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Abstract:

Background: Leishmania Species produced diseases include clinical problems from
cutaneous self-limiting to severe non-healing forms such as visceral leishmaniasis
(VL). As an obligatory intracellular parasite these pathogens proliferate and survive
inside macrophages in animals and human; while these cells as a major host immune
cell destroy majority of disease producing agents. Because macrophages act as first
line of innate immunity, produce several molecules when activated. Proinflammatory
and inflammatory cytokines are produced by these cells through their activation, act
as main coordinators of the immune system against pathogens and other harmful
disease producing factors against the body. Through such a mechanism the immune
response resolves the problem. To play such a critical role many cells as monocytes,
macrophages, DCs and others involved in T cell regulation to establish proper innate
and adaptive immunity responses. Proinflammatory and inflammatory cytokines are
produced in a network acting through many signal pathways.
Methods:Inthisdescriptive designed study, quality-controlled cDN A samplessequenced
(RNA-seq) and mapped against a standard human genome version.

Results: Based on the results of this study, proinflammatory and inflammatory gene
expressions were significantly upregulated.

Conclusion: Upregulations of proinflammatory and inflammatory gene expressions
early infection time might be an indication for an early innate immunity response.

immune cells get infected and let the parasite to easily

Leishmaniasis is a worldwide health problem
caused by Leishmania species as an intracellular
obligate protozoan that proliferate and survive
inside a harsh environment. Leishmaniasis clinically
manifests as cutaneous, mucocutaneus and visceral
forms. Cutaneous forms are the most prevalent, and
distributed almost in all parts of the world. In Iran
it’s prevalent in north east parts as Golestan province,
parts of Khorasan, Esfahan and Kerman provinces that
the principle infective parasite types are L. major and
L. tropica species. Recently some cases of visceral
cases have reported from parts of Iran.

Leishmania parasites are very smart and make
subversions and alterations on protective potentials
of the host immune cells to be able to proliferate and
survive inside them. For this, much times researchers
faced with the questions such as “Why the host

proliferate and survive inside them and produce
the disease?” and to answer this type questions
many studies have been carried out and because
macrophages as one of the most potent involved host
immune cells, majority of studies have focused on
immune response against the parasite and clarifying
of metabolic changes following infection.

Following inoculation of the parasite by the insect
(sand fly) it enters into the blood and are attached by
complement system proteins and get destroyed up to
90 present (1) and then pursued to be phagocytized
by neutrophils and macrophages. Neutrophils have
few life spans and few hours later destroyed after
infection and released promastigotes together with
neutrophil residues are phagocytized by macrophages
and dendritic cells (DCs) (2). Phagocytosis of parasite
elements by neutrophils known as “Trojan horse” (3)
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and some in vivo studies on mice demonstrate that this
is a way to production of more severe clinical problem;
while in absence of such a phenomenon disease
production capacity of the pathogen is not more severe
(4). It seems that through such a process the parasite
better learns how to make a hostile environment to
proliferate and survive.

In order to better controlling of the pathogen, innate
immunity primarily reacts and then adaptive immunity
involved. Immune cells as neutrophils, macrophages,
DCs, natural killer cells (NK cells) and critical
molecules as cytokines and complement system are
some elements of innate immunity. In fact neutrophils
and macrophages are in first line when leishmania
species infect animals and human. LipoPhosphoGlycan
(LPG) and a zinc dependent protease (gp63) are two
surface proteins present in leishmania species and
have shown to be very effective tools of disease
production by the pathogen (5, 6). Some receptors on
macrophages recognize them to response to produce
soluble molecules as cytokines and triggering of other
molecules as complement factors.

Parasitic infective tools are as proteolytic saliva
factors acting as facilitating tool of skin penetration
and gp63 and LPG proteins that act to provide the
inside of host immune cells a favored environment
to replicate and survive. A well-known of such
mechanisms cleavage potency of gp63 of leishmania
spp.

