Human Immunology 80 (2019) 990-998

Contents lists available at ScienceDirect

Human
Immunology

Human Immunology

journal homepage: www.elsevier.com/locate/humimm

Exosomes derived from mesenchymal stem cells improved function and R

Check for

survival of neutrophils from severe congenital neutropenia patients in vitro %

Mohammad Mahmoudi®', Mahsa Taghavi-Farahabadi™', Saeed Namaki®, Kaveh Baghaei®,

Elham Rayzan, Nima Rezaei”“"", Seyed Mahmoud Hashemi®#"*

2 Department of Immunology, School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran

Y Department of Immunology, School of Medicine, Tehran University of Medical Sciences, Tehran, Iran

© Basic and Molecular Epidemiology of Gastrointestinal Disorder Research Center, Research Institute for Gastroenterology and Liver Diseases, Shahid Beheshti University of
Medical Science, Tehran, Iran

4 International Hematology/Oncology of Pediatrics Experts, Universal Scientific Education and Research Network, Tehran University of Medical Sciences, Iran

€ Research Center for Inmunodeficiencies, Children’s Medical Center, Tehran University of Medical Sciences, Tehran, Iran

f Cancer Immunology Project (CIP), Universal Scientific Education and Research Network (USERN), Sheffield, UK

& Urogenital Stem Cell Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran

1 Department of Tissue Engineering and Applied Cell Sciences, School of Advanced Technologies in Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran

ARTICLE INFO ABSTRACT

Keywords: Severe congenital neutropenia (SCN) is described by the absolute neutrophil counts less than 500 cells/mm?,
Severe congenital neutropenia bacterial infections, and an arrest of neutrophil differentiation. So, effective strategies for improving the function
Exosomes and lifespan of the existing neutrophils in these patients are necessary. Mesenchymal stem cells (MSCs) have
Mesenchymal stem cells supportive effects on neutrophils. Recently, it was determined that MSCs exert their effects, mostly by secreting
i;‘;;zﬁzﬂs soluble factors and exosomes. So, in this study, neutrophils were isolated from the bloodstream of healthy donors

and SCN patients and cultured with medium, MSC-exosomes or MSC-conditioned media (MSC-CM). Then, the
effects of the two treatments on neutrophil respiratory burst, apoptosis and phagocytosis percentage were as-
sessed using nitro blue tetrazolium (NBT) assay, annexin V-propidium iodide (PI) and Giemsa staining, re-
spectively. Both treatments could significantly augment respiratory burst of neutrophils from SCN patients and
healthy donors. But, only CM could significantly enhance phagocytosis index. About the lifespan of neutrophils,
only exosomes could significantly enhance it in both groups. Based on these results, both exosomes and CM
derived from MSCs could be attractive candidates for rescuing SCN patients from serious infections.

1. Introduction

Severe congenital neutropenia (SCN) is a genetic disorder that is
identified by the absolute neutrophil counts less than 500 cells/mm?,
bacterial infections, and an arrest of neutrophil differentiation [1]. This
syndrome is genetically heterogeneous. The autosomal dominant mode
of inheritance has been frequently due to heterozygous mutations in
ELANE [2]. Recently, it was recognized that, the patients with auto-
somal recessive inheritance demonstrate homozygous mutations in
HAX1 [3].

Neutrophils are the major population of the innate immunity that
have multiple proteases, antimicrobial peptides, and reactive oxygen

species (ROS) for killing pathogens [4]. So, the low level of neutrophils,
that is the main hallmark of SCN patients, can lead to severe and re-
current infections [5]. Therefore, effective strategies for increasing the
population of neutrophils or even improving the function and lifespan
of the existing neutrophils in these patients are necessary. One of the
common treatments for them, is granulocyte-colony stimulating factor
(G-CSF) administration [5], but there are some limitations associated
with this treatment, for example, it was reported that myelodysplasia
(MDS) and acute myeloid leukemia (AML) are the complications that
were observed in some patients receiving it [6]. To overcome these
limitations, it is beneficial to find other strategies for rescuing these
patients from severe infections. Multiple studies demonstrated that,
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Fig. 1. Study design.

mesenchymal stem cells (MSCs) have supportive effects on neutrophil
function and lifespan [7-14].

