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ARTICLE INFO ABSTRACT

Monocytes are mononuclear phagocytes in peripheral blood that can differentiate into macrophages and den-
dritic cells. Macrophages play a specific role in the inflammatory process and are essential for the innate re-
sponse. Given the important role of monocytes/macrophages in the immune response, this study aimed to
evaluate the activity of kojic acid (KA), a natural product of certain fungal species, on human peripheral blood
monocytes in vitro. Purified monocytes isolated from human blood were incubated with KA (50 pg/mL for 48 h)
and analyzed by light microscopy, scanning electron microscopy, transmission electron microscopy and flow
cytometry. Host cell cytotoxicity was measured by the colorimetric MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide) assay. KA treatment induced morphological alterations in monocytes, such as in-
creased cell size, as well as numerous cellular projections. Furthermore, flow cytometry revealed increased
labeling of cell surface EMR1-F4/80 but decreased labeling of CD11b and CD14. KA also promoted increased IL-
6 cytokine production but did not cause cytotoxic effects in monocytes. In conclusion, our results show that KA
promotes the differentiation of monocytes into macrophages and can act as an immunomodulatory agent.
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1. Introduction

Monocytes, mononuclear phagocytes that are present in peripheral
blood, can differentiate into macrophages [1] as well as dendritic cells
[2-4]. The differentiation process begins when a monocyte migrates
from circulating blood into surrounding tissues [5]. A number of cy-
tokines that aid in the differentiation process are released during mi-
gration, including macrophage colony-stimulating factor (M-CSF),
tumor necrosis factor alpha (TNF-a) and interleukin 6 (IL-6) [3,6]. IL-6
secreted by monocytes and macrophages also contributes to the re-
moval of infectious agents and restoration of damaged tissues by acti-
vating the immune response [7].

During the differentiation/maturation process, monocytes undergo
several morphological changes. Blood monocytes display few filopodia,
a reduced cytoplasmic area and few organelles [8-11]. However, cells
that are differentiating/maturing exhibit an increased size, numerous
cytoplasmic projections, enhanced spreading ability, autophagy

induction (increased LC3b protein) and surface protein pattern changes
(increased EMR1-F4/80 and CD80 and reduced CD11b and CD14)
[12-15].

Macrophages are differentiated cells that are important for innate
immunity, secretion of cytokines, elimination of several intracellular
pathogens after activation and establishment of an effective immune
response [4,16]. Moreover, studies have show that by providing pro-
tection against intracellular pathogens, such as fungi, bacteria and
protozoans, monocytes (non-differentiated circulating cells) are also
important regulators of homeostasis [17]. It is interesting to note that
modulation of monocyte differentiation into macrophages can be in-
duced by M-CSF or other biologically active compounds, including
natural products [18-21].

Kojic acid (KA), a natural product produced by Aspergillus,
Penicillium and Acetobacter fungi [22], has various biological properties,
such as potent tyrosine-inhibition properties as well as antioxidant and
antitumor activities [23-26]. Previously, we reported that KA can
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induce activation of murine peritoneal macrophages by increasing re-
active oxygen species (ROS) production without causing cytotoxic ef-
fects [27]. Additionally, KA exerts antileishmanial activity against
Leishmania (L.) amazonensis both in vitro and in vivo [28]. It is probable
that KA’s capacity to promote death in Leishmania and to induce in-
creased ROS production is due to immunomodulation and to the in-
duction of proinflammatory cytokines.

In the present study, we investigated the modulatory action of KA
on human monocytes to determine if this metabolite can induce mor-
phological changes and exhibits immunomodulatory activity toward
these cells.

2. Materials and methods
2.1. Kojic acid (KA)

KA (SIGMA®) was diluted to 1 mg/mL in Dulbecco’s Modified Eagle
Medium (DMEM). This was used as the standard solution to obtain the
concentration (50 pg/mL) chosen for this study, as based on our current
results and previous data from our group [27].

2.2. Isolation of human mononuclear cells

Monocytes were isolated from peripheral blood (collected in EDTA)
that was obtained from healthy humans (Blood collection center,
Belém, Para, Brazil). The cells were separated using Histopaque®-1077
(SIGMA®) according to Smit et al., [20]. The cells were incubated at
37°C under 5% CO, in a humidified atmosphere with Dulbecco's
Modified Eagle’s Medium (DMEM) (pH 7.2).

