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Including review notes and 90 review questions with solutions
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DISCLAIMER This review package was constructed by MISA,
independent of the professors and the teaching assistants who are
associated with the course. They will NOT answer any questions
‘regarding this package. All efforts have been made to ensure that the
answers are correct. We apologize in advance for any evidence to

~ the contrary. Questions are intended for study purposes. Some parts
of this package may not be tested on the exam. We are NOT
responsible for your performance on any exam in MICB 202.

NO REFUND
If you have any questions, concerns, comments, or suggestions about anything in
this package, please e-mail us. Questions regarding the review package
questions can be directed to misareviewpackages@gmail.com
Subject title must be in this format: MICB202M - #XXX
(eg. question #1 would be written as #001) One question per e-mail please.
Deviations may resulit in failure to respond to your question. We will try our

best to respond to your question. Your suggestions and concemns will be
addressed in future MICB 202 review packages.
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Overview of the Inmune System :

Three Lines of Defense
> ‘Anatomical Barrier

>

Innate Immune System
Neutrophils (aka PMN)
' Ma_crophages (or Monocytes)
Mast Cells
Basophils.
- Nature Killer Cells -
. Eosinophils
Immature Dendritic Cells

> Adaptlve Immune System

Innate vs Adaptive Immune System ’

’ Inflammation
' 1.

2

3.

Macrophages
‘Dendritic Cells (also known as mature Langerhan Cells)
B cells -
T cells. CD8: Cytotoxic T Lymphocyte (kills infected cells)
- CD4: Ty, (activates macrophages) & THg (activates B cells)

Innate immune System Adaptive Ivmmune‘ System

Always there : Takes time to prime (inducibility)

No clonal expansion Has clonal expansion (diversity)

No clonal selection | Has clonal selection (specificity)

No clonal deletion Has clonal deletion (self-tolerance)
Nomemory | Has memory (memory T cells & B celis)

Breach in anatomical barner '
Forelgn pathogens enter the wound
Phagocytes such as neutrophils and macrophages |mmed|ately phagocytose the pathogens

- and degrade them in phagosomes
4.

Cells release hormones such as cytokmes and interleukins that increase blood flow ‘and
make the site of inflammation red, increase adhesion of nearby blood vessels, increase
temperature to dilate vessels, which then attracts more cells of the immune system

The site of inflammation becomes swollen

Macrophages can rélease defensins.or cytotoxic chemicals such as oxygen radicals and
nitric oxide to kill pathogens, but will inevitably kill the surrounding host cells as well

~ Consequences of

Inflammation
Clotting : _ o
Pus - filled with dead cell - Adaptive Immunity activated
and pathogen debris ‘ '

Microbiology and Immunology Student Association — 2008 edition
DISCLAIMER: This review package was constructed by MISA, independent of the professors and the teachmg assistants who are associated with
the course. They will NOT answer any questions regarding tlns package.



MICB 202 — 2008 edmon Midterm Revnew Package
Sharing.or reproducing this material in any form is a wolahon of the MISA copyright. -

Locatlon of Immune System :
> Blood from the circulatory system contalns
e Leukocytes S

e - Neutrophils

¢ . Mast cells

 Basophils
-e. . Eosinophils
- " NKcells

> Lymphatlc system consists of Iymphatlc organs
: e Primary organs: thymus (T cells), bone marrow (B cells) .-
e Secondary organs: spleen, lymph nodes (eg. tonsils), bone marrow
* These two systems are connected through the thoracic duct near the heart where Iymphatlc
fluid drams back to the circulatory system

Life ofaTcell

' Secondary

Site of

" -organ: : ' _
_— Ly?nph Infection onsues > Inﬂammation
Lymphatic nodes,

Thoracic duct into blood

System - Spleen

A family tree of Immiuné cells

Pluripotent
Hematopoietic
Stem Cell

[\

Common Common Granulocyte/ '
Lymphoid Myeloid | » | Macrophage
Progenitor Progenitor , - Progenitor

\. /

R | [ Eosinoohil
[ Tcets | [ Been |

JV

Neutrophil ] Monocvtes Immature Dendritic Cells ]
Activated Activated , Macrophaaes Mature Dendritic Cells J
T cell B cell ‘
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Cell Interactions in the Inmune System — Adaptive Immunity

Extracellular bacteria S ' ; o 7 ~Intracellular Péthogén ,

S

~\

S

MHCI
. activates
: mvolved in humoral |mmun|ty
* involved in cell—medlated immunity _lggaﬁ'
. ell*

MHCII
activates _ -

wt‘es
, iL4
IFN -gamma S
activates :

Monocytes*

l matures

v . 19G, 1gA l IgM
. : : . T I G

Macrophages* Phagocytosis | .. (neutralnge) g
’ ; “: Opsonization or

e S i Generation of pores v
oo, (TSI g0y
radicals | o
- Pathogen elimination/apoptosis : Complement proteins

Infected host cell killed
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The Second Line of Defense — Adaptive Immunity and its Role Players

e 95% of infections are prevented by the innate immune system :

» the last 5% has to be dealt with by the adaptive immune system

o adaptive immune system often clears off the most of that 5%

e interms of diseases, there is the <1% of infections that break the adaptive immune response

