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ABSTRACT

A MORPHOMETRIC AND FUNCTIONAL STUDY OF THE EARLY EVENTS OF HUMAN
NEUTROPHIL ACTIVATION

By
Barbara Gahan Heerdt

The purpose of these studies was to investig;te the early
morphological and functional responses of human neutrophils to
activation. Cells were exposed to the s}nthetic chemoattractant
N-formylmethionyl leucyl phenylalanine (fMLP), the calcium ionophore -
A23187 or a temperature transition from 4C to 37C. Neutrophils were
fixed and evaluated with light microscopy for shape change. Cell-free
supernatants were harvested from activated cells and assayed for
evidence of primary, secondary and tertiary extracellular granule
release. Quantitation and characterization of intracellular granules
and morphometric measurements were made on transmission electron
micrographs of unactivated and activated cell profiles. In addition,
" light and electron microscopic evaluations were performed on fMLP and
A23187 treated neonatal heutrophils.

The results from these investigations suggest that 1)
neutrophilic peroxidase negative granules may be heterogeneous in
terms of composition, 2) peroxidase negative granules may undergo
sequential or selected release, and 3) the release of these granules
is coincident with the earliest visible indicatioﬁ of cellular shape
change and may be associated with a transient, apparently regulated
increase in exposed cell surface membrane.

The folldﬁing sequence of events is proposed by these studies to
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occgf'early in adult neutrophil activation: 1) Brief activation of
neutrophils mediates cellular ruffling presumably associated with the
selected release of a population of peroxidase negative granules
containing large quantities of lactoferrin. 2) These granules merge
with the plasma membrane resulting in granule-plasma membrane fusion
thereby mediating an increase in exposed surface membrane. 3) An
activation induced increase in cellular volume, seen in the
ultrastructural morphometric determinations made in these studies as
an increase in cross-sectional area, subsequently occurs. This volume
increase provides a "compensation" for the inc?ease in exposed surface
membrane which, by the methods used in this study, appeared to be

regulated and returned to basal levels.
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- INTRODUCTION

By migrating to a site of injury and clearing foreign material
and tissue debris, activated neutrophils represent one of the major
defensive cell types of the human body. Substances generated from
bacterial invasion or from damaged tissue can act as activating
agents, or chemoattractants, which bind to select neutrophil membrane
receptors initiating activation (Murphy, 1970). In vitro,
activation can be dissected and studied by exposing isolated
neutrophils to purified or synthetic chemoattractants.

The binding of the synthetic chemotactic tripeptide
N-formylmethionyl leucyl phenylalanine (fMLP) to specific neutrophil
membrane receptors has been found to induce morphological and
functional cellular alterations which are defined as activation.
Activation events have been shown to include cellular shape changes
(Smith et.al., 1979; Zigmond, 1978), enhanced adherence to substrata
(Hoover et.al., 1980; Smith et.al., 1979; Tonnesen et.al., 1984),
chemotaxis (Zigmond, 1978) extracellular granule release (Brentwood
and Henson, 1980; Dewald et.al., 1982; Hibbs et.al., 1983; Petrequin
et.al., 1985; Wright and Gallin, 1979) and modifications in the
quality, in terms of increased expression of membrane components,
(Arnaout et.al., 1984; Berger et.al., 1984; Fearon and‘Collins, 1983;

Fletcher and Gallin, 1980; Lanier et.al., 1985; Zigmond et.al., 1982)
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and quantity of exposed plasma membrane (Hoffstein et.al., 1982).

Intracellularly, a consequence of chemoattractant binding is an
increase in cytosolic free calcium through mobilization of
intracellular calcium stores as well as increased calcium influx from
the external environment (Naccache et.al., 1985). The calcium
ionophore A23187 has been reported to increase intracellular calcium
.1eve%s by both of these mechanisms while by-passing receptor ligation.
Exposure of neutrophils to A23187 has been found to mediate cellular
shape change (unpublished personal observation), enhanced adherence
(Gallin et.al., 1978), extracellular granule release (Hoffsqein and
Weissmann, 1978) and alterations in the quality of exposed plasma
membrane (Arnaout et.al., 1984; Tpdd et.al., 1984).

Several of the cellular alterations describing activation can be
mediated in the absence of conventional activating agents or calcium
ionophores. Temperature transitions have been reported to
spontaneously induce actin polymerization (Howard and Oresajo, 1985),
enhance adhesion (Charo et.al., 1985), mediate apparent extracellular
granule release (Corcino et.al., 1970; Dewald et.al., 1984; Goldstein
et.al., 1974; Wright and Gallin, 1979) and cause an increase in the
expression of surface membrane components (Berger et.al., 1984; Fearon
and Collins, 1983; Springer et.al., 1986).

The studies presented in this report investigated morphological
and functional cellular responses occurring after a brief exposure of
neutfophils to fMLP, following treatment with A23187 and in response

to a temperature transition. ’



LITERATURE REVIFW

The purpose of this section is to provide foundational information
concerning the morphological and functional events of neutrophil
activation addressed in this study. The events of activation are
discussed first. The synthetic chemotactic tripeptide fMLP and the
calcium ionophore A23187 as initiators of activation are examined in
parts II and III, respectively. Part IV discusses a temperature
transition from 4C go 37C as an initiator of neutrophil responses.
Because neutrophils isolated from umbilical cord.blood are reported to
exhibit select deficiencies in functiqnal responses to activation,
they were investigated in this study. Neonatal neutrophils are

discussed in part V of this section.
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I. Events of Neutrophil Activation
A. Shape Change .

In most tissues, the polarity of individual cells is reflective
of the overall architecture and function of the tissue. Neutrophils
respond to chemoattractants generated in vivo (through bacterial
invasion, cleavage of complement proteins or tissue degradation) by
adhering to endothelial cells adjacent to the origin of the stimuli
and migrating out of the microcirculation into specific extravascular
sites of tissue destruction and infection (Murphy, 1970). While cells
in the process of directional migration exhibit an apparent acquired
functional and morphological polarity (Zigmond, 1978), polarity in
neutrophils has been reported to be an intrinsic characteristic
independent of both adhesion and directed migration (Smith et.al.,
1979).

