
1
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OUTLINE OUTLINE OUTLINE OUTLINE 

� Mucosal structure.Mucosal structure.Mucosal structure.Mucosal structure.

� MMMM----cell, Paneth cell, IELs, Goblet cell.cell, Paneth cell, IELs, Goblet cell.cell, Paneth cell, IELs, Goblet cell.cell, Paneth cell, IELs, Goblet cell.

� Mucosal bacterial defense. Mucosal bacterial defense. Mucosal bacterial defense. Mucosal bacterial defense. 

� Physical barrierPhysical barrierPhysical barrierPhysical barrier

� Antibacterial chemicals (mucosae)Antibacterial chemicals (mucosae)Antibacterial chemicals (mucosae)Antibacterial chemicals (mucosae)

� Antibacterial BiomoleculesAntibacterial BiomoleculesAntibacterial BiomoleculesAntibacterial Biomolecules

� Mucosal Immunity.Mucosal Immunity.Mucosal Immunity.Mucosal Immunity.

� Commensal against Pathogen.Commensal against Pathogen.Commensal against Pathogen.Commensal against Pathogen.

Antibacterial BiomoleculesAntibacterial BiomoleculesAntibacterial BiomoleculesAntibacterial Biomolecules

� MucinMucinMucinMucin
� LysozymeLysozymeLysozymeLysozyme
� LactoferrinLactoferrinLactoferrinLactoferrin
� LactoperoxidaseLactoperoxidaseLactoperoxidaseLactoperoxidase
� Secretory phospholipase ASecretory phospholipase ASecretory phospholipase ASecretory phospholipase A2222
� Secretory leucocyte protease inhibitorSecretory leucocyte protease inhibitorSecretory leucocyte protease inhibitorSecretory leucocyte protease inhibitor
� Trefoil peptidesTrefoil peptidesTrefoil peptidesTrefoil peptides
� Acute phase proteinAcute phase proteinAcute phase proteinAcute phase protein
� Collectins Collectins Collectins Collectins 
� Secretory IgASecretory IgASecretory IgASecretory IgA
� Antimicrobial peptidesAntimicrobial peptidesAntimicrobial peptidesAntimicrobial peptides

CELL POPULATION IN MUCOSAL EPITHELIUMCELL POPULATION IN MUCOSAL EPITHELIUMCELL POPULATION IN MUCOSAL EPITHELIUMCELL POPULATION IN MUCOSAL EPITHELIUM

�� M cellsM cellsM cellsM cellsM cellsM cellsM cellsM cells

�� Paneth cellsPaneth cellsPaneth cellsPaneth cellsPaneth cellsPaneth cellsPaneth cellsPaneth cells

�� IntraIntraIntraIntraIntraIntraIntraIntra--------epithelium lymphocytesepithelium lymphocytesepithelium lymphocytesepithelium lymphocytesepithelium lymphocytesepithelium lymphocytesepithelium lymphocytesepithelium lymphocytes

� Goblets cellsGoblets cellsGoblets cellsGoblets cells

� Enteroendocrine cellsEnteroendocrine cellsEnteroendocrine cellsEnteroendocrine cells

� Tuft cellsTuft cellsTuft cellsTuft cells

� Cup cellsCup cellsCup cellsCup cells
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Mucosal structureMucosal structureMucosal structureMucosal structure

Cross section of mucosa in the stomach body shows arrangement of gastric cellsCross section of mucosa in the stomach body shows arrangement of gastric cellsCross section of mucosa in the stomach body shows arrangement of gastric cellsCross section of mucosa in the stomach body shows arrangement of gastric cells. 

Simple squamous epithelium: mesothelium and endothelium from ileum Simple squamous epithelium: mesothelium and endothelium from ileum Simple squamous epithelium: mesothelium and endothelium from ileum Simple squamous epithelium: mesothelium and endothelium from ileum 

Mucosal StructureMucosal StructureMucosal StructureMucosal Structure

Pseudostratified ciliated columnar epithelium Pseudostratified ciliated columnar epithelium Pseudostratified ciliated columnar epithelium Pseudostratified ciliated columnar epithelium 
with goblet cell: respiratory mucosa with goblet cell: respiratory mucosa with goblet cell: respiratory mucosa with goblet cell: respiratory mucosa 

Transitional epithelium: Transitional epithelium: Transitional epithelium: Transitional epithelium: 
mucosa of urinary bladder mucosa of urinary bladder mucosa of urinary bladder mucosa of urinary bladder 

Stratified squamous epithelium: Stratified squamous epithelium: Stratified squamous epithelium: Stratified squamous epithelium: 
esophageal mucosa esophageal mucosa esophageal mucosa esophageal mucosa 

Simple cuboidal epithelium: Simple cuboidal epithelium: Simple cuboidal epithelium: Simple cuboidal epithelium: 
renal tubules renal tubules renal tubules renal tubules 

Mucosal Bacterial Defense.Mucosal Bacterial Defense.Mucosal Bacterial Defense.Mucosal Bacterial Defense.

