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(Feature Ilnnate immunity IAdaptive immunity j

Specificity For structures shared by classes For structural detail of microbial )
of microbes (pathogen-associated molecules (antigens); may recognize
molecular patterns) nonmicrobial antigens

PAMPs Antigens

Different leferent\|: ;i/ ‘
y b

mlcrobes\[ © microbes ‘ ‘

Identical 5

Tollike \[ )§ Disﬁnct I \\

receptors antigen-specific

antibodies

Number of microbial | About 1000 molecular patterns (estimated) | >107 antigens C I 0 n a I ese o
molecules recognized

) L ) ) ° ® .f. [
Receptors oy e e oY (high) specificity
segments; greater diversity
e diversity
 improve themselves from

- SR
Toll-like rlr\:eFtﬁlrgxfll Mannose Scavenger \‘{ IIITCR 7‘ time to time

receptor
receptor ©  receptor ~ eceptor P

Number and types <100 different types of invariant receptors Only 2 types of receptors (Ig and
of receptors TCR), with millions of variations
of each
Distribution Nonclonal: Identical receptors on all cells of | Clonal: clones of lymphocytes with
the same lineage distinct specificities express

of receptors different receptors

Genes encoding Germline encoded, in all cells Formed by somatic recombination
receptors of gene segments only in B
and T cells -
Discrimination of self | Yes; healthy host cells are not recognized Yes; based on elimination or
and nonself or they may express molecules that prevent | inactivation of self-reactive
innate immune reactions lymphocytes; may be imperfect

(hence the possibility
of autoimmunity)




|. Cell-mediated immune response (CMIR) = using cell to action

 Elimination of extracellular pathogens mediate with T helper (CD3+CD4+) cells
Enhancement of immunity using cytokine

 Elimination of intracellular pathogens and tumor cell mediate with T cytotoxic
(CD3+CD8+) cells
Specifically attack cells with abnormal Ag on the surface

|l. Humoral immune response (HIR)

 Elimination of extracellular pathogens, toxins, virus mediate with B cells (CD19+)
cells and plasma cells producing antibodies All about antibody



Enhancement of overall bacterial killing
(esp. intracellular bacteria)

Enhancement of defense against parasite &
wound healing

Recruiting neutrophils
& increased barrier function (esp Gl tract)

Enhancement of B-cell development T
(esp T-dependent antibody pathway)

* Effector TDefiningT 'Principal target .

Major immune

Host defense

Th17
IL-17
IL-22
IL-21
(and IFN-y
or IL-4)

mast colks _' ation;
~alternative™
macrophage
activation

Neutrophil
recruitment and
activation

Antibody
production

T cells  cytokines cells reactions
Th1 Macrophages Classical
. Macrophage Intracellular
IFN-y activation pathogens
Th2 IL-4 Eosinophil and
IL-5 Helminths
IL-13

Extracellular
bacteria and
fungi

Extracellular
pathogens



A A

Production and maturation of adaptive immunity
Activation of T-cell and its effector functions
Activation of B-cell and its effector functions
Selection and affinity maturation of B-cell

Phase of exposure
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a Bone marrow: lymphocyte
development and B cell selection

(ﬂ«! Immature T cell

Hematopoietic stem cell ( )\

Self-antigen reactivity

Apoptosis /

f"@)
‘\>= -

Not self-
reactive

Receptor \‘) -
editing Exit bone marrow

Self-
anﬁgen

Q

B cell = not self-reactive

O Receptor editing
O Negative selection

b Thymus: T cell selection

@ + @ Self-antigen \
N

High-affinity interactions
<« @ /—‘Q 4/

Self-reactive

- O

Apoptosis

No self-interactions

Apoptosis

Low-affinity interactions

09~

Mature T cells Not self-reactive

T cell = weakly self-reactive




B-cell receptor (BCR) _
—a ™= Bind to non-self antigen == T-cell receptor (TCR)

L

—

A
Signal
transduction
Antigen
recognition
Signal
transduction
Inhibition
SRC family .
kinases )
(e.g., LYN, | Adhesion
FYN, BLK)

(B cell activation)

| Receptors of CD4+ | Ligands of class Il
helper T lymphocyte MHC expressing APC
/_CD4 €
& Peptide
A TCR Class Il MHC
CD3 :
B ITAM> —
CD28 " efft—— B71/B7-2

(CTLA-4 _(‘— B7-1/B7-2

| PD-1 cégtflM {3 — — pp.L1PD-L2

ITIM

LFA-1 f——»gzi— ICAM-1



" Generative Blood, Peripheral

lymphoid lymph  Mature, naive (secondary)
organs Blymphocytes v mphoid organs

Bone = : Recirculation
Common marrow Lymph
lymphoid B nodes
precursor lymphocyte ——

lineage
Spleen

T
Iymphocyte A p— ’7, —7—7,
lineage y ~ T Mucosal and
g & 2 cutaneous
y W‘ —— Recirculation ”Qi Iyr,:i]sshu()elg
Marrow Thymus T lymphocytes Naive—

