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Obesity and Energy Metabolism 

Overview 
Obesity is not a disease, but it is a risk factor. There are more obese than underweight people world-

wide. 

Obesity co-morbidities (Begleiterkrankungen) 

- Hepatic steatosis (NAFLD) 

- Cardiovascular diseases (CVDs) 

- Insulin resistance/Type 2 Diabetes 

- Neurological disorders 

- Cancer (different types) 

Obesity is associated with multiple comorbid conditions 

Obesity related comorbidity: Stroke, cancer (various), Asthma, Pulmonary embolism, Back pain, OA, 

Coronary artery disease, Congestive heart failure, Hypertension, Type 2 Diabetes, Gallbladder disease 

Increased risk of comorbidity: 

Comorbidity RR male RR female 

Type 2 diabetes 6.7 12.4 

Coronary artery disease 1.7 3.1 

Congestive heart failure 1.8 1.8 

Hypertension 1.8 2.4 

Stroke 1.5 1.5 

Osteoarthritis 4.2 2.0 

Gallbladder disease 1.4 2.3 

Data for obese (BMI ≥ 30) 

Life expectancy decreases as BMI increases: 12 years lost of life expectancy → BMI 40-50 kg/m2 vs. 

BMI < 25 kg/m2 

Lipodistrophic co-morbidities (fat is reduced, people cannot develop fat): same as with obesity 

Adipocytes controlling nutrient homeostasis 

Adipose tissue dysfunction (in obese 

and lipodystrophic) precedes sec-

ondary metabolic disease 
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Is obesity always associated with metabolic and cardiovascular disorders? 

~15-20% of patients with obesity are not developing metabolic complications: → Metabolically 

healthy obesity (use definition with care) 

Definition of metabolically healthy obesity 

- Blood pressure: < 130/85 mmHg 

- Glucose metabolism: HbA1c < 6.0%, Fasting Glucose < 6.1 mmol/l 

- Lipid metabolism: HDL-C > 1.03 mmol/l (Men); HDL-C > 1.3mmol/l (Women); TG < 1.7mmol/l 

- Cardiovascular: no manifestations 

Using the Edmonton obesity staging system to predict mortality 

 

Adipose tissue inflammation 
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Adipose tissue plasticity 

Adipocyte differentiation 
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Central Regulation 
Energy balance – which factors contribute 

 

Fasting/Feeding cycles to maintain energy balance 

- Hunger: sensation associated with the drive to eat 

- Appetite: psychological desire to eat 

- Satiation: termination of eating after hunger has been satisfied 

Which factors control energy balance 

- Gender 

- Age 

- Ethnicity 

- Genetics and Epigenetics → Heritability 

Parabiosis Experiments 

Ob/ob + normal: weight gain of ob/ob mouse suppressed 

Db/db + normal: normal mouse slowly loses weight and dies of apparent starvation 

Db/db + ob/ob: ob/ob mouse rapidly loses weight and dies of apparent starvation 

Interpretation: 

- Circulating factor involved in energy balance regulation 

- Defects in ob/ob and db/db mice may be in signal and the receptor for that signal, respectively. 

- In 1994, the leptin gene was positionally cloned from the ob mouse; the leptin receptor was 

subsequently cloned from the db mouse. 
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Profusion of Peripheral Signals Hypothalamus is central region of con-
trolling the food intake by regulating the 
DVC 
HT integrates many signals: 

- Leptin (represses food intake) 
- Gut-hormones: Ghrelin (hunger 

hormone, activate food intake 
by sensing if stomach is empty), 
CCK (sense stomach emptying 
and regulate food intake) 

- GLP-1: produced in the gut (and 
pancreas) released into the 
blood dependent on food com-
ing in, suppresses food intake, 
feedback mechanism 

- Insulin: released in response to 
glucose, regulator of food intake 

 

NPY-System controls several upstream 
neurons to promote food intake and to 
reduce energy expenditure 
 
POMC/CART-System: regulates via 
αMSH the MC4 receptor which induces 
energy expenditure and (to certain ex-
tent) represses food intake 
 
Signals activating or inhibiting, also feed-
back mechanism 
 
Regulation if person eats or burns en-
ergy 
 
Therapies: 
Leptin not a therapeutic agent to treat 
obesity, because: constant oversupply of 
leptin, pathway constantly activated → 
counterresponse to shut down receptor 
activity → leptin resistance 
 
GLP-1: build a stable peptide of this and 
inject it into people, treat diabetes and 
by regulating food intake maintaining 
weight loss 
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(Learn key components) 
Leptin binding to leptin-receptor which 
is encoded on the db/db gene to elicit a 
downstream signal 
Transcriptional response: transcription 
factors STAT3 & 5 
 
Cell surface signal → downstream nu-
cleus signal: connection between these 
two systems is most of the time through 
a signalling cascade of kinases → in this 
case phosphorylation of nuclear recep-
tor (1) in cytosol, dimerize, go to nucleus 
to bind DNA and change transcription (2) 
Leptin via leptin-receptor leads to modi-
fication of TF which alters their activity 
and changes gene transcription in the 
cell 

 

A) Hedonic and homeostatic are 
not separate → therefore new 
model (B) 

B) Crosstalk between Hypothala-
mus and hedonic reward sys-
tem, more interactions 
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Molecular mechanism of dopamine signalling 

Dopamine is produced from Tyrosine, 

Dopamine is released as neurotransmit-

ter from the one neuron into the synap-

tic cleft where it interacts with recep-

tor, which elicits again a cellular signal-

ling cascade 

The dopaminergic signalling controls G-

coupled protein signalling via activating 

a phospholipase (here PLC) which in 

term regulates the release of calcium 

On the other hand GPCR regulates Ade-

nylatecyclase(5) which leads to conver-

sion of ATP to cAMP → activates PKA, 

which controls several downstream kinase activities ➔ prolong food intake 

Obesity and Diabetes 

Control of Systemic Metabolism 
Postprandial 

(know blue dots, everything else is not required) 

 

1) Glucose leads to secretion of hormone GLP1, which is produced from cells of the gut. GLP1 is 

degraded almost immediately by DPP4 (peptidase). Inhibitors of DPP4 are one of the most 

modern medications of type 2 diabetes.  
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Glucose enters β-cell → converted to energy → ATP/ADP ratio changes → leads to the release 

of insulin from β-cell into bloodstream 

Insulin-release is induced by GLP1 (incretin-effect): more GLP1 → more Insulin-release → 

higher Insulin-levels (*) 

2) Glucose enters the liver over a glucose transporter (Glut2). Glut2 works in an independent 

manner!! So glucose is transported exclusively based on the concentration gradient. But insu-

lin drives G6P to glycogen and therefore indirectly drives the uptake of glucose. 

Rate limiting enzyme: DGAT 

3) Glucose uptake is hormonally controlled, most important transporter is Glut4 

Glut4: normally not a transporter in plasma membrane, but through the action of insulin it is 

translocated to the plasma membrane, is very active in pushing glucose into the muscle tissue 

4) Glucose is transported through Glut4 (highly regulated by insulin) into adipose tissue, also here 

Glut4 is in cytosolic space but translocates to plasma membrane because of insulin 

Diacylglycerol (DAG) converted to Triacylglycerol (TAG) via the action of DGAT → generation 

of storage lipids 

Fasting 

 
During fasting, the fasting related hormone Glucagon (produced by α-cells of pancreas) is highly in-

duced, while insulin is not present or massively reduced 

1) Utilization of lipid stores: adipose tissue provides basically the energy for the other organs 

ATGL → rate limiting step, because without you can’t produce DAG 

HSL → cleaves DAG to generate FFA/MAG, Glucagon induces HSL, and massively inhibited by insu-

lin 

MAGL → cleaves rest of glycerol 

L = Lipases always cleave a lipid 

2) FFA can be taken up by CD36 → Glycerol converted to Glycerol-P by Glycerol-Kinase (GlyK) (Kinases 

always phosphorylate) 

Enzyme DGAT catalyses last step of putting a FFA onto a DAG 

MTP → lead to formation of VLDL 
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PEPCK: main enzyme and rate limiting step, catalyses one of the steps to generate G6P out of 

Pyruvate, PEPCK is very efficiently inhibited by insulin and activated by Glucagon 

Glucose can be secreted into the blood via Glut2 (which is not dependent on insulin signalling but 

is really dependent on intra- vs. extra-cellular concentration 

3) Glucose can enter muscle (also brain) through concentration-dependent transporter Glut1 

(there are multiple ways to get lipids into the muscle) 

CD36 (enzyme) leads to import of FFA from ECM into ICM 

Obesity and Insulin Resistance 

 

most important 

Downstream signalling, here Kinase cascade 

1) Insulin binds to receptor and induces dimerization of it, becomes phosphorylated (autophos-

phorylation) → leads to phosphorylation of IRS at specific positions → are then bound to in-

sulin receptor (“docking”, complex) 

2) Localization, “docking complex” recruits another kinase (PI3K), you bring an active kinase to 

the plasma membrane →PI3K gets in contact with PIP2 → generation of PIP3 (kinase that uses 

lipids as second messengers and changes their polarity/structure by adding a third phosphate 

group) 

3) PIP3 interacts with PDK1 (which is also recruited to the membrane) → leads to phosphoryla-

tion of PKB/AKT which then is activated 

4) FOXO1 is a nuclear TF, produced in the cytosol and then translocates into the nucleus where 

it binds to the DNA and recruits the RNA polymerase and leads to the transcription of genes, 

also a very good binder on PEPCK promoter (PEPCK is made) 

5) FOXO1 can get phosphorylated by activated PKB/AKT → FOXO1-P can’t go into the nucleus 

anymore → PEPCK transcription is shut down 

When there is no insulin signal, FOXO1 won’t get phosphorylated therefore PEPCK constantly gets pro-

duced → huge amount of rate limiting step of converting pyruvate to glucose, intracellular concentra-

tion of glucose rises (first step to hyperglycaemia) 
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Phosphorylation of PKP/AKT stays the same 

1) Glut4 is a glucose transporter that actively transports glucose into the muscle independent of 

the concentration gradient 

2) Under normal conditions: Glut4 is located in vesicles which are bound by AS160 

3) PKB/AKT phosphorylates 14-3-3 → has now a high affinity for AS160, so AS160 is removed 

from vesicles and sequestered by scaffold proteins (14-3-3) → Glut4 can now travel to plasma 

membrane 

If it doesn’t work: no phosphorylation of scaffold protein, glucose uptake doesn’t work anymore, glu-

cose concentration in blood rises 

 

1) Glucose converted into FFA which are stored as TAG in lipid droplet 
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2) ATGL and HSL as before 

3) If glucose is present, you want the adipose tissue to store the energy, you don’t want break-

down of TAG (should only happen in fasting conditions), so 2) has to be blocked 

4) HSL is drastically inhibited by insulin signalling (Insulin leads to activation of PKB/AKT which 

then inhibits HSL), so TAG stay in lipid droplets 

In insulin resistance: constant release of fatty acids because HSL not blocked anymore → adipocyte 

grows, becomes insulin resistant and constantly spills over lipids which causes then insulin resistance 

in the other tissue (first hypothesis) 

Fits also with lipodystrophy: skinny person that cannot build adipose tissue → if you have no adipo-

cytes, you will never be able to store your lipids, so they’re anyway deposited → again leads to insulin 

resistance 

Type 2 Diabetes – an Overview 
Diabetes mellitus is an endocrine disease, which develops due to absolute (type 1) or relative (type 2) 

insulin insufficiency 

- Absolute insufficiency: there is no insulin to signal 

- Relative insufficiency: there is not sufficient insulin to induce the wanted effects 

Epidemiology 

In patients with type 1 DM, complications from end stage renal disease are major cause of death (killing 

of pancreatic β-cell → no insulin produced →hyperglycaemia attacks blood vessels → leads to live 

damage and death), whereas patients with type 2 diabetes are more likely to have macrovascular dis-

eases leading to myocardial infarction and stroke as main causes of the death 

The term DM 

… refers to the excretion of large quantities of sweet urine. Diabetes is derived from the Greek diabaino 

for siphon and mellitus (from Latin “mell”) means honey or “sweet” taste. 

Insulin is an anabolic hormone (promotes the synthesis of carbohydrates, proteins, lipids and nucleic 

acids). The most important target organs for insulin action are: 
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Insulin insufficiency 
Absolute: 

- Genetic disorders 
- Autoimmune damaging of β-cells 
- Viral damage 
- Toxic influence on β-cells 
- Diseases of pancreatic gland 

Relative: 
- Β-cells 
- Insulin transport 
- Receptors (tissue insensitivity)  

 

 

Etiologic classification of DM (1999) 

1) Type 1 of DM (destruction of β-cells which mostly leads to absolute insulin insufficiency): 

a. Autoimmune 

b. Idiopathic 

2) Type 2 of DM (resistance to insulin and relative insulin insufficiency or defect of insulin secre-

tion with or without resistance to insulin) 

3) Other specific types: 

a. Genetic defects of β-cells function 

b. Genetic defects of insulin action 

c. Pancreatic diseases (chronic pancreatitis; trauma, pancreatectomy; tumor of pancre-

atic gland; fibrocalculosis; hemochromatosis) 

d. Endocrine disease (acromegaly, thyrotoxicosis, Cushing’s syndrome) 

e. Drug exposures 

f. Infections and others 

4) Gestation diabetes 

Type 1, or insulin-dependent diabetes mellitus (IDDM) 

- Is characterized by pancreatic islet β-cell destruction and abso-

lute deficiency 

- The onset of the disease is generally in youth, but it can occur at 

any age. Patients have dependence on daily insulin administra-

tion for survival. 

  



MDM FS 2021 Leonie Pfrunder 

15 
 

Type 2, or noninsulin-dependent diabetes mellitus (NIDDM) 

- Type 2 is the most common form of diabetes, accounting for 95 – 90% of the diabetic popula-

tion. Most investigators agree that genetic factors underlie Type 2 DM.  

 
Pathogenetic and clinical difference of type I and type II DM 

Signs Type 1 Type 2 

Age Young (under 35) Old, middle 

Beginning of disease Acute Gradual 

Duration Labile Stable 

Ketosis, Ketoacidosis Often develops Rarely develops 

Body weight Decreased or normal Obesity in 80-90% of patients 

Stages of DM development 

I. Prediabetes (risk factors or predispose factors) 

II. Impaired glucose tolerance (latent DM) 

III. Clinical manifestation of DM 

Prediabetes (risk factors or predispose factors) 

- Obesity 

- Positive family history of DM 

- Persons which were born with weight more than 4kg 

- Women who had children with weight more than 4kg 

- Endocrine disorders 

When should we screen for diabetes? 

- All patients ≥45 years of age 

- All patients with BMI ≥25 and any of the following: 

o Hypertension of ≥140/90 mmHg 

o HDL < 35mg/dl, or Triglycerides > 250 mg/dl 

o Clinical insulin resistance (severe visceral obesity, acanthosisnigricans) 

o History of cardiovascular disease 

o Gestational DM, or delivered a baby > 9lbs 

o African/Latino/Native/Asian American or Pacific islander 

o First degree relative with diabetes 

o Physically inactive 

- If testing is normal, then repeat screening in 3 years 
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OGTT 

75g for adults (100g pregnant women, and 1.75 g/kg of ideal body weight for children) 

Diagnostic criteria for DM 

- A1c ≥ 6.5% (new) OR 

- FPG ≥ 126 mg/dl – fasting for ≥ 8 hours OR 

- 75gr, 2hr OGTT ≥ 200 mg/dl OR 

- Random Glucose ≥ 200 mg/dl + symptoms of hyperglycaemia 

➔ Repeat testing if uncertain 

Degrees of severity of DM 

 Mild Moderate Severe 

Compensation can be 
achieved by 

Diet Oral hypoglycemic 
agents or insulin 

Orals hypoglycemic 
agents or insulin 

Chronic and acute 
complications 
(not so important) 

Only functional stages Not last stages ketosis 
can occur 

Last stages of chronic 
complications are pre-
sent, ketosis is com-
mon 

 

Criteria of decompensative stage 

1. Postprandial glycemia is > 9,0 mmol/l 

2. HbA1c is higher then 6,5 for the 1 type of DM, 7,0 for the 2 type of DM 

3. Comatose or precomatose status are present 

Clinical manifestations of diabetes mellitus is tagged as 3 P’s 

- Polyurea (when the level of the blood glucose is more then 9 mmol/l, glucosurea arises) 

- Polydipsia (as more water is excreted, the body requires more water intake) 

- Polyphagia (increased catabolic activity of the body and as its result lack of energy) 

Two additional P’s 

- Pruritus (scratching) 

- Paresthesia which is “a sensation of 

tingling, burning, pricking or numb-

ness of a skin. It is more generally 

known as the feeling of “pins and nee-

dles” or of a limb “falling asleep” 
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Molecular Mechanisms of Insulin Resistance 

Macrophages: under normal conditions, macrophages secrete IL-10, but in resident, hypertrophic 
state, they secrete TNF-α, IL-6 and MCP-1 

1) as learned before 

2) Fatty acids bind to toll-like-receptors → induces cascade → remember JNK! 

JNK can lead to phosphorylation of IRS, changes its conformation and therefore process 1) gets 

shut down at the very beginning 

3) IL-6 signals through IL-6-receptor and TNF-α signals through TNF-receptor 

TNF-α can lead to activation of JNK → shut down insulin signalling because of phosphorylation 

of IRS 

IL-6 can signal through STAT3 and SOCS3, is also able to induce serin phosphorylation of IRS 

and therefore inhibit insulin signalling 
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(linker Teil nicht beachten) 

1) FFA can also be taken up by the cell (instead of binding to TLR) → Long Chain Acyl CoA (got 

already activated at the plasma membrane) → forming of DAG and Ceramide → they can ac-

tivate a PKC, which can again phosphorylate IRS at a serin and can also phosphorylate PKB/AKT 

➔ driving insulin resistance because of overload of fatty acids 

 
(mixture of fasting and feeding states) 
How to overcome the relative insulin deficiency? 

1) Increase level of GLP1 → more insulin release which can overcome the relative insulin defi-
ciency 

2) Block activity of a protease which controls GLP1 breakdown 
3) Targeting insulin release in β-cell → induce insulin release 
4) Reduces formation of glucose → changing glucose output (less insulin needed to reduce glu-

cose) 
5) Targeting adipocytes → improve storage, reduce release of FFA 
6) If everything fails → injection of insulin to overcome the relative insulin deficiency 
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NAFLD and Hypertension 

NAFLD an Overview 
Portal Circulation 

- Hepatic portal system which directs nutrient rich blood from the intestines to the liver. 

- Liver also drains venous blood from pancreas 

- Has highest insulin levels of all organ systems 

Liver anatomy and circulation 

Hexagons with central veins and portal triads, bile 

ducts 

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 be reabsorbed 

in the ileum and recycled by the enterohepatic circulation. 5% are lost in the 

feces. 

Bilde acids form micelles with ingested lipids and are important for lipid absorp-

tion.  

