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Abstract

It has been reported that the therapeutic potential of stem cells is mainly mediated by their paracrine factors. In order to
identify the effects of conditioned medium of mesenchymal stem cells (MSC-CM) against stroke, a systematic review was
conducted. We searched PubMed, Scopus, and ISI Web of Science databases for all available articles relevant to the effects
of MSC-CM against the middle cerebral artery occlusion (MCAQ) model of ischemic stroke until August 2022. The quality
of the included studies was evaluated using The STAIR scale. During the systematic search, a total of 356 published articles
were found. A total of 15 datasets were included following screening for eligibility. The type of cerebral ischemia was the
MCAO model and CM was obtained from MSCs. The results showed that the therapeutic time window can be considered
a crucial factor when researchers use MSC-CM for stroke therapy. In addition, MSC-CM therapy contributes to functional
recovery and reduces infarct volume after stroke by targeting different cellular signaling pathways. Our findings showed that
MSC-CM therapy has the ability to improve functional recovery and attenuate brain infarct volume after ischemic stroke in
preclinical studies. We hope our study accelerates needed progress towards clinical trials.
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Introduction

Stroke is known as a seriously debilitating disorder and
one of the main reasons of death for people older than
60 years of age [1-4]. It is characterized by symptoms
of brain ischemia and hemorrhagic injury and has been
considered a major challenge due to economic burden and
mental pressure to society and the family [5—-8]. The dis-
covery of novel therapeutic agents with high efficiency
and safety for treatment of stroke is a fundamental issue
that requires significant attention due to the lack of trans-
lation of a wide range of them into human use [2, 9-12].
Although endovascular intracranial thrombectomy (EVT)
and thrombolysis with recombinant tissue plasminogen
activator (rt-PA) are the two major treatments for the acute
stage of ischemic stroke, their clinical applications have
been limited owing to their narrow therapeutic window
(rt-PA, <4.5 h; EVT <6 h) [13, 14]. Additionally, rt-PA
might have some side effects such as increasing inflam-
matory response in brain capillaries and consequently
neuronal cell death [15-17]. Therefore, there is an urgent
need to explore new therapeutic agents or materials with
highest efficiency and lowest adverse effects. New thera-
peutic agents and techniques should have ability to amplify
endogenous processes for tissue regeneration such as angi-
ogenesis, neurogenesis, and axonal outgrowth [18]. Stem
cell based therapy has been known as a promising strat-
egy to attenuate neurological disorders such as cerebral
ischemia/reperfusion injury and improve life quality of
patients [19-24]. Mesenchymal stem cells (MSCs) have
attracted tremendous interest in treatment of ischemic dis-
eases such as stroke owing to their unique properties such
as ability for modulation of the inflammatory responses,
low immunogenicity, easy attainability, and differentia-
tion plasticity [25-31]. Aside from benefits of MSCs, their
extensive use for treatment of stroke has been challenged
by concerns regarding immunogenicity, route of adminis-
tration, dosage, migration to other body organs, and their
unwanted differentiation [32, 33]. Many previous studies
have reported that neuroprotective effects of MSCs against
ischemic stroke are relevant to trophic factor secretion by
them [34, 35]. In fact, MSCs have demonstrated ability
to secrete neurotrophic and immune modulatory factors
which play an important role in rehabilitation of damaged
tissue [36]. Although Researchers firstly hypothesized
that the action mechanism of MSCs is due to cell replace-
ment, currently it was found that their paracrine actions
or “bystander” effects of MSCs is responsible for regen-
eration [37]. Conditioned medium of MSCs (MSC-CM)
has a wide range of proangiogenic and antiapoptotic fac-
tors like angiogenin, exosomes, interleukins, and hepat-
ocyte growth factor [38]. In this systematic review, we

highlighted recent insights into the role of conditioned
medium of MSCs and its effects changing molecular mech-
anisms in nerve regeneration and healing processes after
stroke. In addition, potential applications of MSC-CM for
treatment of ischemic stroke are reviewed.

