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The cysteinyl leukotrienes (cys-LTs) LTC4, LTD4, and LTE4 are a class
of peptide-conjugated lipids formed from arachidonic acid and
released during activation of mast cells (MCs). We now report that
human cord-blood-derived MCs (hMCs) express the CysLT1 recep-
tor, which responds not only to inflammation-derived cys-LTs, but
also to a pyrimidinergic ligand, UDP. hMCs express both CysLT1
protein and transcript, and respond to LTC4, LTD4, and UDP with
concentration-dependent calcium fluxes, each of which is blocked
by a competitive CysLT1 receptor antagonist, MK571. Stably trans-
fected Chinese hamster ovary cells expressing the CysLT1 receptor
also exhibit MK571-sensitive calcium flux to all three agonists. Both
hMCs and CysLT1 transfectants stimulated with UDP are desensi-
tized to LTC4, but only partially to LTD4. Priming of hMCs with IL-4
for 5 days enhances their sensitivity to each agonist, but prefer-
entially lowers their threshold for activation by LTC4 and UDP ('3
log10-fold shifts in dose-response for each agonist) over LTD4 (1.3
log10-fold shift), without altering CysLT1 receptor mRNA or surface
protein expression, implying the likely induction of a second
receptor with CysLT1-like dual ligand specificity. hMCs thus express
the CysLT1 receptor, and possibly a closely related IL-4-inducible
receptor, which mediate dual activation responses to cys-LTs and
UDP, providing an apparent intersection linking the inflammatory
and neurogenic elements of bronchial asthma.

The cysteinyl leukotrienes (cys-LTs) elaborated by mast cells
(MCs) and eosinophils are established mediators of bron-

chial asthma, on the basis of the efficacy of drugs that attenuate
their biosynthesis or interfere with their receptors (1, 2). The
cellular generation of the primary cys-LT, leukotriene (LT)C4,
requires the sequential functions of 5-lipoxygenase (5-LO) (3) in
the presence of 5-lipoxygenase-activating protein (FLAP) (4),
and leukotriene C4 synthase (LTC4S) (5, 6). LTC4S conjugates
LTA4, a product of arachidonic acid metabolism by 5-LO, to
reduced glutathione, forming LTC4. LTC4 is released by a
distinct cellular export mechanism (7), and is converted sequen-
tially to LTD4 and LTE4 by extracellular g-glutamyltransferase
and dipeptidase, respectively (8, 9). LTC4, LTD4, and LTE4 then
act at specific, seven transmembrane domain, G protein-coupled
receptors to mediate bronchoconstriction, vasodilation, vascular
leakage, and leukocyte emigration (10–14). To date, two cys-LT
receptors, the CysLT1 receptor and the CysLT2 receptor, have
been cloned and characterized (15–18). CysLT1 receptor mRNA
is expressed in human spleen, peripheral blood leukocytes, and
lung, where it resides in bronchial smooth muscle cells and
alveolar macrophages (15). The gene for the CysLT1 receptor
maps to the X chromosome (15) near a region (Xq13–21)
containing candidate genes for bronchial asthma (19). When
expressed in transfected cell lines, the CysLT1 receptor binds
LTD4 with roughly 10-fold greater affinity than it binds LTC4
(EC50, 1029 versus 1028 M, respectively) (15, 16). The CysLT2
receptor, which is not blocked by currently available therapeutic
cys-LT receptor antagonists, is expressed by peripheral blood
leukocytes, lymph nodes, spleen, heart, and brain (17, 18). The
gene for the CysLT2 receptor resides on chromosome 13q14 near

the D13S153 locus, which has been linked to asthma (20). Unlike
the CysLT1 receptor, the CysLT2 receptor binds LTC4 and LTD4
equally, with an EC50 of '1028 M (17, 18) when expressed
heterologously.

