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Learning objectives

m Understand how armed effector T cells are
oroduced.

m Understand the general properties of armed
effector T cells.

m Understand how T cell-mediated cytotoxicity Is
Initiated and regulated.

m Understand how macrophages are activated by
armed CD4 Th1 cells.




" J
Part IV: The Adaptive Immune Response

T Cell-mediated Immunity (CMI)

T cells leave the thymus and circulate through the blood and
lymphoid organs

Naive T cells have not reacted with their specific antigen

- When a naive T cell appropriately interacts with antigen it gets
activated (proliferation and differentiation). = 2 (3) signals

-Requires APCs + Ag, co-stimulatory signals, (cytokines)

- The result is that lots of antigen-specific cells acquire their effector
function.

- That is, they become armed effector T cells that can act on target
cells (usually infected self-cells).

Priming: The activation/clonal expansion of a naive T cells when
first encountering Ag




Tissue (immature) dendritic cells ingest foreign materials (antigens)
(using innate mechanisms)

- inflammatory molecules (e.g., cytokine and bacterial products) cause
their maturation. Dendritic cell :

- The most important APC type.

-e.g. Langerhan’s cells

Figure 1-4 part 2 of 6 Immunobiology, 7ed. (© Garland Science 2008)

Mature dendritic cells migrate to regional lymphoid organs (e.g.,
lymph nodes).

They present antigens and co-stimulatory molecules (e.g. signal #2)
to T cells.

Macrophages and B cells also take up foreign materials but these
cells are usually the targets of armed effector T cells




Two major classes of T cell
- Helper (TH; CD4+)
- Cytotoxic (CTL; CD8+)

This chapter deals with cell-mediated
immunity (CMI), that is, CTLs and TH1
(TH2 is left for the humoral immunity
chapter)

What are their effector functions?
Principally against intracellular pathogens!!

Cell-mediated immunity Humoral immunity
) Vaccinia virus tuberculosis Staphylococcus aureus
Typical Influenza virus Mycobacterium leprae Streptococcus pneumoniae
pathogens Rabies virus L alehimaila tGhaUaRT Poliovirus
Listeria Preumocvstic carinii Pneumocystis carinii
4 Trichinella spiralis
Location Cytosol Macrophage vesicles Extracellular fluid
Effector :
Cytotoxic CD8 T cell Tyl cell Tyl and T2 cells
T cell Y CTL i f f
Antigen : Peptide:MHC class Il Peptide:MHC class II
ol Peptide:MHC class | : :
recoaqgnition : complex on infected complex on antigen-
g complex on infected cell macrophage specific B cell
Effector _— . Activation of Activation of specific
action Killing of infected cell infected macrophages B cell to make antibody

Figure 8-1 Immunobiology, 6/e. (© Garland Science 2005)



Types of effector
T cell

D8 cytuten)
Tcells

CDAT,1 cells

CD4T,2 cells

Activate infected ||| Provide help to
: s : : hages B cells for
Main functions in Kill Moy ‘
adaptive immune virus-infected Provanceellll:Ip 0 _ﬂm&—
ASPOTEe cells for antibody especially
production switching to IgE
Microbes that
persist in
macrophage
Viruses vesicles (e.g.
(e.g.influenza, mycobacteria,
Pathsdenitariated rabies, vaccinia) Listeria, Helminth
9 9 Some Leishmania parasites
intracellular donovani,
bacteria Pneumocystis
carinii)
Extracellular
bacteria
CMI CMI/Humoral Humoral




Enhance
neutrophil
response

Suppress
T-cell
responses

Cell-mediated immunity:
CDs,

CD4 (Th1)

CD4 (T-regulatory)

Extracellular
bacteria
(e.g.Salmonella
enterica)

Humoral immunity:
CD4 (Thl & Th2)
CD4 (Th17)

CD4 (T-regulatory)
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Activation of Naive T cells

m Occursin perlpheral Ivmohmd"%rqans (e.q. lymph node)

Lyt:ph cortical sinus

efferent artery vein
lymphatic

T cells not activat«l by antigen
presented by dendritic cells exit
the lymph node via the
cortical sinuses

/ STy
&/

T cells actlvat«l
by dcndrltlc alls
start to proliferate and lose the
ability to exit the lymph node

o <

/

Fig. 9-2

Y pa

Activated T ce\lis differentiate
to effector cells and exit
the lymph node

Figure 8-2 part 3 of 3 Immunobiology, 7ed. (© Garland Science 2008)



Encounter of antigens by T cells

(TH;yes, CTL;?)

High endothelial
venules (HEV)

JL,

T cells enter lymph node across high
endothelial venules in the cortex

v =
T cells that do not encounter specific

|antigen leave lymph node through lymphatics

* Naive T cells migrate through
the lymphoid organs and

&
N =
D \

N\

=~

encounter thousands of dendritic
cells per day.

(termed “T cell sampling”)

e |f they do not bind antigen, they
leave via the efferent lymph.

v
T cells monitor antigen presented by
macrophages and dendritic cells

v
T cells that encounter specific antigen
proliferate and differentiate to effector cells

* Interactions with self-peptides

R &

d. ||

Ooooo
©

> s
ZA\

© > on
® 7 r?_.?.

plus MHC are necessary for T cell
survival (a continued (+) selection
by weak binding).

N

Figure 8-4 Immunobiology, 6/e. (© Garland Science 2005)

Fig 8.4 Naive T cells encounter Ags while
recirculating through peripheral lymphoid organs

e If they bind antigen strongly,
they get activated (see next slide)
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Only 1in 10,000 to 1,000,000 T cells can respond to a given Ag.