� Physical barrierPhysical barrierPhysical barrierPhysical barrier

�Cell tight junctionCell tight junctionCell tight junctionCell tight junction

�Sweat, SebumSweat, SebumSweat, SebumSweat, Sebum

�LysozymeLysozymeLysozymeLysozyme

�Skin sheddingSkin sheddingSkin sheddingSkin shedding

Helicobacter pylori-Induced Ulceration of the Stomach 

Copyright © Gary E. Kaiser 
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�PHYSICAL BARRIERPHYSICAL BARRIERPHYSICAL BARRIERPHYSICAL BARRIER

�Antibody

�Antibiotic peptides 

�Fluid flow

�Salivation

Mucosal BarrierMucosal BarrierMucosal BarrierMucosal Barrier

Mucosal Antibacterial ChemicalsMucosal Antibacterial ChemicalsMucosal Antibacterial ChemicalsMucosal Antibacterial Chemicals

� Skin : Sweat Skin : Sweat Skin : Sweat Skin : Sweat ���� Lactic acid Lactic acid Lactic acid Lactic acid 

� Vagina : Bacteria Vagina : Bacteria Vagina : Bacteria Vagina : Bacteria ���� Lactic acidLactic acidLactic acidLactic acid

� Stomach : Acid substanceStomach : Acid substanceStomach : Acid substanceStomach : Acid substance

� Lower intestine : AlkalineLower intestine : AlkalineLower intestine : AlkalineLower intestine : Alkaline

Antibacterial BiomoleculesAntibacterial BiomoleculesAntibacterial BiomoleculesAntibacterial Biomolecules

� MucinMucinMucinMucin

� Keeping moistKeeping moistKeeping moistKeeping moist

� LubricantLubricantLubricantLubricant

� Trapping bacteriaTrapping bacteriaTrapping bacteriaTrapping bacteria

� Antibacterial activityAntibacterial activityAntibacterial activityAntibacterial activity
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LysozymeLysozymeLysozymeLysozyme

LPS �mitogen-activated protein kinase (MAPK)

PORCINE BETAPORCINE BETAPORCINE BETAPORCINE BETA----DEFENSIN DEFENSIN DEFENSIN DEFENSIN 1111: AN : AN : AN : AN 

INNATE IMMUNITYINNATE IMMUNITYINNATE IMMUNITYINNATE IMMUNITY

Lactoferrin Lactoferrin Lactoferrin Lactoferrin 

� Glycoprotein binding ironGlycoprotein binding ironGlycoprotein binding ironGlycoprotein binding iron

� Epithelium and PMN producedEpithelium and PMN producedEpithelium and PMN producedEpithelium and PMN produced

� Synergism with Synergism with Synergism with Synergism with lysozyme lysozyme lysozyme lysozyme 

� LactoferricinLactoferricinLactoferricinLactoferricin
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HOW BACTERIA CAN USE FHOW BACTERIA CAN USE FHOW BACTERIA CAN USE FHOW BACTERIA CAN USE Feeee++++++++ LF. DECREASE LPSLF. DECREASE LPSLF. DECREASE LPSLF. DECREASE LPS----INDUCED CYTOKINES INDUCED CYTOKINES INDUCED CYTOKINES INDUCED CYTOKINES 

RELEASE BY MONOCYTE.RELEASE BY MONOCYTE.RELEASE BY MONOCYTE.RELEASE BY MONOCYTE.

+Secretory Phospholipase A+Secretory Phospholipase A+Secretory Phospholipase A+Secretory Phospholipase A2222

� IngredientsIngredientsIngredientsIngredients: Glycerin, Purified Water, Propylene Glycol, Benzyl Glycerin, Purified Water, Propylene Glycol, Benzyl Glycerin, Purified Water, Propylene Glycol, Benzyl Glycerin, Purified Water, Propylene Glycol, Benzyl 

