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Abstract: Introduction: Exosomes function as cell signaling carriers and have drawn much attention to the cell-free treatments
of regenerative medicine. This meta-analysis aimed to investigate the efficacy of mesenchymal stem cell-derived (MSC-
derived) exosomes in animal models of spinal cord injuries (SCI). Methods: A comprehensive search was conducted
in Medline, Embase, Scopus, and Web of Science to attain related articles published by January 31, 2023. The eligible
keywords were correlated with the spinal cord injury and MSC-derived exosomes. The evaluated outcomes were loco-
motion, cavity size, cell apoptosis, inflammation, neuro-regeneration, and microglia activation. A standardized mean
difference was calculated for each sample and a pooled effect size was reported. Results: 65 papers fully met the inclu-
sion criteria. Treatment with MSC-derived exosomes ultimately improved locomotion and shrunk cavity size (p<0.0001).
The administration of MSC-derived exosomes enhanced the expression of beta-tubulin III, NF200, and GAP-43, and in-
creased the number of NeuN-positive and Nissl-positive cells, while reducing the expression of glial fibrillary acidic
protein (p<0.0001). The number of apoptotic cells in the treatment group decreased significantly (p<0.0001). Regarding
the markers of microglia activation, MSC-derived exosomes increased the number of CD206- and CD68-positive cells
(p=0.032 and p<0.0001, respectively). Additionally, MSC-derived exosome administration significantly increased the ex-
pression of the anti-inflammatory interleukin (IL)-10 and IL-4 (p<0.001 and p=0.001, respectively) and decreased the
expression of the inflammatory IL-1b, IL-6, and TNF-a (p<0.0001). Conclusions: MSC-derived exosome treatment re-
sulted in a significantly improved locomotion of SCI animals through ameliorating neuroinflammation, reducing apop-
tosis, and inducing neuronal regrowth by facilitating a desirable microenvironment.
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1. Introduction Pre-clinical studies have shown promising results of stem cell
therapy in recovering neurodegenerative conditions through
neuroprotection, immunomodulation, neuronal relay for-

mation, and myelin regeneration [6, 7]. In addition to their

Traumatic spinal cord injury (SCI) is a devastating patho-
physiological state that could result in sensory, motor, and
autonomous deficits. The incidence and burden of spinal . . .. .

.. . . immunomodulatory properties, stem cells also participate in
cord injuries have increased over the last 30 years, with about . ; i
the cell replenishment of neurons. Recent studies have high-
lighted the neuro-regenerative effects of their secretory com-
ponents such as cytokines, chemokines, and extracellular ve-
hicles (EVs) [8-12].

EVs are classified into exosomes (30-200 nanometers (nm)),

0.9 million new incidents and 20.6 million prevalent cases in
2019 [1]. Injury to the spinal cord initiates consecutive in-
flammatory cascades that ultimately lead to the formation of
scar tissue and axonal loss [2]. Based on the location of the
neuronal interruption, a broad range of clinical syndromes . . . .

i . micro-vesicles (100-1000 nm), and apoptotic bodies (>1000
are expected, and a comprehensive course of management is

often required [3-5]. nm) [13]. Although exosomes were originally hypothesized

to contain unwanted cellular products [14], it was later dis-
covered that these vesicles contain lipids, proteins, deoxyri-

bonucleic acids (DNAs), and ribonucleic acid (RNA) subtypes
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such as messenger RNAs and non-coding RNA species [15,
16].

Exosomes function as cell signaling carriers and have drawn
much attention to the cell-free treatments of regenerative
medicine due to their high biocompatibility, stability in cir-
culation, and low immunogenicity [17-21].
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Several sources serve as the origin of EVs; to date, mes-
enchymal stem cells (MSC) are the most frequently stud-
ied source of EVs [22]. MSCs are abundantly present in
the adipose tissue, umbilical cord, and bone marrow [23-
26]. These cells are easily available, cultured, and manipu-
lated in addition to having favorable differentiation capac-
ities and immunomodulatory properties [27-29]. Research
shows that the MSCs’ secretory products exhibit regenerative
effects similar to the engraftment of MSCs themselves [30].
Since exosomes contain various constituents from the cell of
origin and MSCs have previously shown remarkable effects
on tissue recovery in spinal cord injuries, several studies have
examined the neuro-regenerative potentials of MSC-derived
exosomes in spinal cord injuries [31-33].

Three recent meta-analyses published in the past three years
primarily focused on the functional outcomes of injured an-
imals following exosome administration, not taking into ac-
count important outcomes such as inflammatory response
or histopathological findings [35-37]; even though Zhang et
al. [37] assessed other outcomes, the number of experi-
ments was limited. Additionally, the overall number of stud-
ies included was notably lower. Considering that research in
this field is still up-and-coming, and no consensus has been
reached regarding the matter [34], the present systematic re-
view and meta-analysis aimed to investigate the efficacy of
MSC-derived exosomes in SCI.

2. Methods

- Study design and setting

The purpose of this study was to summarize the evidence
on the efficacy of MSC-derived exosomes administered in
SCI. We defined the population as the spinal cord-injured
animals, the intervention was the administration of MSC-
derived exosomes, and the comparison was made with the
spinal cord-injured control group who did not receive the in-
tervention. The evaluated outcomes were locomotion, cavity
size, cell apoptosis, inflammation, neuro-regeneration, and
microglia activation.

- Search strategy

We designed search strategies based on the Medline, Em-
base, Scopus, and Web of Science guidelines to obtain their
indexed publications by January 31, 2023. The eligible key-
words were correlated with the spinal cord injury and MSC-
derived exosomes. Appropriate tags and Boolean operators
were applied to these keywords for the final search. Ulti-
mately, we manually searched the grey literature (Google and
Google Scholar) and the references section of the included
studies to avoid missing articles. The search strategies of all
databases and the keywords are presented in Appendix 1.

- Selection criteria

The inclusion criteria were the original pre-clinical stud-
ies on the effectiveness of MSC-derived exosomes in SCI.
The exclusion criteria were in-vitro studies, non-traumatic
SCI, non-exosome therapies (such as conditioned mediums),
treatment with exosomes derived from sources other than

MSCs, articles with insufficient data about the exosomes’
preparation and administration methods, combination ther-
apies, articles without a spinal cord-injured group that did
not receive treatment, articles with no reports of the desired
outcomes, review studies, and retracted articles.

- Data collection

Non-duplicate records were examined by two independent
researchers. The titles and abstracts of the obtained records
were reviewed in the initial screening process. In the next
step, the full text of the relevant articles was studied in de-
tail, and the final included articles were selected. The ex-
tracted data from each article was re-evaluated by atleast one
other independent researcher. The data were entered into a
checklist based on the PRISMA guideline [38]. The recorded
variables were the last name of the first author, publication
year, baseline characteristics of the included animals, sample
size, model of SCI, the origin of MSC-derived exosomes, the
volume or dose of the administered exosomes, the method
of exosome administration, the time interval between injury
and exosome administration, and outcomes. Figurative data
were extracted using the Plot Digitizer software.

- Quality assessment

The quality of the included articles was assessed based on the
SYRCLE's risk of bias assessment tools [39]. In case of any dis-
agreements in data collection or the quality assessment, the
conflict was resolved through discussions or with the help of
a third researcher.

- Statistical analyses

Data were recorded as mean + standard deviation (SD) and
were analyzed in the STATA 17.0 statistical program. A stan-
dardized mean difference (SMD) was calculated for each
study and a pooled effect size was reported. Heterogeneity
between studies was calculated with the I2 test. In the case
of heterogeneity, subgroup analyses were performed to de-
termine the source of heterogeneity. Funnel plots with 95%
confidence intervals were used to report the publication bias,
using the proposed method in the study of Doleman et al.
[40]. The Galbraith plot was utilized for outlier evaluation,
and experiments exerting significant effects on heterogeneity
or publication bias were excluded from the analysis to ensure
the robustness of the findings.

3. Results

- Article selection process

Out of the 1009 obtained articles from the systematic search,
507 were duplicates and were therefore removed. 502 articles
entered the screening process, and the full texts of 156 were
reviewed in detail. 65 articles met the inclusion criteria. No
additional articles were found in our manual search in grey
literature. Excluded studies were reviews (52 records), stud-
ies on condition mediums (5 records), combination thera-
pies (8 records), in vitro studies (4 records), studies without
a control group (2 records), studies with no reports of de-
sired outcomes (1 record), retracted studies (1 record), stud-
ies on non-traumatic spinal cord injuries (3 records), studies
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without a mesenchymal stem cell-origin of the exosomes (4
records), a study with insufficient data (1 record) and dupli-
cate studies (10 records) (Figure 1).

- Study characteristics

The included articles wielded strains of rats (52 records)
and mice (13 records). The spinal cord was injured in the
thoracic region in all included articles. The model of in-
jury was contusion in 45 articles, compression in 11 arti-
cles, and transection in 7 articles. The exosomes were iso-
lated from bone marrow-derived MSCs (BMMSC) in 40 arti-
cles, human umbilical cord-derived MSCs (hUCMSC) in 11
articles, adipose-derived MSCs (ADMSC) in 7 articles, hu-
man placenta-derived MSCs (hPMSC) in 3 articles, human
Wharton'’s jelly-derived MSCs (hWJMSC) in 1 article, human
dental-pulp MSCs (hDpMSC) in 1 article, and mouse umbil-
ical cord MSCs (MUMSCs) in 1 article. In 1 article, exosomes
were isolated from human MSCs (hMSC) of unreported ori-
gin. Apart from 10 articles including a range of treatment ad-
ministration time intervals, the first injection of MSC-derived
exosomes took place in the first 24 hours post-injury. The
route of administration was intravenous in 46 articles, in-
trathecal in 6 articles, into the injury site in 6 articles, in-
tranasal in 1 article, into the injured hind limbs in 1 article,
subcutaneously near the back wound in 1 article, under the
durain 1 article, and in both the injury site and tail vein in 1
article (Table 1).

Meta-analysis on the effect of MSC-derived exosomes on
post-SCI outcomes

- Locomotion

Locomotion was reported with the scales of Basso, Beattie,
and Bresnahan (BBB) or the Basso Mouse Scale (BMS). The
data from 72 separate analyses were pooled, and an over-
all effect size was obtained. MSC-derived exosome admin-
istration ultimately improved the locomotion of SCI animals
(SMD = 2.31, 95%CI: 1.95 to 2.66, p<0.0001; Figure 2).
Subgroup analyses and meta-regressions were conducted
Meta-
regression demonstrated that rats showed greater improve-
ment in locomotion compared to mice (meta-coefficient =
1.09, 95% CI: 0.31 to 1.88, p = 0.006). Therefore, the animals’
species is a possible source of heterogeneity among the stud-

to identify the source of heterogeneity (Table 2).

ies.

- Cavity size

Pooling data from 26 separate analyses demonstrated that
the administration of MSC-derived exosomes reduced the
cavity size post-treatment (SMD = -2.75, 95%CI: -3.69 to -
1.80, p<0.0001; Figure 3).

Subgroup analysis showed that using exosomes from ADM-
SCs didn't significantly reduce cavity size (SMD = -5.95,
95% CI: -14.06, 2.17, p = 0.151; Table 3). However, meta-
regressions didn’t show notable subgroup differences in cav-
ity size reduction following exosome treatment.

- Neural tissue regeneration

The expression of beta-tubulin III (SMD = 3.21, 95% CI: 2.01
to 4.42, p<0.0001) and the number of NeuN-positive cells
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(SMD = 4.46, 95%CI: 2.56 to 6.36, p<0.0001) were signifi-
cantly increased in the treatment group. Moreover, pool-
ing data from 13 different analyses showed that the number
of NF200-positive cells was significantly higher after MSC-
derived exosome administration (SMD = 3.55, 95%CI: 2.43 to
4.67, p<0.0001). The analysis showed a significantly higher
level of GAP-43 (SMD = 2.37, 95%CI: 0.7 to 4.05, p<0.0001)
and more Nissl-positive cells (SMD = 3.13, 95%CI: 1.60 to
4.66, p<0.0001) post-treatment (Figure 4). Also, GFAP expres-
sion was significantly decreased in the intervention group
(SMD = -2.80, 95%CI: -3.74 to -1.85, p<0.0001; Figure 5).

Subgroup analyses showed that the improvement in GFAP
was significant in almost every subgroup, except the 3 exper-
iments that used ADMSCs as the source of exosome (SMD
= -0.66, 95%CI: -2.36 to 1.04, p=0.447).
revealed that the variation in administration protocol (sin-
gle dose vs. multidose) is a source of heterogeneity since
multi-dose exosome therapy causes a significantly higher ef-
fect size compared to single-dose therapy (meta-regression
coefficient=2.14; 95%CI: 0.57 to 3.70; p=0.007). Addition-
ally, according to meta-regression analyses, the administra-

Meta-regressions

tion of exosome in the acute phase of SCI, as opposed to
the immediate phase, showed significant differences (meta-
regression coefficient=-3.58; 95%CI: -5.21 to -1.95, p<0.0001)
and the use of hWJMSC as the origin of exosomes (versus
BMMSC) also contributed to heterogeneity (meta-regression
coefficient=-3.05; 95%CI: -5.46 to -0.63, p=0.013; Table 4).

- Apoptosis

The expression of the pro-apoptotic Bax protein diminished
in the treatment group (SMD = -4.36, 95%CI: -5.78 to -2.94,
p<0.0001). On the other hand, Bcl-2 expression was signifi-
cantly higher in the intervention group (SMD = 3.68, 95%CI:
2.26 to 5.11, p<0.0001). The expression of Caspase 1 (SMD =
-3.16, 95%CI: -5.57 to -0.74, p=0.042) and Caspase 3 (SMD =
-2.46, 95%CI: -3.15 to -1.78, p=0.003) significantly decreased
in the animals of the treatment group (Figure 6).

