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ABSTRACT

Background: Glial cells or neuroglia are important non-neuronal components of the central nervous system (CNS),
accounting for approximately 50% of its cellular composition. In addition, there are different types of neuroglia, in-
cluding oligodendrocytes, astrocytes, and microglia, each with its distinct function. Several studies have shown that
secretomes containing secretions from stem cells can modulate neuronal cells and neuroglia. Therefore, this study
aimed to systematically review the effects of secretomes on neuroglia in CNS. Methods: The study used the Cochrane
Handbook for Systematic Reviews and Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) guidelines. A systematic literature search was conducted on 11 electronic medical databases, followed by an
assessment of quality and the risk of bias. Results: A total of 337 articles were obtained from the systematic literature
search, with only 12 meeting the inclusion criteria. The results of the risk of bias assessment showed that most of the
articles were in the low-risk category. Secretomes has been shown to exert beneficial effects on oligodendrocytes
(2 studies), astrocytes (4 studies), and microglia (3 studies), with additional studies highlighting its dual impact on
oligodendrocytes and astrocytes (2 studies), and one study demonstrating its therapeutic potential across all three
glial cell types. Discussion: Secretomes positively modulate neuroglia because these cells contain growth factors, cy-
tokines, chemoattractants, and extracellular vesicles, which carry microRNA and proteins. Conclusion: Secretomes
had positive effects on neuroglia in CNS. Further studies are still needed to examine specific secretome components
and molecular examination of neuroglia.

Malaysian Journal of Medicine and Health Sciences (2026) 22(2): 1-9.doi:10.47836/mjmhs.v22i2.1608

Keywords: Brain, CNS, Conditioned Media, Glial Cells, Neuroglia, Secretomes

Corresponding Author:

Yovita Andhitara, M.Sc.

Email: yovita_neuro@yahoo.com
Tel: +6281326778668

1. Background

Glial cells or neuroglia are essential non-neuronal
central nervous system (CNS) components. Although
neuroglia are often considered as supporting cells, recent
studies have highligthed their pleiotropic and dynamic
roles in brain function and development. The main
types of neuroglia include astrocytes, which provide
structural support and regulate the blood-brain barrier,
and oligodendrocytes, responsible for the myelination
of axons. Other types include microglia, which act as
immune cells, and ependymal cells, which are involved
in the production of cerebrospinal fluid. These cells
facilitate neural communication, maintain homeostasis,

and participate in neuroregeneration processes. Despite
their importance, studies related to the effects of stem
cells therapy and secretomes on neuroglia remain
limited [1,2].

Stem cells are essential components of neurorestorative
therapy, which helps to reduce morbidity and mortality
in neurological disorders [3-5]. These components are
unspecialized cellsthatcan differentiate intoany cellinan
organism and have high regenerative potential. However,
stem cell-based therapy has several limitations, such as
the need for special transport media, the risk of rejection
effects from the body's immunity (incompatibility), and
the risk of cell migration (embolism) and tumorigenicity.
This current study proposes the use of secretomes, a
conditioned media from stem cells, as a more affordable
and compatible alternative. Secretomes can modulate
angiogenesis, neurogenesis, the inflammatory system,
and immune response, along with the ability to reduce
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cell death. Consequently, these cells have the potential
to be an effective therapeutic option for cells with limited
regeneration capacity, such as neurons and neuroglia
[4,5,14,15,6-13]. Ribeiro CA et al. (2011) and Salgado
AJ et al. (2010) showed that secretomes had a positive
effect on neuroglia in CNS [16,17]. Although the effects
on these cells have been extensively studied, there is
no systematic review on this topic. Therefore, this study
aims to systematically review the effects of secretomes
on neuroglia in CNS.

2. Method

This systematic review's protocol has been registered
with the International Prospective Register of Systematic
Reviews (PROSPERO) under the registration number
CRD420250652989. This study was conducted based
on the Cochrane Handbook and the Guideline of
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [18-21].

2.1 Inclusion and Exclusion Criteria
Inclusion criteria:
1. Publication type:

Full-text articles reporting the effects of secretomes
on neuroglia in CNS.

Experimental studies (clinical trials)
2. Articles published in English and Indonesian.
3. Articles published between January 2000 and
December 2024.
4. This study used humans, animals, and cells as subjects.
5. The purpose, methodology, and results of the study
must discuss the relationship between the effects of
secretomes on neuroglia in CNS.
Exclusion criteria:
1. Study respondents: in silico
2. Publication type was an observational study or review
3. There were confounding variables related to the
effects of secretomes on neuroglia in CNS.

