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Functional characterization of receptors with affinity for PYY,
NPY, [Leu31,Pro34]NPY and PP in a human colonic epithelial cell
line
1H.M. Cox & I.R Tough

Epithelial Research Unit, The Royal College of Surgeons of England, 35-43, Lincoln's Inn Fields, London WC2A 3PN

1 Confluent epithelial layers of a human adenocarcinoma cell line called Colony-6 have been shown to
respond to nanomolar concentrations of vasoactive intestinal polypeptide (VIP), peptide YY (PYY),
neuropeptide Y (NPY) and somatostatin (Som).
2 The VIP-induced increase in basal short-circuit current (SCC) was attenuated by basolateral
application of Som, PYY or NPY, and also by the Y1-receptor agonist [Leu3",Pro3]NPY, as well as

pancreatic polypeptide (PP). High concentrations (0.1- 3.0 uM) of NPY(2- 36) were effective but the C-
terminal fragment NPY(13 - 36) (0.1 - 1.0 gM) and desamidoNPY (0.6 Mm) were not active. A rank order
of agonist EC" values was: PYY > NPY >[Leu31,Pro34]NPY > PP > NPY(2-36) > > NPY (13-36).
3 Receptors for all these peptides were preferentially located within the basolateral domain. Apical
addition of PP (1 fiM) and Som (100 nM) had no effect upon basal SCC while apical VIP (10 nM)
responses were 18%, and apical PYY (100 nM) were 27% the size of respective basolateral controls
(100%).
4 Cross-desensitization was observed between [Leu3`,Pro3INPY (1 yM) and both PYY (100 nM) and
PP (1 pM) and between PYY and NPY(2-36) (1 Mm), but was not significant between PYY (100 nM)
and PP (1 gM). We suggest that either these cells express a single new Y-receptor with an unusual
phenotype or that two Y-receptor populations exist in Colony-6 cells.
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Introduction

The pancreatic polypeptide family of regulatory peptides in-
cludes neuropeptide Y (NPY), peptide YY (PYY) and pan-
creatic polypeptide (PP) and all exert distinct effects upon
gastrointestinal function (Cox, 1993). To date, three G-pro-
tein-coupled NPY receptor subtypes have been characterized
(for reviews, see Michel, 1991 and Grundemar & Hakanson,
1994) each exhibiting a different rank order of agonist potency.
Y1 receptors are PYY-preferring and are selectively stimulated
by Pro3' substituted NPY, though not by C-terminal fragments
ofNPY or PYY. Y2 receptors are also PYY-preferring but are
stimulated by C-terminal fragments, whereas theY3 receptor is
NPY-preferring and PYY is much less potent. In addition,
specific receptors have been described in plasma membranes of
canine small intestine epithelia, with high affinity for PP but
relatively low affinity for both NPY and PYY (Gilbert et al.,
1988). The NPY receptor subtype most commonly expressed
by epithelial cells whether renal or gastrointestinal in origin, is
Y2-like (Sheikh et al., 1989; Cox & Cuthbert, 1990) activation
of which results in a reduction in prestimulated adenosine 3': 5'
cyclic monophosphate (cyclic AMP) accumulation (Servin et
al., 1989; Edwards et al., 1990) and as a consequence a re-
duction in electrolyte secretion.

In vivo (Saria & Beubler, 1985; Bilchik et al., 1993) and in
vitro studies (Hubel & Renquist, 1986; Cox et al., 1988) have
characterized NPY and PYY as major antisecretory peptides.
Clinical studies have shown that PYY will reduce VIP-stimu-
lated fluid loss (Playford et al., 1990) and that NPY can at-
tenuate both basal and prostaglandin E2 (PGE2)-stimulated
fluid and electrolyte secretion from the human intestine (Hol-
zer-Petsche et al., 1991). A common feature of many in-
vestigations with mammalian intestine in vitro, is the relative
inactivity of PP. However, an unusual Y-receptor phenotype
was observed in the rabbit distal colon (Ballantyne et al., 1993)
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where PP was equipotent with PYY and NPY, and the Yj
receptor agonist, [Leu31,Pro34]NPY, was only slightly less po-
tent than the other three agonists. Our own in vitro studies with
rat jejunum have shown that nanomolar concentrations of
NPY and PYY but not PP, will produce prolonged reductions
in basal and stimulated electrogenic chloride secretion (Cox et
al., 1988; Cox & Cuthbert, 1988) and until recently we have not
been able to find an epithelial cell line responsive to any
members of the PP family. The present study is the first
functional characterization of Y-receptors exhibiting sensitiv-
ity to PYY and NPY (and surprisingly also to [Leu3',Pro]-
NPY and PP) in a human epithelial cell line.

