflammatory re-
sponse or adverse effects. However, the evidence re-
ported is not sufficient, and therefore, it is necessary
to implement the development of phase I and II
clinical trials to verify these effects in humans and
allow for the implementation of MSC-CM for bone
regeneration procedures in clinical practice.

With all this evidence, we can suggest that MSC-
CM application will become a therapeutic alternative
with a great potential for the treatment of bone de-
fects. Implementing this new strategy will allow tak-
ing advantage of the clinical benefits of cell therapy,
using a product free of cells that can be adminis-
tered as a medicine, more easily adaptable to the
therapeutic needs in individuals, allowing the transla-
tion of scientific research into clinical development,
generating promising prospects for the thousands of
patients who would benefit from this type of techno-
logical development.

Despite an exhaustive search of the literature, one
of the main limitations of this review is the presence
of bias related to the low number of published stud-
ies. In addition, 95% of the animal studies included
were categorized with the high risk of bias due to
the absence of randomization, concealment of se-
quence and blinding in the assessment of the results;
therefore, it is likely to generate an overestimate of
the treatment effect. It is important that the authors
of preclinical studies begin to use the SYRCLE tool
to improve the quality of their studies and reduce
the biases that frequently occur in this type of
research.

Conclusion

The results of this systematic review indicate that
the application of MSC-CM in the animal models is
an effective therapy to stimulate bone regeneration
and reduce healing time, thus favoring the quantity
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and quality of newly formed tissue without causing
inflammatory reactions or adverse effects. The stud-
ies reported in the human models also suggest that
MSC-CM improve the process of bone regeneration
and may prove to be a safe and effective therapy.
Thus, phase I and phase II clinical trials are re-
quired to support these findings and to support the
application of conditioned medium as a potential
therapeutic strategy for the treatment of bone
defects.

Appendix 1
Electronic search strategy

1. conditioned medium.mp. (15296)

2. conditioned media.mp. (7810)

3. exp. Mesenchymal stromal cells/ (27495)

4. (Mesenchymal stromal cell* or marrow stromal
cell*).mp. (33087)

(Mesenchymal stem cell* or marrow stem cell*).mp.
(30926)

6. exp. Paracrine communication/(3591)

7. exp. Tissue engineering/ (28357)
8
9

S

exp. Exosomes/ (3266)
. Exosome®.ti,ab. (4669)

10. exp. Regenerative medicine/ (4819)

11. Paracrine factor*.ab,ti. (1951)

12. Growth factor*.ab,ti. (294773)

13. cytokine.ab,ti. (161799)

14. exp. “Bone and Bones” (556202)

15. “bone*”.ab,ti. (568453)

16. exp. Bone Regeneration/ (21151)

17. bone repair.ab,ti. (2749)

18. bone defect.ab,ti. (3831)

19. bone healing.ab,ti. (5852)

20. “bone remodeling”.ab,ti. (7317)

21. bone consolidation.ab,ti. (227)

22. osteogenesis.ab,ti. (14955)

23. calvarial defect model.ab,ti. (200)

24. Osseointegration.ab,ti.(4731)

25. periodontal regeneration.ab,ti. (994)

26. Fractures.ab,ti. (116270)

27. (case report* or clinical study or clinical trial, all or
clinical trial, phase i or clinical trial, phase ii or
clinical trial, phase iii or clinical trial, phase iv or
clinical trial or controlled clinical trial or
multicenter study or pragmatic clinical trial or
randomized controlled trial or experimental study
or experiment* or in vivo or animal experiment or
mouse model or rat or rabbit or dog or bovine).mp.
(6108160)

28.1or2or6or7or8or9orl0orllorl2orl3
(491089)

29. 3 or 4 or 5 (42508)
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30. 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22
or 23 or 24 or 25 or 26 (1001553)

31. 27 and 28 and 29 and 30 (4158)

32. limit 31 to yr = “2000 -Current” (3994)

33. limit 32 to abstracts (3991)

Embase (February 2018).

#28 AND [embase]/lim NOT ([embase]/lim AND
[medline]/lim) AND (‘animal experiment’/de OR ‘animal
model’/de OR ‘controlled study’/de OR ‘experimental
model’/de OR ‘human’/de OR ‘in vitro study’/de OR
‘in vivo study’/de) AND (2002,py OR 2003:py OR 2004:
py OR 2005:py OR 2006:py OR 2007:py OR 2008:py OR
2009:py OR 2010:py OR 2011:py OR 2012:py OR 2013:
py OR 2014:py OR 2015:py OR 2016:py OR 2017:py OR
2018:py) AND (‘article’/it OR ‘article in press’/it) (2169).