2.2 Literature Search

A systematic literature search was conducted in the
following electronic medical databases, such as
ClinicalKey, Cochrane Library, EBSCOhost, Emerald
Insight, Europe PMC, Google Scholar, JSTOR, ProQuest,
PubMed, ScienceDirect, and Springer Link; restricted to
publications identified between January and February
2025. The search was carried out using the following
keywords for the title and abstract, namely (secretomes
OR conditioned media OR extracellular vesicle OR
exosome OR paracrine) AND (neuroglia OR glial cell
OR astrocyte OR oligodendrocyte OR microglia OR
ependymal cell OR radial glial cell) AND (central
nervous system OR brain OR spinal cord). References
of included studies were assessed to avoid missing
published articles. Grey literature and non-peer-
reviewed studies were excluded to ensure the inclusion
of only high-quality, peer-reviewed evidence, thereby
enhancing the reliability and scientific rigor of the
review.

2.3 Data Analysis

Articles were selected for assessment after two authors (YA
and DT) checked the keywords from electronic medical
databases. The results of the literature search were
discussed with a third author (R), and any discrepancies
in the results were discussed to maintain reliability and
minimize subjective bias using a methodology that had
been previously established and agreed upon by all
reviewers. Furthermore, the selected full articles were
independently evaluated by three authors to confirm
the results (DS, EM, CS). Data from the included articles
were provided in a summary table, which contained the
key points of each study, including first author and year,
study design, sample, secretomes characteristics, and
results.

2.4 Study Quality Assessment (Risk of Bias)

The lead author evaluated each included article's quality
and risk of bias and discussed it with other authors.
Version 2 of the Cochrane risk-of-bias tool (RoB 2) was
used to evaluate randomized controlled trial studies with
the interpretation known as high risk or some concerns
or low risk [19,22].

3. Result

3.1 Studies’ Selection for Systematic Review

Figure 1 showed the PRISMA flow diagram. Initially, 337
peer-reviewed articles were retrieved from electronic
medical databases. After removing duplicates, 185
studies were left for abstract and title screening. Those
that did not meet the inclusion and exclusion criteria
were not evaluated. The fourteen studies were assessed
for eligibility, and twelve studies underwent qualitative
synthesis (systematic review).
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Figure 1: PRISMA flow diagram
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3.2 Assessment of Study Validity (Quality and Risk of
Bias Assessment)
All articles included were related to the effects of
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secretomes on neuroglia in CNS. Figure 2 showed the
results of ROB 2 assessment, which found that all studies
were low-risk.
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Figure 2: ROB 2

3.3 Study Characteristics

Study characteristics for the included studies were
presented in Table 1. All studies showed that secretomes
positively affected neuroglia in CNS. Twelve studies
have investigated the effects of secretome on glial cells,
revealing its potential in modulating neuroinflammation
and supporting neural repair. Two studies focused on
oligodendrocytes, showing benefits for myelination
and cell survival; four studies examined astrocytes,

highlighting effects on activation, neuroprotection, and
cytokineregulation; andthree studies explored microglia,
suggesting a role in modulating polarization and
reducing pro-inflammatory signaling. Additionally, two
studies addressed the dual impact on oligodendrocytes
and astrocytes, while one study evaluated secretome’s
influence across all three glial types, underscoring its
broad therapeutic potential in central nervous system
disorders.
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Table I: Study Characteristics

First author,

Study
" country, year Design

Secretomes
Sample o Results
characteristics

1. Baez-Jurado E,
2017[23]

2. Huang W,
2015[24]

3. Hu),
2023[25]

4. Marfia G,
2016[26]

5. Otero-Ortega

L, 2017(27]
6. Ribeiro CA,
2011[17]
7. Salgado AJ,
2010[16]
8. SavliH,
2004(28]
9. Szikiovo E,
2023[29]
10. Tsai M-J,
2020[30]

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

Scratch assay (control and treatment groups) ~ Secretomes from  Secretomes (dose-response) increased viability,
on human astrocyte cell culture. mesenchymal stem reduced nuclear fragmentation, maintained mito-
cells (human adipose chondrial membrane polarity, and increased as-
tissue) with 5, 10, trocyte migration (morphological changes and in-
and 15% concentra- creased polarity index) significantly (p<0.05).
tions.

