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SUMMARY: While vasopressin and peptides of the bombesin family bind to
different receptors in gquiescent Swiss 3T3 cells, the antagonist
[D—Argl,D—Proz,D—Trp7'9,I.eu 1] substance P blocks the specific

binding of both (3H) vasopressin and I-gastrin—-releasing peptide to
thgze cells. In addition, the antagonist inhibits the mobilization of
Cca and induction o{ DNA sxnthesi_s, gy va{cl)pressin. These results
indicate that (D-Arg ,D-Pro”,D-Trp '~,Leu” "] substance P has the
ability to interact with the receptors for three structurally unrelated
peptide hormones. © 1986 Academic Press, Inc.

The amphibian tetradecapeptide bombesin (1) is a potent mitogen for
Swiss 3T3 cells (2). Mammalian peptides structurally related to bombesin
including gastrin-releasing peptide (GRP) and the neuromedins (3-7), also
stimulate DNA synthesis in these cells. These peptides interact with
high—-affinity receptors in Swiss 373 cells which are distinct from those of
other mitogens for these cells (8). Following binding the peptides of the
bombesin family elicit a complex array of biological effects, including
stimulation of monovalent and divalent ionic fluxes (9), activation of
protein kinase C and inhibition of '?°I-gpidermal growth factor
(*?°1-EGF) binding (10). Both the binding of peptides of the bombesin

family to their cellular receptors and all the biological effects elicited

by these peptides are blocked by the novel bombesin antagonist,

[D-Argl.D—Proz,D-Trp7’9,I£ull] substance P (8-11). Since this is

Abbreviationg: GRP, gastrin releasing geptideé SP, Substance P; EGF,
epidermal growth factor; pmp~,0-Me-Tyr”,-[Arg }~vasopressin,

[1-( y-Mercapt »'y-Cyclopentamethylene propionic acid), 2-{0-methyil)
tyrosine ]~Arg ~vasopressin.
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the only known antagonist for bombesin it may be useful for elucidating the
physiological role of bombesin-related peptides. During the course of
studies designed to examine the selectivity of its effects in Swiss 373
cells, we found that this antagonist also inhibits the mobilization of
ca?* and induction of DNA synthesis by the neurchypophyseal hormone
vasopressin, Our findings demonstrate that these effects are most likely
due to the inhibition of binding of vasopressin to its receptor in Swiss
3T3 cells. Since vasopressin interacts with specific high-affinity sites
(12) which are distinguishable from those for peptides of the bombesin

11

family, it appears that the peptide [D-Argl,D-Pro?,D-Trp '?,Leu'l;

substance P can interact with various, independent, cellular receptors

thereby preventing their biological effects.

MATERIALS AND METHODS

Cell culture procedures (13,14), assays of DNAlggnthesis by
(’H)~thymidine incorporation (14), measurements of 24 I-GRP (8) and
( “H)~-vasopressin bindingzs_n) and cytosolic free Ca ([Cca” 1.)
uging the fluorescent Ca indicator quin—-2 (15) were as described.

3

Materials: Arginine vasopressin (367 units/ml) and bovine
serum albumin (essentially fatty acid and globulin free) were obtained from
the Sigma Chemical Co. (St. Louis, Mo). GRP and [D-Argl, D-Pro?,
D—Trp7'9,1.euu]substance P were obtained from Bachem Fine Chemicalse
(saffron Walden, Essex, U.K.). [1—( y—Mercagto—-y,y—cyclo—pentgmethylene
propionic acid), 2-(0-methyl) tyrosine)-Arg -vasopressin (Pmp~,
O-Me~-Tyr“-[Arg" ]-vasopressin) was from Peninsula Laboratories Inc.,
Belmont CA. Quin 2 and Quig 2-AME were obtained from Lancaster Synthesis
(Morcambe, Lancs, U.K.). ( H) vasopressin (igSCi/mmol; 1Ci = 37 GBq)
wa§+from New England Nuclear (Boston, MA). I-GRP (2000Ci/mmol) and
ca“ were from the Radiochemical Centre (Amersham, U.X.).

