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Abstract

Background: L cishmania major is an obligate and intracellular pathogen and the macrophag-
es are the cell hosts for L. major. Imiquimod stimulates macrophages to secrete different
cytokines via the expression of TLRs.

Methods: This study was carried out in the Department of Parasitology, Faculty of Medical
Sciences, Tarbiat Modares University, in 2018. The effect of imiquimod was investigated on
non-infected and infected macrophages with L. zajor on the expression of Toll-like recep-
tors (TLRs) and inflammatory cytokines. TLRs play an important role in enhancing the
proceeding of phagocytosis and killing parasites. Moreover, the cytokines such as TNFo,
IL6, and IL1, are often identified in inflammatory conditions as interfering targets in treat-
ment. Healthy macrophages and macrophages infected with Leishmania major parasites were
affected by different concentrations of imiquimod, after that the expression of TLR genes
(TLR1, TLR2, TLR3, TLR4, TLR7 and TLRY) and cytokines were evaluated by real time
RT-PCR. For expetiments in laboratory animals, infected BALB/c mice wete exposed to
imiquimod and then isolated peritoneal macrophages.

Results: The expression of TLR2 decreased in non-infected macrophages were affected by
the imiquimod. The expression level of TLR7 in healthy macrophages, decreased and the
difference with control group was significant. Imiquimod increases the expression of in-
flammatory cytokines and IL12 in mouse macrophages and also decrease the expression of
1L10.

Conclusion: This suggests that imiquimod may improve the therapeutic effects in infected
mice with Leishmania major. Imiquimod causes that TLR2 decreased expression but TLR7
and TLRY increased expression. Imiquimod as TLR7 agonist, enhance the recovery of
leishmaniasis.
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Introduction

eishmaniasis is one of the neglected

tropical diseases that cause a wide range

of human infections, from spontaneous
healing skin lesions to diffuse cutaneous-
visceral forms (1). At present, the common
treatment, pentavalent antimony compounds,
has side effects, drug resistance and recurrence
of the disease, especially in visceral leishmani-
asis so replacing it with drugs that have less
side effects and more efficiency seems neces-
sary (2-6).

Imiquimod is a TLR7 agonist that stimulates
macrophages, monocytes and Th1 cells to secrete
IFN-o, IFN-y, IL-183, TNF-a IL-6, IL-12 and IL-
8. It has been shown to stimulate the synthesis of
nitric oxide (NO) in macrophages in mice infect-
ed with Leishmania major and thus has a lethal
effect on Leishmania. In a leishmaniasis study, the
improvement in the group receiving 5%
imiquimod cream with meglumine antimonate
(20 mg/kg/d for 20 d) was greater than in the
group receiving meglumine antimonate alone (7).
Imiquimod has activity in treatment dermal le-
sions caused by viral infections such as genital
warts, genital herpes and molluscum contagiosum
(8). Imiquimod has therapeutically and prophylac-
tically effects against acute toxoplasmosis (9).

Imiquimod can modulate the immune re-
sponse and this is the reason for using against
a lot of infectious diseases and cancers.
Imiquimod can activate the immune cells sys-
tem such as macrophages, monocytes and
dendritic cells to stimulate and produce cyto-
kines (IFNa, IL-6, 1I-12, IL.-1a and tumor
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necrosis factor (ITNF)) (10-13). Imiquimod
can be used to treat mice infected by stimulat-
ing the synthesis of nitric oxide (NO) by mac-
rophages (14).

TLRs are related to the both innate and adaptive
immunity with an important role in control the
infection specialy intracellular organisms (15-17).
Receptors in different cell types, when stimulated by
microbial compounds, inducing intracellular responses
that ultimately lead to inflammatory cytokines and
chemotactic factors production. There is evidence that
cytokines are activated by vatious transctiption factors
such as interferon regulatory factor (IRF), activating
protein-1 (AP-1), nuclear factor-»B (NF-«B) and then
two different messaging paths (MyD88 protein-
dependent pathway and TRIF protein-dependent
pathway) are generated. Stimulation of TLRs by
homogenous ligands (AP-1 and NF-»B) induces the
production of anti-inflaimmatory cytokines and
chemotactic factors, while IRF factors induce
interferon production (18,19). These pathways, in turn,
cause the production of cytokines and the activation
of other cells. However, activation of individual TLRs
elicits a strong innate immune response (20,21).

