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RanBPM Protein Acts as a Negative Regulator of BLT2
Receptor to Attenuate BLT2-mediated Cell Motility™
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Background: The regulatory mechanism of BLT?2 is largely unknown.

Results: RanBPM interacts with BLT2 and inhibits BLT2-induced ROS generation and chemotaxis.

Conclusion: Our findings suggest that RanBPM acts as a negative regulator of BLT2.

Significance: Identification of regulators would provide better understanding of BLT2 signaling and potentially various BLT2-

associated inflammatory pathogenesis.

BLT?2, a low affinity receptor for leukotriene B, (LTB,), is a
member of the G protein-coupled receptor family and is in-
volved in many signal transduction pathways associated with
various cellular phenotypes, including chemotactic motility.
However, the regulatory mechanism for BLT2 has not yet been
demonstrated. To understand the regulatory mechanism of
BLT2, we screened and identified the proteins that bind to
BLT?2. Using a yeast two-hybrid assay with the BLT2 C-terminal
domain as bait, we found that RanBPM, a previously proposed
scaffold protein, interacts with BLT2. We demonstrated the
specific interaction between BLT2 and RanBPM by GST pull-
down assay and co-immunoprecipitation assay. To elucidate the
biological function of the RanBPM-BLT?2 interaction, we evalu-
ated the effects of RanBPM overexpression or knockdown. We
found that BLT2-mediated motility was severely attenuated by
RanBPM overexpression and that knockdown of endogenous
RanBPM by shRNA strongly promoted BLT2-mediated motil-
ity, suggesting a negative regulatory function of RanBPM
toward BLT2. Furthermore, we observed that the addition of
BLT?2 ligands caused the dissociation of BLT2 and RanBPM,
thus releasing the negative regulatory effect of RanBPM. Finally,
we propose that Akt-induced BLT2 phosphorylation at residue
Thr®>°, which occurs after the addition of BLT2 ligands, is a
potential mechanism by which BLT2 dissociates from RanBPM,
resulting in stimulation of BLT2 signaling. Taken together, our
results suggest that RanBPM acts as a negative regulator of
BLT2 signaling to attenuate BLT2-mediated cell motility.
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G protein-coupled receptors (GPCRs)? are the largest family
of cell surface receptors. They regulate various biological func-
tions in mammals and are targets of therapeutic drugs (1, 2).
Ligand-induced activation of GPCRs mediates cellular re-
sponses, and signal transduction through GPCRs is tightly cou-
pled to heterotrimeric G proteins (2). In addition to G pro-
teins, a variety of proteins named GPCR-interacting proteins
(GIPs) have been identified that bind directly to GPCRs (3).
Most GIP proteins act as adaptor or scaffolding proteins and
are involved in various functions, such as modulating GPCR
signaling, directing GPCR trafficking, regulating localiza-
tion, and influencing GPCR pharmacology (4, 5). As impor-
tant modulators of GPCRs in cellular physiology, the role of
GPCR-GIP interactions has been observed in many GPCR
regulatory mechanisms.

BLT2 is a member of the GPCR family and is a low affinity
receptor for leukotriene B, (LTB,), which is a lipid metabolite
of arachidonic acid derived via the 5-lipoxygenase-dependent
pathway. BLT?2 is widely expressed in various tissues; however,
its physiological function has not yet been identified (6, 7).
Recent studies have demonstrated that activation of BLT2 by
ligand stimulation is associated with chemotaxis in primary
keratinocytes (8). Previously, we observed that the LTB,-BLT2
cascade is associated with the generation of reactive oxygen
species (ROS) (9-12). Overexpression of BLT2 caused an
LTB,-induced increase in chemotactic responses in an ROS-
dependent manner (10). Recent studies have suggested that
LTB, and its receptor BLT2 play a role in the pathogenesis of
several inflammatory diseases and also critically regulate tumor
progression by promoting cell proliferation, survival, migra-
tion, and metastasis (13—17). For example, LTB,-related in-
flammatory signaling has been shown to stimulate cell prolifer-
ation by activating extracellular signal-regulated kinase (ERK)

2 The abbreviations used are: GPCR, G protein-coupled receptor; GIP, GPCR-
interacting protein; BLT, leukotriene B, receptor; LTB,, leukotriene B,;
12HHT, 12(S)-hydroxyheptadeca-5Z, 8E, 10E-trienoic acid; ROS, reactive
oxygen species; DCF, dichlorofluorescein; PHK, primary human keratino-
cyte; AD, activation domain; BD, binding domain; SD, synthetic defined; CT,
C-terminal domain; DMSO, dimethyl sulfoxide; SPRY, repeats in splA and
RyR; LISH, Lis1-homologous; CTLH, C-terminal to LisH; CRA, CT11-RanBPM.
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in several types of cancer cells, such as colon and pancreatic
cancer celllines (18, 19). In addition, elevated levels of LTB, and
BLT2 have been observed in pancreatic, colon, and ovarian
tumors; neuroblastoma; and many other tumor types (13, 14,
20). Although these various functions of BLT2 have been dem-
onstrated, the regulatory mechanism of BLT2 remains
unknown. To identify the proteins that modulate BLT2, we
performed a yeast two-hybrid screen in a human thymus cDNA
library using the BLT2 C terminus as bait to identify BLT2-
interacting proteins.

In this study, we found that RanBPM, a member of the Ran-
GTPase-binding protein family, interacts with BLT2. We dem-
onstrate the specific interaction between RanBPM and BLT2 by
in vitro GST pulldown assay and in vivo co-immunoprecipita-
tion studies. We also demonstrate that the C-terminal region of
BLT2 was responsible for binding to RanBPM and that the
BLT2-binding region of RanBPM is a SPRY domain. We show
that RanBPM overexpression attenuates BLT2-meditated ROS
generation and motility. In addition, knockdown of endoge-
nous RanBPM by shRNA strongly promoted BLT2-mediated
ROS generation and motility. Finally, we show that Akt-in-
duced BLT2 phosphorylation at residue Thr?*® following treat-
ment with BLT2 ligands causes the dissociation of BLT2 and
RanBPM. These findings indicate a potential mechanism by
which BLT?2 is dissociated from RanBPM. Taken together, our
results suggest that RanBPM acts as a negative regulator of
BLT2 signaling in cell motility.