T lymphocytes



Generative / primary / central lymphoid organs thymus gland
right

o Creation and maturation jyrriphitic
= B cells =Bone marrow duct
= T cells =Bone marrow and thymus

Peripheral / secondary lymphoid organs

o Activation and development splean
= Spleen (main filter for blood-borne pathogens) A ‘/wa'/

: t

» " White pulp _gmm—

Trabeculae
Venous

sinus

a region supporting adaptive immune responses and consisting
of distinct T and B cell compartments

Splenic
artery

Terminal capillary omacmphage i

) Venous . in surveillance of blood-borne pathogens, elimination of old
\ ~ sinus - : R .
i \r ~ - dpulp i
CA, central arteriole; FL, follicle; MZ, marginal : Fibroblasts o ’;f,dsu P ; erythrocytes, and iron reCVC“ng
zone; MZBC, marginal zone bridging channels; :
PALS, periarteriolar lymphoid sheath e L o e e 10

contains macrophages and erythrocytes and plays a major role




Generative / primary / central lymphoid organs
¢ Creation and maturation

= Bcells =Bone marrow

= T cells =Bone marrow and thymus
Peripheral / secondary lymphoid organs
<) Activation and development

= Spleen (main filter for blood-borne pathogens)
Lymph nodes (Surveillance for cutaneous antigens)
Mucosal-associated lymphoid tissue (MALT) in lung
= Gut-associated lymphoid tissue (GALT) in intestine

adenoids

tonsil

thymus gland :\ 1) cervical lymph nodes
right \ )
lymphatic
duct

thoracic

Peyer’s
patches
(located
throughout
small
intestine)

inguinal
lymph nodes

” i bone marrow

popliteal
lymph
nodes
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2. Activation of T-cell and its effector functions




‘Naive T cells circulate
through lymph nodes
and find antigens

Lymph node

B cellsin
follicle

Effector
T cells

[ Activation of |
naive T cells in
lymph node,
development of

effector cells
\_ J

Dendritic cells carry
microbes or their antigens
to lymph nodes

Dendritic cell

Effector T cells
migrate to site
of infection

&

Dendritic

cell |
g
Site of

infection

Activation of
effector T cells at
site of infection;
eradication of
microbe

1. Stock naive T cell in lymph node

2. DC collect antigens and carry to
lymph node nearby

3. DC present antigen to naive T
cell and turn to effector T cells

4. Effector T cell move to site of
action



Dendritic cell

[ Activation of |
naive T cells in
lymph node,
development of
A effector cells .

Dendritic cells carry
microbes or their antigens

to lymph nodes

s

Dendritic ‘
cell
. .

)
& Site of
infection

&

Activation of
effector T cells at
site of infection;
eradication of
microbe

2. DC collect antigens and carry to
lymph node nearby

3. DC present antigen to naive T
cell and turn to effector T cells



| | Processing generates' T cells respond to
Antigen multiple peptides, immunodominant
into APC processing  one of which can bind peptide epitope

Internalization
of antigen

to class Il allele

CD4+
T cell

Multiple \j)) Immunodominant
nossible epitopes epitope
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Antigen ' 'Lymphocyte' '

Proliferation Differentiation

' Principal effector
recognition activation functions

m— >

Lymphoid organ

Effector
\ CD4+ T cell
Memory

[ Activation of |
macrophages,
B cells,
other cells;
| inflammation)

CD4+ T cell
Killing of
/—-—) =3 | infected or
tumor cells
Effector
CD8+* T cell
(CTL)
Memory
CD8+ T cell

Peripheral tissue



. Completed 2

signals from
APC are crucial

¢ CTLAf4 I;)
A brake

-/

No response
(Treg) COStI mulato ry or toleeance]
: : More affinity to blockade |
(Actlvatlon) By thar CDYg Anergy

Can kick B7 out from CD28
17



Lymph node

B cellsin
follicle

4. Effector T cell move to site of

Effector T cells .
[ Activation of | migrate to site [ Activation of | action
naive T cells in of infection effector T cells at
lymph node, ' ' site of infection;
development of eradication of
A effector cells . 1 microbe .




