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Abstract. Phagocytes ,  the first-line cells of  the body ' s  defence mechan i sms  against  invad ing  pathogens ,  kill micro-  
o rgan isms  by means  of  lysosomal  degradat ive  enzymes and  highly toxic reactive oxygen intermediates .  The reactive 
oxygen c o m p o u n d s  are produced,  in a process called the ' respi ra tory  burs t ' ,  by  the N A D P H  oxidase complex  in  
p lasma membranes ,  a n d  by  myeloperoxidase  in phagolysosomes  after degranula t ion .  These processes generate  
electronical ly excited states which,  on  re laxat ion,  emit  pho tons ,  giving rise to phagocyte  chemi luminescence  (CL). 
This  paper  describes the condi t ions  for the m e a s u r e m e n t  of  CL, and  reviews the activity of  phagocytes  f rom 
indiv iduals  u n d e r g o i n g  stress or disease. The  capabi l i ty  of  phagocytes  to emit  pho tons  reflects r emarkab ly  well the 
pa thophys io logica l  state of  the host.  In  m a n y  cases even the m a g n i t u d e  of  the stress, the presence of  a pa thogen  in 
the body,  or the activity of  the disease can  be est imated.  Physiological  changes,  e.g. in  the reproduct ive  cycle, can  also 

be predicted. 
Key words'. Chemi luminescence ;  phagocyte ;  stress; disease. 

Introduction 

Phagocy tos ing  leukocytes  cons t i tu te  the first line of  the 
body ' s  defence m e c h a n i s m  agains t  i nvad ing  microb ia l  
pa thogens .  Neu t roph i l s  ( po lymorphonuc l ea r  leukocytes,  
P M N L )  are the first cells to invade  a site o f  i n f l a m m a t i o n  
fol lowing an  infect ion.  In  an  i n f l a m m a t o r y  response the 
neut rophi l s  are followed later by  act ivated monocytes ,  
mac rophages  and  - especially in the case of  parasi t ic  

infect ion - also by eosinophils .  
Phagocytes  kill mic roorgan i sms  by me an s  of  lysosomal  
degradat ive  enzymes,  such as proteases,  an d  highly toxic 
reactive oxygen metabol i tes .  Ki l l ing processes can  take 

place inside the cell in phagolysosomes  as well as outs ide 

the phagocyte.  
In  a process called the ' resp i ra tory  burs t '  act ivated 
phagocytes  reduce molecular  oxygen to superoxide via a 
special e lectron t r anspor t  system (NADPH-ox idase ) .  Su- 
peroxide radicals form hydrogen  peroxide in a d ismutase  
react ion catalyzed by the superoxide d ismutase  enzyme 
(SOD).  H y d r o g e n  peroxide serves as a subst ra te  for the 
myeloperoxidase  (MPO)  react ion,  in which a variety of  
highly toxic metabol i tes ,  inc lud ing  hypochlor i te ,  are gen- 
erated. These processes p roduce  electronical ly excited 
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states which, on relaxation to the ground state, emit 
photons. This emission is referred to as phagocyte chemi- 
luminescence (CL). 
Lucigenin and luminol amplify the CL emission by fac- 
tors of 10 2-10 3 and 10 3 - 10 4, respectively. Lucigenin has 
a high specifity for the superoxide radical, and thus luci- 
genin CL reflects the activity of the NADPH-oxidase 
complex, whereas luminol CL is dependent on MPO ac- 
tivity. 
Neutrophils, eosinophils and monocytes have both 
NADPH-oxidase and MPO activity, and when activated 
they generate both lucigenin- and luminol-enhanced CL. 
Macrophages, when primed or activated, are able to gen- 
erate lucigenin CL, but in the course of maturation the 
MPO content decreases and thus mature macrophages 
have a diminished luminol-enhanced CL response. 
The commonly used activators include opsonized or un- 
opsonized zymosan, a chemotactic peptide n-formyl-me- 
thionine-leucyl-phenylalanine (fMLP), immune com- 
plexes, the membrane perturber phorbol myristate 
acetate (PMA), and calcium ionophore A23187. Zy- 
mosan is a celt wall preparation of Saccharomyces cere- 
visiae containing glucan and mannan, which are recog- 
nized by the complement receptor 3 complex (CR3). CR3 
also recognizes C3bi and possibly fibrinogen. The bind- 
ing is dependent on the divalent cations calcium and 
magnesium. In the opsonization process zymosan attach- 
es to complement compounds and immunoglobulins (Ig). 
Opsonized zymosan is recognized partly by CR3, partly 
by CR/ which binds to C3b, and partly by FcyRII and 
FcyRIII receptors which bind to the Fc portion of the 
IgG molecules attached on zymosan particles. The FwRI 
receptor apparently mediates the antibody-dependent 
celt-mediated cytotoxicity (ADCC) reaction. Expression 
of receptors on cell membranes, changes in their func- 
tional capacity, signal transduction, phagocytosis, and 
degranulation all participate in the CL response. Defects 
in these processes attenuate the response. 
Recently, attention has been focused on the hazards of 
and the damage caused by phagocyte infiltration into 
tissues and by release of reactive oxygen intermediates. 
The myocardium is infiltrated within minutes from the 
onset of infarction, the kidneys in certain types of 
glomerulonephritis, and the lungs in several pathological 
conditions. The hyper- or hypoactivity of phagocytes is 
a decisive factor in the pathogenesis of many diseases like 
rheumatoid arthritis. The next sections describe the mea- 
surement of phagocyte CL and the beneficial and detri- 
mental consequences of the production of reactive oxy- 
gen species by phagocytes. 