Methods and Material

This systematic review was designed following PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [30].

Literature Search

The articles used for this review were selected from Pub-
med and Medline, for in vivo models of stroke until August
2022. We conducted the PUBMED search using the fol-
lowing search terms: (“conditioned medium” or “con-
ditioned media”) and (“stroke” or “cerebral ischemia” or
“brain ischemia” or “middle cerebral artery occlusion” or
“MCAQ” or “cerebral infarct”). Titles of the search result
were screened by two investigators to find the eligible arti-
cles. After the first screening process, the same investigators
applied inclusion and exclusion criteria to each article. The
final list of references was checked by a third investigator
who was an expert in the field.

Inclusion and Exclusion Criteria

In the second screening process, the articles should have
had these criteria to be included in this review: in-vivo
studies; induced ischemic stroke, brain ischemia, or brain
hypoxia; treatment with MSC-CM; evaluation of both lesion
size changes and neurological/behavioral functions; studies
that used a control group; original publications. The applied
exclusion criteria were as followed: human studies; in-vitro
and in-situ studies; no induced ischemic stroke; cerebral
hemorrhagic models; not measuring lesion size changes;
not testing the neurological/behavioral functions; studies
presented in form of a review, conference abstracts, letters,
and abstracts; abstract not in English; and studies investigat-
ing the effect of exosomes or MSCs directly.

Data Extraction

From each selected article, we recorded author, journal, pub-
lication year, country, ischemic model, type of animal (spe-
cies, strain, sex, age, and weight), treatments use (density of
the CM, dosage), and outcomes. The outcomes were catego-
rized as lesion size, neurological/ behavioral functions, brain
repair markers, and angiogenesis markers. Significance was
considered when the P-value was less than 0.05.
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Quality Assessment

The quality score that estimates methods, defined 10 crite-
ria based on Stroke Therapy Academic Industry Roundta-
ble (STAIR) guidelines and is being used for each preclini-
cal study to review the animal data from the experimental
studies checklist [31, 32]. The criteria are as followed;
(1) publication in a peer-reviewed journal, (2) statements
describing control of temperature, (3) random assignment
of animals to treatment group, (4) allocation conceal-
ment, (5) blinded outcome assessment, (6) avoidance of
anesthetics with known marked intrinsic neuroprotective
properties, (7) use of animals with relevant comorbidities,
(8) inclusion of a sample-size calculation, (9) statement
of compliance with animal welfare regulations, and (10)
inclusion of a statement declaring presence or absence
of any conflicts of interest. One point was given for each
criterion reported. The potential score ranges from O to
10, with higher scores indicating greater methodological
rigor (Tablel).

Results

356 non-duplicate publications were identified. 312 pub-
lications were excluded after title and abstract screening,
and 29 publications were further excluded after full-text
screening. The remaining 15 studies were included in this
systematic review (Fig. 1).

Subjects in Included Studies

All 15 included studies were animal studies, involving
mice in one and rats in 12 (Table 2). In them, a transient
middle cerebral occlusion (tMCAQ) model for 15, 20, 60,
90, and 120 min was used in 1, 1, 8, 2, and 4 studies,
respectively. The sources of exosomes were bone marrow
stromal cells (BMSCs), adipose-derived mesenchymal
stem cells (ADMSCs), human Amniotic mesenchymal
stem cells (hAMSCs), human embryonic MSCs, human
limbus stromal cells, IL-1a-primed MSC, human umbili-
cal cord MSCs (hUCMSCs) in 4, 3, 3,2, 1, 1 and 1 studies,
respectively. Timing of conditioned medium administra-
tion varied from 1 h before ischemia or immediately to 24
or 48 h after reperfusion. Behavioral assessments includ-
ing the modified neurological severity score (mNSS), the
foot-fault test, grasping power test, neurological scores,
beam balance test (BBT),corner test, open field test,.
rotarod test, Garcia scale test, cylinder test, point neu-
rological score, burrowing behavior, nest building, were
performed, and the maximum time of evaluation of motor
function was 1-28 days.

