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Glucose has previously been shown to increase the in vitro phagocytosis of unopsonized Pseudomonas
aeruginosa by freshly explanted murine peritoneal macrophages (PM) and cultivated alveolar macrophages
(AM). This study examined the effect of glucose on the same phagocytosis process in human AM in order to
determine whether this phenomenon is conserved among species. Freshly explanted human AM phagocytosed
unopsonized P. aeruginosa at a low level (2 bacteria/macrophage/30 min), whereas mouse AM ingested a
negligible number of P. aeruginosa (0.01 bacterium/macrophage/30 min). Glucose had no effect on this or other
phagocytic processes in freshly explanted mouse or human AM. However, following in vitro cultivation for 72 h,
human AM phagocytosed three to four times more unopsonized P. aeruginosa than did freshly explanted cells,
but only in the presence of glucose. This glucose-inducible phagocytic response had also been observed in
cultivated murine AM. Although similar increases were also detected for the phagocytosis of latex particles and
complement-coated sheep erythrocytes by cultivated human AM, these processes were not glucose dependent.
The lack of response to glucose in freshly explanted mouse AM was attributed to insufficient glucose transport;
however, freshly explanted human AM exhibited significant facilitative glucose transport activity that was
inhibitable by cytochalasin B and phloretin. Taken together, these results suggest that the process of glucose-
inducible phagocytosis of unopsonized P. aeruginosa is conserved among macrophages from different
species, including humans, and that AM, but not PM, required cultivation for this glucose effect to occur.
Glucose transport by AM appears to be necessary but not sufficient for phagocytosis of unopsonized
P. aeruginosa.

Pseudomonas aeruginosa is an opportunistic, gram-negative
bacterial pathogen commonly found in immunocompromised
individuals, in burn patients, and in the airways of the lungs of
cystic fibrosis (CF) patients (3). Once established, P. aerugi-
nosa infection is rarely eradicated in patients with CF despite
antimicrobial therapies, and it continues to be a major cause of
morbidity and mortality. The means by which P. aeruginosa
evades host defenses to establish infection in the lungs of CF
patients is under intense investigation. Several hypotheses
have been proposed to explain the prevalence of P. aeruginosa
in the lungs of CF patients, including a relationship to the
genetic defect of the CF transmembrane conductance regula-
tor (11, 17–20, 22) and the survival strategies of P. aeruginosa
(7, 23). The main initial defender of the lower airways against
airborne infections is the alveolar macrophage (AM) (8). Elu-
cidating their role in the clearance of P. aeruginosa may be of
critical importance to our understanding of the initial events
that result in the survival and growth of this bacterium in the
lower respiratory tract of the CF patient. AM provide the first
line of defense against infection of the respiratory tract; the
early recruitment of polymorphonuclear leukocytes (PMN) to
the lower airway in CF may represent a breach of this normally

robust host defense. Since AM reside in an environment with
low complement and immunoglobulin concentrations (13, 26),
it is probable that they utilize nonopsonic instead of Fc or
complement receptor-mediated phagocytosis as their initial
primary mechanism for eliminating microorganisms such as
P. aeruginosa from the airways.

Our previous studies have indicated that the phagocytosis of
unopsonized P. aeruginosa by freshly explanted murine resi-
dent and thioglycollate-elicited peritoneal macrophages
(PM) is a glucose-dependent process (24). This phenomenon
is unique in that glucose has no effect on the macrophage
phagocytosis of several other respiratory bacterial pathogens,
antibody- or complement-coated sheep erythrocytes, zymosan,
or latex particles (24), providing a possible explanation for the
success of P. aeruginosa as a respiratory pathogen. In striking
contrast to PM, freshly explanted mouse AM could not phago-
cytose bound P. aeruginosa even in the presence of glucose.
The difference in response to glucose in these two types of
macrophages was attributed to the absence of significant glu-
cose transport activity in mouse AM. This was suggested by the
finding that when mouse AM acquire glucose transport activity
following a 48-h in vitro cultivation period, they can also ingest
unopsonized P. aeruginosa in a glucose-dependent manner (6).
These results suggest that mouse AM are incapable of ingest-
ing unopsonized P. aeruginosa unless they are cultured and
acquire the capacity to transport exogenous glucose. Whereas
the process of nonopsonic phagocytosis of P. aeruginosa by
rodent AM has been characterized (1, 6, 24), that of human
cells has not yet been reported. The principal aim of this study
was to determine the phagocytic response of human AM to a
challenge of unopsonized P. aeruginosa in the presence of
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glucose, thereby gaining an understanding of our preliminary
studies in the context of human respiratory defenses.