A brief outline of TLRs and their ligands in
MyD88-related paths in TLRs signaling and
their effects on inflammatory cytokines is
shown in Fig. 1. In this study, the effect of
imiquimod was evaluated on macrophages
infected with Leishmania major as an im-
munomodulator agent and TLR-7 agonist, and
evaluating its effects on paths of TLRs and
inflammatory cytokines signaling in macro-
phages.
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Fig. 1: A brief TLRs and their ligands in MyD88-related paths in TLRs signaling and their effects on inflam-
matory cytokines
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Materials and Methods

The approval number of this study that ap-
proved by Ethical Committee is: 52/D/8207.

Parasite, macrophage and drug prepara-
tion

We used L. zajor MRHO/IR/75/ER) kept
in the Tarbiat Modares University. Imiquimod
was purchased from Invitro Gen-San Diego,
USA (dry powder). One mg of imiquimod was
dissolved in 1 ml of its specific solvent (com-
mercially available). In this study cell line mac-
rophages J774 A.1 was used (a gift from Pro-
fessor Marcel Hommel with many thanks).

In vitro Assay

In this study promastigotes, healthy and in-
fected macrophages with L. major exposed to
imiquimod 0.01 pg/ml and also with 50 pg/ml
of glucantime as control group. After 24 h the
macrophages were washed with cold PBS and
collected by centrifugation. Then RNA extrac-
tion and cDNA were prepared from collected
macrophages. By real time PCR, cDNA was
used for assessment of TLRs and cytokines
expression (22,23).

Real Time PCR

TLRs cytokines and GAPDH and (3, micro-
globulin genes primers were used from Pan-
day et al. and Tauer et al. and Ebrahimisadr.
Qiagen Mastercycler was used for quantitative
real-time PCR assays. The expression was ana-
lyzed by relative fold change of gene by com-
parative cycle threshold (2—**“) method. Data
of expression for target gene were normalized
by both GAPDH and {3, microglobulin genes
(24,25).

In vivo Assay

Female BALB/c mice (6-8 wk old) were
provided by the Pasteur Institute of Iran and
kept under standard conditions. Mice were
subcutaneously infected with 2X10™6 station-
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ary phase promastigotes. Forty mice were di-
vided into four groups:

1. Infected, untreated group (control).

2. Uninfected, untreated group (control).

3. Infected, treated topically with 5%
imiquimod cream (Aldara) three times a week
for four wk.

4. Infected, treated with glucantime (20
mg/kg/day for 28 d). Half of the mice in each
group were sacrificed four weeks post-
treatment. Spleen lymphocytes were isolated
for cytokine assays (IL-4 and IFN-y) using U-
CyTech kits (Netherlands). Spleen samples
were also used to evaluate parasite load. RNA
was extracted from macrophages to prepare
cDNA and assess TLR expression via real-
time PCR. The other half of the mice were
monitored for survival and lesion size
(22,23)."

Parasite burden assay by quantitative Real
Time PCR

In this study we evaluated the parasite bur-
den in spleen tissue. The DNA extraction
from spleen tissue carried out by Sinagen
company kit. For standard curve we used six
samples contain 10'-10° parasite copies. The
parasite burden evaluated for all treated and
control groups (22).

Measurement of lesion size and survival
rate

After treatment the lesion size measured
weekly for 22 wk. In this time the survival rate
weekly recorded too.

