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. Adipose-derived stem cells can
improve wound healing caused by the
leishmania parasite by increasing the
levels of cytokines and growth factors.
Furthermore, it is known that secretomes
of stem cells exert more sophisticated
functions than their cellular provenance,
which can lead to a better outcome in the
treatment of leishmania wounds.

. We found that the administration of
adipose-derived stem cell secretomes can
clean the wound and spleen of the leishmania
parasite, comparatively through the immune
system and cytokines regulation.

Background: Stem cell-derived secretome (SE) released into
the extracellular space contributes to tissue repair. The present
study aimed to investigate the impact of isolated secretome
(SE) from adipose-derived mesenchymal stem cells (ASCs) on
Leishmania major (L. major) lesions in BALB/c mice.
Methods: This experimental study was conducted at Ahvaz
University of Medical Sciences (Ahvaz, Iran) in 2021. Forty
female BALB/c mice were infected with stationary phase
promastigotes through intradermal injection in the bottom
of their tail and randomly divided into four groups (n=10 per
group). The mice were given SE (20 mg/mL), either alone or in
combination with Glucantime (GC, 20 mg/mL/Kg), meglumine
antimoniate (20 mg/mL/Kg) for the GC group, and phosphate-
buffered saline (PBS) for the control group. After eight weeks,
the lesion size, histopathology, the levels of Interleukin 10 (IL-
10), and Interleukin 12 (IL-12) were assessed. For the comparison
of values between groups, the parametric one-way ANOVA was
used to assess statistical significance.

Results: At the end of the experiment, the mice that received
SE had smaller lesions (4.56+0.83 mm versus 3.62+0.59
mm, P=0.092), lower levels of IL-10 (66.5+9.7 pg/mL versus
285.4+25.2 pg/mL, P<0.001), and higher levels of IL-12
(152.2+14.2 pg/mL versus 24.2+4.4 pg/mL, P<0.001) than the
control. Histopathology findings revealed that mice treated with
SE had a lower parasite burden in lesions and spleen than the
control group.

Conclusion: The current study demonstrated that ADSC-
derived SE could protect mice infected with L. major against
leishmaniasis.
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Introduction

Cutaneous leishmaniasis (CL) is a prevalent vector-borne
parasitic disease that primarily affects under-developing countries
in South and Central America, Central Asia, the Middle East, and
the Mediterranean Basin.! In Iran, CL is endemic, but in recent
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years considerable changes in the distribution
of the disease have emerged, and nearly 25000
cases were detected annually.?

In the ancient world, Leishmania major (L.
major), which is transmitted through the blood-
feeding of a female sand fly, is the primary
agent that causes zoonotic and anthroponotic
cutaneous leishmaniasis (ZCL and ACL).?
Clinical infections caused by L. major prominently
manifest as ulcer-crusted lesions on the
extremities that rapidly necrotize and produce
wet sores. Following infection, more than half of
the ZCL patients recover within 2-8 months.*

One of the remarkable features of successful
CL treatment is a reduction in wound size.
Successful parasite removal from lymphoid
organs such as the spleen is another intriguing
feature of leishmaniasis treatment.®

A wide range of treatment approaches,
including antibiotics, antifungal medicines,
and several anti-tumor compounds have been
evaluated or repurposed for CL. Meglumine
antimoniate is a manufactured medicine, known
as Glucantime (GC), which is the gold standard
therapy for leishmaniasis.® However, patients
begin to experience its side effects such as joint
pain, headache, nausea, heart dysfunction, and
pancreatitis. Thus, to combat CL, novel and safe
medicines must be developed.®

Recently, stem cell therapy is widely
regarded as a key treatment for conditions such
as osteoarthritis, heart failure, neurological
diseases, and even wound healing.” Adipose-
derived stem cells (ASCs) promoted wound
healing by decreasing inflammation, inducing
angiogenesis, stimulating the proliferation of
fibroblasts, and generating an extracellular
matrix.® ASCs can be quickly acquired using
liposuction from autologous subcutaneous
adipose tissue with high cellular activity and
without any ethical concerns. The secretory
substances (Secretome) of ASCs (ASCs-SE)
have many compounds, including growth
factors, cytokines, chemokine, and extracellular
vesicles, that are involved in cell signaling.®
There is convincing evidence that SE exerts
more complex functions than their cellular
provenance. SE is additionally a suitable
candidate for treating various diseases,
because they can be easily synthesized at a low
cost in laboratories with limited facility settings.”
Moreover, SE regulates the immune system'™
and may increase the secretion of some critical
cytokines throughout the CL healing process.

