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1. Infroduction: what is the immune system?e
2. innate immune system

3. adaptive immune system

4. antigen presentation

5. putting it together (very briefly)

6. iImmunologists tool box

/. questions to think about

8. quiz questions
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Khan academy
https://www.khanacademy.org/science/biology/immunology

‘BioGene
an information tool for biological research. Use to learn about gene
function. Enter a gene symbol or gene name, for example "CDK4" or
"cyclin dependent kinase 4" and BioGene will retrieve its gene
function and references into its function.
https://itunes.apple.com/us/app/biogene/id3331800842mt=8

*CD chart
cluster of differentiation or CD nomenclature used for the
identification and investigation of cell surface molecules providing

targets for immunophenotyping of cells. Currently 363 human CD
markers.

http://www.hcdm.org/



https://www.khanacademy.org/science/biology/immunology
https://itunes.apple.com/us/app/biogene/id333180084?mt=8
http://www.hcdm.org/
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series of specialized organs,
tissues, cells and proteins that
work together to:

 keep infectious micro-
organisms out of the body
 pathogenic bacteria
*Vviruses,
fungi

 destroy any infectious
microorganisms that invade
the body




UTGERS | | >
RUTGERS What is Immunity? LB

Medical School

PROTEIN DATA BANK

The state of having sufficient
biological defenses to avoid
infection, disease or other
unwanted biological invasion —
consequence of the immune
system

* protection of one organism
against other organisms

« elimination or control of the
offending organism

* setting up conditions so the
offending organism does not
cause problems down the
road
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PATHOGENS disease causing organisms: bacteria, viruses, fungus, parasites
and prions

problem:the variety of pathogens is endless pathogens are
largely made of the same stuff as us

CANCER aberrant cell growth due to mutation

problem:the variety of cancer is endless and cancer cells are
made of the same stuff as us
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The Immune System is Broken Down Into Two Parts LB

/Innate Immunity ﬁcquired Immunity\

Needs to be 'primed'
before it can work to its
full effectiveness. Only

really effective after it has
seen a possible infective
agent before.

Is always working to
protect the body and
does not require any
special preparation to
stop infection.

Speed of Response Immediate Slow (>week)
Non-Specific Highly Specific
Response Antigen Independent Antigen Dependent
Memory No Yes

\- I\ /
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Have cytoplasmic
granules containing

harmful to the cell walls
of parasites but can

R ropia respont
tissues.

Also called
polymorphonuclear s 4
leukocytes. Mediate

Also highly phagocytic
and can eat bacteria

neutrophil

Found in the skin and in v
the gut. Contain ke h 1
abundant cytoplasmic . ‘ Ly
granules filled with _
cytokines, histamine
and other mediators.
When IgE bound to
antigen binds to mast
cells, they degranulate
releasing the contents
of the granules,
including histamine
which may be
responsible for
symptoms of allergic
diseases

r
)

w

mast cell

Innate and adaptive immunity
enzymes that are

Play major roles in innate responses to infections and also
links innate and adaptive immune responses. These are
the cells that activate T cells via antigen presentation

LS

| =

Recruited into tissue
sites where pathogens

are present. Function
Innate immun
also damage host 2

poorly understood, but
similar to mast cells

PROTEIN DATA BANK

Innate lymphocytes that are not T cells and
respond early in infection. Function by directly
killing pathogen infected cells by lysing (poking

the earliest phases of \w sosinophil
inflammatory reactions. g

naturai
L.:l or f:l_'”

Y
. .
- N
PR 4
o
'8
5

.
-

macrophag

Tissue based phagocytic cell derived from blood
monocytes that plays important roles in innate and
adaptive immune responses. Activated by microbial
products and when activated, phagocytose and kill

microorganisms, secrete proinflammatory cytokines and
present antigens to helper T cells

holes in) them.
Adaptive immunity

Also called T helper cells.
Activated by recognition of MHC
class Il on antigen presenting
cells such as DC. Help other

cells of the immune system by

sending signals to other cells

that then destroy the invading
pathogen.

Also called cytotoxic or killer
e T cells. Activated by
\ recognition of MHC class |
Z on antigen presenting cells.
re Activation leads to direct
killing of infected cells

Mediators of humoral immune
responses. Cells that make
antibody that binds to pathogens
and neutralizes them.

