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Abstract  

 

Strongyloides ratti is a parasitic nematode with tissue migrating and intestinal life stages. 

Recognition of pathogens and initiation of immune responses is promoted by interaction 

between pattern-recognition-receptors (PRRs) on immune cells and pathogen-associated-

molecular-patterns (PAMPs) present on the parasite. Screening a crude S. ratti-derived 

protein lysate against a library of C-type lectin receptors (CLR), an ancient family of PRR, we 

found that Macrophage-inducible-C-type lectin receptor (MINCLE) binds immobilized S. ratti 

lysate and activates a MINCLE expressing reporter cell line. As this suggests presence of 

agonistic MINCLE-ligands in the S. ratti lysate, we analysed a putative function for MINCLE in 

vivo. Strikingly, MINCLE-deficient (KO) mice displayed reduced intestinal S. ratti parasite 

burden compared to their wildtype (WT) mice, suggesting an improved and not the expected 

impaired host defence in the absence of a stimulating PRR.  To elucidate, which effector cell 

expressing MINCLE might be responsible for this protective immunity, we show that 

eosinophils and neutrophils represent the dominant MINCLE expressing cell population in 

vivo. Comparing their function in vitro, WT and MINCLE KO granulocytes inhibited motility of 

S. ratti third stage larvae (L3), indicating potential killing of L3. However, MINCLE-deficient 

eosinophils showed significantly increased capacity to impair S. ratti motility. These cells also 

produced more reactive oxygen species (ROS) compared to the WT. Therefore, indicating 

that, MINCLE-mediated signalling changes the function of eosinophils during S. ratti infection. 

Thus, expression of MINCLE on eosinophils protect S. ratti from immune response by host and 

as a result, contributing to high parasite adults in the intestine. 
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Summary  

 

Helminths are large multicellular parasites that still infect approximately a quarter of the 

human population. The mammalian immune system protects us against helminth infection in 

the context of type 2 immune response. Infective third stage larvae (L3) live in the free world 

and actively penetrate the skin of their rodent host. L3 migrate within two days 

percutaneously partially via the lung to the nasofrontal region of the head and are swallowed 

subsequently to reach the small intestine. There, they moult via fourth larval stage to parasitic 

adults that live embedded in the mucosa of the small intestine and start to reproduce by day 

5 post infection (dpi). Immune competent mice terminate the infection within a month and 

remain semi-resistant to subsequent infections. This process is initiated by the interaction 

between pattern-recognition-receptors (PRRs) on immune cells and pathogen-associated-

molecular-patterns (PAMPs) present on the parasite. Macrophage-inducible C-type lectin 

receptor (MINCLE) is a PRR expressed by innate immune cells to recognise PAMPS. So far, the 

role of MINCLE in the immune response to helminth infections has only been addressed in 

the context of Schistosomiasis. Therefore, it became of interest to elucidate the role of 

MINCLE in anti-Strongyloides immune response. 

 

Hence to begin this project, we first show that MINCLE binds immobilized S. ratti lysate and 

activates MINCLE expressing reporter cells. Therefore, indicating a presence of agonistic 

MINCLE-ligands in the S. ratti lysate. We then proceeded to find out the putative function for 

MINCLE in vivo.  Strikingly, MINCLE-deficient (KO) mice displayed reduced intestinal S. ratti 

parasite burden compared to their wildtype (WT) mice, suggesting an improved and not the 

expected impaired host defense in the absence of a stimulating PRR. To elucidate which 

effector cell expressing MINCLE might be responsible for this protective immunity, we show 

that eosinophils and neutrophils are the dominant MINCLE expressing cell population in vivo. 

WT and MINCLE KO eosinophils expand significantly by 3dpi. However, by 6 dpi the frequency 

of WT eosinophils significantly decease in comparison to the MINCLE KO eosinophils. We also 

show that the frequency of neutrophils also increases significantly in both WT and MINCLE 

KO by 3 dpi. However, no difference is observed by 6 dpi. We then compared the function of 

these granulocytes in vitro. We show that WT and MINCLE KO granulocytes inhibit motility of 
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S. ratti L3, indicating potential killing of L3. Both WT and MINCLE KO neutrophils equally 

impair S. ratti L3. We also show that that in the presence of S. ratti L3 neutrophils do not 

release reactive oxygen species (ROS). However, MINCLE KO eosinophils significantly impair 

S. ratti motility compare to WT. Also, in the presence of S. ratti L3, MINCLE KO eosinophils 

produce more ROS compare to the WT.  

 

Therefore, indicating that, MINCLE-mediated signalling changes the function of eosinophils 

during S. ratti infection. Thus, expression of MINCLE on eosinophils protect S. ratti from host 

immune response and as a result, contributing to high parasite adults in the intestine. 
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Table 1. 
Abbreviations  
 
 

 

AF Alexa flour 
APC Antigen presenting cells 
Bcl10 B-cell lymphoma/leukemia 10 
BSA Bovine serum albumin 
BV Brilliant violet 
CARD9  Caspase recruitment domain-containing protein 9 
CC Chemokines 
CLR C type lectin receptor  
DMSO Dimethyl sulfoxide 
DNA Deoxyribonucliec acid  
dNTP Deoxynucleotide triphosphates 
ECP Eosinophil cationic proteins 
EDN/EPX Eosinophil-derived neurotoxin 
ELISA Enzyme linked immunosorbent assay  
EPO Eosinophil peroxidase 
FACS Flow cytometry 
FEIA Fluoro-enzyme-immunoassay 
FLT3L FMS-like tyrosine kinase 3 ligand 
FSC Forward scatter 
G-CSF Granulocyte colony-stimulating factor 
GM-CSF Granulocyte-macrophage colony stimulating factor 
HBSS Hanks' Balanced Salt Solution 
HEK Human embryonic kidney cells  
HEPES Hydroxyethyle piperazineethanesulfonic acid 
HRP Horseradish peroxidase 
Ig Immunoglobulin 
IL Interleukin  
ILC Innate lymphoid cell 
ITAM Immunoreceptor tyrosine based activation motifs 
ITIM Immunoreceptor tyrosine based inhibition motifs 
IV Intravenous 
KO  Knockout 
LPS Lipopolysaccharide 
MAC Membrane attack complex 
MACS Magnetic-activated cell sorting 
Malt1 Mucosa-associated lymphoid tissue lymphoma translocation protein 1 
MBP Major basic protein 
MCL Macrophage C-type lectin 
MHC Major histocompatibility complex 
MINCLE  Macrophage inducible C-type lectin receptor 
MMP9 Matrix metalloproteinase 9 
MPO Myeloperoxidase 
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NE Neutrophil specific elastase 
NET Neutrophil extracellular traps 
NF-κB Nuclear factor kappa-light-chain enhancer of activated B cells  
NLR Nod-like receptor 
PacBlue Pacific blue 
PAMP  Pathogen associated molecular pattern 
PBS Phosphate Buffered Saline 
PD-L1 Programmed death ligand 1 
PE-Cy Phycoerythrin-Cyanine 
PerCP Peridinin-Chlorophyll 
PMA Phorbol-12-myristat-13-acetat 
PRR Pattern recognition receptor 
RBC Red blood cell 
RIG Retinoic acid-inducible gene I 
RNA Ribonucleic acid 
ROS Reactive oxygen species 
RT  Room temperature  
SAP130 Spliceosome-associated protein 130 
SCF Recombinant Murine Stem cell factor 
SEAP Secreted embryonic alkaline phosphatase 
SHP1 Src homology region 2 domain-containing phosphatase-1 
SIGNR-5 or 
RGS5 

Regulator of G-protein signaling -5 

siRNA Small interfering RNA 
SOD Superoxide dimutase 
SSC Side scatter  
Syk Spleen Tyrosine Kinase 
TDB Trehalose-6,6 dibehenate 
TDM Trehalose -6,6-dimycolate 
Th T helper cells 
TLR Toll-like receptor 
UV Ultra-violet 
WT Wildtype 
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1. Introduc:on  
 
 
1.1. Helminths 

 

Helminths are large multicellular parasites that still infect approximately a quarter of the 

human population (WHO key facts 2023; Hotez P.J, et. al., 2008; Viney 2017). They are worm 

like-parasites which are classified into two phyla called nematodes (roundworm) and 

platyhelminths.  Platyhelminths are also categorized into two groups, where worms that are 

leaf-shaped flatworms also known as flukes are classified as Trematodes. A common example 

of trematodes is schistosomes (blood flukes), which infect humans (Castro GA. Helminths, 

1996). Cestodes (Tapeworms) are also Platyhelminths and common examples are Taenia 

saginata (beef tapeworm) and Taenia solium (pork tapeworm) which also infect humans 

(Castro GA. Helminths, 1996; Sato MO, et. al., 2018). 

 

 

1.1.1.  Nematodes  

 

Nematodes, also known as soil-transmitted helminths (STH), are one of the two major phyla 

of helminths, with the other being platyhelminths (which includes flatworms, such as 

cestodes and trematodes)(Hotez, P.J, et al., 2008). The transmission of these intestinal 

multicellular parasites is through ingestion of contaminated food, water or through contact 

with contaminated soil, where the parasite is able to penetrate the skin of the host (Stepek, 

et. al., 2006). Ascaris lumbricoides (roundworm), Necator americanus (hookworms), Trichuris 

trichiura (whipworm) and Strongyloides stercoralis (threadworm) are nematode species that 

infect humans, have great prevalence in tropical and sub-tropical countries (Stepek, et. al., 

2006; Viney 2017). Although soil transmitted Helminths infections are not viewed as 

dangerous in comparison to parasite infections such as Malaria, it leads to serious illness of 

infected individuals especially children and pregnant women (Stepek, et. al., 2006). Therefore, 

it is still of interest to understand the immune mechanism by which infection is cleared, in 

order to develop better anti-helminth treatment. 
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1.1.2. Ascaris lumbricoides 

 

Ascaris lumbricoides is the most prevalent soil transmitted helminth (Lagatie O, et. al., 2020). 

They also inhabit in the lumen and produce large numbers of eggs which are excreted into 

the environment. When the infective eggs are ingested through contaminated food or water, 

the eggs hatch into third stage (L3) Larvae and migrate via the portal blood vessel system to 

the liver, the larvae then migrate to lungs and penetrate the alveolar spaces and move to the 

pharynx, where they are coughed and swallowed into the small intestine where L3 larvae 

develop into adult worms. From the ingestions of infected eggs to adult worms takes about 

66-76 days in human (TAKATA I 1951; Holland CV 2021). Symptoms experienced by patients 

infected Ascaris lumbricoides includes acute abdomen and upper gastrointestinal bleeding, 

(Wang, et. al., 2013) 

 

 

1.1.3. Necator americanus 

 

Necator americanus is a human gastrointestinal nematode that causes anaemia which in turn 

is linked to impaired development (Croese J, et. al., 2013). Humans are infected with these 

hookworms, when infected L3 larvae in contaminated soil penetrate the skin of the host. 

Through a host derived signal, L3 larvae migrate through the vasculature to the right side of 

the heart, then to the pulmonary vasculature. The larvae then rapture from the lung 

capillaries and enter the parenchyma, where they ascend the alveoli and trachea. They are 

coughed up and swallowed down into the gastrointestinal tract, where they moult twice in 

order to develop into adult worms (Hotez PJ, et. al., 2004).  

