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SUIIHRRY, Ue have investigated the mechanisms of transnenbrane 
signalling implicated in the activation of the respiratory burst of 
adherent neutrophils by tumor necrosis factor-n/cachectin (TNF) . 
The activation of the respiratory burst by TNF is insensitive to 
pertussis toxin and weakly sensitive to protein kinase C inhibitors 
Cytochalasin I3 and dibutyryl cyclic RhP have an inhibitory effect. 
The activation of the respiratory burst by TNF takes place in the 
absence of formation of =H-inositol phosphates, 32P-phosphatidic 
acid, and =H-arachidonic acid. These results demonstrate that the 
activation of the respiratory burst by an endogenous, physiologic 
stimulus can be independent of the formation of messengers derived 
from hydrolysis of phosphoinositides. 0 1990 Academic Press, Inc. 

Tumor necrosis factor-w ITNF; also referred to as cachectin) is a 

cytokine able to modulate the functions of cells involved in 

inflammatory reactions, host defences and repair of injured tissues 

(1). TNF is a neutrophil chemoattractant (2-G), promotes 

neutrophils adhesion to endothelial surfaces <5), and enhances the 

neutrophi 1s capability to exert ef fector functions such as 

antibody-mediated cell cytotoxicity (6), ingestion of zymosan (71, 

and product ion of toxic oxygen molecules in response to different 

stimuli (7-10). Rssays with suspensions of cells indicated that 

TNF was a weak agonist for the stimulation of toxic oxygen 

molecules production <7,!+131. Studies by Nathan (14)‘ confirmed by 

subsequent observations (15,161, demonstrated that when neutrophils 

adhere to surf aces coated with serum or extracellular matrix 

proteins, they produce elevated amounts of hydrogen peroxide (HrOz) 

and superoxide anion (O=-) in response to TNF. 

The nature of the signals involved in the activation by TNF 

of NRDPH oxidase, the enzymatic system responsible for the 

generation of toxic oxygen molecules, is not known. Several studies 

(reviewed in 17) have shown that ligand-receptor interactions which 

activate NRDPH oxidase are accompanied by hydrolysis of 
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phosphoinositides. However, studies performed in our laboratory 

(18-201, have shown that receptor-mediated stimuli can activate the 

NRDPH oxidase independently of stimulation of phosphoinositide 

turnover in calcium-depleted neutrophils. 

Ue report in this paper that stimulation of the respiratory burst 

by an endogenous physiologic stimulus like TNF is accompanied 

neither by the hydrolysis of phosphoinositides nor by the release 

of arachidonic acid. 

MRTERIRLS C\ND i’iETHODS 

Neutroohils--DE8DpEation. Neutrophils were isolated and purified 
as previously described (20) * Cells were suspended in Hank’s 
balanced salt solution (pH 7.4) containing 20 mM Hepes, 5.5 nil 
glucose and Ox25 mH CaCl= (HBSS). Rll assays were performed with 
adherent neutrophils. Six-wells culture plates were precoated for 2 
hours at room temperature with foetal calf serum (FCS) and washed 
with Phosphate buffered saline <PBS) immediately before use. Cells 
(l-1.5x107/well in 1 ml of HBSS) were settled for 5 min in 5% CO2 
at 37°C and then TNF (kindly donated by Bachem. 
concanavhlin c1 (Con R) (Sigma) were added. 

Inc. ) or 
cl11 the incubations were 

performed at 37°C in 5x co= . 
Sueern~l_de__aa~nn---g~~~~~~~g~~ Neutrophils were incubated a-5. 

described above in HBSS containing 160 pH cytc .hrome t and 2 mH 
Ma& and wi." h or without 50 pg/rl superoxide dismutase. After 
different times of incubation the reduced cytochrome c was measured 
in the supernatants by reading the absorbance at 550 minus 468 nm 
and using a molar extinction coefficent of 24.5 (211. 