£ 2011 QIAGEN Inc

Small subset of T cells that are activated very

quickly after pathogen infection. Secrete high

levels of cytokines that help other cells of the
immune system respond to the invading organism.
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cellular and biochemical defense mechanisms respond to microbes and the products
that are always poised and ready o respond of injured cells. NO MEMORY
Microbe

Innate immunity

.Q. portals of entry for microbes
Epithelial most microbial infections acquired via epithelia of
i barriers the skin & gastrointestinal & respiratory systems.

& %

Physical barrier

to infection
- cells Peptt)lde 27 Barriers such as
- : ' anti IOtICS the eye also
Q . l;ﬂl:mg ﬁf mlcaObeSd Qﬁ contfain enzymes
y locally produce such as lysozyme
antibiotics . that kills gram
positive bacteria
—————————————— by damaging
. Intraepithelial their cell walls

Killing of microbes 'ymphocyte

and infected cells

by intraepithelial
lymphocytes

Time after infection e
Abbas et aI Basic |

Abbas et al: Basic Immunology,
Copyright © 2014, 2011, 2009, 2006 2004, 2001 by Saunders, an imprint of Elsevier Inc
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Microbe
‘Innate immunity

o

Phagocytes Dendritic
cells

Complement  NK cells
| Hours , /[
0 6 12

Time after infection e
Abbas et al: Basic |

Copyright © 2014,

Innate immunity: o
Provides early line of defense against microbes %-éF DB

PROTEIN DATA BANK

in tissues:

microbes that breach epithelia, as well as dead cells
in tissues, are detected by resident macrophages,
dendritic cells, and other phagocytic cells.

Bactenum

Macrophage

Macrophages are a type of phagocyte.

Phagocytes “eat” the bacteria and destroy them
The precursors of macrophages are monocytes. Monocytes circulate in the
blood. Once they move into tissues, they differentiate into macrophages.

Developed as part of the RCSB Collaborative Curriculum Development Program 2014
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provides early line of defense against microbes

Microbe
Innate immunity

'Q' Epithelial

. barriers

Complement  NK cells

0 6 12
Time after infection e
Abbas et al: Basic |

Copyright © 2014,

innate immunity: - -
o P ] Z
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Complement System:

an enzyme cascade thatis a collection of blood and

cell surface proteins.

Pathway activation by pathogen triggers three
effector systems:

* Anaphylatoxins — increase capillary permeability
and attracts leukocytes to site of infection

« the membrane attack complex — pokes holes in
cells or pathgens and damages them.

«complement receptors on cells — increases the
effectiveness of abilities of antibodies to clear
pathogens

NK or Natural Killer cells:

A type of cytotoxic lymphocyte critical to the innate
Immune system. The role NK cells play is analogous
to that of cytotoxic T cells in the adaptive immune
response.

...50 they recognize and destroy infected cells (but
unlike adaptive response, antigen specificity is
lacking).
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Self versus Non-Self (pathogen) discrimination

“Easy” to understand how this works for the adaptive (or antigen-specific) immune response,
but how does the innate immune response do this?

Mediated by the expression of Toll Like Receptors (TLRs) on the surface of innate immune
cells such as DCs and Macrophages (+others).

These membrane bound receptors recognize structurally conserved molecules (patterns)
derived from pathogens (microbes and viruses) — e.g. parts of flagella, pieces of DNA etc.

TLR ligation results in immune cell activation and initiation of the immune response — this is
the basis of innate immune cell self/non-self discrimination.

TLRs are a family of structurally related proteins that
recognize different pathogen derived factors.

All have curved lysine rich repeats that mediate specific
recognition and activation of the pathway.

A1
http://en.wikipedia.org/wiki/lmage: TLR3_structure.png
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Human TLR-4, PDB ID 3fxi Human TLR-3, PDB ID 1ziw

To examine these structures further go to www.rcsb.org
Type in the PDB ID in the top search box and explore
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imidazoquinoline
diacyl triacy! (anti-viral compounds)

lipopeptide lipopeptide dSRNA flagellin NH,

peiexerexaxsneil 7
o ¢

Ligands such as LPS also activate the immune system by functioning as pyrogens.

