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Luminol-dependent photonic burst from phorbol ester-treated single
neutrophil was visually investigated by using an ultrasensitive photonic image
intensifier microscope. Neutrophils stimulated by phorbol myristate acetate
(0.1 pug/ml) alone produced a negligible level of photonic activities in t
presence of luminol (10 pg/ml). The additional application of 0.1 pM Ca
ionophore A23187 induced explosive changes of photonic burst corresponding to
the distribution of neutrophils, and these photonic activities were gradually
spread to extracellular gpace. Sodium azide, which prevents myeloperoxidase
activity, inhibited ca“ ionophore-induced photonic burst from phorbol
ester-treated neutrophil. These findings suggest a prerequisite role of
degranulation and myeloperoxidase release in luminol-dependent photoemission
from stimulated neutrophils. © 1988 Academic Press, Inc.

Chemiluminescence assay is a useful tool to investigate the activities of
active oxygen metabolites. Conventional chemiluminescence analyzer (photo-
multiplier) can determine oxyradical activities of various cellular suspension
of phagocytes in the presence of an adequate chemilumigenic probe such as

(1)

luminol. However, it has never been possible to analyze the respiratory
burst of single neutrophil using chemiluminescence method because oxyradicals
are short-lived and photoemission is too weak to observe as a visible image
even in the presence of chemiluminescent probes.

We have reported the usefulness of wultrasensitive video intensifier
microscopy which can provide two-dimensional photon counting for imaging of
0006-291X/88 $1.50
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chemiluminescence to investigate spatial and temporal alterations of oxyradical

2)

burst from single neutrophil( .

In the experiments reported here, spatial changes of luminol-dependent
photonic burst from neutrophils stimulated by phorbol ester and Ca2+ ionophore
were demonstrated and the prerequisite role of degranulation and

myeloperoxidase-mediated oxyradicals in luminol oxidation was also discussed.

MATERIALS AND METHODS

Human neutrophils were isolated from peripheral blood samples and Fgfified
according to the method described previously with minor modification. The
fraction of neutrophils was 96% in purity examined by Giemsa staining and 94%
in viability determined by routine trypan blue exclusion. The fraction wag
resuspended in Eagle's minimum essential medium at a concentration of 1 x 10
cells/ml.

Phorbol myristaEg acetate (PMA), luminol, sodium azide and calcium
ionophore A 23187 (Ca *_ionophore) were purchased from Sigma Chemical Co., St.
Louis, Mo. PMA and Ca ionophore were dissolved in dimethyl sulfoxide at 1.0
mg/ml and 10 mM, respectively. These were further diluted in phosphate
buffered saline before use. Luminol (1.0 mg) was dissolved in a slightly
alkaline solution which was then brought to pH 7.4 %%th HCl, the volume
adjusted to 100 ml with distilled water and stored at -20 C. Sodium azide was
dissolved in distilled water under the desired concentration.

One million of the cells were inoculated into a special culture dish, the
bottom of which was made of non-fluorescent thin cover glass. Five minutes
after inoculation, the medium containing unattached cells was withdrawn by a
polyethylene catheter and the dishes were replenished with the culture medium.
Neutrophils attached on the bottom of the dish were observed through an
inverted microscope (Diaphot-TMD~1S, Nikon, Tokyo) which was placed in_ a
light~excluding chamber. The inside temperature was maintained at 37 C.
Respiratory burst of neutrophils was induced by 0.1 pg/ml of PMA. To sensitize
photoemission during the release of oxyradicals from neutrophils, luminol was
added to the culture dish at a concentration of 10 pg/ml, 5 minutes before the
application of PMA. Luminol-dependent chemiluminescence from reaction mixture
was detected by an ulirasensitive photon counting imaging camera C-2400-20
(Hamamatsu Photonics, Hamamatsu, Japan) equipped with a computer-assisted image
processor. The dotted scintillating photonic images induced by luminol were
digitally processed and stored in a video frame memory through an image
processor to elucidate oxyradical-generating sources in the culture dish. The
stored image of photon accumulation was superimposed upon the cellular image
which was obtained by Giemsa staining after experiments as described before.(2)

2+ In separate experiments using the same neutrophil suspension, effects of
Ca ionophore on luminol-dependent photoemission from PMA-treated neutrophils

were 1investigated to elucidate the role of degranulation in these
chemilumigenic changes. The following application of 1.0 mM of sodium azide, a
myeloperoxidase inhibitor, was also tested.

RESULTS

Luminol-dependent chemiluminescence-imaging frames during respiratory

burst from cultured neutrophils stimulated by PMA and the following application
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Figure 1

The superimposed images 05+luminol-dependent chemiluminescence from neutrophils
stimulated by 0.1 mM Ca ionophore in addition to 0.1 pg/ml PMA in the
presence of 10 ug/ml luminol. The photon accumulation period is 120 seconds
and bar represents 20 pum, common in all frames. The lower half shows
three-dimensional display of the photonic intensity in each video frame. The
vertical scale indicates the value of photonic particles per single pixel and
the total photonic counts in the whole frame are calculated in the left side.
Part A, B, C and D represent the photonic images and three—dimensiagal display
frames 4, 8, 12 and 20 minutes after adding PMA, respectively. Ca ionophore
was applied to the cuvette 6 minutes after adding PMA, and then remarkable
photonic burst was observed close to each active cell {(Part B). These photonic
particles were gradually spread out into the extracellular space and gradually
decreased. (Part € and D) The data are from a single experiment that is
representative of six separate experiments.