Eho~ehniDnsit~de~_-_turnoyerl Phosphoinositides turnover was 
investigated by measuring accumulation of 3H-inositol phosphates 
according to Berridge (22). Neutrophils were suspended at 5x107/m1 
in HBSS containing 0.025% BSp and 30 pCi/ml ryo-3H-inositol (lo-20 
Ci/mnol; Rmershan) and incubated for 120 min at 37W. CIfter 110 
min, 10 rn LiCl was added to minimize inositol phosphates 
hydrolysis. Labelled neutrophils were washed and resuspended at 
2x107 in HBSS containing 10 mkl LiCl; assays were performed with 
l,5x107 cells/well in adhesion, as described above. The reaction 
was stopped at different time points with 10X cold TCR and samples 
kept on ice for 30 min. Different species of inositol phosphates 
<InsP, InsPa, InsP, ) were separated on GIG anion exchange resin as 
previously described (1?,22). For phosphatidic acid formation, 
neutrophils, suspended in HBSS at 5x107/rl, were incubated at 37 OC 
for 90 nin with 100 pCi/tnl ==PI ( 3000 Ci/mmol; Rnersham) and then 
washed and resuspended at 2x107/nl in HBSS. Clssays were performed 
on 1.5~10~ cells/well in adhesion, as described above. The reaction 
was stopped at appropriate times by adding a 2:l 
methanol/chloroform nixture;lipids were separated and phosophatidic 
acid formation detected as previously described (19). 
Rrachidonic acid release -------------------------I Neutrophils at l.5x107/ml in HBSS were 
labelled for 60 inin at 37 “C with 2 pCi/ml of C3H3 arachidonic acid, 
washed and resuspended in the same buffer containing 0.1% BSCI free 
fatty acid. Rssays were performed with lo7 cells/well in adesion as 
described above. Clt appropriate times, 0.5 ml were 
withdrawn, diluted with 0.5 ml cold 154 mW NaCl containing 2 mtl 
EDTCI, rapidly (60 set ) centrifuged in a nicrofuge < 13,000xg 1 and 
aliquots (0.8 ml) of the supernatant were counted (19) . 
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RESULTS 

Stimulation of O=- generation by TNF in adherenr_ne~trpehjlsl ------------------- ----------- 

TNF stimulated O,- generation by neutrophils adherent to tissue 

culture plastic coated with FCS (see figures l-3). fir; previously 

reported (141, Or- generation started after a lag time of 15-30 

minutes and was maximal at 60-90 minutes. The effect of TNF was 

dose-dependent, and optimal at 20 rig/ml t 1.2 nH ). This 

concentration was used in the experiments described below. 

Effect of different inhibitors on the stimulation of 02- generasign ____________________------------------------------------- 

bu_INE_in_aPL?ere_nt_EeurT9ehfls- 
Table I reports the effect of different agents on the response of 

adherent neutrophils to TNF. In accord with previous observations 

(11,14,15) cytochalasin 8 inhibited the response to TNF . cl-s 

judged by microscopic observation, cytochalasin B, inhibited 

neutrophils adhesion. cls previously reported (151, pertussis toxin, 

at doses which inhibited by 90% the response to FHLP in parallel 

experiments ( not shown ), had no effect on the response to TNF. 

Dibutyryl cyclic FItlP, in the presence of theophylline, almost 

completely inhibited the response to TNF and Con CI. Fls observed 

with cytochalasin B , also the cyclic fWP analogue inhibited the 

spontaneous and the TNF-induced neutrophils adherence. H-7 and 

TCIBLE I. Effects of different inhibitors on the OZ- generation by 
adherent neutrophils stiaulated with TNF 

