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1. Principles of adaptive immunity 

Hematopoiesis:  Formation of blood cellular components 

 1011 new Cells per day. Transcription factors for lineage decision 

 In Bone Marrow 

 
Innate Immunity Adaptive Immunity 

• Immediate 

• Limited Specificity 

• No Memory 

• Lag time (maximal response 7d) 

• Antigen-specific 

• Memory 
 

Adaptive IR  Specificity 

 Diversity 

 Clonal Expansion 

 Self-limitation 

 Memory 

 Self - / Non-Self Discrimination 
 

B Cell Development: 

Die Reifung zur reifen naiven B-Zelle erfolgt im Knochenmark, die Aktivierung aber erst im 
Blutkreislauf. Die reife Zelle hat zuerst den IgM als B-Cell Receptor (BCR), was sich noch 
ändern kann. Heavy Chain des BCR wird vor der Light Chain gebildet.  

 
Danach: 
-> Activation  
-> Proliferation (CLonal 
Expansion)  
-> Plasma Cells (secreting 
Antibodies) 
 
 

Naive B-Zellen werden später durch CD4+ Zellen aktiviert und differenzieren dann zu 
Memory-Zellen oder Plasmazellen, welche Ig ausschütten. Ig binden Antigen und FcR auf 
Macrophagen, um eine Phagozytose/Cytotoxicity einzuleiten.  
 
Diversity of BCR (B-Cell Receptor bzw. Ig): 
BCR bestehen aus zwei Heavy Chains (HC) und zwei Light Chains (LC) mit je variablen und 
konstanten Regionen. Es wird nie ein Antigen als Ganzes von einem BCR erkannt, sondern 

nur die aktive Region (Epitop). Um sich vor all möglichen Antigenen schützen zu können, 
muss der Körper in der Lage sein, immer neue BCR bzw. Ig herzustellen  Diversität 
 
Verschiedene Regionen auf den Genen können für Heavy Chains und Light Chains 
codieren. Immer ein V mit einem J und einem C (HC: zusätzlich noch ein D) Je nach 
Kombination können verschiedene Rezeptoren entstehen. Zudem kann die RNA 
beispielweise beim Splicing noch verändert werden, indem neue Nukleotide hinzugefügt 
werden, sodass die Vielfalt noch grösser ist.  
 
Diversity:  
o Combinatorial V-(D-)J Joining 
o Junctional Flexibility 
o Nucleotide Addition 
o Somatic Mutation 
o Combinatoral Association of 

Chains 
 

 

C Region der HC bestimmt den Ig Tap: Cµ  IgM, Cγ IgG etc.  
 
Analogie T-Cell Receptor:   
Bei T-Cell Receptor ähnlich, einfach ohne 
Somatic Mutation 
   α- Chain: VJ-C  |  β-Chain VDJ-C 

 
 
MHC: 

Anders als bei den B-Cells erkennen die Rezeptoren der T-Cells nur einzelne Peptide des 
Antigens, welche von MHC Molekülen präsentiert werden müssen. 
Es gibt mehrere Arten von von MHC Molekülen. Für uns wichtig sind MHCI und MHCII. 
MHC entstehen im ER. 
Damit das MHC ein Peptid präsentieren kann, muss das Antigen zuerst in Peptide 
abgebaut werden. Dann wird es zum MHC gebracht und gemeinsam zur Zelloberfläche 
exportiert. Es gibt verschiedene Mechanismen dafür. (nicht gleich bei MHCI und MHCII) 
 
MHC Diversity  Nur germline!! (nur von Genen abhängig) 

 Polymorphism (Pro Gen 2 Allele)  

 Polygeny (mehrere Gene, die für MHC 
codieren 

 bis zu 6 verschiedene MHCI 

LT-HSC ST-HSC

CLP 

(Lymphocytes)

CMP

MEP 

(RBC)

GMP 
(Granulocytes)
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MHCI  α-Chain und β-Microglobulin 

 Binds to peptid of 8-10 Aminoacids (closed-ended) 

 Interacts with CD8+ T-Cells (killer Cells) 

 On almost every cell  

 Für Endogenous antigens oder Virus 

 Wartet im ER  
 

MHCII   α-Chains und β-Chains 

 binds to Peptide of 12-25 AA (open-ended) 

 Interacts with CD4+ T-Cells (helper cells  Cytokine release) 

 Only on APC (Antigen Presenting Cells): Dendritic Cells, 
Macrophage and B-Calls 

 Für Exogenous antigens 

 Wartet in Lysosomen  
 
Enogenous Antigens: (MHCI) 

1. Viral Protein bzw. endogenous Protein wird durch Proteasome in 
Peptidfragemente abgebaut 

2. Peptide gehen durch TAP ins ER und binden dort ans MHCI 
3. Vesikel mit MHCI und Peptid verlässt ER und geht zur Zelloberfläche 

 
Exogenous Antigen (MHC II) 

1. Endozytose vom Antigen  Endosom 
2. Endosom fusioniert mit Lyosom, welches MHC II enthält 
3. Export vom Endolysosom zur Zelloberfläche 

 
 

  

2. T-Cell Development: 

Thymus: • 96% of T-Cells die in Thymus by Apoptosis 

•  Ort der T-Cell Maturation 

 TCR Rearrangement 

 T-Cell Selection 
 

Development: Change of TCR-associated molecules and co-receptors 

 
MHC Restriction: 
T-Cell Selection 

1. Removal of useless cells (no signal) 
2. Positive Selection (TCells, die eigene MHC nicht 

erkennen können, werden eliminiert) 
3. Negative Selection (TCells, die eigene Peptide auf MHC 

erkennen, werden eliminiert) 
 

AIRE:  Autoimmune regulator, Transcription factor 

 Allows expression of antigens to which T-Cells are negatively 
selected 

 Defect?  defect in thymic selection  defect in autoimmunity 
 

T-Cell Facts:  CD4:CD8 = 2:1 (wie MHC 😉 ) 

 95% TCRab, 5% TCRgd 

 Activation (2 Signals)  Proliferation  Differentiation  
Effector (Th, Tc) and Memory Cells 

 Arise in BM, Mature in Thymus 

 Recognize Antigen only if it is presented by MHC 

 T-Helper Cell (CD4+) mit MHCII : releases cytokines 

 Cytotoxic T-Cells (CD8+) mit MHCI: kills the cell 
 

Activation:  
 

Für eine vollständige Aktivierung einer T-Zelle werden 2 Signale 
benötigt. Das erste Signal führt dazu, dass ein Rezeptor für IL-2 an die 
Zelloberfläche gebracht wird. Das zweite Signal induziert dann den IL-
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2 Release, welches beim IL-2R binden kann und somit die 
Proliferation aktiviert.  
 
1. Signal: TCR-MHC  IL-2R on surface (mihilfe von NFAT) 
2. Signal: Costimulatory Receptors  

 IL2 Production (wichtig für Proliferation) 

      
Anergy: Activation without proliferation (only Signal 1)  T Cells unable to 

produce IL-2, but have IL-2 Receptor in surface 
 

Th-Cells (CD4+) Funktionen: 1. CD8+ cells  memory response 
2. Recruitment/Activation of innate immune cells 
3. Differentiation into Th1, Th2 or Th17 
4.  B-Cell T-dependent Antibody response 

 
Differenzierung von CD4+ Zellen: 

 Activated 
by 

Inhibited 
by 

Transcriotion 
facotr 

Beneficial Pathology 

TH1 IL-12 IL-4, IL-10 Tbet Anti- microorganism 
Anti-viral/bacterial 

Tissue damage 
(ROI) 

TH2 IL-4 IL-12 Gata3 gastrointestinal 
nematodes 

Asthma, 
allergy, fiborisis 

TH17 IL-6 IFNg RORg Anti-bacterial (mucosal, 
skin) 

Autoimmunity 

  

 

T-dependent B-Cell response: 

B-Zellen haben zuerst nur IgM als BCR und müssen je nach gewünschter Immunantwort 

diesen zu IgG, IgA, … ändern (Class switch). Wie?  

1. BCR(IgM) cross linkage by antigen  MHC II präsentiert 
Antigen-Peptid 

2. Signals from CD4+ Th-Cells to same Antigen 
I. MHCII – TCR 

II. CD40 – CD40L & B7 – CD28 
 

 CD4+ releases Cytokines, which promotes Class Switching:  
IL-2    IgM              |    TGFb IgA 
IL-4   IgG1, IgE      |    IFN    IgG2 
 
Cytokines which promote B-Cell Proliferation: 
IL-2, IL-6, IL-21 

 
(IL-2 is a growth factor for T cells) 

3. Tolerance  

Es gibt 2 Arten von Tolerance: Central and Peripheral 
 
Central Tolerance: Negative Selection of autoreacive T-Cells in thymus.  

AIRE ist hier von grosser Bedeutung! 
Peripheral Tolerance:   
  Suppression Treg suppresses other T-Cells (Dominant regulation) 

 
  Anergy T-Cell wird nicht aktiviert, da Signal 2 (B7-CD28) nicht 

vorhanden ist 
 

  Ignorance Cells are unware of presence of their autoantigens 
Reasons:  

 antigen concentration too low 

 immunologically privileged sites 

 Blood-tissue barriers 
 

  Signal  Anti-inflammatory factors: TGFb, IL-10 (Treg) 

 Negative Signals: CTLA4, PD-1 (Kapitel 2) 
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 Death Receptors on TCell  Apoptose (FAS) 
 

 Mediated by:  Regulatory T-Cells (Treg) 

 Anti-inflammatory cytokines 

 Co-stimulatory & inhibitory surface receptors (Signal 2) 

 Dendritic cells (environmental cues) 
 

Regulatory T-Cells:  

 Surface markers: CD4+, CD25+ 

 Transcription factor: Foxp3 

 Thymic OR peripheral origin 

 Function: Inhibition of other TCells by cytokine (IL-10, TGFb) or receptors (CTLA-4), … 
 

Funktionen Positive: Negative: 

Treg suppresses  Autoimmunity 

 Inflammatory bwel disease 
(colitis) 

 Allergies 

 Spontaneous abortion of fetus 

 Organ transplant rejection 

 Responses to various 
pathogens 

 Recognition and rejection 
of tumor cells 

 
Scurfy Mice  Animal Model with Mutation in Foxp3 

 Leads to overproliferation of CD4+ T-lymphocytes 

  
IPEX Syndrome  Immune dysregulation disease  (X-linked FOXP3 mutation)  

 Symptom: Diarrhea, skin inflammation, blood disorder.. 

Autoimmunity: 

 Incidence of autoimmune diseases increasing in industrialised countries 

 No cures !!!! but many treatments  

 Typically are periods of flares and remissions (from days to months and years) 

 Stress and infections can cause flares in the disease 

 ~100 disease, 50 million American affected, F:M = 3:1 

 Typically mediated by self-reactive T-Cells and AB 

 Chronic. Occurs when different mechanism of tolerance fail 

 The release of sequestered antigens, infections by pathogens and genetic 
predisposition play central roles in the induction of autoimmunity  
 

Top 3 Disease  Graves’ disease 

 Rheumatoid arthritis 

 Hashimoto’s thyroiditis 
 

Factors  Genes (but concordance only 20-40%) 

 Environment (Pathogens, Commensal bacteria, Diet) 
 

Induction of autoimmunity:  (Combination of factors) 

 Failure of mechanism of tolerance 

 Release of antigen from immunoprivileged sites 

 Molecular Mimicry:  
Molecular structure of Microorganism similar to self-molecules, which get mistakenly 
attacked by immune system (Bsp.: Lyme-Disease) 

 Modification of Self Antigens: 
Bsp. Penicillin binds to erythrocytes  Anti-Penicillin AB targets erythrocytes  
anaemia 
 

Krankheiten Beispiele:  

Diabetes Mellitus:  

 Main Symptom: Hyperglycemia 

 Typ 1: Juvenile diabetes = insulin-dependent (lack of insulin) 

 Typ2: Matury-onset diabetes = insulin resistance 
 

MS: 

 Caused by an immune response against myelin 

 Increased risk associated with HLA-DR2 on chromosome 6 

 Involves T cells, AB and activation of the complement cascade fragments C3a and C5a1 

 Animal models suggest a key role of Th17 cells 
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Animal Model: Experimental Autimmune Encephalomyelitis EAE: 

 Immunization with MBP, PLP or MOG (Proteins 
of Myelin) with adjuvant CFA  

 IL-6 and IL-23 are essential for MOG-induced 
EAE 

 Mice lacking RORy are protected from EAE, 
because they do not produce Th17 

 
 

 Th17 are essential for development of organ related autoimmune disease 
 
Zur Erinnerung: TH17 inhibited by IL-2, IFNg and promoted by IL-6,IL-23, TGFb 
 
Therapy: 

 Glatirameracetat: polymer reduces frequency of relapses 

 Dimethylsulfat induces anti-oxidative response by activating Nrf2 

 IFN-b (WIeso nich IFNg?) 
 
Hashimoto’s thyroiditis: 

 Intense cellular infiltrate into thyroid  

 Mediated by autoreactive T-cells 

 Leads to gland enlargement (goiter) / fibrosis 

 Leads to MHCII on thyroid cells  increased T-
Cell expansion 

 

  
 

Grave Disease: 

 Mediated by AB specific for TSH Receptor 

  overstimulation of thyroid 
Can be transferred with IgG AB 

Rheumatoid Arthritis: 

 Rheumatoid Arthritis is a progressive debilitating disease of connective tissues 

 Most common sites affected are joints 

 Immune complexes (autoantibodies+soluble self antigen) are deposited in the joints of 
the skeletal system 

 The formation of immune complexes initiates and amplifies an inflammatory response, 
causing synovial membrane damage and cell lysis  

 The inflammatory response is characterised by complement fragments C3a and C5a, 
Mast cells, monocytes, T and B cells 

 

4. Allergies 

Hypersensitivity  Undesirable reactions produced by immune system 

 Require a pre-sensitized (immune) state of the host 

 4 mechanisms – types (I, II, III: immediate | IV: delayed)  
 

Hyper Sensitivity I:  

 

 

1. Sensitization: Th2-dependent IgE response  
2. Subsequent exposure to the same allergen results in cross-linking of specific 

IgE present on surface on mast cells and basophils  
3. mast cells/basophils release preformed active mediators 

 
Acute Phase  Seconds to minutes of IgE receptor activation 

 Resolving within hours 

 Intense pruritus, edema, erythema 

 Almost all effects can be replicated with histamine 
 
 

Late phase  Delayed inflammatory response (peak at 4-8h) 
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 Skin/Nose/Eyes: erythema, burning | lungs: airway obstruction 
poorly responsive to bronchodilators 

 Mast cell degranulation 

 Influx of first neutrophil & eosinophils & mononuclear cells 

 Major portion of effects replicated by TNFa 
 

Histamine responsible for  Edema (dilated blood vessels) 

 Cell influx (activated endothelium) 

 Itching (irritated nerve endings) 
 

Consequences  Systemic Anaphylaxis 

 Localized anaphylaxis (Atopy) 
 

Therapy  Immunotherapy: Inhibition of IgE synthesis 

 Inhibition of: 

 IgE binding to receptor (Xolair, Omalizumab) 

 Mast cell mediator release (Corticosteroids) 

 Mediator action (Antihistamines) 
  

  

Übersicht Typ I Typ II Typ III 

Reactant IgE IgG IgG 

Antigen Soluble Cell-/ matrix 
associated 

Cell surface receptor Soluble 

Effector Mast-Cell 
activation 

Complement, FcR 
cells 

Antibody alters 
signaling 

Complement 
Phagocytes 

Bsp Asthma, Allergy Some drug allergies 
(penicillin) 

Chronic urticaria Serum sickness 

Asthma: (Video auf Youtube) 

Environmental influence  Large regional differences in prevalence 

 More common in clean westernized environments 

 Less common in younger siblings 

 Less common in household with dogs and pets 
 

Genetics basis  Heritability: 75% |higher in monozygotic than in dizygotic twins 

 Probably influenced by few genes with a moderate effect rather 
than many genes with small effects or 1-2 genes with dramatic 
effects 

 

Th1, Th2 balance is central to the development of 
asthma 
 
Th1 inhibits asthma by releasing IFN! 
Th2 promotes asthma by releasing IL-4, IL5, IL-13 

Analysis of bronchoalveolar lavage (BAL): 

 
 

 

 Flow cytometry 

 Differential cell counts 

 Cytokines 

 antibodies 

Studies:  knockout mice lacking Th2 and Th1 type cytokines were a 
breakthrough in understanding allergic airway responses 

 reduced airway hyperresponsiveness (AHR) and mucus production in 
IL-4R-deficient mice  

 enhanced airway hyperresponsiveness in allergic mice lacking IL-12 or 
IFNg gene (keine Hemmung durch Th1) 

 Info: IL-4R binds to IL-4 and IL-13!  
 