#27 #26 AND [embase]/lim NOT ([embase]/lim AND
[medline]/lim) (5772).

#26 #24 AND #25 (13,931).

#25 #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR

#20 OR #21 (816,966).

#24 #22 AND #23 (24,774).

#23 #2 OR #10 (66,923).

#22 #1 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR

#9 OR #11 OR #12 OR #13 (771,387).

#21 ‘bone tissue engineering’/exp. (72).

#20 ‘bone tissue engineering’:ab,ti (4717).

#19 ‘bone regeneration’:ab,ti (9413).

#18 ‘bone regeneration’ (25,557).

#17 ‘bone regeneration’/exp. (23,192).

#16 ‘bone remodeling’/exp. (25,599).

#15 ‘bone defect’/exp. (10,517).

#14 bone:ab,ti OR ‘bone repair’ab,ti OR ‘bone healing”:
ab,ti OR osteogenesis:ab,ti OR ‘calvarial defect model’:ab,
ti OR osseointegration.ab,ti OR ‘periodontal regener-
ation’:ab,ti (807,277).

#13 ‘regenerative medicine’/exp. (11,407).

#12 ‘regenerative medicine’ab,ti (15,277).

#11 ‘paracrine factor*’:ab,ti (2832).

#10 ‘stem cells mesenchymal’:ab,ti (210).

#9 ‘conditioned medium from cultures’ (67).

#8 ‘tissue engineering’:ab,ti (35,504).

#7 ‘cytokine production’ (130,076).

#6 ‘secretome’ (3297).

#5 ‘growth factor* (566,193).

#4 ‘growth factor*:ab,ti (386,364).

#3 exosome*:ab,ti (10,178).

#2 ‘mesenchymal stem cell’ OR ‘mesenchymal stromal
cell¥ OR ‘marrow stromal cell¥ OR ‘marrow stem cell’
(66,877).

#1 ‘conditioned medium’/exp. OR
medium’ OR ‘conditioned media’ (31,571).

‘conditioned
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CENTRAL (OVID) EBM Reviews - Cochrane Cen-
tral Register of Controlled Trials November 2017
(only human)

exp. Culture media, conditioned/ (27)

Culture media, conditioned.ab,ti. (0)

exp. Mesenchymal stromal cells/ (77)

Mesenchymal stromal cells.ab,ti. (87)

exp. Paracrine communication/ (3)

Paracrine communication.ab,ti. (0)

exp. Intracellular signaling peptides/ and protein/

(14)

exp. Intracellular signaling peptides/ (1706)

“Intracellular signaling peptides and proteins”.ab,ti.

(0)

10. “Intracellular Signaling Peptides and Proteins”/ (89)

11. exp. Tissue engineering/ (45)

12. exp. Exosomes/ (3)

13. Exosome*.ti,ab. (36)

14. exp. Regenerative medicine/ (7)

15. Regenerative medicine.ab,ti. (48)

16. Paracrine factor*.ab,ti. (20)

17. Growth factor*.ab,ti. (8259)

18. “Conditioned medium from cultures”.mp. (0)

19.1or2or3or4or5o0r6or7or8or9orl0orll
or 12 or 13 or 14 or 15 or 16 or 17 or 18 (10115)

20. exp. “Bone and Bones”/ (11456)

21. “bone and bones”.ab,ti. (0)

22. exp. Bone Regeneration/ (779)

23. “Alveolar bone loss”.ab,ti (42)

24. “bone development”.ab,ti. (31)

25. “bone lengthening”.ab,ti. (5)

26. “bone remodeling”.ab,ti. (378)

27. Fractures.ab,ti. (7530)

28. 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27
(18546)

29. 19 and 28 (211)

30. limit 29 to (male and female and humans and

(case reports or clinical study or clinical trial,

all or clinical trial, phase i or clinical trial,

phase ii or clinical trial, phase iii or clinical

trial, phase iv or clinical trial or controlled

clinical trial or multicenter study or pragmatic

clinical trial or randomized controlled trial))

(193)

N OO W e

o

SCOPUS (November 2017) (only human).
(TITLE-ABS-KEY (“Culture media conditioned”)
OR TITLE-ABS-KEY (“Mesenchymal stromal cells”)
OR TITLE-ABS-KEY (“Paracrine communication”)
OR TITLE-ABS-KEY (“Intracellular signaling pep-
tides”) OR TITLE-ABS-KEY (“Tissue engineering”)
OR TITLE-ABS-KEY (exosome*) OR TITLE-ABS-
KEY (“Regenerative medicine”) OR TITLE-ABS-KEY