Non-alcoholic fatty liver disease (NAFLD) 

- Fat deposition (steatosis) in the liver 

- Not due to excessive alcohol use 

- Related to insulin resistance and the metabolic syndrome 

- May respond to treatments for T2D, weight loss (control lipid spill over), metformin (regulates 

hepatic glucose output) and thiazolidinediones (improve adipose tissue function) 

- Genetic forms exist 

➔ Describes a spectrum of steatotic liver disease generally associated with obesity and metabolic 

syndrome (HTN, dyslipidemia, increased waist circumference, insulin resistance) 

Signs and Symptoms 

- Most patients with NAFLD have few or no symptoms 

- 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 abnormal liver function tests during routine 

blood tests. By definition, alcohol consumption of over 20 g/day (about 25 ml/day of net eth-

anol) excludes the condition. 

NAFLD is associated with insulin resistance and metabolic syndrome (obesity, combined hyper-

lipidemia, diabetes mellitus (type II) and high blood pressure). 

Prevalence of NAFLD 

Most common pediatric chronic liver disease in US and globally (2.6% - 9.6%). 
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The prevalence of non-alcoholic fatty liver disease ranges from 9 – 36.9% of the population in different 

parts of the world. 

Approximately 20% of the US population suffers from non-alcoholic fatty liver 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 

- Obesity 
- Type 2 diabetes mellitus 
- Dyslipidemia 
- Metabolic syndrome 

- Polycystic ovary syndrome 
- Hypothyroidism 
- Obstructive sleep apnea 
- Hypopituitarism 
- Hypogonadism 
- Pancreato-duodenal resection 

Pathophysiology of hepatic steatosis 

Progression of fatty liver disease 

- Hepatic Steatosis (Fatty liver) 

o Progression of hepatic steatosis with no evidence of hepatocellular injury. 

- Nonalcoholic steatohepatitis (NASH) 

o Presence of hepatic steatosis with hepatocellular injury (ballooning) with or without 

fibrosis. 

- Cirrhosis 

- Hepatocellular Carcinoma 

Histological Features 

- Steatosis 

o Presence of hepatic steatosis with no evidence of hepatocellular injury in the form of 

ballooning of the hepatocytes. 

- NASH 

o Hepatic steatosis and inflammation with hepatocyte injury (ballooning) with or with-

out fibrosis. 

Grade 0 (normal) Up to 5% of hepatocytes affected 

Grade 1 (mild) 5-33% of hepatocytes affected 

Grade 2 (moderate) 34-66% of hepatocytes affected 

Grade 3 (severe) ≥67% of hepatocytes affected 
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Steatosis Grades (not an on/off disease) 

 
Biochemical Features 

- Elevated serum TG 

o > 150 mg/dl 

- Elevated ALT 

o No universal standards 

o 30-45 U/L most commonly used cut-off for abnormal ALT 

o ALT may be normal 

o Current standards controversial – range may be too high 

Pathological Features 

Acanthosis nigricans 

Hepatomegaly on palpation 

Diagnosis 

Liver biopsy (invasive, risks, expensive) 

Diagnostic Imaging 

- Computerized Tomography (CT) 

o Exposure to ionizing radiation 

- Magnetic Resonance Imaging (MRI) 

o No exposure to ionizing radiation 

o Expensive! 

- Ultrasound 

o Accessible, no ionizing radiation exposure 

o Low sensitivity: mild-moderate steatosis 

o Limited beam penetration in obese individuals 

“Two Hit” Theory 

The first “hit” involves the accumulation of fat in the hepatocytes (steatosis) 

Subsequent “hits” involve: 

- Chronic oxidative stress with the production of reactive oxygen species (ROS) 
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- 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 

o Inversely associated with obesity, BMI, metabolic syndrome, visceral adiposity, NAFLD 

- IL-6 

o Implicated in insulin resistance, NASH 

- TNF-α 

o Elevated levels with insulin resistance, metabolic syndrome 

- CRP 

o May be a marker for hepatic steatosis – but not of severity of NAFLD 

Several gene polymorphisms are associated with NAFLD and genes that influence: 

- Insulin signalling 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. 

Dietary Characteristics 

- Overconsumption of fructose and 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 (vit-

amin E) 

Nutritional Factors 

Role of CHO 

- Sucrose/glucose 

o Increases hepatic TG synthesis 

- Fructose 

o Increases de novo lipogenesis (DNL) and insulin resistance in animal models 

o Fructose overfeeding increases fasting and postprandial plasma TG → hepatic DNL, 

VLDL-TG secretion and decreased VLDL-TG clearance 
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Thus a possible explanation might be: 

Insulin resistance and hyperglycaemia develops primarily in presence of sustained fructose exposures 

associated with changes in body composition. 

- Obesity and insulin resistance are drivers of steatosis (mechanisms of fibrosis will not be cov-

ered) 

- Manifestation of early symptoms is lipid deposition in the liver 

➔ What drives hepatic lipid deposition? 

There are 3 major sources for the increased TAG deposition in the liver: 

- Rate of FFA uptake and synthesis 

- Impaired VLDL export 

- Increased de novo lipogenesis (DNL) synthesis of FFA from carbohydrates in the liver 
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Molecular Mechanisms of NAFLD 

 
1) Fructose is taken up by Glut2 and Glut5 → concentration dependent import → can be utilized 

to form DHAP (same pathway as glucose) 

Glucose is taken up via Glut2, not directly dependent on insulin, transport occurs based on a 

concentration gradient between extracellular and intracellular space → Glucose converted to 

G6P → metabolized to DHAP, which ultimately leads to production of pyruvate → enters cyclic 

acid cycle 

2) Citric acid cycle serves as a reservoir for metabolites → utilized to generate novel molecules, 

here Citrate → used to produce Acetyl-CoA → formation of Malonyl-CoA, catalysed by ACC1, 

tightly regulated by Insulin → conversion to Palmitate, catalysed by FAS, again controlled by 

Insulin → forming of Stearate, class of enzymes (elongases) for example ELOVL, also depend-

ent on Insulin  

3) Liver can take up fatty acids released from adipose tissue. So pool of fatty acids (palmitate and 

stearate) can also be filled by fatty acids taken up by other organs 

4) Storage for metabolizing TAG is required, one is Gly3P which can be synthesized out of DHAP 

generation of LPA, which gets converted to DAG → modulated to TAG (formed by enzyme 

DGAT) → converted to VLDL (regulated by protein MTP) → VLDL can be secreted 

➔ De novo lipids are formed, synthesized to generate TAG, packaged into lipoprotein and re-

leased into the blood 

Control of this process: 

5) Srebp1c = TF, locates in ER on the membrane, can’t leave 

Scap → can cleave Srebp1c to release it, Scap is tightly inactivated by Insig 
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6) Insulin inhibits Insig → freeze protease leading to cleavage of Srebp1c → allows nuclear trans-

location of Srebp1c, is binding to DNA → most important target genes of Srebp1c are FAS, 

ELVOL and ACC 

→ insulin doesn’t control activity, but rather the expression of these genes 

Another TF that drives lipogenesis: 

7) Chrebp = TF, binds to promoters in genes that react to presence of glucose 

sits in cytosol tethered to scaffold 14-3-3, here substrates (G6P/DHAP) are very strong activa-

tors that Chrebp translocates to the nucleus → Chrebp and Srebp1c bind to genes that are 

involved in de novo lipogenesis 

During insulin resistance, glucose is massively produced. Fructose will always be taken up, will fuel 

intermediate metabolites which then activate Chrebp that drives de novo lipogenesis. So fructose itself 

can drive hepatic lipid accumulation, even if liver might be insulin resistance (uncontrolled pathway). 

Srebp1c is increased even in insulin resistant liver. Seem to be other aspects of insulin signalling that 

promote de novo lipogenesis. 

➔ Selective hepatic insulin resistance 

SREBP is a key regulator in hepatic fat metabolism 

Selective hepatic insulin resistance 

 
Normal: 
 
Dietary glucose is coming in → cleared by fat and muscle → leads to induction of insulin. Insulin pro-
motes the uptake of glucose, it inhibits Fox01 (by phosphorylation) which leads to glucose reduction, 
and in parallel increases Triglyceride-production 
 
Type 2 diabetes – selective insulin resistance: 

Glucose not efficiently taken up → hyperglycaemia, and Fox01 (not phosphorylated) → PEPCK is tran-

scribed and Gluconeogenesis is initiated → additional glucose that is fuelled into blood and drives hy-

perglycaemia 

Insulin still initiates SREBP1c which drives de novo lipogenesis in the liver, but TG-production also pro-

moted by Glucose 
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Hypertension – an Overview 
Blood pressure 

The blood pressure levels are determined by the cardiac output multiplied by the peripheral resistance. 

 
 

- The major factors which help maintain blood pressure (BP) include the sympathetic nervous 

system and the kidneys. 

- Optimal healthy blood pressure is a systolic blood pressure of <120 mmHg and a diastolic blood 

pressure of <80 

- <120/80 

Hypertension 

Category Systolic Blood Pressure Diastolic Blood Pressure 

Normal < 120 < 80 

Pre-hypertension 120-139 80-89 

Hypertension – Stage 1 140-159 90-99 

Hypertension – Stage 2 ≥ 160 ≥ 100 

 

Types of Hypertension 

- Primary Hypertension 

o Present in approx. 90% of patients, cause is unknown (number decreases with age) 

- Secondary Hypertension 

o Approx. 10% have hypertension resulting from other diseases 

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 four American adults has hypertension. 

- As many as 2.8 million children also have high blood pressure. 

- The prevalence of hypertension increases with age. 
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Cause of Hypertension 

 
Problems of Hypertension 

- Increased dilation of vessels 

- Endothelial stress 

- Fibrosis, macrophage infiltration 

- Development of atherosclerosis 

- Development of CVD 

- Viscious cycle – cause and effect 

Treatment of Hypertension 

Risk factors: 

- Age above 55 and 65 in Men and Woman respectively 

- Family History 

- Smoking 

- DM and Dyslipidemia 

- Hypertension 

- Obesity 

- Microalbuminuria 

7 compelling Indications: 

- Heart Failure 

- Coronary artery disease 

- H/o MI 

- H/o stroke 

- Diabetes 

- Chronic Renal failure 



MDM FS 2021 Leonie Pfrunder 

28 
 

Molecular Mechanisms Regulating Blood Pressure 

 
Dependent on perfusion in the kidney: 

1) kidney is most important part because it can sense the perfusion in its capillaries (if perfusion 

is reduced → blood pressure too low; perfusion high → probably too much blood as conse-

quence of systemic vascular resistance as well as CO 

kidney can measure perfusion and secrete Renin (protease, can cleave other proteins) → into 

blood stream → elicit signalling cascade, cleavage as activation step 

2) cleavage of Angiotensinogen generates Angiotensin I (itself regulates BP), further regulated by 

ACE, which converts Angiotensin I to Angiotensin II (bioactive molecule that controls BP) 

3) perfusion is down, so generation of Angiotensin II would lead somehow to a higher blood pres-

sure 

Angiotensin II regulates surface receptor ATR → induces release of Aldosteron (hormone 

which induces BP) → can act back to the kidney, make sure that urine (water and sodium) is 

reabsorbed into the kidney → more volume → higher CO → higher BP 

4) also got Angiotensin-receptors on surface, regulates secretion of ADH/Vasopressin (same 

thing) → hormone secreted → also water/sodium retention and therefore higher BP 

Vasopressin also acts on Hypothalamus → food-control-system (energy and drinking balance) 

→ induce drinking behaviour so higher BP 

5) also has ATR (G-coupled-receptor) → activation of PLC → leads to cleavage of DAG → leads to 

Calcium-release from mitochondria → induces contractility → induce HR and contractile force) 

→ increase in BP 

6) activation of sympathetic nervous system (fight/flight) → neuronal output to the heart → ep-

inephrine via β-adrenergic-receptor → induces CF and HR 



MDM FS 2021 Leonie Pfrunder 

29 
 

other BP sensing mechanisms → Baroreceptors (pressure sensors) → if force is high, Baroreceptor-

signal via nerves to the NTS → can regulate SNS function and thereby control BP (if NTS activated, SNS 

is reduced, to reduce CF and HR to reduce BP) 

 
 
(not remember details here) 

Baroreceptors locate in aortic arch and carotid 

sinus and they signal via NTS (via glutamatergic 

neurons) → control sympathetic ganglions and 

output → controls sympathetic nervous system 

→ HR and vascular tone ➔ arterial blood pres-

sure 

 

 

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: 

o Decrease in arterial BP 

o Decrease Na+ in macula densa 

o 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) 

- Angiotensin II stimulates Aldosterone secretion from Adrenal Cortex 

- AT II has very short half-life (1min) 



MDM FS 2021 Leonie Pfrunder 

30 
 

 
1) Insulin acts through inducing NOS which uses Arginine and converts it to Citrulline and thereby 

produces NO (second messenger, highly unstable) → goes into space between cells → acti-

vates sGC which activates second messenger cGMP → very strong inhibitor of smooth vascular 

tone (lead to vasodilation), so BP is reduced 

2) PDE can cleave GMP when its active and therefore inhibit vasodilation 

3) Fatty acid (C20…) is building block for prostaglandins, rate limiting enzyme is COX → prosta-

glandins also go into intracellular space and act on neighbouring cells by inducing AC → pro-

duction cAMP → cause vasodilation 

cAMP can be cleaved by PDE to AMP 

4) ProEndothelin is produced in endothelial cells, converted to hormone Endothelin → released 

→ act on ET-A and ET-B which induce Ca2+ → activate muscle → vasoconstriction 
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1) Insulin resistance: 

no NOS → no NO → no vasodilation ➔ BP remains high 

Smoking leads to intake of toxins which can completely remove NO 

Also macrophages etc. can impinge on insulin signalling pathways 

2) During high fat diet → lot of saturated fat, decrease content of unsaturated, essential fatty 

acids → less Prostaglandins → less AC production → vasodilation blocked 

3) If you block PDE → more cGMP → increased vasodilation to increase BP 

Treatment Options 
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1) Act directly on kidney by changing diuretics which directly affect water resorption → more 
water lost through urine → BP will go down 
Diuretics: acts on kidneys to increase excretion of Na and H2O decrease in blood volume – 
decreased BP 
 

2) ACE inhibitor → if you block this system, angiotensin levels stay down and BP will go down 
Angiotensin-converting Enzyme (ACE) inhibitors: inhibit synthesis of Angiotensin II – decrease 
in peripheral resistance and blood volume 

 
3) ATR antagonist → block the activity of this receptor → decrease in BP 

Angiotensin (AT1) blockers: Blocks binding of Angiotensin II to its receptors 
 

4) Blocker of SNS which would reduce adrenalin output would slow people down massively → 
not just BP is lower, other systems also affected 
centrally acting: act on central α2A receptors to decrease sympathetic outflow – fall in BP 

 
5) Antagonist, that block this receptor → thereby change HR and CF 

β-adrenergic blockers: bind to β adrenergic receptors and blocks the activity 
(Blocking of α adrenergic receptors in smooth muscles – vasodilation) 

 
6) Inhibit calcium release → reduce CF → reduction of BP 

Calcium Channel Blockers (CCB): Blocks influx of Ca++ in smooth muscle cells – relaxation of 
SMCs – decrease BP 

(not learn drugs by heart but know the concepts) 
 

Molecular Lipid Metabolism and CVD 

Cardiovascular Disease – an Overview 
Cardiovascular disease is #1 cause of mortality in Canada and the world 

- Refers to diseases of the heart (“cardio”) and blood vessels (“vascular”) 

- Typically affects 

o The ability of the heart to pump or 

o The ability of the blood vessels to deliver blood 

▪ Arteries bring oxygenated/nutrient rich blood to 

where it is required 

▪ Coronary arteries provide the heart with blood 

Major forms of Cardiovascular Disease (CVD) 

- Atherosclerosis: progressive narrowing of the arteries typically caused 

by fatty deposits 

- Coronary Artery Disease (CAD)/coronary heart disease (CHD): atherosclerosis of the coronary 

artery 

- Heart Failure 

- Hypertension (high blood pressure) 

- Cerebrovascular disease 

Arteriosklerose – Atherosklerose 

Arteriosklerose: Alterung und hämodynamisch bedingte Veränderung der Arterienwand, bedingte Ver-

änderung der Arterienwand, an erster Stelle die Kalzifizierung 
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Atherosklerose: Bezeichnet die Arteriosklerose-begleitende Intimaverfettung der Arterienwand 

Blood flow gets restricted because of the plaque → massively increase blood 

pressure 

Usually body can compensate by increasing the heart rate and stroke 

strength → blood supply to extremities can be kept 

Problem: plaques which initially develop reach into vessel lumen 

 

Major Consequences of Atherosclerosis 

1. Atherosclerosis can reduce the elasticity of the arter-

ies, making them less able to respond to demand and 

putting more strain on the heart 

2. Atherosclerosis can cause an aneurism, a dilation of 

the artery, which can eventually rupture, leaking 

blood into the surroundings (haemorrhage) 

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) 

Stroke 

- Ischemic strokes: (80%) caused by lack of blood flow to 

brain typically due to thrombus + atherosclerosis  

1. Thrombotic stroke: 

Thrombus starts in the artery near brain 

2. Embolic stroke: 
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 Thrombus develops somewhere else in body and travels to the brain 

- A transient ischemic attack (TIA) 

o Is caused by a temporary disruption of blood flow to brain; “mini-stroke”; warning sign 

- Hemorrhagic stroke: (20%) are caused by uncontrolled bleeding in the brain 

o Disrupts normal blood flow, kills brain cells 

o 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 

Prevention of CVD: Primary vs. Secondary Prevention 

- Primary prevention looks to reduce risk factors to prevent a disease before it starts 

- Secondary prevention focuses on treatment and early detection to prevent morbidity and mor-

tality after a disease has started 

Treatment of CVD 

- The decline in the cases of CVD-related deaths in North America is mainly due to medical ad-

vances such as 

o Heart transplants 

o Artificial hearts: now used as a bridge during surgery, possible permanent devices in 

the future 

o Implanted pacemakers 

- Coronary artery bypass surgery: replacing blocked/narrow coronary arteries with healthy seg-

ments of other arteries 

- Angioplasty: enlarging an artery by using a balloon-type instrument (these two treatments 

won’t be asked in exam) 

The Framingham Study: Identifying the risk factors for CVD 

- Begun in 1948 in Framingham, Massachusetts 

- 5000+ volunteers 

- On 3rd generation now! 

- Monitored at 2-year intervals 

- Made associations between CVD death and lifestyle behaviours/non-changeable factors 

- Coined term “risk factors” 

Measurements 

- Standards risk factors since inception of study, except HDL-C began around 1970 

- Serial ECGs (first to document high rate of unrecognized MIs) 

- M-mode echocardiograms in 1980’s, first large study to show prognostic importance of in-

creased LV mass 

- Newer measures done in subsets include: 

o Carotid ultrasound, bone densitometry, coronary artery calcium, and other novel risk 

factors and biomarkers (e.g. natriuretic peptides) 
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Framingham most significant milestones 

 

Risk factors for long-term coronary prognosis after initial myocardial infarction: the Framingham 

Study (vgl. Folien) 

- Systolic pressure, serum cholesterol, and diabetes were predictive of reinfarction 

- When adjustments were made for the effects of these variables, women were at only half the 

risk of coronary death compared with men 

Correlation between atherosclerosis and cholesterol 

Cholesterinreiche Diät bei Kaninchen führt zur Akkumulation des Cholesterins in der Arterienwand und 

schliesslich zur Atherosklerose. 