Inflammatory mechanism of Asthma: TH2 cytokines which raise the production of 
allergen-specific IgE (B-Cells: IL-4), support the growth of eosinophils (IL-5) and 
mast cells (IL-9) and directly cause AHR by acting on goblet cells (IL-13
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5. Intestinal Immunolgy  

Mucosal Surfaces  Respiratory tracts 

 Gastrointestinal tracts 

 Urogenital tracts 
 

MALT  Mucus-associated lymphoid tissue 

 System knotenförmiger Ansammlungen von 
Lymphozyten unter einer Schleimhaut  
Haupteintrittsphorte für Krankheitserreger 

 In Ileum: Peyer-Plaques |in Gut: GALT 
 

Oral Tolerance:  To maintain unresponsiveness to food antigens 

 Mechanism:  

 Deletion/anergy of T-Cells 

 Induction of Treg Cells 

 Factors: Antigen dose, nature of AG, Cytokine milieu, age 
 

 
Intestinal microflora  100 Trillion bacteria | 1000 species 

 Dominated by 2 phyla of bacteria (Bacteroides and 
Firmicutes) and 1 of Archeae 

 Most are uncultivatable 
 

 Obesity  Increases abundance of Firmicutes 

 Decreases abundance of Bacteroides 
 

 Low-Calorie Diet  Decrease of Firmicutes 

 Increase of Bacteroides 
 

How to maintain unresponsiveness to intestinal bacteria?  Ignorance!! 
Compartmentalization: Physical separation of intestinal and systemic immune cells 
 
Physical defense  Stomach acid 

 Epithelial cell layer 

 Enzymes & antimicrobial peptides 

 Mucus (Goblet cells) 
 

Intestinal epithelial cells:  Enterocytes  Absoroption of nutrients 

 Goblet cells  Mucus production 

 Paneth cells  anti-microbial 

 Tuft cells  pathogen sensing 

 Enteroendocrine  Hormone production 

 M Cells  antigen uptake 
 

Some intestinal pathogens:  Bacteria: Vibria cholerae 

 Virus: HIV 

 Protozoa: Giara lamblia 

 Nematodes: Pinworm 

 Castodes: Tapeworm 

 Trematodes: Schistosomiasis  

 
Organization of the GALT: 
Antigen entry into GALT: (Darm-assoziiertes Immunsystem) 
Antigen might enter through the microfold (M) cells (a), and after transfer to local dendritic cells 
(DC), might then be presented directly to T cells in the Peyer’s patch (b). Alternatively, antigen or 
antigen-loaded DC from the Peyer’s patch might gain access to draining lymph (c), with 
subsequent T-cell recognition in the mesenteric lymph nodes (d). A similar process of antigen or 
antigen-presenting cell dissemination to mesenteric lymph nodes might occur if antigen enters 
through the epithelium covering the lamina propria (e). In this case, there is also the possibility 
that enterocytes might act as local antigen presenting cells (f). In all cases, the antigen-
responsive CD4 + T cells leave the mesenteric lymph nodes in the efferent lymph (g) and after 
entering the bloodstream through the thoracic duct, exit into the mucosa through vessels in the 
lamina propria. T cells which have recognised antigen first in the mesenteric lymph node might 
also disseminate from the bloodstream throughout the peripheral immune system. Antigen 
might also gain direct access to the bloodstream from the gut (h) and interact with T cells in 
peripheral lymphoid tissues (i) 
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Peyer’s Patches   PP: organized lymphoid follicles (mainly in jejunum and ileum) 

 Overlaid by specialized epithelium  FAE 

 FAE: Enterocytes + M-Cells  
 

M-Cells:  Overly lymphoid tissue 

 Lacking glycocalyx or microvilli 

 Take up luminal antigens (endocytosis) and release them to 
dendritic cell which go on to activate T-/B-Cells within PP 
 

IEL:  Intraepithelial lymphocytes 

 Express limited TCR diversity 

 unlike other T cells, IELs do not need priming  immediate 
release of cytokines 
 

B-Cells in PP  Produce mainly IgA (wenig IgM, IgG) 

 IgA don’t cause inflammation because they are not recognized 
by phagocyte 
 

Wie kommen Lymphocyte in den Darm? 
 Migration by adhesion molecules (α4β7) and chemokines (CCL25/28) 

 

1. Inaktive Lymphozyten (mit 
CCR9, CCR10 und α4β7) 
binden an MAdCAM auf 
mucosal endothelial cells 

2. Darm-Epithelzellen 
produzieren CCL25 und CCL28, 
um die Lymphozyten via die 
Bindung zu CCR9 bzw CCR10 
anzulocken 

 
Vitamin A  Regulates intestinal T-/B-Cells 

 Deficient? 

 Impaired migration of lymphocytes 

 Decreased IgA secreting B-Cells and CD4 T-cells in 
Ileum 
 

Retinoic Acid RA  Enhances expression of gut-homing receptors (a4b7, CCR9) 

 Promotes differentiation of FOXP3 Treg Cells 

 Inhibits Th17 cells 
 Diät kann diese Homeostase stören 
 

IBD: Inflammatory bowel disease 

 Chronic relapsing inflammatory condition  

 Types: Colitis ulcerosa and Crohn Disease 

 Immune response against intestinal commensal bacteria 

 Disturbed balance of Th17 and Treg promote IBD 
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Animal model: Mice lacking NF-kB in intestinal epithelia develop spontaneous IBD 
due to death of epithelial cells 
 

Symptoms: abdominal pain, vomiting, diarrhea, rectal bleeding, severe internal 
cramps/muscle spasms in the region of the pelvis and weight loss 
 

Treatment:  Conventional: immunosuppressive drugs 

 New: AB against TNFa, IL-6, IL-23 (blocks inflammation) 

 Needed: increased understanding of immune dysfunction 
 

6. Danger and Inflammation  

Defense in Drosophila  2 Defense-Pathways: Toll and Imd 

 Toll: gram+ bacteria, fungi 

 Imd: gram- bacteria (activated by PGRP-LC)  
 

 Toll Pathway  Regulates production of antimicrobial peptides 

 Ligand: Spätzle  

 Pro-Spätzle activated by PGRP-SA (gram+ bacteria) or 
Persephone (fungi) 
 

Wieso ist dies für uns von Bedeutung?  
Pathogen Recognition funktioniert bei uns Menschen bzw. bei den Mäusen ähnlich wie 
bei den Drosophilas. Deshalb heisst eine Untergruppe unserer PRR (Pattern/Pathogen 
Recognition Receptors) auch Toll-like Receptor (TLR). Die Liganden werden Pathogen 
Associated Molecular Patterns genannt  PAMP 
Pathogen bindet TLR auf den (z.B.) Markophagen  Konsequenz: upregulation of 
MHCII and costimulatory molecus, cytokine release. Das heist, die Markophagen 
können nun das Antigen via MHC II präsentieren und somit die CD4+ T-Zellen 
aktivieren.  
 
Toll-like Receptor:  

 Untergruppe von PRR, Erkennen PAMP (Strukturen in Pathogenen) 

 Können Gene für Immunantwort aktivieren 

 On sentinel cells (Macrophage, Dendritic cells) 

 Gibt 10 Typen (Mäuse: 12)  

 TLR3,7,9 (8?) liegen im Endosom und erkennen DNA/RNA (Viren) 
 microbes want to hide in the cytosol (no receptors there!)  

 

 
 
TIR 

 
 
 
 

 Intracellular domain found in MyD88 

 3 subgroupds: immunoglobuline, leucin-rich-repeat 
and adaptor subgroup 

Toll-like receptors (TLRs) and interleukin-1 receptors (IL-
1Rs) have a conserved cytoplasmic domain, that is 
known as the Toll/IL-1R (TIR) domain. The TIR domain is 
characterized by the presence of three highly 
homologous regions (known as boxes 1, 2 and 3). 
Despite the similarity of the cytoplasmic domains of 
these molecules, their extracellular regions differ 
markedly: TLRs have tandem repeats of leucine-rich 
regions (known as leucine rich repeats, LRR), whereas 
IL-1Rs have three immunoglobulin (Ig)-like domains. 
 

MyD88:  TLR signaling adaptor protein (all TLR apart from TLR3!) 

 Interaction with IRAK  TRAF6 NFkB  MAP Kinase 

 Production of Pro-inflammatory cytokines (TNFa, IL-6, IL-1) 

 Zusätzlic: aktiviert IRF7  IFNa induction (siehe Bild zuvor) 
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TLR3 Signaling 

 TRIF - TBK1  IRF3 -IFNb: 
TRIF-dependent activation of TBK1 leads to the 
phosphorylation of IRF3and TRAF6 mediates NF-
B activation -- 

 TRIF  RIP1   
RIP1 (receptor-interacting protein 1) mediates the 
NF-kappaB activation 

 Activation of both NF-kappaB and IRF3 
contributes to the activation of the IFN-beta gene 
I B = inhibitor of NF- B 

 
 

NF-κB  protein complex that controls transcription of DNA, cytokine 
production and cell survival 
 

NOD-like-Receptors NLR: 

NOD = Nucleotide Oligomerization Domain 

 Cytoplasmic proteins 

 Regulate inflammatory responses and cell death pathways 

 >20  

 recognize microbial or endogenous danger molecules 

 form oligomers  activate inflammatory caspases  inflammatory cytokines & 
NFkB signaling pathway 
 

4 subfamilies based on N-terminal domain: NLRA, NLLRB, NRLC, NRLP 
3 subfamilies based on phylogenetic relationships: NOD, NLRP (NALP), IPAF  

 

NOD1  binds DAP (mainly in gram- bacteria, some +) 

 disease: asthma, inflame. Bowel diease 
NOD2  inds muramyldipeptide (all bacteria) 

 disease: crohn’s, blau syndrome, graft-vs-host  
   both bind to RICK/RIP2  NFkB activation 

 
NALP: Active inflammatory caspases 1 and 5 leading to secretion of IL-1, IL-18, IL-33 

 
 
 
 
 

Übersicht: 

 
 
Interleukin-1  IL-1α and IL-1β produced mainly by DC during inflammatory 

response 

 Function:  

 Defense against bacterial infection 

 Cell migration (upregulation of adhesion molecules) 

 Bone formation and remodeling 

 Fever induction 

 Appetite regulation 

 Insulin secretion 

 Binds to IL-1RI and IL-1RAcP (signal) andIL-1RII (no signal / 
decoy receptor) 
 

IL-1 activation  PAMP bindet an TLR  NFkB activation  pro-IL-1β synthese 

 Inflammasome activates caspase-1 which generates active IL-1β 
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Inflammasome: 

 Oligomer consisting of 
caspase1&5, PYCARD, NALP3 

 NALP3/NLRP3 detects 
products of damaged cells 
(extracellular ATP, uric acid, 
damaged mitochondrial DNA, 
Cathepsin B, K+ Efflux)  
activates inflammasome  

 

 
 

Gout:  Most painful form of arthritis 

 Too much acid builds up in body  sharp uric acid crystal 
deposits in joints (big toe) 

 3% of population 

 Treatment: Cholicine  inhibits MSU endocytosis 
 

NALP3 mutation diseases:  
Autosomal dominant (gain of function) 

 Muckle-wells syndrome MWS 

 Spontaneous IL-1β release in monocytes 

 Treatment: IL-1R antagonist (Anakinra) 

 familial cold autoinflammatory syndrome FCAS, FCU 

 chronic infantile neurological cutaneous and articular syndrome CINCA, NOMID 
 

Atherosclerosis:  

 chronic inflammatory disease affecting the arterial vasculature 

 lipid deposition and oxidation in artery wall 

 important contribution of inflammation and immune cells 

 main risk: hyperlipidemia, hypercholesterolemia, diabetes, smoking, hypertension, 
obesity 
 

 

Zusammenhang mit IL-1β? 

 cholesterol crystals induce IL-1a and IL-1b production  

 Oleic acid selectively induces IL-1a not IL-1b 
 

  
Fatty acid profiles of atherosclerotic lesions: Vorallem palmitic, stearic and oleic acid  
  
  

ÜBERSICHT 
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7. Obesity 

Insulin: 

Body produces insulin when glucose starts to be released into blood stream (from 
digestion of carbohydrate). It triggers body cells to uptake glucose and use it for energy 
(instead of fat) 
 
Insulin Signaling  Insulin binds to insulin receptor IR  IRS  PI3K  AKT 

 AKT löst je nach Zelle andere Signale aus 
 

 Muscle Cell  GLUT4 translocation to membrane  

 GLUT4: insulin-regulated glucose transporter and permits 
glucose diffusion into muscle and fat cells 
 

 Liver  Akt phosphorylates/ inactivates FOXO1 (Transcription factor 
for PEPCK  required for Gluconeogenesis: Pyruvat  
Glucose) 

 Lipogenesis (acetyl-CoA  FA) 

 Glycogen synthesis (Glucose  Glycogen) 
 

 Adipose Tissue  Insulin/AKT inhibits ATGL, HSL, MATGL:  
Enzyme für TAG  DAG MAG  Glycerol 
Bei jedem Schritt wird FA freigelassen 

 Insulin inhibits Lypolysis (FA production)  mehr TAG 

  
Obesity:  

Causes:  Food availability 

 Sedentary behaviour 

 Stress 

 Medication 

 Microbiota 

 Genetics in combination 
with environment 
 

Co-morbidities:  Neurodegeneration 

 Dyslipidemia 

 Hepatic steatosis 

 CVD 

 Diabetes 

 Depression 

 Cancer 

 Skeletal disease 
 

Wie kann Obesity zu Insulin Resistance führen? 
Plasma free fatty acids FFA levels are usually elevated in obesity because 1) the 
enlarged adipose tissue mass releases more FFA and 2) FFA clearance may be reduced. 
 

 
 

FA: PKK hemmt PI3K 
IL6: Stat3 hemmt IRS, PI3K 
TNFa: INK hemmt IRS 

 
FFA binds to TLR and activates NFkB 
(MyD88), which induces an 
inflammation (production of IL-6, 
TNFa). These cytokines binds to their 
receptors and inhibit the insulin-
signaling  insulin resistance 

Insulin Resistance: 

 Cells fail to respond to insulin  leads to high blood sugar  b-cell in pancreas 
subsequently increase insulin production 

 Can contribute to development of type 2 diabetes 
  
Consequences: 
 

 Muscle cells: Reduced glucose 
uptake 

 Liver cells: reduced glycogen 
synthesis and storage, fails to 
suppress glucose production 

 Adipose Tissue: Increased 
hydrolysis of TAG  FA and 
Glycerol 

 Increased FFA in blood plasma 

 High plasma level of insulin 
and glucose 

 
Glucagon (normal): 

 Glycogenolysis 

 Gluconeogenesis (de novo) 

 Activates Lipasen:  

TAG FA+ Glycerol (lipolysis) 
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8. Cardio Vascular Disease CVD 

 #1 cause of mortality (#2: cancer) 

 Affects heart pump or blood vessels 

 Major forms: atherosclerosis, Coronoar Artery Disease CAD, Coronary heart 
disease CHD, Myocardinal Infarction MI 
 

Framingham Study  long-term, ongoing cardiovascular cohort study 

 since 1948  3rd generation now 

 5000+ volunteers | monitored at 2-year intervals 

 Study to identify risk factors for CVD 
 

Risk factors:  Major changeable: 
Hypertension, high blood cholesterol, tobacceo, inactivity 

 Minor changeable: 
stress, low omega-3 FA, high alcohol consummation 

 Age, male gender, heredity, ethnicity (Latinos, Africans) 
 

Prevention:  Primary: reduce risk before the disease starts 

 Secondary: treatment to prevent morbidity 
 

Treatment:  Heart transplants, implanted pacemaker 

 Coronary artery bypass (replacing blocked arteries with 
healthy ones) 

 Angioplasty (Balloon to enlarge artey) 

 Future: artificial hearts as permanent device 
 

Lipid Metabolism:  
Cholesterol 
 
 

 In Zellmembran  für Fluidität 

 Entweder mit Nahrung aufgenommen oder vom Körper selbst aus 
FA synthetisiert (Leber)  

 Leber lässt Cholesterin frei, welches sich mit dem Apoprotein A1 zu 
dem Lipoprotein HDL assembliert. Perihphere Zellen nehmen dann 
das Cholesterin auf.  

