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Macrophage supernatant infected with Leishmania major mediates the
cytology of fibroblast cells in skin wounds
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Abstract

Objective: Healing of Cutaneous Leishmaniasis relies on the
effective and modulates protective immune responses. Although
the immune system is necessary to eliminate the parasite, it could
be considered as the main cause of ulcers. Therefore, main aim of
this study was to explore the possible regulatory functions of
macrophage supernatant infected with Leishmania major on the
fibroblast cells.

Materials and Methods: In this experimental study, different
concentrations of infected macrophage supernatant extract (50,
100, 150, 200, and 250pg/mL) were tested at different times (6, 24,
48, and 72h) and the effect of the leishmanicidal extract on fibrob-
last cells was determined by MTS assay. Also, the flow-cytometry
technique was used for the investigation of apoptosis induction
percentage.
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Results: MTS assay showed that the leishmanicidal effect of
infected macrophage supernatant extract was dependent on the
concentration and the time of treatment. So, the best efficacy was
observed in 200 pg/mL with 72 hours exposure time. Flow cytom-
etry analysis showed that the infected macrophage supernatant
extract could induce apoptosis in cultured fibroblasts.

Conclusions: We have demonstrated that reduction of survival
rate and induction of apoptosis in fibroblasts displayed a similar
manner to keratinocytes when exposed to infected macrophages
with L. major. Our data suggest that such a phenomenon can be the
underlying cause of lesions with scarring, and future, the mecha-
nism remains to be elucidated.

Introduction

Leishmaniasis is a disease caused by obligate and intracellular
parasites belonging to the Leishmania genus. Cutaneous
Leishmaniasis (CL) is caused by the inoculation of the parasite
Leishmania from sandflies to humans. The severity of the disease
depends on the species and inducing host immune responses.
Several preventive efforts, such as insect vector control and vacci-
nation, were performed to control the disease, but none of them
had been entirely successful.!> Both wound healing and the cre-
ation process are depended on the host immune response. Although
the immune system is necessary to eliminate the parasite, it could
be considered as the leading cause of ulcers, as demonstrated by
the absence of ulcers in patients with AIDS.? The presence of par-
asites in wound site after years of wound healing indicates that
wound healing is not only related to the parasites elimination and
the presence of the parasites is not the only factor playing a role in
the establishment of such wounds. Thus, it seems that how the host
immune system response to the parasite leads to scarring.

Since Leishmania major (L. major) is an intracellular parasite
able to survive and proliferate only in specific immune system
cells such as macrophages in vertebrate hosts, its interaction with
adjacent cells is possible only by changing the behavior of the
immune cells.* In many skin lesions, activation of the immune
system (by autoimmune or external antigen) would induce cell
death in cells of the epidermis by apoptosis, and which is one of
the most important causes of skin ulcers.”® In a few studies which
investigate the mechanism of injury caused by Leishmaniasis, it
has been demonstrated that L. major leads to induce apoptosis in
the keratinocytes.!%-14 However, to create wounds that scars, epi-
dermis cells death are not enough solely, and dermis natural build-
ing also should be significantly damaged to remain a healing
scar.!3 So infected macrophage and sensitized lymphocytes with L.
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major not only effect on epidermal cell apoptosis but also have a
significant impact on dermis structure and cells.

As mentioned, the behaviors of the dermis and epidermis cells
are unknown in response to Leishmania infection, and the effect on
tissue regeneration and wound healing is still unclear. Even there
is no complete information in the case of loss of cells (apoptosis,
necrosis, or reduce proliferation). Therefore, in this study, the
authors are supposed to understand the necessary information
about the effect of Leishmania on the most important cells of the
epidermis and dermis, the keratinocytes and fibroblasts. However,
the epidermis cell death has been explicitly investigated by molec-
ular mechanisms in previous studies.!o!8 However, transfected cell
lines or only one normal cell line was used in previous works can-
not be a true representative of the epidermis cells. Therefore, in
this study, we are looking for more reliable picture from stimula-
tion of macrophage with L. major and their effect on human
fibroblast by using cells from donors and with the least possible
passage in the culture medium. On the other hand, primary infor-
mation about the effects of L. major on the skin tissues was also
achieved by fibroblast cells culture and compared to the effective-
ness of parasitic infection on fibroblasts and keratinocytes.

Materials and Methods

Parasite Culture

The strain of L. major (MRHO/IR/75/ER) was obtained in cry-
opreserved from Department of Parasitology and Mycology,
School of Medicine, Isfahan University of Medical Sciences,
Isfahan, Iran. Promastigotes were cultured in RPMI 1640 (Gibco,
UK) enriched with FBS 10% (Fetal Bovine Serum, Bio-idea, Iran),
100IU/mL of penicillin, and 100 pg/mL of streptomycin and 100
pg/mL gentamycin for mass production.'?

