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Innate Host Defense

Present in all
organisms

Limited
repertoire of
molecules

Rapid

Broad specificity

Ancient

Neutrophils (heterophils)
Macrophages, NK-, IL-cells

Enzymes, Host defense
peptides, Collectins



Examples of vertebrate host defense peptides

CATH-2 HBD-2 HD-5

Magainin-2
LL-37

Amino acid side chains: red, hydrophobic; blue, basic; green, acidic



CATH-2 is produced by chicken heterophils
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Mononuclear !

cells

Van Dijk et al., 2009a



Salmonella enteritidis challenge of chickens results
in recruitment of CATH-2 containing heterophils

Control Control
8h p.i. 48h p.i.
S. enteritidis S. enteritidis
8h p.i. 48h p.i.
S. enteritidis S. enteritidis
48h p.i. 48h p.i.
(Giemsa) (preimmune)

Van Dijk et al., 2009a



Visualization of CATH-2 / E. coli interactions
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Live imaging of CATH-2-mediated E. coli killing

Schneider et al., 2016



Fast membrane binding and permeabilization of
E. coli by CATH-2
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Fast membrane binding and permeabilization of
S. aureus by CATH-2
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Antibacterial mechanisms of Cationic Host Defense Peptides
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Mookherjee et al. Nat. Rev. Drug Discov. 2020



Functions host defense peptides

Direct killing

Cuperus et al. 2013



Antimicrobial activity vs. inhibition of
macrophage activation
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Cathelicidin-mediated "silent killing”

macrophage  neutrophil

TLR4
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Host Defense Peptides / Antimicrobial Peptides
as anti-infectives




Immunomodulation by Cationic Host Defense Peptides
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CATH-2 enhances DNA uptake by macrophages
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Coorens et al. 2015
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Zelnate’ DNA Immunostimulant: a new
chapter in BRD management

Bovine Respiratory Disease (BRD) is a complex disease with many contributing factors—including
stress that compromises the immune system. Even though there are many antimicrobial options for
BRD, veterinarians and producers continue to look for new technology to treat BRD. Zelnate DNA
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Prophylactic potency of HDPs and derivatives

In ovo administration (chicken embryos)




In ovo D-CATH-2 administration protects from
colibacillosis
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Efficacy of D-CATH-2 in a zebrafish infection model

Bright-field Fluorescence
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Schneider et al. (2016c¢)



D-CATH-2 via embryonic route of administration

Peptide doses in models are too low to be directly antimicrobial

Efficacy despite 6 day to 10 day ‘gap’ between treatment and challenge!



Observations by
Hancock Laboratory
(UBC, Vancouver)

New immunomodulatory peptides show
broad protection in Mouse Model Infections
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Pharmacokinetics of PharmaCOIOgy
IDR peptides 10
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Peptide-induced innate immune memory?
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Epidemiological observations of
non-specific effects of vaccines

Jensen et al. (2016)



LPS (endotoxin)

Peptidoglycan

(muramyl dipeptide)

Flagellin

FimH (adhesin)

B-glucan

Chitin

CpG
oligonucleotide

G(-) bacteria

Bacteria

G(-) bacteria

Escherichia coli

Fungi

Fungi

Bacteria
(synthetic)

Staphylococcus aureus

Toxoplasma

Streptococcus
pneumoniae
Rotavirus

Influenza virus

S. aureus
S. pneumoniae

S. aureus
E. coli

E. coli
Influenza virus

Pathogen-associated molecules and cross-protection

Breyne (2017)

Krahenbuhl (1981)

Munoz (2010)

Abdul-Careem (2011)

Marakalala (2013)

Rizzetto (2016)

Ribes (2014)
Jiang (2011); Norton (2010)

Adapted from Sanchez-Ramon et al.



Trained immunity
regulatory pathways

Mulder et al. (2019)
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Trained immunity at the epigenetic, cellular and systems level
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Application of trained immunity inducers

Trained Immunity-based Immunostimulants

Tl-inducers
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Sanchez-Ramon et al. (2018)



Applications of cathelicidin-derived peptides

Therapeutic use:
: Direct antimicrobial activity
. As adjunct to antibiotics

Prophylactic use:

. Immunomodulation (generic protection)
« mammals, fish, birds (in ovo)

. In vaccines as adjuvant
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