In addition, pooled data analysis on 23 separate experiments
demonstrated that the number of apoptotic cells was signif-
icantly lower post-treatment (SMD = -4.29, 95%CI: -5.24 to
-3.35, p<0.0001; Figure 7).

Subgroup analyses showed no differences in all subgroups,
while meta-regression analyses demonstrated significantly
fewer apoptotic cells in a follow-up duration of 28 days
and more compared to less than 28 days (meta-regression
coefficient=-1.97 [95% CI: -3.88, -0.07], p = 0.042; Table 5).
Hence, follow-up duration might be the source of hetero-
geneity.

- Microglia activation

Treatment with MSC-derived exosomes did not have a mean-
ingful effect on the expression of Argl (SMD = 1.80; 95%CI:
-0.37 to 3.97, p=0.206). Nonetheless, the number of CD206-
positive cells (SMD = 3.35, 95%CI: 0.28 to 6.42, p=0.032)
and CD68-positive cells (SMD = -6.26; 95%CI: -8.06 to -
4.47, p<0.0001) were significantly increased in the treatment
group. Pooled data analysis exhibited a significantly de-
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creased Iba-1 expression in the treatment group (SMD = -
2.44, 95%CI: -3.78 to -1.10, p<0.0001; Figure 8).

- Inflammation

Treatment with exosomes significantly increased the expres-
sion of the anti-inflammatory IL-10 (SMD = 2.41, 95%CI: 1.38
to 3.45, p=0.001).

Pooled data analysis demonstrated a similar result for IL-4
(SMD = 3.44, 95%CI: 1.38 to 5.49, p=0.006; Figure 9).

In the analysis of the level of IL-1b, we pooled 27 out of 28
experiments. One experiment was excluded due to its out-
lier status, as it significantly influenced publication bias. The
level of this inflammatory marker was significantly lower in
the treatment group (SMD = -3.30, 95%CI: -4.15 to -2.45,
p<0.0001; Figure 10). The result was similar for IL-6 (SMD
= -2.04, 95%CI: -2.74 to -1.34, p<0.0001). Regarding IL-18,
its expression meaningfully dropped in the treatment group
(SMD = -3.02, 95%CI: -5.27 to -0.78, p=0.021). Nonetheless,
IL-1alevels were not significantly different between the treat-
ment and control groups (SMD = -2.44, 95%CI: -5.17 to 0.28,
p=0.096). Also, there were no significant differences between
the treatment and control groups in terms of NLRP3 (SMD =
-1.90, 95%CI: -4.24 to 0.44, p=0.276) and MCP-1 levels (SMD
=-2.56, 95%CI: -5.24 to 0.11, p=0.061; Figure 11).

Subgroup analyses and meta-regressions were performed to
detect sources of heterogeneity. Meta-regressions showed
that the extent of reduction in IL-1b level is significantly
greater in animals with compression models of SCI (meta-
regression coefficient=-0.62, 95%CI: -2.49 to 1.24, p=0.008) in
comparison to contusion models (Table 6).

Out of 31 experiments assessing TNF-a, 3 studies were ex-
cluded due to their outlier status and impact on heterogene-
ity. The results from 28 separate analyses revealed that the
expression of TNF-a was significantly less in the treatment
group (SMD = -2.59, 95%CI: -3.22 to -1.95, p<0.0001; Figure
12).

Subgroup analyses demonstrated that the improvement in
TNF-a was significant in all subgroups except for the injec-
tion of exosomes in the acute phase of SCI (SMD = -4.74,
95%CI: -9.59 to 0.11, p=0.056) which was investigated only
in 4 experiments. In meta-regression analyses, we observed
a larger effect size in experiments involving the local admin-
istration of exosomes compared to the systemic administra-
tion (meta-regression coefficient=-1.52; 95%CI: -2.91 to 0.13;
p=0.024; Table 7).

-Quality control

It is noteworthy that housing randomization and random se-
lection of animals for outcome assessment are infrequently
narrated in animal interventional studies, and similarly, none
of our included articles adequately disclosed the aforemen-
tioned items. The risk of bias in allocation concealment was
low in 2 articles and unclear in others, and only 8 articles ad-
dressed incomplete outcome data. Conclusively, the over-
all risk of bias for the present systematic review and meta-
analysis was considered fair (Supplementary Table 1).
Publication bias

No publication bias was observed among the included ar-
ticles in the markers of apoptosis (p=0.745), number of
apoptotic cells (p=0.083) cavity size (p=0.118), locomotion
(p=0.416), IL-4 and IL-10 (p=0.066), inflammatory ILs (IL-
18, IL1a, IL6, MCP-1, NLRP3) (p=0.481), IL-6 (p=0.479), IL-1b
(p=0.211), TNF-a (p=0.657), and microglia activation mark-
ers (p=0.079). The articles that reported neural regeneration
markers, displayed evidence of a possible publication bias
(p=0.024) (Supplementary Figure 1).

4, Discussion

Neuronal damage after SCI has a complex pathogenesis that
could be categorized into irreversible primary damage from
mechanical injury followed by an amenable secondary in-
jury resulting from neuroinflammation, apoptosis, ischemia,
and excitotoxicity [41, 42]. During the last two decades, stem
cell transplantation has gained considerable attention as a
novel therapeutic strategy in the management of central ner-
vous system injuries by mitigating secondary injury and pro-
moting neuronal regeneration [43]. Originally, it was be-
lieved that functional recovery ensued by the transplantation
of MSCs in neuronal injuries is derived greatly from the dif-
ferentiation of engrafted stem cells to neurons and oligoden-
drocytes [44]. However, recent research endeavors have pro-
posed that stem cell therapy’s regenerative efficacy is largely
driven by the intercellular communication of transplanted
stem cells with surviving neurons and microglial cells [45-
47]. Exosomes, as nano-sized extracellular vesicles contain-
ing lipids, proteins, and nucleic acids, play a crucial role in
the paracrine interaction of MSCs with neighboring cells at
the injury site in addition to the trafficking of biomaterials
such as messenger RNAs and microRNAs into the recipient
cells [48, 49].
ministration circumvents the limitations of direct stem cell

Since the cell-free extracellular vesicles’ ad-

transplantation such as the immunological rejections, low
viability of the transplanted cells at the injury site, tumori-
genesis, and microvasculature blockade, this approach drew
great interest from researchers as a potential treatment for
neurodegenerative conditions [50]. The current systematic
review and meta-analysis demonstrated that treatment with
exosomes in animal models of SCI was associated with signif-
icantly improved motor function, smaller cavity size, higher
nervous tissue regeneration markers, lower apoptosis rate,
and attenuated inflammation.

Neuroinflammation after SCI is cardinal, aggravating sec-
ondary neuronal damage and hindering cellular repair pro-
cesses. Microglia activation is a key factor in mounting in-
flammatory responses and neurogenesis which could act as
a double-edged sword, depending on its polarization post-
injury. Our review revealed that the exosomes’ adminis-
tration doesn't reduce the overall number of macrophages,
demonstrating the levels of the pan-macrophage marker
CD68.
macrophages with an incline towards the anti-inflammatory
M2 phenotype polarization, deducted from lessened Iba-1

However, there were significantly fewer activated
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and increased CD206 expression. Recent studies highlighted
the temporal alterations of the micro-RNA profile as piv-
otal in the pathogenesis and functional recovery of SCIs [51,
52]. miRNAs are noncoding single-stranded RNAs that reg-
ulate genes’ expressions at a post-transcription level, bind-
ing to their targeted mRNA's 3’ untranslated region, causing
either mRNA degradation or lessened translation [53]. Ex-
osomes were shown to contain miRNA-125a, miRNA-216a,
and miRNA-23b, which contribute to the M2 polarization
of macrophage cells and cause subsequent release of anti-
inflammatory cytokines IL-4, II-10, and TGF-B [54, 55]. Ex-
osomes were also demonstrated to harbor short interfering
RNAs (siRNA) that could downregulate the inflammasomes’
activation in innate immune cells [56]. Inflammasomes con-
sist of complex proteins that are responsible for the process-
ing and secretion of proinflammatory cytokines such as IL-
1b and IL-18 [57, 58]. Additionally, exosome treatment can
suppress the NF-KB signaling pathway, which is crucial in
governing immune cells’ activation and production of pro-
inflammatory cytokines of TNF-a, IL-6, and IL-1b [59-62]. By
suppressing the NF-KB pathway and inhibiting pericyte mi-
gration, exosomes could stabilize the integrity of the blood-
spinal cord barrier [63]. As another component of the glial
system, astrocyte activation and the following glial scar for-
mation affect the secondary injury progression and thus, the
subsequent recovery. Although glial formation could restrict
the inflammation and spare the adjacent survived neurons
from neurotoxic effects in the epicenter of injury, overacti-
vation of astrocytes could impede neuro-regenerative pro-
cesses by preventing the regrowth of axons and establish-
ment of additive connections across the formed boundaries
of previously developed scars [64, 65]. Our results revealed
that exosome treatment was associated with lower activated
astrocytes deducible from the reduced GFAP levels post-
treatment. A similar astrogliosis-regulating effect was previ-
ously reported in the treatment of stroke and brain injuries
with MSCs [66, 67]. Analogous to the pro-inflammatory M1
and anti-inflammatory M2 macrophages, there are two phe-
notypes of activated astrocytes. Al astrocytes pre-dominate
after SCI and exacerbate secondary injury by the release of
chemokines and neurotoxic compounds. Instead, A2 astro-
cytes release anti-inflammatory cytokines and neuroprotec-
tive materials which aid in neurological recovery [68]. Al-
though we didn’t investigate the effects of exosomes on the
polarization of activated astrocytes, there is convincing evi-
dence claiming that exosomes could shift astrocytes’ activa-
tion towards the A2 phenotype [44, 69, 70].

The disintegration of the vascular network is one of the im-
mediate changes that follow the mechanical force in SCI.
Disrupted blood flow after CNS injuries causes ischemia
and secondary damage becomes inevitable, contributing to
impaired functional recovery [71]. Previously, MSCs were
demonstrated to induce angiogenesis in ischemic injuries
and thus were proven to be promising in the treatment of
stroke and coronary artery diseases [72, 73]. Some studies
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indicate that the exosome treatment promotes angiogene-
sis and the scaffold microvasculature apparatus at the in-
jury site [45, 70, 74].
ical alterations could potentially provide a microenviron-

Altogether, these favorable biolog-

ment conducive to neuronal regeneration and functional re-
covery after SCI. Concordantly, our review showed higher
beta-tubulin III, NF200, and GAP-43 levels, along with more
NeuN-positive cells, representing improved neuronal viabil-
ity, axonal regrowth, and synaptic plasticity after the exo-
some treatment in SCL

Based on our results, exosome administration was associ-
ated with higher neuroprotection through its anti-apoptotic
properties. Exosomes changed the balance against apoptosis
through upregulation of the anti-apoptotic protein Bcl-2 and
a reduced expression of the pro-apoptotic Bax protein and
cleaved Caspase-3 [75]. Besides reducing the inflammatory
mediators that promote programmed cell death, exosome
treatment could directly regulate apoptosis-associated genes
and signaling pathways. Once again, recent studies shed light
on the role of miRNAs, especially miRNA-21 and miRNA-
19, as exosomes’ constituents in suppressing the multiplex
apoptosis genes, including programmed cell death 4 protein
(PDCD4) and phosphatase and tensin homolog (PTEN) in
targeted tissues [65, 76-78]. The involvement of the Wnt/b-
catenin signaling pathways in axonal regrowth and apopto-
sis inhibition in neural injuries was recognized in previous
studies [79, 80]. As another underlying mechanism, the study
by Li et al. showed that the exosome treatment could acti-
vate the Wnt/b-catenin signaling pathways in rat SCI models,
thus hindering apoptosis [81]. According to the present re-
view, alleviating neuronal apoptosis and necrosis is validated
morphologically by diminished cavity size ensued by treat-
ment with exosomes.

Owing to high viability in the target tissue and their en-
hanced stability, exosomes have the capacity to be loaded
with concentrated mediators such as nucleic acids and pro-
teins through transfection. Although we didn't investigate the
therapeutic effects of exosomes when employed as carriers
of genetic materials or drugs, some studies endorsed the im-
proved regenerative efficacy of miRNA- or siRNA-modified
MSC-derived exosomes in SCI management [82-84]. Addi-
tionally, it is noteworthy that the exosomes’ contents could
be manipulated by the alteration of their ingenious stem
cells’ conditioning processes, which could add to their ther-
apeutic efficacy. For instance, a study by Liu et al. demon-
strated that exosomes derived from MSCs pre-treated in a
hypoxic environment exerted a better functional recovery
than the conventionally normoxic cultured cells in the SCIs
[55, 85]. Similarly, MSC-derived exosomes that were iso-
lated in an inflammatory agent-induced stimulation process,
showed enhanced sensory recovery and higher mechanical
force threshold than the conventionally MSC-derived exo-
somes in rat SCI [86].

Although the majority of studies in our review administrated
exosomes shortly after SCI, there is evidence that a fractioned
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multiple-dose administration of exosomes outperforms the
therapeutic efficacy of a single injection [87]. This highlights
the demand for further research to clarify the best dosage
and timing of exosome treatment in SCI. Finally, although
our results were in favor of the restorative efficacy of the exo-
some treatment in SCI, there was a lack of evidence about its
long-term adverse effects. As exosomes could regulate genes’
expression and biomaterials’ trafficking, a long-term follow-
up seems reasonable to ascertain this treatment modality’s
safety.

