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1 Northern blotting experiments have been performed with RNA extracted from several cell lines
derived from the human lung in order to detect P2Y,, P2Y,, P2Y, and P2Ys; mRNA. We have
investigated the IHAEo— and 16HBE140— epithelial cell lines derived from the airway epithelium,
the A549 cell line displaying properties of type II alveolar epithelial cells, the CALU-3 serous cells,
the 6CFSMEo — submucosal cells and the HASMSCI1 airway smooth muscle cells. We have also
evaluated one pancreatic epithelial cell line called CFPAC-1. These experiments revealed that P2Y,
and P2Ys mRNA are co-expressed in the IHAEo—, 16HBE140— and A549 epithelial cell lines. The
CFPAC-1 pancreatic cell line was strongly positive for the P2Y, receptor. No signal was obtained
for the P2Y, and P2Y, receptors.

2 We have then performed RT—-PCR experiments with specific oligonucleotides of these last two
P2Y receptors with the RNA used for the Northern blotting experiments. P2Y, mRNA was detected
in five cell lines: IHAEo—, 16HBE140—, 6CFSMEo—, HASMSC1 and CFPAC-1. P2Y, mRNA
was only detected in the CALU-3 cell line.

3 Inositol trisphosphates assays have identified a response typical of the P2Y, receptor in the
IHAEo— and the 16HBE140— airway epithelial cell lines which co-express P2Y, and P2Y, mRNA.
By contrast, the 6CFSMEo— submucosal cells expressed a UTP-specific response which displayed
pharmacological characteristics compatible with the human P2Y, receptor: in particular, there was
no response to UDP or ATP and the UTP effect was totally inhibited by pertussis toxin.

P2Y receptors; P2Y, receptors; P2Y, receptors; P2Y, receptors; P2Y, receptors; lung; epithelial cells

Abbreviations:

bp, base pair(s); DMEM, Dulbecco’s modified Eagle’s medium; FBS, foetal bovine serum; FCS, foetal calf

serum; GAPDH, glyceraldehyde phosphodehydrogenase; IP;, inositol trisphosphate; kb, kilobase(s); MEM,
minimum essential medium; RT—PCR, reverse-transcription-polymerase chain reaction

Introduction

One important effect of nucleotides on the airway epithelium is
an increase in the apical permeability to Cl~. This observation
has been made both in vitro on human nasal epithelial cells,
and in vivo: indeed superfusion of nucleotides, in the presence
of the sodium channel blocker amiloride, decreased the nasal
transepithelial potential difference both in normal subjects and
in cystic fibrosis patients (Knowles et al., 1991). These results
suggested a potential therapeutic role of aerosolized nucleo-
tides in the treatment of cystic fibrosis. As UTP and ATP were
equipotent, pyrimidine nucleotides seem preferable, since they
are not degraded to adenosine which induces bronchoconstric-
tion, and a clinical assessment of UTP is currently underway.
The action of nucleotides seems to involve more than one
mechanism (Stutts ez al., 1994). On the one hand, single-
channel patch-clamp studies on human airway epithelial cells
have revealed a direct effect of ATP on the open probability of
outward rectifying chloride channels, requiring no soluble
second messenger (Stutts ef al., 1992). On the other hand, ATP
increased the formation of inositol phosphates and the
intracellular calcium concentration in human nasal epithelial
cells, the effect being more pronounced when the nucleotide
was added at the serosal side (Paradiso et al., 1995). The
equipotency of ATP and UTP suggests that the effects of

*Author for correspondence at: Institute of Interdisciplinary
Research, Campus Erasme, Building C, 5th floor (local C5-145),
808 Route de Lennik, 1070 Brussels, Belgium.