To regulate inflammation, the ACSs transform
the macrophage from pro-inflammatory (M1) to
anti-inflammatory (M2), which has beneficial
effects on skin wounds in individuals with
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vascular dysfunction, diabetes, radiation, and
burns history."

L. major secretes Interleukin 10 (IL-10) to
suppress pro-inflammatory cytokine secretion
and increase parasite survival.'? Decreasing
Interleukin 12 (IL-12) and increasing IL-10 levels
lead to changes in the macrophage phenotype
and inhibit parasite clearance.” L. major impairs
IL-12 production of macrophages in vitro, even
in the presence of interferon-gamma (IFN-y).'* 5

Since a definitive treatment of the wound and
complications caused by L. major has yet to be
discovered, and the role of cytokines IL-10 and
IL-12 in the pathogenesis of L.major is known,
this study aimed to evaluate the effect of the
ASC-SE, which has various growth factors and
cytokines, on the lesions caused by L. major in
BALB/c mice.

Materials and Methods

Study Design

Forty female BALB/c mice (age=four
weeks) were purchased from Royan Research
Center (Tehran, Iran). The rats were housed
in a standard vivarium, fed a standard diet,
and water ad libitum, and kept under standard
conditions (12-hour light:dark cycle, temperature
20-25 °C, and humidity 25-35%). Experimental
protocols were according to the Guide for the
Care and Use of Laboratory Animals. The
study was approved by the Ethics Committee
of Jundishapur University of Medical Sciences,
Ahvaz, Iran (Ethical Approval No. IR.AJUMS.
ABHC.REC.1398.054).

Establishing Infected Animals

The standard L. major (code: MRHO/IR/75/
ER) promastigotes of the second-round passage
were obtained from Iran’s Pasteur Institute. The
promastigotes were cultured in Falcon tubes
containing RPMI 1640 (Roswell Park Memorial
Institute 1640, Gibco, NM, USA) supplemented
with 10% fetal calf serum (FCS, Gibco, USA) and
incubated at 25 °C. Subsequently, the stationary
phase parasites were centrifuged at 1,200 rpm for
three min, and the supernatant was discarded.
Finally, a suspension of 108 parasites in 0.2 mL
of sterile PBS was intradermally injected into
the mice at the base of their tail. The mice were
examined every day from the inoculation moment
until the emergence of lesions (4-6 weeks).

Stem Cell Extraction from Adipose Tissue

Four young inbred male BALB/c mice were
euthanized using ketamine (100 mg/Kg; Alfasan,
Netherlands) and xylazine (10 mg/Kg; Alfasan,
Netherlands) to obtain ASCs. The epididymal
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fats were then isolated and washed using sterile
PBS containing penicillin-streptomycin (Sigma-
Aldrich, USA) antibiotics. After mesh-based
slicing of fat tissues (1 mm pieces), they were
placed into a Falcon tube containing 9 mL DMEM
medium (Gibco, USA), and 1 mL collagenase
(Gibco, USA), and were shaken for 30-40 min.
The resultant suspension was centrifuged at
1,200 rpm for 10 min, and the cellular pellet
was cultured in 5 mL DMEM supplemented with
15% FCS and placed in a standard cell culture
incubator. The culture medium was replaced
with fresh DMEM containing 10% serum and
antibiotics every three days. Osteogenic and
adipogenic potentials, at passage 3, were
evaluated using Alizarin-Red (Sigma-Aldrich,
USA) and Oil-red O (Sigma-Aldrich, USA)
staining, respectively.

For detecting specific surface markers, ASCs
(1,000,000 Cells), at passage 3, were exposed
to fluorescein isothiocyanate (FITC)-conjugated
antibody CD90 (ab11155), CD44 (ab30405),
CD73 (ab239246), and CD34 (ab18227) diluted
in PBS for 40 min on ice. After washing with
PBS, the fluorescence intensity of ASCs was
measured using a flow cytometry instrument
(Becton Dickinson, USA), and the data were
analyzed using Flow-Jo software.