MATERIALS AND METHODS

Alveolar macrophages. Approval for the bronchoscopy and bronchoalveolar
lavage procedures was obtained from the Institution Review Board of Ethics in
Human Experimentation at the University of Sherbrooke. All volunteers were
healthy and provided signed informed consent prior to participating in the study.
Bronchoalveolar lavages were performed on healthy volunteers by previously
established protocols (4). Cells from the fluids obtained were washed twice with
phosphate-buffered saline (50 mM sodium phosphate–0.15 M NaCl, pH 7.2) by
centrifugation at 200 3 g and resuspended in 1 ml of complete medium (Dul-
becco’s modified Eagle’s medium containing penicillin [100 U/ml], streptomycin
[50 mg/ml], L-glutamine [10 mM], MgCl2 [1 mM], and 10% autologous serum).
Cell viability was determined by exclusion of trypan blue dye, and phenotype was
determined by staining cells with Wright stain. Mouse AM were prepared ac-
cording to procedures described previously (6).

Adherence property of human alveolar macrophages. The adherence of hu-
man AM to untreated Thermanox plastic coverslips (13 mm in diameter; Nunc
Inc., Naperville, Ill.) for 1 h at 37°C and 5% CO2 was compared to their
adherence to glass coverslips precoated with 50 ml of 0.01% polylysine, 2%
gelatin, 0.004% fibronectin, or human autologous or heterologous serum. With
the exception of sera, all coating agents were obtained from Sigma Chemical
Company (St. Louis, Mo.). Cells from bronchoalveolar lavage fluids (106/ml)
with or without 1 mM MgCl2 were plated onto coverslips (100 ml/coverslip) in
24-well Falcon tissue culture plates (Becton Dickinson & Co., Franklin Lakes,
N.J.) and incubated for 1 h at 37°C and 5% CO2. Additional complete medium
(0.5 ml) was added, and the cells either were allowed to adhere for at least a
further 3 h prior to phagocytosis assays or were incubated for 1 to 3 days in order
to determine the adherence of cultivated human AM on coated coverslips. The
percentage of adherent cells was calculated by multiplying 100% by the ratio of
the number of cells remaining on the coverslips to the total number of cells
plated. A representative field of each coverslip was counted for this purpose.

Phagocytosis assays. The various phagocytic particles were prepared as de-
scribed previously (1, 24), but phagocytosis assays were modified as follows: (i)
the particle incubation time was reduced from 1 h to 30 min, and (ii) extracellular
uningested sheep erythrocytes and P. aeruginosa P1 were lysed with 55 and 50%
phosphate-buffered saline, respectively, instead of water for 2 min and 10 s.
Following phagocytosis assays, the coverslips were air dried and mounted on
microscope slides with either Entellan (Merck, Darmstadt, Germany) or Omni-
mount (National Diagnostics, Atlanta, Ga.) mounting medium. The number of
particles ingested by human AM was determined by visually examining Giemsa-
stained cells and counting internalized particles with the aid of a light micro-
scope. At least 60 macrophages per coverslip were scored. Each sample was
assayed in triplicate, and the experiments were repeated two to three times with
different AM preparations. Data were expressed as means 6 standard errors of
the means. Student’s t test for independent means was used to evaluate data, and
P values of ,0.05 were deemed significant. In cases in which no bacteria were
ingested, the ability of human AM to bind P. aeruginosa was investigated as
described previously (1).