E-mail: communid@ulb.ac.be

nucleotides on airway epithelium are mediated by P,y/P2Y,
receptors. The human P2Y, receptor was indeed cloned from
the airway epithelial cell line CF/T43 (Parr et al., 1994).
However, Northern blotting revealed the presence in human
lungs of mRNA of the P2Y, (Janssens et al., 1996), P2Y,
(Communi, unpublished data) and P2Y4 (Communi er al.,
1996a) receptors in addition to the P2Y, subtype (Parr et al.,
1994); it is only for the recently cloned P2Y,, receptor that no
signal could be detected in the lung by Northern blotting
(Communi et al., 1997). Furthermore, there is pharmacological
evidence that in addition to the P2Y, receptor, a receptor
selectively responsive to UDP (presumably the P2Y subtype)
is present on the apical surface of human nasal epithelial cells
(Lazarowski et al., 1997). The aim of this paper was to
characterize the expression of four human P2Y receptor
subtypes (P2Y,, P2Y,, P2Y, and P2Y() in a variety of cell
lines derived from human lung, using a combination of
Northern blotting, RT—PCR (reverse-transcriptase-polymer-
ase chain reaction) and inositol phosphates assays.

Methods
Materials

Trypsin was from Flow Laboratories (Bioggio, Switzerland).
Culture media, foetal bovine serum (FBS), restriction enzymes
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and Taq polymerase were purchased from GIBCO BRL (Grand
Island, NY, U.S.A.). The radioactive compounds myo-D-
[2-*H]-inositol (17.7 Ci mmol~') and [«**P]-ATP (800 Ci
mmol~") were from Amersham (Ghent, Belgium). Dowex
AG1X8 (formate form) was from Bio-Rad Laboratories
(Richmond, CA, U.S.A.). ATP, ADP, UTP and UDP were
obtained from Sigma Chemical Co. (St. Louis, MO, U.S.A.).
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Human CALU-3, A549 and CFPAC-1 cell lines were obtained
from American Type Culture Collection (ATCC) (Rockville,
MD, U.S.A.). The 16HBEl40—, IHAEo— and 6CFSMEo—
cell lines were obtained from Dr Dieter Gruenert, University of
California, San Francisco. The smooth muscle cells HASMSC1
were obtained from Dr Graham Place (Bayer, Slough, U.K.)
and prepared as described in Watson et al. (1998).
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Figure 1 Detection of P2Y, and P2Ys mRNA in human cell lines derived from the human lung and pancreas by Northern blotting
experiments. Two blots containing polyA RNA (2 ug lane™") (from human placenta (positive control) and the cell lines CALU-3,
HASMSCI (present only in the second blot (B)), CFPAC-1, A549, 6CFSMEo—, 16HBE140— and 1HAEo—) were performed and
hybridized respectively with a P2Y, probe (A) or a P2Y probe (B). The hybridization of the first blot with a GAPDH probe is
shown on panel (C). The RNA from placenta were obtained from Clontech (Palo Alto, CA, U.S.A.). The probes correspond to the
full coding region of the P2Y,, P2Ys and GAPDH genes. The pictures were obtained from a Phosphorlmager SI (Molecular

Dynamics).
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Cell culture

The 1HAEo—, 16HBEl40— and 6CFSMEo— cells were
grown in MEM (minimum essential medium) with Earle’s salts
supplemented with 100 units ml~' penicillin, 100 ug ml~!
streptomycin, 2.5 ug ml~! amphotericin B, 10% FBS and
2 mM L-glutamine, at 37°C with 5% CO,. The CALU-3 cell
line was cultured in MEM supplemented with MEM non-
essential amino acids, 10% FBS, 1 mM pyruvate and the
antibiotics. The A549 cell line was cultured in MEM
supplemented with 10% FBS and the antibiotics. The
CFPAC-1 cell line was cultured in Iscove’s MDM (modified
Dulbecco’s medium), 10% FBS, 2 mM L-glutamine and the
antibiotics. The HASMSCI1 cell line was cultured in DMEM
(Dulbecco’s modified Eagle’s medium) (with 25 mM HEPES,
sodium pyruvate) supplemented with 10% FBS, 2 mM L-
glutamine and 50 ug ml~' gentamycin.

Northern blot analysis

The RNA from the different cell lines were prepared with the
RNeasy kit (Quiagen). The RNA from lung and placenta were
obtained from Clontech (Palo Alto, CA, U.S.A.). The polyA
RNA was prepared with the polyATtract mRNA isolation
system IV (Promega). The blots were prehybridized 8 h at
42°Cin a 50% formamide, 0.3% SDS solution and hybridized
for 18 h in the same solution supplemented with 10% dextran
sulphate and the o*?P-labelled probe. The final washing
conditions were 0.1 x SSC and 0.1% SDS at 65°C. The blots
were exposed during 6 days and visualized using the
PhosphorImager SI (Molecular Dynamics).

