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Signalling through the leukotriene B4 receptor involves both αi and α16, but
not αq or α11 G-protein subunits
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COS-7 cells transfected with the leukotriene (LT) B
%

receptor

(BLTR) cDNA were unable to produce LTB
%
-induced inositol

phosphates (IPs) in spite of the presence of endogenous Gα
i
, Gα

q

and Gα
""

proteins. Co-transfection of BLTR with Gα
"'

, however,

resulted in high levels of IP production, which were 17-, 10- and

INTRODUCTION

Leukotriene (LT) B
%
is a powerful inflammatory mediator derived

from lipoxygenation of arachidonic acid. It has been shown to be

synthesized rapidly by phagocytic cells, principally neutrophils

[1], upon challenge with a variety of stimuli. LTB
%
exerts a wide

range of biological actions, such as chemotaxis, chemokinesis,

neutrophil aggregation, degranulation and induction of cation

fluxes (reviewed in [2]). We and others have also shown that

LTB
%

modulates immune responses, including transcription of

interleukin-2 receptor-α, interleukin-6 and c-fos [2–5].

The major pathway for LTB
%

signalling has been shown to

involve Bordetella pertussis toxin (PTX)-sensitive G-protein(s)

and to lead to activation of phosphoinositide (PI)-specific phos-

pholipase C (PLC), release of inositol phosphates (IP) through

PI hydrolysis and subsequent mobilization of intracellular Ca#+

[6–9]. Although sensitivity to PTX suggests involvement of Gα
i/!

subunits in LTB
%
signalling, several G-protein-coupled receptors

for chemotactic factors (C5a, platelet-activating factor, C-C and

CXC chemokines) have also been shown to couple to PTX-

resistant α subunits of the G
q

class (Gα
q
, Gα

""
, Gα

"%
, Gα

"'
),

which can activate PLCβ isoforms [10–15]. Expression of Gα
q

and Gα
""

proteins is ubiquitous, whereas that of Gα
"%

and Gα
"'

is more restricted. Gα
"'

is detected predominantly in haemato-

poietic cells [16–19] and was reported recently in keratinocytes

[20] ; Gα
""

is expressed predominantly in spleen, lung and testis

as well as in some lineages of haematopoietic cells [17]. Recently,

Yokomizo et al. reported the cloning and sequencing of the

receptor for LTB
%

(BLTR) from HL-60 cells differentiated into

neutrophils [21]. They showed it to bind LTB
%
with high affinity

and to transduce signals leading to chemotaxis. As reported for

formyl-peptide and C5a receptors [22,23], signalling through

BLTR was found to be predominantly, but not completely,

PTX-sensitive, suggesting that G-protein subunits other than

Gα
i/!

were also involved.

In the present study, we examined the G-protein-coupled

signal transduction pathways for BLTR. To identify the G-

Abbreviations used: DMEM, Dulbecco’s modified Eagle’s medium; GPCR, G-protein-coupled receptor ; BLTR, leukotriene B4 receptor ; LT,
leukotriene ; IP, inositol phosphate ; PTX, Bordetella pertussis toxin ; PI, phosphoinositide ; PLC, phospholipase C.
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6-fold higher than with co-transfected Gα
""

, Gα
q

and Gα
"%

,

respectively. Co-transfection of BLTR with phospholipase C

(PLC) β
#
, on the other hand, resulted in efficient IP production

and co-transfection of BLTR with both Gα
"'

and PLCβ
#
resulted

in a greater than additive response.

proteins that coupled to BLTR, we used a co-transfection assay

system in mammalian cells, and monitored the response to LTB
%

through PLC activation, which leads to IP production.

MATERIALS AND METHODS

Reagents

cDNAs encoding Gα
q
, Gα

""
, Gα

"%
, Gα

"'
and PLCβ

#
were

generous gifts from Dr. M. I. Simon (California Institute of

Technology, Pasadena, CA, U.S.A.) ; the pJ3M expression vector

[24] was a generous gift from Dr. J. Chernoff (Fox Chase Cancer

Center, Philadelphia, PA, U.S.A.). Other materials and their

sources were as follows: lipofectamine and all culture media (Life

Technologies Inc., Burlington, ON, Canada) ; PTX (Sigma

Chemical Co., St.Louis, MO, U.S.A.) ; fetal bovine serum (Inter-

gen, Purchase, NY, U.S.A.) ; Pwo polymerase (Boehringer

Mannheim, Laval, QC, Canada) ; restriction endonuclease

(Promega, Madison, WI, U.S.A.) ; T4 DNA ligase (Phar-

macia Biotech Inc, Baie d’Urfe! , Quebec, Canada) ; LTB
%

(Cayman Chemical, Ann Arbor, MI, U.S.A.) ; [$H]myo-inositol

(Amersham Canada Ltd, Oakville, ON, Canada) ; perchloric acid

(VWR Canlab, Ville Mont-Royal, QC, Canada) ; FITC-

conjugated goat anti-mouse antibody (BIO}CAN Scientific,

Mississauga, ON, Canada).

