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Introduction
Microglia have pivotal roles during pathological and 
physiological conditions.1 Microglia consist of certain 
macrophage-like lineage with dynamic activity. These cells 
are divided into two M1 and M2 phenotypes with certain 
pro-inflammatory and anti-inflammatory properties, 
respectively.2 The conversion of microglia toward the M1 
phenotype triggers the release of certain factors such as 
reactive oxygen species (ROS), tumor necrosis factor-α 
(TNF-α), interleukin (IL)-1β, and nitric oxide. By contrast, 
microglia polarization toward M2 phenotype induces 
the production of IL-4, IL-10, IL-13 and transforming 
growth factor-beta (TGF-β).3 M1 phenotype microglial 
can respond in hours or days to the entrance of external 
factors to the brain. This behavior is triggered through 
various types of receptors of microglia such as toll-like 

receptors and many other scavenger receptors.2 M2 and 
M1 glial cells express surface markers such as CD206, 
and CD86, respectively.4,5 Upon initiation of pathological 
conditions, microglia respond immediately by migrating 
toward the damaged areas. In these conditions, microglial 
polarization toward M1 phenotype is enhanced which 
promotes the inflammatory responses.6 Currently, the 
therapeutic effects of mesenchymal stem cells (MSCs) 
have been indicated in the alleviation of central nervous 
system injuries.7 MSCs have the potential to promote 
healing procedures and exert palliative effects inside brain 
tissue via using different mechanisms.7 

Here, we investigated the possible changes in the 
polarization of rat microglia (M1/M2 shift) upon the 
treatment with MSCs-conditioned medium (MSCs-CM). 
It seems that the results of this study can help address 
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Abstract
Introduction: Here, we aimed to address the impact of mesenchymal stem cells-conditioned 
medium (MSCs-CM) on M1/M2 phenotype shifting of rat microglia after 48 hours in vitro.
Methods: Rat neonatal cortical microglia were randomly allocated into four different groups as 
follows: Control; MSC-CM; IL-4; and Anti-IL-4 groups. In the MSC-CM, microglia were treated 
with MSC condition media. In the interleukin-4 (IL-4), cells received 20 ng/mL IL-4; conceived 
as a positive M2 control group). In the Anti-IL-4, the combination of IL-4 peptide and anti-IL-4 
antibody was used. After 48 hours, protein levels of Iba1, CD86, and CD206 were monitored 
using immunofluorescence imaging and flow cytometry analysis.  
Results: According to immunofluorescence imaging, 48-hour incubation of rat cortical 
microglia with stem cells condition media increased protein levels of CD206 and decreased 
CD86, showing the polarization of microglia toward M2 type lineage compared to the non-
treated control group. We found a similar trend in the group that received IL-4. By contrast, the 
incubation of microglia with anti-IL-4 antibody blunted the stimulatory effect of IL-4 to promote 
M2-type microglia. Similar to the immunofluorescence data, flow cytometry analysis revealed a 
significant increase of CD206 positive microglia after exposure to MSC-CM and IL-4 (P < 0.05). 
Treatment with anti-IL-4 antibody significantly reduced the percent of CD206 positive cells, 
showing the inhibition of M1-to-M2 phenotype acquisition. 
Conclusion: The current study highlighted a notable anti-inflammatory effect of MSC secretome 
on cortical microglia by promoting M1-to-M2 phenotype acquisition. 
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the palliative effects of MSCs in neurological disease by 
regulation of microglia polarization.

Methods
Rat MSCs culture
In this study, adult male Wistar rats (8–12 weeks old) 
were used for the isolation of MSCs. Rats were kept under 
standard conditions [free access to water and chewing 
food]. Following euthanization with an overdose of 
ketamine and xylazine, both right and left femurs were 
removed aseptically and cells were extracted based on the 
previously described protocol.8 In short, the extremities 
were cut and medullary content was collected by the 
injection of culture medium. To yield a single suspension 
cell, the samples were roughly triturated using a 10 mL 
syringe. After three-time PBS washes, the mononuclear 
cell fraction was isolated using Ficoll-Hypaque gradient 
centrifugation. Cells were re-suspended in DMEM/LG 
culture medium (Gibco) supplemented by 10% FBS (Cat 
no: 12070106, Gibco) and 1% penicillin-streptomycin 
(Cat no: 15140148, Gibco) and kept inside a CO2 
incubator. Using 0.25% Trypsin-EDTA solution, rat 
MSCs were detached and sub-cultured. Cells at passages 
3 to 6 were used in this study. For MSC characterization, 
cells were incubated with anti-CD90 (FITC), CD105 (PE), 
CD34 (FITC), and CD45 (PE) for 30 minutes at 4˚C and 
analyzed using FACSCalibur system. Data were analyzed 
using FlowJo version 7.6.1. CM was collected from MSCs 
upon reaching 70-80% confluence according to the 
previously published data.9