EXPERIMENTAL PROCEDURES

Chemicals and Plasmids—Triton X-100 was obtained from
Sigma-Aldrich. 2',7’-Dichlorodihydrofluorescein diacetate
was purchased from Molecular Probes (Eugene, OR). LTB,,
12(S)-hydroxyheptadeca-5Z, 8E, 10E-trienoic acid (12HHT),
and CAY10583 were purchased from Cayman Chemical (Ann
Arbor, MI). LY294002 was purchased from Sigma-Aldrich.
Fetal bovine serum (FBS), RPMI 1640 medium, and phenol red-
free RPMI 1640 medium were purchased from Invitrogen. Dul-
becco’s modified Eagle’s medium (DMEM) was from obtained
from Life Technologies, Inc. All other chemicals were obtained
from standard sources and were of molecular biology grade or
higher. The human BLT2 (GenBank™ accession number
NM_019839.1) plasmid was cloned by PCR using a human
genomic bacterial artificial chromosome library, as described
previously for other chemoattractant receptors, with minor
modifications to the PCR conditions (21). The bacterial artifi-
cial chromosome library was a kind gift from Dr. Young-Chul
Choi (Kyung Hee University, Seoul, Korea). The epitope-tagged
wild-type BLT2 and C-terminal domain-deleted BLT2 mutant
(AC) were obtained using the following primers: forward
primer for HA-BLT2 5'-CTGGATCCCACCATGTACCCCT-
ACGACGTGCCCGACTACGCCGCACCTTCTCATCGG-3'
and reverse primer for HA-BLT2 5'-GGTGAATTCTCAAAG-
GTCCCATTCCGG-3'; forward primer for c-Myc-BLT2 5'-
CGGGATCCCACCATGGAACAAAAACTCATCTCAG-
AAGAGGATCTGGCACCTTCTCATCGG-3' and reverse
primer for c-Myc-BLT2 5'-GGTGAATTCTCAAAGGTCCC-
ATTCCGG-3'; forward primer for AC mutant 5'-CTGGATC-
CCACCATGTACCCCTACGACGTGCCCGACTACGCCG-
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CACCTTCTCATCGG-3" and reverse primer for AC mutant
5'-GGTGAATTCTCATCCAGCGGTGAAGACGTAG-3'.
The pcDNA3.1 and pET22b vectors were purchased from
Invitrogen and Novagen, respectively. The 3XFLAG vector and
the plasmids containing the coding region of the full-length
(FL), amino acids 1-333 (N3), or amino acids 207-492 (I) of
RanBPM were kindly provided by Dr. Shim Sang-Ohk (Yale
University School of Medicine, New Haven, CT). The deletion
mutant C1, expressing amino acids 334 -729, was generated by
restriction digestion followed by filling with Pfu polymerase
and religating in the p3XFLAG-CMV7.1 vector. The plasmid
pSilencer-shRanBPM was kindly provided by Dr. Dane Winner
(University of Florida, Gainesville, FL).

Cell Culture and DNA Transfection—HEK 293T and the
immortalized human keratinocyte HaCaT cells were cultured
in DMEM supplemented with 10% FBS and antibiotic-antimy-
cotic solution (Life Technologies, Inc.) at 37 °C in a 5% CO,
humidified atmosphere. CHO-K1 cells were obtained from the
Korean Cell Line Bank (KCLB, 10061), and the cells were grown
in RPMI 1640 medium supplemented with 10% FBS, penicillin
(50 units/ml), and streptomycin (50 pg/ml) at 37 °Cina 5% CO,
humidified atmosphere. The primary human keratinocyte
(PHK) cells were obtained from Invitrogen and cultured in
EpiLife® medium (Invitrogen) supplemented with human kera-
tinocyte growth supplement (Invitrogen) at 37 °C in a 5% CO,,
humidified atmosphere. Transient transfection was performed
by plating 2 X 10° cells in 60-mm dishes for 24 h and then
adding Lipofectamine (4 ul) (Invitrogen) and DNA (2 ug) to
each dish. For the immunoprecipitation assays, 5 ug of DNA
was used to transfect 2 X 10° cells in 100-mm dishes. The total
transfected DNA quantities were equalized in each experiment
with the pcDNA3.1 vector DNA and 3XFLAG vector DNA. In
the shRNA knockdown system, 2 ug of each pSilencer vector
and shRNA was used to transfect 2 X 10° cells in 60-mm dishes
for 24 h.

Semiquantitative RT-PCR for RanBPM—RanBPM, and glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH) transcripts
were amplified using a PCR PreMix kit (Intron Biotechnology,
Seongnam, Korea). The primers for human RanBPM were 5'-
GGTGATGTCATTGGCTGTTG-3’ (forward) and 5'-AATT-
TGGCGGTAGGTCAGTG-3' (reverse). The PCR protocol for
human RanBPM involved 31 cycles of denaturation at 94 °C for
30 s, annealing at 60 °C for 30 s, and elongation at 72 °C for 30 s.
These cycles were followed by an extension at 72 °C for 10 min.
The amplified PCR products were subjected to electrophoresis
on 1.5% agarose gels, and the bands were visualized by ethidium
bromide staining and photographed with a Gel Doc system
(Bio-Rad). The specificity of all primers was confirmed by
sequencing of the PCR products. The RNA extraction products
were tested in control reverse transcription reactions and found
to be free of DNA contamination.

Yeast Two-hybrid Screen—Yeast two-hybrid screening with
the GAL4 DNA-binding domain (BD)-fused C-terminal do-
main of BLT2 (amino acids 325-389) was performed with the
human thymus cDNA activation domain (AD) library. Yeast
strain PBN204 (Panbionet Inc., Pohang, Korea) was co-trans-
formed using the polyethylene glycol-lithium acetate method
with the following two hybrid plasmids: (i) the bait plasmid
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pBCT-BLT2 that encodes a GAL4 DNA BD-fused BLT2 C-ter-
minal domain ¢cDNA and the HIS3 marker gene and (ii) the
pACT?2 plasmid that encodes the human thymus cDNA fused
to GAL4 AD and the TRP1 marker gene. In our screening, three
reporter genes, URA3, ADE2, and lacZ, each under the control
of different GAL4-binding sites, were used to minimize false
positives (as shown in Fig. 1). First, the transformants were
spread on selective medium lacking leucine, tryptophan, and
uracil but containing 2% glucose (SD-LWU). On this medium,
the transformants grow when the BD-BLT?2 interacts with the
AD prey proteins. The independent colonies grew on the selec-
tive SD-LWU medium. Second, the positive colonies grew on
selective medium lacking leucine, tryptophan, and adenine but
containing 2% glucose (SD-LWA). Third, the positive colonies
were blue in response to X-gal (5-bromo-4-chloro-3-indolyl-g-
D-galactopyranoside), which was confirmed by a filter assay to
detect B-galactosidase expression (see Fig. 1).