Alcohol, Sodium Benzoate, Zinc Gluconate, Sodium Laurel Alcohol, Sodium Benzoate, Zinc Gluconate, Sodium Laurel Alcohol, Sodium Benzoate, Zinc Gluconate, Sodium Laurel Alcohol, Sodium Benzoate, Zinc Gluconate, Sodium Laurel 
Sarcosinate, Aloe Vera, Glucose Oxidase, Sarcosinate, Aloe Vera, Glucose Oxidase, Sarcosinate, Aloe Vera, Glucose Oxidase, Sarcosinate, Aloe Vera, Glucose Oxidase, Lactoferrin, Lactoferrin, Lactoferrin, Lactoferrin, Lactoferrin, Lactoferrin, Lactoferrin, Lactoferrin, 
Lactoperoxidase, Lysozyme,Lactoperoxidase, Lysozyme,Lactoperoxidase, Lysozyme,Lactoperoxidase, Lysozyme,Lactoperoxidase, Lysozyme,Lactoperoxidase, Lysozyme,Lactoperoxidase, Lysozyme,Lactoperoxidase, Lysozyme, Potassium IodidePotassium IodidePotassium IodidePotassium Iodide. 

•A low-molecular-mass secreted phospholipase 

•Hydrolyses the acyl of phospholipids 
•Bacterial cell membrane damage 
•Tear SPLA2 VS Gram +
•Paneth cell produced VS Gram -

LactoperoxidaseLactoperoxidaseLactoperoxidaseLactoperoxidase

Trefoil peptide Trefoil peptide Trefoil peptide Trefoil peptide 

� Epithelium Cell produced mucin associated.Epithelium Cell produced mucin associated.Epithelium Cell produced mucin associated.Epithelium Cell produced mucin associated.

� Intestine and lungIntestine and lungIntestine and lungIntestine and lung

� Stimulate movement of epithelium.Stimulate movement of epithelium.Stimulate movement of epithelium.Stimulate movement of epithelium.

� Mucosal reMucosal reMucosal reMucosal re----epithelizationepithelizationepithelizationepithelization
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RESEARCH LITERATURESRESEARCH LITERATURESRESEARCH LITERATURESRESEARCH LITERATURES

� Knock out TFF Knock out TFF Knock out TFF Knock out TFF ���� cystic fibrosiscystic fibrosiscystic fibrosiscystic fibrosis

����� Atrophic gastric mucosaAtrophic gastric mucosaAtrophic gastric mucosaAtrophic gastric mucosa
����� Impair healing of intestinal Impair healing of intestinal Impair healing of intestinal Impair healing of intestinal 
mucosamucosamucosamucosa

� TFFTFFTFFTFF3 3 3 3 induced ciliogenesis induced ciliogenesis induced ciliogenesis induced ciliogenesis ���� epithelium epithelium epithelium epithelium 
differentiation (Lung)differentiation (Lung)differentiation (Lung)differentiation (Lung)

� TFFTFFTFFTFF2 2 2 2 induced mucous secretion via IFNinduced mucous secretion via IFNinduced mucous secretion via IFNinduced mucous secretion via IFN

Acute Phase ProteinAcute Phase ProteinAcute Phase ProteinAcute Phase Protein

: : : : Support opsonise bacteriaSupport opsonise bacteriaSupport opsonise bacteriaSupport opsonise bacteria

� PentraxinPentraxinPentraxinPentraxin

� C Reactive Protein.C Reactive Protein.C Reactive Protein.C Reactive Protein.

� Serum amyloid Serum amyloid Serum amyloid Serum amyloid 

� CCCC----type lectintype lectintype lectintype lectin

� Mannose binding proteinMannose binding proteinMannose binding proteinMannose binding protein

� Other LectinOther LectinOther LectinOther Lectin

SAA, CRP >> SAA, CRP >> SAA, CRP >> SAA, CRP >> HP, PIGHP, PIGHP, PIGHP, PIG----MAPMAPMAPMAP CollectinCollectinCollectinCollectin

Lectin binding CHOLectin binding CHOLectin binding CHOLectin binding CHO
� Collagen analogue Collagen analogue Collagen analogue Collagen analogue 
� Surfactant protein A and DSurfactant protein A and DSurfactant protein A and DSurfactant protein A and D
� ActionActionActionAction

� Bacterial AgglutinationBacterial AgglutinationBacterial AgglutinationBacterial Agglutination
� Induce Phagocytosis PMNInduce Phagocytosis PMNInduce Phagocytosis PMNInduce Phagocytosis PMN
� Induce Cytokine Induce Cytokine Induce Cytokine Induce Cytokine 
� Induce NO ProductionInduce NO ProductionInduce NO ProductionInduce NO Production

�
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MBL BINDING O ANTIGENMBL BINDING O ANTIGENMBL BINDING O ANTIGENMBL BINDING O ANTIGEN Secretory IgASecretory IgASecretory IgASecretory IgA

Antibacterial PeptidesAntibacterial PeptidesAntibacterial PeptidesAntibacterial Peptides

� Possess in all organisms; polymyxin B, Possess in all organisms; polymyxin B, Possess in all organisms; polymyxin B, Possess in all organisms; polymyxin B, 
bactericin, tachyplesin and etc.bactericin, tachyplesin and etc.bactericin, tachyplesin and etc.bactericin, tachyplesin and etc.