Evaluating the expression of TLRs and
cytokines of macrophages

For in vitro assay the J774A.1 macrophages
in treated and control groups and for in vivo
assay the peritoneal mice of all groups of mice
collected and after the extract the RNA, the
cDNA was made. The expression of TLRs
(TLR1, 2, 3, 4,7, 9), cytokines (IL-1, IL-06, IL.-
10, TNFa, IL-12 p35 and 1L-12 p40) was car-
ried out by using Real time PCR. The primers
are showed in Table 1. The test was pet-
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formed as following conditions for 40 cycles:
95°C for 15 min (95 °C for 15 sec, 60 °C for

pression was normalized by {2 microglobulin
and GAPDH genes, also measured using fold

30 sec and 72 °C for 30 sec). The genes ex-

changes with 2—**“ method (22).

Table 1: The primers sequences of the TLRs, cytokines and housekeeping genes (GAPDH and B3> micro-
glubolin)

TLR2

F, 5'-CAATGTGGAAACAACGTGGA-3'
R, 5'-TGTAACTTTGGGGGAAGCTG-3'

E, 5~ AAGAGGAAGCCCAAGAAAGC-3'
R, 5'-CGATGGAATCGATGATGTTG-3'

TLR3

E, 5“TCCTTGCGTTGCGAAGTGAA-3'
R, 5"TTGGGCGTTGTTCAAGAGGA-3'

TLR4

E, 5~ACCTGGCTGGTTTACACGTC-3'
R, 5-CTGCCAGAGACATTGCAGAA-3'

TLR7

E, 5“TGCAACTGTGATGCTGTGTGGT-3'
R, 5“TTTGACCTTTGTGTGCTCCTGG-3'

TLR9

E, 5~ACTGAGCACCCCTGCTTCTA-3'
R, 5"AGATTAGTCAGCGGCAGGAA-3'

Cytokines 11

F, 5-CAAGGGGACATTAGGCAGCA-3'
R, 5"TGAAAGACCTCAGTGCAGGC-3'

1L6

F, 5'- AAAGAAATGATGGATGCTACCAAAC -3'
R, 5'- CTTGTTATCTTTTAAGTTGTTCTTCATGTACTC -3'

1110

F, 5'- GGCGCTGTCATCGATTTCTC-3'
R, 5'- GACACCTTGGTCTTGGAGCTTATTAA-3'

TNFo

F, 5- CATCTTCTCAAAATTCGAGTGACAA -3'
R, 5'- TGGGAGTAGACAAGGTACAACCC -3'

112 P35

F, 5'- TACTAGAGAGACTTCTTCCACAACAAGAG -3'
R, 5'- GATTCTGAAGTGCTGCGTTGAT -3'

1L12 P40

F, 5'- GGAAGCACGGCAGCAGAATA -3'
R, 5'- AACTTGAGGGAGAAGTAGGAATGG -3'

Housekeeping genes GAPDH

F, 5-ATGGACTGTGGTCATGAGCC-3'
R,5-ATTGTCAGCAATGCATCCTG-3'

B2 microglubolin

F, 5-"TTCAGTCGCGGTCGCTTCAGTC-3'
R, 5"CAATGTGAGGCGGGTGGAACTG-3'

Statistical analysis

For statistical analysis we used SPSS soft-
wate, Graph Pad Prism and online site RT*
Profiler at
(http://pcrdataanalysis.sabiosciences.com/pcr
/arrayanalysis.php). Kolmogrov-Spirnov test,
One-Way ANOVA and LSD and Student’s t-
test was performed to check the difference
between means of the representative treat-
ments. Differences were considered significant
at P-value<0.05.

Results

Parasite burden and Lesion size

Available at: http://ijpa.tums.ac.ir

The results of parasite burden are shown in
Table 2. The less parasite burden is related to
group treated with imiquimod. The reduction
of lesion sizes for treated groups are shown in
Table 3. The reduction percent in lesion after
12" week relative to control was 70.83%.

Table 2: Cycle of Threshold (CT) and parasite
load test copy/reaction according to Real Time
PCR method for all treated and control groups

Sample Cycle of Parasite load
Type Threshold Test
for Test Copy/Reaction
Control 20.89 195177
Imiquimod 28.39 987
Glucantime 26.63 3575
181
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Table 3: The results of reduction percent in lesion diameter
at 7 and 12 wk after treatment, compared to the control group

Sample Reduction per-
Type cent in lesion

Reduction per-
cent in lesion
after after
7" week relative 12t week relative
to control to control
Imiquimod 35% 70.83%
Glucantime 32.5% 62.5%

Cytokine Assay

The amount of IFNy and IL4 and also the
ratio of IFNy/IL4 are coming in Table 4. The
highest ratio was seen in the imiquimod group.

