
1 
 

1 - IMMUNOLOGY 

Overview 
immune cells 

 
Innate vs 
adaptive 
immunity 

 
Cells of non specific immune system become more efficient when exposed 
to a pathogen interaction with products of the specific immune system 
such as antibodies and interleukins 

Features of 
adaptive immune 
system 

1. Specificity 
- Mediated by specific receptors on B-cells (BcR) and T cells 

2. Diversity 
- Receptors have great variability due to rearrangements of DNA 
BcR: 

o Variable region on heavy and light chain 
TcR 

o  
3. Clonal expansion 

- B and T cells that recognize antigen become activated and 
proliferate 

4. Self-limitiation 
- Response wanes elimination of antigen 

5. Memory 
- Second response is faster and stronger than the first 

6. Self/non-self discrimination 
B cell 
developmenlt 

 
After B cell encounter: 
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Epitope Immunologically active regions in an antigen 

How B and T cells 
recognize antigen 

Two different mechanisms but  both recognize eptiopes of the antigen 
 
B cell  tertiary structure eptiopre 
T cells  processed antigens presented by self MHC molecules 

- Cd4 recognize peptides on MHC class II 
- Cd8 recognize peptides on MHC class I 

Cellular 
immunity 

T cells 
Antigen processing and presentaiton 
MHC  

MHC diversity The more diverse the MHC genes of the parents, the higher the protection  
of the child from infectious disease 

Antigen 
presenting 
pathways 

Endogenous antigens 
- MHC I 

Exogenous antigens 
- MHCII 

 

 

Self MHC 
restriction 

A TCR is specific for both the antigenic 
peptide being presented AND the self 
MHC 
a. self MHC with specific peptide 
b. self MHC with unspecific peptide 
c. non self MHC with specific peptide 
 
self MHC restriction occurs in the thymus 

Thymus  School for t cells 
- Immature t cell coming from bone marrow goes to thymus and 

enters only once mature 
o TcR rearrangement 
o Positive selection to eliminate t cells unable to recognize 

self mhc 
o Negative selection to eliminate thymocytes with too high 

TCR for self MHC peptide complex 
- 96% die within thymus 
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T cell 
development 

  
Medullary thymic 
epithelial cells 
(MTE cells) 

Express many different self antigens in thymus 

AIRE Master regulator of ectopic expression of peripheral tissued restricted 
antigens in stromal cells of thymic medulla 

Activation  of 
naïve t cells 

Primary response 
- Repreated rounds of cell division leading to 

o Effector cells cytokine producers, ctotoxic killler 
o Memory cells long lived, resond faster 

Life after contact with antigen 

 
IL-2 What is it? T cell growth factor 

- Normally the IL-2R is inactivated due to no alpha chain 
- After signal 1 (antigen stimulation) NFAT binds to the IL2R 

alpha chain gene leading to its transcription IL2R is now in a 
high affinity form 

Promotion and 
inhibition of t cell 
stimulation 

CD28 & ICOS positive 
signal 
CTLA4 & PD-1negative 
signal 

Two signal model 
for B cell 
activation 

Signal 1: 
- Antigen and antigen 

receptor 
Signal 2: 

- CD40 and CD40L 
T helper cell 
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CD4 T helper - Promote survival of B memory cells 
- Subsets: 

 secrete distinct sets of cytokines 
TH1 cells - Key cytokine produced: IFN-gamma 

o Essential for macrophage activation 
- Proteciton from intracellular organisms (protozoa, bacteria, 

cytopathic viruses) 
Mice strains C57BL/6 Balb/c 

Originally developed for study of 
antitumor activity and immunology 

 

Preodminantely mount TH1 
respnses 

Predominantely mount TH2 
responses 

- Susceptible to 
leishmanias 

 

Th1 vs th2 

 
Alternative vs 
classical 
macrophage 
actiation 

Classical Alternative (M2) 
Th1 Th2 
Prduction of macrophages to 
destroy remaining microorganisms 
in inflammatory loci 

Production of polyamines and 
proline leading to proliferation and 
collagen prodcution respectively 

- Characterized by 
arginase actibity 

IFN-alpha 
LPS 

IL-4 
IL-10 
IL-13 

Macrophages have role in host 
defense aganstn microbial 
pathogens such as fungi 

Macrophages are important in 
immune regulation and wound 
healing 

 Prevents intenstinal and lvier 
damage 

 

IL4 Two types of receptors 
- Type 1: binds only IL4 
- Type 2: bins IL4 AND IL13 
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TH2 cells helminth infection 
allergies 

TH17 cells Promote cleranace of fungal and bacterial 
infection at barrier tissues 
 

What regulates T 
helper subset 
development 

 Cytokines (IL4/12/6, IFN 
gamma, TGF-beta) 

 Strength of stimulation of 
T cell 

 Type of antigen 
presenting cell 

 APMPs 
 Microenvironemnt 
 Epigenetics 
 diet 
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2-T CELL TOLERANCE AND AUTOIMMUNITY 

 
Central tolerance Not sufficient because not all self-reactive T and B cells are deleted during 

development 
Why? 