� 4 4 4 4 Groups ClassificationGroups ClassificationGroups ClassificationGroups Classification

1111. Peptide without cysteine; cecropins, . Peptide without cysteine; cecropins, . Peptide without cysteine; cecropins, . Peptide without cysteine; cecropins, 
temporin, magainins, dermaseptin.temporin, magainins, dermaseptin.temporin, magainins, dermaseptin.temporin, magainins, dermaseptin.

2222----3333. Peptide with cysteine; tachyplesin, a , . Peptide with cysteine; tachyplesin, a , . Peptide with cysteine; tachyplesin, a , . Peptide with cysteine; tachyplesin, a , 
b defensin b defensin b defensin b defensin 

4444. Specific amino acid; proline, arginine, . Specific amino acid; proline, arginine, . Specific amino acid; proline, arginine, . Specific amino acid; proline, arginine, 
tryptophan such as apidaecintryptophan such as apidaecintryptophan such as apidaecintryptophan such as apidaecin

Example: CFTR, PRExample: CFTR, PRExample: CFTR, PRExample: CFTR, PR39393939
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Summary of the secretion of Summary of the secretion of Summary of the secretion of Summary of the secretion of 

antibacterial componentsantibacterial componentsantibacterial componentsantibacterial components

MucusMucusMucusMucus

LysozymeLysozymeLysozymeLysozyme

LactoferrinLactoferrinLactoferrinLactoferrin

LactoperoxidaseLactoperoxidaseLactoperoxidaseLactoperoxidase

SLPISLPISLPISLPI

APPAPPAPPAPP

Trefoil peptideTrefoil peptideTrefoil peptideTrefoil peptide

CollectinCollectinCollectinCollectin

Secretory PLASecretory PLASecretory PLASecretory PLA2222

Antibacterial PeptidesAntibacterial PeptidesAntibacterial PeptidesAntibacterial Peptides

Secretory IgASecretory IgASecretory IgASecretory IgA

Antifungal peptidesAntifungal peptidesAntifungal peptidesAntifungal peptides

Cinderella of ImmunityCinderella of ImmunityCinderella of ImmunityCinderella of Immunity

DEFENSIN, CECROPIN, ATTACIN, DIPTERICIN, DROSOCIN

ANTIBACTERIAL

Schematic of TLR recognitionSchematic of TLR recognitionSchematic of TLR recognitionSchematic of TLR recognition

DROSOMYCIN

ANTIFUNGAL

Mucosal epithelium as Mucosal epithelium as Mucosal epithelium as Mucosal epithelium as 

shedding surfaceshedding surfaceshedding surfaceshedding surface

� Reduce adherent and removal bacteriaReduce adherent and removal bacteriaReduce adherent and removal bacteriaReduce adherent and removal bacteria

� Control commensal populationControl commensal populationControl commensal populationControl commensal population

� External Factors eg. External Factors eg. External Factors eg. External Factors eg. 

Cytolethal Distending Toxin (CDT)Cytolethal Distending Toxin (CDT)Cytolethal Distending Toxin (CDT)Cytolethal Distending Toxin (CDT)

SYNERGY    !!!!!!!!!!!!!!!!!!!         SYNERGY    !!!!!!!!!!!!!!!!!!!         SYNERGY    !!!!!!!!!!!!!!!!!!!         SYNERGY    !!!!!!!!!!!!!!!!!!!         

Lysozyme + Lactoferrin

Lysozyme + Secretory Leucocyte Protease Inhibitor

SLPI + Lactoferrin 
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Normal Flora as Normal Flora as Normal Flora as Normal Flora as 

Antimicrobial agentAntimicrobial agentAntimicrobial agentAntimicrobial agent
Bacterial InterferenceBacterial InterferenceBacterial InterferenceBacterial Interference

Bacteriocin: HBacteriocin: HBacteriocin: HBacteriocin: H2222S gas, Short chain volatile fatty acid.S gas, Short chain volatile fatty acid.S gas, Short chain volatile fatty acid.S gas, Short chain volatile fatty acid.

Odd things: animals.   All dogs look up to you.  All cats look 

down to you.  Only the pig looks at you as an equal.

- Sir Winston Leonard Spencer Churchill

(1874–1965) British prime minister, WW2, orator, writer, 

Nobel Prize, literature 1953