Therefore, cell activation & division is central to the immune response

Activation

|

Division

|

Exiting

T cells that encounter specific antigen
proliferate and differentiate to effector cells

o

Fig 8.4 last frame

1.

T cells get activated on
dendritic cells, and

divide, acquire their effector
function, and then

leave via the efferent lymph to
go to

- the site of the infection
TH1,CTL(?), or

- areas where B cells need
help (TH2)

“Homing” -> the return of nave T cells to lymphoid tissues

10



Trapping of Ag-specific T cells for

Fig. 9-3
Antigen-specific T cells are
detained transiently in the lymph node
where they become activated
Number of
antigen- Emigration
specific | Trapping | Activation | of effector
cells in T cells
efferent
lymph
0 2 4 6 8
Time after viral infection (days)

Figure 8-3 Immunobiology, 7ed. (© Garland Science 2008)

activation in lymph node

- High efficiency of trapping and
activation of T cells often occurs within
2 days of Ag stimulation

- Why?

In average, only 1 per 10%-10° T cells
IS activated and expanded

11



IIHoming” of T cells

m The return of T cells to peripheral lymphoid organs (from

circulation).

m Assisted by several factors

Selectins: e.qg. CD62L (T cell); weak adhesion - binds to ‘addressins’
Chemokines: CCL21 (HEV & stroma cell), CXL12 (HEV)
Integrins: e.qg. LFA-1 (T cell, induced by CCL21); strong adhesion

Addressins (‘address tags’)
- Lymph node HEV

- CD34, GlyCAM-1
- Mucosa

- MAdCAM-1

Binding of CCL21 (HEV)
and CCR7 (naive T)

- Activation of LFA-1on T
cells (stops rolling)

Fig. 9-4

Activation

Adhesion

Diapedesis

~

N

0]

- T4

@)
0]

Selectins

Chemokines

Integrins

Chemokines

L-selectin

CCL21

LFA-1

CCL21, CXL12

Figure 8-4 Immunobiology, 7ed. (© Garland Science 2008)



Binding of L-selectin and vascular addressin
m (Early phase) Selectin binds to the sulfated sialyl-Lewis*

sugar moieties on vascular addressins.

Fig. 9-5

Binding of selectins to vascularI addressins

naive T cell

naive T cell

€2 L-selectin (CD62L)

CD34 GlyCAM-1

MAdCAM-1

k]

high endothelial venule

mucosal endothelium

Figure 8-5 Immunobiology, 7ed. (© Garland Science 2008)


http://allergy.kmu.edu.tw/~lectures.images/index.php?dir=immunology-Janeway/ch-08/&file=ch-08_sialyl_lewisX_ni1105-1067-f1.png

Binding of integrin and adhesion molecules

m (Mid. — late phase) Binding of leukocyte integrin to various

adhesion molecules

m LFA-1:on all T cells (both naive & effector), M, Neutrophils

Fig. 9-6

Binding ofl integrins }o adhesion molecules

all T cells

subset of naive cells

activated effector
T cells

. . LFA-1
integrin
B:Cj..

adhesion |, 2 ]
molecule

L

LPAM-1
A Im o4
MAdCAM-1

VLA-4
B1

VCAM-1

T

HEV or APC

mucosal endothelium

(e.g. Payer’s patch)

activate_d endothelium
(e.g. inflammed)

Figure 8-6 Immunobiology, 7ed. (© Garland Science 2008)
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'Her iImportant adhesion molecules in

leukocyte interactions

Fig. 9-7
Immunoglobulin superfamily Name Tissue distribution Ligand
CD2 (LFA-2) T cells CD58 (LFA-3) APC
ICAM1/3 ICAM-1 (CD54) Activated vessels, LFA-1. Mac-1 All T cell
VCAM1 CD58 CD2 ) lymphocytes, dendritic cells N Cells
L ICAM-2 (CD102) Resting vessels LFA-1 All T cells|
B ICAM-3 (CD50) Naive T cells LFA-1 DCs
@ E Lymphocytes,
LFA-3 (CD58) antigen-presenting cells D2 All T cells|
VCAM-1 (CD106) Activated endothelium VLA-4
Act. T
Figure 9.7 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)

All 3 ICAMs bind to the T-cell integrin LFA-1 !l
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mmphocytes enter into

L-selectin

GlyCAM-1 ICAM-1 CD34
... OO0

Fig. 9-8
the lymphoid organs?

S Binding of L-selectin Lymphocyte
lymphocyte enters ket Glgc AM-1 and LFA-1 is activated by Activated LFA-1 m¥ r:t e
the high endothelial CDy3 4 allows chemokines bound to binds tightly to thelg moh node

venule in the lling i . extracellular matrix ICAM-1 b : P e
lymph node rolling interaction y diapedesis
L2 CCR7

Lymph node

basement membrane

Figure 8-8 Immunobiology, 7ed. (© Garland Science 2008)

Rolling (weak)

Selectin & GlyCAM-1

CCL21 - CCRY
interaction

(rolling stops)

LFA-1 activated & binds to ICAM-1

(strong binding)

Diapedesis




T-cell responses are initiated by activated DCs in peripherals

- requires Ag + MHC and co-stimulation.