Recently, it was recognized that, secreting soluble factors and exo-
somes that are a type of extracellular vesicles (EVs), is one of the main
mechanisms that MSCs used to affect other cells [15]. Up to now, there
is no study about evaluating the effects of MSC-derived exosomes on the
function and lifespan of neutrophils whether in healthy donors or SCN
patients. So, we designed this study to investigate how MSC-exosomes
and also conditioned media (MSC-CM) affect the function and apoptosis
of neutrophils that were isolated from SCN patients and healthy donors
(Fig. 1). After that, we compared their effects with each other.

2. Materials and methods
2.1. Adipose tissue MSCs (AD-MSCs) isolation

For isolation of MSCs, adipose tissues were obtained from abdom-
inal subcutaneous fat of healthy adult donors. After separating the
adipose tissues from connective tissues, the adipose tissues were cut and
digested by incubating with 0.1% type I collagenase (Gibco, Invitrogen,
USA) in Dulbecco’s modified Eagle’s medium (DMEM) for 30 min at 37°
C. After that, digested tissues were centrifuged at 500g for 10 min.
Then, the pellet was resuspended and cultured in DMEM containing
15% fetal bovine serum (FBS) supplemented with 2 mM 1-glutamine,
streptomycin and penicillin (all from Invitrogen, USA). When MSCs
reached 80-90% confluency, they were passaged.

2.2. Characterization of AD-MSCs

The differentiation capacity of AD-MSCs into adipogenic and os-
teogenic lineages were assessed in vitro. For this aim, 3 x 10* cells were
cultured in each well of 4-well tissue culture plates. Then, osteogenic
and adipogenic induction medium was added to two wells, separately.
Another wells were considered as controls. The differentiation of the
cultured MSCs was monitored and after about 3 weeks, it was con-
firmed by Alizarin red-S and Oil red-O staining for osteogenic and
adipogenic differentiation, respectively.

The surface antigenic profile of AD-MSCs was evaluated using a flow
cytometer FACSCalibur (BD Biosciences, USA). Five antibodies against
human-MSC Markers were used for phenotyping of AD-MSCs, including
CD14, CD90, CD73, CD45 and CD105 (all from eBioscience).

2.3. Preparation of MSC-conditioned media and isolation of exosomes

After the culture of AD-MSCs, the medium was changed about twice
a week until reaching about 80% confluence. Then, the cells were
passaged. Approximately every 3 days, the medium of MSCs from pas-
sage 2, was replaced with the medium containing lower FBS. MSCs
were gradually adapted to FBS-free medium. Finally, FBS-free super-
natants were collected and filtered by 0.22 um filters.

Exosomes were isolated from the collected supernatants according
to the manufacturer’s guidelines of Exocib kit (Cib Biotech Co.). Based
on the protocol of this kit, first the reagent A of the kit was added to
each tube in a ratio of 1:5 (1 reagent A: 5 MSC-CM). This reagent is a
polymer that causes the precipitation of the exosomes. After mixing the
tubes, they were incubated an overnight at 4 °C. Then, they were cen-
trifuged at 1000g for 45 min. The upper layer was removed. Finally, the
reagent B was added to exosome pellet for resuspending it. For evalu-
ating the concentration of isolated exosomes, a bicinchoninic acid
(BCA) protein assay kit (DNAbiotech Co.) was used.

2.4. Characterization of MSC-exosomes

Scanning electron microscopy (SEM) was performed to visualize the
vesicles. For this aim, isolated exosomes were fixed in glutaraldehyde.
Samples were coated with gold by sputter coating and images were
taken by scanning electron microscope (SEM) (MIRA3 TESCAN) [16].
In addition to this, transmission electron microscopy (TEM) (Zeiss-
EM10C) was done to confirm the shape of the isolated exosomes and
before preparing the images, MSC-exosomes were fixed in paraf-
ormaldehyde and glutaraldehyde.

The isolated exosomes were characterized using 0.1 pm polystyrene
beads to adjust the instrument voltages and then they were labeled with
the anti-human antibodies, including anti-CD81 and anti-CD63 anti-
bodies, for flow cytometric analysis (both antibodies were purchased
from eBioscience). The analysis was carried out, using a FACSCalibur
flow cytometer. To analyze the size distribution of the exosomes, they
were diluted in PBS and Tween-20. The size of them was measured
using dynamic light scattering (DLS) Zetasizer Nano ZS (Malvern
Instruments, UK).