X of the control 

STIMJLUS TNF Con 8 

INHIBITORS 

CB <5pg/ml) 20 126 

Pertuxis toxin (0.3Pg/rl) 92 97 

dibutyryl cyclic MP (0.1 Ml) 
plus theophylline (1 atI> 7 4 

H-7 (75 pH, 65 78 

Staurosporine (10 nH> 68 102 

Oa- generat ion was assayed after 60 l in from the addition of 20 
ng/rl TNF or 50 pg/ml Can CI as described in Materials and Methods. 
Results are expressed as per cent of the activity in the absence of 
the inhibitor. The results of one of three similar experiment are 
reported. cl11 the inhibitors tested, a part Pertussir toxin, were 
added to the wells where the assay was performed 2-4 rin before the 
cells. To test the effect of Pertusris toxin, neutrophils <at 
!ixl(r/ml) were incubated at 37 OC for TO l in with 0.3 pg/ml of the 
toxin, uashed and then assayed. In assays performed in parallel, H- 
7 and staurosporine inhibited the response to PM by 75 and 85 par 
cent respectively. 
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Fioure 1. Inositol Dhosphates formation bv adherent neutrophils in 
resaonc to TNF. Formation of inositol phosphate <SnsP), inositol 
biphosphate (InsPI) and inositol trisphosphate <InsPJ) 

untreated (0 
was assayed 

as described in Haterials and Hethods in 0) 
TNF-stimulated (20 rig/ml;@-0) Con &stimulated 

A) neutrophils. tiean rI:ults of duplicate 
(30 

Pg/ml;A- assays of 
one representative of four similar experiments are reported. On- 
generation in control (O- 01, or TNF- (e-@) and Con FI- 
stimulated <A -Al neutrophils in the sane experiment is reported 
in the upper left panel. 

staurosporine, at doses which inhibited the response to PW by more 

than 80% in parallel experiments were weak inhibitors of the TNF- 

induced 0~~ generation by adherent neutrophils. Studies with 

inhibitors indicate that the activation of the respiratory burst 

by TNF does not likely involve a pertussis toxin-sensitive GTP- 

binding protein, is weakly sensitive to protein kinase C inhibitors 

and, as previously suggested (161, requires that neutrophils are 

adherent. 

Stimulation _-,-_---_-_,--sf_--e~e~e~e~~e~~~~~~~ --_turanvac---anQ---rslease__ef 

ararb~dnnir_ac~4_$Y-~~~~- 
Figure 1 shows OZ- generation and the associated formation of 

InsP, InsP= and InsP, by adherent neutrophils stimulated with Con CI 
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32P-PA 

I I 1 I I 
15 30 60 15 30 60 

T IME(M1 N) 

Fiaure 2. Phosnhatidic acid formation bv adherent neutroohils in 
response to TNF . Phosphatidic acid was assayed as described in 
Materials and tlethods in untreated co-()), TNF-stimulated (20 
rig/al;@-*) or Con A-stimulated (50 pg/ml ; A-A> 
neutrophils. Uean results of duplicate assays of one representative 
of three experiments are reported. The left panel shous Qt- 
generation in response to TNF and Con R in the same experiment. 

and TNF. The Con &stimulated formation of inositol phosphates was 

time-dependent and paralleled 02- generation. On the contrary, TNF 

did not increase the formation of inositol phosphates above the 

background ‘Jp t0 60 minutes of incubation. These data indicate 

that TNF stimulates the respiratory burst without activating 

phosphoinositides turnover. 

Further support to this conclusion derived from studies on 

=*P-phosphatidic acid (3’P-PcI) formation. cls shown in figure 2, Con 

FI stimulated ==P-PR formation while TNF had no effect. Incubation 

of neutrophils with ==PI for 90 min is known to cause the labelling 

mainly of phosphoinositides(23). In these conditions, the agonist- 

induced formation of 32P-PcI reflects the hydrolysis of phospho- 

inositides via phospholipase D or of phosphoinositides and other 

phospholipids via phospholipase C with the production of diecyl- 

glycerol <DpGl and its phosphorylation to ==P-PR with =“P-FITP by a 

DCIG kinase. The lack of formation of =*P-PFI in adherent neutrophils 

stimulated with TNF does indicate that neither a phospholipase D 

nor a phospholipase C active on phosphoinositides are activated by 

TNF . 

Figure 3 reports experiments concerning the release of 

arachidonic acid. Con CI and the calcium ionophore c123187 

stimulated the release of arachidonic acid and the generation of 

O*- in parallel. In response to F\23187 arachidonic acid release was 

substantial already at 15 ninutes and in response to Con CI 
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O2 25 ARACHIDDNIC ACID RELEASE 

," 40- 

“a 30. 

