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Anti-leishmaniasis Effect of Staphylococcus Aureus Protein A
on the Size of the Lesion and Parasitic Load

Zahra Tavalaei, Mehrdad Zeinalian, Hossein Khanahmad, Hossein Hejazi
Department of Genetic and Molecular Biology, Faculty of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran

Background: Many studies in the past have evaluated the role of immune system boosters in the treatment of leishmania major infection.
Protein A (PA) is one of the structural components in peptidoglycan cell wall of gram-negative bacteria such as staphylococcus aurous which
functions as a stimulator in the cellular immune system. The present study aims to evaluate the anti-inflammatory effect of PA on the recovery
of leishmania major infection.

Materials and Methods: This study was conducted on 24 female Balb/c-infected mice. The experimental group received PA at a dose of
60 mg/kg for four weeks. There was no intervention for the negative control group; the third group received the solvent of PA and sterile H20;
and the positive control group received Amphotericin B at a dose of 1 mg/kg body weight. At the end of the treatment period, a real-time
polymerase chain reaction (PCR) assay was performed to determine parasitic burden, and the size of the lesions was measured by caliper
with an accuracy of 0.01 mm.

Results: Results showed that PA did slightly decrease the wound spread and growth but not to an extent that can be considered statistically
significant. Also, differences in cycle threshold (Ct) values between the treated group and the untreated group was not impressive.

Conclusions: Although findings showed that PA isn’t such a good candidate for leishmania treatment, it may still be suitable for therapies that
use multiple drugs in combination to speed up the healing of leishmaniosis, an issue that merits evaluation in future studies.
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INTRODUCTlON The molecular weight of this protein is about 45-60 KD.
During staphylococcal infection, the mature polypeptide
sequence of this protein is cut after cleavage and placed at
the cell wall through the X domain, located at the carboxyl
terminus. This protein contains 4 to 5 immunoglobulin-binding
domains (E-D-A-B-C), including 56 to 61 amino acids per
domain. The domains are very similar to each other, and each
domain consists of three alpha helixes.[”

Leishmaniasis has been reported as a parasitic and tropical
disease in as many as 98 countries.l'! This is one of the
most common human and animal infections.”! The most
common form of the disease is cutaneous leishmaniasis,
which leads to serious disabilities due to ulcers in different
areas of the body.”™ The long life of the parasite is found in
macrophages. The most effective anti-leishmania response in
the macrophage is the production of reactive oxygen (ROS) PA as a superantigen can produce a wide range of immune
and nitrogen (RNS) species.[#3 Staphylococcal protein A (PA) ~ and biological responses.®! It can stimulate innate immune
as a virulence agent is always found in clinical purifications.[ responses as a pathogenic factor. Previous studies’ findings
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showed that PA can be seen in pathogen-associated molecular
patterns (PAMPs) that are recognized by specific receptors
on the surface of phagocytes like macrophage and dendritic
cells and consequently trigger innate immune responses. Two
main mechanisms of innate immune responses induced by
PAMPs are the development of inflammation and the antiviral
function in the intracellular and extracellular microbes.
These strategies can lead to the removal of damaged cells
and help repair the tissue initiated by signals and molecules
released from damaged cells. The inflammation is caused
by the infiltration of different leucocytes, secreted cytokines
and chemokines, and soluble plasma proteins at the site
of infection. The presence of molecules emerging from
the activation of innate immune responses like cytokines
and co-stimulatory factors can activate adaptive immune
components in B and T cells. Later, various mechanisms
trigger an antimicrobial process to combat infection. In this
regard, PA as a PAMP affecting TLRs not only provokes
innate immune responses but also causes T cell-mediated
immunity. One of the most prominent functions of T cells is
the activation of macrophages to kill intracellular microbes
like the leishmania parasite.’”!! This protein binds to the
T cells via MHC 1I receptors and induces many immune
responses such as lymphocyte proliferation, complement
activation, increase of macrophage phagocytosis, and
release of cytokines such as IL-1, IL-2, IFN-A, IFN-c,
TNF-o, and IL-8.0''121 PA can also bind to tumor necrosis
factor receptorl (TNFRI1) at the surface of macrophage
and respiratory epithelial cells. Thereby, it can activate
the downstream signaling pathways of these receptors.
It is estimated that PA can stimulate phosphorylation in
mitogen-activated protein kinases (MAPKSs) and their
activation.'¥ MAPKSs are often involved in pro-inflammatory
signaling pathways and stimulate transcription factors such as
NF-xB and AP-1 that mediate the production of inflammatory
cytokine IL-8.['1 Moreover, upregulating the downstream
pathways of TNFR1 receptors increases polymorphonuclear
leukocytes’ (PMNs) chemotaxis at the site of infection.!']
PA increases the phagocytic index in macrophages, which
is attributed to the rise of toxic-free radicals like nitric
oxide (NO).I'" According to previous studies, tyrosine kinase
and NF-xB signaling pathway contribute to the production
of NO following superantigens (e.g., PA)—induced signaling
cascade in macrophages. Thus, PA as an inducer of NO
production plays an important role in helping macrophages
eliminate intracellular parasites.['”? As mentioned previously,
findings of past studies reveal consistency between cytokines
produced prior to PA intervention and those PA-induced
cytokines’ response to leishmania infection. According to
these potential immunomodulatory properties of PA, we
supposed that PA can be a promising candidate to assist
immune reactions in the leishmania parasite—infected site.
Based on these evidences, the present study explored the
potential protective role of PA as a stimulating factor for
immune system response in animals infected with the
leishmania parasite.
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MaTteriALs AND METHODS