 3 wichtige Transportwege durch Lipoproteine (Endogenous, 
Exogenous, Reverse transport), je nach dem wo das Cholesterin 
gebraucht wird 
 

Cholesterol Synthese: 
 

 Acetyl-CoA durch b-Oxidation von FA 
gewonnen 

 Statin: Hemmt HMG-CoA Raductase  
Behandlung falls Cholesterinwert zu hoch 

 HMG CoA auch wichtig für Ketokörper 
Bildung 
 

  
 

Lipoprotein Assembly: 
 
1. Nascent apoB translation 

(rough ER)  lipid cavity 
is formed 

2. Cavity is closed by MTP 
which recruits lipids 
(Triglyceride TG) 

3. Continued apoB 
translation convers to a 
spherical particle, which 
is released into ER lumen 
(1. Precursor) 

 
 

4. In smooth ER: 2. Precursor is formed from ER membrane and METP-mediated TG 
enrichment 

5. Fusion between two precursors 
Funktion:  Transport  Apolipoproeine lenken das Lipoprotein an richtigen Ort 

 
Lipoprotein Lipids Proteins Funktion 

HDL C, PL, CE 50%: ApoA1 RCT 

LDL C, PL, CE 20%: ApoB100 Endogenous Pathway 

VLDL TAG, CE, C, PL 8%:   ApoB100 Endogenous Pathway 

Chylomicons TAG (wenig C, PL) 1%:   ApoB48 Exogenous Pathway 
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Reverse Cholesterol transport (RCT): HDL 
Überflüssiges Cholesterin aus peripheren Geweben zurück zur Leber 
 
1. Cholesterol from peripheral tissue to HDL by ABCA1 
2. C is converted to cholesteryl esters (CE)  by LCAT  
3. Liver: uptake of CE from HDL by SRB1 
4. cholesterol can either be secreted via the bile duct or be used to synthesize steroid 

hormones 
 

Exogenous Pathway: CHYLOMICRONS 
Cholesterintransport von Darm (von Nahrung aufgenommen) in Leber 
 
1. Eneterocytes transform FA and Glycerol into TAG  
2. TAG assembles with ApoB48 into nascent chylomicrons (CM) 
3. In the blood CM activate lipoproteinase LPL   hydrolysis of TAG 
4. Glycerol and FA are released from CM and absorbed by peripheral tissues (v.a. 

adipose tissue and muscle cells) 

5. hydrolyzed chylomicrons remnants (CMR) interacts via LRP1 on liver  
endocytosis  
 

Endogenous Pathway: VLDL/LDL 
Cholesterintransport von Leber zu den Geweben 
 
1. Liver stores Glycerols and FA in its cells 
2. Hepatocytes creates TAG via DE Novo Synthesis and produce bile from Cholesterol.  
3. VLDL are formed from TAG & CE with ApoB100 and released into blood stream 

4. LPL causes hydrolysis and releases Glycerol and FA  IDL 

5. IDL cleaves FA off  LDL  
6. LDL binds to LDL Receptor on liver (LDLR) to reuptake the cholesterol 

 
Foam Cell Formation: (Atherosclerosis!) 
1. In the presence of high levels of lipids in the extracellular matrix 
2. oxidized lipids (uptake by CD36, Sr-A) and TZD activate PPARy 
3. PPARy increases CD36 expression which allows lipids to enter the cell 
4. But PPAR also reduces SR-A and activates LXR. 
5. LXRa promotes cholesterol efflux by increasing ABCA-1 expression  
 The net effect of activation of PPAR-y is thus anti-atherogenic in foam cells! 
CD36 and Sr-A for Cholesterol uptake, ABCA1 for cholesterol efflux 
 
Begriffe:  
CETP  plasma protein welches Cholesterol von HDL auf LDL/VLDL und TAG auf 

HDL überträgt 

 HDL sollte Cholesterol zurück zur Leber bringen, falls aber CE auf 
LDL/VLDL übertragen wird, geht es zurück in die Peripherie 

 CETP als Ziel einer Behandlung: CETP-Hemmung  RCT wird nicht 

unterbrochen  Senkung des Cholesterinspiegels 
 

LDLR  Formed in ER and sent to Golgi to mature 

 It travels to cell surface  

 Recognition and Interaction with  Endosome formation 

 Due to pH drop LDL dissociate from receptor and get released into cell 

 With PCSK9: LDLR degradation after LDL ingestion 

 PCSK9 blocked: LDLR recycles back to cell surface 

 Hat man genetisch bedingt einen hohen LDL-Wert (zu wenig LDLR) 
kann man mittels PCSK9 Blocker das Recycling der LDLR antreiben und 
somit den extrazellulären LDL-Wert senken 
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Atherosclerosis: 

 “Arterienverkalkung” 

 Ablagerung von Thromben an verletzter Gefässwand (durch Bluthochdrucj, Toxine, 
Viren Trauma, …) 

 Blutfluss wird eingeschränkt  Risk for stroke or heart attack 
 

 

 
 

 Lesion of endothelial cells 
recruits monocytes and LDL 

 Monocytes migrate into 
intima and differentiate into 
macrophage 

 Macrophage (inside of artery 
wall) takes up LDL and become 
foam cells 

 Foam cells accumulate and 
form fatty streak 

 Smooth muscle cells SMC 
migrate to intima and ECM 
forms a fibrous cap 
(stabilization of plaque) 

 Unstable lesion can rupture 
and lead to thrombosis, which 
can cause some CVD!  

   

 

 

9. Hypertension HT 

 
Blood Pressure BP  Cardiac output x peripheral resistance [CO x PVR] 

 CO =HR x SV (herzfrequenz mal Schlagvolumen) 

 Normal: 120/80 mmHg 
 

Primary HT Unknown cause, 90% of patients 
Secondary HT 10% have HT from other disease 

 
Hypertension  CO or PVR is increased 

 ¼ of American adults, 2.8 mio children 

 Prevalence increases with age 
 

Problem Increased dilation  endothelial stress  fibrosis, 
macrophage infiltration  atherosclerosis  CVD 
(vicious cycle) 
 

Risk factor  Age (m >55, f>65) 

 Family history 

 Smoking 

 Diabetes, Obesity 

 Microalbuminuria  (increase of urine albumin) 
 

Blood pressure regulation: 

Normal: 
Kidney contributes to maintenance of BP by regulating the volume of intravascular 
fluid.  

 Endothelin-1 constricts blood vessels 

 NO dilates blood vessels 
 
IR causes vasoconstriction due to a failure of 
insulin to regulate NO  via PI3K.  
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Renin-Angiotensin-Aldosterone System: 

 Long-term blood pressure (BP) control (low blodd pressure) 

 
 Renin is secreted when BP is low. It cleaves angiotensinogen (from liver) into 

Angiotensin I, which is rapidly converted into Angiotensin II by ACE (from lunges) 

 Angiotensin II increases BP by Aldosterone stimulation, vasoconstriction and 
induces thirst (hypothalamus) 
 

Baroreceptor reflex: 

 Rapid BP control (high  BP ) 

 
Baroreceptors are a type of mechanoreceptor sensory neuron that are excited by a 
stretch of the blood vessel.  
The baroreflex provides a rapid negative feedback loop in which an elevated blood 
pressure reflexively causes the heart rate to decrease and also causes blood pressure 
to decrease. 

Obesity-related hypertension: 

 

 

Obesity can lead to 
hypertension via different 
mechainsm (Bild) 
 
Perivascular adipose tissue 
damage in obesity may be a 
contributing factor to 
development of HT.  

Renal System 1. Increased activity of renal sympathic NS (SNS) 
2. Activation of RAAS (NA, H2O Retension) 
3. Physical compression of kidney by intrarenal fat 

deposit and ECM modification 
 

Treatment: 1. treat obsity (weight loss!!) 

 Diet, exercise, bariatic surgery, .. 
2. Antihypertensive Drugs (siehe Liste) 
 

Diuretics Increases excertion of NA and H2O decrease in blood volume 

 Thiazides, High ceiling, K+ sparing 
 

ACE inhibitors Inhibits synthesis of Angiotensin II 

 Captopril, Iisonipril, enalapril, ramipril 
 

AT1-blocker Blocks binding of Angtiotensin II to its receptors 

 Losartan, candesartan, valsartan 
 

Centrally acting Act on cantral a2A receptors to decrease sympathetic outflow 

 Clondidine, mathyldopa 
 

β-blockers Bind to β-adrenergic receptors and blocks activity 

 Propranolol, Metoprolol (cardioselective) 
 

α&β-blocker  Labetolol, carvedilol 
 

α-blocker Blocking α-adrenergic receptors in smooth muscles -vasodilatation 

 Prazosin, terazosin, doxazosin, phentolamine 
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CCB Blocks influx of Ca2+ in smooth muscle cells  relaxation of SMC 

 Verapamil, diltiazem, nifedipine 
 

K+ Channel activator Leaking of K+ due to opening – hyper polarzitaion of SMC  
relaxation 

 Diazoxide, minoxidil, pinacidil 
 

Vasodilators  Hydrazaline (arteriolar) 

 Sodium Nitroprusside (Arterio-venular) 
 

10. Type-2 Diabetes 

Insulin signal pathways: Vergleich S.13 (Obesity) 

Übersicht:  IR  IRS  PI3K  Mitogenesis /Growth 

 IR  IRS  PI3K  AS160  Vesicular transport (Glut4) 

 IR  Ras  MEK  MAPK   Mitognesis, Growth 

 IR  PLC  Proteinphosphatase  Lipidsynthesis, Glucogensynthesis 
 

 
 
GLUT4  Insulin-regulated glucose transporter 

 GLUT4 is stored in the cells in vesicles and is incorporated into membrane 
when insulin binds to receptors 

 At cell surface it permits glucose diffusion into cells (v.a. muscle, fat) 
1. Insulin activates Akt which phosphorylates AS160 (Rab GTPase) 
2. AS160 then induces Glut4 translocation to the membrane 

 
 

SREBP-1  Transcription factor responsible for expression of lipogenic genes 

 Insulin activates SREBP-1 to promote FA and lipid synthesis  

 Lipogenesis: Pyruvate  Acetyl-CoA  Molanyl  Palmitate  FA 
 

FOXO-1  
 

 Transcription factor that promotes gluconeogenesis 

 Binds IRE 

 Insulin: Akt phosphorylates and inactivates FOXO-1 to inhibit 
gluconeogenesis and b-oxidation 
 

TOR Insulin activates TOR by inhibiting TSC-2 (GAP), which induces protein synthesis 
and cell growth 
 
AMPK: Opposing effects of insulin 

 AMPK phosphorylates TSC2, stimulating Rheb-GAP activity and inhibiting 
activation of TOR 

 
 
Blue: tumor suppressor  
 
PEPCK  Key step in Gluconeogensis (fasting liver metabolism) 

 Expression by FOXO-1 and CREB (siehe Bild) 

 PEPCK converts Oxalacetate into Phosphoenolpyruvat, 
(irreversible) 
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Fasting: (Bild oben links)  

 Glucagon triggers PKA-activation 

 CREB gets phosphorylated at serine 133 residue 

 CREB associates with proteins and leads to increase expression of PEPCK  
Gluconeogenesis 

 Feeding: Insulin ubiquinates CRTC2  no association with CREB  no transcription 
 
IR-Signaling and Ageing: 

 Mutations known to impair IGF-1 receptor function are overrepresented in an long-lived 
Ashkenazi Jewish cohort 

 DNA variants in the insulin receptor gene are linked to longevity in a Japanese cohort 

 FOXO1 gene variants have been linked to longevity in American and Chinese 
 

Why insulin resistance? 

 Insulin resistance can occur as cellular self-defense mechanism to protect the cell from 
glucose (too much intracellular glucose is toxic) 

 Hypothesis: Impaired glucose metabolism is healthier than diabetic metabolism 
 
 

Insulin Secretion 

In the unstimulated state, the beta-cell 
ATP-sensitive potassium channels are 
open, keeping a resting membrane 
potential of approximately –65 mV. (A) 
Following the uptake of glucose and its 
metabolism by glucokinase, (B) an 
increase in the intracellular ATP:ADP ratio 
results in closure of ATP-sensitive 
potassium channels, (C) depolarization of 
the cell membrane and subsequent 
opening of voltage-dependent Ca2+ 
channels. (D) The resulting increase in 
cytosolic Ca2+ concentration triggers 
insulin release. 
 
 

 

 
Glucose-induced insulin secretion is 
characterized by a rapid first phase and 
a slower second phase insulin released 
to the bloodstream. 

 
 Docking: Initial reversible interaction of granules with membrane (SNARE) 

 Priming:  ATP-hydrolysis by NSF and AATP-dependent synthesis of PIP2 

 Fusion: Ca2+ influx-dependent 
 

Bemerkung: Akt/PKB Mutant (mice)  deficient insulin secretion 
  
MIRKO (Muscle-Specific Insulin Receptor Knock-out mice) 

Aim?  To investigate the role of IR in skeletal muscle 
How?  gene inactivation using Cre-loxP-mediated recombination 

 Targeting vector introduces gene cassete flanked by loxP sites of 
exon 4 of IR-gene 
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Demonstrating Insulin Dependence: 

 IR expression and early insulin-stimulated signaling is virtually abolished in muscle of 
MIRKO mice but remains normal in liver of these mice and in both tissues of IR(lox/lox) 
controls (Western blot) 
 

Phenotyping/glucose uptake: 

 To determine the consequence of reduced insulin signaling the insulin-stimulated 
glucose transport in isolated skeletal muscle has been measured.  

 Result: glucose uptake reduced in MIKRO mice 
 

Physiological Consequences: 

 Testing TAG, cholesterol, FFA in serum and blood glucose concentration 

 Over a range of ages from 4 to 11 months, MIRKO mice displayed marked 
hypertriglyceridemia 

 Additionally, there was a 20% elevation in serum FFAs in MIRKO mice as compared 
to controls 

 These two findings are hallmarks of the previously described metabolic syndrome 
associated with insulin resistance, sometimes termed syndrome X 
 

Type 2 Diabetes 

 Insulin Resistance 

 Genes/environment interaction 

 Starts in adults or obese children (usually obesity-related) 
 

Diagnostic  Fasting Serum glucose >126mg% (7mmol/l)  (factor 18) 

 Random serum glucose >200mg% (11.1mmol/l) 

 Impaired glucose Tolerance IGT: >110mg%, <126mg% 
 
 
 

Treatment  Weightloss: exercise, diet, surgery 

 Multiple drugs (list below)  
 

Metformin  Increases lifespan of diabetics 

 Does not increase glucose uptake/insulin release!!  

 Inhibits complex I of respiratory chain  energy deficit  ATP 

drops  AMP up  AMPK activation 
 

GLP-1  Peptide hormone 

 Release stimulated by metformin 

  stimulates insulin secretion /decreases glucagon secretion 

 Delays gastric emptying 

 Induces satiety (less food intake) 

 Stimulate b-cell function 
 

Sitagliptin  DPP-IV-inhibitor promotes increase of GLP-1 

 Dipepidyl-peptidase circulates in blood and degrades GLP-1 
 

 
Fibrates 
Activates PPARa 
 
 
 

 

TZD 
Activate PPARg 
 
 

Acarbose  Inhibits a-glucosidase 

 Delayed absorption of carbohydrates 
 

Gliflozin  SGLT2 inhibitors block the reabsorption of glucose in the kidney 

 increase glucose excretion 

 lower blood glucose levels. 
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11. Ageing 

Facts  Refers to the increased impairment of physiological function with 
age 

 Is characterized by an exponential rise in age-specific death rate 

 Senescence: process of ageing 
 

Lifespan  Species-specific |great diversity  longevity may be easily evolvable 

 Max. lifespan of human: 122y 

 Lifespan of humans has not changed in 100’000years 

 Life expectancy has almost doubled in the last century 
 

Cause of death: 1. Heart disease 
2. Cancer 
3. Stroke 
4. Chronic lower respiratory disease 
5. Accidents 

 
Model organism  Single cell: fibroblasts, yeast 

 Invertebrate: c. elegans, d. melanogaster 

 Vertebrates: N. furzeri, M. musculus, M. mulatta 
 

 Yeast   Replicative life span  model for ageing of mitotically 
active cells 

 Chronological life span  model for aging process of post-
mitotic cell types 

 
Progerias  Autosomal dominant Genetic disorder | 1/8’000’000 

 premature human ageing 

 mutation in lamin A gene (LMNA) 
 

Calorie Restriction (CR) and Ageing: 

Summary  Limited food intake without causing nutritional deficiencies 

 Until recently the only intervention known to result in a 
consistent positive cross species effect on lifespan 

1. Lower plasma glucose and IGF-1 level 
2. Protection against autoimmune disorders 
3. Elevated levels of apoptosis in tumors 
4. Reduced angiogenesis 
5. Postponed onset of cancer, inflammation 
6. Delayed onset of other age-related diseases 

 
Explanations:  reduced oxidative damage 

 downregulation of GH/IGF-1 axis 

 low level stress 
 

McCay  Experiment: feed rats a calorie-reduced diet with rich in 
vitamins and minerals 

 Result: lifespan extension in restricted rats compared to 
controls 
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Calorie Restriction in Humans: 

CR:  Reduction of calorie intake without incurring malnutrition 
 

Summary  Ultimate effect still unknown 

 Results of first randomized trials of CR suggest a reduction in 
risk of age-related disease and improvements in some 
biomarkers of longevity 

 Short-term CR does NOT affect quality of life 
 

CR Mimetics  Drug that would mimic the substantial anti-aging effects that 
CR has on many laboratory animals 

 CRM would alter the key metabolic pathways leading to longer 
lifespan 

 Bsp.: Resveratrol, Rapamycin, Metformin 

 
Life span has been verifiably modulated by genetic, pharmacologic, and 
dietary interventions in model systems. 
 

