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ABSTRACT

In developing countries, people remain infected with protozoan and helminths parasite contributing to death and
economic loss. Toll-like receptors (TLRs) family is considered one of the most major pattern recognition receptors
found to be concerned in innate immunity and expressed intracellularly as well as on cell surfaces. They play an
essential function in the various protozoans and helminths' ability to activate the host immune system response.
These were engaged in producing cytokines and chemokines to promote phagocytosis and the killing of parasites.
TLRs have negative regulation strategies to decrease the production of pro-inflammatory cytokines to reduces
excessive pathology and reduce tissue damage caused by unregulated TLR activation. The main achievements
ﬁndings made on the strategies of TLRs negative regulation mediated host response against protozoan and helminthic
parasitic infections have been collected using many databases and the research published papers in indexed medical
journals. Clarification of the relationship of host-parasites with the TLR pathway would enhance the management
method of pathogens immunotherapy. Research in these fields have informed the production of new generation of
therapeutics so that science in this field will have a promising future. In this review, we discuss the relationships
between most pathogens and the strategies of TLRs to manage infectious diseases in the host immune regulatory
network. Furthermore, the promising role that TLRs play in all parasite infections and therapeutic control strategies
will also be stressed. Further studies are required to check for interplay strategies that control negative regulation
that will provide new guidelines for the therapy of several crosstalk pathogens.
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INTRODUCTION
The main concern in today's world is of the rising
number of cases of protozoan and helminth parasite
infections with a high mortality rate (Ropert et al. 2008).
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These parasites have the property of immunomodulation,
as they have their own strategies to escape from
immune responses to survive inside their host for long
periods (Maizels et al. 2004). Toll-like receptors (TLRs)
are characteristic cellular receptors that can recognize
pathogens and their associated molecules through innate
infection responses (Kaye and Aebischer 2011). Thirteen
TLRs have been currently identified, of which TLR1–TLR9
are retained within human and mice. Nonfunctional
TLR10 found in mice whereas TLR11-TLR13 are detected
within mice but are lost from human (Takeda and Akira
2015).
In the last decade, the potential role of Toll-like receptors
in fighting parasitic infections has attracted much
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interest. TLRs serve as the front line of defense response
in the host against infecting pathogens by initiating
an intracellular signaling cascade to activate an early
inflammatory and innate immune response (Sudhagar
et al. 2020). This review will cover the main conclusion
regarding the mediated reaction between TLRs related
protozoan and helminths infections.
Structure of TLR: All TLRs have two domains: 20–27
extracellular leucine-rich repeats domain that detects
pathogen and a Toll-interleukin 1 (TIR-1) domain that
interacts with an adapter molecule to set off an immune
response (fig. 1). The main differences in TLRs are ligand
specificities, signal transduction and subcellular location
(El-Zayat et al. 2019).
Figure 1: Schematic diagram of TLR (Muccioli et al.
2012).

TLRs members: There are 13 mammalian TLR members,
12 in mice, and 10 in humans. The TLR10 mouse gene is
not functioning (Ann et al 2016). They are distinguished
by repeats of the leucine-rich extracellular domain and
an intracellular domain with a retained zone receptor
called the Toll/ I L-1 (TIR) domain and the transmembrane
domain (Ulevitch 2004). Repeats with Leucine-rich are
present in cytoplasmic and transmembrane proteins and
participating in the identification, banding, and signal
transduction of ligand (Kobe and Deisenhofer 1995). TLRs
are functionally subdivided into cell membrane TLRs and
Intracellular TLRs or nucleic acids sensors (Fig. 2). All 13
types of TLRs elicit the myeloid differentiation primary
response protein 88- (MyD88-) dependent pathways
except TLR3 (Ji-Yoon et al. 2020).
Figure 2: TLRS members and their location (El-Zayat et
al. 2019).