Astrocyte cell culture from Wistar rats with  Paracrine factors  Paracrine factors from stem cells significantly de-

OGD. from rat bone mar- creased astrocyte apoptosis, increased astrocyte
row stem cells for metabolic activity, and decreased GFAP overex-
1 day. pression (p<0.05) in ischemic stroke cases.

Glial cell culture from Sprague-Dawley rat  Fibroblast secre-  Fibroblast secretomes significantly increased the
brain tissue (control and treatment groups). tomes at a concen- yield (Iba-1 positive cells) and purity of microglia
tration of 25% for and significantly reduced the total glia culture
4-5 days. time (p<0.05). Microglia obtained from secretomes
group showed longer branched morphology than

the control group (p<0.05).

Microglia cell culture. Secretomes from  Secretomes inhibited LPS-induced microglia activa-
human adipose stem tion (including CD68 expression, pro-inflammatory
cells for 2 days.  cytokine/IL-17 secretion, microglia proliferation,
and migration) and significantly increased the lev-
els of anti-inflammatory cytokine (IL-10) in LPS-in-
duced microglia (p<0.05).

Subcortical brain tissue of Sprague-Daw- Extracellular vesicles Extracellular vesicles significantly increased oligo-
ley rats with stroke (control and treatment 100 pg intravenously dendrogenesis (p<0.05) [increased CNP-ase, A2B5,
groups), examination on day 7. (from rat adipose  and MOG] in stroke cases.

tissue) on day 1.

Culture from cortical glial cells of Wistar ~Secretomes from Secretomes increased the viability of glial cells
rats (control and treatment groups; treat- mesenchymal stem (p<0.05). Secretomes increased the expression of
ment 1: secretomes conditioning for 1 day, cells (from bone mar-astrocytes (GFAP), oligodendrocytes (O4), and mi-
treatment 2: secretomes conditioning for 2 row) for 9 days.  croglia (CD11b) (p<0.05).

days, treatment 3: secretomes conditioning

for 3 days, treatment 4: secretomes condi-

tioning for 4 days).

Culture from cortical glial cells of Wistar Secretomes from  Secretomes increased the viability and proliferation
rats (control and treatment groups; treat- mesenchymal stem of glial cells (p<0.05). Secretomes increased the ex-
ment 1: secretomes conditioning for 1 day, cells (human umbili- pression of astrocytes (GFAP) and oligodendrocytes
treatment 2: secretomes conditioning for 2 cal cord) for 14 days. (O4) (p<0.05)

days, treatment 3: secretomes conditioning

for 3 days).

Culture from striatal glial cells (control and  Secretomes from  Secretomes increased BDNF gene expression from
treatment groups). microglia (from stri- striatal astrocytes (1.33 times).
atum and cortex of
Sprague-Dawley rat
pups) for 2 days.
Culture from rat spinal cord slices (control  Secretomes from  Secretomes significantly increased the migration of
and treatment groups, treatment 1: secre- mesenchymal stem astrocytes (GFAP positive cells) and the density of

tomes conditioning for 1 day, treatment 2:  cells (rat bone  oligodendrocytes (RIP positive cells), specifically in

secretomes conditioning for 2 days, treat- marrow) for 1, 2, and treatment group 3 (p<0.05).

ment 3: secretomes conditioning for 3 days). 3 days.

In vitro: Culture from the cerebrocortical Secretomes from Secretomes increased the expression of oligoden-

area of Sprague-Dawley rat embryos (con- mesenchymal stem drocytes (RIP-IR) insignificantly and reduced mi-

trol and treatment groups). cells (from mouse  croglia infiltration significantly (ED-1) (p<0.05) in
bone marrow). ischemic stroke cases.

In vivo: Brain tissue of rats with stroke/!n Vitro: 4 pl with 40-
MCAO (control and treatment groups), ex- old concentration
amined 1 week after occlusion. for 3 days.
In vivo: 200 pl with
40-fold concentra-
tion given IV at 2
hours, 1st day and
2nd day.

CONTINUE
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Table I: Study Characteristics. (CONT.)