There have been three recent meta-analyses that evaluated
the effect of exosome administration on the improvement of
functional outcomes following spinal cord injury. Our find-
ings regarding functional outcomes align with these anal-
yses, which demonstrated that stem cell-derived exosomes
have a significant therapeutic effect. Yi et al.[36] conducted
a pooled data analysis of locomotion scores from 35 studies
using BBB and BMS scoring scales in rats and mice, respec-
tively. They found a significant improvement in locomotion
scores for rats (SMD=3.21) and for mice (SMD=2.46). They
also noted that exosomes derived from neural stem cells
and PCI12 cells had an earlier therapeutic effect than those
from BMSC, evaluated on the third day post-injury. Shang
et al. [35] observed significant recovery in BBB scores after
exosome administration from ADMSC (SMD=3.73), BMMSC
(SMD=3.65), hUMSC (SMD=2.74), and NSC (SMD=4.54),
with NSC-derived exosomes showing the greatest therapeu-
tic value overall (SMD=3.60). Zhang et al.[37] found that BBB
scores of BMSC-derived exosomes were significantly better
than the control group (SMD=3.89). Additionally, they evalu-
ated other outcomes, including apoptotic factors and inflam-
matory response. They found that the expression level of Bax
in the exosome group was significantly lower than the con-
trol group (SMD=-0.70), while the expression level of Bcl-2
was significantly higher than the control group (SMD=0.45).
Furthermore, pooled data analysis showed that the expres-
sion levels of pro-inflammatory factors IL-1b (SMD=-158.37)
and TNFa (SMD=-259.92) were significantly lower in the exo-
some group, while the expression levels of anti-inflammatory
factors IL-4 (SMD=33.77) and IL-10 (SMD=46.47) were better
in the exosome group.

5. Limitations

Although we tried to perform a comprehensive analysis of all
behavioral and histopathological aspects of exosome treat-
ment in SCI, the number of studies included in some analy-
ses was limited; therefore, we recommend performing more
studies on the effect of exosome administration on inflam-
mation and apoptosis. In addition, since the method of mea-
suring the outcomes varied among included studies, we de-
cided to calculate SMD instead of the weighted mean differ-
ence. In addition, in the investigation of neural regenera-
tion markers, evidence of possible publication bias was ob-
served; therefore, it is recommended to interpret the findings
of these markers with more caution.

6. Conclusions

MSC-derived exosome administration resulted in a signifi-
cantly improved locomotion of SCI animal models, mainly
through ameliorating neuroinflammation, reducing apopto-
sis, and inducing neuronal regrowth by facilitating a desir-
able microenvironment. These findings could be considered
as potential evidence to design and conduct future clinical
trials.
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JE1)EBH Characteristics of the included articles

Name Year |Animal |Gender Weight/Age |Level of| Model of SCI | Exosome Exosome |SCI to treatment | Site of injec-
SCI origin | dose/ interval tion
volume
Chang 2021 |[SDRat |M 220-260g |T10 Contusion |BMMSC |2001 1 hour Intrathecal
Chen 2021 |[SDRat |M N/R T10 Compression| BMMSC | 200 g Immediately Intravenous
Fan 2021 |[SDRat |M 200-250 g T10 Contusion |BMMSC |2001 Daily for 7 con- |Intravenous
secutive days
Gu 2020 |[SDrat |M 220-260g T10 Contusion |BMMSC (200 g 1 hour Intravenous
Han 2021 |Wistar |F 200-250 g T10 Contusion |BMMSC |1001 Daily for 3 con- |Intrathecal
Rat secutive days
Huang 2020 |SDRat |M 180-220g T10 Contusion |[AMSC |100g Immediately Intrathecal
Huang 2020 |[SDRat |M 180-220g T10 Contusion |BMMSC (250 g 30 minutes Intravenous
Huang 2017 |[SDRat |M 180-220g T10 Contusion |BMMSC |100g 30 minutes Intravenous
Huang 2021 |[SDRat |M 80-100 g T10 Contusion |BMMSC (200 g Daily for 7 con- |Intravenous
secutive days
Huang 2021 |[SDRat |F 200-250 g T10 Contusion |BMMSC (200 g Daily for 5 con- |Intravenous
secutive days
Ji 2019 |[SDRat |M 150-180g T10 Compression| BMMSC | 100mg 24 hours Intravenous
Jia 2021 |[SDRat |M 230-250 g T10 Contusion |BMMSC |2001 1 hour Intravenous
Jiang 2021 |[SDRat |M 180-220g T9/T10 |[N/R BMMSC | 100 g 30 minutes Intravenous
Li 2019 |[Wistar |M 150-200g T9-T11 |Contusion |BMMSC |200g Every 3 days for |[N/R
Rat 27 days
Li 2020 [SDRat |M N/R T10 Compression| BMMSC | 100g 24 hours Intravenous
Li 2018 |[SDRat |M 250-300g T10 Compression| BMMSC | 100g 24 hours Intravenous
Liu 2020 |C57BL/6|M 6-8w T10 Contusion |BMMSC |200g Immediately Intravenous
Liu 2019 |SDRat |F 170-220g T10 Contusion |BMMSC |200g Immediately Intravenous
Lu 2019 |[SDRat |M 200-250 g T10 Contusion |BMMSC |200g 30 minutes Intravenous
Lu 2021 |SDRat |F 170-220g T10 Contusion |BMMSC |200g Immediately Intravenous
Nakazaki (2021 |[SDRat |M 185-215 g T9 Contusion |BMMSC |4g Daily for 9 con- |Intravenous
secutive days
Nie 2021 |SDRat |N/R |180-220g T10 Transection [BMMSC |100g 24 hours Intravenous
Noori 2021 |Wistar |M 210-280 g T10 Compressionf hWJMSC| 1-3 g 24 hours Intrathecal
Rat
Ren 2019 |[SDRat |M 250-350 g T10 Compression| AMSC | N/R N/R N/R
Romanelli (2021 |F344Rat|F 140-190g | T8 Contusion |hUCMS( 1.5 x 109 |Immediately Intravenous
particles
Romanelli |2019 |F344Rat|F 140-190g |T8 Contusion |hUCMS({N/R Immediately & |Intravenous
24 hours
Ruppert (2018 |[SDRat |M 225-250g T10 Contusion |hUCMS( 109 parti- | 3hours Intravenous
cles
Shao 2020 |[C57BL/6|N/R |6W T8/T9 |Compression| AMSC |200g Immediately Intravenous
mouse
Sheng 2021 |C57BL/6|F 6-8W T10 Contusion |BMMSC |200g Immediately Injury site
mouse
Sun 2018 |C57BL/6|F 17-22¢g T11/T12 | Contusion |hUCMS({20g 30minutes Intravenous
mouse
Wang 2021 |Rat F 230g T10 Transection |AMSC |100 ng Immediately Injury site
Wang 2018 |SDRat |M 200-250g T10 Contusion |[BMMSC (40g 30minutes Intravenous
Wang 2021 |SDRat |F 6-7W N/R N/R hUCMS({N/R N/R Intravenous
Xiao 2021 |[SDRat |M 150-200g T10 Compression| hUCMS( 100mg 24 hours Intravenous
Xu 2019 |[SDRat |N/R 180-220g T9/T10 |Contusion |hMSC |N/R N/R Intravenous
Yu 2019 |[SDRat |F 230-250g T10 Contusion |BMMSC [100 g 1 hour Intravenous
Zhai 2021 |ICR M 30-35g T8/T9 |Contusion |hUCMS(20g Daily for 10 con- | Injury site
mouse secutive days
Zhang 2021 |[SDRat |M 200-280 g T10 Contusion |BMMSC [50g 5 minutes Injury site + In-
travenous
Zhang 2020 |Mouse |M 8W T10 Contusion |hPMSC |200 g/l N/R Injury site
Zhang 2021 |[SDRat |M 200-230 g T10 Contusion |BMMSC (200 g 30 minutes & 7 |Intravenous
days & 14 days
Zhou 2021 |SDRat |F 200-220 g T11 Transection |hPMSC |50¢g Immediately &1 |Intravenous
hour & 2 weeks

10
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Name Year |Animal |Gender Weight/Age |Level of | Model of SCI | Exosome Exosome |SCI to treatment |Site of injec-
SCI origin | dose/ interval tion
volume
Zhou 2019 |Wistar |M 200-250g T10 Transection |BMMSC | 100g lhour Intravenous
Rat
Guo 2019 |SDRat |F 200-250g T10 Transection |BMMSC 401 23 hours & daily | Intranasal
for 5 consecutive
days
Zhou 2022 |SDRat |M 200-250g [T10 Contusion |[BMMSC (40g 30 minutes & 24 | Intravenous
hours
Xin 2021 |SDRat |F 220-250g T9 Contusion |BMMSC |100g Immediately & |Subcutaneous
daily for 7 con-
secutive days
Pinho 2022 |C57BL/6|F 10-15w T8-9 Compression| AMSC 1001 Daily for 3 days & | Intravenous
mouse once a week af-
terwards
Huang 2022 |SDRat |M 200-220 g T10 Contusion |BMMSC |40 g 30 minutes & 24 | Intravenous
hours
Xie 2022 |[SDRat |M 180-220g T10 Contusion |BMMSC |10g 2 hours & every 2 | Intravenous
days for 3 injec-
tions
Yan 2019 |[SDRat |M 220250¢g T10 Contusion |BMMSC |40g 2 hours & every 2 | Intravenous
days for 3 injec-
tions
Liu 2022 |C57BL/6|F 17.4-22 g T11-12 |Contusion |hDPMS(C200g 30 minutes Intravenous
mouse
Shao 2022 |C57BL/6|M 7-8w T10 Contusion |BMMSC |N/R 3 days Into the injured
mouse hind limbs
Suang 2022 |SDRat |F 220g T9 Compression| AMSC | 107 parti- Immediately & 3 | Intravenous
cles days
He 2022 |SDRat |N/R [220g T10 Contusion |BMMSC |100g Daily for 7 con- |Intravenous
secutive days
Kang 2022 |SDRat |F 170-220g |T10 Contusion |hUCMS(C200g Immediately N/R
Cheshmi (2023 |[SDRat |M 200-250 g T9 Contusion |hPMSCs|200g 30 min Intravenous
Han 2022 |Wistar |F 200-250 g T10 Contusion |BMSC |721 continuous in- [under the dura
Rat jection for 3 days
Hu 2022 |SDRat |F 200-250 g T6, T7 |Transection |hUCMS(501 Immediately Injury site
Kostennikoy2022 |Wistar |F 250-300 g T8 Contusion |Ad- 10,50 g 30 min Intravenous
Rat MSCs
Lai 2022 |SDRat |F NR T10 Compression| hUCMS( 200 g N/R Intravenous
Li 2022 |[SDRat |N/R |220¢g T10 Contusion |BMSCs |100g Daily for 7 con- |Intravenous
secutive days
Wang B 2022 | C57BL/6] F 20-25g T11, T12 | Contusion |hUCMS(50 g N/R Intravenous
mice
WangY 2022 |Wistar |F NR T10 Contusion |BMSCs |251 continuous in- | Intrathecal
Rat jection for 3 days
Xiong 2023 |C57BL/6]M 20-25g T10 Transection |MUMSCs4 1 4 times every 7|Injury site
mice days
Yin 2022 |C57BL/6]F 8 weeks T8-T10 |Contusion |BMSCs |N/R N/R Intrathecal
mice
Zhao 2023 |SDRat |N/R |6-8weeks T10 Contusion |BMSCs [200g 1 hour Intravenous
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JEVNEPH Subgroup analyses and meta-regressions for different variables in locomotion recovery

Number of ex-|Subgroup analysis Meta-regression
periments
Weight/ AgeSMD [P value |17 (p value) Coefficient [95%CI] | P value
[95%CI]

Locomotion
Species
Mice 17 1.44[0.99, 1.86] <0.0001 |66.03 (<0.0001) |Reference
Rat 55 2.61 [2.18, 3.05] <0.0001 |85.30 (<0.0001) 1.09 [0.31to 1.88] 0.006
Model of SCI
Transection 8 3.73 [1.82, 5.64] <0.0001 |94.12 (<0.0001) Reference
Contusion 45 2.24 [1.81, 2.66] <0.0001 |83.89 (<0.0001) |-1.038[-2.28t00.20] |0.101
Compression 17 1.99 [1.37, 2.60] <0.0001 |74.28 (<0.0001) |-1.25[-2.63 to 0.12] 0.074
Severity of SCI
Moderate 40 2.24 [1.77,2.71] <0.0001 |84.71 (<0.0001) |Reference
Severe 25 2.65 [1.94, 3.36] <0.0001 |87.55(<0.0001) |0.33[-0.45,1.12] 0.403
Origin of Exosome
BMMSC 41 2.28[1.81, 2.74] <0.0001 |84.84 (<0.0001) |Reference
ADMSC 11 2.40 [1.34, 3.47] <0.0001 |86.10 (<0.0001) |0.074[-0.97,1.12] 0.890
UCMSC 13 1.89 [1.21, 2.57] <0.0001 [79.33 (<0.0001) |-0.032[-1.28, 0.64] 0.517
hwWJMSC 3 3.35[1.52, 5.17] <0.0001 [69.20 (0.048) 1.07 [-0.87, 3.02] 0.279
hPMSC 3 3.67 [0. 48, 6.86] 0.024 89.32 (0.001) 1.03 [-0.95, 3.02] 0.308
hDpMSC 1 NA NA NA NA NA
Number of administra-
tions
Single dose 43 2.33[1.88,2.77] <0.0001 |82.87 (<0.0001) |Reference
Multi dose 29 2.28 [1.69, 2.87] <0.0001 |86.28 (<0.0001) |-0.08[-0.81, 0.64] 0.828
Time of injection after SCI
Immediate (<3 hours) 56 2.55[2.13, 2.97] <0.0001 [84.20 (<0.0001) |Reference
Acute (24 to 72 hours) 9 1.77 [1.02, 2.51] <0.0001 |74.72 (0.002) -0.67 [-1.71, 0.38] 0.213
Subacute (>24 hours) 2 NA NA NA NA NA
Route of administration
Systemic 54 2.24 [1.85, 2.64] <0.0001 [83.36 (<0.0001) |Reference
Local 17 2.57 [1.70, 3.44] <0.0001 |88.07 (<0.0001) |0.24[-0.62, 1.09] 0.586
Follow up duration
<28 days 11 2.36 [1.46, 3.26] <0.0001 |80.44 (<0.0001) Reference
=28 days 61 2.30[1.91, 2.68] <0.0001 |84.92 (<0.0001) [-0.082 [-1.09, 0.93] 0.873
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PENERH Subgroup analyses and meta-regressions for different variables in cavity size

