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Diseases of the Immune System

Inherited defects in phagolysosome function. One
such disorder is Chédiak-Higashi syndrome, an autosomal
recessive condition characterized by defective fusion
of phagosomes and lysosomes, resulting in defective
phagocytes function and susceptibility to infections.
The main leukocyte abnormalities are neutropenia
(decreased numbers of neutrophils), defective degranulation, and delayed microbial killing. Leukocytes contain
giant granules, which can be readily seen in peripheral
blood smears and are thought to result from aberrant
phagolysosome fusion. In addition, there are abnormalities in melanocytes (leading to albinism), cells of the
nervous system (associated with nerve defects), and
platelets (causing bleeding disorders). The gene associated with this disorder encodes a large cytosolic protein
called LYST, which is believed to regulate lysosomal
trafficking.
Inherited defects in microbicidal activity. The importance of oxygen-dependent bactericidal mechanisms is
shown by the existence of a group of congenital disorders called chronic granulomatous disease, which are characterized by defects in bacterial killing and render
patients susceptible to recurrent bacterial infection.
Chronic granulomatous disease results from inherited
defects in the genes encoding components of phagocyte
oxidase, the phagolysosomal enzyme that generates
−
superoxide (O 2• ). The most common variants are an
X-linked defect in one of the membrane-bound components (gp91phox) and autosomal recessive defects in the
genes encoding two of the cytoplasmic components
(p47phox and p67phox). The name of this disease comes
from the macrophage-rich chronic inflammatory reaction that tries to control the infection when the initial
neutrophil defense is inadequate. This often leads to
collections of activated macrophages that wall off the
microbes, forming granulomas.
Defects in TLR signaling. Rare defects have been
described in various TLRs. Defects in TLR3, a receptor
for viral RNA, result in recurrent herpes simplex
encephalitis, and defects in MyD88, the adaptor protein
downstream of multiple TLRs, are associated with
destructive bacterial pneumonias. It has been a surprise
that these inherited abnormalities present with such
restricted clinical phenotypes.
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Deficiency of components of the alternative pathway
(properdin and factor D) is rare. It is associated with
recurrent pyogenic infections.
The C3 component of complement is required for both
the classical and alternative pathways, and hence a deficiency of this protein results in susceptibility to serious
and recurrent pyogenic infections. There is also increased
incidence of immune complex-mediated glomerulonephritis; in the absence of complement, immune complex–
mediated inflammation is presumably caused by Fc
receptor-dependent leukocyte activation.
The terminal components of complement C5, 6, 7, 8, and
9 are required for the assembly of the membrane attack
complex involved in the lysis of organisms. With a deficiency of these late-acting components, there is increased
susceptibility to recurrent neisserial (gonococcal and
meningococcal) infections; Neisseria bacteria have thin
cell walls and are especially susceptible to the lytic actions
of complement. Some patients inherit a defective form of
mannose-binding lectin, the plasma protein that initiates
the lectin pathway of complement. These individuals also
show increased susceptibility to infections.
A deficiency of C1 inhibitor (C1 INH) gives rise to hereditary angioedema. This autosomal dominant disorder is
more common than complement deficiency states. The
C1 inhibitor’s targets are proteases, specifically C1r
and C1s of the complement cascade, factor XII of the
coagulation pathway, and the kallikrein system. With
deficiency of C1 INH, unregulated activation of kallikrein may lead to increased production of vasoactive
peptides such as bradykinin. Although the exact nature
of the bioactive compound produced in hereditary
angioedema is uncertain, these patients have episodes
of edema affecting skin and mucosal surfaces such as
the larynx and the gastrointestinal tract. This may result
in life-threatening asphyxia or nausea, vomiting, and
diarrhea after minor trauma or emotional stress. Acute
attacks of hereditary angioedema can be treated with C1
inhibitor concentrates prepared from human plasma.
Deficiencies of other complement regulatory proteins
are the cause of paroxysmal nocturnal hemoglobinuria
(Chapter 14) and some cases of hemolytic uremic syndrome (Chapter 20).

Defects in Adaptive Immunity
Deficiencies Affecting the Complement System
Hereditary deficiencies have been described for virtually
all components of the complement system and several of
the regulators. In addition, one disease, paroxysmal nocturnal hemoglobinuria, is marked by an acquired deficiency of complement regulatory factors.
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Deficiency of C2 is the most common complement
protein deficiency. A deficiency of C2 or C4, early components of the classical pathway, is associated with
increased bacterial or viral infections. However, many
patients have no clinical manifestations, presumably
because the alternative complement pathway is adequate for the control of most infections. Surprisingly, in
some of these patients, as well as in patients with C1q
deficiency, the dominant manifestation is SLE-like autoimmune disease, as discussed earlier.

Defects in adaptive immunity are often subclassified on the
basis of the primary component involved (i.e., B cells or T
cells or both). However, these distinctions are not clear-cut;
for instance, T-cell defects almost always lead to impaired
antibody synthesis, and hence isolated deficiencies of T
cells are often indistinguishable clinically from combined
deficiencies of T and B cells. These immunodeficiencies
result from abnormalities in lymphocyte maturation or
activation. With advances in genetic analyses, the mutations responsible for many of these diseases have now been
identified (Fig. 6-37).

Defects in Lymphocyte Maturation
Genetic deficiencies affecting the maturation of T or B lymphocytes present with abnormalities in cell-mediated or
humoral immunity that are of varying severity.
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