Page 15 of 22

(“Paracrine factor*”) OR TITLE-ABS-KEY (“Growth
factor*”)) AND (TITLE-ABS-KEY (bone) OR TITLE-
ABS-KEY (“Bone Regeneration”) OR TITLE-ABS-
KEY (“Alveolar bone loss”) OR TITLE-ABS-KEY
(“bone development”) OR TITLE-ABS-KEY (“bone
lengthening”) OR TITLE-ABS-KEY (“bone remodel-
ing”) OR TITLE-ABS-KEY (fracture)) AND (TITLE-
ABS-KEY (human) OR TITLE-ABS-KEY (women)
TITLE-ABS-KEY (men)) AND (TITLE-ABS-KEY
(“clinical trial”) OR TITLE-ABS-KEY (“controlled
clinical trial”) OR TITLE-ABS-KEY (“controlled
study”) OR TITLE-ABS-KEY (“randomized controlled
trial”’) OR TITLE-ABS-KEY (“Cluster Analysis”) OR
TITLE-ABS-KEY (“case report”)) AND (LIMIT-TO
(SRCTYPE, 4 “) AND (LIMIT-TO (DOCTYPE, “ar “))
AND (LIMIT-TO (LANGUAGE, “English “) OR LIMIT-
TO (LANGUAGE, “Spanish “)) AND (LIMIT-TO (PUB-
YEAR, 2017) OR LIMIT-TO (PUBYEAR, 2016) OR
LIMIT-TO (PUBYEAR, 2015) OR LIMIT-TO (PUBYEAR,
2014) OR LIMIT-TO (PUBYEAR, 2013) OR LIMIT-TO
(PUBYEAR, 2012) OR LIMIT-TO (PUBYEAR, 2011) OR
LIMIT-TO (PUBYEAR, 2010) OR LIMIT-TO (PUBYEAR,
2009) OR LIMIT-TO (PUBYEAR, 2008) OR LIMIT-TO
(PUBYEAR, 2007) OR LIMIT-TO (PUBYEAR, 2006) OR
LIMIT-TO (PUBYEAR, 2005) OR LIMIT-TO (PUBYEAR,
2004) OR LIMIT-TO (PUBYEAR, 2003) OR LIMIT-TO
(PUBYEAR, 2002) OR LIMIT-TO (PUBYEAR, 2001))
(533)

Virtual health library (IBECS / LILACS / CUMED)
(only human).

tw: (tw:(((tw:(culture media conditioned)) OR (tw:(mes-
enchymal stromal cells)) OR (tw:(paracrine communica-
tion)) OR (tw:(intracellular signaling peptides)) OR (tw:
(tissue engineering)) OR (tw:(regenerative medicine))
OR (tw:(growth factor)) OR (tw:(paracrine factor)) AND
(tw:(bone)) OR (tw:(bone regeneration)) OR (tw:(alveolar
bone loss)) OR (tw:(bone development)) OR (tw:(bone
lengthening)) OR (tw:(bone remodeling)) OR (tw:(frac-
ture)))) AND (instance:'regional”) AND (db:(“IBECS”
OR “LILACS” OR “CUMED”) AND limit:(“humans” OR
“female” OR “male” OR “adult”))) AND (instance:'re-
gional”) (52).

CENTRAL (OVID) EBM Reviews - Cochrane Cen-
tral Register of Controlled Trials November 2017
(only animal)

exp. Culture media, conditioned/ (27)

Culture media, conditioned.ab,ti. (0)

exp. Mesenchymal stromal cells/ (77)
Mesenchymal stromal cells.ab,ti. (87)

exp. Paracrine communication/ (3)

Paracrine communication.ab,ti. (0)

exp. Intracellular signaling peptides/ and protein/
(14)

N O W
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8. exp. Intracellular signaling peptides/ (1706)

9. “Intracellular signaling peptides and proteins”.ab,ti.
(0)

10. “Intracellular Signaling Peptides and Proteins”/ (89)

11. exp. Tissue engineering/ (45)

12. exp. Exosomes/ (3)

13. Exosome*.ti,ab. (36)

14. exp. Regenerative medicine/ (7)

15. Regenerative medicine.ab,ti. (48)

16. Paracrine factor*.ab,ti. (20)

17. Growth factor*.ab,ti. (8259)

18. “Conditioned medium from cultures”.mp. (0)