Number of ex-|Subgroup analysis Meta-regression
periments
Weight/ AgeSMD | P value [IZ (p value) Coefficient [95%CI] |P value
[95%CI]
Cavity size
Species
Mice 5 -3.93 [-6.10, -1.76] <0.0001 |86.55 (<0.0001) |Reference
Rat 21 -2.46 [-3.48, -1.43] <0.0001 [91.72 (<0.0001) |[1.462696 [-0.9082156,|0.227
3.833608]
Severity of SCI
Moderate 13 -3.52 [-4.80, -2.25] <0.0001 |86.46 (<0.0001) |Reference
Severe 9 -2.50 [-4.55, -0.44] 0.017 95.58 (<0.0001) |1.32[-0.72, 3.37] 0.205
Origin of Exosome
BMMSC 12 -3.43 [-4.95, -1.91] <0.0001 [90.46 (<0.0001) |Reference
ADMSC 4 -5.95[-14.06, 2.17] 0.151 99.09 (<0.0001) |0.18 [-2.87, 3.23] 0.907
UCMSC 9 -1.69 [-2.95, -0.42] 0.009 90.67 (<0.0001) |1.68 [-.47, 3.82] 0.125
hPMSC 1 NA NA NA NA NA
Number of administra-
tions
Single dose 19 -2.66 [-3.89, -1.44] <0.0001 [93.25 (<0.0001) |Reference
Multi dose 7 -3.08 [-4.48, -1.68] <0.0001 |84.25 (<0.0001) |-0.55[-2.68, 1.58] 0.612
Rout of administration
Systemic 18 -2.78 [-3.86, -1.7] <0.0001 [90.91 (<0.0001) Reference
Local 8 -2.95[-5.29, -0.61] 0.013 94.93 (<0.0001) [0.17 [-1.96, 2.3] 0.873
Follow up duration
<28 days 6 -4.10 [-6.28, -1.91] <0.0001 |89.66 (<0.0001) |Reference
>28 days 20 -2.32[-3.31, -1.34] <0.0001 [90.64 (<0.0001) |1.68[-0.53, 3.88] 0.136
[ Identification of studies via databases and registers } Identification of studies via other methods }
Records identified from: Records identified from:
& | | Databases (n =1009) Websites (n = 0)
§ Registers (n = 0) Organisations (n = 0)
L] Citation searching (n = 0)
5 Records removed before the screening:
= Duplicate records removed (n = 507)
Records screened
| m=502)
Reports sought for retrieval
Records excluded (n=0)
l (n=346)
Reports not retrieved
% | | Reports sought for retrieval i (n=0)
Z || m=156)
§ Reports not retrieved Reports assessed for eligibility
A (n=0) (n=0)
I Reports excluded (n =91)
REEOHS assessed for eligibility Reviews (n =52) Reports excluded (n = 0)
)| =156 Condition Medium (n =5)
Combination (n=8)
In-Vitro (n = 4)
No control (n=2)
No outcome of interest (n=1)
Retracted (n=1)
Non-traumatic (n=3)
Studies included in the review Non-mesenchymal (n=4)
(n=65) Insufficient data (n=1)
Duplicate(n=10)

PRISMA flow diagram of the article selection process.
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Subgroup analyses and meta-regressions for different variables in the expression of GFAP

Number of ex-|Subgroup analysis Meta-regression
periments
Weight/ AgeSMD | P value I? (p value) Coefficient [95%CI] |P value
[95%CI]

Expression of GFAP
Model of SCI
Contusion 13 -1.79 [-2.53, -1.06] <0.0001 |72.19 (<0.0001) Reference
Transection 1 NA NA NA NA NA
Compression 11 -3.97 [-5.77, -2.16] <0.0001 [87.14 (<0.0001) |-1.64[-3.61, 0.33] 0.103
Severity of SCI
Moderate 10 -1.91 [-3.21, -0.60] <0.0001 |89.06 (<0.0001) |Reference
Severe 15 -3.59 [-4.96, -2.22] <0.0001 |86.40 (<0.0001) |-1.55[-3.43,0.34] 0.107
Origin of Exosome
BMMSC 10 -2.76 [-4.34, -1.18] 0.001 88.63 (<0.0001) |Reference
ADMSC 3 -0.66 [-2.36, 1.04] 0.447 84.06 (0.002) 1.90 [-0.58, 4.37] 0.133
UCMSC 5 -2.07 [-3.59, -0.55] 0.007 83.16 (0.008) 0.44 [-1.68, 2.57] 0.684
hWJMSC 6 -5.41 [-7.15, -3.66] <0.0001 [33.08 (0.165) -3.05 [-5.46, -0.63] 0.013
hPMSC 1 NA NA NA NA NA
Number of administra-
tions
Single dose 15 -3.61 [-4.69, -2.52] <0.0001 [76.13 (<0.0001) |Reference
Multi dose 10 -1.36 [-2.39, -0.33] 0.009 82.98 (<0.0001) [2.14[0.57, 3.70] 0.007
Time of injection after SCI
Immediate (<3 hours) 16 -1.96 [-2.62, -1.30] <0.0001 [69.15 (<0.0001) |Reference
Acute (24 to 72 hours) 7 -5.54 [-7.03, -4.05] <0.0001 [28.42 (0.195) -3.58 [-5.21, -1.95] <0.0001
Route of administration
Systemic 16 -2.36 [-3.30, -1.43] <0.0001 |84.56 (<0.0001) Reference
Local 8 -4.32 [-6.27, -2.37] <0.0001 |77.42 (0.001) -1.69 [-3.67, 0.30] 0.095
Follow up duration
<28 days 13 -2.59 [-4.01, -1.65] <0.0001 |90.42 (<0.0001) |Reference
>28 days 12 -3.05 [-4.33, -1.78] <0.0001 |84.05 (<0.0001) |-0.59[-2.51,1.33] 0.548
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gELEEH Subgroup analyses and meta-regressions for different variables in the number of apoptotic cells

Number of ex-|Subgroup analysis Meta-regression
periments
Weight/ AgeSMD | P value I? (p value) Coefficient [95%CI] |P value
[95%CI]

Number of apoptotic cells
Model of SCI
Contusion 15 -4.07 [-5.29, -2.86] <0.0001 |83.49 (<0.0001) Reference
Transection 1 NA NA NA NA NA
Compression 6 -4.30 [-5.73, -2.87] <0.0001 |54.56 (0.060) -0.45 [-2.68 to 1.78] 0.692
Severity of SCI
Moderate 14 -4.31 [-5.46, -3.19] <0.0001 |75.97 (<0.0001) |Reference
Severe 8 -4.41 [-6.48, -2.34] <0.0001 |86.28 (<0.0001) |0.12[-2.00, 2.24] 0.910
Origin of Exosome
BMMSC 15 -4.49 [-5.66, -3.31] <0.0001 |78.77 (<0.0001) |Reference
ADMSC 1 NA NA NA NA NA
UCMSC 3 -4.94 [-7.09, -2.78] <0.0001 [54.62 (0.112) -0.57 [-3.43, 2.30] 0.699
hWJMSC 3 -4.07 [-6.66, -1.49] 0.002 60.68 (0.083) 0.34 [-2.62, 3.31] 0.819
hPMSC 1 NA NA NA NA NA
Number of administra-
tions
Single dose 16 -3.95 [-5.04, -2.86] <0.0001 [79.20 (<0.0001) |Reference
Multi dose 6 -5.21 [-6.92, -3.49] <0.0001 |70.31 (0.007) -1.28 [-3.37, 0.81] 0.231
Time of injection after SCI
Immediate (<3 hours) 16 -4.29 [-5.53, -3.04] <0.0001 [84.07 (<0.0001) |Reference
Acute (24 to 72 hours) 5 -4.62 [-6.55, -2.68] <0.0001 [64.59 (0.032) -0.46 [-2.95, 2.04] 0.719
Route of administration
Systemic 17 -4.22 [-5.39, -3.05] <0.0001 |[83.55 (<0.0001) |Reference
Local 5 -4.74 [-6.60, -2.88] <0.0001 |58.33 (0.043) -0.65[-3.12, 1.83] 0.608
Follow up duration
<28 days 16 -3.60 [-4.59, -2.61] <0.0001 |73.50 (<0.0001) |Reference
>28 days 7 -5.67 [-7.45, -3.90] <0.0001 |75.48 (0.001) -1.97 [-3.88, -0.07] 0.042
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PEWWELH Subgroup analyses and meta-regressions for different variables in pro-inflammatory marker IL-1b

Number of ex-|Subgroup analysis Meta-regression
periments
Weight/ AgeSMD [P value |17 (p value) Coefficient [95%CI] | P value
[95%CI]

IL-1b
Species
Mice 6 -2.02 [-3.27,-0.77] 0.002 79.39 (0.001) Reference
Rat 21 -3.78 [-4.86, -2.71] <0.0001 [86.01 (<0.0001) |-1.60 [-3.53 to 0.33] 0.105
Model of SCI
Contusion 18 -2.98 [-4.00, -1.97] <0.0001 |87.51 (<0.0001) Reference
Transection 1 NA NA NA -9.1 [-15.22 to -2.98] 0.512
Compression 7 -3.13 [-4.08, -2.19] <0.0001 |27.04 (0.074) -0.62 [-2.49 to 1.24] 0.008
Severity of SCI
Moderate 16 -2.75 [-3.49, -2.00] <0.0001 |70.18 (<0.0001) |Reference
Severe 10 -4.91 [-7.50, -2.32] <0.0001 [95.18 (<0.0001) |-1.3[-3.35,0.57] 0.166
Origin of Exosome
BMMSC 12 -3.29 [-4.69, -1.89] <0.0001 [89.75 (<0.0001) |Reference
ADMSC 4 -3.66 [-5.22, -2.10] <0.0001 [57.27 (0.070) -0.58 [-3.27, 2.12] 0.676
UCMSC 8 -2.80 [-4.41, -1.20] 0.001 87.31 (<0.0001) |0.44 [-1.66, 2.54] 0.683
hwWJMSC 3 -5.19 [-8.97, -1.41] 0.007 72.18 (0.018) -1.70 [-5.08, 1.68] 0.325
Number of administra-
tions
Single dose 15 -3.30 [-4.33, -2.27] <0.0001 [79.47 (<0.0001) |Reference
Multi dose 12 -3.28 [-4.77, -1.80] <0.0001 [90.03 (<0.0001) |0.24 [-1.53, 2.00] 0.793
Time of injection after SCI
Immediate (<3 hours) 21 -3.47 [-4.38, -2.55] <0.0001 |83.04 (<0.0001) |Reference
Acute (24 to 72 hours) 4 -3.93 [-7.17, -0.68] 0.018 88.03 (0.001) -0.02 [-2.62, 2.58] 0.987
Route of administration
Systemic 19 -2.93 [-3.82, -2.05] <0.0001 |83.25 (<0.0001) Reference
Local 8 -4.61 [-6.90, -2.32] <0.0001 |88.67 (<0.0001) |-1.24 [-3.22,0.75] 0.223
Follow up duration
<28 days 19 -3.37 [-4.30, -2.44] <0.0001 |79.07 (<0.0001) |Reference
>28 days 8 -3.24 [-5.42, -1.06] 0.004 94.31 (<0.0001) |0.47 [-1.42, 2.35] 0.627

Low: low risk of bias
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eV WA Subgroup analyses and meta-regressions for different variables in pro-inflammatory marker TNF-alpha

Number of ex-|Subgroup analysis Meta-regression
periments
Weight/ AgeSMD | P value I? (p value) Coefficient [95%CI] |P value
[95%CI]