Pyrogens are substances that induce fevers. They can be derived from bacteria (like LPS) or from the body itself.
Cytokines (see later slide) are examples of small proteins that are secreted by immune cells and induce immune
activation and fevers.
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ALERT the innate immune system that something is wrong

Image from www.invivogen.com

Developed as part of the RCSB Collaborative Curriculum Development Program 2014
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activates the adaptive Immune response
Innate immunity e Adaplive immunity

(rapid response)

Note: An effective immune
response almost always
requires multiple arms of

the immune system.

Innate immune system
provides the signals that
activate the adaptive
immune system

Developed as part of the RCSB Collaborative Curriculum Development Program 2014
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Small proteins released by cells that has a specific effect on the
interactions between cells, on communications between cells or on the
behavior of cells and in regulating immune function:s.

The cytokines include:
sinterleukins,
‘lymphokines
«cell signal molecules

Examples:
*fumor necrosis factor (TNF)
sinterferons (alpha, beta, gamma)
‘Interleukin-2
They trigger inflammation and respond to infections.

Cytokines regulate all the immune functions we discussed today.

CDA4 T helper cells help mainly by secreting cytokines
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MHC-I MHC-II

Perforin
Granzyme

Tumor or

Infected cell
k Kfytolinex

Plasmatic
cells

i y
) %

Tumor or

Infected cell
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adaptive immune responses

1. humoral immunity
(antibody response)

[ ] @®— virus
o

2. cell mediated immunity

(T-cell mediated response)

Mediated by two different types

of cells call lymphocytes
B lymphocytes (B cells)
T lymphocytes (T cells)

innate immune
responses

virus-infected
l host cell

+ virus

/N

anti-body
response

B cell

”\® s

Tcell-mediated
response

ead virus-infected cell

extracellular
pathogens

intracellular
pathogens
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« The term antigen derives from the two words antibody generator
* Most anfigens are proteins or large polysaccharides

« Often a component of invading microbes, such as the capsule,
cell wall, flagella, toxin

« THESE ARE THE THINGS THE IMMUNE SYSTEM RECOGNIZES

Antibody , .
Aitigen gy

An antigen is a substance
that induces the formation
of antibodies because

it is recognized by the
immune system as a threat

Red blood cell

Developed as part of the RCSB Collaborative Curriculum Development Program 2014
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* An antigen that elicits an immune response it is often referred to as an
immunogen

- Epitope is the reactive portion of the antigen that reacts chemically with an
antibody to form the antigen-antibody complex or immune complex

antigen
or
immunogen
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with so many different pathogens?

The immune system has no prior “knowledge” of what all these different pathogens
might be

The immune system of a newborn cannot know that it might someday travel to
jungles of Africa and encounter strange new pathogens it has never seen
before

The pathogens are always changing (mutating/evolving)
An “arms race” — immune system changes/evolves, the pathogen mutates.

And pathogens can change a lot faster than we can. (e.g. HIV!)

The immune system must anticipate new problems and adapt to an ever changing
world of pathogens.

The “anticipatory” and specific immune system is called
adaptive immunity or the adaptive immune system




UTGERS . : =1pY=-
w3 CEIIS Make and secrete antibodies. =L
Antibodies bind to antigens

Antibodies are disulfide

linked heterodimeric

proteins composed of

heavy (IgH) and light (IgL)
chains N

AR
Qv

s O variable regions (V and V)
\ variable

region are portion of Ab that bind
light chain < to antigen

™~

disulphide bonds > constant Y’%

region

—— —— heavy chain

QA
Qv
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Light chain

v
.
v" | r -y
4 -
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=R |
N

Heavy chain K(,/ A\ ALY

Constant region is similar
among antibodies, while the
variable region is unique

PDB ID: 1IGT

To examine this structure further go to www.rcsb.org
Type in the PDB ID in the top search box and explore
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Anfigen can bind in pockets, grooves, or on extended surfaces in
the binding sites of Antibodies (Abs)

Abs can bind almost anything... Proteins, DNA, etc.
Can form binding sites compatible to almost any kind of antfigen
>107 possible Ab specificities in your body!

Antigens Antibody Binding “PDB

PROTEIN DATA BANK

Figure 4.8 Janeway’s Immunobiology, 8ed. (© Garland Science 2012)

Developed as part of the RCSB Collaborative Curriculum Development Program 2014
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was™ - Antibodies are the secreted version o e e

of the B cell antigen receptor (BCR).