Table 4: Mean and standard deviation of interleukin 4 (IL-4) and interferon gamma (IFNy) concentrations
(pg/ml) and IFNy/IL4 ratio in treated and control groups

Group Name IL-4 IFNy IFNy/IL4 Ra-
(pg/ml) (pg/ml) tio
Control 168%8.5 526143.2 3.14
Imiquimod 173.25%£9.45 645.75116.4 3.87
Glucantime 238+14.15 620£13 2.60
Healthy group 20.46%1.3 52.4%2.7 2.62

*Statistical differences with control group (P<0.05)

Lesion size and survival rate
The results of reduction percent in lesion di-
ameter at 7 and 12 wk after treatment, com-

pared to the control group (Table 3). The

Imiquimod

Glucantime

comparison between lesions in treated mice
with imiquimod, glucantime and control is
shown in Fig. 2.

Contrl

Fig. 2: The figures of lesions in treated mice with imiquimod, glucantime and control

The percentage of survival rate of mice ten
weeks after the treatment for mice treated
with imiquimod, glucantime and control
groups was 80%, 60% and 20% respectively.
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Expression of TLRs in uninfected J774 A.1 macro-
phages and J774 A.1 macrophages infected with L.

major

In uninfected macrophages that treated with
imiquimod in comparison to untreated mac-
rophages (control group), the expression of all
TLRs was significantly decreased (Fig. 3).

Available at: http://ijpa.tums.ac.ir
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Fig. 3: Mean & SD of expression of TLRs in uninfected J774 A.1 macrophages normalized with 82 micro-
glubolin, GAPDH (I 0.01pg/ml, G 50pg/ml) *(P<0.05), **(P<0.01)

In group of infected macrophages with L.
major treated with imiquimod, TLR1 and
TLRY expression was significantly increased
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and TLR4 and TLR7 genes expression was
decreased significantly (Fig. 4).
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Fig. 4: Mean & SD of expression of TLRs in infected J774 A.1 macrophages normalized with 32 micro-
glubolin, GAPDH. (I 0.01pg/ml, G 50ug /ml), **(P<0.01),*(P<0.05)

Expression of TLRs in mouse macro-
phages

In mouse macrophages, an
expression of TLR1 was observed in both the
imiquimod and glucantime-treated groups. All
treated groups of mouse macrophages showed

increased

184

an increase in TLR2, TLR3, TLR4, TLR7, and
TLRY expression. However, in healthy mice,
the expression of TLR4 and TLRY9 was
decreased, as illustrated in Fig. 5. These
findings  suggest that imiquimod and
glucantime have distinct effects on TLR

Available at: http://ijpa.tums.ac.ir
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Fig. 5: Mean & SD of expression of TLRs in infected mice macrophages normalized with 32 microglubolin,
GAPDH Control (infected mice), Uninfected (healthy mice), G (20mg/kg Glucantime), I(cteam
5%imiquimod)
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Expression of inflammatory cytokines in fected J774 (Fig.7) and mouse macrophages
J774 and mouse macrophages (Fig. 8) showed in Figures 6-8. The most ex-

The results for expression of inflammatory pression cytokine in mice macrophages treated
cytokines in uninfected J774 (Fig.6) and in- with imiquimod was for IL12p35.
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Fig. 6: Mean & SD of expression of cytokines as a relative fold change by real time PCR in uninfected 774
macrophages compared to untreated control by using AACt method normalized with 82 microglubolin,
GAPDH .Imiquimod (0.01 pg/ml), glucantime (50 pg/ml) were applied. Control group (uninfected J774 mac-
rophages). *(P<0.05),**(P<0.01)
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Fig. 7: Mean & SD of expression of cytokines as a relative fold change by real time PCR in infected 774
macrophages with amastigotes of Leishmania major compared to untreated control by using AACt method
normalized with 32 microglubolin, GAPDH. Imiquimod (0.01 ug/ml) ,glucantime (50 pg/ml ) were applied.
Control group (J774 macrophages infected by Leishmania major)).*(P<0.05),**(P<0.01)
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Discussion