Method 

Phagocytic cells are generally isolated from blood treated 
with anticoagulants or from other biological fluids using 
standard gradient centrifugation methods. On many oc- 
casions the buffy coat obtained from blood after erythro- 

cyte sedimentation can be used as a source of phagocytes 
without further separation. 
Phagocytic cell activities can also be measured in ex vivo 
state simply by diluting whole blood or other body fluids 
enough to get rid of the inhibitory amounts of plasma 
and red cells. If the blood samples are not dilute enough, 
the opsonins in the plasma can interfere, especially when 
unopsonized particles are used as stimulants. It should be 
noted here that ex vivo cells are not necessarily in the 
same functional state as the cells after isolation steps 
where activation processes may take place. Cooling and 
rewarming should be avoided because of altered receptor 
expression. 
It has been claimed that blood cells other than phago- 
cytes (lymphocytes, NK cells) were also able to emit CL, 
but in all cases investigated so far the contaminating 
phagocytes have been shown to be the actual source. 
B-lymphocytes transformed by the Epstein-Barr virus 
might be an exception. 
Researchers nowadays seldom carry out phagocyte CL 
tests without amplifiers: luminol and lucigenin are gener- 
ally used. Lucigenin reacts with superoxide anion and 
needs to be reduced to become luminescent. It is there- 
fore considered to be dependent on NADPH oxidase 
activity. Luminol, on the other hand, has been shown to 
be oxidized in the myeloperoxidase reaction. When using 
luminol in the millimolar range one needs less than a 
thousand phagocytic cells (as in the case in whole blood 
tests) to get reliable signals. The number of isolated cells 
used in routine tests varies, generally around 105 . If  ad- 
hesion is not being specially studied, gelatin (or other 
proteins) should be used to prevent aggregation and the 
adhesion of the cells to the walls of the measuring vials. 
Hank's balanced salt solution is probably the most fre- 
quently used buffer. If other buffers are used one should 
pay attention especially to their content of divalent 
cations. 
Liquid scintillation counters are not recommended as 
measuring devices because of poor temperature control. 
Modern luminometers with strict temperature controls, 
multiple sample capabilities (up to 96 in microtiter plate 
readers), and computerized data processing are the in- 
struments of choice. 