@ Springer

Quality Score

10 out of 15 studies obtained a score of 5 or higher. All stud-
ies have been published in peer-reviewed journals. 10 studies
reported describing control of temperature, 11 of 16 studies
reported randomized allocation to treatment group, only 7
studies reported blinded assessment of outcome and men-
tioned avoidance of anesthetics with known marked intrinsic
neuroprotective properties, none of them used animals with
relevant comorbidities or reported a sample size calculation
and randomized allocation to treatment group, 11 studies
stated compliance with animal welfare regulations, and 12
studies stated possible conflicts of interest (Table 1).

Therapeutic Effect of Conditioned Medium Derived
from MSCs Stroke Recovery

In a study by Cho and colleagues, using Sprague—Daw-
ley rats with tMCAO for 60 min, human adipose stem
cell-conditioned medium (hADSC-CM) were injected
7 days after stroke via the stereotaxic administration, and
the rotarod test was performed 3 days before MCAO and
7 days and 15 days after MCAO to measure functional per-
formance. The treatment group showed significantly better
performance on the rotarod test compared with the control
group (15 days after MCAO P <0.05). At 15 days after
the MCAO surgery, infarction volumes were calculated
by TTC staining. The treatment group showed reduction
of the infarction volume compared with the control group
(control, mean+ SEM =255.03% + 16.83%; treatment,
202.43% +33.03%), although it was not statistically sig-
nificant. Using tube-formation assay, tube length increased
dose-dependently and significantly with the addition of
ahADSC-CM (p <0.005); the treatment group also had a—
not statically significant- reduction in the infarct area com-
pared to the contralateral hemisphere; they also showed an
increase in CD31-positive microvessels, compared with the
control group (control, mean + SEM =100.20+7.51; treat-
ment, 130.47 +21.54; P <0.05), which confirms the angio-
genesis ability of ahADSC-CM. Neuroprotective effects
of ahADSC-CM could also make neural cells resistant to
apoptosis from hypoxia in the penumbra region. The num-
ber of TUNEL-positive cells was significantly reduced by
the continuous infusion of ahADSC-CM. These data show
that ahADSC-CM improves motor recovery after ischemic
stroke, along with an elevation in angiogenesis and a reduc-
tion in lesion size.

Liang and colleagues [40] examined the neurotrophic and
neuroprotective effects of conditioned medium from limbus
stroma-derived mesenchymal stromal cells (L-MSCs) in
focal cerebral ischemia in male Sprague—Dawley rats. Con-
ditioned medium was produced by culturing human L-MSCs
under normoxic (CM-N) and hypoxic (CN-H) conditions.
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Identification of studies via databases and registers
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Fig. 1 Flow chart of the study selection. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram shows
the number of records identified, included, and excluded through the different phases of a systematic review

Using a rat model of tMCAO for 90 min, treatment with
CM-H reduced infarct volume and motor function on open
field test more that CM-N. Both CM-H and CM-N were
rich in factors like insulin-like growth factor-2 (IGFBP2),
VEGF, VEGFR3, IGF2, HGF and granulocyte macrophage
colony-stimulating factor (GM-CSF), but hypoxia signifi-
cantly induced an increase in VEGF and BDNF expression
levels, whereas other factors (IGF2 and HGF expression)
declined in this condition, which might be the reason for
better improvement in CM-H.

Egashira et al.[44] studied the effects of human and
murine adipose-derived stem cells’ conditioned medium
(hASC-CM and mASC-CM respectively) in mice after 2 h of
MCAQO followed by 22 h reperfusion. In the first experiment,
they pretreated the mice with a single i.c.v. injection of 2 pl
of tenfold, 30-fold, or 100-fold concentrated mASC-CM,

@ Springer

1 h before the MCAO. Both 30 and 100 fold reduced infarct
volume, infarct area, brain swelling, and neurological score.
They also assessed the therapeutic time window, and found
that mASC-CM can significantly reduce infarct volume
and area if it’s injected with a 5 min delay after MCAO;
but when they injected the CM 2 h after MCAQO, its effect
was not significant. In another experiment they pretreated
the mice with hASC-CM, in which only the 100 fold con-
centration caused a reduction in infarct volume and infarct
area, but none of the injections made a difference in brain
swelling.