Viewed with phase contrast optics (Figure 1), nonactivated
neutrophils in suspension are spherical. Within seconds after
exposure to chemotactic factors the cells begin to exhibit shape
change responses. The first visual indication of shape change is a
ruffling of the cell membrane. Thin, sheet-like membrane protrusions,
or pseudopods, are randomly extended over all regions of the cell
surface giving the cells a ruffled appearance. With continued
exposure to the chemoattractant the cells may lengthen to exhibit
bipolar configurations displaying defined front and rear regions.
Pseudopods are restricted to the front end of the cellt the other end
is smooth, constricted and may have an knob-like structure or uropod.
The mid-region is also smooth, without membrane extensions or ruffles

(Zigmond, 1978). The fact that a bipolar‘éhape change response can



Figure 1
NEUTROPHIL SHAPE CHANGE: LIGHT MICROSCOPY

Upper panel: Unactivated isolated adult neutrophils.
Middle panels: Activated neutrophils (fMLP); three ruffled
cells and one bipolar cell. Note knob-like uropod on
bipolar cell seen on lower portion of the middle panel.

Lower panel: Bipolar configurations with uropods.

Bar = 10um






take place in the absence of a substratum or a chemotactic gradient
suggests that neutrophils have an intrinsic polarity which can be
expressed when cells are activated in suspension (Smith et.al., 1979).

Shape change responses are maintained while the cells are exposed
to the chemoattractant but are reversed by washing the cells free of
the activator. Aciive glucose utilization is required for shape
change but the effects of blocked glucose metabolism are also
reversible. Shape change responses are reported to be cation (Ca++
and Mg++) independent but to require intact miérofilaments (Heerdt
et.al., 1984; Smith et.al., 1979).

Activation of neutrophils has been shown to cause polymerization
of actin, the major component of microfilaments (Rao and Varani,
1982). Detergent insoluble cytoskeletal preparations from unactivated
cells are composed almost exclusively of cross-linked actin filaments,
actin binding proteins and a small amount of myosin. Within seconds
afger chemoattractant receptor binding the quantity of polymerized
actin increases, appearing to be localized to the developing
pseudopods (Fechheimer and Zigmond, 1983; Howard and Oresajo, 1985).
Activation induced actin polymerization is chemoattractant dose and
time dependent, subsiding within approximately 60 seconds (Rao and
Varani, 1982; White et.al., 1982).

Ultrastructural changes accompany activated neutrophil shape
change (Figure 2). Microfilaments in nonactivated spherical
neutrophils are typically arranged in a uniform submembranous

meshwork. Granules appear to be randomly distributed throughout the

cytoplasm. The centriole is generally localized between the nuclear



Figure 2 .
NEUTROPHIL SHAPE CHANGE: TEM

(Figure 2 is comprised of three pages) .

1. Examples of unactivated isolated adult neutrophils. Note
the nuclear lobes in the center of cells, electron dense
peroxidase positive granules and more electron lucent

peroxidase negative granules dispersed throughout the
cytoplasm.

Bars = lum
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Figure 2 (continued)
2. Examples of fMLP ruffled adult neutrophils. Note nuclear
lobes in central region of the cells, agranular zone of
pseudopod, peroxidase positive and negative granules
dispersed around the nuclear lobes.

Bars = lum
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Figure 2 (continued)

3. Examples of A23187 ruffled adult neutrophils. Note
nuclear lobes and centrioles in each cell section and
peroxidase positive and negative granules. Also notice that
the membrane extensions and agranular zones exhibited on

A23187 ruffled cells are finer and not as expansive as those
mediated by fMLP.

Bars = lum
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. lobes and from here microtubules radiate toward, but rarely make
contact with the cytoplasmic side of the plasma membrane. As cells
begin to change shape the newly formed pseudopods appear as agranular
zones containing a fine meshwork of filamentéﬁs material. In the
activated neutrophil, as in the spherical cell, the centriole remains
within the central region of cell, between the nuclear lobes.
Microtubules radiate toward but do not contact the plasma membrane
(Anderson et.al., 1982; Oliver and Berlin, 1982).

As neutrophils become bipolar, the agranular-zone is localized to
the front of the cell, the ﬁucleus to the mid-region with the granules
dispersed generally around the lobes. Neither the nuclear lobes nor
the granules extend into the uropod. Using anti-tubulin antibody and
indirect immunofluorescent techniques, Anderson and coworkers (1982)
demonstrated that microtubules lengthen along the axis of cellular
polarity4and shorten perpendicular to polar axis. The mean number of
microtubules in chemotactically activated neutrophils has been
reported to be significantly greater'than the number seen in the
nonactivated cells, suggesting microtubule involvement in activated
shape change. Microtubule assembly appears to be transient. Several
minutes after activation the number of microtubules returns to
baseline levels (Goldstein et.al., 1973). The uropod of bipolar cells
is organelle-free, composed of microfilaments and frequently a core of
intermediate filaments (Oliver and Berlin, 1982).

B. Enhanced Adherence

Neutrophil adherence to artificial substrata or to cultured

endothelial cells is glucose, temperature and extracellular Ca++

dependent but is independent of polymerizat?on of microfilaments
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(Charo et.al., 1985; Smith et.al., 1979). Chemotactic factors have
been reported to enhance adhesion not only'by increasing the number of
cells adhering to a surface (Hoover et.al., 1980; Smith et.al., 1979;
Tonnesen et.al., 1984) but also through increasing the strength of
cellular adhesion (Charo et.al., 1985). Smith and coworkers (1979)
reported that, in contrast to shape change responses, chemoattractant
mediated enhanced adhesion is not reversible. The augmented adhesion
induced by exposing neutrophils to fMLP was not removed by washing the
cells free of the chemoattractant. In addition, although neutrophils
exposed to.2—deoxyglucose (2-DOG) demonstrated a reversible inhibition
of shape change resﬁonses, normal adhesion functions were not restored
when the 2-DOG was removed (Heerdt et.al., 1984).

A degree of neutrophil adhesion is a prerequisite for cell
motility (Charo et.al., 1986). Cells in the process of adhering
appear to first flatten against the substratum and then round up and
extend pseudopods oriented in the direction of eventual migration
(Zigmond and Sullivan, 1979). Adhesion sites exhibit polarity forming
at the front of the cell and being transported to the tail as
translocation occurs. As the cell migrates new adhesion sites are
formed at the pseudopod region and again transported to the rear of
the cell (Smith and Hollers, 1981).