Defects in phagocyte functions 

An individual suffering from recurrent infections, which 
are often severe and may eventually be fatal, may have a 
defect (often one of genetic origin) in one of the crucial 
functions of  phagocytic cells. 
Chronic granulomatous disease (CGD) is a rare disorder 
in which the patients suffer from severe recurrent infec- 
tions with bacteria and fungi, owing to an inability of 
their phagocytes to kill catalase-positive microorgan- 
isms. This is caused by the failure of CGD leukocytes to 
produce sufficient amounts of superoxide and hydrogen 
peroxide during phagocytosis. The defect has been 
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shown to be located in the b-type cytochrome of the 
NADPH-oxidase complex. Either a deficiency of the 
complex or a defect in the redox reactions with cyto- 
chrome b is the reason 132. Phagocytes of CGD patients 
were not able to emit CL 7, 8, 29, 36.92,132 except in those 
cases where hydrogen peroxide-generating microbes (e.g. 
Streptococcus pneumoniae) had been ingested 8, which in- 
dicated that the defect in CGD is negated by peroxide 
generated by microbes. 
Subjects with myeloperoxidase (MPO) deficiency have 
rarely been reported. Although MPO in the presence of 
hydrogen peroxide and halide constitutes a potent bac- 
tericidal system, which is also effective against fungi, 
viruses, mycoplasma, and mammalian tumour cells, 
MPO-deficient subjects only rarely have severe infec- 
tions, mainly candidiasis. Superoxide generation by 
MPO-deficient neutrophils was augmented 70. The CL 
response from these cells in the absence of amplifiers was 
reduced compared to that of control cells but it was still 
well measurable 70, 109 which indicates that the native CL 
signal from phagocytosis is dependent on both NADPH 
oxidase and MPO. MPO-deficient cells emitted practical- 
ly no luminol-amplified CL, confirming the dependence 
of luminol CL on MPO. On the other hand, lucigenin- 
amplified CL was augmented, confirming the depen- 
dence of lucigenin CL on superoxide generation by 
NADPH oxidase. 
Defective degranulation of MPO was suspected to be the 
reason for recurrent, superficial abscesses caused by 
Staphylococcus aureus in one patient. Neutrophils 
showed an impaired luminol-dependent CL emission in 
response to stimulation by either latex beads or fMLP , 1  
It was suggested that the defect represented abnormal 
microtubule microfilament function, as has also been 
suggested with the Chediak-Higashi Syndrome. 
Leukocyte adhesion deficiency (LAD) is characterized by 
defective expression of leukocyte adhesion glycoproteins 
CDlla /CD18 (LFA-I), CDl lb /CDI8  (CR3), and 
CDIlc /CDI8  (p150,95). The patients have recurrent 
severe bacterial infections. The phagocytic cells from 
these patients showed no marked CL response when 
stimulated with zymosan in the presence of either lumi- 
nol or lucigenin. On the other hand, they did show a CL 
response with both amplifiers when stimulated with 
IgGE,-coated sheep red cells. Control PMNLs did not 
show any CL response to this stimulant, although mono- 
cytes from both patients and controls gave CL responses 
of similar magnitude. These results suggest that in LAD 
patients FcTI receptors on PMNLs were responsible for 
CL generation 85. 

Infections 

PMNLs represent cornerstones of the host's antimicro- 
bial defence system, and several disease syndromes char- 
acterized by chronic or recurrent infections have been 
related to defects in PMNL function. Alterations in 

PMNL function seem to occur during microbial infec- 
tions in patients with normal defence mechanisms. The 
morphological changes are also well established. It has 
been suggested that the blood of patients with acute in- 
fections might contain mixtures of normal, primed, and 
perhaps deactivated or exhausted PMNL. 
Basal CL, as well as CL stimulated by opsonized zy- 
mosan, fMLP, and PMA, were generally increased in 
isolated PMNLs and in whole blood during acute bac- 
terial infections 3, 17, 52, 54, SO, 82, 88, 97. 122, 126. However, 

