
OPEN

ORIGINAL ARTICLE

Leukotriene B4 receptor 2 gene polymorphism
(rs1950504, Asp196Gly) leads to enhanced cell
motility under low-dose ligand stimulation

Jae-Hyun Jang1,4, Jun-Dong Wei1,4, Minsup Kim2, Joo-Young Kim3, Art E Cho2 and Jae-Hong Kim1

Recently, single-nucleotide polymorphisms (SNPs) in G-protein-coupled receptors (GPCRs) have been suggested to contribute to

physiopathology and therapeutic effects. Leukotriene B4 receptor 2 (BLT2), a member of the GPCR family, plays a critical role in

the pathogenesis of several inflammatory diseases, including cancer and asthma. However, no studies on BLT2 SNP effects have

been reported to date. In this study, we demonstrate that the BLT2 SNP (rs1950504, Asp196Gly), a Gly-196 variant of BLT2

(BLT2 D196G), causes enhanced cell motility under low-dose stimulation of its ligands. In addition, we demonstrated that Akt

activation and subsequent production of reactive oxygen species (ROS), both of which act downstream of BLT2, are also

increased by BLT2 D196G in response to low-dose ligand stimulation. Furthermore, we observed that the ligand binding affinity

of BLT2 D196G was enhanced compared with that of BLT2. Through homology modeling analysis, it was predicted that BLT2

D196G loses ionic interaction with R197, potentially resulting in increased agonist-receptor interaction. To the best of our

knowledge, this report is the first to describe a SNP study on BLT2 and shows that BLT2 D196G enhances ligand sensitivity,

thereby increasing cell motility in response to low-dose ligand stimulation.
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INTRODUCTION

G-protein-coupled receptors (GPCRs) are the largest human
transmembrane receptor family and regulate various biological
functions in mammals.1 GPCRs are targets for ~ 36% of
recently marketed drugs for treating human diseases, including
neurological disorders, inflammatory diseases and cancer;2–4

however, genetic variation within GPCRs leads to variable drug
responses.5 Single-nucleotide polymorphisms (SNPs) are
genetic variations that, at the amino-acid level, can lead to
functional changes in proteins and alterations of their
responses to ligands.6,7 Given that SNPs contribute to physio-
pathology and therapeutic effects, the study of SNPs in GPCRs
is critical to the understanding of human physiology.

Leukotriene B4 (LTB4) is a potent pro-inflammatory lipid
mediator that is biosynthesized from arachidonic acid.8 LTB4
exerts its biological functions via two types of GPCRs: a high-
affinity LTB4 receptor (BLT1) and a low-affinity LTB4 receptor
(BLT2).9 Unlike BLT1, BLT2 is minimally expressed under
normal homeostatic conditions but is specifically overexpressed
under stress-induced inflammatory conditions;10–13 however,

the physiological function of BLT2 is largely unknown. Recent
reports have demonstrated that the activation of BLT2 through
ligand stimulation is associated with chemotaxis in primary
keratinocytes.14 Previously, we have observed that the LTB4-
BLT2 axis is associated with the generation of reactive oxygen
species (ROS).15 Additionally, the overexpression of BLT2
causes an LTB4-induced increase in chemotactic responses in
a ROS-dependent manner.16,17 In addition, activation of Akt by
LTB4, which phosphorylates BLT2 at Thr355, is critical for
BLT2-mediated chemotactic responses.17 Furthermore, recent
studies have indicated that the LTB4-BLT2 axis is critical for the
pathogenesis of inflammatory diseases, including asthma,13,18

carotid atherosclerosis,19,20 and cancer.12,21–25 Despite the
critical suggested role of BLT2 in various human diseases,
there have been no reports on SNP effects in BLT2.

In this study, we observed that BLT2 D196G enhanced
BLT2-mediated cell motility under low-dose ligand stimula-
tion. We demonstrated that BLT2 D196G also increased the
generation of ROS and activation of AKT (p-AKT), thus
enhancing cell motility. In addition, molecular modeling

1Department of Biotechnology, College of Life Sciences, Korea University, Seoul, Korea; 2Department of Bioinformatics, Korea University, Sejong, Korea
and 3Department of Crime-Scene DNA Section, Gwangju Institute, National Forensic Service, Gwangju, Korea

Correspondence: Professor J-H Kim, College of Life Sciences and Biotechnology, Korea University, 5-1 Anam-dong, Sungbuk-gu, Seoul 02841, Korea.
E-mail: jhongkim@korea.ac.kr

4These authors contributed equally to this work.