 
 
 

1.1.4. Trichuris trichiura  

 

Trichuris trichiura are large intestinal nematodes alslo known as whipworms. Similar to the 

other soil transmitted helminth, Trichuris trichiura infect host when contaminated soil or food 
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containing embryonated eggs is ingested. The eggs are hatched in the large intestine in 

response to a molecular signal triggered by bacteria. First stage lavae (L1) penetrates the gut 

epithelial cells and develop into second stage (L2) larvae. There L2 develop into L3, L4 and 

extend into the gut lumen, where they moult into adult worms (Hyes KS, et. al., 2010; Else KJ, 

et. al., 2020)   

 
 
 

1.2.  Strongyloides 
 

Strongyloides are gastrointestinal parasites that infect terrestrial vertebrate (Viney 2017). The 

two species of the genus Strongyloides that infect humans are S. fuelleborni found in Africa 

and the S. stercoralis which is globally disseminated and clinically relevant (Grove D.I. 1996, 

Beknazarova M, et. al., 2016; Olsen, et. al., 2009; Schär, et. al., 2014). In addition to human 

host, Stercoralis can also infect primates, dogs or gerbils (Bonne-Année et. al., 2011; Breloer 

& Abraham, 2017). Infection of S. stercoralis leads to the disease strongyloidiasis, which is one 

of the most neglected tropical diseases (Olsen et. al., 2009; Schär et. al., 2014). Chronically 

infected individuals show symptoms such as urticarial rash, transient bronchitis and 

gastrointestinal complaints. (Arthur RP and Shelley WB 1958; Khieu V, et. al., 2013). However, 

due to limited and insufficient epidemiological surveys and control programmes for 

strongyloidiasis, is it still difficult to accurately diagnosis the disease. Thereby, infected 

individuals are treated with drugs such as albendazole and mebendazole which target other 

soil-transmitted helminths but have no or very low efficacy against strongyloidiasis (Bounfrate 

D, et. al.,  2022). Human studies on S. stercoralis have shown the role of both innate and 

adaptive immune mechanism in the context of type 2 immune response ( Anuradha R, et. al., 

2016; Bock CN, et. al., 2017; Rajamanickam A, et. al., 2018). However, since the option of 

human studies is limited, mouse models have been used for further mechanistic studies to 

elucidate key areas that will help improve control and elimination of strongyloidiasis. In mice 

S. stercoralis larvae is incapable of developing beyond the third larval stage (Dawkins and 

Grove, 1982a; Bonne-Année et. al., 2011). However, infecting mice with the rodent specific 

Strongyloides ratti and Strongyloides venezuelensis has proven to be very important model to 

understand the interaction of strongyloides with its host, life cycle and migration route of the 

species. (Dawkins et. al., 1980; Breloer and Abraham, 2017; Viney and Kikuchi, 2017) 
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1.3. Life cycle and migraGon route of Strongyloides raH 

 

The life cycle of S. ratti was primarily described based on its life cycle in rats (Viney and Lok 

2015). Free-living adults hatch eggs to form the first stage larvae (L1) which is either male 

(XO) or female (XX). Male larvae develop via L2-L4 stages into rhabditiform which is known as 

the indirect or heterogonic pattern of development.  Female can also develop into 

rhabditiform females. However, most female develop via the direct, asexual or homogenic 

pathway, where first stage larvae female moult via L2 into infectious filariform L3 stage larvae 

(Figure 1). Infective L3 larvae dwell in moist soil and infect host via penetration into the skin 

of their rodent host. This process is imitated in laboratories whereby a defined number of L3 

is deliberately injected subcutaneously (Tindall and Wilson 1988). Within 2 days of active 

penetration, the infective L3 migrate via the tissue to the nasofrontal region of the head. L3 

is swallowed and moult via L4 stage larvae to parasitic adult by day 5 to day 6 post infection. 

The parasitic adults embed into the mucosa of the small intestine where they reproduce via 

parthenogenesis. (Tindall and Wilson 1988). Although the life cycle of S. ratti and S 

venezuelensis are similar, S venezuelensis differs in terms of its migration route where the 

infective L3 migrate exclusively via the lungs (Dawkins 1981 and Dawkins 1982). Also, 

between day 5 and 6 post infection, S. venezuelensis release eggs whereas S. ratti release 

hatched first stage larvae through faeces into the free world. Infected mice and rats that are 

immunocompetent terminate both S. ratti and S venezuelensis within a month and remain 

semi-resistant to subsequent infections. (Breloer M and Abraham 2017).  To elucidate 

whether migration of S. ratti into the intestine follows a defined pattern, Ehrens and group 

compared the number of viable emigrating L3 after subcutaneous injection into the footpad. 

They found that 10 mins after infection, viable L3 were found under the skin and leg muscle 

of the rodent host. With 2 days viable L3 were found in the lung and in the head and by day 

3 arrive in the intestine. All other tissues which are not mentioned as part of the migration 

route of S. ratti were all parasite-free. (Ehrens A et. al 2021). 
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Figure 1. Strongyloides ratti life cycle. Parasitic adults lay eggs which hatch to L1 male or 

female. Male larvae develop via L2-L4 stages into rhabditiform which is known as the indirect 

or heterogonic pattern of development.  Female can also develop into rhabditiform females 

or via the direct, asexual or homogenic pathway, where first stage larvae female moult via L2 

into infectious filariform L3 stage larvae. Infective L3 larvae infect host via penetration into 

the skin of their rodent host, migrate to the head and are swallowed into the small intestine, 

where they molt via L4 to parasitic adult. Illustration from Minka Breloer and Lara linnemann 

2024 review. 

 

 

1.4. PaIern RecogniGon Receptors  

 

Pathogens are recognised by conversed pathogen associated molecular pattern (PAMP), 

which interacts with pattern recognition receptors (PRRs) found on innate immune cells 

(Janeway 1989). This interaction then leads to the appropriate immune defence needed by 

the infected host to eliminate pathogen (Medzhitov and Janeway 1997). There are four 

families of PRRs namely the Toll-like receptor (TLR), Nod-like receptor (NLR), Retinoic acid-
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inducible gene I (RIG-I)-like receptors (RLRs) and C type lectin receptors (CLRs) families 

(Hardison and Brown 2012). Both TLR and RIG - I are PPRs that sense nucleic acids derived 

from viruses and initiate antiviral immune innate immune response (Yoneyama, et. al., 2004; 

Ishii, et. al., 2006). However, aside viruses, TLRs also recognize a variety of bacterial, fungal, 

and protozoal ligands (Takeda, et. al., 2001). NLRs sense fragments of bacterial 

peptidoglycans and triggers immune host response against bacteria (Chamaillard, et. al., 

2003).  

 

 

1.5. C type lecGn receptors   

 

Among the different types of PRRs C type lectin receptors (CLRs) are considered one of the 

largest family and known to recognise glycans in Ca2+ dependent manner (Furukawa, et. al., 

2013). Dectin-1 was the first CLR that was identified and was found to recognize zymosan, a 

major yeast cell wall component, which in turn triggers immune response against fungal 

pathogens via signal transduction involving CARD9/Sky/Bcl10-Malt1 and NF-κB activation 

(Gross, et. al., 2006). Subsequent studies also showed that modulation of immune response 

by CLRs are via signalling through immunoreceptor tyrosine based activation motifs (ITAMs) 

or immunoreceptor tyrosine based inhibition motifs (ITIMs) independently or via associated 

adaptor proteins of ITAMs and ITIMs (Rogers, et. al., 2005; Turner, et. al., 2000).  

 

 

1.6. Macrophage inducible C-type lecGn receptor 

 

Macrophage inducible C-type lectin receptor (MINCLE) is a CLR also known as Clec4e or 

Clecsf9, is predominately expressed by innate cells such as neutrophils, macrophages and 

dendritic cells (Linnemann, Antwi-Ekwuruke, et. al., 2024). In 2008, Yamasaki and group 

demonstrated that spliceosome-associated protein 130 (SAP130) which is released from dead 

cells activates MINCLE-expressing cells and triggers inflammatory response against pathogen. 

They also showed that MINCLE is type II transmembrane protein that is associated with ITAM 

and mediates Syk activation in a Fc receptor common γ-chain (FcRγ) and CARD9 dependent 

manner (Yamasaki, et. al., 2008). MINCLE has also been shown to recognise Lactobacillus 
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Kefiri and its S-layer glycoprotein (Malamud, et. al., 2020). Moreover, several studies have 

shown that MINCLE engages mycobacterial glycolipid called Trehalose 6,6-dimycolate (TDM) 

which subsequently leads to the recruitment of Syk-dependent adaptor protein CARD-9, BCL-

10 and MALT1, which in turn induce NF-kB and promote proinflammatory immune responses 

(Ishikawa, et. al., 2009). In 2010, Schoenen and group showed that, both trehalose -6,6-

dimycolate (TDM) and it’s synthetic analog trehalose-6,6 dibehenate (TDB) induce 

macrophage activation via MINCLE and induce T cell immune responses against tuberculosis 

(Schoenen, et. al., 2010). Other studies have also shown that MINCLE deficiency impairs 

migration of neutrophils in bacterial infection (Lee, et. al., 2017).  In 2009, Yamasaki reported 

that MINCLE is the first specific receptor for the fungal species Malassezia. MINCLE 

recognition of Malassezia induces cytokines and chemokines produced by macrophages 

(Yamasaki, et. al., 2009).  So far, the role of MINCLE in the immune response to helminth 

infections has only been addressed in the context of Schistosomiasis. These reports show 

involvement of MINCLE with the CLRs Dectin 2 and SIGNR-5 in increasing production of 

dendritic cells to induce Th17 immune response, when schistosome egg ligands interacts with 

the CLRs. (Kalantari, et. al., 2018; 2019). However, the role of MINCLE in anti-Strongyloides 

ratti immune response has not yet been elucidated. 
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Figure 2. Activation of MINCLE. This illustration shows activation of MINCLE by some of the 

known ligands and its downstream effect. That is, binding of MINCLE agonist to the receptor 

leads to Syk-dependent recruitment of adaptor protein (CARD 9, BCL10 and MALT1), which 

subsequently promotes pro-inflammatory response.   

 

 

1.7. AnC-Strongyloides raH immune response  

 

Although the recognition of S. ratti by pattern recognition receptors expressed on innate 

immune cells is still under investigation, there are evidence that migrating of S.ratti L3 in the 

skin tissue induce the release of the alarmin cytokine IL-33 via tissue disruption(Meiners, et. 

al. 2020; Imai, et. al., 2013; Osburn, et. al., 2017). IL-33 is nuclear cytokine which is expressed 

in and released by damaged or stressed epithelial barrier cells (Cayrol and Girard 2014). 

Further investigation show that once IL-33 is released, it acts on IL-9 producing group 2 innate 

lymphoid cells (ILC2) to expand IL-9 production, which in turn mediates the rapid activation 

of mucosal mast cells in the intestine and thereby, promoting parasite expulsion (Meiners, et. 

al. 2020). However in this study neutrophils and eosinophils which are known to intercept 

S.ratti during tissue migration were shown to have no involvement (Meiners, et. al. 2020; 

Ehrens, et. al. 2021). In 2021, Ehrens and group showed in a study that neutrophils and 

eosinophils play a vital role in the eradication of S. ratti L3 in tissue. Here they depleted 

neutrophils using anti-Gr-1 monoclonal antibody and as a result the number of S.ratti L3 in 

head and lung tissue elevated. Similarly using eosinophil deficient DdblGATA mice also 

resulted in the elevation S. ratti L3 in the head. It was further shown in the study that the 

efficient interception of S.ratti L3 at the site of entry by neutrophils and eosinophils was via 

extracellular DNA trap formation (Etosis) (Ehrens, et. al., 2021). Further investigations show 

that, migrating larvae are trapped with effector molecules such as myeloperoxidase (MPO) 

and Reactive oxygen species (ROS), which contribute to the formation of extracellular traps 

(Ehrens, et. al., 2021; Kirchner, et. al., 2012; Nishinaka, et.al., 2011). 
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1.8. Helminth infecGon and Neutrophils  

 

For the longest mme neutrophils were known to be the first line of defense against invading 

and eliminamng bacterial, viral and fungal infecmons (Brinkmann, et. al., 2004; Toussaint, et. 

al., 2017; Sanches, et. al., 2021). However recent discoveries have shown that neutrophils 

also play a role in type 2 immunity, namely during helminth infecmon. Typically, a type 2 

immunity is characterized by increased eosinophils, alternamve acmvamon of macrophages 

with upregulamon of YMI, Arginase and RELMα proteins, expansion of T helper cells and ILC2, 

which produce cytokines such as IL-4, IL-5 and IL-9 and triggers inducmon of the anybody 

isotypes, immunoglobulin (Ig) IgG1 and IgE (Loke, et. al., 2002; Meiners, et. al. 2020; Ehrens, 

et. al. 2021).  During infecmon by Schistosoma (S) mansoni, neutrophils are rapidly recruited 

to the skin within three hours in response to the release of excretory and secretory molecules 

from parasimc larvae (cercariae), followed by recruitment of other innate immune cells, 

leading to acmvamon of acquired immunity (Paveley, et. al., 2009). Neutrophils have also been 

reported to play a role in S. japonicum, where Vγ2 γδ T cells produced IL-17A drives 

neutrophilia in blood and in spleen upon infecmon. When Vγ2 γδ T cells subsets were 

depleted, it led to significant decrease of neutrophils and as a consequence, induced liver 

fibrosis (Zheng, et. al., 2017). Nippostrongylus brasiliensis, a lung-migramng murine 

nematode, also triggers recruitment of neutrophils in the pulmonary by day two post 

infecmon in an IL-17A dependent manner. Subsequent deplemon of neutrophils impaired 

parasite expulsion during secondary infecmon (Chen, et. al., 2014). While Larvae migramon 

and mssue damage cause neutrophil acmvamon during infecmon, it has also been 

demonstrated that bacteria associated with parasite also induce neutrophilia.  In 2008, Pesce 

and collegues showed that, aside Nippostrongylus brasiliensis, bacteria from the faeces in 

which the parasite develop enters the host as well during infecmon and induce neutrophilia 

(Pesce, et. al., 2008). Interesmngly, Litomosoides sigmodon[s, also harbors Wolbachia 

bacteria in an endosymbiomc manner and during the skin stage infecmon of the parasite, 

Wolbachia triggers neutrophil recruitment. This subsequently leads to an increase killing of 

L3 larvae in the skin (Pionnier, et. al., 2016; Muhsin, et. al., 2018). Heligmosomoides 

polygyrus is also another nematode, described to cause neutrophil infiltramon in to the 

mucosa and submucosa, where the larvae migrate to, to develop into adults before migramng 

back to the gut lumen. The rapid neutrophil accumulamon around the larvae leads to type 2 
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immune response, where alternamve macrophages (M2), CD4+ T cells and eosinophils are 

acmvated (Morimoto, et. al., 2004; Anthony, et. al., 2006).  