Central tolerance 
definition 

Negative selection of autoreactive T cells in thymus 

Peripheral 
tolerance 

Unresponsiveness of peripheral T cells 
- Suppression (or dominant regulation) 
- Negative and anti-inflammatory signals) 

Who mediates 
Tolerance? 

- Treg 
- Anti-inflammatory cytokines 
- Co-stimulatory and inhibitory surface receptors 
- Dendritic cells (environmental cues) 

Anti-inflammatory 
factors 

TGF-beta  
Interleukin 10 

- Not as potent as TGF-Beta 
 Can inhibit inflammation 

Negative signals CTLA4 and PD-1 
- Can inhibit activation of T cells 

Death Receptors on 
T cells 

Fas-ligand binds to Fas-Receptor 
Trail binds to DR4 and DR5 

Treg suppression - Phenomen of dominant regulation or suppression 
- Express CD4+, CD25+ and Foxp3 
- Originate in thymus or are generated in periphery 
- Inhibit proliferation and production of cytokines by other T cells 
- Can limit disease development and pahtology 
- Suppress: 

o Autoimmunity, inflammatory bowel disease, alleries, 
spontanous abortion, organ transplant rejection, pathogen 
response, rejectiom of tumors 

Foxp3 and Treg Essential for Treg function: 
- Example: scurf mouse 

o Has a 2bp insertion mutation in Foxp3 gene premature 
stop codon introductiona nd truncated protein truncation. 

o What happens? 
 Severe gut wasting syndrom, runted growth 
 Autoantibodes 
 Eczematous skin 
 Lethality 

o By transfering Cd+CD25+ TR cells they can be saved 
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IPEX syndrome Immune dysregulation, polyendocrinopathy, enteropathy, x-linked (IPEX) 
syndrome 

- Caused by mutations of FOXP3 
- Same phenotypes as found in the scurfy mice 
- Since x chromosome linked, it is fatal for boys 
- Symptoms: 

 
Il-2, IL-2Ralpha, IL-
2RBeta 

If one of these is lacking  fatal inflammatory disesae 
- Die due to high inflammation 
- Left IL2 deficient mouse (huge hyperplasia)  
- Too many activated T cells 
- Tregs need IL2 for growth and to maintain/develop 

How do Treg cells 
function 

a. Inhibitory cytokine production 
- IL-10 and IL-35 and TGF-beta 

b. Cytolysis 
- Granzyme A and B  kill target cells and other effector cells 

o Perforin is induced and these lead to equilibrium 
disruption 

c. Metabolic disruption 
- Cyclci AMP leads to more IL-2 
- Includes high affinity CD25- dependent cytokine deprivation 

mediated apopotosis 
- cAMP mediated inhibition  
- immunosuppression 

d. Targeting dendritic cells 
- Makes use of negative signals 
- CTLA4 is expressed  A LOT and engages to effector cell so that this 

is not able to kill  
modulation of DC maturation  
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Autoimmunity – 
some facts 

Chronic inflmmatory disease resulting from a breakdown of tolerance 
- Incidence increasing in industrailized countries 
- No cures! But many treatments 
- Periods of flares and remissions which last from days to 

months/years 
- Stress and infections can cause flares in disease 
- 3:1 women:men 

 
Genes and 
Environment 
influence on 
autoimmune 
disease 

- Concordance rate (if looking at monozygotic twins, what is the 
chance that both twins develop the same disease) is 20-40% 

o Inheriting MHC alleles from sick parent increases risk 
- Environmental factors play an imporant role  

o Pathogens 
o Commensal bacteria 
o Diet 

Induction of 
autoimmunity 

- Failure of tolerance mechanisms 
- Pathogens trigger it through molecular mimicry (see below) 
- Self antigen modifications 
- Immunopriviliged sites release antigens 
 
 Usually more than one of the above factors 

Molecular mimicry Molecular structures of microorganisms (pathogens)  is homologous to 
one of the cell proteins leads to immune system attacking self molecules 
and cause autoimmune disease 
Examples: 

- Treponema pallidum 
o Leads to anemia (loss of erythrocytes) 

- Trypanosoma cruzi & Streptococcus A 
- Borrelia Burgdorferi 

o Best documented 
o Causes lyme disease  
o OsP protein on surface 

 Recognized by T cells and kill the bacteria 
 Now you may have T cells that respond to self e.g. 