BLTR cDNA cloning

The cDNA encoding human BLTR was cloned from the genomic

DNA of Raji cells by PCR using primers (forward 5«-CGGAT-

CCAACACTACATCTTCTGCAGCACCC-3«, and reverse

5«-GCGAATTCTAGTTCAGTTTAACTTGAG-3«) based on

the published sequence (GenBank accession no. D89078). The

resulting fragment was then digested with BamHI–EcoRI

restriction enzymes and subcloned into the BamHI–EcoRI sites of

the pJ3M expression vector. In this construction, the N-terminal
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initiator methionine was replaced by the peptide sequence

MEQKLISEEDLSRGSPG, resulting in a c-myc epitope-tagged

BLTR coding sequence, in frame with the c-myc epitope. This

sequence was verified by DNA sequencing (at the University of

Calgary, Alberta, Canada).

COS cell expression vectors

To achieve similar expression levels, cDNAs corresponding to

G-protein α-subunits (murine Gα
q
, Gα

""
, Gα

"%
and human Gα

"'
)

were all cloned into the cytomegalovirus vector pCIS [16,17,25].

PLCβ
#

and BLTR were expressed in the simian virus vector

pMT2 and pJ3M [22] respectively.

Cell culture and transfection

COS-7 cells were maintained in high-glucose Dulbecco’s modified

Eagle’s medium (DMEM), containing 10% fetal bovine serum.

For transfection, COS-7 cells were plated in 30 mm dishes at a

density of 2¬10& cells}dish. The following day, plasmid cDNAs

of BLTR, PLCβ
#

and}or different α subunits of the G
q

family

(0.2 µg of each cDNA, per dish) were premixed with 4 µl of

lipofectamine and added to cells, followed by an incubation of

6 h. Cells were then washed and experiments were performed

48 h after transfection. The total amount of co-transfected DNA

was kept constant in all co-transfection experiments by adding

pcDNA3 vector DNA.

IP assay

Following transfection (24 h), COS-7 cells were labelled with

[$H]myo-inositol (3 µCi}ml) in DMEM without inositol for 18 h.

In selected experiments, cells were also treated during this time

(18 h) with 100 ng}ml of PTX. Medium was then removed and

cells were incubated for 10 min with 10 mM LiCl in pre-warmed

DMEM without inositol, containing 0.1% BSA (w}v). Cells

were then treated with medium or 100 nM LTB
%
, for 30 min at

37 °C. After this incubation period, cells were lysed by addition

of perchloric acid. Total [$H]IP
"
–
'

were extracted [26] and

separated [27] on a Dowex AG1-X8 (HCOO− form) column

(Bio-Rad Laboratories, Hercules, CA, U.S.A.) and then counted

by liquid scintillation.

Assessment of the cell-surface expression of the receptor

Cell-surface expression of BLTR co-transfected with the cDNAs

of different G
q

family members in COS-7 cells was assessed by

flow cytometry and by radioligand-binding assay. Flow cyto-

metry was performed on 2.5¬10& cells using anti-c-Myc anti-

bodies (9E10 hybridoma, American Tissue Culture Collection,

Bethesda, MD, U.S.A.), which recognized the c-Myc-tagged

BLTR, followed by fluorescein isothiocyanate-conjugated goat

anti-mouse antibody. All measures were performed on a

FACScan flow cytometer (Becton-Dickinson).

Radioligand binding assay

LTB
%
binding was measured on intact cells. Cells (5¬10&) were

harvested and resuspended in a volume of 100 µl of Hepes-

Tyrode’s buffer containing 0.1% (w}v) BSA [28]. Binding re-

action was performed in a final volume of 200 µl, in the presence

of 0.25 nM [$H]LTB
%
, for 4 h at 12 °C. All points were in

duplicate. The reaction was stopped by centrifugation and cell-

associated radioactivity was measured by liquid scintillation.