some patients had reduced PMNL function, and this 
reduction may contribute to a fatal outcome of the dis- 
ease 12z. The enhancement of the CL activity was ob- 
served during the period of fever and the activity gradu- 
ally declined during the postfebrile convalescence pe- 
riod 3, BE, 88, 97. An important observation is that when 
rats were challenged with Francisella tularensis, immune 
rats showed lower CL activation than nonimmune rats. 
In contrast to nonimmune rats, fever was not detected in 
immune rats at the maximum PMNL activation. The 
activation period lasted only for a couple of days, where- 
as that of nonimmune rats continued for more than one 
week 88. Thus the decreasing CL response may be at- 
tributed to inhibited dissemination or rapid clearance of 
bacteria. Indeed, we observed that in mice infected intra- 
venously with E. coli the whole blood CL activity was at 
its highest one day after infection, and bacteria were 
abundant in the blood. On the other hand, on day 3 after 
the challenge the CL value had returned to the normal 
range and no bacteria could be detected in the blood 
(unpublished). The alteration in PMNL function must 
start before the onset of fever. This concept is supported 
by our observation that the temperature range of maxi- 
mum CL activity rose by 2 -3  ~ in both febrile and 
non-febrile patients suffering from various kinds of re- 
spiratory tract infections 86. The degree of pathogenicity 
of bacteria is reflected in the magnitude of phagocyte CL 
activity. We observed that in mastitis minor, pathogens 
caused only an increase in the number of CL-emitting 
cells in milk, whereas major pathogens also increased the 
activity of phagocytes 82, probably by priming. One rea- 
son for the increased CL activity in bacterial infections 
can also be the emergence of hyperactive subpopulations 
of neutrophils in the circulation 18' 74-, 93 
Epidemiological evidence in humans supports the hy- 
pothesis that primary viral infections cause increased sus- 
ceptibility to bacterial disease. Patients and animals with 
viral infections usually had reduced or normal CL activ- 
ity in PMNLs, whole blood, or peritoneal macrophages 
when stimulated by zymosan, opsonized latex, or phor- 
bol esters during the acute infection 1,17, 43, 77, 88, i22,126 
Animal models showed that the phagocyte CL activity 
remained in the normal range during the viremic period 
but thereafter declined below normal 1,43, 88.The depres- 
sion of opsonized zymosan and PMA-stimulated human 
PMNL CL activity by influenza A virus was shown to be 
dependent on the haemagglutination activity of virus 
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pools z8, 45, and the prepriming of the PMNLs overcame 
this dysfunction in vitro 4 as well as in vivo in mice in 
which the mortality was significantly reduced 90, 110 
In summary, it seems that bacterial infections cause the 
increase in phagocyte activity by increasing the number 
of phagocytes, by priming the cells, or by causing hyper- 
active subpopulations to emerge. Priming by bacterial 
compounds makes the host's phagocytes more potent in 
resisting viral infections. On the other hand, viral infec- 
tions disable the phagocytes for resistance to subsequent 
bacterial infections. 

Stress 

Individuals may encounter various stressful events dur- 
ing their life span. Bacterial infections are a major cause 
of morbidity in individuals under stress and may be fatal. 
Depressed individuals are also more susceptible to can- 
cer. Chronic exposure to elevated levels of stress hor- 
mones, e.g. cortisol, may lead to immunosuppression. 
Pre-term. Neonates, especially pre-term infants who re- 
quire intensive care, suffer from an increased susceptibil- 
ity to infections which rapidly become systemic. Numer- 
ous reports show that the CL activity of PMNLs stim- 
ulated with opsonized zymosan or PMA was signifi- 
cantly depressed in neonates 20, 21, 4-0, 44, 46, 91, 98, 119, 129 