Ultrastructurally, localized cytoskeletal-adherent membrane
associations appear to be generated upon adhesion. In an elegant
investigation of the cytoplasmic side of neutrophil plasma membranes
during adherence, Boyles and Bainton (1979) demonstrated that during
neutrophil adhesion complexes of dense globular centers with radiating

networks of thin branched filaments are formed. These regions were
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located exclusively on the adherent membranes, never.being found on
the ventral side of cells. Pseudopods extending out from cells, in
the process of forming new adhesion sites, were generally free of
these regions. The extent of formation of central regions and the
associated filaments was determined to be temporally related to cell
adhesion., As éells became more adherent ghe branched filaments spread
to cover the entire cytoplasmic side of the adherent membrane. The
nature of these regions is unknown but the evidence strongly suggests
that they are intimately involved with the adhesion of cell
activation.
C. Migration

Neutrophils undergoing directed migration, or chemotaxis,
demonstrate morphological and functional polarity based on the
concentration gradient of the chemoattractant (Smith and Hollers,
1981; Sullivan et.al., 1981; Zigmond, 1978). In a chemotactic
gradient the majority of cells are oriented in the same direction
suggesting an acquired polarity. Pseudopods are directed toward the
higher concentration leading the way as the cells migrate up the
gradient. If the gradient is reversed so that the higher dose of
chemotactic factor is toward the uropods, the cells reorient along the
gradient, pseudopods again toward the higher concentration (Zigmond,
1977).

Conditions simulating in vivo chemotaxis have been developed in
vitro by a number of mefhodologies including migration of
neutrophils toward a chemoattractant on plastic (Zigmond, 1977), under
agarose, through porous filters (Gallin and Quie, 1978), through

‘cultured endothelial cells (Beesley et.al., 1979) and through
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endothelial cells grown on porous filters (Taylor et.al., 1981).
Manipulations of these in vitro chemotaxis conditions have indicated
that maximum neutrophil chemotactic responses require extracellular
Ca++, glucose, and polymerized microfilaments and microtubules (Caner,
1965; Wilkson, 1974; Zigmond, 1978).
D. Extracellular Granule Release

Mature human neutrophils contain an assortment of cytoplasmic
granules which have been classified by morphology, cytochemical
techniques and enzyme content into at least three discrete types
designated as primary (or azurophilic), secondary (or specific) and
tertiary (sometimes referred to as C-particles). The granules appear
at different stages during granulocyte maturation, contain different
enzymes (Baggiolini and Dewald, 1985; Bainton and Farquhar, 1968;
Scott and Horn, 1979) and respond differently in terms of release
dynamic; (Brentwood and Henson, 1980; Dewald et.al., 1982; Hibbs
et.al., 1983; Lew et.al., 1986; Petrequin et.al., 1985; Wright and
Gallin, 1979).. A summary of granule components is shown is Table 1.
1. Primary Granules:

Thé primary granules are the first type detectable in maturing
granulocytes, appearing in the promyelocyte stage. Mature primary
granules contain neutral proteinases (elastase and cathepsin G), acid
hydrolases (N-acetyl-B-glucosaminidase, cathepsins B and D,
B-glucuronidase, B-glycerophosphatase and a-mannosidase) and
microbicidal enzymes (myeloperoxidase and lysozyme) (Baggiolini and
Dewald, 1985; Bainton and Farquhar, 1968). Recently, three small
structurally related pepti@es, referred to as defensins, were

localized in the primary granules of human neutrophils (Ganz et.al.,
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1985; Selsted et.al., 1985). Defensins were found to have
antimicrobial, antifungal and antiviral activities in vitro.

Ultrastructurally, primary granules can be stained very electron
dense through a peroxidase mediated oxidation of diaminobenzidine
(DAB). In neutrophils the myeloperoxidase containeé in primary
granules provides the enzymatic activity for this reaction, resulting
in the deposition water insoluble end products of DAB oxidation in
primary but not secondary grénules (Mitsui, 1960). Thus, at an
ultrastructural level, primary granules are more electron dense and
are distinguishable from secondary granules (Figure 2)..

2, Secondary Granules:

Secondary or specific granules are unique to neutrophils,
appearing as promyelocytes mature into myelocytes (Bainton and
Farquhar, 1968). Secondary granules are reported to contain
approximately 2/3 of the cell's total lysozyme, vitamin B-12 binding
protein, the neutral proteinase collagenase, and the glycoprotein
lactoferrin (Baggiolini and Dewald, 1985).

a. Lysozyme:

Lysozyme is a cationic antimicrobial enzyme found in tissues,
secretions, plasma, monocytes and neutrophils (Grossowicz et.al.,
1979; Leffell and Spitznagel, 1972; Pryzwansky et.al., 1978).
Lysozyme's microbicidal activities are the result of it's ability to
lyse many gram-positive bacteria by catalyzing the hydrolysis of
bacterial cell walls (Grossowicz et.al. 1979; Nerurkar, 1981). Gordon
et.al. (1979) have reported that lysozyme may be involved in the
modulation of activated neutrophil functions by serving as a negative

feed back mechanism. Purified human lysozyme was found to
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significantly inhibit directional migration and the generation ?f
toxic oxygen radicals from neutrophils activated with several
different agents.

b. Lactoferrin:

Lactoferrin is a ubiquitous single chain, iron-binding
glycoprétein found in secretions bathing mucosal surfaces, plasma and
secondary neutrophilic granules (Cramer et.al., 1985; Hetherington
et.al., 1983; Leffell and Spitznagel, 1972; Lima and Kierszenbaum,
1985; Pryzwansky et.al., 1978). Each lactoferrin molecule is capable
of binding 2 Fe 3+ molecules. The iron molecules are released
biphasicalli at acid pH, the first between pH 6.5 and 5.5, thé second
between pH 4.5 and 3.5 (Moguilevsky et.al., 1985). In association
with it's' iron-binding capacity, lactoferrin is bacteriastatic. At
neutral pH lactoferrin may limit the iron availaple to bacteria by
binding it and not releasing it (Arnold et.al., 1977; Bullen and
Armstrong, 1979). In contrast, by releasing iron molecules to the
neutrophil's toxic oxygén radical generating system, }actoferrin is
thought to enhance hydroxyl radical production (Ambruso and Johnston,
1981; Fantone and Ward, 1982; Lima and Kierszenbaum, 1985).

Additionally, exogenous lactoferrin has been found to modulate
neutrophil adhesion activities. Human neutrophils bind lactoferrin in
a saturable fashion, with each cell capable of binding approximately
1.35 X 10 6 molecules. At doses ranging from 4 to 15ug of
lactoferrin/10 million neutrophils (equivalent to approximately 3 X 10
6 to 11.5 X 10 6 molecules/cell) lactoferrin was found to induce a
dose dependent decrease in cell surface charge (Boxer et.al., 1982c).

Such decreased surface charges have been associated with enhanced
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hesion activities (Harlan, 1985). Addition of exogenousllactoferrin
' isolated cells has been reported to induce neutrophil aggregation,

crease adherence of neutrophils to cultured endothelial cells (Oseas
..al., 1981), enhance neutrophil-alveolar macrophage adhesion through
specific macrophage receptor (Campbell, 1982) and augment adherence

 neutrophils to nylon wool fibers (Boxer et.al., 1982c).