GST Pulldown Assay—Interactions between the BLT2 C-ter-
minal region (expressing amino acids 312-389) and each
domain of RanBPM (FL, N3, [, and C1) were assessed by GST
pulldown assay. Briefly, GST or GST fusion proteins were
expressed in BL21 cells and purified using glutathione-Sephar-
ose™ beads (Amersham Biosciences) in binding buffer (100
mM NaCl, 50 mm Tris-HCl, pH 7.5, 1 mm dithiothreitol, 2
pg/ml leupeptin, 2 ug/ml aprotinin, and 100 wg/ml phenyl-
methylsulfonyl fluoride). After 1 h at 4 °C, equal amounts of
GST or GST fusion proteins were resuspended in reaction
buffer (200 mm NaCl, 50 mm HEPES, pH 7.5, 1 mm MgCl,, and
0.2% Triton X-100) containing 0.2 mg/ml bovine serum albu-
min (BSA) (Fraction V, Sigma-Aldrich) and incubated for 2 h at
4 °C. Then, 1 mg of 3XFLAG-RanBPM and each mutant-trans-
fected cell lysate was added to each mixture followed by rota-
tion at room temperature for 1 h, centrifugation, and three
washes. The beads were boiled in sodium dodecyl sulfate (SDS)
sample buffer to elute the bound proteins, which were resolved
by 10% SDS-polyacrylamide gel electrophoresis (PAGE) fol-
lowed by Western blot analysis.

In Vivo Co-immunoprecipitation—The in vivo co-immu-
noprecipitation assay was performed as described (22).
pcDNA3.1-HA-BLT2 or pcDNA3.1-HA-BLT2 and 3XFLAG-
RanBPM were transfected into HEK 293T cells. After 24 h, the
cells were washed with ice-cold phosphate-buffered saline
(PBS) and lysed with 0.5 ml of lysis buffer. The lysate was trans-
ferred to a 1.7-ml microcentrifuge tube and incubated on a
rotating wheel for 1 h. Insoluble material was removed by cen-
trifugation at 10,000 X g for 10 min, and the supernatant was
precleared with protein G-agarose beads on a rotating wheel for
2 h. The precleared cell lysate was incubated with 4 ug of high
affinity monoclonal anti-HA antibody (clone 12CA5, Roche
Applied Science) for 2 h and incubated with protein G-agarose
beads overnight to immunoprecipitate the epitope-tagged
BLT2. The samples were washed twice with lysis buffer and
twice with ice-cold PBS. Unless otherwise stated, all procedures
were performed at 4 °C. SDS sample buffer (20 ul) was added to
the pellet, which was then heated to 95 °C for 10 min. The
proteins were separated by 10% SDS-PAGE and analyzed by
immunoblotting.
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Immunofluorescence Confocal Microscopy—HEK 293T cells
that were transiently transfected with c-Myc-BLT2 and
3XFLAG-RanBPM were grown on coverslips, washed three
times with ice-cold PBS, and then fixed with 2% paraformalde-
hyde for 20 min at room temperature. The cells were rinsed
three times with ice-cold PBS and permeabilized with 0.1% Tri-
ton X-100 for 5 min. The cells were then washed two times with
PBS containing 2% BSA (PBA) and incubated with either anti-
c-Myc antibody (1:100 dilution, Santa Cruz Biotechnology) or
anti-FLAG M2 antibody (1:100 dilution, Sigma-Aldrich) in 2%
PBA for 40 min at room temperature followed by staining with
fluorescein isothiocyanate-conjugated secondary anti-rabbit
IgG (1:200 dilution, Molecular Probes) or tetramethylrhod-
amine isothiocyanate-conjugated secondary anti-mouse IgG
antibody (1:200 dilution, Molecular Probes) for 30 min at room
temperature. The integrity of the nuclei was confirmed by
DAPI (Sigma-Aldrich) staining. The cells were washed twice
with ice-cold PBS and imaged with a confocal laser-scanning
microscope (510META, Carl Zeiss, Oberkochen, Germany)
with X630 oil immersion objective. Co-localization was quan-
titated using MetaMorph software version 6.0 (Molecular
Devices). Additionally, co-localization of endogenous BLT2
and RanBPM was detected using anti-BLT2 antibody (1:50
dilution, Cayman Chemical) and anti-RanBPM antibody (1:100
dilution, Santa Cruz Biotechnology) in HaCaT cells.

Measurement of ROS—Intracellular H,O, was measured as a
function of dichlorodihydrofluorescein (DCF) fluorescence
using the procedure described previously (9). Briefly, 2 X 10°
CHO-K1 or HEK-293T cells were plated in 60-mm dishes and
incubated in RPMI 1640 or DMEM medium supplemented
with 10% FBS for 24 h prior to ROS measurement. The cells
were then stabilized in serum-free RPMI 1640 or DMEM
medium without phenol red for at least 2 h before exposure to
the agonist. HaCaT or PHK cells were seeded onto 60-mm
dishes and grown to 90% confluence. The cells were starved in
serum-free DMEM or EpiLife® medium for 2 h before exposure
to the agonist. To measure the intracellular H,O, levels, the
cells were incubated for 40 min in the dark at 37°C in a
humidified CO, incubator with the H,O,-sensitive fluoro-
phore 2',7'-dichlorodihydrofluorescein diacetate (20 um).
DCEF fluorescence was measured using a FACSCalibur flow
cytometer (BD Biosciences) with excitation and emission
wavelengths of 488 and 530 nm, respectively. The values
represent the means = S.D. of the DCF fluorescence from
three independent experiments.

Chemotaxis Assay—Chemotactic motility was assayed using
Transwell chambers with 6.5-mm diameter polycarbonate fil-
ters (8-um pore size, Corning Costar) as described previously
(23). Briefly, CHO-K1 or HEK-293T cells were transfected with
pcDNA3.1, pcDNA3.1-HA-BLT2, or pcDNA3.1-HA-BLT2
and 3XFLAG-RanBPM. Twenty-four hours after transfection,
the lower surfaces of the filters were coated with 10 ug/ml
fibronectin (Roche Applied Science) or collagen type I (BD Bio-
science) in serum-free RPMI 1640 or DMEM medium for 1 h at
37 °C. Dry, coated filters containing various amounts of LTB,
were placed in the lower wells of the Transwell chambers, and
100 ul of CHO-K1 or HEK-293T cells expressing either BLT2
or BLT2 and RanBPM in serum-free RPMI 1640 or DMEM
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FIGURE 1. ldentification of RanBPM as a BLT2-interacting protein, using a
yeast two-hybrid screen. The PBN204 yeast strain was co-transformed with
either the GAL4-BD fusion plasmid pBCT or pBCT-BLT2 and the GAL4-AD
fusion plasmid pACT2-RanBPM isolated from the positive colonies. The yeast
cells were spread on selective medium lacking leucine and tryptophan (SD-
LW) to select for co-transformants. To select for interacting proteins, the iso-
lated co-transformants were then replica-plated onto selective medium lack-
ing leucine and tryptophan (SD-LW) for filter assays to detect lacZ expression.
Selective medium lacking leucine, tryptophan, and uracil (SD-LWU) or selec-
tive medium lacking leucine, tryptophan, and adenine (SD-LWA) were used
for filter assays. When two proteins interact with each other, the co-transfor-
mants express lacZ, URA3, and Ade2. pBCT-polypyrimidine tract-binding pro-
tein (PTB) and pACT2-PTB were used as the positive controls for the protein-
protein interaction. pBCT and pACT2 were used as the negative controls.

medium was loaded into the top wells, resulting in a final con-
centration of 2 X 10* cells/ml. The Transwell chambers were
then placed into 24-well companion plates (Corning Costar)
containing serum-free RPMI 1640 or DMEM medium with eth-
anol, LTB, (300 nm), 12HHT (100 nm), or CAY10583 (100 nm)
and incubated at 37 °C in 5% CO,, for 2 h. HaCaT or PHK cells
were transfected with either control shRNA or RanBPM
shRNA. At 48 h after transfection, the transfected cells were
exposed to LTB, (300 nm) or 12HHT (100 nm) for 3 h. The cells
that migrated through the membrane were fixed and stained
with methanol for 3 min and stained with hematoxylin/eosin
for 10 min. Chemotaxis was quantified by counting the cells on
the lower sides of the filters under an optical microscope (mag-
nification, X200). Six fields were counted for each assay, and
the values represent the means = S.D. of the chemotactic motil-
ity from duplicate independent experiments.

