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The production of reactive oxygen species by whole blood and polymorphonuclear 

leukocytes (PMNs) in the peripheral blood of 20 patients with gram-negative 

septicemia was studied by using the method of luminol-dependent chemiluminescence 

(CL) stimulated with non-opsonized zymosan or phorbol myristate acetate (PMA). 

The CL responses of 10-fold diluted whole blood and PMNs in these patients were 

significantly increased when compared with those of healthy persons. The number 

of granulocytes in the blood of patients was increased in many cases. To clarify 

the reason why the CL response of phagocytes in septic patients is augumented, I 

studied the priming effect of inflammatory cytokines including tumor necrosis factor

-a, (TNF-a)
, interleukin-1ƒÀ(IL-1ƒÀ), IL-6 and lipopolysaccharide (LPS: endotoxin)

on the CL response of normal human phagocytes. These cytokines and LPS are 

often detectable in the serum of patients with severe gram-negative sepsis. Whole 

blood and PMNs were incubated for 10 or 60 min at 37•Ž with various 

concentrations of each cytokine or LPS, and the integrated CL response induced by 

zymosan or PMA was measured for 20 min, permitting comparisons of the effects 

of cytokines or LPS. Preincubation with TNF-a or LPS resulted in an increase in 

the CL response of PMNs at concentrations of more than 1 U/ml and 100 ng/ml, 

respectively. Similar results were obtained in diluted whole blood samples. 

However, no significant priming effect was observed when PMNs were incubated 

for 10 and 60 min with various concentrations (1-100 ng/ml) of IL-1ƒÀ or IL-6. The 

priming effect of TNF-a was significantly prevented when TNF-a was preincubated 

with a murine anti-TNF-a monoclonal antibody (TNF-a MAb) or a TNF-binding 

 protein-II (TNF-BPII) for 10 min at 3TC prior to the exposure to whole blood 

sample. These inhibitory effects were dose-dependent. The present study showed 

that TNF-a MAb and TNF-BPII have the ability to prevent the enhanced CL 

response in human whole blood samples primed with TNF-a . These findings may 

be useful for supportive therapy in patients with gram-negative septicemia and 

septic shock, especially in cases involving serious PMN-mediated organ damage 

caused by excessive release of toxic products such as reactive oxygen species.

Key words: sepsis, chemiluminescence, cytokines, lipopolysaccharide, 
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Introduction 

Improvements in medical care have given 

longer life spans to the elderly and patients 

with severe underlying diseases. One major 

cause of death continues to be their exceptional 

vulnerability to infection. The highest mortality 

occurs in patients with gram-negative infections 

who develop bacteremia, with reported mortali-

ty figures ranging from 10%-20% in relatively 

healthy individuals to greater than 50% in 

immuno-compromised patients". Recent studies 

have demonstrated that a cascade of mediators 

is stimulated by lipopolysaccharide (LPS or 

endotoxin), a complex glycolipid which is the 

major component of the outer membrane of 

gram-negative bacteria2). The clinical syndrome 

of gram-negative bacterial septicemia appears 

to result primarily from excessive stimulation of 

the host immune system by LPS2,3). LPS in-

duction of cytokine release, particularly that of 

tumor necrosis factor-a (TNF-a) , is probably 

the central event in the pathophysiology of 

gram-negative septicemia, although many ad-

ditional immunological events accompany 

cytokine release2•`5) LPS and cytokines, such 

as TNF-a, prime polymorphonuclear leukocytes 

(PMNs) for subsequent oxygen radical release, 

phagocytosis and bactericidal capacity, induce 

the surface expression of integrins, and promote 

the adherence of PMNs to endotheliumz2,6•`8). 

This activation of PMNs at the sites of gram-

negative infection potentiates host defense 

against invading bacteria. However, the high 

levels of circulating LPS and/or TNF-a which 

occur during severe sepsis may also cause 

unwanted activation and recruitment of PMNs 

into uninfected remote organs, resulting in 

serious PMN-mediated injury consequent to the 

release of toxic products such as oxygen free 

radicals9,10) . Some investigators have also re-

ported that interleukin-1 (IL-1) and IL-6, which 

are detectable in septic patients' sera, promote 

PMN activation and accumulation3,8,11•`13) . In 

this study, I measured the production of 

reactive oxygen species from PMNs in patients 

with gram-negative bacteremia by using a lumi-

nol-dependent chemiluminescence (CL) method, 

and compared the priming effect of 

inflammatory cytokines such as TNF-a, IL-1ƒÀ 

and IL-6 on the CL response of PMNs obtained 

from healthy volunteers with that of LPS. 