2.5. Neutrophil isolation

After collecting informed consents, fresh heparinized blood (10 U/
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Fig. 2. In vitro characterization of AD-MSCs. (A) Fibroblast-like shape of AD-MSCs as evaluated by light microscopy. (B) Oil droplets that were stained with Oil red O
to make sure that MSCs were differentiated into adipogenic lineages, and (C) calcium phosphate accumulation that was seen after Alizarin red S staining to be certain
about the MSCs osteogenic differentiation. (D) The majority of MSCs were positive for surface markers including CD73, CD90, and CD105 and negative for CD14 and
CD45 as determined by flow cytometry. (E) The bars indicate the percentage of MSCs that are positive for each surface marker. The figures show one representative

result from three independent experiments.

ml heparin) was obtained from 5 SCN patients and 5 healthy donors.
First, an equal volume of 3% dextran was added to each blood. After
about 45 min, the upper layer was centrifuged at 400g for 30 min on a
density gradient with Ficoll-Hypaque. Hypotonic lysis was performed
and for preparing cell suspension, RPMI-1640 (Gibco, NY, USA) were
added to isolated neutrophils. One droplet of cell suspension was put on
the glass and Giemsa staining was done to evaluate the purity of the
cells. Another droplet were mixed with trypan blue and microscopic
analysis was performed to measure cell viability. After seeding the
neutrophils in 96 well plates, some wells were treated with 100 pg/ml
exosomes, some other wells were treated with CM at a ratio of 1:1.
Finally the only medium was added to control group wells. The plates
were incubated for 18 h.

2.6. PKH staining

One of the approaches to investigate the exosome uptake is labeling
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the isolated exosomes with a fluorescent dye which should be in-
corporated into the membrane of exosomes. So, isolated exosomes were
stained with PKH67 dye in Diluent C (Sigma-Aldrich, Missouri, USA)
and then blocked with exosome-depleted FBS, according to manu-
facturer’s protocol. Neutrophils were treated with PKH67-stained exo-
somes to monitor the transfer of exosomes into neutrophils. After about
6 h of treatments, the cell suspension was put on a slide and the exo-
some uptake by these cells was observed by fluorescence microscopy.

2.7. Apoptosis assay

The apoptosis percentage of neutrophils was measured using an-
nexin V-FITC apoptosis detection kit (eBioscience). Briefly, after
washing the cells with PBS, they were labelled with FITC-conjugated
annexin V and propidium iodide (PI) for 15min at room temperature
and analyzed by two-colour flow cytometry using a FACSCalibur flow
cytometer.
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Fig. 3. Characterization of exosomes released from AD-MSCs. (A) The shape of MSC-exosomes was evaluated by scanning electron microscopy and (B) transmission
electron microscopy. (C) Cell surface marker expression of isolated exosomes by flow cytometry including CD63 and CD81. (D) The size distribution of them was
monitored by dynamic light scattering. The figures show one representative result from three independent experiments.

2.8. Colorimetric NBT assay

First NBT solution (Sigma-Aldrich, Missouri, USA) was freshly pre-
pared. For this aim, 2.5 mg of NBT powder were mixed with 35 mg of
bovine serum albumin (BSA) and this mixture was resuspended in 2 ml
normal saline. Finally, 4 pg phorbol myristate acetate (PMA) was added
to this solution. At the end of the treatment period, 100 pl of the final
NBT solution was added to each well of the plate containing the treated
or untreated groups. The cells were incubated for 40 min at 37 °C. The
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plates were centrifuged at 400g for 10 min. The formazans were dis-
solved by adding 2M KOH (120 pl/well) followed by dimethyl sulph-
oxide (DMSO) (140 pl/well). Optical density (OD) of the blue solution
was read on an ELISA reader at 630 nm [17].

2.9. Phagocytosis assay

After the treatment period, yeast particles that were previously
killed by heat, suspended in RPMI-1640 and they were counted. Then,
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Fig. 4. The purity and viability of neutrophils, and exosomes uptake by neutrophils using PKH67 dye. (A) The purity of neutrophils was more than 95%, according to
Giemsa staining. (B) Neutrophil viability was more than 97%, as determined by trypan blue dye exclusion. (C) Exosomes, purified from MSC-CM, were labeled with
PKH67 dye and added to cultured neutrophils. PKH-positive neutrophils that were assessed by fluorescent microscopy, (D) Overlay of phase contrast and fluorescent
microscopy. The figures show one representative result from three independent experiments.

this solution was added to the neutrophil suspension at a ratio of 1:10
and incubated at 37 °C. After 60 min, smears were prepared from the
suspensions on the slides and left to dry. Methanol was added to smears
to fix them. Finally, Giemsa staining was carried out and the smears
were analyzed using a light microscopy. Three parameters were re-
ported after analysis. First, the percentage of neutrophils that per-
formed phagocytosis. Second, all yeasts that the analyzed neutrophils
were phagocyted, divided into the number of neutrophils that per-
formed phagocytosis, and the last parameter, that is called phagocytosis
index (Phi), was obtained by multiplying the two mentioned para-
meters.