Does that mean that the adaptive immune system is not good?
No! It is very good. It is just that while our adaptive immune system has evolved to better ellmlnate a
pathogen, that pathogen has also.evolved to avoid or subvert our adaptive immune system

DIVERSITY, SPECIFICITY, MEMORY
e These terms are the fundamental principles of the adaptlve immune system
* The diversity and specificity of the adaptive immune system relies on antibodies, T cells and antigen
~ presentation
-« Not only does the adaptive imnmune system prowde the second line of defense, it also helps the innate
tmmune system be more effective

RELATED and INTERCONNECTED SYSTEMS
e The adaptive immune system and the mnate immune system rely on each other in order to collectively
mount the immune response :

Infection/Breach of Defensesb

I

Innate Immune Response

Wy
%

ADAPTIVE IMMUNE RESPONSE

Pathogen elimination

Antigens: a macromolecule that contains a particular surface (3D shape) that can be recognlzed by antibodies or
receptors for that surface
Recognition is a physical interaction of two surfaces that are complementary to each other.
All antigens contain epitopes that are 3D structures with unique surfaces that ant|bod|es and receptors
recognize and bind to; an antigen may have more than one epitope
Remember that antigens may or may not directly induce the adaptive immune system
Haptens are non-immunogenic that cannot induce an immune response, but have antigenic epitope;
haptens require another macromolecule to elicit an immune response
e Immunogens are the antigens that alone can induce an immune response

The Adaptive Immune System
« Adaptive immunity is either antibody induced or cell mediated; which action is undertaken depends on
the nature of infection by the pathogen
« Immunological memory is a powerful weapon against disease
« The immune system has modified cells that have seen a given antigen and enabled those cells to
bypass some of the checkpoints that a naive ceII would normally have to go through before an immune
response can be initiated
Clonal Selection Theory
« The current theory is that the immune system has the capability to recognize any given antigen. Those
cells that are specific for one particular antigen are very few in numbers. Only when the antigen makes it
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presence known the immune system will specmcally start the mass productlon (clonal expansuon) of all

the key players in adaptive immunity. This is clonal selection.

« - The immune system goes through some vigorous selection process to eliminate any immune cell that
will react with self antlgens Thls is called clonal deletion. : :

The Humoral Response

. Antlbody-dnven response that helps ellmlnate or neutralize extracellular pathogens '

« Antibodies can be raised to intracellular pathogens, but it is useless in conferring protection for the
individual once the pathogen is inside cells

. MHCII presentatlon is critical for T cell differentiation into helper cells that actlvate B cells

Table 1. Key Comgongnts of the Humoral' Response =

Effector Function and Changes

Key Player Role Requirements
B cell Provide secreted ‘Needs to uptake antigen - | Secretes mostly igM, will undergo class
antibodies to a specn‘lc via the BCR and present - | switching later on and most likely
epitope it on MHC |l as “Signal secrete more effective 1gG antibodies.
' #1” Cells either become plasma cells that
K Needs to be activated by | can secrete Abs or memory B cells that
activated Ty, cells as cannot (memory B cells-are “ready-to-
“Signal #2” go” versions of naive B cells). Memory B
' cells only need the signal provided by
activated T helper cells in order to begin
L E v : proliferation
T cell (Tyo) | Provide the necessary | Needs to be activated by | T cells in the humoral response become
cytokines to initiate the | interacting its TCR and Twe helper cells
humoral response and | CD4 co-receptor with T cells can either become effector or
activate B celis | MHClI:peptide complexes | memory cells. With memory cells, the
’ : g “threshold™ of activation has been
decreased; making it much easier to
activate them during a secondary
response
Antibody Bind epitope assisting | Activated B cell required | Class switching possible. Class
in phagocytosis, ' ' switching affects affinity for epitope as
complement killing, or well as location of antibodies in the
neutralization - body. Keep in mind the differences
E between antibody classes
APCs To present Ag to naive | Antigen required and also | Antigen presentation leads to the
capable of or memory T cells and | the capability to express | immune response
presenting | activate them “MHC Il on the surface. .| Gene expression of various cytokines,
MHCII ' o Macrophages, dendritic receptors and adhesion molecules
cells, and B cells are change in order to optimize interactions
‘t-examples of cells with between the APC and the T cell
that can express MHC |l S ,
Complement | To provide a pathway | Antibodies that can bind Complement pathway either leads to
components | in which the humoral. | complement and Ag and: | assisted phagocytosis or the MAC
response can assist initiate that pathway. (membrane attack complex)
complement-mediated
killing _ ,
Antigen “Red flag” for immune | For an adaptive immune | nothing particularly happens to the
cells response to occur without | antigenic surface. The organism that
. vaccine assistance, must | carries this antigen will be affected
be immunogenic '
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Cell Mediated Response

o. T cell mediated response that mduces the killing of cells that are mfected by an intracellular pathogen

such as virus or bacteria

« MHC | presentation of cytosolic/cytoplasmic derived protelns are essential for the cell mediated immune

response to occur

Table 2. Key Co_mponents of the Cell-Mediated Resgons_e

Key Player Role

Requirements

Effector Function and Changes

T cell Most important cell in

| the cell mediated

| response to induce
cell killing and

provide the cytokines

that favour this

response

MHC I:CD8 interaction for
CTL killing

MHCII:.CD4 interaction for
macrophage activation.
The correct cytokines
needed to favour the Ty
response over the Ty,

“(antibody) response

Differentiation into many effector T
cells. : _

Ty1 helper (have CD4 on cells
secrete cytokines that activate
macrophages.