TLRs role of monitoring parasite infection: Specific
pathogen-associated molecular patterns (PAMPs) are
identified and interacting with pattern recognition
receptors (PRRs) expressed in innate and non-immune
cells in foreign organisms. PRRs display the critical
function, including immune and non-immune cells, of
the innate immunological reaction. They also identify
released molecules from damaged host cells called
damage-associated molecular patterns (DAMPs). TLR and
NOD (nucleotide oligomerization domain-like receptor)
recognize intracellular PAMPS and activate signals
that induce inflammatory cascades of cytokines to be
produced (Mariathasan and Monack 2007 & Takeuchi
and Akira 2010).PAMPs interactions with PRRs activate
nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-𝜅B).
Figure 3: TLR signaling pathway (Chandrani 2019).

Proinflammatory cytokines such as interleukins (e.g.
IL6) and tumor necrosis factor α (TNFα) are released
into circulation after infection because of NF-aB
migrate to the nucleus (Fig. 3). Such cytokines can
regulate the inflammatory reaction through altering
vascular endothelial permeability, infiltrate blood cells
into inflamed tissues, and develop acute-phase protein
production. Certain PRRs monitoring PAMP to recruit
IRF3 in addition to IRF7 transcription factors resulting
in the development of IFN-β, which play a central role in
antiviral response. The innate immune reflex also invokes
and induce adaptive immune system activation, which
gives the host immune memory towards the invading
pathogen (Iwasaki and Medzhitov 2015 & Ji-Yoon et
al. 2020).
TLRs are mainly expressed in immune-functioning
tissues, including spleen and peripheral blood leucocytes
as mast cells, macrophages, and dendritic cells. TLRs
found on the plasma membrane excluding TLR3, 7,
8, and 9. Such TLRs are found on the endosome and
lysosome membranes with no detectable expression
on the surface of the cell (Takeda and Akira 2005). The
TLRs, especially surface receptor TLR2 and TLR4, have
gained immense importance because they are extremely
capable of identifying different molecular patterns
from invading pathogens. Such (PRRs) function not
only as innate sensors but also as innate and adaptive
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immune responses to form and bridge. They also play
an important role in regulating the balance between Th1
and Th2 type responses (Mukherjee 2016).
To control adaptive immune responses, the ancient Toll –
IL-1 receptor signaling pathway is important. TLR signals
through MyD88 pathway leading to activation of MAPK
and induces NF-kB to the nucleus which promotes the
induction of proinflammatory cytokines (Franco 2017).

Parasites can both activate and negatively regulate TLRs,
this mechanism is used by the parasite to suppress the
host immune system by interfering with TLRs ' expression
and function (Venugopal et al 2009). Moreover, TLRmediated signal transduction mechanisms and their
consequences explain the operation of other immune
signaling pathways. TLR signaling deficiency leads to
various pathological chronic diseases and manipulation
of TLR signaling promises to halt their activity (Yibo et
al. 2020).

Table 1. Highlights TLR genes distribution across the genome, the number of amino acids, molecular weight, and their
adaptor molecule. Table 1: Toll-like receptors (O’Connell et al 2017).
TLRs
chromosome Protein
M.W
Ligand(s)
Sources
		
a.a
(kda)			
					

Adaptor molecule
(Vanhoutte et al 2007)

TLR1
4p14
786
84
Triacylated lipopeptides
Gram-positive and	MAL/MyD88
					
negative bacteria
TLR2
4q31-32
784
84
Bacterial lipoproteins
Gram-positive and	MAL/MyD88
					
negative bacteria
				Heat shock protein 70	Mycoplasma and Host/
TLR3
4q35
904
97
dsRNA	
self Viruses and Host/self
TRIF
TLR4
9q32-33
839
90
Lipopolysaccharide
Gram-negative	MAL/MyD88
					
and bacteria
and
 				Heat shock proteins	Host/self
TRAM/TRIF
TLR5
1q33-42
858
91
Flagellin
Flagellated bacteria	MyD88
TLR6
4p14
796
91
Diacylated lipopeptide	Mycoplasma	MAL/MyD88
TLR7
Xp22
1049
121
ssRNA	
Virus	MyD88
TLR8
Xp22
1041
120
ssRNA	
Virus	MyD88
TLR9
3p21		
116	Unmethylated CpG DNA	
Bacteria and Self	MyD88
TLR10
4p14
1032
95	Unknown	Unknown	Unknown