B-cell
antigen o~ TOCADLOT (319)
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' Antigen recognition ' * Effector functions

Microbe

“activation”

Antibody ‘

B
lymphocyte

Neutralization
of microbe,
phagocytosis,
complement
activation

« B cells look for their cognitive antigen (the one its surface receptors can bind to)
» Binding stimulates the B cell to enter the cell cycle and develop, by repeated mitosis, into

a clone of cells with identical BCRs

» Swilch from synthesizing their BCRs as integral membrane proteins to a soluble version;
- Differentiate into plasma cells that secrete these soluble BCRs, which we now

call antibodies.

- Antibodies bind to antigens and nevutralize (prevent it from going from cell to cell)
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The Function of Abs in the Immune

('
UF
(g

Antibodies
B cell

AN

Complement
activation

Abbas et al: Cellular and Molecular Inmunology, 7e.

Response PROTEIN DATA BANK
(How do they clear infectjon?) _
Wlthout antlbody With antibody
Neutralizati Infection of cell by microbe .
*} of microbes M.y ; Antibody blocks
and toxins Cell surface erobe Infected epithelial | binding of microbe
Phagocyt receptor barrier cells d infecti f cell
: for microbe. and infection of ce
Opsonization and ! ,.\ N,\ DEICE ',
phagocytosis . Y\ ® [ \‘ “ ,\f
of microbes Epithelial § (0 0 000 00100010 "*&&‘
barrier bbb UBYYYY ﬂﬁ’f\q
cells Y 01010 J
\l I ' \I
Infected
- tissue &"X
Antibody- =3
depenZe'n? cgllular cell @ .ﬁf
cytotoxicity
'Release of microbe from infected cell . - ____________
ﬁ— “ and infection of adjacent cell Antibody blocks
: infection of
Phagocytosis of Release of microbe

Csb
receptor

microbes opsonized
with complement
fragments (e.g., C3b)

‘9‘ |

Lysis of microbes I

Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by

an imprint of Elsevier Inc.

adjacent cell

Infected from dead
tissue cell .
cell _a

Uninfected

adjacent

cell

Pathologic effect of toxi ;
pgic elfectatiodn Antibody blocks

binding of toxin
to cellular receptor

Spread of
infection

Pathologic effect
of toxin (e.g.,
Toxin cell necrosis)

&
. i
&
g g’
i“'i‘

Cell surface
receptor

Developed as part of the RCSB Collaborative Curriculum Development Program 2014
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TABLE 12-2 Vaccine-Induced Humoral Immunity

Infectious Disease Vaccine Mechanism of Protective Immunity

Polio Oral attenuated poliovirus Neutralization of virus by mucosal IgA antibody

Tetanus, diphtheria Toxoids Neutralization of toxin by systemic IgG antibody

Hepatitis, A or B Recombinant viral envelope proteins Neutralization of virus by systemic IgG antibody
Pneumococcal pneumonia, Conjugate vaccines composed of bacterial capsular Opsonization and phagocytosis mediated by IgM and IgG
Haemophilus polysaccharide attached to a carrier protein antibodies, directly or secondary to complement activation
Selected examples of vaccines that work by stimulating protective humoral immunity are listed.

Nevutralization effect is the goal of vaccination.
Antibodies can promote phagocytosis by binding to pathogens - facilitates
take up of antigens by macrophages.
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Two main classes of

~L)

PROTEIN DATA BANK

adaptive immune responses

1. humoral immunity
(antibody response)

2. cell mediated immunity
(T-cell mediated response

Mediated by two different types
of cells call lymphocytes

B lymphocytes (B cells)
T lymphocytes (T cells)

innate immune
responses

@®— virus
o

virus-infected
l host cell

+ virus

>

antibody
response

B cell

”\® s

T-cell-mediated
response

extracellular
pathogens

intracellular
pathogens
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» Overall structure of TCR and BCR antigen-binding
Antibody) are similar site
( Y) :
) ) vV antibody
*The TCR is NOT secreted like an L

antibody Fab

* The antigen binding site is also
highly variable

*Like B cells, T cells recombine
(scramble) genes to generate

much diversity. antigen-binding

site

T cells are even MORE diverse e

than B cells. v, V,

T-cell
* B cell - one receptor for one C c. receptor
. . s s a B

antigen (high specificity)
* T-cell receptor binding site is - ! ~

similar to B-cell binding site. T

C

However, it is never secreted.