Growth Hormone Axis: 

 GH/IGF-1 axis factors are known to influence ageing  

 Lack of GH action in mouse models is associated with extended longevity, but the 
mechanism underlying the increased lifespan has yet to be established  

 Reduced GH signaling leads to decreased Insulin Secretion ( less mTOR activity) and 
can increase the lifespan 

 
Laron Syndrome  Autosomal recessive disorder characterized by an insensitivity 

to GH caused by a variant of the GHR 

 It leads to annormally short stature (dwarfism) 

 Symptoms: prominent forehead, depressed nasal bridge, 
underdevelopment of mandible, truncal obesity 
 

Insulin Signaling and Ageing: 

Insulin/IGF-1  A mutation in a single gene substantially increase lifespan 

 Mutation in genes encoding an insulin/IGF-1 signaling (IIS) 
pathway
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mTOR  First evidence in C. elegans: TOR increased lifespan 

 Deletion of TOR1 increases replicative lifespan in S. cerevisiae 

 Rapamycin inhibits mTOR pathway (CR Mimetic) 

 mTOR promotes proteinsynthesis and cell growth 
 

Sirtuin  Srt1 possesses mono-ADP-reibosyltransferase 

 Sirtuins have been implicated in influencing a wide range of cellular 
processes like aging, transcription, apoptosis, inflammation 

 Activated by the mimetic resveratrol 
 

 

Overview of the somatroph 
axis involving growth 
hormone (GH) and the 
insulin/insulin growth factor 
1 (IGF-1) signaling pathway 
and its relationship to 
dietary restriction and 
aging. Molecules that favor 
aging are shown in orange, 
and molecules with anti-
aging properties are shown 
in light green. 
 
 
 

In young organisms, cellular 
senescence prevents the 
proliferation of damaged cells, thus 
protecting from cancer and 
contributing to tissue homeostasis. 
In old organisms, the pervasive 
damage and the deficient clearance 
of senescent cells result in their 
accumulation, and this has a number 
of deleterious effects on tissue 
homeostasis that contribute to aging 

 

 

Telomere:  

Telomere  Are repetive DNA sequences at the end of chromosomes 

 Shorten by ~100 base pairs at each division 

 Telomerase repairs shortened telomers 

 Somatic cells have very low telomeres activity 
 

Lifespan:  No correlation between telomere length and lifespan 

 No correlation between telomer length and a person’s age 

 Telomeres don’t shorten in post-mitotic tissue, but cells undergo 
senescence 
 

Hayflick limit  Fibroblast in culture undergo a limited number of cell divisions  

 Hayflick limit: cells stop dividing and become senescent 

 Replicative Senescence is a block to tumor formation 

 Triggered by: loss of telomeres, DNA damage, Der-epression of 
cyclin-dependent kinase inhibitor (CDKN2a) 
 

Mouse Model  mTERC-/- mice lack the RNA component of the telomerase 
holoenzyme and telomerase activity 

 exhibit progressive shortening of telomers with each successive 
generation of intercross 

 6. Generation of mTERC-/- mice have a shortenend life span 
 

12. Hepatic Steatosis / Fatty liver Disease 

 Large vacuoles of triglyceride fat (TG) accumulate in hepatocytes 

 Process: steatosis 

 No excessive alcohol intake: Non-alcoholic fatty liver (NAFLD) 

 Excessive alcohol intake: alcoholic steatosis 
 

NAFLD: 

Facts  Related to insulin resistance /Type II Diabetes (T2D) 

 May respond to T2D-treatment 

 Genetic forms exist 
 

Symptoms  No specific symptoms 

 Fatigue 
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 Right-upper-quadrant abdominal discomfort 

 Rare: mild jaunice (Gelbsucht) 

 Diagnosed mostly during routine blood tests 
 

Prevalence  US: ~20% and increasing 

 Male > Female 
 

Risk factors  Obesity, T2D, Dyslipidemia, Metabolic Syndrome 

 Hypothyroidism, obstructive sleep apnea, … 
 

Progression  NAFL 

 NASH (non-alcoholic steatohepatitis  Entzündung!) 

 Cirrhosis 

 Hepatocellular Carcinoma 
 

3 causes  Increased FFA uptake (CM) and synthesis 

 Impaired VLDL export 

 Increased DE Novo lipogenesis (DNL) of FA from CHO in 
liver 
 

 
It is unclear if insulin resistance & hyperglycemia cause NAFLD or are the 
consequences of the disease. 
 

PNPLA3  Lipase-like activity that mediates TG hydrolysis in 
adipocytes 

 Mutation (SNP) of PNLPA3 involved in the development 
of NAFLD 

Treatment:   Lifestyle (weight loss, exercise, diet) 

 Pharma.: Metformin, Vitamin E, Omega-3 FA 

 Bariatric surgery 
Signalwege:  

 

Insulin Resistance: 

 Persistent Hyperglycemia  

DNL 

 Hyperinsulinemia  DNL 

 Elevated serum FFA’s 

 Hypertriglycerdiemia 
 

Caused by: 

  DAG, PA, Ceramide 

 Inhibited IRS 

Fatty acids entering the cell are activated by the formation of LCAC. Saturated fatty acid 
favors ceramide accumulation due to the requirement for palmitate during de novo 
synthesis, which in turn leads to the inhibition of Akt, in part due to aPKCζ action. In 
contrast, DAG species derived from unsaturated fatty acids favor nPKC activation and 
inhibition at the level of the insulin receptor (IR), or IRS-1. In addition, another 
unsaturated fatty acid–derived species, dilinoleoyl-phosphatidic acid (PA), can reduce 
IRS-1 tyrosine phosphorylation in a PKC-independent manner. 
 

ChREBP  Carbohydrate-responsive element-binding protein 

 Glucose enters cell via Glut2 and converts into G6P 

 Activated by Xylulose-5-phosphate (Xu5p). Xu5p is produced when 
Glucose-6-phosphate (G6P) level is high 

 In the liver ChREBP mediates activation of several regulatory 
enzymes of glycolysis and lipogenesis 

  
SREBP  Sterol regulatory element-binding protein 

 Key regulator in hepatic fat metabolism 

 SREBP-1c stimulates De Novo Lipogenese (DNL) 

 SREBP-2 stimulates Cholesterol metabolism 
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SREBP activation 
 

 Precursor with SCAP in ER 
membrane 

 SREBP to Golgi to get cleaved 

 Mature SREBP migrates to 
nucleus to activate promoter 
of genes involved in 
cholesterol uptake or 
synthesis 

 

 
 

Role of CHO  Sucrose increases hepatic TG synthesis 

 Fructose increases DNL & Insulin Resistance 
 

Two Hit Theory 

Initial theories for the pathogenesis of NASH were based on a ‘2-hit hypothesis’. The 
‘first hit’ (hepatic TG  accumulation) increases susceptibility of the liver to injury 
mediated by ‘second hits’, which in turn lead to steatohepatitis and/or fibrosis 
 
1. Hit: accumulation of TG in hepatocytes 
2. Hits: ROS, cytokines, mitochondrial dysfunction, liver injury, fibrosis 
 
Cytokine  Adiponectin: inversely associated with obesity 

 IL-6: implicated ins inuslin resistance, NASH 

 TNFa: elevated levels with insulin resistance 

 CRP: may be a marker for hepatic steatosis (but not of severity of 
NAFLD) 
 

Pro-inflammatory cytokines are produced directly by hepatocytes in response to an increased 
supply of FFA and/or by adipose tissue macrophages that increase during obesity.Fibrosis is 
thought to arise as part of the normal healing response to inflammation and injury. 
 

 
Features: 

Histology  NAFLD: hepatic steatosis without injury (balloon) 

 NASH: Hepatic Steatosis and inflammation (balloon) with or 
without fibrosis 
 

Biochemical  Elevated serum TG: >150mg/dL 

 Elevated ALT (no universal standards) 
 

Anthropometric  Overweight, Obesity, Abdominal Obesity 
 

Clinical  Acanthosis nigricans 

 Hepatomegaly on palpation 
 

Biopsy  Liver (invasive, risks, expensive) 
 

Imaging  MRI, CT, Ultrasound 
 

Dietary 
Characteristics 

 

 Overconsumption of fructose, softdrinks, meat, cholesterol 

 Low consumption of fiber, fish, omega-3 FA, vitamin E 
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13. Cancer – Molecular Basis 

Hallmarks of Cancer:  Sustaining proliferative signaling 

 Evading growth suppressors 

 Activating invasion and metastasis 

 Enabling replicative immortality 

 Inducing angiogenesis 

 Resisting cell death 
 

Sustaining Proliferative Signaling: 

 Normal tissues control production and release of growth-promoting signals 

 Cancer cells emit signals that promote progression through cell  

 Cancer cells proliferate chronically and promote cell growth (increase in size) by 
growth factors 
 

Growth 
Factor 

 Extracellulare factor: stimulation of cell grown 

 Ultimately regulate gene expression 

 BSP.: IL-6, IGF-1, VEGF, SDF-1, BAFF, April 
 

     Proteins for GF signaling  Growth factor receptors 

 Intracellular signal transducers 

 Nuclear transcription factors 
 

EGFR  Receptor for Epidermal growth factor 

 Also known as ErbF1, HER1  

 Tyrosine kinase 

 Domains: extracellular ligand-, transmembrane-, cytoplasmic 
protein tyrosine- domain 
 

EGF signaling 1. GF binding 
2. Dimerization of EGFR  Tyrosine Kinase activation 

(Autophosphorylation) 
3. Translocation of proteins to membrane 
4. Grb2-SH2 recognizes receptor 
5. Grb2-SH3 recruites SOS 
6. SOS activates RAS  Raf  MEK  ERK1 
7. ERK1/2: transcription factor  gene expression  

 
Relevance  Cancer mutation involve growth, differentiation or death 

 Oncogen: >100, increased activity 

 Tumor suppressor: dozens, loss of function 

 Most are recessive! Both alleles must be mutated 

 
 

Oncogen: Proto-oncogenes are normal genes that code for proteins regulating 
cell growth and differentiaition. When altered by mutation or overly 
expressed, they can become an oncogene, (cancer causing gene) 
 

  Src: non-receptor protein tyrosine kinase protein  important for 
intracellular signal transduction 

Evading Growth Suppressor: 

 Circumvent negative regulation of cell proliferation 

 Tumor suppressor genes limit cell grown/proliferation 

 Identified on the basis of inactivation in cancer 
 

TP53  Function: tumor suppressor 

 Protein that senses alterations in nucleotide pools levels 

 Activate MDM2, p21 (G1 arrest) or BAX (apoptosis) 
 

Evasion of Contact Inhibition: 

 

Contact inhibition of cell movement is 
the phenomenon of a cell ceasing to 
migrate in the same direction after 
contact with another cell.  
 
Loss of contact inhibition of cell 
movement and proliferation allows 
cancer cells to facilitate the invasion of 
neighbouring tissues and metastasis to 
remote organs. 
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Initation: Activation of receptor protein tyrosine phosphatases (RPTP) and 

contactinhibin by cell surface molecules on adjacent cells inhibits 
mitogenic pathways downstream of receptor protein tyrosine kinase- 
(RPTK) and integrin-activated kinases such as ras and src. This leads to 
the suppression of cyclin D expression and transcriptional activation of 
ras- and src-suppressed genes encoding cell-cell contact proteins. 
 

        Cell-Cell contact proteins:  occludin-1 (ocl-1) in tight-junctions (T-J) 

 α-actinin (α-act) in adherens-junctions (A-J) 

 connexin43 (Cx43) in gap-junctions (G-J) 
 

Maintenance C/EBP transcription factors contribute to ongoing mechanisms from 
the initiation phase by activating genes that lead to a fully 
differentiated and quiescent phenotype. 
 

Resisting Cell Death:  

Normal Cell Death:  Apoptosis (programmened) 

 Upstream regulator ( proteases, caspases8&9) 

 Downstream effects (proteolysis) 
 

Apoptosis triggers:  P52 sensing DNA breaks 

 Insufficient growth factor levels 

 Paradoxically, hyperactive oncoprotein signaling 
 

Disruptions to Apoptosis-regulating genes:  

 Caspase 8 inhibits Blc-2 

 Blc-2 would suppress Bax and Bak 

 Bax/Bak reside in the mitochondrial outer 
membrane and disrupt the membrane (MOMP) 
integrity  cytochrome c release 

 Cytochrome c activates proteolytic effector 
caspases   

 

 

 

Unlimited Replication: 

Normal cells can pass through a limited number of growth and division cycles, but 
Cancer cells are Immortalized. 
 
Telomeres  Protect the end of the chromosome from DNA damages 

 Shorten progressively 

 eventually losing function of protecting DNA ends 
 

Telomerase  adds telomere segment to protect the telomeres 

 active in stem cells or cancer cells 

 absent /low levels in most somatic cells  
 

Angiogenesis: 

 sprouting new vessels from existing ones 

 constitutively activated in cancer 

 regulated by signaling proteins binding on endothelial cells 

 inducers: VEGF-A | inhibitors: TSP-1 (tumor: inducers >inhibitors) 
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14. Cancer – Genotoxicity and Carcinogenesis 

Proximal 
carcinogens 

 React chemically with DNA and damage it 

 Biotransformed from genotoxic carcinogens 

 Damage may be repaired, but if it persists through DNA 
synthesis, mutations arise and the process of translesion DNA 
synthesis 
 

Tobacco:  High frequency of G to T mutation 

 Benzoapyrene (PAH: Polycyclic aromatic hydrocarbons) is 
oxidized/activated by cytochrome P450 and converts into 
ultimate mutagen BPDE 

 BPDE intercalates in DNA by forming covalent bond with 
guanine  

 If the DNA doesn’t get repaired  G to T transversion mutation 
 

Role of Metabolism 

Xenobiotic 
Biotransformation: 

 Change in physical properties  increase in hydrophilicity 

 Metabolites as boil. Reactive intermediates 

 Enzyme levels depend on tissue type 

 High polymorphism 
 

Enzyme: genetic variability genetic variability in the enzymes that perform the 
metabolism reactions, can influence an individual’s 
susceptibility to the harmful effects of genotoxic 
carcinogens 
 

Mutation: Any change in DNA sequence away from normal, ie implying 
there is a normal allele prevalent in the population and that 
mutations are rare and an abnormal variant. 
 

Polymorphism: DNA sequence variation that tis common in the population 
 

NAT  N-Acetyl Transferase Polymorphism modulates bladder cancer 
susceptibility 

 Associations between NAT enzyme activities and cancer risk 

 NAT are involved in metabolic activation and detoxification of arylamines 

 N-Acetylcysteine (NAC) has an anti-metastatic effect on the human 
bladder cancer cells by inhibiting their growth, adhesion, migration, and 

invasion properties 
 

NAT: 
Characterisitics 

 

 Located in cytosol (prevalent in liver in mammals) 

 Cofactor: Acetyl-coenzyme A (Ac-CoA) 

 Catalyzes acetylation reaction 

 2 human variants: NAT1, NAT2 
 

NAT: 
Polymorphism 

 

 Extensive polymorphisms with high frequency 

 Segregate human population into rapid, intermediate and 
slow acetylator phenotypes 

 Slow acetylator  increase in risk of cancer 
 

GST  Glutathione S-transferase catalyze the conjugation of 
glutathione (GSH) with electrophiles, many of which may 
otherwise interact with protein or DNA 

 GST: involved in detoxification 

 Found in cytosolic, microsomal, mitochondrial cell 
fractions (most tissues) 
 

GST 
Polymorphism: 

 

 5 polymorphism: GSTM1, GSTM3, GSTPI, GSTT1, GSTZ1 

 Deletions and/or single nucleotide polymorphisms in 
encoding alleles 

 Associated with reduction of enzymatic activity toward 
several substrates (increased cancer risk) 

 High variability of occurrence amongst different people 
 

DNA Damage  

Overview:  Hydrolysis 

 Oxidation  

 Hotodimerization 

 Alkylation (Methylatio addcuts, other bulky alkylation 
products) 
 

Deamination Spontaneous deamination of 5-methylcytosine results in 
thymine. This is the most common single nucleotide mutation. 
In DNA, this reaction, if detected prior to passage of the 
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replication fork, can be corrected by the enzyme thymine-DNA 
glycosylase, which removes the thymine base in a G/T 
mismatch.  
 
Other products of hydrolysis: 

 
Abasic sites AP site is a location in DNA that has neither a purine nor a 

pyrimideine base. AP sites can be formed by spontaneous 
depurination.  
 

DNA Oxidation process of oxidative damage on Deoxyribonucleic Acid. It 
occurs most readily at guanine residues due to the high 
oxidation potential of this base. 