CK Friedberg on Hypertension: Diseases of the heart 1996 

“There is a lack of correlation in most cases between the severity and duration of hypertension and 

development of cardiac complications.” 

CVD Risk Factors 

- Major Changeable 

o Hypertension, high blood cholesterol, tobacco smoke, physical inactivity, obesity, dia-

betes 

- Minor Changeable 

o Stress, low omega-3 FA, high alcohol consumption 

- Non-changeable 

o Age, male gender, heredity, ethnicity 

Major Changeable CVD Risk Factors 

- Hypertension = high arterial blood pressure 

o Can cause damage to blood vessels, put extra strain on the heart 

o Cause of hypertension can be unknown. However, high body fat, high salt intake, lack 

of exercise are known risk factors 

- High serum (blood) cholesterol 

o Typically caused by eating too much saturated fat 

o Can deposit in artery walls 

▪ LDL/VLDL = “bad” cholesterol 
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• Recall: ox-LDL deposits in artery walls, forms plaque 

▪ HDL = “good” cholesterol 

• Lowers ox-LDL deposition in artery walls 

- Tobacco smoke 

o Nicotine can cause lesions in the artery wall 

o Carbon monoxide in cigarette smoke is doubly damaging 

▪ Causes lesions in the artery wall 

▪ Decreases the ability of the blood to transport oxygen 

- 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 

o Can lead to hypertension, low HDL, type II diabetes 

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

Other risk factors for CVD 

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

- Low omega-3 fatty acid intake: found in 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. 

Major non-changeable risk factors for CVD 

- Age: the older you are, the higher the risk 

- 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 

Systemic Regulation of Cholesterol and Lipid Metabolism 
Lipoproteins 
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1. TAG are cleaved by lipases to generate fatty acids, which can be taken up into enterocyte → 

reconversion to TAG (major storage form) 

Cholesterol also taken up by enterocyte (by transporter NPC1L1) → get packaged into lipopro-

teins (process controlled by MTP) 

2. Chylomicrons enter bloodstream, Chy can be used to release substrates (here fatty acids), 

achieved by LPL (sits on membrane of a target cell and cleaves these TAG → release of fatty 

acids, which can be taken up into target tissue, for example muscle/adipocytes) 

3. In adipocytes fatty acids are rather stored, where in muscle they are used to generate energy 

4. Chy get depleted of their lipids → ChyRem → taken up into liver by action of LRP1 → left lipids 

are liberated (TAG) and cholesterol is left → cleaved to generate FFA which can be used in β-

oxidation to produce Acetyl-CoA → Acetyl-CoA can be used by ACC to generate Malonyl-CoA 

→ in several steps can be used to generate FFA 

5. Mevalonate-pathway: Acetyl-CoA can enter this pathway via HMG-CoA Syn to generate HMG-

CoA → modified by HMG-CoA Red to generate Mevalonate (intermediate product which is 

used to produce cholesterol in several steps) (so hepatic cholesterol levels can also be in-

creased by FFA) 

6. Cholesterol is packaged into VLDL (TAG are major content, major enzyme is MTP) → VLDL re-

leased into blood stream → LPL cleaves the TAG and releases FFA → uptake by muscle/adipo-

cyte 

7. More dense particle from very low dense → LDL (apolipoproteins aren’t changed) → many 

different tissues will take up LDL → rest of LDL will go back to liver over LDL-receptor (see 

other slide) → whole process is endocytosed into vesicle, LDLR can be removed and recircu-

lated to the plasma membrane → vesicle can be degraded → fuelling of cholesterol pool 

PCSK9 is a serum protein and circulates in the blood, if it is present and part of the vesicle → 

degradation happens, but now also LDLR is degraded and thereby LDLR-concentration on 

plasma membrane is reduced → so PCSK9 is an indicator of sufficient cholesterol in the liver 

8. Reverse cholesterol transport pathway: cholesterol has to be removed here (any type of cell) 

→ reverse transport of cholesterol back to the liver → achieved through cholesterol exporter 

ABCA1 → uses intracellular cholesterol to package HDL (taking A1 and filling it with cholesterol 
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to generate HDL) → HDL is cleared by liver through the action of SRB1 → also fuelling of cho-

lesterol pool 

➔ Body can get rid of excess cholesterol → it can be converted to bile acids and secreting it 

9. CETP is present in the blood and sits on the surface of HDL and LDL → initiates transport of 

cholesterolesters (CE) from HDL to LDL and reversely fuses TAG from LDL to HDL 

If you have PCSK9 → whole system rather moved to-

wards lysosome (LDLR is degraded) 

If there is no PCSK9 the vessel is recycled to go back to 

cell surface 

 

LCAT, etc. not learn 

Lipid-poor ApoA1 binds to ABCA1, gets filled with cho-

lesterol to form HDL 

VLDL through action of LPL forms LDL 
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Mechanisms of Lipid Metabolism in CVD Development 

 

Foam cell formation 

SR-A and CD36 can lead to uptake of lipids and cholesterol from LDL 

particles → lipid and PPAR-γ to LXR which control ABCA1 

If you are blocking the PPAR-γ-activity → you get less secretion of 

cholesterol into reverse pathway 

only information on other slides are relevant for exam, these illustrations are more detailed 
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FFA: Targeting the food, high fatty acid uptake leads to high cholesterol levels, Obesity: losing weight 

also helps regulating cholesterol levels 

1. Blocks this transport → reduces cholesterol levels but effect on mortality is slim, but can be 

combined with other drugs and thereby increasing efficacy 

2. Inhibit HMG-CoA Red. → very effective in reducing endogenous cholesterol levels and thereby 

reducing cholesterol content in VLDL and therefore also LDL → reducing heart attack risk 

3. Blocking would lead to less degradation of endocytotic vesicle and improved recycling of LDLR 

→ more LDLR internalization → cholesterol pool in the liver is increased, in blood reduced → 

cholesterol can efficiently be excreted through bile acids 

4. Beneficial if you would inhibit CETP → problem: on the market more mortality or no effect 
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Cancer Incidence and Cellular Characteristics 

Cancer Statistics 
What is cancer? 

Cancer is a genetic disease caused by an accumu-

lation of detrimental changes in the genome over 

a lifetime. Most of the time, a single mutation is 

not enough to cause cancer. 

Origin of the word cancer: A malignant tumor and 

swollen blood vessels around it looked like a crab dug in the sand with its legs spread in a circle. 

Cancer Stages 

Determining the extent of cancer development: 

- Clinical stage is information obtained before a tumor removing surgery, e.g. physical examina-

tion, blood test, radiologic exam, biopsy and endoscopy. 

- Pathologic stage is information based on the microscopic examination of the tumor by a 

pathologist after surgical removed.  

Where can cancer go: Cancer Metastasis 

How do we classify cancer? 

- Four main types of cancers are classified in tissue of origin 

o Carcinoma – epithelial tissues found in the internal and external lining of the body 

▪ Squamous cell carcinoma – develop in squamous epithelium of organs (skin, 

bladder, esophagus and lung) 

▪ Adenocarcinoma (most common type of cancer) develop in organ or gland 

(breast cancer) 
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o Sarcoma – Connective tissues from bone, tendons, cartilage, muscle and fat (less than 

10% of cancers) 

o Leukemia – Blood cancers that originate in the bone marrow 

o Lymphoma – Lymphatic system cancers 

 

- Beyond tissue… Mutational signatures 

- Mutational signatures are characteristic combinations of mutation types 

- These mutations arise from specific mutagenesis processes such as DNA replication infidelity, 

exogenous and endogenous genotoxin exposures, abberant DNA repair pathways and DNA 

enzymatic editing 

- Molecular approach to cancer classification (it is also used to understand cancer etiology) 

 

Somatic mutations accumulate and lead to cancer develop-

ment 

- Crime: Cancer 

- Murderer(s): Mutagenic agents/processes 

- Fingerprints: Mutational signatures 

- Resources: the fingerprints of killers are indexed in a 

database, some are known 

Cancer classification and personalized medicine: Mutational 

signatures 

Tumour devel-

opment follows 

Darwinian evo-

lution 
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Cancer incidence 

Incidence should not be confused with prevalence, which is the proportion of cases in the population 

at a given time rather than rate of occurrence of new cases. 

Incidence conveys information about the risk of contracting the disease, whereas prevalence indicates 

how widespread the disease is. 

The six common types of cancer 

- Lung 

- Breast 

- Colon 

- Prostate 

- Stomach 

- Liver 

Cancer Statistics – Taking Action 

Strategic interventions: 

- Vaccinations 

- Health promotion campaigns 

- Tobacco control 

- Early detection 

- Management and Treatment 

- Research 

What factors contribute to stomach cancer mortality decline? 

- Stomach cancer was the leading cause of cancer deaths in the world until the 1980s when it 

was overtaken by lung cancer 

- Decrease in the exposure to Helicobacter pylori (H. pylori) infection 

- Improved detection and therapy for stomach cancer and H. pylori infections 

- Dietary and other exogenous factors 

- Better food preservation refrigeration (largely replacing salting, pickling and smoking) 

- Ready availability of fresh foods and vegetables 

Cancer Risk Factors 
Example: Pancreatic cancer risk factors 
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Historical Perspective on Cancer → 

Carcinogen Identification 

- National/International Agencies use 

carcinogen identifications/Classifica-

tions to guide policies and prevention 

actions 

- Involves scientific evaluation of 

o Epidemiological data 

o Animal Bioassays 

o Mechanistic Data 

IARC Classification of Carcinogens 

- Group 1: The agent is carcinogenic to humans 

- Group 2A: The agent is probably carcinogenic to humans 

- Group 2B: The agent is possibly carcinogenic to humans 

- Groups 3: The agent is not classifiable as to its carcinogenicity to 

humans 

- Group 4: The agent is probably not carcinogenic to humans 

Colorectal cancer risk and red meat 

- Hypothesis: N-glyolyneuraminic acid (Neu5Gc – non human sugar 

in red meat) is incorporated in cell membrane, triggers and im-

mune response that contribute to carcinogenesis. 

- Humans are genetically unable to produce Neu5Gc due to a mu-

tation that occurred after our last common ancestor with great 

apes 

- Neu5Gc is rare in poultry and fish, common in milk products, and 

enriched in red meats 

- NeuGc5 is not biosynthesized by humans (CMAH mutation), but it is bio-

available and can be incorporated in our tissue 

- The chronic inflammation generates reactive oxygen species (ROS) that 

contributes to cancer and tumour progression 

  

Chemical and Environmental Exposures 

- Asbestos 

o Group of oxidized silicate minerals that occur naturally in the en-

vironment as bundles of fibers 

o Resistant to heat, fire, and chemicals and do not conduct electricity – many industrial 

uses 

o Now cellulose fiber (finely shredded newsprint) is commonly used – replaces asbestos 

o Asbestos Exposure and Carcinogenesis 

Classified as known human carcinogen 
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Cancer: lung and mesothelioma (rare can-

cer of mesothelioma, the thin membranes 

that line the chest and abdomen) 

Basis of carcinogenesis: Fiber size and 

physical properties dictate degree of risk; 

Unique mode of physical interference with 

cell division process 

o Asbestos mechanism (not memorize 

steps) → 

- Pesticides 

o Glyophosphate (Group 2A probably car-

cinogenic) 

o Widely used in Australia 

o Highest global production volume herbi-

cide 

- Formaldehyde 

o Group 1 carcinogenic to humans 

o Production of various types of resin 

o Emitted from pressed wood building materials 

o Associated with leukemia and nasal cancers 

- Dyes 

o IARC states that hairdressers are “probably” at greater risk of bladder cancer because 

of exposure to hair dyes 

o Textile industry occupational exposures 

- Alcohol 

o Clear association for several cancers 

▪ Head and neck, esophageal, squamous 

cell carcinoma, liver cancer, breast can-

cer, colorectal cancer 

o Classified as known human carcinogen 

o How? 

▪ Biotransformation of ethanol to acetaldehyde generation of reactive oxygen 

species that can damage DNA, proteins and lipids via oxidation 

▪ Inhibition of nutrient absorption (i.e. vit B, folate, 

vit C, etc.) 

▪ Increase in blood estrogen (linked with breast 

cancer)  

➔ Image: Hormesis 

The dose makes the poison – Paracelsus (Swiss Physician) 

- Hormones 

o Pregnancy, Contraceptives and Menopausal Hormone 

Use 

o Diethylstilbestrol (DES) 

▪ Synthetic estrogen 

▪ Prescribed to pregnant women in 40s-70s to prevent complications of preg-

nancy (until 1978 in Europe) 

▪ Prenatal exposure linked with clear cell adenocarcinoma: cervix and vagina 

▪ DES is an endocrine-disrupting chemical 
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▪ 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 the risk of breast cancer 

Additional well-established risk factors 

- Infectious Agents 

o HIV infection 

o HPV 

o Helicobacter pylori 

- Radiation 

- Sunlight 

- Tobacco 

Cancer Hallmarks 
What is the Hayflick limit? 

= Number of times a cell can undergo cell division until 

it undergoes apoptosis 

Many cancer cells are “immortal”, but how? 

 

 

 

 

1) Sustaining proliferative signalling 

- Supporting chronic proliferation (e.g. growth hormone release) 

o Self production of growth factors (e.g. HGF) 

o Self production of cognate receptors (e.g. Tyrosine kinases) 

o Somatic mutations that activate signalling circuits (e.g. PI3-kinase) 

o Defects in negative-feedback loops (e.g. Ras) 

Ras signalling pathway 

- Ras proteins are essential components of signalling networks controlling cellular proliferation, 

differentiation and survival 

- Oncogenic mutations of the H-ras, N-ras or K-ras genes frequently found in human tumors 

(~30%) 
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- Oncogenic mutations are concentrated within 3 hotspots (around codons 12, 13 and 61) of the 

primary nucleotide sequence of all ras family members.  

2) Evading growth suppressors 

- Cancer cells adapt ways to avoid signals that negatively regulate cell proliferation 

- This hallmark generally involves tumor suppressor proteins (modulate cell growth either 

through negative regulation of the cell cycle or by promoting apoptosis): 

o RB (Retinoblastoma) – inactivated by CDK phosphorylation 

o TP53 
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p53 binds to DNA, binding area is most mutated re-

gion 

Rb Gene 

- First tumor suppressor gene to be identified 

- Located on chromosome 13q14.2 

- Codes for Rb protein that is involved in cell cycle 

regulation 

- Loss of function of Rb mutations is associated with 

retinoblastoma (cancer affecting the retina) 

Rb mechanism of action → 

Loss of contact inhibition in cancer 

Contact inhibition allows normal cells to stop proliferation 

and growth when they contact each other. This pathway is 
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dysregulated in cancer cell development, 

leading to uncontrolled proliferation and 

solid tumor formation. 

Loss of contact inhibiton – Merlin 

- Merlin is a membrane scaffolding protein 

- Mediates contact inhibition by coupling cell surface ad-

hesion molecules 

- In various cancers there is a loss of Merlin function (e.g. 

it is proteasomally degraded in breast cancer) 

 

3) Activating invasion and metastasis 

- Alterations in cell-to-cell or cell-to-ECM adhesion 

molecules (e.g. loss of E-cadherin) 

- Traits of invasion and metastasis: 

o Loss of adheren junctions 

o Expression of matrix degrading enzymes 

o Increased motility 

o Resistance to apoptosis 

 

4) Enabling replicative immortality 

- Telomeres protect the end of chromosomal DNA 

- Composed of nucleotide repeats that shorten progressively af-

ter each round of DNA replication 

- Telomerase is a DNA polymerase that lengthens the ends of te-

lomeres 

- Normal cells have low levels of telomerase and cancer cells 

have significantly higher levels 
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End replication problem 

- DNA replication is bidirectional (leading and lagging) 

- Polymerase moves 5’ to 3’ 

- RNA primer used for initiation of synthesis 

- 50-200 bp of DNA is unreplicated at the 3’ end/round of rep-

lication 

 

5) Inducing angiogenesis 

- Angiogenesis is the growth of blood vessels from pre-existing 

vasculature 

- Cancer cells need high amounts of nutrients and oxygen as 

well as the ability to remove waste and CO2 

 

6) Resisting cell death 

- Apoptosis: programmed cell death 

- Cancer cells acquire mechanisms that evade apoptosis 

- Bcl-2 family of proteins are inhibitors of apoptosis (via binding to pro-apoptotic proteins like 

Bax and Bak) in the outer mitochondrial membrane. 
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- Bax and Bak disrupt the mitochondrial 

membrane to release cytochrome c to acti-

vate proteases for apoptosis 

Apoptosis Pathway → 
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7) Deregulating cellular energetics 

- Cancer cells reprogram their energy pro-

duction by limiting metabolism largely to 

glycolysis and lactic acid fermentation 

(Warburg effect).  

- Seems counterintuitive: ATP production 

is ~18-fold less efficient by glycolysis 

relative to oxidative phosphorylation. 

Why? 

- It remains elusive… Hypothesis: increased glycolysis 

allows for the molecular intermediates to be used 

in other biosynthetic pathways important for 

growth of new cells, e.g. generating nucleosides 

and amino acids 

 

8) Avoiding immune destruction 

- Immune system provides surveil-

lance to destroy abnormal/cancer 

cells 

- Some cancer cells avoid immune 

detection, to evade eradication 

Enabling Characteristics 

Genome instability and mutation 
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Tumor-promoting inflammation 

The tumor microenvironment 

Tumors increasingly being recognized as organs 

One example: Telomerase inhibition 

Telomerase = Ribonucleoprotein (previous images 

30 Angstroms – here 7 to 8 Angstroms resolution 

using cryoelectron microscopy) 
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Telomerase is a ribonucleoprotein polymerase that maintains telomere ends by addition of the telo-

mere repeat TTAGGG. It binds to a ncRNA. 

Clinical Trial GRN163L (Geron) 

- One telomerase inhibitor on the market: Imetelstat. 

- In 2005, the first Phase 1 clinical trial of GRN163L, which later became known as imetelstat, 

was initiated. 

- Since telomerase is upregulated in most types of human cancers, Geron conducted a broad 

program of early phase clinical trials. 

- Over 500 patients have been enrolled and treated in Phase 1 and 2 clinical trials of imetelstat. 

- Imetelstat used to treat hematologic myeloid malignancies. 

