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Undifferentiated HL60 cells respond to extracellular ATP and UTP by 
stimulating phospholipase C activation and exocytosis 
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We have recently characterised the presence of a Ca2+ -mobilising receptor for ATP which stimulates exocytosis in differentiated HL60 cells. Here 
we demonstrate that the undifferentiated HL60 cells also respond to extracellular ATP by stimulating an increase in inositol phosphates and exocy- 
tosis. Of the nucleotides (ATP, UTP, ITP, ATPyS, AppNHp, XTP, CTP, GTP, 8-Br-ATP and GTP$) that were active in stimulating inositol 
phosphate formation, only UTP, ATP, ITP, ATPyS and AppNHp were active in stimulating secretion. On differentiation, the extent of secretion 
due to the purinergic agonists ATP, ITP, ATPyS and AppNHp remained unchanged whilst secretion due to UTP, a pyrimidine, was substantially 
increased. These results indicate that the effect of ATP and UTP may be mediated via separate purinergic and pyrimidinergic receptors, respectively. 
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1. INTRODUCTION 

Differentiated HL60 cells and human neutrophils 
have recently been shown to respond to extracellular 
ATP and UTP [l-8]. Functional responses stimulated 
by ATP and UTP are exocytotic secretion [5,6] and 
superoxide generation [7,8]. The intracellular signalling 
pathways that may be responsible for mediating the 
functional responses are the activation of the inositol- 
lipid specific phospholipase C and phospholipase AZ. 
Thus it has been demonstrated that ATP and UTP can 
stimulate the formation of inositol phosphates [3,6], a 
rise in cytosol Ca *+ [4,5] and release of arachidonate 

PI. 
The HL60 cells only acquire the receptors for 
fMetLeuPhe, C5a and leukotriene B4 on differentiation 
and thus can only respond functionally to these agonists 
after the cells have been differentiated. Whilst the un- 
differentiated cells do not possess the components of 
the superoxide generating system [9] and thus cannot 
elicit a respiratory burst, the secretory mechanism is 
already present in the undifferentiated cells [lo]. Thus 
undifferentiated cells secrete when Ca*+ and GTP 
analogues are introduced into streptolysin O-perme- 
abilised cells [lo]. 
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Dubyak and his colleagues have shown that the un- 
differentiated cell can respond to ATP and UTP by 
stimulating a rise in cytosol Ca*+ and the formation of 
inositol phosphates [3,4]. In this study we have in- 
vestigated the ability of the undifferentiated cells to 
secrete when stimulated by extracellular ATP and UTP. 
We report that secretion due to ATP occurs to a similar 
extent to that seen in differentiated cells but secretion 
due to UTP is considerably less compared to differen- 
tiated cells suggesting that UTP and ATP stimulate 
secretion via separate receptors. 

2. MATERIALS AND METHODS 

All nucleotides were obtained from Boehringer-Mannheim. except 
XTP which was obtained from Sigma. 

HL60 cells were grown in suspension culture and labelled with 
[3H]inositol for 48 h as described previously [lo]. When required, the 
cells were differentiated with 300 PM dibutyryl cyclic AMP towards 
a neutrophil-like cell as described previously [ 11). 

HL60 cells (5 x 10’) were washed 3 times in 8 ml of buffered salt 
solution (pH 7.2) comprising of 20 mM Hepes, 137 mM NaCl, 2.7 
mM KCl, 1 mM MgClz, 1 mM CaCl2, 10 mM LiCl, 1 mg/ml bovine 
albumin and 5.6 mM glucose and incubated for 30 min at 10’ cells/ml 
at 37°C. The cells were treated with cytochalasin B (5pg/ml final) and 
aliquots of 100~1 transferred to tubes containing an equal volume of 
buffer supplemented with nucleotides as indicated. After 10 min at 
37”C, the cells were centrifuged for 5 min at 4°C at 1000 x g and 50 
pl of supernatant was harvested for the determination of & 
glucuronidase as described [a]. For the determination of inositol 
phosphates, the sedimented cells were quenched with chloroform/ 
methanol and processed as in [6]. 

Intracellular Ca’+ was measured using Fura- as the indicator as 
described previously [S]. 

Data are expressed from individual experiments conducted on at 
least 3 different occassions. 
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Fig. 1. Effect of ATP and UTP on (a) ,&glucuronidase secretion and 
(b) inositol phosphate production in undifferentiated HL60 cells. 
Open circles indicate incubations with ATP and closed circles indicate 

incubations with UTP. 
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Fig.2. Changes in intracellular Ca2+ stimulated by 10pM ATP in un- 
differentiated HL60 cells. Changes in cytosol Ca’+ concentration was 

determined using the intracellular indicator, Fura-2. 

3. RESULTS AND DISCUSSION 

Fig.la and b illustrates the ability 
ATP and UTP to stimulate secretion 

of extracellular 
of fl-glucuroni- 

dase and inositol phosphate production from undif- 
ferentiated HL60 cells. Fig.2 shows that ATP was also 
effective at causing a rise in cytosol Ca’+ from these 
cells as measured with Fura-2. UTP also stimulated a 
similar rise in cytosol Ca2+ (data not shown). 

