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Principles of adaptive Immunity      
Kopf, VL1 22.2.2016 

 
Dendritic cells 
Macrophages  kill intracellular pathogens 
 
Neutrophils  first wave of defense 
Eosinophils  worms, infections 
Basophils  allergic responses 
Mast cells  
 
NK cells  lymphocates, non adaptive (no specific receptors) 
 
B cells 
T Cells  recognize antigen diff (alpha-beta T lymphoid, gamma-delta T  skin, intestine 
  regulate and orchestrate immune response 
 
CD4, CD8, NKT 
 
 they all communicate by: cytokines, chemokines (guide immune cells and cell contact  
ligands and receptors) 

Blood 
- Erythrocytes ( Male more than female),  
- Platelets 
- Leukocytes (granulocytes, monocytes, eosinophils, basophils, lymphocytes) 

 
production o f 10^11 cells every day 
proliferative capacity  loss of developmental options  functional maturity 
 
hematopoiesis  long term stem cell in bone marrow  short term hematopoietic stem cell 
develops to common myeloid progenitor or common lymphoid progenitor (B /T Lymphoc.) 
 

Tasks of immune system 
- body defense system 

- can distinguish foreign and self 
- eliminate foreign  only when 
dangerous 
- tolerate self  only when not 
dangerous 
 balance of self tolerance and 
immunity to pathogens, tumors, 
allergens and organ transplants 
 
 
 
 
 



 
INNATE IMMUNITY  non specific ADAPTIVE IMMUNITY  specific 

Immediate response (minutes, hours) Lag time between exposure and maximal 
response (+/- 7 days) 

Limited specificity (can distinguish between 
diff. types of pathogens) 

Highla antigen- specific (at atomic level) 

Exposure results in no immunologic memory 
(no difference between primary and 
secondary response) 

Exposure results in immunologic memory 
(secondary response faster and stronger) 

Communication between innate and adaptive Immune system: 
Cells of the non specific immune system become functionally more efficient upon exposure 
to a pathogen because of interaction with products of the specific immune system (eg. 
Antibodies and interleukines) 
 
T cell can be measured in blood only up to 1 week (activated after min/h) 

Cardinal Features of adaptive immune responses 
- specificity  mediated by specific receptors expressed on B cells (BcR = B cell receptors) 

and T cells (TcR) 
- diversity  B and T cell receptors have great variability due to DNA rearrangements 
- clonal expansion  B and T cells that recognize antigen become activated and proliferate 
- self limitation  the response wanes elimination of antigen 
- memory  second response is faster and stronger than the first 
- self/non self discrimination 

 
Diversity created by DNA rearrangement of BcR  and TcR 

 



additional diversity:  
juncitonal flexibility  DNA sequence variations 
introduced by the improper joining of gene 
segments during recombination  generates a huge 
repertoire of different T cell receptors and 
immunoglobulin molecules required for pathogen 
antigen recognition by T cells and B cells.  
Process: junctional diversity includes the process of 
somatic recombination during which the different 
variable gene segments of TCRs and 
immunoglobulins are rearranged and unused 
segments removed. This introduces double strand 
breaks between the required segments. These ends 
form hairpin loops and must be joined together from 
a single strand, which is very inacurrate that ends in 
variable addition or subtraction of nucleotides and 
thus generates junctional diversity. Several 
rearrangements of lambda variable subgenes can 
activate expression of an overlapping miRNA gene which has consequences for gene 
expression regulation. RAG Proteins (= recombination activating gene prot.) are responsible 
for single stranded cleavage of the hairpin loops and addicion of a series of palindromic ‘P’ 
nucleotides. TdT (terminal deoxynucleotidyl transferase, enzyme), adds further tandom N 
nucleotides. The newly synthesised strands anneal to one another bu gaps are filled by DNA 
synthesis and repair machinery. Junctional diversity is liable to cause frameshift mutations 
and thus production of non functional proteins 

Main stages of B cell development 
why not 2 B cell receptors? 
 due to specificity  recognition of an antigen  
clonality of adaptive response very important 
 
 
 
Development of a B cell after Antigen 
encounter 
 antigen (eg. Virus, bacteria, toxins…) binds 
to membrane IgM, B cells get activated and 
divide many times (clonal expansion) 
after clonal expansion, B cells mature into 
plasma cells which secrete antibodies. Up to 
2000 antibody molecules per second per cell 
 



Clonal selection 
Only the cell which is able to recognize the foreign antigen due to 
a fitting B or T cell receptor gets activated and selectively 
proliferates 
 

TcR  
recognizes small peptides (8-20 
amino acids) of proteins 
presented by major 
histocompatibility complex 
(MHC) molecules on antigen 
presenting calls (APC) 

 

CD 3 complex with TCR 
- Two polypeptide chains, alpha and beta, of roughly 
equal length 
- both chains consist of a variable (V) and a constant 
(C) region 
- alpha chain V region has a joining (J) segment 
- beta chain V region has both a J and diversity (D) 
segment 
- Hypervariable regions in V contribute to diversity of 
TCR 

- TCR recognizes portions of 
MHC molecule and peptide 
bound in the groove 
- small population of T cells has 
a TCR comprised of gamma 
and delta chains (so called 
gammadelta T cells) 

Major histocompatibility 
complex (MHC) class I and II 
proteins 

peptide binding groofes for MHC class I and MHC class II are structurally similar  
 both have a peptide binding groove with a wall of two alpha helices and a floor of eight 
beta pleated sheets 
 close ended groove for class I MHC requires 8-10 amino acid length peptide to bind, open 
ended groove for class II MHC lets it bind a peptide 13-25 amino acids long, not all of which 
lie in the groove ( open ends) 
- anchor site rules apply to both  
T cell receptor/ B cell r. bind specifically to one 
structure 
 
 



Antigen presenting cells (APCs) 
- Dendritic cells (DCs), macrophages (Mp), B cells 
- APCs express MHC class I and class II 
- APCs that have a foreign antigen bound to their MHC 

molecule can activate naïve T cells 
- APCs are infected of internalize antigen, process the 

antigen by digestion and display small fragments 
(peptides) of the antigen in context with MHC 
molecules on the cell surface 

MHC Genes and diversity 
More polymorphism (copies of each gene, one from mother, one from father  inherited 
diversity) in beta chain 
 Diversity of MHC exists at the level of the species (not within an individual) 
   Stems from polymorphism and polygeny 
 
MHC genes are highly polymorphic and have many variants  alleles differ from one 
individual to another by 5 % to 10 % (up to 10 amino acids); diversity is mainly found in the 
peptide binding cleft 
The MHC is so polymorphic that most individuals are 
likely to be heterozygous at each locus. Alleles are 
expressed from both MHC haplotypes in any one 
individual, and the products of all alleles are found on all 
expressing cells. In any mating, four possible 
combinations of haplotypes can be found in the 
offspring; thus siblings are also likely to differ in the 
MHC alleles they express there being one chance in four 
that an individual will share both haplotypes with a 
sibling.  

 
MHC molecules on a mouse antigen presenting cell  cell 
can have 6 diff. MHC1 and 8 diff. MHC2 
 
Diagram illustrating various MHC molecules expressed on 
antigen-presenting cells of a heterozygous H-2k/d mouse. 
Both the maternal and paternal MHC molecules are 
expressed. Because the class II molecules are 
heterodimers, heterolog  
 

Peptides are bound with different 
affinities by MHC 
 
 
 
 
 
 



MHC diversity: advantage for the individual and the species 
 the more different the MHC genes of the parents, the better the children are protected 
from infectious disease. A broad spectrum of MHC genes provides greater chance to 
recognize diverse pathogen structures which results in enhanced resistance.  
(eg. HLA heterozygosity delays AIDS progression) 

The choice of mates  
Experiments in humans and animals have demonstrated that choice of the mate is influenced 
by the ‘smell’ of the MHC  behavioural experiments in human 
 t-shirt experiment: fertile woman reacted negative to the smell of worn Tshirts of men 
with the same MHC, but they responded positive when MHC of the men was different 
 choice of perfume: women with similar MHC proteins prefer the same type of perfume. 
This suggests that the type of perfume tells something about the own MHC and signals this to 
potential partners with different MHC 
 
 the HLA smells 

Summary: Aspects of MHC  
 •  MHC molecules are membrane-bound. Recognition by T cells requires cell-cell 

contact.  
 •  Peptide from cytosol associates with class I MHC and is recognized by CD8 T cells 

(CTL).  
 •  Peptide from vesicles associates with class II MHC and is recognized by CD4 T cells 

(Th).   
 •  Although there is a high degree of polymorphism for a species, an individual has 

maximum of six different class I MHC products and only slightly more class II MHC 
products.   

 •  A peptide must associate with a given MHC of that individual, otherwise no 
immune response can occur. That is one level of control.   

 •  Mature T cells must have a T cell receptor that recognizes the peptide associated 
with MHC.  This is the second level of control.  

 t cells recognize peptides and learn to see which MHC are own or foreign 
 •  Each MHC molecule has only one binding site.   
 •  The different peptides a given MHC molecule can bind ; all bind to the same site, 

but only one at a time.  
 •  MHC polymorphism is determined only in the germline. There are no 

recombinational mechanisms for generating diversity.   
 •  Because each MHC molecule can bind many different peptides, binding is termed 

degenerate.   
 •  Cytokines (such as interferon- γ) increase level of expression of MHC.   
 •  Alleles for MHC genes are co-dominant. Each MHC gene product is expressed on 

the cell surface of an individual nucleated cell.   
 •  The high degree of polymorphism is required for survival of the species !!!   

B and T cells recognize antigen differently 
• B and T cells do not recognize the entity of an antigen  
• They recognize discrete sites on the antigen: antigenic determinants or epitopes  
• Epitopes are the immunologically active regions in an antigen, the regions that actually 
bind B- or T- cell receptors  



• B cell recognize an epitope of a tertiary structure of protein  
• T cell recognize processed antigens (peptides of processed proteins) presented by self 
MHC molecules  

Antigen Processing and presentation 
- Fragmentation of protein into peptides 
- Association of peptide with an MHC molecule 
- Transport to cell surface for expression 
- Different cellular pathways for association of peptide with MHC class I and class II 

molecules 

Antigen Presentation 

 
need of cell machinery to survive  cell is infected viral proteins are made in the cell 

steps in the presentation of antigens on MHC I 
molecules to CD8 T cells 
 uptake and processin of intracellular antigen  
derived from self or infection with viruses or bacteria 
 
MHC I presentation: proteasome  digests proteins 
 fragments into cell  calnexin stabilizes missfolded 
MHC I in ER  peptides test if they can bind   bound 
one goes to surface 

MHC I antigen presentation of cytosolic proteins 

 



different steps in the presentation of antigens 
on MHC II molecules to CD4 T cells 

proteins digested in endosome  to ER  
stabilisation of MHC by calnexin  
 
HLA DMA (also alpha and beta chains) do not go 
to surface  picks peptides, opens lid of MHC II 
and fixes peptide  to surface to represent 

Separate antigen – presenting pathways for 
endogenous and exogenous 

 
viral infections  would not be seen by CD8 without taking up from exo to endogenous 
 
 

T cell self MHC restriction  
- t cells recognize foreign antigen 
associated with self MHC 
- no calue for an individual to have T 
cells that recognize foreign antigen 
associated with foreign MHC 
- self MHC restriction occurs in thymus 
 foreign MHC only through 
transplantation of aliograft organ 
 



A particular TCR is specific for both antigenic peptide and a self MHC molecule 

 

MHC role in transplantation: principles of transplantation 
An immunocompetent host recognizes the foreign antigens on grafted tissues (or cells) and 
mounts an immune response which results in rejection (Host versus Graft) . On the other 
hand, if an immunocompromised host is grafted with foreign immunocompetent lymphoid 
cells, the immunoreactive T-cells in the graft recognize the foreign antigens on the host 
tissue, leading to damage of the host tissue (Graft versus Host) .  
Allograft rejection 
The clinical significance of the MHC is realized in organ transplantation. Cells and tissues are 
routinely transplanted as a treatment for a number of diseases. However, reaction of the 
host against allo-antigens of the graft (HvG) results in its rejection and is the major obstacle in 
organ transplantation. The rejection time of a graft may vary with the antigenic nature of the 
graft and the immune status of the host and is determined by the immune mechanisms 
involved  
 
Liver cirrhosis  without immunosuppression: hot recognizes foreign graft  
immunoresponse 
skin  many T cells, in transplanted organs T cells attack recipient 

Inbred mouse strains containing homologous chromosomes with MHC haplotypes for 
experimental immunology research  skin transplantation between inbred mouse strains 
with same and different MHC 

 
 

 
 
 



Host versus graft reaction 
The duration of graft survival follows the order, xeno- < allo- < iso - graft. The time of 
rejection also depends on the antigenic disparity between the donors and recipient. MHC 
antigens are the major contributors in rejection, but the minor histocompatibility antigens 
also play a role. Rejection due to disparity in several minor histocompatibility antigens may 
be as quick or quicker than rejection mediated by an MHC antigen. As in other immune 
responses, there is immunological memory and secondary response in graft rejection. Thus, 
once a graft is rejected by a recipient, a second graft from the same donor, or a donor with 
the same histocompatibility antigens, will be rejected in a much shorter time.  

Types of graft 
• Isograft (autograft) Grafts between members of the same species with identical genetic 
makeup (identical twins or inbred animals)  
• Allograft Grafts between two members of the same species (also known as allogeneic)  
• Xenograft Grafts between members of different species (also known as heterologous, 
xenogeneic or heterografts)  
 
 
  



Thymus – the school for T cells       
Kopf, VL2 23.2.2016 

 immature T cell precursors from bone marrow enter the thymus, mature T cells leave 
thymus (signal in thymus prevents development to B cells  only T cells are produced) 
 
in thymus: cells move down into medulla where dendrites develop 

T cells mature in the thymus and most of them die 
also there 
5*10^7 cells enter per day  1-2*10^8 constant cells 
in thymus  2*10^6 cells per day leave thymus  
 96% of cells die in the thymus without inducing any 
inflammation or any change in the size of the thymus 
(apoptotic cell death) 
 thymic macrophages phagocytose apoptotic 
thymocytes 
 

T cell development is marked by changes of cell surface molecules 
As T cell mature in the thymus they change their 
expression of TcR associated molecules and co-
receptors- These changes can be used as markers 
of their stage of maturation 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Process of Self MHC restriction in thymus 
- T cells with TCR recognizing self MHC molecules are retained – positive selection 
 (learn to recognize itself) 



- Retained T cells with TCR recognizing self peptide associated with self MHC are 
eliminated – negative selection  (too high affinity  killed (autoreactive) 
-Self MHC-restricted T cells are released  (in medulla, prevention of autoimmunity) 

Removal of useless cells 
- peptide is not recognised or irrelevant 
- thymocyte receives no signal, fails to be positively selected and 
dies by apoptosis 
 

Positive selection 
Peptide is a partial agonist  thymocyte receives a partial signal 
and is rescued from apoptosis, i.e. the cell is positively selected 
to survive and mature 
 

Negative selection 
Peptide is an agonist: thymocyte receives a powerful signal and 
undergoes apoptosis: i.e. the cell is negatively selected and dies.  
good fitting  negative selection  kills cells with high affinity 
 
 

 
 

The thymus accepts cells that fall 
into a narrow window of affinity for 
MHC molecules 
Positive and negative selection lead 
to very high death rates of cells  
only few are functionally and survive 
 

Thymocyte development in a nut shell 
medullary thymic epithelial cells express all 
kinds of tissue specific genes 
 

Mechanisms for induction of central T cell 
tolerance 
AIRE (autoimmune regulator) Transcription 
Factor is a master regulator of ectopic 
expression of peripheral  
tissue- restricted antigens in stromal cells of 

the thymic medulla.  
• Originally identified as a human autosomal recessive disorder known as APECED 
(autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy.  
• AIRE-/- mice exhibit wide spread organ-specific  
autoimmunity, such as ovary, retina testis, stomach.  
 



- Defect in AIRE gene leads to a defect in thymic selection and autoimmunity 
- AIRE allows for the expression of antigens to which T cells are negatively selected 

Summary: T cell development in Thymus 
- Progenitor cells migrate from the bonemarrow to the thymus  
- Thymus is the main source of T cells  
- T cell maturation and diversification: TCR rearrangement; decision to become CD4 (T helper 
cell) or CD8 (Cytotoxic T cell) single positive  
- Positive Selection: eliminates T cells unable to recognize self-MHC, is the basis of MHC 
restriction 
- Negative Selection: eliminates thymocytes bearing high affinity TCR for MHC-self peptide 
comple produces self-tolerance  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



Activation, proliferation and differentiation of peripheral T cells  
Kopf, VL3 29.2.2016 

T cell activation, proliferation and differentiation 
- CD4+ and CD8+ cells leave thymus and enter circulation. They are in a resting (G0 of the 

cycle)  
- Naïve cells recirculate between blood and lymph system every 12-24 h 
- CD4:CD8 T cell ratio in lymphoid organs ~2:1 
- 90-95% of peripheral T cells express TCR 

activation of naïve T cell results in primary response: 
 after 24 h, initiation of repeated rounds of cell division  
 differentiation into:  

- effector cells = cytokine producers, killers 
- memory cells = long lived, respond with heightened activity (secondary response) 

life of a mature T cell after contact 
with antigen 
B7 CD28  give T cell signal to 
produce growth factors  
Memory cells stay! 

Gene products  
- Immediate genes (within 30 min of 
recognition)  transcription factors  
- Early genes (within 2-12 hours from 
recognition)  interleukins, CD 
- Late genes (> 1 d later)  effector 

cytokines (IFN, IL) 
 
 

Two signal model for T cell activation 
Co-Stimulation of T cells by antigen presenting 
cells 
Co-stimulatory molecules are expressed by most 
APC including dendritic cells, monocytes, 
macrophages, B cells etc but not by cells that have no immune- regulatory functions such as 
muscle, nerves, hepatocytes, epithelial cells etc.  

Signal 1 is not sufficient  only partial 
activation  2nd signal is required  

Promotion and inhibition of T cell 
stimulation by different members of 
the CD28 family 
CD27 – B7  connection gives positive 
signal to T cell  activation of 
proliferation 



Negative signals  inhibits activation of T cell (CTLA4, PD1 (magic control of tumors )) 
Equal affinity of receptors (CD28 and CTLA 4)  balance of positive and negative signals 
When negative signals don’t work  autoimmunity!! 
 
Members of the Tumor Necrosis factor (TNF) receptor and ligand superfamily are essential 
for the crosstalk between APCs and T cells 
CD40  expressed on antigen presenting cell 
(APC)  contact to CD40L on T cell  
interaction of T cell and APC 

Two signal model for B cell activation 
T helper cells express CD40L after activation 
and costimulate B cells by triggering of CD40 
 
 

Mechanism of T cell activation  
IL2-IL2R expression 
 
Resting T cells  express IL2R beta and gamma 
chains but no alpha chain or IL2 
Activated T cells  the transcription factor NFAT 
binds to the promoter of the alpha chain gene of the 
IL2R. The alpha chain converts the low affinity IL2R to 

a high affinity form 
 
 
1. Antigen 
2. Costimulation  activates AP1 and NFkappaB to increase IL2 gene transcription by 3 fold, 
stabilises and increases the half life of IL2 mRNA by 20-30 fold, IL2 production increases by 
100 fold 

Anergy – activation without proliferation 

 



CD4+ T helper (Th) cells are the conductors that orchestrate immune responses 
- recruitment and activation of innate immune cells 
- help B cells in T development antibody responses (class switch) 
- help CD8 T cells in memory response 
 
two signals required for isotype switched antibody responses 

- cross linkage of the BCR (surface IgM) by specific antigen 
- helper signals from CD4 T cells specific for the SAME antigen (termed cognate help) 

CD4+ T help (Th) dependent B cell responses 
1. B cell activation by antigen mediated crosslinking of the cell 
receptor  results in upregulation of MHCII and B7 molecules 
(CD80/CD86) 
2. Antigen presentation to the T cell 
3. T cell activation, upregulation of CD40L, production of cytokines 
4. CD40 and cytokine mediated activation of the B cell 
 

- T cell cytokines direct isotype switch (IgG, IgA, IgE) 
- Allow somatic hypermutation within germinal centers 
- Allow the development of memory cells 

Th cells promote survival of CD8 memory T cells 
no CD molecule  no selection of CD 
T cells 
 
Memory CD8+ T cells require CD4 
help to survive 
(Gradual decrease in memory CD8+ T 
cell numbers in MHC class II knock 
out mice) 

CD4+ T helper (Th) subsets 
 distinct 
patterns of 
cytokines 
 

Th1 cells 
- intracellular infection (protozoa, bacteria, viruses) 
- IFNgamma is the key cytokine produced, which is essential for 
activation of macrophages 
 

beneficial role of Th1 cells  
- protection from intracellular microorganisms 
(bacteria, protozoa, fungi, virus) 
 
IFNgamma deficiency  high bacterial load, 
increased lethality, impaired nitric oxide 
production  huge lyph nodes, spleen, liver 



Th2 cells 
 associated with Helminth infection 
and allergies 
 
Beneficial roles of Th2 cells: 
promote clearance of infection with 
intestinal nematodes by production of 
IL4 and IL13 
 
IL4 or IL13 deficient mice  infected 
with nematodes (worm)  

Th17 cells 
Promote clearance of bacterial infection at mucosal surfaces (intestines, lung) and the skin 

 
 
 
 
 
 
 
 
 

CD4+ helper subset differentiation 
- C57BL/6 mice are protected from disease and mount 
predominant IFN-γ (Th1) response  
- BALB/c mice are highly susceptible (develop ulcerative 
skin lesions) and mount inappropriate IL-4 (Th2) response  
 
- knockout of IL4 or IL4R protects genetically susceptible 
BALB/c mice from disease 
 
- KnockoutofIL-12orIFNγ renders genetically resistant 
C57BL/6 mice highly susceptible to leishmaniasis  
 

