[bookmark: _33zaprc9k8bc]Theme 1
APC = Antigen Presenting Cells
After 1 week you can measure antibodies.
[bookmark: _vkfuf5fhp9wy]Cells and origin
· All cells stem from the hematopoietic stem cells

· You need to know the immune cells, but not always all the predecessors

· Effector mechanisms
· Mechanisms deployed by your body to fight off pathogens
· B - lymphocyte makes antibodies
· “Antibodies are the most numerous and handiest weapon we have in our repertoire” 
· Cytotoxic T-cells
· Recognise freaked out cells and tell them to kill themselves[image: ]
[bookmark: _pfqi0wnr7g30]Innate VS acquired
Innate
· Cells 
· Macrophages, dendritic cells, neutrophils, etc.
· Humoral
· Cytokines
· Communication mediators
· Chemokines
· Sub family of cytokines

Acquired
· Cells
· T-cells, B-cells
· Humoral
· Antibodies
· Cytokines
[bookmark: _tlph1om7m2hn]The 3 phases
· Recognition phase
· How is the antigen recognised?
· How does structural diversity arise?
· How to distinguish yourself (and don’t kill yourself)
· Induction phase
· Do we respond or do we tolerate it
· Since it responding costs a lot of energy
· T-cells are incredibly fast proliferators
· What response will we give
· Effector mechanism
· How do effector mechanisms operate?
· How do we terminate the immune response?
· How is memory established and maintained

[bookmark: _ui7ah9ui7uo]Antibodies/antigen-recognising receptors
· Antibodies are derived from the B-cell receptor
· They are first connected to the B-cell like receptors are, later in development they detach and get sent into the bloodstream
· Antibody domains
· Heavy chains
· Blue and the whole thing
· Light chains
· Red and only the variable region
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[bookmark: _byl55y9eq9vn]Cloning it!
· If all T and B cells in your body would respond to a pathogen, you would explode
· Only very specific activation and proliferation
· Naive T-cell
· Is fully developed but has never seen a pathogen yet
· Activated (or effector)
· They start proliferating and differentiating (multiple types of B and T cells)
· To activate you need 2 signals! #twofactorauthentication
· The T-cell has to recognise the antigen using MHC-I or MHC-II
· The T-cell has to be co-activated
· This has to be done by an antigen presenting cell
· For example (and most common) dendritic cell
· B-cells and macrophages also possible
· The B-cell has to get the antigen presented
· The B-cell needs to be stimulated by a T-helper cell

[bookmark: _hl6lqad0clcp]Induction phase explained
· Dendritic cell is chilling under the skin
· It meets a pathogen!!
· It starts travelling to the lymph nodes (for example)
· The dendritic cell is searching for a T-cell that knows what is up
· A T-cell will look for the B-cell
[bookmark: _ifpygh9zc6ze]Types of adaptive cells
· B-lymphocyte
· Once adult, it will throw antibodies around
· Helper T-cell
· Will look for a corresponding B-cell to activate
· Cytotoxic T-cell (CTL)
· Don’t get this guy on your bad side
· Regulatory T-cell
· Make sure nothing goes too far, it can inhibit and such



[bookmark: _gp9lndkldcho]Theme 2: Innate immune system
[bookmark: _toky6ptgq6qd]Day in the life of a pathogen
· First it has to gain access to the body
· It has to have a mechanism to attach to cells, or enter the cells
· You need receptors for this, or receptor binding proteins
· It needs to be able to reproduce in this host

[bookmark: _dsca0wkdg84l]Role innate immune system
· Eliminate 
· Includes cancer and all
· Prevent
· Activate (adaptive immune system)

[bookmark: _kix5nkaur0h7]Components
· Patrolling cells
· The classic phagocytes and such that eat all them pathogens
· Receptors
· To recognise these strange pathogens
· Proteins
· To complement, communicate, and acute phase (she didn’t say what those are)
[bookmark: _9djmuoeftkc8]The acute reaction
· Not very much a cute reaction 😀
· Macrophages are chilling, they notice the pathogen around the wound
· They start chomping down, but more importantly they release a shit ton of cytokines. 
· There is a mast cell that also signals around, and signals the blood vessels to open a bit more.
· The neutrophils smell the cytokines while in the blood and come running with their mouths open. After that there is phagocytosis.
· Something good to know
· Leukocytes (white blood cells) do NOT adhere to the walls of arteries, they can only do that in veins.
[bookmark: _xz89tg9v2jea]Events of the phagocytosis
· Phagocyte adheres to the pathogen
· Phagocyte uses pseudopods, which engulf the particle and form a vesicle
· That vesicle is called a phagosome
· Phagosome mixes with lysosome
· Phagolysosome
· The pathogen is digested
· The pathogen is expelled from the cell (and from school)

