
Abstract. The phosphatidylethanolamine (PE)-binding protein
(PEBP) family is an evolutionary conserved group of proteins
found in various species with multiple functions. We identified
human PE-binding protein 4 (hPEBP4), a novel member of
the PEBP family, as an anti-apoptotic molecule. Here we
describe the cloning and functional characterization of the
mouse homolog of hPEBP4 (mouse PEBP4, mPEBP4). Full-
length cDNA of mPEBP4 contains 1048 bp with an open
reading frame (ORF) of 729 bp, which is predicted to encode
a 242-aa protein. mPEBP4 contains a PE-binding domain, in
this case between amino acids 106 and 213. mPEBP4 localizes
primarily to endoplasmic reticulum/Golgi apparatus. Interest-
ingly, RT-PCR and in situ hybridization analyses indicate
that mPEBP4 is specifically expressed in mouse eye tissue.
We demonstrate that mPEBP4 promotes cellular migration
and invasion by inhibiting ERK1/2 and JNK activation and
up-regulating the expression of COX-2. In addition, mPEBP4
overexpression inhibits Epirubicin-induced cellular apoptosis.
Considering that mPEBP4 is specifically expressed in retinal
ganglion cells, whether mPEBP4 is an important molecule
involved in visual function needs to be further investigated.

Introduction

Many cytosolic proteins share the ability to specifically
bind phospholipids, such as phosphatidylethanolamine (PE).

Over the past decade, various members of the PE-binding
protein (PEBP) family have been identified. This family is
an evolutionarily conserved group of 21- to 23-kDa basic
proteins found in various plant and animal organisms such as
Arabidopsis (1-3), tomato (1-3), tobacco (1-3), Saccharomyces
cerevisiae (4), Onchocerca volvulus (5), Caenorhabditis
elegans (6), and Drosophila melanogaster (7), as well as in
mammals (human, rat, mouse, and bovine) (8,9). The members
of the PEBP family may be multifunctional; they have been
implicated in membrane biogenesis (10,11), membrane fluidity
and the formation of functional domains (12), the stimulation
of acetylcholine secretion during neuronal development (13),
and serine protease inhibition in neuronal tissue (14).

Human PE-binding protein 4 (hPEBP4), a novel member
of the PEBP family, was isolated from the human bone
marrow stromal cell cDNA library by large-scale random
sequencing by us (15). We demonstrate that hPEBP4 is
highly expressed in human breast cancer and acts as an anti-
apoptotic molecule. Once hPEBP4 is silenced, the breast
cancer cells became more sensitive to TNF·-induced cellular
apoptosis, indicating that the hPEBP4 may be a candidate
target for breast cancer therapeutics (15,16). On the basis
of previous studies of hPEBP4, we aimed to identify the
mouse homolog of hPEBP4 (mouse PEBP4, mPEBP4) and
characterize its functions. Here we report the cloning and
functional characterization of mPEBP4. More interestingly,
mPEBP4 has been found to be specifically expressed in
mouse eye tissue. We demonstrate that overexpression of
mPEBP4 promotes cellular migration and inhibits cellular
apoptosis by inhibiting activation of ERK1/2, JNK and up-
regulating COX-2 expression.

Materials and methods

Reagents and cell culture. TNF· and TRAIL were obtained
from PeproTech (Rocky Hill, NJ). COX-2 inhibitor NS398
was obtained from Calbiochem (San Diego, CA). All of the
cells were grown in RPMI-1640 or DMEM supplemented
with 10% (v/v) fetal calf serum, 4.5 g/l D-glucose, nonessential
amino acids (100 uM each), 100 units/ml penicillin, 100 μg/ml
streptomycin, and 2 mM glutamine at 37˚C in a 5% CO2

atmosphere.
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Cloning of full-length mPEBP4 cDNA. According to the
sequence on GenBank (GenBank accession no. AK006964),
we designed the primers of mPEBP4 and cloned the full length
of mPEBP4 from mouse eye cDNA. The fragment of mPEBP4
was amplified by the forward primer (F) 5'-GC GAA TTC
ATG ACA ATG AAG CTG GTC G-3' and reverse primer (R)
5'-G CAA GCT TGA TTT TTG ATT GAA TTG CT-3' and
the PCR products were purified and cloned into pMD18-T
(Takara) vector and then sequenced.

Plasmid construction and cell transfection. To construct an
expression vector for mPEBP4, the full-length coding region
was subcloned into the expression vector pcDNA-3.1/myc-
His(-)B vector (Invitrogen), to give mPEBP4-B. cDNA
encoding the mPEBP4 was also cloned into a C-terminal GFP
fusion expression vector (mPEBP4-GFP). Cell transfection
using Lipofectamine reagent (Invitrogen) was performed
as instructed by the manufacturer. Stable cells expressing
mPEBP4 were established by selection with G418 (600-
800 μg/ml) for three weeks and confirmed by RT-PCR.