Received 27 December 2016; revised 17 May 2017; accepted 29 May 2017

Experimental & Molecular Medicine (2017) 49, e402; doi:10.1038/emm.2017.192
Official journal of the Korean Society for Biochemistry and Molecular Biology

www.nature.com/emm

http://dx.doi.org/10.1038/emm.2017.192
mailto:jhongkim@korea.ac.kr
http://dx.doi.org/10.1038/emm.2017.192
http://www.nature.com/emm


analysis predicted that BLT2 D196G undergoes a conforma-
tional change affecting the side chain Arg197, which is
important for the ionic interaction with BLT2 ligands, thereby
increasing ligand binding affinity. Taken together, our results
constitute the first SNP study on BLT2 and show that BLT2
D196G enhances ligand sensitivity and binding affinity, thereby
contributing to increased BLT2-mediated cell motility.

MATERIALS AND METHODS

Chemicals and plasmids
RPMI 1640 medium was purchased from Corning (Corning Inc.,
Corning, NY, USA). Phenol red-free RPMI 1640 medium was
purchased from Welgene (Gyeongsan, Korea). Fetal bovine serum
(FBS) was purchased from HyClone (Logan, UT). LTB4, 12(S)-
hydroxyheptadeca-5Z, 8E, 10E-trienoic acid (12-HHT), and 12(S)-
hydroxy-5Z, 8Z, 10E, 14Z-eicosatetraenoic acid (12(S)-HETE) were
purchased from Cayman (Ann Arbor, MI). The human BLT2
(GenBank accession no. NM_019839.1) plasmid was cloned through
PCR using a human genomic bacterial artificial chromosome (BAC)
library with minor modifications to the PCR conditions.26 The BAC
library was a kind gift from Dr Young-Chul Choi (Kyung Hee
University, Korea). The pcDNA3.1 vectors were purchased from
Invitrogen (Carlsbad, CA, USA). 2′,7′-Dichlorodihydro-fluorescein
diacetate (H2DCFDA) was purchased from Molecular Probes (Eugene,
OR, USA). Anti-Akt antibody was obtained from Cell Signaling
Technology (Danvers, MA, USA). All other chemicals were obtained
from standard sources and were of molecular biology grade or higher.

Site-directed mutagenesis
The constructs with point mutations in BLT2 D196G were obtained
by site-directed mutagenesis PCR using the following primers: forward
for D196G (5′-CTGTGGAGGGGCCGCGTA-3′) and reverse for
D196G (5′-ATACGCGGCCCCTCCACA-3′). The first PCR products
for site-directed mutagenesis were obtained using the forward primer
for BLT2 (5′-CTGGATCCCACCATGTACCCCTACGACGTGCCCG
ACTACGCCGCACCTTCTCATCGG-3′) and the reverse D196G pri-
mers. The second PCR products were obtained using the forward
D196G primers and reverse primer for BLT2 (5′-GGTGAATTCT
CAAA GGTCCCATTCCGG-3′). The final BLT2 D196G products
were constructed using PCR amplification with forward and reverse
primers for BLT2. The BLT2 D196G product was cloned into
pcDNA3.1 and was confirmed by DNA sequencing.

Cell culture and DNA transfection
CHO-K1 cells were obtained from the Korean Cell Line Bank (KCLB,
10061), and the cells were grown in RPMI 1640 medium supple-
mented with 10% FBS and antibiotic-antimycotic solution (Gibco, El
Paso, TX) at 37 °C in a 5% CO2 humidified atmosphere. Transient
transfection was performed by plating 2× 105 cells in 60-mm dishes
for 24 h and then adding Lipofectamine (4 μl; Invitrogen) and DNA
(2 μg) to each dish. The total transfected DNA quantities were
equalized in each experiment based on the pcDNA3.1 vector DNA.