TLRs distribution in different immune cells: TLRs are
receptors expressed by different types of immune cells, a
major component of innate immunity. TLR 1,2,4,5,6,7,8
is shown in neutrophils and monocytes/macrophages,
and the dendritic myeloid cell expresses TLR 2.3,4,7,8. As
well as, B lymphocytes generate TLR 1,3,6,7,9,10 while
T lymphocytes (Th1/Th2) express TLR 2, 3, 5, 9. Three
types of TLR can express by T lymphocytes (regulatory
) are TLR2,5,8. Expression of TLR2,4,5,7,8,9 usually on
mononuclear peripheral blood cells (Chandrani et al
2019).
TLRs and parasite infection: TLRs have potential as
therapeutic targets, either alone or in combination with
standard immunotherapy and pharmacotherapy. In recent
years, TLR antagonists or agonists from their negative
regulators have been investigated as vaccine adjuvants
to improve tumor, allergy, and infectious disease immune
response. TLRs regulate downstream pathways involved
in adaptive immune responses by influencing multiple
antigen-presenting cell (APC) functions (Kanzler et al
2007). TLRs may be used to differentiate parasites from
the self by macrophages and dendritic cells. Furthermore,
TLR families are known to be combine with the pathogen
and activating downstream signal transduction pathways.
Moreover, TLRs have been demonstrated to be important
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

for protozoan parasite resistance and identification of
their components (Ghartey et al. 2020).
Infection by L. major in TLR4 mice leads to low parasite
replication that correlates with higher levels of inducible
nitric oxide synthase. Hence, TLR4 competence could
resolve cutaneous lesions and control parasite growth
(Kropf et al 2004). TLR2 forms heterodimers with
TLR1 or TLR6 and modulates downstream signaling
pathways. LPG's L. major is involved in modulating the
expression and function of TLR9. Mice infected with
L. major increases the expression of TLR1 and TLR2
but TLR6. The association TLR2-TLR2 increases but the
association TLR2-TLR6 decreases. The difference between
TLR2 and TLR1 or TLR2 and TLR6 in the development
of heterodimers results in a functional duality of TLR2.
Pegylated bisacycloxypropylcysteine, a diacylated
lipopeptide ligand of TLR6, plays a host-protective
role against experimental Leishmania major infection
(Pandey et al 2014).
Mice deficient in either TLR2, 4, or 9 are more susceptible
to L. major infection than TLR9-deficient animals.
The TLR9 deficiency inhibits the response of curative
Th1 (Abou-Fakher et al 2009). TLR9 seems to play an
important role in infection by L. major or L. infantum
Toll Like Receptors:An Updated Review
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(Sacramento et al 2015). On the other hand, TLR11 and
TLR12 play an important role in a L. major infection by
reducing the parasite burden, increasing the IFN-γ level,
and decreasing IL-4 production (Shukla et al 2018). TLRs
2, 3, 4, and 9 play an important leishmanicidal role;
however, TLRs can facilitate replication of Leishmania

and make the recipient more susceptible to infection
in the late stages of infection (Dalia 2015). Recent
research has shown that TLR4-IRF1 inevitably results
in production of IFN-β as a tool to damp the chronic
inflammatory process (Sacramento et al. 2020).

Table 2. Functional immunobiology of different TLRs against array of pathogens.
Parasite
Protozoa

Targeted receptor

Leishmania major

-TLR2
-TLR2, 4
		
- TLR9
Leishmania braziliensis
-TLR4
Leishmania infantum
-TLR9
-TLR4
Leishmania mexicana
-TLR2, 4
-TLR9
-TLR2
Leishmania donovani
-TLR2
Leishmania panamensis
-TLR1,2,3, 4
Toxoplasma gondii
-TLR11
- TLR11
- TLR4
Trypanosoma cruzi
-TLR2, 6
-TLR2
- TLR4
Plasmodium falciparum
-TLR2, 4
-TLR9
Entamoeba histolytica
-TLR9
-TLR2 ,4
		