Alveolar macrophages in neonatal pigs similarly had 
very low CL activity as compared to 7-day-old piglets or 
adult pigs 139. Serious infections developed more fre- 
quently in infants with low PMNL CL activity during the 
first week of life than in infants with normal PMNL 
responses. Moreover, the mean peak CL activity did not 
differ before, during and after serious infections 40. Other 
reports have also shown that, unlike older children and 
adults, neonates showed low PMNL CL activities during 
bacterial infections 21.46. 
Trauma. Operative trauma caused a depression of 
PMNL CL activity 24, 100 which was shown to be mainly 
due to the anesthesia 24. In patients with major postoper- 
ative infection, CL response was depressed, but no such 
changes were seen in patients with minor postoperative 
infection 113. Depressed activity of phagocytes, however, 
may not be the only cause of increased postoperative 
susceptibility to bacterial infections, since defects in the 
opsonic capacity of serum during anesthesia and surgery 
were also observed 89, 2Ol. Other types of trauma led to 
an increase in the CL activity of PMNLs 9, lo2, ~11,116 
except in burned patients with burn areas more than 
35 %. In addition to CL activities lower than those in the 
control, these patients also had impaired opsonic activi- 
ty, and the incidence of sepsis was very high (85%). 
Furthermore, all the patients who did not survive had 
very low PMNL CL activity 116 
Exercise. Acute strenuous physical exertion is accompa- 
nied by physiological changes that are in some respects 
similar to those induced by bacterial infection: there is a 
substantial increase in circulating leukocytes, an eleva- 
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tion of body temperature, and an increase in concentra- 
tions of serum factors such as interleukin-1, e-interferon, 
and acute phase proteins. Trained athletes are, however, 
more susceptible to common infections than normal peo- 
ple. Their phagocyte functions are attenuated. Reports 
of the effects of acute exercise on phagocyte CL activity 
are controversial. Both an increase 99'121 and a de- 
crease 72,136 of CL after single bout of exercise have been 
reported. A long period of regular intensive training led 
to suppression of phagocyte CL 121. Our experiments 
with both humans and rats showed similar results de- 
pending on how strenuous and long-lasting exercise had 
been. Moderate exercise increased the CL activity but 
very hard exercise depressed it (unpublished). It is known 
that a prolonged or particularly large physical load in- 
evitably leads to injuries in muscles, lungs and tendons, 
resulting in substantial phagocyte infiltration into these 
tissues. We believe that a single bout of strenuous exercise 
primes phagocytes, but hard physical stress leading to 
tissue injuries and leukocyte infiltration is reflected as 
decreased CL activity in peripheral blood, since the hy- 
peractive phagocyte subpopulation is probably the first 
to leave the circulation. 
Psychological factors. How psychological stress caused 
by stressful life events, or factors like self esteem and 
personal control, influence phagocyte functions, has to 
our knowledge been considered in only one report 95. CL 
responses of neutrophils were decreased in panic disorder 
patients as well as during endogenous depression, but 
remained normal in schizophrenia, alcoholism and gen- 
eralised anxiety. Suppression was corrected on clinical 
recovery. 
Oxidative stress. A diet rich in polyunsaturated fatty 
acids (cod liver oil rich in eicosapentaenoic acid and 
docosahexaenoic acid) caused a decrease in the CL activ- 
ity of phagocytes in healthy and arthritic humans 49, 84 
and in rats 79. However, another fish oil, mackerel oil, 
with a four-fold higher content of arachidonic acid did 
not have the same inhibitory effect in rats. The analysis 
of fatty acid content of membrane phospholipids re- 
vealed that a cod liver oil diet caused a significant de- 
crease in arachidonic acid in phospholipid while a mack- 
erel oil diet did not. Vitamin E supplementation reduced 
the suppressive effect of a cod liver oil diet 79, suggesting 
that the oxidation products of polyunsaturated fatty 
acids play a role in the suppression. Experimental essen- 
tial fatty acid deficiency in rats similarly suppressed the 
phagocyte CL activity 57,58. Hypercholesterolemia is 
supposed to be a consequence of, for example, diets with 
a high saturated fatty acid content. Subjects with hyper- 
cholesterolemia had a slightly higher level of arachidonic 
acid in membrane phospholipids and significantly in- 
creased CL activity of isolated neutrophils 34. A corn oil 
diet markedly increased the number of turnouts per 
mouse compared with a beef tallow diet 94. 
These results suggest that dietary factors leading to an 
altered arachidonic acid content in the membrane phos- 