Factors and conditions regulating T helper subset development 
- Cytokines (IL-4, IL-12, IFN-g, IL-6, TGF-ß) 
- Strength of T cell stimulation (e.g. antigen dose, TCR affinity, costimulation) 
- Type of antigen presenting cell 
- Pathogen associated molecular patterns (PAMPs) 
- Microenvironment (tissue) 
- Epigenetics 
- Diet (vitamins, lipids, oxidants) 
 



The cytokine environment directs Th subset development 

The Yin / Yan of Th1/Th2 
responses 

 
 
 
 

Subset specific transcription factors are the main regulators of Th subset development 
 
 
 
 
 
 
 
 
 
 

Th subset effector responses: A double 
edged sword responsible for protection 
and pathology 
 
 
 
 

Summary 
- CD4+ T cells play a central role in 

the control of adaptive immune 
responses 

- CD4+ T cells can be activated to secrete carious cytokines which in turn determines 
their function 

- The correct activation of CD4+ T cells determines immunity or death following 
pathogen encounter 

- CD4+ T cell differentiation is determined by the pathogen and the APC and the tissue 
environment 

 



Peripheral T cell Tolerance 
Kopf, VL 4 8.3.2016 

Control of autoreactive T cells in the periphery 
 central tolerance is not sufficient because not all self reactive T cells (and B cells) are 
deleted during development 
reasons: 
- peripheral tissue specific antigens not expressed in the thymus 
- expression of neo antigens (tissue damage, puberty; neo- antigens are expressed in specific 
age of individual eg. Lactation of mother after delivery  there needs to be tolerance to the 
milk; tumour  new mutated proteins ) 
- positive selection of specificities that exhibit weak self- reactivity but with the propensity 
for pathogenic auto reactivity 
- need for a peripheral repertoire that will protect from pathogens 

Peripheral T cell tolerance mechanisms 
- anergy 
- ignorance (immune privilege) 
- suppression (or dominant regulation) 
 regulated by  
- co stimulatory molecules (Signal 2) 
- cytokines/danger receptors (signal 3) 
- inhibitory molecules 
 T- regulatory (Treg) cells 
- dendritic cells 
- immune privilege 

Peripheral Tolerance: Suppression 
In some cases there are autoreactive T cells present, which are capable of reacting to their 
cognate antigen as presented within the host (but they are not anergic or ignorant), yet do 

not express this reactivity in the normal 
intact animal. These cells appear to be 
prevented from reacting by the presence of 
other T cells, a phenomenon which has been 
termed dominant regulation or suppression. 
Accordinggly, respective cells were termed 
Regulatory T cells (or suppressor T cells) 
 
 evidence for self reactive T cells in the 
periphery that are suppressed 

Regulatory T cells (Treg) 
- Regulatory T cells are a population of T cells that express the surface markers CD4+ and 
CD25+ and the transcription factor Foxp3 
- can be of thymic origin or generated in the periphery 
- inhibit proliferation and cytokine production of other T cells 
-inhibitory signals mediated by cytokine secretion (IL10, TGFbeta) and / or receptors (i.e. 
CTLA4) and many more 
- in vivo the cells can limit disease development and pathology 



Transcription factor FoxP3  
 essential for Treg development/ function 

- FoxP3 spontaneous mutations induce autoimmunity:  
- IPEX in humans: Immunodysregulation, polyendocrinopathy, enteropathy, X-linked 

syndrome  
- Scurfy in mice: inflammatory disease in many organs  
- FoxP3-/- (knockout) develop spontaneous autoimmunity due to absence of Treg cells  
 Fox P3 regulates the suppression of immune response 

- FoxP3 is preferentially expressed in CD4+CD25+ T cells  
- FoxP3 transgenic mice have increased frequency of CD4+CD25+ Treg cells.  
- FoxP3 retroviral transduction in non-regulatory CD4+CD25- T cells induces regulatory 

potential.  
- Phenotypically and functionally similar to naturally occurring lineage.  

- Genes induced by FoxP3 ?? ☞ currently under investigation.  
 
Pregnant women  highly upregulated FoxP3 to prevent abortion 

Functions of Tregs 
Foxp3+ Treg have been shown to suppress: 

- Autoimmunity 
- Inflammatory bowel disease (colitis) 
- Allergies 
- Spontaneous abortion of the foetus 
- Organ transplant rejection 
- Responses to various pathogens 

(especially persistent) 
- Recognition and rejection of tumour cells 

How do regulatory T cell suppress? 
T regulatory cells (TR) are stimulated in an antigen specific manner, but once activated they 
inhibit both CD4+  CD4 and CD8 responses in an antigen non-specific manner. CD25. They 
may act indirectly (at least in part) through APCs (i.e. by decreasing CD80/ CD86 on APC) 
In vitro models show that cell-cell contact (but no soluble factor) is required for suppression- 
In vivo, in some models, secretion of IL-10 and/or TGF-β by Treg is responsible for 
suppression 

Anergy – peripheral tolerance 
Naive T cells need co-stimulatory signals to become activated. 
The expression of these co-stimulatory molecules is restricted 
so that most tissue cells lack either B7.1/B7.2 (CD80/CD86) or 
CD40 or both. Most cells also lack class II MHC molecules. 
Thus tissue cells normally present a spectrum of peptides from 
their endogenously synthesized proteins on self MHC class I 
in the absence of co-stimulation. Interaction of such cells with 
autoreactive T cells leads to the T cell becoming refractive to 
later encounter with the same antigen even when co- 
stimulation is present. 
This refractory state is termed anergy. 
 



Ignorance – Peripheral tolerance 
It can be shown that there are in fact both T cells and B cells specific for auto-antigens in the 
periphery. 
In some cases these cells are quite capable of making a response but are unaware of the 
presence of their auto-antigens. 
Reasons include: 
1) antigen is present in too low concentration. 
Since all lymphocytes have a threshold for receptor occupancy, which is required to trigger a 
response, very low concentrations of antigen will not be sensed. 
2) Antigen sequestration: Some antigens are sequestered from the immune system at 
locations, which are not freely exposed to surveillance. These are termed immunologically 
privileged sites (e.g. eye  an infection of the eye is an evolutionary disadvantage) 

Immune privilege – peripheral tolerance 
- Sites of immune privilege include eye, testis and placenta 
- Immune responses are restricted within these sites to 
- prevent pathological damage 
- Both active and passive mechanisms operate in these sites to maintain the privileged 

status 

Passive mechanism of immune privilege 
- Sequestration of antigen 
- Poor lymphatic drainage - the majority of drainage from the eye goes to the spleen 
- Blood-tissue barriers - restricting the migration of leukocytes and creating distinct 

microenvironments 

Active mechanisms of immune privilege 
- Immunosuppressive microenvironment 

Interleukin 10 (IL-10)  
Transforming Growth Factor β (TGF-β)  

- expression of ligands for death receptors on T cells 
FasL (binds to Fas and induces cell death) 
TRAIL 

  



Autoimmunity 
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Autoimmunity = chronic inflammatory disease that results from a breakdown of tolerance 
- incidence of autoimmune disease increasing in industrialises countries 
- no cures!!! Although many treatments now allow near normal life-spans with most 
autoimmune diseases 
-typically are periods of flares and remissions, which an last from days to months and 
occasionally years 
-stress and infections can cause flares in the disease 

 
 organ specific and systemic autoimmune diseases in human 

Autoimmunity is more common in females 

 

Requirements for the development of autoimmune disease 
Genes + Immune regulation + Environment 

Autoimmune disease: genes and environment 
- The concordance rate for the development of common autoimmune diseases such as 
multiple sclerosis, diabetes and rheumatoid arthritis is only 20-40% 
- Environmental factors play an important role in the development of autoimmune diseases 
  pahogens 
  commensal bacteria 
  diet 



induction of autoimmunity 
- a failure of any mechanism of tolerance 
- pathogens may trigger autoimmunity – molecular mimicry 
- modification of self antigens 
- release of antigen from immunoprivileged sites 
 usually more than one factor will be involved in the initiation of the disease! 

MHC (HLA) and risk of autoimmunity 
 hereditary association  HLA genes with increased risk for various diseases 
  people with certain HLA alleles have a signigficant higher relative risk of getting / 
having a particular disease 
(eg: gluten-sensitive enteropathy, insulin dependent diabetes mellitus, MS, narcolepsy…) 

Molecular mimicry 
Autoimmune disease can occur when molecular structures of microorganisms have 
similarities to self molecule, which is called mimicry. The immune system (cross-reactive T 
cells or antibodies) then mistakenly attacks self molecules and cause autoimmune disease. 
Examples: 
- some antibodies raised against Treponema pallidum (bacteria) can cross react with certain 
erythrocyte blood group antigens, leading to anemia 
- antigens common to Trypanosoma cruzi and some Streptococcus A bacteria cross react 
with human cardiac muscle.  
- Antigens from the bacteria Borrelia burgdorferi mimic a self protein, which is expressed on 
the surface of most T cells, B cells and APC. This is the best documented example (=> 
Borreliosis, Lyme disease) 

Lyme disease 
 chronic arthritis induced by infection with Borrelia 
burgdorferi  
- OspA is a molecule of Borrelia b. that mimics the self molecule LFA-1 (CD18)  
expressed by leucocytes. ( adhesion molecule  allows T cell to get in contact with 
pathogen for longer time) 
- The HLA-DR1 allele presents peptides of both OsP and also LFA-1.  
- Individuals that encode HLA-DR1 
molecule have been shown to develop 
arthritis.  
- Molecular mimicry continued: similar 
protein sequences of pathogen and self 
molecules 

Modification of self antigens 
i.e. through the binding of certain drugs 
- haemolytic anaemia can be induced in 
susceptible people by taking penicillin, 
which can bind to erythrocytes. Anti-
penicillin antibodies can target the 
erythrocytes leading to hemolysis and 
anemia 
 



Th17 cells are essential for development of organ regulated autoimmune disease 
 
 
 
 
 
 
 
 
 
 
 
 
 

Multiple sclerosis 
Myelin forms a sheath around certain neurons allowing fast conduction of nerve impulses 
Schwan cells myelinate peripheral neurons, oligodendrocytes myelinate axons of the CNS 
 demyelination slows nerve impulses 
Symptoms vary, because the location and severity of each attack can be different. Attacks 
can last for days, weeks, or months. Attacks are followed by periods of reduced or no 
symptoms (remissions). Fever, hot baths, sun exposure, and stress can trigger or worsen 
attacks.  
It is common for the disease to return (relapse). However, the disease may continue to get 
worse without periods of remission. Nerves in any part of the brain or spinal cord may be 
damaged. Because of this, MS symptoms can appear in many parts of the bod 

Muscle symptoms:  
Loss of balance 
 Muscle spasms  
Numbness in any area  
Problems moving arms or legs  
Problems walking  
Problems with coordination  
Tremor in one or more arms or legs  
Weakness in one or more arms or leg  
 
Bowel and bladder symptoms:  
Constipation and stool leakage  
Difficulty beginning to urinate  
Frequent need to urinate  
Urine leakage (incontinence)  
 

Eye symptoms:  
Double vision  
Uncontrollable rapid eye movements  
Vision loss (usually affects one eye at a 
time)  
 
Other brain and nerve symptoms:  
Decreased attention span, poor judgment, 
and memory loss  
Difficulty reasoning and solving problems  
Depression or feelings of sadness  
Dizziness and balance problems  
Hearing loss 
 

MS risk  geographic association  sunlight, Vit D? 
• Caused by an immune response against myelin  
• Increased risk associated with MHC II haplotype HLA- DR2 on chromosome 6  
• Involves T cells, autoantibodies and activation of the complement cascade fragments C3a 
and C5a1  
• Animal models suggest a key role of Th17 cells  



Experimental models of autoimmune disease 
 experimental autoimmune encephalomyelitis 
(EAE)  A model for multiple sclerosis (MS) 
Commonly induced in susceptible animals by 
immunization with various proteins found in the 
myelin sheath such as myelin basic protein 
(MBP), proteolipid protein (PLP), and 
oligodendrocyte protein (MOG) together with an 
adjuvant such as complete freunds adjugant 
(CFA) 

IL 6 is essential for development of MOG induced EAE 

 
 similar results were obtained with mice lacking IL1! 

IL23 is essential for development of MOG induced EAE 
 
Mice lacking transcription factor 
RORgamma are protected from EAE and 
do not generate IL17 producing CD4+ T 
(Th17) cells 
 
 
 
 
 

Generation of humanized mice encoding a human susceptibility MHC (DRB1*1501) and T 
cell receptor from a MS patient 
 take mice that lack B and T cells, add gene for NK cells (from human) development of B, 
T and NK cells,  
HLA and TCR induce severe disease (complete paralysis shortly after diagnosis) 
HLA DR2a  relapsing remitting disease!   



MS Therapy 
- Glatirameracetat (Copraxone): a random polymer of four amino acids found in myelin basic 
protein namely glutamic acid, lysine, alanine, and tyrosine. -> Reduces frequency of relapses  
- Dimethylsulfat (induces anti-oxidative response by activation of the transcription factor 
Nrf2)  
- IFN-β  
 
Mice lacking IFNbetaR show exacerbated EAE 

Dilated cardiomyopathy 
A prevalent cause of human heart 
disease which is often associated with 
viral myocarditis, especially Coxsackie 
Virus B3. 
Chronic stages of disease appear to be 
mediated by a T cell mediated 
autoimmune response against heart 
muscle myosin 
Patients die due to dilated 
cardiomyopathy  heart failure 
because heart tries to compensate 

Autoimmune myocarditis (inflammatory heart disease)  model 
Cardiac alpha myosin, myosin peptide + CFA  
BALP/c; SWXJ 
 Myocarditis 
 
Similar to EAE, development of experimental autoimmune myocarditis is prevented in mice 
lacking either:  
IL6 / Il1 / IL23 / GM-CSF / RORgamma/ CD40 or CD40L 

Autoimmune myocarditis 
 infection with a coysackie virus (CVB3) 
leads to damage/death of heart muscle 
(cardiomyocytes) resulting in release of alpha 
myosin (sequestered self antigen). 
Dead/damaged cells and alpha myosin are 
taken up by dendritic cells (DC) which have 
been activated by CVB3 (bystander 
activation). DC present myosin and secrete pro inflammatory cytokines, which activate 
autoimmune CD4+ T cells that differentiate into pathogenic Th17 cells 
 
 
 
 
 



Bystander activation of dendritic cells 
Inflammatory cytokines or microbial products may non-
specifically activate Dendritic cells presenting self antigen.  
Result: The self-antigen which would normally be ignored, 
or result in induction of peripheral tolerance, activates 
autoreactive T cells leading to disease.  
 
 

Release of sequestered antigen  
Lymphoid cells may not be exposed to some self-antigens during their differentiation due to:  

  •  late-developing antigens   
  •  confined to specialised organs Release of these antigens, resulting from:   
  •  viral infection   
  •  accidental traumatic injury  

• surgery   
 may result in the development of an autoimmune response   

Diabetes Mellitus  
Main symptom hyperglycemia. The hormone Insulin plays a crucial metabolic role as a 
mediator of glucose transport across cell membranes and inhibitor of gluconeogenesis  
Type 1 DM (also called Juvenile diabetes) = insulin-dependent  
Lack of insulin due to destruction of pancreas islet cells.  
Mainly due to autoimmunity  
Type 2 DM (also called Maturity-onset diabetes) = insulin- independent  
Insulin resistance (e.g. the number of free insulin receptors on a cell is reduced)  

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  

Graves disease 
- mediated by antibodies specific for the thyroid 
stimulating hormone (TSH) receptor 
- unlike TSH, the autoantibodies are not 
regulated and overstimulate the thyroid 
- can be transferred with IgG antibodies 
- babies born to mothers with graves can show 
transient symptoms of hyperthyroidism, because 
antibodies of mother are transferred via placenta 
 
 



Hashimoto’s thyroiditis 
- characterised by intense cellular infiltrate into the thyroid 
- mediated by autoreactive T cells 
- inflammatory cell infiltrate leads to gland enlargement (goiter) 
and eventually gland fibrosis 
- the Inflammatory process leads to MHC II expression on thyroid 
cells possibly leading to increased T cell expansion 
 
Spontaneous autoimmune disease models 
 NOD mouse: develop insulin dependent diabetes mellitus 
(IDDM) 
 New Zealand Black x NZ White mice: systemic lupus erythematosus 

Therapies 
- conventional therapeutic approaches: anti- inflammatory and immunosuppressive reagents 
such as cortisone (naturally produced by adrenal gland) and methotrexate (antagonist of 
VitB9 = folic acid) 
- new therapies: reagents blocking activity of TNFalpha, Il6, Il1 with antibodies 
(antiTNFalpha, antiIL6R, antiIL1) or depletion of B cells with anti CD20 (treatment of SLE) 
- experimental/ new approaches: antibodies against pro inflammatory cytokines (IL6R, IL17), 
vaccination, altered peptide ligands 
Summary 
Autoimmunity occurs when the different mechanisms of tolerance fail, and the immune 
system attacks self-tissue  
The diseases are chronic, currently no cures are available, women are affected more than 
men  
The release of sequestered antigens, infections by pathogens and genetic predisposition play 
central roles in the induction of autoimmunity  
The diseases are typically mediated by self-reactive T cells and autoantibodies  
  



Hypersensitivities & Allergies 
Kopf, VL 6 8.3.2016 

History 
In 1902 Paul Portier and Charles Richet injected dogs with purified toxins from jellyfish 
followed by a second injection which led to vomiting, diarrhea, hypoxia, and death.  
This was called hypersensitivity indicating that it was an immune response, which was 
increased or heightened beyond what would be considered normal.  
Coombs and Gell later proposed that hypersensitivity reactions can be divided into 4 
different types.  

Hypersensitivity Reactions 
 refers to undesirable (damaging, discomfort producing and sometimes fatal) reactions 
produced by the immune system. 
 hypersensitivity reactions require a pre sensitized (immune) state of the host 
 hypersensitivity reactions can be divided into four types based on the mechanisms 
involved and the time taken for the reaction: 
  - immediate hypersensitivity reactions (Types I, II, III) 
 - delayed hypersensitivity reaction (type IV) 

Type I hypersensitivity 
Also known as immediate or anaphylactic hypersensitivity 
reaction may involve:  
- skin (eczema) 
- eyes (conjunctivitis) 
- nasopharynx (rhinitis) 
- bronchopulmonary tissues (asthma) 
- gastrointestinal tract (gastroenteritis) 
 
reaction may cause from minor inconvenience to death! 
reaction takes 15 – 30 minutes from the time antigen exposure 
sometimes the reaction may have a delayed onset (10-12h) 

Type I: IgE-mediated hypersensitivity  
Step One: Sensitization involves development of a Th2- dependent IgE response following 
encounter with an environmental antigen (allergen).  
Step Two: Subsequent exposure to the same allergen results in cross-linking of specific IgE 
present on the surface of mast 
cells and basophils.  
Step Three: Mast cells or basophils 
release preformed 
pharmacologically active 
mediators  
 

Acute Phase allergic reaction 
 •  Occurs within seconds to 

minutes of IgE receptor 
activation (mast cell 



mediator release) and resolving within an hour   
 •  Intense pruritus (itching), edema, erythema   
 •  Almost all effects can be replicated with histamine   

Late phase allergic reaction 
• A delayed inflammatory response (peaking at 4-8 hrs and persisting up to 24 hrs) following 
an intense acute phase reaction  

– Skin: erythema, induration, burning  
– – Lungs: airway obstruction poorly responsive to  
bronchodilators  
– Nose/eyes: erythema, congestion, burning  

•  Histology: mast cell degranulation followed by influx of first neutrophils and eosinophils 
followed by mononuclear cells   
•  Major portion of effects replicated by TNFa   
 
Histamine is responsible for 
- dilated blood vessels and increased blood vessel 
- activated endothelium  cell influx 
- irritated nerve endings  itching 

consequences of Type I hypersensitivity reactions 
Systemic Anaphylaxis  
• shock like and often fatal systemic reaction that 
occurs within minutes induced by a wide range of 
antigens including  - the venom from bee, wasp, or 
hornet  - drugs such as penicillin, insulin, and antitoxins  
- seafood such as lobster, nuts  
Mediated by endogenous substances mainly by histamine and leukotrienes, which increase 
vascular permeability and induce smooth muscle contraction vascular collapse and cardiac 
failure  
Localized anaphylaxis (Atopy)  
• Restricted to a specific target tissue often involving surfaces at the site of allergen entry  
• Atopy: A hereditary predisposition to mount localized anaphylactic reactions and an 
inappropriate high IgE response e.g. hay fever (rhinitis), asthma, atopic dermatitis (eczema), 
and food allergies  

Therapy of Allergic disease 
• Inhibition of IgE synthesis: Immunotherapy  
• Inhibition of IgE binding to receptor:  

– Monoclonal anti-IgE (Xolair or Omalizumab)  
• Inhibition of mast cell mediator release:  

– Topical corticosteroids  
– Cromolyn (blocks Ca influx into mast cells), nedocromil  

• Inhibition of mediator action:  
– Antihistamines  (block H1 and H2 receptors on target cells) 
– Leukotriene receptor antagonists  
– Topical and systemic corticosteroids  



Asthma – an immunological airway dysfunction 
- increased prevalence up to epidemic proportions 
- affects > 150million individuals in the world,  in 
westernized countries up to 7 % of population 

hallmarks of atopic asthma 
• Chronic airway inflammation. Infiltration of 
eosinophils, macrophages, Th2 cells.  
• Goblet cells hyperplasia and increased production 
of mucus  
• Structural changes (i.e. thickening of the airway 
smooth muscle, epithelial cell desquamation, 
disorganization of subbasement membrane).  
• Increased responsiveness of the airways to irritants 
(i.e. tobacco, air pollution) and, in most cases, 
allergens, which cause acute airflow obstruction in 
the small airways  

Asthma and allergy – the alliance of genes and 
environment 
Environmental influence:  
• Large regional differences in the prevalence of 
asthma and atopy  
• Allergic disease is more common in clean 
westernized environments  
•Asthma and atopy are less common in younger 
siblings  
• Asthma and atopy are less common in household 
with dogs and pets 
 
The genetic basis 
• Runs in families. Heritability as high as 75% • Higher in monozygotic than in dizygotic twin  
• Probably influenced by few genes with a moderate effect rather then many genes with a 
small effect or 1-2 genes with a dramatic effect.  
 
 linkage studies: family based designs that detect the 
co-inheritance (linkage) of genetic variants with the 
phenotype, linkage studies have good power to detect 
rare high risk disease causing alleles but are less 
effective at detecting more common risk alleles with 
modest effect sizes 
 genome wide association (GWA) studies for discovery of genes involved in asthma 

Th1 and Th2 balance 
 central to the development of asthma 
 
 
 



development of asthma – role of Th2 cytokines 

 

mouse asthma model 
analysis of bronchoalveolar lavage (BAL) 
by: 
- flow cytometry 
- differential cell counts 
- cytokines 
- antibodies 

Measurement of airway obstruction in mice by whole body plethysmography 
asthmatic mouse does not move much compared to normal mouse 

 
 
 
 
 
 
 
 
 
 
Studies in knockout mice 
lacking key Th2 and Th1 type 
cytokines were a breakthrough 

in understanding allergic airway responses (asthma) 
Reduced airway hyperresponsiveness (AHR) and mucus production in IL-4R deficient mice 
Enhanced airway hyperresponsiveness in allergic mice lacking IL12 or IFNgamma gene 
 
Asthma features in mice lacking Th2 cytokines  
 
 
 



IL4 receptors binding IL4 or IL13 
 

 
Cytokine balance  
 protective immunity (Th1)  
vs Allergic diseases, including 
asthma (Th2) 

Asthma less common in  
- younger siblings, children attending day care <1 y of life, household with dogs and/or other 
pets, children from farming households, children exposed to bacterial endotoxin, children 
with vaccinated against tuberculosis 
 
 decreased exposure to immune stimulating infections in early childhood is a cause of 
increased prevalence of allergic disease! 
 