TNF-a
Species
Mice 8 -2.79 [-4.46, -1.12] 0.001 89.45 (<0.0001) |Reference
Rat 20 -2.49 [-3.14, -1.84] <0.0001 |72.10 (<0.0001) [0.01 [1.43, 1.45] 0.987
Model of SCI
Contusion 18 -2.43 [-3.07, -1.79] <0.0001 [72.21 (<0.0001) |Reference
Transection NA NA NA -6.29 [-10.25, -2.33] NA
Compression -2.08 [-3.27, -0.90] 0.001 75.23 (<0.0001) |0.47 [-0.79, 1.71] 0.469
Severity of SCI
Moderate 20 -2.30 [-2.94, -1.67] <0.0001 |75.10 (<0.0001) |Reference
Severe 7 -4.26 [-7.02, -1.49] <0.0001 |93.38 (<0.0001) |-0.95[-2.59,0.70] 0.260
Origin of Exosome
BMMSC 11 -2.75[-3.67, -1.83] <0.0001 |75.95 (<0.0001) |Reference
ADMSC 4 -2.21 [-3.60, -0.81] 0.002 68.80 (0.043) 0.50 [-1.60, 2.60] 0.642
UCMSC 9 -2.27 [-3.67, -0.87] <0.0001 |88.38 (<0.0001) |0.62 [-0.99, 2.23] 0.449
hWJMSC 3 -6.57 [-12.00, -1.14] 0.018 80.24 (0.005) -2.29 [-5.34, 0.75] 0.139
hPMSC 1 NA NA NA NA NA
Number of administra-
tions
Single dose 18 -2.90 [-3.73, -2.08] <0.0001 |78.60 (<0.0001) |Reference
Multi dose 10 -2.07 [-3.05, -1.09] <0.0001 |79.27 (<0.0001) |0.81[-0.49,2.11] 0.223
Time of injection after
SCIv
Immediate (<3 hours) 22 -2.66 [-3.28, -2.04] <0.0001 [73.01 (<0.0001) |Reference
Acute (24 to 72 hours) 4 -4.74 [-9.59, 0.11] 0.056 94.09 (<0.0001) |[-0.87 [-2.22, 2.05] 0.936
Route of administration
Systemic 19 -2.09 [-2.70, -1.48] <0.0001 |72.63 (<0.0001) Reference
Local 9 -4.18 [-6.02, -2.34] <0.0001 |87.37 (0.001) -1.52 [-2.91, -0.13] 0.032
Follow up duration
<28 days 21 -2.25[-2.86, -1.63] <0.0001 |71.22 (<0.0001) |Reference
>28 days 7 -3.59 [-5.44, -1.74] <0.0001 |88.65 (<0.0001) |-1.00 [-2.48,0.47] 0.183
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Chang, 2021 12 16.66 1.68 12 11.29 1.17 © 3.58[ 2.31, 4.86] 1.43
Chen, 2021 6 6.94 72 6 458 77 -©- 292 1.35, 449 1.31
Cheshmi, 2023 6 13.02 124 6 878 1.19 -0 3.22[ 1.56, 4.88] 1.27
Fan, 2021 6 1497 299 6 998 311 © 1.51[ 0.30, 2.72] 1.46
Gu, 2020 8 958 1.07 8 642 1.09 © 277[ 143, 410] 1.41
Guo, 2019 10 2 40515 43 39 ¢ 0.60[-0.20, 1.39] 1.62
Han, 2021 10 16.13 6.74 10 1211 632 © 0.59[-0.27, 1.45] 1.60
Han, 2022 10 16.48 6 10 1218 645 © 0.66[-0.20, 1.53] 1.59
He, 2022 10 13.64 99 10 942 .66 - 480[ 3.09, 6.51] 1.25
Hu, 2022 6 14.05 9% 6 7.31 .58 —o— 7.84[ 4.54,11.15] 0.69
Huang, 2017 5 14.74 .88 5 10.98 .64 441[ 218, 6.65] 1.03
Huang, 2020 8 13.06 69 8 947 .56 540[ 3.31, 7.49] 1.09
Huang, 2020 10 12.66 .64 10 9.86 .75 3.85[ 2.39, 5.30] 1.36
Huang, 2021 6 10.15 85 6 6.13 .83 442 2.36, 6.47] 1.10
Huang, 2021 6 12.97 .83 6 11.29 .78 1.93[ 0.63, 3.22] 142
Huang, 2022 6 1275 167 6 944 1.71 1.81[ 0.54, 3.08] 1.44
Ji, 2019 6 515 9 6 328 8 2.03[ 0.70, 3.35] 1.41
Jia, 2021 5 11.26 15 5 529 119 3.98[ 1.91, 6.06] 1.10
Jiang, 2021 3 1213 118 3 9.04 1.07 2.19[ 0.41, 3.98] 1.22
Kang, 2022 10 911 1.18 10 6.2 1.26 228[ 1.19, 3.38] 1.51
Kostennikov, 2022 8 7.71 385 8 263 1.87 1.59[ 0.51, 2.66] 1.51
Kostennikov, 2022 8 7.63 424 8 263 1.87 1441 0.39, 2.50] 1.52
Lai, 2022 10 6.77 1.13 10 4.87 .89 1.79[ 0.78, 2.80] 1.54
Li, 2018 6 1136 91 6 11.12 .81 0.26[-0.79, 1.31] 1.53
Li, 2019 10 164 1.27 10 139 77 2.28[ 1.18, 3.38] 1.51
Li, 2020 10 6.44 .76 10 571 74 0.93[ 0.04, 1.82] 1.59
Li, 2022 10 1376 .97 10 9.38 .76 4.81[ 3.10, 6.53] 1.25
Liu, 2019 10 9.23 14510 6.78 1.78 145[ 049, 2.40] 1.56
Liu, 2020 8 64 73 8 456 1.19 1.76 [ 0.65, 2.87] 1.50
Liu, 2022 12 465 5812 232 1.14 249[ 1.44, 3.53] 153
Lu, 2019 10 13.67 10.02 10 8.95 10.44 0.44[-0.41, 1.29] 1.60
Lu, 2021 10 996 1.01 10 6.87 .75 3.33[ 2.00, 4.66] 1.41

Nakazaki, 2021 14 626 28117 475 289
Nakazaki, 2021 14 809 3.1417 475 289

052[-0.19, 1.22] 1.65
1.08[ 0.34, 1.82] 1.64

o ® 0¢¢0 ) Q¢¢¢ o0 0 [0} 60 [0} ¢¢¢¢ 60
s %0 +¢ Iy 006%0 +¢¢ 6 0°%, o ¢4>+¢ ‘MH’

Nie, 2021 24 961 18224 766 1.41 1.18[ 057, 1.78] 1.68
Noori, 2021 6 795 15 6 328 1.12 326[ 159, 4.93] 1.26
Noori, 2021 6 541 8 6 328 1.12 2.02[ 0.70, 3.34] 1.41
Noori, 2021 6 107 139 6 328 1.12 5.43[ 3.02, 7.84] 0.97
Pinho, 2022 9 405 21 5 451 .96 0.24[-1.27, 0.79] 153
Pinho, 2022 4 601 19 5 209 233 162 0.23, 3.00] 1.39
Pinho, 2022 7 335 257 5 209 233 0.47[-0.61, 155 1.51
Romanelli, 2021 8 127 17 8 116 5 0.83[-0.14, 1.80] 1.56
Romanelli, 2021 8 152 19 8 116 5 245[ 1.19, 3.71] 144
Ruppert, 2018 16 1363 166 6 11.37 125 1.39[ 0.40, 2.38] 1.55
Shao, 2020 10 892 11210 62 .94 252[ 1.37, 3.67] 149
Shao, 2020 10 6 7410 458 .53 211[ 1.05, 3.18] 152
Shao, 2022 10 4.29 .71 10 3.46 6 1.21[ 029, 2.13] 1.57
Sheng, 2021 5 5.8 .82 5 458 .54 1.59[ 0.27, 291] 142
Sun, 2018 8 522 113 8 333 .91 1.74[ 0.64, 2.85] 1.50
Sun, 2018 8 367 .85 8 333 .91 0.37[-0.57, 1.30] 1.57
Sung, 2022 6 7.08 44 6 542 .34 3.90[ 2.02, 577] 1.18
Sung, 2022 6 857 .96 6 542 34 404[ 211, 5.96] 1.16
Wang, 2018 10 1451 4.17 10 9.42 1.9 1.50[ 0.54, 2.46] 1.56
Wang, 2021 10 971 11210 6.72 .87 2.86[ 1.64, 4.08] 1.46
Wang, 2021 8 6.31 65 8 267 .61 546[ 3.35, 7.57] 1.08
Wang B , 2022 8 302 195 8 259 1.56 0.23[-0.70, 1.16] 1.57
Wang Y, 2022 10 16.46 1.87 10 12.27 213 2.00[ 0.96, 3.05] 1.53
Xiao, 2021 6 1129 127 6 8.06 147 217 0.81, 3.53] 1.40
Xie, 2022 10 11.38 .92 10 6.5 1.3 415[ 2.61, 5.69] 1.32
Xin, 2021 5 15.08 95 5 7.19 .83 —o— 7.99[ 4.31,11.67] 0.61
Xiong, 2023 8 7.78 .82 8 4.18 .86 -o- 4.05[ 2.37, 5.73] 1.26
Xiong, 2023 7 203 137 7 73 79 © 1.09[ 0.03, 2.15] 1.52
Yan, 2019 10 16.75 2.54 10 1255 295 |© 146[ 0.51, 2.42] 1.56
Yin, 2022 6 1348 1.36 6 1054 1.09 © 2.20[ 0.84, 3.57] 1.39
Yu, 2019 20 12.33 .99 20 6.52 .62 - 6.89[ 5.27, 852] 1.28
Zhai, 2021 20 561 34620 162 246 |© 1.30[ 0.63, 1.97] 1.66
Zhang, 2020 6 6.89 2 6 575 108 [© 1.35[ 0.18, 2.53] 147
Zhang, 2021 6 1112 274 6 54 1.71 © 231[ 092, 3.71] 1.38
Zhao, 2019 5 1795 1.78 5 14.98 94 |© 1.88[ 049, 3.28] 1.38
Zhou, 2019 6 1822 1.13 6 12.04 1.21 —o— 487 2.66, 7.08] 1.04
Zhou, 2021 6 853 54 6 201 1.05 —o— 7.21[ 4.14,10.28] 0.76
Zhou, 2022 10 1341 1.69 10 8.71 1.09 © 3.17[ 1.87, 4.46] 1.43
Overall | 2.31[1.95, 2.66]
Heterogeneity: 7 = 1.84, I’ = 84.16%, H’ = 6.31
Test of 6, = 6 Q(71) = 340.73, p = 0.00
Testof 6 =0:z=12.80, p=0.00

o 5 10 15

Random-effects REML model
Sorted by: author year

Forest plot for the effect of MSC-derived exosome administration following spinal cord injury on locomotion.
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Treatment Control Hedges's g Weight

Study N Mean SD N Mean SD with 95% CI (%)
Cheshmi, 2023 6 14 .01 6 .21 .02 © ‘[ -4.09[ -6.03, -2.15] 3.83
Han, 2021 3 71.64 1237 3 76.95 16.09 ? -0.30[ -1.59, 1.00] 4.20
Han, 2022 5 7154 1612 5 77.33 19.5 ? -0.29[ -1.42, 0.83] 4.28
Huang, 2017 5 .08 .01 5 A .01 6‘ -1.81[ -3.18, -0.44] 4.16
Huang, 2020 5 2355 128 5 3755 23 -o- | -6.79[ -9.98, -3.61] 3.01
Huang, 2020 8 1038 229 8 2182 1.99 © | -5.04[ -7.02, -3.06] 3.80
Huang, 2022 10 22.17 6.36 10 38.49 129 © -1.54[ -2.50, -0.57] 4.35
Kostennikov, 2022 8 69 .71 8 96 45 -043[ -1.37, 0.51] 4.37
Kostennikov, 2022 8 43 19 8 96 45 -1.45[ -2.50, -0.40] 4.32
Lai, 2022 10 100.86 7.01 10 145.13 11.25 © | -452[ -6.16, -2.89] 4.01
Li, 2018 6 3326 214 6 3506 1.85 é -0.83[ -1.93, 0.27] 4.30
Liu, 2019 5 3.1 .76 5 7.75 .58 -©- | -6.20[ -9.14, -3.26] 3.16
Liu, 2020 8 517 61 8 11.34 1.05 © | -6.79[ -9.32, -4.26] 3.44
Romanelli, 2021 8 1205 122 8 1122 1.13 6 067 [ -0.29, 1.62] 4.36
Romanelli, 2021 8 1034 141 8 1122 1.13 o -0.65 [ -1.60, 0.30] 4.36
Romanelli, 2021 8 498 41 8 532 1.06 o -0.40 [ -1.34, 0.54] 4.37
Romanelli, 2021 8 544 43 8 532 1.06 ® 0.14 [ -0.79, 1.07] 4.37
Sheng, 2021 5 1033 13 5 1997 147 < | -6.27[ -9.24, -3.31] 3.14
Sun, 2018 6 47 .07 6 93 17 el -3.27 [ -4.94, -159] 3.99
Sun, 2018 6 g7 24 6 93 17 © -071[ -1.79, 0.37] 4.30
Wang, 2018 6 10.12 507 6 35.18 5.36 ©| -443[ -6.49, -2.38] 3.75
Wang, 2021 4 33.05 206 4 9852 297 —o—— | -22.27 [-33.26, -11.29] 0.64
Wang, 2021 10 69.61 13.52 10 218.43 55.28 ©| -354[ -4.92, -2.16] 4.16
Xie, 2022 6 4.96 2 6 6.3 .17 © | -6.66[ -9.53, -3.80] 3.21
Xiong, 2023 8 22635 284 8 358 3.73 ©| -3.75[ -5.35, -2.16] 4.04
Zhang, 2021 6 14.01 426 6 33.71 8.55 ©| -269[ -4.19, -1.19] 4.09
Overall ¢| -2.75[ -3.69, -1.80]

Heterogeneity: ©° = 5.09, I* = 91.55%, H> = 11.83 \
Test of 6, = 6;: Q(25) = 192.78, p = 0.00 \
Testof 6 =0:z=-5.70, p=0.00

-30 -20 -10 0

Random-effects REML model
Sorted by: author year

Forest plot for the effect of MSC-derived exosome administration following spinal cord injury on cavity size.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index



