Immunology

Cell-Mediated Immunity:
The Response to
Altered/Infected Self
Chapter six

Introduction:
As we have discussed before, acute inﬂammation is designed to combat microbes with
rapid reproductive rates that must be stopped quickly before they enter critical tissue
spaces. The cell-mediated immune response, on the other hand, is designed to
manage much more insidious invaders…those that invade host cells and hide inside
them, hijacking the cell’s own synthetic machinery and spreading from cell to cell to
cause the disease as a result of loss of normal cell or tissue function. The eradication of
invaders hiding intracellularly requires precise mechanisms of identiﬁcation of the
difference between normal and altered host cells. The evolutionary struggle between
the microbes that carry out their lifecycles inside our cells, and the immune effector
cells that must control them, has caused the development of a variety of mechanisms
to control a variety of pathogens.
Overview of immunity
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Early Signaling for CMI
Microbes which invade host cells as soon as they are transmitted to man do not set off
the complex signals which we associate with acute inﬂammation. However, innate
lymphoid cells exist in virtually all barrier tissues (skin and mucosa) and these cells
recognize signals indicating cellular injury and altered function (DAMPs) and synthesize
cytokines which induce APCs to differentiate down the classical pathway of activation.
In the presence of IFN-γ (from resident NK cells) and TLR ligands which indicate unusual
intracellular processes (double-stranded RNA, CpG DNA etc.), macrophages and
dendritic cells will phagocytize cellular debris and process and present it to mature
naïve TH cells in the context of MHC class II. This, along with the cytokine signal of IL-12,
will induce the activation and differentiation of TH1 cells which will control all of the
effector mechanisms downstream.
Effectors of CMI
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Effectors of Cell-Mediated Immunity
1. Macrophages

In the special case where the infected host cell is actually an APC in the mononuclear
phagocytic system, the TH1 delivers IFN-γ to cause the increased efﬁcacy of intracellular
killing mechanisms.
• The best membrane marker to identify macrophages is CD14 (the endotoxin
receptor).
• This is the preferred mechanism of control of facultative intracellular microbes
such as mycobacteria, Listeria, Francisella, Brucella, Legionella, Yersinia pestis,
Salmonella typhi, Nocardia and Histoplasma capsulatum.
• This is the one case within the CMI system where the APC and the effector cell are
the same cell.
• The end pathologic lesion of all such infections is the granuloma: a spherical
accumulation of TH1 cells and activated, highly secretory macrophages
(epithelioid cells).
2. Cytotoxic T Lymphocytes (CTLs)

The CTL is the most efﬁcient effector cell for most obligate intracellular microbes
(viruses, Chlamydia, Rickettsia, sporozoan protozoa and Leishmania). They are also a
critical defense against neoplastic change.
CTLs are attracted to the location of infection or malignant transformation by TH1
production of IFN-γ and chemokines. IL-2 produced by TH1 cells induces their
proliferation.
Remember that all nucleated cells make MHC 1 molecules and load them with peptides
made inside the cell. If the cell has neoplastic change or if there is an intracellular
pathogen infecting it, then the abnormal peptides can serve as a signal to the CTL that
the cell needs to be removed.
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CTLs kill extracellularly if their TCR binds to an altered cell wearing abnormal peptides in
the groove of an MHC 1 molecule.
• Cytoskeletal rearrangement leads to exocytosis of granules against the target cell.
• Perforin and granzymes activate the extrinsic cascade of apoptosis through
caspase 8.
Mechanism of Tc killing
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3. Natural Killer (NK) Cells
NK cells are a category of innate lymphoid cell that targets cells that do NOT express
MHC 1. This is important because many viruses (herpesviruses and HIV) as well as
cancers have “learned” to avoid CTL killing by downregulating expression of MHC.
Although they are never as effective as a CTL in removal of infected or malignant cells
because they exhibit no memory, they are important when other mechanisms do not
work.
• NK cells are identiﬁed by their CD markers – CD16 (the Fc receptor) and CD56
(unknown function)
• Target cell identiﬁcation is with a 2-signal system of killer Ig-like receptors (KIRs).
• An activating signal is received from binding to a DAMP.
• An inhibitory signal is received from binding to MHC 1.
• Killing is extracellular through perforin and granzymes.
NK cell killing
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4. Antibody-dependent Cell-Mediated Cytotoxicity (ADCC)
The ﬁnal effector mechanism controlled by the TH1 cell is ADCC.
• This mechanism of target cell killing can be exercised by any cell with an Fc
receptor (CD16; monocytes, macrophages, NK cells, neutrophils and even
eosinophils).
• The targeting is done by the binding of speciﬁc antibody, and once identiﬁed, the
target cell is induced to undergo apoptosis in response to the release of perforin,
lytic enzymes and tumor necrosis factor (TNF) from the ADCC cell.
• The antibody is IgG with exception of that used by eosinophils to target helminth
parasites; in that case it is IgE.
ADCC
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Summary: The CMI side of Nirvana
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#MMC
1. Cytomegalovirus (CMV) is a herpesvirus that causes the cells that it infects to
produce a fake MHC 1 molecule. What would you predict about the pathway for
infected cell killing by the immune response?
2. Inﬂiximab is an inhibitor of TNF-α which is used in the therapy of rheumatoid arthritis,
Crohn disease and other chronic inﬂammatory conditions. Can you predict what
category of infectious agents would be a risk in patients treated with this
monoclonal antibody, and explain why?
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Before you leave, can you…
1. Explain the molecular signaling necessary to stimulate the APC1-TH1 pathway and
name the infectious or pathological situations in which it would be important.
2. Name the 4 effector mechanisms within CMI and give examples of when each would
be important.
3. List the identifying markers for each of the effector cells and describe the
mechanisms by which they kill.
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