Seo and colleagues [49] studied the neuroprotective effect
of hASC-CM, in a rat ischemic stroke model. They treated
rats subjected to tMCAOQ for 2 h with hASC-CM at 1 h after
reperfusion. At 24 h post-MCAO, the CM group showed
significantly better sensorimotor neurological test scores
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than the control group. The infarct volume was significantly
lower in the CM group than in the control group. The num-
ber of TUNEL-positive apoptotic cells was reduced, whereas
HSP70 expression was enhanced in the peri-infarct area in
the CM group. Moreover, hASC-CM reduced IkB phospho-
rylation and influenced bcl-2 and bax protein expression.
Furthermore, they reported that IL-6, VEGF, HGF, and
BDNF were detected in hASC-CM. The neuroprotective
effects of the hASC-CM appear to be mediate by an anti-
inflammatory mechanism and cell apoptosis inhibition.

TSAI et al. [47] conducted another study using the adult
male Long Evan (LE) rats and showed that application of
CM obtained of bone marrow mesenchymal stem cells
derived from normal and cerebral ischemia rats significantly
improved motor function on grasping power test. Other data
shows that NormBM-MSC Cm and IschBM-MSC Cm sub-
stantially increased neuronal progenitor cell surrounding
lateral ventricle in stroke-affected hemisphere. NormBM-
MSC Cm and IschBM-MSC Cm also significantly attenu-
ated microglia/macrophage infiltration in the ischemic brain.
Enhancement of neurogenesis and attenuating microglia/
macrophage infiltration may contribute to improvement of
functional outcome.

Xiang and colleagues [42] studied the effects of bone
marrow stromal cells conditioned medium (BMSCs-CM)
treatment after stroke in type 2 diabetic (T2DM) rats.
Using a rat model of MCAO for 2 h, BMSCs-CM (10 ml/
kg) were injected 24 h after MCAO via intravenous injec-
tion, and neurophysiological analyses such as the foot-fault
test and modified neurological severity score (mNSS) were
conducted before MCAOQ, at 7 and 14 days after MCAO.
Treatment with BMSCs-CM after stroke in T2DM rats sig-
nificantly improved functional outcomes, decreased BBB
leakage, increases vascular remodelling. It was also sug-
gested that enhanced expression of angiopoietin (Ang) 1 and
tyrosine kinase (Tie) 2 in ischemic brain after BMSCs-CM
treatment of stroke may contribute to the improved func-
tional recovery after stroke in T2DM rats.

Furthermore, Zhao et al. [39] reported that treatment with
human umbilical cord mesenchymal stem cells’ conditioned
medium (hUCMSCs-CM) 24 h after reperfusion (1 ml/kg/d,
intranasal routine) on foot-fault test and mNSS promotes
functional outcome at 7 and 14 days after ischemia. Angio-
genesis and angiogenic factor expression were measured
by immunohistochemistry, and Western blot, respectively.
The hUCMSCs-CM treatment of stroke by intranasal rou-
tine starting 24 h after MCAo in rats significantly enhances
BBB functional integrity and promotes functional outcome
but does not decrease lesion volume compared to rats in con-
trol group and saline control group. Treatment of ischemic
rats with hUCMSCs-CM also significantly decreases the
levels of Ang2 and increases the levels of both Angl and
Tie2 in the ischemic brain, may be contributed to vascular

remodeling in the ischemic brain which plays an important
role in functional outcome after stroke.