- done by APCs, primarily dendritic cells (DCSs)

Dendritic cells in Dendritic cells in the Dendritic cells

" peripheral tissues | " lymphatic circulation

(a) -take up Ag inthe
periphery, and

- get activated by
bacterial products or
cytokines; then

(b) migrate to the regional
lymphoid organ, and

C Dendritic cells in

lymphoid ti

oo (c) present Ag and co-
stimulatory molecules to

T cells

Lysosomal proteins=
red

How CTLs are
activated is
controversial

17
Fig. 8-9 Immature DCs ingest Ag in the tissues



APCs In

ymphoid organs

Interdigitating dendritic cells are
primarily in the T cell areas and their

: _Dendritic cells
(interdigitating reticular cells) T cells (TH)

primariy function is to activate helper

Fig. 9-10 DCs are the most
potent activator
T cell of naive T cells!!
area
the dendritic cell
Macrophages B cells B cells circulate
bacterium __ microbial toxin through the

lymphoid organs.
They will activate
naive T cells.

Figure 8-3 Immunobiology, 6/e. (© Garland Science 2005)

Macrophages mostly for
filtering the lymph fluid. They
are weak activators of T cells

B cell area

18



(Summary)

In general:

1.

Mature dendritic cells (DCs) express high levels of
both MHC-I and —II molecules

DCs mainly activate TH cells (and CTLs as well)

B cells and Macrophages are targets of activated
TH cells

-- although T cells can be activated by
macrophages and even B cells, too.

19
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Two types of DCs Fig. 9-11

m Conventional DCs (C DCS) Conventional dendritic cell

Participate in Ag presentation

Priming of naive T cells, high levels of
s MHC-I & -Il expressions
m B7.1 & B7.2 expression
n ICAM-1 & LFA-1

m Plasmacytoid DCs (pDCs)

Sentinels for viral infections
Secretors of class-1 IFN (o & B)
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Routes of Ag processing by

Fig. 9-12

DCs (MHC-I

Receptor-
mediated

phagocytosis

Macro-
pinocytosis

W

@

Extracellular
Type of pathogen Extracellular bacteria, soluble
presented bacteria antigens, virus
particles
MHC molecules loaded || MHC class lI MHC class I
283 ;fe:alveT cell CDA4Tcells CDA4T cells

Figure 8-12 Immunobiology, 7ed. (© Garland Science 2008)
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Routes of Ag processing by DCs (MHC-I)

Cross-presentation Tr?nsfor.from
& incoming
Viral after phagocytic Aandeisic
infection or ma:rt;g:\eocytlc ol 6 e dant
P dendritic cell
® @@ .
* e
Viruses Viruses Viruses
MHC class | MHC class | MHC class |
CD8Tcells CD8Tcells CD8Tcells

22
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Activation of Langerhans cells (a class of immature DCs) causes their
maturation into mature DCs and their migration to the regional lymphoid

organ

Antigen uptake by
Langerhans cells in
the skin

Langerhans cells leave
the skin and enter
the lymphatic system

Mature

Fig. 9-13

Mature dendritic cells
enter the lymph node
from infected tissues and
can transfer some
antigens to resident
dendritic cells

B7-positive dendritic
cells stimulate naive
T cells

Immature

Activation of skin Langerhans cells

Figure 8-13 Immunobiology, 7ed. (© Garland Science 2008)

mature Langerhans cell

resident dendritic cell

23
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Maturation of conventional DCs (2 stages)

Fig. 9-14
Immature dendritic cells in ] Periphera|S —> Iymphatics
peripheral tissues encounter pathogens _ _
and are activated by PAMPs High expressions of

CCR1 m CCR1, 2,5, 6; but not CCRY
m Toll-like receptors (TLRS)
s DEC205 (phagocytosis receptor)

PAMPs phagocytosed (via

S Z DEC205), and recognized by TLR
TLR signaling induces CCR7 and enhances TLR signaling

processing of pathogen-derived antigens

> Iinduction of CCR7 expression
(DCs become ‘licensed’)
> Ag processing

CCR?7

Lymphatics No B7-1 nor B7-2
N4 expression yet!! ”

Figure 8-14 part 1 of 3 Immunobiology, 7ed. (© Garland Science 2008)




Maturation of conventional DCs (2 stages)

~

molecules and MHC molecules

. 4
CCR7 directs migration into lymphoid tissues
and augments expression of co-stimulatory

peptide:
MHC
i

CCR7

DC-SIGN
Lymph node

32 =

b 4
Mature dendritic cell in T-cell zone
primes naive T cells

CcCL18

ICAM-2

Figure 8-14 part 3 of 3 Immunobiology, 7ed. (© Garland Science 2008)

m Lymphatics = lymph node

High expressions of
m CCRY7, DC-SIGN
m B7.1,B7.2
m MHC-I & -l
m ICAM-1 & -2

Attracted to L.N. by CCL21/CCL19
chemokines (via CCR7)

No longer phagocytic!!

25



" Fig. 9-15
B cells use BCRs to efficiently present Ags

Specific antigen efficiently [ | High density of specific
internalized by receptor- antigen fragments
mediated endocytosis presented

Antigen-specific
B cell binds antigen

1. B cells bind soluble antigens via their surface Ab (BCR)

2. Ags are endocytosed and presented as peptide:MHC-II complex
- MHC-II from low to high after ingestion of Ag

3. Bacterial products (Ags) cause B cells to express high levels of B7
—> capable of stimulating naive T cells.

4. Without the co-stimulatory signal, B cells presenting self-Ag to
naive T cells will cause the inactivation of these T cells (anergic or .
unresponsive)