RESULTS

Vasopressin binds to specific, high-affinity binding sites in Swiss
3T3 cells (12). The specific binding of [BH] vasopressin to quiescent
Swiss 3T3 cells was inhibited by unlabelled vasopressin in a
concentration—dependent manner (Fig. 1A); the apparent K4 for
33—vasopressin binding was 18 nM. In contrast GRP had no effect on
(3H y-vasopressin binding at concentrations up to 1 ug/ml (360 nM). The

125

reciprocal experiment showed that the specific binding of I-GRP was

inhibited by unlabelled GRP, but not by either [ArgB] vasopressin at
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A. Effect of GRP and vasopressin on the specific

binding of (“H) vasopressin to Swise 3T3 cells. Confluent and quiescent
cultures were washed twice with Dulbecco's modified Eagle'sg (DME) medium
and then incubated for 30 min at 37°C in the presence of ( H) vasopressin
(12nM) and in the presence of either GRP ([] ) or vasopressin (O) at the
concentrations indicated. Each point represents the mean of four
determinations (SEM < 20%). B. Effect of vasopressin, Pmp ,
gige-’ryr -[{Arg ]-vasopressin, and GRP on the specific binding of

I-GRP to Swise 373 cells. Confluent and quiescent cultures of 3T3
cells were washed twice wiigsnuz medium and then incubated for 30 min at
37°C in medium containing I-GRP (0.05 nM) and various concentrations
of either vasopressin (@), Pmpl, O-Me-Tyr“~[Arg ] vasopressin (A), or
GRP (). Values shown represent the mean of duplicate determinations., Aall
measurements shown in this and subsequent vasopressin and GRP binding
experiments represent the percentage of the specific binding obtained in
control cultures. Other experimental details in this and the subsequent
figures were as described in Materials and Methods,

concentrations up to 0.92 uM, or by the specific vasopresgsin antagonist,
Pmpl, O-Me—errz—[Arga]——vasopressin, at concentrations up to 100 uM
(Fig. 1B).

While the results shown in Figure 1 strongly suggest that vasopressin
and peptides of the bombesin family bind to different receptors in Swiss
373 cells, the substance P (SP) analogue [D—Argl, D—Ptoz,
p-rep ‘2, 1eullsp, (16) blocked the specific binding of both *251-Grp
and (3H) vasopressin to these cells. Fig. 2A shows that the antagonist
markedly decreased the specific binding of a fully mitogenic concentration
of (3H) vasopressin (11nM) to guiescent 3T3 cells. The effect is
concentration deperident, with half-maximal inhibition of binding occurring
at 4.2uM. At the highest concentration of antagonist used (100 uM), (3H)
vasopressin binding was reduced to 11% of the control value. [D-—Argl,
D-Pro?, D~Trp * 2, Leul’]sP also inhibited 2%1-GRP binding within a
similar concentration range (Fig.2B and ref.g8). The Ki values for the

1

inhibition of (38) vasopressin and 251—GRP binding by the antagonist

were 2.6 uM and 2 uM respectively. Although Swiss 3T3 cells do not have
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Jiduzre 2 Inhibition of specific (®H) vasopressin (panel A)
and lI—GRP &panel ?) 9l:»imlﬂq to Swiss 3T3 cells by
[D-Arg ,D-Pro”,D-Trp ' ~,Leu ]1SP. Quiescent 3T3 cells were washed

ice and then incubated at 37°C for 30 migzgn the presence of either
(“R) vasopressin (11nM; open circles) or I~GRP (1.5nM; closed
circles) in the presence of the concentrations of antagonist indicated.

receptors for SP (2,8) the antagonist has a somewhat higher (4-fold)
affinity for SP receptors than for the bombesin receptors in pancreatic
acinar cells (11).

Vasopressin and bombesin both cause the rapid mobilization of ca?*

from an intracellular pool in quiescent Swiss 3T3 cells, as measured by

5 +
4a2

C efflux and measurements of changes in cytosolic free calcium

concentration ([Ca2+] i) (9,15,17,18). Figure 3 shows that bombesin
(upper panel) and vasopressin (lower panel) caused an increase in
[Caz+]i which occurred within 5 sec after the addition of peptides
reaching a maximum in 15-30 sec. The effects were transient with

[Caz+] usually returning to control levels in 3-5 minutes. The

i

stimulation of [Ca2+] i by bombesin and vasopressin was markedly

2 porrp ', Leullisp (Fig. 3, right

inhibited by (D-Argl, D-Pro
traces). The effect of the antagonist on bombesin and vasopressin-induced
changes in [Caz"'] i was selective, as similar changes produced by
platelet—derived growth factor (PDGF) were not affected by [D—Argl,

2 7,9 11
D-Pro , D-Trp ,Leu " ]SP at a concentration of 100 uM (9 and results
not shown).