Semi-quantitative reverse transcription-PCR
Total RNA was extracted from cells using EasyBlue (Intron, Sungnam,
Korea), and a portion (1.25 μg) of the RNA was subjected to reverse
transcription (RT) with M-MLV reverse transcriptase (Beams Bio,
Gyunggi, Korea) followed by semi quantitative PCR analysis with a
PCR PreMix Kit (Intron) under optimal conditions for linear

amplification of GAPDH cDNA. The primer sequences used were as
follows: human BLT2 (forward, 5′-AGCCTGGAGACTCTGACC
GCTTTCG-3′; reverse, 5′-GACGTAGCACCGGGTTGACGCTA-3′)
and GAPDH (forward, 5′-CTGCACCACCAACTGCTTAGC-3′;
reverse, 5′-CTTCACCACCTTCTTGATGTC-3′). The specificity of all
primers was confirmed by sequencing the PCR products. The final
PCR products were resolved on a 1.5% agarose gel containing
ethidium bromide and were visualized under UV light.

Flow cytometry analysis
The expression of HA-tagged BLT2 or BLT2 D196G constructs in
CHO-K1 cells was confirmed by staining the cells with antibody
against the HA epitope added to the NH2-terminus of the receptors.
The cells were fixed with phosphate-buffered saline (PBS) containing
2% (w/v) paraformaldehyde, and then were incubated on a rotating
wheel for 40 min at 4 °C, followed by blocking with PBS containing
2% BSA (Fraction V, Sigma-Aldrich, St Louis, MO, USA). Cells were
then incubated with 4 μgml−1 HA-specific antibody or 4 μgml−1

normal mouse IgG (Sigma-Aldrich) in PBS containing 2% BSA for
40 min at room temperature followed by staining with fluorescein
isothiocyanate-conjugated anti-mouse IgG (1:200 dilutions) for
30 min at room temperature in the dark. The cells were washed twice
with PBS and were analyzed with a FACSCalibur flow cytometer
(Becton Dickinson, Franklin Lakes, NJ, USA).

Chemotaxis assay
Cells were assayed using Transwell chambers with 6.5-mm-diameter
polycarbonate filters (8-μm pore size). Briefly, the lower surfaces of
the filters were coated with 1 mg ml− 1 fibronectin (Roche Applied
Science, Indianapolis, IN, USA) in serum-free RPMI 1640 medium for
2 h at 37 °C. Dry-coated filters containing various amounts of LTB4,
12-HHT, or 12(S)-HETE were placed in the lower wells of the
Transwell chambers. Next, 100 μl of CHO-BLT2 or CHO-D196G cells
in serum-free RPMI was loaded into the top wells, thus yielding a final
concentration of 1× 106 cells per ml. After incubation at 37 °C in 5%
CO2 for 3 h, the filters were disassembled, and the upper surface of
each filter was scraped free of cells through wiping with a cotton swab.
Cells that migrated to the underside of the filter were fixed for 5 min
with methanol and were stained for 3 min with eosin and hematox-
ylin. Chemotaxis was quantified by counting the cells on the lower side
of the filter under an optical microscope (magnification, × 200). Five
fields were counted in each assay. Each sample was assayed in
duplicate, and the assays were repeated three times.

Cell migration assay
Cells were seeded onto a six-well culture plate and were incubated in a
standard CO2 incubator until 80% confluency was reached, and then
wounds were generated with a 200p pipette tip. The wounded cells
were washed twice and were subsequently treated with each concen-
tration of ligand containing RPMI medium with 1% FBS. Photographs
of the cultures were obtained immediately after scratching and 24 h
later in the same position. Four fields were analyzed in each assay.
Each sample was assayed in duplicate, and the assays were repeated
three times.

Western blotting
Cells were collected and lysed with buffer (40 mM Trish-HCl, pH 8.0,
120 mM NaCl, 0.1% Nonidet-P40, 100 mM phenylmethylsulfonyl
fluoride, 1 mM sodium orthovanadate, 2 g ml− 1 leupeptin, and
2 g ml− 1 aprotinin, phosSTOP cocktail). Proteins were separated by
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SDS-polyacrylamide gel electrophoresis and were transferred to a
polyvinylidene fluoride membrane. The membrane was blocked with
5% nonfat dry milk in Tris-buffered saline and was incubated with
primary antibodies against p-AKT or AKT for 1 h at room tempera-
ture. Blots were developed with a peroxidase-conjugated secondary
antibody, and proteins were visualized by enhanced chemilumines-
cence (Amersham Biosciences, UK).

