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The Role of Phagocytes in 
Non-infectious Diseases 
B.STYRT 

Most of the investigations of phagocytic cell function have focussed on the 
role of these cells in protecting the host against infection. This is clearly their 
most urgent function, since the absence of phagocytes predictably leads to 
overwhelming infection and frequently death in spite of the antimicrobial 
resources of the modern pharmacopoeia. It has long been evident, however, 
that phagocytes do not confine themselves to killing bacteria without affecting 
the local environment. Most of the antimicrobial strategies of the phagocyte 
are also active against host tissue, often to its detriment, occasionally to its 
benefit. 

As the evidence accumulates, it appears likely that phagocyte products are 
involved in non-infectious disease processes affecting virtually every organ 
system. Because knowledge in some of the pertinent areas is as yet frag
mentary or of limited applicability, thus overview will not attempt to be 
exhaustive but will concentrate on several disease processes in which enough 
information exists to provide a coherent picture of the putative role of 
phagocytic cells. Findings made in these settings will most likely prove 
applicable to other clinical situations, as further data accrue. 

PRINCIPLES GOVERNING PHAGOCYTE DAMAGE TO NORMAL 
TISSUE 

Using the neutrophil as a prototype of the phagocytic cell acting in front-line 
host defence, one can rapidly generate a long list of toxic substances produced 
by this cell. These have been discussed in greater detail in previous chapters. 
Suffice it to note that neutrophil granules1,2 contain a range of acid hydrolases; 
microbicidal enzymes such as lysozyme and myeloperoxidase3; and an array 
of neutral proteases including collagenase and elastase4 , Activation of oxi
dative metabolism leads to production of toxic oxygen metabolites including 
superoxide5, hydrogen peroxide6, hydroxyl radicaF and singlet oxygen8, Inter-
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action of these metabolites with metals, halides and amines in the local 
environment can generate additional toxic agents, such as hypochlorite and 
chloramines and activated oxygen-iron complexes9,1O. Neutrophils also meta
bolize arachidonic acid to form prostaglandins and leukotrienesll-13 • 

Under optimal conditions, the site of action of all these substances might 
be the interior of the phagocytic vacuole, and all damage would be directed 
at ingested micro-organisms. However, toxic agents are released into the 
surrounding environment routinely, via several mechanisms. Firstly, when 
the neutrophil ingests an organism, fusion of lysosomes with the phagosome 
may take place before the phagocytic vacuole is sealed off from the outside 
world, thus allowing lysosomal enzymes to leak out into the environmentl. 
Secondly, when the neutrophil attacks a target which is too large to be 
engulfed, it may discharge its ammunition into the space between itself and 
its target l4. Thirdly, in some settings, the presence of soluble stimuli may 
induce neutrophils to expel lysosomal contents and oxygen metabolites 
into the extracellular space, even in the absence of a phagocytic stimulus l5 . 
Fourthly, because the neutrophil has only a short lifespan after release into 
the circulation, cell death after migration to a site of inflammation may result 
in the passive release oflysosomal enzymes capable of degrading surrounding 
tissue components. 

Some of the agents released by stimulated or dying neutrophils may have 
selective activity against bacteria: for example, the lysozyme contained in 
azurophil and specific granules is highly active against the cell wall pep
tidoglycans of certain Gram-positive organisms, and a class of neutrophil 
granule bactericidal proteins can trigger endogenous phospholipase A activity 
in Escherichia COli l6 . However, other enzymes such as elastase may find 
substrates as readily in host tissue as in microbes, and the oxygen radicals 
released by stimulated neutrophils interact indiscriminately with an extremely 
broad range of chemical substrates. Thus, the agents employed by the neu
trophil to kill bacteria are, for the most part, non-specific in their toxicity. 
They are not directed against features unique to micro-organisms, and the 
damage they do depends on what they hit first. 

It is well established that neutrophil products in vitro can damage many 
constituents of host tissue. Mammalian cells may be damagedl7-23 by super
oxide, hydrogen peroxide, or chloramines by attacks on membrane lipids, 
inactivation of intracellular enzymes, or damage to DNA. While lysosomal 
enzymes may also contribute to cell damage, the relative absence of in vitro 
target cell destruction by chronic granulomatous disease leukocytes24,25 and 
the ability of granule-depleted cytoplasts to mediate this effect26 suggest that 
the extracellular cytotoxicity of the neutrophil is primarily a function of 
respiratory burst activity. 

Damage to the extracellular tissue matrix and detachment of cells from the 
matrix, by contrast, may be mediated both by oxidants and by lysosomal 
enzymes, particularly the neutral proteases of the neutrophiF7,28. These 
enzymes can degrade collagen and elastin and may have a major role in 
damage to connective tissue of many types. The products of oxidative metab
olism are also involved in, for example, increase of paracellular permeability 
in an epithelial cell monolayerl8. 
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There appears to be a reciprocal relationship between activIty of the 
respiratory burst pathway and the lysosomal enzyme system in attacking the 
environment, with lysosomal enzyme release inversely related to p02 and 
oxidative activity29. This may be due to inactivation of the lysosomal enzymes 
themselves by oxidants. Based on these findings, host tissue damage might be 
expected to result largely from enzyme release when neutrophils accumulate in 
a hypoxic microenvironment, and from oxidant damage in an abundantly 
oxygenated setting. As will be seen below, this may have some bearing 
upon specific syndromes of tissue destruction; however, it is likely that the 
two types of cellular weaponry operate simultaneously and cooperatively30 
in many situations. 