19.1or2or3or4or5o0r6or7or8or9orl0orll
or 12 or 13 or 14 or 15 or 16 or 17 or 18 (10115)

20. exp. “Bone and Bones”/ (11456)

21. “bone and bones”.ab,ti. (0)

22. exp. Bone Regeneration/ (779)

23. “Alveolar bone loss”.ab,ti. (42)

24. “bone development”.ab,ti. (31)

25. “bone lengthening”.ab,ti. (5)

26. “bone remodeling”.ab,ti. (378)

27. Fractures.ab,ti. (7530)

28. 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27
(18546)

29. 19 and 28 (211)

30. limit 29 to (animals and yr = “2000 -Current” and
animals) (178)

SCOPUS (November 2017) (only animal).

(TITLE-ABS-KEY (“Culture media conditioned”)
OR TITLE-ABS-KEY (“Mesenchymal stromal cells”)
OR TITLE-ABS-KEY (“Paracrine communication”)
OR TITLE-ABS-KEY (“Intracellular signaling pep-
tides”) OR TITLE-ABS-KEY (“Tissue engineering”)
OR TITLE-ABS-KEY (exosome*) OR TITLE-ABS-
KEY (“Regenerative medicine”) OR TITLE-ABS-KEY
(“Paracrine factor*”) OR TITLE-ABS-KEY (“Growth
factor*”)) AND (TITLE-ABS-KEY (bone) OR
TITLE-ABS-KEY (“Bone Regeneration”) OR TITLE-
ABS-KEY (“Alveolar bone loss”) OR TITLE-ABS-
KEY (“bone development”) OR TITLE-ABS-KEY
(“bone lengthening”) OR TITLE-ABS-KEY (“bone
remodeling”) OR TITLE-ABS-KEY (fracture)) AND
(TITLE-ABS-KEY (animal)) AND (TITLE-ABS-KEY
(“animal experimental”)) AND (LIMIT-TO (SRCT
YPE, “j 7)) AND (LIMIT-TO (DOCTYPE, “ar “))
AND (LIMIT-TO (PUBYEAR, 2017) OR LIMIT-TO
(PUBYEAR, 2016) OR LIMIT-TO (PUBYEAR, 2015)
OR LIMIT-TO (PUBYEAR, 2014) OR LIMIT-TO
(PUBYEAR, 2013) OR LIMIT-TO (PUBYEAR, 2012)
OR LIMIT-TO (PUBYEAR, 2011) OR LIMIT-TO
(PUBYEAR, 2010) OR LIMIT-TO (PUBYEAR, 2009)
OR LIMIT-TO (PUBYEAR, 2008) OR LIMIT-TO
(PUBYEAR, 2007) OR LIMIT-TO (PUBYEAR, 2006)
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OR LIMIT-TO (PUBYEAR, 2005) OR LIMIT-TO
(PUBYEAR, 2004) OR LIMIT-TO (PUBYEAR, 2003)
OR LIMIT-TO (PUBYEAR, 2002) OR LIMIT-TO
(PUBYEAR, 2001)) AND (LIMIT-TO (LANGUAGE,
“English ”) OR LIMIT-TO (LANGUAGE, “Spanish "))
(23)

Virtual health library (IBECS / LILACS / CUMED)
(only animal).

tw:(((tw:(culture media conditioned)) OR (tw:(mes-
enchymal stromal cells)) OR (tw:(paracrine commu-
nication)) OR (tw:(intracellular signaling peptides))
OR (tw:(tissue engineering)) OR (tw:(regenerative
medicine)) OR (tw:(growth factor)) OR (tw:(paracrine
factor)) AND (tw:(bone)) OR (tw:(bone regener-
ation)) OR (tw:(alveolar bone loss)) OR (tw:(bone de-
velopment)) OR (tw:(bone lengthening)) OR (tw:
(bone remodeling)) OR (tw:(fracture)))) AND (in-
stance:“regional”) AND (db:(“LILACS” OR “IBECS”
OR “BBO” OR “SES-SP”) AND limit:(“animals”))
(30).

Appendix 2
Exclusion criteria

— Studies involving the application of MSC-CM for
the regeneration of tissues other than bone.

— Studies using conditioned medium from cells other
than mesenchymal stem cells.

— Studies that do not evaluate the amount of bone
regeneration clinically, histologically and/or
radiographically.

Articles excluded after full-text review.