" -H . Fig. 9-16
roperties ot various APCs
Dendritic cells Macrophages B cells

\@OO

‘I@ O@

+++ Macropinocytosis

Antigen-specific

Antigen and phagocytosis Phagocytosis
uptake by tissue dendritic cells +++ rece+p:::_(lg)
Viral infection
MHC Low on tissue dendritic cells Inducible by Constitutive
el High on dendritic cells in bacteria and cytokines ||| Increases on activation
P lymphoid tissues - to +++ +++ to ++++
Constitutive by mature,
Co-stimulator nonphagocytic lymphoid Inducible Inducible
delivery dendritic cells - to +++ - to +++
++++
Anti Peptides Particulate antigens Soluble antigens
a0 Viral anti I llular and Toxi
resanted iral antigens ntracellular an oxins
P Allergens extracellular pathogens Viruses
Ubiquitous Lymphoid tissue ¢ 1 as
Location throughout Connective tissue #Z:pl? eorI:I gf:gce’
the body Body cavities P

Figure 8-16 Immunobiology, 7ed. (© Garland Science 2008)



Priming of naive T cell by
pathogen-activated DCs

28
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Cell-surface adhesion molecules crucial in the
Interaction between T cell and APC

Unique in T cell-DC interaction

Fig. 9-17
T cell Integrins:
e [class] (distribution]  [ligand]
(C02) LFA1  LFaq | \CAWS
S LFA-1 (B2) T cells ICAM-1/-2
LFA-2 T cells LFA-3
- LFA-3 APCs, lym.  LFA-2

i Fig. 9-25

Cell-surface molecules

NG

DC-SIGN I %::
: o |l ol

CD209
jen-presenting | Bl il i A 1

cell :'::“ Lselectin| TP, |CD4SRA|CDASRO| VLA-4 | D4 reTc:;:Lr LFA-1 | D2 | D44
O lg superfamily members: | Resting | R - - R R DR IR
CDZ, CD58, ICAM- 1, 2, -3 Activated - - - + + + +

Figure 9.25 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)
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Specific antigen recognition enhances
Interaction between T cells and APCs

Signhal #1 = A+ B + C (in order) Fig. 9-18
T cell initially bind APC Subsequent binding | Conformational change In
through low-affinity of T-cell receptors LFA-1 increases affinity and
LFA-1:ICAM-1 interactions signals LFA-1 prolongs cell-cell contact

T cell
CD4 TCR LFA-1

T cells proliferate
and divide into
effector cells

= (via CD28:
B7.1/B7.2
Interaction)
Signals #2 & #3

ICAM-1/{2 ICAM-1/}2
antigen-presenting cell (APC)
Low-affinity transient binding High-affinity binding
(between LFA-1 & ICAM-1) (can last for several days)

—> T cell sampling can occur 20



cytokines
B7.1 IL-6

B7.2 7 IL-12

TGF-B
| @l CD28 j

Figure 8-19 Immunobiology, 7ed. (© Garland Science 2008)

APCs deliver 3 signals to
activate T cells

. Fig. 9-19
m Occurs in order J

m #1 (TCR-MHC)
1 Initial activation

m #2 (CD28-B7)
1 Effective activation
1 Increased survival and proliferation

m #3 (cytokines & surface proteins)
1 Determine effector T responses

31



"
Variation in signal #3 causes CD4+ T cells to
acquire different effector functions

Fig. 9-29
Signal 3 delivered by antigen-presenting cell
TGF-B IL-12
TGF-B IL-6 L6 IFNoy IL-4
N = =
N N

RORyT T-bet

TGF-B, IL-10

IL-21, ICOS

IL-6, IL-17

IL-2, IFN-y

IL-4, IL-5

T,eg cells

Tey cells

Ty17 cells

Tyl cells

Ty2 cells

Figure 9.29 Janeway’s Immunobiology, 8ed. (© Garland Science 2012)
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L-2 drives resting T cells into activation

Moderate affinity for IL-2 High affinity for IL-2 Fig. 9-20

(IL-2R)
— IL-2 receptor — IL-2 receptor
s Thy - E
4 N -~
Resting T Cell Activated T cell
IL-2R B & y chains IL-2R o chain = CD25
—> Constitutively expressed on Synthesis of CD25 is triggered by

resting T cells co-stimulation signal!! 33



" A '
IL-2 is key to Ag-induced T cell 3\ 51)”
proliferation and differentiation v O

Y W
Fig. 9-21 1L-2 |
Resting T cells express only a S 2 J é’ \\

moderate-affinity IL-2 receptor
(IL-2RB and v chains only)

DAL
Binding of IL-2 to its receptor signals
the T cell to enter the cell cycle

Autocrine
stimulation (a cell
makes a hormone that
IS secreted and
stimulate the cell that
made it)

moderate-affinity
IL-2 receptor

-

L T—
ILL-2R0L

- =
Activated T ceMxpress a high-
affinity IL-2 receptor (IL-2R«,  and
v chains) and secrete IL-2

Cells divide 2-3 times
per day for 4 or 5 day
(212=4096)

IL-2 is also called

“T-cell growth factor”
) ¥ 34

Figure 8-20 Immunobiology, 6/e. (© Garland Science 2005)
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Signal #2: B7 on activated APC binds to CD28 on T cells

Outer ring (red) Inner circle (green)
pSMAC cSMAC
TCR, CD4, CD28 | \ °
AN o4 TCR/tDS D28 CD28 is the receptor
] complex L

B7 is the ligand

Figure 8-30 Immunobiology, 6/e. (© Garland Science 2005)
Fig. 9-31

“Synapse” <
between the T

cell and the -There are 2 isoforms of B7
APC (dendritic | B7.1 = CD80
cell) B7.2 = CD86

-Both are Ig superfamily
members

APC ‘MHC class I

35

Figure 8-11 Immunobiology, 6/e. (© Garland Science 2005)
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IL-2 (T-cell growth factor) and IL-2 receptor

are made by activated T cells
An autocrine loop

T cell get signals 1 and 2 resulting in T
cell expression of CD40L and
secretion of IL-2