Secretome Extraction

The culture medium was replaced with 5 mL
serum-free DMEM at passage 3. This medium
was collected after 48 hours in a special
Falcon tube (Amicon® Ultra-10k, Ireland) and
concentrated for 18 hours using a high-speed
centrifugation at 5,000 g. The amount of the
secreted protein was quantified and keptat-70 °C
until use.

Animal Groups
The mice were randomly divided into four
groups, and each group received 0.2 mL of
treatment compound every seven days:
Control: received only phosphate buffered saline
(PBS).
GC: treated with meglumine antimoniate (GC)
(20 mg/mL/Kg)
SE: received secretome (20 mg/mL/KQ)
SE+GC: received SE and GC (20 mg/mL/Kg)
All injections were administered
intralesionally. The length and width of the
lesions were measured with a caliper, and then
the lesion size (mm?) was determined using the
following formula: D+d/2, where “D” is the length
of the lesion, and “d” is its width.

Measuring Interleukin-10 and 12
At the end of the experiment, the mice were
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euthanized using ketamine (100 mg/Kg; Alfasan,
Netherlands) and xylazine (10 mg/Kg; Alfasan,
Netherlands), and blood samples were collected
from their hearts. The serum was separated and
stored at -70 °C. The protein levels of the IL-10
and IL-12 were measured using ELISA kits (R&D
Systems, USA).

Histopathological Examination

To prepare slides (5 um) for histopathological
examinations of the parasite burden, the spleen
samples were fixed in formalin 10%. Then, the
slides were stained with hematoxylin and eosin
(H&E) and examined using light microscopy.

Statistical Analysis

The data were analyzed using SPSS software
(version 21; IBM, USA). All data were examined
for normal distribution by the Shapiro-Wilk test.
The parametric one-way ANOVA was used to
determine statistical significance, followed by
Tukey’s multiple comparison post hoc test. The
results were expressed as meantSD. P<0.05
was considered to be statistically significant.

Characterization of ASCs

Flow cytometry method revealed that ASCs
had highly expressed mesenchymal stem cell
surface markers including CD44, CD73, and
CD90, but low expression of hematopoietic
stem cell surface markers, i.e., CD34 (figure 1).
The Alizarin Red (A) and Oil Red O (B) staining
indicated the osteogenic and adipogenic
differentiation potential of ASCs (figure 2).
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Figure 1: Characterization of ASCs is shown by flo
cytometry. CD44, CD73, CD90, and mesenchymal stem cell

surface markers were highly expressed. CD34, hematopoietic
stem cell surface markers indicated low expression.
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Figure 2: Characterization of ASCs is illustrated using
histochemistry. The Alizarin Red (A) and Oil Red O (B)

staining indicated the osteogenic and adipogenicity
differentiation potential of ASCs.

Lesion Size

The results of Tukey’s post hoc test, on the
seventh day, showed no statistically significant
difference between the average of the control
group and all the experimental groups.

On day 28, the mean of the control group
(10.24 mm) was higher than the mean of the GC
group (6.13 mm), which indicated a significant
difference between the two groups (P=0.034).
The average wound size in the SE group was
significantly smaller (7.26 mm; P=0.019) than
the control group (10.24 mm). The average
wound size in the SE+GC group (4.54 mm) was
significantly smaller than the control (10.24 mm;
P=0.038).

On the 56" day, there was a significant
difference between the mean of GC and the
control group (P=0.004); the control group
mean (12.79 mm) was higher than the GC
mean (3.62 mm). The average wound size in
the control group (12.79 mm) was significantly
larger than the SE (4.56 mm; P=0.002). The
average wound size in the SE+GC group (4.35
mm) was significantly smaller than the control
group (12.79 mm; P=0.003). These findings are
presented in table 1, figures 3 and 4.