Mononuclear phagocytes produce many of the same agents of destruction 
as the neutrophipl-33. In addition, they synthesize monokines such as inter
leukin-1 34 and tumour necrosis factor35 which promote - individually or in 
concert36 - recruitment of other inflammatory cells and a remarkable variety 
of metabolic responses, which again may serve either to protect or to damage 
the host. 

The following sections will review some of the evidence for phagocyte
mediated host tissue changes in specific disease states or organ systems. While 
the link between in vitro observations and in vivo phenomena has not been 
made in all cases, in some instances the effect of therapy directed at impairing 
phagocyte function has tended to support the pathophysiologic role of these 
cells. In other cases, hypotheses for therapeutic manipulation can be derived 
but have not yet been tested. 

PULMONARY DISEASE 

Phagocyte-mediated damage to host tissue has been implicated in both acute 
and chronic lung disease, and in association with genetic, toxic, allergic 
and traumatic processes. Both oxygen-dependent and non-oxygen-dependent 
phagocyte products are likely to be involved in many of these diseases. 

Adult respiratory distress syndrome 

While adult respiratory distress syndrome (ARDS) can be a sequela of 
infection, it can also be triggered by a variety of non-infectious causes. 
Therefore, it merits detailed consideration here as a process, non-infectious 
in itself, which occurs as the final common pathway of multiple insults which 
usually involve local neutrophil accumulation. A plethora of recent studies 
has made this entity one of the best studied and most controversial examples 
of host tissue damage mediated by the inappropriate stimulation of phago
cytic cells. The association of ARDS with accumulation of neutrophils in the 
lung has long been documented, but a causal connection has been far more 
difficult to establish37-40. Complement activation with the generation of free 
C5a and release of chemotactic factors by alveolar macrophages exposed to 
endotoxin may both contribute to neutrophil sequestration and activation 
in the lungs of patients developing ARDS. In animal models, administration 
of neutrophils plus PMA as a stimulus produced increased pulmonary 
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vascular permeability and lung injury which could not be reproduced by 
PMA alone41 . Limitation of damage by scavengers of hydrogen peroxide and 
hydroxyl radical42,43 suggests that the late products of the respiratory burst 
may be the principal mediators. Arachidonic acid metabolites (prosta
glandins, leukotrienes) have also been implicated, and some protection has 
been seen with ibuprofen pretreatment44, but the doses affording protection 
did not correlate with those required for inhibition of cyclo-oxygenase 
activity. 

In animal models, additional evidence for a role of complement-activated 
neutrophils in the genesis of ARDS comes from limitation of the syndrome 
by the induction of neutropaenia43. More recently, antibody to C5a has also 
been shown to have a protective effect45 . 

In clinical settings, several suggestive associations have been noted which 
are not, however, definitive. Elevated circulating C5a has been measured in 
patients with incipient ARDS46, but other studies have not confirmed the 
prognostic significance of this finding47. Plasma from some ARDS patients 
has been reported to enhance neutrophil adherence48. Bronchoalveolar lavage 
in ARDS49,50 yields high numbers of neutrophils, elastase-releasing activity 
and myeloperoxidase activity compared with either normal controls or 
patients requiring mechanical ventilation for other reasons. Increased oxidant 
activity has also been noted in the expired breath of ARDS patients51 . 

Major questions have been raised by the documentation that ARDS can 
clearly occur in severely neutropaenic patients with no neutrophilic infilt
ration on histologic examination of lung tissue52,53. This suggests that large 
numbers of neutrophils are not a necessary prerequisite for induction of 
ARDS in humans, but does not refute their contribution to a majority 
of cases, especially since recovery from neutropaenia often appears to be 
associated with exacerbation of ARDS54. 

Neutrophils may act in concert with other effectors in many instances. 
Oxidants originating from the pulmonary endothelium itself have been impli
cated in the early phases of ARDS55, and pulmonary alveolar macrophages 
may also contribute56,57. Hyperoxia, as might occur in patients requiring 
ventilatory assistance, al1d the presence of neutrophils have been shown to 
act synergistically to produce lung damage in animal studies58. A suggested 
mechanism is the production of chemotactic factors by alveolar macro phages 
in response to hyperoxygenation59,60. 

The body of evidence in favour of a role for neutrophils in ARDS has 
provoked several attempts at prophylactic and therapeutic strategies. Induced 
neutropaenia is protective against ARDS in some animal models, but not in 
humans and, in any event, is clearly not desirable, especially in patients who 
are either already infected or at high risk of becoming so. Steroids, which 
number suppression of neutrophil function among their many effects, have 
been beneficial in animal studies, but a trial in humans showed no effects 
apart from an increased incidence of infectious complications61 . A trial of 
prostaglandin EJ, which also suppresses neutrophil function, has been pro
posed39. The suggestion that prostaglandins may be involved either in medi
ating or in suppressing the role of the neutrophil in ARbs, and that the 
administration of either prostaglandins or of prostaglandin synthetase inhibi-
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tors (as mentioned above) would be a conceivable prophylactic or therapeutic 
strategy, highlights the complex network of feedback mechanisms involved 
in this area and the difficulty of predicting in vivo effects from anyone segment 
of the in vitro interactions. 