 
 
 
 
 
 
 
 
 
  



Danger and Inflammation 
Kopf, VL 7 14.3.2016 

 
the dirty little secret (Charley Janeway Jr.) To induce an immune response, immunologists 
had to include crap along with non-self — the crappier the better, He proposed that that 
pathogen- associated molecular patterns are recognized by non-clonally distributed 
receptors found in the host  
 
Danger Theory (Polly Matzinger): This theory claims that immune responses are triggered by 
“danger signals,” or “alarm signals,” released by the body's own cells. According to the 
danger theory every immune response is not due to the presence of “nonself” (i.e., 
genetically foreign entities), but to the emission, within the organism, of “danger signals.  
 
Pattern Recognition Receptors (PRRs) recognizing Pathogen Associated Molecuar Patterns 
(PAMP) involved in sensing danger to microbes and self 

Defense in Drosophila 
In Drosophila, the Toll and Imd 
pathways confer host defense 
against pathogens. The Toll 
pathway regulates production of 
antimicrobial peptides against 
fungi and Gram-positive bacteria. 
Peptidoglycan Recognition Protein 
(PGRP)-SA is essential for activation 
of the Toll pathway in response to 
Gram- positive bacteria. 
Persephone is involved in the 
activation of the Toll pathway in 
response to fungi. 
PGRP-LC recognizes the invasion of 
Gram-negative bacteria and is 
required for activation of the Imd 
pathway, which is 
essential for responses against 
Gram- negative bacteria 
 
 

Bruce Beutler: The Scripps Institute, La Jolla. CA 
- Mapped a candidate gene that renders particular strains of mice (i.e. C3H/HeJ or 
C57BL/10ScCr mice) highly resistant to bacterial Lipopolysaccharide (LPS) 
- Identified Toll-like receptor (TLR) 4 as the candidate gene (Science Dec 1999) 
- Showed that TLR4 directly interacts with bacterial LPS 
 
 
 
 
 



Similarity of pathogen recognition receptors in fruit flies and mice or humans 
 

 
 
 
 
 
 
 
 
 
 
 
 

Toll like receptors (TLRs) and ligands 

humans have 10 functional TLR genes (mice have 12) 

different localization of 
TLRs: 
TLR3, TLR7, TLR9 are 
located in the endosome 
 binding receptor 
 
 
 
 
 
 
 
 
 



Toll/IL1 Receptor superfamily 
 same intracell. Domain (box1/2/3) =TIR 
Proteins with TIR domains can be divided into three 
subgroups.  
 
Subgroup a) have immunoglobulin domains extracellularly 
and include receptors that bind specifically endogenous 
ligands 
Subgroup b) is the TLR subgroup and have leucine-rich 
repeats extracellularly. 
Subgroup c) is the adaptor subgroup involved in signal 
transduction. 

TIR domain  overlay of structure in IL and TLR 
 

TLR signalling/ ILR signaling 

 
 IL1R also signals via MyD88 
NFkappaB (nuclear factor kappa B) pathway 
TLRs are on the cell surface or in endosomes facing inwards (topologically outwards) 
Microbes hide in cytosol  eg shiglla, listeria, most viruses 

The NOD-like receptors (NLRs) 
•  NOD: Nucleotide Oligomerization Domain 
•  cytoplasmic proteins 
•  regulate inflammatory and apoptotic responses 
•  More than 20 of these proteins in the mammalian genome including two major 
subfamilies called NODs and NALPs, and some other molecules (e.g. IPAF, Naip5/Birc1, and 
MHC class II transactivator) 
•  recognize microbial or endogenous danger molecules.  



•  form oligomers that activate inflammatory caspases (e.g. caspase 1) causing cleavage and 
activation of important inflammatory cytokines such as IL-1β and IL-18, and activate the NF-
κB signaling pathway. 
 
NLRs can be divided into 4 subfamilies based on the type of N-terminal domain: 
•  NLRA (A for acidic transactivating domain):CIITA 
•  NLRB (B for BIRs):NAIP 
•  NLRC (C for CARD):NOD1, NOD2, NLRC3, NLRC4, 
NLRC5  
•  NLRP (P for PYD): NLRP1 to NLRP14  
On the other hand, NLRs can be divided into 3 
subfamilies with regard to their phylogenetic 
relationships: 
•  NODs: NOD1, NOD2, NOD3 (NLRC3), 
NOD4(NLRC5), NOD5(NLRX1), CIITA 
•  NLRPs (also called NALPs): NLRP1 to NLRP14  
•  IPAF:IPAF(NLRC4),NAIP[7] 
In general, members of this family share a tripartite domain structure that consists of : a 
carboxy (C)-terminal Leucin-Rich-Repeat (LRR) domain, which is involved in ligand 
recognition; a central NACHT (also known NOD) domain for self- oligomerization and has 
ATPase activity; an amino (N)-terminal domain that is composed of protein-protein 
interaction cassettes, such as CARDs or pyrin domains 

NOD1 and NOD2 recognize bacterial peptidoglycans 

 

Cooperation of NLR and TLR pathways in bacterial defence 
Activation of both pathways  stronger signal 

 
 
 
 
 
 
 
 
 
 



NOD2 mutations and Crohn’s disease 
• Crohn’s disease is a consequence of a disturbance in the normal 
immunological unresponisveness to components of the intestinal 
microflora. The hyperresponsiveness to these components gives rise 
to a Th17 and Th1 cell mediated inflammatory response that 
underlies all forms of disease. 
• In 2001 two articles described a genetic linkage between NOD2 
polymorphisms and Crohn’s disease 
• NOD2 is now known to be important for production of defensin’s 
by Paneth Cells and macrophage activation. 
• Still unclear whether this represents a gain- or loss- of function 
mutation and how this leads to disease 

Activation of NLRs 
Via DAMPs or PAMPs as ligands  pairing of caspases  kinase activation  innate 
immunity 
NALPs are key for activation of inflammatory caspases 1 and 5 leading to secretion of 
Il1beta, IL18, IL33 

Interleukin-1 (IL-1) 
IL-1 is a general name for two distinct proteins, IL-1α and IL-1β, which have been identified 
first in 1984 
IL-1α/IL-1β are typically produced during an inflammatory response 
•  mainly by dendritic cells and macrophages 
•  but many other cells can produce them including epithelial cells, fibroblasts, 
keratinocytes, endothelial cells, hepatocytes, type II lung alveolar cells, osteoblasts, 
neutrophils, eosinophils, megakaryoctes, oligodendrocytes, neurons, Schwann cells 
Main function: 
•  immune system: defense against 
bacterial infection 
•  Cell migration: IL-1α/IL-1β upregulate 
adhesion molecules on endothelial cells 
allowing transmigration of leucocytes 
(neutrophils, monocytes, T and B cells) 
•  Bone formation and remodeling 
•  Fever induction (endogenous 
pyrogen) 
• Appetite regulation 
•  Insulin secretion 



Activation of IL1beta secretion 

 

NLRP3 activation 

 

inflammasome activation by PAMPs and DAMPs 

 



NLRP3 activation by crystals 

 

uric acid - gout 
gout (dt. Gicht) accumulation 
of uric acid 
•  Gout is one of the most painful 
forms of arthritis. 
•  It occurs when too much uric 
acid builds up in the body, which 
can lead to: 
- Sharp uric acid crystal deposits 
in joints, o)en in the big toe 
- Deposits of uric acid (called 
tophi) that look like lumps under 
the skin - Kidney stones from uric 
acid crystals in the kidneys 
•  1-3% 
of the 

population develop gout 
activation of IL1beta by uric acid crystals (MSU = monosodium 
urate)  NALP, Caspase1  IL1, IL18 
Cholcicine has been used to treat gout  it inhibits MSU 
endocytosis 
 it could be used to treat rheumatism, arthritis and gout 

Mutations in the NALP3 gene 
 Muckle wells syndrome (MWS)  
 Familial cold autoinflammatory syndrome (FCAS, FCU) 
 chronic infantile neurological cutaneous and articular 
syndrome (CINCA, NOMID) 
- autosomal dominant 



 gain of function mutations in NALP3 gene are responsible for autoimmune inflammatory 
diseases 
 
treatment of MWS patients with IL1 receptor antagonist = IL1Ra (Anakinra) 

Diseases with too active inflammasome 

 
NLRP3 inflammasome instigates obesity induced inflammation and insulin resistance 

Atherosclerosis 
• Chronic inflammatory disease affecting the arterial vasculature (myocardial infarction, 
stroke, cardiovascular disease)  
• Main risc factors: hyperlipidemia, hypercholesterolemia, diabetes, smoking, hypertension, 
obesity  
• Lipid deposition and oxidation in the artery wall  
• Important contribution of inflammation and immune cells  

 
+  enhanced disease 
-  reduced disease 
 
Predominant role of IL1alpha production by 
macrophages in atherosclerosis 
 
 
 
 
 
 
 



Fatty acid profiles in atherosclerotic lesions 

 
fatty acids selectivel induce IL1alpha, not IL1beta 
inflammasome – independent atherogenic IL1alpha 

Cholesterol crystals induce IL1alpha and IL1beta production

 
 

Oleic acid (Oleate) selectively induces IL1alpha, not IL1beta 

 
oleate induces foam cell formation in vitro and in vivo 
 



NLRP3 is activated in Alzheimer’s disease and contributes to pathology in APP/PS1 mice 

Pattern Recognition Receptors involved in sensing danger 
•  (PRRs) are expressed mainly by innate immune cells and recognize Pathogen Associated 
Molecular Patterns (PAMPs) and certain endogenous stress molecules. PRRs can be grouped 
as: 

  ☞ Membrane-bound PRRs 
• Toll-like receptors (TLRs) 
•  C-type lectin receptors (e.g. Dectin-1, DC-SIGN, Mannose receptor)  
• Scavenger receptors 

☞ Cytoplasmic PRRs 
✓ NOD-like recepors (NLRs) including 

•  NODs, nucleotide-binding oligomerization domain •  NALPs 
✓ RNA Helicases 

•  RIG-I 
•  MDA5 

☞ Secreted PRRs 
- collectins (e.g. mannan-binding lectin MBL) 
-pentraxins (e.g. SAP, CRP) 

 
 
 
 
 
 
 
 
 
 
  



Obesity and Insulin resistance 
Wolfrum1, VL 8 15.3.2016 

Obesity per se is not the problem, but the co-
morbidities associated with obesity and therefore 
the associated molecular pathways 

Obesity co-morbidities 
• Cardio-vascular diseases (CVD) 
• Insulin resistance/Typ 2 Diabetes 
• Hypertension 
• Cancer 
• Dyslipidemia (=Fettstoffwechselstörung) 
• Hepatic steatosis 
• Depression 
• Neurodegenerative disease 
 all linked/based on inflammatory events! 
 
 same co-morbidities for Lipodistrophia (extremely thin, can not store fat (adip. Tissue)) 

non alcoholic fatty liver disease: fat stored in liver because there is no other place 
to store (obese persons also get fatty liver because their adipose tissue is overloaded 
 alternative storage needed) 

 
Causes mechanisms Obesity mechanisms co-morbidities 

Causes of obesity 
- lifestyle 
- diet 
- genetics & epigenetics 
- diseases 
- and the close interaction of the causes (eg. Diet- gene interaction  some people can 

go to McDonalds frequently and don’t get fat) 
 

 
 



 

Liver 

 
Insulin resistance  1st step of development of diabetes 
 insulin is unable to singal  gluconeogenesis is always switched on (Foxo1 is in nucleus 
 activates genes for gluconeogenesis) 
 
 



Muscle cell 

 

Adipose tissue 

 
 



 
early diabetes type 2 can be treated with exercise & fasting (anti inflammatory!) 
 

  



Sepsis 
Kopf, VL 8 21.3.2016 

Sepsis = the most common cause of death in the non-coronary intensive care unit. Patients 
admitted with severe sepsis (24%) used up to 52% of the total budget spent 

Bacterial products (toxins) mediate sepsis 
In septic shock due to bacterial infection, circulatory insufficiency occurs when bacterial 
products interact with host cells and serum proteins to initiate a series of reactions that 
ultimately may lead to cell injury and death. These bacterial products themselves are 
harmful, and the widespread and unregulated host response 
to these substances results in the elaboration of an extensive array of chemical mediators 
that lead to further cell damage. 

Systems and mediators stimulated in septic shock: 
•  Pro-inflammatory cytokines 
•  Arachidonic acid metabolites(eg, leukotrienes, prostaglandins, thromboxanes) 
•  Complement system 
•  Coagulation cascade 

Bacterial toxins 
LPS binds to Toll like receptor 4 (TLR4) 

How cells recognize LPS 
(Lipopolysaccharides) 
• LPS binding protein (LBP) transfers LPS to 
CD14 (which does not contain a signaling 
domain). CD14 and LPS then complex with 
MD2 and TLR4 resulting in TLR4 activation. 
Intracellular signalling depends on binding of 
the intracellular TLR domain, TIR (Toll/IL-1R 
homology domain), to IRAK (IL-1R-associated 
kinase), This process is triggered by two 

adapter proteins: 
•  MyD88 (myeloid differentiation protein 88) 
•  TIRAP (TIR domain-containing adapter protein; also called Mal) and inhibited by a third 
protein Tollip (Toll-interacting protein). 
 
"When we sense LPS we are likely to turn on every defense at our disposal. We will bomb, 
defoliate, blockage, seal off and destroy all tissue in the area." 
 
Different sensitivity to bacterial endotoxin Lipopolysaccharide (LPS) 
 Human 50 ug 
 
 
 
 
 



Systemic inflammatory response syndrome SIRS 
 
 
Two or more changes in the 
following 4 factors:  
•  body temperature (>38; 
<36), 
•  heart rate (>90 
beats/min) 
•  respiratory function (20 
breath/min), 
•  peripheral leukocyte 
count (>12'000 mm3, 
<4'000 mm3). 
 
 
 
 

Sepsis = the systemic host response to infection with SIRS plus documented infection.  
Severe sepsis: sepsis plus end-organ dysfunction or hypoperfusion. 
Septic shock: sepsis with hypotension, despite fluid resuscitation, and evidence of 
inadequate tissue perfusion. 
Occurs in ~ 40% of patients with gram-negative bacteremia and 
in ~ 20% of patients with Staphylococcus aureus bacteremia. 
 

 
 



Intestinal Immunology and inflammation 
Kopf, VL 9 21.3.2016 

Mucosal surfaces 

 

Sampling of the wet surfaces and environment by the MALT 
Organized mucus-associated lymphoid tissue (MALT) found in:  
- nasal associated lymphoid tissue (NALT), i.e. tonsils, adenoid  
- bronchial associated lymphoid tissue (BALT) 
- gut associated lymphoid tissue (GALT), e.g. intestines 
MALT may be present either as single lymphoid follicles embedded in the wall of the tissue 
or as aggregated follicles such as Peyer's patches in the intestines, a specialized epithelium. 

Mucosal versus systemic tissues 

 
intestinal mucosa  total surface area = 450m^2 
 
 



Challenges for the GALT (gut associated lymphoid tissue) 
•  The mucosal membranes of the digestive tract must allow absorption of nutrients without 
responding against them and development of food allergies. 
•  Avoid responses against commensal intestinal flora 
•  GALT hast to mount an effective response against a vast number of pathogens, since 
mucosal surfaces are the most frequent entry of harmful microbes 

How do we maintain unresponsiveness to food antigens ?   Oral tolerance 
•  Numerous models have now demonstrated the phenomenon of oral tolerance against 
food antigens. Collectively these experiments indicate that systemic tolerance occurs after 
the oral administration of any soluble foreign protein given in the absence of adjuvant. 
•  This likely occurs through the entry of such proteins directly into the bloodstream and 
their subsequent dispersal throughout lymphoid organs resulting in presentation by local 
tolergonic DC in the absence of pro-inflammatory signals. 
•  Possible mechanisms of oral tolerance:  
- deletion of specific T cells 
- anergy of specific T cells 
- induction of specific regulatory T cells 
•  Regulatory factors: 
- antigen dose, nature of antigen, cytokine milieu, age 

Oral tolerance to food antigens 
 
 
 
 
 
 
 
 
 
 
 
 
 

Intestinal microflora: The gut ecosystem 
-  100 Trillion (1014) bacteria 
-  500-1000 species 
-  Dominated by just 2 (out of > 30) phyla of 
bacteria (i.e Bacteroides and Firmicutes) 
and one member of Archaea (i.e. 
Methanobrevibacter) 
 -  Most are UNCULTIVATABLE 
-  Characterized today by 16s RNA 
sequening 
 
most bacteria can not be cultivated! 



Gut microbes influence obesity 
Studies of genetically obese mice (ob/ob) and their lean heterozygous (ob/+) or wild-type 
(+/+) controls revealed that obesity in this model is associated with an increase in the 
relative abundance of the Firmicutes and a corresponding decrease in the relative 
abundance of the Bacteroides 
Colonization of wild-type germ-free mice fed a standard polysaccharide-rich chow diet with 
microbiota harvested from ob/ob mice resulted in adiposity (compared to colonization with 
Microbiota from lean mice) suggesting that obese gut microbiota has an increased and 
transmissible capacity to promote fat deposition 
Transplanting the gut microbiota from normal mice into germ-free recipients increases their 
body fat without any increase in food consumption, suggesting the composition of the 
microbial community in the gut affects the amount of 
energy extracted from the diet. 
 
 study: 12 unrelated obese men and women received a 
fat-restricted (FAT-R) or a carbohydrate- restricted (CARB-
R) low-calorie diet for 1 year and composition of 
microbiome was monitored before and during diet. 
Obese subjects had a lower relative abundance of the 
Bacteroides and higher relative abundance of the 
Firmicutes than lean controls. Over time, the relative 
abundance of the Bacteroides progressively increased, 
proportional to the degree of weight loss. These changes 
occurred in both the CARB-R and FAT- R groups 
 
 

Intestinal pathogens 
Bacteria 
- Vibrio cholerae 
- Enterotoxigenic Escherichia coli - 
Campylobacter jejuni 
- Yersinia enterocolitica 
- Listeria monocytogenes 
- Salmonella typhimurium 
- Shigellen 
- Helicobacter pylori 
- Clostridium difficile 
 
Viruses 
- Rotavirus 
- Poliovirus 
- Hepatitis A virus - HIV 
Protozoa 
-Entamoeba histolytica  
-Giardia lamblia 

Nematodes 
- Trichinosis 
- Trichuriasis 
- Strongyloidiasis  
- Ascariasis 
- Hookworm 
- Pinworm 
 
Cestodes 

- Tapeworm 
 

Trematodes 
- Schistosomiasis 
 
 
 
 

 
 
 



Compartmentalization 
Physical separation of intestinal and systemic 
immune cells: 
Commensal bacteria are found in high densities 
within the lumen of the lower intestine but are 
largely restricted from gaining access due to the 
physical epithelial and mucus barriers. However, 
small numbers of commensals are allowed to 
penetrate through the epithelial barrier into 
specialized inductive sites known as Peyer's 
patches or isolated lymphoid follicles, where they 
are picked up by DC or phagocytosed and 
destroyed by macrophages. DC presenting 
commensal bacterial antigens can traffic only as 
far as the mesenteric lymph nodes, which form 
the barrier between the mucosal and the 
systemic immune system 
 

Physical defense mechanisms 
•  Stomach acid 
•  Epithelial cell layer (enterocytes and tight 
junctions) 

•  Enzymes & anti-microbial peptides 
(lysozyme, defensins produced by Paneth 
cells). 
•  Mucus (produced by goblet cells) 
 
M cells  uptake of microbes  dendritic cells take response up  B, T cells  induce 
immune response 

 



Organization of the GALT 
The organized tissues of the PP and MLNs are involved in the induction of immunity and 
tolerance, whereas the effector sites are scattered throughout the lamina propria and 
epithelium of the mucosa. 

 

Peyer’s patches 
•  PP are overlaid by a specialized epithelium called the follicle-associated epithelium (FAE). 
•  FAE is composed of enterocytes and specialized M cells. 
•  Goblet cells are infrequent and hence the FAE is not covered by a thick layer of mucus and 
so forms a direct contact with the luminal contents. 