Histopathological Examination
In the SE and MA groups, parasites

Control

SE+GC

Treatment of cutaneous leishmaniasis|
wounds with Glucantime (GC), Secretome (SE), and
Secretome+Glucantime (SE+GC) and comparing with the
control group on days 7, 28, and 56 days after treatment. On|
day 7, the size of the wounds in the control and treatmen
groups did not show significant changes. On days 28 and
56, the size of the wounds in the experimental groups was|
smaller than the control group.

Figure 3:

disappeared from the spleens. L. major was
found in the spleens of the control group. Only
one mouse of the SE+CG group had parasites in
its spleen (figure 5).

Cytokine Assay

Cytokine levels were examined using a one-
way ANOVA followed by Tukey’s post hoc test.
The control group and other experimental groups
had significantly different means for IL-10 and
IL-12. The mean of the IL-10 level in the control
group (258.4 pg/mL) was significantly higher
than the mean of GC (48.15 pg/mL; P=0.001).

Table 1: Wound size analysis results in different groups of mice (n=40)

Groups MeanzSD (mm) P value
Day 7 Control 5.43+1.12 -
GC 5.51+1.23 0.093
SE 5.62+0.98 0.103
GC+SE 5.46+0.87 0.085
Day 28 Control 10.2+1.72 -
GC 6.13+1.41* 0.034
SE 7.26+1.53* 0.019
GC+SE 4.54+0.67* 0.038
Day 56 Control 12.7£1.39 -
GC 3.62+0.59** 0.004
SE 4.56+0.83** 0.002
GC+SE 4.35+0.54** 0.003

Data were analyzed using one-way ANOVA followed by Tukey’s post hoc test. All the comparisons were made between the
experimental groups and the control group. GC: Glucantime; SE: Secretome; SE+GC: Secretome+Glucantime; *P<0.05;

**P<0.01
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Figure 4: Average sizes of CL in different groups
(meantSD). GC: Glucantime; SE: Secretome; SE+GC:

Secretome+Glucantime; *Compared with the control group|
(P<0.05); **P<0.01

Furthermore, the average IL-10 level in the
control group (258.4 pg/mL) was significantly
higher than the SE (66.57 pg/mL) and SE+GC
(54.29 pg/mL) groups (P<0.001). The mean of
the IL-12 level in the control group (24.2 pg/mL)
was significantly lower than the mean of the GC
group (95.01 pg/mL; P=0.004).

Additionally, the average IL-12 level in the
control group (24.2 pg/mL) was significantly
lower than the SE (152.2 pg/mL) and SE+GC
(140.5 pg/mL) groups (P<0.001). The protein
levels of IL-10 and IL-12 in the SE (152.2 pg/
mL) and SE+GC (140.5 pg/mL) groups were
significantly higher than the GC group (95.01
pg/mL; P<0.001). Table 2 and figure 6 show the
results of the pair-wise comparison of serum
cytokine levels.

In this study, ASC-SE effectively improved
CL wound healing in a BALB/c mice model. In
line with our findings, intradermal injection of
ASC-SE resulted in a significant decrease in
wound size in diabetic ulcer subjects.'® Another
study found that intradermal injection of ASCs
enhanced skin wound healing in mice."”

In the present study, there was a significant

ASCe-SE attenuates leishmaniasis in mice

Figure 5: Parasites (arrows) were observed in the spleen
of the mice of the control group (A) and GC+SE (B) groups.

Magpnifications: x400; GC: Glucantime; SE: Secretome

decrease in the wound size and parasite burden
in the spleens of the experimental groups
after 28 days. Similarly, Navard and others
found that at the end of the MSC therapy (day
30), the size of leishmanial lesions in the mice
was decreased, and the parasite burden in
histological examinations was significantly
diminished.”® Tadeu and colleagues indicated
that ASCs in combination with GC significantly
improved CL." According to Bahrami and others,
ASCs reduced the size of CL in a manner that
was comparable to that of GC.?° In the present

Table 2: Serum levels of the IL-10 and IL-12 analysis in the different groups

Groups Mean*SD (pg/mL) P value
IL-10 Control 258.4+25.2 -
GC 48.1£8.9*** 0.0001
SE 66.5+9.7*** 0.0001
GC+SE 54.2+11.1*** 0.0001
IL-12 Control 24.2+4 4 -
GC 95+12.1** 0.004
SE 152+14.2*** 0.0001
GC+SE 140.5+13.3*** 0.0001