S. Jabermoradi Asl et al. 20

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Beta tubulin 1l [
Chen, 2021 3 197 23 3 11 |- 438[ 159, 7.16] 2.03
Guo, 2019 3 242 83 58 4 |o 2.33[ 049, 4.16] 252
Sheng, 2021 5 17 03 5 .08 .01 |-o 3.64[ 1.69, 5.58] 2.46
Heterogeneity: t° = 0.00, I = 0.00%, H* = 1.00 | ¢ 3.21[2.01, 4.42]
Testof 6, = 6: Q(2) = 1.74, p = 0.42 |
GAP-43 |
Huang, 2021 6 139 03 6 99 14 | o 3.65[ 1.85, 5.44] 254
Li, 2018 6 143 18 6 102 A1 o 260[ 1.13, 4.07] 2.69
Ren, 2019 6 205 1 6 208 .1 © -0.28[-1.33, 0.77] 2.86
Xie, 2022 6 609 66 6 427 42 o 3.04[ 143, 4.64] 263
Yu, 2019 4 1314 102 4 569 1.04 | —o— 6.29[ 2.98, 9.60] 1.79
Zhang, 2021 3 71 16 3 57 A7 o 0.68[-0.66, 2.02] 2.75
Heterogeneity: 7° = 3.56, I’ = 85.33%, H’ = 6.82 & 2.37[0.70, 4.05]
Test of 6, = 6; Q(5) = 31.64, p = 0.00 \
NF200 }
Chen, 2021 3 135 .08 3 11 e 3.09[ 0.92, 5.26] 235
Huang, 2021 6 38.57 1.72 6 28.69 2.07 o 479[ 261, 6.98] 234
Li, 2018 6 147 24 6 101 17 o 2.04[ 072, 3.37] 275
Liu, 2019 5 .86 1 5 .62 .08 ‘e 2.39[ 0.86, 3.93] 2.66
Liu, 2020 8 42.63 499 8 26.62 2.25 ‘ © 3.91[ 2.27, 5.55] 261
Lu, 2019 6 189 54 6 .17 05 | -o 414 218, 6.10] 2.45
Lu, 2021 5 56.37 459 5 2438 48 | —o- 6.15[ 3.23, 9.07] 197
Ren, 2019 6 855 65 6 88 .55 O -0.38[-1.44, 0.67] 2.86
Wang, 2021 4 31 034 1 05 |-o 4.43[ 195 691 219
Xiao, 2021 6 39.06 529 6 20.8 3.38 | o 3.80[ 1.95, 5.64] 251
Xiong, 2023 8 866 131 8 231 46 | o 6.12[ 3.80, 8.43] 227
Yu, 2019 4 47.26 2.31 4 29.28 1.59 | —o— 7.88[ 3.84,11.93] 1.48
Zhang, 2021 3 8 .05 3 .79 02 |o 1.89[ 0.22, 3.56] 2.60
Heterogeneity: ©° = 3.16, I = 78.76%, H® = 4.71 | ¢ 3.55[2.43, 4.67]
Test of 6, = 6;: Q(12) = 65.81, p = 0.00 |
NeuN positive cells |
Huang, 2020 5 1122 85 5 6.14 .44 | —o— 6.78[ 3.60, 9.95] 1.85
Jia, 2021 5 18.96 477 5 265332 |-o 3.58[ 1.66, 5.51] 247
Li, 2018 6 76106 6 817 1.36 O -0.43[-1.49, 0.63] 2.86
Li, 2019 3 77 033 57 02 | —o- 6.28[ 2.50, 10.05] 1.59
Li, 2020 10 13.33 1.11 10 1151 113 lo 156 0.59, 2.52] 2.89
Liu, 2020 8 947 184 8 575114 lo 230[ 1.08, 3.52] 2.80
Shao, 2020 3 12 268 3 5.09 .47 |-o- 2.87[ 0.80, 4.94] 2.40
Wang, 2018 6 2177 693 6 7.23 5.29 lo 2.18[ 0.82, 3.54] 2.74
Xiao, 2021 6 41.04 281 6 2213 32 | —o- 5.80[ 3.25, 8.34] 2.16
Xin, 2021 5 67 035 .41 03 | —o— 7.83[ 4.22, 11.44] 1.66
Yan, 2019 6 2303789 6 532 5 |o 2.48[ 1.04, 3.91 270
Yin, 2022 4 161 04 4 1 05 | —o— 11.72[ 585 17.58] 094
Zhou, 2021 6 1219 54 6 326 .61 | —o——14.31[ 8.49,20.13] 0.95
Heterogeneity: 7° = 10.19, I> = 92.79%, H* = 13.88 | & 4.46[2.56, 6.36)
Test of 6, = 6; Q(12) = 84.22, p = 0.00 |
Nissl positive cells ‘
Jia, 2021 5 13.84 387 5 7.82 3.16 o 154 0.23, 2.85] 2.76
Li, 2019 3 4434 182 3 2433 244 | —o— 7.44] 3.04,11.84] 1.35
Lu, 2021 5 11.99 404 5 398 148 |lo 2.38[ 0.85, 3.91] 2.66
Nie, 2021 24 10.08 13124 742 129 lo 2.01[ 1.33, 2.70] 2.98
Noori, 2021 3 1454 143 3 5.01 2.96 [-o- 3.28[ 1.03, 5.53] 2.30
Noori, 2021 3 746 274 3 50129 o 0.69[-0.65, 2.03] 2.75
Noori, 2021 3 1781 1.57 3 501 296 |-o- 432[ 156, 7.08] 2.05
Xiao, 2021 6 34.09 248 6 1412 232 | —o— 7.68 4.43,10.92] 1.82
Heterogeneity: ©° = 3.64, I = 85.15%, H’ = 6.73 | & 3.13[1.60, 4.66]
Test of 6, = 6: Q(7) = 25.71, p = 0.00 |
\
N

Random-effects REML model
Sorted by: outcome author year

Forest plot for the pooled data analysis on the effect of MSC-derived exosome treatment following spinal cord injury on markers of
neural tissue regeneration.
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Treatment Control Hedges's g Weight

Study N Mean SD N Mean SD with 95% CI (%)
Chen, 2021 3 56 .08 3 1 A —e—i -3.89[ -6.43, -1.34] 3.76
Cheshmi, 2023 12 3.66 .64 12 569 1.03 ©| -229[ -3.29, -1.28] 4.88
Guo, 2019 3 425 158 3 1275 262 -©-| -3.14[ -5.33, -0.95] 4.04
Huang, 2021 6 61.01 183 6 99.63 324 —o— | -13.55[-19.07, -8.03] 1.87
Huang, 2021 3 .88 .04 3 .99 .06 ©f -1.73[ -3.34, -0.12] 4.49
Jia, 2021 5 2407 918 5 7571 1246 ©- | -4.26[ -6.44, -2.08] 4.05
Noori, 2021 3 14 3.38 3 57.9 7.4 —o— | -6.11[ -9.79, -242] 289
Noori, 2021 3 46.86 298 3 66.36 4.4 —©-| -415[ -6.83, -1.48] 3.65
Noori, 2021 3 18.47 263 3 66.36 44 ——e— | -10.57[-16.69, -4.45] 1.63
Noori, 2021 3 3541 154 3 57.9 7.4 -©-| -3.37[ -5.66, -1.07] 3.96
Noori, 2021 3 2471 368 3 66.36 4.4 —o— | -8.21[-13.04, -3.39] 2.20
Noori, 2021 3 16.47 2.68 3 57.9 7.4 —©— | -596[ -9.56, -2.35] 2.95
Ren, 2019 6 235 .15 6 2.2 .16 © 089[ -0.21, 2.00] 4.83
Romanelli, 2019 9 57 25 8 14.4 8.6 © -1.34[ -2.35, -0.33] 4.88
Romanelli, 2021 5 57 12 4 8.6 1.6 ©| -1.86[ -3.31, -041] 4.60
Romanelli, 2021 6 63 11 4 8.6 1.6 ©) -1.59[ -2.92, -0.25] 4.68
Sung, 2022 6 324 649 6 3952 897 S -0.84[ -1.94, 0.26] 4.83
Sung, 2022 6 2455 183 6 39.52 897 ©| -213[ -3.48, -0.79] 4.67
Wang, 2018 6 73 .27 6 117 .34 o -1.32[ -249, -0.15] 4.79
Wang B, 2022 5 66 .04 5 72 .09 9 -0.78[ -1.95 0.39] 4.79
Xiao, 2021 6 2887 405 6 58.06 4.32 —©- | -6.44[ -921, -3.66] 3.57
Xie, 2022 6 1704.45 4451 6 1851.96 193.02 9 -097[ -2.09, 0.14] 4.82
Yan, 2019 6 g7 32 6 .74 .23 ® 0.10[ -0.95 1.14] 4.86
Yu, 2019 4 43.7 239 4 5758 262 —©- | -481[ -7.46, -2.16] 3.67
Zhang, 2021 3 97 283 3 1.25 2 S -1.04[ -245, 0.37] 4.63
Overall ¢ | -2.80[ -3.74, -1.85]

Heterogeneity: ©° = 4.50, I* = 87.82%, H* = 8.21 \
Test of 6, = 6;: Q(24) = 116.92, p = 0.00 |
Testof 6 =0:z=-5.81, p=0.00

Random-effects REML model
Sorted by: author year
Forest plot for the pooled data analysis on the effect of MSC-derived exosome treatment following spinal cord injury on the expres-

sion of GFAP.
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Bax |
Fan, 2021 6 131 27 6 345 .78 S -3.38[ -5.09, -1.67] 3.23
Huang, 2017 5 .09 .03 5 37 .05 e‘ -6.13[ -9.05, -3.22] 3.04
Huang, 2020 5 15 .03 5 .38 .03 o -6.92[-10.16, -3.69] 2.97
Huang, 2020 5 78 .05 5 117 .04 e‘ -7.78[-11.37, -4.19] 2.90
Kang, 2022 5 111 19 5 1.8 .26 ? -2.74 [ -4.38, -1.10] 3.24
Li, 2019 3 75 .02 3 9 .02 e‘ -6.00[ -9.63, -2.37] 2.89
iu, . . . . o -3. -5.70, -1. .
Liu, 2019 5 105 .05 5 135 .09 3.72[ -5.70, -1.74] 3.20
Zhang, 2021 6

42 22 6 84 .15 o -2.06[ -3.39, -0.73] 3.28
Heterogeneity: 1 = 2.64, I’ = 69.15%, H* = 3.24 '
Test of 6, = 6;: Q(7) = 20.13, p = 0.01

-4.36 [ -5.78, -2.94]

Bcl-2
Fan, 2021 6 9 15 6 A1 .22 e 3.87[ 2.00, 5.74] 3.21
Gu, 2020 2 69 12 2 3 .07 e 227[ 034, 420] 3.20
Huang, 2017 5 27 .03 5 .13 .05 e 3.07[ 1.32, 4.82] 323
Huang, 2020 5 37 .04 5 .11 .03 © 6.64[ 3.52, 9.76] 3.00
Huang, 2020 5 144 07 5 .26 .05 —o- 17.52[ 9.76, 25.28] 1.95
Kang, 2022 5 76 .18 5 45 .18 5 156 0.4, 2.87] 3.28
Li, 2019 3 79 033 6 .01 o 6.80[ 2.74, 10.85] 2.80
Liu, 2019 5 95 11 5 .72 .06 ) 2.34[ 082, 3.86] 3.26
Zhang, 2021 6 59 .15 6 .26 .07 o 2.60[ 1.13, 4.08] 3.26
Heterogeneity: 1 = 3.21, I = 76.73%, H* = 4.30 N 3.68[ 2.26, 5.11]
Test of 6, = 6;: Q(8) = 28.89, p = 0.00 |
Caspase 1 }
Noori, 2021 3 42 .04 3 134 .12 © -8.23[-13.06, -3.40] 2.62
Noori, 2021 3 103 .15 3 134 .12 % -1.83[ -3.47, -0.18] 3.24
Noori, 2021 3 34 07 3 134 .12 NS -8.14[-12.93, -3.36] 2.63
Romanell, 2021 6 1.17 25 6 1.14 .15 o 0.13[ -0.91, 1.18] 3.30
Romanelli, 2021 6 9 13 6 114 .15 3 -1.58 [ -2.80, -0.36] 3.29
Zhao, 2023 6 54 158 6 10.89 1.25 o -3.56[ -5.32, -1.79] 3.23
Heterogeneity: 1° = 7.33, I = 90.62%, H* = 10.66 ¢ -3.16 [ -5.57, -0.74]
Test of 6, = 6 Q(5) = 29.63, p = 0.00 |
Caspase 3 }
Cheshmi, 2023 12 345 112 58 .12 ° -2.05[ -3.02, -1.09] 3.31
Fan, 2021 6 122 .34 6 428 .66 ° -5.38[ -7.77, -2.99] 3.13
Gu, 2020 2 79 08 2 13 .1 o -3.03[ -5.41, -0.65] 3.13
Han, 2021 5 55 27 5 11 9 -2.00[ -3.42, -0.58] 3.27
Han, 2022 3 545 216 3 11 8 216 -3.93, -0.39] 3.22
Huang, 2020 5 57 .03 5 113 .02 o | -19.84 [-28.61, -11.07] 1.75
Li, 2019 3 .92 .01 3 107 .01 - | -12.00[-18.91, -5.09] 2.13
Liu, 2019 5 109 09 5 127 .11 e -1.62[ -2.94, -0.29] 3.28
Yan, 2019 6 1528 6.1 6 34.75 7.45 d 2.64[ -4.13, -1.15] 3.26
Zhang, 2021 6 23 1 6 .56 .27 e -1.50[ -2.70, -0.29] 3.29
Heterogeneity: ©° = 0.40, I = 36.14%, H* = 1.57 f 246 [ -3.15, -1.78]
Test of 6, = 6;: Q(9) = 33.03, p = 0.00 \