 
Methylation Übertragung von Methylgruppen durch Enzyme (DNA-

Methyltransferasen) auf Nukleobasen. Da das Grundgerüst der 
jeweiligen Nukleobase erhalten bleibt, ist die DNA-
Methylierung keine genetische Mutation, nur eine 

Modifikation. 
 
 

Aflatoxin  Produced by fungi found in soil 

 Most potent natural liver toxicants 

 Example for DNA Alkylation 

 Aflatoxin activated by P450, intercalate into DNA 
and alkylate the bases 

 Cause mutations in p53 gene (important for cell 
cycle) 

Acrylamide  Occupational exposure to acrylamide has been long 
known, but exposure of acrylamide by dietary exposures 
has been a focus in past ~10 years 

 Acrylamide is metabolically activated by P450 to form 
glycidamide (DNA reactive epoxide) 

 DNA reacts at multiple sites and at both sides of the 
epoxide 

 Elimination occurs mainly in the urine as mercapturic acid 
conjugates 
 

DNA Repair:  

Base excision repair BER: 

 small, non-helix-distorting 
base damage  

 Initiation: DNA glycosylases 
(recognize damage, remove 
altered bases, form AP sites) 

 AP sites cleaved by AP 
endonuclease 

 New DNA synthesized by 
polymerase  

 Strand sealed by ligase 
Single strand 
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Nucleotide excision repair NER: 
1. Recognition and 

nucleotide flipping by ATL  
2. Assembly of multi-protein 

complex for remodeling 
and cutting 

3. Removal of short single-
stranded DNA segment  

4. DNA synthesis 
(polymerase) 

5. Ligation by ligase 
Single-strand 
 

 
 

Mismatch repair: 
1. Repair of incorporated bases during 

DNA 
2. MutS recognizes & binds mismatch 
3. MutL makes incision 
4. Patch is removed 
5. DNA synthesis and ligation 

 
 

Colorectal Cancer: mutation in MSH2 and MLH1 
gene 
 

 

Direct reversion/ Dealkylation repair  

 by methylguanine methaltransferase MGMT 

 MGMT is consumed – can no longer be used 

 Non-enzymatic process 
 
 
 
 

Homologues Recombination: 

 Double-strand break 

 Resection: cut away of 5’ section 

 Strand invasion 

 DSBR (double-strand break 
repair) or SDSA (synthesis-
dependent strand annealing) 

Non-homologous end-joining NHEJ 

 Recognition: Ku70/80 encircles duplex 
DNA at DSB 

 Ku70/80 stabilizes aligns the two DNA 
ends and recruits DNA-protein Kinase PK 

 PK phophoryltaes NHEJ  ligation 
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Mutagenesis: 

When DNA damage is not repaired, to avoid deleterious consequences of stalled 
replication forks cells use DNA damage tolerant polymerases. 
 
Y  Polymerases  Catalyze translesion DNA synthesis 

 involved in SOS response and translesion synthesis DNA 
repair mechanisms. 

 Igh error rate and low fidelity&processivity 

 No proofreading 
 

B Polymerase  has 3'-5' exonuclease activity and participates in DNA 
repair, replication restart to bypass lesions 

 low error rate and high fidelity&processivity 

 proofreading: 3’ exonuclease 
 

Types of mutation by 
genotoxins: 

 single Base: transversion and transition 

 frame shift-causing: deletion and 
insertion/Addition 
 

TLS 
Translesion synthesis 

 tolerance process that allows the DNA replication 
machinery to replicate past DNA lesions (zB after 
exposure to genotxic chemical) 

 It involves switching out regular DNA polymerases for 
specialized translesion polymerases 
 

Outcomes of mutations  translation into mutant protein 

 lethality 

 mutant can be recognized and repaired 

 cells expressing mutant proteins can be recognized and 
eliminated 

 mutant proeins can impart cancer phenotype 
 

8oxoG  most common DNA lesions resulting from reactive 
oxygen species 

 Guanin gets oxidated 

 causes GC -> TA transversions, because base pair is 
geometrically similar to natural G-C base pair 

  
  

15. Cancer – Non-genotoxic Carcinogenesis 

Receptor-mediated Carcinogenesis – BSP AhR 

 
Aryl hydrocarbon receptor: 
AhR is a cytosolic transcription factor that is normally inactive, bound to several co-
chaperones. Upon ligand binding to chemicals such as 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD), the chaperones dissociate resulting in AhR translocating into the nucleus 
and dimerizing with ARNT (AhR nuclear translocator), leading to changes in gene 
transcription. 
 
TCDD  Industry byproduct, can be detected anywhere (animal 

fat) 

 High lipophilicity and stability 

 Human carcinogen 
 

AhR stimulation  Induces expression of enzyme that activat eother 
carzinogen 

 Induces GF and promotes inflammation signals 

 Inhibits Apoptosis but induces apoptosis in t-cells 

 Cancer cells: overexpression of AhR 
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T-cells  Implications of pro-apoptotic action in t-cells 

 T-cell depletion and decreased t-cell-dependent immunity 

 Favor tumor growth indirectly by preventing t-cells from exerting 
antitumor activities 
 

Hormone-mediated carcinogenesis: 

Breast cancer  prolonged exposure to high levels of estrogens 

 in obese women, adipose tissue a major source of 
estrogens that increase breast cancer risk 

 women who receive hormone replacement therapy 
(HRT) are more likely to develop breast cancer than 
those who have never used HRT 

 higher levels of blood estrogen in post-menopausal 
women are associated with higher BCI 

 Increased rate of BC in women taking estrogens 
 

Hormones  chemical messengers 

 secreted into the blood byspecialized cells in endocrine 
glands 

 generally act on remote organ sites and alter rates of 
processes in target cells 

 act at very low concentrations (nano to picomolar range)  

 control growth, development, metabolism, 
reproduction, regulation of homeostasis 
 

Hormone function  Controlling the rates of enzymatic reactions. 

 Controlling the movement of ions or molecules across 
membranes 

 Controlling gene expression and protein synthesis 
 

Mechanisms of endocrine modulation by estrogen agonist: 
 
Genomic signaling occurs when ligands 
enter the cell and bind ER to induce 
dimerization. ER dimers bind DNA 
directly at ERE sequences or indirectly 
by tethering to DNA through other 
transcriptions factors like Sp1 or AP-1. 
Non-genomic signaling occurs when 
ligands bind membrane bound 
receptors, which leads to activation of 
kinase signaling cascades. 

 
Direct influence of EDC on ER signaling: 

 
 EDC compete with endogenous estrogen for ER binding sites 

 Shared E2 strucutural features  

 Similar ligend binding pockets, but subtle differences in amino acids lining the 
pocket contribute to ligand selectivity 
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Epigenetic Mechanisms of carcinogenesis: 

Epigenetics Def.:  changes in a chromosome that affect gene activity and 
expression, but can also be used to describe any 
heritable phenotypic change that does not derive from a 
modification of the genome.  

 functionally relevant changes to the genome that do not 
involve a change in the nucleotide sequence. 
 

Epigenetic processes  DNA methylation (genome wide or promoter-specific) 

 Chromatin modification 

 Non coding RNA 
 

 mediate reprogramming during development and 
maintenance of cell indentity during the life of an organism 
 

 
Cancer Epigenome: 
is the study of epigenetic modifications to the genome of cancer cells that do not 
involve a change in the nucleotide sequence. 

 
CpG Island  DNA region of >500 bp with high C-G density (unmethylated) 

 70% of promoters contain CpG island 

 Cancer: loss of expression of genes occurs about 10 times 
more frequently by hypermethylation of promoter CpG 
islands than by mutations! 
 

Histone Modification A histone modification is a covalent post-translational 
modification (PTM) to histone proteins which includes 
methylation, phosphorylation, deacetylation, ubiquitylation. 
The PTMs made to histones can impact gene expression by 
altering chromatin structure or recruiting histone modifiers. 
 

Epigenetics of metal exposure 
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Cd Toxicity: 
 

 Human carcinogen 

 Exposures: metal smelting (batteries), 
tobacco, food 

 Affects liver, bladder, stomach, renal 
and hematopoietic system 

 Promotes hypo-/hypermethylation of 
DNA 

 Exposure to Cd leads to an increased 
activity of DNA methylation transferases 
(DNMT) 

 Altered DNA methylation influences 
transcription regulation of tumor 
promoter/suppressor genes.  

 
DNMT enzymes: 
 

 Methylation occurs in CpG island 

 Demethylation can occur in absence of 
Dnmt1 

 Cd increases DNMT expression  
Hypermethylation 

 

16. Cancer – Viral Carcinogenesis 

Virus  Infectious particles consisting of DNA/RNA molecules  

 Can multiply only inside a host cell 

 Infection: lysis of infected cells with releases of viral particles and 
integration of nucleic acid sequence into host chromosome 

Carcinogen 
virsus: 

 

 Epstein-Barr virus EBV 

 Hepatitis B / C virus 

 Kaposi’s sarcoma herpes virus 

 Human immunodeficiency virus type 1 HIV-1 

 Human T-cell lymphotorpic virus type 1 (HTLV-1) 

 Human papilloma 
 

Viral oncogenes  80-99% homologous to cellular proto-oncogenes 

 Are copies of cellular mRNA and lack introns 
 2 strategies  Permanent activation of cellular signal transduction cascades 

 Disruption of cell cycle regulation 
 

Rous Sarcoma virus RSV 

RSV ist ein RNA-Virus aus der Familie der Retroviren. Es wurde 1911 von Peyton Rous 
zum ersten Mal beschrieben, als es ihm gelang, filtrierten zellfreien Extrakt aus 
Hühnertumoren in gesunde Hühner zu injizieren und damit in diesen dieselben 
Tumoren hervorzurufen.  

 Retrovirus that causes sarcomas in chickens 

 RNA encoded virus  

 It reverse transcribes its RNA genome into cDNA to integrate into the host DNA 

 Has 4 genes: gag, pol, env, v-src  
 

 
Src  Proto-oncogen: Activation of Src leads to survival, angiogenesis, 

proliferation and invasion pathways 

 Cancer cells: genetic mutations that result in increased 
activity/overexpression of Src 

 Domains: SH2, SH3 
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V-ErbB2 

over-expression of the ERBB2 gene occurs in approximately 15-30% of breast cancers. 
It is strongly associated with increased disease recurrence and a poor prognosis. 
 

 

V-ErbB2 

 Also known as HER2  

 discovered in avian erythroblastosis 

 Receptor tyrosine-protein kinase 

 Excessive ErbB2 signaling is associated 
with tumor development 

 Homologous to EGFR with permenant 
on-switch  
 

H-Ras: 

 Oncogene in Harvey murine sarcoma 
virus 

 GTPase that activates Raf kinase 
K-Ras: 

 Oncogene in Kirsten murine sarcoma 
virus 
 

 
Activation of proto-
oncogene Ras: 
 
Mutation of a base 
(G T) leads on 
codon 12 to 
transcription of Val 
instead of Gly 
 
 
 
 
 
 
 
 
 
 

 

Epstein-Barr Virus EBV 

 First human tumor shown to be associated with a virus – inspired search for 
others; prevention by vaccine (HepatitisBV, HPapillomaV) 

 Chromosomal translocation identified; shown to juxtapose Ig sequences to MYC 
 

MYC: Oncogene that encodes for a multifunctional protein that regulates 
transcription of specific target genes and also plays a role in cell 
cycleprogression, apoptosis and cellular transformation. 
 

Human papilloma virus HPV 

 HPV infections are the most common sexually transmitted infections 

 HPV can cause cervical and other cancers 

 HPV in cancer leads to overexpression of E6 and E7 !!  
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Harald zur Hausen 

 Nobel Prize 2008 

 He found that 70% of all cervical cancers contain HPV16/18  

 He assumed that the tumour cells, if they contained an oncogenic virus, should 
harbour viral DNA integrated into their genome. 

 This research directly made possible the development of a vaccine 
 

E7   Many viruses actevily inhibit Rb function 

 Rb inhibits E2F and cell remains in G0- Phase 

 Result: bypass of restriction point control 

 Passage from G1  S Phase 

 Bsp.: HPV E7 proteins 
 

E2F: 

 involved in the cell 
cycle regulation 

 transcription factor for 
expression of S-phase 
genes (Cdk2, CyclinA/E) 

 inhibited by Rb 

 
 

E6  protein that inhibits tumor suppressor gene p53 

 p53 is responsible for G1 arrest (p21) and apoptosis (BAX) 

 cancer: overexpression of E6 leads to degradation of p53  increased 
proliferation 

 
 

17. Cancer –  Radiation-induced Carinogenesis 

Ionizing Radiation Radiation that has enough energy to break chemical bonds is 
referred to as 'ionizing radiation, e.g. alpha particles, beta 
particles, gamma rays etc. 
 

Non-Ionizing Radiation Radiation that does not have enough energy to break 
chemical bonds but can vibrate atom is referred to as “Non-
ionizing Radiations” e.g. radiowaves, 
microwaves, infrared, visible light etc. 
 

Natural Sources  Radon/ Thoron gas from rocks and soil (800 µSv) 

 Gamma rays from ground (400 µSv) 

 Carbon/potassium in body (370 µSv) 

 Cosmic rays at ground level (300 µSv) 
 Total annual Dose: 1870 µSv 
 

Units of Dose  Dose measured as energy absorbed per mass (Gray Gy=J/kg) 

 Dose equivalent accounts for different effect of different 
radiations (Units of Sieverts SV or rem (=0.01 Sv) 
 

Radiation in Cancer 

Facts:  Tissue sensitivity to radiation-induced cytotoxicity and 
malignant neoplasia correlates with proliferative activity of 
the cells 

 Many of the pioneers of the study of radioactivity and x-rays 
developed skin cancer 

 Miners of radioactive ores have high incidences of lung cancer 

 Survivors of atomic bombs in Nagasaki/Hiroshima and reactor 
accidents (Chernobyl) 

Mechanism  Radiation interacting with cell molecules 

 Oxidation of thymine (thymine glycol)  DNA replication 
arrest 
 

Cancer after nuclear fallout: 

The receptor tyrosine kinase c-RET is normally expressed in the developing neural-
crest-derived tissues, including thyroid C cells. It binds to members of the glial-derived 
neurotrophic factor (GDNF) family of ligands, leading to dimerization of c-RET and 
activation of its tyrosine kinase activity. Downstream signalling events lead to growth 
and survival signals. 
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By contrast, somatic rearrangements of c-RET contribute to thyroid follicular-cell 
carcinogenesis: inversions or translocations fuse the part of c-RET that encodes the 
tyrosine kinase domain with one of several genes that encode coiled-coil-domain-
containing proteins. The resulting coiled-coil-domain-containing fusion protein 
dimerizes, leading to a constitutively active c-RET tyrosine kinase 

 
Ultraviolet UV Radiation 

 Sun exposure causally linked to basal cell carcinoma, squamous cell carcinoma and 
malignant melanoma (UVA, UVB, UVC) 

 The ozone layer shields us from much of the effects of UV radiation 
 

UVA  Leads to production of reactive oxygen species (ROS) 

 320 – 480nm (UVB:280-320, UVC: 200-280) 
 

Mechanism Irradiation of DNA or cells with ultraviolet light (UV) induces the 
formation of several types of mutagenic DNA lesions. The most 
frequent lesions induced by UVB or UVC radiation are the 
cyclobutane pyrimidine dimers (CPDs) formed from thymine or 
cytosine bases.  
 
 

  
 

 
 5 -CmCG is particularly prone to CPD formation by irradiation with sunlight 

 Bypass of the CPD by an error-prone DNA polymerase could produce a C to T or CC 
to TT mutation. 

 Deamination may occur within the CPD and may affect the 5-methylcytosine alone 
or the 5-methylcytosine and cytosine 

 The starting sequence is marked by a blue box. The two mutated sequences, which 
are eventually produced, are marked by red boxes. 

 
DNA Repair 5 steps: 

1. Recognition of DNA lesion 
2. Incision DNA strand at the damage 
3. Removal of the damaged bases 
4. Synthesis of the nucleotide patch 
5. Ligation 

 
Xeroderma pigmentosa XP 

 rare autosomal recessive genetic disorder of DNA repair in which the ability to 
repair damage caused by ultraviolet (UV) light is deficient 

 extreme cases, all exposure to sunlight must be forbidden 

 higher incidence for skin cancer (p53 mutation) 
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18. Neuro – Neuroinflammation and Brain Development 

Cytokines secretory proteins, which induce and/or regulate proliferation, 
differentiation and activation of target cells. They are essential 
for the „communication“ between the different components of 
the immune system. 
 

Chemokines a subclass of cytokines with the ability to induce chemotaxis or 
cell migration in leukocytes during the course of inflammation. 
 