The LACK (Leishmania homologue of receptors
for activated C kinase) as a known studied parasitic
antigen triggers the host immune response (7). This
response including the controlling of the pathogen
from skin contact through its blood stream trip,
phagocyte membrane contacts with an interest to be
phagocytized, phagolysosome formation, conversion
of infective form of promastigotes into proliferating
amastigote forms. Immune response includes
immediate innate immunity followed by adaptive
immunity. In this context cells of innate immunity
as neutrophils, macrophages, DCs and Natural Killer
Cells (Nk cells) with of their cytokines and for the
adaptive immunity CD4 T-helper cells (Th-1, Th-2
cells) and related cytokines and receptors are well
studied.

This study presents was presented Proinflammatory
and inflammatory cytokine gene expression alterations
as results of early innate immunity response to human
macrophages infected by L.major four hour post
infection time (4hpi) in vitro.

MATERIAL AND METHODS

This was a descriptive study of RNA-seq data on
human monocyte-derived macrophages infected by
L. major to determine gene expression alterations on
infected macrophages . Peripheral blood mononuclear
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cells (PBMC) isolated by MACS (Magnetic
Activated Cell Sorting) method, Milteny Germany).
Macrophages prepared from pure monocytes’ culture
in RPMI1640 medium (Roswell Park Memorial
Institute) + 10% of FBS (Fetal bovine serum) + 1% of
Pen/Strep (Penicillin/Streptomycin) and 20ng M-CSF
(Monocyte Colony Stimulation Factor-1) in 8-10 days.
Iranian strain of Leishmania major (MRHO/IR/75/
ER) were incubated in RPMI 1640 supplemented
with 10% FBS, 1% pen/str and gentamycin for 3-4
days at 22-25 C. Promastigotes in stationary phase
of parasite life cycle, isolated and co-cultured with
5-7 promastigotes per macrophage. Additional non-
infected macrophages and macrophages co-cultured
with silicone micro beads (Latex particles sized 4.1p)
in presence of monocyte —colony stimulating factor
(M-CSF) for 4 hours considered as controls.

RNA extraction was done by use of Trizol reagent
(Invitrogen) and stored at -75¢” [ negative75c¢” | based
on the manufacturer protocol. Complementary DNA
(cDNA) synthesis performed (select sure, Agilent
USA, 2017). Quality controlled cDNA samples
sequenced using MiniSeq Illumina machine (End
Single Reads) and then resultant Fast Q files trimmed
(Trimmomatic Bolger, 2014). Determination of
uniquely and multi mapped reads was done against
human and L.major genomes (hg38/GRCh38] and
Lmjf.01.760). DE (differential expression) analysis
performed using Dseq2 analytical method. For gene
annotation we used bioDBnet-Biological Database
network. For log2 fold change conversion we used
base 2logarythm log2 calculator (WWW.endmeno.
com/algebra/log2. Php.

RESULTS

Transcriptome changes expressed in human
macrophages infected by L.major spp., were profiled
using RNA-seq. CDI14 (Cluster of Differentiation
14) monocytes that were obtained from healthy
volunteer donors (Golestan province transfusion
center), converted to macrophages and infected by
L.major metacyclic promastigotes 5-7 parasites per
macrophage. Non polarized macrophages (intact) were
incubated in parallel with parasite and micro beads
(4.1p) and macrophage alone. After incubation time
of 4hrs, total RNAs from 3x3 incubated macrophages
series isolated and following assessment of quality
controlling of the samples and storage, RNA-seq was
done.

Results of RNA-seq showed up regulation of pro
and inflammatory cytokine genes indicative of an early
innate immunity response. Significantly upregulated
Proinflammatory and related gene expressions were
IL-1a and IL-1p, IL-6, IL8, TNFa, IL-27 and IL-
15; however, IL-18, IL-23, IL-12 and IFNy gene
expressions were high in infected macrophages with
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of no/ or minimal expressions in control samples.
DISCUSSION

Proinflammatory and inflammatory cytokine
expressions is an early immune response reaction
and may be an indication for macrophage activation
for controlling and monitoring of the evaded invaded
pathogens. According to the studies cytokine genes as
IL-1a, IL-1b, TNF-a, IFNy are up regulated involving
in macrophage activation and NO production via
iNOS expression inside phagolysosome (8). Most of
these cytokine genes expression upregulation was
significant [p<0.05]. MAPK (Mitogen Activated
Protein Kinase) gene expression was insignificantly
downregulated. These mitogen activation that based
on several reports expressed by some L.Spp, induces to
prevent factors responsible to NO production [ Nitric
Oxide] from iNOS [inducible Nitric oxide synthase ]
by infected macrophages (9). Expression patterns of
TNF/a, IFNy are reported to be in high and moderate
levels in mice and human. Higher levels extracted
from kinds of skin ulcers demonstrates deeper and
more non healing lesions than moderate expression
patterns (10).