The accumulated evidence at this point supports at least a contributory 
role of neutrophils in many, but not all, cases of ARDS. Further verification 
will be important, but difficult, in this heterogeneous patient population. 
Therapeutic applications will require delicate manreuvring to avoid excessive 
immunosuppression in patients who, in most instances, are highly vulnerable 
to infection. However, in a disorder which continues to carry an extremely 
high mortality62, there is reason for continued intensive investigation of a 
pathogenetic mechanism which would be amenable to modification by a wide 
variety of therapeutic interventions. 

Chronic obstructive pulmonary disease 

While the oxygen metabolites produced by neutrophils appear to be import
ant in the pathogenesis of ARDS, bronchial secretory metaplasia and emphy
sema may be produced in large part by the action of neutrophil granule 
enzymes. The neutral proteases, particularly elastase63 , are thought to be 
particularly important in these pathologic processes. 

A crude extract of disrupted neutrophils can produce bronchial secretory 
cell metaplasia in a hamster model64 . Both metaplasia and emphysema can be 
induced by purified human neutrophil elastase64,65. However, the neutrophil 
extract can also produce metaplasia in the presence of an elastase inhibitor64, 
suggesting that at least one other factor in the intact cell may have a patho
genetic role. 

Stimulated neutrophils can degrade the subendothelial matrix laid down by 
pulmonary endothelial cells by an elastase-dependent process30• One potential 
candidate for the other active factor is cathepsin a, which has been reported 
to potentiate the elastolytic activity of elastin although it has little activity as 
a sole agent66 • The role of cathepsin a has not been supported in the hamster 
model, although its enhancement of human elastin degradation has been 
confirmed67 ; this suggests that still other agents may be involved in the 
induction of emphysema. A third proteinase has been tentatively defined in 
the hamster model68 • 

The oxygen metabolites produced by stimulated neutrophils may have a 
more indirect influence on the development of chronic obstructive pulmonary 
disease. Elastase activity is limited by the presence of protease inhibitors69, 

which in turn can be modified by products of the respiratory burst, including 
hypochlorous acid and chloramines70 • The importance of this mechanism is 
supported by the fact that CaD neutrophils are able to degrade suben
dothelial matrix normally if lXI-proteinase inhibitor is inactivated by exogen
ous hydrogen peroxide71 • 

The alveolar macrophage may interact with the activated neutrophil to 
produce emphysematous changes. Toxins such as those found in cigarette 
smoke may activate the macrophage to participate in this process72 • When 
both neutrophils and alveolar macrophages are involved, it appears that the 
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macrophages can take up elastase released from neutrophils73, and use it to 
prolong the process of degradation of pulmonary connective tissue. 

The applicability of these findings to clinical emphysema in humans, as 
opposed to hamsters, remains to be clarified. Elastase has been identified 
immunohistochemically in association with emphysematous change in human 
lungs74 . A role for elastase, normally controlled by (Xl-proteinase inhibitor, 
would explain the premature development of emphysema in patients with (Xl
proteinase inhibitor deficiency75. Evidence that this may in fact be important 
in clinical disease is provided by a recently developed assay for in vivo elastase 
activity. Patients deficient in (Xl-proteinase inhibitor were found to have 
elevated in vivo elastase activity as compared with normal controls76. 

Neonatal pulmonary disease 

A recent report77 suggests that the pathogenetic mechanisms discussed for 
ARDS and emphysema in the adult may also be operative in acute and 
chronic respiratory disease of the newborn. Neonates with respiratory distress 
syndrome or bronchopulmonary dysplasia had more neutrophils in bron
choalveolar lavage fluid than infants intubated for other reasons. Further
more, the ratio of elastase to (Xl-proteinase inhibitor was elevated in infants 
developing bronchopulmonary dysplasia as compared with respiratory dis
tress syndrome alone. Therefore, proteolytic lung damage by neutral pro
teases of the neutrophil may be central to the development of chronic 
pulmonary disease at both extremes of life. 

Cystic fibrosis 

Another setting in which neutrophil granule enzymes may contribute to the 
early development of chronic pulmonary disease is cystic fibrosis. Elastase 
activity has been detected in pulmonary secretion from cystic fibrosis patients, 
together with histopathologic evidence of elastin degradation7s~so. Specific 
assays have indicated that this elastase is predominantly of granulocyte 
originsl . However, in patients infected with pseudomonas, elastase produced 
by the micro-organism can also be detectedSo,sl. Thus, in this setting, the 
microbe and the phagocytic cell may contribute synergistically to the enzy
matic degradation of pulmonary connective tissue. 

Asthma 

Investigation of the role of granulocytes in asthma has been spurred on by 
the recognition of the mediator slow-reacting substance of anaphylaxis as a 
leukotriene product of leukocyte arachidonic acid metabolisms2. Increased 
leukocyte responses to stimuli of the respiratory burst have been noted in 
asthmatic childrens3 and atopic adults (Styrt, Rocklin and Klempner, sub
mitted for publication). Neutrophil chemotactic activityS4,s5 appears in the 
circulation in association with acute asthma. Accumulation of granulocytes in 
the airways is noted during the late asthmatic response to antigen exposureS6. 
Pharmacologic depletion of granulocytes blunts airway reactivity in animal 
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models87,88, and granulocyte transfusion in granulocyte-depleted animals 
restores airway hyperreactivity and the late asthmatic response to antigen 
challenge86,88, 

The mechanisms by which granulocytes contribute to asthmatic mani
festations have not been fully elucidated. Furthermore, in most of the situ
ations studied, the relative contributions of neutrophils and eosinophils may 
be particularly difficult to separate. It appears likely, however, that the role 
of the neutrophil in this disorder - perhaps, in particular, its capacity for 
leukotriene synthesis - will prove to be far more important than previously 
suspected. 