of Ca2+ ionophore are shown in Pigure 1. The upper halves of each part are the
superimposed images of both chemiluminescence and cell distribution, and the
lower three-dimensional display of the photonic intensity in each time course.
Figure 1A indicated that neutrophils treated with PMA alone showed a
negligible production of chemiluminescence. However, an additional application
of Ca2+ ionophore induced the remarkable increase in photonic burst responses,
as demonstrated in Figure 1B and 1C. Superimposed images showed that Ca2+
ionophore-induced photonic activities were clearly corresponding to the
distribution of each active cell, and gradually spread around the cell.
According to the digital analysis of three-dimensional photonic display, it
took approximately 6 minutes to obtain the maximum photonic intensity of the
whole frame after adding 0.1 uM Ca2+ ionophore, and then these activities were

splashed into the extracellular space and gradually decreased. It was also
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Figure 2 24
The effect of 1 mM sodium azide on Ca ionophore-induced photonic burst from

PMA-treated neutrophils in the presence of 10 pg/ml luminol. The experimental
conditions are quite the same as those in Figure 2. Part A, B, C and D
represent the photonic images and three-dimensional display frames 4, 8, 12 and
20 minutes after addi PMA, respectively. Six minutes after the application
of PMA when 0.1 uM Ca ionophore was added, remarkable induction of photonic
activities was observed. (Part B) However, the application of 1 mM sodium
azide immediately attenuated these activities. Sodium azide was applied 10
minutes after adding PMA. The data are from a single experiment that is
representative of six separate experiments.

revealed that the increase of chemiluminescence was not able to be observed in
neutrophils treated with either 0.1 uM Ca2+ ionophore or 0.1 pg/ml PMA alone.
{data not shown) Figure 2 vrepresents the effect of sodium azide, a
myeloperoxidase inhibitor, on the photonic burst from neutrophils. Ca2+
ionophore-derived photonic burst activities released from PMA-treated cells
were clearly inhibited Jjust after the application of 1.0 mM sodium azide,

suggesting the participation of myeloperoxidase in luminol-dependent

photoemission.

DISCUSSION
Stimulated neutrophils can primarily release superoxide anions (02—)
followed by the generation of hydrogen peroxides (HZOZ) or hypochlorous anions
(OCl_) in the presence of myeloperoxidase, an azurophilic granule-derived
(3)

enzyme. The marked reduction of luminol-dependent chemiluminescence in

stimulated neutrophils from patients with myeloperoxidase deficiency suggests
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(4)

the importance of a product of myeloperoxidase as the luminol oxidant.
Recent investigators have proposed that myeloperoxidase-mediated oxyradicals
such as hypochlorous anions should be the major luminol oxidant produced by

(5)

stimulated neutrophils. Since these findings were based on the results of
biochemical analysis using cellular suspension containing a large number of
cells, it has never been possible to clarify the spatial and temporal
correlation between degranulation of myeloperoxidase and luminol-dependent
photoemission. However, a newly-developed intensifier microscopy can provide
ultrasensitive chemiluminescence analysis for the spatial evaluation of
chemiluminescent reaction in a single cell.

PMA was known to stimulate O. production and the release of specific

2
"

granules from neutrophils. However, the release of azulophilic granules,

including myeloperoxidase has been reported to depend on intracellular free
Ca2+ increase.(B) In this study, Ca2+ ionophore combined with PMA was applied
as a trigger of azurophilic degranulation. Either of them alone did not induce
significant increase of luminol-dependent photonic activities. The present
result that PMA-treated neutrophils can generate photonic burst activities
corresponding to the cellular distribution just after adding Ca2+ lonophore
suggests the prerequisite role of degranulation in luminol-dependent photo-
emission. It is of interest that neutrophils stimulated by Caz+ lonophore in
addition to PMA were observed to scatter pericellular and extracellular space
with their scintillating photonic particles. Since Ca2+ ionophore-induced
photonic burst response is clearly attenuated by 1.0 mM sodium azide as shown
in Figure 2, explosive photonic activities followed by their diffusing changes
around C‘az+ ionophore-treated cell may be associated with azurophilic
degranulation and extracellular release of myeloperoxidase.

We have previously reported the wvisualization of luminol-dependent
chemiluminescence from single cultured neutrophil treated with opsonized
Zymosan, which stimulates phagosome formation and degranulation. (2)

Neutrophils stimulated by opsonized =zymosan were observed to release

luminol-dependent photonic activities which were located in the limited area
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close to the margin of each phagocitizing cell. In contrast, it should be
_hoted that neutrophils treated with 0.1 ug/ml PMA alone were shown to produce

no significant photonic responses. Since PMA-treated neutrophils have been

(9)

demonstrated to release O exclusively into extracellular space, the poor

2

5 by itself is

photonic response of DPMA-treated cells may reflect that ©

unlikely to participate in the direct oxidation of Iluminol. Our results

suggesting the negligible oxidizing potential of O2 with luminol are

consistent with the previous reports against the participation of © in

2
!
luminol-~dependent photoemission.\6>(1o>

In conclusion, it is conceivable that opsonized zymosan or the combination
o} + .
of ca“ -ionophore with PMA could activate azurophilic degranulation, resulting

in the 1luminol oxidation via myeloperoxidase—H702—chloride system in

pericellular and extracellular space. The present data obtained by an
ultrasensitive photonic image camera provide some visual insight into the
nature of the interaction between the respiratory burst of single neutrophil

and luminol-dependent photoemission.
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