 
 
 
 

1.9. Eosinophils  

 

Eosinophils are granulocytes that reside in mucosal tissues but are recruited from bone 

marrow and blood to the site of immune response. They are known to combat multicellular 

parasites or helminths and also participating in hypersensitivity or allergic response or allergic 

response (Steinbach, et. al., 1979; Gleich, et. al., 1986). The ability of eosinophils to kill 

helminth is through the generation of oxidants and cationic proteins. These toxins also 

damage airway epithelium by binding to negatively charged cell membrane and thereby 

distorting the arrangement of the lipid bilayer (Humbles, et. al., 2004). Aside toxins, 

eosinophils, also harbor cytokines (IL-4, IL-5, IL-6 IL-13, Il-25 and tumor necrosis factor α (TNF-

α)), chemokines (CCL11 (eotaxin) and GM-CSF (granulocyte-macrophage colony stimulating 

factor) and growth factors (transforming growth factor β (TGF-β)), which are stored primarily 

within eosinophil granules or vesicles and are released in response to stimuli, which then 

affect immune microenvironment, leading to the relevant immune response (Broide, et. al., 

1992; Luttmann, et. al., 1998; Gessner, et. al., 2005; Wang, et. al., 2007).  

 

 

 

1.10. Eosinophils as non-professional AnGgen PresenGng Cells 

 

Antigen presenting cells (APC) are categorized into two groups: professional and non-

professional APCs. Professional APCs constitutively express major histocompatibility complex 

(MHC) class II molecules on their surface. They also express costimulatory molecules and 

capable of processing antigen and presenting to T cells. On the hand, non-professional APCs 

such as eosinophils are only able to express MHC class II, co stimulatory molecules, process 

antigens and present them to T cells, when activated by cytokines (Hansel, et. al., 1992; 

Weller, et. al. 1993; Ohkawara, et. al., 1996). A study was undertaken, where BALB/c mice 
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were infected with Microfilariae Brugia malayi via intra-peritoneal inoculation, resulted in the 

proliferation of CD4+ T cells and its subsequent Type 2 immune response (Pearlman, et. al., 

1993). In vitro and In vivo studies using S. stercoralis have demonstrated that antigens derived 

the parasite activate eosinophils and induce expression of MHC class II and T cell 

costimulatory molecules. These eosinophils were also capable of stimulating and priming 

CD4+ T cells to induce production of antigen-specific type 2 cytokines (Padigel, et. al., 2006; 

2007). 

 
 
 

1.11. Eosinophil and PaIern RecogniGon Receptors  

 

Eosinophils are also known to express PPRs such as TLRs which, when activated by their 

various ligands led to cellular activities such as expression of adhesion molecules, prolonged 

survival of eosinophils and induction of superoxide generation (Nagase, et. al.; 2003). In 2011, 

Kvarnhammar and colleagues, showed that eosinophils also express NLRs and RLRs. 

Moreover, they show that, alongside IL-5 and GM-CSF, NLRs induce activation of eosinophils 

via NF-kB signalling pathway, which in turn regulates Type 2 immunity (Kvarnhammar, et. al., 

2011). Another study also shows that, eosinophils express a C-type lectin receptor called (1-

3)-beta-D-glucan receptor or dectin-1. They then show that interaction between the gram-

negative bacteria Haemophilus influenzae and eosinophil was found to be mediated via 

dectin-1 and thereby inducing innate inflammatory response (Ahrén, et. al., 2003).  

 

Although, much is known about the ability of eosinophils and neutrophils and their potential 

to actively attack S. ratti during infection, there are no publications on how MINCLE 

expressing eosinophils and neutrophils contribute to immune response against S. ratti 

infection. Surprisingly too, no one has shown that eosinophils can also express MINCLE. 

Therefore, it became of interest to elucidate the role of MINCLE in anti-Strongyloides immune 

response. 
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1.12. Aims  

 
 

1. Is there a MINCLE ligand in S. raU L3 lysate, dead/viable L3 and supernatant of 
dead/viable L3? And can this ligand acmvate MINCLE reporter cells? 
 

2. Which innate immune cells express MINCLE and at what frequency (in peripheral 
blood)? Does this frequency differ during infecmon?  

 
3. What is the phenotype of MINCLE KO mice during S. raU infecmon?  

 
4. Which role do these innate immune cells play in anm-Strongyloides immune response? 
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2.1 Materials 
 
Table 2- list of reagents 

 

  

2.1.1 Reagents and 
Chemicals  
 

Company  Headquarter of company  

Amphotericin B (100x) Capricorn Scientific Ebsdorfergrung, Germany  
Aqua bidest BNITM Hamburg, Germany 
Bradford assay  Bio-Rad Laboratories, Inc  Hercules, CA, USA  
BSA  PAA Laboratories, Inc., 

Thermo Fisher Scienmfic 
Inc.  

Waltham, MA, USA  

BSA standard  Thermo Fisher Scienmfic 
Inc.  

Waltham, MA, USA  

Cytofix/Cytoperm BD Biosciences New Jersey, USA 
Deoxynucleotide 
triphosphates (dNTPs)  

Invitrogen, Thermo Fisher 
Scientific Inc.  

Waltham, MA, USA  

Dimethyl sulfoxide (DMSO) Roth  Karlsruhe, Germany 
Ethanol  Merck Millipore Burlington, USA 
FC - Block  BNITM Hamburg, Germany 
Fetal Calf Serum (FCS) PAA Laboratories Pasching, Austria 
FMS-like tyrosine kinase 3 
ligand (FLT3L) 

PeproTech Rocky Hill, NJ, USA 

Gentamycin Sulfate Lonza Verviers, Belgium 
Granulocyte colony-
stimulating factor (G-CSF) 

Thermo Scientific Wilmington, USA 

Glutamax Gibco Waltham, MA, USA 
Hanks' Balanced Salt Solution 
(HBSS) 

BNITM Hamburg, Germany 

Hydroxyethyle 
piperazineethanesulfonic 
acid (HEPES) 

Lonza Verviers, Belgium 

HotStartTaq Plus DNA 
Polymerase 

Qiagen  Hilden, Germany  

Hydrogen Peroxide (H2O2) Sigma Deisenhofen, Germany  
Lipopolysaccharide (LPS) Sigma Deisenhofen, Germany  
L929 supernatant BNITM Hamburg, Germany 
Na2-EDTA Merck Millipore Burlington, USA 
Na-Azide Roth Karlsruhe, Germany 
Phosphate-buffered saline 
(PBS) 

Roth Karlsruhe, Germany 

Penicillin/Streptamycin 
(Pen/Strep) 

PAA Laboratories Pasching, Austria 

Phorbol-12-myristat-13-
acetat (PMA) 

Sigma  Deisenhofen, Germany 

Recombinant murine IL-5 PeproTech Rocky Hill, NJ, USA 
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         Table. 3 – list of consumables  
 
2.1.2. Consumables  
 

Company  Headquater of company 

Cell culture microplate, 96 
well, PS, F-Bottom, Chimney 
well, white, cellstar TC sterile.  

Greiner bio-one  Frickenhausen, Germany 

Cell culture plates (96-well, 24-
well, F-bottom) 

Greiner bio-one Frickenhausen, Germany 

Cell culture plates (96-well, U-
bottom) 

Greiner bio-one Frickenhausen, Germany 

Cell culture plates (96-well, V-
bottom) 

Greiner bio-one Frickenhausen, Germany 

Cell Strainer (50 μm and 70 
μm) 

Becton Dickinson  Heidelberg, Germany 

Centrifuge tubes (15 ml, 50 ml) Sarstedt Nümbrecht, Germany 
ELISA high binding F-bottom 
Miccolon plate 

Greiner bio-one Frickenhausen, Germany 

FACS tube (5 ml, 75 x 12 mm) Sarstedt Nümbrecht, Germany 
Gloves Paul Hartmann AG. Heidenheim, Germany 
Microcentrifuge tube (1.5 ml, 
2 ml) 

Sarstedt Nümbrecht, Germany 

Needle 25G and 27G Braun  Melsungen, Germany 
Neubauer chamber (improved)  Brandt Wertheim, Germany 
Non-Tissue Culture-Treated 
Plate (6-well) 

Corning New York, USA 

PCR-tube (8-strip, 100 μl) Sarstedt Nümbrecht, Germany 
Petri dish (92 x 16 mm) Sarstedt Nümbrecht, Germany 
Pipette (5 ml, 10 ml, 20 ml, 25 
ml) 

Brand  Wertheim, Germany 

Recombinant Murine Stem 
cell factor (SCF) 

PeproTech Rocky Hill, NJ, USA 

Reverse Transcriptase Thermo Scientific Wilmington, USA 
RPMI 1640 (with 
L-Glutamine) 

Capricorn Scientific Ebsdorfergrung, Germany 

SybrGreen Invitrogen Darmstadt Germany  
Sulfuric Acid (H2SO4) Roth Karlsruhe, Germany 
Tryphan blue Sigma Deisenhofen, Germany  
Trehalose-6,6-dibehenate 
(TDB) 

InvivoGen San Diego, USA 

Tetramethylbenzidin 
(TMB) 

Roth  Karlsruhe, Germany 

Tween20 Sigma Deisenhofen, Germany  
Zymosan Invivogen San Diego, CA, USA 
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Pipette tips without filter (10 
μl, 200 μl, 1000 μl) 

Sarstedt Nümbrecht, Germany 

Pipette tips with filter (10 μl, 
200 μl, 1000 μl) 

Sarstedt Nümbrecht, Germany 

Serological pipette – plastic (5 
ml, 10 ml, 20 ml, 25  
ml) 

Corning GmbH Kaiserslautern, Germany 

Serological pipette – glass (5 
ml, 10 ml, 20 ml, 25  
ml) 

 BNITM, Hamburg  

Schott Bottles Schütt Labortechnik Göttingen, Germany 
Syringe (10 ml) Braun  Melsungen, Germany 

 
 
       
                Table 4 – list of Media and buffers  
 
2.1.3. Culture Media, Buffer and Stock 
Solutions 
 

  

ACK-Lysis buffer 80.24 g NH4Cl 
0.1 g KHCO3 
37.2 mg Na2EDTA 
in 1L Aqua bidest. 
 