Isolation of neonatal rat cortical microglia
Five-day-old neonatal rats were used for brain microglia 
isolation.10 Briefly, neonatal rats were euthanized and the 
brain cortex was immediately isolated and washed with 
PBS. Thereafter, samples were exposed to 0.05% Trypsin-
EDTA for 20 minutes. Following digestion, samples were 
centrifuged at 300 g for 5 minutes. Pellets were cultured 
in DMEM/F-12 culture medium [FBS 10% (v/v) and 
penicillin-streptomycin 1% (v/v)]. Microglia displayed in 
round-shape morphology on the astrocytes monolayer. 
To isolate microglia from astrocytes, the mixed glial 
cells were gently agitated at 180 rpm for 3 hours at 37°C. 
Non-adherent microglia were immediately collected, 
centrifuged and plated in 6 well-plates at an initial density 
of 5 × 104 cells per cm2.

Microglial immunophenotyping
Expanded microglia were confirmed using an antibody 
against Iba-1 (Cat no: sc-32725; Santa Cruz Biotechnology 
Inc.).11 Briefly, microglia were cultured on coverslips. 
Cells were fixed and permeabilized using pre-cold 
paraformaldehyde (PFA; 4 v/w %) and 0.1% Triton X-100 
solution, respectively. For reduction of non-specific 
binding, 1% bovine serum albumin (BSA) was used. Cells 
were then incubated with 4 μg/mL FITC-conjugated 

Iba1 antibody for 1.5 hours and washed with PBS. DAPI 
was used for nucleus staining. A similar protocol was 
performed to detect CD206 and CD86 positive microglia 
(Santa Cruz Biotechnology, Inc., USA).12

Microglia exposure to MSCs-CM
To this end, microglia were randomly allocated into four 
different groups as follows; Control; MSC-CM; IL-4; and 
anti-IL-4 groups. Control microglia were cultured in a 
normal DMEM/F-12 culture medium. In the MSC-CM 
group, microglia were exposed to MSC-CM. In the IL-4 
group, IL-4 (20 ng/mL) was used to induce microglia 
polarization toward M2 type (Cat no: 776902; BioLegend). 
In the anti-IL-4 group, the combination of anti-rat IL-4 
(Cat no: 511905; BioLegend) and IL-4 peptide was used. 
In all groups, the culture medium was enriched with 2% 
FBS and cells were maintained under standard conditions 
for 48 hours.

Detection of microglia polarization using flow cytometry 
analysis
To detect microglial polarization toward the M2 
phenotype, protein levels of CD206 were monitored in all 
groups using flow cytometry analysis. After incubation, 
M2-type microglia were detected based on surface marker 
CD206. On this basis, cells were collected from different 
groups, permeabilized using pre-cold PFA, and blocked 
with 1% BSA. In the next step, cells were incubated with 
PE-conjugated CD206 (Cat no: sc-58986, Santa Cruz 
Biotechnology Inc.) according to the manufacturer’s 
instructions. Cells were analyzed using the BD 
FACSCalibur system and FlowJo software (ver. 7.6.1).

Statistical analysis
Data were analyzed by GraphPad Prism (version 8.0.2) 
using a one-way analysis of variance (ANOVA) and 
Tukey post hoc test. Values below 0.05 were considered 
statistically significant. Three sets of experiments were 
done for each test otherwise mentioned. 

Results
MSCs characterization and immunofluorescence 
imaging of isolated microglia 
Flow cytometry analysis revealed that the isolated 
MSCs are CD45 and CD34 negative. According to our 
data, MSCs can express CD105 and CD90 (Figure 1). 
Immunofluorescence imaging showed that the isolated 
microglia were highly positive for Iba-1, indicating the 
efficiency of our protocol in isolation and expansion of 
rat microglia (Figure 2). In the microscopic field, both 
amoeboid and branched morphologies were detected 
which were displayed with elongated cell bodies and 
lamellipodia. According to our data, the control microglia 
were CD206 negative (Figure 2). Noteworthy, 48-hour 
incubation of rat microglia with MSC-CM induced the 
synthesis of CD206. Interestingly, a similar trend was 
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found in the group that received IL-4 peptide. By contrast, 
the incubation of rat microglia with an IL-4 neutralizing 
antibody reversed the stimulatory effect of IL-4 on CD206 
(Figure 2). These data showed that MSC-CM can induce 
the polarization of rat microglia toward M2 type. It 
seems that these effects were similar when glial cells were 
exposed to IL-4. 

Data showed that non-treated control microglia can 

express CD86 after incubation with a normal culture 
medium (Figure 3). The exposure of these cells to 
MSC-CM and IL-4 peptide blunted the expression of 
CD86 in rat microglia after 48 hours. The inhibition of 
IL-4 peptide using an appropriate antibody (anti-IL-4) 
diminished the stimulatory effect of IL-4 on M1 to M2 
phenotype acquisition (Figure 3). Taken together, these 
data showed that the incubation of rat microglia with 
MSC-CM can help them acquire M2 phenotype. These 
effects were similar when rat microglia were incubated 
with IL-4 peptide.