Isolation of macrophage by Ficoll density gradient
separation

The Ficoll density gradient separation of whole blood remains
the most commonly used procedure for the separation of mononu-
clear cells. First, 20 mL of blood from the collection vial was trans-
ferred to a 50 mL tube, and an equal volume of PBS was added and
mixed. 15 mL Ficoll (Biosera, England) was added in a second
50mL tube and carefully layered the diluted blood over the Ficoll.
In the following, the tube was centrifuged without the stop at 400g
for 30 min at 18-24°C. The tubes were carefully removed from the
centrifuge so as not to disturb the layering and remove the
macrophage layer and transfer to a new 50mL tube. In the next
step, we washed macrophage fraction by PBS and centrifuged it at
100g for 10 min at 18-24°C in triplicate. Finally, the supernatant
was decanted, and the cell pellet was re-suspended by the appro-
priate volume of PBS (or media). The cells were cultured in RPMI
1640 medium (Bio-idea, Iran) supplemented with 2 mM L-gluta-
mine, 100U/mL penicillin, 100pg/mL streptomycin, 10% heat-
inactivated FBS, which was changed on day 2 and every 3 days
subsequently. Macrophages were used between days 7 and 10 of
culture.?? LPS is known to induce the appearance of cell character-
istics consistent with mature macrophages.?!

L. major Infected Macrophages

In the next step, L. major was added to cultured cells in a ratio
of ten parasites to one cell and was incubated at 37°C in complete
RPMI 1640 medium. After 24 hours, the monolayers were exten-
sively washed to remove extracellular parasites and adherent cells.
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The supernatant was obtained in 24, 48, 72, and 96 hours after
incubation and was frozen at -20°C.22

Fibroblast cell culture

The fibroblast cells were obtained by a skin punch, Iran. Cells
were cultured in RPMI 1640 medium (Gibco-Invitrogen) supplied
by 10% fetal bovine serum (Gibco-Invitrogen), 1% antibiotic mix-
ture containing penicillin (Sigma-Aldrich) and streptomycin
(Sigma-Aldrich). The cells were stored at a humidified atmosphere
at 37 °C with 5% CO,. The culture medium of cells was changed
approximately every two days, and when they reached more than
80% confluence, they were split with 0.05% Trypsin/0.02% EDTA
and sub-cultured for more passages.

Cell proliferation measurements by colorimetric MTS
assay

Cells were seeded at 4103 per well of a 96-well tissue culture
plate. After 48 hours, the supernatant of infected macrophages and
uninfected macrophages (24, 48, 72, and 96h) were removed by
centrifugation and then added to the fibroblast cells. Cell viability
was investigated using the MTS assay, the Cell Titer 96 Aqueous
One Solution Cell Proliferation (ProMega), after 48 hours. Optical
Density (OD) was recorded at 490nm in a 96-well plate reader
(Biorad). Cell survival was evaluated using the following equa-
tion:23:24

mean OD in test wells — mean OD in cell free wells

Survival fraction =
action mean OD in control wells — mean OD in cell free wells

Apoptosis assessment with flow cytometry

Apoptotic cells were detected using PI staining of small DNA
fragments followed by flow cytometry. The Annexin-V Staining
Kit (Roche, Germany) with Propidium Iodide (PI) was used for the
detection of apoptotic and necrotic cells according to the manufac-
turers protocol. Briefly, the wells were treated with 20 mg/mL con-
centration of extract and were incubated at 24°C. After 72 hours,
promastigotes were washed in cold Phosphate-Buffered Saline
(PBS) and centrifuged at 1400g for 10 min and the pellet re-sus-
pended in the binding buffer to a concentration of 1x105/mL of
promastigotes. Afterward, they were incubated for 15 min at the
room temperature in darkness, with 10uL of Annexin-V in the
presence of PI. Then, the samples were analyzed with FACS
Calibur flow cytometer (Becton Dickinson and Cell Quest soft-
ware), and the percentage of positive cells was determined for each
sample. 2423

Statistical analysis

The data were presented as the mean = SD. Finally, the data
were analyzed using SPSS for Windows (Version 16.0) (SPSS Inc.,
Chicago, IL, USA), and P<0.05 was considered a significant level.

Results

A decrease of fibroblast cell survival fraction by
infected macrophage

The cells were incubated with 24, 48, 72, and 96 hours-super-
natant. As shown in Figure 1, no significant differences were seen
between the controls and those treated with the 24 and 48 hours-
supernatant over the whole range of both supernatant concentra-
tions (p>0.05). Survival fraction decreased after incubation with
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72 and 96 hours-supernatant so that this reduction was more con-
siderable for 96 hours over the whole range of both supernatant
concentrations (p<0.05). These results indicated that 96 hours-
supernatant had remarkable cytotoxicity on fibroblast cells.
Therefore, it was selected as a useful supernatant. Also, there was
no significant difference between the survival fraction of cells
incubated with infected and normal macrophage (p-value>0.05)

Infected macrophage cause fibroblast cell apoptosis
To evaluate apoptosis, dual staining was used. Annexin V-
FITC represents early apoptosis (lower right quadrant, LR) for

30% 50% 70% | 30% 50% 70% | 30% 50% 70% | 30% 50% 70%
24h 48h 72h 96h

® Infected Buninfected ph

P

Figure 1. Survival fraction of fibroblast cells after incubation
with 24, 48, 72 and 96 hours-supernatant.