Measurement of ROS
Cells (3× 105 per plate) were plated in 60-mm dishes and incubated in
RPMI supplemented with 10% FBS for 24 h before measurement of
ROS. To measure intracellular H2O2, actively growing cells were
incubated for 20 min in the dark at 37 °C with 20 μM DCF-DA. DCF-
DA is hydrolyzed intracellularly to DCF, which is trapped inside the
cell. Although DCF-DA itself is not fluorescent, it is oxidized in the
presence of H2O2 to the highly fluorescent DCF. After being loaded
with the indicator, the cells were collected using trypsin-EDTA and
were resuspended in phenol-red free RPMI. After incubation, cells
were treated with each concentration of ligand for 15 min, and DCF
fluorescence was measured using a FACSCalibur flow cytometer. The
values represent the means± s.d. of DCF fluorescence from three
independent experiments.

Ligand-binding assay
Cells were grown to near confluence and were collected with PBS.
Cells were resuspended in buffer A (50 mM Tris-Cl, pH 7.7, 5 mM

EDTA) and homogenized in a glass homogenizer (30 s, repeated 5
times). The homogenates were first centrifuged at 1000 g for 5 min at
4 °C, and the resulting supernatants were re-centrifuged at 45 000 g for

40 min at 4 °C. The cell membrane pellet was washed in buffer A, and
each sample was adjusted to a protein concentration of 40 mgml− 1.
The samples were incubated with 5 nM [3H]-(+)-leukotriene B4
radioligand (120 Ci/mmol; American Radiolabeled Chemicals, Saint
Louis, MO, USA) and ligands (0.1 nM–1 μM) for 60 min at 37 °C. The
reaction was stopped by rapid filtration through a Whatman GF/B
glass fiber filter followed by washing with cold buffer (50 mM Tris-Cl,
pH 7.7) using a Brandel cell harvester. The filters were then immersed
in scintillation cocktail, and the radioactivity of each filter was
determined using a Hidex 300sl liquid scintillation counter. Binding
parameters were determined with Prism software (GraphPad Software,
Inc., San Diego, CA, USA) using nonlinear regression.

Molecular modeling
The three-dimensional structures of BLT2 !and BLT2 D196G were
predicted using the Prime homology modeling tool (Prime, Schrö-
dinger, LLC, New York, NY, USA, 2016), and binding poses of LTB4
were predicted using the protein-ligand docking software
SolvQMDock.27 Prime MM-GB/SA (Molecular Mechanics—General-
ized Born/Surface Area) was used to calculate the binding free energy
of bound ligand.

Data analysis and statistics
All values are expressed as the means± s.d. Statistical comparisons
between experimental groups were performed using Student’s t-test.
Values of Po0.01 were considered to be statistically significant. Values
of Po0.01, Po0.005, and Po0.001 are designated by *, **, and ***,
respectively.

RESULTS

SNP variants within the human BLT2 coding region
To study the polymorphisms of the BLT2 gene, we first
searched for SNPs within BLT2 using Ensembl. According to
the Ensembl 84 release28 from March 2016, there are 19
variants with minor allele frequencies (MAFs) 40.1% in
human BLT2 (Table 1). Moreover, there are three SNPs
occurring in a coding region with a MAF greater than 1%:
rs1950504, rs1950503 and rs150416614. Among these SNPs,
rs1950504 exhibited the greatest MAF (0.039) within the BLT2
coding region and is characterized by a single base-pair
transition (A→G) at nucleotide 196, thus resulting in a non-
synonymous amino-acid substitution of Asp196Gly (designated
as D196G; Table 1). To study the function of BLT2 SNP
(D196G), we first generated BLT2 D196G by site-directed
mutagenesis (Figure 1a), and we assessed whether BLT2 D196G
shows any altered expression levels in CHO-K1 cells. Both
semi-quantitative reverse transcription PCR (Figure 1b) and
FACS analysis (Figure 1c) revealed that the expression levels of
BLT2 were similar in cells transfected with BLT2 or BLT2
D196G, suggesting that this SNP does not affect BLT2
expression (Figure 1).