Human lung MCs are present in perivascular and perineural
locations, as well as in the muscular, submucosal, and intraepi-
thelial compartments of the bronchi, where they are increased in
numbers in patients with asthma (21). When stimulated ex vivo
by cross-linkage of their high-affinity Fc receptors for IgE
(Fc«RI), dispersed human lung MCs generate cys-LTs (22).
When human MCs (hMCs), derived in vitro from cord blood, are
primed with recombinant human IL-4 (10 ngyml), they express
both the terminal biosynthetic enzyme, LTC4S, and Fc«RI,
thereby markedly up-regulating their generation of cys-LTs in
response to Fc«RI cross-linkage (23). Thus, the pivotal Th2
cytokine IL-4 regulates functions of MCs that are directly
pertinent to their effector role in allergic inflammation. Because
both the CysLT1 and CysLT2 receptors are expressed by hema-
topoietic cells with proinflammatory functions, we speculated
that hMCs might also express these receptors, and that their
expression and function might be modulated in parallel with the
biosynthetic system for the generation of cys-LTs. We therefore
examined the responses of hMCs to exogenous cys-LTs, and
studied the modulation of these responses by IL-4 priming. In the
present study, we demonstrate that hMCs express the CysLT1
receptor, which unexpectedly serves as a dual-specific receptor
for both the cys-LTs and for the pyrimidine nucleotide UDP.
Additionally, hMCs that are primed with IL-4 exhibit markedly
enhanced calcium flux to LTC4 and UDP. Notably, IL-4 priming
does not alter the levels of CysLT1 protein or RNA expression
by hMCs, suggesting the possible induction of a second, CysLT1-
like receptor on hMCs.

Materials and Methods
Culture of hMCs. hMCs were derived from cord blood mononu-
clear cells cultured in the presence of stem cell factor (SCF; 100
ngyml; Amgen Biologicals), IL-6 (50 ngyml, R & D Systems),
and IL-10 (10 ngyml, R & D Systems), as described (24). Cells
were harvested at 6–8 wk, at which time .95% stained positively
with toluidine blue. For experiments in which the effects of IL-4
were examined, the hMCs were further cultured with either SCF
alone or with SCF and IL-4 (10 ngyml, R & D Systems) for 5 days
at 37°C and 5% CO2.
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Calcium Mobilization Assays. Changes in the cytosolic concentra-
tion of free Ca21 were measured with Fura-2-loaded hMCs or
stably transfected Chinese hamster ovary (CHO) cells, at 0.5–
1 3 106 cells per sample. The cells were washed and resuspended
in Hank’s balanced salt solution (HBSS) containing 1 mM CaCl2,
1 mM MgCl2, and 0.1% BSA, and subsequently labeled with
Fura-2-AM (Molecular Probes) for 30 min at 37°C. The labeled
cells were washed and resuspended in the same buffer. In some
samples, the cells were pretreated with MK571 (Biomol, Ply-
mouth Meeting, PA) for 1 min, pertussis toxin (Sigma) for 20
min, EGTA for 15 min, or serine borate for 1 min. The changes
in intracellular Ca21 were measured by using excitation at 340
and 380 nm in a fluorescence spectrophotometer (Hitachi
F-4500) after stimulation with cys-LTs (Cayman Chemicals, Ann
Arbor, MI), UDP (Sigma), or BAY u9773 (Biomol). The relative
ratios of fluorescence emitted at 510 nm were recorded and
displayed as a reflection of intracellular concentrations of Ca21.
The agonist concentration eliciting the half-maximal ratio was
defined as the EC50 for each and was used to calculate IL-4-
induced alterations in agonist responsiveness.