In vivo, the adhesion mediating activities of lactoferrin
\ve been shown to induce a transient neutropenia. In a hamster cheek
yuch model, Boxer and coworkers (1982a) visualized increased
:utrophil adherence to endothelial cells following the infusion of
ictoferrin. Enhanced adherence was found to coincide with systemic
utropenia. By promoting adhesion to endothelial cells and at the
me time enhancing toxic hydroxyl radical generation, lactoferrin has
en implicated in in vitro endothelial cell damage and in vivo
lema formation (Vircellotti et.al., 1985).

Despite the possible deleterious affects on endothelium,
ictoferrin appears to plays an important role in the body's defense
Jainst disease. Several patients suffering from recurrent bacterial
1fections have been found to lack lactoferrin. Neutrophils isolated
om these patients showed a variety of defects in cell adherence and
droxyl radical production. Ultrastructurally, these neutrophils
re found to be deficient in secondary (peroxidase negative) granules
1d morphometrically they appeared chemotactically activated and
nresponsive to further activation (Boxer et.al., 1982b; |
'enton—Gérius et.al., 1980; Strauss et.al., 1974).

Collagenase:

The neutral protease collagenase is also a constituent of the
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secondary granules of neutrophils (Murphy et.al., 1977).
Intracellularly this metallo-enzyme occuyrs in a latent form, probably
as an inhibitor-enzyme complex. Weiss and coworkers (1985) have
reported that aﬁproximately 50% of the collagenase secreted from
activated human neutrophils is in an active, rather than a }atent
form. These investigators determined that cells auto-activated the
enzyme through the production of hypochlorous acid (HOC1). 1In the
presence of hydrogen peroxide (generated from respiratory burst
activity) myeloperoxidase (contained in primary granules) catalyzes
the peroxidation of chloride to HOCl. HOCl in turn was found to
activate latent collagenase. The remaining latent enzyme was found to
be activateable with organomercurials. Activation of latent
collagenase with mercurials results in a decrease in molecular weight
thought to be caused by removal of the inhibitor from the
enzyme-inhibitor complex (Murphy et.al., 1980). .

Activated collagenase specifically cleaves native type I collagen
into characteristic fragments 3/4 and 1/4 the size of the original
collagen molecule (Cawston and Barrett, 1979). Collagenase activity
is dependent upon divalent cations, being inhibite& with EDTA or
1,10-phenanthrolein (Murphy et.al., 1980). Cathepsin G and elastase,
serine proteases found in primary neutrophilic granules (Baggiolini
and Dewald, 1984; Tanaka et.al. 1985), have been reported to destroy
collagenase activity (Mu:phy et.al., 1980).

3. Tertiary Granules:

Fractionation of human neutrophil homogenates by zonal

differential sedimentation has revealed the presence of a third

-population of small particles referred to as C-particles or tertiary
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granules. Although morphologically stiil unidentified in whole cells,
the fractionation technique indicated that tertiary granules are
considerably smaller than either primary or secondary granules (Dewald
et.al., 1982). Recent evidence suggests that a proton pump ATPase,
responsible in part for the acidification of phagolysosomes following
neutrophil ingestion of foreign materials, is associated with tertiary
granules (Mollinedo and Schneider, 1984; Mollinedo et.al., 1986).
These granules also contain a number of acid hydrolases also found in
peroxidase positive granules including cathepsin B and D,
beta-glucuronidase, beta-glycerophosphatase, alpha-mannosidase and
N-acetyl-beta-glucosiminidase (Baggiollini and Dewald, 1985).
Additionally, the metallo-proteinase gelatinase has been reported to
be localized exclusively in neutrophilic tertiary granules (Sopata and
Dancewicz, 1974). Monocytes contain little if any gelatinase (Dewald
et.al., 1982), and cultured macrophages do not exhibit gelatinase
activity (Vartio, 1985).

a. Gelatinase:

Similar to collagenase, gelatinase is a metallo-proteinase,
occurring as a latent enzyme-inhibitor coﬁplex. Like collagenase, a
portion of the latent enzyme is thought to be auto-activated by
neutrophils through the production of HOC1 (Peppin and Weiss, 1986).
Gelatinase activation with organomercurials is associated with a
decrease in molecular weight, suggesting that enzyme-inhibitor complex
disruption accompanies enzyme activation. The latent form of
gelatinase is thought to be inactivated by elastase in such a way that
it cannot subsequently be activated. Unlike collagénase, the serine

’

proteinase cathepsin G has been found to activate, rather than prevent



23

" the activation, of latent gelatinase. Gelatinase activity is
inhibited by EDTA or 1,10-phenanthrolein but is not affected by serine

proteinase inhibitors (Dewald et.al., 1982; Hibbs et.al., 1985; Murphy
et.al., 1980; Sopata, 1982).

Once activafed gelatinase acts synergistically with collagenase
to degrade type I collagen. Collagenase, as mentioned, cleaves
collagen at a single site producing 3/4 and 1/4 collagen fragments.
These fragments spontaneously denature at body temperature making them
accessible to further degradation by gelatinase. Although gelatinase
does not directly cleave native type I collagen it is capable of
direct degradation ofitype V collagen (Hibbs et.al., 1985; Murphy
et.al., 1980).

Gelatinase secretion from human neutrophils appears to take place
prior to secondary or primary granule release. Dose response
determinations of extracellular granule release mediated by several
different activating agents indicated that gelatinase was released
following exposure of cell to low doses of the activators. Secondary
and primary granﬁle release were not detected until higher
concentrations of activators were used (Dewald et.al., 1982; Hibbs
et.al., 1983; Petrequin et.al., 1985).

Hibbs and associates (1985) have recemtly reported that secreted
gelatinase consists of three molecular weight species. All three
forms were found to be immunologically identical and proteolytically
active against gelétin.

4. Subpopulations of Neutrophilic Granules
There is evidence indicating that subpopulation of the three

types of cytoplasmic granules just discussed may exist. Peroxidase
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positive-primary granules in human neutrophils can be subdivided into
populations differing in morphology (Pryzwansky and Brenton-Gorius,
1985), enzyme composition and extracellular release dynamics (Kinkade
et.al.,1983; Pember and Kinkade,1983).

Ultrastructural studies of DAB treated neutroﬁhils revealed three
morphologic forms of peroxidase positive granules; large spherical
granules with strong homogeneous peroxidase activity, somewhat
elongated granules with weaker heterogeneous peroxidase activity and
small peroxidase reactive granules appearing in clusters or chains.
By high voltage electron microscopy these small granules appeared to
be interconnected. (Pryzwansky and Brenton-~Gorius, 1935).

