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Abstract The bovine neurokinin-2 (NK-2) receptor gene was stably transfected into Baby hamster kidney 
(BHK-21) fibroblasts and one recombinant clone expressing 17,700 high-affinity ['2sl]neurokinin A (NKA) binding 
sites/cell characterized further. [1251]NKA binding was displaced by unlabeled NKA with an IC5" of 8.26 * 2 n M  (n = 5) 
and with the rank order of potency NKA > neurokinin B (NKB) > Substance P (SP) confirming pharmacological 
characteristics of an NK-2 receptor subtype. Stimulation with NKA resulted in a rapid and dose-dependent increase in 
inositol 1,4,5-trisphosphate (IP3) levels (ECsO = 32 ? 10 nM; n = 7) which was paralleled bya transient biphasic rise in 
intracellular free calcium concentration [Ca2+], (EC50 = 35 ? 20 nM; n = 3). In addition to phosphoinositide (PI) 
hydrolysis and Ca2+ mobilization, NKA was found to stimulate both cyclicAMP formation (EC5" = 1.02 ? 0.26 p,M; 
n = 7) and [3H]arachidonic acid mobilization (EC50 = 0.65 * 0.45 p,M; n = 4). Interestingly, cyclicAMP levels also 
rose after addition of an exogenous arachidonic acid metabolite, prostaglandin E2 (PGE2) (EC50 = 11.5 ? 2 kM). Similar 
observations of NKA-induced IP3 production, Ca2+ mobilization, arachidonic acid liberation, and CAMP formation have 
been made previously following expression of the bovine NK-2 receptor in Chinese hamster ovary (CHO) epithelial 
cells. The present results suggest that activation of NK-2 receptors leads to characteristic and reproducible intracellular 
second messenger responses in a subclass of cell types which includes fibroblasts and epithelial cells irrespective of 
their genetic and phenotypic background. c 1993 Wiley-Liss, Inr. 
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The neurokinin-2 receptor is a member of the 
superfamily of seven transmembrane domain 
receptors which are functionally coupled to  gua- 
nine nucleotide binding proteins (G-proteins) 
[Masu et al., 1987; Hanley and Jackson, 19871. 
NK-2 receptors are involved in the regulation of 
a variety of important physiological responses, 
including mucus secretion, smooth muscle con- 
traction, and cell proliferation [Rogers et al., 
1989; Grandordy et al., 1988; Soder and Hell- 
strom, 19891. The molecular mechanisms medi- 
ating such cellular responses, however, have not 
yet been fully characterized. Following the clon- 
ing of cDNAs encoding bovine, rat, and human 
NK-2 receptors [Masu et al., 1987; Sasai and 
Nakanishi, 1989; Gerard et al., 19901, recombi- 
nant expression in suitable recipient cell lines is 
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one potentially important approach to establish 
signalling events under their control. For exam- 
ple, expression of bovine and rat NK-2 receptors 
in murine L fibroblasts (subclone B82), C6 gli- 
oma cells (subclone 2B), and Chinese hamster 
ovary (CHO) epithelial cells demonstrated re- 
ceptor-linked phosphoinositide (PI) hydrolysis, 
mobilization of intracellular calcium, and modu- 
lation of adenylate cyclase (AC) activity [Hender- 
son et al., 1990; DeBernardi et al., 1991; Eistetter 
et al., 1991; Nakajima et al., 19921. Interest- 
ingly, while NK-2 receptors mediate activation 
of adenylyl cyclase in CHO cells [Eistetter et al., 
1991; Nakajima et al., 19921, C6-2B glioma cells 
respond with an inhibition of cyclicAMP forma- 
tion and this effect appears indirect and a conse- 
quence of elevated Ca2+ levels [DeBernardi et 
al., 19911. We have also reported an indirect 
cyclicAMP response linked to NK-2 receptors 
which, when expressed in CH0:Kl cells, medi- 
ate adenylyl cyclase activation following autocrine 
stimulation by endogenously synthesized eicosa- 
noids, particularly prostaglandin E2 [Eistetter 
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et al., 19911. This is an important observation as 
local eicosanoid generation seems to play a cru- 
cial role mediating the physiological actions of 
neurokinins [Mayer et al., 1990; Rangachari et 
al., 1990; Yau et al., 1991; Malmberg and Yaksh, 
19921. 