Northern Blotting and Reverse Transcriptase (RT)-PCR. Total RNA
was extracted from hMCs at 6–8 wk of culture with TRI Reagent
(Molecular Research, Cincinnati), and RNA blotting was per-
formed under high stringency conditions as previously described
(23). For RT-PCR, RNA samples were primed with oligo(dT)
and reverse transcribed in accordance with the manufacturer’s
protocol in an RT kit (CLONTECH). The following primers
were designed to amplify the full-length coding sequences of the
CysLT1 receptor, the CysLT2 receptor, and the P2Y2, P2Y4, and
P2Y6 receptors, from either reverse-transcribed RNA or from
human leukocyte cDNA (CLONTECH), reading from 59 to 39:
CysLT1A (sense strand), ATGGATGAAACAGGAAATCT-
GAC; CysLT1B (antisense strand), TACTTTACATATTTCT-
TCTCCTTT; CysLT2A (sense strand), CAGCATG-
GAGAGAAAATTTATGT; CysLT2B (antisense strand),
TTATACTCTTGTTTCCTTTCTCAACC; P2Y2A (sense
strand), ATGGCAGCAGACCTGGGCC; P2Y2B (antisense
strand), CTACAGCCGAATGTCCTTAGTG; P2Y4A (sense
strand), ATGGCCAGTACAGAGTCCTCCCT; P2Y4B (anti-
sense strand), TTACAATCTATCTGCCCTAGGAGT; P2Y6A
(sense strand), GGCTTTGGAAGGCGGAGTTCA; and
P2Y6B (antisense strand), TCCATGCCCAGCTGAGCTGAA.
PCRs were performed with 5 units of Taq polymerase (Perkin-
Elmer) for 35 cycles with the following parameters: 94°C 3 1
min; 55°C 3 1 min, 72°C 3 1 min for 35 cycles of amplification
in a Perkin–Elmer Thermal Cycler. Specific primers for human
glyceraldehyde–3-phosphate dehydrogenase (CLONTECH)
were run as positive controls. The PCR products were resolved
on ethidium bromide-stained gels containing 0.5% agarosey
0.5% Synergel (Diversified Biotech). The identities of the re-
sultant PCR products were confirmed with an automated se-
quencing reaction (Dana-Farber Cancer Institute Molecular
Biology Core Facility).

Stable Transfection of CHO Cells. CHO cells stably transfected with
the long isoform of mouse CysLT1 receptor cDNA were pre-
pared as described (25). PCR-generated coding sequences of
human P2Y4 receptor (amplified from IL-4-primed hMC RNA)
and P2Y6 receptor (amplified from human leukocyte cDNA)
were subcloned into the BamHIyEcoRV or BamHIyNotI sites of
the pIRESneo expression vector (CLONTECH). One day be-
fore transfection, 2 3 105 CHO cells per 6-cm dish were seeded
in growth medium [DMEMyF-12 (Life Technologies, Gaithers-
burg, MD) and 10% FCS (Sigma), with 100 mgyml streptomycin
and 100 unitsyml penicillin (Sigma)], and were incubated at 37°C
in 5% CO2. The transfection was performed with 5 mg of DNA,
using SuperFect Transfection reagent (Qiagen, Valencia, CA),

in accordance with the manufacturer’s protocol. After 24 h, the
cells were treated with trypsinyEDTA and incubated in growth
medium for an additional 24 h, at which point the medium was
changed to include G418 (800 mgyml, Life Technologies). The
medium was then changed every 24–48 h until colonies were
visible (10–14 days), at which point they were picked and
transferred to a 24-well plate. After confluency was reached, the
cells were treated with trypsin, split, and then analyzed for the
transduced gene with Northern blotting, as described above. The
cells were expanded in G418-containing growth medium and
used for further analyses. At least three positive clones were
analyzed for each receptor. Nontransfected CHO cells were used
as negative controls for all analyses.

Flow Cytometry. Samples of 1 3 105 hMC were suspended in cold
HBSS containing 2% FBS and 0.1% human serum (FACS buffer),
and incubated on ice for 45 min with 20 mgyml of an affinity-
purified rabbit antibody raised against the peptide sequence
FPVQNINLVTQKKAR corresponding to amino acids 127–141 of
the human CysLT1 receptor. Replicate negative control samples
were incubated with an equal concentration of a rabbit IgG of
irrelevant specificity. The samples were washed in cold FACS
buffer and incubated on ice for 45 min with a FITC-conjugated
sheep anti-rabbit antibody (Jackson Immunoresearch) and then
analyzed using FACSort (Becton Dickinson) as described (24).
Results are presented as overlaid histograms.

