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I. C. KOWANKO & A. FERRANTE University Department of Paediatrics and Department of Immunology, Adelaide
Children's Hospital, North Adelaide, South Australia

Acceptedfor publication 30 April 1987

SUMMARY

Highly purified human interferon-gamma (IFN-y) induced a respiratory burst and lysosomal enzyme
release in human neutrophils. The lymphokine augmented the respiratory burst induced by phorbol
myristate acetate (PMA), or N-formyl-L-methionyl-L-leucyl-L-phenylanaline (fMLP), and increased
the release of specific granule enzymes induced by opsonized zymozan. Viability and locomotion of
neutrophils were unaffected by IFN-y.

We have previously demonstrated that polyclonal activation of
human T and B lymphocytes by mitogen or antigen results in the
release of cytokines that stimulate the capacity of human
neutrophils to kill microorganisms and tumour cells, and
stimulate the neutrophil biochemical pathways that are
involved in these processes (Ferrante & Mocatta, 1984; Ferrante
& Abell, 1986; Ferrante et al., 1987). Interaction between T-cell
products and neutrophils may be important in the regulation of
inflammation.

Limited studies have been conducted with the lymphokine
IFN-y. Although IFN-y has been shown to enhance neutrophil
antibody-dependent cellular cytotoxicity (ADCC) (Hokland &
Berg, 1981; Shalaby et al., 1985; Steinbeck, Roth & Kaeberle,
1986), its effect on the neutrophil oxygen-dependent respiratory
burst, lysosomal enzyme release and locomotion is not clear.
The purpose of our study was to examine the effects of IFN-y on
these three neutrophil functions.

Figure 1 shows the effects of a range of concentrations of
highly purified human leucocyte-derived IFN-y (Cellular Pro-
ducts Inc., Buffalo, NY; serial 10-fold dilutions of 2 x 104 U/ml
stock) on the neutrophil respiratory burst, measured as release
of hydrogen peroxide (H202). Neutrophils were isolated from
human blood by the rapid single-step method (Ferrante &
Thong, 1982) to ) 98% purity. The H202 assay was carried out
essentially as previously described using microtitre plates (Paton
& Ferrante, 1983). IFN-y and the stimulant (PMA, or its
control) were added simultaneously to the cells with the other
reagents for the assay. IFN-y induced the release of H202 from
neutrophils, and enhanced H202 production in PMA-stimulated
cells in a dose-dependent manner.

The effects of IFN-y on neutrophil respiratory burst were
confirmed with the neutrophil chemiluminescence response.

Correspondence: Dr I. C. Kowanko, University Dept. of Paediatrics
and Dept. of Immunology, Adelaide Children's Hospital, North
Adelaide, South Australia 5006.

149

Chemiluminescence of neutrophils (5 x 105) in the presence or
absence of 5 x 10-6 M fMLP in a 1-ml reaction mixture
containing luminol (0 125 mg/ml) was measured continuously
in a luminometer. The mean peak chemiluminescence of
'resting' neutrophils was 0-18 mV, and increased to 0-41 mV in
the presence of 2000 U/ml of IFN-y (P <005, four experi-
ments). The fMLP-stimulated chemiluminescence was 9 7 mV
in the absence and 10-4 mV in the presence of IFN-y (P < 0 05).

In contrast to our findings, Steinbeck et al. (1986) were
unable to show an effect of recombinant bovine IFN-y on the
respiratory burst of bovine neutrophils. In their studies the cells
were preincubated with IFN-y for 2-5 hr. It is possible that a
short-lived effect may have been missed because a time-
dependent effect was not studied. It is also feasible that the
differences between our results and those of Steinbeck et al.
(1986) may be due to the lack of glycosylation of the recombi-
nant material.

In further studies we examined the effect of IFN-y on the
release of lysosomal enzymes (lysozyme and 13-glucuronidase) as
previously described (Ferrante et al., 1987) using 106 neutrophils
with or without opsonized zymozan. The results presented in
Table 1 show that lysozyme release was significantly increased in
a dose-dependent manner in the presence of IFN-y, both with
and without opsonized zymosan. The effects on degranulation
were not due to cell death since the lactate dehydrogenase
(LDH) released was the same in either the presence or absence of
IFN-y (Table 1). IFN-y did not enhance fl-glucuronidase release
(Table 1). The results suggest that IFN-y stimulates release
selectively from specific granules because lysozyme is present in
both azurophilic and specific granules, and f3-glucuronidase
only in azuriphilic granules.

The effects of IFN-y on neutrophil locomotion were also
examined. In these experiments neutrophils were pretreated for
1 hr with a range ofconcentrations of IFN-y (1-7500 U/106 cells
or medium only). After incubation the cells were allowed to
migrate under agarose in the presence or absence of a chemotac-
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tic gradient generated with 10-9 M fMLP (Ferrante et al., 1987).
The random migration distances of IFN-y-treated neutrophils
were 80-120% of control in six experiments, with no consistent
dose-response pattern. Similarly, migration of neutrophils in a
chemotactic gradient was unaffected by IFN-y treatment. IFN-y
was neither chemotactic nor chemokinetic for neutrophils.

