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• First line of defense

• Cells of innate immunity

• Phagocytosis

• Receptors

• Communication: cytokines and chemokines



First line of defense: Physical barriers

• Skin

• Mucosal epithelia

• Cilia

• Coughing, sneezing, vomiting, diarrhea

Mucins (glycoproteins) in mucus



First line of defense: Chemical barriers

• Digestive fluids

• Lysozyme & Phospholypase A2
• Tears
• Saliva
• Paneth cells

• Lactoferrin

Bacterial cell wall

Bacterial siderophore

Lactoferrin

Peptidoglycan layer



First line of defense: Chemical barriers

• Antimicrobial pepties (secreted by epithelial cells and phagocytes)

 Defensins

 Cathelicidins

 Histatins

 Lectins



First line of defense:

Commensal microbiota

Competition of nutrients and epithelial attachment sites

Pathogens

Commensal microbiota



Barrier disruption

Pathogen invasion





Innate Immunity

• Fast reaction

• No memory (but trained immunity)

• Pattern recognition receptors (PRR)

Pathogen-associated molecular patters (PAMP)



Phagocytes

• Monocytes/Macrophages

• Dendritic cells

• Neutrophils (Granulocytes)



Phagocytosis

Alternatives:

– Receptor mediated endocytosis (clathrin coat)

– Macropinocytosis



Phagocytosis

Neutrophils have also primary and 
secondary granules with enzymes 
and antimicrobial peptides

Respiratory burst: Superoxide anion
transformed into H2O2 by superoxide
dismutase.



Granulocytes

• Neutrophils: Short lived cells. Highly 
abundant in blood. 
– Pathogen elimination (Phagocytosis and NETs)

– Inflammation regulation

– Tissue repair (clearing debris)

• Eosinophils: Parasitic infections. Allergy.

• Basophils: Parasitic infections. Release of pro-
inflammatory substances



NETosis (Neutrophils)

• NETs (Neutrophil extracellular traps): Modified 
chromatin decorated with bactericidal proteins 
from granules and cytoplasm

• Release of:
– Granule components into the cytosol
– Modification of histones leading to chromatin 

decondensation

• Destruction of the nuclear envelope and 
formation of pores in the plasma membrane

• Induced by pathogens, antibodies and immune 
complexes or cytokines.

• Dependent on Reactive oxigen species (ROS): 
NADPH oxidase



Monocytes/Macrophages

Monocytes Macrophages:
(Blood) (Tissue)

Kuppfer cells (Liver)
Microglia (Neural tissue)
Alveolar macrophage (Lung)

Antimicrobial
properties

(Proinflammatory)

Tissue repair
properties

(Antiinflammatory)



Dendritic cells (DC)

• Arise from myeloid and lymphoid progenitors

• Tissue-resident cells

 Conventional DC (cDC): 
– Process ingested microbes to generate antigens 

that activate T cells

– Cytokine secretion

 Plasmacytoid DCs (pDC):
– Antiviral interferon production



Detection (Receptors)



TCR/BCR

Pattern 
Recognition 

Receptor



Types of Pattern Recognition Receptors 

(PRR)

• Free receptors in the serum 
– Acute-phase proteins: C-reactive protein, MBL

• Membrane-bound phagocytic receptors

• Membrane-bound signaling receptors

• Cytoplasmic signaling receptors



Pathogen-associated molecular patterns

(PAMPs)

• Endotoxin (Lipopolysaccharide - LPS)
• Peptidoglycan
• Bacterial lipoprotein
• 1→3β-D-glucan
• Lipoteichoic acid
• Bacterial flagellin
• HSPs (heat-shock proteins)
• viral dsRNA
• bacterial CpG nucleotides



Damage-associated molecular patterns 

(DAMPs)



https://doi.org/10.1038/s41577-019-0215-7



https://doi.org/10.1038/s41577-019-0215-7



Toll-like receptors (TLR)



Toll-like receptors



Toll-like receptors



TLR-4

Płóciennikowska, A., Hromada-Judycka, A., Borzęcka, K. et al.. Cell. Mol. Life Sci. 72, 557–581 (2015).



NOD-like receptors (NLR)

• NOD1 sensor for g-glutamyl diaminopimelic acid (iE-DAP)
– Product of peptidoglycans of Gram-negative bacteria

• NOD2 sensor for muramyl dipeptide 
– Common bacterial peptidoglican



Inflammatory response

• Triggered by the recognition of pathogens and tissue damage

1) Reinforcement

2) Creation of physical barrier to avoid pathogen dissemination

3) Promoting tissue healing

 Characteristics: 
Redness, heat, swelling, pain and release of signals



Inflammation: Fundamental Concepts

• A coordinated biological response to tissue injury, infection, or 
harmful stimuli

• Central component of the innate immune system, aimed at 
restoring tissue homeostasis

• Characterized by vascular alterations, leukocyte recruitment, and 
release of inflammatory mediators

• Serves dual roles: protective (elimination of pathogens, initiation of 
repair) and potentially detrimental (tissue damage if excessive or 
prolonged)