To validate our previous findings in CH0:Kl 
cells and also to test the concept that recombi- 
nant expression technology is useful for analyz- 
ing important neurokinin-stimulated signalling 
events in at least a subset of cell types, we have 
now stably expressed and functionally character- 
ized the bovine NK-2 receptor in a second, genet- 
ically and phenotypically different cell line. This 
remains an important issue as different func- 
tional responses observed not only for the bo- 
vine NK-2 receptor [DeBernardi et al., 1991; 
Eistetter et al., 1991; Nakajima et al., 19921 but 
also following recombinant expression of the 
dopamine D2, M1 muscarinic, and 5HTlA recep- 
tors suggest that host cell physiology could be an 
important determinant of functional activity 
[Vallar et al., 1990; Stein et al., 1988; Peralta et 
al., 1988; Liu and Albert, 19911. In this study we 
present evidence that in Baby hamster kidney 
(BHK-21) fibroblast cells the NK-2 receptor is 
linked to signal transduction responses highly 
reminiscent of those observed previously in CHO 
cells including IP3 formation, mobilization of 
intracellular Ca2+, arachidonic acid release, and 
CAMP synthesis. These results suggest that this 
receptor reproducibly couples to a characteristic 
set of signalling events common to at  least fibro- 
blasts and epithelial cells. 

METHODS 
Cell Culture, Transfection, and Selection of 

Recombinant Clones 

Parental and transfected BHK-2 1 cells (Amer- 
ican Type Culture Collection, Rockville, MD) 
were grown as monolayers in Dulbecco’s Modi- 
fied Eagle’siHam’s F12 (1:l) medium (Gibco) 
supplemented with 10% fetal calf serum, 2 mM 
glutamine, penicillin, and streptomycin (60 
kg/ml each; all Gibco) in a humified C02 atmo- 
sphere (10%) at 37°C. Plasmids pBGL312ISKR 
[Eistetter et al., 19911 and pSVtkneo [Nicolas 
and Berg, 19831 were co-transfected (ratio 1 O : l )  
into BHK-2 1 cells using calcium-phosphate pre- 
cipitation [Wigler et al., 19771. Transfectants 
were selected in 600 pg/ml geneticin (G418; 
Gibco) and tested for their ability to bind [12511- 
labeled NKA (Amersham). NK-2 receptor-bear- 

ing clones were then propagated for further 
analyses. 

Radioligand Binding to Intact Cells 

Cells were grown to confluency in 6-well plates 
(Costar), rinsed with tissue culture medium, 
and incubated with gentle agitation for 60 min 
at 20°C in 0.5 ml of assay medium (serum-free 
growth medium supplemented with bovine se- 
rum albumin (BSA; 50 kg/ml), chymostatin (0.5 
pg/ml), leupeptin (1.0 kg/ml), and bacitracin 
L10.0 kg/mll) containing [lz5I1NKA (30-40 pM), 
MnClz (3 mM), and competing neurokinins as 
indicated. Subsequently, cells were rapidly 
washed with 2 ml of ice-cold medium and solubi- 
lized in NaOH (2 M). Bound [lz5I1NKA was 
determined by gamma-counting and non-spe- 
cific binding determined in the presence of 1 kM 
unlabeled NKA (Bachem). 

Inositol 1,4,5-Trisphosphate (IP,) Determination 

Cells were grown in 6-well plates (1-2 x lo6/  
well) and stimulated with different concentra- 
tions of NKA in assay medium. Reactions were 
stopped after 1 min of incubation by addition of 
0.2 vol of ice-cold perchloric acid (20%; wiv), 
cleared by centrifugation, and D-myo-IP3 levels 
determined using a [3Hl -IP3 competition bind- 
ing assay (Amersham). 

lntracellular [Ca2+] Measurements 

Intracellular calcium was measured by using 
the fluorescent Ca2+ chelating compound fura- 
2. Aliquots of fura-2-labeled cells (2 x lo6) were 
stimulated in suspension with neurokinins as 
indicated. Fluorescence emission was recorded 
on an MS-5 spectro-photometer (Perkin Elmer). 
Loading of cells, fluorescence monitoring, cali- 
bration procedures and other experimental de- 
tails were as described in Capponi et al. [1984]. 