Data Analysis and Statistics—All values are expressed as the
means = S.D. Statistical comparisons between experimental
groups were performed using the Student’s ¢ test. Values of p <
0.01 were considered statistically significant. Values of p < 0.01,
» <0.001,and p < 0.0001 are designated by *, **, and ***, respec-
tively, in Figs. 4-7.

RESULTS

RanBPM Interacts with the BLT2 C-terminal Domain in
Vitro and in Vivo—To identify BLT2-interacting proteins, we
performed a yeast two-hybrid screen using the GAL4 AD-
fused human thymus ¢cDNA library and the GAL4 BD-fused
human BLT2 C-terminal domain as the bait. Only one posi-
tive clone was identified after screening 1.2 X 107 clones
with three reporter genes (Fig. 1). DNA sequencing revealed
that the positive clone encoded a partial sequence (amino acids
140 -443) of RanBPM/RanBP9 (GenBank accession number:
NM_005493), corresponding to the SPRY and LISH domains of
the protein. To confirm the interaction between RanBPM and
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BLT2, we performed a co-immunoprecipitation assay. HA-
BLT2 and 3XFLAG-RanBPM were transiently transfected into
HEK 293T cells. Whole-cell extracts were then immunopre-
cipitated with an anti-HA antibody followed by immunoblot-
ting with an anti-FLAG antibody. The data clearly show that
RanBPM co-immunoprecipitated with BLT2 (Fig. 24). Also,
the interaction was demonstrated by confocal microscopy anal-
ysis. HEK 293T cells were transiently co-transfected with
¢-Myc-BLT2 and 3XFLAG-RanBPM. Immunofluorescence
analysis revealed that RanBPM was co-localized with BLT2 on
the plasma membranes of HEK 293T cells (Fig. 2B).

Next, to identify the RanBPM-binding region of BLT2, we
constructed a C-terminal domain-deleted mutant BLT2 (HA-
BLT2-AG; Fig. 2C), and a co-immunoprecipitation assay was
performed. The data clearly revealed that RanBPM bound to
full-length BLT2 but not the C-terminal domain-deleted
mutant BLT2 (Fig. 2D), suggesting that RanBPM interacts with
the C-terminal domain of BLT2. To further identify the
RanBPM-binding region of BLT2, an in vitro GST pulldown
assay was performed using the purified recombinant C-termi-
nal domain of BLT2 fused to GST (GST-BLT2-CT; Fig. 2C).
Full-length 3XFLAG-RanBPM was transfected into HEK 293T
cells. After 24 h, the cells were lysed, and the whole-cell lysates
were incubated with either purified GST-BLT2-CT or GST
alone. The data indicate that RanBPM was pulled down with
GST-BLT2-CT but not GST alone (Fig. 2D). Together, these
results suggest that RanBPM interacts directly with the C-ter-
minal domain of BLT2.

The SPRY Domain of RanBPM Is Sufficient for Interaction
with BLT2—RanBPM has four conserved domains, SPRY,
LISH, CTLH, and CRA. The SPRY domain is involved in pro-
tein-protein interactions, and the LISH/CTLH domain is
involved in dimerization. To identify which RanBPM domain
is important for interaction with BLT2, we employed in vitro
domain deletion analysis. Each domain of the N-terminal
FLAG-tagged full-length RanBPM or mutant RanBPM (Fig.
3A) was transfected into HEK 293T cells, and the resulting
cell lysates were pulled down with the GST-BLT2-CT pro-
tein. Full-length RanBPM, the N3 mutant, and the I mutant,
which all contain the SPRY domain, strongly interacted with
the BLT2 C-terminal domain. By contrast, the C1 mutant,
which contains the LISH/CTLH and CRA domains but not
the SPRY domain, failed to interact with the BLT2 C-termi-
nal domain (Fig. 3B). These results suggest that the RanBPM
SPRY domain contributes to the interaction with the BLT2
C-terminal domain.

RanBPM Inhibits LTB,,-BLT2-induced Chemotaxis and ROS
Generation—Recent studies have shown that BLT2 regulates
cell motility functions, such as chemotaxis (10); therefore, we
tested whether RanBPM could regulate BLT2-mediated che-
motaxis. To test the functional consequence of the interaction
between BLT2 and RanBPM, HEK-293T cells were transiently
transfected with expression plasmids for BLT2 and RanBPM.
LTB, elicited significantly increased chemotactic migration of
the cells transfected with BLT2 alone; however, this effect was
substantially blocked by co-transfection with RanBPM (Fig.
4A). In addition, an inhibitory effect of RanBPM on BLT2-me-
diated chemotaxis was similarly observed in response to a nat-
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FIGURE 2. RanBPM interacts with the BLT2 C-terminal domain. A, 3XFLAG-RanBPM and HA-BLT2 were transiently co-transfected into HEK 293T cells, and
immunoprecipitation (IP) was performed using an anti-HA antibody followed by Western blotting (/B) with an anti-FLAG antibody. co-IP, co-immunoprecipi-
tation. B, confocal images show the co-localization of RanBPM with BLT2 in the plasma membrane when the two proteins were co-expressed in HEK 293T cells.
The images are pseudocolored as follows: red, 3 X FLAG-RanBPM; green, c-Myc-BLT2, with yellow areas indicating co-localization in the merged image and blue
indicating DAPI staining of the nucleus. Scale bars, 20 um. C, schematic of the domain organization of BLT2. The HA-tagged deletion construct is HA-BLT2-AC
(amino acids 1-324), and the GST-tagged deletion construct is GST-BLT2-CT (amino acids 318 -389). D, 3 X FLAG-RanBPM and HA-BLT2 or 3 X FLAG-RanBPM and
HA-BLT2 C-terminal deletion mutant were co-transfected into HEK 293T cells, and immunoprecipitation was performed using an anti-HA antibody followed by
Western blotting with an anti-FLAG antibody (left). Recombinant GST or GST-BLT2-CT fusion proteins purified by glutathione-Sepharose™ 4B were incubated
with 3XFLAG-RanBPM-transfected cell lysates, and the bound proteins were analyzed by immunoblotting with an anti-FLAG antibody (right). The data are
representative of three independent experiments with similar results.
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FIGURE 3.The RanBPM SPRY domain interacts with the BLT2 C-terminal domain. A, schematic of the domain organization of RanBPM and the FLAG-tagged
deletion constructs, N3 (amino acids 1-333), | (amino acids 207-493), and C1 (amino acids 334-729). 729aa, 729 amino acids. B, recombinant GST or GST-BLT2
C-terminal fusion proteins purified by glutathione-Sepharose™ 4B were incubated with each RanBPM deletion mutant-transfected cell lysate, and the bound
proteins were analyzed by immunoblotting with an anti-FLAG antibody. The data are representative of three independent experiments with similar results.

