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of antigen particles by phagocytosis (by macrophages or
neutrophils) or by direct cytotoxic mechanisms (involving macrophages, neutrophils, DCs, and lymphocytes).
Under normal circumstances, orderly progression of host
defenses through these phases results in a well-controlled
immune and inflammatory response that protects the
host from the offending antigen. However, dysfunction of
any of the host defense systems can damage host tissue
and produce clinical disease. Furthermore, for certain
pathogens or antigens, the normal immune response
itself might contribute substantially to the tissue damage.
For example, the immune and inflammatory response
in the brain to certain pathogens such as M. tuberculosis
may be responsible for much of the morbidity rate of this
disease in that organ system (Chap. 202). In addition,
the morbidity rate associated with certain pneumonias
such as that caused by Pneumocystis jiroveci may be
associated more with inflammatory infiltrates than with
the tissue-destructive effects of the microorganism itself
(Chap. 244).

Immune-mediated, Inflammatory, and Rheumatologic Disorders

Molecular Basis of Lymphocyte–Endothelial Cell Interactions
The control of lymphocyte circulatory patterns between
the bloodstream and peripheral lymphoid organs operCytochrome c
ates
at the level of lymphocyte–endothelial cell interacAPAF1
tions to control the specificity of lymphocyte subset entry
into organs. Similarly, lymphocyte–endothelial cell interSubstrate cleavage
actions regulate the entry of lymphocytes into inflamed
Caspase 9 activation
tissue. Adhesion molecule expression on lymphocytes
and endothelial cells regulates the retention and subseApoptosis
IAPS
quent egress of lymphocytes within tissue sites of antigenic stimulation, delaying cell exit from tissue and preventing reentry into the circulating lymphocyte pool (Fig.
372e-11). All types of lymphocyte migration begin with
Figure 372e-10 Pathways of cellular apoptosis. There are two major pathways
lymphocyte attachment to specialized regions of vessels,
of apoptosis: the death-receptor pathway, which is mediated by activation of death
termed high endothelial venules (HEVs). An important
receptors, and the BCL2-regulated mitochondrial pathway, which is mediated by
concept is that adhesion molecules do not generally bind
noxious stimuli that ultimately lead to mitochondrial injury. Ligation of death recep- their ligand until a conformational change (ligand activators recruits the adaptor protein FAS-associated death domain (FADD). FADD in
tion) occurs in the adhesion molecule that allows ligand
turn recruits caspase 8, which ultimately activates caspase 3, the key “executioner”
binding. Induction of a conformation-dependent detercaspase. Cellular FLICE-inhibitory protein (c-FLIP) can either inhibit or potentiate
minant on an adhesion molecule can be accomplished
binding of FADD and caspase 8, depending on its concentration. In the intrinsic
by cytokines or via ligation of other adhesion molecules
pathway, proapoptotic BH3 proteins are activated by noxious stimuli, which interon the cell.
act with and inhibit antiapoptotic BCL2 or BCL-XL. Thus, BAX and BAK are free
The first stage of lymphocyte–endothelial cell interacto induce mitochondrial permeabilization with release of cytochrome c, which
tions, attachment and rolling, occurs when lymphocytes
ultimately results in the activation of caspase 9 through the apoptosome. Caspase
leave the stream of flowing blood cells in a postcapillary
9 then activates caspase 3. SMAC/DIABLO is also released after mitochondrial
venule and roll along venule endothelial cells (Fig. 372e-11).
permeabilization and acts to block the action of inhibitors of apoptosis protein
Lymphocyte rolling is mediated by the l-selectin mol(IAPs), which inhibit caspase activation. There is potential cross-talk between the
ecule (LECAM-1, LAM-1, CD62L) and slows cell transit
two pathways, which is mediated by the truncated form of BID (tBID) that is protime through venules, allowing time for activation of
duced by caspase 8–mediated BID cleavage; tBID acts to inhibit the BCL2-BCL-XL
adherent cells.
pathway and to activate BAX and BAK. There is debate (indicated by the question
The second stage of lymphocyte–endothelial cell intermark) as to whether proapoptotic BH3 molecules (e.g., BIM and PUMA) act directly
actions, firm adhesion with activation-dependent stable
on BAX and BAK to induce mitochondrial permeability or whether they act only on
arrest, requires stimulation of lymphocytes by chemoattracBCL2-BCL-XL. APAF1, apoptotic protease-activating factor 1; BH3, BCL homologue;
tants or by endothelial cell–derived cytokines. Cytokines
TNF, tumor necrosis factor; TRAIL, TNF-related apoptosis-inducing ligand. (From RS
thought to participate in adherent cell activation include
Hotchkiss et al: N Engl J Med 361:1570, 2009; with permission.)
members of the IL-8 family, platelet-activation factor,
leukotriene B4, and C5a. In addition, HEVs express che(microbial peptides, pentraxins, complement and coagulation systems) mokines, SLC (CCL21) and ELC (CCL19), which participate in this
process. Following activation by chemoattractants, lymphocytes shed
of the innate immune system (Chaps. 80 and 376).
There are five general phases of host defenses: (1) migration of leuko- l-selectin from the cell surface and upregulate cell CD11b/18 (MACcytes to sites of antigen localization; (2) antigen-nonspecific recognition 1) or CD11a/18 (LFA-1) molecules, resulting in firm attachment of
of pathogens by macrophages and other cells and systems of the innate lymphocytes to HEVs.
Lymphocyte homing to peripheral lymph nodes involves adhesion
immune system; (3) specific recognition of foreign antigens mediated
by T and B lymphocytes; (4) amplification of the inflammatory response of l-selectin to glycoprotein HEV ligands collectively referred to as
with recruitment of specific and nonspecific effector cells by comple- peripheral node addressin (PNAd), whereas homing of lymphocytes
ment components, cytokines, kinins, arachidonic acid metabolites, and to intestine Peyer’s patches primarily involves adhesion of the a4β7
mast cell–basophil products; and (5) macrophage, neutrophil, and lym- integrin to mucosal addressin cell adhesion molecule-1 (MAdCAM-1)
phocyte participation in destruction of antigen with ultimate removal on the Peyer’s patch HEVs. However, for migration to mucosal
Caspase 3