Measurements of CAMP levels 

Cells (2.5-5 x lo6) were incubated at 37°C in 
200 k1 assay medium containing 0.5 mM IBMX 
(3-isobutyl-l-methylxanthine), together with 
NKA or PGE2 as indicated. After 6 min incuba- 
tions were terminated by addition of 50 kl of 
ice-cold 25% (w/v) trichloroacetic acid followed 
by immediate freezing in dry ice/methanol. Sam- 
ples were then extracted three times in 5 vol of 
water-saturated ether, freeze dried, and assayed 
for CAMP using a [3H]cAMP competition bind- 
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ing kit (Amersham) according to  the manufactur- 
er's guidelines. 

[3H]Arachidonic Acid Mobilization 

Cells were cultured in 6-well dishes (1-2 x 
106iwell) and labeled for 2 h by incubation in 
serum-free medium containing L3H1arachidonic 
acid (1 pCi/ml) and fatty acid-free BSA (FAF- 
BSA) (2 mg/ml). Subsequently, cells were 
washed three times and stimulated with various 
concentrations of NKA (20 min, 37°C) in 1 ml of 
medium containing FAF-BSA. Finally, 800 p1 
aliquots were transferred to ice-cold eppendorf 
tubes, centrifuged at 500g (5 min), and superna- 
tants counted directly for arachidonic acid re- 
lease. 

RESULTS 
Expression of Recombinant NK-2 Receptor 

Transfected BHK-2 1 cells were selected by 
resistance to  geniticin (G418) and NK-2 recep- 
tor expression was assessed by specific [12511NKA 
binding. Neither parental nor mock-transfected 
cells displayed any detectable binding. One clone 
(BB/7) expressing 17,700 high-affinity receptor 
sites/cell was propagated and characterized fur- 
ther using radioligand competition binding ex- 
periments. [ lZ5I]NKA binding was displaced by 
unlabeled NKA with an IC50 of 8.26 2 2.0 nM 
(n = 5 )  and by naturally occuring neurokinins 
with the relative rank order of affinity NKA > 
NKB > SP (Table I). This rank order of displace- 
ment is consistent with radioligand binding to 
the NK-2 receptor subtype previously observed 
both in tissues [Buck et al., 1986; Regoli et al., 
19891 and in recombinant CH0:Kl cells [Eistet- 
ter  et al., 19911. Interestingly, however, 
[lz5I]NKA binding was found to  be significantly 
more sensitive to inhibition by NKB and SP in 
BHK-21 (IC50 values of 32.22 and 330 nM, re- 
spectively; see Table I) compared to CH0:Kl 
cells values >> 600 nM for both neuropep- 
tides [Eistetter et al., 19911). This could suggest 
subtle differences in receptor conformation or 
neuropeptide breakdown in these two cell types. 

PI Turnover and Ca2+ Mobilization 

NKA at 1 pM stimulated a rapid 3.5 L 0.9- 
fold (n = 7) increase in IP3 formation (basal 
levels of 1.05 ? 0.55 pmol/106 cells). This effect 
was dose dependent and displayed an ECS0 of 
32 2 10 nM (n = 7) (Fig. 1). These effects were 

TABLE I. Comparison of Potencies of 
Tachykinins as Inhibitors of Specific 

[ 1251]Neurokinin A Binding 
to Intact BB/7 Cells" 

Peptide ICsn value (nM) n 

Neurokinin A ( N U )  8.26 * 2.00 5 
Neurokinin B (NKB) 32.22 2 
Substance P (SP) 330 2 

*Cells were assayed for displacement o f  specific ['"IINKA 
binding t o  intact cells as described in Methods IC50 values 
were calculated as means of two t o  five exoeriments each 
performed in triplicate 
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Fig. 1. Dose-dependence of NKA-stimulated IP, formation in 
BB/7 cells IP3 levels were assayed 1 mrn after stimulation of 
cells with varying concentrations of NKA The rewlts depict the 
means ? SEM of seven individual experiments performed in 
duplicate Data are expressed as percentage of the maximum 
response 