Complement 
System function 

 

 Chemotaxis: recruitment of macrophages and neutrophils 

 Opsonization: enhancing phagocytosis 

 Cell lysis: breaking membranes 
 

BBB  Restrictive biochemical and physical barrier between CNS 
and periphery 

 Highly selective permeability 

 Separates circulating blood from brain parenchyma 
 

Is CNS “immune privileged”? 
Certain sites of the human body have immune privilege, meaning they are able to 
tolerate the introduction of antigens without eliciting an inflammatory immune 
response. (Eyes, Testicles, placenta). 
The CNS was once considered to be an immune privileged area. However, there is a bi-
directional communication between the central nervous system and immune system. 
 
Neuroinflammation 

Neuroinflammation is inflammation of the nervous tissue. It may be initiated in 
response to a variety of cues, including infection, traumatic brain injury, toxic 
metabolites, or autoimmunity. In the CNS microglia are the resident innate immune 
cells that are activated in response to these cues. The CNS is typically an 
immunologically privileged site because peripheral immune cells are generally blocked 
by the blood–brain barrier (BBB), a specialized structure composed of astrocytes and 
endothelial cells. 
 

Hallmarks 

 
Microglia 

 «macrophae of brain» 

 Distinct population of mononuclear phagocytes 

 Derive from “primitive” hematopoiesis in yolk sac 

 Infiltrate fetal brain via blood vessels 

 High proliferation druing embryonic life 

 Capacity of self renewal wtihin CNS 
 

Development Microglia derive from immature, uncommitted erythromyeloid 
progenitors (EMPs) in yolk sac (during primitive 
haematopoiesis| embryonic day 7.5 (E7.5)–E8.0). These cells 
start to upregulate the CD antigen CD45 but do not yet express 
myeloid markers (A1 stage). Later, myeloid cell markers are 
expressed by migrating A2 cells (differentiated from A1 cells) 
that populate the brain mesenchyme. These early microglia 
reside in the brain throughout life and are thought to sustain 
the microglial population locally.

 
Function The population of microglial cells is maintained by self-renewal, 

without the contribution of bone-marrow-derived progenitors. 
Surveillant microglial cells constantly scan the brain 
microenvironment. 
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 CNS Developtment 

 Recognition of pathogens 

 Antigen presentation 

 Phagocytosis 

 Cytotoxicity 

 Modulation of inflammation/ immune response 

 
Morphology 

 
Microglia have a great spectrum of morphological phenotypes 
(that are often associated with different functional phenotypes): 

 Ramified | Enlarged, non-ramified | Dystrophic 

 
A)- model proposes that mature ramified microglia transform into an 'activated' state 
characterized by expanded soma and partial process deramification and enlargement, 
to 'reactive' where processes are absent and possibly a final giant multi-nucleated cell 
stage. 
In the B)- model ramified microglia transform first into a 'reactive' phenotype which is 
morphologically similar to Davis et al.'s 'activated' phenotype, processes increase in 

volume to a 'hyper-ramified' state prior to a reactive state and finally a 'phagocytic' 
phase similar to Davis et al.'s reactive phase. 
 
Activation 

 
Aging/Neurodegeneration  more M1 Microglia “bad” 
Tissue Repair  more M2 Microglia “good” 
 

Synaptic Pruning Process by which superfluous neurons and synapzic connections 
are eliminated in order to increase the efficiency of neuronal 
transmissions. 
Synptic Pruning by Microglia is necessary for normal brain 
development (siehe nächstes Bild) 
 

Glaucoma: Pathological retina degenration  C1q increases  pruning 
 
 

Cytokines: Neurdodevelopmental Effects 

Early Effects Cytokines are capable of inducing the conversion of neuronal 
progenitor cells into a specific phenotype. 

 Bsp.: Conversion of rat midbrain progenitor cells into a 
dopaminergic phenotype by IL-1b 
 

Early to late effects Cytokines can influence neuronal target selection and dendrite 
formation. 

 Bsp.: Effects of combined IL-1b and TNFa dendrite 
devolpment on cotrical neurons 
 

Cytokines can neagtively affect the survival of neurons 
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 Bsp.: Effects of IL-6 on nueronal survival in primary neuronal 
cultures 

 
Late effects Cytokines can negatively affect myelina+on. 

 Bsp.: Effects of Il-1b treatment in mice on markers of 
myelination 

 
Neuroinflammation and Brain Development: 

Mechanisms reminiscent of neuroinflammation, such as the involvement of 
complement components and microglia in synapse pruning, also occur in healthy brain 
development. Microglial cells enter very early in embryonic development and play 
crucial roles in normal brain development, brain maintenance over the lifespan, and 
disease 

 
1. Astrocytes induce production of C1q in neurons (through signal X) 
2. Neuron and microglia-derived C+q tags superfluous synapses for removal through the calssical 
complement pathway, resulting in C3 cleavage and synaptic C3b depostition 
3. Complement-tagged synapses are removed through phagocytosis by microglia 

 
The important role of the classical complement cascade and activated microglia in 
eliminating synapses throughout the normal developing brain, however, raises the 
intriguing hypothesis that complement activation actively drives the loss of synapses 
early in neurodegenerative disease, which in turn drives the loss of neurons and, thus, 
disease progression. 

Innate Immune Activity and Synptic Pruning must be in balance to maintain a healthy 
brain. 

19. Neuro - Schizophrenia and Related Neurodevelopmental Disorders 

Schizophrenia 

Schizophrenia is a chronic form of psychotic disorders affecting 0.5-1% of the 
population worldwide. It is characterized by profound disturbances in mental 
functions, emotions and behavior, which often results in the loss of reality. 
  

Positives Symptoms Hallucinations, paranoia, delusions. (treatable!)  

Negative symptoms Social withdrawal, affective flattening, motivational and 
reward-related deficits. 

Cognitive symptoms Impaired executive functions, reduced working memory, 
attentional deficits. 

  
Etiology Disruption of early neurodevelopmental processes and changes in 

subsequent brain maturation. 
 

Genetics There is a strong genetic component 
 identical twins concordance: 50%)  
 

Environment  Prenatal: Maternal infection/ nutrient defiency/stress 

 Birth: Obsteric complications 

 Juvenile Psychological trauma 

 Adolescent: cannabis intake (<18years) 

 
Animal Model: Schizophrenia Symptoms in Mice 

Often: DISC1 mutation 
Mice symptoms  Positive: Psychomotor agitation, Sensitivity to 

psychotomimetic drugs 
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 Negative: Social withdrawal 

 Cognitive: Decreased working memory, Deficits in 
attention/sensorimotor gating, general cognitiv deficits 
 

Neurobiological basis  Many brain structures involved in limbic regulation of 
emotion (hippocampus, amygdala) are evolutionarily 
conserved from mouse to man 

 Hippocampus larger in mice than humans 
 

Test in Preclinical Schizophrenia Research: 

PPI  Prepulse Inhibition of acoustic startle Reflex  

 PPI is an operational measure of sensorimotor gating in humans and 
rodents 

 PPI in mice is sensitive to the disrrupting effects of many 
pharmacological, environmental or lesion-based interventions 

 Disrupted PPI in mice can be normalized by anti-psychotic medication 

 %PPI = (
(𝑝𝑢𝑙𝑠𝑒 𝑎𝑙𝑜𝑛𝑒)−(𝑝𝑟𝑒𝑝𝑢𝑙𝑠𝑒+𝑝𝑢𝑙𝑠𝑒)

𝑃𝑢𝑙𝑠𝑒 𝑎𝑙𝑜𝑛𝑒
) ∗ 100 

 
Auf Schreckreize erfolgt gewöhnlich eine bestimmte Schreckreaktion. Wenn zuvor indes 
ein schwächerer Reiz („Präpuls“) auftritt, wird die Schreckreaktion auf den folgenden 
eigentlichen Schreckreiz abgemildert, um eine Reizüberflutung vorzubeugen. Dieser 
Effekt ist bei Schizophreniepatienten weniger stark  kleinerer %PPI -Wert 
 
AMPH sensitivity  Schizophrenic patients display enhanced neurochemical and 

behavioral responses to low doses of Amphetamine. 

 AMPH treatment exacerbates psychosis in schizophrenic 
patients, and this is related to the severity of positive 
symptoms of the disorder. 
 

Social Approach  Three-chamber social interaction test or modifies Y-maze 
social interaction test 

 Mouse (mutant DISC1 and control) has to find familiar mouse 
in the maze  testing social approach and recognition 

 Normal mouse spends more time with new mouse than 
familiar / more time with real mouse than dummy 

 Schizophrenic mouse spends same amout of time with new, 
familiar or dummy mouse.  
 

Working memory Deficits in working memory are among the most commonly 
observed cognitive impairments in schizophrenic patients. 

 Tests for verbal (prefrontal cortex) and spatial condition 
(hippocampus) 
 

Modeling the Multi-factorial and Developmental Nature of Schizophrenia in Animals: 

Poly(I:C) Model  viral mimic polyinosinic–polycytidilic acid (Poly(I:C))  a 
synthetic analog of double-stranded RNA (dsRNA) which 
activates TLR3 pathway (NFkB, IRF3) 

 structural and functional aberrations in particular brain 
regions in adult offspring after Poly(I:C)-assisted MIA 
overlap with known pathophysiological features of mood 
and psychotic disorders 

 
Environment x Environment Interaction 

Prenatal infection and exposure to traumatizing experiences during peripuberty have 
each been associated with increased risk for neuropsychiatric disorders. Evidence is 
lacking for the cumulative impact of such prenatal and postnatal environmental 
challenges on brain functions and vulnerability to psychiatric disease. Here, we show in 
a translational mouse model that combined exposure to prenatal immune challenge 
and peripubertal stress induces synergistic pathological effects on adult behavioral 
functions and neurochemistry. 
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Testing: PPI and AMPH Sensitivity 
Results show synergistic interactions between two environmental risk factors that have 
individually been associated with developmental psychopathology. Prenatal adversities 
can thus function as a “disease primer” that increases the offspring’s vulnerability to 
the detrimental neuropathological effects of subsequent stress exposure during 
peripubertal life. 
 
Gene x Environment Interactions 

Prenatal interaction of Mutant DISC1 and Immune Activation produces adult 
psychopatholgy: 

 pregnant mice were treated with Poly(I:C) 

 results: prenatal immune activation interacted with mDISC1 to produce the 
neurobehavioral phenotypes that were not seen in untreated mDISC1 and 
that resemble aspects of major mental illnesses 

 

20. Neuro – Depression & Anxiety  

Depression is both biologically and genetically a heterogeneous disorder, with 
symptoms manifested at the psychological, behavioral and physiological level. 
Nonetheless, there are several symptoms that are seen in a substantial portion of 
depressed patients, and although it is difficult to ascertain whether such features are 
the root cause of the disease or consequences of suffering from depression, they 
provide useful markers to study the pathophysiology of the disease. 
 
Facts  Most common and proliferating health problems worldwide 

 Will be the second most prevalent cause of illness-induced 
disability by 2020 (CVD first) 

 Current prevalence 16.2%, men: 10%, women: 20%  
 high costs! 

 Principal cause of suicide 

 Poorly understood, No plausible pathophysiology  
 

Endogenous D. 'Endogenous' is the term given to depression that has no obvious 
cause – that is, was not brought on by a specific life event or 
circumstance. It is believed that this type of depression has a 
genetic predisposition. 
 

Reactive D. 'Reactive' depression is the term used for depression thought to be 
caused by a specific event or circumstance. 
 

Risk Factors  Female gender 

 History of developing depressive disorder in family 

 Early childhood adversity and stressful life events in adulthood 
 

Treatment  Remain inadequate 

 40% don’t respond to first-line antidepressant drug (only 
modest proportion will achieve full recovery) 

 5-15% depressive episodes last >24 months and 1.5% of the 
general population suffer from chronic severe depression. 

 
For these reasons, identification of new treatment strategies is a 
public health priority. 
 

Diagnosis NO biomarkers!! 

 DSM-V: Diagnostic and Statistical Manual 
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 ICD-10: International Classification of Diseases (WHO) 

 Rating instruments such as the Hamilton Depression Scale  
 

Why is it still difficult to diagnose depression? 

 Depression is a heterogenous illness 

 Lack of objective “gold standard” diagnosis means 

 There is still no biological diagnostic tests 

 Lack of knowledge of brain regions and neural circuits involved in the 
condition  
 

Anxiety: 

 The hallmark of anxiety disorders is a “marked, persistent, and excessive or 
unreasonable fear” that is experienced to a degree that significantly interferes 
with everyday life. 

 These criteria are important to bear in mind because a transient anxiety response 
to real danger is an appropriate, adaptive response in patients and non-patients 
alike. 

 Moreover, although there is epidemiological comorbidity between anxiety 
subdisorders, they are, to some degree, differentially responsive to different 
classes of anxiolytic drug treatments, suggesting discrete neurobiological and 
genetic aetiologies. 
 

DSM-V Subdisoders  Generalized anxiety disorder 

 Panic disorder 

 Specific phobia 

 Social phobia 

 Obsessive-compulsive disorder 

 Post-traumatic stress disorder 
 

Depression vs. Anxiety 

 In the past, depression and anxiety disorders have been regarded as separate 
clinical entities. 

 Different drug treatments have been used to treat the disorders, usually tricyclic 
antidepressants for depression and benzodiazepines for anxiety. 

 Clinically, there is considerable comorbidity between the two disorders. 

 The issue of comorbidity has important implications for the treatment of these 
conditions, in that drugs that are effective in both anxiety and depression would 
be particularly beneficial and cost effective. 
 

Drug: anxiolytic drugs (benzodiazepine) stimulate GABA transmission to reduce 
anxiety symptoms 
 

Animal Model: 

Primates  Non-human primates, provide the closest match to humans in terms 
of genetic, behavioral, biological and social similarity. 

 In addition, their relatively long lifespan, extended infancy, and 
socio-affective behavior parallel many aspects of human 
development. 
 

Rodents  Rodents offer a great opportunity to ask questions that can be 
answered in a short-time scale and allow for the analysis of 
neurobiological substrates. 

 For genetic studies, however, mice offer advantages over rats, such 
as the availability of numerous inbred mouse strains, animals in 
which genes have been added or deleted (i.e., transgenic animals), 
and a well –described genome . 
 

Prenatal stress model to induce depression/anxiety-symptoms in animals!  
 
Preclinical studies using rodents or nonhuman primates are indispensable to improve 
our understanding of the consequences of early life stress because experimental 
variation of early environment in humans is obviously precluded on ethical grounds. 
 
Why?  We still do not fully understand the pathophysiological of psychiatric 

disorders which are a major public health problem. 

 One way to approach this problem is to model some of the 
neurobiological and behavioral alterations associated with human 
depression in experimental animals. 

 This has proven to be a controversial strategy. It was argued that human 
emotional experience cannot be induced, recorded nor manipulated in 
nonhuman species. 

 Studies with experimental animals permit manipulations of independent 
variables in a manner that is impossible in human subjects for ethical and 
logistical reasons. 

 In animal models one can dissociate between many of the variables which 
clinical and epidemiological research suggests may be influential in the 
atiology of depression (genotype, early social experience, timing, type and 
duration of environmental stresses). 
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Disadvantages  Different brain structures  

 No  evidence for experiencing any mental state or physiological 
condition that resembles human affective disorder 

 We can never fully recapitulate human depression/anxiety in 
mouse 

 We can’t know wether a mouse is depressed or feeling anxious 
Criteria 
An appropriate animal model of human depression should fulfill the following criteria 
as much as possible: strong phenomenological similarities and similar pathophysiology 
(face validity), comparable etiology (construct validity), and common treatment 
(predictive validity). Again, depression is a heterogeneous disorder and its many 
symptoms are hard to be produced in laboratory animals. 
 
 ➢ Construct Validity refers to the fact that the mechanisms underlying the 

human condition are similar in the animal model. 
(~cause) 
 

 ➢ Face Validity refers to the phenomenological expressions in the human 
condition and their resemblance to those of the animal 
model. (~symtpoms) 
 Bsp.: prenatal stress model in rats to show anhedonia-
like symptoms 
  

 ➢ Predictive Validity refers to the fact that the model predicts outcomes that 
are expected in the human model. Thus compounds 
which exacerbate the condition in humans should have 
effects in the same direction in the animal. Likewise and 
even more important, drugs which alleviate the condition 
in the human, should have the same direction of effect in 
the animal model.  (~treatment) 
 Bsp.: antidepressant drug to alleviate symptoms in 
animals 
 

 ➢ Reliability refers to the consistency that the model can be 
reproduced across laboratories and in experiments within 
a laboratory. Having a reliable and reproducible 
experimental system is essential for 
scientific study.  
 
 

Modelling Expression of Depression Disorders in Animals:  

1. Social Interaction: 
This social interaction test is used to assess memory for interactions with novel 
conspecifics. Rodents tend to spend more time interacting with a novel mouse versus 
one they have previously encountered.  
In the first phase of the test, the amount of the time the animal spends with either a 
dummy mouse or an alive mouse is recorded. 
The basic measure is the amount of time the subject spends with either a completely 
novel animal or an animal to which they have been introduced in a previous session. 
 A “depressed” mouse will display social avoidance in the presence of an unfamiliar 
animal. 
 