These studies demonstrated that TNF-a and 

LPS potentiate PMN function directly, whereas 

neither IL-1ƒÀ nor IL-6 has this effect. These 

priming effects by TNF-a and LPS were also 

observed in whole blood samples. Furthermore, 

this paper examines whether the priming by 

TNF-a could be blocked by preincubating TNF 

-a with either a murine monoclonal antibody 

(MAb) directed against TNF-a or a TNF-

binding protein (TNF-BP II) . 

Materials and Methods 

Patients 

The present study included 20 patients with 

sepsis (11 males, 9 females) , aged 32 to 90 

years (average•}SD, 64•}19 years). Eighteen 

patients survived and two died. Controls were 

normal persons (18 males, 12 females) , aged 18 

to 38 years (30•}6 years) . Sepsis was confirmed 

by clinical signs and blood cultures. Criteria 

for a diagnosis of sepsis were as follows14): 

fever or hypothermia (>38.3 or<35.6•Ž); tachy-

cardia (>90 beats/min in the absence of 13- 

blockade) and tachypnea (respiration>20/min or 

need for mechanical ventilation); and either 

hypotension (systolic blood pressure_90 mm Hg 

or a sustained drop in systolic pressure 40 mm 

Hg in the presence of an adequate fluid chal-

lenge and in the absence of antihypertensive 

agents) or two of the following six signs of 

systemic toxicity or peripheral hypotension-

unexplained metabolic acidosis (pH•…7.3, base 

deficit> 5 mmol/l. or an elevated plasma lactate 

level); arterial hypoxia (PO2.75 mm Hg or PaO2/ 

FIO2 <250); acute renal failure (urinary output 

<0.5 ml/kg/h); elevated proth-rombin or partial 

thromboplastin time or reduction of the platelet 

count to less than half the baseline value or 

<100,000 platelets/mm3; sudden decrease in mental 

acuity; and cardiac index of>4l/m2 with sys-

temic vascular resistance of < 800 dyn s/cm5. 

The causative micro-organisms were Escherichia
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coli (10 cases) , Klebsiella pneumoniae (3 cases) , 

Acinetobacter calcoaceticus (3 cases) , Pseudomo-

nas aeruginosa (2 cases) , Serratia marcescens (1 

case) and Salmonella typhi (1 case) Primary 

infection sites were the urinary tract (9 cases) , 

catheter-related (5 cases) , decubitus ulcer (1 

case) , pulmonary tract (1 case) , colon (1 case) 

and unknown (2 cases) . A shock state evaluat-

ed by Bone's definitions) was confirmed in 6 

patients, and the endotoxin serum levels were 

positive ( > 10 pg/ml) in 5 of the 10 patients 

tested by EndospecyR assay (Seikagaku Kogyo 

Co., Tokyo, Japan) . Blood samples for CL 

assay were obtained from patients within 48 

hours after positive blood cultures. 

Chemicals and media 

Dulbecco's modified Eagle's medium (MEM , 

Nissui Pharmaceutical Co . Ltd., Tokyo, Japan) 

supplemented with 25 mM HEPES buffer and L-

glutamin 0.3 g/ml, pH 7.4, was used to dilute 

blood samples. Luminol , purchased from Tokyo 

Kasei Kougyo Co. (Tokyo, Japan) , was dis-

solved in phosphate buffered saline (PBS) at 20 

pg/ml , and zymosan particles (Sigma Chemical 

Co., St. Louis , MO., USA) were suspended in 

PBS at 25 mg/ml . Phorbol myristate acetate 

(PMA) (Sigma Chemical Co.) was dissolved in 

dimethyl sulfoxide (DMSO) at 100 ƒÊpg/ml . High-

ly purified recombinant human TNF- a (specific 

activity 2.55 x 106 JRU/mg; 392 pg/U) was kindly 

provided by Dainippon Pharmaceutical Co., Ltd. 