· Extracellular trap (NETs)
· They form a web around the pathogen
· decondensates its chromatin and spits it out
[bookmark: _nxyhck24qx6y]Receptors
· PRR
· Pattern Recognition Receptors
· Pathogen will attach with its “Pathogen-associated molecular patterns”
· PAMPS
· These are kind of universal proteins from a lot of pathogens (this way no adaptive immune system required for recognition)
· These are conserved as they are vital for survival
· They are different based on the virus type
· [image: ]
· Toll like receptors (PRR)
· Without these receptors nothing is happening
· There are 10, and together they make the rainbow
· Recognise different things
· Some are inside some are outside
· Like the one for viruses is inside obviously
· They look for nucleic acids
 
· A lot of receptors
· Complement system
· Ancient system
· They put a flag on the microbe
· It can recruit the phagocytes
· Classical way (such a classic, you can never go wrong with this one)
· IgM antibody is attached to the pathogen surface
· The C1q complement attaches
· Lectin pathway
· It just binds to Lectin instead of an antibody (if there is no antibody)
· Alternative pathway
· It just binds to Ficolin instead of an antibody (if there is no antibody)
· All pathways lead to rome (cleaving the C3 component)
· The most important protein of the complement system
· C3b is a big flag so the immune system can recognise it
· C3a is a signalling molecule to signal that there are pathogens in the area

· C5 just straight up ruptures the membrane of the pathogen
 
· C3b specifics
· C3b coats the microbe
· C3b and everything that it activates attract phagocytes and neutrophils
· The full C3b complex makes the “membrane attack complex”, which is basically just a hole in the cell membrane, due to which the pathogen slowly dies
[bookmark: _asveu5emofb6]Cytokines
· Small proteins that get made freshly during an invasion
· Redundant
· This means that different cytokines can have the same function
· They are also pleiotropic
· This means that one cytokine can have multiple functions
· They are also receptor specific

· Pro-inflammatory
· Anti-inflammatory
· These can be context dependent. Under certain circumstances pro, under other circumstances they switch up (on their day ones)

· They can have both local effects as well as systemic effects (Binds in the brain somewhere to do something body wide (for example, other organs also possible))
· Think of swelling
· Think of fever

· Phagocytes make TNF, IL-1 and IL-6
· TNF and IL-1 signal endothelial cells to get leaky, sticky and freaky
· IL-6 signals for a systemic response
· tells the liver to make CRP (C-reactive protein)

[bookmark: _lx49mli4hs1e]CRP (C-reactive protein)
· 1000-fold increase in the first 48 hours
· Produced by liver
· Binds its ligand (LPC), which is recognised by Cq1
· Cq1 will activate the CLASSIC complement pathway to stimulate phagocytes


[bookmark: _riiv3j24h1ou]Natural killer cells
· releases perforin
· perforin goes into the cell membrane of the infected cell and makes a hole. Now the cell starts to leak and empty itself.
· Recognises whether to kill a guy depending on MHC class 1
· If you ain’t got class, you will get gassed

[bookmark: _8uduqevwsq8z]Theme 3
[bookmark: _m2m3spd2822x]T-cells
· Produce cytokines
· Cytokines for everyone yippieee
· Both innate immune system as well as B-cells
· Kill infected cells
· Regulatory T-cells
· They hold you back, they keep you in control
· This way you don’t fully pop off on everything that is happening in your body
· Only T-cell that reacts to self-antibodies, cytokines etc
· Since they have to know if something is happening
· Production
· Born in the bone marrow and educated in the thymus
· T-cells are usually chilling in the lymph-node
· Here they will get brought some antigen
· When activated found in lymph nodes and tissues
· Receptors
· T-cell receptor
· Recognises the MHC receptor
[bookmark: _8up07bej8s5w]MHC
Major Histocompatibility Complex