Parasites and culture condition

This research was financially supported under Grant
No. 398617 by the Isfahan University of Medical Sciences. The
Iranian reference strain of Leishmania major (MHRO/IR/75/
ER) was provided by the Department of Parasitology at the
Isfahan University of Medical Sciences. A frozen vial including
parasite was removed from the nitrogen tank. A drop of parasite
was examined using a light microscope. After confirming the
presence of live cells, the parasite vial was rinsed in RPMI
1640 (Bioidea, USA) under sterile condition in several
steps to remove the DMSO effect. It was then transferred to
the pre-prepared Novy-MacNeal-Nicolle medium (NNN),
a two-phase culture medium. The samples were placed in
refrigerator incubator at 24-25°C temperature while the
growth of promastigotes was checked every 2 hours. After
growing the promastigotes in the liquid phase up to a mass
growth in the logarithmic phase for use in animal infection,
the parasite was added in RPMI liquid and single-phase culture
medium enriched with 20% FCS and antibiotics penicillin
G (100 TU/ml) and streptomycin (100 ug/ml). The tubes
were re-incubated at 25°C to multiply the parasites. Finally,
promastigotes were examined under a microscope and the
number of parasite cells was counted by a neobar slide.

Experimental animals

For this stage, 24 three to four-week-old female BALB/c mice
were obtained from Isfahan Royan Institute. The animals
were kept in favorable conditions in terms of nutrition, room
temperatures, and other environmental factors for 2 weeks.
All measures related to clinical trial phase were designed
in compliance with the guidelines of the ethics committee
in medical research at the Isfahan University of Medical
Sciences. A total of 10° parasite cells were injected into each
mouse at the base of the tail. After detecting the skin lesion,
the mice were divided into four groups. Each group contained
6 mice. The treatment group received 60 mg/kg body of
recombinant PA for 4 weeks and 3 times a week at the base of
the tail subcutaneously. The positive control group received
Amphotericin B at a dose of 1 mg/kg body weight. The sham
group received PA solvent (sterile H20), and no intervention
was performed for the negative control group. The mean size
of leishmania lesions was measured during 4 weeks, twice a
week, and at the end of the treatment period by a caliper with
an accuracy of 0.01 mm. The average wound area calculated
in each group has been shown in Table 1.