The mitogenic effect of vasopressin was strikingly inhibited by the

addition of [D-Arg",D-pPro?,D-Trp’'%,Leull)sp (Fig.4). The
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Figure 3 Effect of [D~Arg’,D-Pro2,D-Trp '>,Leu'l]sp
on the change in [ca2+] i caused by either bombesin (upper) or
vasopressin (lower). Quiescent Swiss 3T3 cells on Cytodex 2 beads were
washed and incubated with fluorescent indicator quin 2, as described in
Materials and Methods. They were then suspended in 2 ml of an electrolyte
soclution, placed in the fluorimeter and stirred at 37°C. Fluorescence was
recordid continuousl;.9 Aftff a suitable control period, 75 uM
[(D~Arg~ ,D~-Pro” ,D-Trp ‘'~ ,Leu ~]SP (A) or an equivalent volume of
solvent (S) were added. Three minutes later, either 3.1 nM bombesin (B) or
18.4 nM vasopressin (VP) were added and the fluorescence followed until it
ret ed near control levels. In all cases, the measurements of
[Ca” ]. were performed after sequential addition of Priton X-100 and
EGTA a8 described in Materials and Methods.

antagonist at a concentration of 100 uM markedly increased the
concentration of vasopressin required to produce half-maximal stimulation
of DNA synthesis (Fig.4 panel A). The fact that inhibition was completely
reversed at higher concentrations of vasopressin demonstrates that the
antagonist is not toxic to the cells. Fig. 4B shows the effect of
increasing concentrations of antagonist on vasopressin-induced mitogenesis.
At a concentration of 100 uM the mitogenic efect of a saturating
concentration of vasopressin was reduced to only 5% of the control value.
In conclusion, the results presented here demonstrate that the

2 prep’ ', Leullsp is a

tachykinin-related peptide, [D—-Argl +D-Pro

potent inhibitor of both early and late biological responses evoked by

vasopressin in Swiss 3T3 cells. While this manuscript was in preparation
1 2 7,9 11

Corps et al. reported that {D-Arg ,D-Pro“,D-Trp Jleu ISP

inhibited bombesin and vasopressin—-induced mitogenesis (19), but did not

investigate the mechanism of action of the antagonist. Our results

demonstrate that these effects are most likely due to the interaction of

the antagonist with specific receptors for vasopressin in 3T3 cells. Thus,
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Fiqure 4 Inhibition of vasopressin-induced DNA synthesis in
Swiss 373 cells by [D-arg’,D-Pro?,D~Trp’’2,Leull]sp. reft:
Quiescent cultures of 3T3 cells were incubated at 37°C in the presence of
various concentrations of vasopressin and 1lug/ml insulin in either the
abgence (@) or presence () of 100 uM antagonist. Right: Quiescent 3T3
cells were incubated at 37°C in the presence of 18.4nM vasopressin, lug/ml
insulin and the concentrations of antagonist shown. In both experiments,
values are expressed as the percentage of the [3H] thymidine
incgpporation obtained in the absence of [D-Arg®, D-Pro’, D-Trp ’>,
Leu ~JSP. Each point represents the mean of duplicate determinations.

in addition to recognizing the receptors for both SP (16,20) and peptides
. . 1 2 7,9 11 .

of the bombesin family (8-11), [D-Arg ,D-Pro”,D~Trp ’'~,Leu” " ]SP is

also an antagonist for vasopressin. Furthermore, this does not appear to

be a property peculiar to this peptide since [D-Pro?, Lys®,

7:9:10  prellisp another SP antagonist (21) also inhibited the

D-Trp
binding and mitogenic activity of both bombesin and vasopressin (results
not shown). The antagonist acts in a selective fashion as shown by the
lack of effect on DNA synthesis and other early responses induced by other
mitogens for Swiss 3T3 cells including PDGF, fibroblast—derived growth
factor, EGF, insulin; phorbol-12,13 dibutyrate, and prostaglandin El
(8-10). This novel and interesting finding has several implications.
Firstly, the fact that a peptide is recognized by three independent
receptors suggests that significant similarities may exist between their
binding sites. Secondly, both bombesin—related peptides and vasopressin
are present in high levels in small cell carcinoma of the lung (SCCL)
(21-27). Furthermore, recent findings suggest that bombesin—like peptides
can act as autocrine growth factors for these cells (28,29), and ectcpic
production of vasopressin by SCCL is thought to be responsible for a number

of clinical syndromes often associated with this important tumour (27).

Thus, the identification of an antagonist which recognizes the receptors
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for both peptides may be of interest in future clinical approaches to the

treatment of SCCL.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23,

24,

25.