Borate buffer  0,2M H3B03 
0,02M Na2B4O7 x 10 H2O 
in Aqua. bidest  

ELISA-Blocking buffer 1% BSA (w/v) in PBS (1x) 
ELISA-Stop Solution 2 M H2SO4 
ELISA-Substrate buffer 100 mM NaH2PO4 
ELISA-Substrate solution 12 mL ELISA-Substrate buffer 

200 μL TMB solution 
1.2 μL H2O2 
 

ELISA-Wash buffer 0.05 % Tween20 in PBS (1x) 
 

Eosinophils base medium Advanced RPMI 1640 500 mL 
100 mL FCS  
12.5 mL HEPES 
5 ml Pen/Strep  
5 mL GlutaMAX  
0.5mL Gentamycine  

Eosinophils growth medium  DAY 0 - 3  
100 ng/mL SCF and FLT3L to base medium  
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DAY 4 - 12  
20ng/ mL IL-5 to base medium  
 

FACS-buffer 10 mL Na-Azide (10 %) 
10 mL FCS 
in 1L PBS (1x) 
 

HBSS NaCL: 4,0g 
KCL: 0,2g 
Na2HPO4 * 2H2O: 0,03g 
KH2PO4: 0,03g 
Glucose: 0,5g  
NaHCO3: 0,12g 
in 500mL Aqua bidest 
 

Luminol buffer  100 mM Luminol in DMSO 
500 U/mL HRP in PBS 
100 mg/mL Catalase in phosphate buffer 
1mg/mL SOD in H2O   
in Borate buffer  
 

L3 washing buffer  RPMI1640  
100 U/mL Pen/Strep  
1μg/mL Gentamycin  
10mM HEPES  
2 μg/mL Amphotericin B  

MACS buffer  
 

2nM EDTA 
0,5% BSA 
in 1x PBS 

MINCLE HEK-blue reporter cell - initial 
medium  

44.65 DMEM  
5ml FBS  
250 μl PEN/STREP  
100 μL Normocin 

MINCLE HEK-blue reporter cell - section 
medium 

44.65 DMEM 
5mL FCS  
250μL PEN/STREP  
100μL Normocin  
150μL Blasticidin  
5μL Puromycin  
200μL HEK-Blue CLR selection 

Normal cell culture medium 500 ml RPMI 1640 (with L-Glutamine) 
25 mL FCS 
5 mL PEN-STREP 
2.5 mL Gentamycin 
 

Neutrophils base medium  500 ml RPMI 1640 (with L-Glutamine) 
50 mL FCS 
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5 mL PEN-STREP 
2.5 mL Gentamycin 

PBS (10x) 80 g NaCl 
2 g KCl 
11.5 g Na2HPO4 
2 g KH2PO4 
in 1L Aqua bidest 

Phosphate Buffer (50 mM) 0.0268 M K2HPO4 
0.0232 M KH2PO4 
in Aqua. bidest  

TMD solution  6 mg Tetramethylbenzidin (TMB) in 1 mL 
DMSO 

Trypan blue solution  2 % Trypan blue in PBS (1x) 
 
 
 
 
        Table 5 – List of hardware used 
 
2.1.4. Hardware 
 

Version Manufacturer 

BD LSRFortessa™ System  BD Biosciences, New Jersey, 
USA 

Bio-Rad PowerPac 300 283BR Electrophoresis 
Power 

Bio-Rad Laboratories, 
California, USA 

CT 15RE centrifuge  Eppendorf, Hamburg, DE 
Cytek Aurora (R0021) R0021 Cytek Biosciences, Inc, 

Fremont, USA 
ChemiDoc™ Touch Imaging 
System 

Touch Bio-Rad Laboratories, 
California, USA 

Eppendorf Thermomixer  Comfort Eppendorf Hamburg, 
Germany 

Freezer & Refrigerator  Liebherr-Hausgeräte, 
Rostock, Germany  

GFL Incubamon/Inacmvamon 
Water Bath 

1012 GFL GmbH, Burgwedel, 
Germany  

Incubator 37 °C  New Brunswick Scienmfic, 
Nijmengen, Netherlands  

Incubator 25 °C  Heraeus Instruments, 
Hanau, Germany 

Laminar Air HBB  2448 Heraeus Instruments, 
Hanau, Germany 

Laminar flow B-[MaxPro]-
130 

Max Pro 130 BERNER Internamonal, 
Elmshorn, Germany  

Life Technologies EVOS FL 
Auto Imaging System 

FL Auto Thermo Fisher Scienmfic 
Inc., Waltham, USA 
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Megafuge 1.0 R centrifuge    Heraeus Instruments, 
Hanau, Germany  

Mulmfuge 1 L-R centrifuge   Heraeus Instruments, 
Hanau, Germany 

Opmma Ultracentrifuge  Beckman Coulter, Brea, USA 
Opmcal microscope  Helmut Hund, Wetzlar, 

Germany  
Peqlab peqSTAR, Thermal 
Cycler 

X cycler  Peqlab Biotechnology 
GmbH, Erlangen, Germany  

Pipe�es - single channel  Eppendorf, Hamburg, DE 
Pipe�es - mulm channel  Thermo Scienmfic, 

Wilmington, USA 
Pipe�e controller - pipetus  Cytek Bioscience, Fremont, 

USA 
Plate Shaker  IKA Labortechnik, Staufen, 

Germany  
Weighing Scale - Kern  Digital  Kern & Sohn, Balingen, 

Germany  
Tecan Spark mulmmode 
microplate reader 

Spark Tecan Trading AG, 
Männedorf, Switzerland 

Vortex Mixer  Heidolph Instruments, 
Schwabach, Germany  

 

 

               Table 6 – list of software used  

2.1.5. Software 
 

Version Manufacturer 

FlowJo  
 

10.8.1  

GraphPad  Prism 9.5.1 GraphPad Software, San 
Diego, USA 

LEGENDplex 7.1  7.1  BioLegend, San Diego, USA 
Office  Office 365  Microsoft, Redmond, USA 
   

 

 
                Table 6 – list of antibodies  
 
2.1.6. Antibodies 
  

Fluorochrome clone Dilution Manufacturer 

Anti-mouse 
Zombie  

UV, yellow  1: 1000 BioLegend, San 
Diego, 
USA 

Anti-mouse 
CD11b 

SparkUV M1/70 1:500 BioLegend, San 
Diego, 
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USA 
Anti-mouse 
Ly6G 

PacBlue 1A8 1:600 BioLegend, San 
Diego, 
USA  

Anti-mouse 
F4/80 

BV510 BM8 1:50 BioLegend, San 
Diego, 
USA 

Anti-mouse 
Ly6C 

BV785 HK1.4 1:1000 BioLegend, San 
Diego, 
USA  

Anti-mouse 
CD45 

SparkBlue550 30-F11 1:800 BioLegend, San 
Diego, 
USA 

Anti-mouse 
CD11c 

PE-Cy7 N418 1:250 BioLegend, San 
Diego, 
USA 

Anti-mouse 
MINCLE 

Biotin 1B6 1:50 MBL, Tokio, JPN 

Anti-mouse 
Siglec F 

AF647 E50-2440 1:200 BioLegend, San 
Diego, 
USA  

Anti-mouse 
MHCII 

AF700 M5/114.15.2 1:500 BioLegend, San 
Diego, 
USA 

Anti-mouse 
CD19 

BV711 6D5 1:400 BioLegend, San 
Diego, 
USA 

Anti-mouse 
CD3 

BV711 17A2 1:100 BioLegend, San 
Diego, 
USA 

Anti-mouse 
CCR3 

PerCP. 5.5 J073E5 1:100 BioLegend, San 
Diego, 
USA 

Streptavidin APC  1:100 BioLegend, San 
Diego, 
USA 
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       2.2. Methods    

 

             2.2.1 Cultivation of MINCLE HEK-blue reporter cells 

 

MINCLE HEK-blue reporter cells were obtained from Invivogen (#hkb-mmcl) and the 

persistent expression of MINCLE was persevered by using a selection medium which consist 

of RPMI1630, 10% fetal bovine serum (FBS), 50 U/mL Penicillin/Streptomycin (Pen/Strep) 

(10.000 U/mL), 100 µg/mL Normocin (#ant-nr-05), 30µg/mL Blasticidin (#ant-bl-05), 1 µg/mL 

Puromycin (ant-pr-1) and 1: 250 dilution of HEK-Blue CLR selection (#hb-csm).  However, cell 

growth medium (RPMI1630, 10% fetal bovine serum (FBS), 50 U/mL Penicillin/Streptomycin 

(Pen/Strep) (10.000 U/mL) and 100 µg/mL Normocin (#ant-nr-05) was used for further 

subculturing.   

 

 

           2.2.2. Determination of Cell Numbers 

 

To determine the viable cell numbers, cell suspensions were diluted in trypan blue to the 

desired concentrations. Using a Neubauer chamber, 10uL of cell suspension was pipetted on 

the slide and all 4 squares were counted under the microscope. The concentration of the cell 

suspension was calculated with the formula: 

Concentration of cell suspension = !"#$%&'	)&**	$#+,&-	.	/0000
1#+,&-	"2	34#5-&3	)"#$%&'		.	'6*#%6"$	#3&'	

 

 

 

 

              2.2.3 HEK-blue MINCLE reporter cell assay 

 

HEK-blue MINCLE reporter cells were cultivated as described in 2.2.1. The assays were carried 

out by seeding 5 x 104 cells per well in 180 μL in a 96 well flat-bottomed plate. The cells were 

then stimulated with 20 μL of the following stimuli; 5 µg/mL TDB, isopropanol, 50 µg/mL S. 

ratti Lysate, 200 heat-killed S. ratti L3, supernatant from heat killed L3, washed heat killed L3, 

14 µg/mL of HSP70 and incubated at 37 °C, 5% CO2 for 20 h. To detect the secreted embryonic 
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alkaline phosphatase (SEAP) activity, 20 μL of supernatant was added to 180 μL QUANTI-Blue 

solution (Invivogen) and the colorimetric change of the QUANTI-Blue reagent (OD620 nm) 

was measured at a time interval of 5 min at 37 °C for 2 h, using Tecan Spark plate reader 

(Tecan Trading AG, Männedorf, Switzerland). 

 

 

          2.2.4. Animals and ethical statement 

 

Experiments were conducted according to the German Animal Welfare Act and the relevant 

German authority (Behörde für Gesundheit und Verbracuherschutz, Hamburg). The approved 

animal licence numbers were N018/2021; T009/2022; N083/2022 and A20/2020). All animals 

were kept and bred at Bernhard Nocht Institute for Tropical Medicine (BNITM) under specific-

pathogen free conditions, where a maximum of five mice were kept in cages with individual 

ventilation. We obtained the MINCLE Knockout (KO) mice line ( Clec4etm1.1Cfg/ Mmucd) from 

the National Institutes of Health-sponsored MMRRC national system. The phenotype was 

maintained by back-crossing the MINCLE KO with C57BL/6 mice.   

 

 

          2.2.5. Genotyping of MINCLE mice 

  

Homozygous wildtype and MINCLE KO mice were analysed using polymerase chain reaction 

(PCR) for their phenotype confirmation. Homozygous wildtype shows a band of 593 bp and 

homozygous MINCLE KO shows a band of 488 bp. 

 

 

         2.2.6. Isolating of S. ratti L3 larvae 

 

Wistar rats were used for S. ratti life cycle. The rats were infected with 2500 L3 and after six, 

seven and eight dpi, their feces were collected on respective days, cultured in activated 

charcoal and incubated at 25 °C for six days. L3 larvae were recovered using the Baermann 

method. Isolated L3 were washed twice with PBS/Pen/Strep and used for further analysis. To 
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store larvae for lysate production, the larvae were was washed twice with aqua bidest after 

the PBS/Pen/Strep wash and stored at - 80 °C. 

 

 

           2.2.7.  S. ratti L3 Lysate 

 

The stored S. ratti L3 were thawed and transferred to a glass homogenizer. The larvae were 

pottered to obtained homogenizing lysate. The lysate was then centrifuged at 100.000 g for 

an hour at 8 °C. The supernatant was collected and filtered under sterile conditions. The 

protein concentration was measured using Bradford protein assay. Samples were prepared 

according to the following dilutions: undiluted, 1:2, 1:5 and 1:10 in PBS and the standard was 

prepared using BSA diluted in PBS to obtained the concentrations (1000 μg/mL, 500 μg/mL, 

250 μg/mL, 125 μg/mL, 62 μg/mL, 31 μg/mL and blank). Using an ELISA high binding F-bottom 

Microlon, 10 μL sample or standard were pipetted in duplicates and 200 μL Bradford reagent 

(1x) was added. After 5 min of incubation the plate was measured, using an ELISA plate reader 

(Tecan) at 570 nm. The protein concentration of the S. ratti was calculated using the standard. 

The samples were diluted to the desired concentration for assays and the rest was stored at 

- 80 °C. 

 

 

             2.2.8. Isolation of S. ratti parasitic adults in the small intestine  

 

Mice were sacrificed at 6 dpi and the small intestine were removed and placed in tap water. 

To wash away residual faeces, the small intestine was sliced open longitudinally and washed 

with tap water. After that intestines were placed in 50 mL tubes filled with tap water and 

incubated at 37 ° C for 3h with vigorous shaking of the tubes after every hour. The female 

parasitic adults were counted using a microscope.  
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             2.2.9. Isolation of neutrophils from bone marrow 

 

Wildtype (WT) C57Bl/6 mice, and MINCLE KO mice were euthanized using an overdose of CO2.  

The femora and tibiae were removed. Then flesh around the bones were also removed. Each 

bone was cut open at the far ends and flushed with 5 mL of sterile PBS, using a 27 gauge 

needle and a 10 mL syringe. The collected bone marrow was centrifuged at 300 g, 5 min at 4 

°C. The cell pellet was re-suspended in 5 mL red blood cell (RBC) lysis buffer and incubated for 

5 min at room temperature (RT). The reaction was stopped using 15 mL RPMI medium. Cells 

were counted using a hemocytometer. Thus, 10 μL of the cell suspension were added to 90 

μL Trypan blue and viable cells were counted using 10x microscope objective. To perform 

positive selection, the cells were re-suspended in magnetic-activated cell sorting (MACS) 

buffer, followed by Ly6G-MicroBeads and incubated for 10 min at 4°C.  Cells were then placed 

on MS column in a magnetic field. The cells that bound to the Ly6G-MicroBeads were isolated 

by flushing the magnetic field with MACS buffer. The isolated cells were counted using a 

hemocytometer. Thus, 10 μL of the cell suspension was added to 90 μL Trypan blue and 

counted as described in in 2.2.2. To check neutrophil purity, 1 x 106 cells were blocked with 

50 μL of Fc-block (PBS/1 % BSA and 0.1 % rat IgG) for 30 min at 4 °C in the dark, followed by 

staining with anti-Gr-1 allophycocyanin (APC) (1:100 in Fc-block). Afterwards cells were 

washed with flow cytometry staining buffer (FACS Buffer) and flow cytometry was performed 

using Cytek Aurora. Subsequently, the data was analysed using the FlowJo 10.4.2 software. 