LFA-1 (CD18) is homolgous to OsP 
 T cell that recognized OsP now recognizes 

LFA-1 
 It is recognzied by HLA-DR1 

MS T cells responding against myelin sheath and killing these cells 
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What was done? 

- Transgenic humanized mice were created with a TCR (CD4+) 
clone from a MS patient With co-expression of HLA-DR2b 

o TCR recognizes autoantigenic peptide from MBP (=myelin 
basic protein) when it is presented by the HLA-DR2b 
molecule 
 Leads to sever disesae resemblign acute 

progressive multiple sclerosis 
- If there is also in addition to the other one HLA-DR2a expressed 

o Then the TCR also recognizes peptides presented by this 
one  
 Leads to more rapid T cell proliferation and then 

deletion in the periphery  moderate disease 
resembling RRMS 

Model for auto 
immune disease 

Encephalomyeltits 
(EAE) 

Complete freund adjuvants is used in the presence of MBP (=myelin basic 
proteins)  

- Rat develops paralysis  take out lymph ndes and expand cells 
and add MBP 

- Inject MBP specific cells into normal rat leading to an EAE rat 
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What is essential 
for MOG-induced 
EAE development 

IL-23 
IL-6 
IL-17 

- RORgamma are EAE protected since no IL-17 producing Th cells 

-  
Diabetes Mellitus - Main symptom is hyperglycemia 

- Type 1: 
o Insulin dependent 
o Lack of insulin due to destruction of panreas islet cells 
o Autoimmunity 

- Type 2: 
o Insulin independent 
o Insulin resistance 

Spontaneous 
autoimmune 
disease models 

NOD mice = non-obese diabetic mice 
- Develop IDDM 

o 60-80% in females and 20-30% in males susceptibility 
o Polygenic 

 MHC haplotype 
 Mutation in exon 2 of CTLA4 gene causing it to be 

spliced incorrectly and not functioning right 
- Susceptible to developing other autoimmune syndromes e.g. 

autoimmune sialitis, thyroidities, peripheral polyneuropathy 
- Diabetes is prevented by sngle injection of FCA (complete freunds 

adjuvant) or bacille de calmette et Guérin (BCG) vaccine 
o Because you stimulate immune responses and tilt the 

balance from effector to regulatory cells. 
NZB mice = new zealand black mice 

- Display autoimmune abnormalities such as hemolytic anemia, 
elevated anti-DNA antibodies  

Therapies for 
autoimmune 
disease 

Conventional therapeutic approaches: 
- Anti-inflammatory and immunosuppressive reagents e.g. 

cortisone and methotrexate (antagonist of VitB9) 
New therapies: 

- Blocking TNf-alpha, IL-6 and IL1 ith antibodies 
- Depleting B cels with anti-CD20 

Experimental approaches: 
- Antibodies against pro-inflmmatory cytokines 
- Vaccination 
- Altered peptide glands 
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3-ASTHMA AND ALLERGIES 

Hypersensitivity 
Reactions 

- Undesirable reactions produced by immune system 
- Require pre-sensitzation 
- Four types: 

o Immediate hypersensitivity reactions  Type 1,2 and 3 
o Delayed hypersensitivity reactions  type 5 

Type 1 
hypersensitivity 

a.k.a immediate or anaphylactic hypersensitivity 
symptoms: 

- Skin eczema 
- Eyes  conjunctivits 
- Nasopharynx rhinitis 
- Bronchopulmonary tissues  asthma 
- Gastrointestinal tract  gastroentritis 
- Anything from minor inconvenience to death 

Reaction takes 15-30 min to start or a delayed onset of 10 to 12 hours 
Type 1 
mechanism: IgE 
mediate 
hypersensitivity  

1. Sensitization: 
 Involves development of Th2 dependent IgE 

response followng encounter with allergen 
2. Exposure to same allergen again 

 Cross-linking of specific IgE on surface of mast and 
basophil cells 

3. Release of preformed pharmacologically active mediators by mast 
cells and basophils 

 
Consequences of 
type 1 
hypersensitivity 
reaction 

Systemic anaphylaxis 
Or 
Localized anaphylaxis (atopy) 
(see later) 

Acute phase 
allergic reaction 

- Within minutes of IgE receptor activation (mast cell mediator 
release)  

- Resolves within an hour 
- Intense pruritus (itching), edem,a erythema 
- Effects can be replicated with histamine 

o Histamine is a product released by mast cells when 
degranulating 
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Role of histamine 
released by mast 
cell  

Histamine is then released by the degranulation of the mst cell 
leading to: 