2.10. Statistical analysis

All experiments in this study were done at least in triplicate. The
results of this report are expressed as means *+ standard deviation
(SD). Statistical analysis was performed using Graphpad Prism 8 soft-
ware. For checking the normality of the distribution, Shapiro-Wilk test
was used and analysis of variance (ANOVA) test was used to analyzed
the statistical differences. P values < 0.05 were considered statistically
significant.

3. Results
3.1. Characterization of AD-MSCs

Morphological analysis of MSCs by light microscopy indicated that
they have a fibroblast-like shape (Fig. 2A). The differentiation capacity
of AD-MSCs into adipocytes and osteocytes were assessed in vitro. After
about 3 weeks, they differentiated into adipogenic (Fig. 2B) and os-
teogenic (Fig. 2C) lineages as monitored by Oil red O staining of oil
droplets and Alizarin red S staining of calcium phosphate accumulation,
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respectively. The surface antigenic profile analysis of AD-MSCs identi-
fied that the most of the cells were positive for CD105, CD90, and
CD73, as MSC-specific markers, and negative for CD14 and CD45
(Fig. 2D and E).

3.2. Characterization of MSC-derived exosomes

To confirm the shape of the exosomes, SEM and TEM were per-
formed and visualized the vesicles (Fig. 3A and B). As shown in Fig. 3C,
the isolated exosomes were positive for CD81 and CD63, as exosome-
s-specific markers, and the size distribution of them was determined
using DLS (Fig. 3D).

3.3. Exosomes uptake by neutrophils

The purity and viability of neutrophils were more than 95%, ac-
cording to Giemsa staining and trypan blue dye exclusion, respectively
(Fig. 4A and B). Treatment of neutrophils with labeled exosomes was
performed about 6 h. After that, the neutrophil suspension was washed
with PBS to remove the exosomes that were not uptake by neutrophils.
Then, the labeled-exosome uptake by neutrophils were observed by
fluorescence microscopy (Fig. 4C and D).

3.4. MSC - exosomes reduced neutrophil apoptosis

As shown in Fig. 5A-G, in both SCN patients and healthy donors,
only exosomes could significantly increase the percentage of viable
neutrophils (SCN patients: 72.6 * 1.75; healthy donors: 93.2 * 0.4)
(P < 0.01), but MSC-CM did not affect neutrophil lifespan, sig-
nificantly. After the comparison of the results between neutrophils
isolated from healthy donors and SCN patients, it was shown that, the
percentage of lived cells in untreated and both of the treated groups,
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were significantly higher in healthy donors (all P < 0.001).

3.5. MSC-exosomes and MSC-CM augment ROS production of neutrophils

As we expected, both CM and exosomes derived from MSCs could
significantly enhance NBT reduction by neutrophils from SCN patients
(exosome: 141.47 + 0.24; CM: 119.26 = 0.3) (P < 0.001), and
healthy donors (exosome: 146.43 = 4.27; CM: 112.32 = 2.99)

1
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(P < 0.05) (Fig. 6).

3.6. MSC-CM increased neutrophil phagocytosis

As shown in Fig. 7, in SCN patients, CM treatment significantly in-
creased phagocytosis percentage (41 *= 6.48; P < 0.05), mean
number of yeasts ingested by neutrophils (3 = 0.13; P < 0.05) and
phagocytosis index (123.75 = 22.55; P < 0.01). But exosome
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Fig. 6. NBT reduction by neutrophils in untreated, exosome-treated and CM-
treated groups. The left and right bars show NBT reduction by neutrophils of
SCN patients and healthy donors, respectively. Data are the mean = SD
(n=5) of three independent experiments. *P < 0.05,
**Pp < 0.01,***P < 0.001 (two-way ANOVA).

treatment only enhanced the average number of ingested yeasts
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treatment  significantly = increased  phagocytosis  percentage
(41.66 = 7.23; P < 0.05) and phagocytosis index (118.66 = 32.25;
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centage of neutrophils (47 + 5.29; P < 0.01), as compared with
controls. After the comparison of the results between neutrophils
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isolated from healthy donors and SCN patients, it was recognized that
in exosome-treated group, the “phagocytosis percentage” was sig-
nificantly higher (P < 0.05), but “the mean number of yeasts ingested
by neutrophils” was significantly lower in healthy neutrophils
(P < 0.05).