As Leishmania is an obligate intracellular
pathogen, macrophages have conditions that
are necessary for the continued survival of the
parasite (26, 27). Macrophages phagocytize
both amastigotes and other amastigote-
infected cells that have undergone apoptosis.
(28).

Imiquimod is the most prominent, widely
used and is very effective in the treatment of a
lot of viral and cancer diseases (29). In addi-
tion, imiquimod has been effective in treating
many tumors such as melanoma, lung sarcoma
breast cancer, and toxoplasma. The mecha-
nism of action of imiquimod is still unknown
(9, 30-33). In this study the effect of
imiquimod on macrophage as the most suita-
ble cellular host for Leishmania parasite was
investigated and the effect of this drug on
Toll-like receptors in macrophages and also
the expression of inflammatory, proinflamma-
tory and regulatory cytokines by macrophages
were investigated.

TLR3 is rarely detectable in naive macro-
phages but is expressed in interferon-gamma-
treated macrophages. In our study we found
that imiquimod decreased the expression of
TLR3 in intact macrophages but increase the
expression in infected mice with amastigotes.
TLR2 and TLR3 are involved in the secretion
of NO and TNF-a by macrophages infected
with L. donovani (34). In non-infected macro-
phages normalized by two housekeeping, in
most groups affected by imiquimod TLR3
expression decreased, while in infected mac-
rophages normalized with 2@ microglobulin in
all groups, TLR3 expression increased in mac-
rophages extracted from infected mice. The
two groups normalized with GAPDH and 2
microglobulin had the highest increase in
TLR3 expression related to the glucantime
group.

Research by Kropf et al. showed that TLR4
has an effective roll in control of L. major in
mice (35). Mice lacking with TLLR4 gene can-

bl
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not effectively control the disease and skin
wounds do not heal (36). The effect of TLR4
in control of L. major is likely through of nitric
oxide synthesis induction in mice (35). Ribeiro
et al. in two study showed L. #ajor control via
TLR4 (26, 37).

However, no direct reaction between L. #a-
Jor and TLR4-derived molecules has been re-
ported. TLR4 has been shown to be essential
role for the both innate and acquired immune
response against L. wajor (38, 39). Macrophag-
es infected with the parasite decreased expres-
sion and, in all cases, decreased expression
was observed while in macrophages extracted
from infected mice increased expression was
observed.

Imiquimod has been shown to be an agonist
for (TLR7) in macrophages and dendritic cells
(40). TLR7 can develop Thl type immune re-
sponse. Such immune responses are essential
for the treatment of leishmaniasis (41). The
expression of TLR7 in healthy macrophages
decreased in this study and in macrophages
extracted from infected mice, the results ob-
tained from the group treated with normalized
imiquimod with both housekeeping decreased
expression and their differences with the con-
trol group were significant. The highest in-
crease in expression was observed in the glu-
cantime group (25.23, P=0.0317)= Fold
change) 2 B microglobulin and 25.36,
P=0.0240)=Fold change).

Imiquimod has an effective and incremental
role in TNFa, which increases TNFu« increases
Thl responses, which has an effective and
positive role in leishmaniasis. Imiquimod acti-
vates macrophages and produces cytokines
such as TNFa« and IL12, thereby enhancing
the immune response. In mouse macrophages,
the highest expression of TNF« is related to
imiquimod, which confirms the role of
imiquimod in enhancing TNFa expression. In
this study, we report that 1L12p35 expression
significantly increased in the mice group treat-
ed with imiquimod in comparison to control
group. Potentiating effect of imiquimod on
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ILL12 expression, which is the most important
cytokine in the control of leishmaniasis is very
important finding in this research. In the
healthy macrophage group, the highest in-
crease in IL12 is related to the groups treated
with imiquimod, which indicates the adjuvant
role of imiquimod.