Genotoxic Carcinogenesis 
- Multi-step process… 

- Xenobiotic – chemical substance not naturally produced by 

an organism 

Carcinogenesis 

Genotoxic 
- Direct reaction with DNA to alter its 

structure 
- Direct carcinogens: 

No metabolic activation (alkylating 
agents) 

- Indirect carcinogens: 
require metabolic activation (aromatic 
amines, PAHs) 

Non-Genotoxic 
- Don’t directly cause DNA mutation 
- Increased cell proliferation 
- Decreased apoptosis 
- Induction of metabolic enzymes 
- Example: endocrine disruptors 

 

Some major examples of Genotoxic Carcinogens 

- UV Radiation 

- Reactive oxygen species 

- Polycyclic aromatic hydrocarbons (PAHs – Benzo[a]pyrene) 

- Mycotoxins/Aflatoxins 

- Acrylamide 

- Alkenes and haloalkanes 

- Aromatic amines 

- Furans 
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- Polycyclic Aromatic Amines 

- N-Nitrosamines 

Role of metabolism in carcinogenesis 
Concepts in Xenobiotic Biotransformation 

- Change in physical properties → increase in hydrophilicity 

- Metabolites as biologically reactive intermediates 

- Enzyme levels depend on tissue type 

- High polymorphism 

I) Interaction with metabolic enzymes, react with xenobiotics 

II) Transformation into different structure → reactive intermedi-

ate (removed out of the cell or react with different biomole-

cules) 

 

Xenobiotic biotransformation 

Mutation vs Polymorphism 

- Both are DNA sequence variations 

- A mutation is any change in DNA sequence away from the normal, i.e. implying there is a nor-

mal 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 

o No single allele is regarded as the standard sequence 

o Most polymorphic variants do not overtly cause a disease, impact characteristics like 

height, rather than disease 

o Many are neutral in effect 

o Some contribute to disease susceptibility and influence drug responses  i.e. high 

polymorphism in metabolic enzymes 

Metabolic Enzyme Polymorphism in Cancer Susceptibility 

- Considerable inter-individual genetic variability in metabolic pathways 

- Why is it important to understand? 

o Identification of people at increased risk (association of genetically determined vari-

ants with risks of carcinogenesis) 

o Personalized cancer prevention/therapy 

- Molecular genetic basis of differential enzyme activities involved in metabolism 
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CYP2B6 has been identified in the human brain the critical site in CPS poisoning 

Allele CYP2B6.5 occurs more often in German people (10.9% of alleles) than in Japanese people (1.1% 

of alleles) 

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 onward, who started salons in Geneva 1900-

1964 

- Mortality from 1942-1982 analyzed 

- 10 bladder cancer deaths (~4 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 can-

cer 

- Associations between NAT enzyme activities 

and cancer risk 

- NATs are involved in the metabolic activation 

and detoxification of arylamines 

NAT Enzyme Characteristics 

- Located in the cytosol 

- Prevalent in liver in mammals 

- Cofactor: acetyl-coenzyme A (Ac-CoA) 

- Catalyzes acetylation reaction 

- 2 well-characterized human variants – NAT1 and NAT2 

Action of NATs on Arylamines (AAs) 

1. Detoxification 

- N-acetylation 

2. Activation 
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- N-hydroxy AAs by P450s 

- NATs catalyze the formation of N-acetoxy esters of N-hydroxy AAs 

- N-acetoxy esters cleave to yield reactive nitrenium 

- Nitrenium is potent DNA alkylating agent 

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 sev-

eral cancers, including bladder cancer, as compared with 

rapid acetylators 

- Inter-individual differences and ethnic group-based differ-

ences 

GST polymorphisms associated with elevated cancer risk 

- GSTs are large multigene family of enzymes involved in detoxification of potentially genotoxic 

chemicals 

- Conjugation of the reduced form of glutathione (GSH) to xenobiotic substrates for detoxifica-

tion 

- High concentrations in liver, intestine, kidney 

- Account for ~10% of cellular proteins 

GST-mediated reaction 

Example of Association Study: Glutathione S-transferase M1, T1, P1 genotypes and risk for develop-

ment of colorectal cancer 

- Tested relationship of GSTM1, GSTT1 and GSTP1 genes polymorphism, ciga-

rette smoking and colorectal cancer incidence 

- 181 patients with colorectal cancer and 204 controls 

- DNA extracted from blood 

- Polymorphisms determined by PCR 

- Regression analysis → odds ratios (OR) 

➔ An OR greater than 1 indicates a higher risk of the disease in those exposed to the risk factor!  
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Role of Metabolism: Key Points 

1. Genotoxic carcinogens can be 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 three important examples involving the polymorphic metabolism enzymes 

CYP450, NAT and GST. 

o What transformations do they catalyze? 

o Do the transformations involve activation or detoxification or both? If both, how is the 

balance shifted towards cancer? 

o What cancers are this relevant for? Thus, what cancers are those carcinogens associ-

ated with? 

DNA Damage (DNA adducts) 
How frequent is DNA damage? 

Common reactions yielding DNA damage 

- Oxidation 

- Hydrolysis 

- Photodimerization 

- Alkylation 

o Methylation Adducts 

o Other Bulky Alkylation Products 

Oxidative damage to the DNA bases 
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DNA photolesions induced by UV distort the DNA double helix → 

UV-associated DNA damage structures  

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 hu-

midity storage 

- Liver carcinogen – amongst most potent liver toxicants 

- Contributor to high incidences of liver cancer in China and 

West Africa 

N7-Aflatoxin Alkylation 

1. Metabolic activation 

2. Alkylation of DNA 

3. Two competing damage outcomes 

o Depurination (strongly promoted by alkylation) 

o Adduct hydrolysis 

Example 2: Acrylamide 

- 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) 

- Formation of acrylamide from asparagine and glucose 

Bioactivation and DNA Alkylation by Acrylamide 

- Acrylamide is metabolically activated by P450 to form glycidamide (DNA reactive epoxide) 
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- Detoxification by GSH reaction 

- DNA reacts at multiple positions and at both sides 

of the epoxide 

Acrylamide Biomonitoring 

- Hemoglobin adducts (in blood) are markers of integrated acrylamide exposure 

- Levels increase with dietary intake 

- Smokers have adduct levels three to fourfold higher than non-smokers; most non-smokers less 

than about 100 pmol/gram hemoglobin 

- Levels influenced by enzyme polymorphisms 

- Younger children may have slightly higher levels possibly due to increased intake of acryla-

mide-containing foods relative to body size 

Acrylamide Hb Adducts 

Example 3: Polycyclic aromatic hydrocarbons (PAH) and How PAHS induce signature mutations: Geno-

toxic mechanism of carcinogenesis 
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(not remember structure, just show variety) 

 

 

 

 

 

 

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 

o Rates and fidelity 

o Active site properties 

o Proofreading 

o Processivity 

DNA Polymerase Families → bypass synthesis! 

Y-family polymerases catalyze translesion DNA 

synthesis 
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DNA binding of Y-family DNA polymerases 

Comparing Polymerases 

Allows us a way to tolerate DNA damage → that’s why we have Y family polymerases 

Polymerase Switching Models 

- Basic DNA Pol Switch Model 

- 2 relevant mechanisms for TLS, depending on 

the lesion structure and active enzymes 

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 

- This mismatch (8oxoG:A) is not proofread efficiently 
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- 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 

8oxoG causes G → T trans-

versions 

8oxoG-A base pair is geo-

metrically similar to the nat-

ural G-C base pair 

Determinants of Replication Fidelity and Mutation Rates 

- Biochemical Factors related to the polymerase enzyme 

o Expression levels 

o Regulation 

o Kinetic behaviour/accuracy 

- Chemical Factors 

o Structure/size of the modification (this also dictates which polymerase is active) 

o Watson-Crick H-bonding 

o Base Stacking Interactions with neighboring bases as well as aromatic residues on the 

enzyme 

o A-Rule (DNA polymerases insert Adenine opposite abasic sites) 

- 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 

o Oxidative lesions 

o 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 (NER) 
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NER substrates 

- Bulky, Helix-distorting DNA damage 

o Thymine dimers and 6,4-photoproducts 

(UV exposure) 

o Chemotherapy-induced DNA crosslinks 

(Pt drugs as shown below) 

 

2. Base excision repair 

o Small, non-helix-distorting base adducts 

o Initiation: DNA glycosylases 

▪ Recognize damage 

▪ Remove altered bases 

▪ Form AP sites 

o AP sites cleaved by AP endonuclease 

o New DNA synthesized by polymerase 

▪ In short-patch single nucleotide is replaced 

▪ In long-patch 2-10 nucleotides are synthesized 

and flap endonuclease trims displaced strand 

o Strand sealed by ligase 

BER substrates 

- Alkylated bases: 

o 3-methyladenine 

o 7-methylguanine 

- Oxidized bases: 

o 8-oxoguanine 

- Deaminated bases: 

o Xanthine 

▪ Deamination of G 

o Hypoxanthine 

▪ Deamination of A 

o Uracil 

▪ Deamination of C 

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 

Importance of BER in protection against colon carcinogenesis 

- Impacts of Aag-mediated DNA repair (+Aag mice) 

o Prevents colonic epithelial damage 

o Reduces the severity of chemical-induced colon tumorigenesis 

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

tion 
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3. Mismatch repair (MMR) 

o DNA MMR repairs mis-incorporated bases during DNA 

replication 

o MutS recognizes and binds mismatch 

o MutL makes incision, DNA contains nicks not yet sealed 

by DNA ligase 

o Patch is removed (RPA, replication protein A; EXO1, ex-

onuclease 1) 

o DNA synthesis (polymerase) and ligation (ligase) 

o Hereditary colorectal cancers attributed to mutations 

in the genes encoding MSH2 and MLH1 respectively 

▪ MSH2 and MLH1 = tumour suppressor genes 

Strategies used for damage recognition 

 

4. Homologous recombination 

o After double-strand break: 

o Sections of DNA around the 5’ ends of the break are 

cut away in a process called resection 

o In the strand invasion step that follows, an overhang-

ing 3’ end of the broken DNA molecule then “in-

vades” a similar or identical DNA molecule that is not 

broken (sister chromatid in mitosis) 

o After strand invasion: 

▪ DSBR (double-strand break repair) or 

▪ SDSA (synthesis-dependent strand anneal-

ing) 

▪ (not know pathways in detail, top pathway is 

important) 

 

5. Non-homologous end-joining 

o Recognition: Ku70/Ku80 encircles duplex DNA at DSB 
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o Ku70/Ku80 stabilizes/structurally aligns the two DNA ends and re-

cruits DNA-Protein Kinase (PK) 

o DNA-PK phosphorylates and activates the NHEJ effector complex 

(ligase IV/XRC44/XLF) that ligates broken DNA 

o NHEJ more common than HR (NHEJ fast 30 min, HR slow 7 hrs) 

o But more mutagenic yeast vs. human 

 

6. Dealkylation (direct reversion) 

MGMT and cancer 

- Temozolomide is an alkylating cancer drug 

- MGMT inhibitors sensitize cancer cells to temozolomide therapy (MGMT overexpressed in 

cancer – so effectively removes the damage caused by temozolomide) 

- 438 known polymorphisms of MGMT: 

- Gly160Arg. Here, Gly160 residue lies nearby the Cys145 active site (rare variant found in less 

than 1% of Caucasians, but it is expressed in approximately 15% of Japanese) 

- This polymorphism has generated interest due to its strong resistance to the MGMT inhibitor 

O6-BG. Patients with this MGMT polymorphisms are not good candidates for O6-BG therapy 

combined with alkylating agent treatment. 
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DNA Repair Overview 

Study Tip: What to know for repair pathways 

- Similarities and differences in processes for recognition, removal (excision type), DNA synthe-

sis, ligation 

- Understand basic process and relevant enzyme types 

Example: 

o In BER, small alkyl adduct is recognized and excised by a glycosylase 

o In NER, bulky DNA adducts are recognized and removed by multiprotein assemblies 

- Characteristics of damage – what pathway is relevant? 

Receptor-mediated carcinogenesis and epigenetics 

Receptor-mediated carcinogenesis 
Aryl hydrocarbon receptor 

- AHR protein encoded by the AHR gene 

- Ligand-activated transcription factor (the ligand-receptor complex migrates from the cyto-

plasm to the nucleus) 

- Activates the expression of multiple phase I and II xenobiotic chemical metabolizing enzyme 

genes (e.g. CYP1A1 gene) 

- In the cytosol AHR is inactive, binds to ligand and transports to nucleus where it is active 

- Ligands are generally planar aromatic hydrocarbon compounds 

o Dioxin 

o Plant flavonoids 

o Polyphenolic compounds 

o PAHs 

o Endogenous ligands of AhR include tryptophan-derived metabolites 
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Dioxins bind to AhR 

- Dioxins: a family of compounds with diverse chlorine substitutions at the benzene rings in 

PCDDs and PCDFs (210 possible types) 

- PCDD: polychlorinated dibenzo-p-dioxin (75)  

- PCDF: polychlorinated dibenzofurans (135)  

TCDD – proto-typical example 

- Industry by-product, have been used as pesticides since before WWII 

- Can be detected anywhere in the environment; most human exposure is from food (accumu-

late in fat) 

- Very high lipophilicity and stability 

o (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 

Aryl hydrocarbon signaling 
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AHR activation by UV exposure 

Tryptophan metabolite FICZ activates AHR 

AHR-mediated transcription 
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AhR promotes tumorigenesis 

Why can stimulating AHR be bad? 

- Sustained hyperactivation situation: 

o Long human half life (dioxin ~10 y) 

o High binding affinity 

- 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 

Benzo[a]pyrene and AhR 

- Link to genotoxic and non-genotoxic pathways 

Hormone-mediated carcinogenesis 
Hormones 

What are hormones: chemical messengers secreted directly into the blood that travels to organs and 

tissues of the body to exert their functions 
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4 chemical classes: Amine, Peptide, Protein and 

Steroid 

Hormones act by binding receptors on or in target 

cells 

- Controlling the rates of enzymatic reac-

tions 

- Controlling the movement of ions or mol-

ecules across membranes 

- Controlling gene expression and protein 

synthesis 

Secretion of hormones 

- 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  

o Nano to picomolar range (109 to 1012) 

- Control growth, development, metabolism, reproduction and regulation of homeostasis 

- (adrenal gland, ovary in female, testis in male) 

Breast ➔ Hormone dependent cancers 

Steroid-induced biological outcomes can occur in several malignancies, including breast and prostate 

cancers. 

Steroid hormones influence cancer-associated phenotypes like proliferation, apoptosis, migration and 

invasion. 

Therapy for hormone-dependent cancers focuses on decreasing ligand availability or direct antago-

nism of nuclear receptors. 

Breast Cancer: Risk factors 

- Prolonged exposure to high levels of es-

trogens 

- In obese women, adipose tissue a major 

source of estrogens that increase breast 

cancer risk 
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- 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 Breast 

Cancer Incidence 

- Increased rate of Breast Cancer in women taking estrogens 

Mechanism of endocrine modulation by estrogen agonist 

Types of Estrogens 

Estradiol, estriol and estrone are present in both males and fe-

males, with the exception of estetrol – which is only produced in 

females during pregnancy 

Estrogen Receptors 

- Two classes of ER: nuclear estrogen receptors (ER-α and 

ER-β) and membrane estrogen receptors (mERs), which 

are mostly G protein-coupled receptor 

- There are two different forms of the estrogen receptor, ER-α and ER-β 

- Due to alternative RNA splicing, several ER isoforms exist 

- Hormone-activated estrogen receptors form dimers that can act as transcription factors to 

turn on gene expression 

Estrogen binds to the ER Transcription Factor 

- Estrogen receptor is a transcription factor that regulates gene 

expression 

o (classic ER target is the PR gene) 

- Progesterone receptor (PR) is a biomarker for ER function 
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Mapping ER binding sites 

GATA3 and ER transcription 

The GATA proteins are a family of zinc finger DNA 

binding proteins that recognize the consensus motif 

T/A GATA A/G 

GATA-3 binds to two cis-regulatory ele-

ments located within the ER-α gene and 

stimulates ER-α transcription 

GATA3 

This mutant GATA3 is shown to be protec-

tive in cancer! 

Estrogen receptors are over-expressed in 

around 70% of breast cancer cases, re-

ferred to as “ER-positive” 
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(you don’t see this mutation in metastases, because women with this mutation don’t develop 

metastatic breast cancer.) 

Tamoxifen Therapy 

- SERM – Selective Estrogen Receptor Modulator 

- Used to prevent breast cancer in women and treat breast cancer in women and men 

- Competitive inhibitor of estrogen that blocks the action of estrogens in several tissues, most 

notably the breast 

- Therapeutic compound acting as a ligand for estrogen receptors (ER), but with distinctly dif-

ferent spectrum of activities from the natural hormone, 17-β-estradiol 

- Tamoxifen exhibits an anti-estrogen activity on mammary tissues in postmenopausal women 

Mechanism of action of Tamoxifen 

ER also binds to xenobiotics 

PCBs – once widely used as dielectric and coolant fluids in electrical apparatus 

- Synthetic hormone mimics, like PCB, are similar binders like the natural ligand 

- High fat solubility and stability can cause bioaccumulation in adipose tissue 

Direct influence of endocrine disrupting compounds and ER signalling 

- Industrial phenolics  

o Bisphenol A 

o Alkyl phenols 

- Phytoestrogens (dietary estrogens) 

o Genistein 

- Organochlorine pesticides 

o Methoxychlor 

o DDT 

- Pharmaceutical agents 

o Tamoxifen 

o Dieethylstilbestrol (DES)  

Epigenetic mechanism of carcinogenesis 
Epigenetics – a layer of control 

- Heritable changes in gene expression not attributable to alterations in DNA sequence 



MDM FS 2021 Leonie Pfrunder 

75 
 

- Epigenetic changes modify the activation of certain genes, but not the genetic code – sequence 

of DNA 

- Common epigenetic changes: 

o DNA modification 

o Histone modification 

o ncRNA expression (functional RNA molecule, not translated to protein) 

- Dynamic process modifications: 4 DNA, 16 histone 

Main epigenetic processes 

- DNA methylation 

o Genome wide hypomethylation → transcriptional, activation (oncogenes) 

- Promoter-specific hypermethylation → transcriptional, silencing (tumor suppressor genes) 

- Chromatin modifications → Activation and silencing 

o At histone lysine tails 

➔ Mediate reprogramming during development and maintenance of cell identity during the life 

of an organism 

Epigenetic inheritance 

- Epigenetic inheritance goes against the idea that inheritance happens only through transfer of 

the DNA code from parent to offspring 

- It means that a parents epigenetic tags can be passed down to future generations 

- Trans-generational epigenetic inheritance 

The changing epigenome 

- Diet and environment are the biggest factors in epigenetic changes over lifespan 

Nutrition and epigenetics 

- What we can learn from bees: 

- Queen bees and worker bees are genetically similar 

- Worker bees are sterile, Queens are fertile 

- Queen – fed royal jelly from larvae stage (has a compound that inhibits DNMT1) 

o Develops ovaries and large abdomen 

o DNMT1 inhibition leads to reduced DNA methylation 

- Workers – fed nectar and pollen 

o Inactive ovaries, sterile, smaller in size 

Environment and epigenetics: identical twins 

Chromosome 3 pairs in each set of twins are digitally superimposed. One twin’s epigenetic tags are 

dyed red and the other twin’s tags are dyed green. When red and green overlap, that region shows up 

as yellow. The 50-year-old twins have more epigenetic tags in different places than do 3-year-old twins. 