M cells  
•  M cells are specialized epithelial cells overlying lymphoid tissues and lacking gylcocalyx or 
microvilli. 
•  M cells take up luminal antigens by endocytosis, lymphocytes sit within  pockets  at the 
base of M cells. 
- M cells then release the luminal antigens to underlying DC which go on to prime an 
immune response by activating naïve T and B cells within the PP 

 
 

 
 
 



GALT effector cells and their location 

 

How do lymphocytes find their way to the intestines 
•  Different adhesion molecules and chemokines govern the migration of lymphocytes to 
different tissues 
•  T and B cells homing to 
intestines express α4β7, which 
binds to MAdCAM on mucosal 
endothelial cells. Note: otherwise 
activated T and B cells express 
α4β1, which binds VCAM 
•  Intestinal epithelial cells 
produce chemokines CCL25 and 
CCL28, which 
recruit lymphocytes expressing 
CCR9 and CCR10, respectively. 
 
A subset of naive CD8+ T cells recognizing antigen in GALT, but not peripheral LNs, 
selectively retains CCR9 expression and is targeted to the small intestinal epithelium (IE). 
Selective expression of adhesion molecules such as α4β7 and αΕβ7 can contribute to this 
tropism. Within the small intestine, CCL25 produced by IE mediates homing of effector CD8+ 
T cells by promoting rapid adhesion, transmigration, and entry of cells into the IE. 

Vitamin A regulates intestinal T and B cell responses 
•  30yearsago:vitaminAdeficientratsshowanimpaired migration of lymphocytes to intestinal 
mucosa 
•  VitaminAdeficientratsshowalsoamarkeddecreasein the number of IgA-secreting B cells and 
CD4 T cells in the ileum 
•  VitaminAhasbeenshownindevelopingcountriesto reduce infant mortality from persistent 
diarrhea caused by infectious organisms 



- The Vitamin A metabolite Retinoic Acid (RA) enhances expression of gut-homing receptors 
(α4β7 and CCR9) and therefore imprints them with gut tropism 
- Retinoic acid (RA) promotes the differentiation of FOXP3+ cells and inhibits Th17 cells in 
the intestines 

 

Inflammatory Bowel Disease (IBD) 
•  IBD is a chronic and relapsing inflammatory condition which affects the distal small 
intestines and the colon in a transmural manner (Crohn s disease) or only the colon in a 
superficial manner (ulcerative colitis) 
•  affects 1 in 500 people in westernized countries 
•  IBD results from inappropriate inflammatory innate and adaptive immune responses 
against intestinal commensal bacteria. 
•  Conditional knockout mice lacking the transcription factor NF-kB selectively in intestinal 
epithelia develop spontaneous IBD due to death of epithelial cells. 
 
Experimental models: 
1) treatment with chemicals (such as 
Dextran Sulfate Sodium, DSS) causing 
epithelial cell damage and innate 
inflammatory immune response 
 
2) T cell adoptive 
transfer into 
lymphopenic mice 
 
 
 
 
 



Disturbed balance of Th17 and Treg cells promotes IBD 

 
Inflammatory responses to commensal bacteria cause chronic disease 
 proinflammatory cytokines involved in IBD: IL6, IL23, IL17 

Current and future directions for the treatment of IBD: 
Conventional treatments: 
- broad spectrum immunosuppressive drugs - antibiotics 
- surgery 
New treatments: 
-  selective blockers of inflammation (antibodies against TNFα, IL-6, and IL-23 
Needed: 
-increased understanding of immune dysfunction leading to IBD 

Summary: 
1.  The intestine has developed a specialized and separate immune responses due to the 
ubiquitous presence of intestinal bacteria.  
2.  We cope with food antigens by inducing systemic tolerance  
3.  We cope with intestinal bacteria by systemic ignorance and the induciton of protective 
but local non- inflammatory responses.  
4.  The gut creates a special microenvironment that imprints  T and B cells with a non-
inflammatory phenotype.  
5.  Mounting an inappropriate immune response against intestinal bacteria leads to 
Inflammatory Bowel disease 
  



Cardiovascular disease (CVD) 
Wolfrum, VL 10 22.3.2016 

- No 1 cause of mortality  
 stroke, heart attack… 
 
• Refers to diseases of the heart 
(“cardio”) and blood vessels (“vascular”) 
• Typically affects: 

– the ability of the heart to pump 
or 

– the ability of the blood vessels 
to deliver blood  
• Arteries bring 
oxygeneated/nutrient rich 
blood to 
where it is required 
• Coronary arteries provide the 

heart with blood ( insufficient 
supply to heart) 

 
Why in arteries? 
- higher blood pressure in arteries  higher strain  rupture 
- nutrients transported in arteries  problem 
 
decrease in cancer related death  better cure 
death rate stabilized, but nr of incidents increased 

Major forms of Cardiovascular Disease (CVD) 
• Atherosclerosis: progressive narrowing of the arteries typically caused by fatty deposits ( 
downstream diseases below!) 
• Coronary Artery Disease (CAD)/ coronary heart disease 
(CHD): atherosclerosis of the coronary artery  disrupted 
heart function, can lead to heart failure 
• Heart Failure 
• Hypertension (high blood pressure) (can lead to heart 
failure) 
• Cerebrovascular disease 

Arteriosklerose – Atherosklerose 
Arteriosklerose: Alterung und hämodynamisch bedingte 
Veränderungen der Arterienwand, 
an erster Stelle die Kalzifizierung (Lobstein JF) 
Atherosklerose: Bezeichnet die Arteriosklerose- begleitende 
Intimaverfettung der Arterienwand (Marchand F.)  first 
reference to lipids! 
 
- very slow progression, not noticed, silent (similar to 
hypertension 
healthy  early stage a.  mid stage late stage 



large plaque  increasing risk of breaking up  cause thrombosis elsewhere (where vessels 
are smaller) 

 
plaque  inside arterial wall  increasing size  breaking up of arterial wall 

 
 
 
 
 
 
 
 
 
 
 

Major consequences of atherosclerosis 
1. Atherosclerosis can reduce the elasticity of the arteries, making them less able to respond 
to demand and putting more strain on the heart (normal: adaption to stress  
dilation/contraction of arteries needed)  increased strain, work for heart 
 
2. Atherosclerosis can cause an aneurism, a dilation of the artery, which can eventually 
rupture, leaking blood into the surroundings (haemorrhage) (blood in brain kills neurons!) 
immobilization  blood clot formation (thrombus)  higher risk  
 
 3. Atherosclerosis reduces blood flow and can completely block blood flow if a thrombus 
(blood clot) gets lodged there 

Myocardial Infarction (MI) 
A myocardial Infarction (heart attack) can occur when there is an absence of blood flow to 
the heart. This is most often caused by coronary artery disease (atherosclerosis of an artery 
in the heart) 
 heart can not pump efficiently anymore 
today less problems with MI, because blood clots can be resolved easily 
 
 



Stroke 
Ischemic strokes: (80%) caused by lack of blood flow to brain typically due to thrombus + 
atherosclerosis  
– 1. Thrombotic stroke: Thrombus starts in artery near brain 
– 2. Embolic stroke: 

• Thrombus develops somewhere else in body and travels to the brain 
 
• transient ischemic attack (TIA) 
Is caused by a temporary disruption of blood flow to brain; ‘mini-stroke’; warning sign 
 body can deal with clot  
 good indicators for problem! 
 
Hemorrhagic stroke: (20%) are caused by uncontrolled bleeding in the brain 
– Disrupts normal blood flow, kills brain cells 
– Can be caused by weakness of the artery wall 
• Aneurysm: weakened vessel full of blood 
• Arteriovenous malformation (AVM): malformed blood vessels in the brain that make the 
artery weak; typically present at birth 
blood clot does not necessarily need to cause an insufficient supply of brain area but can 
press on certain areas 

longitudinal study 
 to understand basics of artherosclerosis 
 The Framingham Study: 
Identifying the risk factors for CVD 
• Begun in 1948 in Framingham, Mass 
• 5000+ volunteers (in beginning, today 100’000) 
• On 3rd generation now! 
• Monitored at 2-year intervals 
• Made associations between CVD death and lifestyle behaviours/ non-changeable factors 
• Coined term “risk factors” 

Risks 
 prediction of progression, understand underlying mechanisms  
 which can be changed, which make sense to be changed 
 
• Major Changeable  Hypertension, high blood cholesterol (transported by lipoproteins), 
tobacco smoke, physical inactivity, obesity, diabetes 
• Minor Changeable  Stress, fish consumption ( lower risk), high alcohol consumption 
• Non-Changeable  Age, male gender, heredity, ethnicity 
 
Hypertension = high arterial blood pressure 
– Can cause damage to blood vessels, put extra strain on the heart 
– Cause of hypertension can be unknown. However, high body fat, high salt intake, lack of 
exercise are known risk factors causing hypertension, genetics 
 hypertension is a changeable risk factor, but certain reasons of hypertension can not be 
changed  non changeable environmental aspects 
 
 



High serum (blood) cholesterol 
– Typically caused by eating too much 
saturated fat 
- Can deposit in artery walls 
- Correlation between atherosclerosis and 
cholesterol 

• LDL/VLDL = “bad” cholesterol  form 
plaques 

– Recall: ox-LDL deposits in artery walls, forms plaque 
• HDL = “good” cholesterol (may be protective or just a lower risk (unclear)) 

– Lowers ox-LDL deposition in artery walls!  
– HDL is a reverse cholesterol transporter 

Tobacco smoke 
• Nicotine can cause lesions in the artery wall 
• Carbon monoxide in cigarette smoke is doubly damaging 

– causes lesions in the artery wall 
– decreases the ability of the blood to transport oxygen  hypertension  

Physical Inactivity: 
 exercise can lower blood pressure, increase HDL and lower LDL and VLDL, reduce stress, 
maintain body weight and control type II Diabetes. 

Obesity/overweight 
Especially abdominal obesity – Can lead to hypertension, low HDL, type II 
diabetes 

Diabetes Mellitus 
impaired ability of the blood to store glucose (sugar) 

Stress 
increases blood pressure, increases blood clotting, can increase cholesterol levels 

Fish intake 
Cold water fish fat  inverse correlation with CVD 

Alcohol 
low daily intake (1-2 glasses per day) of alcohol has been associated with lower risk of CVD! 
However, high intake can damage the heart muscle and increase CVD risk. 

Age  
the older you are, the higher the risk , degenerative disorder 

Gender 
males are at higher risk than females. 
Biological difference or cultural difference? 

Heredity 

Ethnicity 
Higher risk in African Canadians, Latinos, Aboriginals and South Asians ( already start 
developing CVD at BMI of 23!) 



Prevention of CVD 
• Primary prevention looks to reduce risk factors to prevent a disease before it starts 
– Ex’s: eat healthy, exercise 
• Secondary prevention focuses on treatment and early detection to prevent morbidity and 
mortality after a disease has started 
– Ex’s: treatment of an event,  

Treatment of CVD 
• The decline in the cases of CVD-related deaths in North America is mainly due to medical 
advances such as 

– Heart transplants (only at complete failure) 
– Artificial hearts: now used as a bridge during surgery, possible permanent devices 

in the future  
– Implanted pacemakers 
– Coronary artery bypass surgery: replacing blocked/ narrow coronary arteries with 

healthy segments of other arteries 
– Angioplasty: enlarging an artery by using a balloon-type instrument  early 

prevention (‘Stents’) 
 
 

CVD (cardiovascular diseases) II 
Wolfrum, VL 11 04.04.2016 

 
Fatty acids,  
Cholesterol  
LDL, HDL 
 
In regard of:  uptake 
  transport 
  tissue internalisation 

 Lipids Proteins = Apolipoproteins 

LDL (low density lipoprot.) 
Least lipids 

Cholesterol (C) 
Cholesterol esters (CE) 
phospholipids (PL) 

ApoB100 

HDL (high density l.) C, CE, PL ApoA1 

VLDL (Very low density l.) 
 most lipids 

T6, C, CE, PL ApoB100 

Chylomicrons T6, C, CE, PL ApoB48 

 
Lipoproteins to:  
 Transport 
 Directional Transport 
 Metabolise Lipids 
 
 
 
 



 
VLDL  B100 

 
 



 
 
Where to address Cholesterol? 
 LDL Receptor (LDLR)  less circulating LDL? 
 NPL1L1 Receptor  Ezetemibe (less Cholesterol taken up from intestine) 
 FA synthesis in liver  prevent 

HDL metabolism 

 



LDLR mediated uptake 

 
Inhibition of PCSK9  by ‘PCSK9 inhibitors’ to control LDL internalisation 
PCSK9 does not bind to LDLR   no lysosomal degradation but recycling of 
LDLR  more internalisation of LDL 

Cholesterol Biosynthesis 
Keine struktur behandelt! NP

 



Plaque formation 
Macrophages  address Bact, viruses… 
 

 

 
 
 
 
 
 
 



Blood Pressure 
Wolfrum, VL 12 05.04.2016 

Blood pressure depends on   Blood pressure can be decreased by 
 cardiac output   - decreased output 
 vessel diameter   - increased vessel diameter 
 blood volume   - reduced volume 

 
high bp also through 
muscle contraction  
 
 
 
 
 
 
 
 
 

 
 Systolic diastolic 

Normal <120 <80 

Prehypertenstion 120-139 80-89 

Hypertension I 140-159 90-99 

Hypertension II >160 >100 
 
Young person, healthy with prehypertension  does not need to be treated 
But person with familiar history, 2 attacks  needs to be treated 
 
- essestential prim. Hypertension: 90% of patients  unknown cause, obesity 
- secondary hypertension  disease, kidney failure, aortic obstruction… 
 
Hypertension is caused by either an increase in systemic vascular resistance (SVR) or an 
increase in cardiac output (CO). 
SVR is determined by the vascular (resistance of vessels) CO is determined by heart rate and 
stroke volume. 
 
Hypertension 
-  Approximately one in 3 American adults has hypertension. 
-  As many as 4.2 million children also have high blood pressure. 
-  The prevalence of hypertension increases with age. 
 
 
 



Cause of hypertension 

 
Insulin resistance ~ Diabetes 
Temporary hypertension  exercise   need of higher BP to get enough O2 under work 
condition 
Sustained hypertension  when hypertension is ‘normal’ 

Problems of hypertension (downstream of effects!) 
1. Increased dilation of vessels 
2. Endothelial stress  
3. Fibrosis, macrophage infiltration 
4. Development of atherosclerosis 
5. Development of CVD 
6. Viscious cycle – cause and effect  will get worse and worse 

treatment of hypertension 
7 compelling Indications:    
Heart failure 
Coronary artery disease 
H/o MI 
H/o stroke 
Diabetes 
Chronic Renal failure 
 
1 indication leads to 
treatment! 
 

Treatment depends on sum of risk factors 



 

 
 



The renin-angiotensin system 
  Renin is a proteolytic enzyme also called angiotensinogenase 
  It is produced by juxtaglomerular cells of kidney 
  It is secreted in response to: 
  Decrease in arterial blood pressure 
  Decrease Na+ in macula densa 
  Increased sympathetic nervous activity 
  Renin acts on a plasma protein – Angiotensinogen (a glycoprotein synthesized and secreted 
into the bloodstream by the liver) and cleaves to produce a decapeptide Angiotensin-I 
  Angiotensin-I is rapidly converted to Angiotensin-II (octapeptide) by ACE (present in luminal 
surface of vascular endothelium) 
  Furthermore, degradation of Angiotensin-II by peptidases produce Angiotensin-III 
  Both Angiotensin-II and Angiotensin-III stimulates Aldosterone secretion from Adrenal 
Cortex (equipotent) 
  AT-II has very short half life – 1 min 
Powerful vasoconstrictor particularly arteriolar – direct action and release of Adr/NA release 
  Promotes movement of fluid from vascular to extravascular 
  More potent vasopressor agent than NA – promotes Na+ and water 
  It increases myocardial force of contraction (CA++ influx promotion) and increases heart 
rate by sympathetic activity, but reflex bradycardia occurs 
  Cardiac output is reduced and cardiac work increases 
  Aldosterone secretion stimulation – retention of Na++ in body 
  Vasoconstriction of renal arterioles – rise in IGP – glomerular damage 
  Decreases NO release 
  Decreases Fibrinolysis in blood 
  Induces drinking behaviour and ADH release by acting in CNS – increase thirst 
  Mitogenic effect – cell proliferation 

 
 



Type 2 Diabetes – Diabetes mellitus 
Ristow, VL 13 11.4.2016 

 

Diabetes –diagnostic criteria 
- Fasting serum glucose > 126 mg% or 7 mmol/l 
- Random serum glucose > 200 mg% or 11,1 mmol/l 
- orale glucose tolerance test (oGTT) / 75 g glucose: > 200 mg% or 11,1 mmol/l after 2 hours 
 

 

Impaired Glucose Tolerance (IGT) 
- Fasting serum glucose < 126 mg% and > 110 mg% 
- Oral glucose tolerance test (oGTT) / 75 g glucose: < 200 mg% and > 140 mg% after 2 hrs 

Oral Glucose tolerance test (oGTT) 

 
Diabetic  blood glucose after 2 h still very high! 
Diabetic  normal by exercise (non pharmacological treatment of diabetes) 



International diabetes federation: 
the numbers 
 
Prevalence % estimates of diabetes  
2010: 

 
2030: 

 correlation to number of deaths attributable to diabetes 
 
Diabetes  Neuropathy, Coronary heart disease, Retinopathy, Nephropathy (kidney 
function decreased)  

Diabetes  loss of pancreatic beta cells during diabetes development 

 
brown  insulin  islets of Langerhans (contain insulin, other hormones: glucagon by alpha 
cells, somatostatin by delta cells) 

Interaction of environment (% over normal body mass) and genetics 
Combination of gene + 
environment  very high risk of 
getting diabetes 
 



 environment: low availability of 
food  less diabetes 
 
 
 
 
 
 
 
 
 
 

Insulin receptor (IR) 
 binds insulin  
conformational change 
of receptor  
activates downstream 
effects in 
cytosol/nucleus 
 
Glut 2  liver, 
independent of insulin 
Glut4  insulin 
dependent, mostly 
activated by IR,  
 
ROS  increases insulin 
sensitivity 
insulin stimulates 
growth (AKT) 
 
Erk1/2  cell growth 
(healthy/cancer cells) 
 
Fatty acid synthesis  
from glucose by 
SREBP1  Insulin 

promotes de novo synthesis of fatty acids  
Eating fat does not make you fat, but eating carbohydrates makes you fat… 
 
Insulin blocks lipolysis 
GS = Glycogen synthese 
 
Insulin  Increased Sodium  blood pressure regulation! 



 
alpha subunit  beat subunit activated  help docking proteins (Shc…)  Ras/Raf/Mek 
Downstream effects  activation of other pathways 
 
IRS = insulin receptor substrate  activate PI3K (p85 subunit  regulatory subunit)  
activates Akt  mitogenesis, translocation of GLUT4 to membrane (AS160, Ca2+) 
 
Dephosphorylation  sensitivity keeps being intact 

 
GTP  energy source for GLUT4 storage 
vesicle 
 
AMP  metabolic stress (low level of ATP, 
high level of AMP) 
 
 
 
 

Transcriptional regulation of hepatic 
genes by insulin 
 
No insulin bound  no 
phosphorylation 
 
SREBP  activated by insulin  
anabolic pathway 
 
IRE  catabolic pathway (not enough 
energy from environment) 
 



FOXO  transcriptional 
regulators execute insulin 
signals 
1 out of 10 genes in lower 
organisms respond to FOXO 
 
 
 
 
 
 
 
 
 
 

Opposing effects of insulin and AMPK onto protein biosynthesis 

 

Regulation of transcription of phospho enol pyruvate carboxylkinase (PEP CK) 

 



Fasting liver metabolism – PEP CK and others 

 

 
 
 
 



important downstream effects in insulin resistance and Type 2 Diabetes Mellitus

 
disrupting insulin signaling in skeletal muscle: knock out vector 

 
 remove the neomycin-cassette 

 



disrupting insulin signalling in skeletal muscle: breeding tissue-specific knock out mice 

 

demonstrating tissue specificity 

 

 
 calculate probabilities for specific genotypes! 
Demonstrate insulin dependence  
 
2 deoxyglucose  can not be metabolized  chemically/radioact. labelled, can be taken up 
by cells  
 
disrupting insulin signalling in skeletal muscle  phenotyping: absence of diabetes 
 



Insulin resistance 
Ristow, VL 15 19.4.2016 

Why insulin resistance ? 
Glucose is toxic to neurons, retina, kidneys, vasculature, likely other organs. The 
organism/system tries to lower increased blood glucose levels by 

‐ increasing cellular glucose uptake  

‐ excreting glucose through urine 

 
However, too much intracellular glucose is toxic to the individual cells. 
Insulin resistance is a cellular self defense mechanism, at the expense of the system. 
Hypothesis: Impairing cellular glucose metabolism is healthy, rather than diabetogenic. 

Inhibitors of glucose metabolism 

 
specific insulin receptor K.o.  increased lifespan 
whole body insulin rec. k.o.  decreased lifespan 
 
Insulin /IFG-1 signaling affects human longlivity  FOXO-P +++, AKT + 

Systemic regulation of blood 
glucose 
High blood glucose  body tries 
to get rid of glucose  increase 
of insulin by beta cells, decrease 
of alpha cells  
 
 increase in: 
glycolysis, glycogenesis, 
lipogenesis, glucose transport 
 
 negative feedback loop 
 
 
 
 
 
 
 
 
 

 



 
 
 

 
ketogenic diet  lowcarb (ketones smell…) 
 

low blood glucose  increase 
of production of glucagon by 
alpha cells  glycolysis, 
gluconeogenesis, ketones  
increased plasma gluc. 
(negative feedback loop!) 

Insulin secretion - anatomy 
 
Islets  same structure 
 

Islets highly integrated in capillary stystem  fast regulation 
 
Type 1 diab.  degradation of 
islets 
 
Type 2 diab  increase of size of 
islets 

Insulin secretion – beta cell 
secretion coupling 
 
Uptake of glucose by cells  
insulin independent 
 
Gluc.  Mitochondira  ATP 
signal 



 
Conversion of glucose to gluc. 6 
phosphate by glucokinase (high 
threshold of glucose  only 
converting when a lot of gluc. Is 
available) 
Hexokinase converts any glucose, also 
at low levels! 
 