26.
27.

28.
29.

REFERENCES

Anastasi, A., Erpsamer, V. and Bucci, M. (1971) Experientia 27,
166-167.

Rozengurt, E. and Sinnett-smith, J. (1983) Proc. Natl. Acad. Sci.
USA 80, 2936-2940.

McDonald, T.J., Jornvall, H., Nilgson, G., Vagna, M., Ghatei, M.,
Bloom, S.R. and Mutt, V. (1979) Biochem. Biophys. Res. Commun.
aQ, 227-233.

wharton, J., Polak, J.M., Bloom, S.R., Ghatei, M.A., Solicia, E.,
Brown, M.R. and Pearse, A.E.G, (1978) Nature 273, 7639-770.

Moody, T.W. and Pert, C.B. (1979) Biochem. Biophys. Res. Comsmun.
90, 7-14.

Minamino, N., Kangawa, K. and Matsuo, H. (1983) Biochem. Biophys. Res.
Commun. 114, 541-548.

Minamino, N., Kangawa, K. and Matguo, H. (1984) Biochem. Biophys. Res.
Comaun. 119, 14-20.

Zachary, I. and Rozengurt, E. (1985) Proc. Natl., Acad. Sci. USA.
82, 7616-7620,

Mendoza, S.A., Schneider, J.A., Lopez—-Rivas, A., Sinnett-Smith, J.W.
and Rozengurt, E. (1986) J. Cell Biol. (in press).

Zachary, I., Sinnett-Smith, J.W. and Rozengurt, E. (1986) J, Cell
Biol. (in press).

Jengen, R.T., Jones, S.W., Polkers, K. and Gardner, J.D. (1984) Nature
309, 61-63.

Collins, M.K.L. and Rozengurt, E., (1983) Proc. Natl. Acad. Sci. USA
80, 1924-1928.

Todarc, G.J. and Green, H. (1963) J. Cell Biol. 17, 299-313.

Dickexr, P. and Rozengurt, E. (1980) Nature 287, 607-612.

Mendoza, S.A., Lopez-Rivas, A., Sinnett-Smith, J.W. and Rozengurt, E.
(1986) Exp. Cell Res. (in press).

Lundberg, J.M., Saria, A., Brochin, E., Rosell, S. and Folkers, K.
(1983) Proc. Natl. Acad. Sci., USA. 80, 1120-1124.

Rozengurt, E. and Mendoza, S.A. (1985) J. Cell Sci. Suppl. 3,
229242,

Lopez~Rivas, A. and Rozengurt, E. (1984) Amer. J. Physiol. 247,
cl156~cl62.

Corps, A.N., Rees, L.H, and Brown, K,D. (1985) Biochem. J. 23},
781~-784.

Jensen, R.T., Jones, S.W., Tu, Y.-A., Xu, J.—C., Folkers, K. and
Gardner, J.D. (1984) Biochim. Biophys. Acta 804, 181-191.

Mizrahi, J., Dion, S., D'Orleans—Justa, P. and Regoli, D. (1985)
Eur. J. Pharmacol. 111, 339-345,

Moody, T.W., Pert, C.B., Gazdar, A.F,, Carney, D.N. and Minna, J.D.
(1981) Science 214, 1246-1248.

Wood, S.M., Wood, J.R., Ghatei, M.A., Lee, Y.C., O‘'Shaughnessy, D.
and Bloom, S.R. (1981) J. Clin. Endocrin. Metab. 53,
1301-1312.

Erisman, M.D., Linnoila, R.I., Hernandez, 0., DiAugustine, R.P. and
Lazarus, L.H. (1982) Proc., Natl. Acad. Sci. USA 79,
2379-2383,

Roth, K.A., Evans, C.J., Weber, E., Barchas, J.D., Bostwick, D.G. and
Bersch, K.G. (1983) Cancer Res. 43, 5411-5415,

Bondy, P.K. and Gilby, E.D. (1982) Cancer 50, 2147-2153.

Ratter, S.J. and Rees, L.H. (1984) In, Bronchial Carcinoma,
Bates, M. (ed), Springer-Verlag, Berlin, Heidelberg, pp. 23-40.

Sporn, M.B. and Roberts, A.B. (1985) Nature 313, 745-747.

Cuttita, F., Carney, D.N., Mulshire, J., Moody, T.W., Fedorko, J.,
Fischler, A. and Minna, J.D. (1985) Nature 316, 823-826.

141