Glucose transport assay. Adherent human AM were carefully rinsed twice
with a HEPES-buffered saline solution (HBS) consisting of 140 mM NaCl, 2.4
mM MgSO4, 5 mM KCl, 1 mM CaCl2, and 20 mM sodium HEPES, pH 7.4.
Glucose uptake was measured indirectly with radiolabelled 2-deoxy-D-glucose
(NEN, Markham, Ontario, Canada). Briefly, human AM were incubated for 10
min at 37°C with 10 mM 2-deoxy-D-glucose and tritium-labelled 2-deoxy-D-glu-
cose (1.0 mCi/ml) in a total volume of 0.5 ml of HBS/well. Nonspecific 2-deoxy-
D-glucose counts were determined by inclusion of 10 mM cytochalasin B in
duplicate assay mixtures. Following the incubation, the wells were rinsed twice
with HBS and then the cells were solubilized in 0.5 ml of 1 mM NaOH for 45
min. Cell-associated radioactivity was quantified by liquid scintillation counting,
using an aqueous liquid scintillant (Amersham, Little Chalfont, Buckingham-
shire, United Kingdom) and a model LS 6800 liquid scintillation counter (Beck-
man, Irvine, Calif.). Specific facilitated glucose transport activity was determined
by subtracting nonspecific counts, obtained in the presence of cytochalasin B,
from total counts, obtained in the absence of cytochalasin B. An aliquot of the
standard assay mixture (10 ml) was measured for radioactivity to determine the
relationship between radioactivity of the 2-deoxyglucose and the amount of
2-deoxy-D-glucose transported. Under the conditions stated above, approxi-
mately 100 cpm is equivalent to the transport of 1 pmol of 2-deoxy-D-glucose.
Glucose transport is expressed as the average of triplicate measurements, in units
of picomoles per minute per 105 cells.

RESULTS

Cells from bronchoalveolar lavage fluid. Bronchoalveolar
lavage fluids from eight different individuals were used for
phagocytosis and glucose transport assays. The cell populations
of the lavage fluids were fairly similar. A representative cell

population consisted mainly of macrophages (85 to 90%) and
lymphocytes (8 to 11%), with a small percentage of eosinophils
(0.3 to 3.5%) and neutrophils (0 to 1.2%) but no basophils.
Similar differential cell counts for bronchoalveolar lavage flu-
ids from healthy, nonsmoking, young volunteer subjects have
been reported previously (5). Cell recovery ranged from 3 3
106 to 10 3 106, with an average of 5.8 3 106 per lavage. Cell
viability was between 66 and 96%, averaging about 80%. AM
were found to be positive for nonspecific esterase.

Adherence properties of mouse and human AM. Murine
AM were isolated from lymphocytes, erythrocytes, and other
contaminating cells in peritoneal exudates and bronchoalveo-
lar lavage fluids by their ability to adhere to glass coverslips.
They remained on glass coverslips for the duration of the
phagocytosis assay period. This characteristic allowed them to
be purified without subjecting them to conventional cell pan-
ning or sorting methods and facilitated the assessment of
phagocytic activity. In contrast, human AM appeared to ad-
here to glass more loosely than their murine counterparts. As
a result, few cells were left on the glass coverslips after the
phagocytosis assay procedures. Consequently, in one experi-
ment, human AM were tested for their adherence to glass
coverslips coated individually with a variety of agents that can
enhance cell adhesion, as well as to untreated plastic coverslips
(Fig. 1). With the exception of glass coverslips treated with
human fibronectin, precoating did not appear to enhance the
adherence of human AM to glass coverslips. Surprisingly, there
was a significant decrease in adherence of human AM to glass
coverslips precoated with bovine fibronectin or gelatin plus
MgCl2 after a 3-day incubation. This decline in adherence was
not observed with the other treatments.

Although fibronectin could be used to increase the adher-
ence of freshly explanted human AM to glass coverslips, it
would not be useful for cultivation of these cells. Furthermore,
fibronectin has been shown to enhance macrophage phagocy-
tosis of P. aeruginosa, and that would have complicated our
analysis of the glucose effect on nonopsonic phagocytosis (15).
Since both human and mouse AM adhered well to untreated
plastic coverslips, we therefore compared the phagocytic abil-
ities of mouse and human AM following their adherence to
plastic coverslips. Adherent human AM, unlike mouse AM,
could not be maintained in culture in medium containing fetal

FIG. 1. Adherence of human AM to glass coverslips with coating agents was
determined after 1 day (open bars) and after 3 days (closed bars) in culture. The
coating agents used were bovine fibronectin (1), gelatin plus Mg21 (2), polylysine
plus Mg21 (3), human heterologous serum (4), human fibronectin (5), human
autologous serum (6), and human autologous serum plus Mg21 (7); human AM
were also plated onto plastic coverslips without any coating agent but in the
presence of Mg21 ions (8).
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calf serum. However, they remained viable and phagocytic for
at least 6 days in medium containing autologous serum.

