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Effects on [Ca*+], levels of endothelin-1 (ET) and vasoactive intestinal contractor peptide (VIC), which is a novel member of the endothelin family, 
were examined in fura 2-loaded neuroblastoma NG108-15 cells. WC was found to be a very effective stimulus for intracellular Ca2+ mobilization 
and to be more potent than ET. Intracellular calcium response to sequential addition of two stimulants exhibited the homologous desensitization 
of either ET or WC, but no heterologous desensitization between ET and VIC. This indicates evidence suggesting that these two peptides act 

through distinct receptors. 
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1. INTRODUCTION tide synthesizer as described [8]. All other chemicals were obtained 
from commercial sources and were of the highest quality available. 

Endothelin has been isolated from the vascular endo- 
thelium as a polypeptide consisting of 21 amino acid 
residues that exerts a potent vasoconstrictive action [ 11. 
In addition to this characteristic function, the peptide 
displays several other biological effects [2-51. Cloning 
studies of genomic DNA have shown three distinct 
members of the endothelin family [6,7]. A newly dis- 
covered peptide, VIC, differed from ET in 3 amino acid 
residues and had in vivo pressor activity similar to that 
of ET [8]. However, the findings that the VIC gene is 
expressed in intestine but not in other tissues or endo- 
thelial cells and that VIC induces strong contraction of 
mouse ileum, suggested that VIC might act as a gastro- 
intestinal hormone [6,8]. Since gastrointestinal peptides 
such as VIP act as brain-gut peptides, effects of VIC on 
neuronal cells are worth studying. 

2.1. Cell culture 
NG108-15 cells were kindly supplied by Dr H. Higashida (Neuroin- 

formation Research Institute, Kanazawa University, Japan) and 
cultured in DMEM with 5% fetal calf serum as described [9]. 

2.2. Measurement of [C(t+], in single cells 

In the present study, we examined the effects of VIC 
and ET on the [Ca”]; level and IPa(1,4,5) production in 
neuroblastoma NG108-15 cells. 

The cells were plated at a density of 2 x 10“ cells/chamber on the 
glass coverslip which adhered to the smooth lower side of the 
Flexiperm-Disc (Heraeus Biotechnology) and cultured for 48 h. The 
collected cells were washed twice with serum-free DMEM and loaded 
with fluorescence indicator fura 2/AM (2 PM) for 40 min at 37°C in 
0.3 ml of serum-free DMEM, then rinsed free of extracellular dye and 
incubated for 15 min to allow deesterification of the dye. Fluores- 
cence was measured for single cells at 37°C using continuous alter- 
nating excitation (5 s/reading) from dual monochromators set at 340 
and 360 nM with ARGUS-lOO/CA Software no. 1 (Hamamatsu 
Corp., Japan). Fluorescent emission greater than 500 nM was 
measured by photon counting. The linear 360 nM interpolation was 
used and the corrected fluorescent emission intensity ratio, using 340 
and 360 nM excitation, was monitored continuously. Each trace 
represents measurements recorded from two separate experiments 
and is representative of at least 5 similar traces from a single field of 
about 20 cells. 

2. MATERIALS AND METHODS 2.3. Determination of mass content of IP3(1,4,5) 

Fura 2, fura 2/AM were purchased from Dojindo Laboratory 
(Kumamoto, Japan). VIC and ET were made using a solid-phase pep- 

IPr(1,4,5) was quantitatively measured in ET- and/or VIC- 
stimulated NG108-15 cells using the IPs(l,4,5) assay kit (Amersham) 
as described [lo]. 
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3. RESULTS AND DISCUSSION 

Abbreviations: WC, vasoactive intestinal contractor; ET, endo- 
thelin-1; VIP, vasoactive intestinal polypeptide; IP3(1,4,5), inositol 
1,4,5_trisphosphate; PIPI, phosphatidylinositol 4,Sbisphosphate; 
DMEM, Dulbecco’s modified Eagle’s medium 

3.1. Increase of intracellular Cd’ level by VIC and ET 
As shown in the representative tracings (fig.lA,B), 

exposure of fura 2-loaded NG108-15 cells to 
1 X lo-’ M of VIC or ET induced a rapid rise in [Ca”]i 
level. The maximal response of [Ca’+]i to VIC was 
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Fig.1. Effects of VIC and ET on [Ca”], level in NG108-15 cells. 
[Ca*+], levels were measured in single cells as described in section 2. 