10t
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internalized Phosphatidylserine (PS), and PI is the symbol of late
apoptosis (upper right quadrant, UR). Therefore, the sum of LR
and UR represents the apoptosis rate. Figure 2 shows the fraction
of fibroblast cells undergoing apoptosis 48 hours after incubation
with 96 hours-supernatant. Significant increase apoptosis was
observed in fibroblast cells, which incubated with 96h-supernatant
compared to control cells (p<0.05).

Discussion

Macrophages have long been considered to be crucial immune
effector cells. They also play an important role in purifying the
cells destroyed by apoptosis and necrosis. Phagocytosis of these
components by macrophages leads to dramatic changes in their
physiology, including alterations in the expression of surface pro-
teins and the production of cytokines and pro-inflammatory medi-
ators.2® Both cutaneous wound creation and healing processes are
depended on the host immune response to the parasite. Although
the immune response is required to remove parasites, it can be a
significant cause of ulcers. The main objective of this study was to
investigate the released from macrophages after infection with L.
major and their effects on fibroblast as the central constructive
cells of the skin.?’

Based on our findings, when fibroblasts were exposed to
macrophages infected with Leishmania major, the reduction of
survival rate and induction of apoptosis occurred similarly to ker-
atinocytes through secreting various elements that are more or less
known. This phenomenon can be the underlying cause of lesions
with scarring. However, these events were less frequent in the
uninfected group.

UL | 097 %

UR | 57.28%

LL | 34.98%

LR | 6.77%

1
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UR | 63 40%
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Figure 2. Flow cytometry analysis of fibroblast following treatment with supernatant of infected macrophage and uninfected
macrophage extract 100 Ug/dL and after labeling with annexin-V and PI (Propidium Iodide). Lower Right region (LR) belongs to apop-
totic cells (annexin-positive) and Upper Left region (UL) belongs to necrotic cells (PI-positive). Upper Right region (UR) belongs to
banded cell region with annexin and PI, and Lower Left region (LL) belongs to survived cells. FL2 is propidium iodide and FL1 is
annexin V. The Figure A belongs to control, the Figure B is for macrophage + supernatant, and the Figure C is for fibroblast cells.
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Macrophages are part of the innate immune system cells. The
consequences of the effects of innate immune responses in humans
exposed to certain types of pollution are not known, and in this
regard, two different scenarios can be presented. A rapid inflamma-
tory response can sometimes enable the host to control the infec-
tion until the immune response arrives. However, rapid and robust
responses to intrinsic immunity may alone, or by reinforcing the
effects of acquired responses, in some cases lead to the develop-
ment and intensification of the complications of the disease.
Examples of such fact include increasing the level of IL-12 pro-
duction in other protozoal diseases, such as malaria, or the use of
this cytokine, as an immunotherapy agent in cancers. In immuno-
histochemical studies, increased levels of this cytokine have led to
complete improvement in cancer in the tested mice.

Nevertheless, their effect on other cells can lead to the stimu-
lation of secondary cytokine production, which could have
irreparable pathophysiological effects.?83! On the other hand,
nitric oxide is one of the elements released from activated
macrophages, which is considered as a free radical and is highly
toxic and destructive, just like other free radicals.’> Macrophages
are activated by Lipopolysaccharide (LPS) and it seems that the
presence and activation of high levels of macrophages in the cul-
ture medium in the uninfected group may lead to secrete high lev-
els of IL-12, and therefore it could be one of the reasons for
increased mortality in the uninfected group.

However, the inhibition of IL-12 production at the onset of the
parasite into the macrophage is one of the essential parasitic escape
mechanisms from immune responses. When the parasite infects the
macrophage, it does not allow macrophage to be activated. More
importantly, the parasite continuously inhibits the release of
cytokines such as IL-12 from infected cells and prevents them
from stimulating such cytokines through several pathways. By the
suppression of these cytokines and their stimulation pathways, the
parasite begins to multiply until the cells break down and infect
other surrounding cells, resulting in a complete parasite infection
without the attention of the immune system.334 Surprisingly, as
noted above, the introduction of the parasite into the macrophage
does not permit macrophages to be activated. As a result, the pas-
sive macrophage also loses its ability to produce free radicals such
as IL-12; this difference is seen between the uninfected and infect-
ed group. So it is expected that, unlike the uninfected group, which
produces large amounts of free radicals, the other agents, which are
released due to L. primary parasite infection, lead to the destruc-
tion of skin tissue.3%37

Conclusions

In the end, the destruction of human fibroblasts in the medium
through both infected and uninfected groups was evident. Because
macrophages do not have such harmful effects on skin cells in the
normal state of the body, and on the other hand, the infected
macrophages are inactive and cannot produce IL-12 and free radi-
cals, such as nitrite oxide, it seems that what leads to tissue
destruction due to infection with the L. major is the response of the
macrophage to the presence of the parasite. In our current study,
we did not fully explore which elements were released from
macrophage infected with L. major and compared their levels with
healthy macrophages. Therefore, the nature and mode of the pos-
tulated mediators remain to be explored in future studies.
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