specific to  NK-2 receptor-bearing BB/7 cells as 
NKA-mediated IP3 formation could not be de- 
tected in either parental or mock-transfected 
cells (data not shown). NKA at 1 pM also stimu- 
lated an immediate ( < 2 s) but transient bipha- 
sic increase in cytosolic free Ca2+ concentration 
([Ca2+l,) (Fig. 2A). Maximum [Ca2+l, levels were 
observed within 20 s of stimulation with basal 
levels (about 350 nM) re-established after 5-10 
min. This response was still observed after che- 
lating extracellular Ca2+ by addition of 2 mM 
ethylene glycol-bis (P-aminoethyl ethyl)-N,N,N',- 
"-tetraacetic acid (EGTA), although peak lev- 
els were diminished by approximately 70% and 
basal levels were re-established within 40 s (Fig. 
2A). Together these observations indicate that 
the NK-2 receptor-linked Ca2+ response in BB/7 
cells reflects both increased influx and mobiliza- 
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tion from intracellular stores and NKA-stimu- 
lated IP3 generation is likely to be an important 
mediator of the latter [Berridge and Irvine, 
19891. As observed for displacement of [l"SI]NKA 
binding (Table I), neurokinin-mediated Ca2+ mo- 
bilization displayed the agonist rank order 
NKA > NKB > SP (ECSO values NKA, 35 * 20 
nM (n = 3); NKB, 295 * 155 nM (n = 3); and 
SP, 5.2 +- 2.3 ~J.M [n = 31) (Fig. 2B) which is 
identical to that observed for various functional 
responses in tissues [Bristow et al., 1987; Gran- 
dordy et al., 19881. Neurokinin-mediated Ca2+ 
mobilization was not found in parental or mock- 
transfected BHK-21 cells. 

The coupling of the bovine NK-2 receptor to 
phospholipase C (PLC) via a pertussis toxin 
(Ptx)-insensitive G-protein such as Gq [Taylor 
et al., 19911 in CH0:Kl cells has been described 
[Eistetter et al., 19911. The same mechanism is 
also suggested in BHK-21 cells, as pretreatment 
of BB/7 cells with Ptx (1,000 ng/ml, for 6 h) did 
not significantly affect either NKA-mediated IP3 
formation or Ca2+ mobilization (data not shown). 

Arachidonic Acid Mobilization 
and CyclicAMP Formation 

Recombinant bovine NK-2 receptors were 
found to be linked to arachidonic acid mobiliza- 
tion and CAMP production in CH0:Kl cells 
[Eistetter et al., 19911. Consistent with this, in 
BB/7 cells NKA induced both an increased liber- 
ation of [3H]arachidonic acid (2.36 2 0.28-fold; 
ECSO = 1.02 * 0.26 FM; n = 4) (Fig. 3A) and a 
significant rise in CAMP levels (3.8 ? 1.4-fold; 
ECS0 = 0.65 0.45 KM; n = 7) (Fig. 3B). This 
CAMP response is likely to reflect adenylyl cy- 
clase (AC) stimulation as experiments were per- 
formed in the presence of 0.5 mM IBMX to 
inhibit phosphodiesterase activity. For both the 
arachidonic acid and CAMP responses maximum 
stimulatory NKA concentrations were observed 
at approximately 10 kM, although at higher 
levels a dramatic decrease in CAMP formation 
was observed. Neither parental nor mock-trans- 
fected BHK-21 cells displayed NKA-mediated 
arachidonic acid release or CAMP production 
(data not shown). Surprisingly, half-maximal 
stimulation of arachidonic acid release in 
CH0:Kl cells (E& = 44.2 '. 37.4 nM [Eistet- 
ter et al., 19911) occurs at approximately twenty- 
fold lower NKA concentrations than in BHK-21 
cells (ECSO = 1.02 +- 0.26 mM) (see Fig. 3A). 
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Fig. 2. NK-2 receptor-mediated calcium response. A: Time 
coursesof NKA-induced rises in intracellular calcium concentra- 
tions [Ca2+], in fura-2-loaded BB/7  cells in the presence 
(-ECTA) and absence (+ECTA) of extracellular calcium (1.2 
mM). The arrowhead indicates the time of addition of 1 (LM 
NKA; the fluorimetric recordings of two typical experiments are 
superimposed. B: Pharmacological characterization of CaL' 
mobilization in BBI7 cells as a function of increasing concentra- 
tions of NKA, NKB, and SP. Data points are the means 2 SEM of 
three to five individual experiments. Results are presented as 
increases in percent of basal levels. ECTA (2 mM) was present 
in all experiments. 

Although currently this phenomenon cannot be 
explained on a molecular level, it is likely to 
reflect variations in the degree of signal amplifi- 
cation between receptor stimulation and the 
functional response being measured. 