In a study by our group [41], in order to induce focal
cerebral ischemia in rats, MCAO was occluded for 1 h and
the human amniotic mesenchymal stem cells-conditioned
medium (hAMSC-CM) at the dose of 0.5 pl was adminis-
tered 30 min after reperfusion by stereotactic intracerebral
infusion. On immunohistochemistry, expression of BDNF,
VEGF and NGF significantly decreased in MCAO rats and
reversed by hAMSC-CM, indicating that rat hAMSC-CM
facilitated neurogenesis and angiogenesis in the sub-acute
phase of stroke. Likewise, AMSC-CM markedly reduced
neuronal loss and DNA fragmentation at 24 h after reperfu-
sion. Two behavioral tests were carried out to evaluate the
functional deficits over the first 3 days following MCAO.
The mNSS results showed that administration of hAMSC-
CM resulted in lower scores compared with MCAO. Addi-
tionally, hAMSC-CM treated rats revealed better results in
rotarod test. On the other hand, post treatment with hAMSC-
CM significantly reduced infarct volume and brain edema
but increased BBB integrity. Treatment with AMSC-CM at
the onset of reperfusion markedly increased the phosphoryl-
ation of ERK1/2 in the cortex area of infarcted rats and also
significantly promoted neuronal survival through overex-
pression of Bcl-2 and subsequently inhibition of apoptosis.
In this study, it was suggested that AMSC-CM might exert
neuroprotective effects through activation of neurogenesis in
an ERK1/2- BDNF pathway dependent mechanism.

In another study by our group [45], we studied anti-
apoptotic effects of hAMSC-CM for focal cerebral ischemia.
The rats subjected to tMCAO for 60 min were treated with
hAMSC-CM at 30 min after reperfusion. Treatment with
hAMSC-CM significantly improved neurological deficits
and motor coordination on beam balance test (BBT) at 24 h
after reperfusion. Immunohistochemistry showed that the
expression of Bax and caspase-3 was markedly increased
and the expression of Bcl-2 was significantly decreased fol-
lowing occlusion of MCA and were reversed by hAMSC-
CM. Thus, hAMSC-CM exerts neuroprotection against focal
cerebral ischemia by targeting apoptosis.

Jiang and colleagues [50] examined the hypoxic CM
derived from bone marrow mesenchymal stromal cells pro-
tects against ischemic stroke in rats. Using a rat model of
tMCAO for 1 h, hypoxic and normoxic CM were injected
through the tail vein 12 h after surgery on day O and then
every 2 days thereafter for 28 days, and neurophysiological
analyses such as mNSS and balance beam test were per-
formed before MCAO and on days 1, 7, 14, 21, and 28 after
stroke. The CM groups, particularly the hypoxic CM group,
showed significant improvements in the mNSS and balance
beam test compared with the DMEM group beginning on
day 7 after MCAO. At 48 h after MCAOQ, infarct area in
the normoxic groups was significantly decreased compared
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with that in the DMEM group, and hypoxic preconditioning
enhanced this effect. Both immunofluorescence and TUNEL
were used to examine cell apoptosis in the peri-infarct region
of rats on day 3. The maturation of cleaved-caspase-3 (apop-
tosis related marker) was significantly lower in the hypoxic
CM group than the DMEM group. Treatment with CM
especially the hypoxic CM significantly increased expres-
sion of vVWF (vascular endothelial cell marker) and VEGF
on day 28 after stroke, suggesting enhanced angiogenesis in
the peri-infarct tissue. The results suggested that hypoxic
CM administration significantly increased the protein lev-
els of PI3K and p-Akt in the ipsilateral hemisphere of rats
compared with the levels observed in the DMEM group,
and the effect was obviously greater than that observed after
normoxic CM administration. These results indicated that
the beneficial effects of hypoxic CM on ischemic stroke
partly resulted from the activation of the PI3K/Akt signaling
pathway. In this study, it was suggested that administering
CM after ischemic stroke reduces infarct area and promotes
neurological recovery via the attenuation of apoptosis and
acceleration of neovascularization.