Methods

Cell culture and short-circuit current (SCC)
measurement

Colony-6 (Col-6) epithelia, one of a number of subpopulations
derived from a human colonic adenocarcinoma cell line called
HCA-7, were obtained from Dr S. Kirkland (Hammersmith
Hospital, London, U.K.). This cell line was isolated by seeding
HCA-7 cells sparsely and trypsinizing colonies of 50-100 cells
using cloning cylinders (Marsh et al., 1993). Cells were main-
tained in Dulbecco's modified Eagle medium (DMEM, Gibco,
Paisley, U.K.) supplemented with foetal calf serum (10%)
kanamycin (100 ,g ml-) and amphotericin (1.2 gg ml-').
Once confluent in culture flasks (25 cmn) epithelia were tryp-
sinized (0.5% tryp~sin in versene, w/v) and seeded onto col-
lagen-coated millipore filters as described previously (Cox &
Tough, 1994). Cells covered the 0.2 cm2 area of filter within 10
days and once confluent, filters were used within 3 days.

Epithelia on filters were placed between the two halves of
Ussing chambers and immediately bathed in oxygenated (95%
02/ 5% C02) Krebs-Henseleit (KH) solution at 37°C, pH 7.4.
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Cell monolayers were voltage-clamped at zero potential (WP
Instruments, Sarasota, FL, U.S.A.) and changes in short-cir-
cuit current (SCC) were recorded continuously on pen re-
corders. Each side of the epithelial layer was bathed with 12 or
15 ml of KH and peptides and other drugs were added to
either reservoir as necessary. The peak change in SCC that
occurred within 15 min of peptide addition was taken as the
response and converted from gA 0.2 cm-2 to MA cm-2. Where
concentration-response relationships were constructed, single
peptide additions were made to the basolateral domain (unless
otherwise stated in the text) and the data pooled and analysed
using the iterative curve-fitting programme, Graphpad Inplot
(version 3.01, Graphpad Software Inc, San Diego, U.S.A.).
Each best fit curve provided an ECjO value (with 95% con-
fidence limits and degrees of freedom). Desensitization studies
were performed without intermediate washing between addi-
tion of peptides. Statistical analysis of data groups was per-
formed using Student's unpaired t tests and a P value less than
0.05 was considered significant.
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All peptides were purchased from Peninsula Labs Inc. (Mer-
seyside, U.K.) and the following abbreviations have been used
throughout the manuscript: rat/porcine peptide YY (PYY),
porcine neuropeptide Y (NPY), porcine NPY(2- 36) and
NPY(13 -36), human/porcine/rat pancreatic polypeptide (PP),
porcine [Leu3",Pro3]neuropeptide Y ([Leu31,ProI4NPY), free
acid human NPY (desamidoNPY), porcine vasoactive in-
testinal polypeptide (VIP) and somatostatin 14-28 (Som). All
peptide stocks were diluted in sterile water and aliquots were
frozen and stored at -20'C. KH constituents in mM were:
NaCl 118, KCl 4.7, CaCl2 2.5, MgSO4 1.2, KH2PO4 1.2,
NaHCO3 25.0 and glucose 11.1. Piretanide was a gift from
Hoechst Pharmaceuticals and trypsin was purchased from
Worthington Biochemical Corporation.

Results

Col-6 epithelial monolayers exhibited basal s.c.c. values of
3.6+ 0.8 pA cm-2 (n=30) and basal resistances which were
69.3 + 4.7 Qj cm2 (n = 30). Basolateral addition of VIP resulted
in rapid concentration-dependent increases in SCC that
reached a peak within 5 min (Figure 1). These electrogenic
responses were very similar in duration and profile to VIP-
mediated secretion observed in rat jejunum (Cox et al., 1988)
and colon mucosa (Ferrar et al., 1990). The stimulated SCC
remained elevated for at least 30 min and was totally inhibited
by basolateral application of piretanide (Figure 1). Reductions
in VIP-elevated SCC were observed following a basolateral
addition of PYY, NPY and surprisingly of PP (1 nM-3 uM,
Figure 1). Col-6 epithelia pretreated with VIP (10 nM) and one
of the pancreatic polypeptides also showed responses to Som
(100 nM, basolateral) and the latter responses were larger than
those to either PYY, NPY (30 and 100 nM respectively) or PP
(1 AM, Figure 1). Forskolin (10 AM, basolateral) stimulated
prolonged elevations of SCC (peak increases were 8.5+ 0.9
MA cm2, 15 min after addition of the diterpene, n= 8) and
basolateral addition of PYY (100 nM) reduced these levels by
-1.3+0.2 pA cm-2 (n=4).
The EC50 value for VIP-induced secretory responses was