· Set of genes that play a role in presenting the MHC peptides
· Class 1 genes
· HLA-A/B/C
· All of these are expressed all the time on every cell
· Class 2 genes
· DR/DQ/DP



· Polymorphism
· Structure
· Class 1 (HLA-class 1)
· one small chain
· one big chain that makes up the whole binding site
· A little bit smaller groove
· Class 2 (HLA-class 2)
· Two big chains that together make up the whole binding site
· A little bit bigger groove
· Class 1
· Most presented proteins are intracellular proteins
· Think of proteins from viruses
· The MHC are waiting to be filled in the ER
· After being filled they are transported with the peptide to the surface
· self peptides are not stopped from going into the ER, so MHC’s can be filled with self peptides
· If a virus or something is inside your cell, their proteins will be presented and they will be detected by a CD8+ T-cell (Cytotoxic T-cell)
· All nucleated cells have MHC I
· Class 2
· Most presented proteins are extracellular proteins
· Think of proteins from bacteria
· After eating a pathogen, the pathogen is lysed
· The small particles are in a vesicle and travel to the ER
· The MHC are waiting to be filled in the ER
· Class 2 MHC has a lock on it, this is an “invariant chain”
· The MHC is loaded into a vesicle and later outside the ER the pathogen and the MHC vesicles mix. 
· If a particle fits in the groove, the invariant chain will be replaced by the particle and the MHC is presented on the outside of the cell
· The invariant chain is there to make sure that intracellular proteins cannot bind to the MHC 2, only the extracellular proteins can
· If there are pathogens around, their proteins will be displayed after getting eaten, and they can be detected by CD4+ T-cells (T-helper cell)
· Class II is only on antigen presenting cells (B-cells, phagocytes and dendritic cells)
[image: ]

· For stem cell donation, you need to have the EXACT same HLA layout
· Different descents often have different HLA layout patterns
· Due to different diseases in the environment
[bookmark: _g7fdqoipih0j]Diseases
· Celiac disease
· Due to reaction of the immune system, the villi in your intestines are eroded
[bookmark: _b8wseyev38dq]Theme 4: I did most of this in the train
· CD8 and CD4 are co-receptors
· This is what the T-cells are named after (I presume)
· these co receptors bind tyrosine kinase (Lck)
· Lck starts phosphorylating item domains of associated proteins
· like CD3 (this is just phosphorylating the signaling receptors around the MHC
· Zap-70 (adapter protein) binds to phosphorylated domains
· This one will phosphorylate the “LAT” protein
· Thanks to the phosphorylation of the LAT protein, PLCγ1 (Phospholipase) can bind and MAPK and RAS pathways can be activated
· Finally some familiarity in all of this nonsense
· Apparently we don’t care about MAPK and RAS
· PLCγ1 can activate (indirectly) IP3, which will in turn activate Calcium storages, there will be an increased amount of Ca2+ in your cytoplasm
· Calcium will in turn activate Calcineurin that will activate a transcription factor (NFAT)
· Why is the signalling pathway important? 
· It uncovers therapeutic targets for treatment
· Therapeutic bonus?
· FUCK IL-2, kill that cytokine
· FUCK calcineurin
· We beat that shit to death with one of the first auto-immune pathway medicine
· FUCK NF-kB

[image: ]
[bookmark: _9vrrx5gga1k0]Theme 5
[bookmark: _1xe6lnepn8w2]The B-cell receptor
· A heavy and a light domain
· Two regions
· The top region is called the FAB region
· The region that is connected to the membrane is the FC region (this is a constant region)
· IgG = Loose antibody
· IgM = Membrane bound antibody
· Sometimes you want loose FAB fragments, then use pepsin to cut the FC part off

[bookmark: _q4g8cd2a8vdj]
[bookmark: _3uoszd1ak0f7]5 different types
· IgM
· The classic, we all know and love, can be membrane bound. Is often an early stage
· IgG
· The snowflake one, this one is usually for later stages of an infection
· IgE
· For allergies and parasites (they activate mast cells and tell them to release their granules)
· IgA
· Handy for mucosal immunology
· Is mostly found in places with a lot of mucous like around your intestines
· IgD
· Mostly a maturation marker
· A naive B-cell expresses both IgD and IgM
· These types have different functions or different specialties
· What type you get is decided by cytokines
· 
· Antibodies are crazy flexible
· With those regions in between FAB and FC