(Osaka, Japan) . Highly purified recombinant 

human IL-1 ƒÀ (specific activity 2•~107 half-max-

imal U/mg) and IL-6 (specific activity 5•~106 

U/mg) were kindly provided by Outsuka Phar-

maceutical Co., Ltd. (Tokushima , Japan) and 

Ajinomoto Co., Ltd . (Yokohama , Japan) , 

respectively. A murine anti-human TNF-a 

MAb (IgGI class antibody , 1.0 mg/ml) was 

kindly provided by Outsuka Pharmaceutical Co., 

Ltd., and recombinant human TNF-BPII (5 .0 

pg/8.3 ƒÊl) was purchased from R & D Systems 

Inc . (Minneapolis, MN , USA) . None of these 

reagents contained endotoxins as judged by 

Limulus amebocyte lysate assay (Seikagaku 

Kogyo Co.; minimum detection level 0.3 ng/ml)

LPS derived from Eacherichia coli 0111: B4 

strain was purchased from Sigma Chemical Co. 

Isolation of PMNs 

Ten ml of freshly drawn heparinized blood 

(10 U/ml) from healthy human donors or septic 

patients was mixed in a sterile plastic tube 

containing 4.5% dextran solution and left to 

stand for 40 min. The leukocyte-rich plasma 

was centrifuged at 400 xg on a Ficoll-Hypaque 

gradient for 30 min . The erythrocytes were 

lysed with hypotonic saline (0.2%) , and the 

osmolarity was then restored by adding 

hypertonic saline (1.6%) The PMNs were 

washed twice with MEM and adjusted to a final 

concentration of 1 x 107 cells/ml in MEM. 

Measurement of chemiluminescence 

Luminol-dependent CL assays were performed 

using either ten-fold diluted whole blood or 

isolated PMNs. The reaction mixture contained 

1 ml of PMNs in suspension (1•~106 cells) or 1 

ml of diluted whole blood (0.1 ml of hepariniz-

ed blood diluted with 0.9 ml of MEM) , and 20 

ul of 11.3 mM luminol solution. After preincuba-

tion at 37•Ž for 10 min, 20ƒÊl (500 ƒÊg) of 

zymosan solution or 5 ƒÊl(0.5 ƒÊg) of PMA solu-

tion was added to the mixture, and CL was 

continuously measured for 20 min with a six-

channel Biolumat LB 9505 device (Berthold Co., 

Germany) . 

Priming effect of cytokines and LPS on CL 

response of human phagocytes 

Heparinized blood was collected from healthy 

volunteers and PMNs were isolated using the 

method described above. The reaction mixture 

contained 0.1 ml of PMN suspension (5 x 105 

cells) , 0.1ml of solution containing various 

concentrations of TNF-a (0.1 U-1,000 U) , IL-13 

(1-100 ng) , IL-6 (1-100 ng) , LPS (10 ng-1 ƒÊg) 

or 0.1 ml of pyrogen-free 0.9% saline for 

control , and 20 ƒÊl of luminol solution. The final 

volume of each mixture was adjusted to 1 ml 

with MEM . In the same way, whole blood 

which was diluted ten-fold was used for phago-

cytes and pretreated with each cytokine or 

LPS. After preincubation with various con-

centrations of each cytokine, LPS or pyrogen-
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free 0.9% saline for 10 min (however, isolated 

PMNs were preincubated with LPS for 60 min) 

at 37•Ž, 20 ƒÊl of zymosan or 5 ƒÊl of PMA 

solution was added to the mixture and CL was 

measured for 20 min . The CL-index was cal-

culated by dividing the integrated CL of drug-

exposed phagocytes by the integrated CL of 

untreated phagocytes (control) 

Inhibitory effect of anti-TNF-ƒ¿ MAb and TNF 

-BPII 

Solution containing 100 ƒÊl of TNF- ƒ¿ solution 

(100 U, 10 U, respectively) or pyrogen-free 0.9% 

saline (100 ƒÊl) were initially incubated with 

various concentrations of anti-TNF- ƒ¿ MAb 

(100-1000 ng) or TNF-BPII (10-100 ng) in a 

total volume of 200 ƒÊl of MEM for 10 min at 

37•Ž, and subsequently, diluted blood samples 

were primed with this mixture for 10 min and 

CL activity was measured in the same way

Fig. 1. Number of white blood cells and 

granulocytes in healthy adults and patients 
with gram-negative sepsis. Significantly 

different (p< 0 . 001) from the values in 
healthy adults.

after the addition of PMA. The inhibitory 

effect was also expressed as CL-index 

Statistical analysis 

Data are shown as means •} SD for all assays. 