VIC (1 x IO-* M) or ET (1 x lo-* M) was added to fura 2-loaded 
NG108-15 cells in the presence of 1.8 mM Ca*+ (A,B) or in the 

presence of 1 mM EGTA (CD). 

greater than that to ET. Minimum effective dose of VIC 
and ET were about 5 x 10-l’ M and 2.5 x lo-” M, 
respectively. The ECK-, value of VIC (4.5 x lo-” M) 
was also lower than that of ET (1 x 1O-9 M), indicating 
that VIC is more potent in the ability to induce [Ca’+]i 
increase. 

ET has been shown to induce [Ca2+]i transiently in 
several cell lines and tissues [5,11,12]. Two pathways 
have been considered to produce the increased [Ca2+]i 
level; influx from outside the cell and intracellular 
mobilization by IP3(1,4,5) generated via PIP2 hydro- 
lysis. When porcine coronary strips were stimulated 
with ET, both pathways were involved in the increase of 
[Ca2+]i [ 131. Swiss 3T3 fibroblasts exposed to ET show- 
ed an initial [Ca’+]i peak due to the intracellular 
mobilization and a subsequent substained increase by 
influx from extracellular medium [ 121. 

In NG108-15 cells, the rise in [Ca2+]i induced by 
either ET or VIC was suppressed in the presence of 
EGTA and the extent of inhibition was greater with 
VIC than with ET (fig. lC,D). This observation lead us 
to assume that the main source of increased [Ca2+]i 
level was the uptake of extracellular Ca2+. However, 
since it has been known that a bradykinin-induced 

Table 1 

IPs(l,4,5) generation in response to VIC and/or ET 

IP3(1,4,5) 
(pmol/106 cells) 

Control 8.3 f 1.0 

ET 10 nM, 10 s 23.5 f 4.3 
VIC 10 nM, 10 s 73.8 t 1.3 

ET IO nM, 3 min and VIC 10 nM, 10 s 68.8 + 3.8 
ET 10 nM, 3 min and ET 10 nM, 10 s 8.7 + 1.4 

The cell suspension (2 x lo5 cells/assay) preincubated with 10 mM 
LiCl for 10 min was stimulated by adding each stimulant. The mass 
contents of IP3(1,4,5) were measured as described under section 2. 

Results represent the mean f SE of four experiments 

Fig.2. [Ca*‘], response to sequential addition of VIC and ET. (A) 
3-min stimulation with VIC (1 x lo-* M) was followed by addition of 

ET (1 x lo-* M) at the points indicated by the arrows. (B) 3-min 
stimulation with ET (1 x 10-s M) was followed by addition of VIC 

(1 x IO-’ M). (C) VIC or (D) ET (final concentration 1 x 10m8 M) 
was added at the points indicated by arrows. 

[Ca”]i transient increase was largely dependent on in- 
tracellular mobilization by IP3(1,4,5) in NGlOS-15 cells 
[lo], we measured the mass contents of IPj(l,4,5) in 
cells stimulated with VIC and ET (table 1). VIC produc- 
ed much larger amounts of IP3(1,4,5) than did ET, in- 
dicating that VIC is a very potent stimulant for PIP2 
hydrolysis. In the presence of EGTA, IP3(1,4,5) genera- 
tion by either VIC or ET was inhibited by 72% of 50%) 
respectively (data not shown). It should be noted that 
the degrees of inhibition in IP3(1,4,5) production were 
well compatible with those in the [Ca2+]i rise in EGTA- 
treated cells. Thus, phosphoinositide breakdown by 
phospholipase C in this neuronal cell was dependent on 
extracellular Ca2+, as reported in other cell systems 
[14-161. From data of IP3(1,4,5) production and 
[Ca2+]i rise, it was more likely that [Ca2+]i increases 
caused by VIC and ET resulted largely from intra- 
cellular mobilization. 

