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Figure 80-4 Normal granulocyte. The normal granulocyte has a
segmented nucleus with heavy, clumped chromatin; fine neutrophilic
granules are dispersed throughout the cytoplasm.

bacterial infection and probably represent pinocytosed (internalized)
membrane.
Neutrophils are heterogeneous in function. Monoclonal antibodies
have been developed that recognize only a subset of mature neutrophils. The meaning of neutrophil heterogeneity is not known.
The morphology of eosinophils and basophils is shown in Fig. 80-6.

Disorders of Granulocytes and Monocytes

Figure 80-3 Neutrophil band with Döhle body. The neutrophil
with a sausage-shaped nucleus in the center of the field is a band
form. Döhle bodies are discrete, blue-staining, nongranular areas
found in the periphery of the cytoplasm of the neutrophil in infections and other toxic states. They represent aggregates of rough
endoplasmic reticulum.
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another week. The myeloblast is the first recognizable precursor cell
and is followed by the promyelocyte. The promyelocyte evolves when
the classic lysosomal granules, called the primary, or azurophil, granules are produced. The primary granules contain hydrolases, elastase,
myeloperoxidase, cathepsin G, cationic proteins, and bactericidal/
permeability-increasing protein, which is important for killing gramnegative bacteria. Azurophil granules also contain defensins, a family
of cysteine-rich polypeptides with broad antimicrobial activity against
bacteria, fungi, and certain enveloped viruses. The promyelocyte
divides to produce the myelocyte, a cell responsible for the synthesis
of the specific, or secondary, granules, which contain unique (specific)
constituents such as lactoferrin, vitamin B12–binding protein, membrane components of the reduced nicotinamide-adenine dinucleotide
phosphate (NADPH) oxidase required for hydrogen peroxide production, histaminase, and receptors for certain chemoattractants
and adherence-promoting factors (CR3) as well as receptors for the
basement membrane component, laminin. The secondary granules do
not contain acid hydrolases and therefore are not classic lysosomes.
Packaging of secondary granule contents during myelopoiesis is controlled by CCAAT/enhancer binding protein-ε. Secondary granule
contents are readily released extracellularly, and their mobilization is
important in modulating inflammation. During the final stages of maturation, no cell division occurs, and the cell passes through the metamyelocyte stage and then to the band neutrophil with a sausage-shaped
nucleus (Fig. 80-3). As the band cell matures, the nucleus assumes a
lobulated configuration. The nucleus of neutrophils normally contains
up to four segments (Fig. 80-4). Excessive segmentation (more than
five nuclear lobes) may be a manifestation of folate or vitamin B12
deficiency or the congenital neutropenia syndrome of warts, hypogammaglobulinemia, infections, and myelokathexis (WHIM) described
below. The Pelger-Hüet anomaly (Fig. 80-5), an infrequent dominant
benign inherited trait, results in neutrophils with distinctive bilobed
nuclei that must be distinguished from band forms. Acquired bilobed
nuclei, pseudo Pelger-Hüet anomaly, can occur with acute infections
or in myelodysplastic syndromes. The physiologic role of the normal
multilobed nucleus of neutrophils is unknown, but it may allow great
deformation of neutrophils during migration into tissues at sites of
inflammation.
In severe acute bacterial infection, prominent neutrophil cytoplasmic granules, called toxic granulations, are occasionally seen. Toxic
granulations are immature or abnormally staining azurophil granules.
Cytoplasmic inclusions, also called Döhle bodies (Fig. 80-3), can be
seen during infection and are fragments of ribosome-rich endoplasmic reticulum. Large neutrophil vacuoles are often present in acute

MARROW RELEASE AND CIRCULATING COMPARTMENTS
Specific signals, including IL-1, tumor necrosis factor α (TNF-α), the
CSFs, complement fragments, and chemokines, mobilize leukocytes
from the bone marrow and deliver them to the blood in an unstimulated state. Under normal conditions, ~90% of the neutrophil pool is
in the bone marrow, 2–3% in the circulation, and the remainder in the
tissues (Fig. 80-7).
The circulating pool exists in two dynamic compartments: one freely
flowing and one marginated. The freely flowing pool is about one-half
the neutrophils in the basal state and is composed of those cells that
are in the blood and not in contact with the endothelium. Marginated
leukocytes are those that are in close physical contact with the

Figure 80-5 Pelger-Hüet anomaly. In this benign disorder, the
majority of granulocytes are bilobed. The nucleus frequently has a
spectacle-like, or “pince-nez,” configuration.
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