Figure 4.11 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)
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antigen recognition between TCR and BCR (or Ab)

3CRs (Abs) recognize
the (unprocessed) TCRs recognized processed antigen
whole antigen in the context of MHC class | or Class Il

MHC
molecule

B cells recognize the whole antigen (native protein)

T cells recognize only a piece of the antigen (peptide). Antigen must be
broken down (processed) before it can be recognized (peptide is
presented to the TCRs)
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The peptide fragments of antigen are presented to the TCR bound
to proteins called Major Histocompatibility Complex (MHC)

molecules
* In human called Human Leukocyte Antigens (HLA)
« _Two classes of MHC = class | and class I
[ Class | MHC| [Class I| MHC]
Peptide-binding Peptide Peptide-bindin .
/_ cleft e [ cloft 9\ Peptide

e
£ -~ -,
LN .
.
»

NN

| T<Tele] 1=
D9GP : DIDPOD
Ig domain
C C C
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MHC I, PDB ID 1HSA

To examine these structures further go to www.rcsb.org
Type in the PDB ID in the top search box and explore
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MHC I, PDB ID 1HSA

To examine these structures further go to www.rcsb.org
Type in the PDB ID in the top search box and explore
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Class I and Class Il molecules acquire peptides degraded in the cytosol or in lysosomes. This allows for
a broad peptide repertoire presented at the cell surface for T cells to recognize

wiruses) (bacteria)
Class 2
Class 1
pathway pgfhway
. binds and
binds and t
presents exogen
exogenous
endogenous tid
peptides brought i
pepnaes brought into
ound in the the cell (in
cytosol (in endosomes
ER) and
lysosomes)

“TAP1 TAP2

|
MHC Class | MHC Class Il
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TCR beta chain

Interaction: T cell receptor
with MHC I

Robert Wood Johnson
Medical School

RUTGERS

Rotate about vertical axis

MHC Il alpha chain
MHC Il beta chain

PDB ID: 1FYT

Type in the PDB ID in the top search box and explore
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molecules —

class | and class Il activate different types of T cells — CD8 and CD4

CD8 T cell |} [

| )
| )CD8 and CD4 |
| | /are expressed

Al 0O | onT cells and
N 8 ) | are the co-
\“\t'-\, ‘\0/ ' receptors for
\ CYTOTOXIC MHC class | and
A N T LYMPHOCYTE o I, respectively.
\ 4 J/
Q. CD8 Qo
- i \o
ANTIGEN — - o
RECEPTOR o
(o] (T
O | cyroToxic
PEPTIDE © | CHEMICALS
KILL INFEC-
o TED CELL

CLASS | MHC
MOLECULE

\ } 0% ]
\"-,‘ Q) [®) “‘ .'f
o Vi 4

| CD4Tcdq

AN HELPER
K\ T LYMPHOCYTE [
ANTIGEN _ o = 0° o
RECEPTOR \ Q Q o Q
cell receptor) |
LYMPHOKINES
FEFTIDE MODULATE
MMUNE
RESPONSE
CLASS Il MHC
MOLECULE

Dendritic cells that

olecules from
binding with antigen

have activated MHC

,

(bacteria)
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vedealscoo - Process and Presentation of Peptide-MHC complexes
to CD4 and CD8 T cells

*Only some cells can present peptide to T cells for initial T cell activation
*These cells are called professional antigen presenting cells

sdendritic cells

*macrophages

B cells

dendritic cells macrophage

*Other cells can present, but they can not initiate T cell responses
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et Sool " The Function of CD8 T cells
In the Immune Response
(How do they clear infection?)

(CD8; Killer)

Infected cell expressing
. microbial antigen

' Cytotoxic T
lymphocyte Killing of
(CTL) infected cell

(MHCI) Important mediators

of immune
responses especially
important for killing
virally infected cells

CDS8T cells bind infected cell and kill.

Developed as part of the RCSB Collaborative Curriculum Development Program 2014
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In the Immune Response
(How do they clear infection?)