All assays were performed in duplicate and 

analyzed statistically by Student's t-test . 

Results 

1) CL response of whole blood and isolated 

PMNs in patients with gram-negative septice-

mia 

Fig . 1 shows that the number of white blood 

cells and granulocytes in most blood specimens 

from septic patients increased significantly in 

comparison with those of healthy subjects. Fig. 2 

shows the integrated counts for 20-min meas-

urements of CL for ten fold-diluted whole blood 

samples from septic patients and healthy sub 

jects induced by non-opsonized zymosan and

Fig. 2. Chemiluminescence (CL) values of whole 
blood stimulated with non-opsonized zymosan 
or PMA in patients with gram-negative 

sepsis and healthy adults. Data are shown 
as 20-min integrated CL counts. Significantly 
different (p < . 001) from the values in 
healthy adults.
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PMA . The responses induced by the stimuli 

were significantly higher in most specimens 

from septic patients. Fig, 3 shows that the CL 
responses of isolated PMNs induced by non-

opsonized zymosan or PMA were higher in 

septic patients than in healthy subjects. These 
results indicate that circulating PMNs are ac-

tivated in a majority of patients with gram-
negative septicemia . 

2) Influence of LPS on the CL response of 
whole blood and PMNs 

LPS alone did not induce the CL response of 
whole blood and PMNs at the various con-

centrations tested. A 10-min incubation of LPS 
at a concentration of more than 100 ng/ml 

induced a 1.2- to 1.4-fold increase in integrated 
CL for whole blood following stimulation with 

zymosan or PMA (priming effect) (Table 1) . 
On the other hand, the CL response of isolated 

PMNs after incubation with more than 100 ng/ 
ml of LPS for 60 min was significantly in-

Fig. 3. Chemiluminescence (CL) values of poly- 
morphonuclear leukocytes (PMNs) in pa- 
tients with gram-negative sepsis and 
healthy adults in response to non-opsonized 

zymosan or PMA. Data are shown as 20-
mm integrated CL counts. Significantly 
different (p<0.001) from the values in 

healthy adults.

creased by stimulation with zymosan or PMA 

(Fig. 4) . 

3) Influence of TNF-ƒ¿ on the CL response 

of whole blood and PMNs 

The priming effect of TNF-ƒ¿ on whole blood 

CL is shown in Table 1. When diluted whole 

blood was incubated with various concentrations 

of TNF-ƒ¿ for 10 min at 37•Ž, the CL response 

of whole blood was significantly enhanced fol-

lowing stimulation with non-opsonized zymosan 

or PMA when compared with untreated cells. 

A similar priming effect by TNF-ƒ¿ was ob-

served in the CL response of PMNs (Fig. 5).

Fig. 4. Priming effect of lipopolysaccharide 

(LPS) of Escherichia coli Olll: B4 on the 

chemiluminescence (CL) response of poly-

morphonuclear leukocytes (PMNs). CL-in-

dex was determined as described in Ma-

terials and Methods. Data are shown as 

means•} SD (n=8). Significantly different 

(**p<0.001) from control without LPS.
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Table 1. Priming effect of lipopolysaccharide (LPS) from Eschsrichia coli 0111: B 4 and tumor 

necrosis factor-ƒ¿ (TNF-ƒ¿) on the chemiluminescence (CL) response of whole blood

a) Zymosan -induced CL

b) PMA- induced CL

Fig. 6. Priming effect of tumor necrosis factor-

α(TNF-α) on the chemiluminescence (CL)
response of polymorphonuclear leukocytes 

(PMNs). CL-index was determined as 

described in Materials and Methods. Data 

are shown as means •} SD (n= 8-12). Signifi-

cantly different (*p <0 .01, **p < 0 . 001) from 

control without TNF-a.

TNF-ƒ¿ alone showed slight induction of the CL 

response of PMNs (data not shown) , with a 

1.1- to 1.6-fold increase in the CL activity of 

whole blood and PMNs achieved following 

stimulation with each stimulus after 10-min 

incubation at the various concentrations of 

TNF-ƒ¿. This priming effect of TNF- ƒ¿ was 

dose-dependent, and was statistically significant 

at concentrations above 1 U/ml . TNF-ƒ¿ showed 

a stronger effect than LPS at all levels studied. 