2. Forced Swim Test (FST) 
The forced swim test (FST) is one of the most commonly used animal models for 
assessing antidepressant-like behavior. It involves the scoring of active (swimming and 
climbing) or passive (immobility) behavior when rodents are forced to swim in a 
cylinder from which there is no escape. 
Reduction in passive behavior is interpreted as an antidepressant-like effect  
 Amphetamine, Apomorphine, Fluoxetine, Nomifensine, Desipramine, Maprotiline  
 
If animals are chronically treated with an antidepressant drug, it will lead to decreased 
immobility in FST in both groups (control and prenatal stress)! 
 

3. Learned Helplessness (LH) 
The rationale is that exposure to uncontrollable and stressful life events makes people 
to feel like they are losing control (depressive like behaviors). LH  is based on the 
observation that animals also develop deficits in escape, cognitive and rewarded 
behaviors when they have been subjected to repeated unavoidable and uncontrollable 
shocks. LH is induced in one day or over several days of repeated inescapable stress by 
the treating of tail shock or foot shock in shuttle boxes. Helpless behavior is evaluated 
by analyzing the performance in an active escape test, such as the latency to press a 
lever or cross a door. 
 Group with shock: slow avoidance learning  
 
Expectation of future lack of control: 

 Reduces motivation to perform an instrumental act 

 Makes it more difficult to learn that now their behavior can be effective in leading 
to avoidance 
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4. Anhedonia Test  

Anhedonia: decreased capacity to experience pleasure of any sort (Lustlosigkeit), which 
is a core symptom of depression. It arises from dysfunctional interactions between 
stress and brain reward systems. Anhedonia in rodents can be assessed by sucrose 
preference over water, willingness to work for food under Progressive Ratio Schedule 
or by intracranial self-stimulation (ICSS). 
 

a. Progressive Ratio Schedule 
Phase 1: water deprivation  animals are trained to press lever for water 
Remove water deprivation for 1 day 
Phase 2: Water deprivation (2h pre-test). Animals press the leveer for sucrose solution 
 

b. Sucrose preference test 
2 water bottles (one with sucrose).  Depressed mice drinks less sucrose water 
 

c. Intracranial Self Stimulation 
Rat presses lever to receive small electrical current because it fells pleasurable 
(1000/hour). They ignore food in favor of ICSS to the point of starvation. 
 
Animal Model for Anxiety-Like Behavior: 

1. Elevated plus maze of anxiety (EPM) 
Maze: two opposing open arms and two opposing enclosed arms. 
The model is based on the test animal's aversion to open spaces (height, new 
environment) and tendency to be thigmotaxic. In the EPM, this anxiety is expressed by 
the animal spending more time in the enclosed arms. 
EPM was introduced in the mid-1980s by Handley and Mithani. 
 
Measures: % time spent in open arms, % entries into open arms, total distance moved 
and central time 
 
Classical clinical anxiolytics (benzodiazepinesDiazepam/ Valium) do reduce anxiety in 
EPM  more time spent in open arms 
 

2. Classical (Pavlovian) Fear Conditioning 
It is a form of learning in which an aversive stimulus US (electrical shock) is associated 
with a neutral stimulus and context CS (tone), resulting in the expression of fear 
responses to the originally neutral stimulus.  
Presentation of CS (tone) alone leads to conditioned fear towards it.  

 

21. Neuro – Animal Stress Model for Depression and Anxiety 

In diesem Kapitel werden verschiedene Stress Modelle angeschaut. Diese werden 

benötigt, um bei Tier Modellen Depression und Anxiety ähnliche Symptome 

hervorzurufen.  

Stress Modelle: Prenatal, Postnatal, Maternal Seperation, Juvenile, Mild chronic stress 

Stress: 

 Stress occurs when mental, emotional and or physical demands exceed the 
regulatory capacity of the organism. 

 Situations that are highly unpredictable or uncontrollable are examples of highly 
stressful environments. 

 Such environments threaten the survival or coping ability of the organism. 

 When such threats occur, the nervous system responds by releasing stress 
hormones that help to put the organism in an alert state and be ready for action. 

 While moderate stress can be adaptive in helping the animal respond to the 
situational demands, chronic stress can have lasting negative consequences. 
 

Stressor: Stimulus that threatens animal’s physiological homeostasis 

 Physical vs psychological 

 Environmental vs. predicted 
 

Stress response: 

 The hypothalamic-pituitary-adrenal axis is a complex set of interactions between 
the hypothalamus, the pituitary gland and the adrenal. 

 The HPA axis regulate our temperature, digestion, immune system, mood, 
sexuality and energy usage. 

 It is also a major part of the system that controls our reaction to stress, trauma and 
injury. 
 

Effects of Stress on Brain and Behavior: 

When an organism is stressed, the sympathetic nervous system responds by increasing 
the secretion of adrenaline and noradrenaline from the adrenal gland. This results in 
enhanced heart and respiratory rate, sweating and decreased intestinal motility, as 
well as directing blood to muscles and away from organs. The HPA axis is a cascade of 
activation resulting in increased secretion of the primary stress hormone, cortisol, from 
the adrenal gland. 
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HPA axis 

 Production of corticotropin-releasing hormone (CRH) from the paraventricular 
nucleus of the hypothalamus. 

 CRH is released from the hypothalamus where it enters the pituitary gland and 
stimulate corticotropic cells. 

 The corticotropic cells respond to CRH with the release of adrenocorticotropic 
hormone (ACTH). 

 ACTH then travels to the adrenal glands through the blood stream. 

 The adrenal gland then releases the final stress hormone, cortisol. 

 Cortisol travels throughout the bloodstream increasing heart rate and releasing 
stored energy in the liver. 

 Cortisol goes up to the hypothalamus where it inhibits further CRH release. 
 

Glucocorticoid Receptors:  
➢ Mineralocorticoid Receptor MR 

 High affinity  

 Mediates initiation of HPA axis control 

 The distribution of MRs in brain is mainly restricted to limbic structures 
(hippocampus, septum, septohippocampal nucleus, amygdala) 
 

➢ Glucocorticoid Receptor GR 

 Low affinity receptor 

 Terminates HPA axis stress control 

 Increased sensitivity to corticosteroids during stress response with high density in 
the limbic system 
 

Psychological stressors: 

 require higher order processing and interpretation of sensory information, thus 
making connections with limbic and cognitive circuitry crucial for reacting to this 
type of stressor. 

 Specifically the amygdala appears to be critical in activating the stress response to 
cognitive emotional challenge and threat . 

 The hippocampal and prefrontal regions appear critical in the regulation of the 
stress response. 
 

1. Prenatal Stress PS 

Prenatal stress is exposure of an expectant mother to stress (by stressful life events /by 
environmental hardships). The resulting changes to the mother's hormonal & immune 
system may harm the fetus's /infant’s immune function and brain development. 
 

Human: 

 Most of our information about the long-term effects on the offspring of human 
mothers subjected to prolonged emotional disturbance and distress during 
pregnancy has been obtained from retrospective studies. 

 Such distress can result from natural (earthquakes, floods, freezing storms), man-
made disasters (war or terrorist acts) as well as from psychosocial nature (chronic 
interpersonal tensions, adverse conditions in the home or workplace). 

 About 10 - 15% of women experience symptoms of depression and anxiety during 
pregnancy. 

 In humans, prenatal stress (PS) is linked to an increased vulnerability for 
developing various psychosocial problems that are observed both in childhood and 
adulthood. 

 Human studies cannot enable one to rule out a contribution made by a genetic 
component or of an adverse postnatal environment to the infant behavior. 

o lack of a standardized measure of stress, 
o Inability to measure stress throughout pregnancy, or identify how long 

stress lasted, 
o  failure to control for possible confounding variables, such as prenatal 

care, nutrition, and the use of harmful substances . 
 

Animal 

 Such a differentiation between genetic and postnatal factors is more easily 
obtained from studies performed in experimental animals. 

 Animal studies help us understand, at least in part, the mechanisms by which PS 
might affect the animals' developing brain and behavioral outcomes, and generate 
working hypotheses about the underlying mechanisms occurring in humans. 
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HPA Axis by PS 

 

At least a component of this 
attenuation occurs through 
activation of hippocampal 
glucocorticoid receptors (GR), as 
shown in (A) above. Individuals 
exposed to stress during early 
development and/or excess 
glucocorticoids have reduced 
expression of GR in the 
hippocampus (B) leading to a loss of 
this feedback inhibition and an 
overactive HPA axis, both in the basal 
state and under conditions of stress. 

Fetal Programming 
Environmental conditions during embryonic and fetal development (during gestation) 
with risk of diseases later in life (mental health disorders). 
 
Stress during pregnancy: 
Research in the last 10 years has shown gestational stress is associated with increased 
incidence in the offspring of: 

 Anxiety and depression 

 Schizophrenia 

 Autism 

 ADHD 

 Cognitive impairments 
 

Animal Model: 

 1 group is exposed to stress during the 3 gestational weeks, or to a control, non-
stressed group. 

 Pregnant mice assigned to chronic unpredictable stress during gestation.  

 Stress was applied 3 times a week throughout pregnancy and distributed randomly 
throughout the week. 

 Chronic variable stressors included the following: 
o 36 h of constant light  
o 15 min of fox odor exposure  
o novel object exposure overnight  
o 5 min of restraint stress  
o novel noise (White) overnight  
o multiple cage changes throughout the light cycle 
o wet bedding overnight. 

Results: 

 EPM: Prenatally stressed animals spent less time on the open arms 

 FST: An antidepressant drug (given for 3 weeks) selectively reduced the 
duration of immobility in prenatally stressed rats in the forced swim test. 

 Sucrose preference test: Prenatal stress reduced sucrose preference in the 
offspring. 

 Pretreatment with an antidepressant drug led to significant modifications of 
hippocampal corticosteroids (HPA activity) and a prolonged release of 
corticosterone in response to novelty stress in prenatally stressed rats. 

 Prenatal stressed animals showed a significant reduction in SERT levels in the 
CA1 and CA2 regions of the hippocampus compared with control animals. 

 Pretreatment with an antidepressant drug led to significant modifications of 
the cortical 5-HT1A system (serotonergic system). 
 

Fazit: Maternal stress during gestation results in alterations in the offsprings’ 
behavior, brain and physiology: 

 Increased anxiety like-behavior 

 Increased indices of depression 

 Altered HPA axis activity  

 Altered cortical serotonin function 
 

Behavioral alterations of anxiety and depression-like behavior and HPA axis 
changes that result from prenatal stress are reversible with chronic 
antidepressant treatment. Alterations in brain, behavior and HPA axis are 
similar to those caused by prenatal stress in humans. 
 

2. Postnatal Stress  

Childhood Trauma 

 In the past decades there is high incidence of child maltreatment which was 
pronounced a public health problem of epidemic dimensions. 

 According to the National Center of Child Abuse and Neglect – 1.5 million cases of 
child maltreatment are annually reported in the US. 

 The cases represent incidents of neglect, sexual, physical or emotional abuse. 

 In addition to maltreatment, large numbers of children experience the loss of a 
parent, live with a mentally ill parent (not providing proper parental care). 

 Evidence from a variety of studies suggests that early life stress constitutes a major 
risk factor for the development and of mental disorders. 



48 
 

 Increased rates of major depression, post-traumatic stress disorder (PTSD), 
attention-deficit/hyperactivity disorder, and other behavioral disorders have been 
reported in adults with a history of childhood abuse. 

 Early life stress has also been associated with increased risk for other disorders, 
including schizophrenia and substance abuse as well as diabetes, heart disease, 
and immune disorders. 

 The manifestation or worsening of these psychiatric disorders in adulthood is often 
related to acute life events or ongoing stress. 
 

Animal Models 

 Among animal models of early life stress in rodents is repeated separations of rat 
pups from their mothers during the neonatal period. 

 In mammals, the mother is a source of infant nutrition and a complex infant-
mother relationship is evolved. 

 The mother provides essential thermal, somatosensory, olfactory, visual and 
auditory stimulation as well as maternal milk. 

 The maternal environment constitutes one of the most significant environment 
that any mammal will encounter throughout its life span. 

 Although it is extremely difficult, if not unfeasible, to model human life, preclinical 
studies may contribute to a better understanding of the neurobiological 
underpinnings of the early adversity as well as its consequences on behavior. 
 

Thus, it may be suggested that adverse experience during development may induce a 
vulnerability to the effects of stress later in life, predisposing these individuals to 
develop a wide array of mental and physical disorders that are known to manifest or 
worsen in relation to acute or chronic life stress. 
 
3. Maternal Separation 

Maternal separation results in increased anxiety- and depression-like behaviors and 
increased HPA response in adulthood. 
Parental care is increasingly implicated as an important modifier of stress effects during 
development in humans, and maternal deprivation paradigms are useful as 
developmental animal models of predisposition to depression. 
 
A number of maternal deprivation paradigms exist that utilize repeated periods of 
separation of preweaning rats from the mother. 
Preweaning rats are exposed to daily episodes of 3–6 h separation from the mother 
during a critical period in the first 2 postnatal weeks. 
Previously separated animals are then allowed to develop under normal conditions 
through adulthood, when phenotypic characteristics are evaluated. 

 
As adults, previously separated rats show behavioral abnormalities, including increased 
anxiety and fear responses, reduced motor activity, reduced social motivation, reduced 
hedonic responding, sleep and appetite disturbances, and 
endocrine and neurochemical alterations in stress-relevant systems.  
 
chronic effects of postnatal manipulation of the infant-mother relationship in rodents: 

➢ EH: Early handling: Pups aged P1-14. Isolation for 15min/day. Timo of isolation 
constant. 

➢ ED: Early deprivation: Pups aged P1-14. Isolation for 180min/day. Time of 
isolation constant 

➢ AFR: Animal facility rearing: Pups aged P1-14. Mother and infants exposed to 
human physical contact during cage cleaning but no additional procedure 

➢ NH: Non handlin: Pups aged P1-14. Complete absence of handling 
 

Results: ED rats show: 

 increased anxiety-like behavior  

 enhanced HPA axis respomsivness to stressors 3 

 a reduced preference for sucrose relative to handled controls or AFR rats. 

 These characteristics of the ED rats could be reversed with chronic (21 day) 
treatment with the SSRI paroxetine. 

 Less weight gain 
  
Conclusion: 
The present early life experimental manipulation offers a developmental model of 
anhedonia which is one of the core symptoms of depression. This study provides 
evidence for the predictive validity of this model, considering that the ED-induced 
deficit in motivation to obtain palatable reward was reversed by chronic treatment 
with fluoxetine as a reference antidepressant. This depression-like behavioural 
phenotype was associated with long-term neurobiological effects 
 
4. Juvenile Stress: 

During childhood the brain is still susceptible to adverse conditions, and trauma or 
chronic stress during this time can have additional unwanted longterm effects, 
particularly on mental state. 
The juvenile stress model examines the consequences of stress exposure at a later 
early-life period, the post-weaning, pre-puberty (juvenile) period, which holds greater 
resemblance to human childhood. 
The studies examine the impact of exposure of rats to stressors during ‘juvenility’ 
(‘juvenile stress’) on the ability of these animals to cope with 
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stress later in life. 
Exposure to relatively brief but significant stress experience during juvenility impairs 
the ability of animals to cope with stressful challenges in adulthood. 
This model shows dysfunctional cognitive processes, altered cortical activity. 
Depressive-like behavior is not influenced. 
The behavioral manifestations are associated with lasting alterations in 
limbic system brain regions. 
 
Rodents adolescence: 1. Early adolescence period: PND21-34 

2. Mid adolescence period: PND34-46 
3. Late adolescence period: PND46-59 
4. PND60: sexually mature (young adults) 

 
 There are major changes in stress responsiveness during 
adolescence in both humans and rodents. 
 

Animal Model 
Juvenile stress protocol comprised of 3 days of in tandem exposures to different 
stressors at PND 27–29. 

 Day 1: Forced Swim Test FST: 10 min 

 Day2: Elevated platform: 3x30min 

 Day 3: Foot shock: 3min of 6 foot-shocks 
 

Following completion of day 3 stress procedure, rats were returned to their home cage 
and were not handled until adulthood behavioral assessments. 
 
Results: 

 EPM: juvenile stress rats spent significantly  less time in open arms 

 Fear: Juvenile stress increased the freezing response to the conditioned tone 
 

5. Chronic Mild Stress CMS 

 The model involves repeated exposure to relatively moderate stressors:  
o Wet bedding. Constant lighting. Food/Water deprivation. 45° cage tilt. 

Low intensity stroboscopic illumination (150 flashes/min) 

 The stressors are applied randomly and applied continuously day and night.  

 The stressors are applied for a time period of 4/5 weeks 

 Non-stressed control animals are housed in a separate room. Food and water are 
ad-libitum. 
 

 

Result:  
The CMS procedure induces various long-term behavioral, neurochemical, 
neuroimmune and neuroendocrine alterations that resemble those observed in 
depressed patients. 
which are reversed only by chronic, but not acute, treatment with a broad 
spectrum of antidepressants. 