D

(Interleukin = IL)

36
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m T cell gets signals 1 and 2

resulting in T cell expression of
CD40L and secretion of IL-2

TCR and CD28 on T cell
bind MHC Il plus peptide

and B7 on DC
CD40L binding to CD40
causes the DC to
,}’”) express high levels of B7
- to better interact with T
4 »

cells and activate them

Signal sustained by action of CD40
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ignal #1 + #2 activate the T cell

Signal # 2 alone has no effect on the T cell
Signal #1 alone inactivates the T cell
f —>ignal

Fig. 9-23

Co-stimulatory signal alone

Specific signal alone

T-cell
receptor

- E

MHC
class Il

< =

o~

No effect on T cell

_ N/
Inactivates T cell (anergy)

Figure 8-21 Immunobiology, 6/e. (© Garland Science 2005)

Signals #1 + #2 MUST come from the

same cell (APC) !

This can prevent tissue specific self-

proteins from activating T cells.
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" A
Signal 1 without signal 2

leads to anergy

Specific signal and co-stimulator
APC
MHC
class Il
antigen
T-cell cos 2 1+2
receptor activats
1
L T cell
-\
Activates T cell

Figure 8-10 Immunobiology, 6/e. (© Garland Scie!

Why?

nce 2005)

Naive T cell stimulated
by virus-infected

T cell recognizes same
antigen on infected

Activated T cell kills
infected epithelial cells

np po
e

oo
=L

A
® /A

Naive T cell regognizes
self antigen on
epithelial cell

Antigen-specific signal
alone induces anergy

T cell is unresponsive to
self antigen on
dentritic cell

No signhal 2

dendritic cell epithelial cell
Activated pr
=8 effector T cell
I
0

T cell

ot

Figure 8-13 part 2 of 2 |

- So only antigens associated with inflammation activate T cells (right-top), and

- Self Ags inactivate anti-self T cells (maintenance of tolerance; not in bone marrow but
peripheral tolerance). (right-bottom)

- Thus, auto immune diseases are avoided.
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TLA-4 modulates activation of T cells by

attenuating signal #2 (termination signal)

signal during activation of naive T cells and
induces the expression of CTLA-4 (CD152)

Cross-linking of CD28 delivers the co-stimulatory

does CD28 and delivers inhibitory signals to
activated T cells

CTLA-4 binds B7 (CD80 or CD86) more avidly than

naive T cell 6 é @ activated T cellé 6
. = - il 5 ] e =
= ol 0 (0 (] O
receptor (CD152) : .
B7 Antigen 0)
MHC
class i
- J ]
antigen-presenting cell antigen-presenting cell

Figure 8-12 Immunobiology, 6/e. (© Garland Science 2005)

Similar to Fig. 9-22

(1). Activated T cells express CTLA-4

on their surface, thus limiting signal# 2.

(2). CTLA-4 exhibits higher affinity to

B7 than CD28 to B7 (>20 times hlgherf
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Macrophage presentation of proteins (self or foreign) in the absence of co-
stimulation will cause the inactivation of naive T cells

Monbacterial protein
antigen

ranbachenal macrophags

a nonbacterial antigen

prabein
= &

N L4
Unstimulated macrophages| | Bacteria stimulate macro-
do not deliver a co- phages to deliver a
stimulatory signal to co-stimulatory signal to

T cells recognizing T cells recognizing

a bacterial antigen

B ria and
‘ mnh:ﬁﬂalhn |Macrophages

o 5

R
Bacteria stimulate macro-
phages to deliver a
co-stimulatory signal to
T cells recognizing
a nonbacterial antigen

«®

W
T cell

o o

Anergic T cells

Pl
Proliferation and
differentiation of

T cells specific for
a bacterial protein

L
Proliferation and
differentiation of T cells
specific fora
nonbacterial protein

Figiare 8-16

1. Resting

MHC-II (- to low); B7 (-)
2. Activated

MHC-II (high); B7 (+)

So, how do you
make antibodies
(vaccines) to non-
bacterial antigens or
purified proteins?

|

The addition of
adjuvants 41
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Activated T cells DO NOT need co-stimulation signals to
carry out their function!!

Co-stimulation ONLY

required for activation

Effector T cells = Activated T cells

Proliferate and
acquire effector
function
(differentiate)

No co-stimulation is
required to carry out the
effector function

Stimulation of naive T cell

Proliferating T cell

Active effector T cells kill
virus-infected target cells

T cell

< 5

IL-2 receptor
> A s
b -/ \4‘ .

IL-2

/\/\/\/\f

RECOGNITION

?

PROLIFERATION DIFFERENTIATIO}

EFFECTOR FUNCTION

Figure 8-22 Immunobiology, 6/e. (© Garland Science 2005)

Fig. 9-24 42



Naive immature CD4" cells leave the thymus _,
having the potential to become either TH1 or

TH2 (uncommitted). Referred to as THO.

After antigenic stimulation, they beginto ————

acquire effector functions but are still
uncommitted THO cells

Cytokines and unknown factors
drive the cells to become TH1 or
TH2.