'Antigen uptake' ' Antigen T cell effector
or synthesis presentation functions

Class | MHC pathway: antigen presentation to cytotoxic T lymphocytes

CD8+

CD8+ cytotoxic
T lymphocyte

o=@
— Killing of
antigen-expressing
target cell

Cytosolic
antigen ¢

> Intracellular bacterial infection

> Viral infection
» Cancer/tumor

'Antigen uptake' ' Antigen T cell effector
or synthesis presentation functions

Class Il MHC pathway: antigen presentation to_helper T cells

CD4+
M

lacrophage

Cytokines

.2
B Q.
R
—y Macrophage activation:

killing of
phagocytosed microbe

Extracellular /
microbe  Microbe in CD4* helper
endosome T lymphocyte

)
O . &
7 Y
Antigen- //(J %
specific B cell antibody

B cell secretion: antibody

Extracellular indi [
xtracellula binding to antigen

antigen

Cytokines

19



O\
Antigen recognition fqiﬂ\\

and induction of ®

response in
lymphoid organs

T cell proliferation '
and differentiation

Differentiated CD8+
CTL cells
enter circulation

' Migration of effector
T cells to site
of antigen

CD8+ 2 ﬁ_;,,...v'j" > is)

effector
T cells
(CTLs)

Lymph node

Dendritic cells carry
microbes or their

antigens to lymph nodes

Naive
CcDbh8+
T cell

Tissue site

Microbe Of infection

Dendritic
cell

—

CTL killing of
. infected tissue celll
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A .Perforin/granzyme—mediated cell kiIIing'

I\:;ﬁddsome\ :
o \\ [Apoptoms ]
o & © of target cell
= 0

& . Perforin induces uptake'

Perforin A of granzymes into
Granzymes — granzy
y \d;o%\ target cell endosome
1 Qio

" CTL releases \ jo and release into cytosol,
granule contents ﬁ activating caspases
into immune synapse !

B' FAS/FAS-L-mediated cell killing

. ' Apoptosis
FAS-L on CTL interacts of target cell
‘with FAS on target cell

21



- A
Bone Marrow

O

!

Immature T-cell

- /

/ Mature/Naive
T

ymus T-cell

o bbb

Positive selection
o Weakly bind to MHC

Negative selection
ko Strongly bind to self antigen

/

Recirculation

CD8 = MHCI cD4 = MHCII

Lymph node/spleen

6. o%w %

>'

2 S|gnals presentation

1. TCR = Ag on MHC

2. Co-stimulation

/

Blood
circulation

'Y,

Naive/Memory

N

Cell mediated kllllng*

Perforin/granzyme
Apoptosis induce

Infected Tissue

ahﬁ
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3. Activation of B-cell and its effector functions



Subcapsular
sinus

Antigen arrives @
from tissues via
afferent lymphatics

/

‘ Condun

c=\*

Small antigens
dellvered to follicles 0
la conduits

\"'

.\\

©
\ e ‘\ y
S
Macrophage in
subcapsular

sinus

o— Small antigens
may also diffusg
into follicle

0

(
\

: Larger antigens captured
by macrophages in
ubcapsular sinus

Follicular
dendritic cell

Follicle

)
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N\

A /" Protein antigen

epitope
B cell zone
(primary follicle)

Follicular

focus dendritic cell

Short-lived =g

Helper T cell _
Germinal

center
B cells

1. Antigen recognition and process

2. Antigen presentation to activated
T helper cell

3. B cell proliferation and
development to
with

4. Activated T helper and activated B
cells move to follicle to form
germinal center (GC) and initiate
affinity maturation, additional
isotype switching, memory B cell

generation, and generation of
long-lived plasma cells



High endothelial Lymph node
venule (HEV)

and memory
B cell exit from
the lymph node

CCR7 .
HEV CXCR4 Follicle

Memory,
Bicell

S1P
S1PR1

CCL19/21 Plasmablast

\

Ca ™)
Activated

B cell
=

CXCL13

B cell activation

‘Naive Bcell  Naive Bcell :
migration into  migration into ~ and generation
lymph node follicle of plasmablasts

via HEV and memory B cells

Plasmablast o ———e—

Bone marrow

IgG secreting

plasma cell ® > j:
CXCL12—g 5 T '9'
CXCR4 @/ @ }\ o

'IgG-pIasmabIast'
migration into
bone marrow

IgA-plasmablast
migration into
mucosa

I

Mucosa "':‘fo

= o Y r -
/) }J\\O
ccLes—® 4

IgA secreting
plasma cell
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'T-dependent'

Isotype-switched,
high-affinity antibodies;
memory B cells,
long-lived plasma cells

):KIQG
Y-10A

SXIgE

Protein antigen

B cells

'T-independent'

Mainly IgM, low-affinity
antibodies; short-lived
plasma cells

Polysaccharide
antigen

B-1 cells,
marginal :
zone B cells Other signals
(e.g. complement
protein)

28



- o
Carrier '8

e
protein MAr—%& 2, | TN \_ A - j§ 8->
> o WV u \ Polvsaccharide N
N y “ - Olysaccnariae o -
'?-% é"—“ <—R Srer { *l“ <cMmar \l /é?
speciiiC plasma ce oo

Polysaccharide
\ specific B cell

. | Ant bf.‘f_i)’
o ‘ production

‘™

L
N
A Polysaccharide

Internalization
and processing

of carrier protein
CD40

CD40L
_ specific memory
B cell

Memory
response

."‘ & IR Sumy st on e -
/ -\,arr.-,-v—pe-._)r ce-

specific T cell
CD40L, CD40 ligand; TCR, T-cell receptor.

