2110

Bone marrow

Blood

Lymphoid organs
DNA Pol ε

Memory
B
CD27
IgM

HSC

CLP

proB

preB

Immature
B

CD19
CD34

pre
BCR

surface
IgM

surface
IgM
IgD

Memory
B
CSR
SHM

B

Agammaglobulinemia

PART 15

μ heavy chain
λ5
CD79a
CD79b
BLNK
BTK
P85α
E47

IgM

Plasmocyte

B

Hyper IgM
syndrome
CD40L
CD40
IKKγ
AID
UNG
PMS2

CD27
IgG or
IgA(+)

Plasmocyte
CVID
ICOS
TACI
BAFFR
CD19
CD81
CD20
Tweak
PLCγ2
P13KCD

IgG
IgA
IgE
IgA
deficiency

Immune-Mediated, Inflammatory, and Rheumatologic Disorders

Figure 374-4 B cell differentiation and related primary immunodeficiencies (PIDs). Hematopoietic stem cells (HSCs) differentiate into
common lymphoid progenitors (CLPs), which give rise to pre-B cells. The B cell differentiation pathway goes through the pre–B cell stage
(expression of the μ heavy chain and surrogate light chain), the immature B cell stage (expression of surface IgM), and the mature B cell stage
(expression of surface IgM and IgD). The main phenotypic characteristics of these cells are indicated. In lymphoid organs, B cells can differentiate into plasma cells and produce IgM or undergo (in germinal centers) Ig class switch recombination (CSR) and somatic mutation of the variable region of V genes (SHM) that enable selection of high-affinity antibodies. These B cells produce antibodies of various isotypes and generate
memory B cells. PIDs are indicated in the purple boxes. CVID, common variable immunodeficiency.
CD40 Ligand and CD40 Deficiencies Hyper-IgM syndrome (HIGM) is a
well-known PID that is usually classified as a B cell immune deficiency
(see Fig. 374-4 and below). It results from defective immunoglobulin
class switch recombination (CSR) in germinal centers and leads to
profound deficiency in production of IgG, IgA, and IgE (although IgM
production is maintained). Approximately half of HIGM sufferers are
also prone to opportunistic infections, e.g., interstitial pneumonitis
caused by Pneumocystis jiroveci (in young children), protracted diarrhea and cholangitis caused by Cryptosporidium, and infection of the
brain with Toxoplasma gondii.
In the majority of cases, this condition has an X-linked inheritance
and is caused by a deficiency in CD40 ligand (L). CD40L induces signaling events in B cells that are necessary for both CSR and adequate
activation of other CD40-expressing cells that are involved in innate
immune responses against the above-mentioned microorganisms.
More rarely, the condition is caused by a deficiency in CD40 itself. The
poorer prognosis of CD40L and CD40 deficiencies (relative to most
other HIGM conditions) implies that (1) thorough investigations have
to be performed in all cases of HIGM and (2) potentially curative HSCT
should be discussed on a case-by-case basis for this group of patients.
Wiskott-Aldrich Syndrome Wiskott-Aldrich syndrome (WAS) is a complex, recessive, X-linked disease with an incidence of approximately 1
in 200,000 live births. It is caused by mutations in the WASP gene that
affect not only T lymphocytes but also the other lymphocyte subsets,
dendritic cells, and platelets. WAS is typically characterized by the following clinical manifestations: recurrent bacterial infections, eczema,
and bleeding caused by thrombocytopenia. However, these manifestations are highly variable—mostly as a consequence of the many
different WASP mutations that have been observed. Null mutations
predispose affected individuals to invasive and bronchopulmonary
infections, viral infections, severe eczema, and autoimmune manifestations. The latter include autoantibody-mediated blood cytopenia,
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glomerulonephritis, skin and visceral vasculitis (including brain
vasculitis), erythema nodosum, and arthritis. Another possible consequence of WAS is lymphoma, which may be virally induced (e.g., by
EBV or Kaposi’s sarcoma–associated herpesvirus). Thrombocytopenia
can be severe and compounded by the peripheral destruction of
platelets associated with autoimmune disorders. Hypomorphic mutations usually lead to milder outcomes that are generally limited to
thrombocytopenia. It is noteworthy that even patients with “isolated”
X-linked thrombocytopenia can develop severe autoimmune disease
or lymphoma later in life. The immunologic workup is not very
informative; there can be a relative CD8+ T cell deficiency, frequently
accompanied by low serum IgM levels and decreased antigen-specific
antibody responses. A typical feature is reduced-sized platelets on a
blood smear. Diagnosis is based on intracellular immunofluorescence
analysis of WAS protein (WASp) expression in blood cells. WASp regulates the actin cytoskeleton and thus plays an important role in many
lymphocyte functions, including cell adhesion and migration and the
formation of synapses between antigen-presenting and target cells.
Predisposition to autoimmune disorders is in part related to defective
regulatory T cells. The treatment of WAS should match the severity of
disease expression. Prophylactic antibiotics, immunoglobulin G (IgG)
supplementation, and careful topical treatment of eczema are indicated. Although splenectomy improves platelet count in a majority of
cases, this intervention is associated with a significant risk of infection
(both before and after HSCT). Allogeneic HSCT is curative, with fairly
good results overall. Gene therapy trials are also under way. A similar
condition has been reported in a girl with a deficiency in the WiskottAldrich interacting protein (WIP).
A few other complex PIDs are worth mentioning. Sp110 deficiency
causes a T cell PID with liver venoocclusive disease and hypogammaglobulinemia. Chronic mucocutaneous candidiasis (CMC) is a heterogeneous disease, considering the different inheritance patterns that have
been observed. In some cases, chronic candidiasis is associated with

2/9/15 5:13 PM