Generally, one expects the
response to be dominated by TH1
(CMI) or TH2 (humoral immunity),
not a balanced response

Naive CD4 T cell
(uncommitted)

THO Antigen +
co-stimulation

< 2
LN
Proliferating T cell

<

Immature effector
T cell (THO0)

IFN-y

IL-10

{7

Ty1 cell

)

T2 cell

= =

-

Activates macrophages;
induces B cells to
produce opsonizing
antibody

Activates B cells to
make neutralizing
antibody; has various
effects on macrophages

Fig 8.24 © 2001 Garland Science

Leprosy (see Fig. 11.6)



(I) Naive CD8* T cells can be activated on virus-infected
DCs - anti-tumor CD8 T cells

Dendritic cells express high levels of B7
and can activate naive CD8 T cells

Activated CD8 T cell makes IL-2, driving
its own proliferation and differentiation

o
e e Virus-infected dendritic cell ®

e o Virus-infected dendritic cell ®
o

LN

Figure 8-25 Immunobiology, 6/e. (© Garland Science 2005)

Similar process as seen in the activation of naive CD4+ T cells

-Requires 2 signals

- Produce IL-2 for autocrine stimulation



APC stimulates effector CD4 T cell,
which in turn activates the APC

D4Tce D8 T C
CD28 activate
CD4 CD8
il I )
MHC 1I MHC |
Fiq). 9-27 antigen-presenting cell

o =

b 4
Activated APC expresses CD40 and
4-IBBL, which co-stimulates

naive CD8 T cell
|
cDa4oL .5 4-1BB
O
CD40 4-1BBL

Figure 8-26 Immunobiology, 6/e. (© Garland Science 2005)

(I) Some CD8 T-cell
responses require help from
CD4 T cells - anti-vial or
graft

1. Activated CD4 cells express
CD40L and IL-2

2. CD40L-CD40 interaction
stimulates APC to express higher
levels of B7

3. Then, the APC can activate the
CTL (the CD4* cell “licenses” the
APC to activate CTLs). This is key
when there are few bacterial
products to activate the APC (e.qg.,
viral infection).

Both T and APCs receive activating
signals from each other (p.329)

- termed “T-cell: APC dialogue” 45



" SARENAof Effector Cell Functions

Once activated (acquire their effector
function), T cells go to the site where they
can carry out their effector function.

1. CTLs go the site of the infection and
perform direct killing of self-cells infected
with intracellular pathogens (e.g. viruses).

Fig. 9-26

CD8 T cells:
peptide + MHC class |

Cytotoxic (killer) T cells

virus-infected
cell

2 5

apoptotic cell

46



" SARENAof Effector Cell Functions

Fig. 9-28

2.T,1 cells can
CDA4 T cells: peptide + MHC class II

(a) go to the site of the infection ,or T, 1 cells T,2 cells

(b) stay in the lymphoid organ to
help certain B cell responses

IL-4, IL-5,

- Macrophage activation (principal role) IL-13

- 1gG1/G3 production by B cells

cellular

macrophage bacteria

3. T,2 remains in the lymphoid organ N
to help B cell responses

- g swtich to classes other than IgG

- Proliferation of naive B cells

dead intracellular
bacteria




. .
_--ERRoiEffector Cell Functions .

CDA T cells: peptide + MHC class Il

4. Other T cell types

Ty17 cells Tey cells T,eg cells

inhibit

2

fibroblasts, imm.a?ure
epithelial cells dendritic cell
chemokines
2 = < =

N

A
bt
g B cell
I (
Y

neutrophils isotype switc:hing,\’A lack of
affinity maturation T-cell activation




General properties of
effector T cells and their cytokines

49
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How does CD8 T cell kill target cell?

Requirements of killing by CTLs

1. Non-specific interaction
between LFA-1 (CTL) and
ICAM (target)

2. Ag-specific interaction
between TCR (CTL) and
MHC-I/peptide (target)

Fig. 9-30

The initial interaction of CD8 cell
with target is made by
nonspecific adhesion molecules

v
No antigen-specific interaction:
cells separate

DA
Antigen-specific recognition: stable

pairing and focused release
of effector molecules

dle SO\
1

G '
£ 2 | £
<i
N
Death of target and release
of the CD8 T cell

Figure 8-28 Immunobiology, 6/e.(© Garland Science 2005)



Polarization of T cell during Ag-specific recognition of its target

- Allows lytic granules focused on the Ag-bearing cell

Collision and nonspecific adhesion

CTL alone

cytotoxic T cell

target cell

- Dispersed lytic granules (red)

Specific recognition redistributes cyto-
skeleton and cytoplasmic
components of T cell

CTL attacking a target cell

-Reorganization of actin
microtubules (green)

-Focused lytic granules on the
site of contact

Fig. 9-32

ol

Figure 8-29 part 3 of 3 Immunobiology, 6/e. (© Garland Science 2005)



CD8 T cells: . .
peptide + MHC class 1|  Different T cell effectors Fig. 9-33
oyrotoxic (killen Teells | Produce different effector

molecules
Cytotoxic
effector Others
molecules
Perforin
Granzymes IFN-y
Granulysin LT-a
Fas ligand TNF-a
CDAT cells:
peptide + MHC class Il
Tyl cells Ty2 cells Ty17 cells T,eq cells
Barrier
Macrophage: immunity : -
acovating Others activating Others NNante aphi Others SUBPEESSINE Others
effector affiéctor recruitment cytokines
molecules
molecules
IL-3
ENCY L3 IL-4 GM-CSF
e CXCL;TZZRO ) i (20 iz INE iL-20 GM-CSF
PR Sl B IL-13 TGF-8 17F |exeLt (GRoa) TGF-B
Fas li |gar:’ CDA40 ligand | CCL11 (eotaxin)
e CCL17 (TARC) 57




'._uce different effector molecules

CD4 T cells:
peptide + MHC class |l

Similar to
Fig. 9-33

(EFRIRSEH)

