White Blood Cells
Leukocytes include neutrophils, lymphocytes, monocytes, eosinophils, and basophils.
Granulocytes only include neutrophils, eosinophils, and basophils.  All of these phagocytose, but 
neutrophils are the most efficient at phagocytosis and are the principal cells of innate 
immune defense against bacteria and fungi.  Neutrophils are constantly replaced in the GI 
and respiratory tracts.

Normal Adult Total 3500-10,000 cells/cc
	CELL TYPE
	RANGE (AVG)

	Neutrophil
	2000-7000 (3700)

	Lymphocytes
	1500-4000 (2500)

	Monocytes
	200-1000 (400)

	Eosinophils
	0-700 (150)

	Basophils
	0-150 (30)


(Raymond replaced table with equivalent text.)

The differential WBC count takes the % of a given cell type multiplied by the total # of WBC.  The differential count gives clues about disease processes.

CLINICAL UTILITY OF DIFFERENTIAL CELL COUNTS
	CLINICAL CONDITION
	DIFFERENTIAL 

COUNT FINDING
	ABSOLUTE CELL

COUNT

	acute infection
	granulocytosis
	>9000/Ul

	chronic inflammation
	monocytosis
	>1000/Ul

	parasitic infection
	eosinophilia
	>700/Ul

	viral infection
	lymphocytosis
	>3500/Ul

	aplastic anemia
	neutropenia
	<1500/Ul

	acute leukemia
	immature cells or 

blasts
	can see bands or myelocytes, blasts

are not a normal finding


(Raymond replaced table with equivalent text.)

Neutrophils
Neutrophil Precursors and Maturation
1.  Myeloblast (associated with Myb, GATA-1, and Myeloperoxidase transcription factors)
2.  Promyelocyte (contain azurophilic granules.  May become neutrophils, eosinophils, basophils)
3.  Myelocyte (many granules.  Associated with C/EBP-alpha-delta transcription factor)
4.  Metamyelocyte (pink cytoplasm with fine dark bluish granules)
5.  Bands (looks like a neutrophil with a continuous sausage nucleus.  C/EBP-beta transcrip factor)

Normal Myelopoiesis

Granulocytes are made only in the bone marrow.  Only bands and neutrophils leave the marrow.

Maturation is regulated by colony stimulating factors (CSFs) and interleukins.

“Myeloid” often means “granulocytic.”

Granulocyte-CSF and Granulocyte/Monocyte-CSF regulate myelopoiesis, and are both 
administered to fight neutropenia after chemotherapy.  They boost the number of 
neutrophils but also their functional responsiveness to inflammatory signals such as C5a.
Neutrophil Kinetics
Only 8% of the body’s neutrophils are in the blood, and only 4% are actually freely circulating.  All the rest are adhered to endothelial surfaces in the microvasculature.  These non-circulating 
neutrophils are the marginal pool.
Their half-life in the blood is extremely short (6 hours), so there is huge neutrophil turnover.

Disturbances in Neutrophil Turnover
Neutropenia (<1800) is associated with increased infection.  There can be decreased production, 
increased cell loss (from autoimmune disease, sepsis), or pseudo-neutropenia in which 
the total number is normal but almost all are in the marginal pool.  People with pseudo-
neutropenia are not at greater risk of infections.
Neutrophilia (>8000) is usually c
aused by bacterial infections, myeloproliferative disorders, or 


drugs that mobilize neutrophils from the marginal pool (corticosteroids, epinephrine).

Marked Leukocytosis can be due to benign or malignant causes:
	Peripheral Blood Findings
	Leukamoid (non-malignant)
	Chronic Myelogenous Leukemia

	WBC > 100,000
	rare
	often

	Basophilia
	rare
	often

	Chromosomal abnormalities
	never
	always

	Splenomegaly
	rare
	often

	WBC alkaline phosphatase (signals presence of GF)
	high
	low

	Cause of disease
	Excess GF
	Stem cell disorder.  Defining characteristic is the Philadelphia chromosome


Qualitative disorders in neutrophil functioning
Poor functioning will cause recurrent sinus, skin, ear, and mucosal infections.
The neutrophil count will be normal or elevated, but they are defective due to:


--defective receptors for adhesion molecules (β integrins, selectin ligands)


--defective motility (often found in alcoholism, diabetes, aneasthetic use)


--impaired phagocytosis or killing of phagocytosed pathogens

In Chronic Granulomatous Disease (CGD), granulocytes can’t generate reactive oxygen species, 
so cell killing is impaired.  The absence of superoxide is detected with nitroblue 
tetrazolium (NBT), which will turn black only in the presence of reactive oxygen species.  
2/3 of CGD cases are X-linked.

Abnormal neutrophil morphologies
Infections can cause especially dark-staining granules.  This is called “toxic granulation.”
Nuclear hypersegmentation is a sign of folate (B12) deficiency.

Hypolobulated neutrophils are often seen in myelodysplasia.
Dohle bodies are light blue bodies in the cytoplasm.
Monocytes
Monocytes are important for phagocytosis, immunomodulation, and antigen presentation.  

They are potent APCs.  They are also involved in clearing apoptotic cells.
Monocytosis is caused by chronic infection or an inflammatory disease.
Eosinophils
Special function of eosinophils is to fight helminths, ticks, and parasites.
Eosinophils can also suppress or enhance hypersensitivity by mobilizing or destroying histamine.

Eosinophils have many red granules.
Eosinophilia is almost always caused by allergic reactions or parasitic infections.  It can cause 
tissue destruction, especially of the endocardium and CNS.

IL-3 and GM-CSF are multi-lineage, multi-potential hematopoietic growth factors.
IL-5 is an eosinophil-specific growth factor.
Basophils

Basophils release histamine and heparin.

They are full of large purple granules.

Basophilia is associated with acute allergic reactions like food allergies.