Nature Reviews | Immunology

The carrier protein from
protein—polysaccharide
conjugate vaccines is processed
by the polysaccharide-specific B
cell, and peptides are presented
to carrier-peptide-specific T
cells, resulting in T-cell help for

the production of both plasma
cells and memory B cells.




Antibodies

Microbe

Complement
activation

C3b

( - -
Neutralization

of microbes

L and toxins

(Opsonization and
phagocytosis

of microbes

Antibody-

» | dependent cellular

cytotoxicity

Phagocytosis of
microbes opsonized
with complement

&

kfragments (e.g., C3b)

(Inflammation)

(Lysis of microbes)




4. Selection and affinity maturation of B-cell



Naive B cell aE :

‘B cell activation by proteln l

Anti
antlgen and helper T cells ntigen

.

' Migration into germlnal center

B cells with somatically

mutated Ig V genes and

Igs with varying affinities
for antigen

B cells with high-affinity

antigen receptors bind
antigens on follicular

dendritic cells (FDCs),
ingest antigens and
present peptides to

helper T cells
Follicular

helper

— Tcell

(Tth)

B cells that recognize
antigen on FDCs or
interact with helper T cells

are selected to survive; High-affinity
other B cells die B cell 32

=




Naive B cell ~\

‘B cell activation by proteln »
antlgen and helper T cells Antlgen A ( {, .

{ Somatic mutations
inlg V genes= Low-affinity
: Migration into germlnal center hlegll’?cat:‘ggltoyf B aalls antibody

B cells with somatically

mutated Ig V genes and

Igs with varying affinities
for antigen

([

4’—\

B cells with high-affinity
antigen receptors bind

antigens on follicular Mutatlons
dendritic cells (FDCs),
ingest antigens and High-affinity
present peptides to antlbody
helper T cells
e
B cells that recognize TT?r?” SOmatIC hype rmutation
ti FDC . . .
intee:gcltg\?vﬂlfgelpers'rocrells «‘ lg V genes undergo point mutations at an extremely high rate.

are selected to survive

ive; High-affinity
other B cells die B cell 33




one Marrow\

O

v

Immature B-cell

B

v

Mature/ naive
B-cell

\ T %

N

Blood
circulation

Antigen arrives
from tissues via
afferent lymphatics

S "II i \\

@ /Small antigens &

/del ivered to folli cles 0
aconduts

Macrophage in /4
subcapsular A Condu t o o—— Small antigens
sinus / / may also diffuse
CJ into follicle
Follicular

dendntlc cell

/

.//Larger antigens captured Folllcle
by macrophages in

/ subcapsular sinus

Antigen delivery

PIasma/memory ceII storage

3 {

T-independent antigen
1. Recognition
2. Development (IgM)

T-dependent antigen
1. Recognition

2. Presentation

3. Development

4. GC formation

(switching, short-lived plasma cell)

(switching, long-lived plasma cell, memory)

A

Dendritic cell /

(" Protein antigen \\‘

B cell

epitope.

Tcell

oS ’

@ Initial T-B interaction
T cell /\
epitope i g 5 TS
L Beelgf | Beel
Nalve i\ epltope
Helper T cell B cell zone
T ceII 7 zone (primary follicle)
Extrafollicular Follicular 1
focus dendritic cell”” | Y=
s
Short-lived < 7 S
plasma cells

reaction

Lymph node / spleey
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5. Phase of exposure



Magnitude of response

Antigen ' Lymphocyte -
recognition activation
Effector T
Antlbody""\("
producing /" lymphocyte
cell O
% -
(leferentlatlon)
Antigen
presenting

Days after antigen exposure

Clonal
expansion
Naive T

lymphocyte

7

Antigen

elimination

" Contraction
(homeostasis)

Memory

Antibodies

,]

T cells

[and effecto

14

0-7 days
7-14 days
14-21 days
> 21 days

Surviving
memory
cells

21

priming/activation
peak immune

decline immune
memory
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Serum antibody titer

Antigen X

¥

S

N\

J

Weeks

< Naive B cells

Anti-X B cell
¢ Anti-Y B cell

Plasma

Primary
<anti-X
response

Antigen X
+ Antigen Y

Plasma cells

®:
Nt V73 Memory cells are
ready to respond
Secondary Memory 'mmE(_j'a.tely (skip
SIEA Beels”  the priming step)
response
Plasma
cells "
emory
Primary Q B cells
anti-Y =
response \//{;\\

~N\(
\_ )
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