Particle phagocytosis by human AM. Adherent AM were
tested for their ability to phagocytose various particles on the
day of explantation (day 0) and on day 3. The photomicro-
graphs in Fig. 2 demonstrate the phagocytic ability of freshly
explanted adherent human AM. Initial phagocytosis assays
indicated that P. aeruginosa particles ingested by human AM
were not as discernible as those ingested by murine AM. This
difference may be due to the more rapid degradation of P.
aeruginosa in human AM, which can generate substantial quan-
tities of reactive oxygen intermediates following ingestion of
bacteria (10). It was necessary to shorten the time period
allotted for P. aeruginosa phagocytosis by human AM to ensure
that the particles could be counted accurately by visual exam-
ination of stained macrophages. Although tedious to perform,
this assessment is very reliable for distinguishing unbound,
bound, and ingested particles. The number of particles in-
gested per cell appeared small, relative to the inoculum, be-
cause the assay was carried out for 30 min. This does not reflect

inefficient phagocytosis since, if given enough incubation time,
the AM could ingest many more of the available particles. A
wide range of phagocytic ability, irrespective of particle type,
was detected, which probably reflects the known heterogeneity
of AM isolated from bronchoalveolar lavage fluids.

The phagocytic activities of freshly explanted human AM
and those that had been cultured for 3 days are shown in Fig.
3a. Freshly explanted human AM (day 0 AM) ingested similar
numbers of zymosan, latex particles, and immunoglobulin G
(IgG)-coated sheep erythrocytes (2.6 to 3.2 particles/macro-
phage). Complement-coated sheep erythrocytes were also in-
gested, albeit in smaller numbers than the other particles (0.8
particle/macrophage). Human AM cultured for 3 days (day 3
AM) ingested more latex and complement-coated particles but
not significantly more IgG-coated erythrocytes or zymosan par-
ticles than day 0 AM. More importantly, glucose had no effect
on the phagocytosis of any of these particles (data not shown).
On the contrary, the phagocytosis of P. aeruginosa by day 3
human AM increased three- to fourfold in the presence of
glucose. This glucose-stimulated three- to fourfold increase in

FIG. 2. Particle phagocytosis by freshly explanted human AM. Cells from bronchoalveolar lavage fluids were plated onto plastic coverslips. Adherent AM were
tested for their ability to ingest unopsonized P. aeruginosa P1 (a), sheep erythrocytes coated with rabbit anti-sheep erythrocyte IgG antibodies (EIgG) (b),
3-mm-diameter latex particles (L) (c), and zymosan (Z) (d). Macrophage morphology was preserved, with the Giemsa-stained nucleus (N) and cytoplasm (C) being
clearly defined. Poor ingestion of P. aeruginosa was observed. Due to incomplete lysis of lysozyme-treated bacteria, extracellular P. aeruginosa cells appeared as lightly
stained fuzzy dots (background in photomicrograph a). Ingested bacteria appeared as dark rods (arrow in photomicrograph a). Magnification, 31,667.
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phagocytosis was not evident in day 0 human AM, which in-
gested 2.4 and 1.6 P. aeruginosa cells/macrophage in the pres-
ence and absence of glucose, respectively (Fig. 3a).

There were two notable differences between human (Fig. 3a)
and mouse (Fig. 3b) AM. One difference was that cultivated
murine AM showed increased ingestion of zymosan while cul-
tured human AM did not. The other difference was in phago-
cytosis of P. aeruginosa; fresh human, but not murine, AM
ingested a small number of P. aeruginosa in the presence or
absence of glucose, but glucose enhancement was dramatic
with both cell types after in vitro cultivation.

Facilitated glucose transport activity of human AM. It has
been shown that freshly explanted mouse AM transport neg-
ligible amounts of glucose, and this glucose transport activity
increases in day 3 cells (6). Due to the importance of glucose
in the phagocytic response of AM toward P. aeruginosa, the
glucose transport activities of day 0 and 3 human AM were
measured. As shown in Fig. 4, human AM transported glucose
in a cytochalasin B-inhibitable manner on days 0, 3, and 6, and
there was no significant difference between them in the

amounts of glucose transported. Phloretin, which inhibits fa-
cilitative but not active glucose transport, also reduced trans-
port of 2-deoxy-D-glucose by human AM, by about 81% (data
not shown). The glucose transport rate of 1.5 pmol/min/105

human AM was comparable to those measured with mouse
PM and cultivated mouse AM. The number of glucose mole-
cules transported into each cell would be 9 3 106 per min. In
mouse PM, glucose triggered phagocytosis of bound P. aerugi-
nosa cells within 10 to 15 min following its addition to the assay
medium. If in vivo human AM were able to respond to glucose
in the same way as mouse PM, then only 15 to 23 pmol of
glucose would be needed to activate P. aeruginosa phagocytosis
by 105 human AM.