4. Discussion

One of the common treatments for SCN patients is G-CSF therapy
that has some supportive effects on neutrophils [5]. Nonetheless, high
risk of MDS or AML is a major concern about the patients receiving G-
CSF. So, other new strategies for improving the neutrophils in these
patients may be beneficial. In the present study, we first explored the
effects of MSC-exosomes and MSC-CM on neutrophils that were isolated
from healthy donors and SCN patients. It was shown that both MSC
mediators can augment the function and viability of their neutrophils.
So, these mediators may be useful treatments for SCN patients.

It was observed that both treatments significantly augmented ROS
production in SCN patients and healthy donors. In SCN patients, MSC-
CM significantly enhanced phagocytosis percentage, the average
number of ingested yeasts and Phi. But exosomes only increased the
mean number of yeasts ingested by neutrophils, significantly. In healthy
neutrophils, CM treatment significantly augmented phagocytosis per-
centage and Phi, but exosomes only improved phagocytosis percentage
of neutrophils. About the lifespan of neutrophils, only exosome treat-
ment could significantly increase the percentage of viable neutrophils

C 200+
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* % BEm Exosome

150 mm CM

100

50

Phagocytosis Index

0_4

SCN

SCN Healthy

Fig. 7. Neutrophil phagocytosis assay. (A) The phagocytosis percentage of neutrophils, (B) The mean number of yeasts ingested by neutrophils, and (C) Phagocytosis
index (Phi) of neutrophils from SCN patients (left bars) and healthy donors (right bars) is indicated. (D, E & F) Representative data for phagocytosis by (D) untreated
neutrophils, (E) exosome-treated neutrophils, and (F) CM-treated neutrophils of healthy donors. (G, H & I) Representative data for phagocytosis by (G) untreated
neutrophils, (H) exosome-treated neutrophils, and (I) CM-treated neutrophils of SCN patients. The arrows show the neutrophils that ingested the yeasts. Data are the
mean * SD (n = 5) of three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001 (two-way ANOVA).
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in both groups.

There are many factors that can account for the effects of MSC-
exosomes or MSC-CM on neutrophils. For example, there are several
mRNAs or miRNAs in exosomes that can cause cell survival or better
function. In a study performed in 2017, the anti-apoptotic effects of
MSC-exosomes on nucleus pulposus cell were investigated. They
showed that MSC-exosomes contain high level of miR-21. This miRNA
can mediate cell survival by targeting many pro-apoptotic genes such as
programmed cell death protein 4 (PDCD4), Apaf-1, PTEN and DR-5.
This report indicated that the main target of miR-21 is PTEN that affects
cells by inhibiting the PI3K/Akt pathway. In addition to PI3K/Akt
pathway activation, it was suggested that PTEN inhibition has also re-
sulted in the activation of Bcl-2 and downregulation of Bad, caspase-3
and Bax molecules [18]. These roles of miR-21 were also reported in Ji
wei Li et al. study that assessed the anti-apoptotic effects of miR-21 on
pulmonary cell apoptosis by suppressing PDCD4 and PTEN [19].

It was recognized that exosomes that were isolated from amniotic
fluid stem cells contain miR-10a. The miR-10a is targets Bim and in-
hibits apoptosis [20]. In addition to miRNAs, exosomes can transfer
multiple mRNAs into recipient cells. For example, the mRNA of inter-
leukin-6 (IL-6) might be transferred from MSC-exosomes into neu-
trophils and translated to IL-6 protein. The autocrine effect of IL-6 will
result in neutrophil survival and better function [21].

Pre treatment or manipulation of the cell source of exosomes can
affect the contents of secreted vesicles or CM. For instance, in Bin Yu
et al. study, the exosomes derived from the GATA4-transduced MSCs
were contained high levels of miR-19 that inhibits PTEN and BIM [22].
A study that performed in 2010, reported that LPS pre-treatment of
MSCs caused inflammatory cytokine secretion by them and enhanced
neutrophil lifespan [8]. So, providing an inflammatory environment
containing LPS or poly I:C for MSCs might be beneficial for increasing
the effects of MSC mediators on neutrophils [8,9,13].