M_»

—~®

Cytokmes

Activation of
macrophages

Inflammation I

@8%@

Helper T Microbial antigen
ympndoyle:, ﬁ;ej‘,?ﬂ;ee?, Activation
(CD4) presenting cell (pI:OIiferat.iop and
(MHCII) differentiation)

of Tand B
lymphocytes

Once activated, CD4 cells secrete cytokines to promote macrophages to Kkill cells that they
ingest; promote inflammation; activate T and B cells
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Defined:
memory T and B cells are produced by anfigen stimulation of naive
lymphocytes and survive in a functionally quiescent state for many
years after the antfigen is eliminated

mediate a rapid and enhanced (recall) response to second and
subsequent exposures to antigens (this is what you are aiming for
when you vaccinate someone)

Iy 5 14
| EEEE
\ =4

Effector T cells

Naive Tcell

Memory T cells

Abbas et al: Cellular and Molecular Immunology, 7e.
Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.

In some cases immunological memory doesn’t last forever - this is why we must get
booster vaccinations (e.g. tetanus)

Developed as part of the RCSB Collaborative Curriculum Development Program 2014
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Chemokines and
Chemokine
Receptors control
Immune cell
trafficking in the
body

Endothelial Cell

Perivascular
Space

Parenchyma

Astrocyte

Endothelial Cell

Perivascular S8
Space

Parenchyma

Myelin Debris

: .
525 . Naive Activated ¢
%tmcyteeutmphll@CD& @ CD8+ /' NK Cell

Ollgodendrocyte

: Naive, Actlvated
%“‘,M'Cfogh Monocﬁe@wnﬁ CD4+
" Neuron

CXCL1e ([[J) CXCR2 CXCL10@ mﬂg CXCR3:¢: Virus
ccLse (| ccRs  cxcL12e (] CXCR4

('
k_)F
(g
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In some cases immunological memory doesn’t last forever - this is why we must get

booster vaccinations (e.g. tetanus)
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Figure 1-17 Phases of

1 adaptive immune
Antlgetn Lymtph?cyte IAntlg?n hContracttlon Memory | response, an adapiive
_recognition: activation elimination  (homeostasis) mmune response condists
. ' . i of distinct phases; the first
InnoTe Antibody- three are recognition of
Immune producmg X4 Effector T Elimination lonngﬁn, oTchvo’ncC)jn of
Response cell lymphocyte of antigens ympRhocyles, ano
Hvat g elimination of antigen
acrivartes (effector phase). The
DCs and /\ response declines as
allows Differentiation E?r:'gﬁgfy“gsugéesy
immune ¢: apoptosis, restoring the
response to baseline steady state
develop .'r*n“m"l%'.?i ihe anfigenspoaiic cols
that survive are responsible
@ for memory. The duration
of each phase may vary in
) — Survivin different immune
A Ce”-mediated memoryg resplonTseE. Trhe;e princliples
ntigen- i i - apply to both humora
resgentin lmmumty Apoptos|s cells immunity (mediated by B
ge" g Clonal lymphocytes) and cell-
: diated immunity
expansion medic
(mediated by T

lymphocytes).

Save some cells
that produce
specific
antibodies so
immune

0 7 Days after 14 response is faster
antigen exposure the second time

Abbas et al: Basic Immunology, 4e
Copyright © 2014, 2011, 2009, 2006, 2004, 2001 by Saunders, an imprint of Elsevier Inc around.
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Balance Between Immune Activation and Control

IMMUNITY CONTROL

TOLERANCE

T and B cell activation: Regulatory Cells:
NORMAL response against Regulatory T cells
pathogens Regulatory B cells

CD4 & CD8 T cells Regulatory dendritic cells

B cells
DCs & macrophages, etc
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The fundamental question PDE
for the immune system

s this cell/tissue/protein “self” oris it “non-self’e

| =

PROTEIN DATA BANK

Sl

llself I )E':T
/?
MHC +
self-peptide

Orig n n
e \ Non-self
O

MHC +
— non-self
pepftide

Normal, healthy cell

Abnormal, unhealthy cells
e.g. infected or cancer cells

Autoimmunity -
the destruction
of healthy tissues
leading to very
nasty disease
states

If healthy cells are attacked
by the immune system,
normal fissues are destroyed
potentially causing an
autoimmune disease

If unhealthy cells are not
recognized by the immune
system, infections/diseases
(cancer) will not be
eliminated.
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1,000,000,000..