We next examined the effects of different nucleotides 
for stimulation of inositol phosphate formation and & 
glucuronidase secretion from HL60 cells. The range of 
nucleotides tested was the same as that used in our 
earlier studies with differentiated HL60 cells. Nucleo- 
tides that were active in stimulating inositol phosphate 
formation were ATP, UTP, ITP, ATP+, AppNHp, 
XTP, CTP, GTP, 8-Br-ATP and GTPyS which is iden- 
tical to the range that is active in the differentiated 
HL60 cells [6]. Although all these nucleotides yielded a 
similar magnitude of inositol phosphates formation at 
100 FM, the sensitivity of the responses at lower 
nucleotide concentrations differed with various nucleo- 
tides. Thus only ATP, UTP, ITP and ATPyS showed 
an increase in inositol phosphates at 1 PM. 

Of all the nucleotides that were active in stimulating 
inositol phosphate formation, only ATP, UTP, ITP 
and ATPyS were able to promote secretion. These are 
the 4 nucleotides that were the most sensitive in 
stimulating inositol phosphate formation. Qualitative- 
ly, these observations are identical to that observed 
previously in differentiated HL60 cells [6]. 

However, one difference was observed between un- 
differentiated and differentiated cells. Whilst the extent 
of secretion in undifferentiated and differentiated cells 
with ATP, ITP and ATPyS is similar, the response to 
UTP is considerably enhanced upon differentiation 
(table 1). This increase in responsiveness with UTP 
upon differentiation only affects the secretory response 
but not the increase in inositol phosphates. As ex- 
pected, fMetLeuPhe only stimulates secretion from dif- 
ferentiated cells (table 1). 

Table 1 

Comparison of secretory response in undifferentiated and dibutyryl CAMP 
differentiated HL60 cells 

%I ,&Glucuronidase secretion 

Agonist Concentration Undifferentiated Differentiated 
GM) HL60 cells HL60 cells 

Control 0 1.3 f 0.2 (6) 1.5 f 0.1 (20) 
ATP 100 10.3 + 0.6 (6) 11.6 f 1.1 (20) 
UTP 100 9.1 f 0.5 (4) 16.1 f 2.1 ( 8) 
ITP 100 6.0 + 0.5 (3) 8.0 + 1.1 ( 7) 
ATP yS 100 6.0 + 0.4 (3) 6.1 f 0.9 ( 7) 
fMetLeuPhe 0.1 1.5 + 0.5 (6) 30.0 + 2 (14) 

Results are presented as % secretion and are means f SE (number on in- 
dividual experiments in parentheses) 
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Fig.3. Effect of different nucleotides on (a) ,&glucuronidase secretion 
and (b) inositol phosphate production in undifferentiated HL60 cells. 
Undifferentiated HL60 cells were incubated with the indicated 
nucleotides for 10 min. The bars which represent incubations in the 

presence of nucleotides are: open bars, 1 pM; hatched bars, 10 PM; 
and filled bars, 100 PM. 

We have previously shown that the magnitude of the 
secretory response is not a function of the size of the 
Ca2+ signal. Thus the secretory response with 
fMetLeuPhe is greater than with ATP or UTP despite 
a similar increase in the level of cytosol Ca2+ [6]. This 
would indicate that upon differentiation, the enhance- 
ment of secretion by UTP is due to the activation of 
some additional intracellular signalling pathway(s) such 
as phospholipase A2 or D which may modulate the ex- 
tent of secretion. 

Responses to both ATP and UTP have been observed 
in adrenal chromaffin cells [12], pituitary cells [ 131, 
fibroblasts [ 141, A43 1 cells [ 151, 5774 mouse macro- 
phage cell line [16], Ehrlich ascites cells [17], differen- 
tiated HL60 cells [5,7], human neutrophils [5] and per- 
fused rat liver [18]. With the exception of adrenal 
chromaffin cells, in all the cell-types investigated, UTP 
was either more potent or equipotent with ATP. That 
the effect of UTP may not be mediated via the 
purinergic receptor but may occur via a separate 

pyrimidine receptor has been raised [7]. The observa- 
tion that on differentiation of HL60 cells, only the 
response to UTP, a pyrimidine, is increased, but the 
response to ATP and other purinergic nucleotides re- 
main unchanged would support the possibility that 
ATP and UTP may act on two different receptors. 

In conclusion, undifferentiated HL60 cells, previous- 
ly shown to respond by exocytosis only when permea- 
bilised thus allowing access to Ca2+ and GTP analo- 
gues, are now shown to possess receptors for purines 
and pyrimidines which are coupled to phospholipase C 
leading to exocytosis. Comparative studies in undif- 
ferentiated and differentiated HL60 cells should pro- 
vide some clues as to which signalling events control the 
magnitude of secretion on stimulation. 
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