4) Influence of IL-1 and IL-6 on the CL 

response of PMNs 

No significant priming effect was observed 

when PMNs were incubated for 10 min with 

various concentrations (1-100 ng) of IL-1 ƒÀ or 

IL-6 (Table 2) . Similar results were observed in 

diluted whole blood samples, and the 60-min 

incubation had no significant influence on the 

CL response (data not shown) . 

5) Inhibition of enhanced CL by anti-TNF 

MAb and TNF-BPII 

As shown Fig. 6 , incubation of anti-TNF- ƒ¿ 

MAb with TNF-ƒ¿ for 10 min during the prim-

ing period completely suppressed the enhanced 

CL response to PMA in blood samples primed 

with TNF-a (100 U/ml) . This inhibitory effect 

of anti-TNF-ƒ¿ MAb was dose-dependent, and 

reached statistical significance at concentrations 

higher than 300 ng/ml . Similar suppression by 

TNF-BP II of the enhanced CL response primed 

with TNF- ƒ¿ (10 U/ml) was observed (Fig. 7) .
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Table 2. Priming effect of interleukin-1ƒÀ (IL-1ƒÀ and IL-6 on the chemiluminescence 

(CL) response of polymorphonuclear leukocytes (PMNs)

Fig. 6. Inhibition of enhanced chemiluminescence 

(CL) response of whole blood by anti-tumor 

necrosis factor-a monoclonal antibody (anti 
-TNF-ƒ¿MAb); CL response of whole blood 

primed with pyrogen-free 0.9% saline 

(control) of TNF-ƒ¿ (100 U) preincubated with 

100-1,000 ng of anti-TNF-ƒ¿MAb. CL-index 

was determined as described in Materials 

and Methods. Data are shown as means•} 

SD (n=9). Significantly different between 

the CL-index with or without pretreatment 

of anti-TNF-ƒ¿MAb.

Fig. 7. Inhibition of enhanced chemiluminescence 

(CL) response of whole blood by tumor necro-

sis factor binding-protein II (TNF-BPII); 

CL response of whole blood primed with 

pyrogen-free 0.9% saline (control) or TNF 
-ƒ¿ (10 U) preincubated with 10-100 ng of 

TNF-BPII. CL-index was determined as 

described in Materials and Methods. Data 

are shown as means•}SD (n=8). Significantly 

different between the CL-indexes with or 

without pretreatment of TNF-BPII.
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In these experiments, anti-TNF-ƒ¿ MAb or 

TNF-BPII alone failed to affect the CL 

response to PMA in whole blood samples at the 

highest concentrations examined: 1 ƒÊg/ml and 

100 ng/ml, respectively . 

Discussion 

When phagocytes interact with soluble or 

particulate stimuli , the cells respond with a 

burst in oxidative metabolism which generates 

reactive oxygen species such as superoxide 

anions (02-) and hydrogen peroxide (H2O2)15,16). 

This activation, which is an essential step in 

host defense against invading microorganisms, 

is accompanied by light emission or chemilumines-

cence (CL) by the cells17). The addition of 

luminol to the system induces a large amount 

of CL, a result with potential clinical applica-

tion"-19), since this system permits testing of 

very few cells to evaluate the activity of 

granulocytes in blood20•`22). It was suggested 

that light generation in luminol-dependent CL is 

totally dependent on the myeloperoxidase 

(MPO)-H202 system"). Whole blood CL reflects 

the activity of blood granulocytes to generate 

reactive oxygen species upon stimulation and 

the opsonic activity of serum21'24). In this study , 

I compared luminol-dependent CL of whole 

blood and that of isolated PMNs from patients 

in the acute phase of gram-negative septicemia 

with specimens from normal subjects. The 

results showed that the CL responses of whole 

blood and PMNs induced by non-opsonized 

zymosan or PMA were higher in most patients' 

blood than in normal controls, indicating that 

increased PMNs in patients' peripheral blood 

were primed for enhanced active oxygen 

release. To determine what kind of cytokine 

primes PMNs in these patients, I evaluated the 

priming effects of inflammatory cytokines in-

cluding TNF-ƒ¿
, IL-1ƒÀ and IL-6 on the CL 

response of human phagocytes and compared 

them with that of LPS
, a well-known CL 

primer, in vitro . The CL response of whole 

blood and PMNs primed with TNF-ƒ¿ was 

greater than that of LPS after stimulation with 

non-opsonized zymosan or PMA. Clinically

detectable serum levels of TNF-ƒ¿ which could 

prime the CL response of PMNs were found in 

patients with gram-negative septicemia (as 

described below) . Some investigators have re-

ported that IL-la"") and IL-625) activate PMNs 

to induce an oxidative burst response of the 

cells. However, other investigators have re-

ported that IL-I ƒÀ26,27) and IL-626) did not affect 

superoxide anion production from PMNs. In my 

study, IL-1 ƒÀ and IL-6 failed to show 

significant priming effects on the CL response at 

concentrations ranging from 1-100 ng/ml. 