Epigenome 

- Balanced state of chromatin, nucleosome positioning and DNA methylation 
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- Repressive vs enhancing modifications for histones 

and DNA 

o Methylation and acetylation of DNA and 

histones 

- Bottom line for cancer: altered DNA and histone 

modification status influences transcriptional regu-

lation of oncogene and tumor suppressor genes 

Epigenetic modifications 

DNA modifications = 4; Histone modifications = 16 

Histone modifications: 2 methylations with varying biolog-

ical effects 

CpG Island 

- DNA region of >500bp that has a high CpG density 

- CpG islands are found upstream of many mammalian genes 

- DNA methylation often inhibits the transcription of genes, usually around a promoter region 

(CpG islands occur near many gene promot-

ers) 

- There are about 29’000 regions in the hu-

man genome 

- Potential biomarkers for cancer 

- Decitabine is a hypomethylating agent for 

the treatment of acute myeloid leukemia 

(AML) (inhibits DNMT methylation) 

DNA Methyltransferases (DNMT) 

- DNA methylation occurs in the dinucleotide 

CpG 

- Methyl groups added to C bases by the en-

zymes DNMT3a and DNMT3b 
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- 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 

DNMT enzymes 

- DNA methylation patterns tend to be maintained (maintenance methylation) 

- Demethylation can occur in the absence of DNMT1 with: 

o Continued rounds of DNA replication (passive demethylation) 

o Without DNA replication (active demethylation) → TET enzymes 

Dynamic modifications for Cytosine 

TET enzymes and cancer 

- TET proteins regulate gene transcription by controlling 5-hmC, 5-formylC and 5-carboxyC levels 

(Involved in modulating chromatin structure) 

- TET 2 is mutated in a wide variety of cancers, TET 1 and 3 mutations are rare 

- TET 2 mutations impart a non-functional enzyme leading to methylation imbalance (E.g. hy-

permethylation at tumor suppressor genes) 

- For drug development it is difficult to directly target TET for cancer treatment because they 

are inactivated in cancer 
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Viral carcinogenesis and radiation-induced cancer 

Viral carcinogenesis 
Virus basics 

- Infectious particles consisting of RNA or DNA molecules packaged in a protein capsid 

- Can multiply only inside a host cell 

- Outcome of viral infection: 

o Lysis of infected cells with release of viral particles 

o Integration of nucleic acid sequence into host chromosome 

Cancer in chickens 

Rous Peyton 

- Seminal studies in chickens to show the role of a virus in cancer transmission 

- Many scientists did not believe him at first 

- Won the Nobel Prize in 1966 (40 years post discovery) 

He found that a sarcoma in chickens was transmissible to other chickens. → nobody believed him, 

although it was the foundation of tumor virology! 

The Rous Sarcoma Virus (RSV) – A virus can transform a normal cell into a tumor 
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How: took a tumor extract that was passed through a filter (too fine to contain chicken cells or bacteria) 

and it caused cancer in healthy chicken. 

- Could transmit this to further progeny 

- The tumorogenic agent was a virus, later became known as RSV 

RSV host infection 

RSV: Rous Sarcoma Virus 

- RSV is a virus with an RNA genome 

- RSV has four genes: 

o Gag - encodes the capsid proteins 

o Pol - encodes for reverse transcriptase 

o Env - encodes for the envelope gene 

o Src - encodes a tyrosine receptor kinase that attaches phosphate groups to the amino 

acid tyrosine in the host cells proteins 

What was the cause of the transforming ability in the virus? 

- V-src is involved in the transformation to cancer 

o The discovery of oncogenes!! 

- How was this determined? 
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Viral Oncogenes 

v-src/c-src relationship 

- Seminal finding: src gene of RSB (v-src) is a transduced al-

lele of a cellular gene (c-src) that the virus picked up by re-

combination during the retroviral life cycle 

- For this discovery ‘the cellular origin of retroviral onco-

genes’ Bishop and Varmus were awarded the Nobel Prize 

c-SRC 

- Non-receptor tyrosine kinase overexpressed in many can-

cers 

- Most tyrosine kinases phosphorylate serine and threonine, 

Src phosphorylates tyrosine residues 

- SRC structure: 

o Four Src homology domains (SH) 

o SH1: autophosphorylation site 

o SH2: interacts SH1 (negative regulator) 

o SH3: interacts SH1 (kinase domain) 

o SH4: lipid motif for membrane localization 

o C terminus: site of phosphorylation (Tyr530 in hu-

mans) for negative regulation 

Effect of src on tumor behaviour 

- Increased cell motility 

- ECM degradation 

- Adherens junction degradation 

- Stimulated angiogenesis 

- (box regions are important)  

Viruses carcinogenic to human 

- Epstein-Barr virus 

- Human papilloma virus 
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Viral Carcinogenesis 

Causal relationship between putative cancer-causing virus and human cancer: 

1. Epidemiological evidence 

2. Serological evidence (presence of certain antibodies) 

3. Insertion of viral genome into host genome 

4. Consistent chromosomal translocation 

5. Experimental evidence of viral-induced transformation 

Recognition of Burkitt’s Lymphoma 

Cancer that starts in immune B-Cells, recognized as fastest growing human tumor 

EBV and cancer 

- First human tumor shown to be associ-

ated with a virus 

- Inspired search for others; prevention 

by vaccine (Hepatitis B virus, Human 

Papilloma virus) 

Myc translocation in the pathogenesis of Bur-

kitt’s lymphoma 

- A reciprocal chromosomal transloca-

tion activates the Myc oncogene by 

juxtaposing it to an immunoglobulin 

gene loci 

- This juxtaposing brings the proto-on-

cogene under the control of a tran-

scriptionally active Ig locus 

o (thus deregulated constitu-

tive expression of the translocated Myc gene) 

o Myc protein accumulates to higher levels than in normal B cells 

Human papillomavirus (HPV) 

- DNA virus from the papillomavirus family 

- Group of more than 200 related viruses (~40 

spread sexually) 

- High-risk HPVs cause several types of cancer 

(~5% of worldwide cancers) 

o Cervical cancer 

o Anal cancer 

o Oropharyngeal cancers 

o Rarer cancers 

  



MDM FS 2021 Leonie Pfrunder 

82 
 

Viral oncogenes E6 and E7 

- These oncogenes inhibit Rb and p53 tu-

mor suppressors 

Preventing HPV cancers with vaccination 

- 2006 first vaccination for HPV available to the public 

- Gardasil, Gardasil 9 and Cervarix (prevention, not treatment) 

Viral transforming genes 

- Two general strategies: 

o Permanent activation of cellular signal transduction cascades 

o Disruption of cell cycle regulation 

Radiation-induced cancer 
Radiation and cancer 

- Nuclear fallout (residual radioactive material in the upper atmosphere after a nuclear blast) 

- UV 

Ionizing and non-ionizing radiation 

- Radiation that does not have enough energy to break chemical bonds but can vibrate atom is 

referred to as ‘non-ionizing radiation’ (e.g. radiowaves, microwaves, infrared, visible light, etc.) 
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- Radiation that has enough energy to 

break chemical bonds is referred to as 

‘ionizing radiation’ (e.g. alpha particles, 

beta particles, γ rays etc.)  

Ultraviolet radiation 

Sun exposure causally linked to skin cancer 

- The UV portion of the solar spectrum is 

divided into three wavelengths: 

o UVA (320-480) – production of reactive oxygen species 

o UVB (280-320) – most correlated with cutaneous cancer 

o UVC (200-280) – most dangerous (e.g. those working with welding torches) 

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

- Persons of European origin with fair skin that get sunburned repeatedly have higher incidence 

of skin cancer 

- Persons of darker skin are protected by the pigment melanin that absorbs ultraviolet radiation 

UV depth penetration in skin 

Cancer sites and tissue radiosensitivity 

- Lymphatic tissue, especially lymphocytes 

- White blood cells and immature red cells of marrow 

- Cells lining gastro-intestinal tract 

- Gonadic cells 

- Skin, especially the proliferating layer 

- Blood vessels and body cavity linings 

- Tissues of glands and liver 

- Connective tissue 

- Muscle 

- Nerves 

Mitotically active cells are more susceptible to the detrimental effects of ionizing radiation 
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Radiation interacting with DNA 

Direct and indirect DNA damage 

DNA repair defects and UV-in-

duced cancer 

- Xeroderma pigmentosum 

(XP) rare genetic disorder 

- Increase in skin cancer risk 

1000-2000 fold 

- Defects in DNA repair (TT 

dimers) 

- Defective XP proteins in 

NER 

o 7 variants (XPA 

most common 

type) 

What are agents that can cause 

cancer? 

- Chemicals 

- Infectious agents 

- Radiation 

Cancer and Inflammation 
Immune system 

- 2 types of defense systems: 

o Innate: response after an infection, no prior exposure, does not require the presenta-

tion of an antigen, and does not lead to immunological memory 

o Adaptive: immune defense later in infection that is highly specific to the pathogen (im-

munological memory) 

Immunity and cancer: a double edged sword 

- Tumor cells produce various cytokines and chemokines that attract leukocytes (for growth ad-

vantage) as well as to prevent immune cell detection (evade surveillance) 

- Chronic inflammation is the problem (vs. acute) 
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Inflammation has a vital and complex role in driving tumorigenesis 

The inflammatory response 

Wound healing vs. tumor growth 

Tumor act as wounds that fail to heal 

Molecular mechanism of inflammation-induced cancer 

Cytokines 

- Broad category of small proteins (~5-20 kDa) 

important in cell signaling 

- Cytokines include chemokines, interferons 

(IF), interleukins (IL), lymphokines, and tumor necro-

sis factors (TNF) 
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Activation of JAK-STAT3 

STAT3 mutations and inhibition 

Applying small molecule signal transducer and 

activator of transcription-3 (STAT3) protein in-

hibitors as pancreatic cancer therapeutics → 

binding to the SH2 domain of STAT 

Inflammasome and Cancer 

Inflammation triggers Nf-kB pathway 
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Bortezomib 

- The first proteasome inhibitor anticancer drug 

- Treatment of relapsed and refractory multiple myeloma (hard cancer to treat) 

- Mechanism – suppression of the Nf-kB signalling pathway resulting in the down-regulation of 

its anti-apoptotic target genes 

- Bortezomib is a reversible inhibitor of the proteasome 

- The boronic acid group can bind and complex to the active site of threonine hydroxy group 

(β5-subunit) and block the chymotrypsin-like activity of the proteasome 

Proposed mechanism of action 

Nf-kB involved in B cell maturation (Bortezomib treats B cell malignancies) 

What’s new in cancer immunotherapy? 

- Immunotherapy treatment uses a person’s 

immune system to fight cancer. This can be 

done in a couple of ways: 

o Stimulating your own immune sys-

tem to attack cancer cells 

o Administering immune system com-

ponents, such as man-made immune 

system proteins 

- CAR-T: (chimeric antigen receptor T cell ther-

apy) – Engineering patients’ immune cells to 

treat their cancer 

Challenges with CAR t-cell therapy 

- Dosing: no uniform consensus on the dose. 

Small dose infusions may not obtain the ideal 
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curative effect; large dose infusions can increase cytokine release syndrome and tumor lysis 

syndrome 

o Traditional drugs are ephemeral – they begin to break down as soon as they enter the 

bloodstream – CAR-Ts are a living therapy that multiplies exponentially once the cells 

spot their cancer target in the blood 

- Toxicity: Kymriah and Yescarta both come with warnings for cytokine release syndrome, a se-

vere, body-wide immune reaction after injection of the drug. “It’s not an exaggeration to say 

that it almost kills you before it helps you” 

- Treatment: approved for only a small subset of cancers 

o Kymriah: treats people up to 25 years old with acute lymphoblastic leukemia of B-cell 

origin who are resistant to treatment or have relapsed twice (~100 cases/yr) 

o Yescarta treats large B-cell lymphoma in adults after two other treatments have failed 

(estimated to help ~7500 people/yr) 

o Price: Kymriah’s (Novartis) one-time cost of $373’000 – this is only for the living ther-

apy, not hospital stays etc… 

CAR-T 2.0 

- Brain swelling commonly occurs with CAR-T cell therapy (>12 

patients have died so far) 

- Making a kill switch: 

o Two engineered proteins located inside the CAR T cell 

that dimerize when exposed to a small-molecule drug 

called rimiducid 

o Rimiducid activates a protein called caspase-9, which 

kick-starts the process of CAR T-cell suicide 

Cancer and mitochondria 
Mitochondria Anatomy 

- Size of bacteria (0.5 micrometer diameter and 1 micrometer length) 

- Smooth outer membrane, folded inner membrane (#invaginations = cristae) 

- Proteins for: 

o OXPHOS = bound to inner membrane 

o TCA = within inner membrane space 

Mitochondria and Cancer 

- Nuclear-Mitochondria Crosstalk (PolG mutations) 

- Organelle dynamics 

- Apoptosis 

- Metabolic reprogramming 

- mtDNA genome 

- reactive oxygen species 

Metabolic Reprogramming → 
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Review on Warburg Effect 

Alterations in glucose utilization 

Electron transfer sites forming NADH and FADH2 

Oxidative phosphorylation – OXP 

- metabolic pathway that enzymes oxidize nu-

trients to release energy used to make ATP 

- Takes place in the mitochondrial matrix 

- Electron transport chain: free energy of elec-

tron transfer from NADH and FADH2 to O2 

through protein bound redox centers coupled to 

ATP synthesis  

o 4 enzyme complexes and ATP synthase 

 

ATP Synthase and Cancer 

mtDNA vs nDNA 

 

mtDNA mutations and cancer 

several mtDNA mutations have been identified in various types of human cancer. 

Mutations have been found to be present in both the non-coding region and cod-

ing regions of the mtDNA 

mtDNA replication: DNA Pol Γ → 
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Mutations in mitochondrial DNA polymerase γ promote breast tumorigenesis 

Breast tumors contained mutations in mtDNA. Mutations in 

POLG are known to cause mutations in mtDNA. The mtDNA mu-

tator mice that harbor the mutation in the exonuclease domain 

(that abolishes the POLG proof reading activity) show a marked 

reduction in lifespan due to the increased rate of mtDNA muta-

tion. It is possible that mtDNA mutations do not initiate tumor-

igenesis, i.e. transform normal cells, but rather are involved in 

the promoting tumorigenesis. 

Take home message: POLG gene mutations in human cancer 

suggest a role for POLG in human tumorigenesis. 

Concluding remarks on cancer → 

Innate and Adaptive Immunity 
Definitive Hematopoiesis 
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In the bone marrow HSCs reside either next to osteoblasts on the endosteal niche or adjacent to en-

dothelial cells of sinusoidal vessels. Upon each division, 1 daughter cell leaves the bone to proliferate 

and differentiate into various lineages. HSCs and their progeny are surrounded by stromal cells derived 

from MSCs, which also reside in the bone cavity. MSCs give rise to chondrocytes, osteoblasts, fibro-

blasts, adipocytes, endothelium and myocytes. Osteoblasts may regulate lymphoid and osteoclast cell 

development. 

The hematopoietic stem cell niche 

Various cell types including osteoclasts (OCs), osteoblasts (OBs), osteolineage progenitor cells (OLPs), 

endothelial cells (ECs), mesenchymal stem/stromal cells (MSCs), specialized CXCL12-abundant reticu-

lar (CAR) cells and leptin receptor (LEPR)-positive cells contribute to the structure of the BM microen-

vironment. In addition, this microenvironment is innervated by sympathetic nerves fibers ensheated 

by nonmyelinating Schwann cells. HSCs are located in the perivascular region of sinusoids and arteri-

oles in close proximity to MSCs and ECs that regulate HSC maintenance and differentiation through 

soluble factors such as CXCL12 and angiopoietin-1 or cell contact-dependent signals such vascular cell 

adhesion molecule-1 (VCAM1). 

Bone marrow 

- BM contains two types of stem cells: hemopoietic (which can produce blood cells) and stromal 

(which can produce fat, cartilage and bone) 

- There are two types of BM: red marrow (also known as myeloid tissue) and yellow marrow 

- Red blood cells, platelets and most white blood cells arise in red marrow; some white blood 

cells develop in yellow marrow 

- The colour of yellow marrow is due to the much higher number of fat cells 

- Both types of BM contain numerous blood vessels and capillaries 

- At birth, all BM is red 

- With age, more and more of it is converted to the yellow type 

- Adults have on average about 2.6kg of bone marrow, with about half of it being red 

- Red marrow is found mainly in the flat bones such as hip bone, breast bone, skull, ribs, verte-

brae and shoulder blades and in the cancellous (“spongy”) material at the proximal ends of the 

long bones femur and humerus 

- Pink marrow is found in the hollow interior of the middle portion of long bones 

- There are several serious diseases involving bone marrow 

- In cases of severe blood loss, the body can convert yellow marrow back to red marrow in order 

to increase blood cell production 



MDM FS 2021 Leonie Pfrunder 

92 
 

- The normal bone marrow architecture can be displaced by malignancies or infectious such as 

tuberculosis, leading to a decrease in the production of blood cells and blood platelets 

- In addition, cancers of the hematologic progenitor cells in the bone marrow can arise; these 

are the leukemias 

Transcription factors play a key role in lineage decision 

(not learn all TF by heart, important: in lineage decision at each step several TFs are involved) 

Blood cell counts in a healthy adult (know the dimensions) 

Innate immune cell functions in a nutshell 

- Macrophage: Phagocytosis and activation of bactericidal mechanisms, Antigen presentation 

- Eosinophil: killing of antibody-coated parasites 

- Dendritic cell: Antigen uptake in peripheral sites, Antigen presentation 

- Basophil: Promotion of allergic responses and augmentation of anti-parasitic immunity 

- Neutrophil: Phagocytosis and activation of bactericidal mechanisms 

- Mast cell: release of granules containing histamine and active agents 

Tolerance vs. Immunity 

Self - Pathogens, Tumors, Allergens, Organ transplants 

Non-specific Immunity = innate Specific Immunity = adaptive 

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

Limited specificity (can distinguish between dif-
ferent types of pathogens) 

Highly antigen-specific (at the atomic level) 

Exposure results in no immunologic memory (no 
difference between primary and secondary re-
sponse !?) 

Exposure results in immunologic memory (sec-
ondary response faster and stronger) 

Communication between innate and adaptive IS. 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 (e.g. antibodies and interleukins). 
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Cardinal Features of Adaptive Immune Responses 

(1) Specificity: mediated by specific receptors 

expressed on B cells (BcR) and T cells (TcR) 

(2) Diversity: B and T cell receptors have great 

variability due to DNA rearrangements. 

(3) Clonal expansion: B and T cells that recog-

nize antigen become activated and prolif-

erate 

(4) Self-limitation: The response wanes elimi-

nation of antigen 

(5) Memory: Second response is faster and 

stronger than the first 

(6) Self/non-self discrimination 

Every B and T cell expresses a unique antigen bind-

ing receptor → 

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 as linear peptides or of a tertiary structure of protein, lipids, carbo-

hydrates 

- T cell recognize processed antigens (peptides of processed proteins) presented by self MHC 

molecules 

Diversity created by DNA rearrangement of BcR 
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Diversity created by DNA rearrangement of TcR 

Main stages of B cell development 

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 prolifer-

ates 

Cellular Immunity 
- T cells 

- Antigen processing & presentation 

- Major Histocompatibility Complex (MHC) 

TcR recognizes small peptides (8-20 aa) of 

proteins presented by MHC I and II mole-

cules on antigen presenting cells (APC). 

Major Histocompatibility Complex (MHC) 

class I and class II proteins 

MHC I and II expression 

on immune cells 
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Diversity of MHC 

- Exists at the level of the 

species (not within an individual) 

- Stems from polymor-

phism and polygeny 

MHC genes are highly polymor-

phic and have many variants 

Alleles differ from one individual 

to another by 5% 

to 10% (up to 

20aa) 

MHC molecules on a mouse antigen presenting cell 

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 ex-

pressed. Because the class II molecules are heterodimers, 

heterologous molecules containing one maternal-derived 

chain and one paternal-derived chain are produced. The 

β2-microglobulin component of class I molecules is en-

coded by a gene on a separate chromosome and may be 

derived from either parent. 