22. Neuro – Neurobiology Depression and Anxiety 

 

 

Major depressive disorder affects the dynamic connectivity among neuroanatomical 
structures involved in regulation of mood and stress response. Limbic structures 
(amygdala, hippocampus and nucleus accumbens) have reciprocal connections with 
‘para-limbic’ cortical areas, subgenual anterior cingluate and ventromedial prefrontal 
cortex (VMPFC). Hypothetically, disrupted ‘connectivity’ between limbic/para-limbic 
areas and rostral integrative prefrontal formations, results in compromised feedback 
regulation of limbic activity. Consequently, dorsal cognitive/executive network is 
hypoactive while overly active limbic areas continue to stimulate the hypothalamus 
leading to neuroendocrine dysregulation and sympathetic hyperactivity 
 

Major Dopamin Pathways: 1. Nigrostriatal 
2. Mesolimbic 
3. Mesocortical 
4. Tuberoinfundibular 
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Circuitry of  Depression: 

Dopamin: Important for reward seeking, motivation, ..  probably plays a role 
in pathobiology of depression 

 VTA-NAc: reward 

 Amygdala: Crucial for forming associative fear memories 

 Hippocampus: mediating declarative memory 

 PFC: working memory and executive control 
 
Antidepressant drugs enhance mesolimbic DA activity 
 

Noradrenergic  1. cell group: Locus ceruleus (LC) to cortex 
2. cell group: Lateral tegmental neurons to spinal cord 

 LC has in role in learning/memory, sleep-wake system, 
arousal/vigilance, reward, anxiety and depression 
 

The neurobiological relationship between NA and mood is poorly 
understood. 
The hypothesis that NA plays a role in the neurochemical pathology of 
depression raises the possibility that the activity and biochemistry of 
the noradrenergic LC is abnormal in this illness. 
Reserpine depletes brain monoamines by blocking vesicular 
monoamine storage. Individuals administered respirine develops 
depression. 
Rapid pharmacologic depletion of NA in patients taking noradrenergic 
antidepressants causes rapid relapse of depression. 
This latter finding demonstrates that NA is critical to the therapeutic 
action of noradrenergic antidepressant drugs. 
Inconsistent findings of NA levels and ints metabolites in depressive 
disorders. 
 

Serotonin  Rostral nuclei innervate most of the brain (incl. cerebellum) 

 Caudal nuclei have more limited projections that terminate in 
the cerebellum, brain stem and spinal cord 

 
The widespread innervation of the brain by serotonergic neurons is 
the anatomic basis for the influence of 5HT on many diverse brain 
functions. 

 Studies have found reduced levels of 5-hydroxyindole acetic acid 
(5-HIAA) in depressed patients. 

 In medicated remission depressive patients tryptophan depletion 
causes no significant behavioral effects. 

 Together, these findings suggest that depression is often, but not 
always, associated with a serotonergic deficit. 

 Evidence of a serotonergic deficit in depression predicts that 
drugs that are effective antidepressants should enhance 
serotonergic transmission. 

 The mechanism by which different antidepressant drugs regulate 
serotonergic activity appears to differ, but the net effect of 
enhancing serotonergic transmission is similar. 

 These preclinical findings are consistent with the hypothesis that 
there is a deficit in serotonergic transmission in depressive 
disorders that is normalized by antidepressant drug 
administration. 
 

1. Monoamine Hypothesis of Depression: 

The monoamine hypothesis of depression is being applied to elucidating how the 
trimonoamnergic neurotransmitter system regulates the efficiency of information 
processing in a wide variety of neural circuits that may be responsible for 
mediating the various symptoms of depression. 
 

 The hypothesis posits that depression is caused by decreased monoamine 
function in the brain. 

 It suggests that the entire trimonoaminergic neurotransmitter system 
(noradrenalin, serotonin, dopamine) may be malfunctioning in various brain 
circuits. 

 Direct evidence for the monoamine hypothesis is largely lacking. 

 a deficiency in serotonin, noradrenalin, and/or dopamine leads to depression 
 

Antidepressants  Antidepressants boosts the synaptic action of one or more of 
the monoamines. (by blocking presynaptic transporters) 

 Increase n these neurotransmitters should cause a return to 
normal state. 

 Cause immediate increase in monoamines (but no therapeutic 
effect) 

 Depression is caused by upregulation of monoamine receptors 
and antidepressants efficacy would be related to 
downregulation of these receptors 
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 The focus of the hypothesis for the etiology of depression has shifted from the 
monoamine neurotransmitters to their receptors and the downstream 
molecular events that these receptors trigger. 
 

2. The Monoamine Depletion Hypothesis of Depression: 

According to this hypothesis, the depletion of serotonin and/or noradrenaline triggers 
the development of depressive symptoms. 
 
Evidence  Drugs that deplete these neurotransmitters could 

induce depression 

 Animal models have shown that different disease 
process such as stress or drugs can lead to depression 
symptoms 
 

3. Monoamine Receptor Hypothesis of Depression: 

The neurotransmitter receptor hypothesis of depression extends the classic 
monoamine hypothesis of depression, positing that deficient activity of monoamine 
neurotransmitters causes upregulation of postsynaptic monoamine 
neurotransmitter receptors, and that this leads to depression. 
 
 Abnormality in receptors for monoamine leads to depression 
 
4. The 5HT1A Receptor Sensitivity Hypothesis of Depression:  

According to this hypothesis, depression develops due to abnormally increased 
5HT1AR function. 
Antidepressants down regulate presynaptic 5HT1AR. 
Serotonin reuptake inhibition by SSRIs increases serotonin levels upon completion of 
the adaptive desensitization of the presynaptic 5HT1AR. 
5-HT1A  Receptor that binds to serotonin 

 Mediates inhibitory neurotransmission 

 Induces peripheral vasodilation (decreased blood 
pressure and heart rate) 
 

5. The Neurotropic Hypothesis of Depression: 

This hypothesis proposes that depression results from decreased neurotrophic support, 
leading to neuronal atrophy, decreased hippocampal neurogenesis and loss of glia, and 
that antidepressant treatment blocks or reverses this neurotrophic factor deficit, and 
thereby reverses the atrophy and cell loss  
 

Neurotrophin proteins that induce the survival, development, and function 
of neurons.  
4 GF: NGF; BDNF, NT4/5, NT-3 
 

BDNF 
Brain derived neurotropic factor (BDNF) is a neuro-protective protein that regulates 
neuronal survival, growth and differentiation. 
In normal conditions BDNF sustains the viability of brain neurons, but under stress, the 
gene for BDNF may be repressed, leading to atrophy and possible apoptosis of 
vulnerable neurons in the hippocampus when their neurotrophic factor BDNF is cut off. 
 
 Antidepressant drugs restore BDNF concentrations and through this alleviates 
depressive symptoms. 

 
 
Clinical Evidence: Post-mortem analysis has detected decreased BDNF 

expression in the hippocampus of depressed suicide 
patients, and increased levels in patients medicated 
with antidepressants before death. 
Serum BDNF in living depressed patients is 
abnormally low, but can be restored following 
pharmacological antidepressant treatment. 
 

Argument against There a number of animal studies that have 
generated opposite results than that seen in human 
hippocampus. 
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The increased BDNF in the VTA and NAc induced 
depression-like symptoms. 
 

Neural Circuitry of Anxiety: 

Amygdala Hyperfunction 

 A study of healthy subjects found that reactivity of the amygdala was positively 
correlated with anticipatory anxiety. 

 Subjects who scored in the upper 15th percentile for anxiety show greater 
amygdala reactivity to emotional faces as compared to subjects who scored in the 
normative range, suggesting that anxiety-prone individuals have greater amygdala 
reactivity. 

 Hyperactivity of the amygdala in response to negatively stimuli also appears to be 
a common finding from a variety of clinical anxiety populations. For example, 
individuals suffering from social anxiety disorder show heightened amygdala 
responses to both social and non-social highly emotive stimuli as compared to 
healthy control groups. 

 Reduced symptoms in a public speaking situation following antidepressant 
treatment was associated with reduced amygdala reactivity. 
 

Gamme-Aminobutyric acid (GABA) 
 It is the major inhibitory neurotransmitter in the brain (specially cortex, 

hippocampus) Postsynaptic potential wird negativer  K+ rais oder Cl- rein) 

 Enhancement of GABAergic function is a highly effective approach for the 
treatment of some forms of anxiety. 

 Dysfunction of the central gamma-aminobutyric (GABA) system has long been 
associated with anxiety spectrum disorders. 

 In both human and animal studies, positive modulators of GABA receptors 
generally possess anxiolytic activity, while negative modulators produce 
anxiogenic-like effects. 
 

GABAB Receptor: 
a metabotropic receptor coupled indirectly via Gproteins to either calcium or 
potassium channels to produce slow and prolonged inhibitory responses. K+ geht raus. 
 
GABAA Receptor 
 ionotropic receptor which is fast-acting ligand-gated chloride channels responsible 
for rapid inhibition. Cl- geht rein 
 
Is composed from 5 sub units surrounding a channel that permeable to chloride ions. 
The GABA receptor cite is located in the extracellular domain of the beta sub-unit. 

Beside The GABA binding site, the GABAA receptor has other secondary binding 
sites: Benzodiazepines, Barbiturates, Steroids, Alcohol. 
 
Benzodiazepines: 
Benzodiazepines enhance the effect of GABA at the GABAA receptor, resulting in 
sedative, hypnotic, anxiolytic (anti-anxiety) properties. 
 
Role of GABA in Amygdala 
A number of lines of research in experimental animals have provided evidence for an 
important role of GABAergic neurotransmission in the amygdala in modulating anxiety-
related behaviors. For example, infusions of GABA or GABA receptor agonists into the 
amygdala decrease measures of fear and anxiety in several animal species while 
infusions of GABA antagonists tend to have anxiogenic effects.  
 
Anxiety Treatment: 

 Anxiolytics (by opposition to Anxiogens) 

 Sedative-hypnotices (part of CNS depressants) 

 Drugs: alcohol, barbiturates, benzodiazepines  reduces neuron excitability by 
enhancing the inhibitory effects of GABA 
 

Effects:  Relieving signs of tensions, worries and stress 

 Inducing a relaxing state 

 Higher dose would induce sleep  hypnotic effect 
 (Sedation  Sleep  Geneeral anesthesia  coma  death) 
 

Benzodiazepines:  highly effective for anxiety reduction  

 low incidence on tolerance  

 less severe withdrawal syndrome than barbiturates  

 safe therapeutic index 

 long lasting BDZ can be used as hypnotics, muscle relaxant 

 some can be used as anti-convulsants (epilepsy) or diazepam 
(valium) 

 not efficient in OCD and rarely prescribed in panic disorders 

 used in the prevention of alcohol and barbiturates withdrawal 
symptoms 
 

Drugs  Generally not used for deep anesthesia (as the barbiturates) 

 Useful for pre-anesthesia : relaxing without loss of 
consciousness (dental work or stressful diagnostic procedure) 
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 Sedatives effects even disappear after a week (with nearly no 
tolerance for the anxiolytic effects). 

 Anxiety relieving: worries (psych.) and relaxation (physio.) 
 

23. Neuro – Amnesia and Cognitive Decline 

Learning and Memory: 

 
Consolidation Sensory information is first stored in short-term memory 

and then selectively converted into long-term-memory 
Occurs after training/rehearsal and it increases in strength 
over time with repetition. 
 

Memory Retrieval When Long-term memory can be recalled. 
Recall puts memories into an unstable state and they 
must be reconsolidated to not be forgotten.  
Reconsolidation 
 

Reconsolidation Occurs upon review or repetition of the learned material. 
It involves neural processes that are similar to those 
involved in the original consolidation 
 

 
 
Long term memory Explicit/Declarative: intentional & conscious  

 Semantic for facts and Episodic for Events 
 

Non-declarative: tightly connected to original stimuli 
under which learning occurred 
 

Important brain structures:  Hippocampus 

 Prefrontal Cortex 

 Amygdala 
 

Amnesia: 

Def.  Partial or total loss of memory 

 Retrograde: Forget things you already knew 

 Anterograde: Inability to form new memories 

  
H.M. Bilateral removal of the hippocampal formation and allied structures 

caused temporally graded retrograde and a severe form of anterograde 
amnesia! 
 important implications for understanding neurobiological basis of 
learning and memory 

1. It supports theory of different forms of memory 
2. It indicates that the temporal lobe (hippocampus) is a critical 

neuronal substrate for specific forms of learning and memory 
3. Hippocampus is NOT the ultimate structure for long-term 

storages of declarative memories 
 

Amnesia – Neurochemical Aspects 

Amnesia by drugs (k.o tropfen)  anterograde memory impairments 

 Benzodiazepines BDZ (z.B Flunitrazepam) 

 BDZ-like drugs  

 Gammahydroxyvutyrat (GHB, Xyrem): CNS depressant. Low dosis: sedative effect. 
High dosis: metabolized to GABA and binds to GABA receptor 

 
Different alpha subunits of the GABAA receptor mediate different behavioral, cognitive, 
and physiological actions. 

➢ α1: Sedation, Addiction, Antegrade amnesia, anticonvulsant activity 
➢ α2: Anxiolysis, antidepression, cognitive impairments in schizophrenia  
➢ α3: Sensorimtotor gating, antihyperalgesia, myorelaxation, suppression of 

thalamic oscillations 
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GABAA receptor channels mediate an inhibitory response through their chloride ion 
permeability by generating an inhibitory postsynaptic potential (IPSP). Structurally, the 
GABAA receptor is composed of 5 transmembrane protein subunits. 

➢ BDZ (valium) and alcohol act as positive allosteric modulators. It causes a 
conformational change in the receptor, which increases GABA’s ability to bind 
to GABA receptor. (no effect if there is no GABA!) 

➢ GHB interacts with GABA receptors in ways that mimic those of their 
endogenous ligand GABA  similar signaling functions. Never combine GHB 
and alcohol! 

➢ FMZ (flumazenil) is a negative modulator. It decreases GABA’s affinity 
 

Hippocampus 

  

The hippocampal formation is a compound 
structure in the medial temporal lobe of the 
brain (dentate gyrus, cornu ammonis and 
subiculum). 
The hippocampal formation is thought to play 
a role in memory, spatial information, 
forming new declarative memories and 
control of attention. The neural layout and 
pathways within the hippocampal formation 
are very similar in all mammals. 

 

Studies on Hippocampal functions: 

 Morris water maze: in the acquisition of spatial reference memory parallel the 
magnitude of dorsal hippocampal lesions, but is hardly present following 
ventral hippocampal lesions. 

 

 8-arm radial arm maze: Complete and dorsal, but not ventral hippocampal 
lesions lead to impairments in reference and working memory in the 8-arm 
radial arm maze. 

 

 Fear conditioning: HPC lesion rodents have less freezing than control 
 

 Unconditioned anxiety: ventral hippocampal lesions to innate anxiety 
 

Prefrontal Cortex PFC: 

This brain region has been implicated in planning complex cognitive behavior, 
personality expression, decision making, and moderating social behavior. The 
prefrontal cortex in humans occupies a far larger percentage of the brain than in any 
other animal  Remote declarative memory  
Studies on PFC functions: 

 fMRI investigation in humans: Cognitive tasks which demand working 
memory activate PFC 
 

 DNMTP Task: PFC lesions lead to a delay-independent impairment in working 
memory. HPC lesions lead to a delay-dependent impairment in working 
memory 
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Fazit: 

 Not all deficits in working memory performance are solely accounted for by 
“cognitive” processes! 

 Delay-independent deficits may be attributable to deficits in attention, 
perseverative/stereotyped behavior and impulsive behavior 
 

 All functions:  

 
Molecular Aspects of Memory: 

Synaptic level: Complete within hours: 

 changes in syn. Connectivity and number 

 growth of new synaptic connections 

 restructuring of existing connections 

 axonal plasticity 

 variation of electrochemical gradients and synaptic 
biochemistry 

 long term potentiation LTP: strengthening of synapses  
 
 

  

➢ LTP: In Hippocampus (Schaffer Collateral) LTP depends on the activation 
of NMDA receptors, which induces an increase in the number of 
postsynaptic AMPA receptors and greater neurotransmitter release. 

 Knockout of NMDAR abolishes LTP 

 Mice lacking NMDAR in CA1 have impaired spatial memory 
as assessed in the water maze and radial arm maze 

 

  
System Level: Complete within days/month 

 Reorganization of brain regions that support memory 

 Time-dependetn shift in circuits that support memory 
recall 
 

Alzheimer In Alzheimer's disease, the hippocampus is one of the first regions 
of the brain to suffer damage; memory problems (especially spatial 
memories) and disorientation appear among the first symptoms. 
People with extensive, bilateral hippocampal damage (such as in 
patients with progressed AD) may experience anterograde 
amnesia—the inability to form or retain new memories. 
 

 

 