Liberated arachidonic acid can be metabolized 
by cyclooxgygenase to form various prostagland- 
ins (PGs) [Shimizu and Wolfe, 19901. Thus, in 
CH0:Kl cells transfected with the bovine NK-2 
receptor gene NKA induces the synthesis and 
release of PGE2, which was shown to stimulate 
adenylate cyclase in an autocrine manner [Eistet- 
ter et al., 19911. Interestingly, as observed in 
this system, exogenous PGE2 stimulated mark- 
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Fig. 3. NKA-induced cAMP formation and arachidonic acid 
mobilization Intact BB/7 cells were stimulated with increasing 
concentrations of NKA A [3Hlarachidonate release (in cpm) 
from prelabeled BB/7 cells was measured after 20 min B 
cAMP levels (pmoles/6 m i n i l  O6 cells) were determined by 
r3H]cAMP binding competition assay as described in Methods 
Values represent the means ? SEM of four (A) and seven (B) 
experiments performed in triplicate 

edly CAMP formation in BB/7 cells (2.7 k 1.0- 
fold; EC50 = 11.5 k 2 kM; n = 3) (Fig. 4). 

DISCUSSION 

Recombinant expression of cloned 7-TM recep- 
tor genes in mammalian cell lines has become a 
powerful approach for studying agonist-stimu- 
lated signal transduction events. However, a 
single molecularly defined receptor subtype may 
elicit various signalling responses depending 
upon the host-cell employed. Thus, the M1 mus- 
carinic receptor expressed in RAT-1 fibroblasts 
links into PI hydrolysis and inhibition of AC 
[S tem et al., 19881, while the same receptor 
expressed in human embryonic kidney (293) 
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Fig. 4. PCEZ-stimulated adenylyl cyclase Dose dependence of 
prostaglandin-stimulated cAMP formation Intact BB/7 cells 
were stimulated for 6 min at 37°C with increasing concentra- 
tions of PCE2 cAMP levels were measured as described in 
Methods Values represent the means ? SEM of three experi- 
ments performed in triplicate 

cells stimulates both PI hydrolysis and CAMP 
production [Peralta et al., 19881. Similarly, the 
dopamine D2 receptor expressed in mouse L(tk-) 
fibroblasts has been found to activate PI turn- 
over, mobilize Ca2+, and inhibit CAMP forma- 
tion, while in a rat somatomammotrophic epithe- 
lial cell, GH4C1, Ca2+ levels were suppressed and 
PI hydrolysis could not be observed Wallar et 
al., 19901. Moreover, the 5HTlA receptor has 
been demonstrated to  both stimulate PI turn- 
over and inhibit AC in L(tk-) cells, while in 
GH4C1 cells only the inhibition of AC was found 
[Liu and Albert, 19911. 

Consistent with these observations, stimula- 
tion of recombinant bovine NK-2 receptors in 
C6-2B rat glioma cells leads to inhibition of 
agonist-induced AC activity [DeBernardi et al., 
19911, while in CHO cells increased cyclicAMP 
generation can be readily observed [Eistetter et 
al., 1991; Nakajima et al., 19921. In the present 
study we have confirmed the latter findings in a 
second, genetically and phenotypically different 
cell line, BHK-21 fibroblasts. In these cells the 
bovine NK-2 receptor appears to  couple to  1) 
stimulation of PI hydrolysis and Ca2+ mobiliza- 
tion via a Ptx-insensitive mechanism; 2) arachi- 
donic acid liberation; and 3) activation of adenyl- 
ate cyclase. All of these effects can be attributed 
to the action of the recombinant receptor as 
both parental and mock-transfected BHK-2 1 
cells do not respond to NKA. Moreover, the 
NK-2 receptor-selective agonist [Lys3, Glya-R-y- 
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lactam-LeuglNKA(3-10) (GR64349 [Hagan et al., 
19911) induced [3H]arachidonic acid release and 
CAMP formation with potencies similar to those 
observed for NKA (data not shown). This study 
has therefore demonstrated a clear similarity of 
NK-2 receptor-linked primary second messen- 
ger events in BHK-21 and CH0:Kl cells [Eistet- 
ter et al., 19911. This is an important observa- 
tion and suggests that in a subclass of cell types 
which include fibroblasts and epithelial cells, 
recombinant expression is a useful approach for 
studying molecular mechanisms underlying 
physiological actions of neurokinins. Such a no- 
tion is consistent with observations that stimu- 
lation of endogenous receptors elicits a similar 
increase in phosphoinositide hydrolysis [Bris- 
tow et al., 1987; Grandordy et al., 1988; Suman- 
Chauhan et al., 19901 and arachidonic acid mobi- 
lization (see below) in a number of cell and 
tissue types including the central nervous sys- 
tem, smooth muscle, endothelial cells, and astro- 
cytes. 