· How to achieve different types?
· Genome level splicing (again)
· Certain regions can bind, form a loop and then get spliced out
· This way the translated genome changes and you will get a slightly different antibody
[image: ]
[bookmark: _lbl1eda3ewv2]Binding sites and configurations
· Monovalent
· Only one place for the antibody to bind, so it will only use one of its binding heads
· This has low avidity
· Bivalent
· This way both heads of the antibody bind something on the pathogen
· This has a higher avidity
· Polyvalent
· The antibodies form a snowflake like structure (IgM) and are able to as a whole attach to multiple molecules on the pathogen
· Very high avidity
[bookmark: _ozl72kg1zz5a]3 tricks to increase defense (Pathogens hate these tricks)
· Affinity maturation
· Mutations in the antibody binding site region to create higher binding affinity with the pathogen
· Secrete the antibodies
· Don’t just stand there and hold em!
· Isotype switching
· You can switch to IgE, IgA, IgM etc
[bookmark: _yjzstzo6aubs]DNA stuff
· Heavy chain has V, D and J segments on the loci
· Light chain only V and J
· Both have a constant region of course
· RAG is important for something something, gene rearrangement
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[bookmark: _36v2fl99w4uq]B-cell development
· Starts with the multipotent MSC in the bone marrow
· Turns into a pro-B-cell
· This one can then differentiate in multiple types of B-cells
· B-cells develop in the bone marrow, they don’t move
· Follicular B-cells
· The one we talk about the most. If we say B-cell we usually mean this one
· Needs to be activated by T-cells
· Present in the spleen or other lymphoid organs
· Marginal B-cells
· Do not need to be activated by T-cells
· Short lived
· Also present in the spleen etc
· B-1 cells
· Do not need to be activated by T-cells
· Short lived
· Present in mucosal tissues
· a pre-B-cells (pro-B-cell) is an incomplete B-cell
· Does not have the full receptor yet
· It has a heavy chain but an invariant light chain
· In the end when it is mature, we have IgM and IgD expression
· Selection
· B-cells do not need positive selection
· As long as they don’t attack our own, we are okay with it
· B-cells do have negative selection
· If there is strong binding against self antigens, the B-cell will be further inspected
· B-cells get a second chance, the B-cell is allowed to rearrange its light chain. If it is still self-reactive, it is eliminated
· If a B-cell is monovalent, it will be tested for this in the bone marrow (and certain peripheral tissues)
· The body then induces anergy, which basically means they go to sleep
· They are technically still alive, but asleep like this they don’t survive for long
· Two checkpoints
· From pre-B to Immature-B
· Recombine the H-gene (so that the B-cell gets a certain type of antibody (remember the IgA, IgM, IgG, etc))
· If it already has a type, inhibit this recombination so only one type is present on the B-cell
· Let the pre-B cells proliferate
· No more fake Light chain transcription, only the real one is allowed to be transcribed
· Immature to mature
· Something something RAG genes
· “And receptor editing,,,,, also mentioned” 
· At the end of maturation, the B-cell goes back to the bone marrow
[bookmark: _usdauu8vgif6]BCR signalling
· A similar system as the T-cells
· A lot more phosphate kinases
· Signalling receptors
· Igα
· Igβ
· These two also get phosphorylated and with other kinases also start a whole signalling cascade
· Complement receptor
· CR2
· This receptor is able to bind a CD3 molecule to enhance attachment and recognition
· Has its own signalling proteins
· CD19
· CD81
· B-cell receptor mix with TLR receptors
· An activated B-cell will live longer than the naive B-cells since they receive a shit ton of cytokines