ATP sens. Potassium channels  
breakdown of membrane potential by efflux of K+  voltage dependent Ca channels open 
 influx of Ca  translocation of insulin vesicles  docking on membrane  fusion with 
cell membrane secretion of insulin 

Beta cell effectors 

 

mobilization of insulin secretion granules 

 

insulin secretion in healthy humans 
first phase  release of first ‘wave’ of insulin 
vesicles 
in between  prevention of system being 
overdosed with insulin  waiting for reponse of 



insulin (when blood gluc is still high  2nd peak very high, when low  only low peak!) 
 
second phase  adapted size 

Type 2 Diabetes: treatment concepts 

• Physical exercise, weight reduction, weight‐loss surgery 

• insulin only when others don’t work (very late stage!) 
• Sulfonylureas (Tolbutamide, Glibenclamide) and other secretagogues (Meglitinides) 
 
• Metformin 

• Alpha‐glucosidase inhibitors 

• Thiazolidinediones 

• Glucagon‐like peptide‐1 (GLP‐1) analogues 

• Dipeptidyl peptidase‐IV (DPP‐IV / DPP‐4) inhibitors 

• SGLT‐2 inhibitors 

Metformin 

 
still not fully clear how it works, Only drug that increases lifespan 
• Inhibits complex I of respiratory chain 
• Causes energy deficit, ATP drops, AMP up  ATP kinase: only way to activate gluc. uptake 
• Activates AMPK 

GLP-1 

 



DPP-IV- inhibitors 

 

Activating PPAR gamma (diab. Type 2 treatment) 

 
 Pioglitazone 

Acarbose 
 completely inhibits digestion of 
carbohydrates – binds to carbohydrate 
splitting enzyme at receptor sites. By 
blocking these sites it competitively and 
reversibly inhibits the digestion of 
carbohydrates in the small intestine 

SGLT2 inhibition 
Sodium/glucose cotransporter 2 (SGLT2) 
High expression in kidneys, lower 
expression in intenstine  

Mediates re‐absorption of glucose from primary urine  

Prevents loss of glucose through urine 
 
 
 
 
 

  



Hepatic steatosis 
Stoffel, VL 14 12.4.2016 

Portal circulation 
- hepatic portal system which directs nutrient rich blood from 
the intestines to the liver ( first pass liver as well the 
endocrine and exocrine pancreas) 
- liver also drains venous blood from pancreas 
- has highest insulin levels of all organ systems 

Enterohepatic circulation 
Hepatocytes metabolize cholesterol to cholic acid and chenodeoxycholic acid. These lipid-
soluble bile acids are conjugated mainly to glycine of taurine to form water soluble primary 
conjugated bile acids.  
95% of the bile acids which are delivered   to the duodenum will reabsorbed in the ileum 
And recycled by the enterohepatic circulation. 5% are lost in the feces.   
Bile acids form micelles with ingested lipids and are important for lipid absorption. 
 
If we were able to lower the number of resorption of bile acid, the cholesterin problem 
might be solved  lower the cholesterol level (not 
well tolerated by patients) 
 
Bile acid metabolism 
Produced in liver  put into gallbladder (storage)  
release into duodenum & small intestine  soubles 
nutrients  can be taken up 
End of small intestine: 95 % of the bile acid gets 
resorbed  entering the liver again  circle 
 
Getting rid of cholesterol  only with the help of bile 
acid 
 

 
fatty liver  abnormal accumulation of FA in the liver due to increased lipolysis and 
uninhibited de novo lipogenesis 



Non-alcoholic fatty liver disease (NAFLD) 
Clinical view:  
- fat deposition (steatosis) in the liver 
- not due to excessive alcohol use  metabolic disease 
- related to insulin resistance and the metabolic 
syndrome 
- may respond to treatments for diabetes type2, weight 
loss, metformin and thiazolidinediones ( early stage is 
reversible, typically in obese patients with weight loss  
disappears without any negative consequences) 
- genetic forms exist 
 
 describes a spectrum of steatotic liver disease generally associated with obesity and 
metabolic syndrome: hypertension, dyslipidemia, increased waist circumference, insulin 
resistance 
 
signs and symptoms: 
- most patients with NAFLD have few or no symptoms  difficult to regognize 
- patients may complain of fatigue, can exhibit dull right upper quadrant abdominal 
discomfort 
- mild jaundice may be noticed (although rare) 
- more commonly NAFLD is diagnosed following abdominal liver function tests during 
routine blood tests. By definition, alcohol consumption of over 20g/day (about 25 ml/day of 
net ethanol) excludes the condition (Trans aminases can be measured in blood  could 
indicate liver damage (any type), but acts as a marker that something is not in right order 
with liver  (as well higher after drinking much alcohol)) 
- NAFLD is associated with insulin resistance and metabolic syndrome ( obesity, combined 
hyperlipidemia, diabetes mellitus (type 2) and high blood pressure) 
 
prevalence of NAFLD 
- most common pediatric chronic liver disease in US and globally (2.6-9.6%) 
- prevalence ranges from 9 to 36% of the population in different parts of the world  
dependence of where you live 
- approximately 20% of the US population suffers from NAFLD, and the prevalence of this 
condition is increasing 
- more common in boys vs girls 

Risk factors associated with NAFLD 
Conditions with established association Conditions with emerging association  

( not completely understood…) 

- obesity 
- type 2 diabetes mellitus 
- dyslipidemia 
- metabolic syndrome 

- Polycystic ovary syndrome 
- Hypothyroidism (thyroid dysfunction) 
- obstructive sleep apnea 
-Hypopituitarism 
-hypogonadism 
-pancreato-duodenal resection 

 



Progression of fatty liver disease 

 Nonalcoholic fatty liver (NAFL)  
Progression of hepatic steatosis with no evidence of  
hepatocellular injury. (Reversible (mildest form) migth disappear without any 
treatment) 

 Nonalcoholic steatohepatitis (NASH)  
Presence of hepatic steatosis with hepatocellular  injury (ballooning) with or without 
fibrosis. 

 NASH cirrhosis (leads to liver failure  vast majority of the carcinoma develop 
cirrhotic livers) 

 Hepatocellular carcinoma 

 

Pathogenesis 
-  De novo lipogenesis (DNL) 
-  Role of Insulin Resistance 
-  “Two Hit” Theory 
-  Cytokines & Oxidative Stress 

There are 3 major sources for the increased TG deposition in the liver: 
-  Rate of FFA uptake and synthesis > need for FFA for essential functions 
-  Impaired VLDL export 
-  Increased de novo lipogenesis (DNL) synthesis of FA from CHO in the liver 

Early NAFLD: Mechanisms for pathogenesis of steatosis 
  

If more gets in than used  TG synthesis  
accumulation 
 
 

Pathophysiology of hepatic steatosis 

 



Crosstalk between metabolism and insulin signaling 

 

Selective hepatic insulin resistance 
 selective for the FOXO1 pathway 

 
 
 
 
 
 
 
 



Insulin and forkhead transcription factors 
Type 2 diabetic  FOXO is always active  continuous translation  too much glucose in 
the blood system 

 
FOXA2: transcriptionfactor 
Fed: Akt gets in nucleus and phosphorylated FOXA2 --> pushed out of the nucleus 
Fasting: active: responsible for burning fat (lipid metabolism & ketogenesis) 
Insulin resistance: 
FOXA2 permanently inactive 

ChREBP is a key regulator in hepatic glucose metabolism 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



SREBP is a key regulator in hepatic fat 
metabolism 
-  Transcription factors that bind to the 
sterol regulatory element DNA sequence         
TCACNCCAC  
-  Basic loop helix transcription factor  
-  SREBPF1 expression produces two 
different isoforms, SREBPF1a and F1c.   
-  These isoforms differ in their first exons 
owing to the use of different 
transcriptional start sites for the SREBPF1 
gene. SREBPF1c is responsible for 
regulating the genes required for de novo 
lipogenesis.  
-  SREBPF2. SREBPF2 regulates the genes of cholesterol metabolism.  
-  Medium rich in branchedFchain amino acids stimulates expression of the SREBP1c gene via 
the mTORC1/S6K1 pathway. The phosphorylation of S6K1 is increased in livers of obese 
mice.  
-  mTORC1 activation is not sufficient to stimulate hepatic SREBP1c in the absence of Akt 
signaling 

Role of Insulin Resistance 
-  The liver is the main site of insulin action, in addition to skeletal muscle and adipose tissue. 
-  Fatty liver: ability of insulin to inhibit hepatic glucose production is impaired 
(hyperglycemia). 
-  Insulin resistancehyperglycemia, hyperinsulinemia...both stimulate DNL by activation of 
the transcription factors carbohydrate regulatory element-binding protein (ChREBP) & sterol 
regulatory element-binding proteins (SREBP-1c). 
-  Insulin resistance stimulates the liver to overproduce TG rich VLDL in the fasting state  

The metabolic consequences of insulin resistance include: 
- Persistent hyperglycemia   
- Hyperinsulinemia   
- Elevated serum FFA’s   
- Hypertriglyceridemia 

 

“Two Hit” Theory 
The first “hit” involves the accumulation of fat in the hepatocytes. 
Subsequent “hits” involve: 
-  chronic oxidative stress with the production of reactive oxygen species (ROS) 
-  secretion of pro-inflammatory cytokines 
-  mitochondrial dysfunction 
-  liver injury, hepatic apoptosis (liver cell death) and fibrosis 
 



Inflammation and fibrosis 
Pro-inflammatory cytokines (TNF-α) 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. 

Cytokines and Oxidative Stress 

 Adiponectin:  Inversely associated with obesity, BMI, metabolic syndrome, visceral 
adiposity, NAFLD  

 IL06:   Implicated in insulin resistance, NASH  

 TNF0α: Elevated levels with insulin resistance, metabolic  syndrome   

 CRP: May be a marker for hepatic steatosis FFF but not of  severity of NAFLD 

Genetic determinants of hepatic steatosis 
 - Hepatic lipid export (MTTP, ApoB) 
-  Hepatic lipid uptake (APOCIII) 
-  Hepatic lipid synthesis (DGAT2, SLC25A13) 
-  Insulin resistance (AKT2, ADIPOQ, IRS1, PPARs) !  Hepatic TAG hydrolysis (ATGL, LIPA) 
-  FA oxidation disorders (MCAD, LCAD, VLCAD) 
-  Lipodystrophies (LMNA, PPARg) 

Several gene polymorphisms are associated with NAFLD & genes that influence: 
-  insulin signaling and the regulation of fat metabolism 
-  oxidative stress 
-  responses to endotoxins 
-  release of cytokines 
-  severity of fibrosis 
Genetic factors may also predispose certain individuals to environmental influences that 
promote the development of NAFLD. 
Genetics may play an important role in etiology of NAFLD, particularly at early onset disease. 
-  Use of genetic analysis and genotyping has the potential to become an important 
noninvasive tool for the screening and diagnosis of NAFLD 

 
Histological 
NAFLD:  Presence of hepatic steatosis with no 
evidence of  hepatocellular injury in the form of 
ballooning of the  hepatocytes.   
NASH: Hepatic steatosis and inflammation with 
hepatocyte  injury (ballooning) with or without 
fibrosis. 

 

 
 
 



Biochemical Features 
- Elevated serum TG   > 150 mg/dL 
- Elevated ALT 

o  No universal standards 
o  30-45 U/L most commonly used cutoff for abnormal ALT 
o  ALT may be normal 
o  Current standards controversial—range may be too high 

Insulin resistance 
Homeostatic Model Assessment Insulin Resistance (HOMA- IR): 
fasting glucose (mg/dl) × fasting insulin (μU/ml)/ 405 
   >3 

Clinical Features 
- Acanthosis nigricans   
- Hepatomegaly on palpation 
Diagnosis  liver biopsy (invasive, risks, expensive) 

Diagnostic imaging 

 

Dietary Characteristics 
-  overconsumption of fructose & soft drinks 
-  lower consumption of fiber 
-  overconsumption of meat/saturated fat/cholesterol 
-  lower consumption of fish, omega-3 fatty acids, and lower consumption of some vitamins 
(vitamin E) 

Nutritional Factors 

 Role of CHO Sucrose 

 Increases hepatic TG synthesis 

 Fructose 

 Increases DNL & insulin resistance in animal models 

 Fructose overfeeding increases fasting and postprandial plasma TG  hepatic DNL, 
VLDL- TG secretion & decreased VLDL-TG clearance 

 
A possible explanation: 
Insulin resistance and hyperglycemia develops primarily in presence of sustained fructose 
exposures associated with changes in body composition. 
 



Sugar sweetened beverages 
Increased soda consumption in US children and adults 
~175 calories/day 

Caramel coloring 
(contains advanced glycation end products) which can increase insulin resistance and 
inflammation. 

Polyunsaturated n-3 and n-6 fatty acids 
Animal models: reduction of steatosis 
Studies in adults with NAFLD: improved lipid profiles, reduced inflammation 
2 gm fish oil (6 mos, n=40 adults) reduced serum TG, liver enzymes, and TNF-α; regression of 
steatosis (US) 

Treatment 

 
 
- Physical activity: Exercise alone increases LBM, reduces adipose, improves insulin 
resistance. 
- Weight loss: As little as a 7-10% reduction in total body weight (regardless of diet 
composition) may reduce hepatic fat accumulation in obese adults and adolescents. 
Reduction in intrahepatic fat has been reported to occur in obese adults with type 2 diabetes 
in as little as the two weeks of dietary restriction + exercise. 
Rapid weight loss >1.6 kg per week is not recommended due to the risk of liver damage. 

Pharmacologic agents 
- Metformin 

- Metabolic effects  
- Safety profile   
- Few studies in children with faay liver disease  
- Not recommended at this time for treatment of  NAFLD 

Bariatric surgery 
Lap bands not FDA approved for <18 years American Academy of Pediatrics (2004) Criteria: 
•  failed >6 months of organized attempts at weight management. 
•  attained or nearly attained physiologic or skeletal maturity. Girls 
age > 13, boys age > 15 
•  BMI > 40 (with serious obesity related conditions) or have a BMI of greater than 50 with 
less severe obesity-related problems. 
•  Other organizations, including the American Society for Metabolic and Bariatric Surgery 
(ASMBS) , have less stringent weight criteria for teens. 

o  Proposed as a potential treatment for NASH in adolescents 



Implications for the RD 
Summary of diet and lifestyle recommendations: 
No consensus as to what diet or lifestyle approach due to  lack of scientific evidence  
Omega 3 faGy acids, high MUFA, fruits, vegetables, low  GI, high fiber, reduced intake of 
saturated fats, simple  CHO and sweetened beverages are universally  recommended. 
 

  
 
 
 
 
 
  



Cancer 
Sturla, VL 16 02.05.2016 

Incidence and mortality from stomach cancer have dropped dramatically over the last half 
century in most industrialized countries  Why? 
Genetically similar  changing lifestyle  how does lifestyle influence cancer risk? 
 
90 % cancers attributed to environmental factors (diet as an important factor!) 
 
Why does stomach cancer mortality decline? 

- Stomach cancer used to be the leading cause of cancer deaths in the world until the 
1980s  

- Big decrease of infections 
- Helicobacter pylori infection  mostly by contaminated water  improved 

detection, better therapy 
- Dietary factors  better food preservation, availability of fresh foods 

Learning Objectives 
• How do external factors give rise to cancer? 
Foundations for this knowledge: 
1. Know cellular characteristics associated with cancer and its development 
2. Understand main molecular mechanisms of carcinogenesis, including genotoxicity and 

epigenetic/receptor‐mediated carcinogenesis 

3. Examine selected examples of carcinogenic factors/cancers and how they are linked 

Characteristics of cancer 
• Large portion of worldwide deaths~8 million, 13% 
• On the rise 

– 1975‐2000: cases doubled 

– 2020 another doubling predicted 
• Some major contributors: 
– Adoption of tobacco use 
– Increasingly high fat diets, esp. in less developed 
countries 
– Demographic shift of population to less developed 
countries 
– Unknown exposures (Chemical?) 
 

Many distinct diseases 
linked by molecular 
characteristics! 

Cancer metastasis 
  

 
 
 
 
 



 

 
Example - Red & processed 
meat: 
• Group1&2a  based one 
valuating the 3 above 
mentioned types of data 
• Group1:yes or no 
classification>no further 
information -> tabacco is 
also group 1, but the 
connection is much 
stronger 
• ->does not quantify the 
risk 
 
 
 
 
 
 
 

 

Asbestos 
 special case! 
Group of oxidized silicate minerals that occur naturally in the environment as bundles of 
fibers, resistant to heat, fire and chemicals and do not conduct electricity – mainly industrial 
uses 
• Classified as known human 
 Group 1 
• Man cancers: lung and mesothelioma (rare cancer of mesothelia, the thin membranes that 
line the chest and abdomen) 
• Basis of carcinogenesis 

– Fiber size and physical properties dictate degree of risk 
carcinogen 



     – Unique mode of physical interference with cell division process 
Physical mechanism -> not really a molecular pathway -> has to do with the size of the fibers 
-> physical interference 

Other chemical /environmental carcinogens 
- agriculture: certain pesticides; leukemia, lymphoma, multiple myeloma and soft tissue 
sarcoma, cancers of the skin, lip, stomach, brain and prostate 
- Formaldehyde: emitted from pressed wood building materials, leukemia, particularly 
myeloid leukemia, possibly nasal cancers 
- chemicals used as dyes, especially hair dyes before 1980  leukemias and lymphomas 

Alcohol and cancer 
- clear association for several cancers  head, neck esophageal, squamous cell carcinoma, 
liver cancer, breast cancer, colorectal cancer 
- classified as known human carcinogen 
- how?  biotransformation of ethanol to acetaldehyde generation of reactive oxygen 
species that can damage DNA, proteins and lipids via oxidation 
 inhibition of nutrient absorption (eg. Vit B, folate, Vit C, etc) 
 increase in blood estrogen (linked with breast cancer) 
 possible presence of contaminating carcinogens formed in processing (nitrosamines, 
asbestos, hydrocarbons etc.) 

Hormones and cancer 
- pregnancy, contraceptives and menopausal hormone use 
- diethylstilbestrol (DES): 
 - synthetic estrogen 
 - prescribed to pregnant women in 40s-70s to prevent complications of pregnancy 
 - prenatal exposure linked with clear cell adenocarcinoma: cervix and vagina 
 - DES is an endocrine-disrupting chemical 

- cancer causing effects of endocrine disruption are most severe during fetal 
development 
- so called DES daughters have 40 times elevated risk, often developed very young 
- after 40, about twice risk of breast cancer 

Additional well- established risk factors 
- Infectious agents  HIV, HPV, Helicopacter pylori 
- radiation 
- sunlight 
-tobacco 

Cellular characteristics of 
cancer and molecular 
basis 
 
 
 
 
 
 
 



 

Sustained proliferative signalling 
- A fundamental trait of cancer cells is that 

they chronically proliferate 
- Normal tissues carfully control 

production and release of growth 
promoting signals ensuring homeostasis 
of cell number 

- Cancer cells emit signals that promote progression through the cell cycle 
- Promote cell growth (increase in size) 
- Signalling regulated with growth factors 

basis of balancing: promoting and suppressing factors 

Growth factors 
• Extracellular factor that stimulates cell grown by transmitting a signal into the cell and 
ultimately to the nucleus 
• Ultimately regulate gene expression to produce proteins essential to cell division 
• Four types of proteins involved in transducing growth factor signal 

–     Growth factor receptors 
– Intracellular signal transducers  
– Nuclear transcription factors 

 
External signal into the nucleus Signaling pathways -> series of molecular changes included -
> in the nucleus: activation of transcription factors  

Example: Epidermal growth factor signaling 
• EGFR also known as ErbF1 or HER1 
• First discovered tyrosine kinase receptor 
• Structure 

– Extracellular ligand binding domain 
– Transmembrane domain 
– Cytoplasmic protein tyrosine kinase domain 

Steps for transducing EGF signal 
• Growth Factor Binding 
• Dimerization 
• autophosphorylation of tyrosine residues 
• Translocation of proteins to the membrane 
• RAS activation 

– GTP binding protein located near the membrane 
– SOS is a nucleotide exchange factor, when located to the membrane activates RAS 
– RAS can traffic to cellular compartments and has pivitol point in regulating cell 
growth 

 Mutation related with carcinogenic... 
• Raf activation 

– Raf is a serine/threonine kinase 
– A main effector of Ras 

• MAP kinase cascade 



– MEK is mitogen‐activated protein kinase‐kinase (MAPKK) 

– MAPK = ERKs (extracellular signal regulated kinases) 
– Note, there are three parallel MAP kinase pathways (MAPK, JNK, p38), JNK and p38 
usually triggering apoptosis 

• Regulation of transcription factors 
– MAPKs translocate to nucleus 
– Activation of many TFs is regulated by phosphorylation 
– Example: AP1, Myc family 

Relevance of growth signaling in the development of cancer 
• Cancer arises from mutations in genes involved in growth, differentiation or death 
• Two major classifications of mutated genes that contribute to carcinogenesis 

– Oncogene – mutated gene with protein product produced in higher quantities or 
altered product has increased activity 
– Tumor suppressor genes – loss of function 

• Identification of more than 100 oncogenes and dozens of tumor suppressor genes (most 
are recessive, ie both alleles must be mutated) 
Mutated oncogene - gene is mutated -> accelerates growth and division 

Means of oncogene function 

 

Impact of cell signalling on the cell 
• Activation of proteins that promote cell proliferation and progression of cell cycle 
• Regulation of cell adhesion, invasion and motility 

– Example: SRC   non‐receptor protein tyrosine kinase protein,  Proto‐

oncogene, short for sarcoma 

Evading growth suppressors and resisting cell death 
 circumvent negative regulation of cell proliferation 
 tumor suppressor genes  
 - dozens limit cell growth and proliferation 
 - identified on basis of inactivation in cancer 

- example: TP53 protein senses alterations in nucleotide pool levels and initiates 
apoptosis 



Resisting cell death: disruptions to apoptosis- regulating genes 

 

Apoptosis: programmed cell death 
• Important normal process of cell death 
• Natural barrier to carcinogenesis 
• Regulators 

– Extrinsic pathway 
– Intrinsic pathway 
– Activation of proteases 

• Downstream effectors 
– Caspases that execute proteolysis 

Extrinsic and intrinsic pathways 

 
 



Evasion of contact inhibition 

 

 

Unlimited replication (immortality) 
- Normal cells can pass through a limited number of growth and division cycles 
- Cancer cells are immortalized 
- Telomerases are a key mechanism 
- Telomeres normally shorten progressively, eventually losing function of protecting 

DNA ends 
- Telomerase: DNA polymerase that adds telomere segments, low/absent in normal 

cells, highly expressed in most cancers 

Angiogenesis 
- building of tumor-associated vasculature 
- sprouting of new vessels from existing ones 
- constitutively activated in cancer 
- regulated by signalling proteins that bind cell surface receptors on vascular 

endothelial cells 
- inducers: vascular endothelial growth factor (VEGEF-A) 
- inhibitors: thrombospondin-1 (TSP-1) 
- angiogenesis in tumors is promoted by imbalance of inducer over inhibitor functions 

 
 
 
 



Some tips for cancer part of exam 
• About half questions concern concepts from lecture and understanding in general context 
• About half questions concern specific examples (i.e. carcinogenic factors, associated 
cancers, relevant mechanisms, important genes, key pathways) 
• I often relate carcinogenesis processes with their chemical basis/processes—you don’t 
need to memorize any chemical structures, but do understand the relevance 
• There will be no questions regarding global cancer incidence/statistics, often given for 
general interest and real world context of the molecular and mechanistic info 

• The questions on the exam will be drawn from the “new” notes (posted after the 

cancellation of Lecture 1 and 2), i.e. New Part 1, 2, 3. The original “Lecture 1, Lecture 2” 

notes remain posted for your reference. Some self‐study slides (marked with blue circle in 

upper right corner) were not discussed in class, but contain material that may appear on the 
exam. 