In infected macrophages of BALB/c mice,
an increase in TNFa expression in the groups
treated with imiquimod.

IL6 in vivo decreased expression in the
imiquimod-treated group. In healthy macro-
phages, a decrease in IL6 expression was ob-
served under the influence of imiquimod, so
imiquimod can play a preventive and rejuve-
nating role.

IL10 regulates the innate immune system
and suppresses macrophage activity and den-
dritic cell maturation. IL10 produced by Thl
cells inhibits the immune response against in-
tracellular parasites such as Leishmania major
and Toxoplasma gondii. This cytokine is associ-
ated with susceptibility to leishmaniasis and
parasite resistance to infections (42,43).

Decreased 1110 expression and increased
TNFa expression were observed in infected
and healthy macrophages in BALB / ¢ mice
under the influence of imiquimod.

Conclusion

Imiquimod increases the expression of the 1L12
and also inflammatory cytokines in mouse macro-
phages and decreases the expression of IL10. This
suggests that imiquimod may improve the thera-
peutic effects against leishmaniasis in infected
macrophages. Imiquimod causes decreasing the
expression of TLR2 but increasing the expression
of TLR7 and TLRY. CpG Oligodeoxynucleotides
as TLRY Agonist and imiquimod as TLR7 agonist,
the both enhance the recovery of leishmaniasis.

Funding support

This study was financially supported by
Tarbiat Modares University with letter number
52D/8989.

190

Acknowledgements

The authors would like to thank the entire
staff in Department of Parasitology of Tarbiat
Modares University, Iran. In addition, many
thanks to Professor Marcel Hommel to give
us the J774 A.1 cell line as a gift.

Conflict of interest

The authors declare that there is no conflict
of interests.

References

1. Alvar ], Vélez ID, Bern C, et al
Leishmaniasis  Worldwide and Global
Estimates of Its Incidence. PLoS One. 2012;
7(5): e35671.

2. Sundar S, More DK, Singh MK, et al.
Failure of pentavalent antimony in visceral
leishmaniasis in India: report from the
center of the Indian epidemic. Clin Infect
Dis. 2000; 31(4): 1104-1107.

3. Beheshti N, Soflaei S, Shakibaie M, et al.
Efficacy of biogenic selenium nanoparticles
against Leishmania major. in vitro and in vivo
studies. ] Trace Elem Med Biol. 2013; 27(3):
203-207.

4. Ghatffarifar F, Jorjani O, Sharifi Z, et al.
Enhancement of immune response induced
by DNA wvaccine cocktail expressing
complete LACK and TSA genes against
Leishmania major. APMIS.  2013; 121:290-
298.

5. Ghaffarifar F. Plasmid DNA vaccines:
where are we now. Drugs Today (Barc).
2018; 54:315-333.

6. Ghaffarifar F, Heydari F, Dalimi A, et al.
Evaluation of apoptotic and antileishmanial
activities of Artemisinin on promastigotes
and BALB/C mice infected with Leishmania
major. Iran | Parasitol. 2015; 10: 258-67.

7. Miranda-Verastegui C, Llanos-Cuentas A,
Arevalo 1, et al. Randomized, double-blind
clinical trial of topical imiquimod 5% with
parenteral meglumine antimoniate in the
treatment of cutaneous leishmaniasis in
Peru. Clin Infect Dis. 2005; 40(10):1395-403.

Available at: http://ijpa.tums.ac.ir



http://ijpa.tums.ac.ir/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ebrahimisadr et al.: Evaluating the Effects of Imiquimod on Paths of TLRs ...

Dockrell D, Kinghorn G. Imiquimod and
resiquimod as novel immunomodulators. ]
Antimicrob Chemother. 2001; 48: 751-755.
Zaki L, Ghaffarifar F, Sharifi Z, et al. Effect
of Imiquimod on Tachyzoites of Toxoplasma
gondii and Infected Macrophages in vitro
and in BALB/c Mice. Front Cell Infect
Microbiol. 2020; 10:387.