Subpopulations of primary granules differing in.enzyme content
have been identified using centrifugation tecbniques. Continuous
sucrose density centrifugation of neutrophilic primary granule
fractions has been found to yield two populations of granules with
high and low densities (Kinkade et.al., 1983; Pember and Kinkade,'
1983). Three distinct forms of myeloperoxidase (MPQ), reported to
differ in enzymatic activity, extractability (Pember et.al., 1982),
amino acid composition (Morita et.al., 1986) and localization have
been isolated from the granule subpopulations obtained from a single
neutrophil donor. MPO forms II and III were confined to the low
density granules while the high density granules éontained all three
forms of MPO (Kinkade et.al., 1983; Pember and Kinkade, 1983).

Studies of extracellular release of the different forms of MPO
suggest that selective secretion of primary granule subpopulations
occurs. MPO II and III, contained within low density granules, were

fopnd to be secreted by human neutrophils activated with fMLP in the
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presence of cytochalasin B, while extracellular MPO I, localized in
the high density subéopulation, was not detected (Kinkade et.al.,
1983; Pember and Kinkade, 1983).

Similar to MPO, the neutral proteinase elastase is a primary
granule constituent found to exist in different forms. Garcia et.al.
(1985) have identified at least three isoenzymes of elastase,
differing in carbohydrate content and extractability. Unlike MPO,
the distribution of the different forms of elastase appeared to be
equivalent in both high and low density primary granule
subpopulations, and the isoenzymes were not selectively secreted in
response to neutrophil activation with fMLP plus cytochalasin B.

Distinct subpopulaﬁions of peroxidase negative granules have been
identified in neutrophils isolated from ruminant blood (Baggiolini
et.al., 1985; Genarro et.al., 1983). During maturation of these cells
three types of granules were identified. As in human neutrophils,
peroxidase positive granules formed first (Bainton and Farquhar,
1968). These were followed by an intermediate type of peroxidase
negative granule and finally classical peroxidase negative secondary
granules were formed. The intermediate granules were reported to be
larger than the later peroxidase negative granules, had more acutely
defined membranes and contained lactoferrin exclusively. Lysosomal
hydrolases, peroxidase and serine- or metallo-proteinases were not
detected in the intermediate granules. Similar to secondary granules,
these intermediate granules were secreted in response to soluble
stimuli (A23187) independently of primary granule release (Gennaro
et.al., 1983).

There are reports indicating that distinct forms of secondary
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granule lactoferrin may be divided into select subpopulations of
cells. Broxmeyer and coworkers (1980) reported that a specific form
of human neutrophil lactoferrin inhibited the Granulocyte-Macrophage
éolony Stimulating Activities (GM-CSA) from endogenous bone marrow
derived GM-CSA producing cells. Further, these investigators found
that the type of lactoferrin exhibiting these inhibitory properties
was contained in a specific population of circulating cells. Isolated
neutrophils were separated into subpopulations based on the capacity
of the cells to bind antibody coated erythrocytes (EA). Neutrophils
binding EA were referred to as Fc receptor positive (FcR+) while those
not binding EA were FcR-. Compared to FcR- cells, FcR+ neutrophils
demonstrated superior adhesiveness, aggregation, chemotaxis and
phagocytic capacity of opsonized particles. The difference in FcR
expression was not due to cell maturity as aging did not mediate a
conversion from one type to the other. In addition, conversion could
not be achieved with neutrophil activation (Klemnper and Gallin,
1978). Quantitatively, both FcR+ and FcR- populations contained
equivalent amounts of lactoferrin, approximately 3.4 ug/million cells.
However, qualitatively the lactoferrin from the subpopulations of

- neutrophils differed in function. FcR+ cells were found to contain an
active form of lactoferrin which bound to human monocytes and
inhibited the GM-CSA. FcR- neutrophils, on the other hand, contained
an inactive type of lactoférrin which demonstrated negligible binding
to monocytes and did nof affect the GM-CSA. Additionally, lactoferrin
extracted from FcR- cells interfered with the binding of active
lactoferrin to monocytes and consequently blocked the inhibitory

_effect of FcR+ lactoferrin on GM-CSA. .
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Although neutrophils generally function as defensive cells,
essential for maintaining health, they can be involved in the
exacerbation of disease states. As mentioned, lactoferrin has been
implicated in endothelial cell damage and subsequent edema formation
(Vircellotti et.al., 1985). Neutrophils migrating into sites of
inflammation may also contribute to tissue destruction by releasing
their proteolytic enzymes (Muirden and Leyden, 1984). Gelatinase and
collagenase have the capacity to alter extracellular matrix materials.
Collagenase is thought to be critical in initiating the extracellular
collagen degradation seen in rheumatoid arthritis (Spalding et.al.,
1986), and has, in fact, been reported to play a key role in the
development of inflammatory disease states affecting every organ
system in the body- (Weiss et.al.,, 1985). Acting in concert with
collagenase to further degrade the extracellular matrix, gelatinase
"may contribute to tissue destruction.

Laskin and coworkers (1986) have recently demonstrated that
collagen degradation products have the potential of being as
chemotactically active for human neutrophils as fMLP. Therefore,
infiltrating neutrophils not only have the capacity to degrade

collagen matrixes, but the act of degradation has the potential of

recruiting more neutrophils to the site.

In vitro, limited extracellular granule release has been
implicated in increased chemotatic peptide binding (Fletcher and
Gallin, 1980; Gallin et.al., 1978) and enhanced neutrophil adhesion
and migration (Gallin et.al. 1978; Wright and Gallin, 1979). While

extracellular Ca++ is not essential for limited granule secretion,
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secretion does require the mobilization éf intracellular calcium
. stores (Smolen et.al., 1981). Release is inhibited by the presence of
2-DOG but these affects are reversible (Heerdt et.al., 1984; Smolen
et.al., 1980). Granule release is not modulated by protein synthesis
inhibitors (Gallin et.al., 1978). Disruption of microfilament
formation with the fungal metabolite cytochalasin B has been shown to
enhance activated extracellular granule release (Henson and Oades,
1973; Skosey et.al., 1973; Zurier et.al., 1973).
E. Plasma Membrane Modifications -
1. Qualitative membrane changes: Up-regulation of membrane
compoanents