First author,  Study Secretomes

. . Results
country, year Design

Sample
P characteristics

11. Wood CR, RCT Cultures from spinal cord slices of CD1 rats Secretomes of mes- Secretomes increased the expression of astrocytes
2021[31] (control and treatment groups). enchymal stem cells (GFAP) and the length of astrocytes significantly
(from dog inguinal (p<0.05) and increased NG2 antibodies insignifi-
fat pad) over 3 days. cantly.
12. Xin H, RCT Brain tissue of Wistar rats experienc- Extracellular vesicles Exosomes significantly (p<0.05) increased oligo-
2017[32] ing stroke/MCAO (control and treatment (exosomes) 100 pg dendrogenesis [increased oligodendrocyte pro-
groups), examination on day 28. (containing miR  genitor cells (BrdU and NG2 positive staining) and
17-92-cluster) intra- mature oligodendrocytes (BrdU and MBP positive
venously (from rats staining)] in ischemic stroke cases.
bone marrow) day 1.
Description:

BDNF: brain-derived neurotrophic factor

BrdU: bromodeoxyuridine

CD11b: cluster of differentiation molecule 11b
CNP-ase: 2’,3’-cyclic nucleotide 3’-phosphodiesterase
GFAP: glial fibrillary acidic protein

Iba-1: ionized calcium-binding adaptor molecule 1
LPS: lipopolisakarida

MBP: myelin basic protein

MOG: mature oligodendrocyte

NG2: neural/glial antigen 2

0O4: oligodendrocyte Marker O4

OGD: oxygen-glucose deprivation

p: probability

RIP-IR: RIP-immunoreactive

4. Discussion

Stem cells are unspecialized cells capable of
differentiating into various cell types in the body and
possess regenerative properties. They are categorized
into totipotent, pluripotent, multipotent, oligopotent,
and unipotent stem cells. Among these, mesenchymal
stem cells (MSCs) are the most commonly used due
to their ability to differentiate into multiple tissue
types such as nerve, blood vessel, adipose, and bone
tissues. Consequently, secretomes derived from MSCs
are widely utilized in research owing to their low risk
and ease of availability [4,10-14,23-25]. MSCs release
a variety of bioactive molecules, including cytokines,
chemokines, anti-inflammatory factors, growth factors,
and proteins encapsulated within extracellular vesicles.
These collective secretions are referred to as secretomes
or conditioned media. Secretomes play several
biological roles, including immunomodulation and
anti-inflammatory activity. Furthermore, they exhibit
neurotrophic, neuroprotective, anti-apoptotic, pro-
angiogenic, and regenerative properties [4,10-13].

The composition of secretomes varies depending on
changes in the microenvironment [4,26]. Growth
factors such as vascular endothelial growth factor
(VEGF), hepatocyte growth factor (HGF), nerve growth
factor (NGF), brain-derived neurotrophic factor (BDNF),
glial cell line-derived neurotrophic factor (GDNF);
cytokines such as IL-10 and transforming growth factor-
beta (TGF-B); chemoattractants such as monocyte
chemoattractant protein-1 (MCP-1); and extracellular
vesicles (carrying microRNAs and proteins) are major

components of secretomes that have effects on neuroglia
[4,9,11,26-32]. Studies from Ribeiro CA et al. (2011)
and Salgado AJ et al. (2010) reported that secretomes
increased the viability and proliferation of neuroglial
cells in cultures from the cortex of experimental rats
[16,17]. Furthermore, a study by Szitkiov6 E et al. (2023)
demonstrated that secretomes conditioned for three days
contained the highest concentrations of neurotrophins
(NGF and VEGF), which positively affected neuroglia
and exhibited the broadest spectrum of proteins and
bioactive substances in proteomic analysis [33].

Oligodendrocytes, a major type of neuroglial cells
in CNS, play an important role in myelination, axon
protection, and providing metabolic support to
neurons. Dysfunction of oligodendrocyte cells can
cause and worsen various diseases of the nervous
system, including neurovascular diseases such as
stroke, neurodegenerative diseases, multiple sclerosis,
leukodystrophy, schizophrenia, and autism spectrum
disorders [2,34-39]. Five studies included in this
review reported beneficial effects of secretomes on
oligodendrocytes in the CNS. These effects include the
promotion of oligodendrogenesis, marked by increased
expression of oligodendrocyte progenitor cells and
mature oligodendrocytes. The mechanism is believed
to involve paracrine signaling mediated by bioactive
components in the secretomes, such as growth factors,
extracellular vesicles, and exosomes [16,17,33,40-42].