Sidky YA, Borden EC, Weeks CE, et al.
Inhibition of murine tumor growth by an
interferon-inducing imidazoquinolinamine.
Cancer Res. 1992; 52(13): 3528-3533.
Stanley, M. Imiquimod and  the
imidazoquinolones: mechanism of action
and therapeutic potential. Clin Exp
Dermatol. 2002; 27(7): 571-577.

Miller RL, Gerster JF, Owens ML, et al.
Review article imiquimod applied topically:
a novel immune response modifier and new
class of drug. Int | Immunopharmacol.
1999; 21(1): 1-14.

Buates S, Matlashewski G. Treatment of
experimental  leishmaniasis  with  the
immunomodulators imiquimod and S-
284063: efficacy and mode of action. | Infect
Dis. 1999; 179(6): 1485-1494.

Geisse J, Caro I, Lindholm ], et al
Imiquimod 5% cream for the treatment of
superficial basal cell carcinoma: results from
two phase III, randomized, vehicle-
controlled studies. ] Am Acad Dermatol.
2004; 50(5): 722-733.

Akira S, Takeda K, Kaisho T. Toll-like
receptors: critical proteins linking innate
and acquired immunity. Nat Immunol. 2001;
2: 675-680.

Gazzinelli RT, Denkers EY. Protozoan
encounters with Toll-like receptor signaling
pathways: implications for host parasitism.
Nat Rev Immunol. 2006; 6:895-906.

Pasare C, Medzhitov R. Toll-like receptors:
linking innate and adaptive immunity.
Microbes Infect. 2004; 6:1382—1387.

Fukao T, S Koyasu. PI3K and negative
regulation of TLR signaling. Trends
Immunol. 2003; 24(7): 358-363.

Murphy KM, Weaver C. Janeway's immuno
biology. 9% Edition. 2018.

Kawai T, Akira S, TLR signaling. Cell
Death Differ. 20006; 13(5): 816-825.

Available at: http://ijpa.tums.ac.ir

21.

22.

23.

24.

25.

206.

27.

28.

29.

30.

31.

Colonna M. TLR
IFN-regulatory factors: To each its own.
Eur | Immunol. 2007; 37(2): 306-309.
Ebrahimisadr P, Ghaffarifar F, JABARI J,
et al. Therapeutic and preventive effects of
morphine against Leishmania major and
evaluation the expression of TLRs and
cytokines in infected macrophages in vitro
and in BALB/c mice. Preprint article.

Jabari J, Ghaffarifar F, Horton J, et al.
Evaluation of Morphine with Imiquimod as
Opioid Growth Factor Receptor or
Nalmefene as Opioid Blocking Drug on
Leishmaniasis Caused by Leishmania major in
Vitro. Iran | Parasitol. 2019; 14(3):394-403.
Pandey SP, Doyen N, Mishra GC, et al.
TLRY- deficiency reduces TLR1, TLR2 and
TLR3 expressions in Leshmania  major-
infected macrophages. Exp Parasitol. 2015;
154:82-86.

Tauer JT, Abdullah S, Rauch F. Effect of
AntiTGF-B Treatment in a Mouse Model of
Severe Osteogenesis Imperfecta. | Bone
Miner Res. 2019; 34(2):207-214.

Ribeito Gomes FIL., Moniz De Souza MC,
Alexandre Moreira MS, et al. Neutrophils
activate macrophages for intracellular killing
of Leishmania major through recruitment of
TLR4 by neutrophil elastase. ] Immunol.
2007; 179:3988-3994.

Ribeiro Gomes FL, Otero AC, Gomes NA,
et al. Macrophage interactions with
neutrophils  regulate  Leishmania — major
infection. ] Immunol. 2004; 172:4454-4462.
Dong L, Uzonna JE. The early interaction
of  Leishmania with macrophages and
dendritic cells and its influence on the host
immune response. Front Cell Infect
Microbiol. 2012; 2: 83.