3 2. L&“/i increase and IP3(1,4,5) generation in 
response to sequential addition of VIC and ET 

Neither pretreatment with VIC nor ET at lo-* M 
prevented the [Ca’+]i response to subsequent addition 
of stimulant, which was different from that used for 
pretreatment (fig.2A,B). However, when the same 
stimulant as that used for pretreatment was employed 
for the second stimulation, the [Ca2+]i increase was 
completely abolished (fig.2CD). These findings in- 
dicate that a homologous but not heterologous desen- 
sitization of [Ca2+]i response occurred between VIC 
and ET stimulations. Such desensitization profile was 
also observed for IP3(1,4,5) production (table l), sug- 
gesting that VIC and ET act through the distinct recep- 
tors for the signal transduction. 

Acknowledgements: We are grateful to Dr Y. Kanaho for useful 
discussion. This study was supported in part by a Grant-in-aid for 
Scientific Research from the Ministry of Education, Science and 
Culture of Japan. 

352 



Volume 257, number 2 FEBS LETTERS November 1989 

REFERENCES 

[I] Yanagisawa, M., Kurihara, H., Kimura, S., Tomobe, Y., 
Kobayashi, M., Mitsui, Y., Goto, K. and Masaki, T. (1988) 
Nature 332, 411-415. 

[2] Komuro, I., Kurihara, H., Sugiyama, T., Takaku, F. and 
Yazaki, Y. (1988) FEBS Lett. 238, 249-252. 

[3] Uchida, Y., Ninomiya, H., Saotome, M., Ohtsuka, M., 
Yanagisawa, M., Goto, K., Masaki, T. and Hasegawa, S. (1988) 
Eur. J. Pharmacol. 154, 227-228. 

[4] De Nucci, G., Thomas, R., D’Orleans-Juste, P., Antunes, E., 
Walder, C., Warner, T.D. and Vane, J.R. (1988) Proc. Natl. 
Acad. Sci. USA 85, 9797-9800. 

[5] Badr, K.D., Murray, J.J., Breyer, M.D., Takahashi, K., 
Inagami, T. and Harris, R.C. (1989) J. Clin. Invest. 83,336-342. 

[6] Saida, K., Mitsui, Y. and Ishida, N. (1989) J. Biol. Chem., in 
press. 

[7] Inoue, A., Yanagisawa, M., Kimura, S., Kasuya, Y., Miyauchi, 
T., Goto, K. and Masaki, T. (1989) Proc. Natl. Acad. Sci. USA 
86, 2863-2867. 

[8] Ishida, N., Tsujioka, K., Tomoi, M., Saida, K. and Mitsui, Y. 
(1989) FEBS Lett. 247, 337-340. 

[9] Yano, K., Higashida, H., Inoue, R. and Nozawa, Y. (1984) J. 
Biol. Chem. 259, 10201-10207. 

[lo] Fu, T., Okano, Y. and Nozawa, Y. (1988) Biochem. Biophys. 
Res. Commun. 157, 1429-1435. 

[ll] Hirata, Y., Yoshimi, H., Takata, S., Watanabe, T., Kumagai, 
S., Nakajima, K. and Sakakibara, S. (1988) Biochem. Biophys. 
Res. Commun. 154, 868-875. 

[12] Ohnishi, A., Yamaguchi, K., Kusuhara, M., Abe, K. and 
Kimura, S. (1989) Biochem. Biophys. Res. Commun. 161, 
489-495. 

[13] Kasuya, Y., Takuwa, Y., Yanagisawa, M., Kimura, S., Goto, K. 
and Masaki, T. (1989) Biochem. Biophys. Res. Commun. 161, 
1049-1055. 

[14] Pribluda, V.S. and Metzger, H. (1987) J. Biol. Chem. 262, 
11149-11454. 

[15] Wahl, M. and Carpenter, G. (1988) J. Biol. Chem. 263, 
7583-7590. 

[16] Xuan, Y.-T., Whorton, A.R. and Watkins, W.D. (1989) Bio- 
them. Biophys. Res. Commun. 160, 758-764. 

353 