Data were analyzed using a one-way ANOVA followed by Tukey’s post hoc test. All comparisons were made between the
experimental groups and the control group. GC: Glucantime; SE: Secretome; SE+GC: Secretome+Glucantime; **P<0.01;
***P<0.001
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Figure 6: Serum concentrations of IL-10 and IL-12 in
different groups analyzed with the Mann-Whitney U test
(meantSD). GC: Glucantime; SE: Secretome; SE+GC:

Protein level of
IL-12 (pg/mL)

Secretom+Glucantime; *P<0.01; **P<0.001; #P<0.05; * and
# show comparison to the control and GC groups

study, the wound size was slightly larger than
in the GC-treated group, which indicated the
efficacy of SE on CL healing.

This study did not reveal the exact
mechanism through which the CL was improved
by the ASCs-SE. ASCs-SE may improve wound
healing by boosting the levels of cytokines and
growth factors involved in angiogenesis and
epithelial cell proliferation.? Ma and others
reported that injection of ASCs-SE into the
wound of mice enhanced wound healing and
increases vascular epithelial growth factor
(VEGF). VEGF promotes the proliferation and
migration of endothelial cells.?

SE, as mentioned in the results, could clean
the parasites from the spleen and wound lesions.
Macrophages are the prominent resident and
effector cells for the Leishmania parasites.
These cells play a crucial role in controlling
and eliminating parasites by secreting critical
cytokines and chemokines that activate T
cells.?® Similarly, Zanganeh and others reported
that the intravascular administration of ASCs
significantly reduced the parasite burden in
the spleen and decreased T regulatory cells in
BALB/c mice.?*

Inthe presentinvestigation, parasite clearance
from the spleen was followed by an increase in
IL-12 and a decrease in IL-10 levels in the SE
group. In line with our findings, intravenous
injection of ASCs reduced IL-10 levels and
eliminated the Jeishmania parasite from the
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spleen of BALB/c mice.?* The in vivo co-culture
of BALB/c-derived macrophages and ASCs
could improve macrophage’s phagocytic activity
to engulf parasites.?* According to the findings of
recent studies, L. major stimulates macrophages
to release IL-10 for suppressing inflammatory
responses, which is necessary for Leishmania
wound healing by inhibiting Natural Killer
cells and reducing the proliferation of T helper
lymphocytes.?> 26 The IL-10 levels were elevated
in the wild-type C57BL/6 mice infected with the
L. donovani parasite (visceral leishmania).?’
Another study found that IL-10 defective
BALB/c and C57BL/6 mouse models of visceral
leishmaniasis were resistant to L. donovani
infection.?® Therefore, SE might improve wound
healing and parasite burden by suppressing
IL-10 secretion from the macrophages.

In a previous study, bone marrow-MSCs
injection into P. berghei-infected mice reduced
the ratio of IL-10 to IL-12 and the number of
regulatory T cells. IL-12 has a crucial role in the
ability of treated visceral leishmaniasis patients
to generate IFN-y, whereas IL-10 inhibits this
response.?® Li and colleagues investigated the
effect of IL-12 on collagen structure and cellular
metabolic activity during skin wound healing.
Their findings revealed that IL-12 increased
cellular metabolic response in the skin wound of
the radiation-exposed mice.3°

One of the limitations of the present study
was that we could not measure the amount of
IL-12 in the wound-injected SE. The increased
plasma level of IL-12 in the infected mice might
be due to the presence of IL-12 in the injected
SE or stimulating macrophages to release
IL-12 by SE. Besides, unknown SE compounds
might stimulate other immune cells to produce
IL-12, which in turn stimulates macrophages to
eliminate the parasites.

Conclusion

The present study indicated that administration
of ADSC-SE into the CL accelerated wound
healing by enhancing plasma levels of IL-12
in mice. It is also noteworthy that the SE may
inhibit the migration of L. major into the spleen
by regulating the immune system. The high
efficacy of the SE against CL could be attributed
to macromolecules, such as IL-12, involved in
wound healing. However, further investigations
need to determine the precise mechanism of SE
on the CL produced by L. major.
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