ural ligand of BLT2, 12HHT (Fig. 4B), and a specific BLT2-
stimulating agonist, CAY10583, which is also known as
Compound A (Fig. 4C). Recently, we reported that the LTB,-
BLT?2 cascade is associated with the generation of ROS and that
the generated ROS play critical roles in cell motility (9-11).
Therefore, we determined whether RanBPM could regulate
BLT2-induced ROS generation, and we found that LTB,-
BLT2-induced ROS generation was blocked by co-transfec-
tion with RanBPM (Fig. 4D). Similar inhibitory effects were
observed in response to 12HHT (Fig. 4E) and CAY10583
(Fig. 4F).

To further demonstrate the negative regulatory function of
RanBPM toward BLT2, we repeated the experiments using
CHO-K1 cells, which were previously used for BLT2 functional
studies (6, 10, 11). CHO-K1 cells were transiently transfected
with expression plasmids for BLT2 and full-length RanBPM
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(FL) or RanBPM deletion variants N3, I, and C1. LTB, elicited
significantly increased chemotactic migration of the cells trans-
fected with BLT2 alone; however, this effect was severely
blocked by co-transfection with full-length RanBPM (FL) or the
RanBPM mutants containing the SPRY domain (N3 and I)
except the SPRY domain deletion mutant (C1) (Fig. 54). Addi-
tionally, the inhibitory effect of RanBPM on BLT2-mediated
chemotaxis was similarly observed in response to 12HHT (Fig.
5B) or CAY10583 (Fig. 5C). As shown in Fig. 5, D and E, over-
expression of RanBPM did not inhibit BLT1- or lysophospha-
tidic acid-induced chemotactic migration, suggesting that
RanBPM specifically inhibits BLT2-mediated chemotaxis.
Also, we found that LTB, elicited significantly increased ROS
generation in the cells transfected with BLT2; however, this
effect was blocked by co-transfection with full-length RanBPM
(FL) or the RanBPM mutants containing the SPRY domain (N3
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FIGURE 4. RanBPM overexpression inhibits BLT2-mediated ROS generation and chemotaxis in HEK-293T cells. A, HEK-293T cells were transiently
co-transfected with HA-BLT2 and 3XFLAG control vector (—) or co-transfected with HA-BLT2 and 3XFLAG-RanBPM (+). At 48 h after transfection, the
transfected cells were exposed to control buffer (ethanol) or 300 nm LTB, for 2 h. The migrating cells were then fixed and stained with hematoxylin/eosin.
Migratory activity was expressed as a percentage of the control. Band C, HEK-293T cells were transiently co-transfected with pcDNA3.1 (Mock) and 3 XFLAG-
RanBPM (+) or co-transfected with HA-BLT2 and 3 X FLAG-RanBPM. Also, the cells were co-transfected with pcDNA3.1 (Mock) and 3 XFLAG vector (—) for the
control. B, HEK-293T cells expressing either HA-BLT2 or HA-BLT2 and 3 XFLAG-RanBPM were exposed to control buffer (ethanol) or 100 nm 12HHT for 2 h and
then assayed for chemotaxis as described above. C, HEK-293T cells expressing either HA-BLT2 or HA-BLT2 and 3 X FLAG-RanBPM were exposed to control buffer
(DMSO) or 100 nm CAY 10583 for 2 h and then assayed for chemotaxis as described above. D, HEK-293T cells were transiently co-transfected with HA-BLT2 and
3XFLAG control vector (—) or co-transfected with HA-BLT2 and 3 X FLAG-RanBPM (+). At 48 h after transfection, the transfected cells were stabilized in serum-
and phenol red-free DMEM medium for at least 2 h prior to exposure to 300 nm LTB, for 5 min. DCF fluorescence was then monitored by flow cytometry as
described previously (11). DCF fluorescence was expressed as a -fold change from the control. £ and F, HEK-293T cells were transiently co-transfected with
pcDNA3.1 (Mock) and 3 XFLAG-RanBPM (+) or co-transfected with HA-BLT2 and 3 XFLAG-RanBPM. Also, the cells were co-transfected with pcDNA3.1 (Mock)
and 3 XFLAG vector (—) for the control. £, HEK-293T cells expressing either HA-BLT2 or HA-BLT2 and 3 X FLAG-RanBPM were exposed to 100 nm 12HHT for 5 min
and then assayed for ROS generation. F, HEK-293T cells expressing either HA-BLT2 or HA-BLT2 and 3 X FLAG-RanBPM were exposed to 100 nm CAY10583 for 5
min and then assayed for ROS generation. The data are presented as the means =+ S.D. of three independent experiments.