Hemmi H, Kaisho T, Takeuchi O, et al
Small anti-viral compounds  activate
immune cells via the TLR7 MyD88-
dependent signaling pathway. Nat Immunol.
2002; 3:196-200.

Scho'n M, Bong AB, Drewniok C, et al
Tumort-selective induction of apoptosis and
the small- molecule immune  res-
ponsemodifier imiquimod. ] Natl Cancer
Inst. 2003; 95:1138-1149.

Sacks D, Noben-Trauth N. The
immunology of susceptibility and resistance

pathways  and

191


http://ijpa.tums.ac.ir/
https://pubmed.ncbi.nlm.nih.gov/?term=Gerster+JF&cauthor_id=10411278
https://pubmed.ncbi.nlm.nih.gov/?term=Owens+ML&cauthor_id=10411278
https://link.springer.com/book/10.1007/978-3-662-56004-4#author-0-0
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22919674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uzonna%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=22919674
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3417671/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3417671/

32.

33.

34.

35.

36.

37.

Iran J Parasitol: Vol. 20, No. 2, Apr-Jun 2025, pp.178-192

to Leishmania major in mice. Nat Rev
Immunol. 2002; 2:845-58.

Medzhitov R, Janeway CA. Innate
immunity: the virtues of a nonclonal system
of recognition. Cell. 1997; 91 (3): 295-298.
Akira S, Takeda K. Toll-like receptor
signaling. Nat Rev Immunol. 2004; 4
(7):499-511.

Flandin JF, Chano F, Descoteaux A. RNA
interference reveals a role for TLR2 and
TLR3 in therecognition of Leishmania
donovani promastigotes by interferon primed
macrophages. Eur ] Immunol. 2006; 30:
411-420.

Kropf P, Freudenberg MA, Modolell M, et
al. Toll-like receptor 4 contributes to
efficient control of infection with the
protozoan parasite Leishmania major. Infect
Immun. 2004; 72:1920-1928.

Kropf P, Freudenberg N, Kalis C, et al.
Infection of receptor C57BL/10ScCr and
C57BL/10ScNCr mice with Leishmania
major reveals a role for Toll Like 4 in the
control of parasite replication. | Leukoc
Biol. 2004;76: 48-57.

Ribeiro-Gomes FL, Moniz-de-Souza MCA,
Alexandre-Moreira MS, et al. Neutrophils
activate macrophages for intracellular killing
of Leishmania major through recruitment of
TLR4 by neutrophil elastase. | Immunol.
2007; 179: 3988-3994.

192

38.

39.

40.

41.

42.

43.

Whitaker SM, Colmenares M, Pestana KG,
et al. Leishmania pifanoi proteoglycolipid
complex P8 induces macrophage cytokine
production through Toll-Like Receptor 4.
Infect Immun. 2008; 76: 2149-2156.

Zhang P, Yang M, Chen C, et al. Toll-Like
Receptor 4 (TLR4)/Opioid  Receptor
Pathway Crosstalk and Impact on Opioid
Analgesia, Immune  Function, and
Gastrointestinal Motility. Front Immunol.
20205 11:1455.

Schleicher U, Liese J, Knippertz I, et al. NK
cell activation in wvisceral leishmaniasis
requires TLRY, myeloid DCs, and I1L-12,
but is independent of plasmacytoid DCs. ]
Exp Med. 2007; 204: 893-906.

Singal P, Singh PP. Leishmania donovani
amastigote component induced colony-
stimulating ~ factor  production by
macrophages: modulation by morphine.
Microbes Infect. 2005;7 (2):148-156.
O’Garra A, Vieira P. TH1 cells control
themselves by producing interleukin-10.
Nat Rev Immunol. 2007; 7(6):425-8.
Belkaid Y, Hoffmann KF, Mendez S, et al.
The role of interleukin (IL)-10 in the
persistence of Leishmania major in the skin
after healing and the therapeutic potential
of Anti-IL.-10 receptor antibody for sterile
cure. ] Exp Med. 2001; 194(10):1497-1506.

Available at: http://ijpa.tums.ac.ir



http://ijpa.tums.ac.ir/