Grains of sand on a beach

100,000,000,000,000.....

number of cells in the human body

1,000,000,000,000,000,000.....
Possible different TCRs

1 quintrillion TCRs can be generated! (made possible by gene shuffling), but are not all generated
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because your immune system needs to pick out which receptors recognize self
and get rid of them.

this leaves receptors behind that can recognize non-self (pathogens)
this is the basis of self-non-self recognition in the immune system
this is fundamental for understanding how the immune system works

did | explain this???

Purging of self-recognizing cells (aka self-tolerance) occurs in the thymus. (prevents
autoimmunity)
Millions of T cells are born then die everyday due to this process.
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, )R) j immature

lymphocytes
Generation of lymphocytes of \_? before selection

many specificities (that are there \ 5 H \y

PRIOR tO antlgen encounter) encnunterwﬂh self antigens and clonal deletion

. 5 \’y Ir;?raggtq%cytgs
Clonal deletion to remove self- e ater selecton
[
reactive lymphocytes " \e‘ 20 M tolerance
o @

encounter with foreign antigens and clonal expansion

Clonal selection to expand
pathogen-reactive lymphocytes 0(\@5 f;rﬂgﬁggym
during an immune response e\ﬁ\

after selection
by antigen
O oo™ 5
true for both B and T cells P°° es\’o
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ELISA-

Enzyme “i
Linked ‘
Immuno- % 0
Sorbent
Assay

ELISA takes advantage of the specificity of
antibodies.

« Antibody-antigen complex detected by adding
enzyme-linked antibody to bind the antigen
specific antibody. Following this substrate is
added and a color change indicates presence of
antibody. If the test was using an HIV antigen and
a patient’s serum - color change means person
has HIV (because they have antibodies for the
virus in their system).

Immunologists tool box

LB

PROTEIN DATA BANK

y
< >

ey
) Antigen attached to well.

%
5 raa -
.40 >
\Q'@;}v i

f'? A protein such as gelatin is added to block the uncoated surface.

¢<'c6 " 4

R 4

X[V . O, &
%3-“5v e

) Patient serum is added; complementary antibody binds to antigen.

- _’,
% g
% &
C(') &Ll'
* 4

4

R &

o R
Rt

li“ Enzyme-linked anti-antibody is added and binds to bound antibody.

Colored product

z'/_,‘f' Enzyme's substrate is added, and reaction produces a visible color change.

Copyright © 2006 Pearson Edi ion. Inc., publiching as B in Cummings.
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Flow cytometry

FLOw CYTOMETRY:

* Flow = cells in motion

 Cyto=cell

* Metry=measure

* Measuring properties of cells while in a fluid stream
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Cytometry (or immunofluorescence): Flow Cytometry:

* Localization of antigen is possible » Cannot tell you where

« Poor enumeration of cell subtypes antigen is.

* Limiting number of simultaneous » Can analyze many cells
measurements (3 Iis easy, more in a short time frame.

harder but not 10
a . ) e Can look at numerous

parameters at once
(>10)
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G G Flow cytometry

Flow Cytometry

. Sample
Sheath fluid —\ (stained cells in suspension)

% G Nozzle

Hydrodynamic Focusing
Cells pass through in 'single file'

7
/

N

Fluorescence emitted from
stained cells detected

Forward and side scattered
’ light from all cells detected

!]

00 0gq00%0 008 HWI™

Laser light source

r'd
N

Green fluorescence signal

Developed as part of the RCSB Collaborative Curriculum Development Program 2014
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Flow cytometry
Two colors

g
7| @
5|8
S
&
(@)
S
5 o
g %3

Green fluorescence signal
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Flow cytometry

T\évo colors (can measure >10 colors)
G

Medical School

L
..8
Green fluorescence signal

Red fluorescence signal
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CD4* and CD8* T cells from a mouse spleen

CD4pos CD4pos
CDa8neg CD8pos
CD4neg CD4neg

CD8neg CD8pos
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FACS

intensity of
orange fluorescence
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s All Cells of the Immune System

<5000/mouse

/—'

\, Stem cell
~20,000/mouse
CLP / \ (common

(|Comrr?(?3 @ Q myeloid progenitor)
ymphoi
progenitor) / \
o @ e
) L") \ )
/X N N\
( =\
()

N/

|
8%

R

=P

(
?/\
©

T cell B cell Monocyte Neutrophil Erythrocytes Megakaryocyte
>30,000,000 || >60,000,000
in spleen in spleen

Developed as part of the RCSB Collaborative Curriculum Development Program 2014



