MU HEAVY CHAIN DISEASE
The secretion of isolated mu heavy chains into the serum appears to
occur in a very rare subset of patients with CLL. The only features that
may distinguish patients with mu heavy chain disease are the presence
of vacuoles in the malignant lymphocytes and the excretion of kappa
light chains in the urine. The diagnosis requires ultracentrifugation
or gel filtration to confirm the nonreactivity of the paraprotein with
the light chain reagents, because some intact macroglobulins fail to
interact with these serums. The tumor cells seem to have a defect in
the assembly of light and heavy chains, because they appear to contain
both in their cytoplasm. There is no evidence that such patients should
be treated differently from other patients with CLL (Chap. 134).
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GENERAL PRINCIPLES
Amyloidosis is the term for a group of protein folding disorders characterized by the extracellular deposition of insoluble polymeric protein
fibrils in tissues and organs. A robust cellular machinery exists to chaperone proteins during the process of synthesis and secretion, to ensure
that they achieve correct tertiary conformation and function, and to
eliminate proteins that misfold. However, genetic mutation, incorrect
processing, and other factors may favor misfolding, with consequent
loss of normal protein function and intracellular or extracellular
aggregation. Many diseases, ranging from cystic fibrosis to Alzheimer’s
disease, are now known to involve protein misfolding. In the amyloidoses, the aggregates are typically extracellular, and the misfolded
protein subunits assume a common antiparallel, β-pleated sheet–rich
structural conformation that leads to the formation of higher-order
oligomers and then of fibrils with unique staining properties. The term
amyloid was coined around 1854 by the pathologist Rudolf Virchow,
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who thought that these deposits resembled starch (Latin amylum) 719
under the microscope.
Amyloid diseases, defined by the biochemical nature of the protein
composing the fibril deposits, are classified according to whether they
are systemic or localized, whether they are acquired or inherited, and
their clinical patterns (Table 137-1). The standard nomenclature is
AX, where A indicates amyloidosis and X represents the protein present in the fibril. This chapter focuses primarily on the systemic forms.
AL refers to amyloid composed of immunoglobulin light chains (LCs);
this disorder, formerly termed primary systemic amyloidosis, arises
from a clonal B cell or plasma cell disorder and can be associated with
myeloma or lymphoma. AF refers to the familial amyloidoses, which
are most commonly due to mutations in transthyretin (TTR), the
transport protein for thyroid hormone and retinol-binding protein.
AA amyloid is composed of the acute-phase reactant protein serum
amyloid A (SAA) and occurs in the setting of chronic inflammatory
or infectious diseases; for this reason, this type was formerly known
as secondary amyloidosis. Aβ2M amyloid results from misfolded
β2-microglobulin, occurring in individuals with long-standing renal
disease who have undergone dialysis, typically for years. Aβ, the
most common form of localized amyloidosis, is found in the brain
of patients with Alzheimer’s disease after abnormal proteolytic processing and aggregation of polypeptides derived from the amyloid
precursor protein.
Diagnosis and treatment of the amyloidoses rest upon the histopathologic identification of amyloid deposits and immunohistochemical,
biochemical, or genetic determination of amyloid type (Fig. 137-1).
In the systemic amyloidoses, the clinically involved organs can be
biopsied, but amyloid deposits may be found in any tissue of the body.
Historically, blood vessels of the gingiva or rectal mucosa were often
examined, but the most easily accessible tissue—positive in more than
80% of patients with systemic amyloidosis—is fat. After local anesthesia, fat is aspirated from the abdominal pannus with a 16-gauge needle.
Fat globules expelled onto a glass slide can be stained, thus avoiding a
surgical procedure. If this material is negative, more invasive biopsies
of the kidney, heart, liver, or gastrointestinal tract can be considered
in patients in whom amyloidosis is suspected. The regular β-sheet
structure of amyloid deposits exhibits a unique “apple green” birefringence by polarized light microscopy when stained with Congo red dye;
other regular protein structures (e.g., collagen) appear white under
these conditions. The 10-nm-diameter fibrils can also be visualized by
electron microscopy of paraformaldehyde-fixed tissue. Once amyloid
is found, the protein type must be determined by immunohistochemistry, immunoelectron microscopy, or extraction and biochemical
analysis employing mass spectrometry; gene sequencing is used to
identify mutants causing AF amyloid. The patient’s history, physical
findings, and clinical presentation, including age and ethnic origin,
organ system involvement, underlying diseases, and family history,
may provide helpful clues as to the type of amyloid. However, there
can be considerable overlap in clinical presentations, and accurate typing is essential to guide appropriate therapy.
The mechanisms of fibril formation and tissue toxicity remain
controversial. The “amyloid hypothesis,” as it is currently understood,
proposes that precursor proteins undergo a process of reversible
unfolding or misfolding; misfolded proteins form oligomeric aggregates, higher-order polymers, and then fibrils that deposit in tissues.
Accumulating evidence suggests that the oligomeric intermediates
may constitute the most toxic species. Oligomers are more capable
than large fibrils of interacting with cells and inducing formation of
reactive oxygen species and stress signaling. Ultimately, the fibrillar
tissue deposits are likely to interfere with normal organ function. A
more sophisticated understanding of the mechanisms leading to amyloid formation and cell and tissue dysfunction will continue to provide
new targets for therapies.
The clinical syndromes of the amyloidoses are associated with relatively nonspecific alterations in routine laboratory tests. Blood counts
are usually normal, although the erythrocyte sedimentation rate is
frequently elevated. Patients with glomerular kidney involvement
generally have proteinuria, often in the nephrotic range, leading to
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affects young persons in parts of the world where intestinal parasites
are common, such as the Mediterranean, Asia, and South America. The
disease is characterized by an infiltration of the lamina propria of the
small intestine with lymphoplasmacytoid cells that secrete truncated
alpha chains. Demonstrating alpha heavy chains is difficult because the
alpha chains tend to polymerize and appear as a smear instead of a sharp
peak on electrophoretic profiles. Despite the polymerization, hyperviscosity is not a common problem in alpha heavy chain disease. Without J
chain–facilitated dimerization, viscosity does not increase dramatically.
Light chains are absent from serum and urine. The patients present with
chronic diarrhea, weight loss, and malabsorption and have extensive
mesenteric and paraaortic adenopathy. Respiratory tract involvement
occurs rarely. Patients may vary widely in their clinical course. Some
may develop diffuse aggressive histologies of malignant lymphoma.
Chemotherapy may produce long-term remissions. Rare patients
appear to have responded to antibiotic therapy, raising the question
of the etiologic role of antigenic stimulation, perhaps by some chronic
intestinal infection. Chemotherapy plus antibiotics may be more effective than chemotherapy alone. Immunoproliferative small-intestinal
disease (IPSID) is recognized as an infectious pathogen–associated
human lymphoma that has association with Campylobacter jejuni. It
involves mainly the proximal small intestine resulting in malabsorption, diarrhea, and abdominal pain. IPSID is associated with excessive
plasma cell differentiation and produces truncated alpha heavy chain
proteins lacking the light chains as well as the first constant domain.
Early-stage IPSID responds to antibiotics (30–70% complete remission). Most untreated IPSID patients progress to lymphoplasmacytic
and immunoblastic lymphoma. Patients not responding to antibiotic
therapy are considered for treatment with combination chemotherapy
used to treat low-grade lymphoma.
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