the patient, although early hair graying is a clue to the diagnosis. A careful
family history may disclose pulmonary
fibrosis and hepatic cirrhosis. Specific
involvement of the bone marrow, liver,
and lung is highly variable, as is penetrance of clinical phenotype, both within
families and among kindreds. Variable
penetrance means that TERT and TERC
mutations represent risk factors for marrow failure, as family members with the
same mutations may have normal or
only slight hematologic abnormalities
but more subtle evidence of (compensated) hematopoietic insufficiency.
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CHAPTEr 130 Bone Marrow Failure Syndromes Including Aplastic Anemia and Myelodysplasia

PATHOPHYSIOLOGY
Bone marrow failure results from severe
damage to the hematopoietic cell compartment. In aplastic anemia, replacement of the bone marrow by fat is apparent in the morphology of the biopsy
specimen (Fig. 130-1) and magnetic resonance imaging (MRI) of the spine. Cells
bearing the CD34 antigen, a marker
of early hematopoietic cells, are greatly
diminished, and in functional studies,
committed and primitive progenitor
D
cells are virtually absent; in vitro assays B
have suggested that the stem cell pool FIGURE 130-1 Normal and aplastic bone marrow. A. Normal bone marrow biopsy. B. Normal
is reduced to ≤1% of normal in severe bone marrow aspirate smear. The marrow is normally 30–70% cellular, and there is a heterogeneous
disease at the time of presentation.
mix of myeloid, erythroid, and lymphoid cells. C. Aplastic anemia biopsy. D. Marrow smear in aplasAn intrinsic stem cell defect exists tic anemia. The marrow shows replacement of hematopoietic tissue by fat and only residual stromal
for the constitutional aplastic anemias: and lymphoid cells.
cells from patients with Fanconi anemia
exhibit chromosome damage and death
on exposure to certain chemical agents. Telomeres are short in some cytotoxic T cell clones are observed in aplastic anemia patients and
patients with aplastic anemia, due to heterozygous mutations in genes usually decline with successful immunosuppressive therapy; type 1
of the telomere repair complex. Telomeres may also shorten physi- cytokines are implicated; and interferon γ (IFN-γ) induces Fas expresologically in acquired marrow failure due to replicative demands on a sion on CD34 cells, leading to apoptotic cell death. The early immune
limited stem cell pool.
system events in aplastic anemia are not well understood, but an oligoclonal, T cell response implies antigenic stimulus. The rarity of aplastic
Drug Injury Extrinsic damage to the marrow follows massive physical
anemia despite common exposures (medicines, seronegative hepatitis)
or chemical insults such as high doses of radiation and toxic chemisuggests that genetically determined features of the immune response
cals. For the more common idiosyncratic reaction to modest doses of
can convert a normal physiologic response into a sustained abnormal
medical drugs, altered drug metabolism has been invoked as a likely
autoimmune process, including polymorphisms in histocompatibility
mechanism. The metabolic pathways of many drugs and chemicals,
antigens, cytokine genes, and genes that regulate T cell polarization
especially if they are polar and have limited water solubility, involve
and effector function.
enzymatic degradation to highly reactive electrophilic compounds;
these intermediates are toxic because of their propensity to bind to
CLINICAL FEATURES
cellular macromolecules. For example, derivative hydroquinones
History Aplastic anemia can appear abruptly or insidiously. Bleeding
and quinolones are responsible for benzene-induced tissue injury.
is the most common early symptom; a complaint of days to weeks of
Excessive generation of toxic intermediates or failure to detoxify the
easy bruising, oozing from the gums, nose bleeds, heavy menstrual
intermediates may be genetically determined and apparent only on
flow, and sometimes petechiae will have been noticed. With thromspecific drug challenge; the complexity and specificity of the pathways
bocytopenia, massive hemorrhage is unusual, but small amounts of
imply multiple susceptibility loci and would provide an explanation for
bleeding in the central nervous system can result in catastrophic intrathe rarity of idiosyncratic drug reactions.
cranial or retinal hemorrhage. Symptoms of anemia are also frequent,
Immune-Mediated Injury The recovery of marrow function in some including lassitude, weakness, shortness of breath, and a pounding
patients prepared for bone marrow transplantation with antilympho- sensation in the ears. Infection is an unusual first symptom in aplastic
cyte globulin first suggested that aplastic anemia might be immune anemia (unlike in agranulocytosis, where pharyngitis, anorectal infecmediated. Consistent with this hypothesis was the frequent failure of tion, or frank sepsis occurs early). A striking feature of aplastic anemia
simple bone marrow transplantation from a syngeneic twin, without is the restriction of symptoms to the hematologic system, and patients
conditioning cytotoxic chemotherapy, which also argued both against often feel and look remarkably well despite drastically reduced blood
simple stem cell absence as the cause and for the presence of a host fac- counts. Systemic complaints and weight loss should point to other
tor producing marrow failure. Laboratory data support an important etiologies of pancytopenia. Prior drug use, chemical exposure, and
role for the immune system in aplastic anemia. Blood and bone mar- preceding viral illnesses must often be elicited with repeated questionrow cells of patients can suppress normal hematopoietic progenitor ing. A family history of hematologic diseases or blood abnormalities,
cell growth, and removal of T cells from aplastic anemia bone marrow of pulmonary or liver fibrosis, or of early hair graying points to a
improves colony formation in vitro. Increased numbers of activated telomeropathy.
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