Toxin-mediated pulmonary disease 

A miscellaneous variety of drugs and toxins may act in part by modulating 
neutrophil localization and activation. For example, amphotericin B has been 
reported as aggregating neutrophils and promoting leukostasis in the lung89 • 

Airway hyperresponsiveness in response to histamine or ozone can be pre
vented by neutrophil depletion90• Pulmonary disease caused by silica91 and 
asbestos92 may be mediated by activation of macro phages and/or neutrophils. 
Bleomycin potentiates the formation of toxic oxygen metabolites93 • Paraquat 
has a similar effece4, and suppression of the neutrophil response has been 
proposed and used - to controversial effect - in the treatment of paraquat 
poisoning95,96. 

ARTHRms 

A central role for the neutrophil in the joint damage of rheumatoid arthritis 
has been postulated on the basis of clinical observations, drug effects and in 
vitro studies. Neutrophils are abundant in the joint fluid and pannus of active 
rheumatoid arthritis97 • The hyaline cartilage of rheumatoid arthritis patients 
contains immune complexes: the neutrophil may be activated by these without 
being able to phagocytose them, and may consequently discharge oxygen 
metabolites, arachidonic acid metabolites and lysosomal contents against the 
cartilage surf ace98 • 

The production of prostaglandins and leukotrienes by the neutrophil can 
serve as a mediator of ongoing oedema99 and chronic joint inflammation. 
Macrophage production of interleukin-l may also be important in the per
petuation of the disease process1OO-I02. Other products of activated phagocytes 
have the potential for acute destruction of local connective tissue. 

Neutrophils can degrade several components of cartilage. Diverse studies 
have elucidated mechanisms for this degradation at the molecular level. Both 
oxygen metabolites and neutral proteases appear to be prominently involved. 
Among the products of the respiratory burst, superoxide103 is capable of 
preventing collagen gelation and of degrading hyaluronic acid. The prolonged 
presence of catalase in mouse knee joints had a suppressive effect on exper
imental arthritis I04, suggesting a role for hydrogen peroxide in joint inflamm
ation as well. A deficiency of manganese-containing superoxide dismutase 
has been reported in neutrophils of patients with rheumatoid arthritis, 
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indicating a possible predisposition to tissue damage at sites of neutrophil 
accumulation lO5 • 

The other major component which may contribute to joint damage by 
neutrophils is the large supply oflysosomal enzymes, particularly the neutral 
proteases lO6 • Neutrophil lysosomes can induce arthritis in experimental 
animals107 and degrade cartilage. Of the individual enzymes, elastase, col
lagenase and cathepsin G may all contribute to this process, with collagen 
and proteoglycan as their substrates lO8 • Macrophage-derived mediators may 
also stimulate collagenase production by synovial cells and chondrocytes lO9 • 

Protease inhibitors are also present injoint fluid of rheumatoid arthritis 1 10. 

It is suggested that cartilage destruction nevertheless proceeds because the 
proteases and antiproteases are physically inaccessible to one another due to 
walling-off by pannus. Leukocytic elastase has been demonstrated in hyaline 
cartilage away from the pannus98 , and it has also been suggested that the 
principal antiproteases, being much larger molecules, are unable to penetrate 
into the cartilaginous matrix where their targets are found. 

Other forms of arthritis may also be partly attributable to neutrophil 
products besides rheumatoid arthritis and the self-evident potential for 
damage as an 'innocent bystander' effect in septic arthritis. Joint fluid in 
familial Mediterranean fever 111 lacks a C5a antagonist found in other joint 
fluid and produced by synovial fibroblasts 1 12, putting patients at risk of 
uncontrolled neutrophil activation. Phagocytosis of urate crystals can activate 
neutrophils l13,ll\ indicating a role for this cell in the joint damage of gouty 
arthritis. 

The importance of phagocytic cells in tissue damage may be applicable to 
other rheumatologic diseases, independent of whether joint involvement is a 
prominent clinical feature. Markers of neutrophil activation have been 
reported to correlate with disease activity in systemic lupus erythematosis115• 

A wide variety of vasculitis syndromes may be mediated in part by local 
neutrophil invasion, in response to stimuli such as immune complexes, with 
resulting damage to almost any organ system 116--118. 

Clinical correlation with in vitro findings is provided by the fact that drugs 
useful in arthritis are almost invariably inhibitors of neutrophil function, 
even though this has seldom been the original rationale for their use. Lyso
somal enzyme release is reportedly inhibited by steroids, non-steroidal anti
inflammatory agents (NSAIDS), chloroquine and levamisolel19- 122• The res
piratory burst may be inhibited by hydrocortisone, NSAIDS, chloroquine, 
gold derivatives and fanetizole 123- 127 • Although NSAIDS are traditionally 
assumed to work by inhibiting the cyclo-oxygenase pathway of arachidonic 
acid metabolism and thus decreasing prostaglandin production, it has been 
proposed that the suppression of neutrophil function by these agents is an 
alternative explanation for their therapeutic efficacyl28. 
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CARCINOGENESIS 

The relationship of phagocytes to the development of malignant disease is 
an area of investigation with paradoxical implications and great potential for 
controversy. Recognition of scars or sites of chronic inflammation as areas 
of subsequent development of malignancy dates back many years. The docu
mentation that the neutrophil oxidative metabolic system can produce 
hydroxyl radicaF, which has also been invoked as a major source of cellular 
damage arising from ionizing radiation!29, might itself give rise to the sus
picion that neutrophils contribute to malignant transformation, and that the 
respiratory burst is a pathogenetic factor. 