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 

Separate antigen-presenting pathways for endogenous and exogenous antigens 
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 Cytosolic pathogens Intravesicular patho-
gens 

Extracellular pathogens 
and toxins 

 Any cell Macrophage B cell 

Degraded in Cytosol Endocytic vesicles (low 
pH) 

Endocytic vesicles (low 
pH) 

Peptides bind to MHC class I MHC class II MHC class II 

Presented to CD8 T cells CD4 T cells CD4 T cells 

Effect on present-
ing cell 

Cell death Activation to kill intrave-
sicular bacteria and par-
asites 

Activation of B cells to 
secrete IG to eliminate 
extracellular bacte-
ria/toxins 

Self MHC Restriction 

- T cells recognize foreign antigen associated 

with self MHC 

- No value for an individual to have T cells that 

recognize foreign antigen associated with 

foreign MHC 

- Self MHC restriction occurs in thymus 

A particular TCR is specific for both antigenic peptide 

and self MHC 

T cells develop in the thymus 

- 96% of cells die in the thymus without induc-

ing any inflammation or any change in the size 

of the thymus 

- T cells die by apoptosis/macrophages phago-

cytose apoptotic thymocytes 

Thymic T cell development in a nutshell 

1) TCR gene rearrangement 

2) Positive selection ensures MHC re-

striction 

Negative selection is responsible for cen-

tral tolerance 
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Scheme of T cell development 

Central questions to central tolerance 

1. How can the thymus express all self antigens – including self antigens only made by specialised 

tissues? 

Medullary thymic epithelial cells express a plethora of tissue specific genes 

2. How do we become self tolerant to these antigens? 

AIRE (autoimmune regulator) is a TF that 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 

Mechanism of AIRE induced negative selec-

tion of T cells 

Autoimmune regulator (AIRE) promotes the 

ectopic transcriptional activity of a large num-

ber of chromosomal locations, thereby en-

hancing the expression by medullary epithelial 

cells (MECs) of genes that would normally only 

be expressed in specific tissues. This ‘shadow’ 

of the peripheral self in MECs is then pre-

sented to immature thymocytes, either di-

rectly by the MECs themselves, or indirectly by 

uptake of antigens released from MECs by 

thymic dendritic cells (DCs). Differentiating T 

cells that recognize these antigens are then re-

moved primarily by apoptotic clonal deletion, 

although some may survive by adopting alter-

native fates that have regulatory rather than autoreactive properties. These mechanisms thus prevent 
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the autoimmune attack of peripheral organs. There is a clear match between the antigens that are 

ectopically expressed under the dictates of AIRE and the specific antigenic targets that manifest in its 

absence. 

Summary T cell development in Thymus 

- Progenitor cells migrate from the bone marrow 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 af-

finity TCR for MHC-self peptide complex 

produces self-tolerance 

T-Cell activation, proliferation and differentia-

tion → 

T cells require two signals for activation 

- Co-stimulation of T cells by antigen presenting cells 

Signal 1: antigen = MHC-peptide-TCR 

Signal 2: costimulation 

Costimulatory molecules are expressed by most APC including 

dendritic cells, monocytes, macrophages, B cells etc., but not by cells that have no immunoregulatory 

functions such as muscle, nerves, hepatocytes, epithe-

lial cells, etc. 

IL-2 is secreted upon T cell activation and promotes 

growth of T cells 

Resting T cells: Express IL-2R β and γ chains but no α 

chain or IL-2 

Activated T cells: The TF NFAT binds to the promoter of 

the IL-2Rα chain gene. The α chain converts the low af-

finity IL-2R to a high affinity form 
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Promotion and inhibition of T cell stimulation by members of the CD28 family 

- CD28 and ICOS provide positive signals 

- CTLA-4 and PD-1 provide negative signals 

Immune Effector Responses 
Members of the Tumor Necrosis 

Factor (TNF) receptor and ligand 

superfamily are essential for 

APCs and T cells crosstalk 

Checkpoint blockade 

Immune responses 

CD8 T cells (CTL) kill infected cells and tumor cells 

Perforin and Granzyme induced death of tar-

get cells 

CD4+ T helper (Th) cells are the conductors that or-

chestrate immune responses 

Differentiation and function of CD4 T cell subsets 

- T helper cell (Th) subsets secrete distinct patterns of cytokines 
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B cells require 2 signals for activation and differenti-

ation 

Signal 1: BCR antigen binding → activates B cells to 

produce IgM 

Signal 2: provided by a subset of T follicular helper 

(Tfh) cells, which is a subset of Th cells 

T helper cell dependent B cell responses 

- T cell cytokines direct isotype class switch (IgG, IgA, IgE) 

- Allow somatic hypermutation within germinal centers 

- Allow the development of memory B cells 

 Th cells promote survival of CD8 memory 

T cells 

Th1 cells protect from infection with intra-

cellular microorganisms 

- Mycobacterium tuberculosis (bacteria) 

- Listeria monocytogenes (gram+ bacteria) 

- Leishmania major (protozoa) 

- Toxoplasma gondii (protozoa) 

- Hepatitis virus (cytopathic viruses) 

Th1 cells 

- IFN-γ is the key cytokine produced by Th1 cells, 

which is absolutely essential for activation of macro-

phages 

IFN-γ production by Th1 cells is essential to control infec-

tion with Mycobacteria tuberculosis 

M. tuberculosis infection in IFN-γ-deficient (IFN-γ-/-) mice 

- High bacterial load 

- Increased lethality 

- Impaired nitric oxide production 

Mice lacking IL-12 or IFN-γ are susceptible to infection with Mycobacte-

rium tuberculosis 

IFN-γ knockouts are highly susceptible to Listeria infection, IL-12 knock-

outs are moderately susceptibility 

Human Th1 type immunodeficiencies and susceptibility to intracellular 

bacteria → 
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The role of Cd4+ T cells upon infection with Leishmania 

- Protozoan parasite (about 20 species and subspecies) 

- Transmitted by bite of a sandfly (around 30 different) 

- Countries affected: around 90 worldwide 

- 90% visceral Leishmaniasis mainly in Indi, Bangladesh, Nepal, Sudan, Brazil 

Mouse models 

- 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 IFNγ renders genetically resistant C57BL/6 mice highly susceptible to leishmania-

sis 

- Knockout of IL-4 or IL-4R protects genetically susceptible BALB/c mice from disease 

Differential activation of Macrophages by IFNγ and IL-4/IL-13 

- IFN-γ is essential for activation of inflammatory mac-

rophages (also called M1) characterized by production 

of nitric oxide (NO) 

- NO is essential for defense against Leishmania and 

other protozoa 

- IL-4 and IL-13 induce alternatively activated macro-

phages (M2)  

Nitric Oxide 

(NO) is es-

sential for killing of L. major 

Synthesis of Nitric Oxide 

- The enzyme nitric oxid synthetase (NOS) pro-

duces nitric oxide (NO) and citrulline by using L-argi-

nine in the prescence of O2 and NADPH with help of 

the prosthetic groups flavin adenin dinucleotide 

(FAD) and Tetrahydrobiopterin (BH4). 

Th2 cells protect from chronic worm infections 

- IL-4 and IL-13 mediated expulsion of nematodes 

Infection with Nippostrongylus basiliensis 

- ice lacking IL-4 clear N. brasiliensis 

- Mice lacking IL-4Rα fail to clear N.b. 

- Mice lacking IL-13 fail to clear N.b. 

➔ IL-4 and IL-13 share activities → Redundancy 
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Existence of two types of IL-4 receptors: 

- Type 1 IL-4R: binds only IL-4 

- Type 2 IL-4R : binds IL-4 and IL-13 

Th2 cells 

- Th2 cells are associated 

with helminth infection 

and allergies 

Schistosoma (round 

worm) infection 

- Responsible for the disease: Bilharziosis or Schistosomiasis 

- Caused by digenetic blood trematodes 

- Three main species infecting humans, 200 Mio. People infected WW 

IL-4/IL-4R signaling in macrophages is essential to prevent mortality from Schistosoma infection 

➔ IL-4 but not IL-13 protects from S. mansoni induced mortality 

Mice lacking IL-4Ra specifically on macrophages succumb to S. mansoni infection 

Mechanism: IL-4 promotes development of alternatively 

activated (also called M2) macrophages, which prevent S. 

mansoni intestinal damage 

IL-4 and IL-13 promote development of liver granulomas 

IL-4 and IL-13 induce alternatively activated macrophages 

characterized by Arginase activity → 

Th17 cells 

- Th17 cells promote clearance of fungal and bacterial infection at 

barrier tissues such as intestines, lung and skin 

The cytokine environment 

directs Th subset develop-

ment 
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Subset specific transcription factors are the main regulators of Th 

subset development 

- Deletion or inhibition of the transcription factors (Tbet, 

Gata3, RORg) abrogates development or the respective sub-

sets 

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 various cytokines which in turn determines their func-

tion 

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

counter 

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

ment 

Autoimmunity 
Autoimmunity 

➔ A chronic inflammatory disease that results from a breakdown of tolerance 

Facts: 

- Incidence of autoimmune diseases increasing in in-

dustrialised countries 

- No cures! Although many treatments now allow 

near normal life-spans with most autoimmune dis-

eases 

- Typically are periods of flares and remissions, 

which can last from days to months and occasion-

ally years 

- Stress and infections can cause flares in the dis-

ease 

➔ There are about 100 autoimmune diseases 

Can be classified into organ-specific and systemic diseases 

Organ-specific autoimmune diseases Systemic autoimmune diseases 

Type I diabetes mellitus 
Goopasture’s syndrome 
Multiple sclerosis 
Graves’ disease, Hashimoto’s thyroiditis, Auto-
immune pernicious anemia, Autoimmune Addi-
son’s disease, Vitiligo, Myasthenia gravis 

Rheumatoid arthritis 
Scleroderma 
Systemic lupus erythematosus, Primary Sjör-
gen’s syndrome, Polymyositis 
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Multiple Sclerosis (MS) 

- In healthy people, myelin forms a sheath around 

certain neurons allowing fast conduction of nerve 

impulses 

- In MS patients, immune system destroys myelin 

producing cells resulting in demyelination and 

slow down of nerve impulses 

- MS patients have autoantibodies and/or self-reactive T cells 

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). Fe-

ver, 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 body. 

Muscle symptoms: loss of balance, muscle spasms, numbness in any area, problem with moving arms 

or legs, problem with walking, problems with coordination, tremor in one or more arms or legs, weak-

ness in one or more arms or legs 

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 movement, vision loss (usually affects one eye 

at a time) 

Other brain and nerve symptoms: decreased attention span, poor judgment and memory loss, diffi-

culty reasoning and solving problems, depression or feelings of sadness, dizziness and balance prob-

lems, hearing loss 

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 (juvenile diabetes) = insulin-de-

pendent (IDDM) 

Lack of insulin due to destruction of pancreas islet 

cells. Mainly due to autoimmunity 

➔ Type 2 DM (also called Maturity-onset diabe-

tes) 

Insulin resistance (e.g. the number of free insulin re-

ceptors on a cell is reduced)  

Rheumatoid Arthitis 

- Rheumatoid Arthritis is a progressive debilitating inflammatory 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 
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- The formation of immune complexes initiates and amplifies an inflammatory response, caus-

ing synovial membrane damage and cell lysis 

- The inflammatory response is characterised by T and B cells, monocytes, complement frag-

ments C3a and C5a 

Typical rheumatoid joint deformities in the hands. There is wasting of the small muscles of the hand, 

swelling of the metatarsophalangeal joints and a small subcutaneous nodule on the little finger. The 

fingernail ‘clubbing’ is characteristic of the pulmonary fibrosis. 

Graves’ disease (Morbus Basedow) 

➔ Autoimmune disease that affects the thyroid resulting in hyper-

thyroidism 

- Symptoms: muscle weakness, sleeping problems, fast heart-

beat, diarrhea 

- Mediated by antibodies specific for the Thyroid Stimulating 

Hormone (TSH) receptor 

- Unlike TSH, the autoantibodies are not regulated and overstim-

ulate the thyroid 

- Can be transferred with IgG antibodies 

- Babies born to mothers with Graves’ can show transient symp-

toms of hyperthyroidism 

Systemic Lupus Erythematosus (SLE) 

Symptoms: Each person’s experience with lupus is different, although there are patterns that permit 

accurate diagnosis. Symptoms can range from mild to severe and may come and go over time. 

Common symptoms of lupus include: 

- Painful or swollen joints 

- Muscle pain 

- Unexplained fever 

- Red rashes, most commonly on the face 

- Chest pain upon deep breathing 

- Unusual loss of hair 

- Sensitivity to the sun 

- Swelling (edema) in legs or around eyes 

- Swollen glands 

- Extreme fatigue 

- Pale or purple finger or toes from cold or stress 
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- Systemic autoimmune disease of unknown origin 

- Ratio of female to male is 10:1 

- Typically appears in women between 20-40 years of age 

- Research suggests that genetics plays an important role; however, no specific “lupus gene” has 

been identified. Instead, it appears that several genes may increase a person’s susceptibility 

to the disease. 

- It is likely that there is no single cause but rather a combination of genetic, environmental, and 

possibly hormonal factors that work together to cause the disease. The exact cause may differ 

from one person to another. 

- Individuals affected produce autoantibodies to many self-molecules such as DNA, histones, 

erythrocytes, platelets and clotting factors. This causes various symptoms 

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 

o Pathogens 

o Commensal bacteria 

o Diet 

- The concept that a single gene mutation leads to a single autoimmune disease is the EXCEP-

TION not the rule 
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- Because of this, autoimmune diseases are generally classified as complex diseases as there is 

in most cases not a single “pinpoint-able” gene 

- Exceptions to the Rule:  

MHC (HLA) is the most important genetic risk factor for development of autoimmunity 

Induction of autoimmunity 

- A failure of any mechanism of tolerance 

- Infections can 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! 

Infections can trigger autoimmunity by 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 mis-

takenly attacks self-molecules and cause autoimmune disease. 

Examples: 

- Some antibodies raised against Treponema pallidum can cross-react with certain erythrocyte 

blood group antigens, leading to anaemia. 

- Antigens common to Trypanosoma cruzi and some Streptococcus A bacteria cross react with 

human cardiac muscle. 

- Antigens from the bacteria Borrelia brudorferi mimic a self protein, which is expressed on the 

surface of most T cells, B cells and APC. This is the best documented example 

Molecular mimicry continued 

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. 

- 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 

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 
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- Accidental traumatic injury 

- Surgery 

May result in the development of an autoimmune response 

Experimental Autoimmune Encephalomyelitis (EAE), an animal 

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 Adjuvant (CFA) 

Experiment: mice immunized with 

MOG in CFA 

- IL-6 is essential for devel-

opment of MOG-induced 

EAE 

Note: similar results were 

obtained with mice lacking 

IL-1 

- IL-23 is essential for development of MOG-induced EAE 

- RORγ knockout mice are protected from EAE due to the absence of IL-17-producing CD4+T 

(Th17) cells 

Th17 cells are essential for development of organ regulated auto-

immune disease → 

Spontaneous autoimmune disease models 

Non-obese diabetic (NOD) mice 

- Develop spontaneously insulin-dependent diabetes melli-

tus (IDDM) 

- The incidence is 60-80% in females and 20-30% in males. 

Onset is delayed in males by several weeks 

- The susceptibility to IDDM is polygenic: 

o MHC haplotype 

o NOD mice have a mutation in exon 2 of the CTLA-4 gene, which causes it to be spliced 

incorrectly. Without the proper functioning of CTLA-4 T-cells attack the insulin produc-

ing cells 

- Environment exerts a strong effect on gene penetrances 

- Housing conditions, health status and diet all affect development of diabetes in the mice. For 

instance, NOD mice maintained in different laboratories can have different levels of incidence 

- The incidence of disease is linked to microbiome 

Therapies of Autoimmune Diseases 

- Conventional therapeutic approaches: 

Anti-inflammatory and immunosuppressive reagents such as cortisone (naturally produced by 

adrenal gland) and methotrexate (antagonist of VitB9 = folic acid) 
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- New therapies 

o Reagents blocking activity of TNFα, IL-6, IL-1 with antibodies (anti-TNFα etc.) 

o Depletion of B-cells with anti-CD20 (treatment of SLE) 

- Experimental/New approaches 

o Antibodies against pro-inflammatory cytokines (IL-6R, IL-17) 

o Vaccination 

o 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 au-

toantibodies 

(Prüfungsfrage am Ende dieser Vorlesung) can mice that lack … develop AI 

→ No ??? 

Immunological Tolerance 
Definition: The strict definition of immunological tolerance occurs when an 

immunocompetent host fails to respond to an immunogenic challenge with 

a specific antigen. 

- A state of unresponsiveness specific for a given antigen 

- It is induced by prior exposure to that antigen 

- While the most important form of tolerance is non-reactivity to self-antigens, it is possible to 

induce tolerance to non-self-antigens. When an antigen induces tolerance, it is termed tolero-

gen. 

- Tolerance is different from non-specific immunosuppression and immunodeficiency. It is an 

active antigen-dependent process in response to the antigen. 

- Tolerance is specific (like adaptive immune response) 

- It can exist in T cells, B cells or both (like immunological memory) 

- Tolerance at the T cell level is longer lasting than tolerance at the B cell level (like immunolog-

ical memory) 

- To prevent the body to elicit an immune attack against its own tissues. Breakdown of self-

tolerance results in autoimmunity 

- Mechanisms of active tolerance prevent inflammatory reactions to many innocuous airborne 

and food antigens found at mucosal surfaces 

- Therapeutic potential: inducing tolerance may be exploited to prevent graft rejection, treat 

autoimmune and allergic diseases, and prevent immune responses in gene therapy, perhaps 

stem cell transplantation 

- Self-non-self-discrimination is learned during development 

- Tolerance is not genetically programmed 

- The time of first encounter is critical in determining responsiveness 
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Central tolerance: Limiting development of 

self-reactive B and T cells → 

- Induced by antigen in generative lym-

phoid organs (thymus for T cells, bone 

marrow for B cells), and high-affinity 

(“strong”) recognition of the antigens 

- Immature lymphocytes undergo apop-

tosis upon encounter with antigens 

(negative selection) 

o Eliminates high-affinity self-re-

active (potentially most dan-

gerous) lymphocytes 

- Some self-reactive T cells that encoun-

ter self-antigens in the thymus develop into regulatory T cells and immature B cells in the bone 

marrow change their receptors (rendered harmless) 

Peripheral Tolerance: Control of autoreactive T cells in the periphery 

Fact: 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) 

- Positive selection of specificities that exhibit weak self-reactivity but with the propensity for 

pathogenic autoreactivity 

- Need for a peripheral repertoire that will protect from pathogens 

Mechanisms of T cell Tolerance 

- Central Tolerance: Negative selection of self-reactive T cells in the thymus and self-reactive B 

cells in the bone marrow 

- Peripheral Tolerance: unresponsiveness of peripheral T cells 

o Suppression (or dominant regulation) 

o Anergy 

o Ignorance (immune privilege) 

o Inhibitory receptor-ligand interactions 

o Anti-inflammatory factors 

- Mediated by: 

o Regulatory T (Treg) cells 

o Anti-inflammatory cytokines 

o Co-stimulatory and inhibitory surface receptors (signal 2) 

o Dendritic cells (environmental cues) 

Ignorance 

In some cases potentially autoreactive cells are capable of making a response but are unaware of the 

presence of their autoantigens. 