Results and Discussion
To determine whether mature hMCs expressed functional re-
ceptors for cys-LTs, we stimulated fura-2-loaded hMCs with
exogenous LTC4 and LTD4 (1026 to 10214 M) after 5 days of
maintenance with SCF with or without priming by IL-4, and
assayed calcium flux (Fig. 1A). In hMCs maintained in SCF
alone before stimulation, both agonists elicited rapid, sustained
elevations in the levels of intracellular calcium, with 50%
maximal responses to LTD4 at doses of 1028 to 10210 M and to
LTC4 at higher concentrations (1027 to 1029 M). Priming of
hMCs for 5 days with IL-4 shifted the dose–response curves for
both agonists, with the concentration of LTD4 required to elicit
the 50% maximal signal from hMCs being enhanced by log10
1.3 6 0.4, compared with log10 3.8 6 1.9 for LTC4 (n 5 3 for
each). The IL-4 priming effect for the hMC response to LTC4
exceeded that for the response to LTD4 by at least 2 log units in
every experiment (Fig. 1 A), resulting in equal agonist effects of
LTC4 and LTD4 after priming in some experiments. Thus, all
subsequent experiments focused on the characterization of the
IL-4-up-regulated cys-LT response. At their maximally effective
concentrations, LTD4 and LTC4 elicited calcium signals of
comparable magnitude. Cell responses to LTC4 were essentially
unaffected by the presence of 50 mM serine borate, which
inhibits the extracellular conversion of LTC4 to LTD4 (n 5 2,
data not shown). The sustained phase, but not the initial phase,
of the calcium response to each agonist was completely inhibited
by the addition of the chelating agent EGTA (Fig. 1B), indicating
that this latter phase depended on extracellular calcium, whereas
the initial phase reflected mobilization of intracellular calcium
stores. Although stimulation with LTD4 at concentrations of 100
nM to 1 mM always desensitized hMCs to subsequent stimulation
with LTC4 at 1 mM, only partial desensitization to LTD4 (10
nM-1 mM) followed stimulation with 1 mM LTC4 (Fig. 1C). The
hMCs also responded to LTE4 (data not shown), which functions
as a weak partial agonist for both the CysLT1 and CysLT2
receptors (15, 18). The priming effect of IL-4, which was
markedly preferential for LTC4-mediated calcium flux, com-
bined with the lack of complete reciprocal cross-desensitization
between LTC4 and LTD4 at saturating concentrations, suggested
that the cys-LT-mediated calcium signals likely originated from
more than one receptor on IL-4-primed hMCs.
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To determine whether the profile of cys-LT receptor(s) on
IL-4-primed hMCs was compatible with the known cys-LT
receptors, pharmacologic inhibitors and agonists were used for
further characterization. The competitive antagonist MK571 (1
mM), which blocks access to the CysLT1 receptor but not to the
CysLT2 receptor (15), completely blocked the responses of
hMCs to both LTC4 and LTD4 at 1 mM to 100 nM in every
experiment, with or without IL-4 priming (Fig. 2A). hMCs
treated with 5 mM BAY-u9773, a compound that blocks the
CysLT1 receptor and acts as a desensitizing agonist at the
CysLT2 receptor (18), yielded a weak calcium signal that was

resistant to MK571 (data not shown) and partially blocked
subsequent reactivity to LTC4 but not to LTD4 (Fig. 2B). The
complete blockade of hMC responses to either LTD4 or LTC4 by
MK571, combined with the partial antagonistic effect of BAY-
u9773 on LTC4- but not on LTD4-mediated calcium flux,
indicated that the receptor(s) responsible for the IL-4-dependent
LTC4 response of hMCs did not completely fit the profile of
either the CysLT1 receptor or the CysLT2 receptor, alone or in
combination.