BLT2 D196G leads to enhanced migration in response to
low-dose ligands
Recent studies have demonstrated that BLT2 regulates cell
motility, including migration and chemotaxis.16 Therefore, we
first examined whether BLT2 D196G could cause any change in
chemotactic migration in response to its ligand LTB4. To this

Table 1 BLT2 gene variations in order of minor allele

frequency

Variant ID

Global MAF

(%)

Alleles

Major/minor

AA

Co-ordinate Resulting AA

rs1950504 3.8 A/G 196 D/G
rs1950503 2.5 C/A/T 219 T
rs150416614 1.6 G/A 80 R/Q
rs78449402 0.8 G/C 381 E/Q
rs138224360 0.7 C/T 161 P/S
rs115630307 0.5 C/A/T 52 A
rs151291081 0.5 G/A 10 V/M
rs77369205 0.4 C/T/A 77 A/V/E
rs199715515 0.3 G/A 251 A/T
rs148153989 0.3 A/T 380 M/L
rs375081944 0.2 G/A 78 G/S
rs201778907 0.2 A/G 147 S/G
rs146912351 0.2 T/G 3 P
rs199950899 0.2 A/G 325 D/G
rs377045409 0.2 C/G/T 358 L/V/F
rs370582090 0.1 C/T 179 A
rs145778310 0.1 A/C 324 G
rs562644365 0.1 G/A/C 252 R/Q/P
rs143666989 0.1 A/G 363 Q/R

Abbreviations: AA, amino acid; Alleles, alternative nucleotides; Global MAF,
Global minor allele frequency.
The human BLT2 SNP data were obtained from Ensembl (http://www.ensembl.org/).
In Ensembl, the Global MAF is calculated using the allele frequencies across all
1000 Genomes Phase 3 populations.
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end, we performed chemotactic migration analysis using the
Transwell assay in CHO-K1 cells transiently transfected with
the expression plasmid for BLT2 or BLT2 D196G. Previously,
the concentration of the BLT2 ligands used for chemotaxis
experiments in CHO-BLT2 cells was 100–300 nM, and low
doses, such as 10 nM, showed no significant effects in these
BLT2-expressing cells.16,26,29 Thus, we defined the 10 nM
concentration as the low-dose ligand condition. As shown in
Figure 2a, the BLT2 ligand LTB4-enhanced chemotaxis in cells
expressing BLT2 D196G compared with cells expressing wild-
type BLT2 under low-dose conditions. Similar enhanced
chemotactic effects were observed for BLT2 D196G in response
to other types of BLT2 ligands, including 12-HHT or 12(S)-
HETE, under low-dose conditions (Figures 2b and c). To
further analyze the enhanced motility mediated by BLT2
D196G, we examined whether BLT2 D196G enhanced wound
migration under low-dose ligand concentrations. Clearly, cells

transfected with BLT2 D196G elicited significantly increased
motility under low-dose ligand conditions (Figure 3). Thus,
our results suggest that BLT2 D196G enhances cell motility
under low-dose ligand conditions.

BLT2 D196G leads to enhanced ROS generation and AKT
phosphorylation under low-dose ligand conditions
Recent studies have demonstrated that the activation of BLT2
induces the generation of intracellular ROS which, in turn,
plays a critical role in cell motility.15,16,26 Therefore, we
determined whether BLT2 D196G leads to enhanced ROS
generation. Enhanced LTB4-elicited ROS generation was
clearly observed in cells transfected with BLT2 D196G
(Figures 4a and b) under low-dose ligand conditions. Similarly,
we observed enhanced effects in BLT2 D196G in response to
12-HHT or 12(S)-HETE stimulation (Figures 4c and d). We
have previously reported that BLT2-mediated ROS generation
and chemotactic motility are regulated by AKT
phosphorylation.16,17,26 Therefore, we next assessed whether
BLT2 D196G leads to enhanced AKT phosphorylation. As
shown in Figure 5a, AKT phosphorylation was significantly
enhanced (approximately twofold increase) in cells expressing
BLT2 D196G and treated with low-dose LTB4 or 12-HHT
stimulation (Figure 5b) compared with BLT2-transfected cells.
Together, these results suggest that BLT2 D196G causes
enhanced ROS generation and Akt activation, thereby increas-
ing cell migration under low-dose ligand conditions.