DISCUSSION

In our previous report, we provided evidence that glucose
could activate phagocytosis of P. aeruginosa but not other par-
ticles in rodent macrophages, and we hypothesized that it
might be possible to stimulate human AM to phagocytose P.
aeruginosa in vivo if they behave similarly to rodent macro-
phages (6). Several differences between mouse and human AM
were revealed in this study. The minor differences, such as
adherence to glass and water sensitivity, resulted in changes in
our phagocytosis assay procedures, which were established pre-
viously for rodent macrophages. Nevertheless, the results ob-
tained with freshly explanted and cultivated mouse AM which
had adhered to plastic (Fig. 3b) were similar to previously
published data on glass-adhered cells (6).

The major and unexpected differences were that freshly ex-
planted human AM, but not their mouse equivalents, could
phagocytose P. aeruginosa, albeit poorly, in a glucose-indepen-
dent manner (Fig. 3a) and that they exhibited facilitative glu-
cose transport (Fig. 4). It is not known whether the former
difference is due to a subpopulation of AM that is present in
the human but not the mouse lung or a species-specific AM
response to unopsonized P. aeruginosa. Subpopulations of AM
have been identified with monoclonal antibodies (25), so that
the nature of human AM subpopulations could be further
investigated to determine if phagocytic competence correlates
with cell phenotype. Despite their differences, the efficiency of
P. aeruginosa phagocytosis was increased significantly by glu-
cose in both the cultivated mouse and human AM (Fig. 3).

FIG. 3. (a) Phagocytic responses of human AM isolated from bronchoalveo-
lar lavage fluids. Freshly explanted AM (open bars) and those cultivated for 3
days (cross-hatched bars) were tested for their ability to ingest P. aeruginosa in
the absence of glucose (P1) or in the presence of 10 mM glucose (P11G),
3-mm-diameter latex particles (L), sheep erythrocytes coated with either rabbit
anti-sheep erythrocyte IgG antibodies (EIgG) or rabbit anti-sheep erythrocyte
IgM antibodies plus complement C3 (EIgMC), or zymosan (Z). Sixty macro-
phages from each coverslip were scored for the number of ingested particles, and
phagocytosis is expressed as the number of particles per macrophage. Data are
the means of results from two to three separate experiments in which triplicate
determinations were performed for each sample. Each bar represents the stan-
dard error of the mean. (b) Phagocytosis of P. aeruginosa by freshly explanted
mouse AM (open bars) and those cultivated for 3 days (cross-hatched bars) in
the absence (P1) or the presence (P11Glu) of 10 mM glucose was determined
as for human AM to compare the effects of glucose on these cells. Ingestion of
3-mm-diameter latex particles (L) and zymosan (Z) was used to monitor the
phagocytic competence of mouse AM.

FIG. 4. Glucose transport by human AM. The uptake of [3H]2-deoxy-D-
glucose by freshly explanted AM and those cultivated for 3 or 6 days was
determined in the absence (open bars) or the presence (closed bars) of cytocha-
lasin B. Data are means 6 standard errors of the means of values from three
separate experiments in which duplicate determinations were performed for
each sample.
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Similar glucose-inducible phagocytosis of unopsonized P. aeru-
ginosa was also demonstrable in cultivated rat and sheep AM
(data not shown). The species conservation of this process
suggests a common mechanism by which macrophages interact
with and phagocytose unopsonized P. aeruginosa. However, it
is clear that in human AM, a glucose-independent mechanism
is also involved in the phagocytosis of P. aeruginosa.

