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Figure 9.13 Janeway’s Immunobiology, 8ed. (© Garland Science 2012)
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FIGURE 12-5 Role of CD4 and CD8 in promoting T cell responses. These molecules

link the T cell to the antigen-presenting cell, binding the two cells together and ensuring
that an effective signal is transmitted between them. CD4 binds to major histocompatibility
complex (MHC) class | molecules. This interaction is seen in Chapter 8, Figure 8-6, A.

Elsevier items and derived items © 2009 by Saunders, an imprint of Elsevier Inc.



Co-stimulatory signal alone

Antigen-specific signal alone

APC

co-
stimulator

T-cell
receptor

No effect on T cell

Inactivation (anergy) or deletion of T cell
Decreased TCR signaling through induction
of GRAIL and activation of Cbl

Figure 9.23 Janeway’s Immunobiology, Bed. (© Garland Science 2012)




MHC

class Il IL-6

IL-12
: TGF-B
D28 IL-4

Figure 9.19 Janeway'’s Immunobiology, 8ed. (© Garland Science 2012)



T cells

Antigen
receptors

Helper 1 Memory  Cytotoxic Memory
Helper 2 Regulatory

Helper 17

Regulatory

FIG. 14.2 T cells can be divided into many different subpopu-
lations based on the antigen receptors they employ, on the
accessory molecules that support their activity, and ultimately
on their functions.
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population. Once polarized, the T cells synthesize and secrete different mixtures of effector
cytokines.
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FIG. 14.14 Major differences between Th1 and Th2 popula-
tions. Note that the polarizing cytokines that trigger them are
different, as are the set of effector cytokines they secrete.
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major properties.
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FIGURE 12-15 The cytokines produced by Th2 cells and their major properties.
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FIGURE 12-14 Different antigens can trigger distinctly different Th cell subpopulations. For
example, T cells exposed to a parasite antigen from the roundworm Toxocara canis mount
a Th2 response and secrete primarily interleukin-4 (/L-4) and IL-5. In contrast, T cells
exposed to purified protein derivative (PPD), an antigen from Mycobacterium tuberculosis,
mount a Th1 response characterized by secretion of interferon-y (IFN-y) and IL-2.

(From Del Prete G, De Carli M, Mastromauro C, et al: J Clin Invest 88:346-350, 1991.)
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FIG. 14.8 The induction of Th17 cells by exposure to a cytokine
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by IL-21 and maintained by IL-23. Th17 cells promote neutrophil
accumulation and acute inflammation.
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FIGURE 16-11 Normal macrophages are killed by growing intracellular bacteria. Interferon-y (IFN-y)
and interleukin-2 released by Th1 cells can activate macrophages and so enable them to kill otherwise
resistant intracellular bacteria.
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FIG. 18.13 The two pathways by which macrophages can be
activated. One involves IFN-y production by natural killer cells
and is thus an innate pathway. The other is mediated by |IFN-y

from Th1 cells and is an adaptive response.



Infection

T %
Phagocytosis
* ITNF-a
| IL-12
‘ NK cell Th1 cell ‘
| |
IFN-y IFN-y
i IL-2
Incompletely Fully
activated activated
macrophage macrophage

FIG. 18.14 M1 macrophage activation probably develops in
stages. Thus IFN-y produced by NK cells probably activates
macrophages in the early stages of an immune response. If
this is insufficient, then Th1 cells are activated, and the com-
bination of IFN-y and IL-2 that they produce causes maximal
M1 activation and polarization.



FIGURE 16-14 Stained cultures of mouse macrophages grown
under identical conditions: Left, Normal unstimulated macrophages.
Right, Macrophages activated by exposure to interferon-y and
acemannan. Note the cytoplasmic spreading of the activated

cells. These cells secrete large quantities of cytokines and nitric
oxide. Original magnification x400.

(Courtesy Dr. Linna Zhang.)
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FIGURE 16-15 The destruction of Listeria monocytogenes when
mixed in vitro with cultures of normal macrophages and “activated”
macrophages from Listeria-infected mice.
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FIGURE 16-13 M1 macrophage activation occurs through

two linked signaling pathways. Microbial pathogen-associated
molecular patterns acting through toll-like receptors (TLR) and
nuclear factor kappa-B (NF-xB) leads to enhanced production
of interleukin-12 (IL-12) and tumor necrosis factor-o (TNF-a).
The second mechanism acts through the interferon-y (IFN-y)
receptor and the Janus kinase/signal transducer and activator
of transcription (JAK/STAT) pathway.
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FIGURE 16-2 The two pathways by which apoptosis may be triggered. Both
lead to caspase activation, DNA fragmentation, and cell death. The extrinsic
pathway is activated by ligation of death receptors such as CD95 and
formation of the death-inducing signaling complex (DISC). The intrinsic
pathway is initiated by multiple damage signals, including injection of
granzymes, and leads to the release of cytochrome C from mitochondria,
the formation of an apoptosome, and activation of caspase 9.
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FIGURE 16-3 Major morphological features of cell
death by apoptosis.
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FIGURE 16-4 Two rat neutrophils showing nuclear
condensation and fragmentation characteristic of apoptosis.

(Courtesy Ms. K. Kennon.)

TABLE 18.1 Comparison of the Three Major Mechanisms of Cell-Mediated Cytotoxicity

Cytotoxic Cells Time Mechanism MHC Restricted Antigen Specific
NK cells 24 hr NK-mediated cytotoxicity No No
Normal lymphocytes or macrophages with 6 hr ADCC activity No Yes

FeyRIIl with specific antibody
Primed T cells 10 min T cell-mediated cytotoxicity Yes Yes




(-

FIGURE 16-5A Destruction of target cells by cytotoxic T cells.
A, Conjugation between a peritoneal exudate lymphocyte (the
small cell on the right) and a target cell. Note the lysosome-like
bodies (LY) and the nuclear fragmentation of the target cell
(T). B, A lymphocyte with the remains of a lysed target cell.

(From Zagury D et al: Eur J Immunol 5:881, 1975.)
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FIGURE 16-6 Structure of the immunological synapse that forms
between a cytotoxic T cell and its target. The outer ring of adhesive
proteins forms an effective “gasket” that prevents leakage of
cytotoxic molecules into tissue fluid. There are however two central
supramolecular activation clusters (cSMACs). One is dedicated to
signaling and so contains the T cell antigen receptor together with
accessory molecules and co-stimulators. The other is dedicated to
cytotoxic mechanisms. It is through this cSMAC that perforins,
granzymes, and the Fas-FasL signals are transmitted.
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FIGURE 16-9 Perforins from human natural killer cells on
the surface of a rabbit erythrocyte target. The arrowheads
point to incomplete rings and double rings.

(From Podack ER, Dennert G: Nature 301:44, 1983.)
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FIGURE 16-10 Major pathways by which the cells of the immune system
can kill nucleated target cells. These targets would normally be tumor cells
or virus-infected cells.
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FIGURE 16-10 Major pathways by which the cells of the immune system
can kill nucleated target cells. These targets would normally be tumor cells
or virus-infected cells.
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FIG. 14.21 y/d T cells may, depending on the species, act as innate immune cells with an invari-
ant antigen receptor. Others may act as classic helper T cells with diverse TCRs of polyclonal

origin.