BLT2 D196G leads to enhanced ligand binding affinity under
low-dose ligand conditions
To understand the mechanism by which BLT2 D196G exhibits
hypersensitivity to low doses of its ligands, we tested whether
BLT2 D196G exhibits higher ligand-binding affinity than
BLT2, especially under low-dose ligand conditions. By measur-
ing the ability of BLT2 ligands to compete for 3H-LTB4 binding
to the membranes of cells expressing BLT2 or BLT2 D196G, we
clearly observed that membranes with BLT2 D196G exhibited
significantly enhanced binding affinity to LTB4 at low doses
(Figure 6a). Similarly, membranes with BLT2 D196G exhibited
similar enhanced binding affinity to 12-HHT and 12(S)-HETE
at low doses (Figures 6b and c). Taken together, these data
indicate that BLT2 D196G leads to enhanced ligand binding
affinities, especially under low-dose ligand conditions.

Structural molecular modeling study of BLT2 with its ligand
To understand the molecular mechanism of how BLT2 D196G
exhibits enhanced ligand binding affinity under low-dose
conditions, we performed molecular modeling analysis for this
SNP. Using homology modeling methods, we compared the
three-dimensional structures of BLT2 and BLT2 D196G and
predicted the binding poses of LTB4 for each structure using
docking simulations. In the predicted binding pose, LTB4
forms ionic bonds with H203 and R197 located within
extracellular loop 2 (ECL2) in BLT2 or BLT2 D196G
(Figures 7a and b). R197 in BLT2 forms another ionic bond
with D196, thus limiting the favorable binding to LTB4;

Figure 1 Snake plot of BLT2 D196G and its expression in CHO-K1
cells. (a) Topology model of BLT2 D196 in which the second
extracellular loop was replaced by Gly-196. The amino-acid
residues were exchanged for glycine by site-directed mutagenesis.
(b) CHO-K1 cells were transiently transfected with BLT2, BLT2
D196G or control vector. Twenty-four hours after transfection, total
RNA was isolated and subjected to semiquantitative reverse
transcription PCR (RT-PCR) analysis of BLT2 mRNAs. Data are
representative of three independent experiments with similar
results. (c) CHO-K1 cells were transiently transfected with BLT2,
BLT2 D196G or control vector. Twenty-four hours after transfection,
cells were stained with primary anti-HA antibodies against human
BLT2 and were analyzed by flow cytometry on a FACS Calibur
instrument. The data are represented as means± s.d.; n=3
independent experiments. ns: not significant according to Student’s
t-test.
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Figure 2 BLT2 D196G leads to enhanced chemotactic motility under low-dose ligand stimulation. (a–c) CHO-K1 cells were transiently
transfected with BLT2 or BLT2 D196G. Forty-eight hours after transfection, the transfected cells were exposed to each concentration of
LTB4 (a), 12-HHT (b) or 12(S)-HETE (c) for 2 h. The migrating cells were then fixed and stained with hematoxylin and eosin. Migratory
activity is expressed as a fold-change relative to 0 nM of each ligand, and the data are represented as means± s.d.; n=3 independent
experiments. *Po0.01 and **Po0.005 according to Student’s t-test. The t-test was performed to determine whether the difference was
significant between BLT2 and BLT2 D196G with a ligand concentration of 10 nM.

Figure 3 BLT2 D196G leads to enhanced migration under low-dose ligand stimulation. (a–d) CHO-K1 cells were seeded onto 6-well
culture plates and then were transiently transfected with BLT2 or BLT2 D196G. Cells were then incubated in a standard CO2 incubator to
80% confluency, and then wounds were generated with a 200p pipette tip. (a) The wounded cells were washed twice and then were
treated with 10 nM of the indicated ligand-containing RPMI medium with 1% FBS. Photographs of the cultures were obtained immediately
after scratching and at 24 h later in the same position. (b–d) The dose dependence of migration was determined after treatment with the
indicated ligands, as described above. The results are expressed as a fold-change relative to 0 nM of each ligand, and the data are
represented as means± s.d.; n=3 independent experiments. *Po0.01 and **Po0.005 according to Student’s t-test. The t-test was
performed to determine whether the difference was significant between BLT2 and BLT2 D196G with a ligand concentration of 10 nM.
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however, R197 in BLT2 D196G does not maintain the ionic
bond with G196, thereby affording more energetically favorable
and stronger ionic bonding with its ligand LTB4. Indeed, our
modeling analysis demonstrated that LTB4 exhibited more
favorable binding free energy with BLT2 D196G, and the
difference in predicted binding free energy (ΔΔG) was
− 3.61 kcalmol−1.