CD206-positive microglia were increased after exposure 
to MSC-CM
According to our data, 48-hour after IL-4 treatment of rat 
microglia increased the percent of CD206 + cells compared 
to the non-treated control microglia (P < 0.001; Figure 4). 
Along with these changes, the incubation of rat microglia 
with MSC-CM resulted in a significant, increase in the 
number of CD206 + cells compared to the control group 

Figure 2. Immunofluorescence imaging revealed isolated rat microglia can express Iba-1, showing the efficiency of the current protocol. Data showed that incubation 
of microglia with MSC-CM and IL-4 induced the synthesis of M2 type cell-associated marker namely CD206 after 48 hours in vitro. Unlike, the application of IL-4 
reduced the number of CD206 positive cells. These features were similar to the target protein in non-treated control microglia (Scale bar = 50 µm ).

Figure 1. Flow cytometry analysis of isolated MSCs using CD90, CD105, 
CD34 and CD45
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(P > 0.0001). Similar to immunofluorescence imaging, the 
incubation of rat microglial with the combination of IL-4 
and anti-IL-4 yielded a significant reduction of CD206 
positive cells when compared to all groups (P < 0.0001; 
Figure 4). Commensurate with these descriptions, both 
MSCs-CM and IL-4 peptide can induce the polarization 
of rat cells toward M2-type microglial. These data showed 
that MSC-CM harbor certain factors with the potential to 
promote M1-to-M2 phenotype shifting. 

Discussion
We found that MSCs-CM increased rat microglia shifting 
toward an M2 phenotype in vitro. A similar trend was 
notified for cells that received IL-4 peptide. The inhibition 
of IL-4 using an appropriate antibody blunted these effects 
and induced a control group-like appearance. Previously, 
it was suggested that IL-4 can accelerate the conversion of 
microglia toward the M2 phenotype.13,14 Here, we indicated 
that MSC-CM was more potent to induce M2 phenotype 
in rat microglia as compared to the IL-4 group. Different 

experiments have shown that several subsets of stem 
cells such as C-kit + cells and CD146 + MSCs were potent 
to promote regeneration of injured tissues via paracrine 
activity and secretion of certain signaling molecules.15,16 
Consistent with our results, previous data confirmed that 
MSCs could regulate microglia bioactivity in a paracrine 
manner by releasing TGF-β. The activation of nuclear 
factor-κB and TLR2/MyD88 signaling axis participated in 
phenotype polarization toward M2 type.17,18 Similarly, the 
incubation of microglia with human exfoliated deciduous 
teeth stem cell-CM increased the commitment of these 
cells toward M2 lineage.19 It seems that the up-regulation 
of arginase-1 and activation of PI3K/Akt, Rho GTPases 
Rac1, and Cdc42 are involved in M1/M2 phenotype 
acquisition.20 In line with these findings, MSC-CM 
induced M2 phenotype shifting in BV-2 microglial cell 
line after 24 hours exposed oxygen-glucose deprivation/
re-oxygenation.21 The inhibition of IL-4Rα can blunt 
the expression of arginase-1 and reduce M2 phenotype 
acquisition in rat microglia.22 Therefore, IL-4 is possibly 

Figure 3. Measuring protein levels of CD86 using immunofluorescence imaging. In control microglia and anti-IL-4 groups, cells are positive for CD86. These 
effects were prominent in cells that received anti-IL-4 antibody. The incubation of rat microglia with   MSC-CM or IL-4 suppressed the production of surface 
marker CD86, showing the loss of M1 type lineage (Scale bar = 50 µm )
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a determinant cytokine in M1/M2 phenotype shifting. 
In support of this notion, the inhibition of IL-4 by an 
antibody can faint the IL-4 peptide on rat microglia. 
Previous experiments have shown that MSCs secret 
notable levels of IL-4 in a paracrine manner.23 Therefore, 
one could hypothesize that the stimulatory effect of MSC-
CM on M2 type acquisition of microglia can be associated 
in part with the existence of certain cytokines such as 
IL-4. Whether IL-4 possesses a dominant role in M1/M2 
phenotype shifting or collaborates with other cytokines 
needs more investigations. Taken together, we showed 
MSC-CM can induce polarization of rat microglia toward 
CD206 positive lineage which can control inflammatory 
responses during brain injuries. Here, we did not measure 
the levels of IL-4 in MSC-CM. It is suggested that future 
studies monitor the levels of IL-4 which can result in 
valuable information about the IL-4 in the paracrine 
activity of MSCs. 

Conclusion
The result of the current study highlights MSCs paracrine 
activity on the polarization of microglia toward the M2 
phenotype, showing the induction of anti-inflammatory 
status. This strategy can help controlling the intensity of 
inflammatory responses during neurological diseases. 
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