A correlation between up-regulation of chemotactic peptide
receptors and secondary granule release has been reported, suggesting
that these granules may act as intracellular pools for the receptors
(Fletcher and Gallin, 1980). Recent reports indicate that neutrophil
activation induces up-regulation of other surface moieties as well,
possibly also through the mobilization of intracellular pools (Fearon
and Collins, 1983; Thrall et.al., 1980; Zigmond et.al., 1982).
Activated cells were found to exhibit increased membrane expression of
the related glycoproteins (GPs), Mo 1, also known as OKM 1 and Mac-1
(Berger et.al., 1984) and pl150,95 (Springer et.al., 1986). These GPs
represent a major portion of the components found on the surface of
human neutrophils. Structurally the GPs are double chain
noncovalently associated alpha-1 beta-1 complexes (Sanchez-ﬁadrid
et.al., 1983). A 95 kilodalton beta chain is common to both while the
alpha chain varies. A third structurally related GP, the lymphocyte

function associated antigen-1 (LFA-1), shares the common beta chain
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while expressing a unique alpha chain. Similar to Mo 1 and pl150,95,
LFA-1 has been identified on leukocyte membranes (Gallin, 1985;
Sanchez-Madrid et.al., 1983). However, while the LFA-1 expressed on
the surface of monocytes has been reported to increase when these
cells are activated (Mentzer et.al., 1986), LFA-1 is not up-regulated
on neutrophils in response to activation (Lanier et.al., 1985).
Functionally the Mo 1, pl150,95 and LFA-1 glycoproteins are thought to
be involved in some form cellular adhesiveness (Anderson et.al., 1985;
Anderson et.al., 1986).

The alpha chain of Mo 1 is approximately 160KD in size and
contains the antigenic epitopes. Monoclonal antibodies directed
against specific portions of the alpha chain have been found to block
the adherence of iC3b coated particles to granulocytes, suggesting
that the Mo 1 antigen is closely related to, if not identical with,
the iC3b receptor (CR3) found on granulocyte membranes (Anderson
et.al., 1986; Arnaout et.al., 1983; Arnaout et.al., 1984; Dana et.al.,
1984; Sanchez-Madrid et.al., 1983). This GP has also been associated
with cellular-substratum adhesibn and subsequent chemotaxis (Anderson
et.al., 1986). In addition to being found on granulocytes, Mo 1 has
been reported on monocyte and natural killer cell membranes (Eddy
et.al., 1984; Gallin, 1985; Sanchez-Madrid et.al., 1983).

The pl150,95 GP consists of the common 95KD beta chain and a 150KD
alpha chain. pl150,95 has been identified on neutrophil and monocyte
membranes (Gallin, 1985; Sanchez-Madrid et.al., 1983). Functionally
this GP is thought to be involved in adhesion activities of these
cells (Anderson et.al., 1986; Harlan et.al., 1985; Lanier et.al.,
‘1985;vpringervet.al,, 1986). Wright et.al. (1985) presented
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preliminary evidence suggesting that pl150,95 may be the CR2 receptor
expressed on the surface of phegocytic celis. CR2 is reported to bind
iC3b, C3dg and C3d cleavage fragments of C3 (Arnaout and Colten, 1984)
and act as the receptor for the Epstein-Barr virus (Frade et.al.,
1985).

LFA-1, identified on the surfaces of lymphocytes, thymocytes and
activated macrophages as well granulocytes (Gallin, 1985;
Sanchez-Madrid et.al., 1983), has been reported to participate in the
adhesion between target cells and cytotoxic T lymphocytes or natural
killer cells (Gallin, 1985), homotypic adherence of B lymphocytes
(Mentzer et.al., 1985) and monocytes (Mentzer et.al., 1986), T-cell
dependent antibody production (Fischer et.al., 1986; Howard et.al.,
1986) and the interactions between activated macrophages and tumor
cells (Strassman et.al., 1986). The characteristic alpha chain of
LFA-1 is approximately 170KD in size (Gallin, 1985).

Although intracellular localization of the GP subunits has not
been demonstrated ultrastructurally, Arnaout et.al. (1984) and Todd
et.al. (1984) have implicated secondary granule release with increased
surface expression of the Mo 1 antigen. Examination of whole cells
and subcellular fractions using electrophoretic and immunological
techniques indicated that Mo 1 was associated predominately with
secondary granule membranes. These investigators proposed that during
activated secondary granule release Mo 1 was transported to the plasma
membrane through granule-plasma membrane merger. O0'Shea and coworkers
(1983) also presented evidence suggesting that secondary granules may
act as the intracellular pool for CR3 by reporting that a patient with

secondary granule deficiency was unable to increase cell surface
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éxprgssion of‘the CR3 receptor in response to neutrophil activation.

Additional evidence indicating that secondary granules may
represent the intracellular source of the Mo 1 antigen was provided by
the myloid cell lines KGl and THP-1. These cells do not contain
secondary granules and do not express Mo 1 on their surfaces (Arnaout
et.al., 1984).

Petrequin and associates (1985) recently presented evidence
suggesting that the Mo 1 GP may be more closely associated with
tertiary than with secondary granules. Neutrophils activated with 1lnM
or 100nM fMLP for 5 minutes were reported to exhibit a 3 fold increase
in cell surface Mo 1 expression and concomitant extracellular
gelatinase release without significant release of secondary granule
vitamin Bl12 binding protein or primary granule myeloperoxidase.

2. Quantitative membrane changes: Increased plasma membrane
expression

Evidence suggests that activated granule release may not only
produce qualitative alterations in neutrophil plasma membrane, in
terms of up-regulation of certain moieties, but may also contribute to
a quantitative alteration in exposed surface membrane. Hoffstein and
coworkers (1982) reported that new membrane was added to neutrophil
surfaces following 10 seconds exposure of cells to 100nM fMLP. The
rapidity of membrane addition suggested that an intracellular pool of
preformed membrane was being mobilized to the cell surface. |
Furthermore, quantitation of intracellular granules at an electron
microscopic level suggested that the source of this pool was the

secondary granules.
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ITI. fMLP as an Initiator of Neutrophil Activation

The tripeptide N-formylmethiohyl léucyl phenylalanine (fMLP) was
originally synthesized based on the finding that low molecular weight
peptides from rapidly growing bacteria activated leukocytes (Keller
and Sorkin, 1967; Schiffmann et.al., 1975a; Schiffmann et.al., 1975b;
Schiffmann et.al., 1978; Showell et.al., 1967). Competitive binding
experiments using synthetic peptides and bacteria culture filtrates
indicated that fMLP was structurally related to the naturally
occurring bacterial substances, both activating cells through a common
1eukocy£e receptor (Aswanikumar et.al., 1976; Aswanikumar et.al.,
1977; Schiffmann et.al., 1975a).