and I) except the SPRY domain deletion mutant (C1) (Fig. 5F). cancer cells (Fig. 6, H and I). From these results, we are quite
In addition, we observed similar inhibitory effects in response  certain that RanBPM acts an endogenous brake for BLT?2 acti-
to 12HHT (Fig. 5G) or CAY10583 (Fig. 5H). Together, these vation in various cell types.
results suggest that RanBPM interacts with BLT?2 via its SPRY RanBPM and BLT2 Interaction Are Dependent on Ligand
domain to regulate BLT2-induced chemotactic motility and  Stimulation—There have been studies indicating that interac-
ROS generation. tion of the cognate receptor with RanBPM was affected by
Knockdown of Endogenous RanBPM Enhanced BLT2-in- ligand stimulation (24). To test whether the binding of RanBPM
duced ROS Generation and Chemotaxis—To further identify and BLT2 was affected by ligand stimulation, a co-immunopre-
the role of RanBPM in BLT2 inhibition in different cell types, cipitation assay was performed. HA-BLT2 and 3XFLAG-
we performed chemotaxis and ROS generation experiments RanBPM were transiently transfected into HEK 293T cells. The
using human keratinocyte HaCaT cells and PHK cells that cells were stimulated with LTB, for 15 min. The whole-cell
exhibit endogenous expression of RanBPM and BLT2. Knock-  extracts were then immunoprecipitated with anti-HA antibody
down of endogenous RanBPM by shRNA significantly en- followed by immunoblotting with an anti-FLAG antibody.
hanced BLT?2 agonist (LTB, or 12HHT)-induced chemotaxis Notably, we observed that the interaction between RanBPM
and ROS generation in HaCaT cells (Fig. 6, A and C) and PHK and BLT2 was dissociated by stimulation with LTB,, (Fig. 74).
cells (Fig. 6, Band D). In addition, we performed similar shRNA  Moreover, we observed a dose-dependent dissociation effect
knockdown experiments in 253]J-BV bladder cancer cells. We in response to LTB, (data not shown). As shown in Fig. 7B,
observed that both BLT2 and RanBPM are highly expressed in CAY10583 treatment caused the dissociation between
253]-BV cells and that LTB, induces chemotaxis in a dose-de- RanBPM and BLT2. Densitometric analysis showed that the
pendent manner (Fig. 6, E and F). Knockdown of endogenous relative amount of RanBPM that co-localized with BLT2
RanBPM (Fig. 6G) promoted BLT?2 agonist (LTB, or 12HHT)- decreased following treatment with LTB, (Fig. 7, C and D).
induced chemotaxis and ROS generation in 253]J-BV bladder Next, we performed confocal microscopy experiments to
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FIGURE 5. RanBPM overexpression attenuates BLT2-mediated ROS generation and chemotaxis in CHO-K1 cells. A, CHO-K1 cells were transiently co-
transfected with HA-BLT2 and 3XFLAG control vector (—) or co-transfected with HA-BLT2 and 3XFLAG-tagged full-length RanBPM (+) or each 3XFLAG-
tagged RanBPM deletion mutant (N3, |, and C1). CHO-K1 cells transfected with HA-BLT2-AC were used as the negative control. At 48 h after transfection, the
transfected cells were exposed to control buffer (ethanol) or 300 nm LTB, for 2 h. The migrating cells were then fixed and stained with hematoxylin/eosin.
Migratory activity was expressed as a percentage of the control. B-D, CHO-K1 cells were transiently co-transfected with pcDNA3.1 (Mock) and 3 XFLAG-RanBPM
(+) or co-transfected with HA-BLT2 and 3 XFLAG-RanBPM. Also, the cells were co-transfected with pcDNA3.1 (Mock) and 3 XFLAG vector (—) for the control. B,
CHO-K1 cells expressing either HA-BLT2 or HA-BLT2 and 3 X FLAG-RanBPM were exposed to control buffer (ethanol) or 100 nm 12HHT for 2 h and then assayed
for chemotaxis as described above. C, CHO-K1 cells expressing either HA-BLT2 or HA-BLT2 and 3 X FLAG-RanBPM were exposed to control buffer (DMSO) or 100
nm CAY 10583 for 2 h and then assayed for chemotaxis as described above. D, CHO-K1 cells expressing either HA-BLT1 or HA-BLT1 and 3 XFLAG-RanBPM were
exposed to 300 nm LTB, for 2 h and then assayed for chemotaxis as described above. E, CHO-K1 cells expressing either HA-BLT2 or HA-BLT2 and 3XFLAG-
RanBPM were exposed to control buffer (ethanol) or 100 nm lysophosphatidic acid (LPA) for 2 h and then assayed for chemotaxis as described above. F, CHO-K1
cells were transiently co-transfected with HA-BLT2 and 3 XFLAG control vector (=) or co-transfected with HA-BLT2 and 3 XFLAG-tagged full-length RanBPM
(+) or each 3XFLAG-tagged RanBPM deletion mutant (N3, I,and C1). CHO-K1 cells transfected with HA-BLT2-AC were used as the negative control. At 48 h after
transfection, the transfected cells were stabilized in serum- and phenol red-free RPMI 1640 medium for at least 2 h prior to exposure to 300 nm LTB, for 5 min.
DCF fluorescence was then monitored by flow cytometry as described previously (11). DCF fluorescence was expressed as a -fold change from the control. G
and H, CHO-K1 cells were transiently co-transfected with pcDNA3.1 (Mock) and 3 XFLAG-RanBPM (+) or co-transfected with HA-BLT2 and 3 XFLAG-RanBPM.
Also, the cells were co-transfected with pcDNA3.1 (Mock) and 3 XFLAG vector (—) for the control. G, CHO-K1 cells expressing either HA-BLT2 or HA-BLT2 and
3XFLAG-RanBPM were exposed to 100 nm 12HHT for 5 min and then assayed for ROS generation. H, CHO-K1 cells expressing either HA-BLT2 or HA-BLT2 and
3XFLAG-RanBPM were exposed to 100 nm CAY 10583 for 5 min and then assayed for ROS generation. The data are presented as the means =+ S.D. of three
independent experiments. ns: not significant.

detect the co-localization of RanBPM and BLT2 in HaCaT cells
that endogenously express RanBPM and BLT2. As shown in
Fig. 7E, our immunofluorescence analysis clearly revealed that
RanBPM (red) co-localized with BLT2 (green) in the absence of
LTB, (top panel). However, the co-localization of these pro-
teins was abolished in the presence of LTB, in HaCaT cells
(bottom panel). Together, these results suggest that the inter-
action between RanBPM and BLT2 is dependent on ligand
stimulation.

Ligand Stimulation Decreases the Interaction between
RanBPM and BLT2 via an Akt-dependent Mechanism—Re-
cently, we demonstrated that phosphorylation of BLT2 at
Thr®*® by PI3K-Akt signaling was critical for LTB,-evoked
BLT2-mediated chemotaxis (11); therefore, to determine
whether this signaling event is involved in the dissociation of
RanBPM and BLT2 caused by ligand stimulation, a co-immu-
noprecipitation assay was performed. Wild-type HA-BLT2 and
3XFLAG-RanBPM or HA-BLT2 T355A mutant and 3XFLAG-
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RanBPM were transiently transfected into HEK 293T cells.
Treatment with LTB, caused the dissociation between
RanBPM and BLT2 in cells transfected with wild-type BLT2;
however, there was no change in the cells transfected with the
BLT2 T355A mutant (Fig. 84). Furthermore, RanBPM and
BLT2 dissociation was abrogated by pretreatment with
LY294002 and was rescued by co-transfection of active Akt
(Fig. 8B). These results suggest that LTB, caused the dissocia-
tion between RanBPM and BLT2 and that this dissociation
requires the phosphorylation of BLT2 at Thr**® by Akt.