Reasons include: 
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1) Antigen concentration is too low 

Since all lymphocytes have a threshold for receptor occupany, which is required to trigger a 

response, very low concentrations of antigen may 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: 

Examples: Eye, testis and placenta 

Immune responses are restricted within these sites to prevent pathological damage 

Peripheral Tolerance: Anergy 

Naïve T cells need co-stimulatory signals to become activated. The expression of these co-stim-

ulatory 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 later en-

counter with the same antigen even when co-stimulation is present. This refractory state is 

termed anergy. 

Anti-inflammatory and Immuno-regulatory Microenvironment 

- Anti-inflammatory factors. Examples: The cytokines Transforming Growth Factor-β (TGF-

β) and Interleukin-10 (IL-10) can potently inhibit inflammation. 

- Receptors inducing inhibitors (negative) signals. Examples: The cell surface molecules 

CTLA4 and PD-1 expressed on T cells interfere with T cell responses. 

- Expression of Death Receptors on T cells. Cell surface or secreted molecules that bind to death 

receptors on T cells induce cell death by apoptosis. Examples: Fas-ligand binds to Fas-Receptor 

(CD95); Trail binds to death receptors DR4 and DR5 

Suppression by regulatory T cells (Tregs) 

In some cases, there are autoreactive T cells present, which are capable of reacting to their cognate 

antigen as presented withing 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 pres-

ence of other cells, a phenomenon which has been termed dominant regulation or suppression. Ac-

cordingly, respective cells were termed Regulatory T cells (or Suppressor T cells) 

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 thymic origin or generated in the periphery 

- Inhibit proliferation and cytokine production of other T cells 

- Inhibitory signals mediated by cytokine secretion (IL-10, TGF-b) and/or receptors (i.e. CTLA-4), 

and many more 

- In vivo the cells can limit disease development and pathology 

Mice with a mutation in the Foxp3 gene develop fatal autoimmunity 

- A spontaneous mutation Scurfy in mice results in 

o The presence of activated lymphocytes infiltrating multiple non-lymphoid organ sys-

tems such as liver and lung tissue 

o A severe gut-wasting syndrome; runted growth 
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o The production of autoantibodies 

o Eczematous skin 

o Lethality at 3-4 weeks of age 

- Scurfy mice have 2bp insertion mutation in the Foxp3 gene that results in the introduction of 

a premature stop codon and expression of a truncated protein product 

- The adoptive transfer of CD4+CD25+ Tr cells from wild-type mice into neonatal scurfy mice pro-

tected them from disease 

Patients with the IPEX syndrome develop severe autoimmune disease 

Immune dysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX) syndrome is characterized 

by: 

- Severe diarrhea, disorder of the intestines (enteropathy) 

- Skin inflammation (dermatitis) 

- Multiple disorders of the endocrine glands (polyendocrinopathy) such as type 1 diabetes, thy-

roiditis 

- Autoimmune blood disorders including low levels of red blood cells (anemia), platelets (throm-

bocytopenia), or white blood cells (neutropenia) because these cells are attacked by the im-

mune system 

- Early onset (3-4 weeks of age) of autoimmune disease 

➔ Usually, fatal in boys during early infancy or early childhood 

IPEX is caused by mutations of FOXP3 

Regulatory T (Treg) cells can suppress both effector CD8+ and 

CD4 T cell subsets → 

Functions of Tregs: 

Foxp3+ Treg have been shown to suppress: 

- Autoimmunity 

- Inflammatory bowel disease (colitis) 

- Allergies 

- Spontaneous abortion of the fetus 

- Organ transplant rejection 

- Responses to various pathogens (especially persistent) 

- Recognition and rejection of tumor cells 

Mice lacking IL-2, IL-2Rα or IL-2Rβ develop fatal inflammatory disease 

Originally thought to be due to defective activation induced cell death (AICD) 

IL-2 is essential for Tr cell homeostasis/maintenance 

How do regulatory T cell work? 

Depiction of the various regulatory T (Treg)-cell mechanisms centered around four basic modes of ac-

tion. 
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a) Inhibitory cytokines include in-

terleukin-10, IL-35 and trans-

forming growth factor-β (TGF-

β) 

b) Cytolysis includes granzyme-A- 

and granzyme-B-dependent 

and perforin-dependent killing 

mechanisms 

c) Metabolic disruption includes 

high-affinity CD25 (also known 

as IL-2 receptor α)-dependent 

cytokine-deprivation-medi-

ated apoptosis, cyclic AMP 

(cAMP)-mediated inhibition 

and CD39- and/or CD73-gener-

ated, adenosine receptor 2A 

(A2aR)-mediated immunosup-

pression 

d) Targeting dendritic cells (DCs) includes mechanisms that modulate DC maturation and/or func-

tion such as lymphocyte-activation gene 3 (LAG3; also known as CD223)-MHC-class-II-medi-

ated suppression of DC maturation, and cytotoxic T-lymphocyte antigen-4 (CTLA4)-

CD80/CD86-mediated induction of indoleamine 2,3-dioxygenase (IDO), which is an immuno-

suppressive molecule made by DCs 

The subset effector responses: A double edged sword responsible for protection and pathology (Bild 

oben) 

Allergies and Asthma 
Hypersensitivity Reactions 

- Hypersensitivity refers to undesirable (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 and III 

➔ Delayed hypersensitivity reaction: type IV 

Type I hypersensitivity 

- Also known as immediate or anaphylactic hypersensitivity 

- The reaction may involve 

o Skin (eczema) 

o Eyes (conjunctivitis) 

o Nasopharynx (rhinitis) 

o Bronchopulmonary tissues (asthma) 

o 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 (10-12 hours) 
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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 

Mechanism of type I hypersensitivity → 

Acute Phase Allergic Reaction 

- Occurs within seconds to 

minutes of IgE receptor activa-

tion (mast cell mediator release) 

and resolving within an hour 

- Intense pruritus (itching), 

edema, erythema 

- Almost all effects can be repli-

cated with histamine 

➔ Skin prick test: Gold standard for 

diagnosis of allergies. Possible al-

lergens are placed on the skin 

and needle pricks or scratches allows the allergen solution to enter skin. Allergy to the allergen 

is indicated with the skin gets a red, raised itchy area (wheal) in 10-20 min. 

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 

o Skin: erythema, induration, burning 

o Lungs: airway obstruction poorly responsive to bronchodilators 

o Nose/eyes: erythema, congestion, burning 

- Mast cell degranulation followed by influx of first neutrophils and eosinophils followed by 

monocytes/macrophages 

- Major portion of effects replicated by TNFα 

Mechanism of type I hypersensitivity (continued) 

Histamine is responsible for 

- Dilated blood vessels and increased blood vessel 

permeability → edema 

- 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 

o The venom from bee, wasp, or hornet 
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o Drugs such as penicillin, insulin and antitoxins 

o Seafood such as lobster 

o 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 inappro-

priate high IgE response e.g. hay fever (rhinitis), asthma, atopic dermatitis (eczema) and food 

allergies 

Asthma: an immunological airway dysfunction 
Lung facts 

- Lung surface area of a healthy human adult: ~90m2 (gut: ~10m2; skin: ~2m2) 

- Surface area of the pulmonary capillaries encompassing the alveoli: ~140m2 

- Bronchioles and alveoli filter ~8500 litres of air every day 

- Continuous exposure to a variety of inhaled solid and liquid particles, allergens and microbes 

Lung and lower airways 

- Respiratory tract has a tree-like organization with a trachea connecting to branched airways 

that terminate in millions of highly vascularized and thin-walled alveoli, where gas exchange 

occurs 

The mucociliary escalator 

The lower respiratory tract is lined with tiny hair-

like structures known as cilia, which move in a 

coordinated wave-like motion to help move de-

bris upward and out of the lungs. Once the de-

bris reaches the larger bronchial tubes it can 

stimulate the cough reflex, which is designed to 

expel debris from the respiratory tract. Filters 

particles between 2-10 µm. The tiny delicate cilia 

are killed by tobacco smoke; and as a result, smokers have few if any cilia remaining in their lungs. 
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Components of lung immune system 

- Type 2 alveolar cells produce surfac-

tant lipid 

- Alveolar macrophages: first line of de-

fense; uptake and catabolism of surfac-

tant 

Alveolar macrophages are essential for clear-

ance of pulmonary surfactant produced by 

type 2 alveolar epithelia 

- Development of pulmonary alveolar 

proteinosis (PAP) in mice and humans 

with GM-CF-deficiency (or GM-CSF autoantibodies) 

- PAP is a rare human syndrome characterized by the accumulation of surfactant material within 

the alveoli 

- GM-CSF is essential for development of alveolar macrophages 

Asthma 

- The prevalence has risen to true epidemic proportions 

- Worldwide about 300 million people are affected. In affluent societies up to 10% of the popu-

lation 

- Traditionally two forms have been defined in the clinic 

o Allergic and non-allergic 

Allergic asthma coincides with high levels of serum IgE and/or positive skin-prick test to com-

mon allergens (house dust mite, plant or tree pollen, animal dander, fungal spores, fungal 

spores) 

Amongst asthmatics, most children and about 50% of adults have allergic asthma (non-allergic 

often develops later in life) 
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- Today, different asthma phenotypes with distinct pathophysiology are defined as asthma en-

dotypes 

➔ Asthma comprises a range of heterogeneous phenotypes that differ in presentation, etiology 

and pathophysiology 

Typical Symptoms: 

- Shortness of breath (Dyspnea) 

- Wheezing 

- Chest tightness 

- Persistent/recurrent cough (in the night 

and morning) 

Asthma Triggers → 

Hallmarks of Atopic Asthma 

- Chronic airway inflammation (eosinophils, monocytes, 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) 

- Unspecific airway hyperresponsiveness to irritants (i.e. tobacco, air pollution) and, in most 

cases, allergens, which cause acute airflow obstruction in the small airways (bronchospasms) 

Inflammatory infiltrate in asthmatic lungs is dominated by 

eosinophils → 

Airway narrowing and goblet cell hyperplasia 

 

 

 

 

Asthma and Allergy: The alliance of genes and environment 

Environmental influence: 

- Large regional differences in the prevalence of asthma 

- 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 
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- Probably influenced by a few genes with a moderate effect rather than many genes with a 

small effect or 1-2 genes with a dramatic effect 

Asthma Epidemiology 

- The prevalence has risen to true epidemic proportions 

- It affects around 300 million worldwide in westernized countries up to 10% of population 

The genetics of Asthma and Allergic Disease 

Mouse asthma models: What did we learn? 

Analysis of bronchoalveolar lavage (BAL) and lung by 

- Flow cytometry for determination of cell popula-

tions 

- Cytokines/chemokines 

- Histology/inflammation 

- Antibody responses 

Measurement of airway obstruction in mice by whole body plethysmography 
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Studies in knockout mice lacking key Th2 and Th1 type cyto-

kines were breakthrough in understanding allergic airway re-

sponses (asthma) 

Reduced airway hyperresponsiveness (AHR) and mucus pro-

duction in IL-4R-deficient mice 

Enhanced airway hyperresponsiveness in allergic mice lacking IL-

12 or IFN-γ gene 

Asthma features in mice lacking Th2 cytokines → 

 Two types of IL-4 receptor  

 

 

Graphical scheme illustrating 

key players in development of 

asthma → 

 

Th1 and Th2 bal-

ance is central to 

the development 

of asthma → 

 

Type 2 Innate lymphocytes (ILC2) as instigators of asthma 

ILC2 produce IL-5, IL-9 and IL-13 in response to IL-33 and TSLP secreted by 

epithelial cells and can thereby trigger key features of the asthma response 

Asthma and epidemiological observations 

- Asthma is more common in westernized environments 

- Asthma and atopy are less common in: 

o Younger siblings 

o Children attending day care < 1year of live 

o Household with doges and/or other pets 

o Children from farming households 

o Children exposed to bacterial endotoxin 

o Children vaccinated against tuberculosis 
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The hygiene hypothesis 

- Decreased exposure to immune-stimulating 

infections in early childhood is a cause of in-

creased prevalence of allergic disease  

Chronic LPS exposure protects mice from asthma 

Novel Asthma Therapies 

Intestinal Immunology, Defense and Inflammation 
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 lym-

phoid follicles embedded in the wall of the 

tissue or as aggregated follicles such as 

Peyer’s patches in the intestines, a special-

ized epithelium.  

Intestines 

Total surface area = 450 m2 
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Main Function of Intestines 

Stomach: low pH, enzymatic and mechanical disruption of food 

Small intestine: Duodenum → Jejunum → Ileum; Bile and pancreatic secretions for protein and lipid 

digestion. Absorption of all easy-digestible nutrients (sugars, amino acids, fatty acids) 

Large intestine (cecum, colon): Receives almost no free nutrients. Dietary fibre is fermented in the 

anoxic environment. Water and short chain fatty acids are absorbed. 

Structure of the small intestines 

Villi and microvilli: increase surface area (450 m2) → maximize ab-

sorption 

Intestinal microbiome: The gut ecosystem 

- 100 trillion bacteria 

- 500-1000 species 

- Dominated by just 2 (out of >30) phyla of bacteria (i.e. Bac-

teroides and Firmicutes) and one member of Archaea (i.e. Meth-

anobrevibacter) 

- Most are uncultivatable 

- Characterized today by 16s RNA sequencing 

Intestinal Pathogens 

Viruses: Rotavirus, Poliovirus, Hepatitis A virus, HIV 

Bacteria: Vibrio cholorea, Enterotoxigenic Escherichia coli, Campylobacter 

jejuni, Salmonella typhimurium, Helicobacter pylori … 

Protozoa: Entamoeba histolytica, Giardia lamblia 

Nematodes: Trichinosis, Trichuriasis, Strongyloidiasis, Ascariasis, Hookworm, Pinworm 

Cestodes: Tapeworm 

Trematodes: Schistosomiasis 

Challenges for the GALT 

- The mucosal membranes of the digestive tract must allow absorption of nutrients without re-

sponding against them and development of food allergies 

- Avoid responses against commensal intestinal flora 

- GALT has to mount an effective response against a vast number of pathogens, since mucosal 

surfaces are the most frequent entry of harmful microbes 

Intestines form a barrier 

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 num-

bers 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 phag-

ocytosed 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. 
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Barrier component: Intestinal epithelium 

- A single layer cuboidal epithelium 

- Cells are connected by tight junctions 

Tight junctions prevent the easy passage of microorganisms through the epithelial layer. Permit some 

small molecules to diffuse very slowly. Dynamically controlled structures – opening of tight junctions 

→ Diarrhoea 

Different types of intestinal epithelial cells 

- Enterocytes → absorption of nutrients 

- Goblet cells → mucus production 

- Paneth cells → anti-microbial 

- Microfold (M) cells → antigen uptake 

- Tuft cells → pathogen sensing 

- Enteroendocrine → hormone production 

Mucus structure along the intestine 

Mucus: 

- Serves to protect epithelial cells in the linings of the respiratory, digestive and urogenital sys-

tems. 

- Viscous colloid: contains inorganic salts, antimicrobial enzymes (i.e. lysozymes), immunoglo-

bulins and proteoglycan, mucins 

Mucins : 

- Heavily glycosylated proteins (glycoconju-

gates) produced by goblet cells 

- Hinders microbial motility towards epithelial 

cells. Physically linked to the epithelium in 

the colon 

- At least 20 human mucin genes 

Barrier components: Paneth cells produce antimicrobial peptides, so called defensins 

Paneth cells are an epithelial lineage unique to the small intestine. These secretory cells are positioned 

at the base of small intestinal crypts of Lieberkuhn and contain abundant secretory granules containing 

a number of microbicidal proteins including α-defensins, C-type lectins, lysozyme and phospholipase 

A2. As a result, this cell lineage is responsible for a large proportion of the small intestinal antimicrobial 

output. Upon detection of microbial signals, Paneth cells release their microbicidal granule contents 

into the gut lumen. 

Paneth cells also play a central role in regulating small intestinal epithelial renewal. Paneth cells are 

positioned in crypts alongside the multipotent stem cells that give rise to all of the lineages of the 

differentiated intestinal epithelium. By secreting factors such as EGF, WNt3 and the Notch ligand DII4, 

Paneth cells sustain proliferating epithelial stem cells and thus contribute to epithelial renewal. 

Intestines form a partially permeable barrier 

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 num-

bers of commensals are allowed to penetrate through the epithelial barrier into specialized inductive 
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sites known as Peyer’s patches or isolated lymphoid follicles, where they are picked up by DC or phag-

ocytosed 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. 

M cells perform antigen sampling 

- M cells are specialized epithelial cells overly-

ing lymphoid tissues and lacking glycocalyx or 

microvilli. 

- M cells take up luminal antigens by endocyto-

sis, 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 im-

mune response by activating naive T and B 

cells withing the PP.  

Organization of the GALT 

The organized tissues of the PP and MLNs are in-

volved in the induction of immunity and tolerance, 

whereas the effector sites are scattered throughout 

the lamina propria and epithelium of the mucosa. 

- Villus lamina propria and PP are drained by 

afferent lymphatics that go to the MLNs.  

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 due to 

the absence of goblet cells, and 

so forms a direct contact with 

the luminal contents 

Antigen entry into GALT 

a) Antigen might enter through 

the M cells in the follicle-associ-

ated epithelium (FAE), and 

b) After transfer to local DCs, 

might the be presented directly 

to T cells in the Peyer’s patch 

c) Alternatively, antigen or anti-

gen-loaded DCs from the 

Peyer’s patch might gain access 

to draining lymph 

d) With subsequent T-cell recogni-

tion in the mesenteric lymph 

nodes (MLNs) 
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e) A similar process of antigen or antigen-presenting cell (APC) dissemination to MLNs might oc-

cur if antigen enters through the epithelium covering the villus lamina propria, 

f) But in this case, there is the further possibility that MHC class II positive enterocytes might act 

as local APCs. In all cases, the antigen-responsive CD4+ T cells acquire expression of the α-4-β-

7 integrin and the chemokine receptor CCR9, leave the MLN in the efferent lymph 

g) And after entering the bloodstream through the thoracic duct. Exit into the mucosa through 

vessels in the lamina propria. T cells which have recognized antigen first in the MLN might also 

disseminate from the bloodstream throughout the 

peripheral immune system 

h) Antigen might also gain direct access to the blood-

stream from the gut and interact with T cells in pe-

ripheral lymphoid tissues (i) 

Lamina propria 

- Connective tissue below the epithelium containing 

a dense network of immune cells 

Lamina propria leukocytes, Myeloid cells (Phagocytes, 

Mast cells, basophils, neutrophils, eosinophils) 

- T cells, innate lymphoid cells 

- IgA producing plasma cells 

Blood and lymph circulation of the intestines 

Blood enters the intestine via the mesenteric artery 

Capillaries extend into the villi and deliver blood back to 

the hepatic portal vein. 

➔ All blood leaving the intestine is filtered through 

the liver! 

Lymphatic vessels extend into the villi. Intestinal lymph drains and is filtered through the mesenteric 

lymph nodes before entering the thoracic duct. 