RT—-PCR

The reverse-transcription was performed with 2 ug of total
RNA from the different cell lines using the Superscript kit
(Gibco BRL). In order to amplify P2Y receptor cDNAs, sets
of specific oligonucleotide primers were synthesized on the
basis of the published sequences of the P2Y, and P2Y, genes
(see Table 1) (Ayyanathan et al., 1996; Communi ef al., 1995a).
The PCR amplification conditions were as follows: 93°C,
1 min, 50°C, 2 min, 72°C, 3 min; 25 cycles.

Inositol trisphosphate (IP3;) measurements

Cells (4x10° per 35 mm-dish) were labelled for 24 h with
10 uCi ml~! [*HJ-inositol in inositol free-DMEM containing
5% FCS (foetal calf serum) and antibiotics. Cells were directly
incubated without wash steps in Krebs-Ringer HEPES (KRH)
buffer of the following composition (in mM: NaCl 124, KCl1 5,
MgSO, 1.25, CaCl, 1.45, KH,PO, 1.25, HEPES (pH:7.4) 25
and glucose 8) for 30 min. The cells were then challenged by
various nucleotides for 30 s. The incubation was stopped by
the addition of an ice cold 3% perchloric acid solution. IP;
were extracted and separated on Dowex columns as previously
described (Communi et al., 1995b).

Results

We have performed Northern blotting experiments with polyA
RNA isolated from several human cell lines: most of these cell
lines were lung-derived, one was from pancreas. The cells were

Table 1 P2Y receptor primers used for PCR on the human cell lines derived from the lung and the pancreas

Subtype Strand Sequence

P2Y, + 5-CCGCCGCCTAAGTCGAG-3
— 5-GGCATTTCTACTTCTAT-3

P2Y, + 5-TCCTGCCACCCTCACTT-3

5-GAGCTGGACTGTTGGT-3'

Position Reference
+21—-+37 Ayyanathan et al., 1996
+1301—- +1317
+138—+154 Communi et al., 1995a
+250- +265

The primers also contains additional sequences at the 5" end for subcloning and sequencing purposes.
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Figure 2 Detection of P2Y; and P2Y, mRNA in cell lines derived from human lung and pancreas by RT—PCR experiments. The
extraction of RNA and the reverse-transcription were performed as described under ‘Methods’. The RNA from lung and placenta
were obtained from Clontech (Palo Alto, CA, U.S.A.). PCR products (1.3 kb for the P2Y, receptor and 128 bp for the P2Y,
receptor) are visualized after electrophoresis on a 1.5% agarose gel and ethidium bromide coloration and are indicated by an arrow.



D. Communi et al

P2Y receptors in human lung 565

all epithelial except HASMSCI1 cells which are derived from
smooth muscle. Placenta, in which the expression of P2Y,,
P2Y,, P2Y, and P2Y receptors was previously demonstrated
by Northern blotting experiments (Janssens et al., 1996; Parr et
al., 1994; Communi et al., 1995a; 1996a) was used as positive
control. Two blots were hybridized respectively with a P2Y,
probe (Figure 1A) and a P2Y, probe (Figure 1B). The
HASMSCT cell line is only present in the second blot due to
the poor yield of RNA extracted from this cell line. P2Y, and
P2Y, mRNA were detected in the A549, 16HBE140— and
IHAEo— cell lines. In the CFPAC-1 cell line, there was a
significant P2Y, signal while P2Y, mRNA was barely
detectable. The placenta was clearly positive for the two
receptors. We have then tested P2Y, and P2Y, probes on these
two blots. There was no signal for any of these two receptors
on the blots, except for the human placenta (data not shown).
After these experiments, a hybridization of these two blots
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with a GAPDH (glyceraldehyde phosphodehydrogenase)
probe, which corresponds to the ubiquitous glycerophosphate
dehydrogenase gene, revealed that the RNA material was still
present even after three rounds of hybridization (Figure 1C).