DISCUSSION

In the present study, we identified RanBPM as a cellular
binding protein for BLT2 using a yeast two-hybrid screen. Fur-
ther characterization of the interaction between BLT2 and
RanBPM via GST pulldown assay and co-immunoprecipitation
studies revealed that the SPRY domain of RanBPM binds to the
C-terminal domain of BLT2. We also showed that RanBPM
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FIGURE 6. Knockdown of endogenous RanBPM by shRNA promotes BLT2-mediated chemotaxis and ROS generation. A, HaCaT cells were transfected
with either control shRNA (—) or RanBPM shRNA (+). At 48 h after transfection, the transfected cells were exposed to 300 nm LTB, (left panel) or 100 nm 12HHT
(right panel) for 3 h. The migrating cells were then fixed and stained with hematoxylin/eosin. The migratory activity was expressed as a percentage of the
control. B, PHK cells expressing either control shRNA or RanBPM shRNA were exposed to 300 nm LTB, (left panel) or 100 nm 12HHT (right panel) for 3 h and then
assayed for chemotaxis as described above. C, HaCaT cells expressing either control shRNA or RanBPM shRNA were exposed to 300 nm LTB, (left panel) or 100
nm 12HHT (right panel) for 5 min and then assayed for ROS generation. D, PHK cells expressing either control shRNA or RanBPM shRNA were exposed to 300 nm
LTB, (left panel) or 100 nm 12HHT (right panel) for 5 min and then assayed for ROS generation. E, 253J-BV bladder cancer cells were stained with primary
antibodies against human BLT2 (Cayman Chemical) and RanBPM (Santa Cruz Biotechnology), and analyzed by FACS analysis. The results shown are represent-
ative of three independent experiments with similar results. F, dose dependence of LTB,-induced chemotactic motility was determined in 253J-BV bladder
cancer cells, as described above. G, 253J-BV bladder cancer cells were transfected with either control shRNA (—) or RanBPM shRNA (+), and the amount of
RanBPM mRNA was analyzed by semiquantitative RT-PCR. H, 253J-BV cells were transiently transfected with control shRNA or RanBPM shRNA. At 48 h after
transfection, the transfected cells were exposed to 300 nm LTB, (left panel) or 100 nm 12HHT (right panel) for 3 h and then assayed for chemotaxis as described
above. The migratory activity was expressed as a percentage of the control. /, 253J-BV cells expressing either control shRNA or RanBPM shRNA were exposed
to 300 nm LTB, (left panel) or 100 nm 12HHT (right panel) for 5 min and then assayed for ROS generation. The data are presented as the means = S.D. of three

independent experiments.

inhibits BLT2-mediated ROS generation and chemotaxis, sug-
gesting a negative regulatory function of RanBPM toward
BLT?2. In addition, our results suggest that Akt-induced phos-
phorylation of BLT?2 at residue Thr>>® is critical for ligand-in-
duced dissociation of RanBPM and BLT2, thus releasing the
negative regulatory effect of RanBPM and resulting in stimula-
tion of BLT?2 signaling.

LTB, is a potent lipid mediator of inflammation that is bio-
synthesized from arachidonic acid via the 5-lipoxygenase path-
way (25, 26). LTB, exerts its biological functions via two types of
GPCRs, BLT1 and BLT2. Like other GPCRs, BLT1 and BLT2
signal through the activation of guanine nucleotide-binding
proteins (G proteins) (27). In addition to G proteins, GPCRs
associate with many GIPs to form large functional complexes
that induce different activities, from motility to transcriptional
activation. Most GIPs interact with the C-terminal domains of
GPCRs and modulate GPCRs (3). The C-terminal domain of
the GPCR is called the “magic” C terminus because this domain
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contains many binding motifs that may be involved in protein-
protein interactions; it also contains important posttransla-
tional modifications, such as palmitoylation and phosphory-
lation sites. BLT1 couples with Go; proteins to induce
chemotaxis (28). Chen et al. (29) demonstrated that GRK2, a
serine-threonine kinase, is associated with the C terminus of
BLT1s and is necessary for receptor internalization. Unlike
BLT1, the regulatory mechanism of BLT2 remains unknown.
Here, we identified novel intracellular interactions between
BLT2 and RanBPM. We showed the specific interaction
between RanBPM and BLT2 by co-immunoprecipitation
experiments. Moreover, immunofluorescence assays re-
vealed that RanBPM was co-localized with BLT2 on the
plasma membranes of HEK 293T cells. We also found that
RanBPM directly interacted with the C-terminal region of
BLT2 and that the C-terminal domain-deleted BLT2 showed
no interaction with RanBPM in comparison with full-length
BLT?2 (Fig. 2).

VOLUME 288+NUMBER 37+-SEPTEMBER 13,2013



A B
FLAG-RanBPM + o+ FLAG-RanBPM - - +
HA-BLT2 + o+ o+ o+ HA-BLT2 + + + +
LTB, -+ -+ CAY10583 -+ -+
IP: a-HA IP: a-HA
IB: a-FLAG IB: a-FLAG
lysate lysate
I1B: a-HA IB: a-HA
100 - P
C D |
BLT2 RanBPM Merge =E 75
2
EtOH %E
EE 50
o«
e
20 o5
LTB, o

E BLT2

RanBPM DAPI

LTB,

FIGURE 7.Ligand stimulation decreases the interaction between RanBPM
and BLT2. A, 3XFLAG-RanBPM and HA-BLT2 were transiently co-transfected
into HEK 293T cells. At 48 h after transfection, the transfected cells were
exposed to control buffer (—) or 300 nm LTB,, (+) for 15 min, and immunopre-
cipitation (IP) was performed using an anti-HA antibody followed by Western
blotting (IB) with an anti-FLAG antibody. B, 3XFLAG-RanBPM and HA-BLT2
were transiently co-transfected into HEK 293T cells. At 48 h after transfection,
the transfected cells were exposed to control buffer (—) or 100 nm CAY10583
(+) for 15 min, and immunoprecipitation was performed using an anti-HA
antibody followed by Western blotting with an anti-FLAG antibody. C, ago-
nist-mediated dissociation of RanBPM and BLT2 was visualized by confocal
microscopy of HEK 293T cells transiently transfected with either 3XFLAG-
RanBPM or 3XFLAG-RanBPM and c-Myc-BLT2. The HEK 293T cells were
treated with either ethanol or 300 nm LTB, for 15 min. The data are represent-
ative of three independent experiments with similar results. Scale bars, 20
um. D, the percentage of RanBPM and BLT2 co-localization was analyzed with
the “co-localization” application of MetaMorph Software as described previ-
ously (47). RanBPM co-localization with BLT2 was observed in 73% of the HEK
293T cells, which decreased to 52% after LTB, stimulation. The data are pre-
sented as the means =+ S.D. of three independent experiments (20 cells/ex-
periment). E, co-localization of endogenous RanBPM and BLT2 was visualized
by confocal microscopy in HaCaT cells. The HaCaT cells were treated with
either ethanol or 300 nm LTB, for 15 min. The images are pseudocolored as
follows: red, RanBPM; green, BLT2, with yellow areas indicating co-localization
in the merged image and blue indicating DAPI staining of the nucleus. The
data are representative of three independent experiments with similar
results.