The unique pharmacologic profile of hMC responses to
exogenous cys-LTs prompted a search of the existing GenBank
databases for homologues of the known cys-LT receptors that
might be previously unrecognized members of this family. The
cDNA encoding the CysLT1 receptor is minimally homologous
to that encoding the CysLT2 receptor, and their respective
amino acid sequences are only 38% identical. The amino acid
sequences of both the CysLT1 and CysLT2 receptors have
24–32% identity to members of the purinergic (P2Y) receptor
family composed of G protein-coupled receptors that mediate
responses to extracellular nucleotides. Domains that are strongly
conserved between the CysLT1 receptor and the CysLT2 recep-
tor include a WXFGDXCRX motif in the first extracellular loop
(EC1) of each receptor, a hydrophobic motif (VXMXNLAXX-
DLL) in the second transmembrane domain (TM2), a position-
ally conserved XXRTXHL motif at the juxtamembrane region
of the third extracellular loop (EC3), and a YXLYVNXY motif
in the third transmembrane domain (TM3) (Fig. 3A). A search
for proteins with similarity to the CysLT1 and CysLT2 receptors
within these domains revealed particularly strong conservation
with the P2Y6 receptor, which preferentially binds UDP, in EC1,
where 8 of 10 amino acids are identical with the CysLT1
receptor. The P2Y6 receptor also exhibits homology to the
CysLT1 receptor in TM2 (9 of 12 residues), EC3 (3 of 7), and
TM3 (3 of 8), with conservative substitutions at some of the
nonidentical residues. The P2Y4 receptor, which preferentially
binds UTP, is identical to the CysLT1 receptor at 4 of 7 residues
in EC3 and also exhibits homology in EC1, TM2, and TM3 (Fig.
3A), with some conserved substitutions as well. Lesser degrees
of conservation in these domains were also found in the pub-
lished amino acid sequences of three other known human P2Y
receptors: P2Y1, P2Y2, and P2Y11 (Fig. 3A). Of the known
human P2Y receptors, only the P2Y4 receptor could be ampli-

Fig. 1. Calcium responses of hMCs to stimulation with LTD4 and LTC4, and
preferential up-regulation by IL-4 of the response to LTC4. (A) hMCs main-
tained in SCF alone (100 ngyml) or primed for 5 days with IL-4 (10 ngyml) in the
continued presence of SCF exhibit dose-dependent calcium responses to LTD4

(Upper) or LTC4 (Lower). The depicted results reflect separate experiments for
LTD4 and LTC4 performed with hMCs from different donors. Priming the hMCs
with IL-4 shifted the 50% maximal response to LTD4 (1.33 6 0.41 log-fold
increment, mean 6 SEM, n 5 3), and to LTC4 (mean, 3.83 6 1.94 log-fold
increment, n 5 3) in every experiment performed. (B) The sustained phase of
the cys-LT-induced calcium signal to each agonist was abolished by EGTA. (C)
At 1 mM concentrations, LTD4 completely desensitized the hMCs to LTC4,
whereas LTC4 partly desensitized them to LTD4. The depicted results for
IL-4-primed hMCs were replicated three times for A and C, and two and three
times for B.

Fig. 2. Effect of pharmacologic receptor inhibitors on cys-LT-mediated
calcium signals of IL-4-primed hMCs. (A) The competitive CysLT1 receptor
antagonist MK571 (1 mM) completely blocked the responses of IL-4-primed
hMCs to 1 mM LTD4 (Upper) and LTC4 (Lower). (B) BAY-u9773 (5 mM), which
blocks the CysLT1 receptor but activates and desensitizes the CysLT2 receptor,
yielded a small calcium signal in IL-4-primed hMCs that did not attenuate the
subsequent calcium response to LTD4 (Upper), but partly blocked the agonist
effect of LTC4 (Lower). The data depicted in A and B were replicated in two
additional experiments, each with hMCs of different donors.
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fied by PCR from reverse transcribed RNA from IL-4-primed
MCs using specific primers. CysLT1 receptor transcripts were
also present in these samples, but the CysLT2 receptor could not
be amplified. In contrast, both the CysLT1 and CysLT2 receptors
were amplified from RNA samples of human peripheral blood
eosinophils (data not shown). RNA blot analysis confirmed weak
steady-state expression of P2Y4 receptor mRNA by hMCs, as
well as more robust levels of CysLT1 receptor mRNA (n 5 2;
representative blot shown in Fig. 3B). Neither transcript was
up-regulated during 5 days of IL-4 priming, nor were detectable
steady-state transcripts encoding the P2Y2, P2Y6, or CysLT2
receptors induced during that period (data not shown). Flow

cytometry confirmed that cell membrane expression of the
CysLT1 receptor was not altered on hMCs by 5 days of priming
with IL-4 (Fig. 3C).