Increased arachidonic acid release is the rate 
limiting step in the synthesis of eicosanoids 
[Shimizu and Wolfe, 19901 and has been ob- 
served following recombinant expression of both 
the NK-2 receptor in CH0:Kl and BHK-21 cells 
[Eistetter et al., 1991; this study] as well as the 
NK-3 receptor in CHO cells [Buell et al., 19921. 
Endogenous neurokinin receptors also mediate 
eicosanoid production in a variety of cell types 
such as endothelial cells [Marceau et al., 19891, 
macrophages [Hartung et al., 19861, and astro- 
cytes [Marriot et al., 19911. Moreover, blocking 
prostaglandin (PG) synthesis inhibits neuroki- 
nin-dependent control of myenteric acetylcho- 
line release, colonic transport activity, and spi- 
nal hyperalgesia [Mayer et al., 1990; Rangachari 
et al., 1990; Yau et al., 1991; Malmberg and 
Yaksh, 19921 while exogenous eicosanoids mimic 
neurokinin actions to generate mechanical hy- 
peralgesia [Ferreira and Nakamura, 1979; Naka- 
mura-Craig and Smith, 19891, provide gastric 
mucosal protection [Whittle et al., 19901, en- 
hance secretion of atrial natriuretic peptide from 
cardiomyocytes [Gardner and Schultz, 19901, 
and increase airway mucus secretion [Rogers et 
al., 19891. Together, these observations indicate 
that neurokinin receptors are linked to in- 
creased eicosanoid generation in a range of cell 
and tissue types and that local actions of these 
modulators play a key role mediating the biolog- 
ical effects of neurokinins. Thus, recombinant 

expression of a defined neurokinin receptor sub- 
type in cells such as CH0:Kl or BHK-21 is likely 
to facilitate the identification of crucial molecu- 
lar interactions and signalling events underly- 
ing these particular physiological properties of 
this class of neuropeptide. 

Local eicosanoid generation could also medi- 
ate secondary functional responses following 
stimulation of the NK-2 receptor recombinantly 
expressed in BHK-21 cells. These cells could be 
similar to CH0:Kl where NK-2 receptor-linked 
arachidonic acid mobilization and subsequent 
autocrine stimulation by eicosanoids represents 
an important mechanism for neurokinin-stimu- 
lated cyclicAMP generation [Eistetter et al., 
19911. However, although exogenous PGEz mim- 
icks NKA action to increase cyclicAMP in 
BHK-21 cells (Fig. 41, it remains to be tested 
whether a similar autocrine stimulation ac- 
counts also for adenylyl cyclase stimulation in 
this system. Alternative mechanisms leading to 
AC activation in BHK-21 cells might include 
direct NK-2 receptor coupling through the stim- 
ulatory G-protein Gs [Nakajima et al., 19921 as 
well as indirect stimulation following Ca2+ mobi- 
lization or PKC activation as suggested for re- 
combinantly expressed a l  adrenergic and M1 
muscarinic receptors [Felder et al., 1989; Cotec- 
chia et al., 19901. 

In contrast to early second messenger signal 
transduction events it remains to be elucidated 
whether the expression of bovine NK-2 receptor 
in BHK-21 cells affects other, more long-term 
cellular responses such as proliferation. Surpris- 
ingly, NKA stimulation of serum-starved BBI7 
cells did not result in an increase in de novo 
DNA synthesis (data not shown), although such 
an effect had been observed both in recombinant 
CH0:Kl cells [Eistetter et al., 19911 and pri- 
mary thymocytes [Soder and Hellstrom, 19891. 
While this result is currently lacking a molecu- 
lar explanation, it could reflect divergence of 
signalling pathways beyond the primary second 
messenger responses in fibroblasts and epithe- 
lial cells. 

In summary, the data presented in this report 
show that recombinant bovine NK-2 receptors 
expressed in BHK-21 cells retain their pharma- 
cological characteristics and reproducibly modu- 
late specific primary second messenger systems 
common to fibroblasts and epithelial cells. 
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