1086 Experientia 48 (1992), Birkh~iuser Verlag, CH-4010 Basel/Switzerland Reviews 

pholipids of phagocytes and consequently altered pro- 
duction of prostaglandins and leukotrienes have a crucial 
role in the regulation of the CL response. 
Another type of oxidative stress is introduced by smok- 
ing. Cigarette smoke is known to contain reactive peroxy 
radicals. Whole blood of cigarette smokers produced 
more CL than that of non-smokers when stimulated with 
opsonized zymosan, PMA, o r  fMLP 1~ 106, 107 
The number of cigarettes smoked per day, and lung func- 
tion measured by spirometry, were shown to be in a good 
correlation with the leukocyte CL value in young smok- 
ers 106. Passive smoking also primed neutrophils to emit 
increased amounts of CL 11 

Respiratory disorders 

Sarcoidosis is a systemic disorder of unknown etiology 
which, in many patients, is associated with progressive 
pulmonary fibrosis. It is therefore not surprising that 
both circulating neutrophils and bronchoalveolar lavage 
ceils from sarcoidosis patients were more active than 
those from controls in emitting basal CL and CL stimu- 
lated by opsonized zymosan or PMA 25' 67, 87,13o 
Cystic fibrosis patients suffer from pulmonary Pseudo- 
monas infections, but they have little difficulty in con- 
taining infections outside the respiratory tract. In pa- 
tients PMNLs and monocytes from peripheral blood 
were activated 26, t0s, los, but unfortunately there are no 
reports concerning the activity of bronchoalveolar lavage 
cells in this disease. On the other hand, increased CL 
activities of alveolar cells have been detected in hypersen- 
sitivity pneumonitis 26, asthma 31, idiopathic pulmonary 
fibrosis 6s, primary biliary cirrhosis-associated alveoli- 
tis 131, and endotoxin-induced lung injury in dogs 6o. In 
respiratory disorders air space cells seem generally to be 
activated. The activation however, is not only local; in 
many occasions systemic activation is evident. 

Diabetes 

It is generally believed that diabetes mellitus is associated 
with an increased susceptibility to infection or severity of 
infections. The presence of microvascular endothelial in- 
juries in diabetic patients is well known and it has been 
suggested that phagocyte-mediated reactive oxygen in- 
termediates are involved in damage to pancreatic islet 
cells in insulin-dependent disease. 
The literature on CL supports these concepts. When 
stimulated with opsonized zymosan, both PMNLs 15 and 
monocytes 69 showed increased CL emission in patients 
as compared to controls. However, when zymosan was 
opsonized in autologous plasma the CL response was 
lower than in controls 133. The increased neutrophil ac- 
tivity was correlated with circulating immune complexes 
and both parameters were related to the presence of mi- 
crovascular complications 16. The resting CL activity of 
isolated PMNLs from diabetic children was significantly 

higher than in controls 65. The whole blood CL responses 
to soluble stimuli, but not to particulate stimuli, were 
enhanced in patients as compared to controls 37. 
It seems that in diabetes the phagocytic cells are primed 
for production of reactive oxygen species but there are 
inhibitory compounds like circulating immune complex- 
es in plasma which, by blocking the Fc receptors, may 
diminish the phagocytic capacity. 

Arthritis 

The inflammation of joints may be of a chronic recurrent 
type (rheumatoid arthritis) which is considered to be 
autoimmune in nature, or acute reactive arthritis preced- 
ed by an infection elsewhere in the body. It has been 
suggested that the presence of immune complexes in the 
synovial fluid leads to the inflammatory reaction. It 
could be thought that synovial fluid phagocytes and pos- 
sibly peripheral blood phagocytes were primed for the 
enhanced production of reactive oxygen intermediates. 
In fact, in rheumatoid patients the basal CL activity of 
synovial PMNLs (SFPMNL) was higher than that of 
peripheral blood cells (PBPMNL), but when stimulated 
with opsonized zymosan PBPMNLs showed higher ac- 
tivity 61. This work also showed that when stimulated 
with heat-aggregated IgG, SFPMNLs gave much higher 
activity than PBPMNLs, but the opposite was found 
after preincubation with fMLP. While SFPMNL activi- 
ties were lower than PBPMNL activities in patients, 
PBPMNL activities of patients did not differ significant- 
ly from PBPMNL activities of healthy controls 76. An 
effect of the severity of the disease was seen in the CL 
response of SFPMNL induced by PMA. The response 
was significantly higher in patients with severe disease 
than in those with mild disease 76. It is not only priming 
that may cause the increased production of reactive oxy- 
gen species in inflamed joints. When paired sera and 
synovial fluids from rheumatoid arthritis patients were 
incubated with control neutrophils, synovial fluids gave 
considerably higher CL responses than the paired serum 
specimens. In contrast, little or no response was found 
with paired sera and joint fluid taken from patients with 
gout, psoriasis, and osteoarthritis, or with sera from 
healthy donors. The active material found in the rheuma- 
toid specimens was suggested to be particular types of 
immunoglobulin and rheuma factor complexes s 5 
Thus, in arthritis the SFPMNLs seem to be primed and 
the synovial fluid contains compounds that evoke the 
SFPMNLs to produce considerable amounts of reactive 
oxygen intermediates. The activation of phagocytes 
seems not to be systemic. 