Astrocytes are essential neuroglial cells in the CNS that
play a key role in maintaining neuronal homeostasis,
supporting neuronal function, and responding to injury.
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Recent studies have shown that astrocytes actively
participate in synaptic transmission and plasticity by
regulating the extracellular environment, modulating
neurotransmitter levels, and maintaining ionic balance.
Additionally, they form complex networks with neurons
and other glial cells and communicate through the
release of gliotransmitters such as glutamate and ATP,
which influence neuronal excitability and synaptic
strength. Astrocytes also contribute to the integrity of the
blood-brain barrier and provide metabolic support to
neurons, especially during periods of increased demand.
Moreover, they exert neuroprotective functions by
reducing oxidative stress and inflammation, implicating
them in the pathology of conditions such as stroke,
Alzheimer’s disease, and multiple sclerosis [2,34,43—
50] . The role of secretomes on astrocyte cells has
been reported in seven studies, including their effect
in regulating the number of astrocyte cells (reducing
excessive astrocyte cell expression), thereby preventing
excessive astrogliosis and glial scar formation. The
mechanism by which secretomes regulate astrocytes
involves the paracrine action of bioactive factors
secreted by stem cells including cytokines, chemokines,
growth factors, and immunomodulatory molecules.
These components reduce inflammation and oxidative
stress, suppress excessive astrocyte activation, and
promote tissue repair through factors such as TGF-B
and VEGF [4,9,31-33,51-54,11,16,17,26-30]. The
study conducted by Huang W et al. (2015) also reported
that the positive effects of secretomes on astrocyte cells
occured through the inhibition of p38 MAPK and JNK
activation, specifically in supressing p53 and STAT 1
(which are the mediators of cell response to external
stimuli/stress-activated protein kinase) [52]. According
to Savli H et al. (2004), glial cells play a positive role
(mutual relationship) as indicated by the presence of
secretomes microglia that could increase astrocyte cell
expression in CNS [53].

Microglia are the primary immune cells of CNS,
accounting for approximately 10% of all cells in the
brain, and play a critical role in maintaining homeostasis,
supporting neuronal health, and responding to injury.
These highly dynamic cells continuously monitor
their environment through an extensive process and
respond rapidly to changes in neuronal activity and
local pathology. Microglia are involved in several key
functions, including phagocytosis of dead cells, excess
synapses, and protein aggregates, thereby contributing to
synaptic pruning and overall brain development. These
cells also secrete a variety of cytokines and neurotrophic
factors that modulate neuroinflammation and promote
tissue repair after injury. However, microglia activation
has a dual effect, suggesting that excessive activation
can lead to neuroinflammation that contributes to
neurodegenerative diseases such as alzheimer's and
parkinson's disease as well as neurovascular diseases
such as stroke and other neurological disorders
[2,34,49,50,55-59]. A total of four studies in this

systematic review discussed that secretomes maintain
microglia function and suppressed microglia activity
that could harm CNS through secretomes components
such as growth factors [17,42,60,61]. Secretomes
modulate microglia by promoting a shift from the pro-
inflammatory M1 phenotype to the anti-inflammatory
M2 phenotype via the TLR4/NF-kB/PI3K/Akt pathway,
suppressing pro-inflammatory cytokines (TNF-a, IL-1B,
IL-6) while enhancing IL-10, TGF-B, and VEGF, and
regulating apoptosis through caspase cascades and Bax/
Bcl-2 modulation [61-63]. A study by Marfia G et al.
(2016) also reported that secretomes-inhibited microglial
activation was induced by lipopolysaccharide (LPS)
through modulation of sphingosine 1 phosphate/S1P
signals. STP is one of the regulatory signals that played
a role in the activation of immune cells (including
microglia) and the neurogenesis process [61].

This systematic review included twelve full-text
primary studies examining the effects of secretomes
on neuroglial cells within the central nervous system.
A number of limitations were identified among the
included studies, including substantial heterogeneity
in secretome type, dosage, frequency, and duration,
as well as a predominance of in vitro models, which
may limit translational applicability. Future studies
should focus on addressing these limitations by
incorporating standardized protocols for secretome
preparation and administration, conducting in vivo
and clinical investigations, and elucidating the specific
bioactive components responsible for the observed
effects. Additionally, further research should explore
the impact of secretomes on neuroglial responses in
defined neurological conditions, examine neuroglia
at the molecular/cellular level, and expand the scope
to include underexplored glial populations such as
ependymal cells.

5. Conclusion

In conclusion, secretomes positively affect neuroglia
in CNS. Further studies are needed regarding the
standardization of secretomes and specific examinations
in secretomes components and neuroglia components.
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