Subsequently, non-adherent cells were removed, and 50 pg/mL KA
was added for 48 h. Positive control cells were treated with 100 nM M-
CSF (SIGMA®) and maintained in parallel. The experiments and study
were performed in accordance with a current Brazilian resolution re-
lated to research involving human subjects (Resolution number 466/
2012/ Ministry of Health, Brazil). The protocol was approved by the
Committee for Ethics in Research (CEP) through the platform Brazil and
Institute of Health Sciences of the Federal University of Para (CEP/ICS/
UFPA- Number CAEE 42632915.0.0000.0018).

2.3. Measurement of cell viability using the MTT assay

The MTT assay is based on the mitochondrial-dependent reduction
of 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide
(MTT) (SIGMA®) to formazan. The procedure was performed following
a protocol described by Fotakis and Timbrell. [29] with some mod-
ifications. Briefly, monocytes were treated with 10-100 pg/mL KA for
48 h. Subsequently, the cells were incubated with 0.5 mg/mL MTT for
3h at 37°C in a humidified atmosphere containing 5% CO,. Subse-
quently the incubation was added dimethyl sulfoxide (DMSO) and
gentle shaking for 5 min to achieve complete dissolution. The resulting
solutions were transferred to 96-well plates, and the absorbance was
recorded at 570 nm using a microplate spectrophotometer (BIORAD
Model 450 Microplate Reader).

2.4. Light microscopy (LM)

Monocytes were cultured and treated before being divided into
three groups: control (nontreated cells), cells treated with KA (50 pug/
mL for 48 h), and cells treated with M-CSF (100 nM). Cells were fixed in
a solution containing 3% paraformaldehyde in PHEM buffer (5 mM
magnesium chloride, 70 mM potassium chloride, 10 mM EGTA, 20 mM
HEPES, 60 mM PIPES) at 0.1 M and pH 7.2. They were then stained
with Giemsa (SIGMA®) for 30 min at room temperature before being
covered with Entellan® (Merck). Cells were analyzed using an Olympus
BX41 microscope.
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Fig. 1. Viability of macrophages treated with kojic acid measured by the MTT assay after
48h of treatment. KA does not induce cytotoxic effects in monocytes. Viability was ob-
tained for various concentrations of KA (10-100 ug/mL). The viability of treated and
untreated cells is reported as absorbance, which was recorded as optical density (OD) at
570 nm. Data were analyzed by ANOVA followed by the Tukey test (p < 0.05).

2.5. Scanning electron microscopy (SEM)

Human monocytes were cultured on coated coverslips and treated
with 50 pg/mL KA for 48 h. The samples were processed for SEM, as
described Rodrigues et al., [27].

2.6. Transmission electron microscopy (TEM)

Control and treated human monocytes (50 pg/mL KA for 48 h) were
cultured in flasks, washed with phosphate-buffered saline (PBS) and
processed for conventional TEM, as described by Da Silva et al. [30].
Thin sections were obtained and stained with uranyl acetate and lead
citrate. The sections were analyzed using a Zeiss LEO 906E TEM.

2.7. Morphometric analysis

Morphometric analysis was performed using ImageJ (NIH) software,
and pictures were obtained by scanning electron microscopy (SEM).
The cytoplasmic areas of the control and treated cells (50 ug/mL KA for
48 h) were analyzed as previously described by Sokol et al. [31] and
Papadopulos et al. [32].

2.8. Detection of surface markers EMR1-F4/80, CD14, CD11b and CD11c
by flow cytometry

Human monocytes (1 X 10°) were cultured and fixed for 30 min in
3% freshly prepared formaldehyde in PHEM buffer. The control and
treated cells (50 pg/mL) were incubated with 50 mM NH,CI for 1 h and
with glycine buffer (0.1 M) for 10 min and then washed with PBS (pH
8.0) containing 1% bovine serum albumin (BSA) and 0.01% Tween 20
(PBS-BSA-Tw). Subsequently, the cells were incubated for 1 h with a rat
anti-mouse/human EMR1-F4/80 monoclonal antibody (Santa Cruz
Biotechnology®) or an antibody against CD11b (BD Bioscience®) or
CD11c (BD Bioscience®) diluted 1:50 in PBS-BSA-Tw. The cells were
washed with PBS-BSA-Tw and incubated for 45 min with PE-goat anti-
rat IgG (Abcam®) diluted 1:50 in PBS-BSA-Tw and analyzed by flow
cytometry. Data were acquired with a FACSCanto II cytometer using
Diva software from Becton Dickinson (San Jose). The results were
analyzed by WinMDI, version 2.9 (Joseph Trotter). Positive control cells
treated with M-CSF (100 nM) were maintained in parallel. All experi-
ments with treated and untreated cells were performed at least three
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