Psoriasis 

Psoriasis is a skin disease of unknown aetiology charac- 
terized by hyperactivity of keratinocytes leading to in- 
creased keratinization of the skin, giving it a scaly ap- 
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pearance. Peripheral blood monocytes and neutrophils 
have been shown to be more active in psoriasis patients 
than in controls when stimulated with opsonized zy- 
mosan, fMLP or PMA 32'114' 120. Exudate neutrophils 
from skin were primed both in psoriatic patients and in 
controls, showing no significant difference 33. These re- 
suits suggest that psoriasis is systemic in nature. 

Inflammatory bowel disease 

Neutrophils are absent from the normal intestine, but in 
inflammatory bowel disease they move efficiently from 
the blood across the mucosa to the intestinal lumen, 
mediating tissue damage. 
The resting and the opsonized zymosan-stimulated CL 
responses were significantly increased in children who 
had the disease only mildly or were in remission 48. Neu- 
trophils from patients with Crohn's disease, but not from 
those with ulcerative colitis, were found to have signifi- 
cantly increased numbers of receptors for fMLP. The 
receptor number had a linear positive correlation with 
peak CL response to fMLP. Drug treatment and disease 
activity had no effect on these parameters 13. With PMA 
stimulation, PMNLs in intestinal Behget's disease and in 
active ulcerative colitis showed significantly higher CL 
activities than control cells. Neutrophils in Crohn's dis- 
ease and in inactive ulcerative colitis were also activated 
but not statistically significantly. On the other hand, 
monocytes were significantly activated by PMA stimula- 
tion in Crohn's disease and in active ulcerative colitis, but 
not in Behqet's disease and in inactive ulcerative coli- 
tis lz4. Whole blood and isolated monocytes from pa- 
tients with Crohn's disease were also found to be activat- 
ed by opsonized zymosan stimulation, whereas the CL 
activity of isolated neutrophils did not differ from that of 
controls 71'96. The high CL activity of patient whole 
blood conflicts with the result obtained from isolated 
neutrophils. It has indeed been shown recently that the 
procedure used for the separation of PMNLs has an 
important influence on the interpretation of results from 
in vitro studies of these cells 66. Neutrophil CL stimulat- 
ed with opsonized zymosan was found to be significantly 
higher in patients than in normal controls. There were no 
significant differences between the patients with ulcera- 
tive colitis and those with Crohn's disease. Neutrophil 
CL did not correlate with either therapy or disease loca- 
tion. These results were obtained using a two-step proce- 
dure for PMNL separation. With one-step separation the 
CL activity of PMNLs was depressed in patients. It was 
demonstrated that this disparity was caused by the elim- 
ination of low-density neutrophils with high CL produc- 
tion by the one-step procedure 66 
It is possible that serum contains a substance which stim- 
ulates neutrophil CL, but this was not clearly demon- 
strated by experiments where control cells were incubat- 
ed with patient or control sera. No difference between 
sera from patients and healthy persons was ob- 
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served 4s,66. We have, however, found that sera from 
children with symptoms of gastrointestinal disorders, ac- 
tivated control cells when incubated with gliadin or milk 
proteins, and the peak CL emission correlated well with 
the antigliadin or antimilk protein IgA and IgG content 
of the sera. Moreover, when the antigens were added 
directly to whole blood samples from patients, the whole 
blood CL correlated with the specific IgG content but 
not with the specific IgA content of the plasma s 1. This 
led us to conclude that in patients a subpopulation of 
PMNLs possessing IgA receptors has left the circulation 
and is located in the intestine. 
In summary, PMNLs and possibly monocytes are sys- 
temically activated in inflammatory bowel disease pa- 
tients. The activation is not dependent on the type of 
disease, its location or activity. Patient sera do not con- 
tain large activating immune complexes, but exposure to 
food antigens, together with specific antibodies, may ac- 
tivate the cells in the intestine. 