IL-la, p and TNFa cytokine genes were up
regulated significantly. /FNy gene expression that is
mainly secreted by Th-1 cells, NK cells to effect on
ROS (Radical Oxygen Species) production to enhance
respiratory burst to killing intracellular pathogens. In
vitro studies demonstrated that it may be also produced
under effects of IL-12 and IL-18 by monocyte derived
macrophages treated with M-CSF as done in this study
and also activated alveolar macrophages secrete IFNy
following treatment using combination of IL-12 and
IL-18 (11). Based on in vivo studies the effect of [IFNy
in leishmaniasis is enhancement of respiratory burst
inhibition in non-activated macrophages (12).

IL-1 (a, B) cytokine genes both subtypes were
significantly up-regulated. This factor is a pro-
inflammatory expressing cytokine gene in early
infections and inflammatory diseases. It’s believed
that like TNFa both act as protective roles against
infections derived from kinds of pathogens. In
intracellular based diseases as leishmaniasis, it acts
as cross road between protection and worsening of the
skin lesions in L.major infection by development of
Th-17 related immunosuppressive responses (13).

IL-6 and IL-8(CXCL-8) cytokine gene expressions
were highly upregulated in this study. IL-6 is
produced by a wide spectrum of cell types appearing
in acute and chronic inflammatory states. It has been
previously known as hepatocyte stimulating factor
for acute phase protein production from liver (14).
Howler it’s known as one of the most activated protein
of the phenomenon known as “cytokine storm “that
considered as to be suppressed in some clinical states.
IL-6 acts as a pleiotropic cytokine in leishmaniasis
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and studies show its effcts on both Th-1 and Th-2
immune responses that could act as a factor of immune
activation and suppression roles (15).

IL-8 is a neutrophil chemo-attractive factor and
studies demonstrated that this chemokine is responsible
to make several cells of innate immunity recruit to the
site of infection early infection time (16). In course of
leishmaniasis and infective roles of L.Spp, the smart
parasite is rapidly phagocytized by neutrophils and
some modulations and reprogramming processes are
related to this process and for this it’s called as “Trojan
horse”. Because of low life span of neutrophils they
become destroyed and as the result body faces with
a huge amount of dead neutrophil structural residues.
Therefore it may provide more time for macrophages
to eliminate and hence to make macrophages to
become weaker and to provide an opportunity to well
reprogramming of the pathogen to infect and survive
(17).

IL12, 23 and 27 that share similar structural and
functional homologies, showed upregulated gene
expressions (18). These cytokines are produced by
some cell kinds especially activated macrophages.
The role of these are as resistance against majority
of L.Spp, including Th-1" response and inhibition of
suppressive Th-2 responses (19).

IL-15 cytokine gene expression was significantly
upregulated; while its homolog IL-2 showed few
replicates in test sample and did not show any
replicates in two control samples.

IL4, 10, 13, 22 ... as immunosuppressing/modulator
cytokines and released from Th-2 immune -cell
subtypes and act mainly as infection susceptible
factors, have not expressed in this study. The main
reason for this probably is related to the absence of
such cells that almost 100 present were eliminated due
to macrophage preparation from monocyte isolation
method [MACS].

CONCLUSION

According to the results of this study we can conclude
that pro-inflammatory and inflammatory cytokine gene
expressions from macrophages infection by L.major
mostly are overexpressed early infection time points.
It also showed that these factors are main markers of
innate immune responses against L.major infection
through phagocytosis, phagolysosome formation and
principally intracellular events to innate and adaptive
immunity cross road to monitor and control the
invaded pathogen.
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