Table 1: Mean size of the lesion during 4 weeks of
treatment. The unit of numbers is Mm?

ProteinA  ProteinA  Without  Amphotericin
solvent  treatment B
First week 6.87 6.24 8.23 498
Second week 6.34 7.14 10.43 5.61
Third week 5.67 6.78 10.87 4.02
Fourth week 5.10 6.50 12.54 435
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Staphylococcus aureus protein A

Staphylococcus aureus protein A (NCTC 8325.
SAOUHSC 00069 [3919448]; Sigma-Aldrich, cat-P6031)
was provided in soluble form with concentration of 1 mg/ml.

DNA extraction

At the end of week 4 of the treatment period, spleen DNA was
extracted from the mice in all four groups using the DNeasy
Blood and Tissue Kits (QIAGEN). The concentration of the
extracted samples was determined using a spectrophotometer
and DNA Staining Dyes (Green Viewer™) stained 1.5%
agarose gel.

Primer design and real time PCR

The specific primers for PCR were designed according to 18s
rRNA gene region of leishmania major parasite using Generunner.
exe software (V. 6.5.52). [Table 1] The real-time PCR reaction
was performed in 20-uL reaction mixture containing 10 puL
of Biofact 2X Real-time master mix (Syber Green), 0.7 uL of
forward primer (5'-GCCATTTTTTGCTTAATGG-3'), 0.7 uL
of reverse primer (5'-CTCAGGTCTGTAAACAAAGGTT-3'),
1 uL of DNA, and 6 pL of H20. The temperature of the
protocol was 94°C over 10 minutes, 40 cycles of 30 seconds
at 94°C, and 40 seconds at 62°C. The threshold cycle values
were determined using StepOnePlus software v 2.3 (Applied
Biosystem, USA).

Statistical analysis

The date collected from real-time PCR reactions were
statistically analyzed with SPSS (version 23). And the data
extracted from the measurement of lesion size were statistically
analyzed with GraphPad Prism version 9.2.0.332 (GraphPad
Software, Inc., San Diego, CA). Our data did not show normal
distribution; thus, we utilized the nonparametric Mann—
Whitney U test to estimate the post-treatment differences
between the groups.

ResuLts

The Leishmania skin lesions on the mice

Measurement of lesion dimensions after treatment and
comparison with other group showed that mean wound size
area did not decrease remarkably and small lesions did not
disappear after treatment with PA. Lesion size differences
between positive and negative control were statistically
significant (p < 0.05), but comparing the results between PA
treatment group and negative control group did not reveal
a significant difference (p = 0.1). Therapeutic effect of the
treatment of leishmania major—infected BALB/c mice with PA
on the size of the lesion has been shown in Figure 1.

The assessment of 18s rRNA gene copy number

After real-time PCR reaction, the Ct results were compared
in the intervention and control groups. The number of Ct
related to the parasite was obtained using StepOnePlus
software (version 3.2). Considering the difference in the
Ct values between the four groups, parasite burden in
the negative control group was 2°, 2°, and 2' times more
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Figure 1: Therapeutic effect of the treatment of Leishmania major
infected BALB/c mice with PA on the size of the lesion. Error bars
indicates standard deviation in triplicate repetition. n.s=non-significant,
*=(P=<0/05)

than ddH,O, PA, and positive control intervention groups,
respectively. The evaluation of fold-change values for the
18s rRNA gene expression in PA treatment and negative
control did not represent a significant result (p = 0.18), but
significant differences in the expression level of 18s rRNA
gene were found between Amphotericin B and negative control
groups (p = 0.03).

The comparative chart of the fold change of the 18s rRNA gene
expression in leishmania major—infected mice after treatment
period has been shown in the Figure 2.