60

50 -

40

cN 30

20

I0

C . II I
0 5 50 500 5000

IFNy (U/ 106cells)
Figure 1. Effect of IFN-y on neutrophil H202 release. Neutrophils
(2 x 105 in 20 pl) were incubated with IFN-y dilutions or control (50 p1)
in the presence (closed circles) or absence (open circles) of 2 x 10-7 M
PMA in microtitre wells with 10 pg horseradish peroxidase and 35 pg
phenol red in 200 pI final volume of colourless Hanks' balanced salt
solution. H202 release in I hr was measured as change in absorbance at
620 nm and expressed as concentration (pM) evolved relative to a
standard curve set up with known amounts of H202. The mean and SD
of seven experiments is shown. (*=P<0-05; **=P<0.01.)

Table 1. Effect of IFN-y on neutrophil enzyme release

IFN-y
(U/ I6 cells) Lysozyme fl-glucuronidase LDH

3000 Base 218+26 5 5+18 81+16
Zym 40 8+6 4 15 9+8 3 8 4+3 0

300 Base 91+38 57+30 83+18
Zym 26 4+8-0 14 4+6 4 8 6+2 6

30 Base 5-1+0-8 47+15 81+23
Zym 23 2+5-4 12 9+6-3 6 7+0 9

3 Base 5-7+0-4 3-4+1-1
Zym 204+41 17 7+5 7

0 Base 51+l19** 47+09 62+06
Zym 21.8+4.6* 136+65 70+14

Neutrophils (106 in 50 p1) were incubated for 1 hr with IFN-y
dilutions or control (150 p1) in the presence (Zym) or absence (Base) of
500 pg opsonized zymozan. Cell-free supernatants (from a l-ml reaction
mixture) were analysed for lysozyme, fl-glucuronidase and LDH, and
expressed as percentage of the total (triton-disrupted cells). The results
are expressed as mean + SD of three or four experiments.

(* =P <0-05; ** = P< 0-01.)

In our studies IFN-y had no effect on neutrophil migration.
However, Seow & Thong (1986) showed increased adherence
after brief exposure to recombinant IFN-y. The difference in
effects on adherence and migration is not surprising since these
appear to be under independent control (Ferrante et al., 1986).
In contrast to our findings, Steinbeck et al. (1986) demonstrated
migration inhibition with recombinant bovine IFN-y. In these
studies the pre-exposure of neutrophils to IFN-y for 2 5 hr may
have resulted in the release of other cytokines, either from
contaminating mononuclear leucocytes (MNL) (Vadas et al.,
1984) or from neutrophils, which may be responsible for the
migration inhibition properties.

We showed that IFN-y modified neutrophil activities at
concentrations of about 500-5000 U/106 cells/ml. These concen-
trations are physiologically relevant because they are similar to
those measured in serum and synovial fluid of rheumatoid
arthritis patients (Cesario et al., 1983) and produced by MNL in
vitro (Vervliet & Shandene, 1985). Indeed, higher concentra-
tions would be expected in the micro-environment of interacting
lymphocytes and neutrophils. It is interesting that other inter-
feron species, IFN-/3 (Ferrante & Rencis, 1984) and IFN-a
(Jarstrandt & Einhorn, 1983; Farr et al., 1983) stimulated the
respiratory burst of neutrophils at similar concentrations,
although studies with IFN-a have produced conflicting results.
Lower concentrations of IFN-y have been reported to activate
macrophages (Nathan et al., 1983) and neutrophil ADCC
(Steinbeck et al., 1986). However, it is possible that these effects
were in part due to other cytokines produced in response to
IFN-y during the long preincubation and assay times.

Our results clearly show that IFN-y directly stimulates
neutrophil respiratory burst and degranulation, but this pheno-
menon has not been adequately studied in macrophages. An
increase in macrophage superoxide production in response to
IFN-y in the absence of other stimuli was observed by Cassatella
et al. (1985). It has also been demonstrated that IFN-y directly
induces activation of protein kinase C (Becton, Adams &
Hamilton, 1985), interleukin- I secretion (Tweardy et al., 1986)
and 1,25-dihydroxy vitamin D3 production (Koeffler et al.,
1985) in macrophages.

The IFN-y used in our studies was provided as a highly
purified preparation produced by purified T lymphocytes
stimulated with phytohaemagglutinin and purified by adsorp-
tion onto and elution from silica gel, and sequential chromato-
graphy of the eluate to remove contaminating proteins includ-
ing interleukin-2 and B-cell growth factor. It is unlikely that
other contaminant cytokines were responsible for the effects
observed by us because of differences in their known effects on
neutrophils. For example, interleukin- I stimulates the release of
azurophilic granule enzymes in the presence of a stimulus (A.
Ferrante, M. Nandoskar, A. Walz, D. H. B. Goh and I.
Kowanko, manuscript submitted for publication). Granulo-
cyte-macrophage colony-stimulating factor and tumour
necrosis factors (a and fi) all have neutrophil-migration inhibi-
tion properties (Weisbart et al., 1985; A. Ferrante, M. Nandos-
kar, A. Walz, D. H. B. Goh and I. Kowanko, manuscript
submitted for publication; A. Ferrante, M. Nandoskar, D. H.
Goh, B. E. J. Bates & L. J. Beard, manuscript submitted for
publication). Since polymixin B at concentrations sufficient to
abolish the biological activity of bacterial lipopolysaccharide
(LPS) failed to prevent the IFN-y-induced H202 release by
neutrophils, it is unlikely that LPS is responsible for the activity.
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This study, to our knowledge, is the first report showing that
IFN-y rapidly stimulates the neutrophil oxygen-dependent
respiratory burst and specific granule enzyme release. This is one
means by which T lymphocytes could modulate neutrophil
function.
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