[bookmark: _l3xgrfxv266t]Theme 6
[bookmark: _1qxzolmo29xu]Chemokines
· Chemokines signal the traffic in the immune system world
· Where the most chemokines are, is where the immune cells are attracted to
· All immune cells have receptors for the chemokines
· Throughout the lifecycle of a cell they have different receptors and different effects. This way one chemokine can have different effects on different cells whom are at a different moment in the life cycle
[bookmark: _3mx4cinpcmen]Endangering my signal rn
· To activate the immune system you two signals
· One of the two is the danger signal and the other is the stranger signal
· Danger signal is pathogen associated patterns
· Shit from pathogens that died
· Danger signal can also be destroyed self-cells
· The second signal are the “co-stimulatory” chemicals
· CD18 and CD86 as examples
· If there are more pathogen parts to find around wounds and shit, these co-stimulants will be upregulated like hell
· If only the pathogen signal is present, the T-cell will be inactivated as apparently this strange signal might be unknown to the body, but causes no harm. This means that there is no need to react, so they downregulate.
[bookmark: _rovwjd7rdhnd]How to activate which lazy bum
· There are not only multiple T-cells
· But also multiple T-helper cells
· Target different immune cells
· Different helper cells have different cytokines that they send out and that activate them
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· Which cytokine is made is dependent on the pathogen. The dendritic cell sends out different ones depending on the pathogen they tegenkomen.
· The cytokines will then make the T-cells that get them differentiate.
· What do TH2 cells do?
· eosinophil activation
· Fights against parasites
· Activates mast cells (stimulates them to drop their granules)
· Uses IL-4 and IL-5
[bookmark: _4urqdgta5d02]Proliferation
· IL-2 is the best proliferation factor
· Interrupt IL-2 and you will inhibit proliferation
[bookmark: _3hi53g7blb9]Kill John Lennon, Kill John Lennon ~CD8+ T-cell
· Perforin to make holes in the pathogen cell wall
· Granzymes enter the pathogen through the perforin hole
· Initiates apoptosis
· Fas on the pathogen and Fas-L on the T-cell
· The interaction of these two complexes causes apoptosis
[bookmark: _m8y7xfaq4rah]The end of the track
· Remember the costimulatory molecules?
· There are versions that inhibit proliferation and activation
· These get upregulated at the end of an immune response
· These have a higher affinity compared to the positive costimulatory molecules
· Relevance in tumour attacks
· Tumour cells sometimes have these inhibitory costimulatory molecules
· This means that if a T-cell interacts with them they get inactivated and they will not attack the tumour and even downregulate
· By blocking or lessening the costimulatory molecules you give the immune system the chance to fight back against the tumour
· These are called “checkpoint inhibitors”
· After the attack, you need memory
· Memory T-cells are specialised T-cells that keep the memory
· IL-7 receptor
· Need certain cytokines to differentiate into memory T-cells
· This was it I guess.


[bookmark: _pdrxmo3t6q8f]Theme 7
[bookmark: _dcfs9m9eq337]Developing and activating my B-cell rn
· Start in the bone marrow
· Start circulating when happy and born
· Will mostly meet pathogens in the spleen and in lymph nodes
· B-cells NEED to touch a pathogen for sure
· T-cells play a role in activating them, but if there is no pathogen that they can molest, there is no fun
· The second receptors of the B-cells (TLR and the complement CR2) are not sufficient to do anything alone, they just enhance the signal if the pathogen has already bound

· There are two types of B-cell activation
· Thymus dependent (T-cell dependent)
· There has to be a protein shown, since T-cells use MHC and this needs a protein to present
· Proper memory
· Proper isotype switching
· Thymus independent (T-cell independent)
· These are based on the polysaccharides, the glycolipids etc
· These are so numerous that they can activate B-cells and get them a little bit riled up
· Repetitive antigens
· No isotype switching
· No memory 
· Likely less affinity
· Handy for a quick burst of a lot of antibodies
· Switching from membrane bound antibodies to soluble antibodies is an alternate splicing, no mutation needed
[bookmark: _cnfo5allyifk]Antigen logistics
· Antigens that end up in the blood, are eventually pushed into the lymph system and as such also the lymph nodes
· It can also be presented to the B-cell by cells
· The dendritic cell is mostly there for T-cells, it does not really go for B-cell activation
· The lymphocyte has an infrastructure meaning to aid the connection of immune cells and pathogens
· Blood vessels on one side and lymph fluid on the other side, so they fuse for a second, then they both exit through the same exit.
· There are different areas for different cells
· The B-cells and T-cells go straight to their own area when leaving the bloodvessels
· Antigens get caught by the Follicular Dendritic Cell (FDC), this is like a flycatcher, it chills and catches all the pathogens in its arms (wholesome?!)
· B-cells like to snuggle up to the FDC and then get activated by the pathogens in the arms of the FDC
[bookmark: _oaqnuudwmpnu]T-cell dependent activation
· Once both the T-helper-cell has been activated and the B-cell has been activated, they change their chemokine receptors and they move towards each other.
· The B-cell is able to take up a pathogen protein and put it in its MHC-II complex
· This it can then show to the T-helper-cell (CD4+)
· This way both get fully activated and ready to activate others
· To do this you need CD40(B-cell) and CD40L(T-cell) and cytokines
· They only link up if they are pre-activated by the same antigen
· The B-cell and T-cell move to each other due to up and down regulating their chemokines
· T-cells downregulate “CCR7”, which makes them move to the edge of their follicle (which contains the ligand for CCR7 I presume), B-cells upregulate CCR7, which makes them move to the edge of their follicle 