CD8 T cells:
peptide + MHC class |

Cytotoxic (killer) T cells

Tyl cells

Ty2

cells

virus-infected

cellular

antigen-specific

el bacteria B cell
macrophage
5\ A 2 5 7
l:1,\vtic:-t|:|+:|n;i::.wq'~ Macr_Ophage\-/ ::Et:n:tl'l-
effector Others activating Others 3Eﬂ"""¢tg"9 Others
molecules effector ector
molecules molecules
L3
: EN-v | IL3 - :
Granzymes |— X GMLCSE | TNFp | I——iCs—ilqo
Granulysin | ThEC TP (IL-2 L-15 TGF-3
Fesligand | P CDd0ligand |~ CXCL2 CD40 ligand | CCL11 (eotaxin)|
I | rastigand | (GROB) CCL17 (TARC)
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cell cytokines

Fig. 9-34

! Effects on Effect of
Cytokine T-cell source gene
B cells T cells Macrophages SISTNEG . Other tissue knockout
poietic cells cells
; Stimulates . | T-cell
Interleukin-2 (IL-2) Naive, CTB-lsl growth and Growth = s?:ﬁ"'?_:ﬁ::" - responses
some J-chain synthesis 9 IBD
Differentiation Inhibits Ty2 Activation, - Antiviral Susceptible to
Interferon-y (IFN-y) Tu1, CTL IgG2a synthesis cell growth 1 MHC class | ctivates 1 MHC class | mycobacteria,
(mouse) and class Il NK cells and class Il some viruses
A ' : ; Absence of
: Activates, > Kills
Lymphotoxin-a Tul, o : ; 5 Activates lymph nodes
Inhibits Kills induces : fibroblasts and : A
(LT-c, TNF-B) some CTL NO production neutrophils fihoe calls Disorganized
' spleen
Activation, growth - Inhibits
Interleukin-4 (IL-4) Tu2 a1, 9= 1 macrophage 1 Growth of ' No Ty2
T?:';c :é“s i puvival activation mast cells
uction
Mouse: 1 Eosinophil
Interleukin-5 (IL-5) Tu2 Differentiation - - growth and = eoz?::cle\ﬁia
IgA synthesis \ 4 differentiation P
S ) Tu2 (human: e Inhibits cytokine Co-stimulates - |
Interleukin-10 (IL-10) some Tu1), Treg 1 MHCclass I Inhibits Ty1 volsasi fisaiat coll Growib BD

Figure 9.34 part 1 of 2 Janeway’s Immunobiology, 8ed. (© Garland Science 2012)

IL-4 is also called the ‘class-switching factor for IgE synthesis’.

T,1 produces IFNy to inhibit TH2. And, T,,2 produces IL-10 to inhibit TH1.

Thus, usually, either TH1 or TH2 dominates and the other is very low. 54




cell cytokines

Fig. 9-34

) Effects on Effect of
Cytokine T-cell source gene
B cells T cells Macrophages SIS Other tissue knockout
poietic cells cells
grmh ffacitt’or

2 3 T, Ty2 = = = r progenitor = i

Interleukin-3 (IL-3) some CTL hematopoietic
cells (multi-CSF)
. Activates, Activates Susceptibility
:’umor "e?::'s Tul, som:T{"z = - induces = microvascular to Gram -ve
actor-a (TNF-a) some NO production endothelium sepsis
—
Granulohcyte- " - Activation 3ran'ulocyl:es
macrophage Hl, sOme Iy . P ) 2 soge and macrophages - -
colofy-stimulating some CTL Differentiation Inhibits growth? Dldffeet:de?i:li:t::‘lsto (vslonolesis)
factor (GM-CSF) ‘and dendritic
cells
Transforming CDA4T cells Inhibits Inhibits growth, sure g Inhibits/
; growth Inhibits Activates 4 Death at
?;2:’_?;) factorp (Treg) l IgA switch factor p;:xi?’ t:ls activation neutrophils csetlllmgt:'I::vet; ~10 weeks
Stimulates
CDAT cells Stimulates fibroblasts and
Interleukin-17 (IL-17) (Tu17) - - - neutrophil epithelial cells -
macrophages recruitment to secrete
chemokines
Figure 9.34 part 2 of 2 Janeway’s Immunobiology, 8ed. (© Garland Science 2012)
TH1 produces IFNy to inhibit TH2. And, TH2 produces IL-10 to inhibit TH1.
Thus, usually, either TH1 or TH2 dominates and the other is very low. 55
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T cell-mediated cytotoxicity
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TLs are serial killers!!!

Fig. 9-35

CTL recognizes and binds
virus-infected cell

CTL programs target for death,
inducing DNA fragmentation

CTL migrates to new target

Target cell dies by apoptosis

S7



Collision and nonspecific adhesion

Polarized release of cytotoxic granules by CTLs

|

After 4\6inutes

o =
Specific reoogn\ltﬁn redistributes
cytoskeleton and cytoplasmic

components of T cell

Release of gra\r{ules at site of

R
cell contact After 40 minutes

CTL are susceptible
to being killed by
other CTLs but they Fig 8.38 © 2001 Garland Science

do not kill themselves Fig. 9-38

J
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i gP::'t:ﬂlr; ;nolfyt s Actions on Il
cytotoxic T cells target cells Fig. 9-36 Also, CTLs release IFN-y to
— Polymerizesto form a 1. attract and activate
L pore in target membrane macrophages, and
Serine proteases, ; i : ; ;
i which st ivaiis appplsi 2. inhibit viral replication.
Ianzymes once in the cytoplasm _
of the target cell 3. IFNyis also made by T,1 cells
Granulysin Induces apoptosis Endonucleases that
degraded host DNA
_ Induces during apoptosis
Fas ligand on || apoptosis in cells may also degrade
the surface expressing Fas - .
on their surface viral DNA Perforl n
S e R
and polymerize in the membrane
Complement  [Fihaas Extrior
(Ch 2.35)
15nm . 16nm
| [3nm |
10nm d 59
Figure 8-36 Immunobiology, 6/e. (© Garland Science 2005)