Discussion

In the present study, the effects of PA on the severity of infection
in the infected Balb/c mice were evaluated. Wound size is the
most clinical manifestation of cutaneous leishmaniasis.!'®!
The results demonstrated that PA may play a role in reducing
inflammation in the affected skin area. The dose of PA used
in this study is based on the previous study which had tested
the effect of PA on Leishmania donovani.'® Moreover, an
examination on 18s rRNA gene copy number provided a
similar result. There is also a lot of evidence available on
the involvement of PA in the production pathways of the
inflammatory cytokines.” ! Such a result could be justified
with the effect of PA in enhancing the ability of macrophage
phagocytosis, which is supposed the most effective response
against leishmaniasis infection.!') The most effective
anti-leishmania response of macrophages is the production
of reactive oxygen species (ROS) and reactive nitrogen
species (RNS).[2221 The two main producers of these species
are NADPH oxidase 2 (NOX2) and induced nitric oxide
synthase (iNOS), which create superoxidase (O2) and nitric
oxide (NO), respectively.’® Many cytokines are produced in
response to PA, such as IL-1, IL-2, IFN-A, IFN-o,, TNF-c, and
IL-8. These cytokines, in turn, may bind to upstream elements
of the iNOS gene promoter and stimulate the transcription of
this gene.?¥ The results of previous studies show evidence
that tyrosine kinase, phospholipase C, and protein kinase
C (PKC) participate in the protein-induced signaling cascade
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Figure 2: The comparison of the fold change between Leishmania major
infected mice after treatment period. *=(P<0/05)

in macrophages and lymphocytes of the rat spleen to produce
NO.?1 Moreover, the increased tyrosine kinase activity with
IFN-A cytokine can increase the iNOS gene expression.!?®!
Meanwhile, the treatment with tyrosine kinase inhibitors has
an inhibitory effect on NO production.?” On the other hand,
NF-xB as a transcription factor can increase the iNOS gene
transcription and NO production after activation by PA and
with the help of PKC activity.?® In some studies, PA has been
used to treat cancer in humans and animal models in which
acceptable results have been obtained. The antitumor properties
of PA are likely attributed to its ability to activate macrophages
and killer cells mediated by lymphokines.?3% Therefore, in
addition to being an antitumor agent, PA can be considered as
a powerful factor against intracellular microbial infections.
In one study on the therapeutic and preventive effects of PA
against visceral leishmaniosis (VL), it was revealed that the
anti-leishmaniosis properties of this protein are due to the
increased macrophages-induced phagocytosis and parasite
destruction.!"”) The findings are consistent with the results of
previous studies in which the anti-leishmaniasis properties
of PA have been attributed to higher IFN-y production
and other cytokines activating the process of macrophage
phagocytosis.P Although an antiparasitic role has been
suggested for PA in these studies, there are several studies to
support the immunosuppressive effect of PA based on its effects
on B lymphocytes and antibodies.

Thus, in contrast to the effect of PA as a superantigen and
its subsequent effects on phagocytes to produce different
cytokines and formations of acute inflammation, its suppressive
effect on certain opsonins like antibodies cannot be ignored.
As it is known, phagocytosis of different antigens like PA
occurs through recognition by specific receptors on the
surface of phagocytes like macrophages and neutrophils.
These receptors include TLRs and high-affinity receptors for
the Fc region of antibodies. After the internalization of the
microbe, the antigens according to their nature are attached
to different antibodies like IgG to induce phagocytosis. Then
IgG’s interaction with FcA receptor (FcAR) on the surface of
phagocytes initiates phagocytosis. The microbicide function
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of phagocytes and production of different cytokines and
chemokines are events induced subsequently through the
proteolysis of antigens inside the cell. Previous studies indicate
that PA can block this process through binding to the Fc portion
of IgG and subsequently eliminate Fc’s with FcAR. Therefore,
PA prevents phagocytic activation and consequently inhibits
the production of inflammatory cytokines by blocking the
Fc domain of IgG.B¥ Also, the analysis demonstrated that
mice deficient in FcAR on the surface of DCs have more
susceptibility to CL with increased wound size and parasitic
load. Furthermore, there is an apparent relationship between
effective immune system response and FcAR function in DCs
in CL.BY A number of experiments showed that formation of
antibody complex through their Fc regions’ interaction with PA
can prevent the activation of complement system. Complement
factor C3 has a crucial role in the opsonization of antigens and
phagocytosis procedure. Therefore, the present study suggests
an additional immunosuppressive roll for PA.B