1.6 (1.52-1.64) nM (Figure 2) and the maximally effective
concentrations were 3-100 nM. When added to the basolateral
reservoir VIP (10 nM) increased the SCC by 7.0+
1.3 pA cm-2 (n= 8) whereas apical application of the peptide
at the same concentration elicited an increase of only
0.6±0.07 MA cm-2 (n= 3, Figure 3). Following pretreatment
of confluent Col-6 epithelia with 10 nM basolateral VIP for
30 min, one of the following polypeptides was added to either
reservoir: PYY (100 nM), PP (1 MM) or Som (100 nM) and
subsequent reductions in SCC were recorded (Figures 1 and 3).
The sidedness of all these peptide responses (at their respective
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Figure 1 Reprensentative traces of changes in SCC in Col-6
epithelia to basolateral VIP (10 nM, 0) and subsequently to
basolateral additions of PYY (30 nM, El); NPY (100 nM,U); PP (1
pM, *) or Som (100 nm, A) and finally of piretanide (Pir, 200 Mm, A).
The starting baseline currents are given to the left of each trace
(in pA) and responses were obtained from epithelial areas of 0.2 cm2.
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Figure 2 The concentration-response curve for VIP induced
increases in SCC in Col-6 epithelia. Each point represents the
mean + one s.e.mean of 5-8 observations, a single concentration being
given to each filter. Data were pooled and resultant curves fitted to
the iterative curve-fitting programme, Graphpad Inplot to yield an
EC50 value of 1.6nM.

maximally effective concentrations) was obvious (Figure 3)
there being no change in SCC to either apical Som or PP, while
apical PYY produced reductions in SCC that were 27.0+ 1.2%
of those stimulated by the same concentration (100 nM, 100%)
of basolateral PYY.

The observation that basolateral PP (like PYY) could re-
duce VIP-elevated SCC was unexpected since we had found it
to be inactive in Y2-like receptor-expressing gastrointestinal
epithelia (Cox et al., 1988). A study of the concentration-re-
sponse relationships for agonists known to activate the dif-
ferent Y-receptor subtypes, namely; PYY, NPY, [Leu31,Pro]-
NPY, NPY(2-36), NPY(13-36) as well as PP and the inactive
peptide desamidoNPY, was undertaken and the results are
shown in Figure 4. All curves were constructed from responses
stimulated by single basolateral peptide applications and the
subsequent reductions in the SCC response to 10 nM VIP re-
corded within 15 min were pooled to provide data that yielded
EC50 values listed in Table 1. The maxima obtained from each
agonist concentration-response curve were similar (Figure 4,
there was no significant difference between the size of re-
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sponses to 30 nM PYY, 100 nM NPY or 1 pM PP) and the
agonist order of potency was PYY>NPY> [Leu31,-
Pro34]NPY> PP >NPY(2- 36), while NPY(13 -36) and desa-
midoNPY were inactive up to concentrations of 1 jum and
600 nM respectively. The Hill slopes of agonist-response curves
were -0.9 for PYY, -0.7 for [Leu31,Pro34]NPY, - 1.7 for
NPY, -1.2 for PP and -1.1 for NPY(2- 36).
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Figure 3 Sidedness of responses to VIP alone (10 nm, solid columns)
and to PYY (100 nm, hatched column) Som (1 00 nm, open column)
or PP (1 uM, horizontally lined column) added to either the
basolateral (the first of each pair) or apical bathing fluid following
VIP pretreatment. Each column is the mean with one s.e.mean from
3-11 observations. Significant differences between responses follow-
ing apical addition compared with the respective basolateral peptide
control are: *P< 0.05, ***P <0.001.
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Figure 4 Concentration-response relationships in VIP-pretreated
(lOnM) Col-6 epithelia for PYY (0, n=3-l0), NPY (0, n=4-7),
[Leu31,Pro34]NPY (5, n=2-5), PP (A, n=3), NPY(2-36) (U,
n=3) and NPY(13-36) (A, n=2). Each point is the mean+one
s.e.mean where more than 2 observations were made. All peptide
additions were made to the basolateral surface.