RESULTS AND DISCUSSION

In the present study, we used a co-transfection system in COS-7

cells to define the capacity of BLTR to couple with the G
q

class

of G-proteins and signal through their activated Gα (α
q
, α

""
, α

"%
,

α
"'

) subunits. COS-7 cells have been widely used to define

interactions between GPCR, G-proteins and effectors, such as

PLCβ isoforms. Endogenous expression of these proteins has

also been determined. COS-7 cells contain endogenous Gα
q
and

Gα
""

, but no Gα
"%

or Gα
"'

, Gα
i#
, but no Gα

!
, Gα

i"
or Gα

i$
[29],

PLCβ
"
and PLCβ

$
, but no PLCβ

#
[12,13]. Transfection of BLTR

cDNA alone into COS-7 cells did not allow for LTB
%
-dependent

signalling, as measured by IP production. This suggested that

BLTR could not activate endogenous PLCβ
"

or PLCβ
$

by

coupling to endogenous Gα
i
, Gα

q
or Gα

""
. Even when the latter

were over-expressed, LTB
%
-induced IP production was minimal

(10³4% and 6³3% of the maximal response, with BLTR and

Gα
"'

, respectively ; Table 1). Expression of Gα
"%

with BLTR was

only associated with a modest, ligand-induced IP production

(15³5% of maximal response). In contrast, co-transfection of

BLTR and Gα
"'

cDNAs resulted in a 10-fold higher LTB
%
-

induced accumulation of IP (defined as 100% : unstimulated,

568³84 c.p.m. ; LTB
%
-stimulated, 6501³340 c.p.m. ; P! 0.001;

Table 1). As expected, these G
q
-mediated responses were not

affected by PTX pretreatment (results not shown).

Responses to LTB
%

in leucocytes are predominantly PTX-

sensitive [8,9], whereas the signal transduction pathways med-

iated by the α subunits of the G
q

class are PTX-resistant [30].

Leucocytes have abundant Gα
i
proteins (mainly Gα

i#
and some

Gα
i$
) [31,32] and PLCβ

#
[33]. Moreover, levels of expression of

Gα
i
increase during leucocyte differentiation [16]. Gα

"'
is also

predominantly expressed in haematopoietic cells, namely neutro-

phils, monocytes, lymphocytes and erythrocytes, as well as in

various haematopoietic progenitor cells [16] and in keratinocytes

[20]. Its expression decreases in human B cells when they mature

[32] and in HL-60 promyeloid cells after differentiation into

neutrophils, but not when they differentiate into monocytes

[16,19]. In contrast, human T-cells express high levels of Gα
"'

,

but low levels of Gα
i#

[34].

To test whether BLTR could couple to endogenous PTX-

sensitive G-proteins in COS-7 cells to activate PLCβ
#
, we co-

transfected COS-7 cells with cDNAs encoding BLTR and PLCβ
#
.

The latter is not normally expressed in COS-7 cells, but is the

major PLCβ isoform activated by interacting with the released

Table 1 Effects of Gq-class G-protein expression on BLTR-induced IP
accumulation

COS-7 cells were transiently co-transfected with the cDNA (0.2 µg) encoding BLTR and the

cDNA (0.2 µg) corresponding to Gαq, Gα11, Gα14, Gα16 or the pcDNA3 expression vector.

Cells were stimulated with 100 nM LTB4 for 30 min and IP were extracted as described in the

Materials and methods section. Data represent IP accumulation over basal (non-stimulated)

levels and are relative to those obtained in cells co-transfected with BLTR and Gα16 cDNAs

(defined as 100%). The results are the means³S.D. of at least 3 experiments, each done in

duplicate. Significant differences from BLTRpcDNA3 are indicated as P ! 0±05 (*) or P !
0.001 (**).

Transfection IP accumulation (%)

BLTR

pcDNA3 0.5³1.0

Gα11 5.7³4.6

Gαq 9.7³2.6

Gα14 15.0³4.6*

Gα16 100.0³0.0**
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Figure 1 Effects of PTX on PLCβ2 and Gα16-dependent IP accumulation in response to LTB4

COS-7 cells were transiently co-transfected with the cDNA (0.2 µg) encoding BLTR and the cDNA (0.2 µg) corresponding to Gα16, PLCβ2 or the pcDNA3 expression vector. Cells were incubated

for 18 h before the day of the experiment in the presence or absence of PTX (100 ng/ml), then stimulated with 100 nM LTB4 for 30 min, and IP were extracted as described in the Materials

and methods section. Data represent IP accumulation over basal (non-stimulated) levels and are relative to those obtained in cells co-transfected with BLTR and Gα16 cDNAs and pcDNA3 vector

(defined as 100%). The results are the means³S.D. of at least 3 experiments, each done in duplicate. Statistical analysis was performed using the Student’s t test.