1 I 1 r 1 
15 30 60 15 30 60 

TIME(MI N) 

Fiaure 3. Brachidonic acid release bv adherent neutroDhils in 
response to TNF. CIrachidonoc acid release was assayed as described 
in Materials and Methods in untreated (0 -0) , TNF-stimulated (20 
ng/nl;@ -01, f.l23187-stimulated (8 j~tl;m- H) or Con CI- 
stimulated (50 (rg/al; A- A) neutrophils. Mean results +_ SD of 
tuo experiments are reported. The left panel shows 01~ generation 
in response to TNF, R23187 and Con CI in the sane experirents. 

Increased with time IJP to 60 min. TNF did not trigger arachidonic 

acid release above background at all the time intervals tested. 

DISCUSSION 

Hany agonists able to trigger a respiratory burst in neutrophils 

also activate phosphoinositides turnover generating messengers 

responsible for increase in CCaJ% and activation of protein kinase 

C (reviewed in 17). This evidence does not however prove that the 

two events are causally related. Studies performed in our 

laboratory shoued that buffering of CCa7, to about lo-20 nkl with 

Quin-2 and EGTCI prevents the stimulation either of the respiratory 

burst and of phosphoinositides turnover by different agonists . 

However, calcium-depleted neutrophils can undergo a respiratory 

burst when StimJJlated with two soluble agonists, such as Con CI and 

FLILF (181 , or yeast particles coated with Con CI (19) and IgG or 

C3b (20). The results presented in this paper are the first to show 

that activation of the respiratory burst by an endogenous, 

physiologic stimulus like TNF, and in conditions likely occurring 
in vivo, is independent of activation of phosphoinositides 

turnover. 

It may be relevant that activation of the respiratory burst in 

calcium-depleted neutrophils requires the ligation of more than one 

surf ace receptor. Calcium-depleted neutrophils do not respond to 
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Con a or FIILP when added alone, but become responsive when 

challenged with the two stimuli added in sequence or at the same 

time (18). Yeast particles coated with Con CI (19), IgG or C3b (20) 

are recognized by receptors for the opsonin but likely also for 

glucose residues of the glucan yeast surface (24) , Since it has 

been shown that TNF enhances the expression of the CDllKD18 

complex of adhesion receptors in neutrophils and, at the same time, 

'activates" adhesion receptors to mediate adhesion (25) the 

experimental system we used could involve a double interaction 

beween TNF and adhesion molecules with their specific receptors. 

The results presented in this paper show that the stimulation of 

the respiratory burst by TNF takes place independently of formation 

of inositolphosphates, the products of the hydrolysis of 

phosphoinositides by phospholipase C, and of phosphatidic acid, the 

product of hydrolysis of phosphoinositides by phospholipase D, 

and of phosphorylation of diacylglycerol generated by phospholipase 

C active also on phospholipids different from phosphoinositides. 

These results do not exclude that other modifications of 

phospholipids are induced by TNF. Studies are in progress in our 

laboratory on hydrolysis of phosphatydylcholine by phospholipases D 

and C (26). However it is worth pointing out that the weak 

sensitivity to H-7 and staurosporin could indicate that the 

activation of NpDPH oxidase by TNF occurs independently of 

messengers able to stimulate the activity of protein kinase C. 

ficknowledoments. We wish to thank Dr. V. Della Eianca and Dr. H. 
Crzeskowiak for their fiJSef#Jl advice for the studies of 
phosphoinositides hydrolysis and Hr. F. Poli for his skillful 
technical assistance. S.H. is a recipient of a fellowship from 
Glaxo, S.p.a., Verona. This work was supported by grants from 
Rssociazione Italiana Ricerca sul Cancro <R.I.R.C.) and Minister0 
Pubblica Istruzione IFondi 40%). 

REFERENCES 

1. Tracey, K.J., and Cerami, c1.<19891 Current 
Immsrnology 3, 454-441. 

Opinion in 

2. fling J.I.W., Bersani, L., and tiantovani ,R. (19871 J.Immunol. 
138, 1469-1474. 