Cancer: Genotoxicity and carcinogenesis 
Sturla, VL 17 03.05.2016 

Mutation type: molecular epidemiology 
 number of individual lung cancer patients 

 high frequency of G to T mutation can be explained by exposure to carcinogens 
present in tobacco smoke 

 

Role of metabolism in carcinogenesis 
Concepts in xenobiotic biotransformation (=Metabolism) 

- change in physical properties  increase in hydrophilicity 
- metabolites as biologically reactive intermediates 
- enzyme levels depend on tissue type 



- high polymorphism 
biotransformation  2 phases 

1. change physical property  can bind to targets in the cell  DNA for genotoxicity 
2. attached to another biomolecule  tags it for exit 

Mutation vs Polymorphism 
Any mutation away from normal-> change associated with abnormality 
• Both are DNA sequence variations  
 • A mutation is any change in a DNA sequence away from the normal, ie implying there is a 
normal allele prevalent in the population and that mutations are rare and are an abnormal 
variant 
• A polymorphism is a DNA sequence variation common in the population 

– No single allele is regarded as the standard sequence 
– There are two or more acceptable alternatives 
– Frequencycut-offis1% 
– Most polymorphic variants do not overtly cause a disease, impact characteristics 
like height, rather than disease 
– Many are neutral in effect 
– Some contribute to disease susceptibility and influence drug responses 

Metabolic Enzyme Polymorphism in Cancer Susceptibility 
• Considerable interindividual genetic variability in metabolic pathways 
• Why is it important to understand? 

– Identification of people at increased risk (association of genetically determined 
variants with risks of carcinogenesis) 
– Personalized cancer prevention/therapy 

• Molecular genetic basis of differential enzyme activities involved in metabolism 

Genetic Polymorphism and Carcinogenesis, An Example: 
Increased Risk for Male Bladder Cancer among a Cohort of Male and Female Hairdressers 
from Geneva 
 • Followed 703 male hairdressers born from 1880 onwards, who started salons in Geneva 
1900- 1964 
• Mortality from1942-1982 analyzed 
• 10 bladder cancer deaths (3.9 expected) 
• Significant increase in all cancers 
• Proposed link to colouring agents in hair gels widely used in men’s hairdressing in the 
period 
 Bladder cancer susceptibility is modulated by N-Acetyl transferase NAT polymorphism 

- evidence for polymorphism and myeloma, lung, bladder, lymphoma, liver, colorectal  
cancer 

- associations between NAT enzyme activities and cancer risk 
- NATs are involved in arylabine metabolism 

o catalyzes acetylation reaction 
o 2 well-characterized human variants NAT1, NAT2 

Genetic polymorphism in NATs 
• Extensive polymorphisms with high frequency 
• Segregate human population into rapid, intermediate, and slow acetylator phenotypes 



• Slow acetylators exhibit increase in risk of developing several cancers, including bladder 
cancer, as compared with rapid acetylators 
• Inter-individual differences and ethnic group-based differences 

GST polymorphisms associated with elevated cancer risk 
• GSTs are large multigene family of enzymes involved in detoxification of potentially 
genotoxic chemicals 
• Catalyzes deprotonation of GSH 
• high concentrations in liver, intestine, kidney 
• Account for ~10% of cellular proteins 

 

Association study: Glutathione S-transferase M1, T1, P1 genotypes and risk for 
development of colorectal cancer 
• Tested relationship of GSTM1, GSTT1, and GSTP1 genes polymorphism, cigarette smoking 
and colorectal cancer incidence 
• 181 patients with colorectal cancer and 204 controls 
• DNA extracted from blood 
• polymorphisms determined by real- time PCR 
• regression analysis   odds ratios (OR) 

Role of Metabolism: Key Points 
1. Genotoxic carcinogens are metabolized/biotransformed to proximal carcinogens 
2. Proximal carcinogens are forms that chemically react with DNA and damage it 
3. This form of DNA damage is a precursor to mutations 
4. Genetic variability in metabolism/biotransformation enzymes can influence susceptibility 
to the harmful effects of genotoxic carcinogens 
5. If the variant is associated with increased detoxification,the individual has a lower risk, 
and vice versa 
6. We examined two important examples involving the polymorphic metabolism enzymes 
NAT and GST. 
– What transformations do they catalyze? 
– Do the transformations involve activation or detoxification or both? If both, how is the 
balance shifted toward cancer? 
– What carcinogens is the process relevant for? 
– What cancers is this relevant for? Thus, what cancers are those carcinogens associated 
with? 



DNA damage / DNA adducts 

 
Oxidative damage to the DNA bases 

 
DNA photolesions induced by UV distort the DNA double helix 
 also by sunlight! 

DNA Alkylation Example 1: Aflatoxin 
• Produced by fungi (Aspergillus sp.) found in soil 
• Dietary exposure: contamination of grains, seeds and nuts in high temperature and high 
humidity storage 
• Liver carcinogen – amongst most potent natural liver toxicants 
• Contributor to high incidences of liver cancer in China and West Africa 



 

Example 2: Acrylamide 
 cooking food at high temperature 

- occupational exposure to acrylamide has been long known, but exposure of 
acrylamide by dietary exposures has been a focus in past 15 years 
- IARC group 2A (probable) 

- acrylamide formed from asparagine and glucose 
- Acrylamide is metabolically activated by P450 to form glycidamide (DNA reactive 

epoxide)   
- Detoxification by GSH reaction   
- DNA reacts at multiple positions and at both sides of the epoxide   

DNA Adducts, Key Points 
• Direct damage to DNA, changes chemical structure of DNA 
• Key basis of genotoxic mechanism of carcinogenesis 
• A DNA adduct is not a mutation, it is a precursor to a mutation when it is a substrate in 
DNA synthesis 
• Formation of adducts is marker for exposure and risk, therefore efforts to identify 
structures, properties and levels 

Mutagenesis (translesion DNA synthesis) 
DNA polymerases 

- role of replicative pols 
- TLS pols characteristics  rates and fidelity, active site properties, proofreading, 

processivity (TLS= Translesion DNA synthesis) 
 



Y Family Polymerases catalyze translesion DNA synthesis 
Active site is quite open  little contract  slows down  do a lot of errors  but can 
tolerate damage as well 
 

 

Polymerase switching 

 
Types of mutations induced by genotoxins 
- point/single base change  transversion (G to C) or transition (G to A) 
- frame shift causing  deletion or insertion/ addition 

Outcomes of mutations 
• Translation into mutant proteins 
• Lethality 
• Mutant can be recognized and repaired 
• Cells expressing mutant proteins can be recognized and eliminated 
• Mutant proteins can impart cancer phenotype 

Mutagenesis Example: Oxidation-Induced Mutagenesis 
• Polymerase-mediated DNA replication of 8-oxoG often incorporates an A 
Mismatch has a similar shape 
• This mismatch (8oxoG:A) is not proofread efficiently 
• The poor proofreading can be attributed to the geometry of 8-oxo-G:A, which is similar to 
that of the correct base pair 

 
 
 
 



Replication of the lesion 8oxoG 

 

Determination of replication fidelity and mutation rates 
• Biochemical Factors related to the polymerase enzyme – Expression levels 

– Regulation 
– Kinetic behavior/accuracy 

• Chemical Factors 
– Structure/size of the modification (this also dictates which polymerase is active) 
– Watson-Crick H-bonding 
– Base Stacking Interactions with neighboring bases as well as aromatic residues on 
the enzyme 
– A-Rule (biochemical or chemical? Both.) 

• Elimination of damage by Repair! 

DNA repair 
Why is DNA repair important and why do we want to understand it? 
• Mitigate damaging effects of endogenous DNA damage that is formed at high rates 

– oxidative lesions 
– Abasic sites 

• Protect against carcinogenesis from xenobiotic agents 
• Is a significant source of drug resistance in cancer chemotherapy 
 

DNA Repair Pathways 
1.Nucleotide excision repair 
2.Base excision repair 
3.Mismatch repair  
4.Homologous recombination  
5.Non-homologous end-joining  
6.Dealkylation (Direct reversion) 
  



Nucleotide excision repair (NER) 

 
NER substrates: 

 

2. Base excision repair (BER) 
DNA repair  
Relevance: genotoxic carcinogenesis, cancer therapy 
1. Recognition of damage  
 in NER more complicated (transcription coupled (RNA pol stalled), global repair (repair 
protein binds) 
2. Remove of damage 
3. resynthesis of correct DNA (remove additional DNA on damaged strand) 
4. ligation 
 



 

DNA damage induced by chronic inflammation contributes to colon carcinogenesis 
• chronic inflammation increases cancer risk 
• ROS induce DNA damage recognized by alkyladenine DNA 
glycosylase (Aag) 
• Aag recognition of adduct initiates base excision repair 
• mouse model: +/- Aag, repeated administration of dextran 
sulfate sodium in the drinking water, tumors form 

Importance of BER in protection against colon carcinogenesis 
• Impacts of Aag-mediated DNA repair (+Aag mice) 

– prevents colonic epithelial damage 
– reduces the severity of chemical–induced colon tumorigenesis 

• Accumulation of DNA adducts in Aag-deficient mice following stimulation of colonic 
inflammation 

Study Tip: What to know for repair pathways 
• Similarities and differences in processes for recognition, removal, replacement synthesis, 
ligation 
• Understand basic process and relevant enzyme types (but not specific enzymes), Example: 

-  in BER, small alkyl adduct is recognized and excised by a glycosylase 
-  In BER, 3-methyl adenine is recognized and excised by alkyladenine DNA 
glycosylase (Aag) 
-  Understanding basic process means can be predicted for a new situation 

• Characteristics of damage – what pathway is relevant? 
 exam: explain things!! 
 



 

3. Missmatch repair 

 

 
 



Genotoxicity 

Aflatoxin induced carcinogenesis 

 
 
people in high aflatoxin region  high risk to get liver cancer 
Aflatoxin  bioactivation leads to FAPV adduct TLS (translesion DNA synthesis)  makes 
error  p53 point mutation due to aflatoxin (G  T)   structure changed in protein  loss 
of function of tumor suppressor  liver cancer 
 
TLS: 
--G*--   --T—(codon 249)   transcription, protein synthesis 
--A--  --A-- 

Geneva bladder cancer cases 
 2-Naphtylamine 

Tissue localization of metabolism 

 
NAT 2  DETOX  
NAT 1  TOXIC!  Bladder cancer 
NAT 2 phenoytpe  driven by SNPs 
 
Arylamine mutagenesis  frameshift mutations 
 
 



Mutations in Bladder cancer 
• Deletions in Oncogenes prevelant 
• Ras mutated, constant activation 
• EGFR similar binding affinity, overexpressed 
• C-erb-B2 (transmembrane receptor protein)  
overexpressed (gene amplification) 
  

 
 
 
 
 
 

Cancer: non genotoxic carcinogenesis 
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Dioxin contamination  
 Belgium 1999 
• Farms in Belgium ordered to destroy livestock given feed contaminated with dioxin 
• bans on Belgian agricultural exports of eggs, chickens, pork and beef 
• contamination thought to have come from tanks used to hold animal fats for producing 
animal feeds. 
• tanks previously used to hold industrial oil containing dioxins 
• tanks not sufficiently cleaned so animal fats became contaminated with the dioxin-bearing 
oil residues. 
• tainted animal feeds were supplied to hundreds of Belgian farms, and were also exported 
to France, Holland and Germany. 
• The food crisis precipitated a massive political crisis inside Belgium 
 
Non-genotoxic carcinogenesis 
- Receptor-mediated carcinogenesis 
- Hormone-mediated carcinogenesis 
- Epigenetic mechanisms of carcinogenesis 
 

Receptor mediated carcinogenesis 
 

Dioxins 
• Industry byproduct, no commercial 
applications 
Dioxins 
• Can be detected anywhere in the 
environment; most human exposure is from 
food (accumulate in animal fat) 
• Very high lipophilicity and stability (half life 
TCDD ~ 7 years) 
• Classified as known human carcinogen 



• Classification based on mechanistic considerations focusing on the Ah receptor --> 
receptor-mediated mechanism of carcinogenesis 

Inhibition of Apoptosis 

Why should stimulating the AhR be 
bad? 
• Sustained hyperactivation 
situation:  
– Longhumanhalflife(dioxin~10y)  
– highbindingaffinity 
– antagonism 
• Induces expression of enzymes 
that bioactivate other carcinogens 
• Induces growth factors 
• Promotes inflammation signals 

• Overexpression of AhR and its target growth factors characterized in cancer cells 

T cell induced apoptosis 

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 risk factors:   
 
• 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 

Secretion of hormones 
• chemical messengers 
• secreted into the blood by 
specialized 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 (10^-9 to 10^-12). 
• control growth, development, metabolism, reproduction, and regulation of homeostasis 

Hormones act by binding receptors ON or IN target cells 
  

• 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 
 
- multiple signalling pathways mediated by two ER 
subtypes complicate effects of EDCs on estrogen 
signalling 
- each subtype may mediate unique responses to 
ligands 
- tissue specific effects of ER signalling mean EDCs 
can display selective and dose dependent 
modulation of ER signaling 
 
 ERalpha + ERbeta 
 different ligands  different binding reponses 
 tissue specificity 
 dose (low dose vs high dose) 
Estrogen receptor dimerizes  to DNA 
 
Direct influence of EDC on ER signaling 
 

Epigenetic mechanisms of carcinogenesis 
Heavy metals and cancer 
• The Xiangjiang River in China, one of country’s most poluted waterways 
• Remediation underway for heavy metal pollution from industry waste 
• long-term environmental persistence 
Metal exposure and epigenetic changes 

 
 



Epigenetics  
 heritable changes in gene expression not attributable to alterations in DNA sequence 

Main Epigenetic Processes 
• DNA methylation 

- Genome wide hypomethylation → transcriptional activation of oncogenes 

- Promoter-specific hypermethylation → silencing of tumor suppressor genes 

• Chromatin modifications 
• Non coding RNA 
 
Mediate reprogramming during development and maintenance of cell identity during the 
life of an organism 

Normal epigenome 
• Balanced state of chromatin, nucleosome 
positioning and DNA methylation 
• Normal packaging state of DNA 
• A silenced gene (red X) has Polycomb 
group (PcG) complex bound at promotor 
CpG island 
• Repressive vs enhancing histone 
modifications 

CpG Island 
• DNA region of >500 bp that has a high CpG 
density and is usually unmethylated 
• CpG islands are found upstream of many 
mammalian genes. 
 
 
 
 

 
 

Cancer Epigenome 
 
 
 
 
 
 
 
 
 
 
 

 



 

Histone modifications 
 
HDAC activation  
 chromatin condensation (inactive 
conformation) 
HDAC (Deacetylation) 
 repression of gene transcription 
 

 
 

Epigenetics of metal exposure 
Difference between chronic / 
acute exposure!!! 
 
Switch of silencing of 
transcription / upregulation! 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Cadmium Toxicity 
• Known human carcinogen 
• Exposures 
Cd Toxicity 
– metal smelting/refining in producing batteries, coatings, plastics 
– Tobacco and Food: shellfish, meat, nuts/seeds 
• liver, bladder, stomach, renal, and hematopoietic system 
• Epigenetic changes established to be associated with mechanism of carcinogenesis 

Epigenetics - Cd 
• hypo- and hypermethylation of DNA in cell models 
– hypermethylation correlated with increased DNMT activity and overexpression 
DNMT: DNA methyltransferases . Family of enzymes that catalyze transfer of a methyl group 

from the co‐factor S‐adenosyl methionine to DNA. 

 



DNMT enzymes 
• DNA methylation occurs in the dinucleotide CpG 
• Methyl groups introduced into unmethylated DNA by the de novo methylation enzymes 
Dnmt3a and Dnmt3b 
• When DNA is replicated, the methyl group on the template strand is recognized and a new 
one is introduced on the opposite (daughter) strand by the enzyme Dnmt1 
• DNMT1 associated with the replication machinery 
• DNA methylation patterns tend to be maintained (maintenance methylation) 
• Demethylation can occur in the absence of Dnmt1 with: 

– continued rounds of DNA replication (passive demethylation) 
– Without DNA replication (active demethylation) 

Impact of carcinogen on DNA methylation status 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Amnesia and cognitive decline 
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Learning and memory 

 
Most theories favour the view that sensory information is first stored in short-term memory 
and then selectively converted into long-term-memory via the process of memory 
consolidation. Memory consolidation occurs after training (or rehearsal) and it increases in 
strength over -me with repetition. 
Once long-term memory has been established, it can be recalled through the processes of 
memory retrieval. 
Recall puts memories into an unstable labile state, and after recall, the memory must be 
reconsolidated or it will be forgotten. Memory reconsolidation occurs upon review or 
repetition of the learned material. Reconsolidation involves neural processes that are similar 
to those involved in the original consolidation. 

 

 



 

Amnesia  
= partial or total loss of memory 

 

Case H.M. 
The bilateral removal of the hippocampal formation and allied structures caused temporally 
graded retrograde amnesia and a severe form of anterograde amnesia. 

 
H.M. had important implications for the understanding of the neurobiological basis of 
learning and memory: 
1. It supports the theory of different forms of memory: short-term versus long-term. 



2. It indicates that the temporal lobe, and more specifically the hippocampus is a critical 
neuronal substrate for specific forms of learning and memory (namely for declarative 
learning and memory). 
3. The hippocampus is not the ul-mate structure for long-term storage of declarative 
memories. However, medial temporal lobe structures such as the 
hippocampus are important for the formation of new (declarative) memories, which are 
then gradually imprinted on other brain structures (in particular, cerebral cortical areas). 

Hippocampus 
 many diff. layers  
major information flow in the temporal lobe memory system 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Experimental studies on hippocampal functions: 

 



Lesion in dorsal hippocampus  problems in learning phase (much slower learning) 
 Deficits in the acquisition of spatial reference memory parallel the magnitude of dorsal 
hippocampal lesions, but is hardly present following ventral hippocampal lesions. 
 
Effects of hippocampal lesions on learning and memory in the 8-arm radial arm maze 
Typically, a food pellet is placed at the end of 4 out of 8 arms (the arms containing food 
pellets are called “bated”). 
With the help of distal spatial cues (or intra-maze cues), the animal has to learn which arms 
are bated and which ones are not. 
This test allows the simultaneous assessment of reference memory and working memory: 

- entry into unbated arm = reference memory error 
- re-entry into previously bated arm or re-entry in previously unbated arm = working 

memory error ( does not remember previous actions) 

Reference versus working memory (in the 8 arm radial arm maze) 

 
 
Effects of hippocampal lesions memory consolidation in contextual fear conditioning 
Training with electrical shock in specific cage  testing: control animals show high 
percentage of freezing, HPC lesion mice show significant lower percentage of freezing! 
 lesion mice do not remember negative event of electro-shock.  
 
Control mice keep freezing behaviour in mind  freezing still there after 28 days 

Memory consolidation and the hippocampal formation 
 after certain time, hippocampus not necessary to remember electro shock 

 
Manipulations targeting especially the 
dorsal part of the hippocampal forma-on 
can markedly impair spa-al reference and 
working learning and memory. 
The hippocampal forma-on is important for 
short term storage and retrieval of 
declarative memory, which is then, over 
time, stored permanently elsewhere. 



Ventral hippocampus only modest impact on spatial learning and memory – so what are the 
functional properties of the ventral hippocampus? 
 innate (unconditioned) anxiety 
 acquisition of fear response (fear response towards conditioned stimulus) 

Experimental studies on prefrontal cortical functions 
 working memory performance in the delayed non-match-to –positions (DNMTP) task 
using operant chambers: 

 
The longer the delay, the more errors are made (this delay-dependency is a typical 
characteristic of working memory functions) 
HPC lesions lead to a delay-dependent impairment in working memory in DNMTP  
PFC lesions lead to a delay-independent impairment in working memory in DNMTP 
 
Not all deficits in working memory performance are solely accounted for by “cognitive” 
processes! 
 
PFC lesions lead to a delay- independent impairment in working memory in DNMTP 

- The delay-independent deficits in working memory performance may be attributable 
to: Deficits in attention (“I don’t remember because I haven't paid attention in the 
first place...”) 