The gating procedure is displayed in Figure 6, 7. First lymphocytes were gated using the 

forward (FSC-A) and side scatter (SSC-A). Duplets were excluded using FSC-A and the height 

forward scatter (FSC-H). Neutrophils were gated as Gr-1 positive cells. Unstained controls 

were used for the gating. Purity of the neutrophils culture was always > 96 %. 

 

 

             2.2.10. Isolation of eosinophils from bone marrow 

 

For the generation of bone marrow-derived eosinophils, C57Bl/6 mice, and MINCLE KO mice 

were euthanized using an overdose of CO2 and femora and tibiae were collected, flesh was 

removed and the bone marrow was harvested by cutting open the bones at the far ends and 

flushing them with 10 mL of Advanced RPMI 1640 medium with 10 % heat-treated fetal cave 
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serum (FCS), 1 % penicillin/streptomycin and 2 mM L-glutamine using a 27 gauge needle and 

a 10 mL syringe. The collected bone marrow was filtered through a 70 μm cell strainer and 

cells were centrifuged at 300 g, 5 min at 4 °C. The cell pellet was re-suspended in 5 mL red 

blood cell (RBC) lysis buffer and incubated for 5 min at room temperature (RT). The reaction 

was stopped using 15 ml RPMI medium. Cells were counted using a hemocytometer; 10 μL of 

the cell suspension were added to 90 μl Trypan blue and counted as described in 2.2.2. Bone 

marrow cells were seeded at a density of 1 x 106 cells/mL in Advanced RPMI 1640 medium 

with 20 % fetal bovine serum (FBS), 0.1 % gentamycin, 1 % penicillin/streptomycin, 2.5 % 

hydroxyethyl piperazineethanesulfonic acid (HEPES), and 1 % Glutamax. First, cells were 

cultured with 100 ng/ml FMS-like tyrosine kinase 3 ligand (FLT3L) and stem cell factor (SCF) 

for 4 days and then the medium was supplemented with 20 ng/ml IL-5. Every other day, half 

of the medium was exchanged and on day 8 all cells were transferred into a new cell culture 

flask. Cell densities were determined using hemocytometer as described before. After 12 days 

of culture, cells were harvested and checked for purity using flow cytometry. To check 

eosinophil purity, 1 x 106 cells were blocked with 50 μl of Fc-block (PBS/1 % BSA and 0.1 % rat 

IgG) for 30 min at 4 °C in the dark, followed by staining with anti-SiglecF- Alexa Fluor 647 

(AF647) (1:100 in Fc-block). Afterwards cells were washed flow cytometry staining buffer 

(FACS Buffer) and flow cytometry was performed using Cytek Aurora and data was 

subsequently analysed using the FlowJo 10.4.2 software. The gating procedure is displayed in 

Figure 10-11. First lymphocytes were gated using the forward (FSC-A) and side scatter (SSC-

A). Duplets were excluded using FSC-A and the height forward scatter (FSC-H). Eosinophils 

were gated as SiglecF positive. Unstained controls were used for the gating. Purity of the 

eosinophils culture was always > 90 %. 

 
 
                  2.2.11. Isolation of eosinophils from peripheral blood 

 

Peripheral blood eosinophils were obtained from either naive or day 3 infected mice. The 

animals were sacrificed and blood was taken from the vena cava using 25 G syringe. Heparin-

Natrium 25000 I.E- ratiopharm was added to prevent blood clotting. The peripheral blood was 

lysed twice with 10 mL Erylysis buffer (0.1 M Tris pH7 and NH4Cl) for 10 min and 30 mL of PBS 

was used to stop the reaction. Eosinophils were purified using Siglec-F MicroBeads and the 
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MACS cell separation system according to manufacture procedure (Miltenyi, Germany). Thus, 

peripheral blood cells were incubated with Siglec-F MicroBeads for 10 min in the fridge and 

added to a pre-equilibrated MS column in a magnetic field. The column was washed three 

times with MACS buffer and the column was removed from the magnetic field and cells were 

flushed out of the column. The cell count was determined using Neubauer Improved 

Hemocytometer Counting Chamber as described above. The purity of the eosinophils was 

analyzed using Cytek Aurora flow cytometer, where anti-mouse Zombie UV was used for 

staining dead cells and the surface with anti-mouse Siglec F Alexa Fluor 647. The cells were 

then used for L3 motility assay. 

 

 

               2.2.12. Reactive oxygen species (ROS) production in vitro 

 

Bone marrow derived eosinophils were stimulated with S. ratti L3 and PBS to determine the 

sum of intra- and extracellular ROS using the luminol-amplified chemiluminescence assay 

(Kirchner T, et. al. 2012).  Here, 2.23 x 106/mL eosinophils in HBSS + 0.5% FBS (without phenol 

were seeded in a flat bottom white chimney 96 - microplate and were pre-warmed for 20 -30 

min at 37 °C, 5% CO2.  Luminol buffer consisting of borate buffer (0,2M H3B03 and 0,02M 

Na2B4O7 x 10 H2O), 50 mM Phosphate Buffer (0.0268 M K2HPO4 and 0.0232 M KH2PO4), 

catalase, horseradish peroxidase (HRP) and superoxide Dimutase (SOD) was used to prepare 

the stimuli. Subsequently, the S. ratti L3 and PBS in Luminol buffer were added to cells and 

chemiluminescence resulting from ROS production was measured at a time interval of 2 min 

at 37 °C for 2 h, using Tecan Spark plate reader. 

 

 

                2.2.13. S. ratti L3 motility inhibition  

 

To assess larval motility in the presence of eosinophils, L3 were isolated as described above, 

but washed additionally with RPMI1640 consisting of 100 U/mL Penicillin/Streptomycin 

(Pen/Strep), 1μg/mL Gentamycin, 10mM HEPES Bufffer and 2 μg/mL Amphotericin B. The L3 

were finally resuspended in RPMI1640 /1% L-Glutamin /10% FCS /1 % penicillin/ 

streptomycin/ 0,1% gentamycin/ 2,5% HEPES. For the motility inhibition assay, L3 were 
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individually picked under a microscope and 20-30 L3 were added to each experimental well 

of a 96-well flat bottom plate and incubated at 37°C at 5% CO2 for 24h to regain full motility. 

Then, 1 x 105 peripheral blood derived eosinophils in RPMI1640/1% L-Glutamin/10% FCS/1% 

penicillin/streptomycin/0,1% gentamycin/2,5% HEPES were added to the larvae. Wells 

containing only L3 were used as controls. The motility of each L3 was assessed daily for up 

to 4 days using a scoring system of 0 to 4. L3 that were fully viable and showed fast and 

continuous movements were scored 4, larvae that showed continuous but reduced speed of 

movement were scored 3, larvae that showed discontinuous movement were scored 2 and 

larvae that showed only sporadic movement were scored 1. Dead L3 was identified by no 

movement at all and were scored 0. 

 

 

                2.2.14. Characterization of antibodies present in mice plasma 

 

Both wildtype and MINCLE KO mice were infected subcutaneously with 1000 S. ratti L3 for 6 

days. On day 6 the mice were reinfected and sacrificed 6 days dpi. Blood was taken from vena 

cava and plasma was obtained by placing whole blood into a tube containing an 

anticoagulant. After centrifugation, the supernatant (plasma) was carefully removed from the 

cell pellet. The antibodies present in plasma of both Wildtype and MINCLE KO were quantified 

by coating ELISA High Binding Microlon plates with 1 μg/mL of S. ratti lysate overnight. 

Subsequently the plates were washed and blocked for 2 h with 100 μL 1% BSA in PBS. After 

that, the plates were incubated for 2 h with serially diluted plasma in duplicates, then washed 

and incubated for 1 h with HRP-labeled anti-mouse IgG1, IgG2a, IgG2b, IgG2c, IgG3, IgM and 

IgA. A further washing step was performed and the plates were developed with 100 μL 

tetramethylbenzidine (0,6 mg/mL in DMSO), 0.003% H2O2 in 100 mM NaH2PO4 (pH 5.5) for 25 

min. By adding 50 μL 2 M H2SO4 to each well, the reaction was stopped and measured with a 

plate reader at 450 nm. 
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              2.2.15. Identification of cell surface markers  

 

Plates from the stimulation assays were kept on ice and the cells were harvested by flushing 

the plates with ice cold PBS twice and cells were transferred into 5 ml tubes. All washing steps 

were performed by re-suspending cells in FACS-buffer and centrifuged at 300 g, 5 min, 4◦C. 

For each staining 1 x 106 cells were used, followed by life/dead stain using 1mL Zombie Aqua 

(1:2000). The cells were incubated for 20-25 min at room temperature in the dark and 50 μL 

of primary antibodies diluted in Fc-Block were added to each sample. Cells were incubated 

for 30 min at 4◦C in the dark and washed. Subsequently, 50 μL of secondary antibodies in 

FACS buffer was added and cells were incubated on ice for 15 min in the dark. After washing 

the cells, they were re-suspended in 200 μL of Cytofix/Cytoperm solution and incubated for 

20 min at 4◦C in the dark. After fixing cells, they were re-suspended in 100 - 200 μlL FACS 

buffer and either measured immediately or stored in the dark at 4◦C. All samples were 

measured using the flow cytometer "Cytek Aurora" and the results were analysed using the 

program "FlowJo". 
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3. Results  

 

          3.1. S. ratti L3 activates MINCLE reporter cells  

 

To investigate the role of MINCLE in anti-Strongyloides immune response, preliminary work 

was done to show that S.ratti L3 lysate engages with MINCLE receptor. A master student 

(Annette Schlosser) used an ELISA based assay to show that supernatants derived from S. ratti 

L3 bind MINCLE- hFc receptor fusion protein. In detail, she prepared two different kinds of 

lysates from S. ratti L3, which was had membrane fragment (13 000 xg) or was membrane-

free (100 000 xg).  Both supernatants were immobilized on ELISA plates and incubated with 

MINCLE- hFc receptor fusion protein. To validate these results, further analyses by our 

collaboration partners (Prof. Dr. Bernd Lepenies and group) also showed that S. ratti L3 

supernatant binds MINCLE receptor in a dose dependent manner, which we published 

together in 2024 (Linnemann, Antwi- Ekwuruke et. al. 2024).  

 

To investigate whether the engagement of MINCLE and S.ratti L3 leads to activation, I used 

the HEK-blue MINCLE reporter cells, which were also used in other studies to screen for 

agnostic CLR ligands (Prado Acosta, et al 2021;  Ishikawa T et al. 2013). I observed that S. ratti 

L3 activates HEK-blue MINCLE reporter cells (Figure 3A-C). Interestingly, both supernatant 

from dead S. ratti L3 and the dead L3 significantly activated the reporter cells, just as the 

MINCLE agonist TDB (Schoenen, et. al., 2010). To elucidate if the activation was associated 

specifically to the dead S. ratti L3 or it was selectively an excretory product, present in the 

supernatant, the dead L3 were washed twice after heat killing and incubated with the 

reporter cells. I observed that dead L3 itself do not activate MINCLE but rather the 

supernatant from the dead L3 activated MINCLE. On the other hand, viable S. ratti L3 did not 

activate the reporter cells, as a result of vigorous movement, which caused the reporter cells 

to lose their adherent characteristic, therefore interfering with the experiment. Although 

these results were reproduceable, the untreated cells showed a high background (Figure 1A-

B). Hence, I reduced the concentration of the cells from 1 x 105 to 5 x 104 cells/well and 

repeated the experiments (Figure 1C). With the new concentration, I observed that S. ratti L3 

lysate also activates MINCLE.  In summary, these results showed that, the potential MINCLE 
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ligand activating the MINCLE reporter cells could be a water soluble PAMP which is released, 

when S. ratti L3 is killed. 