In view of the absence of signal for the P2Y, and P2Y,
receptors in our Northern blotting experiments, we have then
performed RT-PCR experiments with specific oligonucleo-
tides of these two genes (Table 1). We have used the same
RNA as for the Northern blotting experiments. In contrast to
Northern blotting, RT—-PCR revealed mRNA of these two
receptors in several lines (Figure 2). For the P2Y, receptor, a
1.3 kb-PCR product was amplified in the positive control
(10 ng of pcDNA3-P2Y, recombinant construction), the
CALU-3 cell line and the lung. This band was sequenced and
corresponded to the P2Y, gene sequence. A 1.1 kb PCR
product was also amplified in the CALU-3 cell line and the
lung: its sequence did not correspond to the P2Y, receptor but
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Figure 3 Effect of various nucleotides on the IP; accumulation in IHAEo— (A), 16HBE140— (B) and 6 CFSMEo — cells (C). The
cells were incubated with ATP, ADP, UTP and UDP at the same concentration of 100 um or without agonist (CONT) for 30 s. The

data represent the mean +s.d. of triplicate points and are represe

ntative of two independent experiments.
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to a non coding sequence. P2Y, receptor mRNA was strongly
detected in five cell lines (IHAEo—, 16HBE140—,
6CFSMEo—, HASMSCI1 and CFPAC-1) and the positive
control (10 ng of pcDNA3-P2Y, recombinant construction)
(Figure 2). The 128 bp band was sequenced and corresponded
to the P2Y, gene sequence. A weak signal was visualized in the
other lanes and corresponds to the oligonucleotides used in the
PCR experiments. As positive controls, we have reproduced
the Northern blot data for the P2Y, and P2Y, receptors by
RT-PCR experiments (data not shown).

We have then studied the effect of several nucleotides on IP;
formation in three particular cell lines: the IHAEo— and the
16HBE140— cell lines derived from the airway surface
epithelium and the 6CFSMEo— cell line derived from the
submucosal glands. We have chosen these three cell lines in
view of the expression of P2Y transcripts in the lHAEo — and
16HBE140 — cell lines and the detection of P2Y, transcripts by
RT-PCR experiments in the 6CFSMEo — cell line. These two
pyrimidinoceptors have not been studied at this time in the
human lung.

In the IHAEo— and 16HBE140 — cell lines, ATP and UTP
increased IP; to the same extent whereas there was no
significant effect of ADP nor of UDP (Figure 3A and B). By
contrast, only UTP had a significant effect in the 6CFSMEo —
cell line (Figure 3C). At a concentration of 100 um, UDP, ATP
and ADP were without any effect. These results were
reproduced with HPLC-purified nucleotides (data not shown).
More particularly, no response was obtained with HPLC-
purified UDP at a concentration of 300 uM suggesting that
only UTP is really active on this receptor (data not shown).
The response to UTP was completely inhibited by an 18 h
pretreatment of the cells with pertussis toxin (50 ng ml—")
(Figure 4). The responses to nucleotides were lost after three
passages for the 6CFSMEo— and the IHAEo— cell lines,
although the mRNA of respectively P2Y, and P2Y, receptors
was still detectable by RT—PCR (data not shown).
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Figure 4 Effect of pertussis toxin on the UTP-induced accumulation
of IP; in 6CFSMEo — cells. The cells were pre-incubated for 18 h in
the presence or the absence of 50 ng ml~! pertussis toxin (PTx). The
cells were then incubated with or without UTP 100 pum for 30 s. The

data represent the mean+s.d. of triplicate points and are
representative of two independent experiments.

Discussion

The deficiency in cyclic AMP-dependent Cl~ transport via
CFTR in airway epithelial cells (Widdecombe, 1986; Boucher
et al., 1989) and pancreatic duct cells (Gray et al., 1994) can be
compensated by the extracellular nucleotide-induced activa-
tion of alternative channels, either directly or as a result of
increased intracellular calcium concentration (Mason et al.,
1991; Knowles et al., 1991). There is thus a particular interest
in the identification of the P2Y subtypes expressed in the
human lung or pancreas.