Table 1 EC50 values for peptides in Colony-6 epithelial
monolayers

Peptide

VIP
PYY

NPY
[Leu31,Pro34]NPY
PP

NPY(2-36)
NPY(13-36)
DesamidoNPY

EC50 (nM)

1.6 (1.52-1.64, 6)
9.9 (9.0- 10.9, 4)

32.3 (24.4-47.9, 3)
78.7 (49.0-128.7, 5)
177.2 (138.9-227.7, 4)
323.4 (219.8-476.4, 3)

No effect
No effect

The concentration-response relationships shown in Figures 2
and 4 were subjected to the iterative curve fitting programme
Graphpad Inplot, yielding EC50 values with 95% confidence
limits and degrees of freedom in parentheses. For abbrevia-
tions see text.

A comparison of the response profiles generated by near
maximally effective concentrations of PYY (30 nM) NPY
(100 nM) and [Leu31,Pro3f]NPY (1 pM) and PP (1 pM) revealed
some differences (Figure 5). [Leu31,Pro3]NPY responses ap-
peared to be monophasic returning to the original baseline
within 15 min while NPY responses were prolonged reaching
baseline around 30 min (data not included in Figure 5). PYY
and PP responses were initially rapid and transient reaching a
stable inhibitory level 8-20 min after peptide addition. The
latencies between peptide additions to the basolateral reservoir
and the start of each decline in current increased from 50+ 7 s
(n = 4) for 1 gM PP, 80+ 13 s (n = 6) for 30 nM PYY, compared
with 200+36 s (n=6) for 100 nM NPY and 200+20 s (n=3)
with 1 gM [Leu3tPro34]NPY. At higher concentrations ofNPY
and [Leu31,Pro34]NPY (300 nM and 3 pM respectively) there
was a reduction in response latency to 135 +23 s (n =7) and
172+ 38 s (n = 3) respectively. The latter two peptides achieved
peak responses 12 and 6 min after basolateral addition re-
spectively, while PP effects were maximal at 2 min and PYY
responses reached a peak at 3 min.

Cross-desensitization studies were performed where cells
were pretreated with either PYY (100 nM), [Leu31,Pro34]NPY
(1 pM) initially, and subsequently a second addition of one of
these three peptides, without intermediate washing. In controls
when two applications of PYY or [Leu31,Pro34]NPY were
made (25 min apart) there was no further reduction in SCC
following the second peptide addition (Figure 6) even though
the original SCC levels had been reached. [Leu31,Pro34]NPY
responses were significantly inhibited following 1 pM PP
(P<0.05) and after 100 nM PYY (P<0.001). However, re-
sponses to PYY (100 nM) were not significantly affected by
pretreatment with 1 gM PP (P = 0.13, Figure 6). PP responses
were not significantly attenuated after PYY pretreatment
(P= 0.17) but the reductions in SCC to [Leu3',Pro34]NPY were
reduced significantly (P< 0.05). Thus homologous desensiti-
zation was complete for PYY and [Leu31,Pro34]NPY, and there
was heterologous desensitization between the Y1-agonist,
[Leu31,Pro34]NPY and both PP and PYY, but not between PP
and PYY. In a separate study, responses to PYY (30 nM,
which reduced the SCC by -1.3 +0.2 pA cm-2, n= 9) in un-
treated Col-6 epithelia were compared with those following
exposure to increasing concentrations of either NPY(2-36),
NPY(13 -36) or desamidoNPY. There was no significant
change in the size of PYY responses after NPY(13-36)
(100 nM- 1 pM) or desamidoNPY (600 nM only) addition
compared with controls. However, significant reductions were
observed following 100 nM, 300 nm and 1 gM NPY(2-36)
(where responses, in pA cm-2, were -0.5+0, P<0.05;
-0.2+0.04, P<0.01; and -0.04+0.04, P<0.01, respectively,
n =3 throughout).
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Figure 5 A comparison of the time course of reductions in SCC
induced by maximally effective concentrations of PYY (@, 30nM,
n=6), NPY (0, 100nM, n=6), [LeU31,Pro34]NPY (U, 1pM, n=3)
and PP (5, 1pJM, n =4). Basolateral peptide was added at time zero
to cells which had been pretreated with 1OnM VIP for 20 min. Each
point is the mean + one s.e.mean.
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Discussion