MSC-CM also contains multiple factors such as several pro-in-
flammatory cytokines that can mediate the effects of MSC-CM on
neutrophils [9]. This hypothesis can be confirmed by using tranwell
system and antibodies against the candidate factors. Some studies
performed these experiments to identify the main candidate factors and
according to these reports IL-6 was the main mediator of MSCs para-
crine effects [7-10,13,14].

Up to now, the related studies investigated the effects of MSCs or
MSC-CM on different neutrophil sources. For example, in Imteyaz Khan
et al. study, the sources of neutrophils were cord and adult blood. The
neutrophils were co-cultured with Wharton’s jelly-MSCs (WJ-MSCs).
Then, apoptosis percentage and NADPH oxidase-1 (NOX-1) expression
were measured. They reported that WJ-MSCs prolonged neutrophil
lifespan and decreased gene expression of NOX-1 in both sources of
neutrophils [11]. In another study, that published in 2012 the source of
neutrophil was HL-60 cell. These neutrophils were co-cultured with AD-
MSCs. Then, the function, viability and proliferation of cultured neu-
trophils were evaluated. They mentioned that this co-culture delayed
the apoptosis of neutrophils up to 72h and increased respiratory burst
of them. The authors suggested that these effects of AD-MSCs on neu-
trophils may be due to the higher levels of some cytokines such as in-
terferon-a, G-CSF and transforming growth factor-f3 in AD-MSCs [12].
Also, in a study that performed in 2011, it was reported that IL-6, in-
terferon-3, and GM-CSF and endogenous soluble factors can be med-
iators of these protective effects [9]. In all of the mentioned studies, the
neutrophils from healthy donors or cell line were used for experiments,
but in our study neutrophils from both healthy donor and SCN patient
groups were used and the results of these groups were compared.
Moreover, all of the them explored the effects of MSCs or MSC-CM, but
another aspect of novelty in our study was evaluating the effects of
MSC-exosomes and even MSC-CM on neutrophils. In line with this
study, we investigated the same experiments on neutrophils isolated
from chronic granulomatous disease (CGD) patients and observed sa-
tisfactory results about the neutrophil phagocytosis and NBT reduction.

Human Immunology 80 (2019) 990-998

In addition to this, we performed the same study with Wharton’s jelly
MSCs at different treatment periods and evaluated the effects of MSC
mediators on neutrophils isolated from healthy donors. We recently
published a study showing that the mediators of the AD-MSCs increased
neutrophil survival and function after 12 h of treatment [23]. Some of
the results of that study were different from the current one. It should
be mentioned that all of the five healthy donors in this study was
thoroughly independent and different from the prior publication (in
terms of age and sex). In addition to this, the main difference between
these projects, is the treatment period that was 12h and 18 h for the
prior and current studies, respectively. The treatment period can be the
main factor that is responsible for the differences that were seen. For
example, about the NBT reduction, different results were observed in
the exosome-treated groups. In the current study, the exosome could
significantly increase NBT reduction, but in prior study it couldn’t. It
might be related to the exosome cargo. Because the exosomes contain
mRNAs and miRNAs that apply their effects in longer treatment periods
in comparison with the proteins that exist in CM. In addition to this, the
concentration of the PMA that was used for the neutrophil stimulation
was different in two projects. It was 1 pg/ml for the prior and 2 pg/ml
for the current manuscript. About the different concentrations, it should
be expressed that, a related study showed that the neutrophils of SCN
patients may have functional deficiencies [24]. So, in the current study
it was decided to use a higher concentration of PMA for better ob-
servation of the differences between the groups.

Briefly, in this study after the comparison of exosome-treated and
CM-treated groups with control groups, it was observed that both
treatments had approximately better effects on neutrophil function and
even lifespan. Between MSC-exosomes and MSC-CM, MSC-exosomes
was better candidate for improving neutrophil lifespan.

In summary, we concluded that, mediators of MSCs have supportive
effects on neutrophil function and lifespan in SCN patients and healthy
donors and they can be attractive candidates for treating SCN patients.
However, all of our experiments have to be confirmed in in vivo models
and further studies are needed to determine whether these results can
be generalized to all SCN patients.
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