We have used epithelial cell lines derived from the human
lung, except for the CFPAC-1 cell line which is of pancreatic
origin. The lHAEo— and 16HBE140 — cell lines are derived
from the airway surface epithelium (Cozens et al., 1991; 1994).
CALU-3 cells exhibit some phenotypic properties typical of
serous cells (Finkbeiner et al., 1993). The 6CFSMEo — cell line
is an epithelial cell line derived from submucosal glands
(Cozens et al., 1992). The A549 cell line displays properties of
type II alveolar epithelial cells (Lieber et al., 1976) and the
HASMSCI cells are airway smooth muscle cells. The CFPAC-
1 is an epithelial cell line exhibiting the basic CF defect
(Schoumacher et al., 1990). Of course, caution must be taken
in assigning a physiological or therapeutic value to the
observations made with the cells since they are immortalized
cell lines. Furthermore the surface (mucosal versus basolateral)
selectivity of receptor expression was not addressed in this
study.

As concerns the P2Y, receptor, our results were essentially
negative, except for the CALU-3 cells (positive in RT—PCR
experiments). Not unexpectedly, P2Y, receptor transcripts
were detected in four out of the seven cell lines (IHAEo—,
16HBE140—, A549 and CFPAC-1). P2Ys, mRNA was co-
expressed in the same cells, except in the CFPAC-1 cell line
where the signal was barely detectable. Expression of P2Yy
receptors in IHAEo— and 16HBE140— cells, which exhibit
properties of airway surface epithelial cells, would be
consistent with the observation of a UDP response, pre-
sumably mediated by P2Y receptors in human nasal epithelial
cells, in addition to the P2Y,-mediated response to ATP and
UTP (Lazarowski et al., 1997). However, the inositol
phosphate response of lHAEo— and 16HBE140— cells was
characterized by a biochemical response typical of P2Y,
receptors and no significant response to UDP was detectable.
The same results have been obtained by another group in the
CFPAC-1 pancreatic cell line (O’Reilly et al., 1998) in which
we have also detected P2Y, and P2Y4, mRNA. It is possible
that the level of expression of P2Y receptors is too low in these
cells to be detected by a biochemical approach.

P2Y, mRNA was detected by RT—PCR in five out of seven
cell lines (IHAEo—, 16HBE140—, 6CFSMEo—, HASMSC1
and CFPAC-1), though Northern blotting experiments were
negative. These discrepancies between the Northern blotting
and the RT-PCR data is likely to be due to the higher
sensitivity of the RT—PCR technique. This is reminiscent of
the results of Webb et al. (1998), who observed a widespread
distribution of the P2Y, receptor transcripts in rat tissues using
RT—-PCR while Northern blots were negative. They concluded
that the P2Y, receptor is expressed at low level in adult organs.
Surprisingly, we did not amplify any PCR product in the
human lung for the P2Y, receptor whereas we obtained a weak
signal for this receptor in this tissue by Northern blotting
experiments (data not shown). Interestingly, a functional
response typical of P2Y, receptors was observed in the
6CFSMEo — cells, where no other P2Y transcripts could be
detected by either RT—PCR or Northern blotting. UTP
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rapidly stimulated the accumulation of IP; in these cells. As
expected for the human P2Y, receptor (Nicholas et al., 1996),
only UTP had an effect. No response was obtained with
HPLC-purified UDP. Furthermore, the UTP effect was
abolished in pertussis toxin-pretreated cells. We have
previously reported that in 1321N1 astrocytoma cells stably
expressing the human P2Y, receptor, the stimulation of
phospholipase C by UTP is sensitive to pertussis toxin
inhibition (Communi et al., 1996b).

The response of the IHAEo — and 6CFSMEo — cell lines to
nucleotides was lost after three passages in our laboratory.
However these cells had been passaged respectively 73 and 49
times when we received them. We have directly extracted RNA
from these cells to perform the Northern blotting and RT—
PCR experiments. Clearly, P2Y,, P2Y, and P2Y, mRNA were
still present in 1HAEo— «cells and P2Y, mRNA in
6CFSMEo— cells after a substantial number of passages.
Therefore the loss of responsiveness in our hands is likely to be
related to the retrieval from cryostorage: apparently, when the
cells are placed in culture, they initially express P2Y receptors
but on passaging they start to down-regulate this expression,
though mRNA was still detectable. Changes in receptor
expression during cell culture are not uncommon: for instance,
this has been shown for the P2Y, receptor in endothelial cells
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