These results suggest that the biological effect 

of IL-1 ƒÀ on PMN function may differ from 

that of IL-1 a. This discrepancy in the priming 

effect of these cytokines on superoxide anion 

production may result from differences in 

methodology. 

Clinical and experimental evidence implicates 

TNF-ƒ¿ as central to the pathogenesis of septic 

shock4,5). Elevated TNF-ƒ¿ serum levels are fre-

quently detected in severe septic patients29•`32). 

A recent study by Bone and his colleague31) 

reported that the patients with gram-negative 

septicemia had detectable plasma levels of 

TNF-ƒ¿ (median, 120•} 81 pg/ml, range , nondetec-

table to 1,000 pg/ml), IL-1ƒÀ (median, 189 •} 70 

pernl, range, nondetectable to 2,850 pg/ml) 

and IL-6 (median, 780•}239 pg/ml, range, nonde-

tectable to 2,380 pg/ml) . In addition, the higher 

serum levels of TNF-ƒ¿, IL-1ƒÀ and IL-6 were 

found in patients with septic shock; TNF-ƒ¿ 

level ranged from 100 to 5,000 pg/ml with mean 

of 701•}339 pg/ml291, 1L-1 ƒÀ level ranged from 

<150 to 3,260 pg/ml with median 480 pg/ml30) 

and IL-6 level ranged from less than 0.1 to 305 ng/ 

ml with median 3.5 ng/ml32). There was a correlation 

between the serum level of TNF-ƒ¿ and severity 

of illness as well as mortality rates29.30.32). 

These findings together with the data in this 

study suggest that one way to prevent the 

organ damage caused by toxic substances such 

as oxygen free radicals released from activated 

PMNs may be to neutralize the biological 

activities of TNF-ƒ¿, because TNF-ƒ¿ shows the 

most powerful priming effect on the CL
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response of PMNs. 

Recently, with the availability of monoclonal 

antibody hybridoma technology, the feasibility 

of blocking the deleterious effects of TNF has 

been realized. Several investigators have 

demonstrated the efficacy of passive immuni-

zation with MAbs against TNF from the effects 

of endotoxin or bacterial challenge in various 

animal models33,34). There was a reduction in mor-

tality in in vivo animal models with anti-TNF-

MAb, and the circulating levels of TNF were 

significantly lower in animals receiving anti-

TNF-MAb compared with control animals"'. 

In this in vitro study, I used the CL response of 

human whole blood as a parameter of bio-

logical activity of TNF-ƒ¿. The priming effect 

of TNF-ƒ¿ on CL response was significantly 

suppressed by preincubating TNF-ƒ¿ with a 

murine anti-TNF-ƒ¿ MAb . A previous study has 

also shown that this antibody completely blocks 

cytotoxic activity using the TNF-ƒ¿-susceptible 

cell line L 929 (Dr. A. Nii personal communi-

cation) . 

These results suggest that anti-TNF-ƒ¿ MAb 

may be of value as adjuvant therapy in the 

treatment of critically-ill patients with septic 

shock or septic acute respiratory distress syn-

drome (ARDS) in which circulating TNF-ƒ¿ is 

elevated and PMN function is excessively ac-

tivated . 

Recently, several laboratories have detected 

heterogeneity in TNF receptor preparations and 

have proposed that at least two distinct cell-

surface molecules bind TNF-ƒ¿36•`38). In addition, 

both receptors appear to be released from cells 

in soluble form, as TNF-binding proteins of 30 

kDa (TNF-BPI) and 27 kDa (TNF-BPII) have 

been isolated from urine and serum"). These 

soluble extracellular domains retain the capacity 

to bind ligand with affinity, and therefore may 

act as inhibitors in vivo40•`42) To determine 

whether one of the TNF-BPs, TNF-BP II , can 

block the biological activity of TNF-ƒ¿, I used 

TNF-ƒ¿-primed whole blood CL in the same 

way. TNF-BPII prevented the priming of CL 

response with TNF-ƒ¿ in a dose-dependent

fashion . This result indicates that TNF-BPII is 

also able to suppress the excessive release of 

oxygen free radicals from PMNs. 