Neoplasia 

Monocytes but not granulocytes showed enhanced CL 
activity in cancer patients with solid tumours. It was also 
evident that monocytes from patients with disseminated 
disease behaved differently from cells from those with 
nonmetastatic disease 22, 23, 130. On the other hand, in 
leukaemia patients both monocytes and neutrophils were 
affected ZT, 35,47, 12s. We have successfully used the CL 
emission measurement from whole blood to monitor the 
graft take after allogeneic bone marrow transplantation 
in leukaemia patients 74, lo4,125 

Reproductive immunology 

Whole blood CL activity varied regularly during the 
menstrual cycle 64. We have observed four consecutive 
reproducible peaks of CL, the first three when the estra- 
diol, then the LH and then the progesterone levels started 
to rise, and the fourth one when the rise in progesterone 
concentration leveled off. These values could be informa- 
tive, especially for women with difficulties in fertilization, 
and they could also be used for choosing the time of 
oocyte aspiration for in vitro fertilization. Similar 
changes in CL were also seen in leukocyte samples from 
cow's milk 82. After fertilization the progesterone level in 
plasma remained high. CL activities of leukocytes from 
pregnant women were higher than those from con- 
trois ~ 15, ~ ~ 7. In endometriosis, the phagocytes from both 
peripheral blood and peritoneum showed increased CL 
activity which suggested that endometriosis may be a 
systemic rather than a local disorder 14o. 
Seminal phagocytes may play an important role in male 
fertility. CL measurements from semen provided a con- 
venient method for routine diagnosis of leukocytosper- 
mia 75 
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Comparative immunology 

Mostly conventional laboratory test animals and domes- 
tic animals have been used for studies of phagocyte CL. 
This work has been mainly concerned with the patho- 
physiological state of the animal as a model system for 
human defence reactions. No studies have been pub- 
lished on the effects of basic factors that regulate the 
animal life in the wild, like winter sleep, hibernation, light 
rhythm, exposure to cold and heat, nutritional status, 
mating period etc. 
Apart from mammals, only fishes have been extensively 
studied. Fish phagocyte CL has been investigated in rela- 
tion to stress 12 and stress hormones 19, 51, drugs62,134, 
pollutants13S, opsonizationl38, immunizationllZ' 138 
and bacterial strains 123, among other topics. Phagocytes 
have been isolated from peripheral blood, pronephros 
(the primary lymphoid organ and haematopoietic tissue 
in fish), spleen and peritoneum, and CL in diluted whole 
blood has also been measured 13". Most of the studies 
have been made with fishes in cultivation, e.g. rainbow 
trout. The results suggest that photon emission in fish 
leukocytes, its origin and regulation, and the effect of the 
host's pathophysiological state on it, are essentially the 
same as in mammalian cells. This leads to the conclusion 
that advanced defence mechanisms based on phagocytes 
evolved early in vertebrate evolution. 
A few studies have been made with birds, namely with 
poultry4Z, 59. In molluscs, phagocyte CL emission is re- 
ported to exist in oysters 14, 50.73 and in snails 5.6, 39, Two 
reports of amphibian CL have been published, to our 
knowledge v 8.103. We have studied the acclimatisation of 
Rana pipiens 78. In all the other phyla and classes, and in 
vast majority of animal species the phenomenon remains 
totally unexplored. 
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