Gβγ subunits from the PTX-sensitive G-proteins. As shown in

Figure 1, BLTR was able to couple to a PTX-sensitive G protein

to mediate a significant (P! 0.01) ligand-dependent activation

of PLCβ
#
. LTB

%
-induced IP production, in these cells, repre-

sented 37³12% of the levels measured in cells expressing Gα
"'

.

Moreover, when cells were co-transfected with the triple com-

bination of cDNAs encoding BLTR, Gα
"'

and PLCβ
#
, a

greater than additive (159³10% versus 128³8% ; P¯ 0.033)

effect was observed. In this context, pretreatment of cells with

PTX resulted in a significant (P! 0.04), but partial, reduction of

LTB
%
-induced IP production, which remained higher than that

of BLTRGα
"'

-transfected cells (Figure 1). Cell-surface ex-

pression of BLTR was not affected by co-transfection with Gα

subunits and}or PLCβ
#
, as assessed by flow cytometry. Similarly,

specific binding of LTB
%

to BLTR-transfected cells was not

affected by co-transfection with Gα subunits (results not shown).

BLTR can thus couple to and signal through endogenous

PTX-sensitive G
i
subunits. We presume that the interaction is

with G
i#

because it is the only known PTX-sensitive G-protein

expressed in COS-7 cells [29]. No PTX-sensitive Gα subunits

have been shown to activate PLCβ, whereas in a co-transfection

system, Gβγ could activate PLCβ
#,$

isoforms, but not PLCβ
",%

[15,29]. Although COS-7 cells contain endogenous PLCβ
$
, the

lack of response to LTB
%
in cells transfected with BLTR alone [or

when PLCβ
$

was overexpressed by co-transfection (data not

illustrated)] suggests that PLCβ
$
could not be activated by Gβγ

subunits of endogenous G
i#
, G

q
, G

""
or G

"%
. In smooth-muscle

cells, however, which contain G
i"

and G
!
, Gβγ subunits were

found to mediate activation of PLCβ
$
in response to somatostatin

[35].

The physiological relevance of the activation pathways medi-

ated by G
i

and G
"'

remains to be elucidated, since both Gα

subunits are found in haematopoietic cells, albeit in varying

proportions. Our data indicate that, whereas PTX-sensitive

activation of PLCβ
#
, presumably via G

i
-derived βγ subunits, can

mediate BLTR signalling in COS-7 cells, Gα
"'

mediates the most

efficient coupling between BLTR and PI turnover in these cells.

Whether Gα
"'

actually mediates LTB
%
-dependent IP accumu-

lation in cell types of haematopoietic origin remains to be

resolved. Although responses to LTB
%
are predominantly PTX-

sensitive in leucocytes [8,9], PTX-resistant effects of LTB
%

have

been reported in endothelial cells [36]. Moreover, Yokomizo et

al. [21] found Ca#+ mobilization in response to LTB
%
in BLTR-

transfected Chinese hamster ovary cells to be mostly PTX-

resistant, whereas chemotaxis was PTX-sensitive in these same

cells.

Interestingly, our data indicate that both PTX-sensitive and

PTX-resistant signalling pathways can be triggered con-

comitantly. Although it could have been expected that the added

effect due to the presence of PLCβ
#

would be PTX-sensitive,

most but not all of the additional response was prevented by

pretreatment with PTX. Those results suggest that Gβγ subunits

released from both Gα
i

and Gα
"'

, and possibly Gα
"'

sub-

units themselves, participated in PLCβ
#
activation. This may be

related to the fact that the activation sites on PLCβ isoforms by

Gα
"'

and Gβγ subunits are different (reviewed in [37,38]). Gα
"'
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can be activated by a greater variety of GPCRs than can Gα
q
,

Gα
""

or Gα
"%

[39], and our data indicate that this is also the

case for BLTRs. Other receptors for chemotactic factors, such

as formyl-Met-Leu-Phe receptor and C5aR, have also been

shown to couple quite efficiently with Gα
"'

[22,23].

Although in �i�o effects of LTB
%
may be dependent on the level

of expression of BLTR, they may also be modulated by the

differential expression levels of the signalling effectors (G
i
and

G
"'

, and PLCβ proteins) in various cell populations and with

regard to their stages of differentiation. Similarly, the differential

expression of Gβγ proteins in various cell types would also

contribute to signal transduction via BLTRs.
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