· Germinal centre reaction
· A consequence of B and T cells linking up
· Full blown antibody reaction
· B-cell goes back into B-cell area
· Here they meet the Follicular T-helper cell
· This one helps with further activation and isotype switching
· Also helps with differentiation into either a memory or a plasma cell
· Plasma cell goes back to the bone marrow and constantly makes antibodies (no longer membrane bound antibodies)
· For the germline centre reaction, the antigens need to be present the whole time
· Extrafollicular B-cell activation
· A consequence of B and T cells linking up
· Temporary process
· Some B-cells will just stay in the lymph node area that they found the T-cell in and will produce some antibodies and then die
[bookmark: _2hoepg4iai21]Isotypes and why switch?	Comment by Fardo kuiper: What I say in this chapter is mostly the case for Germline centre reaction. Not the Extrafollicular B-cell activation
· Thanks to signals from the environment the B-cell can start cutting parts out of the DNA and make different antibodies
· Once a part has been spliced out, it cannot switch back. So once you isotype you are that isotype
· Isotype switching is just the tail, the FC tail, not the actual attaching head
· Affinity maturation
· Every time the B-cell divides, there are small mutations at the antigen binding site. If the antigen can still bind with high affinity, the cell gets to stay alive, if the cell binds less, it gets killed. This way slowly, the affinity to the antigen becomes higher and higher
· IgM
· The classic isotype, this one is stuck to the membrane of the naive B-cell
· Can also be soluble, but this one is more of an early undifferentiated stage
· IgG
· Preferred (depends a little on the situation) and is usually a later stage
[bookmark: _y5sj0dfwpki9]Memory
· In the primary response you do not have the proper isotype yet, you do not have the numbers yet and you do not have the higher affinity version yet
· If you get infected a second time, your cells are ready with the correct isotype and the higher affinity. They are also better at reaching higher numbers quicker

[bookmark: _1qntnifq0x49]Antibody functions
· Labelling
· Macrophages can attach to antibodies that are attached to pathogens, this is an easy way to eat that pathogen up
· Neutralising
· Viruses cannot enter when bound to an antibody (since viruses use receptors to enter the cell)
· Toxins etc usually do damage due to binding a receptor and entering the cell
· When an antibody binds it is no longer possible to bind to the active zone of the receptor.
· Activating the complement system
· The complement system can induce inflammation to attract phagocytes to the location
· The complement system can label things for destruction
· The complement system can sometimes lyse microbes
· The alternative pathway
· The complement protein attaches to a pathogen
· Upon this complement protein a whole complex of other proteins is built, this includes Bb and Ba
· Bb and Ba allow more complement systems to attach
· This pathway activates spontaneously 
· Classical pathway
· There are already antibodies binding, the complement system recognises this and joins forces (as in, forces itself on top of it)
· Alternative alternative pathway (same as mall goths and trad goths, one is just a tad bit more alternative)
· Attaches to NBL and Ficcolin, which are proteins that some pathogens carry around