- Perseverative / stereotyped behaviour (“I press always the right lever regardless of 
what they ask me to do ...”). 

- Impulsive behaviour (“I 
can’t wait pressing a 
lever, regardless which 
one it is...”) 

 
Effect of a mPFC lesion on 
memory retention: The mPFC 
lesion exhibited a slightly 
lower adaptive CR% than the 
sham opera-on group through 
the post-lesion sessions 



 

Molecular aspects of memory 
formation and consolidation of memory involves reorganization at both a synaptic and 
systems level 

 



Molecular aspects of explicit memory – synaptic level 

long-term potentiation (LTP) - A stable and enduring increase in the effectiveness of 
synapses following repeated strong stimulation. In the hippocampus, LTP depends on the 
activation of NMDA receptors, which induces an increase in the number of postsynaptic 
AMPA receptors and greater neurotransmitter release. 

NMDA and LTP (Longterm potentiation 
•  Knockout of NMDAR abolishes LTP 
•  Mice that lack the NMDAR in CA1 have impaired spa-al memory as assessed in the water 
maze and radial arm maze 
 
EARLY LTP 
•  Lasts minutes/hours 
•  Involves activation of Ca++ dependent enzymes (CAMKII, PKA etc) 
•  Increased phosphorylation of AMPA channels and insertion of AMPA channels into the 
post-synap-c membrane 
•  Retrograde signal generates enhanced presynaptic neurotransmitter release  
 
LATE LTP 
•  Lasts hours/days 
•  Requires mRNA translation 
•  Requires protein synthesis 
•  Requires PKA activity 
•  Generates modifications in the postsynaptic compartment: activation of silent synapses, 
formation of new ones 

Other mechanisms 
•  NMDA mediated LTP has been observed also in the 
Cortex and Amygdala 
•  In CA3 mossy fibers, LTP affects prevalently the 
pre-synaptic compartment. 
•  Axonal plasticity 
•  Low frequency stimulation of synapses leads to 
long term depression (LTD) 
 



LTD decreases the efficacy of a synapse. Due to low frequency stimuli and a slow rise in 
postsynaptic [Ca]. [Ca] below threshold level leads to an activation of phosphatases which 
dephosphorylate AMPAr's causing them to be internalized, thereby causing the total 
sensitivity of the synapse to decrease.   

Pathological aspects of amnesia: Alzheimer’s disease (AD) 
 
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. 
Neurochemical aspects of amnesia: 
- Flunitrazepam (Rohypnol®; „Roofies“) 
- Gammahydroxybutyrat (GHB, Xyrem®; „k.o.-drops“) 
 
 Benzodiazepines, Benzodiazepines-like drugs 

 
Different subunits of GABA-A receptor mediate different behavioural, cognitive and 
physiological actions 

alpha1 
 
amnesia 
 
 
 



 
Exam: behavioural tests!!  

Neuroinflammation and brain development 
U. Meyer, VL 20 10.05.2016 

Neuroinflammation 

peripheral inflammation 
Medical Definition: 
A protective response elicited by injury or destruc+on of 
tissue, which serves to destroy, dilute or wall off both 
the injurious agent (injury or infectious agents) and the 
injured tissue. 
4 (5) Cellular and Molecular Hallmarks: 
- Activation of innate immune cells 
- Increase in inflammatory cytokines and chemokines  
- Recruitment of leukocytes (e.g., mast cells, neutrophils) 
- Local tissue remodeling (damage) 
- Resolution of inflammation, healing and repair 

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



Complement System  
Main function of complement system: 

 Chemotaxis – recruitment of macrophages and neutrophils 

 Opsonization – enhancing phagocytosis 

 Cell Lysis – breaking membranes (membrane-attack complex) 

Central Immune Response 
Central nervous system is (not) “immune privileged”: 
Blood brain barrier 

 Restrictive biochemical and physical barrier between CNS and periphery. 

 Highly selective permeability. 

 Separates circulating blood from brain parenchyma. 
Endothelial cells (tight junctions)  
Basement membrane 
Astrocytic endfeet 
 
 one parameter does not tell you if you 
have neuroinflammation! 
 
 
 

Neuroinflammation: Hallmarks 
“Neuroinflammation” is (traditionally) defined based on the series of 
events found in stroke, trauma and CNS infections: 

 

Immunocompetent cells in the CNS 

  
 



Microglia “The macrophages of the brain” 

 Distinct population of mononuclear phagocytes. 

 Derive from “primitive” hematopoiesis in yolk sac (mouse: E7-E9).  

 Infiltrate fetal brain via blood vessels (mouse: ~ E9.5). 

 High proliferation during embryonic life. 

 Capacity of self renewal (within CNS). 

 from yolk sac, not from blood! 

 
 functions of 
microglia 
 
- CNS development 
- recognition of 
pathogens 
- antigen presentation 
-phagocytosis 
-cytotoxicity 
-modulation of 
inflammation/ 
immuneresponese 
 
 
 

Microglia have a great spectrum of morphological phenotypes (often associated with 
different functional phenotypes) 
 
Proposed models 
of morphological 
changes in 
microglia: 
  

 
 
 
 
 
 



Microglia activation and M1/M2 polarization 

 
M1 = ‘bad guys’, activated by TNF, IFNgamma etc. 
M2 = ‘good guys’, activated by serum proteins, glutamate etc. 

 
relationship between microglia physiology and morphology  
 inflammation, phagocytosis, repair, remodelling, resolution of inflammation  unclear! 

Astrocytes 
Eg. Fill up empty space after stroke (glia-scar) 
 
Activation by TLR (toll like receptor) ,NOD receptor, … 
 upregulation of inflammation, proinflammation … 
 effects on surrounding milieu 
 

Neurons 
 can also release pro - inflammatory cytokines (eg. IL-1) 
 



Neuroinflammational influences on brain development 
Inflammatory cytokines  
 neurodevelopmental roles 
 immunological roles 

possible sources of cytokines 

 
eg. IL6 can cross placenta, TNF or IL1 can not! 
 placental production 
 fetal production (brain cells do release cytokines; Non-microglial (CD11b-negative) fetal 
cells produce larger quantities of inflammatory cytokines compared with CD11b-positive 
fetal microglia.) 

Early Neurodevelopmental Effects 
- Cytokines are capable of inducing the conversion of neuronal progenitor cells into a specific 
phenotype. Example: Conversion of rat midbrain progenitor cells into a dopaminergic 
phenotype by IL-1β. 
- Cytokines can influence neuronal target selection and dendrite formation. Example: Effects 
of combined Il 1beta and TNF alpha dendrite development on cortical neurons 
- Cytokines can negatively affect the survival of neurons  
- Cytokines can negatively affect myelination (late neurodev. Eff.) 

Synaptic pruning 
Early development: high increase of 
synapse density 
 
Unneeded synapses are eliminated 
 energy saving, more efficient 
transduction of signals 
 
 
 
 

 
 



 
factor x = TGF beta 
 
removal by microglia (phagocytosis) 

Glaucoma  
 pathological retina degeneration 
C1q increase  reduction of synapses! 
 

Innate immune activity and synaptic pruning: A balance model 
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Schizophrenia  
 chronic form of psychotic disorder that affects ~1% of the population worldwide 
 
positive symptoms  normally not present but appear as a result of the disease 
(Hallucinations, Delusions, Paranoia, Major thought disorders) 
 
negative symptoms  normally present but are reduced/absend as a result of the disease 
(apathy, anhedonia, behavioural perseveration, social withdrawal) 
 
cognitive symptoms  disturbances in executive functions, working memory impairment 
and inability to sustain attention 
 

 Disease onset beginning of early adulthood 

 DSM-V criteria (Diagnostic and Statistical Manual of Mental Disorders, Fifth edition, 
2013) 
“Schizophrenia is characterized by delusions, hallucinations, disorganized speech and 
behavior, and other symptoms that cause social or occupational dysfunction. For a 
diagnosis, symptoms must have been present for six months and include at least one 
month of active symptoms.” 

 Both genetic and environmental factors are involved in its etiology. 

 The etiopathogenesis of schizophrenia involves early neurodevelopmental changes 
as well as progressive brain changes before and subsequent to the disease onset. 

 
- genetic risk ( higher prevalence in identical twins, fraternal twins, children and 

siblings  1st degree relatives) 
- early life 

environmental risk 
factors of 
schizophrenia: 

 
 
 
 
 
 
 

 
Maternal infection during pregnancy is 
an environmental risk factor for 
developmental brain disorders in the 
offspring 
 
Epidemiological association between 
prenatal infection and schizophrenia 
does not seem to be pathogen specific 



The role of inflammatory factors: an ongoing debate 
- Immune factors play an essential role in normal brain development. 
- Immune-related factors influence normal brain development by modulating neuronal and 

glial cell differentiation, migration, maturation and survival. 
- Abnormal expression of immune-related factors during early brain development can 

negatively affect normal brain development and maturation, leading to long-lasting brain 
and behavioral abnormalities in later life. 

Schizophrenia (structural brain alterations) ~fetal exposure to inflammatory cytokine IL8 

Maternal immune activation model in rodents 

 

Fetal development in mice (and humans) 

 
Longterm effects: 
- Prenatal Polyl:C induced immune activation does not lead to neural cell loss and persistent 
neurodegeneration in the postnatal period 
- enlargement of ventricular spaces 
- deficient postnatal hippocampal neurogenesis 
- deficient postnatal reelin expression 

Validity criteria – translating schizophrenia into animals 
Face validity  is model similar to original disease (phenotypic similarities 
Construct validity: Similar (neuronal) mechanisms involved.  
Predictive validity: Sensitivity to (pharmacological) interventions. 

Behavioural correlates of schizophrenia like dysfunctions 
- Prepulse inhibition (PPI)  reduction of startle reaction to a startle eliciting stimulus 

(pulse) when it is shortly preceded by a weak stimulus (repulse)  
 prepulse is impaired in neuropsychiatric disorders with a presumed 
neurodevelopmental origin, including autism and schizophrenia 



  PND 35 ~prepubertal stage 
  PND 70 ~early adult stage 

Working memory  
= Special short-term memory buffer with a limited capacity. 
Working memory is used to hold relevant information active for on-going behaviour 
including reasoning, comprehension, and problem solving. 
Deficits in working memory are among the most commonly observed cognitive impairments 
in schizophrenia patients and are often present in autism spectrum disorder. 
 dry maze test for spatial working memory: The animals are required to learn the novel 
position of a rewarded hole revealed to them on trial 1 to navigate effectively to the same 
location on the subsequent trial. 
 
Peri puberty mice  normal working memory  adult mice have deficits! 

Amphetamine (AMPH) sensitivity 
Schizophrenic patients display enhanced neurochemical and behavioural responses to low 
doses of AMPH. 
AMPH treatment exacerbates psychosis in schizophrenic patients, and this is related to the 
severity of positive symptoms of the disorder. 

 
prepubertal stage mice do not show differences in responsiveness to Amphetamine 
early adult stage mice do show significant differences! 

Interim summary 
- Prenatal exposure to infection and/or inflammatory processes is associated with 

increased risk of schizophrenia and related disorders. 
- Experimental rodent models show that prenatal exposure to inflammatory stimuli (in the 

absence of infectious pathogens) is sufficient to induce a wide spectrum of brain and 
behavioral abnormalities relevant to schizophrenia and autism. 

- Many of the prenatal infection-induced behavioral abnormalities show a post-pubertal 
onset. 

- The precise timing of prenatal inflammation partly determines the nature and/or severity 
of subsequent brain and behavioral pathology. 

Current issues with maternal viral infection: 

Zika and its effect on the foetus 
- The incidence of microcephaly in Brazil in 2015 was 20 times higher than in previous years. 
- Epidemiological data suggest that microcephaly cases in Brazil might be associated with the 
inroduction of Zika virus. 

Zika virus 
Flavivirus (genus), named after forrest in Uganda in 1952 (first discovery in humans) 
Arbovirus (group including the genus flavivirus) 



  Arthropod-Borne virus   
  Transmitted by Aedes mosquitos (insects) 
Symptoms: fever, skin rashes, conjunctivitis, muscle and joint pain, malaise, and headache 
   for most people no problem at all 
 
many rumors depending on zika virus infections  no trust in government, chemical 
companies that make people ill to sell drugs 
 
so far no evidence that chemicals cause microencephaly 
 

- Case report study showing: Zika virus genome was found in amniotic fluid but not in 
serum or urine of pregnant women.  Zika virus can cross placenta 

- Severe cerebral damage observed in Zika virus infected fetuses 
- CT scans in newborn with microcephaly 
- Antibody IgM against Zika Virus found in serum of all (available) cases of 

microcephaly 
- „Associated with disruption in brain develoment rather than destruction of brain“ 
- However, not specific to Zika as such findings have been seen in other congenital 

viral infections. 
Zika virus infects human cortical neural progenitors and attenuates their growth: 

- Cell culture study using human neural progenitor cells  
- Zika Virus infects human embryonic cortical neuronal progenitor cells  
- Infected cells produce infectious viral particles  
- Infection dysregulates cell cycle and transcription in neuronal progenitor cells  

Guillain Barré syndrome GDS 
 autoimmune-mediated demyelination and /or axonal degeneration of peripheral neurons 
high correlation that zika virus can damage neurons in adults 

Its all about 
• timing 
• intensity 
• (genetic) predisposition and additional (environmental) factors 
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Affective disease 
• Depression and anxiety disorders represent one of the most common and proliferating 
health problems worldwide. 
• The World Health Organization predicts that unipolar depression will be the second most 
prevalent cause of illness-induced disability by 2020 (cardiovascular disorders rank first). 
• Recently published data suggest that the current lifetime prevalence for depression is as 
high as 16.2% in the adult population of the United States, with a financial burden of billion $ 
per year. 
• Likewise, anxiety disorders are serious medical illnesses that affect approximately 18.1  
million adults in the United States with a financial burden of 42 billion $. 
• The burden on health systems around the world from depression and anxiety is hard to 
overstate. 
• The disorder affects approximately 10% of men and 20% of women in the United States 
over the lifetime. 
• Depression is itself the principal cause of suicide, which in turn is among the major causes 
of all deaths. 
• Abnormal emotion is also frequently seen in other neuropsychiatric and neurological 
diagnoses, ranging from Alzheimer’s disease to substance abuse, and can frequently 
precipitate symptoms in these conditions. 
• Current pharmacological treatments for this emerging pandemic of depression and anxiety 
disorders are of limited efficacy in a considerable proportion of patients, and are associated 
with a troublesome side-effect burden that reduces compliance in many others. 
• A better understanding of the pathophysiology of these disorders and the development of 
novel, improved therapeutic treatments would fill a considerable unmet medical need. 
• Of central importance to meet both of the above points is the availability of valid 
preclinical animal models for evaluating the potential efficacy of novel 
pharmacotherapeutics. 



Defining Depression 
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. 
Endogenous depression 
'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 depression 
'Reactive' depression is the term used for depression thought to be caused by a specific 
event or circumstance (such as relationship problems or loss of someone you love, losing or 
changing jobs, or anything else that one finds traumatic). 
 
The major obstacle in diagnosing depression and anxiety is that for both disorders there are 
no biological markers. 
There are also various diagnostic tools that are used to identify and evaluate depression: 
i. The Diagnostic and Statistical Manual (DSM-IV) of the American Psychiatric Association; 
ii. The International Classification of Diseases (ICD-10) of the World Health Organization; 
iii. Rating instruments such as the Hamilton Depression Scale. 

Major Depression 
• Available treatment remain inadequate. 
• Up to 40% of depressed patients do not respond to first-line antidepressant drug 
treatment. 
• The patients that do respond, only a 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. 
• There are many individuals with depression for whom no drug treatments or psychological 
therapies alleviate symptoms. 
 For these reasons, identification of new treatment strategies is a public health priority 
 
The risk of developing depression is not equally distributed. 
There are several potent risk factors that increase the probability of developing depression: 
• female gender 
• a history of developing depressive disorder in the family 
• early childhood adversity and stressful life events in adulthood 
 
• A major public health problem- high prevalence, stigma, morbidity and mortality. 
• So far there is no plausible pathophysiology of depression. 
• Depression is a common, complex and poorly understood condition. 
• Depression can be a lifelong illness with persistent, overwhelming feeling of sadness and 
grief. 
• Core symptoms include profound impairment of the ability to experience pleasure, to feel, 
to eat, to concentrate and think, to sleep, to make decisions. 
• Depression is associated with mortality (suicide). 



• The more severe form of depression afflict 1 in 20 of the general population at some point 
in their lives. 

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. 
• The DSM-IV classification of clinical anxiety distinguishes between numerous subdisorders 
of anxiety: 

i. generalized anxiety disorder 
ii. panic disorder (diagnosed with or without agoraphobia) 
iii. specific phobia 
iv. social phobia 
v. obsessive–compulsive disorder 
vi. post-traumatic stress disorder. 

• 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. 

Depression and 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. 

Modelling expressions of anxiety and depression disorders 
Non-human primates, provide the closest match to humans in terms of genetic, behavioral, 
biological and social similarity. 
In addition, non-human primates’ relatively long lifespan, extended infancy, and socio-
affective behavior parallel many aspects of human development. 
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 . 
 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 attempt to model in experimental animals? 
• 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 can not 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). 
 
The disadvantages of working with animal models: 
• The brain, behavior and biology of animals are different from those of humans. 
• There is no evidence that that any experimental animal exhibits, or is even capable of 
experiencing any mental state or physiological condition that resembles human affective 
disorder. 
• Another caveat is that the medications are active in some animal tests only after acute 
administration, while their clinical efficacy requires chronic administration. 
• However, much of the core psychopathology of depressive illness is believed to involve 
neural process that are restricted to limbic brain structures and systems that are 
considerable homology with those of animals. 

 We can never fully recapitulate human depression or anxiety in the mouse. 

 We cannot know whether a mouse is depressed or feeling anxious. 

 Given the considerable differences in brain anatomy between humans and mice, 
particularly the greatly elaborated human cerebral cortex and the resultant capacity for 
processing complex psychological concepts, certain aspects of disease symptomatology, 
such as low self-esteem, suicidal ideation or ‘fear of going crazy’, are impossible to model 
in mice. 

 
Humans  more complex cortex, mouse  flat cortex;  

Criteria for Evaluating an Animal Model 
Construct Validity 
Construct validity refers to the fact that the mechanisms underlying the human condition are 
similar in the animal model.  Underlying pathology in human and animal model must be 
similar! 
Face Validity 
Face validity refers to the phenomenological expressions in the human condition and their 
resemblance to those of the animal model. 
Predictive Validity 
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. 



Reliability 
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. 
 
In humans: structured interviews and clinical assessment, cognitive testing, 
neurophysiological testing, functional neuroimaging combined behavioural or cognitive tests 
In animals ??? 

Cross species translational paradigms 

 

Modelling Expressions of Depression Disorders in Animals – 
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 or rat 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.  
 normal mice spend more time close to ‘normal’ mouse 
A “depressed” mouse or rat will display social avoidance in the presence of an unfamiliar 
animal. 
Forced swim test  swimming, struggling, floating 
Learned Helplessness 

   
 The Learned Helplessness (LH) phenomenon has been used as a behavioral model for 
despair and depressive-like behavioral states. 
The expectation of future lack of control 
i. reduces motivation to perform an instrumental act, and 
ii. makes it more difficult to learn that now their behaviour can be effective in leading to 
avoidance. 



Normal mice show high learning effect that they can avoid shock 
Shocked animals show lower learning of escapability of shock 

Anhedonia 
Anhedonia is defined as “the decreased capacity to experience pleasure of any sort” 
(Fawcett et al. 1983). 
Anhedonia is a core symptom of depression and a potentially useful endophenotype for 
modelling depression-related anhedonia in mice. 
‘Pleasure-seeking’ in rodents can be assessed by: 

i. simple preference for a highly palatable solution, such as sucrose, over water.  
ii. measuring the willingness to work for a food or drink reward under a 

Progressive Ratio Schedule  
iii.  Intracranial Self Stimulation. 

Sucrose preference test 
 2 water bottles (one normal and one with sucrose) 

 evaluate how much of each water is consumed in 24 h  depressed mice will 
drink less from sucrose water than control animals do 

Progressive ratio schedule 

 
programm on computer  makes it harder to get reward each time  

Intracrainal self stimulation 
NC accumbens  reward system 
• The rat keeps pressing the lever to receive the small electrical current because it feels 
pleasurable. 
• Rats will press the bar 1000s of times per hour for stimulation. 
• Rats will ignore food in favor of ICSS to the point of starvation. 

Animal Model of Anxiety-Like Behavior 
• The state of anxiety is a normal adaptive response to danger. 
• Rodents have an innate aversion to exposed, well-lit spaces. 
• Rodents are also a naturally foraging, exploratory species. 
• Exploration-based tasks exploit the conflicting tendencies to approach versus avoid a 
potentially dangerous area. 
• Over a typical test session, control mice are expected to avoid these aversive areas and 
prefer to remain in the protected zones of the apparatus for most of the testing period. 



• As a measure of ‘anxiety-like behavior’, this pattern of behavior has intuitive appeal (‘face 
validity’), given that many anxiety disorders are typified by a persistent avoidance of a 
feared object or situation. 

Elevated plus maze of anxiety   

• The elevated plus-maze (EPM) is one of the most widely employed 
behavioral screening assays for anxiolytic and anxiogenic agents in 
rodents. 
• It was introduced in the mid-1980s by Handley and Mithani as a 
tool for screening the upcoming surge of psychotropic agents 
affecting fear and anxiety. 
• In this test, a rat or a mouse is placed onto an elevated maze consisting of two opposing 
open arms and two opposing enclosed arms. 
• The reluctance of the animal to venture into and to explore the open arms provides a 
means to measure anxiety. 
Valium  animal spends more time in open arm (less anxious) 
Source of anxiety: 
Open space, height, new environment 
Measures of anxiety: 
- % time spent in open arms = time in open arms / (time in open + enclosed arms) × 100% 
- % entries into open arms = entries into open arms / (entries into open + enclosed arms) 
×100% 
- total distance moved in the maze central time 
Anxiolytic effect: 
Statistically significant increase in time spent in the open arms 

 
Avoidance behaviors are reduced by treatment with clinically efficacious anxiolytics, 
although principally by the benzodiazepine agonist class, which includes diazepam. 