|

|

-40 -20

o

20

Random-effects REML model
Sorted by: author year

Forest plot for the pooled analysis on markers of apoptosis in SCI animals treated with MSC-derived exosomes.
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Chang, 2021 6 744 .87 6 18.55 1.87 —e— | -7.03[-10.03, -4.03] 3.75
Cheshmi, 2023 6 5270 1600 6 5890 1290 o -0.39[ -1.45, 0.66] 5.61
Gu, 2020 2 2556 2.56 2 45.02 4.03 —o—| -3.29[ -5.84, -0.75] 4.20
He, 2022 10 156.34 1.33 10 31.47 2.44 —0— | -7.86[-10.44, -5.28] 4.16
Huang, 2017 5 2096 3.8 5 3595 5.35 {r} -2.92[ -4.62, -1.22] 5.05
Huang, 2020 5 19.49 1.1 5 30.38 1.93 —0— | -6.26 [ -9.23, -3.30] 3.79
Huang, 2020 5 1228 2.71 5 2853 3.41 —— | 477 -7.14, -2.40] 4.37
Ji, 2019 6 39.61 10.12 6 74.85 6.37 S an ‘ -3.85[ -5.71, -1.99] 4.89
Jia, 2021 5 6.74 281 5 16.89 3.15 %‘ -3.07[ -4.82, -1.32] 5.00
Lai, 2022 7 41 .09 7 7 .05 -©- ‘ -3.73[ -5.42, -2.04] 5.06
Li, 2019 3 .24 .01 3 42 .05 —©— | -3.99[ -6.59, -1.40] 4.14
Li, 2022 10 1543 1.34 10 31.56 2.21 —0— | -8.45[-11.20, -5.70] 3.99
Liu, 2019 5 11 121 5 31.83 4.21 —e— | -6.07[ -8.96, -3.19] 3.86
Lu, 2019 6 853 852 6 18.29 7.59 ©f -1.12[ -2.25, 0.02] 5.55
Lu, 2021 5 1166 1.93 5 21.97 2.98 —-o— | -3.71[ -5.68, -1.74] 4.78
Noori, 2021 3 16.04 3.68 3 4223 1.68 —o— | -7.32[-11.66, -2.99] 2.65
Noori, 2021 3 36.08 2.53 3 4223 1.68 -o-| -2.29[ -4.11, -0.47] 4.93
Noori, 2021 3 239 453 3 4223 1.68 —o— | -4.29[ -7.04, -1.55] 4.00
Wang, 2018 6 21.32 12.64 6 50.77 12.54 o | -2.16 [ -3.51, -0.80] 5.37
Wang, 2021 3 .35 .05 3 .6 .04 —o— | 442 -7.23, -1.61] 3.94
Xiao, 2021 6 2523 2.06 6 41.87 1.98 —0— | -7.60[-10.82, -4.39] 3.55
Zhao, 2023 6 1022 3.18 6 22.09 2.87 - } -3.62[ -5.40, -1.83] 4.97
Zhou, 2019 4 .8 15 4 259 .18 —— | -9.39[-14.15, -4.64] 2.38

Overall * | -4.29][ -5.24, -3.35]
Heterogeneity: 1° = 3.84, I = 78.75%, H’ = 4.71 \

Test of 6, = 6;: Q(22) = 105.91, p = 0.00 |

Testof 6 =0:z=-8.91, p=0.00

-15 -10 -5 0

Random-effects REML model
Sorted by: author year

Forest plot for the effect of MSC-derived exosome administration following spinal cord injury on the number of apoptotic cells.
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Treatment Control Hedges's g Weight

Study N Mean SD N Mean SD with 95% ClI (%)

Arg 1 l

Chang, 2021 6 1726 135 6 9.39 .85 | © 6.44[ 3.66, 9.22] 3.21

Huang, 2020 5 b53 12 5 .87 .06 o -3.24 [ -5.04, -1.43] 3.43

Liu, 2020 8 197 .15 8 1.01 A | © 712[ 4.48, 9.76] 3.25

Romanelli, 2021 6 99 416 1.17 .39 ? -0.42[ -1.47, 0.64] 3.54

Romanelli, 2021 6 93 .18 6 1.17 .39 q -0.73[ -1.81, 0.36] 3.53

Sun, 2018 6 6111 1531 6 20.33 16.02 © 240[ 0.98, 3.82] 3.49

Sun, 2018 6 1789 987 6 20.33 16.02 -0.17[ -1.22, 0.88] 3.54

Xiong, 2023 8 2285 .38 8 1.025 19 © 3.97[ 231, 5.62] 3.45

Zhai, 2021 5 132 14 5 .63 42 ‘e 1.99[ 0.57, 3.41] 3.49

Heterogeneity: ©° = 10.21, I* = 95.05%, H* = 20.20 N 1.80 [ -0.37, 3.97]

Test of 6, = 6;: Q(8) = 94.60, p = 0.00 “

CD206 ‘

Chang, 2021 18.1 16 6 6.51 .51 ‘ -©- 9.01[ 5.26, 12.76] 2.95
‘e 3.19[ 1.75, 4.63] 3.49

Nakazaki, 2021 322 1456 135 .83
Nakazaki, 2021 3.79 242 6 1.35 .83
Heterogeneity: ©° = 8.76, I* = 93.83%, H> = 16.20
Test of 6, = 6; Q(3) = 18.39, p = 0.00

1.46[ 026, 2.66] 3.52
1.25[ 0.09, 2.40] 3.53
3.35[ 0.28, 6.42]

6

Liu, 2020 8 215 46 8 1.01 A3
6
6

400

CD68
Huang, 2020 5 18.28 1.29 5 31.6 2.39 -©- -6.26 [ -9.23, -3.30] 3.17
Liu, 2019 5 302.7 70.18 5 893.84 120.66 © -5.41[ -8.03, -2.79] 3.25
Wang, 2021 4 1.5 15 4 3.94 .31 —o— -8.71[-13.15, -4.28] 2.76
Heterogeneity: ©° = 0.00, I* = 0.00%, H> = 1.00 . -6.26 [ -8.06, -4.47]
Testof 6,=6;: Q(2) =1.58, p=0.45 |
Iba1 l
Liu, 2020 8 12114 8.26 8 124.89 10.44 o -0.38[ -1.31, 0.56] 3.55
Pinho, 2022 4 58 25 71 16 e -0.65[ -1.85, 0.56] 3.52
Pinho, 2022 7 .55 .26 5 .71 .16 Q -0.66[ -1.75, 0.44] 3.53
Romanelli, 2019 9 19518 3372 8 29772 5941 e‘ -2.05[ -3.19, -0.91] 3.53
Romanelli, 2019 9 16964 2892 8 21549 4476 q -1.17[ -2.16, -0.19] 3.55
Romanelli, 2019 9 23108 2957 8 31653 3327 e‘ -2.59[ -3.84, -1.33] 3.51
Romanelli, 2019 9 27955 4393 8 39410 5922 o 2.11[ -3.25, -0.96] 3.53
Romanelli, 2021 5 16380 1272 4 16947 1028 i -0.43[ -1.61, 0.76] 3.52
Romanelli, 2021 5 18483 3110 4 16947 1028 0.56[ -0.64, 1.76] 3.52
Shao, 2020 3 2521 3553 8277 998 o | -6.15[ -9.85, -2.44] 2.97
Shao, 2020 3 522 5.02 3 8277 9.98 0‘ -3.10[ -5.27, -0.93] 3.35
Sung, 2022 6 372 2856 1379 1.11 ol -430[ -6.31, -2.29] 3.39
Sung, 2022 6 3.51 92 6 13.79 1.11 - | -9.31[-13.18, -5.44] 2.92
Wang, 2021 4 2.18 14 6.54 .36 —o— | -14.35[-21.48, -7.22] 2.01
Heterogeneity: ©° = 5.46, I = 91.97%, H> = 12.45 o -2.44 -3.78, -1.10]
Testof 6,=6;: Q(13) =72.25, p = 0.00 |

\
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Sorted by: author year
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Treatment Control Hedges's g Weight

Study N Mean SD N Mean SD with 95% ClI (%)
ILT0 |

Cheshmi, 2023 12 .54 .04 12 .35 04 | © 459 3.08, 6.10] 5.45
Fan, 2021 6 7211 1565 6 31.05 13.74 |© 257 111, 4.04] 5.49
Huang, 2017 5 .23 .04 5 .06 .09 |© 2.20[ 0.73, 3.68] 5.48
Lai, 2022 3 .83 15 3 A7 A1 o 219[ 0.41, 3.97] 5.16
Liu, 2020 8 296.09 1834 8 2009 1898 | —© 482[ 291, 6.73] 5.03
Sun, 2018 6 40.24 1279 6 4187 434 © -0.16[-1.20, 0.89] 5.88
Sun, 2018 6 52.91 16 6 4187 434 o 0.87[-0.23, 1.97] 5.83
Sung, 2022 6 2484.66 390.29 6 2629.98 172.81 © -0.44[-1.50, 0.62] 5.87
Sung, 2022 6 3454 511.72 6 2629.98 172.81 |l-o 1.99[ 0.68, 3.31] 5.64
Xiong, 2023 8 52895 347 8 3563 4.91 -©- 3.84[ 2.22, 5.46] 5.33
Zhai, 2021 5 85.94 85 5 50.02 6.34 —— 433[ 212, 6.53] 4.71
Zhai, 2021 5 11164 1979 &5 5056 9.17 ' —©- 3.58[ 1.65, 5.50] 5.01
Heterogeneity: 7° = 2.72, I = 83.67%, H* = 6.12 - 2.41[1.38, 3.45]

|

|

|

|

Test of 6, = 0: Q(11) = 72.14, p = 0.00 |
|

|

|

|

IL4
Fan, 2021 6 112.18 10.7 6 543 7.72 —0— 5.73[ 3.21, 8.24] 4.36
Lai, 2022 3 1.36 5 3 .33 21 -o- 2.15[ 0.38, 3.91] 5.18
Liu, 2020 8 88.91 767 8 60.16 4.29 -©- 4.37[ 2.60, 6.15] 5.17
Sun, 2018 6 114 333 6 1095 2336 0.14[-0.90, 1.19] 5.88
Sun, 2018 6 16.15 551 6 10.95 2.33 }0 1.13[-0.00, 2.27] 5.80
Xiong, 2023 8 31.785 196 8 14.34 1.8 | —o0— 8.77[ 5.59, 11.94] 3.68
Zhai, 2021 5 198 211 5 11.58 2.22 | e 3.43[ 1.55, 5.30] 5.06
Heterogeneity: ©° = 6.67, I = 90.59%, H> = 10.62 - 3.44[1.38, 5.49]
Test of 6, = 6;: Q(6) = 49.26, p = 0.00 |

\
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Random-effects REML model
Sorted by: outcome author year

The effect of MSC-derived exosome administration following spinal cord injury on anti-inflammatory IL-10 and IL-4.
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Fan, 2021 6 259.16 86.76 6 1031.61 223.52 -©- ! -421[ -6.19, -2.23] 3.79
Hu, 2022 6 236 217 6 6062 338 —o— | -12.03[-16.96, -7.11] 1.84
Huang, 2017 5 .04 .07 5 .25 A1 0' -206[ -3.49, -062] 4.19
Huang, 2020 5 2676 346 5 5374 412 —0— | -6.41[ -943, -3.38] 2.98
Jiang, 2021 3 8533 9 3 12692 12.15 6—' -3.11[ -5.29, -0.93] 3.63
Lai, 2022 3 .86 18 3 14 19 &' -2.33[ -4.17, -049] 3.90
Li, 2022 10 355.22 2354 10 759.59 3429 —eo— | -13.17[-17.33, -9.00] 2.22
Liu, 2019 5 T7 .05 5 1.06 .08 o | -3.93[ -5.98, -1.87] 3.73
Liu, 2020 8 9396 765 8 13114 7.34 © | -469[ -6.56, -2.82] 3.87
Lu, 2021 5 a7 115 1.19 22 ©| -218[ -3.65, -0.71] 4.17
Noori, 2021 3 .46 .09 3 1.77 2 —e— | -6.76[-10.79, -2.73] 2.30
Noori, 2021 3 .23 .08 3 1.77 2 —o— | -8.09[-12.84, -3.34] 1.92
Noori, 2021 3 1.29 14 3 1.77 2 ©| -222[ -4.02, -043] 393
Romanelli, 2019 6 44 22 6 4.23 .99 © -488[ -7.09, -2.66] 3.60
Romanelli, 2021 6 .39 15 6 548 312 e| -213[ -3.47, -0.78] 4.25
Romanelli, 2021 6 45 19 6 548 312 e| -210[ -3.44, -0.76] 4.26
Shao, 2020 3 5568 458 3 83.14 9.3 %| -3.00[ -5.12, -0.87] 3.67
Shao, 2022 10 555.33 76.65 10 635.69 72.25 q -1.03[ -1.93, -0.13] 4.52
Sung, 2022 6 442.67 17768 6 785.03 80.93 ©, -229[ -3.68, -0.90] 4.23
Sung, 2022 6 41049 8129 6 785.03 80.93 ©- | -426[ -6.26, -2.26] 3.77
Wang, 2018 6 4015 2231 6 77 241 9' -146[ -2.66, -0.27] 4.35
Wang B , 2022 5 7963 163 5 815 2046 é -0.09[ -1.21, 1.03] 4.40
Zhai, 2021 5 168.38 2453 5 234.57 32 e| -210[ -3.55, -0.65] 4.18
Zhai, 2021 5 6734 971 5 8859 825 ol -213[ -3.59, -0.67] 4.18
Zhang, 2021 6 565.17 168.3 6 882.58 218.74 ol -1.50[ -2.71, -0.30] 4.35
Zhao, 2023 6 .59 A7 6 .97 .29 ol -148[ -2.68, -0.28] 4.35
Zhou, 2022 6 4222 457 6 9199 1091 —-©- | -549[ -7.93, -3.06] 343
Overall e | -3.30[ -4.15, -2.45]
Heterogeneity: ©° = 3.96, I’ = 85.17%, H’ = 6.74 |
Test of 6, = 6, Q(26) = 115.67, p = 0.00 |
Testof 6=0:z=-7.60, p=0.00