We used several strategies to determine whether hMCs might
express a previously unrecognized cys-LT receptor with addi-
tional specificity for extracellular nucleotides. The P2Y recep-
tors showing the greatest homology to the CysLT1 receptor in

Fig. 4. LTC4 and UDP share receptors on hMC. (A) Effect of IL-4 priming of
hMCs for 5 days compared with maintenance in SCF alone on dose-dependent
calcium flux in response to UDP (10211 M to 1026 M). (B) The calcium signal
induced by UDP (1 mM) is completely inhibited by MK571 (1 mM). (C) Cross-
desensitization between UDP and LTC4 was complete at 1 mM of each agonist.
In contrast, UDP did not desensitize the hMCs to LTD4, although LTD4 did
desensitize the cells to UDP. (D) Stably transfected CHO cells expressing the
human P2Y4 receptor do not respond to cys-LTs or UDP. CHO cells expressing
the long isoform of the mouse CysLT1 receptor respond to LTD4 (1029 M), LTC4

(1027 M), and UDP (1026 M, tracings shown with and without the addition of
an equimolar concentration of MK571). The depicted results were replicated
two times each for A, B, and C, with hMCs from different donors, and three
times for D.

Fig. 3. Expression of the CysLT1 and P2Y4 receptors by hMC. (A) Homology
domains in the amino acid sequences of the CysLT1 receptor, the CysLT2
receptor, and the known existing human P2Y receptors, in the first (EC1) and
third (EC3) extracellular loops, and second (TM2) and third (TM3) transmem-
brane domains. Shaded residues indicate identity to the CysLT1 receptor. (B)
RNA blot analysis detecting transcripts encoding the cys-LT and P24 receptors
in RNA extracted from 107 hMCs maintained over a 5-day period in the
presence of SCF alone (2) or with IL-4 (10 ngyml) (1). Hybridization signals
reflecting steady-state levels of mRNA encoding the CysLT1 and P2Y4 recep-
tors are displayed, whereas the CysLT2 and P2Y6 receptors were not detected
and are not shown. (C) Membrane expression of the CysLT1 receptor is not
altered by 5 days of priming with IL-4. Bold tracings indicate staining with an
anti-CysLT1 polyclonal antibody, while lighter tracings depict staining with a
rabbit IgG of irrelevant specificity. The depicted cytofluorographs are repre-
sentative of two experiments performed.
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EC1 (P2Y6) and in EC3 (P2Y4) are pyrimidinergic based on
their marked preference for nucleotides containing uracil (UDP
and UTP, respectively) over adenine (ADP and ATP) (26).
Stimulation of hMCs with 1 mM UDP yielded a strong, sustained
calcium flux, and priming with IL-4 enhanced the sensitivity of
hMCs to UDP by 3 log units in both experiments performed,
reaching the low nanomolar range (Fig. 4A). UTP and ATP at
1 mM each failed to elicit a calcium response in hMCs, although
responses to these agonists were elicited at 50 and 500 mM,
respectively (data not shown). Like the responses to LTC4 and
LTD4, the calcium signal elicited in hMCs by 1 mM UDP was not
blocked by pertussis toxin (data not shown), but was blocked by
1 mM MK571 (Fig. 4B). Stimulation with either LTC4 or LTD4
at concentrations of 100 nM to 1 mM completely desensitized the
IL-4-primed hMCs to subsequent UDP-induced calcium flux at
1 mM (Fig. 4C). Conversely, although 1 mM UDP completely
desensitized the hMCs to a subsequent calcium flux mediated by
100 nM to 1 mM LTC4, it did not desensitize the hMCs to a
subsequent LTD4-mediated calcium flux (Fig. 4C). The com-
plete cross-desensitization of the hMCs by UDP to LTC4, but not
to LTD4, indicates that LTC4 and UDP share an MK571-
sensitive receptor on hMCs, the function of which is up-regulated
by IL-4.