Classical pavlovian fear conditioning 

  



  
 also for post traumatic stress disorder 

Impact on early life stress on brain and behavior 
Meyer 5, VL 23 24.05.2016 

The Effects of Stress on Brain and Behavior 
• 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. 
• Stress can vary along dimensions of frequency, duration (e.g. acute or chronic), and 
magnitude, each of which has different implications for the stability of the animal. 

The Hypothalamus-Pituitary-Adrenal (HPA) Axis 
• Especially key to the stress response is the release of glucocorticoids that redistribute 
glucose to the body to help the individual overcome the threat or challenge. 
• Failure to activate the stress response places the organism in a fragile state. 
• However, failure to inhibit the stress response can result in disease and lasting adverse 
effects on growth and development. 
 
The HPA acis control the stress response 

What is stress? 
Stressor: 
Stimulus that threatens animal’s physiological homeostasis Physical vs. Psychological 
(Environmental vs. Predicted) 
Stress Response: 
Sympathetic nervous system (active maintenance of physiological homeostasis) Autonomic 
(Fight or Flight) 
Hypothalamic-Pituitary-Adrenocortical (HPA) system 
 
 



The Hypothalamus-Pituitary-Adrenal (HPA) Axis 
 • The hypothalamic-pituitary-adrenal axis is a 
complex set of interactions between the 
hypothalamus, the pituitary gland and the adrenal (at 
the top of each kidney.) 
• 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. 

  
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. 
 
• Production of corticotropin-relasing 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 coriticotropic cells respond to CRH with the relaese 
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. 
Release of cortisol  negative feedback loop 

Glucocorticosteroid Receptors 
In the brain, glucocorticoids act through two receptors: (1) Mineralocorticoid Receptor (MR): 
High affinity receptor (Glucocorticoid affinity to MR is 10 times that of the GR) Mediates the 
initiation of the HPA axis control 
The distribution of MRs in brain is mainly restricted to limbic structures (hippocampus, 
septum, septohippocampal nucleus and amygdala) 
 



(2) Glucocorticoid Receptor (GR): 
Low affinity receptor 
Terminates the HPA axis stress control 
Increased sensitivity to corticosteroids during stress response with high density in the limbic 
system (hippocampus, septum) 
 
• Psychological stressors, in contrast to physiological ones, 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. 

Diagram of development 

 

Developmental milestones in humans and rats 

 
3 weeks after birth very important! 

Prenatal Stress 
• 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 can not enable one to rule out a contribution made by a genetic 
component or of an adverse postnatal environment to the infant behavior. 

(1) lack of a standardized measure of stress, 
(2) Inability to measure stress throughout pregnancy, or identify how long stress 
lasted, 
(3) failure to control for possible confounding variables, such as prenatal care, 
nutrition, and the use of harmful substances . 

• 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. 
 
Maternal stress could affect foetal 
development by exposure to stress 
hormones that are transported through 
the placenta. 

Hypothalamic pituitary adrenal axis 
programming by PS 

Fetal programming 
Environmental conditions during embryonic and 
fetal development (during gestation) with risk of 
diseases later in life (mental health disorders).   

Effect of stress/anxiety/depression during pregnancy and long term effects on the foetus 
and the child 
Research in the last 10 years has shown gestational stress is associated with increased 
incidence in the offspring of: 
i. Anxiety and depression 
ii. Schizophrenia 
iii. Autism 
iv. ADHD 
v. Cognitive impairments 
 



Prenatal Stress 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: 

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

 
 offspring then tested with elevated plus maze: prenatally stressed animals spent less time 
on the open arms supports earlier data that unpredictable gestational stress increases the 
response to stressful and conflict situations in the offspring 
 (a) An antidepressant drug (given for 3 weeks) selectively reduced the duration of 
immobility in prenatally stressed rats in the forced swim test.  
(b) 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) 

Prenatal Stress- Summary 
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. 

Postnatal Stress 
• 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. 
• 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. 
 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 
 
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, pre-clinical studies 
may contribute to a better understanding of the neurobiological underpinnings of the early 
adversity as well as its consequences on behavior. 

Maternal Seperation 
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 preweanling rats from the mother. 
Preweanling 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 . 



 

 
lower body weight in Early deprivation group, they spend less time in open arm, consume 
less sucrose water, show fewer social interaction 
 
Learned helplessness  animals show fewer trials to escape an unpleasant situation, 
fluoxatin  increased escape also in mice with learned helplessness 

ED rats show: 
1. increased anxiety-like 
behavior 
2. enhanced HPA axis 
respomsivness to stressors 
3. a reduced preference for 
sucrose relative to handled 
controls or 
AFR rats. 
4. These characteristics of 
the ED rats could be 
reversed with chronic 
(21 day) treatment with 
the SSRI paroxe 
  



Juvenile Stress 
During childhood the brain is still susceptible to adverse conditions, and trauma or chronic 
stress during this time can have additional unwanted long-term 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 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. 
 
Investigating stressors in adolescence as a risk factor for anxiety and depression in rodents. 
Adolescence is a transition phase between childhood and adulthood. 
In rodents adolescence can be devided into 3 periods: 

i. Early adolescence period (prepubescence): PND 21 – 34 
ii. Mid adolescence period: PND 34 – 46 
iii. Late adolescence period : PND 46 – 59 
 

From PND 60 rats are considered sexually 
mature – young adults 
There are major changes in stress 
responsivness during adolescence in both 
humans and rodents. 
 
• Juvenile stress protocol comprised of 3 
days of in tandem exposures to different 
stressors at PND 27–29. 
 
 
 
Stress Protocol: 

Day 1 (27 d) Forced swim: 10 min forced swim in a water tank 
Day 2 (28 d) Elevated platform: three 30 min trials 
Day 3 (29 d) Foot shock: a 3 min session of six electric foot-shock trials 

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

Avoidance learning 
 cognitive problems in adulthood 
 
Juvenile stress increased freezing responses to the conditioned tone 
 
 
 



Chronic Mild Stress (CMS) Model (Willner and colleagues) 
• The model involves repeated exposure to relatively moderate stressors: 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. 

 
bodyweight  stressed mice  lower weight,  
lower preference of sucrose water in stressed mice 
 
stressed animals  more floating in forced swim test, fluoxatin treated show same amount 
of floating as controls 
 
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. 
 

  



Neurobiology of depression and anxiety 
Meyer, VL 24 30.05.2016 

Dopaminergic circuitry and 
depression 
The contribution of DA to 
emotion- related behaviors 
such as reward seeking, 
motivation, and 
environmental 
responsiveness raises 
speculation that DA plays a 
role in the pathobiology of 
depression. 
VTA-NAc: reward 
Amygdala: Crucial for 
forming associative fear 
memories Hippocampus: 
mediating declarative 

memory 
PFC: working memory and executive control 
 
VTA, subst. nigra  dopamine cell bodies 
PFC  learning, memory, control and inhibition 
Symptoms can also affect brain regions (stress exposure for long time)  
 
• If DA neurotransmission were disrupted in depression, then antidepressant drug treatment 
would be expected to produce effects on the brain dopaminergic system. 
• Numerous studies demonstrate that antidepressant drugs enhance mesolimbic DA activity. 
• A few recent studies have measured the DA receptors in depressed patients using brain 
imaging techniques. Two studies demonstrate an increase of D2 receptor density in the 
striatum in depression (reflecting reduced DA function and a consequential up-regulation of 
these receptors) 

The four major DA pathways in the brain 

 
 
 



Noradrenergic circuitry and depression 
• There are two major cell groups of 
noradrenaline containing cells in the CNS. 
• The first arises from the locus ceruleus in 
the caudal pontine grey and spreads 
anteriorly forming an extensive net 
throughout the cortex. 
• The second cell group projects from the 
lateral tegmental neurons proceed caudally to 
the spinal cord. 
• The LC has a role in : learning and memory, 
sleep-wake system, arousal and vigilance, 
anxiety and depression, reward. 

Noradrenergic Circuitry 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. 
• Inconsistent findings of NA levels and ints metabolites in depressive disorders. 
• 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. 

Noradrenergic circuitry and depression 
- Evidence from post mortem tissue of major depressive subjects: 

- elevated amounts of tyrosine hydroxylase (TH) 
- reduced amounts of NA transporter binding have been reported in the LC. 
- Lower number of noradrenergic neurons have been observed in the rostral LC from 
victims of suicide. 

- Elevation of radioligand binding to some, but not all, noradrenergic receptors has been 
identified in some projection areas of the LC in suicide victims. 
- If the biological abnormalities in the noradrenergic LC are relevant to the symptoms of 
depression, then it follows that treatment with antidepressant drugs might reverse these 
abnormalities. 

Serotonin circuitry and depression 
• Several hundred thousand serotonergic neurons reside in the human brain. 
• Two major nuclei in the brain, from which the majority of brain serotonergic innervation 
originates, are the rostral raphe and caudal raphe nuclei. 
• The rostral nuclei innervate most of the brain, including the cerebellum. 
• The caudal nuclei have more limited projections that terminate in the cerebellum, brain 
stem and spinal cord. 
• These nuclei provide an extensive innervation of cortical and subcortical target areas. 
• 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. 
• The degree of reduction of 5-HIAA does not correlate with severity of depression. 
• 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. 
• Measurement of both 5HT1A and 5HT2A receptors in the prefrontal cortex from suicide 
victims has yielded no clear conclusions. 
• 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. 

The 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 

 

Antidepressants increase monoamines 

 



 

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

 

The monoamine depletion hypothesis of depression 
- According to this hypothesis, the depletion of serotonin and/or noradrenaline triggers the 
development of depressive symptoms. 
- Evidence for this hypothesis: 
- 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. 

The monoamine receptor hypothesis of depression 

 
 



 

The 5HT1A Receptor Sensitivity Hypothesis of Depression 

 

The Neurotropic Hypothesis of Depression 

 
1. Stress causes activation of the hypothalamic-pituitary-adrenal (HPA) axis with a 
corresponding increase in cortisol secretion. 
2. Excessive concentrations of cortisol can suppress BDNF production. 
3. Depression is associated with heightened stress reactivity and hyper-cortisol levels and 
reduced BDNF concentrations. 



4. Antidepressants have been shown to improve 
the depressive state both through regulation of the 
HPA-axis and restoration of BDNF concentrations. 
 

 
 
 
 
 

  
• 
Clinical evidence for the BDNF hypothesis of depression 
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. 
The BDNF hypothesis of depression: the argument against 
There a number of animal studies that have generated opposite results than that seen in 
human hippocampus. 
The increased BDNF in the VTA and NAc induced depression-like symptoms. 

The neural circuitry of anxiety 
hippocampus  memory of aversive stimulus (fear 
memory)  
 
detection of stimulus by thalamus,  interpretation by 
BLA  evaluation of stimulus in Ventral tegmental 
amygdala (VTA) 
 
 
 
 

 
 



Amygdala hyperfunction and anxiety disorders 
Evidence of the involvement of the amygdala in the neurobiology basis of anxiety disorders 
come from imaging studies (eg. fMRI) 
• 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 trait 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 (the degree of 
social anxiety positively correlated with amygdala reactivity). 
• Reduced symptoms in a public speaking situation following antidepressant treatment was 
associated with reduced amygdala reactivity. 

gamma-Aminobutyric acid (GABA) 
• It is the major inhibitory neurotransmitter in the brain (specially cortex, 
hippocampus) 
• 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. 
 
Efficiency of glutamic acid decarboxylase (GAD67) mRNA knockdown within the BLA 
GAD67 is the rate-limiting enzyme in controlling GABA synthesis 
The neural responsivity of the amygdala mediates the dependence of fear processing 

The GABA receptors: 
The GABA exerts its effects through mainly 2 different types of receptors: GABAA and 
GABAB receptors. 
The GABAA is an ionotropic receptor which is fast-acting ligand-gated chloride channels 
responsible for rapid inhibition. 
GABAB receptor is a metabotropic receptor coupled indirectly via G- proteins to either 
calcium or potassium channels to produce slow and prolonged inhibitory responses. 
Each receptors is a macromolecular complex comprising several sub-units. 

The GABAA receptors: 
Hetero-oligomer 
Is composed from 5 sub units surrounding a channel that 
is 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, act to increase the receptor’s affinity for GABA at its own binding site and 
consequently increase the frequency of channel openings. 
The effect of these medications, which are classified as is to enhance the natural effect of 
GABA. 
Such drugs, in addition to being anxiolytic, are anticonvulsant and sedative and sometimes 
function as muscle relaxants. 
GABAA receptors are also the site of action for a number of sedative-hypnotic and anesthetic 
agents (barbiturates). 
Barbiturates exert a modulatory effect on the GABAA receptor similar to the effects 
produced by the benzodiazepine agonists. 
Barbiturates bind near the Cl- channel pore. 
 
Prolonged exposure to benzodiazepines results in tolerance to some of their pharmacologic 
actions. Particularly to the sedative and anticonvulsant effects. 
Tolerance to the anxiolytic effect may not develop. 
Benzodiazepines can produce dependence. 
Drug research is aiming at developing agents that target GABAA receptors without producing 
tolerance or dependence, or triggering abuse. 
 
Different benzodiazepines have different affinities for GABAA receptors made up of different 
collection of subunits, and this means that their pharmacological profile varies with subtype 
selectivity 

Drugs treating anxiety 

 

Dose dependent effects of CNS depressants on level of consciousness 
Problem: lot of side effects! 
 
Benzodiazepines 
• highly effective for anxiety reduction 
• low incidence on tolerance 
• less severe withdrawal syndrome than barbiturates 
• safe therapeutic index 
• some can be used as anti-convulsants (epilepsy) or 
diazepam (valium) 
• not efficient in OCD and rarely prescribed in panic 
disorders 



Therapeutic Effects 
Generally not used for deep anesthesia (as the barbiturates) 
Useful for pre-anesthesia : relaxing without loss of consciousness (dental work or stressful 
diagnostic procedure) 
Anxiety relieving 

• psychological : worries and fearfulness 
• physical : relaxation 

Sedatives effects even disappear after a week (with nearly no tolerance for the anxiolytic 
effects). 
Long lasting BDZ can be used as hypnotics 
• Shorten the time to fall asleep 
• Increase sleep time 
• reduce nighttime awakenings 
Can be used as muscle relaxant or anti-convulsant 
Used in the prevention of alcohol and barbiturates withdrawal symptoms 
 
Serotonin in Anxiety Disorders 
• Acute increases in serotonin can be both anxiogenic and anxiolytic. 
• Selective serotonin reuptake inhibitors (SSRIs): effective anti-anxiety treatment across a 
number of disorders (generalized anxiety, social phobias, PTSD, OCD, panic disorder) and 
other serotonergic tricyclic antidepressants are effective in some anxiety disorders. 
• Buspirone a 5HT1A receptor agonist is an effective anti-anxiety treatment in generalized 
anxiety disorder. 
• Serotonergic agonism (fenfluramine, LSD, MDMA) can cause acute and chronic anxiety. 
• Studies of 5-HT, 5-HIAA, and 5-HT receptors levels are have revealed inconsistent findings. 
 

Immune mediated prenatal priming of schizophrenia relevant brain disease 
Meyer, VL 25 31.05.2016 

Inflammatory cytokines  immunological roles, neurodevelopmental roles 
 
Interaction between prenatal infection and genetic liability 
- Study investigation evidence of schizophrenia in descendance of mothers with upper 
urinary tract infection during pregnancy 
- Risk to develop schizophrenia after prenatal infection is five times higher in subjects with a 
family history of psychosis 
- Strong evidence for gene x environment interaction 
 
- Genome wide association study 
(GWAS) data suggest that there is an 
interaction between maternal 
cytomegalovirus infection with a single 
nucleotide polymorphism (SNP) in the 
CTNNA3 gene. 
- This highlights for the first time that 
infection can interact with specific 
genetic markers in the precipitation of 
schizophrenia risk. 



Nurr1: A Transcription Factor For 
Dopaminergic Development 
 
Nurr1 is expressed primarily in 
midbrain (VTA/SN) dopamine neurons. 
Without Nurr1, VTA/SN fail to develop 
(= dopamine agenesis). 
Nurr1 controls various cellular 
functions of dopamine neurons.  
 DA metabolism 
 Axon outgrowth 
 Cell survival 

heterozygous phenotype  measure activity of mouse in ‘open field’ test: 
 Nurr het. Mice move more compared to Wt animals 
 
 Mice deficient for Nurr1 are hyperactive  
 Additive effects 
 

Prepulse inhibition (PPI)  
 reduces startle response  
 Mice deficient for Nurr1 have a PPI deficit  
 Additive effects 
 
normal Working memory  mice refind food much faster 

Sustained visual attention  
 animals need to press lever  then light at right or left side  there they get sugar 
When light appears 10 seconds  all mice get the right result 
Light for Short time only  more problems to get right side  disturbances of dopaminergic 
system makes it even worse 

Prefontal dopaminergic system  
Tyrosine hydroxylase (TH) –positive dopamine fibers 
 only the combination of genetic deficit and prenatal immune activation led dopaminergic 
deficit 
TH  less dopamine in system due to enzymatic degradation  can be compensated in 
healthy indiv. (additional other risk factors  maybe no compensation!) 
 
Mutant DISC1  
 DISC1: “Disrupted in schizophrenia 1” 
 Another example of interaction between specific risk genes and prenatal infection 
 
Cannabis as a risk factor for psychosis ? 
- Acute psychosis associated with cannabis intoxication 
- Acute psychosis that lasts beyond the period of acute intoxication  Persistent psychosis 
not time-locked to exposure 
- Dose (Δ9-THC) dependent (today higher THC concentrations!!) 
- Early adolescence more vulnerable than later 



“Cannabis use preceding psychosis, the 
presence of a dose–effect relationship, and 
persisting association after controlling for 
potential confounding factors all suggest 
strongly that cannabis use plays a causal role in 
the onset of schizophrenia.” 
However: 
Cannabis is neither necessary nor sufficient to 
cause persistent psychotic disorder 
 
 Risk of schizophrenia in cannabis 
consumption depending on genetic 
predisposition 
 

the role of postnatal environmental factors in schizophrenia 

 childhood and adolescence as highly vulnerable period of brain development 
 
two hit environmental model 
hit 1: prenatal immune challenge 
hit 2: all 2 days stressor (psychical)  
 what are the longterm effects? 

 
anxiety related behaviour  1 month after last stress exposure: stress in puberty increased 
anxiety in adulthood 



the combination of the two environmental factors led to PPI (preulse inhibition) deficit,  
increased amphetamine sensitivity and increased MK 801 (=NMDA receptor antagonist  
acts on glutaminergic system) sensitivity 
 
Summary of Short-Term Behavioral Effects in Puberty 
Why is this delayed onset of behavioral disturbance important? 
- Changes of neurodevelopmental trajectories 
- Emphasizes importance of adolescent brain development 
 Mechanism? 
 
Possible mediating mechanisms in environmental two hit model 

 
Micoglia activated by immune 
reaction or stress exposure 
 
Short term consequences on 
microglia activation 
 
1. normal animals do not show 
an immune response to the 
stressors 
2. Prenatally predisposed animals 
show microglia activation 
 
 

short term consequences on brain cytokines 
1. Normal animals do not show an immune response to the stressors 
2. Prenatally predisposed animals show cytokine response 
 
neurons can control microglia activation (less receptors  less activation of microglia) 
 too high activation  change in synaptic pruning? 
 
Short-Term Consequences on Astrocytes 
1. No consequences on astrocytes 
2. Abnormal microglia activity as possible molecular mechanism? 
3. Short term effects or long 
lasting?  
 
Long-Term Consequences on 
Microglia and Brain Cytokines 
 Normal immune system 
functioning in adulthood (when 
behavioral deficits occur)  
  can we influence 
transient neuroinflammation to 
prevent schizophrenia? 
 
Can pass blood brain barrier 



Minocycline: An Effective Drug With Unclear Mechanisms 
- Broad-spectrum antibiotic of the tetracycline family.  
- Lipid-soluble with effective penetration to the brain. 
- Substantial neuroprotective and anti-inflammatory effects, including inhibition of 

microglia activation. 
 
Better recovery after brain injury when directly applied Minocycline  inhibits 
microgliaactivation and cytokine excretion (IL1beta) and prevents Prepulse inhibition (PPI) 
 
Double hit animals  huge in crease in amphetamine sensitivity  can be reduced by 
minocycline 
 
Summary 
The neuropathological effects of prenatal immune challenge can be magnified or attenuated 
by specific genetic manipulations. 
Latent neuropathological effects of (mild) prenatal immune challenge can be unmasked by 
postnatal exposure to additional environmental insults such as stress. 
(Transient) neuroinflammation seems to be critical in mediating the synergistic interactions 
between mild prenatal immune challenge and pubertal stress on long-term brain 
dysfunctions. 
Prenatal exposure to infection and associated inflammatory processes can (or should?) be 
viewed as “neurodevelopmental disease primer” facilitating chronic abnormalities upon 
exposure to multiple risk factors. 
 
Concluding Remarks 
Prenatal exposure to infectious and/or inflammatory stimuli induces a wide spectrum of 
brain (and peripheral) abnormalities in numerous species. 

 Experimental support for human epidemiological findings reporting an association 
between early-life infections and later development of brain disorders. 

Prenatal immune activation models are “neurodevelopmental disruption models” and are 
therefore etiopathologically highly relevant for neuropsychiatric disorders with 
developmental components. 

 They do not rely on a presumption of a disorder‘s neuronal substrates and are 
therefore open to multiple hypotheses testing and longitudinal investigations. 

Prenatal immune activation models are excellent experimental tools for gene- environment 
and environment-environment interaction studies. 

 Such approaches bear etiological and mechanistic relevance to multi-symptomatic 
and multi-factorial disorders such as schizophrenia, autism, and bipolar disorder. 

 