Lymph re-enters circulation via thoracic duct 

➔ Physical separation of intestinal and systemic immune cells 

How do lymphocytes find their way to the intestines 

- Different adhesion molecules and chemokines 

govern the migration of lymphocytes to differ-

ent tissues 

- T and B cells homing to intestines express α4β7, 

which binds to MAdCAM on mucosal endothe-

lial cells. Note: otherwise activated T and B cells 

express α4β1, which binds VCAM 

- Intestinal epithelial cells produce chemokines 

CCL25 and CCL28, which recruit lymphocytes ex-

pressing CCR9 and CCR10, respectively.  

  



MDM FS 2021 Leonie Pfrunder 

125 
 

Environmental cues: Vitamin A regulates intestinal T and B cell responses 

- 30 years ago: rats fed with vitamin A deficient diet show an impaired migration of lymphocytes 

to intestinal mucosa 

- Vitamin A deficient rats show also a marked decrease in the number of IgA-secreting B cells 

and CD4 T cells in the ileum 

- Vitamin A has been shown in developing countries to reduce infant mortality from persistent 

diarrhea caused by infectious organisms 

Retinoic Acid metabolism → 

Retinoic Acid Receptor (RAR) and Retinoic X Recep-

tor (RXR) are ligand induced transcription factors. 

GALT microenvironment is biased for induction of 

Treg 

Retinoic Acid (RA) secreted by a 

subset of dendritic cells pro-

motes the differentiation of 

FoxP3+ Treg cells and thereby in-

hibits promotes a tolerogenic environment and prevents inflammation. 

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 toler-

ance 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 blood-

stream and their subsequent dispersal throughout lymphoid organs resulting in 

presentation by local tolerogenic DC in the absence of pro-inflammatory signals. 

- Possible mechanisms of oral tolerance: 

o Deletion of specific T cells 

o Anergy of specific T cells 

o Induction of specific regulatory T cells 

- Regulatory factors: 

o Antigen dose, nature of antigen, cytokine milieu, age 

Oral tolerance to food antigens → 

Inflammatory Bowel Disease (IBD) 

- IBD is a chronic and relapsing inflamma-

tory condition, which affects the distal 

small intestines and the colon in a trans-

mural manner (Crohn’s disease) or only 

the colon in a superficial manner (ulcer-

ative colitis) 

- Affects 1 in 500 people in westernized 

countries 
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- 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 epi-

thelia develop spontaneous IBD due to death of epithelial cells 

Experimental models of IBD 

1) Treatment with chemicals (such as Dextran Sulfate So-

dium, DSS) causing epithelial cell damage and innate in-

flammatory immune response 

2) T cell adoptive transfer into lym-

phogenic mice 

Disturbed balance of Th17 and 

Treg cells promotes IBD → 

Local secretion of pro-inflamma-

tory cytokines including IL-6 and 

IL-23 by dendritic cells and mac-

rophages in response to com-

mensal bacteria induce patho-

genic IL-17-producing T (Th17) cells that induce chronic inflammation in the intestines 

(colitis). When inflammatory cytokines and pathogenic Th17 cells enter the blood, they 

may induce autoimmune responses in other organs such as rheumatic diseases (i.e. 

ankylosing spondylitis, which is also called Bechterew disease) 

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 

Gut microbes influence obesity 

Studies of generically obese mice (ob/ob) and their lean heterozygous (ob/+) or wild-type (+/+) con-

trols 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. 



MDM FS 2021 Leonie Pfrunder 

127 
 

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. 

12 unrelated obese men and women received a fat-restricted or a carbohydrate-restricted 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, pro-

portional to the degree of weight loss. These changes occurred in both the CARB-R and FAT-R groups. 

Summary: 

1. The intestine has developed 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 induction of protective but 

local non-inflammatory responses 

4. The gut creates a special microenvironment that ‘imprints’ T and B cells with a non-inflamma-

tory phenotype 

5. Mounting an inappropriate immune response against intestinal bacteria leads to inflammatory 

bowel disease (IBD) 

Sepsis 

The most common cause of death in the noncoronary intensive care unit. Patients admitted with se-

vere 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 in-

teract 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 un-

regulated host response to these substances results in the elaboration of an extensive array of patho-

genic mediators that lead to further cell damage. 

Bacterial toxins 

Exotoxin: 

- Secreted proteins 

- Often plasmid-encoded 

- Many different ones with diverse modes of action 

- Usually heat-sensitive 

- Usually no fever 

- Effectively neutralized by Ab 

Endotoxin: 

- LPS in the cell wall 

- Chromosome-encoded 

- Conserved mode of action – septic shock 

- Heat-stable 

- Induce fever 

- Weak immunogenicity 
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Sensitivity to the bacterial lipopolysaccharide (LPS) 

“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.” 

How cells recognize LPS 

- LPS binding protein (LBP) transfers LPS to CD14 (which 

does not contain a signalling domain). CD14 and LPS the 

complex with MD2 and TLR4 resulting in TLR4 activation. 

TLR4 signalling is initiated by binding of 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) 

Systemic Inflammatory Response Syndrome 

(SIRS) → 

Definitions 

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 doc-

umented infection 

Severe sepsis: Sepsis plus end-organ dysfunction or hypoperfu-

sion 

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. 

- Pro-inflammatory cytokines 

- Arachidonic acid metabolites 

- Complement system 

- Coagulation cascade 
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The canonical Nuclear Factor Kappa B signalling path-

way 

Key factors involved in the regulation of the canonical 

NF-kB pathway include members of the IkB (inhibitor of 

kB) family and the IkB kinase (IKK) complex that consists 

of IKKα-IKKβ (IKK1-IKK2) heterodimers and the scaffold 

protein IKKγ (NEMO). A variety of stimuli (e.g. the cyto-

kines TNFα, IL-1) activate the IKK complex leading to 

phosphorylation of IkB proteins. This phosphorylation 

leads to IkB polyubiquitination and its subsequent deg-

radation by the 26S proteasome. The NF-kB proteins 

are, thus, liberated from IkB and translocate to the nu-

cleus where they bind to the promoter regions of NF-

kB-responsive genes to result in increased gene expres-

sion. 

Inducers of canonical NF-kB pathway 
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Danger and Inflammation 
Charley Janewey (The dirty little secret): To induce an immune response, immunologists had to include 

crap along with non-self – the crappier the better. He proposed that pathogen-associated molecular 

patterns are recognized by non-clonally distributed receptors found in the host. 

Polly Matzinger (Danger Theory): 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) and Pathogen Associated Molecular Patterns (PAMPs) in-

volved in sensing microbial danger 

Defense in Drosophila 

In Drosophila, the Toll and Imd path-

ways confer host defense against path-

ogens. The Toll pathway regulates pro-

duction of antimicrobial peptides 

against fungi and Gram-positive bacte-

ria. 

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 

- Mapped a candidate gene that renders particular strains of mice highly resistant to bacterial 

Lipopolysaccharide (LPS) 

- Identified Toll-like receptor (TLR) 4 as the candidate gene 

- Showed that TLR4 directly interacts with bacterial LPS 
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Shizuo Akira 

- Toll-like receptor 4 – deficient mice are 

hyporesponsive to lipopolysaccharide: 

evidence for TLR4 as the LPS gene prod-

uct 

- Unresponsiveness of MyD88-deficient 

mice to endotoxin 

- Differential roles of TLR2 and TLR4 in 

recognition of gram-negative and gram-

positive bacterial cell wall components 

Similarity of PRRs in Fruit Flies, Mice and Hu-

mans → 

PRR involved in sensing danger 

- PRRs are typically expressed mainly by innate immune cells and recognize Pathogen Associated 

Molecular Patterns (PAMPs) and certain endogenous stress molecules. PRRs can be grouped 

as: 

1. Membrane-bound PRRs 

o Toll-like receptors (TLRs) 

o C-type lectin receptors (e.g. Dectin-1, DC-SIGN, Mannose receptor) 

o Scavenger receptors 

2. Cytoplasmic PRRs 

o Nucleotide-binding Oligomerization Domain (NOD)-like receptors 

o NLRPs (NOD, Leucine rich Repeat and Pyrin) also called NALP 

o RNA Helicases including RIG-I and MDA5 

3. Secreted PRRs 

o Collectins (e.g. mannan-binding lectin 

MBL) 

o Pentraxins (e.g. SAP, CRP) 

Toll-like receptors (TLRs) and ligands 

- Humans have 10 functional TLR genes (mice 

have 12) 

- TLRs also bind endogenous danger molecules 
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The Toll/IL-1 Receptor superfamily 

 

 

 

IL-1 receptor signals also via MyD88 → 
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TLRs are on the cell surface or in endosomes facing inwards (topologically outwards) 

The NOD-like receptors (NLRs) 

- NOD: Nucleotide Oligomerization Domain 

- Cytoplasmic proteins 

- Regulate inflammatory responses and cell death pathways 

- More than 20 of these proteins in the mammalian genome 

- Recognize microbial or endogenous danger molecules 

- Form oligomers that activate inflammatory caspases (e.g. caspase 1) causing cleavage and ac-

tivation of important inflammatory cytokines such as IL-1β and IL-18 and activate the NF-kB 

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 

Alternatively, 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 

The NLR family – defined by structure 

In general, members of this family share a tripartite 

domain structure that consists of: a carboxy (C)-ter-

minal Leucin-Rich-Repeat (LRR) domain, which is in-

volved 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 cas-

settes, such as CARDs or pyrin domains 

NOD1 and NOD2 recognize bacterial peptidogly-

cans in the cytosol 

NOD1 binds meso-diaminopilemic 

acid (DAP), which is found mainly in 

gram -ve bacteria and some gram +ve 

such as Listeria m. and bacillus spp. 

NOD2 binds muramyldipeptide, 

which is the minimal motif found in all 

gram +ve and -ve bacteria 
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NOD1 and NOD2 bind to RICK (RIP2) resulting 

in activation of NF-kB → 

Co-operation of NLR and TLR pathways in 

bacterial defence 

 

 

 

Infectious and autoimmune diseases associated with NOD1 and NOD2 

Of note: 

- Bacterial infections have been associated with the increased risk of multiple sclerosis (MS) ex-

acerbations 

- Peptidoglycan (PGN), a major bacterial cell wall component, has been detected in APCs located 

in the brains of MS patients 

- Mice lacking NOD-1, NOD2- RICK-, or TLR2- are resistant to EAE. These results indicate that 

both the NOD/RICK and TLR2 pathways are important for EAE pathogenesis 

NOD2 mutations and Crohn’s disease 

- Crohn’s disease is a consequence of a disturbance in the normal immunological unresponsive-

ness to components of the intestinal microflora. The hyperresponsiveness to these compo-

nents 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 macro-

phage activation 

Genome-wide association studies (GWAS) revealed 163 susceptibility loci for IBD (inflammatory bowel 

disease), 30 of them being specific to Crohn’s Disease (CD). Among them, NOD2 was the first gene 

identified as a risk factor for CD. One of the cell types that express NOD2 at a high level is the Paneth 
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cell, most of which are located in the termi-

nal ileum. Upon the stimulation with bacte-

rial products, such as the NOD2 ligand, MDP, 

Paneth cells secrete antimicrobial peptides, 

including lysozyme, secretory phospholipase 

A2 and human α-defensins 5 and 6 in the in-

testinal lumen. NOD2 mutations lead to 

dysregulation of host-microbe interactions, 

which increases the susceptibility to abnor-

mal ileal inflammation. 

NLRP (Nucleotide-binding oligomerization do-

main, Leucine rich Repeat and Pyrin domain con-

taining) 

- NLRPs are also called NALPs 

- A type of NOD like receptor 

- Scaffolding proteins that are crucial for aggre-

gating other proteins including inflammatory 

caspases. Activate oligomeric complexes of NLRPs 

(or NLRCs) are called inflammasome. 

- Inflammasome activation is an innate re-

sponse to danger signals 

- Mainly active in myeloid cells (but not exclu-

sively) 

- Inflammasomes are key for activation of inflammatory caspase-1 and caspase-11 (caspase-5 

in mice) leading to secretion of IL-1β and IL-18 and eventually to cell death (pyroptosis)  

The NLRP3 Inflammasome 

NLRP3 activation is critical for oligomerization, re-

cruitment and activation of caspases-1 and 11, 

which is critical for processing and secretion of IL-

1β and IL-18 prior to cell death by pyroptosis 

Inflammasomes 
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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, 

megakaryocytes, 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 trans-

migration of leucocytes (neutrophils, monocytes, T and B cells) 

- Bone formation and remodeling 

- Fever induction (endogenous pyrogen) 

- Appetite regulation 

- Insulin secretion 

IL-1/IL-1 receptor system → 

Activation of NLRs 
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NLRP3 activation by PAMPs and DAMPs → 

GOUT 

- Gout is one of the most painful forms of ar-

thritis 

- It occurs when too much uric acid builds up 

in the body, which can lead to: 

o Sharp uric acid crystal deposits in 

joints, often in fingers and toes 

o Deposits of uric acid (called tophi) 

that look like lumps under the skin 

o Kidney stones from uric acid crystals in the kidneys 

- 1-3% of the population develop gout 

- Calcium pyrophosphate dihydrate crystal deposition disease (CPPD) is a form of arthritis, also 

called pseudo gout 

Uric acid is generated in breakdown of purines (Humans do not have Uricase → 

problem if too much uric acid builds up) 

Uric acid is a strong peroxynitrite scavenger and antioxidant. One clinical obser-

vation that my speak to uric acid’s antioxidative effect is the near absence of mul-

tiple sclerosis (MS) in gout patient 

Uric acid: a danger signal of dying cells →  

Activation of IL-1β by uric acid crystals (MSU) 

MSU → NLRP3, Caspase-1 → IL-1, IL-18 

Cholchicine inhibits NLRP3 activation 

- Autumn crocus has been used as early as 1500 BC to treat joint swelling 

- In the fifth century, herbalists (re-)discovered that it could be used to 

treat rheumatism, arthritis and gout 

- Colchicine isolated from Autumn Crocus 

- Interferes with mitosis (metaphase) 

Mutations in the NLRP3 gene are responsible for autoimmune inflammatory 

diseases 

- Muckle-wells syndrome (MWS) 

- Familial cold autoinflammatory syn-

drome (FCAS, FCU) 

- Chronic infantile neurological cutane-

ous and articular syndrome (CINCA, 

NOMID) 

➔ Autosomal dominant 

- Susceptibility locus 1q44 (NALP3) 

Gain of function mutations in the NALP3 gene 

are responsible for autoimmune inflamma-

tory diseases → 
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 Spontaneous IL-1β release in monocytes of MWS patients 

Treatment of MWS patients with the IL-1 Receptor antago-

nist, IL-1Ra (Anakinra) 

3 patients from a family with Muckle-Wells syndrome family 

were treated with ANAKINRA (1mg/kg), which resulted in a 

rapid decrease in SAA and CRP (inflammation markers) and dis-

ease symptoms 

Treatment of CINCA/NOMID patients with Anakinra (IL-1RA) 

18 NOMID patients (with mutations in the NLEP3 gene) showed rapid response to ana-

kinra, with disappearance of rash, decrease in SAA (from 174 to 8 mg/l), and CRP (from 

5.29 to 0.34 mg/dl). Magnetic resonance imaging showed improvement in cochlear and 

leptomeningeal lesions as compared with baseline. Withdrawal of anakinra uniformly resulted in re-

lapse within days; retreatment led to rapid improvement. There were no drug-related serious adverse 

events. 

Disease with too active inflammasome 

- Muckle-wells syndrome (MWS); Mutated Gene NALP3 

- Familial cold autoinflammatory syndrome (FCAS, FCU); NALP3 

- Chronic infantile neurological cutaneous and articular syndrome (CINCA, NOMID); NALP3 

- Pyogenic arthritis, pyoderma gangrenosum and acne syndrome (PAPA); PSTPIP1 

- Systemic-onset juvenile idiopathic arthritis (SOJIA) 

- Adult-onset Still’s disease 

- Hyperimmunoglobulin D syndrome 

- Gout 

- Familial Mediterranean Fever (FMF) 

- Schnitzler’s syndrome 

➔ Above are all inflammatory diseases successfully treated with anakinra (IL1ra) 

- Behçet’s disease 

- Contact hypersensitivity 

- Allergy 

- Hypertension 
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The NLRP3 inflammasome instigates obesity-induced inflammation and insulin resistance 

Calorie restriction and exercise-mediated weight loss in obese mice with type 2 diabetes is associated 

with a reduction in adipose tissue expression of Nlrp3 as well as with decreased inflammation and 

improved insulin sensitivity. 

Il1b, Nlrp3 mRNA in visceral (VAT) and subcutaneous adipose (SAT) tissue from ad libitum chow-fed 

control (AL) and 40% calorie-restricted (CR) 12-month-old mice. 

H&E staining showing adipocyte size in visceral fat tissue from ad libitum – fed control and calorie-

restricted 12-month-old C57BL/6 mice. 

NLRP3-deficiency increases insulin sensitivity and protects from steatohepatitis in diet-induced 

obese mice 

Insulin tolerance test (ITT) and glucose tolerance test (GTT) in male WT and Nlrp3-/- mice fed 60% HFD 

for 6 weeks. 

H&E staining of sections from liver of 9-month-old obese Nlrp3-/- and control WT (Nlrp3+/+) mice. 

Atherosclerosis 

- Cholesterol storage disorder 

- Main risk factors: hypercholesterolemia, hyperlipidemia, diabetes, smoking, hypertension, 

obesity 

- Lipid deposition and oxidation in the artery wall 

- Important contribution of inflammation and immune cells 

- Chronic inflammation 

The identification of elevated CRP (C-reactive protein) plasma levels as an independent predictive risk 

factor for myocardial infarction (MI) and stroke, subverted the paradigm of atherosclerosis being solely 

a vascular cholesterol storage disorder. Atherosclerosis was increasingly regarded as a chronic inflam-

matory disease, and a causative vicious circle of arterial lipid deposition and inflammation was pro-

posed. 

Cholesterol crystals are formed in atherosclerotic lesions in ApoE-/- mice fed with HFCD diet 

Cholesterol crystals induce IL-1α and IL-1β 

production 

- IL-1β production depends on the 

Nlrp3/casp1 inflammasome 

- IL-1α production is independent of the 

inflammasome 

Contribution of IL-1R-signaling to atheorgen-

esis → 

Anti-interleukin-1α/β vaccine reduces athero-

sclerosis in ApoE-deficient mice 
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Targeting the IL-1 pathway in atherosclerosis – the CANTOS trial 

The CANTOS trial is a large-scale clinical trial designed to test the inflammation hypothesis of athero-

sclerosis in humans, and to evaluate the protective potential of anti-inflammatory therapies for cardi-

ovascular disease (CVD). 

Canakinumab treatment dose-dependently decreased baseline levels of IL-6 and CRP compared with 

placebo, whereas LDL-C and HDL-C levels remained unaffected. 

Treatment with 150 mg canakinumab resulted in a significant (15%) reduction of the primary end point 

events, namely myocardial infarction, stroke, or cardiovascular death (15% might not seem to be very 

high, but it needs to be considered, that this is an effect on top of standard secondary prevention care, 

including statin therapy with its anti-inflammatory effects) 

An additional surprising CANTOS result: Lung cancer incidence and mortality was significantly less com-

mon (129 vs. 14 cases) in the canakinumab treatment group compared to placebo (during 4 year fol-

low-up period) 