Author Title Exclusion reason

Shang- Exosomes from Human This study evaluates the
Chun Synovial-Derived Mesenchy-  application of MSC-CM to
2016 (97)  mal Stem Cells Prevent prevent glucocorticoid-
Glucocorticoid-Induced induced osteonecrosis. Does
Osteonecrosis of the Femoral not evaluate bone
Head in the Rat regeneration.
Otsuru S Extracellular vesicles released  This study evaluates the
2018 (80)  from mesenchymal stromal  application of EVs for bone
cells stimulate bone growth  growth in osteogenesis
in osteogenesis imperfecta imperfecta, and does not
present radiographic or
histological analysis. Does
not evaluate bone
regeneration.
LiY 2018 Human adipose-derived This study evaluates the

inhibition of bone loss
mediated by
lipopolysaccharides with the
application of MSC-CM. Does
not evaluate bone

(98) mesenchymal stem cell-
conditioned media sup-
presses inflammatory bone
loss in a lipopolysaccharide-
induced murine model

regeneration.
Byeon YE  Paracrine effect of canine This study evaluates bone
2010 (99) allogenic umbilical cord formation in ectopic places.
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Appendix 2 (Continued)

Author Title Exclusion reason

Table 3 Data extraction form

General description pg &
fig/
table

Title of the study

Authors

Year

ID o DOI

Objective

Protocol and registration

Population and study environment pg &
fig/
table

Description of the Population or
animal model (species)

Environment (includes location and
social context) (human study)

Total population at the beginning of
the study

Number of clusters (if applicable -
Number and type of people per
cluster)

Age
Sex
Race / ethnicity

Severity of the disease / co-
morbidities

Measurements by subgroup

Methods pg &
fig/
table

Study design

Analysis unit (individual, cluster /
groups)

Start / end Date

Total duration of the study
Exclusion criteria

Recruitment method (human)
Calculation of sample size
Approval of the ethics committee

Risk assessment of bias for animal and human studies (clinical  pg &

trials) fig/
table
Domain Type of risk  Supports
Low - High -
“Unclear”

Random sequence generation
(Animal or human)

Sequence concealment (Animal or
human)

Table 3 Data extraction form (Continued)
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Blinding of participants and staff
(human)

Blinding of outcome assessor (Animal
or human)

Incomplete outcome data (Animal or
human)

Selective outcome reporting (Animal
or human)

Baseline characteristics between
groups (Animal or human)

Random Housing (Animal)

Random outcome assessment
(animal)

Blinding of the caregiver or
researcher (Animal)

Intervention characteristics
Definition

Administration method

Intervention duration

Comparator group characteristics
Definition

Administration method

Intervention duration

Outcome

Outcome name
Definition

How the measurement was applied
(interview, email, telephone ..)

Losses (%)
Imputation of lost data

Results (most important)%, mean,
standard deviation.

Statistical method used

Other information

Conclusions
Financing sources

Note:

pg &
fig/
table

pg &
fig/
table
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Appendix 2 (Continued) Appendix 2 (Continued)
Table 4 PRISMA checklist
Section/topic  #  Checklist item Reported on page #
TITLE
Title 1 Ildentify the report as a systematic review, meta-analysis, or Yes
both.
ABSTRACT
Structured 2 Provide a structured summary including, as applicable: Yes
summary background; objectives; data sources; study eligibility criteria,

participants, and interventions; study appraisal and synthesis
methods; results; limitations; conclusions and implications of
key findings; systematic review registration number.

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is  Yes
already known.

Objectives 4 Provide an explicit statement of questions being addressed Yes
with reference to participants, interventions, comparisons,
outcomes, and study design (PICOS).

METHODS

Protocoland 5 Indicate if a review protocol exists, if and where it can be No

registration accessed (e.g, Web address), and, if available, provide

registration information including registration number.

Eligibility 6  Specify study characteristics (e.g., PICOS, length of follow-up) Yes
criteria and report characteristics (e.g., years considered, language, pub-
lication status) used as criteria for eligibility, giving rationale.

Information 7 Describe all information sources (e.g., databases with dates of ~ Yes
sources coverage, contact with study authors to identify additional
studies) in the search and date last searched.

Search 8  Present full electronic search strategy for at least one database, Yes
including any limits used, such that it could be repeated.
Study 9  State the process for selecting studies (i.e, screening, eligibility, ~ Yes
selection included in systematic review, and, if applicable, included in
the meta-analysis).
Data 10 Describe method of data extraction from reports (e.g, piloted  Yes
collection forms, independently, in duplicate) and any processes for
process obtaining and confirming data from investigators.
Data items 11 List and define all variables for which data were sought (e.g., Yes

PICOS, funding sources) and any assumptions and
simplifications made.