RanBPM, a member of the Ran-GTPase-binding protein
family, is ubiquitously expressed in a wide variety of tissues
(30-32). Although the normal physiological functions of
RanBPM are not fully understood, several lines of evidence sug-
gest that it acts as a scaffolding protein by binding to the cyto-
plasmic domains of a diverse group of membrane receptors to
regulate signal transduction (33—37). RanBPM contains multi-
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ple functional domains, including a SPRY domain, a LISH/
CTLH domain, and a CRA domain. SPRY domains are involved
in protein-protein interactions in various cellular functions
(38). Our observations suggest that the SPRY domain of Ran-
BPM strongly interacts with BLT2, whereas there is no interac-
tion between the SPRY domain deletion mutant and BLT2 (Fig.
3B). Recently, studies have shown that RanBPM regulates cell
migration by linking extracellular signals via plasma membrane
receptors with the intracellular signal transduction machinery
(39-41). For example, RanBPM interacts with the plasma
membrane receptor integrin LFA-1 to regulate cell motility.
Consistent with the proposed role of RanBPM in cell motility,
our observations suggest that RanBPM inhibits BLT2-medi-
tated chemotaxis (Figs. 4, A—C, and 5, A-C) but not BLT1, a
high affinity LTB, receptor (Fig. 5D), or lysophosphatidic acid,
a major serum lysophospholipid that stimulates CHO-K1 cell
migration via lysophosphatidic acid-mediated (42) chemotaxis
in CHO-K1 cells (Fig. 5E), suggesting that RanBPM specifically
inhibits BLT2-mediated chemotaxis. The regulatory mecha-
nism of RanBPM in the LTB,-BLT2-induced signaling pathway
is not understood, and recently, it was shown that RanBPM
binds to the mu opioid receptor to alter agonist-induced inter-
nalization (43, 44). Interestingly, we also observed that overex-
pression of RanBPM significantly inhibited LTB,-triggered
BLT?2 internalization (supplemental Fig. S1). Thus, one possi-
bility is that RanBPM-inhibited BLT?2 signaling occurs through
its blocking of BLT2 internalization. Future studies are neces-
sary to understand the detailed mechanisms by which RanBPM
inhibits BLT2 signaling pathway.

Recently, we reported that BLT?2 signaling is associated with
aggressive 253]-BV bladder cancer cells and promotes chemot-
actic migration through ROS generation (45). The role of
RanBPM in cancer cells remains unknown, although RanBPM
is highly expressed in breast cancer cells and prostate cancer
(32, 46). Interestingly, BLT2 is also highly expressed in many
cancer cell types (13—17). Therefore, it has been speculated that
RanBPM reduces the cancer-promoting effect of BLT2. In
accordance with this idea, we observed that knockdown of
endogenous RanBPM by shRNA further promoted LTB,-
BLT2-induced ROS generation and chemotaxis in 253]-BV
bladder cancer cells (Fig. 6, H and /). In addition, in aggressive
MDA-MB-231 breast cancer cells, BLT2-mediated invasion
was dramatically reduced by overexpression of RanBPM, and
knockdown of endogenous RanBPM strongly promoted BLT2-
mediated invasion (data not shown). These results demonstrate
the negative regulatory function of RanBPM toward the cancer-
promoting effects of BLT2. Further studies are necessary to
clarify how RanBPM reduces the effect of BLT2 in cancer cells.

The interaction between RanBPM and BLT?2 is direct and
occurs in the absence of ligand. Notably, in the presence of
ligand, we found that ligand treatment caused the dissociation
of BLT2 and RanBPM (Fig. 7). It is possible that conformational
changes in the C terminus of the receptor following activation
inhibit binding and induce the release of RanBPM. Previously,
we showed that activation of Akt by LTB,, which phosphor-
ylates BLT2 at Thr*®, is critical for BLT2-mediated chemotac-
tic responses (11). In addition, we found that blockade of Akt
signaling or the BLT2 T355A mutant inhibited the LTB,-trig-

JOURNAL OF BIOLOGICAL CHEMISTRY 26761



RanBPM as a Negative Regulator of BLT2

A B
BLT2+RanBPM
BLT2 T355A
LTB, - + - + +
RanBPM + + + + LY294002 - - + + +
LTB, -+ -+ Active Akt - - - - +
IP: a-HA IP : a-HA
IB: a-FLAG |%® 9= & IB: a-FLAG _ﬂ_j_‘_._,l_
lysate lysate | B
IB: a-FLAG IB:a-FLAG BN
IP: a-HA '... lysate
I1B: a-HA IB:a-cMyc
Heavy chain M| IP: a-HA
? I1B: a-HA

—

C Ligands
(LTB,4, 12HHT, CAY10583)

|

Extracellular
Intracellular
Akt  Thr3s5 @ie
l RanBPM
ROS
Chemotaxis

FIGURE 8. Ligand stimulation decreases the interaction between RanBPM and BLT2 via an Akt-dependent mechanism. A, 3 XFLAG-RanBPM and HA-
BLT2 or 3XFLAG-RanBPM and the HA-BLT2 T355A mutant were transiently co-transfected into HEK 293T cells. At 48 h after transfection, the transfected cells
were exposed to control buffer (—) or 300 nm LTB, (+) for 15 min, and immunoprecipitation (/P) was performed using an anti-HA antibody followed by Western
blotting (/B) with an anti-FLAG antibody. B, 3 X FLAG-RanBPM, HA-BLT2, and pUSEamp vector (control vector; —) or 3>XFLAG-RanBPM, HA-BLT2, and active Akt
(pUSEamp-Myr-Akt; +) (11) were transiently co-transfected into HEK 293T cells. At 48 h after transfection, the transfected cells were exposed to control buffer
(=) or 300 nm LTB, (+) for 15 min in the presence of DMSO (—) or 20 um LY294002 (+), and immunoprecipitation was performed using an anti-HA antibody
followed by Western blotting with an anti-FLAG antibody. Also, the cell lysates were subjected to immunoblot analysis with anti-c-Myc antibody to active Akt.
The data are representative of three independent experiments with similar results. C, schematic model depicting the role of RanBPM in BLT2 signaling.

P indicates phosphorylation.

gered dissociation of BLT2 and RanBPM (Fig. 8). Therefore, we
postulate that Akt-induced phosphorylation of BLT2 at Thr?>®
may be a regulatory mechanism by which the ligand stimulates
the dissociation of BLT2 and RanBPM. On the basis of our
observations, we propose a model that describes the mecha-
nism by which the interaction between RanBPM and BLT2
contributes to BLT2-mediated cell migration. In this model,
RanBPM interacts with BLT2 to suppress cell migration by
inhibiting ROS generation. Furthermore, the addition of BLT2
ligands causes the dissociation of BLT2 and RanBPM, thus
releasing the negative regulatory effect of RanBPM and result-
ing in stimulation of BLT2 signaling. We found that Akt-in-
duced BLT2 phosphorylation at residue Thr®*® is a potential
mechanism by which BLT?2 is dissociated from RanBPM. This
novel role for RanBPM in the regulation of BLT2 should con-
tribute to a better understanding of the regulatory mechanisms
of BLT2-mediated cellular phenotypes, including chemotactic
motility.
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