Hematology Lecture:  Neutrophil Function, Leukocyte Metabolism

CLS 312
Specific Lecture Objectives:
Upon completion of these lectures the student will be able to:
1.
Describe the normal morphology of the immature and mature stages of the leukocytes.

2.
Define the "dawn of neutrophilia".

3.
Distinguish between primary, or azurophilic, granules, and secondary, or specific granules.

4.
Describe the usefulness of laboratory analysis of alkaline phosphatase in evaluating acute leukemia.

5.
Define pyrogen.

6.
Describe the major pathways of energy production in the leukocyte.

7.
Describe the usefulness of glycogen assays to differentiate between leukemia and granulocytosis/polycythemia vera.

8.
Discuss the factors regulating the production of leukocytes.

9.
Describe the process of inflammation and resultant activation of phagocytic cells.

10.
Define chemotaxis and discuss its role in the immune response.

General Considerations

A.  Morphology
          1.
Review handout listing morphologic characteristics

          2.
Are highly differentiated cells in transit to certain tissues.  Possess a highly specific membrane.

          3.
Digestion within cells is facilitated by lysosomes.

          4.
Neutrophilic granules appear close to the nucleus in area called the "dawn of neutrophilia"

B.  Biochemistry and Cell Properties:
1. 
Azurophilic granules or "primary granules" appear in promyelocyte stage, and contain:

1) lysosomes which aid in phagocytosis and 

2) glycogen as a source of energy.

Some of the enzymes are the peroxidases which appear late in development. Myeloperoxidases and acid hydrolases are also present.

2.  
Specific granules or "secondary granules" appear when the primary granular formation ceases during the myelocyte stage.  They are made in the Golgi apparatus, and contain lactoferrin (a heme protein with bactericidal properties).

3.  
Contain enzymes such as alkaline phosphatase.  If these enzymes are detected in early development of myeloid differentiation, they can be used as an aid in diagnosis of undifferentiated, or acute leukemia.

4.  
Presence of a unique phagocytin which has a broad spectrum of anti-bacterial activity vs. gram (+) and gram (-) organisms.

5.  
Presence of cationic proteins pyrogenic in nature (agents which increase body temperature).

6.  
Have substances which may have properties such as:

a.  
anticoagulant activity, i.e. heparin

b.  
ability to cause damage, i.e. glomerulonephritis

c.  
adhesion and migration of WBC

7.  
The maturation of PMN's is associated with a decrease in cytoplasmic basophilia.  This is caused by the lower RNA content found in more mature forms.  Granulocytes readily incorporate amino acids and contain several fold higher concentration of most amino acids than plasma or RBC except arginine.   Amino acid uptake is higher in acute leukemia cells.  Acute leukemia patients have a higher RNA/DNA ratio.

8.  
Glycogen

a.  
blood glycogen is primarily derived from PMN, blood levels comparable to liver and muscle

b.  
glycogen appears at the myelocyte stage and increases during differentiation, therefore, myeloblasts have little or no measurable glycogen.

c.  
a decrease of WBC glycogen has been seen in patients with chronic granulocytic leukemia, compared to normal levels while an increase of WBC glycogen as been seen in patients with myeloid metaplasia.

9.  
Lipids:

The PMN's contain two times as many lipids as lymphocytes (10% cholesterol and 35% phospholipids)

10.  
Vitamins:

The presence of vitamins has been established but the studies are contradictory.

11.  
Heparin:

Basophils and Mast Cells are known to have 1/2 the whole blood heparin content while eosinophils have 1/3 of the total heparin found in blood.

12.  
Minerals:

PMN's have high levels of Zn.  In addition, the presence of Fe, Cu, Mg, and Co has been established.

C.  Metabolism:
1.  
Nucleic acids:

DNA synthesis is the most active in immature cells, almost nonexistent in mature forms.  RNA synthesis is directed by DNA.

2.  
Protein Synthesis is present in both mature and immature cells with a greater rate of synthesis occurring in the immature cells of leukemic patients.

3.  
Pyrimidines are synthesized de novo; enzymes involved in their synthesis show about 2X-10X increase in chronic granulocytic leukemia (CGL).