 
Figure 3. Activation of MINCLE reporter cells. (A-C) show SEAP activity over time using 
QUANTI-BlueTM to measure the activation of MINCLE HEK-blue reporter cells by supernatant 
derived from 200 heat killed S. ratti L3, 200 dead L3, 200 viable L3, 1 or 5 µg/mL Trehalose-
6,6-dibehenate (TDB), washed L3 after heat killing, 50 µg/mL S. ratti lysate and controls 
(medium, buffer and isopropanol). Experiments were performed in triplicates and asterisks 
indicate significance compared to untreated control (Area under the curve (AUC) with one 
way ANOVA; p* <0,05; p** <0,01, p*** <0,001, p**** <0,0001). 
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             3.2. Expression of MINCLE on innate cells  
  
 
To investigate the biological relevance of MINCLE in initiating protective anti-Strongyloides 

immune response, I first analysed the presence of MINCLE on neutrophils and eosinophils in 

naïve peripheral blood leukocytes (PBL) using flow cytometry. These effector cells were of 

interest because, they had been described to play a vital role in anti-Strongyloides immune 

response (Ehrens, et. al. 2021). To identify the innate cells in peripheral blood, which express 

MINCLE, I had to preform initial gating to exclude unwanted cells and debris (Figure 4). I began 

by  gating the single cells to exclude doublets. From that, I gated the live cells to exclude dead 

cells. I then gated CD45+ cells from the live cells in order to exclude erythrocytes and debris. 

From the CD45+ cells, I also excluded adaptive cells by gating out CD19/CD3 cells (B/T- cells). 

From the CD19/CD3- , I then gated for the effector cells shown in Figure 5 and the presence 

of MINCLE on WT cells (Figure 4). In figure 5, I showed that Siglec F+ cells (eosinophils) express 

MINCLE. Ly6G/Ly6C+ cells (neutrophils) also express MINCLE. However, CD11b+ (dendritic 

cells) and F4/80+ (macrophages) showed no expression of MINCLE. Validation of the presence 

of MINCLE was based on the flow cytometry results obtained from the MINCLE KO cells.  

 
Figure 4: Gating strategy of peripheral blood cells. Shown is a respective staining and flow 
cytometry analysis of peripheral blood cells. FSC- height and FSC- area was used to gate for 

CD19- CD3- cells live cells CD45+ cells Single cells 

WT

KO
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singles cells , Zombie UV for live cells, CD45 spark blue for leukocyte population and CD19/CD3 
to gate out adaptive immune cells.    
 

 
Figure 5. Eosinophils and neutrophils isolated from peripheral blood express MINCLE.  
Peripheral blood lymphocytes from naïve mice were stained and measured with flow 
cytometry to identify the expression of MINCLE. Eosinophils as Siglec F+, neutrophils as Ly6G 
/Ly6C+, dendritic cells as CD11b+, macrophages as F4/80+ cells. Shown are representative 
density blots of 8 individual naïve mice. Density blots found in a gate represent MINCLE 
expression (left) and MINCLE KO mice (right) were used for specificity control.   
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            3.3. Expansion of eosinophils and neutrophils during S. ratti infection  
 

Once it was established that both eosinophils and neutrophils express MINCLE. The question 

posed was, what is the frequency of these effector cells before and after infection in 

peripheral blood and could this help explain any phenotype observed during infection? The 

flow cytometry analyses showed that, the population of eosinophils expand by 3 dpi in both 

WT and MINCLE KO mice, when compared to naïve mice. However, by 6 dpi the population 

of WT eosinophils deceased whilst the MINCLE KO eosinophils increased (Figure 6A). The 

neutrophils population also increased significantly in both WT and MINCLE KO mice by 3dpi, 

as was observed for eosinophils. However, the significantly higher frequency of eosinophils in 

MINCLE KO mice by 6 dpi was not observed in the case of neutrophils. Instead, the population 

of MINCLE KO neutrophils remained constant from 3 dpi to 6 dpi. Macrophages, monocyte 

and dendritic cells were also analysed for any possible change in frequency; however, no 

specific differences were observed (Figure 6C-F). 
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Figure 6. Frequency of eosinophils and neutrophils in peripheral blood of infect mice. 
Wildtype (WT) and MINCLE Knockout (KO) mice were infected with 1000 S. ratti L3 in the 
footpad subcutaneously (s.c). Perheral blood samples were collected at day 3 and 6 post 
infection (dpi) via the facial vein. Naïve mice were used as control. (A)frequency of eosinophils 
were identified as Siglec F+ within the CD45+ gate (live cells), (B) neutrophils as Ly6G/ly6C (C) 
dendritic cells as CD11c+/MHCII+, (D) macrophages as F4/80+/MHCII+, (E-F) monocytes as Ly6C 
low and high. Comparison of WT vs WT is indicated in bule, MINCLE KO in red and between 
WT and MINCLE KO with green. Bars show the mean (SEM) and statistically significant 
differences are indicated as asterisks (p* <0,05; p** <0,01, p*** <0,001, p**** <0,0001)  
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          3.4. S. ratti parasite burden in the presence and absence of MINCLE 
 
 
The next question was, does the differences observed in Figure 6 have an implication for 

parasite burden in WT and MINCLE KO mice during S. ratti infection? Hence, I infected the 

mice with S. ratti L3 and on 6 dpi, I sacrificed them and counted the adult parasite in the small 

intestine as described in the method section 2.2.8. Surprisingly, I observed that MINCLE KO 

mice had a significantly decreased parasite burden in the small intestine compared to WT 

(Figure 7A). This result suggested an improved and not the expected impaired host defense 

in the absence of a stimulating PRR (Ishikawa, et. al., 2009). In summary the results showed 

that, absence of MINCLE and its mediated signalling in mice protects against S. ratti infection 

whilst the presence of MINCLE promotes increase parasite burden. 

 

Since the parasite burden in WT mice was significantly high, I was curious to know which pro-

inflammatory antibodies would be present in the peripheral blood of WT by 6 dpi. The ELISA 

analyses showed that there were significantly high levels of S. ratti specific IgG1, IgG2c, IgG2b 

in plasma from infected mice (pi) compared to plasma from naïve mice (Pn) (Figure 7B-E). 

Both pi and pn were used in the in-vitro experiments to have a better understand of the 

phenotype observed in Figure7A. 
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Figure 7. S.ratti parasite burden in the presence and absence of MINCLE.  
C57BL/6 mice (WT) and MINCLE Knockout (KO) were s.c infected with 1000 S ratti L3 and 
sacrificed on day 6. Adults in the intestine were counted manually using a microscope. The 
circles represent the individual mouse. (A) Parasitic adults burden in the small intestine of WT 
is higher than in MINCLE KO. (B-C) Blood samples collected on day 6pi to identify antibodies 
present during infection in WT mice (IgG1, IgG2b, IgG2c and IgM) Bars show the mean (SEM) 
and statistically significant differences are indicated as asterisks (p* <0,05; p** <0,01, p*** 
<0,001, p**** <0,0001)  
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             3.5. Bone-marrow derived Neutrophil  
 
  
To further understand the function of the MINCLE expression cells. I performed series of in-

vitro experiments based on the work of Ehrens, et. al. 2021, where they showed that bone-

marrow derived neutrophils inhibit S. ratti L3 motility in-vitro in the context of ETosis. Based 

on the phenotype of MINCLE KO mice shown in Figure 6, we hypothesized that MINCLE KO 

neutrophils might inhibit S. ratti L3 motility better than the WT. To begin, I isolated 

neutrophils from bone-marrow cells using Ly6G beads and Gr-1 antibody. I then cultured the 

cells as described in 2.2.9 (method section). To exclude any differences between the WT and 

MINCLE KO neutrophil culture, I analysed the purity of the cells using Flow cytometry. The 

purity of both cultures was similar and > 96% (Figure 8). I also showed that only WT 

neutrophils express MINCLE (Figure 9). 

 
 
 

 
Figure 8. Purity of bone-marrow derived neutrophils Shown is a representative staining (4 
biological replicates) and flow cytometry analysis of cultured neutrophils isolated from bone-
marrow. FSC-area and SSC - area were used to gate for leukocytes, FSC- height and FSC- area 
for singles cells and Zombie yellow for live cells. Using Gr-1, neutrophils were identified from 
the live cells. Purity of cultured neutrophils were > 96. 
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Figure 9: Neutrophils express MINCLE Shown is a representative staining (4 biological 
replicates) and flow cytometry analysis of cultured neutrophils isolated from bone-marrow. 
FSC-area and SSC - area were used to gate for leukocytes, FSC- height and FSC- area for singles 
cells and Zombie yellow for live cells. Using MINCLE antibody, neutrophils expressing MINCLE 
were identified. MINCLE KO neutrophils were used as specificity control.  
 
 
 
 
         3.6 Bone-marrow derived neutrophils inhibit S. ratti motility in-vitro 
 
After culturing the neutrophils for 2 days, I incubated the cells with S. ratti L3 with and scored 

them for 3 to 4 days based on the following motility description:  Score 4: Fast and continuous 

movement, Score 3: Still continuously moving but slower than 4, Score 2: Discontinuous 

movement, Score 1: Only moving at the end or clapping together like scissors and Score 0: No 

movement at all. I provided videos supporting these descriptions in a collaborative work with 

M. Cambra-Pelleja et. al. 2024, where she compared their larval migration inhibition assay 

with the motility inhibition assay I had established in our lab.  
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Similar to Ehrens and group, I observed that neutrophils can inhibit S. ratti L3 motility (Figure 

10A). However, I did not observe any difference between WT and MINCLE KO. I, then added 

5% of pi (Figure 7B-C) to the co-culture, to see if the presence of the plasma will improve the 

ability of the cells to impair S. ratti L3. As expected, I observed that the addition of the Pi, 

significantly accelerated the impairment of S. ratti L3 motility. However, this phenotype was 

observed for both WT and MINCLE KO cells. Again, no difference between WT and MINCLE 

KO was observed (Figure 10B). Moreover, I also observed that co-culturing S. ratti L3 with pi 

or pn without neutrophils significantly impaired larvae motility (Figure 10B-C).  

 

To elucidate the effector molecules involved in inhibiting motility of S.ratti L3, I collected 

supernatant from the co-cultures after 6 hours and performed ELISA assays to detect 

myeloperoxidase (MPO), which contributes to the formation of extracellular traps (Ehrens, 

et.al. 2021;  Kirchner, et. al. 2012). In Figure 11, I observed release of MPO by both WT and 

MINCLE KO. However, in the presence of S. ratti L3, MPO released by WT neutrophils was 

significantly higher than in MINCLE KO. Also, the addition of Pi to neutrophils and S. ratti L3, 

increased the level of MPO but again no significant difference between WT and MINCLE KO 

was observed (Figure 11).  To test for functional difference, I incubated the neutrophils with 

TDB, which is a ligand of MINCLE (Schoenen, et. al. 2010) and as expected I observed a 

significant release of MPO by WT neutrophils compared to MINCLE KO. To test the specificity 

of TDB, L3 was also added to the co-culture. I observed release of MPO by MINCLE KO 

neutrophils was similar to level of MPO released, when only L3 was incubated with MINCLE 

KO neutrophils. For WT neutrophils, I observed that, addition of TDB to S. ratti L3 slightly 

increased the level of MPO released. Thereby, Indicating an additive effect. To rule out any 

intrinsic difference, I incubated the cells with zymosan and a combination of zymosan and S. 

ratti L3. Here, no difference between WT and MINCLE KO neutrophils was observed (Figure 

11).  

 

Aside MPO, I also checked for the release of oxygen species (ROS), which is also an effector 

molecule that is released when neutrophils release extracellular traps (Ehrens, et.al. 2021;  

Kirchner, et. al. 2012). To exclude any intrinsic differences, I used PMA and zymosan as 

positive controls. No difference was observed, when the cells were treated with PMA. 

However, for zymosan treatment, MINCLE KO released a significantly higher level of ROS 
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compared WT. The cells were also treated with S. ratti L3 only and no release of ROS in both 

WT and MINCLE KO was detected. In summary, both WT and MINCLE neutrophils impair S. 

ratti L3 motility. However, none of the results could explain the results seen in Figure 7A.  