• Classical clinical signs: rubor, calor, tumor, dolor, and functio laesa



Acute vs. Chronic Inflammation

Acute Inflammation
• Onset: rapid (minutes to 

hours)
• Duration: short-lived 

(typically days)
• Dominant cells: neutrophils
• Hallmarks: pronounced 

vascular changes, exudation 
of plasma proteins

• Common triggers: bacterial 
infections, physical injury, 
burns

• Outcome: resolution, abscess 
formation, or progression to 
chronic inflammation

Chronic Inflammation

• Onset: gradual (days to weeks)

• Duration: persistent (months to 
years)

• Dominant cells: macrophages, 
lymphocytes, plasma cells

• Hallmarks: simultaneous tissue 
destruction and repair (fibrosis, 
angiogenesis)

• Common triggers: persistent 
infections, autoimmune diseases, 
prolonged exposure to toxic agents

• Outcome: fibrosis, organ 
dysfunction, or granuloma formation



Communication

(Chemokines and Cytokines) 

Signals



Communication

(Chemokines and Cytokines) 

Autocrine

Juxtacrine

Paracrine

Endocrine



Communication

(Chemokines and Cytokines) 



Communication

(Chemokines and Cytokines) 



Communication

(Cytokines) 

• MW: ~25 kDa

• Released by different cell types

• Bind to specific receptors

• Structural families:

– Hematopoietic family

– TNF family

– Chemokine family



Cytokines

• IL-1 : Fever, T cell & macrophage activation
• IL-2: Proliferation of T cells
• IL-3: Hematopoiesis (Basophils)
• IL-4: Th2 cell polarization, B cell activation, IgE switch
• IL-5: Proliferation and differentiation of eosinophils
• IL-6: Acute phase proteins, Th17 helper polarization
• IL-8: T cell and neutrophil chemotaxis
• IL-9: Mast cell activation
• IL-10: Inhibition of macrophages, T and B cells
• IL-12: Activation of NK cells. Th1 polarization
• IL-13: B cell activation. Macrophage inhibition.

• TNFa: Local inflammation
• IFNg: Antiviral, macrophage activation, MHC upregulation
• IFNa/b: Antiviral, MHC upregulation
• MCP-1: Monocyte chemotaxis
• MIP1a: Monocyte, T cell and eosinophil chemotaxis



Chemokines

• MW: 8-14 kDa
• Attraction and migration of immune cells

• Bind to chemokine receptors which are integral membrane proteins 
(belong to the family of the G-protein-coupled receptors)

• Conserved feature of chemokines is a group of cysteine residues that can 
form one or two disulfide bridges

• Chemokine superfamilies:
– C-C –Chemokine: two consecutive conserved cysteines in the amino terminus. 

• CCL-2: monocyte chemoattractant 

– C-X-C-chemokine: one aminoacid between the 2 conserved cysteines in the
amino terminus.
• CXCL-8: Neutrophil chemoattractant

– C : only one conserved cyteine in the amino terminus.
– CX3C: cysteines separated by 3 amino acids.

*L or R at the end indicates Ligand or receptor



Communication

(Chemokines and Cytokines) 



Communication

(Acute-phase proteins) 



Complement system
Proteins present in plasma as zymogen: Activated by proteolytic cleavage

Pattern recognition receptors (PRR) or antibodies activate complement

PhagocytosisRecruitment Cell lysis



Recruitment



Recruitment



Adhesion molecules



Adhesion molecules





Mast cells

• First described by Ehrlich in his 1878 doctoral 
thesis on the basis of their unique staining 
characteristics and large granules.

• Tissue-resident cells, often adjacent to blood 
vessels and close to epithelial surfaces, creating 
a barrier for pathogens.

• Release potent inflammatory mediators, such 
as histamine, proteases, chemotactic factors, 
cytokines and metabolites of arachidonic acid
that act on the vasculature, smooth muscle, 
connective tissue, mucous glands and 
inflammatory cells.

• Play a central role in inflammatory and 
immediate allergic reactions.

doi: 10.3390/cells12081187



Natural-killer (NK) cells



Natural-killer (NK) cells



Natural-killer (NK) cells



Natural-killer (NK) cells



Natural-killer (NK) cells



Natural-killer (NK) cells

https://doi.org/10.3390/cancers13164129



Innate lymphoid cells (ILCs)

• Resident in non-lymphoid organs (mucosal 
surfaces)
– Rare in blood circulation or lymphoid organs

• Can develop in the absence of recombination-
activating genes (Rag-1 and Rag-2). Do not 
develop antigen-receptors.

• Rely on PRRs and receptors for host-derived 
signals like dietary metabolites, microbial 
products, hormones, neuropeptides, and 
cytokines.

• Early source of cytokines

• T cell counterparts
Klose, C.S.N., Artis, D. Cell Res 30, 475–491 (2020)



Thank you for your attention!

Questions?

Please write to carlos.plazasirvent@rub.de

55