In another study [52], our group evaluated the effects
hAMSC-CM in focal cerebral ischemia/reperfusion in
Wistar rats. Treatment with hAMSC-CM immediately after
cerebral reperfusion (i.v) significantly improved motor func-
tion at 24 h after tMCAO. Compared with sham, signifi-
cant infarct volume, apoptotic cell death, and neuronal loss
were found in MCAO rats that reversed by hAMSC-CM
(P <0.05). Likewise, MCAO rats exhibited an increased
mRNA level of lightchain 3 (LC3) and the LC3II/LC3I
ratio as well as decreased expression level of p-mTOR that
reversed by hAMSC-CM (P <0.05). There were no signifi-
cant differences in the expression of total mMTOR among
the experimental groups. These results demonstrated
that hAMSC-CM gives rise to neuroprotection following
ischemic stroke by restoring mTOR activity and inhibiting
autophagy.

Tsai et al. [51] studied the effect of monotherapy with
CM derived from BMSCs (BM-MSCcm) and combina-
tion therapy of BMSC-generated conditioned medium and
minocycline in Wistar rats subjected to transient MCAOQO.
The in vitro experiment demonstrated that BM-MSCcm and
combined treatment both significantly increased neuronal
connection and oligodendroglial numbers and minocy-
cline and combined therapy were both effective in reducing
H,0,- or LPS-induced free radical levels in cortical neu-
ron—glial cultures. In vivo results showed that combina-
tion therapy with BM-MSCcm and minocycline decreased
infarction volume and functional behaviors in rats. Test
was performed before and at 1 and 7 days post-injury by
the neurological deficit (ND) score test and the grasping
power test. The combined therapy significantly improved
grasping power, which was not altered by monotherapy.

@ Springer

NDS was significantly decreased in the MSCcm-treated
group at 1 day post-MCAo but did not differ among the
control, BM-MSCcm, and minocycline-treated groups at the
end of 7 days post-MCAQO. They also found that combined
treatment had a tendency to increase neuroprogenitors in
the corpus callosum and significantly attenuated microglia/
macrophage infiltration in the ipsilateral ischemic cortex of
MCAOo rats. Furthermore, the combined therapy increased
the expression of NeuN in the rat brain peri-infarct zone
and hippocampus. This study concluded that BM-MSCcm
in combination with minocycline promoted neuroprotection,
improved neurological functional outcome and also reduced
cerebral infarction through antioxidant and anti-inflamma-
tion activities.

In the study by Cunningham et al. [48] stroke was induced
in male C57BL/6 mice using the intraluminal filament
model of MCAO. CM from IL-1a-primed MSCs or vehi-
cle was administered at the time of reperfusion or at 24 h
post-stroke by subcutaneous injection. They showed that
IL-1a-primed MSC-CM treatment at the time of stroke led
to a~30% reduction in lesion volume at 48 h after MCAO
and improved neurological score at day 2 post-MCAO.

Asgari Taei et al. [18] investigated the effect of CM
derived from human embryonic MSCs on experimental
ischemic stroke. CM was infused either one time (1 h post-
MCADO) or three times (1, 24, and 48 h post-MCAO) through
guide cannula into the left lateral ventricle. Neurological
functions were evaluated using Bederson’s test and modified
neurological severity score on days 1, 3, and 7 following
MCAQO. Infarction volumes and cerebral edema were meas-
ured on days 3 and 7. The results indicated that three times
injections of CM could significantly reduce mortality rate,
infarct volumes, cerebral edema, and improve neurological
deficits in MCAO rats. Moreover, three injections of CM
could restore decreased levels of synaptic markers in MCAO
rats up to its normal levels observed in the sham group. This
data suggested that using the CM obtained from embryonic
stem cells—MSCs could be a potent therapeutic approach to
attenuate cerebral ischemia.