3. Sayers, J.T., Wiltrout, R.T., Bull, p.C., Denn, C.R.,Pilaro, 
tl.D. and Lokesh,B.<19881 J.Imrunol. 141,1670-1677. 

4. Newman, I., and Wilkinson, 
5. Gamble, J.R., 

P.C.<1989) Immunology 66, 318-320. 
Harlan, J.N., Klebanoff, S.J., and 

Vadas,H.R.<1985) Proc.Natl.Rcad.Sci. USR 82, 8667-8671. 
6. Shelaby, fl.R., Rggarwal, B.B., Rinderknecht, E., Svedersky P. 

L.,Finkle, S.B., 
2073. 

and Palladin0,H.p. (1985) J.Imrunol. 135,2069- 

314 



Vol. 166, No. 1, 1990 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 
15. 

16. 

17. 
18. 

19. 

20. 

21. 

22. 
23. 
24. 

25. 

26. 

Klebanoff, S.J., Vadas, P.H., Harlan, H.J., Sparkes, H.L., 
Ganble,R.J., Flgosti, U.J., and Ualtersdorph H. (1986) J. Immunol 
136, 4220-6225. 
Berkow , L.R.,Wang, O., Larrick, J.W., Dodson, W.R., and Howard, 
H.T., (1987) J.Immunol. 139 ,3783-3791. 
Perussia, B., Kobayashi, ti., Rossi, H.E., Flnegon, I., and 
Trinchieri,G. (1987) J.Innunol. 138 ,765-774. 
Ferrante R 
I.C.(1988)'Int: 

Nandoskar, Il., Walz, c1. Gob, O.H.B., Kowanko, 
grch. till. DPPl. Immun 86 82-91 s 

Shalaby, M.R., Palladino, H.Q.,Hirabaya;hi, S.E., Eessalu, 
T.E.,Lewis G.O., Shepard, H.H., and Qggarwall B.B. (1987) J. 
Leuk. Biol. Cl, 196-204. 
Tsu jimoto, fi., Yokota, S., Vilcek, .J., -and Weissmann (1986) 
Biochem. Biophys. Res. Cormun. 137 1094-1100. 
Figari, I.S., Wori, N.CI., and Pilladino i4.p. (1987) Blood 
70, 979-984. 
Nathan, C.F.(1987) J. Clin. Invest. 80 1550-1560. 
Kowanatzki , E. , Kaw, fi., and Uhrick, 5. (1988) Clin. Exp. 
Immunol. 74 , 143-148. 
Heurer , R . , and HacIntyre, D.E. (1989) Biochem. Biophys. Res. 
Conmun . 159, 763-769. 
Rossi, F. (1986) Biochem. Biophys. Dicta 853 , 65-89. 
Rossi, F. Grzeskowiak, H., 
Biocher. Eiophys. 

and Della Bianca, V. (1986) 
Res . Commun. 140 l-11. 

Rossi, F., Della Bianca, V., Grieskoviak, M., and Bazzoni, 
F.{1989) .J. Immunol. 142, 1652-1657. 
Della Bianca, V., Grzeskowiak, Jl., and Rossi, F. (1990) J . 
Immunol. in press. 
Bellavite, P., Ori, P., Della Bianca, U., and Serra, fl.C. 
(1983) Eur. J. Clin. Invest. 13, 363-368. 

Berridge, H.J. (1983) Biochem. .J. 212, 849-858. 
Cockroft, S. (1984) Bichem. Byophys. Dicta 795, 37-46. 
Ross, 0. G., Cain, R. J., Hyones, L. B., Newman, L. S., and 
Lachmann, P. J. (1987) Complement 4, 61-74. 
Lo, S.K., Detners, P.R., Levin, S.H., and Wright, S. (1989) J. 
Exp. lied. 169, 1779-1793. 
Pelech, S.L., and Vance. D.E. (19891 Trends Biochem. Sci. 14, 
28-30. 

315 