-TLR2, 4
Giardia lamblia
-TLR2
Helminths
Ascaris lumbricoides
-TLR2, 4
		
Brugia malayi
-TLR2,4, 9
Toxocara canis
-TLR2
Acanthocheilonema viteae
-TLR4
Taenia crassiceps
-TLR2, 4
Schistosoma mansoni
-TLR2
-TLR2, 4
Fasciola hepatica
-TLR3
Trichuris trichiura
-TLR4
Trichinella spiralis
-TLR4, 9
Trichomonas vaginalis
-TLR4
Naegleria fowleri
-TLR4

Effector Function

-IFN-γ, TNF-α, and NFκB (Hawn et al 2002)
- IL-12, TNF- α, IFN-γ and NO
(Becker et al 2003 & Abu-Dayyeh et al 2010)
- IFN-γ (Abou-Fakher et al 2009)
-TNF-α and IL-10 (Galdino et al 2016)
-IFN-α/β and IL-12 (Schleicher et al 2007)
-IFN-β and IRF1 (Sacramento et al 2020)
-TNF-α, IL-1β, IL-12 p40, IL-12 p70, and IL-10 (Rojas et al 2014)
-TNF-α and IL-12 (Martínez et al 2008)
-Block IFN mediated (NO) production (Faria et al 2014)
-TNF-α, IL-12, and IFN-γ, NO (Srivastava et al 2013)
-TNF-α (Gallego et al 2011)
- IL-2 (Yarovinsky et al 2005)
- IL-12, IFN-γ (Yarovinsky 2014)
- TNF-α Reduce IL-10 (Gowda 2007)
-NF-κB and IL-8, TNF-α, NO (Bott et al 2018)
- (IL-12), (NO) and (TNF) (Aoki et al 2012)
- IL-12, TNF-α NO (Coelho et al 2002)
-TNF-α NF-κB, and IFN-γ (Hisaeda et al 2008)
-FN-γ (Matthew et al 2007)
-TNF-α (Ivory et al 2008)
-NF‐κB ,(IL)‐10, IL‐12, (TNF)‐α, and
IL‐8 (Maldonado et al 2005)
-TNF IL-12,IL-10,and NO (Wong et al 2010)
-IL-12 p40, TNF-α, and IL-6, IFN-γ (Li et al 2017)
-IL-10 and TGF-β (Kane et al 2004)
- IL-10 (Magdalena et al 2019)
-TNF-α, IL-6, and IL-10 (Faria et al 2014)
-IL-4, IL-5, and IL-13 (Ludwig et al 2012)
-Block of IL-12 and TNF-a Production (Diaz and Allen 2007)
-IL-6 (Correale and Farez 2009)
-IL-1β, IL-6, IL-12, and TNF-α (Du et al 2014)
-IL-10, TGF-β (Kane et al 2004)
-IL-10 and IL-4 (Carranza et al 2012)
-TNF-α (Donnelly et al 2010)
-IL-10 and TGF-β (Sin et al 2015)
-NF-κB (Im et al 2016)
-IL-8, TNF-α, IL-1β (Martínez et al 2018)

Two TLR1 polymorphisms have been evaluated,
rs4833095 (Asn248Ser) and rs5743618 (Ser602Ile)
for their association with P. falciparum infection and
placental malaria susceptibility (Hamann et al 2010).
TLR4-Asp299Gly and TLR4-Thr399Ile variants have