In conclusion, these in vitro studies showed 

that anti-TNF-ƒ¿ MAb or TNF-BP II has the 

ability to prevent the enhanced CL response in 

human whole blood samples primed with TNF-

α, These findings may be useful in improving

supportive therapy in patients with gram-nega-

tive septicemia and septic shock, as they point 

out a potential therapy for reducing PMN-

mediated organ damage due to excessive release 

of toxic products such as reactive oxygen 

species. However, it remains to be determined 

whether or not the findings in this study can be 

applied to in vivo clinical situations. 
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敗血症患者 にお ける食細胞の化 学発光反応
―エンドトキシンと炎症性サイトカインによるプライミング効果―

斧 康 雄

帝京大学医学部第二内科

グラム陰性 桿 菌 に よる敗 血症 患者20名 の末梢血 の全血 と好 中球 の活 性酸 素産 生能 を非 オプ

ソニ ン化zymosanやphorbol myristate acetate (PMA)を 刺 激物 としてル ミノール依存性

化 学発光(CL)法 を用 いて検 討 した。10倍 希釈 した全血 と好 中球 のCL反 応 はこれ ら患者 で

は,健 常 人 と比較 して有 意 に増 強 して い た。末 梢血 中の顆 粒球 数 も多 くの症 例 で増 加 してい

た。敗 血症 患者 の食 細胞 のCL反 応 が何 故増強 してい るのか を明 らか にす るた めに,健 常人 の

食細胞 のCL反 応 にお よぼすtumor necrosis factor-α(TNF-α), interleukin-1β (IL-1

β), IL-6な どの炎症性 サ イ トカイ ン と1ipopolysaccharide (LPS: endotoxin)の プラ イ ミン

グ効果 につ いて検 討 した。 これ らの サイ トカ イ ンやLPSは,重 症 の グ ラム陰性 桿菌 敗血 症 患

者の血清 中にお いて しば しば検 出可能 で あ る。 全血 と好 中球 を種 々 の濃度 の各種 サ イ トカイ ン

やLPSと 共 に37℃ で10分 間 ない し60分 間保 温 し,zymosanやPMAに よ り誘 導 され るCL

反応 を20分 間 の積 算値 で測 定 し,サ イ トカ イ ンやLPSのCL反 応 に お よぼ す効 果 を比 較 し

た。TNF一 αやLPSで あ らか じめ保温 してお くと,好 中球 のCL反 応 の増強 が それ ぞれ1U/

ml,100ng/ml以 上 の濃度 で認 め られ た。 同様 の成績 は,希 釈 した全 血 にお いて も得 られ た。

一方
,IL-1β やIL-6に お い て は,好 中 球 を1～100ng/mlの 種 々 の濃 度 で10分 間 な い し60

分間保 温 して も有 意 な プ ライ ミング効 果 は見 られ な か った。TNF-α を全 血試 料 に さ らす 前

に,あ らか じめ マ ウス抗TNF一 αモ ノ ク ロー ナ ル抗体(TNF-α MAb)やTNF結 合 蛋 白II

(TNF-BPII)で10分 間37℃ で前処 理 してお くと,TNF-α に よるプ ラ イ ミング効 果 が有 意

に抑制 され,こ れ らの抑制効 果 は濃度 依存 性 に認 め られ た。本 研究 で は,TNF-α によ りプ ラ

イ ミング され る ヒ ト全 血 のCL増 強効 果 をTNF-αMAbやTNF-BPIIが 抑制 す る能 力が あ

ることを明 らか に した。 これ らの知 見 は,グ ラム陰性 桿菌 敗血症 や敗 血症性 シ ョック を伴 う患

者,特 に活性 酸素 の よ うな有 毒物 質の過剰 放 出 によ り引 き起 こされ る好 中球 を介す る臓器傷 害

を来 たす ような症例 にお いて,補 助療 法 と して役立 つ か もしれ な い とい うこ とを示 して いる。

* 東京都板橋区加賀2 -11-1