Discussion

In the present study, a systematic review was conducted to
clarify the therapeutic effects of MSC-CM for stroke ther-
apy. This study demonstrated that most preclinical studies
of MSC-CM as a therapy for stroke recovery were based on
rodent models of tMCAQO. In addition, the current review
indicated that MSC-CM has demonstrated ability to reduce
infarct volume and improve motor function by targeting dif-
ferent cellular signaling pathways, promoting angiogenesis,
neurogenesis and axonal growth and attenuating inflamma-
tion (Fig. 2).
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Fig. 2 Effects of conditioned medium derived from MSCs on stroke recovery

Ischemic cerebral stroke has been found to be a major
cause of disability, death and morbidity [14]. Although
endovascular therapy and rt-PA has been known as a gold
standard treatment option, poor functional outcomes has
been observed in approximately 40% of stroke survivors
after treatment [13]. Many preclinical studies have dem-
onstrated that MSCs are able to reduce cerebral ischemia
reperfusion/ injury and improve functional outcomes [27,
53, 54]. Firstly, these neuroprotective effects were attributed
to differentiation of grafted MSCs and replacement of dead
neurons [55, 56]. Later, researchers found that neuroprotec-
tive effects of grafted MSCs are associated with promoting
angiogenesis, neurogenesis and axonal growth through tar-
geting different cellular pathways [36, 57]. Although some
researchers have shown that stem cell therapy of ischemic
therapy is safe, grafting cells might have some complications
such as undesirable immune responses and tumor induc-
tion [23, 58]. To tackle the limitations of cell therapy of
ischemic stroke, the researchers have focused on paracrine
effects of stem cells [48]. It has been found that MSC-CM
includes numerous growth factors, angiogenic factors, anti-
apoptotic, and cytokines which play an important role in
tissue regeneration [18, 46]. The current systematic review
provided some crucial insights about treatment of ischemic
stroke using MSC-CM: (I) MSC-CM has ability to improve
motor recovery after an ischemic stroke by promoting angio-
genesis and cellular signal pathways involved in this process
[46], (IT) MSC-CM is capable of reducing inflammation and
apoptosis by attenuating microglia/macrophage infiltration
and inhibiting Bax, Bcl2, caspase3, and pro-inflammatory
cytokines [45, 47, 49], (II) MSC-CM has ability to improve
BBB functional integrity and reduce its leakage following
ischemic stroke in rats by targeting angiopoietin (Ang) 1
and tyrosine kinase (Tie) 2 [39, 42], (IV) In several previous
studies by our group, we showed that neuroprotective effects

of MSC-CM were associated with restoring mTOR activity,
inhibiting acute autophagy, and promoting neurogenesis in
an ERK1/2- BDNF pathway dependent mechanism [41, 52].
Additionally, the present systematic review provided another
fundamental insight, indicating that the prepared MSC-CM
under hypoxic conditions had stronger neuroprotective
effects against ischemic stroke compared to the prepared
MSC-CM under normoxic condition [40]. For instance,
Jiang et al. demonstrated that the hypoxic CM group exhib-
ited stronger effects for improvements in the mNSS and bal-
ance beam test in comparison with the DMEM and normoxic
CM groups at Day 7 after MCAO [50]. Another important
point is that the therapeutic time window can be considered
a crucial factor when researchers use MSC-CM for stroke
therapy. For example, Egashira et al. reported that MSC-
CM administration 5 min after MCAO resulted in higher
protective effects than administration 2 h after MCAO [44].
Moreover, it has been reported that MSC-CM administration
in combination with other therapeutic agents can have bet-
ter neuroprotective effects against ischemic stroke compared
to monotherapy [51]. Asgari Taei showed that three times
injections of CM are more effective than one time to create
neuroprotective effects against ischemic stroke in a MCAO
rat model [43].

Conclusion

Collectively, the current systematic review exhibits that
MSC-CM can be considered a valid therapeutic agent for
improving motor function and reducing injury in animal
model of ischemic stroke. Although preclinical studies
demonstrate reducing infarct volume, there are no clinical
trials in stroke patients and hence its therapeutic efficacy
and safety is unknown in humans. We expect that current
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systematic review provides greater insights on the potential
use of MSC-CM for ischemic stroke therapy.
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