As mentioned previously, many cytokines are produced
in response to PA which acts as a ligand for TLRs on
macrophages and DCs and trigger innate immune response.
Interaction between PA and TLRs provokes the activation of
different protein kinase and signaling pathways like NF-kB
and AP-1. Activation of the NF-xB signaling pathway leads
to the expression of the TNF gene, acute inflammation, and
release of cytokines. The evaluation of TNF level’s effect on
the sternness of CL infection has shown that there is a strong
relationship between a higher level of TNF production and
increased wound size and intensity of lesions. Our findings
support the effects discussed in the foregoing and suggest
that applying the inhibitory factors for TNF can a potential
therapeutic option to control the ulcer severity.*!

A simple explanation for the various results obtained in this
study in light of the findings of another study that measured
the effect of the PA on the VL infection is the differences
in cytokine milieu and their functions in controlling the
infections caused by L. major and L. donovani. For instance,
the overproduction of IL-4 after the internalization of the
parasite in the CL is associated with enhanced susceptibility
to the infection through polyamine biosynthesis. But it seems
likely that there is no significant role for IL-4 in the progression
of the VL infection.’” Generally in VL, the Thl immune
response has a protective role, but Th2 immune responses cause
more susceptibility to the progression of infection. The highly
significant level of IL-10 in VL suppresses the production
and activation of NO and TNF-a; thus, PA neutralizes the
immunosuppressive effect of IL-10. Also, treatment with PA
causes a considerable increase in IFN-A production that has an
inhibitory effect on IL-10 function. Whereas overexpression
of IL-10 in CL is not detected and VL and Th2 responses in
CL are also negligible.[***]

Since the most of the immune responses against leishmania
are limited to the intracellular level and leishmania are
intracellular parasites, the antiparasitic effect of B-cell
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immunity is insignificant. Findings indicate that B-cell
activation in response to the VL can aggravate the infection."!
This correlation is not yet clear in the case of CL. The total
decrease in murine B cells activation and an increase in the
development of apoptosis in these cells after treatment with
PA can justify the PA’s restraining effect on disease expansion
in VL infection. This phenomenon is due to PA’s ability to
bind to the FAB region of antibodies and B-cell receptors.!
Diversity in gene products can affect the rate of intensity
and responsiveness of the immune system to the disease.
For example, it has been shown that SLC//a/NRAMP gene
polymorphism in mice leads to altered sensitivity to the VL
infection. Therefore, variation in genetics and environmental
factors implicated in the severity rate of different types of
leishmania infections should be considered.**

Even though we have seen the PA’s ability to decrease
the wound size in our study, we believe attributing our
nonsignificant statistical results supporting PA’s ability to
decrease the wound size and CL infection would be somewhat
premature at this time and more work is needed to gain further
insights into PA’s functioning as an inhibitor.

According to the present study, PA showed a reducing effect
on the wound size but had no significant effect on stimulating
the immune system against leishmania.

ConcLusIoN

The results showed that Staphylococcal PA at a dose of
60 mg/kg can decrease wound spread and growth but cannot
promote or induce the recovery of leishmania infection on
a statistically significant level. Applying different doses of
protein may lead to clearer results establishing it as an enhancer
of immune response. The findings suggest that protein A is not
a good candidate for lishmania treatment but may be suitable in
combination therapies with other drugs to speed up the healing
process of leishmaniosis infection, a conclusion that needs
further confirmation and strengthening with more evaluations
in future studies.
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