Several studies have provided evidence to support these expectations. 
Neutrophils have been studied using the Ames test!30, an assay of mutagenicity 
for Salmonella typhimurium which has been widely used to assess drugs and 
chemicals for potential carcinogenic properties, and has predictive value for 
carcinogenesis in animal models. Neutrophil-rich suspensions had mutagenic 
activity, while mixed mononuclear cells had slightly less dramatic effects, 
and lymphocytes were not mutagenic. This suggested that neutrophils and 
monocytes were the sources of mutagens. Lack of activity of neutrophils 
from a patient with chronic granulomatous disease supported the hypothesis 
that products of the respiratory burst are causally implicated. 

These observations were subsequently extended to experiments with cul
tured mammalian cells!3!. Sister chromatid exchange in Chinese hamster 
ovary cells was promoted by stimulated neutrophils but not by unstimulated 
neutrophils or the neutrophil stimuli (phorbol myristate acetate, opsonized 
zymosan) alone. 

Involvement of the respiratory burst was again suggested by a lack of 
activity of CGD cells, a finding compatible with another study showing 
damage to DNA in phorbol myristate acetate (PM A)-treated neutrophils of 
normal donors but not in CGD cells132. Furthermore, cell-free simulation of 
the respiratory burst with an enzymatic superoxide-generating system also 
produced sister chromatid exchange!3!. A report of sister chromatid exchange 
caused by chloramines133 similarly implicates the respiratory burst. In 
addition, the classes of oxidants produced by activated phagocytes have been 
shown to modulate mononuclear leukocyte DNA synthesis134 and generate 
genotoxic derivatives from chemicals135. 

Finally, an animal model supports the relevance of these findings 136• Neu
trophils stimulated with phorbol ester can induce malignant transformation 
in a mouse fibroblast cell line, with the subsequent development of tumours 
in mice injected with these cells. The phorbol ester itself did not directly 
produce malignant changes. 

These studies strongly suggest that inflammatory neutrophils may induce 
some cases of cancer. A glance at the other side of the issue, however, is 
enough to dispel any certainty about the deleterious role of phagocytes in 
this group of diseases. There is abundant evidence to suggest that phagocytes 
may be instrumental in surveillance against the development of malignancy 
as well. 

Clearly, the array of toxic substances produced by phagocytic cells has the 
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potential for killing cancer cells as well as micro-organisms and normal host 
cells. Neutrophils have a well-documented capacity for antibody-dependent 
cellular cytotoxicity22.23, which is of interest only in settings where target
specific antibody might be found or supplied. However, under some cir
cumstances, both neutrophils and mononuclear phagocytes are capable of 
destroying tumour cells without antibody mediation. 

Activated macrophages mediate cell lysis in a variety of tumour cell lines. 
Activation may be the result of in vivo stimulation or of in vitro treatment 
with a range of agents including lymphokines, lipopolysaccharide, calcium, 
ionophore and phorbol esters137-139• Macrophages may also modulate the 
cytotoxic activity of lymphocytes by secretion of lymphokines140. 

Fresh peripheral blood mononuclear cells are capable of both antibody
dependent cytotoxicity and spontaneous selective lysis of tumour cells141 ,142. 
Neutrophils require activation (for example, by PMA)i43 to express non
antibody-dependent cytotoxicity in most assays, but cells from inflammatory 
exudates appear to be 'pre-activated' and capable of killing tumour cells 
without further activation144,145. 

The mechanism of tumoricidal activity may vary for different cell types. 
The lytic activity of inflammatory neutrophils is reportedly inhibited by either 
superoxide dismutase or catalase144,145, suggesting that production of both 
superoxide and hydrogen peroxide by the respiratory burst is important. In 
PM A-activated neutrophils, tumoricidal activity is said to be enhanced 
by superoxide dismutase, but inhibited by catalase or by the use of azide to 
block mye1operoxidase activity, suggesting a critical role for the mye1oper
oxidase-hydrogen peroxide-halide system and little effect of superoxide 
alone143. 

However, many tumour cell types are relatively resistant to killing by the 
products of the respiratory burst146, and mononuclear phagocytes may exert 
their anti tumour effects primarily via other pathways. Antibody-dependent 
cytotoxicity of human monocytes was not impaired by superoxide dismutase, 
catalase or azide141 . The spontaneous tumoricidal activity of monocytes was 
not inhibited by oxygen deprivation and was normal in CGD cell142. Inhi
bition of macrophage cytotoxic activity has been reported after inhibition of 
lysosomal enzyme function with trypan blue 147. These findings taken together 
indicate that lysosomal enzyme release may be of greater importance to 
mononuclear phagocyte tumoricidal activity. Direct cytotoxic activity of 
macrophage-secreted tumour necrosis factor has also been invoked148. In 
real-life situations, where both mononuclear and polymorphonuclear ph ago
cytes are likely to be available, it is probable that oxygen-dependent and 
oxygen-independent mechanisms are mobilized together to maximize the 
efficacy of anti tumour surveillance. 