CTLs kill the cell that has presented
Ag on MHCI (usually for viruses).
Memory T cells that will wait for
another infection by a pathogen.

APC Present the
necessary antigens

on MHCI and MHCII

MHC proteins that can
present foreign peptides
that are recogmzable by T
cells

If you want to know, APCs can alter
their gene expression levels to
maximize their ability to warn the
immune system of an infection.

Eating and killing
infected cells through
the release of more -
potent antimicrobial
agents

Macrophages

Activated Ty, cells

Releases more potent
antimicrobials such as NO and
H,O, and other powerful oxidizing
agents.

“Red flag” for immune
cells

Antigen

For an adaptive immune
response to occur without
vaccine assistance, Ag
must be immunogenic.

Strictly speaking, nothing
particularly happens to the
antngenlc surface. The organism
that carries this antigen will be
affected.

NK cell
somehow recognizes:
and kills infected cells
that cannot be kllled
by CTLs

Natural killer cell that

Doesn’t need much. It
kills cells that that lack
MHCI and do not need to
undergo clonal
expansion.

Actually part of the innate immune
system. However, its action mirrors
that of CTLs. Facilitates the cell-
mediated immune response.

Interaction between T cell and Antigen Presenting Cell
« antigen presentation is one of the most critical parts of the immune response
« To promote CTL differentiation of T cells, the TCR, CD8 and MHC I:peptide complex must interact.
«  To promote T helper differentiation, the TCR, CD4 and MHC Il:peptide complex must interact.

<+ Favouring differentiation into Ty; helper cells requires the necessary cytoklnes that are typically
produced when intracellular pathogens are present

<+ To get Ty, cells, it also requires its own combination of cytokines that will favour the antibody
response. Usually these cytokines are produced in response to extracellular pathogen, although
there are exceptions. For example, antibodies are raised to HIV even though it is an intracellular
pathogen
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Table 3. Disorders of the immune System -

Disease

: Traite'

Outcome

| Autoimmune

hemolytic anemia

make antibodies against red blood
cells

complement proteins lyse antlbody-
coated red blood cells

less oxygen is delivered to tlssues

block muscle contractions

Self-reactive autoimmune diseases

Myasthenia gravis | antibodies bind to acetylchohne
. = receptors on muscle cells and may result in paralysis
prevent muscle cells from - S
responding to neurotransmitter
.  released by nerve cells
Lupus | antibodies against many self kndney blockage by Antlgen-antlbodles
: | components’ - precipitates
Diabetes | self-reactive Ty cells inflammatory response due to cytokines
B . : - tissue damage such as destruction of

(one type of it)

| pancreatic insulin-producing celis due to

proteases released by macrophages

Severe Combined

no functional B cells or T cells

lymphocytes cannot detect pathogens

Acquired
immunodeficiency
diseases

latency stage is inactive, so HIV
stays inside cells = '
infection -> activates T cell or
macrophage = activates virus =
_spread of HIV.to other cells -

T §' Immunodeficiency | eg. no |mmunog|obulm orTcell - infections cannot be stopped
5 .g » | (SCID). .| receptor gene rearrangements
5% & | Immunoglobulin | failure to make IgG 'recurrent bacterlal infections
S & unog _ J ake g v
2 ~§ o deficiency - failure to make IgA- | recurrent infection
S g © Complement- failure to make complement ' recurrent bacterial infections ,
ZE deficiency protelns : complement is needed to help opsonize
B ‘ : bacteria
Acute HIV infects macrophages = loss of T helper cells
Immunodeficiency | spreads to CD4 T cells’ v ‘
Syndrome antibodies against HIV but useless | B cells cannot make antibodies
(AIDS) because virus hides inside cells ~ i

macrophages cannot kill mtracellular

bacteria

opportunistic infections may lead to-death

Table 4. Treatments for AIDS

Target Effect ,
Old idea gp120 vaccine 'gp120 mutates too rapidly, therefore not effective
Current treatments | AZT, ddl - block DNA synthesis by reverse transcriptase

protease inhibitor
combination of:
AZT, ddl, protease

blocks the cutting of one HIV protein into two

inhibitors e
New ideas target CD4 CD4 is needed for T cells to interact in antigen '
: ' ‘presentation, so CD4 is not a good target since we do not
: want antibodies against it
target the people who are deficient in CCR5 are still healthy, so |t
chemokines may not be necessary for the immune system
inject with CCR5, CXCR4 altered versions that do not

CCRS5, CXCR4

cause inflammation -> HIV binds to these instead of the
normal receptors, so CCR5, CXCR4 may be good targets

END OF MIDTERM REVIEW NOTES
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