Figure 10. Motility inhibition of S. ratti L3 by neutrophils in-vitro. Using 96 well plates, 30 S. 
ratti L3 were placed in wells in triplicates and bone-marrow derived neutrophils were added 
or neutrophils and plasma from infected mice (Pi) or Plasma from naïve mice (Pn) and 
incubated for 4 days at 37 °C 5% CO2. The motility of S. ratti was scored as described in the 
method section every day using light microscope. (A) show the incubation of L3 with WT and 
MINCLE KO neutrophils. (B)incubation of L3 with neutrophils and Pi (C) neutrophils with Pn.  
Shown is a mean of 4 biological replicates Bars show the mean (SEM) and statistically 
significant differences are indicated as asterisks (p* <0,05; p** <0,01, p*** <0,001, p**** 
<0,0001) 
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Figure 11: Neutrophils release myeloperoxidase in the presence of S. ratti L3. 
Bone-marrow derived neutrophils were treated with 30 S. ratti L3, plasma from infected 
mice (Pi), 0.5 µg/mL TDB (functional control) and 50 µg/mL zymosan (intrinsic control). 
Using R&D ELISA kit, presence of myeloperoxidase (MPO) was measured. (B) 500 S. ratti L3, 
50 nM PMA (intrinsic control) and 100 µg/mL zymosan (physiological intrinsic control). 
Shown is a representation of 2 biological replicates (6 technical replicates)  
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Figure 12: Release of effector molecules by neutrophils in the presence of S. ratti L3 
Reactive oxygen species (ROS) was measured at an interval of 5 min, using Tecan reader and 
the Luminol chemiluminescence assay. Bars show the mean (SEM) and statistically significant 
differences are indicated as asterisks (p* <0,05; p** <0,01, p*** <0,001, p**** <0,0001). 
Shown is a representation of 3 biological replicates.  
 
 
 
 
              3.7. Eosinophils inhibit S. ratti motility in-vitro.  
 
Considering the accumulated results by far, it became apparent that eosinophils might be the 

effector cells that S. ratti depends on to escape anti-Strongyloides immune response. 

Therefore, I began by analysing the expression of MINCLE by bone marrow derived 

eosinophils, using Flow cytometry and found out that they do not express MINCLE (Figure 13 

and 14). Hence, I decided to use peripheral blood eosinophils, as these eosinophils express 

MINCLE (Figure 5). Also, to obtain similar cell count of eosinophils from both WT and MINCLE 

KO mice, naïve and 3 dpi mice were chosen (Figure 5A). In addition, I observed that the 

expression of CCR3, which is a chemokine receptor that is associated with eosinophil 

activation (Kampen GT, et. al.  2000) was similar at  0 dpi and 3 dpi (Figure 16D).  Therefore, I 

isolated eosinophils from peripheral blood of 0 dpi and 3 dpi mice using Siglec F+ antibody 

(detailed description in method section). I then gated the cells as shown in Figure 15. Briefly, 

I used FSC- height and FSC- area to gate for singles cells, Zombie UV for live cells, CD45 spark 

blue for the leukocyte population and I used CD19/CD3 BV711 to gate out adaptive immune 

cells. From those cells, I used Siglec F+ to gate for eosinophils, MINCLE APC for MINCLE+ cells 

and CCR3 PerCP-Cy5.5 for CCR3+ positive cells.  The results showed that the population of 

both WT and MINCLE eosinophils were similar and once again I observed that peripheral 

eosinophils do express MINCLE.  
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Figure 13: Purity of bone-marrow derived esoinophils  
Shown is respective staining and flow cytometry analysis of cultured neutrophils isolated from 
bone-marrow. FSC-area and SSC - area were used to gate for leukocytes, FSC- height and FSC- 
area for singles cells and Zombie yellow for live cells. Using Siglec F antibody, eosinophils were 
identified from the live cells. Purity of cultured neutrophils were > 90. 
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Figure 14: Bone-marrow derived eosinophils do not express MINCLE  
(A) Shown is respecmve staining and flow cytometry analysis of cultured eosinophils isolated 
from bone-marrow. FSC- height and FSC- area were used to gate for singles cells and Zombie 
yellow for live cells. Using MINCLE anmbody, eosinophils expressing MINCLE were idenmfied. 
MINCLE KO eosinophils were used as specificity control. (B) shows genotyping polymerase 
chain reacmon (PCR) analysis for WT and MINCLE KO phenotype confirmamon. Wildtype shows 
a band of 593 bp and MINCLE KO shows a band of 488 bp. 
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Figure 15: Gating strategy for positively selected peripheral blood eosinophils. Shown is a 
respresentative staining (4 WT and 4 MINCLE mice) and flow cytometry analysis of 3 dpi 
peripheral blood eosinophils. FSC- height and FSC- area was used to gate for singles cells , 

WT

MINCLE KO

Single cells live cells CD45+ cells CD19- CD3- cells 
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Zombie UV for live cells, CD45 spark blue for leukocyte population and CD19/CD3 BV711 to 
gate out adaptive immune cells, Siglec F+  for eosinophils, MINCLE APC for MINCLE+ cells and 
CCR3 PerCP-Cy5.5 for CCR3+ positive cells.    
  
 
 
 
 

               3.8. MINCLE deficient eosinophils provide protective immunity against S. ratti 
infection. 

 
 
The question now was, do MINCLE KO eosinophils protect S. ratti from anti-helminth 

immunity? And can I show this in-vitro? Hence, I performed both motility inhibition assay and 

ROS assay with these cells. I observed that, cells from both naïve WT and MINCLE KO were 

able to impair S. ratti L3 motility (Figure 16A). Furthermore, I observed that, MINCLE KO 

eosinophils significantly inhibited S. ratti L3 compared to WT eosinophils (Figure 16A). 

Eosinophils isolated from 3 dpi mice also showed similar results as the eosinophils from naïve 

mice. However, I saw a more pronounced and clear phenotypic difference between WT and 

MINCLE KO eosinophils in their inhibition of S. ratti L3 motility (Figure 16B). Also, I collected 

the supernatant from the motility assay after 6 h to check for presence of eosinophil 

peroxidase using ELISA. However, no eosinophil peroxidase was detected. Considering the 

results for the motility assay, I decided to use eosinophils isolated at 3 dpi to analyse ROS 

production. Analysis of ROS released by both WT and MINCLE KO eosinophils in the presence 

of S. ratti L3, also showed that MINCLE KO eosinophils significantly release more ROS between 

14 and 30 min. WT eosinophils however did not produced ROS (Figure 16 C). Figure 15D, also 

showed that activation of MINCLE KO eosinophils significantly increases by 6 dpi, whereas WT 

CCR3 decreases.  

 

In summary, the accumulated results depicts that the deficiency of eosinophils to express 

MINCLE, allows S. ratti to escape anti-helminth immunity. 
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Figure 16: MINCLE deficient eosinophils protects against S. ratti infection. 
(A-B) show motility inhibition of S. ratti L3, when treated with eosinophils isolated from 
peripheral blood before and after infection. (C)indicates release of reactive oxygen species 
(ROS), when S. ratti L3 were treated with 3 dpi eosinophils isolated from peripheral blood. (D) 
Flow cytometry analysis of peripheral blood to show activation of eosinophil via the 
expression of CCR3. Comparison of WT vs WT is indicated in bule, MINCLE KO in red and 
between WT and MINCLE KO with green. Bars show the mean (SEM) and statistically 
significant differences are indicated as asterisks (p* <0,05; p** <0,01, p*** <0,001, p**** 
<0,0001)  
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4.Discussion  

 
 

             4.1. Peripheral blood MINCLE-deficient eosinophils protect against S. ratti infection. 

 

In this study, I found that MINCLE recognize S. ratti -derived ligands present in supernatant of 

dead S. ratti L3 lysate. Although in this study, I did not focus on identifying the S. ratti specific 

ligand activating the MINCLE reporter cells, a study by Younis and group identified S. ratti heat 

shock proteins (sHSP) in the excretory/secretory products (ESPs) of parasitic females. They 

also identified low levels of these sHSP genes in S. ratti L3 but the ELISA analysis of their ESPs 

showed undetectable levels of sHPS (Younis, et. al. 2011). Also, Dr. Vinayaga 

Gnanapragassam, a collaborative partner in charge of the molecular side of this project, also 

identified HSP70 in the lysate of S. ratti L3 and saw that HSP70 can also activate MINCLE 

reporter cells (unpublished). therefore, validating the observations made in this project.  

 

Furthermore, I show that MINCLE KO mice display reduced parasite burden in the small 

intestine. For our publication in 2024, Dr. Lara Linnemann also shows that, the parasite 

burden in heterozygote MINCLE KO in the small intestine by 6 dpi was also reduced. 

Moreover, mice lacking CARD9, a central adaptor protein involved in MINCLE mediated signal 

transduction (Prado Acosta, et.al. 2021) also showed the same phenotype (Linnemann, 

Antwi-Ekwuruke, et. al. 2024). Thereby, enforcing the notion that the reduced parasite 

burden is associated with MINCLE.   

 

I also show that eosinophils are the effector cells by which S. ratti is able to dampen host 

immune defense. Thus, in-vivo the population of eosinophils expands during infection (Figure 

6A). Furthermore, MINCLE KO eosinophils show a more active phenotype with regards to 

CCR3 expression in-vivo (Figure 16D). Dr Lara Linnemann also show in our publication that, 

MINCLE KO eosinophils express more PD-L1 and CD80 in-vivo (Linnemann, Antwi-Ekwuruke, 

et. al. 2024), which is also indication for activated eosinophils (Gurtner, et. al. 2022). 

 

In- vitro, MINCLE KO eosinophils also displayed increased ROS production (Figure 16C). ROS is 

also an indicator for eosinophil extracellular traps formation (Silveira, et. al. 2019). Silveira 
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and group showed how essential ROS are, for the formation of eosinophil extracellular traps. 

In the study, they inhibited ROS production with N-acetylcysteine (NAC) or 

diphenyleneiodonium (DPI), before treating the animals with ovalbumin and observed that 

ROS are needed for extracellular traps formation (Silveira et. al. 2019).  In this study, I also 

observed the release of ROS upon S. ratti L3 exposure to peripheral blood eosinophils (Figure 

16C). Consequently, I show that observed that, naïve and 3 dpi MINCLE KO eosinophils 

efficiently inhibit motility of S. ratti compared to WT (Figure 16A-B). To prove that, indeed 

eosinophils are the effector cells involve in the dampening of host immune response, Dr. Lara 

Linnemann, depleted eosinophils after tissue-migrating phase of S. ratti and this abrogated 

the advantage observed in the MINCLE KO mice (Linnemann, Antwi-Ekwuruke, et. al. 2024). 

 

 

 

           4.1. MINCLE mediates anti-inflammatory immune response via inhibitory ITAM 
(ITAMi) 

 
Several studies have shown that inflammatory response leads to protective immune response 

(Chen, et.al. 2017) and the activation of CLRs is also associated with inflammatory response 

and consequently protective immune response for the host (Deng, et. al 2015).  In response 

to glycolipids on the cell walls of bacteria such as trehalose-6,6-dimycolate (TDM) and its 

synthetic analogue trehalose-6,6 dibehenate (TDB), MINCLE has been described to trigger 

phosphorylation of immunoreceptor tyrosine-based activation motif (ITAM) tyrosine residues 

in the FcRγ chain by Src-Family kinases (Deng, et. al 2015). The phosphorylation of ITAM by 

phosphatase SHP2 scaffold then leads to recruitment and activation of the kinase Syk, which 

in turn generates an activating signal facilitated by CARD9 to cause inflammatory immune 

response and subsequently boost immunity to infection (Deng, et. al. 2015; Ishikawa, et. al. 

2009; Schoenen, et. al. 2010, Shenderov, et. al. 2013, Sousa, et. al. 2011, Yamasaki, et. al. 

2009). However, the observations made in Figure 7A, surprisingly suggest that the presence 

of MINCLE rather dampens immunity. Similar finding was reported by Wevers et. al 2014 in 

the study of Fonsecaea monophora, the fungal responsible for the chronic skin disease, 

Chromoblastomycosis. They observed that the presence of MINCLE interferes with IRF1, a 

transcription factor crucial for the recruitment of IL12A transcription, which is required for 

antifungal response. The induction of IRF1 degradation was found to be via E3 ubiquitin Ligase 
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Mdm2-dependent degradation pathway, which involves Syk/CARD9-mediated signaling 

(Wevers, et. al. 2014). Therefore, indicating that the activation of MINCLE by Fonsecaea 

monophora suppresses the antifungal immunity. Furthermore, in 2016 Iborra and group 

published their findings, where they showed the effect of MINCLE deficiency in correlation to 

Leishmania major parasitemia. They reported that Leishmania releases a soluble ligand that 

binds MINCLE on dendritic cells, which triggers an inhibitory effect mediated by the 

phosphatase SHP1 and FcRγ chain. This interaction then suppresses dendritic cell activation 

and as a result, dampens the priming of CD4+ T cells. Thereby, allowing the parasite to evade 

the adaptive immune response of host (Iborra, et. al. 2016). They showed this by treating the 

dendritic cells with SHP1/2 inhibitor NSC-87877 and then exposing the cells to Leishmania 

major. Comparing the untreated cells to treated cells, they observed increased activation of 

dendritic cells. To further prove this notion, they intradermally inoculated Leishmania major 

parasite in the ears of wildtype, Clec4e -/- (MINCL KO) and CD11cDSHP1 (lacking SHP1) mice 

and observed lower parasitemia in Clec4e -/- and CD11cDSHP1 mice compared to wildtype 

(Iborra, et. al. 2016).  The concept of inhibitory ITAM (ITAMi) refers to the inhibition of 

immune activation, which is the counterintuitive form of ITAM, a signaling that usually leads 

to immune activation. Thus, the MINCLE-FcRγ complex recruits SHP1, which 

dephosphorylates signaling intermediates and as a result leads to inhibition (Iborra, et. al. 