[bookmark: _ancv9u5gu4u2]Theme 8
[bookmark: _g0oof2qxdjdj]The recurring criminals
· [bookmark: _81ttx56vi79y]Extracellular bacteria
· What to do about it
· Phagocytosis
· Activate complement system
· Check the pathways that already have been mentioned
· Inflammation activation
· Antibodies
· Production of IL-17 by T-helper-cells
· Causes inflammation
· Membrane attack complex (new shit)
· Able to kill gram negative bacteria
· Sometimes also positive bacteria
· Makes it difficult due to the large peptidoglycan layer
· They attack back
· Super antigens
· It can cause a cytokine storm
· It can activate a T-cell even though it is not the correct antigen or MHC complex thingie
· [image: ]
· This just makes the body confused
· pili
· Long structures that you can use to adhere to cells
· switching up on their day ones
· Often bacteria can change what extracellular proteins they express on their membrane
· Lipopolysaccharides masking
· They can mask the LPS on their membrane
· IgA protease
· Cuts IgA up, so it cannot grapple them
· Decoy membrane blebs
· Throw some membrane and cytoplasm around and you might be able to distract the immune system
· Capsule
· Use an insane amount of polysaccharides to mask yourself and make sure antibodies cannot bind

· [bookmark: _brqqq2j1hfht]Intracellular bacteria
· What to do about it
· Take them up and mix the phagosome with the lysosome
· Present antigens with MHC-II
· Both NK and CD8+ cells can try to fight this
· They attack back
· Being able to block the mixing of the phagosome and lysosome
· Tuberculosis does this
· It is able to stay there for decades and is able to proliferate
· Very little MHC-II presentation
· [bookmark: _vp03rconahvp]Viruses
· What to do about it (in chronological order)
· Type I IFNs (interferons)
· These cause inflammatory reactions and initiate immune responses
· Natural killer cells on the infected cells
· CD8+ cells
· Antibodies
· They attack back
· Try to block MHC-I presentation
· Inhibit macrophage activation
· The epstein-barr virus produces IL-10 to block phagocytes\
· Epstein????
· Make fake MHC-I
· Then the immune system thinks the MHC expression is all chill and relax and correct
· Stay dormant
· If you do nothing you will not be detected
· If you can’t do the time, don’t do the crime type mindset
· Herpes
· Vaccines
· Inactivated vaccines
· Holy shit we just killed this guy and put them in your bloodstream
· influenza
· Live attenuated vaccines
· We just throw a small amount of the guy in your bloodstream
· Stronger immune responses
· measles
· Nucleic acid based vaccines
· Covid
· We just give the body the RNA, and the body will produce the antigen themselves
· Can be done with mRNA vaccines or with Virus vaccines (viral vector vaccine)
· [bookmark: _fjxwh39dsdpy]Funghi
· What to do about it?
· Kind of the same as extracellular bacteria
· TH17 (a type of CD4+ T-helper-cell)
· Antibody response
· [bookmark: _8d4bojdiju04]Protozoa
· Think of
· Malaria
· They live as sporocytes and get brought to the liver
· They replicate in the liver and once they get free infect red blood cells
· At some point it gets taken up by the blood sucking mosquito
· It is difficult to make an immune action plan to this, as every stage, the pathogen looks completely different with different antigens
· What to do about it?
· IL-12
· Activate macrophages and CD8+ T-cells
· Also activate T-1-helper cells
· In some cases (in mice) they choose a pathway with T-2-helper cells, these send out cytokines that inhibit macrophage activation
· [bookmark: _w21ex2uodwhn]Parasites
· What to do about it?
· Activate TH2 cells
· TH1 pathway is blocked
· They activate mast cells and eosinophils
· Mast cells create toxic proteins and have actual damaging substances
· Mast cells are loaded with IgE (the antibody that detects parasites)
· Mast cells also release histamines, which have an effect on the environment (like inflammation)
· Eosinophils
· Have even more toxic and damaging proteins, however less IgE, so they are less sensitive
· They activate B-cells
· They sometimes also increase peristaltics of the intestinal tract if needed