Risk of bias in 12 Describe methods used for assessing risk of bias of individual Yes

individual studies (including specification of whether this was done at the
studies study or outcome level), and how this information is to be

used in any data synthesis.
Summary 13 State the principal summary measures (e.g,, risk ratio, difference  Yes
measures in means).

Synthesis of 14 Describe the methods of handling data and combining results ~ Yes
results of studies, if done, including measures of consistency (e.g., %)
for each meta-analysis.

Section/topic # Checklist item Reported
on page
#
Risk of bias across 15 Specify any assessment of risk of bias that may yes
studies affect the cumulative evidence (e.g., publication
bias, selective reporting within studies).
Additional 16 Describe methods of additional analyses (e.g., No
analyses sensitivity or subgroup analyses, meta-regression), if

done, indicating which were pre-specified.
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Section/topic  #  Checklist item

Reported on page #

RESULTS

Study selection 17

Study 18
characteristics

Risk of bias 19
within studies

Results of 20
individual studies

Synthesis of 21
results

Risk of bias across 22

studies
Additional 23
analysis
DISCUSSION
Summary of 24
evidence
Limitations 25
Conclusions 26
FUNDING
Funding 27

Give numbers of studies screened, assessed for Yes
eligibility, and included in the review, with reasons
for exclusions at each stage, ideally with a flow

diagram.

For each study, present characteristics for which Yes
data were extracted (e.g., study size, PICOS, follow-

up period) and provide the citations.

Present data on risk of bias of each study and, if Yes
available, any outcome level assessment (see item

12).

For all outcomes considered (benefits or harms),
present, for each study: (a) simple summary data
for each intervention group (b) effect estimates
and confidence intervals, ideally with a forest plot.

Yes

Present results of each meta-analysis done, includ-  Yes
ing confidence intervals and measures of

consistency.

Present results of any assessment of risk of bias Yes

across studies (see Item 15).

Give results of additional analyses, if done (e.g., No
sensitivity or subgroup analyses, meta-regression
[see Item 16)).

Summarize the main findings including the Yes
strength of evidence for each main outcome;
consider their relevance to key groups (e.g.,

healthcare providers, users, and policy makers).

Discuss limitations at study and outcome level (e.g, Yes
risk of bias), and at review-level (e.g., incomplete re-

trieval of identified research, reporting bias).

Provide a general interpretation of the results in Yes
the context of other evidence, and implications for

future research.

Describe sources of funding for the systematic Yes
review and other support (e.g., supply of data); role

of funders for the systematic review.

Appendix 2 (Continued)

Author Title Exclusion reason
blood-derived mesenchymal It does not apply it in bone
stromal cells mixed with defects, therefore it does not
beta-tricalcium phosphate evaluate bone regeneration.
on bone regeneration in ec-
topic implantations

Sakaguchi  Periodontal tissue This study applies a cytokine

K 2017 regeneration using the cocktail that mimics MSC-

(100) cytokine cocktail mimicking  CM. It does not use CM de-
secretomes in the rived from MSCs.
conditioned media from
human mesenchymal stem
cells

Peth6 A Exosomes in Extracellular This study corresponds to a

2018 (101)  Matrix Bone Biology literature review article.

Appendix 3

Please insert Table 3 here

Appendix 4
Please insert Table 4 here.

Abbreviations

MSCs: Mesenchymal stem cells; MSC-CM: Mesenchymal stem cell-
conditioned medium; SYRCLE: SYstematic Review Centre for Laboratory
animal Experimentation; SMD: Standardized mean difference; Cl: Confidence
intervals; SFE: Maxillary sinus floor elevation; GBR: Guided bone regeneration;
SP: Socket preservation; hMSCS: Human mesenchymal stem cells; rMSCS: Rat
mesenchymal stem cells; BM: Bone marrow; Ad: Adipose tissue;

hUCMSCs: Mesenchymal stem cells derived from human umbilical cord; F-
hMSCs: Human fetal mesenchymal stem cells; Evs: Extracellular vesicles; B-
TCP: Beta-tricalcium phosphate; BRONJ: Bisphosphonate-related
osteonecrosis of the jaw; PBS: Phosphate buffered saline; DMEM: Dulbecco’s
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Modified Eagle Medium; DO: Distraction osteogenesis; CT: Computerized
tomography; VEGF: Vascular endothelial growth factor
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