Drug interactions may also have a role to play in modulating the anti
tumour activity of phagocytic cells, for activity against established neoplasms 
in addition to surveillance at the single-cell level. Enhancement of macrophage 
tumoricidal activity has been proposed as a component of the chem
otherapeutic effect of bleomycin149. This again exemplifies the complexity of 
the issue since - as noted above - the bleomycin/oxidant interaction may 
also damage normal tissue. Macrophages from bisantrene-treated mice have 
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enhanced anti tumour activity both in cell culture systems and after transfer 
into syngeneic mice150• Heightened host cell activity against malignant cells 
has similarly been reported after treatment of animals with a variety of other 
agents151 • 

On the evidence so far, most carcinogenic activities of phagocytic cells 
depend upon the respiratory burst and generation of toxic oxygen metab
olites, while the participation of these cells in antitumour surveillance appears 
to involve a mixture of oxygen-dependent and oxygen-independent mech
anisms. The relationship between the beneficial and harmful effects of these 
cells in the promotion and prevention of malignancy is so complex that 
attempts at therapeutic or prophylactic modulation must be approached with 
extreme caution. However, the gradual advance of our understanding in this 
area holds a promise that deliberate manipulation of the phagocytes may 
become a valuable tool in the management of malignant disease. 

ATHEROSCLEROSIS AND CARDIOVASCULAR DISEASE 

Recent investigations have begun to clarify the role of phagocytic cells in 
both chronic and acute cardiovascular disease. Many of the basic findings in 
this area overlap with information derived from studies of adult respiratory 
distress syndrome, since both entities appear to involve damage to vascular 
endothelium as an important initiating factor. Both oxygen metabolites152 

and lysosomal enzymes153 of phagocytic cells are capable of mediating 
destruction of vascular endothelial cells, smooth muscle cells, and/or suben
dothelial matrix. On the basis of inhibitor studies, the crucial element in the 
respiratory burst appears to be hydrogen peroxide154,155; of the lysosomal 
enzymes, elastase is capable of reproducing many of the effects of stimulated 
cells156• Endothelial cell lysis may be largely mediated by oxygen metabolites 
and detachment from the subendothelial matrix by lysosomal enzymes, but 
each system is capable of affecting both processes to some extent, and pre
sumably they act together in pathophysiologic situations. 

Endothelial damage is very likely a function of the circumvention or 
overwhelming of endothelial cell defence mechanisms by activated ph ago
cytes. Endothelial cells have enzymatic mechanisms for degrading hydrogen 
peroxide157, and might be able to inhibit the respiratory burst by releasing 
adenosine158 • However, it has been reported that the catalase system for 
hydrogen peroxide breakdown is deficient in human vascular smooth muscle 
and endothelial cells159, making them particularly vulnerable to hydrogen 
peroxide-mediated damage such as membrane lipid peroxidation. Plasma 
proteases offer protection against elastase, but neutrophils apparently have 
the means of inactivating these proteases30 and of sequestering elastase so 
that it is inaccessible to proteases but available as an agent of proteolytic 
attack71 • 

We will briefly examine a few of the specific cardiovascular pathologic 
processes in which phagocytic cells are thought to participate. Continuing 
investigations may rapidly add to this list. 
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Atherogenesis 

Mononuclear phagocytes are found in atherosclerotic lesions, and may well 
playa seminal part in the initiation and development of atherosclerosis160. 
The fatty streaks of early atherosclerosis in children consist in part of lipid
laden macrophages. Their causative role is suggested by animal studies in 
which monkeys were fed a high-cholesterol atherogenic diet 161 . The first 
histopathologic abnormality noted - within days of instituting the diet - was 
the adherence of leukocytes, principally monocytes, to arterial endothelial 
cells. These monocytes migrate into the subendothelium and develop into 
macro phages, taking up lipid and assuming the appearance of foam cells. 

Once established in the subendothelium, the macrophage is well adapted 
to the stimulation and perpetration of local injury. Phagocytic cells can 
oxidize low-density lipoproteins to a form which is toxic to cultured fibro
blasts162. Their endogenous toxic products such as oxygen metabolites and 
lysosomal enzymes may contribute to injury of the overlying endothelium. 
Macrophages also secrete chemoattractants, promoting accumulation of 
other inflammatory cells and growth factors, which can stimulate pro
liferation of fibroblasts, smooth-muscle tissue and endothelial cells. 

Thus, the monocyte-macrophage may bear significant responsibility for 
the development of atherosclerotic lesions. In the presence of hyper
cholesterolaemia normal monocyte interactions with arterial endothelium 
may be greatly accelerated163 with a resulting development of fatty streaks, 
accumulation of inflammatory cells and proliferation of connective tissue, 
and perpetuation of tissue damage by the secretory products of the phagocytic 
cell. 

Myocardial infarction 

If the monocyte/macrophage is involved in the pathogenesis of athero
sclerosis, it goes without saying that these chronic inflammatory cells help to 
create the setting for myocardial infarction. When the latter event occurs, 
however, the phagocytes of acute inflammation - the neutrophils - may be 
participants in the consequent damage to cardiac tissue. 