[bookmark: _2zj0epw0rnvz]Immunodeficiencies
· can be congenital but recessive (sometimes X-linked)
· You can also get them from random things in your life, like:
· Malnutrition
· Cancer therapy
· Spleen removal
· HIV
· SCID
· Severe Combined ImmunoDeficiencies
· Humoral, cell mediated AND lymphocyte immunity is failing
· Immunity defects can be really specific
· Specific isotypes of antibodies
· Complement system
· Phagocytes
· etc
· the Cure (nauw nauw nauwnauwnauw, nauw nauw nauwnauwnauw, boys don’t cry, banger)
· IFN gamma therapy (give them IFN)
· Enzyme replacement therapy
· Stem cell replacement (for scid)
· Antibiotics
[bookmark: _ljd07jjfyfx3]Theme 9: Kankerzooi
[bookmark: _wxi5hdmonhyp]What is cancer (wow, philosophical VMBO-er)
[bookmark: _i546m0mvohrv]Some example viruses that cause cancer
· Epstein-barr virus
· HPV
· Hepatitis B
· 15% of all cancers are caused by viruses
[bookmark: _ac6ipwbozilr]The phases of killing tumours
· Cancer immunosurveillance (elimination)
· Usually the immune system kills the tumour, nice
· Sometimes it doesn’t
· Equilibrium
· The tumour and immune system are fighting and neither is winning
· The immune system will slowly start specialising and start focussing on certain antibodies
· The downside to this is that tumours can mutate rapidly and strangely, as such there is a chance that the tumour will suddenly express something else and will be invisible to the immune system, this battle has been lost

· Escape
· Tumour just starts growing and you will notice it
[bookmark: _4ufyyv2bfuy7] something something cancer (this slide is just random facts)
· More chance if you had a transplant (mostly due to immunosurpressors)
· Immunodeficiencies can lead to cancer (HIV, medicine, etc)
· A lot of immune cells in tumours, in a cross section there would be tonnes of phagocytes etc
· Not the case for pancreatic cancer, there are 0 immune cells there
· Tumour antigens
· Neoantigens
· The tumours sometimes make new proteins due to mutations in the DNA or problems with splicing and stopping
· Antigens from viral proteins
· If the tumour is caused by a virus, it probably is also expressing viral proteins
· Overexpression
· Normal proteins, but since the tumour is off the rails, there is too much and/or it is produced at a strange moment. Due to this the tumour is found out
[bookmark: _ebjd1hc1b6ou]Ways the tumour hides
· Just don’t express antigens, how has no other pathogen thought of this?
· If you grow REALLY fast, the immune system cannot keep up and just kinda chills there
· Stop expressing MHC-I
· Down regulate costimulatory molecules (Remember, cells need both)
· Produce suppressive cytokines that keep the immune system calm/at bay
· Upregulation of inhibitory receptors
· As we need costimulation, we also have co-inhibition. This means that when this specific ligand (PD-L1, in this case) is expressed on a cell and makes contact with a T-cell, it tells them to calm down. 
· PD-L1 has a higher affinity than the actual positive costimulation ligand (CD80 & CD28)
· Tumours release cytokines (IL-10, TGFβ and PGE2) that increase the amount of inhibitory receptors on NK’s and lowers the amount of activating receptors
· These same cytokines increase the amount of PD-L1 & IL-10 and lower the amount of CD80 & CD28 on certain dendritic cells, meaning that they will inhibit themselves and T-Cells
[bookmark: _trm7t09fsr2y]How can certain cells help?
· B-cells
· Make antibodies
· Can activate T-cells
· Macrophage
· Eat that shit
· ADCC
· CD8+ cells
· Tell them to kill themselves
· NK cells
· Tell them to kill themselves
· Release granules with perforin etc and destroy the tumour cells (or pathogen)
· ADCC
· Help with T-cell recruitment by releasing TNF
· Exosome release
· Exosomes seem safe to pick up, but PRANK, they kill you 
· Dendritic cells
· They are our cute little presenters
· Shoutout to my dendritic homies, both in neurons and in the immune system dendrites are the goat
· Dendritic cells can just skip a whole step and immediately present their antigen to CD8+ presenting cells. No T-helper cell or nun needed.
· They are able to fuse vesicles in such a way that it is both possible to show the antigen in the MHC-I and MHC-II complex
[image: ]

[bookmark: _cu5inlc8lgf1]Immunotherapy
· Letsgoooo new ability
· Passive
· Just give them the tools, their body will figure it out, give them:
· NK’s, antibodies, cytokines, etc

· Active
· 
· Antibody therapy
· They can target receptors and ADCC/CDC receptors
· They can stop signalling all together
· 
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