 Dilated blood vessels and increased vessel 
permeability edema 

 Activated endothelium cell influx 
 Irritated nerve endings  itching 

-  

Late phase 
allergic reaction 

- Delayed inflammatory respone peaking at 4 to 8 hours and lasts up 
to 24h 

- Follows intense acute phase reaction 
- Symptioms: 

o Skin: erythema, induration burning 
o Lungs: airway obstruction poorly responsive to 

bronchodilators 
o Nose/eyes: erythema, congeston, burning 

- Histology: 
o Msat cell degranulation followed by influx of first 

neutrophils and eosinophils followed by mononuclear cells 
- Effects replicated by TNFalpha 

Systemic 
Anaphylaxis 

Shock llike and often fatal reaction 
Occurs within minutes  
Induced by wide range of antigens including: 

- Venom of bee, wasp, hornet 
- Drugs (penincilin, insulin, antitoxins) 
- Seafood (lobster) and nuts 

Mediated by endogenous substances (mainly histamine and leukotrienes) 
which increase vascular permeability and induce smooth muscle 
contraction 
 Vascular collapse, cardiac failure 

Localized 
anaphylaxis 
(atopy) 

Only in specific target tissue usually at allergen entry 
- Hereditary predisposition to mount localized anaphylactic reactions 

with an inappropriate high IgE response 
e.g. hay fever (rhinitis), asthma, atopic dermatitis, food allergies 

Lung facts - 90m2 surfcae area 
- 140m2 is surface area of pulmonary capillaries 
- 8500 liter of air flter through bronchioles and alveoli 
- Continuous exposure to things from outside e.g. liquid particles, 

allergens and microbes 
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Mucociliary 
escalator 

From lower respiratory tract to mouth for particles 2 to 10 micrometers: 
- Tiny hair like strctures = cilia in lower respiratory tract  

o Move in wave like motion 
- Once debris is in bronchial tube it stimulates cough reflex 

o Expelling of debris 
Tobacco smoke 
and cilia 

Tobacco smoke kills the delicate cilia 

Alveolar unit Type II alveoli: 
- Secrete surfactant lipid (phospholipid)  

o Creates surface tension to stop collapsing of sack 
Alveolar macrophages: 

- First line of defense 
- Uptake and catabolism of surfactant 

Alveolar macrophages 
- Differentiation regulated by GM-CSF 

 
Pulmonary 
alveolar 
proteinosis (PAP) 

- GM-CSF deficiency 
o GM-CSF would be necessary for development 

of alveolar macrophages 
- Air exchange is impaired problem with breathing 
- Rare  
- Characterized by accumulation of surfactant material 

within the alveoli 
- Picutre: top is WT, bottom PAP 

Asthma - prevalence risen due to epidemic proportions 
- a range of heterogenous phenotypes that differ in presenetation, 

etiology and pathopyhsiology 
- symptoms: 

o shortness of breath 
o wheezing 
o chest tightness 
o peristent/recurrent cough especially night and morning 

- two forms: 
o allergic 

 high level sof serum IgE 
 positive skin prikc test to common allergens 
 50% of adults and most children 

o non-allergic 
 develops later in life 
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Triggers of 
asthma 

 
Atopic asthma 
(allergic) 

- chronic airway inflammation (eosinophils, 
monocytes, Th2 cells) 

- goblet cells hyperplasia  
- increased mucus production 
- strucutural changes like thickening of airway 

smooth muscle, epithelial cell desquamation, subbasement 
membrane disorganization 

- unspecific airway hyperresponsiveness to irritant 
Airway narrowing  On the right lots of mucus being 

produced and very narrow airway 
Hypertrophy of the goblet cells 

Environmental 
influence 

- large regional differences  
- more common in westernized environemnts 
- less common in younger siblings 
- less common with dogs and pets 

Genetic basis of 
asthma 

- 75% heritability 
- Higher in mono- than dizygotic twins 
- Influenced by few genes with moderate effect (not many genes with 

small effect/or one gene with dramatic effect) 
Identifying 
asthma 
susceptibility 
genes: 

3 major types of 
studies 

Candidate gene studies 
- Most common form of genetic association study 
- Focus on genes contributing to pathobiology of a disease  

emphasiz what is already known only minimally advane field 
Positional cloning using linkage studies 

- Family-based method used to map a trait to a genomic location 
- How? Show cosegregation of marker and disease 
- Good for mendelianlly inherited gene identification 

Genome-wide association studies 
- Survey of SNPs 

Genetics of 
asthma and 
allergies 

A. 
- monogenic diseases with allergic phenotypes are very rare 
- discovery bby linkage studies 
B. 
- complex disease or phenotypes 
- low frequency risk alleles 
C. 
- complex diseases with common disease risk allels (more than 5%) 
-very low effect sizes and penetrance 