The changes in AM during cultivation that would enable
them to respond to glucose and phagocytose P. aeruginosa are
as yet unclear. One of the changes that may affect this process
is an increase in the affinity or number of a phagocytic recep-
tor(s) for P. aeruginosa during cultivation, but this cannot be
addressed at present because the receptor(s) is incompletely
characterized. Our P. aeruginosa binding assays did not indi-
cate any significant difference in the numbers of P. aeruginosa
bound to freshly explanted and cultivated human AM. There-
fore, binding of P. aeruginosa to human AM and phagocytosis
of this bacterium by these cells appear to be two independent
events, as was the case for mouse macrophages. In contrast,
upregulation of receptors upon cultivation was most likely re-
sponsible for the increase in the rate of phagocytosis of latex
particles and complement-coated sheep erythrocytes in culti-
vated human AM and in the ingestion of latex and zymosan
particles in cultivated mouse AM (Fig. 3). However, unlike the
nonopsonic phagocytosis of P. aeruginosa, glucose has no effect
on these phagocytic processes.

The acquisition of glucose responsiveness by AM during
cultivation may differ depending on species. In mouse AM,
glucose responsiveness coincides with increased facilitative
glucose transport, whereas in human AM there was no signif-
icant increase in glucose transport during cultivation (Fig. 4).
The lack of glucose transport in freshly explanted mouse AM
is a characteristic not shared by human, guinea pig (9), or
rabbit (12) AM. Analyses of glucose-dependent phagocytosis
of P. aeruginosa by mouse thioglycollate-elicited PM demon-
strated that glucose has to be transported by these cells and
then metabolized via glycolysis to trigger P. aeruginosa phago-
cytosis. It is possible that freshly explanted human AM cannot
utilize the transported glucose for the phagocytosis of P.
aeruginosa as effectively as do PM. PM have a high rate of
glucose utilization via glycolysis (16), and interestingly, their
cultivation is not required for glucose to trigger P. aeruginosa
phagocytosis. In freshly explanted rabbit AM, glycolytic en-
zyme activities are three- to fourfold lower than those of rabbit
PM due to their preferential use of oxidative phosphorylation
rather than glycolysis for metabolic energy (21). Further inves-
tigations are in progress to determine the mechanism of the
glucose effect on nonopsonic phagocytosis of P. aeruginosa by
AM.

Poor phagocytosis of unopsonized P. aeruginosa by both
rodent and human AM has been documented (2, 6, 14). In
normal, healthy individuals, bactericidal factors, mucociliary
clearance, and immune responses are operative in the upper
respiratory tract for the prevention of bacterial infections, and
phagocytic clearance of P. aeruginosa by pulmonary AM may
not be critical. However, in CF patients, all of these antibac-
terial defense mechanisms may be dysfunctional or compro-
mised, thereby predisposing these individuals to bacterial in-
fections. Resistance of P. aeruginosa to phagocytic clearance by
human AM may explain, at least in part, the persistence of this
opportunist in the lower airways of CF patients. Increasing
phagocytic uptake of P. aeruginosa by AM could therefore be
beneficial for CF patients. Our results indicate that the process
of nonopsonic phagocytosis of P. aeruginosa by cultivated hu-
man AM may be stimulated by glucose. By extrapolating the
requirements for triggering this process in mouse PM, we hy-

pothesize that human AM can be stimulated to ingest P. aerugi-
nosa in vivo if an activator of glycolysis is delivered along with
glucose to these cells. Phagocytosis studies with freshly ex-
planted human AM and liposomes encapsulated with glucose
and fructose 2,6-bisphosphate, an activator of phosphofructose
kinase which catalyzes the rate-limiting step in glycolysis, are
currently under way and should enable us to test this hypoth-
esis. Insights into the glucose-induced triggering mechanism
involved in the phagocytosis of unopsonized P. aeruginosa by
macrophages, which is conserved among several species, in-
cluding humans, may provide more opportunities to modulate
macrophage defense against P. aeruginosa infections in suscep-
tible hosts.

Since AM provide the first line of defense against respiratory
tract infection, any weaknesses could be exploited by potential
pathogens to enable infection to be established. Once the ini-
tial step in infection (evasion of AM phagocytosis) is taken, the
second line of defense (PMNs) will be recruited. Since patients
with CF have an exuberant, and destructive, PMN inflamma-
tory response, preventing this response from being initiated is
particularly important and is one of the objectives of antibac-
terial therapy in this chronic progressive disease. By bolstering
AM phagocytic function, this goal might ultimately be achieved.
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