DISCUSSION

In the present study, we observed that BLT2 D196G leads to
enhanced chemotactic motility under low-dose ligand condi-
tions. We also demonstrated that BLT2 D196G increased the
generation of ROS and activation of AKT (p-AKT), thereby
enhancing cell motility under low-dose ligand stimulation. In
addition, we demonstrated that ligand binding affinity was
enhanced in BLT2 D196G-transfected cells using a 3H-LTB4
radioligand binding assay. Finally, we found that D196G

improves the conformational freedom of BLT2 Arg197, thus
facilitating important ionic interactions with ligands.

BLT2 is a low-affinity GPCR for LTB4, which is a lipid
metabolite of arachidonic acid derived via the 5-lipoxygenase-
dependent pathway. In most GPCRs, genetic variation within
GPCRs leads to their cellular signaling transduction, pheno-
types, and variable drug responses.5,30–32 To date, numerous
non-synonymous genetic variations have been identified in
humans. SNPs can be assigned a MAF, which is the less
common allele frequency at a locus that is observed in a
population. To study the genetic variation of BLT2, we first
searched for SNP sites in BLT2 and found that the BLT2 SNP
(rs1950504, D196G) exhibits a MAF of 0.039 (Table 1).
Previously, we have demonstrated that BLT2 regulates cell
motility.16,17 Thus, we examined whether BLT2 D196G affects
BLT2-mediated cell motility. For these experiments, we pre-
pared a mutant with glycine substituted for Asp-196. In
agreement with the proposed role of BLT2 in cell motility,

Figure 4 BLT2 D196G leads to enhanced BLT2-mediated ROS generation under low-dose ligand stimulation. (a–d) CHO-K1 cells were
transiently transfected with BLT2 or BLT2 D196G. (a) Twenty-four hours after transfection, the transfected cells were stabilized in serum-
reduced phenol red-free RPMI 1640 medium for at least 3 h before exposure to the indicated concentration of LTB4. Cells were treated
with LTB4 for 15 min. Next, DCF fluorescence was monitored by flow cytometry as described in the Materials and Methods section.
(b–d) Cells were treated with the indicated ligands for 15 min and then were assayed for ROS generation as described above. DCF
fluorescence is expressed as the fold change relative to 0 nM of each ligand, and the data are presented as means± s.d.; n=3
independent experiments. *Po0.01 according to Student’s t-test. The t-test was performed to determine whether the difference was
significant between BLT2 and BLT2 D196G with a ligand concentration of 10 nM.
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our data indicated that BLT2 D196G increased BLT2-mediated
motility after stimulation with various ligands, especially under
low-dose conditions (Figures 2 and 3). Recent reports have
suggested that BLT2 plays an important role in numerous
inflammatory diseases, such as asthma and cancer.12,13,22–24

Thus, we hypothesized that populations with the BLT2 D196G
SNP may be hypersensitive to variable diseases in which BLT2
signaling is involved. Future studies are clearly necessary to
identify the function of BLT2 SNPs in human diseases.

Pharmacogenetics studies have investigated the correlation
between genetic differences of GPCRs and their responses to

ligands.33–38 In many cases, Gly substitution has been identified
in GPCR variants, and its effect on cellular signaling and its
role in physiology and disease have been described. For
example, the β1-adrenergic receptor SNP Arg389Gly decreases
hyperfunctionality, and patients with the R389G variant exhibit
decreased efficacy of β-blockers.39 In addition, the dopamine
D3 receptor SNP Ser9Gly exhibits 4-fold enhanced ligand-
binding affinity,7 inducing increased responses to the dopami-
nergic pathway.40 Similarly, in this study, we found that BLT2
D196G was more sensitive to its ligand under low-dose
conditions. Furthermore, we observed that BLT2 D196G