Engagement of TCR by peptide:MHC
complex causes directed release

of perforin and granzymes

complexed with serglycin

ytotoxic

TCR granzyme 9granule
perforin
o R
~ 2 virus-infected cell
< =
N

Granzyme is delivered into the
cytosol of infected cell and targets
BID and pro-caspase-3

. C B N

@ ©
BAX _ o Q
BAD '

BID pro-caspase-3

N

Figure 8-38 part 1 of 3 Immunobiology, 7ed. (© Garland Science 2008)

Jd L

Truncated BID\(/tBID) disrupts
mitochondrial outer membrane,
and activated caspase-3 cleaves

ICAD, releasing caspase-activated

DNase (CAD)
( cytochrome ¢ N
4.; _ ' tBID '.’ CAD

caspase-3

=~

Release of cy}éhrome c into
cytosol activates apoptosis, and
CAD induces DNA fragmentation

= -

¢
cleaved ICAD o 4

@ ®q

B
B ‘YKDI;I&/\

Figure 8-38 part 3 of 3 Immunobiology, 7ed. (© Garland Science 2008)

o
o)
O

Fig. 9-37
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Can kill with no bystander

CTLs

A

killing ("R B SE)

v

Can be proficient serial killer

(SRR T)

T cell recognizes infected cell

Fig. 9-39

-

N/
Neighboring uninfected
cells are not killed

& § f%.* a0
QT@TG

Infected cell is programmed for death

Q

CTL recognizes and binds CTL programs target for death,
virus-infected cell inducing DNA fragmentation

CTL migrates to new target

%

Figure 8-38 Immunobiology, 6/e. (© Garland Science 2005)
TaiyetL Gell uIied vy dpupLusis

Figure 8-34 Immunobiology, 6/e. (© arland ience 2005)

61




*Macrophages can kill most bacteria w/o the help of antibodies or TH1 cells.

*Abs serve as opsonins to aid in phagocytosis

*TH1 provide IFN-y to activate macrophages

«Certain bacteria, such as Mycobacterium tuberculosis and M. laprae can
live in macrophage vesicles. TH1 helps lysosomes fuse with vesicles
containing bacteria.

Infected
Lol macrophage

02'= superoxides and other reactive oxygen species

Macrophages
activation by TH1
requires |IFN-y
and CD40L

Activated macrophage

& J

Once activated,
macrophages
are highly
microbicidal!!

< CD40 ligand CDAQ:

...... e

I ’y

Ny EN v’ TNFRH

.. IFN-Y ‘receptor

CDA0g g .-

MHC
class | &

Figure 8-39 Immunobiology, 6/e. (© Garland Science 2005)

B7
molecules . i
Figure 8-40 Immunobiology, 6/e. (© Garland Science 2005) I n d u C eS N O
Fig. 9-40, 41
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Macrophage activation by TH1 requires IFN-y and CD40L

*IFN-y from the TH1 or from CTL.
Therefore, IFN-y is characteristic of
cell-mediated immunity (CMI)

G

g,

*IFN-y increases macrophage expression
of CD40

N LPS and other bacterial products make
receptor Macrophage more responsive to IFN-y

*Macrophage activation is a typical TH1-
D mediated immunity

Inhibited by IL-10 inactivates
macrophages (IL-10 made by TH2
Fig. 9-40, 41 cells)

TH1 does not store IFNy so it must synthesize it upon contact with macrophage.

It may take hours to make the IFNy and to activate the macrophage.

The TH1 cell stays engaged with the macrophage for the entire process.
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ummary o

Activated Ty1 cell

)

H1 effector mechanisms

s

= L

Y 5

Y 5

2 5
Mg

2 5
DL

i (a chefmokine)
Jszlﬁi;::d F:rsT",?,?_'éd IL-2 IL-3+GM-CSF || TNF-o+ TNF-p ccL2
St diapedesis
e . o
el Sk - @O: O O
@{”.':'-_%“g 3;%22, | chemotams
My lumen
o = . o o
o 9 e ° 9O o
%) ¢
@ (=] o)

Activates
macrophage
to destroy
engulfed bacteria

Kills chronically
infected cells,
releasing bacteria
to be destroyed by
fresh macrophages

Induces T-cell
proliferation,
increasing numbers
of effector cells

Induces
macrophage
differentiation
in the bone marrow

Activates endo-
thelium to induce
macrophage binding
and exit from blood
vessel at site
of infection

Causes
macrophages
to accumulate

at site of infection

Figure 8-41 Immunobiology, 6/e. (© Garland Science 2005)

Fig. 9-42
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When the macrophages are incapable of killing intracellular bacteria (or there is
chronic inflammation from an agent that cannot be removed), a granuloma may
form to protect against further spreading of the pathogens.

Partial removal of live
M. tuberculosis

mycobacteria

multi-
nucleated
giant cell
epithelioid
cell -

T cells

Figure 8-42 Immunobiology, 6/e. (€ Garland Science 2005)

Fig. 9-43

Multinucleated
giant cell

35

Derived from g* 3
macrophagess#

“65



"
Summary

m |nitiation of adaptive immunity begins when
naive T cell encounter APCs + Ag and requires
co-stimulatory signals.

m Activated T cells produce IL-2 and drive
themselves to proliferate and differentiate into
armed effector T cells.

m Armed effector T cells can be triggered to
destroy infected cells, independently of co-
stimulatory signals.
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