2016).  In 2012, Aloulou and group also reported, on how the engagement of monomeric IgG1 

and intravenous immunoglobulin (IVlg) with FcRγRIII can covert traditionally activating 

immune receptor to an inhibitory one, through ITAMi mechanism (Aloulou, et. al. 2012). 

Therefore, based on these findings, S. ratti may exploit similar immune evasion strategy in 

modulating host defense mechanism and thereby able to dampen anti-Strongyloides 

response. 

 

 

 

            4.3.  Role of neutrophils in MINCLE mediated immune response against S. ratti 

 

Neutrophil mediated immune response against bacterial infection has been well studied 

(Balamayooran, et. al. 2012; Kovach, et. al. 2012). The expression of MINCLE by neutrophils 



 50 

and its role in immune response against pathogen has been described using Candida species, 

mycobacteria and Klebsiella pneumoniae (Lee, et. al. 2012; Vijayan, et. al. 2012; Sharma, et. 

al. 2014). The mechanism by which neutrophils are known to kill microbial, has also been 

described to be by the formation of extracellular traps (NETs), which are DNA fibrils with 

granular contents as myeloperoxidase (MPO), matrix metalloproteinase 9 (MMP9) and other 

proteases (Brinkmann, et. al. 2004; Ehrens et. al. 2021). In 2015, the first evidence of 

extracellular traps formation against the gastrointestinal nematode Haemonchus contortus 

was described. Using scanning electron microscopy, they showed that exposure of bovine 

neutrophils to third-stage larvae of Haemonchus contortus triggers extracellular traps 

formation (Muñoz-Caro, et. al. 2015). They went further to describe the different type of NETs 

structures which contributes to the immobilization of the Larval. Spread NETs consists of 

decondensed chromatin smooth and elongated web-like structures. They also observed 

antimicrobial proteins composed by thin fibers with a diameter of 15-17nm, which were 

detected in co-localization with DNA NET structures. Using Fluorescence-based analysis, 

specifically Sytox Orange staining, the antimicrobial proteins were confirmed to be MPO, 

neutrophil specific elastase (NE) and histones. Aggregated NETs on the other hand, were 

observed to have large cluster of NET structures, which significantly contributed to the 

entrapment of larvae and subsequently larval motility inhibition (Muñoz-Caro et. al 2015). In 

terms of Strongyloides, Bonne-Anné and group also showed that human neutrophils release 

NETs upon exposure to S. stercoralis. They also observed that, NETs trap the larvae but do not 

directly kill them (Bonne-Année, et. al. 2014). In 2021, similar experiment was performed, 

where treatment of S. ratti L3 led to release of NETs, histones and MPO and consequently 

impairment of Larvae motility (Ehrens et. al 2021). However, in this study I compared motility 

impairment of S ratti L3 in-vitro, with regards to both WT and MINCLE KO neutrophils. The 

results shown in Figure 9A, indicates that both WT and MINCLE KO neutrophils were able to 

significantly inhibit S. ratti motility at the same rate compared to untreated S. ratti L3. 

Although the results attained in Figure 11 showed that, treatment of S. ratti L3 with 

neutrophils leads to significant release of MPO in WT neutrophils compared to MINCLE KO 

neutrophils, similar results was not observed for ROS production (Figure 12D). Thus, exposure 

of S. ratti L3 to both WT and MINCLE KO neutrophils did not lead to ROS production. I 

expected the released of both MPO and ROS upon exposure to S. ratti L3 based on the work 

of both Bonne-Année, et. al.2014 and Kirchner, et. al. 2012. Bonne-Année and group showed 
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that MPO is a crucial component of NET formation. Kirchner and group on other hand showed 

the interdependence of MPO and ROS in the process of NETosis. Thus, for NETs to form, it 

requires ROS production via NADPH oxidase. At the same time, presence of MPO is also 

required for the antimicrobial function of NETs (Kirchner, et. al. 2012).  

 

For instance, the study about the role of MINCLE in regulating neutrophil extracellular traps 

formation during Klebsiella pneumoniae infection, showed an impaired ability of neutrophil 

to form NETs in the absence of MINCLE (Sharma, et. al. 2014). They infected WT and MINCLE 

KO mice intranasally with Klebsiella pneumoniae and monitored disease progression. Their 

results showed that WT mice were able to clear infection and survive. However, compared to 

the MINCLE KO mice, diseased progressed daily and led to the death of all MINCLE KO mice 

by day 6 of infection. They, then examined the neutrophils isolated from bronchoalveolar 

lavage, by staining the neutrophil specific enzyme, elastase, which is known to cause 

chromatin decondensation through proteolysis of nuclear proteins (Kasperkiewicz, et. al. 

2020). NETs observed in MINCLE KO neutrophils were impaired and lacked the web-like 

structure. Also, quantitative analysis showed that WT neutrophils produced significantly 

higher levels of NETs compared to MINCLE KO neutrophils (Sharma, et. al. 2014). However, 

the neutrophil specific enzyme elastase was not performed in this study to back this notion.  

 

Examining the results obtained for ROS production, treatment of S. ratti L3 with WT and 

MINCLE KO neutrophils showed no significant release of ROS compared to untreated control 

(Figure 10D). The treatment of neutrophils with PMA, expectedly caused the production of 

ROS by both WT and MINCLE KO neutrophils at similar rate (Sharma, et. al. 2017). These 

results show that in the context of MINCLE, neutrophils do not participate in the dampen of 

immune response of host. 

 

 

 

                   4.4. Possible role of complements in S. ratti infection. 

 

In this study, I introduced plasma from infected and naïve mice to test for efficiency and 

differences in MPO release and also motility inhibition of S. ratti L3.  I observed that more 
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MPO was released when plasma from infected mice was co-cultured with either WT or 

MINCLE KO cells and S. ratti L3. However, no differences were observed.  Interestingly, 

addition of plasma from infected and naïve mice accelerated motility inhibition by both WT 

MINCLE KO neutrophils and eosinophils from infected mice. Also in these instances, no 

differences were observed (Figure 9 and 13). In addition, when S. ratti L3 were co-cultured 

with either plasma from infected or naïve mice without cells, I observed impairment of Larvae 

motility. To explain what could have been the cause of Larvae motility inhibition without the 

presence of effector cells, I show in Figure 6, the presence of IgG and IgM in both plasma from 

infected and naïve mice, where plasma from infected mice show significantly higher levels of 

antibodies. Even though I did not check for complements, it is known that plasma consist of 

complements (Haller L., et. al. 1978).  Complements are humoral and cellular effector system 

in blood and other tissues which act in a cascade manner, resulting in inflammation and 

enhancement of adaptive immunity (Reid and Porter 1981). There are three pathways 

namely; classical, lectin and alternative pathway. The complements opsonize the surface of 

pathogens with opsonins C1q (Classical pathway), mannose binding lectin (Lectin pathway) 

and C3 (Alternative pathway) to initiate innate host defense. Thus phagocytes, which express 

complement surface receptors bind to these opsonins and activate the complement cascade 

(Janeway 5th edition). To achieve the ultimate goal of complement activation, the classical 

and alternative pathway produce anaphylatoxins C3a and lectin pathway produce C5, which 

in turn leads to the promotion of chemotaxis, myeloid cell activation and the membrane 

attack complex (MAC or C5b-9 complex), which disrupts and form pores in phospholipid 

bilayer to induce killing of pathogen (Janeway 5th edition).  

 

Antibodies such as IgM and IgG activate the classical pathway of complement by binding to 

C1q, which is a complex of three protein (C1q, C1r and C1s). Due to the structure 

rearrangement of the IgM pentamer when bound to pathogens, they tend to have a higher 

infinity to bind C1q compared to IgG, which can only bind C1q in the presence of two or more 

IgG in close proximity. Moreover, the initiation of the complement cascade only takes place 

when the antibodies are bound to multiple sites on the surface of the pathogen (Janeway 5th 

edition). Therefore, this explain could explain why motility of  S. ratti L3 is inhibited, when the 

larvae are co-cultured with plasma only. 
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                          4.5. Conclusion  

 In conclusion, I show that eosinophils express MINCLE during helminth infection, which was 

not known before and that these cells are negatively regulated by S. ratti-derived MINCLE 

ligands. Thus, in the presence of MINCLE, S. ratti is able to dampen immune response of host, 

thereby delaying parasite ejection from small intestine. These findings, suggest a novel 

helminth-induced immune evasive mechanism targeting innate intestinal immunity.  
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5. Outlook 

 

                     5.1. Role of eosinophils in S. ratti infection 

 

Similar to neutrophils, eosinophils are also known to release extracellular traps to exert their 

host defence against primarily multicellular helminths and also other pathogens (Mukherjee, 

et. al. 2018). Eosinophils has also been described to release extracellular traps co-localized 

with eosin granules (Muñoz-Caro et. al 2015). Specifically, eosinophils release four distinct 

granule which are cationic proteins (ECP), major basic protein (MBP), eosinophil peroxidase 

(EPO) and eosinophil-derived neurotoxin (EDN/EPX) to cause dysfunction and destruction of 

cells (Motegi and Kita 1998; Adamko, et.al.2004). Also, eosinophils release lipid mediators 

such as leukotriene C4, platelet-activating factor and liposins for host defence against 

pathogens (Tamura, et. al. 1988). However, an attempt to analyse eosinophil peroxidase in 

this study failed. Breifly, I co-cultured S. ratti L3 with both WT and MINCLE KO eosinophils, 

collected the supernatant after 6h and used ELISA to detect the presence of EPO but none 

was detected. In 2011, Dworski and group reported that release of eosinophil extracellular 

traps in human allergic asthmatic airways were associated with major basic protein (MBP). 

However, they did not observe any correlation with eosinophil specific cytokines (IL-5, IFN-γ) 

and chemokines (eotaxin) (Dworski, et. al. 2011). Therefore, it could be concluded that, the 

release of eosinophil extracellular traps and the specific inflammatory effector molecule may 

depend on the disease or pathogen.  

 

For instance, an investigation of eosinophil dependent immunity against the nematode 

Nippostrongylus brasiliensis, showed eosinophil peroxidase (EPO) activity after treating mice 

with L3 Nippostrongylus brasiliensis (Giacomin, et. al. 2007). However, I did not observe this 

although S. ratti is also a nematode. Also, several studies have shown that, to reach a plausible 

conclusion on the function of eosinophils during infection, it is best to measure two or more 

eosinophil granules.  In 1996, elevated serum level of eosinophil cationic protein (ECP) and 

eosinophil-derived neurotoxin (EDN/EPX) were measured in patients with onchocerciasis, 

bancroftian filariasis and intestinal schistosomiasis as indicator of ongoing infection 

(Tischendor, et. al 1996). In 2006 Specht and colleagues also showed that infecting EPO and 
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MBP deficient mice with the rodent filaria Litomosoides sigmodontis led to significantly higher 

worm burden in these knockout mice compared to the wildtype (Specht, et. al. 2006). 

Therefore, in hindsight I should have investigated other effector molecules apart from EPO as 

this has not been elucidated in the study of S. ratti L3 infection.  

 

Another strategy that could have helped show the toxicity of eosinophil granule proteins 

against S. ratti, would have been the strategy that Hamann and collogues implemented. They 

performed an in-vitro purification of four different types of eosinophils granule proteins, 

namely MBP, EPO, ECP and EDN. After that, Brugia pahangi and Brugia malayi which are 

microfilariae were treated with different doses of each eosinophil granule protein. ECP and 

MBP killed these worms in a dose-dependent manner. EDN could kill the microfilariae as well 

but compared ECP and MBP, a higher concentration was required. EPO alone was also shown 

to kill the worms and more interestingly, a combination of EPO, hydrogen peroxide (H2O2) 

and a halide (I-, Br- and Cl-) proved to be more toxic to the worms (Hamann KJ, et. al. 1990). 

This is because through the Haber- Weiss reaction, the enzyme EPO bind to the ionically 

charged surface of the helminths. This then catalyse H2O2 and Halides into H2O and 

hypohalous acids. The hypohalous acids in turn form a far more stable and damaging products 

which leads to killing of the helminth (Callahan H.L., et. al. 1988). 

 

Lastly in terms of S. ratti ligands, future experiments will show if the purified S. ratti ligands 

present in S. ratti L3 lysate, could also cause comparable mechanism mediated by MINCLE 

expressing eosinophils.  
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