Neutrophils accumulate rapidly in ischaemic myocardial tissue, apparently 
at least in part via collateral pathways164. It has been proposed that they 
contribute to immediate ischaemic injury by mechanically blocking small 
capillaries and preventing reflow. Their interaction with platelet thrombin 
may also contribute to coronary occlusion165. 

During reperfusion of larger vessels, neutrophil accumulation is 
enhanced148. At this stage, re-oxygenation may markedly stimulate oxidative 
metabolism, contributing to local tissue damage166.167. Free radical scavengers 
appear to have a protective role in experimental studies168. Increased free 
radical production has been measured in post-ischaemic rabbit heart169, and 
oxidant activity has been found in the serum of patients after myocardial 
infarction 170. Neutrophil production of oxygen free radicals has also been 
found to produce cardiovascular dysfunction in an animal model l7l • 

Myocardial infarction and reperfusion represent the type of clinical setting 
in which short-term neutrophil suppression during the time of maximal risk 
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of immediate intense tissue damage might outweigh the risk of infection if 
judiciously handled. Indeed, there is experimental evidence on several 
fronts 172-1 74 that drugs which inhibit some aspects of neutrophil function may 
eventually be helpful in limiting cardiovascular damage. 

Other cardiovascular disorders 

In Kawasaki disease (mucocutaneous lymph node syndrome), heightened 
neutrophil oxidative metabolism has been observed as an early mani
festation 175• It has been suggested that activated neutrophils may mediate the 
coronary artery abnormalities, which are the major complications of this 
disease, through oxidant damage to the vascular endothelium. The apparent 
efficacy of aspirin in reducing the incidence of this complication would be 
compatible with a role for the neutrophil respiratory burst. 

A GLANCE AT OTHER SYSTEMS 

By this point, it should be evident that the spectrum of diseases in which 
phagocytic cells may conceivably contribute to pathology is virtually as wide 
as the array of disorders in which this issue has been thoroughly investigated. 
A list of selected situations will be given here to indicate the range of the 
phagocyte's pathogenic activity. This will necessarily be incomplete, as new 
entities are rapidly being added to the roster of phagocyte-mediated disorders. 
While some of these (such as Kawasaki disease, above; or, possibly but 
debatably176, Crohn's disease) may represent infections whose causative agent 
has not yet been identified, the majority arise from recognizably non-infec
tious causes. In the first instance - the cryptogenic infectious processes -
phagocyte activation may be deemed appropriate, with host tissue damage 
occurring as an unfortunate side effect of the delivery of non-specific phag
ocyte-derived toxins to the wrong place at the wrong time. In the second 
case, the problem is one of inappropriate activation by stimuli unrelated to 
infection. The end results tend to follow the final common pathway of cell 
and matrix damage leading to the release of factors which may in turn 
stimulate the phagocytes to do further damage. 

Central nervous system 

The brain shares with the heart the potential for catastrophic damage from 
the sequelae of atherosclerosis. Therefore, stroke may be among the disorders 
to which monocyte-macrophages contribute, following the schema of ather
ogenesis described above. 

A role for mononuclear phagocytes has also been invoked in multiple 
sclerosis and its animal model, experimental allergic encephalomyelitis 
(EAE)177. Foci of mononuclear phagocytes are found at sites of demyel
ination, and the activated macrophage is thought to participate in the destruc
tion of myelin in these disorders. On the analogy of familial Mediterranean 
fever, colchicine has been used in experimental animals for its anti-inflamm
atory effect and has been found to attenuate the manifestations of EAE. 
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Dermatologic disorders 

A variety of dermatoses may owe their clinical manifestations to epithelial 
damage from activated phagocytes. Among the most dramatic is Sweet's 
syndrome (acute febrile neutrophilic dermatosis) in which rash, arthritis and 
fever occur in the absence of documented infection178 • The cutaneous lesions 
are characterized by neutrophilic infiltration, and improvement occurs in 
response to corticosteroids (which inhibit neutrophil function as well as other 
components of the immune system), but not after treatment with antibiotics. 
Sweet's syndrome and several other dermatologic entities such as dermatitis 
herpetiformis I79,18o, erythema eleva tum diutinum l81 and granuloma annu
lare182,183 appear to share both a pathogenetic role of neutrophils or mono
nuclear phagocytes and a potential for therapeutic response to sulphones. 
Since dapsone reportedly suppresses neutrophil oxidant production I84,185, it 
is of interest to consider whether oxygen metabolites produced by phagocytic 
cells might make a significant contribution to these disease processes. 

Gastroenterologic 

The stimulation of neutrophil oxidative metabolism by reoxygenation after 
hypoxia may be important not only in myocardial infarction but in any 
setting where ischaemia is an important contributor to pathology. Oxygen 
radicals have been implicated in reperfusion injury following mesenteric 
ischaemia, and suppression of the neutrophil respiratory burst by aprotinin 
has been suggested as a mechanism ofprotection l86 • 

A more chronic role for phagocytic cells has been proposed in studies of 
the pathogenesis of inflammatory bowel diseases I87,188. While neutrophils are 
prominent in the histopathology of these disorders, studies of neutrophil 
function have yielded variable results. Turnover of intestinal macrophages is 
modestly increased and production of macrophage lysosomal enzymes is 
elevated, suggesting a role for phagocyte-derived proteases in damage to the 
intestinal mucosa. The hypothesis of an intrinsic macrophage abnormality 
as the primary pathogenetic factor in Crohn's disease has not been borne out 
upon investigation. 