Col-6 epithelial monolayers respond in a classical manner to
the secretagogue VIP and the inhibition of this elevated se-
cretory level by PYY, NPY and Som is reminiscent of the
respective peptide responses observed in in vitro preparations
of rat jejunum (Cox & Cuthbert, 1988; Cox et al., 1988) and
colon (Ferrar et al., 1990). These preparations express Y2-like
receptors since functional studies have shown that the Y1
agonist [Leu31,Pro34]NPY was inactive (Cox & Krstenansky,
1991) and PP (at high nanomolar concentrations) did not
significantly alter electrogenic ion transport (Cox et al., 1988).
The present study produced a rank order of agonist EC50 va-
lues: PYY > NPY> [Leu3",Pro34]NPY > PP> NPY(2- 36),
with NPY(13 -36) and desamidoNPY being inactive. This is
not an order expected for either Y1- or Y2- NPY receptors
where commonly PYY is marginally more potent than NPY,
and either [Leu3',Pro34]NPY or the C-terminal fragments of
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Figure 6 Desensitization between PYY (100 nM), [Leu31, Pro34]NPY
(1 pM) and PP (1 pM) in VIP (10 nM) pretreated Col-6 cells. Each
column represents the mean response to basolateral peptide with one
s.e.mean and there was a 20 min interval between each peptide
addition. The number of observations in each group are given in
parentheses. Open columns are: first the PYY (100 nM, 7) responses
in control naive epithelia; second, those following I uM PP (5)
addition and third, those following an earlier PYY (100 nM, 3)
addition. A similar sequence is used where [Leu31,Pro34]NPY is the
agonist (hatched columns): first [Leu31,Pro34]NPY (1 pM, 11), second
PP(l uM, 5), third PYY (100 nM, 4) and fourth [Leu31,Pro34]NPY
(1, M, 3). Finally one control and two experimental groups are shown
for PP responses (vertical lined columns). Here the sequence (left to
right) is: PP controls (1 uM, 12), PP responses after PYY (100 nM, 6)
and PP responses after [Leu31,Pro34]NPY (1 /iM, 8). Signficance levels
are: *P<0.05, **P<0.001, for data groups compared with their
respective control agonist.

NPY are effective (but less potent than the native peptides)
respectively (see Table 2). In fact the EC50 values calculated for
PYY and NPY are higher in Col-6 cells compared with those
in rat jejunum (Cox et al., 1988). The metabolism ofPYY and
NPY by dipeptidyl peptidase-IV (Mentlein et al., 1993; Dos
Santos Mederois & Turner, 1994) may be responsible for a
slight loss of potency since the resultant fragment PYY(3 - 36)
is known to be a Y2-preferring agonist.

The attenuation of VIP-stimulated ion transport by the
pancreatic polypeptides in rabbit descending colon (Ballantyne
et al., 1993) resembles the pharmacology of the Col-6 epithelial
Y-receptor. C-terminal fragments were inactive, while the PP
and [Leu31,Pro34]NPY were full agonists with EC50 values of 14
and 30 nm respectively. Unlike the present study with Col-6
cells (where PP was 18 times less potent and, [Leu3",Pro34]NPY
8 times less potent than PYY) these two agonists were roughly
equipotent with NPY (EC50 of 24 nM) and PYY (EC50 of
16 nM). All four peptides reduced VIP-stimulated secretion by
70-90% in rabbit colon compared with the 25% inhibition
observed in Col-6 and this 3 fold difference in efficacy may
contribute to the differences in absolute potency. Table 2
summarizes the agonist potency orders observed for the Y1, Y2
and Y3 NPY receptor subtypes together with the PP receptor
and new phenotype(s) expressed in Col-6 epithelia and rabbit
colon. It is clear that the order of EC50 values in Col-6 cells
also bears little resemblance to that of the putative Y3 receptor
(at which NPY is significantly more potent than PYY, Wah-
lestedt et al., 1991; Foucart et al., 1993) and other potential
variants described recently (Inui et al., 1992).