Membrane receptors for fMLP have been identified on pulmonary
macrophages (Spilberg et.al., 1981), monocytes (Weinberg et.al., 1981)
énd.neutrophils (Aswanikumar et.al., 1977; Sha'afi et.al., 1978;
Vitkauskas et.al., 1980; Williams et.al., 1977; Zigmond and Sullivan,
1979). The receptors on human neutrophils have been isolated and were
found to be glycoproteins approximately 40,000 to 70,000 daltons in
size (Goetzl et.al., 1981; Niedel et.al, 1980). As a population,
isolated neutrophils are reported to exhibit heterogeneity in terms of
fMLP binding characteristics and subsequent functional responses
(Berkow and Baehner, 1985; Gallin, 1984; Klempner and Gallin, 1978;
Seligmann et.al., 1981; Seligmann et.al., 1984),

Exposure of neutrophils to fMLP mediates a number of
morphological and functional cellular responses indicative of
activation. These responses include shape change (Smith ét.al., 1979;
Zigmond, 1978), enhanced adhesion to a substratum (Hoover et.al.,

- 1980; Smith et.al., 1979; Tonnesen et.al., 1984), migration (Zigmond,
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1978) extracellular granule release (Brentwood and Henson, 1980;
Dewald et.al., 1982; Wright and Gallin, 1979), modifications in the
expression of surface membrane moieties (Arnaout et.al., 1984; Berger
et.al., 1984; Fearon and Collins, 1983; Lanier et.al., 1985; Zigmond
et.al., 1982) and alteratioﬁs in the quantity of exposed surface

membrane (Hbffstein et.al., 1982).
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III. The'Calciun Ionophore A23187 as an Initiator of Neutrophil
Activation

Ionophores are small hydrophobic molecules which dissolve into
the 1lipid bilayer of cell membranes and transport specific ions down
their concentration gradients into the cell cytosol (Alberts et.al.,
1983). The ionophore calcimycin, or A23187, specifically transports
divalent cations such as Ca++.

Increased cytosolic free Ca++ concentration is one of the first
measurable events to occur following neutrophil receptor-ligand
binding. After a lag of approximately 3 seconds, cells treated with
100nM fMLP have been reported to rapidly take up extracellular calcium
(Korchak et.al., 1984) as well as mobilize intracellular Ca++ stores
(Naccache et.al., 1985; von Tschnarner et.al., 1986). Thus, the
result of A23187 treatment of neutrophils-is a receptor independently
indu;ed increase in intracellular Ca++.

In neutrophils, as in other cells, calcium is believed to act as
a secondary messenger in activation. Neutrophils treated with A23187
have been found to change shape (unpublished personal observation),
exhibit enhanced adhesion (Gallin et.al., 1978), extracellular granule
secretion (Hoffstein and Weissmann, 1978) and up-regulation of the CR3

receptor (Arnaout et.al., 1984; Todd et.al., 1984).
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IV. Temperature Transition as an Initiator of Neutrophil
Activation

Neutrophils exposed to an increase in temperature have been
reported to exhibit responses somewhat analogous to the morphological
and functional events of cellular activation.
A. Actin Polymerization

As mentioned previously, neutrophil activation has been shown to
induce polymerization of actin (Oliver and Berlin, 1982; Anderson
et.al., 1982), and microfilament formation is required for cellular
shape change (Smith et.al., 1979). Howard and Oresajo (1985) recently
reported that temperature mediated actin polymerization takes place in
human neutrophils. The relative F-actin content of cells incubated at
various temperatures ranging from 4C to 37C was assessed by
fluorescence activated cell sorter analysis of phallicidin stained
cells. Compared to cells held at 4C, these investigators detected a &4
fold increase in F-actin content following 37C incubation.
B. Enhanced Adherence

Charo et.al. (1985) reported that a temperature increase from 4C
to 37C induced enhanced neutrophil adhesion to albumin coated plastic
or cultured endothelial cells. The response was determined to be
temperature dependent, as cells exposed to either substrata and
maintained at 4C did not demonstrate augmented adherence.
C. Extracellular Granule Release

Apparent temperature mediated extracellular grahule release has

been reported. Goldstein and associates (1974) and Wright and Gallin
(1979) detected lysozyme in the cell-free supernatants of neutrophils

incubated at 37C for 30 minutes,. with no additional release seen after
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60 minutes incubation. Release was deterﬁined‘to be dependent upon
extracellular Ca++, plateauing at 1lmM calcium chloride. Spontaneous
temperature dependent vitamin Bl12 bindihg protein release has been
reported by Corcino et.al. (1970). These investigators found
significant amounts of extracellular vitamin Bl2 binding protein in
supernatants from neutrophils incubated at 37C for 5 minutes. Vitamin
Bl12 binding protein was not detected in supernatants from cells
incubated up to 5 hours at 4C. Dewald and coworkers (1982) also
reported that vitamin Bl2 binding protein was released from cells
after 5 minutes incubation at 37C, but only from neutrophils which
were isolated from buffy coat cells held at 4C for 24 hours. Freshly
isolated neutrophils did not spontaneously release vitamin Bl2 binding
protein. Neutrophils isolated from buffy coats aged for 24 hours at
4C were also found to spontaneously release gelatinase when warmed at
37C. Dramatic, highly significant release occurred within 5 minutes
incubation at 37C. As was determined for spontaneous vitamin B12
binding protein release, neutrophils isolated from freshly drawn blood
did not demonstrate spontaneous temperature dependent gelatinase
release (Dewald et.al., 1982; Baggiloini and Dewald, 1984).

| In contrast to activation induced extracellular granule
secretion, cytochalasin B has been reported to have no affect on
temperature mediated granule release (Skosey et.al., 1973; Zurier
et.al., 1973).
D. Plasma Membrane Modifications
1. Qualitative membrane changes: Up-regulation of membrane
components

.. Recent evidence indicates that qualitative alterations in



37

neutrophil membrane can occur without exposing the cells to
conventional activating agents. Incubation of human neutrophils at
37C has been reported to produce spontaheous increases in surface
expression of CR1l, the C3b receptor, (Fearon and Collins, 1983) CR3

(Berger et.al., 1984; Fearon and Collins, 1983) and the pl150,95 GP
(Springer et.al., 1986).
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V. HNeonatal Neutrophils

Human newborns are more susceptible to frequent and serious
bacterial infections than adults. The evidence suggests that this
susceptibility is, at least in part, due to depressed neutrophil
functions. Depressed activity is not the result of an aberration in
chemoattractant sensory mechanisms but is thought to be related to
decreased responses of neonatal cells to activation (Anderson et.al,
1981; Anderson et.al., 1984; Ambruso et.al., 1984; Becker-Freeman
et.al., 1984; Krause et.al., 1982).

Recently, Krause and coworkers (1986) reported that isolated
neonatal human neutrophils represent a heterogeneous population of
cells, These investigators identified a subpopulation of cells which,
like adult cells, expressed quantitatively less of a specific surface
membrane component and were less motile than the major population of
cells. Compared to isolated adult cells, this subpopulation
represented a significantly larger portion of isolated neonatal cells.
Krause et.al. (1986) further suggested that the depressed functional
responses of neonatal neutrophils may be partially due to the
relatively larger proportion.of this subpopulation of cells.