1634 Toll Like Receptors:An Updated Review			

been found to give a higher risk of severe malaria. TLR4
polymorphisms, infectious diseases, and evolutionary
pressure during the migration of modern humans
(Ferwerda et al 2007). Only certain adaptive immune
responses need to be triggered by TLRs (Barton and
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Medzhitov 2002).Potential associations between TLR2
and TLR4 mRNA expression and cytokine and nitric oxide
(NO) production have been studied with L. chagasi.
While in the early stage of infection, the mRNA
expression of TLR2, TLR4, IL-17, TNF-α, and TGF-β
increases, it decreases in the late stage, correlating
with parasite load. At the peak of infection, the mRNA
expression of IFN-π and IL-12 declines (Cezario et al
2011). Mice were infected with L. braziliensis showed low
levels of cytokine IL-12p40, leading to greater infection
by L. braziliensis and a limited expansion of CD4+ T
cells that produce IFN-γ and IL-17 during infection.
In contrast, TLR2 mice were more immune to infection
due to increased IFN-α development. Consequently,
TLR2 seems to have a regulatory role in modulating the
immune response to L. braziliensi (Vieira et al 2013).
TLR6 S249P's single-nucleotide polymorphism can be
a risk factor for malaria development. (Fabiana et al
2008) TLR5 the single-nucleotide polymorphism S180
L protects against malaria, while the single-nucleotide
polymorphism of R392 stop codon increases susceptibility
to the same disease (Khor et al 2007).The susceptibility
can be modulated by a TLR4 polymorphism rs4986790
toward a P. vivax infection (Rani et al 2018). TLR4
A299G, TLR6 S249, and TLR 9-1486C/T influence the
levels of circulating cytokines IL-6, IFN-γ, IL-12, IL-10,
and IL-4 during a P. vivax infection. (Costa et al 2018)
TLR9 1237C/C correlates with acute parasitemia during
a P. vivax infection (Costa et al 2017). A protein resident
in the endoplasmic reticulum, UNC93B1, is essential to
hosting resistance to T. cruzi and T. gondii (Melo et al
2010). TLR2 blocked Giardia infection and reduced the
burden of parasites compared to the control that infected
with the same protozoan (Li et al 2017).

list of the major pathogens involving TLRs and cytokines
targeting these parasites.
TLRs Negative regulation: TLRs down-regulation is a
strategy that protozoa use to avoid immune responses.
It has been shown that protozoan parasites such as
Trypanosome spp and Entamoeba histolytica inhibit the
immune response by reducing the expression of TLR2.
Similarly, B. malayi significantly reduced the mRNA
spreading of TLR3,4,5 and 7 from DCs that derived
from monocyte (Maldonado et al 2000). The expression
of TLR1,2,4 and 9 in B cells has decreased in filarial
infected individuals. (Babu et al 2005). During TLR
signaling, T cells play an important function as T cells
release many of the TLRs. Upon induction by B cells
and monocytes, T cells express lower levels of TLR1, 3,
and 4 during lymphatically infected patients (Babu et al
2006). L. donovani has developed strategies for survival
that suppress the pro-inflammatory reaction created by
TLRs by suppression of TLR2, 4, and activation of IL12p40 and IL-10 production (Chandra and Naik 2008).
G. lamblia helps to reduce the development of TLR3
signaling pro-inflammatory cytokine. S. mansoni and
F. hepatica have a restrained effect on the ripeness of
DCs induced by TLR ligands to generate IL-12 less than
those that are only activated with TLR4 ligand (Rodríguez
et al 2015).

When TLR receptors bind to the ligands on the surface
of dendritic cells of the S. mansoni, A. lumbricoides,
and T. trichiura parasites, expression of co-stimulatory
molecules (CD40, CD80, and CD86) and pro-inflammatory
mediator synthesis Increase, such as IL-12 and TNF-α,
evokes the response of Th1 lymphocytes (McSorley
and Maizels 2012). TLR2 is necessary for the priming
and expansion of active Regulatory T cells during
schistosomiasis (Barton and Medzhitov 2002).In the
early stages of infection, mRNA expression of TLR1,
TLR2, TLR3, TLR4, and TLR9 is regulated for intestinal
parasites.