Genitourinary 

Decreased circulatory neutrophil proteolytic activity and an increase in elas
tase/inhibitor complexes have been reported in some patients with renal 
failure, suggesting release of neutrophil proteases into the bloodstream I 89. 

The underlying causes of renal failure may have been responsible in some 
instances, and complement activation by haemodialysis membranes in 
others I90,191. Such enzyme release has been proposed as a possible factor in 
the hypercatabolism and muscle wasting which may occur in renal failure. 
Activated phagocytes may themselves serve as agents of glomerular damage 
through the release of lysosomal enzymes and reactive oxygen inter
mediates 192. 
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Haematologic 

Haemophagocytosis by macrophages of the reticuloendothelial system may 
mediate some cases of haemolytic anaemia and idiopathic thrombocytopaenic 
purpura (ITP)193,194. Activation of neutrophils may be responsible for some 
of the haematologic abnormalities associated with thermaP95 and traumatic 
injury l96. In thermal burns, complement activation and neutrophil activation 
with release of oxygen radicals may lead to red cell lysis, haemoglobinaemia 
and haemoglobinuria. Finally, neutrophils may damage themselves by the 
same mechanism: this has been proposed as a cause of decreased neutrophil 
locomotion after serious traumal9S, and could predispose trauma patients to 
infectious complications. 

SOME CONCLUSIONS 

From the accumulated data, a few general points can be made about the role 
of phagocytic cells in non-infectious diseases. The ability of the phagocyte to 
distinguish between appropriate and inappropriate targets is not perfect. 
There is probably some degree of interaction between phagocytes and other 
normal host cells and connective tissue structures at all times. However, 
under most conditions, this is limited in extent and consequences, and may 
have beneficiaP97 as well as detrimental effects for the host cell. Disease results 
only when the usual balance between phagocyte attack and normal tissue 
defence is disrupted. 

One way in which disruption of this balance occurs is the presentation of 
a deceptive stimulus, which is not actually associated with infection but elicits 
a phagocyte response as if to infection. Examples of such stimuli would be 
the urate crystals of gouty arthritis and the immune complexes of rheumatoid 
arthritis; foreign objects such as dialysis membrane which can activate comp
lement; toxins such as those found in tobacco smoke and certain drugs; and 
possibly metabolic imbalances such as hypercholesterolaemia. 

Another ,mode of disruption of the phagocyte/host balance is failure of 
normal tissue defences against the products of the activated phagocyte. 
This failure may have a genetic basis: examples would be IXI-antiproteinase 
deficiency with premature emphysema, and the lack of a normal synovial 
fluid C5a inhibitor in familial Mediterranean fever. It may be tissue-specific, 
as in the proposed catalase deficiency of smooth muscle and endotheli~l cells. 
Or it may be mechanical, as in the suggestion that antiproteinases cannot 
penetrate hyaline cartilage to interact with neutrophil proteases. 

Once the inappropriate activation of the phagocyte and/or inadequate 
defence of the target cell has taken place, the relatively non-specific modes 
of damage include release of eicosanoid mediators, breakdown of structural 
proteins by granule proteinases and lipid peroxidation and DNA damage by 
oxidants. In acute fulminant tissue damage such as occurs in ARDS or 
reperfusion myocardial injury, oxygen metabolites appear to playa dominant 
role. In most other settings, the various products of the phagocyte probably 
act together to damage the target tissue, 

Several approaches can be envisioned to the prevention and/or man-
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agement of pathology due to activated phagocytes. All require careful con
sideration of the relative risks and benefits involved in suppressing a system 
which serves such a necessary purpose as defence against infection. For this 
reason, neutrophil depletion per se, although it might have beneficial effects 
in animal models of ARDS and myocardial infarction, is unlikely to have 
any clinical role. 

Pharmaceutical suppression of phagocyte function is a more realistic possi
bility which has been exploited with therapy such as danazo}l98 and vin
blastine-loaded plateletsl99 for immune thrombocytopaenic purpura and 
studies of NSAIDS in myocardial infarction. Conventional treatments for 
rheumatoid arthritis may already be exploiting this strategy even though other 
rationales were used in the design of therapy. The dangers of indiscriminate 
suppression are illustrated by the increased incidence of infectious com
plications in trials of steroid therapy for ARDS. 

Another strategy which may have promise is the use of selective inhibitors 
to protect host tissue from the effects of excess phagocyte products. Anti
oxidants such as vitamin E200 have received substantial attention, although 
their clinical efficacy remains uncertain. The use of cationized catalase by 
intra-articular injection to prevent arthritis in an animal model is an inter
esting approach to the localized use of inhibitors which might avoid systemic 
immunosuppressive effects. Inhibition of hydroxyl radical generation by 
metal chelators such as desferrioxamine201 has also been suggested as a means 
of limiting oxidant tissue damage, again with questionable clinical relevance. 
Oxidant scavenging has been proposed as a mechanism of tissue protection 
by agents such as ascorbic acid202 and allopurinopo3, and other agents with 
recognized clinical roles may prove to have adjunctive effects of this type. 

Further understanding of the consequences of excessive phagocyte activity 
will depend upon the elucidation of the molecular mechanisms of activation 
and the biochemical pathways of tissue damage. The goal of management in 
non-infectious diseases mediated by phagocytic cells will be to control the 
pathological effects of misdirected products without compromising the essen
tial host defence functions of these cells. 
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