Assuming that there are few (if any) spare Y-receptors in
these cells, a potential explanation for the unique agonist order
observed in the present study is that more than one receptor
subtype is expressed by these cells. The cross desensitization
observed between [Leu31,Pro34]NPY and PP, [Leu31,Pro34]NPY
and PYY, and between PYY and NPY(2 - 36) but not between
PP and PYY, argues for one subtype that is PYY-preferring
(with little if any affinity for PP) and another receptor popu-
lation that is YI-like (again PYY-preferring) with affinity for
[Leu3',Pro34]NPY and PP. The functional consequence of
target cells expressing two receptor subtypes with affinity for
the PP-fold peptides (as seen previously with PC-12 cells,
Schwartz et al., 1987, and superior cervical neurones, Foucart
et al., 1993) is worthy of further consideration especially since
both Y1 and Y2-like receptors are linked to similar transduc-
tion mechanisms (Michel, 1991; Grundemar & Hakanson,
1994). In gastrointestinal epithelia, Y2-receptors are typically
involved in reducing electrolyte secretion via a cyclic AMP-
dependent inhibitory mechanism (Servin et al., 1989) and this
is also common for Yj receptor activated responses in other
cell lines (van Valen et al., 1992; Krause et al., 1992). A con-
comitant mobilisation of intracellular Ca2+ is also a common
feature of activation of Y1 receptors in certain cells (Krause et

Table 2 Comparison of agonist potency orders in isolated mucosal tissue and other epithelial preparations containing NPY and PP
receptors

Potency order

Pyy>NPY> [Leu31,Pro34]NPY> > NPY(13 - 36)

PYY > NPY > NPY(13 - 36) > > [Leu3lPro34]NPY

NPY > [Leu3",Pro34]NPY > NPY(13 -36) > > PYY

PYY > NPY > [Leu31,Pro34]NPY > PP > > NPY(13 -36)

PP> > >PYY>NPY

PP>PYY>NPY> [Leu31,Pro34]NPY > > NPY(13 - 36)

Tissues/cells

Rat gastric mucosa
(Penner et al., 1993)

Rat jejunum and renal epithelia
(Cox et al., 1988)

(Sheikh et'al., 1989)
(No published data to date in
any epithelial preparations)

Col-6 adenocarcinoma cell line
(Cox & Tough, this study)

Canine small intestine epithelia
(Gilbert et al., 1988)
Rabbit distal colon

(Ballantyne et al., 1993)

For abbreviations, see text.

Receptor

Yl-like

Y2-like

Y3-like

New Y

PP

Nonselective
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al., 1992; Michel et al., 1992). Since inhibition of accumulated
cyclic AMP production is the primary underlying mechanism
involved in NPY/PYY antisecretory responses it is possible
that functional cross-desensitization observed between parti-
cular agonists may not in fact indicate desensitization at a
common receptor, but rather that down-regulation of a com-
mon transduction pathway has occurred. This may be true for
the desensitization observed between [Leu3",Pro3]NPY and PP
in the present study. The time-course studies comparing equi-
effective concentrations of PYY, NPY, PP and [Leu31,-
Pro3']NPY show similarity between PYY and PP responses,
while those to NPY and [Leu31,Pro3]NPY were also similar,
being slower in onset than the former peptide pair. Further
studies, preferably using a selective NPY receptor antagonist
will help elucidate whether one or more Y receptors are ex-
pressed by these cells.

The predominance of peptide receptors in the basolateral
membranes of Col-6 monolayers was similar to, not only the
sidedness seen for other agonists (MacVinish et al., 1993; Cox
& Tough, 1994) in epithelial lines derived from the same parent
cell line (Marsh et al., 1993) but also to the sidedness of NPY
and PYY responses in jejunal and colonic mucosal prepara-

tions (Cox et al., 1988). Thus these cells can provide a useful
model system for the study of peptide receptors in polarized
epithelia in the absence of other mucosal cell types.

In conclusion we have identified responses to PYY, NPY,
[Leu3",ProI]NPY and PP in an epithelial cell line derived from
a human adenocarcinoma of the lower bowel. These peptide
responses (in VIP-prestimulated epithelia) were predominantly
basolateral as were those to Som and VIP itself. Cross-de-
sensitization was observed between [Leu3",Pro]NPY and both
PYY and PP, and between PYY and NPY(2- 36), but was not
significant between PYY and PP. Thus it is possible that more
than one receptor phenotype is being expressed by Col-6 cells,
each with high affinity for PYY though with differing affinities
for NPY, [Leu3",ProINPY and PP. Future studies with a Y1-
receptor antagonist should help determine whether one or
more receptors exist in Col-6 cells, or whether a single new Y-
phenotype is expressed in these epithelia.

We acknowledge financial support from the Medical Research
Council and the Wellcome Trust and we thank Dr Susan Kirkland
for providing the cell line, Colony-6.
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