To determine whether the known CysLT receptors or uri-
dine nucleotide receptors could account for the observed
cross-desensitization between LTC4 and UDP on hMCs, CHO
cells were stably transfected with cDNAs encoding the human
P2Y6 and P2Y4 receptors, and the mouse CysLT1 receptor
(25). As expected, CHO cells transfected with the P2Y4
receptor responded to UTP at 1 nM to 1 mM (data not shown),
but did not respond to UDP or cys-LTs at the same concen-
tration ranges (Fig. 4D). Transfectants expressing the P2Y6
receptor responded with a calcium flux to UDP stimulation,
but did not respond to cys-LTs at 1 mM (data not shown). The
calcium flux elicited by the pyrimidinergic ligands on both the
P2Y6 and P2Y4 receptor transfectants were unaffected by
MK571. As anticipated, the mouse CysLT1 receptor transfec-
tants responded to LTC4 and LTD4 with strong calcium flux
(Fig. 4D) that was previously shown to be inhibited by MK571
(25). Unexpectedly, however, the CysLT1 receptor transfec-
tants responded strongly to UDP, with a calcium flux at 5 mM
to 1 nM that was inhibited by equimolar concentrations of
MK571 (Fig. 4D). UDP cross-desensitized the cells to 100 nM
to 1 mM LTC4 and, to a lesser extent, to LTD4 (data not
shown). Non-transfected control CHO cells did not respond to
either cys-LTs or UDP. Thus CysLT1 is a dual-specificity
receptor that is at least partly responsible for the shared
responses of hMCs to cys-LTs and UDP, particularly in the
absence of IL-4 priming. The preferential up-regulation of
responsiveness to LTC4 and UDP over LTD4 in the IL-4-
primed hMCs, which occurs without an effect on CysLT1
receptor transcript and protein levels, suggests the possibility
of a separate CysLT1-like receptor that is inducible on hMCs.

This putative receptor differs functionally from the CysLT1
receptor in its preference for LTC4, but shares the features of
dual cys-LTyUDP specificity and inhibition by MK571.

Our study identifies the CysLT1 receptor on hMCs and defines
dual-specificity for cys-LTs and UDP. Although the amino acid
residues critical for cys-LT binding to their known receptors have
not yet been identified, the critical residues for the selectivity and
binding of extracellular nucleotides in the P2Y receptor family
reside in their third, fifth, sixth, and seventh transmembrane
domains (27, 28). Interestingly, these residues are not position-
ally conserved in the CysLT1 or CysLT2 receptors. Similarly,
critical meta-binding sites for nucleotides in the P2Y1 receptor,
which preferentially binds adenine nucleotides, have been pro-
posed in the second and third extracellular loops on the basis of
molecular modeling (28); again, these residues are not conserved
in the known cys-LT receptors. The putative nucleotide-binding
pocket in all P2Y family members is f lanked by a pair of disulfide
bridges between positionally conserved cysteine residues in the
N termini and the third extracellular loop, and the first and third
extracellular loops, respectively. Although these cysteine resi-
dues are conserved in the CysLT1 receptor, the CysLT2 receptor
lacks the cysteine residues forming the second bridge. Because
the competitive antagonist MK571 interfered with calcium flux
in response to both cys-LTs and to UDP, it is likely that the
respective binding sites for the two agonists are in close prox-
imity to one another. The genes encoding the P2Y6 receptor and
the P2Y2 receptor, which also binds uridine nucleotides, are
closely linked on human chromosome 11q13 (29), a region
containing genes linked to the inheritance of asthma (30, 31).
The respective genes encoding the CysLT1 receptor and the
P2Y4 receptor, both of which are expressed by hMCs, are closely
linked on human chromosome Xq13–21, another region con-
taining candidate asthma genes (19).

Variation in the rank order of the response of different
contractile tissues to the family of cys-LTs had implied the
existence of more than one possible receptor (32). The recent
cloning of the human CysLT1 and CysLT2 receptors provided
a rationale for such tissue-based diversity and added a hema-
topoietic cell location for these receptors to the expected
smooth muscle distribution (15, 18). The homology between
the P2Y and CysLT classes of receptors has been noted
previously (18). Our study defines the CysLT1 receptor as one
with dual cys-LTyUDP specificity, and suggests that an addi-
tional cys-LTyUDP receptor (CysLT3 receptor) may be in-
duced on hMCs by IL-4. These observations implicate extra-
cellular nucleotides and cys-LTs in a convergent pathway
through which both neurogenic and immunologic mechanisms
would intersect via hMCs in the Th2 polarized inf lammatory
diseases, such as bronchial asthma.
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