S. mansoni stimulates IL-12 development or increases
CD80, CD86 in addition to MHC class II surface expression
in DCs. It decreases the development of IL-12, IL-6, and
TNF-α, as well as the release of CD80/86 molecules,
which can repress the Th1 response and enhances the
Th2 response evolved by LPS (79). TLR2 and TLR3 are
needed to shape the immune response during murine
schistosomiasis and to increase the Th1/Th2 immune
response balance (Vanhoutte et al 2007).Low T. cruzi
virulence strain induces relatively high TLR4 expression
and elevated pro-inflammatory cytokine rates such as
IL-12 and TNF-α. On the other hand, it maintains low
TLR4 expression and decreases TNF-α development
(da Costa et al 2014). In addition, the expression of
TLR2 and TLR4 in the brain of the mice was increased
after Acanthamoeba sp infection in contrast to animal
control (Wojtkowiak et al 2016). Acanthamoeba sp, on
the other hand, generates high mRNA expression and
high levels of TLR2 in animal brains at 2, 4, 8, 16, and
30 days after infection compared to uninfected mice
(Wojtkowiak et al 2018).

During the adult stage of infection with T. spiralis, TLR1
and TLR4 activate the signaling pathway dependent on
MyD88. The expression of TLR2/4 during infection could
be closely associated with immune responses mediated
by Treg cells and greater expression of cytokines such as
IL-10 and TGF-β. (Kane et al 2004) During an S. Mansoni
infection, TLR2 and TLR4 restrict immune response
activation while that of TLRs 1, 3, 7, and 8 is decreased
after deposition of the egg (Dalia 2015). The deficiency
of these TLRs, therefore, facilitates the removal of adult
worms (Pasare and Medzhitov 2003). Table 2; contains a

Negative TLR regulation may reduce pro-inflammatory
cytokine production to control the balance of Th1/2
cells and to modulate the expression of TLR4 that
can protect the host from autoimmune development
(Terrazas et al 2013). Most helminth pathogens operate
the downregulating TLRs to improve the immune system
and interfere with multiple gene expression linked to
the transduction pathway. Several studies show that
continued response to helminth antigens leads to control
the response of cells to PAMPs from these parasites
and suggesting a poor immune response in helminth
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infected individuals (Kane et al 2004).Moreover, latest
results suggest that TLR4 obstructs the IRF1 and IFN-β
immune response to avoid immunopathological disease
(Sacramento et al. 2020).
Current treatment design considerations and Conclusion:
Recent studies have shown that TLRs are likely to
succeed in combating various parasites by activating
signals pathways and their inhibition strategies offer
great promise as an entirely new class of biologics for
the treatment of inflammatory diseases (Shepherd et al
2015 and Chandrani et al 2019). Moreover, TLR ligands
essential for vaccine adjuvant activity which should
anticipate adjuvants that may improve the effectiveness
of vaccines or have the effects of antiparasitic. The strong
interest of biological researchers in TLRs will surely lead
to desperately needed parasite therapies.
TLRs have many types of actions that can play a major
role in the pathogen immune reaction. Every TLR plays
a crucial role in this response. The inborn immune
sensors encoded by germline which identify preserved
parasite structures and induce signaling cascades that
increase the development of inflammatory mediators
by macrophages, neutrophils, dendritic cells, and other
types of cells. TLRs are also able to trigger inflammatory
cytokine production, which in many diseases plays a
pathogenic role. Such processes activate mechanisms of
innate host defense immediately, as well as trigger and
organize the adaptive immune response.
Studies on infectious diseases identified by TLRs helped
to understand the fundamental mechanisms of innate
immune responses to most parasites. Parasites interfere
with the immune response in order to promote their
host survival. TLRs polymorphisms play an important
role in rising host parasitemia and ligands of TLRs come
from PAMPS and host DAMP.Ligand-mediated toll-like
receptor activation (TLRs) not only causes inflammation
but also suppress immunity, which is a new area of
research. Uncontrolled activation of TLR can lead to
severe inflammatory conditions and tissue damage.
Through developing strategies for stabilizing negative
regulation molecules it is possible to reduce the incidence
of infectious diseases. Additional signaling channels of
the innate immune system affect the negative regulation
of TLR signaling. Consequently, TLRs negative regulation
results in a lower output of pro-inflammatory cytokine
and limits excessive pathology. Additional studies are
necessary to describe the control in this system through
these interactions. This upcoming research will offer
new guidelines for the therapeutic treatment of several
pathogenic infections.
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