Random-effects REML model
Sorted by: author year

0

The effect of MSC-derived exosome administration following spinal cord injury on the pro-inflammatory marker IL-1b.
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% Cl (%)
IL18 ‘
Huang, 2020 5 3064 342 5 6351 43—o— | 7.64[-11.17, -4.11] 1.75
Noori, 2021 3 .83 14 3 1.36 A7 +‘ -2.72[ -4.73, -0.72] 2.60
Noori, 2021 3 .29 .07 3 1.36 A7 —o— | -6.58 [-10.52, -2.65] 1.57
Noori, 2021 3 4 14 3 136 17 —o— | -4.93[ -8.00, -1.86] 1.99
Romanelli, 2021 6 1.02 09 6 98 .09 ©  041[ -065 147] 3.13
Romanelli, 2021 6 .99 .07 6 .98 .09 © 0.11[ -0.93, 1.16] 3.13
Zhao, 2023 6 .51 .18 6 1.01 .18 ©-| -2.56 [ -4.03, -1.10] 2.92
Heterogeneity: 7° = 7.68, I> = 91.09%, H* = 11.22 | -3.02[-527,-0.78]
Test of 6, = 6;: Q(6) = 45.99, p = 0.00 ‘
IL1a \
Cheshmi, 2023 12 1.51 .06 12 2.48 19 o | -6.65[ -8.68, -4.61] 2.59
Li, 2020 10 1.96 1110 196 .08 o 0.00[ -0.84, 0.84] 3.22
Wang, 2018 6 122 517 6 2481 11.22 o -1.33[ -2.51, -0.16] 3.07
Yan, 2019 6 1.33 48 6 255 54 o | 220[ -3.57, -0.84] 2.97
Heterogeneity: ©° = 7.23, 1> = 94.71%, H* = 18.91 <@  -244[ -5.17, 0.28]
Test of 6, = 6;: Q(3) = 37.47, p = 0.00 |
IL6 |
Jiang, 2021 3 53.89 498 3 76.86  8.02 —o-| -2.75[ -4.77, -0.74] 2.60
Lai, 2022 3 .92 33 3 2.25 1.55 o -0.95[ -2.34, 0.44] 296
Liu, 2019 5 8 08 5 95 11 o -141[ -2.69, -0.13] 3.02
Liu, 2020 8 28416 30.36 8 354.22 12.32 © | 2.86[ -4.22, -1.50] 2.98
Lu, 2021 5 8 09 5 129 23 o | 253 -4.11, -0.96] 2.86
Romanelli, 2019 6 1.16 117 6 10.16 6.08 © -1.90[ -3.19, -0.61] 3.01
Romanelli, 2021 6 1.19 1.14 6 5.2 21 %‘ -2.19[ -3.55, -0.83] 2.97
Romanelli, 2021 6 .21 1 6 5.2 2.1 -©- ‘ -3.10[ -4.72, -1.48] 2.83
Shao, 2020 3 365 446 3 5477 628 o 2.68[ -4.67, -0.70] 2.62
Shao, 2022 10 174.06 11.01 10 188.76 13.65 © -1.14[ -2.05, -0.23] 3.19
Sun, 2018 6 33936 2631 6 369.26 85.61 ° -0.14[ -1.19, 0.90] 3.13
Sun, 2018 6 7356 4392 6 369.26 85.61 s | -4.01[ -5.93, -2.10] 2.66
Wang B, 2022 5 75047 19595 5 744.76 217.21 é 0.02[ -1.09, 1.14] 3.10
Xiong, 2023 8 103.73 11.8 8 180.29 519 —o— ‘ -7.94[-10.84, -5.04] 2.08
Zhai, 2021 5 32032 3546 5 419.18 76.61 ol -150[ -2.79, -0.20] 3.01
Zhai, 2021 5 135.22 27.31 5 190.68 29.16 o -1.77[ -3.14, -0.41] 297
Heterogeneity: ©° = 1.44, I> = 74.40%, H* = 3.91 ¢ 204 -2.74,-1.34]
Test of 6, = 6;: Q(15) = 53.16, p = 0.00 \
MCP-1 |
Fan, 2021 6 231.02 39.39 6 815.06 98.25 —o— ‘ -7.20[-10.27, -4.14] 1.99
Sun, 2018 6 309.15 111.31 6 1854.71 885 %‘ -2.26 [ -3.64, -0.88] 2.96
Sun, 2018 6 1615.79 2254.22 6 1854.71 885 & -0.13[ -1.17, 0.92] 3.13
Zhai, 2021 5 1299.42 201.11 5 2012.57 485.14 o -1.73[ -3.09, -0.38] 2.98
Heterogeneity: 1° = 6.64, I> = 92.30%, H® = 12.99 <  -256][ -5.24, 0.11]
Test of 6, = 6;: Q(3) =21.16, p = 0.00 \
NLRP3 |
Huang, 2020 5 .09 01 5 27 03— | -7.27[-10.65, -3.89] 1.83
Romanelli, 2019 6 .94 2 6 .88 .28 é 0.23[ -0.82, 1.28] 3.13
Romanelli, 2021 6 97 17 6 1.07 19 é -0.51[ -1.58, 0.55] 3.12
Romanelli, 2021 6 .98 2 6 1.07 19 o -043[ -1.48, 0.63] 3.13
Zhao, 2023 6 A7 15 6 105 .19 o | -3.13[ -4.76, -1.50] 2.83
Heterogeneity: ©° = 6.34, I> = 93.44%, H* = 15.23 <@ -1.90[ -4.24, 0.44]
Test of 6, = 6;: Q(4) = 26.38, p = 0.00 |

\
:ﬁs—l—s

Random-effects REML model
Sorted by: outcome author year

ISTNIBBH The effect of MSC-derived exosome administration following spinal cord injury on pro-inflammatory markers IL-18, IL-1a, IL-6,
MCP-1 and NLRP3.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index



S. Jabermoradi Asl et al. 28

Treatment Control Hedges's g Weight

Study N Mean SD N Mean SD with 95% CI (%)
Chang, 2021 12 6 112 155 .29 o | -423[ -565, -2.80] 3.98
Cheshmi, 2023 12 242 1312 293 .28 ©| -2.26[ -3.26, -1.25] 4.42
Fan, 2021 6 21272 959 6 833.86 209.16 © | -352[ -528, -1.77] 3.61
Huang, 2017 5 .04 04 5 33 .09 ol -3.76[ -5.75, -1.77] 3.34
Huang, 2020 5 46.44 62 5 9329 1094 -0 | 476 -713, -2.39] 2.95
Jiang, 2021 3 86.28 9.21 3 160.67 16.61 —e—| -4.43[ -7.25, -1.62] 2.52
Lai, 2022 3 117 27 3 19 .35 o -1.87[ -3.53, -021] 3.72
Li, 2020 10 2.21 1810 223 .06 + -0.14[ -0.98, 0.70] 4.57
Liu, 2019 5 9 A3 5 1.23 14 &, -221[ -3.69, -0.73] 3.92
Liu, 2020 8 39526 2225 8 50445 3277 © | -369[ -5.26, -2.11] 3.81
Lu, 2021 5 .84 A1 5 146 A - | -5.33[ -7.92, -274] 273
Noori, 2021 3 32 09 3 141 05 —e | -11.98[-18.87, -5.08] 0.73
Noori, 2021 3 A7 A3 3 141 .05 —o— | 764 [-12.14, -3.13] 1.43
Noori, 2021 3 1.04 A7 3 141 .05 - -236[ -4.21, -051] 3.50
Romanelli, 2021 6 .82 14 6 133 .28 ©| -213[ -347, -078] 4.07
Romanelli, 2021 6 71 73 6 133 .28 ¢ -1.04[ -2.16, 0.09] 4.30
Shao, 2020 3 46.37 617 3 683 7.2 -©-| -262[ -457, -0.66] 3.38
Sun, 2018 6 166.08 2312 6 7222 146.5 -l -489[ -7.11, -2.68] 3.10
Sun, 2018 6 48501 26873 6 7222 1465 q -1.01[ -213, 0.11] 4.31
Sung, 2022 6 5.18 13 6 827 297 61 -1.24[ -2.40, -0.09] 4.27
Sung, 2022 6 5.09 88 6 827 297 el -1.34[ -2.51, -017] 4.25
Wang, 2018 6 10364 3385 6 16253 425 © -141[ -260, -0.23] 4.24
Wang B, 2022 5 903.92 15346 5 921.57 140.29 % -0.11[ -1.23, 1.01]1 4.31
Xiong, 2023 8 192395 239 8 35972 928 —o— -8.73[-11.89, -5.56] 2.23
Yan, 2019 6 1.63 78 6 3.59 87 0' -219[ -3.55, -0.83] 4.05
Zhai, 2021 5 136.74 2572 5 203.42 3491 e| -1.96[ -3.38, -0.55] 3.99
Zhai, 2021 5 54192 64.76 5 756.47 188.12 ol -1.38[ -2.65, -0.11] 4.15
Zhang, 2021 6 2295 86.03 6 518.7 181.56 ol -188[ -3.17, -059] 4.13
Overall ¢ -2.59[ -3.22, -1.95]
Heterogeneity: ©° = 2.13, I> = 79.45%, H*> = 4.87 |
Testof 6, = 6;: Q(27) = 112.97, p=0.00 |
Testof6=0:z=-7.96, p=0.00

-20 o

Random-effects REML model
Sorted by: author year

ISTBPH The effect of MSC-derived exosome administration following spinal cord injury on the pro-inflammatory marker TNF-a.
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NI w eI Quality control of the included studies
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Study Item 1 Item 2 Item 3 Item14 |Item5 Item 6 Item 7 Item 8 Item9 |Item 10 |Overall
Chang 2021 Low Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Chen 2021 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Fan 2021 Unclear |Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Gu 2020 Low Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Han 2021 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Huang 2020 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Huang 2020 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Huang 2017 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Huang 2021 Unclear |Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Huang 2021 Low Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Ji2019 Unclear |Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Jia 2021 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Jiang 2021 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Li2019 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Li 2020 Low Unclear |Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Li2018 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Liu 2020 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Liu 2019 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Lu 2019 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Lu 2021 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Nakazaki 2021 Low Low Unclear |Unclear |Low Unclear |Low Low Low Low Fair
Nie 2021 Low Unclear |Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Noori 2021 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Romanelli 2021 |Low Low Low Unclear |Low Unclear |Low Low Low Low Fair
Romanelli 2019 |Low Low Low Unclear |Low Unclear |Low Unclear |Low Low Fair
Ruppert 2018 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Shao 2020 Unclear |Unclear |Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Sheng 2021 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Sun 2018 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Wang 2021 Low Unclear |Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Wang 2018 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Wang 2021 Unclear |Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Xiao 2021 Unclear |Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Xu 2019 Low Unclear |Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Yu 2019 Low Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Zhai 2021 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Zhang 2021 Low Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Zhang 2020 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Zhang 2021 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Zhao 2019 Low Low Unclear |Unclear |Low Unclear |Low Low Low Low Fair
Zhou 2021 Low Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Zhou 2019 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Guo 2019 Unclear |Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Zhou 2022 Low Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Xin 2021 Unclear |Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Pinho 2022 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Huang 2022 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Xie 2022 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Yan 2019 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Liu 2022 Low Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
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MU BHE kT WAEIJEEH Subgroup analyses and meta-regressions for different variables in the expression of GFAP (continue)

Study Item1l [Item2 |[Item3 Item14 |[Item5 |Item6 Item 7 Item 8 Item9 |[Item10 |Overall
Shao 2022 Unclear |Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Sung 2022 Low Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
He 2022 Low Unclear |Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Kang 2022 Unclear |Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Cheshmi2023 Low Low Unclear |Unclear |Low Unclear |Low Low Low Low Fair
Han 2022 Low Low Unclear |Unclear |Low Unclear |Low Low Low Low Fair
Hu 2022 Low Low Unclear |Unclear |Low Unclear |Low Low Low Low Fair
Kostennikov 2022 Unclear |Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Lai 2022 Unclear |Low Unclear |Unclear |Low Unclear |Low Low Low Low Fair
Li 2022 Low Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Wang B 2022 Low Low Unclear |Unclear |Low Unclear |Low Low Low Low Fair
Wang Y 2022 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Xiong 2023 Low Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair
Yin 2022 Unclear |Low Unclear |Unclear |Low Unclear |Unclear |Unclear |Low Low Fair
Zhao 2023 Unclear |Low Unclear |Unclear |Low Unclear |Low Unclear |Low Low Fair

Low: low risk of bias

Item 1. Was the allocation sequence adequately generated and applied?

Item 2. Were the groups similar at baseline or were they adjusted for confounders in the analysis?
Item 3. Was the allocation adequately concealed?

Item 4. Were the animals randomly housed during the experiment?

Item 5. Were the caregivers and/or investigators blinded from knowledge of which intervention each animal received during the experiment?
Item 6. Were animals selected at random for outcome assessment?

Item 7. Was the outcome assessor blinded?

Item 8. Were incomplete outcome data adequately addressed?

Item 9. Are reports of the study free of selective outcome reporting?

Item 10. Was the study apparently free of other problems that could result in a high risk of bias?
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Funne! plot with pseudo 95% confidence limits
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