Depressed responses are transient, subsiding within several
months after birth. Krause and coworkefs (1982; 1986) reported that
the activities of neutrophils isolated from neonates and from infants
3 days to 2 months of age were significantly diminished when cpmpared
to adu}t cells. However, between 2 and 4 months of age cell

activities were markedly increased and continued to increase until

approximately 17 years of age.
- A. Shape Changg.:
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Neonatal neutrophils were found to express relatively normal
intrinsic polarity, but defective acquired polarity. Neutrophils
isolated from umbilical cord blood and éctivated in suspension
exhibited rﬁffled configurations within seconds. Although bipolar
forms were seen with continued exposure to the chemoattractant,
compared to adult shape change responses, fewer neonatal cells
exhibited knob-like tail structures or uropods (Anderson et.al.,
1981). On the other hand, neonatal neutrophils demonstrated a marked
depression in the ability to orient, or express acquired functional
polarity. Anderson et.al. (1984) reported that while more than 907 of
adult cells demonstrated proper orientation in a chemotatic gradient
by exhibiting pseudopods directed toward the higher concentration of
chemoattractant, only 70% of neonatal cells oriented properly.
Additionally, when the gradient was reversed,.those neonatal cells
that did orient were unable to reorient.

B. Adherence

Neonatal neutrophils also exhibit abnormal adherence associated
activities. While baseline adhesion of newborn neutrophils was
reported to be comparable to adult levels, chemoattractant mediated
enhanced adhesion was diminished (Anderson et.al., 1981;
Becker-Freeman et.al., 1984). An inability of newborn cells to
modulate adherence sites may be associated with depressed activation
mediated adhesion. In suspension, neonatal neutrophils exposed to
chemotactic .factors did not demonstrate a normal capacity to transport
latex bead-bound adhesion sites from pseudopods to the tail of
polarized cells (Anderson, et.al., 1981).

C. Higri;;gn
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The abnormalities in newborn neutrophil orientation and adhesion
are reflected in impaired motile responses. The motility of neonatal
cells has been found to be significantlf reduced in response fMLP, C5
cleavage producﬁs and low molecular weight chemoattractants isolated
from E. coli culture fluid (Anderson et.al. 1981; Krause et. al.

1986; Nunoi, et.al.1983).
D. Extracellular Granule Release

Neutrophils isolated from umbilical cord blood have been reported
to contain myeloperoxidase and beta-glucuronidase and lysozyme in
quantities comparable to those found in adult neutrophils. On the
other hand, lactoferrin levels have been found to be significantly
less (Ambruso et.al., 1984; Becker-Freeman et.al., 1984). The levels
of lactoferrin in lysates prepared from neonatal cells are reported to
be approximately SOZ'of those found in adult lysates. Compared to
adults cells, neonatal cells exposed to fMLP, A23187 or the tumor
promoter PMA secreted equivalent amounts of myeloperoxidase and
lysozyme but approximately 50% less lactoferrin (Becker-Freeman
et.al., 1984).

E. Plasma Membrane Modifications
1. Quantitative: Up-regulation of membrane components

Compared to adult cells, neonatal neutrophils have been reported
to exhibit depressed baseline levels of the adhesion associated GP Mo
1. Neonatal neutrophils demonstrated dose dependent up-regulation of
the alpha and beta subunits following activation with fMLP or exposure
to A23187 or PMA, however, the degree of expression was significantly
diminished when compared to activated adult neutrophils

(Becker7Freeman-et.al., 1984) .
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As discussed above, Mo 1 and lactoferrin have been implicated in
neutrophil adhesion and hydroxyl radical production. The low levels
of Mo 1 expression and lactoferrin contént in neonatal cells may
contribute to the increased susceptibility and severity of bacterial

infections seen in newborns (Becker-Freeman et.al., 1984).



MATERTALS AND METHODS

Reagents

The following reagents were routinely used throughout these
studies. Unless otherwise indicated, complete -PBS, phosphate buffered
saline containing 1.0mM calcium chloride, 0.15mM magnesium chloride,
pH 7.4 (Gibco) made 5mM glucose was used as reagenf dilution buffer
and neutrophil suspension buffer. Elutriation buffer was PBS, 0.25mM
EDTA. Stock solutions of 1mM fMLP, cytochalasin B at 5mg/ml (Sigma)
and 5SmM A23187 (Calbiochem) were made in 100%Z dimethyl sulfoxide
(DMSO) and stored at -35C until use. The highest concentration of
DMSO present in reactions with neutrophils, 0.01Z (v/v), had no affect
on the cells or the assay systems. Cells were fixed for light and
electron microscopy with diluted electron microscopy grade
glutaraldehyde (Ladd).
Neutrophil Isolation: Adult

For these studies, human neutrophils were isolated from whole
blood obtained by venipuncture, with informed éonsent, from male and
female donors ranging from 21 to 68 years of age. Blood was
anticoagulated with buffered sodium citrate and neutrophils were
purified using one of three methods; cold counterflow centrifugai
elutriation, cold ficoll/hypaque discontinuous density gradient or

» ficql}/hypaqug discontinuous density gradient performed at room
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temperature (see Appendix A).

The counterfiow centrifugal elutriation technique utilized a
JE10-X elutriation rotor, J6M centrifuge (Beckman) and Masterflex Pump
with 7016-20 head (Barnstead). Blood samples subjected to elutriation
were mixed with Hespan (6.0% hetastarch in 0.9% sodium chloride,
American Hospital Supply) to sediment erythrocytes. Leukocyte rich
plasma was diluted with Ca++,Mg++—free PBS (Gibco) and pumped into the
elutriation chamber at approximately &45ml/minute, centrifuging at 1420
rpm, 10C. After the sample had been loaded, cold elutriation buffer
was pumped into the chamber at 45ml/minute for 10 minutes. The pump
speed was then increased to approximately 55ml/minute for 10 minutes
followed by 64ml/minute for 30 minutes. Samples from chamber effluent
were taken at 2.5 minute intervals for Coulter Counter determinations
of erythrocyte content. When erythrocyte counts fell below 40,000/ml,
the pump was stopped and centrifuge speed decreased to 1000 rpm.

After 4 minutes the centrifuge was stopped, the separation chamber
removed and the isolated neutrophils were transferred to tubes
pretreated with normal human serum.. Cells were adjusted to 10
million/ml in complete PBS and held on ice until use.

For ficoll/hypaque <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>