Figure 5 BLT2 D196G leads to enhanced AKT phosphorylation under low-dose ligand stimulation. (a, b) CHO-K1 cells were transiently
transfected with BLT2, BLT2 D196G or control vector. (a) Twenty-four hours after transfection, the transfected cells were exposed to each
concentration of LTB4 for 2 min, and then the cell lysates were assayed for the level of Akt phosphorylation by immunoblotting as
described in the Materials and Methods section. Data analysis was performed with the ImageJ program, and the data are presented as
means± s.d.; n=3 independent experiments. ***Po0.001 according to Student’s t-test. The t-test was performed to determine whether
the difference was significant between BLT2 and BLT2 D196G with a ligand concentration of 10 nM. (b) Cells were treated with the
indicated concentrations of 12-HHT for 2 min. Next, cell lysates were analyzed for Akt phosphorylation by immunoblotting as
described above.

Figure 6 BLT2 D196G leads to enhanced ligand binding affinity. (a–c) Binding affinities of each ligand for BLT2 were measured as
described in the Materials and Methods section. Binding parameters were determined with Prism software, and data are presented as
means± s.d.; n=3 independent experiments. *Po0.01 and **Po0.005 according to Student’s t-test. The t-test was performed to
determine whether the difference was significant between BLT2 and BLT2 D196G with a ligand concentration of 10 nM.
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increased BLT2-mediated ROS generation and AKT activation
under low-dose ligand stimulation (Figures 4 and 5). There-
fore, we believe that BLT2 D196G is a Gly substitution
observed in various GPCRs, and this SNP exhibits enhanced
binding affinity to its ligands under low-dose stimulation.

The extracellular loop (ECLs) of GPCR can bind directly to
docked ligands. Thus, ECLs of GPCRs permit or facilitate
ligand entry into the transmembrane bundle, hold ligands
within the transmembrane domain, direct ligands toward their
binding site, change the shape of the binding pocket or directly
bind orthosteric or allosteric ligands.41 Of the three ECLs,
ECL2 is the largest and most structurally diverse. ECL2 is
crucial for ligand recognition, control of ligand entry into the
binding pocket, receptor subtype selectivity and receptor-
binding kinetics.42 Indeed, 196 Asp is within the ECL2 of
BLT2 and, in our ligand binding affinity study, we found that
BLT2 D196G showed high ligand-binding affinity (Figure 6).
We further predicted the detailed mechanism by which BLT2
D196G increases ligand affinity using a homology modeling
assay. As shown in Figure 7, D196 was predicted to form ionic
interactions with R197 to stabilize R197. However, in BLT2
D196G, R197 would undergo a conformational change because
of the absence of the interaction with residue 196 and forms a
closer and stronger ionic interaction with LTB4 (Figure 7).
Consistent with this prediction, our modeling analysis demon-
strated that LTB4 exhibits more favorable binding free energy
in BLT2 D196G than BLT2, and the difference in predicted
binding free energy (ΔΔG) was − 3.61 kcal mol− 1. We
hypothesize that this small and subtle free energy change is
probably sufficient to trigger enhanced binding affinity under
low-dose ligand conditions but is not sufficient to cause

hyperaffinity when the doses of the ligands are above certain
levels. Clearly, further analysis is necessary to understand fully
the detailed mechanism of this SNP in terms of its effects on
ligand binding or activation. On the basis of these results, we
propose a model that describes the mechanism of the BLT2
D196G SNP (Figure 7c). In this model, BLT2 D196G SNP
possesses enhanced ligand binding affinity, thus leading to
hypersensitivity to its ligand (Figure 7c). Similar to our
observations, recent studies have reported that ECL2 of GPCR
plays a critical role in receptor activation and ligand efficacy.43

In addition, a recent report has shown that the aspartic acid in
ECL2 of α1B adrenoceptor is important in the regulation of
agonist binding.44

In conclusion, to the best of our knowledge, this report is the
first to define the role of the BLT2 D196G SNP (rs1950504).
We demonstrated that the BLT2 D196G SNP is hypersensitive
to its ligand, thereby leading to enhanced BLT2-mediated cell
motility under low-dose ligand conditions. Although further
studies are needed to investigate the exact role of the BLT2 SNP
in human physiopathology, we believe that this variant is likely
to present a genetic basis for inter-individual differences in
disease susceptibility and may inform the development of
effective therapies for targeting BLT2.
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