4.  
Purines are synthesized by salvage pathway.

5.  
Energy Producing Pathways:

Granulocytes contain the bulk of glycogen in the WBC, and they have few mitochondria, therefore the main source of energy is glycolysis.  Lactic acid production is great.

a.
Glycogen content in these cells decreases when they are deprived of glucose, resynthesis occurs when glucose is added.

b.  
Cell glycogen is low in CGL and high in granulocytosis and polycythemia vera.

c.  
During phagocytosis, aerobic and anaerobic glycolysis increase slightly. Hexose Monophosphate Shunt activity and glycogenolysis increases, NAD and NADP are activated, phospholipid synthesis also increases.

Functions
General:
1.  
Both neutrophils and eosinophils function in phagocytosis and immune adherence-chemotactic activities with the neutrophil being the most active and best known.

Role of Complement:  Immune Adherence and Chemotactic Activity
1.  
An immunologic inflammation is induced by antibodies having the ability to fix complement.  Some C' components have been found to be essential for the accumulation of granulocytes.

2.  
The mechanism includes:

a.
Adherence of granulocytes to the site of bound complement; the most important mechanism is C3 immune adherence.  Binding occurs between a specific site on the neutrophilic membrane and C3 bound to antibody.

b.  
Action through soluble factors causing active migration of cells to area (chemotactic factors).

3.  Activation of  the complement system results in:

a.  
A + charged fragment (C3a) cleaved from C3

b.  
A + charged fragment (C5a) cleaved from C5

c.  
C5b67 given off from immune complex after activation by C3a

d.  
The C3 and C5 are anaphylatoxins; they have the ability to induce degranulation of mast cells and release histamine.

e.  
Bacterial products released during the growth phase of the microorganisms have been known to possess chemotactic activity.

Control Mechanisms Regulating Granulopoiesis
A.  Control Points:
1.
Recruitment of pluripotent stem cells

2.
Induction of pluripotent stem cells into committed stem cells

3.
Stimulation and inhibition of stem cells and myeloid proliferative cell growth.

4.
Selective release from bone marrow

B.  Factors
1.
Granulopoietin

2.
Endotoxin produces neutrophilia

3.
Lymphocytes stimulate Colony Stimulating Factor, especially eosinophil  (CSF-E)

4.
Histamine stimulates eosinophil production

5.
Steroid administration suppresses PMN production.  Chronic steroid administration could possibly suppress histamine release, perhaps by stabilizing basophil and mast cell lysosomal membranes, by interfering with histamine biogenesis, or by some other idiopathic mechanism.

6.
Bacterial infections produce increase of PMN.

References:  Hardy (notes), Pittiglio, Wintrobe, Beutler, Platt

PHAGOCYTOSIS
A.  INTRODUCTION
1.
The response of WBC to bacterial infections is neutrophilia, with an increased percentage of metamyelocytes, bands, stab, and high peroxidase cells or a "shift to the left".  But the kinetics of circulating neutrophils vary depending on type, duration, and intensity of the infection. The immediate response is a transient neutropenia.  Cells are being moved from the marginal pool.  Within an hour, neutrophils are released from BM. In the early phases of infection, the half-life of circulating neutrophils is shortened and cell turnover is accelerated.

a. 
pluripotent stem cells are committed to PMN differentiation pathway;

b. 
the generation (cell cycle) time of myelocytes is shortened;

c. 
myelocytes undergo an extra division (thus, the proliferative pool of precursors can be expanded independently of an increased input of pluripotent cells).

d. 
transit time through BM is accelerated.

2.
Neutrophil morphology is altered, cytoplasmic granules become more prominent due to alteration of staining of primary granules and "toxic granulation" is seen.  The large bluish "Dohle " bodies (rough ER that have aggregated) appear  and are basophilic, pyroninophilic, and similar but not equal to granules seen in May Hegglin anomaly.  The cytoplasm appears vacuolated.

B.  Neutrophil Locomotion:
a. 
random mobility

b. 
chemokinesis is random mobility that has been enhanced by the presence of stimulatory substances (chemotaxins) in the absence of a concentration gradient.

c. 
chemotaxis is the directed movement of a phagocyte (or the oriented motion induced by a concentration gradient of stimulatory substances in which the cells move toward the highest concentration of the chemotactic factors.  These chemotactic components could be interactions between the invaders and serum components such as complement (c3a and C5a). C567 is also leucotactic.  Activation of plasma coagulation factor XII (Hageman) by bacterial endotoxins result in the conversion of prekallikrein to kallikrein which has chemotaxic properties.  
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