RT-PCR analysis. RT-PCR was performed as described
previously (17). For detection of mPEBP4 mRNA expression
in various cells and mouse tissues, total RNA extraction and
first strand cDNA synthesis was performed. Amplification of
the mPEBP4 fragment with the primers 5'-CTG GTC GCA
GCAGCA CTT TG-3' (sense) and 5'-TTG CCA CGG ATA
CTC CCA CT-3' (antisense) was performed for 30 cycles
(30 sec at 94˚C, 30 sec at 56˚C, 30 sec at 72˚C). For detection
of the inducible expression pattern of mPEBP4, breast cancer
4T1 cells were treated with Epirubicin (1 μg/ml), TNF-·

(50 ng/ml), or TRAIL (100 ng/ml) for indicated times. The
sequences of the specific primers for cellular migration-related
molecules are shown in Table I (18-23). 

Observation of mPEBP4 cytolocalization by fluorescence
confocal microscopy. HEK 293 cells transiently transfected
with mPEBP4-GFP, or GFP control vector, growing on glass
cover slides, were placed in 6-well plates, and then incubated

with 0.5 μM BODIPY 558/568 BFA derivatives (Molecular
Probes) for 15 min at room temperature in the dark. Samples
were washed briefly in PBS and then fixed in 4% polyformal-
dehyde for 10 min at room temperature prior to observation
by fluorescence confocal microscopy (LSM confocal micro-
scope; Carl Zeiss, Inc. Atlanda, GA). 

In situ hybridization. In situ hybridization was carried out
as according to the Nonradioactive In Situ Hybridization
Application Manual provided by Roche Diagnostics Corp.
with some modifications (24). Before in situ hybridization,
frozen sections of mouse eye tissue were thawed at 42˚C for
20 min and fixed for 10 min in 4% paraformaldehyde. Sections
were then immersed in 1 mg/l proteinase K for several minutes
and postfixed in 4% paraformaldehyde for 10 min. After
washing in 1X PBS for 10 min at room temperature, the
sections were treated with 0.25% acetic anhydride and 0.1 mol/l
triethanolamine for 10 min. Then the sections were rinsed with
1X PBS and dehydrated with serially increasing concentrations
of alcohol. After dehydration, the sections were incubated
in prehybridization buffer for 2 h at 42˚C. Then, 1 g/l of
digoxigenin-labeled sense or antisense riboprobes was diluted
in hybridization buffer and added to the treated specimens.
The sense probes were used as the control. The sense and
antisense riboprobes were hybridized at 60˚C for 18-22 h.
After hybridization, all unbound cRNA probes were highly
stringently washed. Subsequently, sections were blocked in
blocking buffer for 30 min at room temperature, then incubated
with an anti-digoxigenin antibody conjugated to alkaline
phosphatase diluted 1:2000 in blocking buffer overnight at
4˚C. Sections were then stained with NBTPBCIP overnight
at room temperature. Finally, sections were mounted, observed
and photographed.

Assay for cellular migration and invasion. Migration and
invasion assay was performed as described previously (25-28).
Transwell polycarbonate membranes (8-μm pore size; Corning
Costar Co., Cambridge, MA) coated with type IV collagen
(25 μg/ml) or Matrigel-coated invasion chambers (Biocoat
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Table I. Sequences of specific primers for cellular migration-related molecules.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene Primer sequence 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
MMP-3 sense 5'- GTC TCA AGA TGA TAT AAA TG-3'
MMP-3 antisense 5'- AAT TGA TTT CCT TTA AAA ATG A-3'
MMP-9 sense 5'-CCC GGA CCA AGG ATA CAG-3'
MMP-9 antisense 5'-CAG TAC CGA GAG AAA GCC-3'
COX-2 sense 5'-GCT TCC ATT GCC AGA GCA GGC A-3'
COX-2 antisense 5'-GAG CTC TGG ATC TGG AAC ACT G-3'
TGF-ß sense 5'-CAC CAA CTA TTG CTT CAG C-3'
TGF-ß antisense 5'-GAT CAT GTT GGA CAG CTG-3'
CCR7 sense 5'-CATCAGCATTGACCGCTACGT-3'
CCR7 antisense 5'-GGTACGGATGATAATGAGGTAGCA-3'
CXCR4 sense 5'-ATG TCC ATT CCT TTG CCT CTT TTG C-3'
CXCR4 antisense 5'-TTA GCT GGA GTG AAA ACT TGA AGA C-3' 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Matrigel invasion chamber, 8-μm pore size; Becton Dickinson
Labware, Bedford, MA) were used for assay of migration
and invasion respectively. The stable transfectants of 4T1
cells (5x104) suspended in RPMI-1640 medium were added
to the upper chamber. Lower chambers contained 10% serum.
After 24 h, cells were scraped from upper filter surfaces, and
the cells on the lower surfaces were stained and counted.
Data was shown as % of control. 

Western blot analysis. A BCA protein assay reagent kit (Pierce,
Rockford, USA) was used to measure protein concentration.
Total cell lysates were prepared by lysis buffer (Cell Signaling).
The lysates were fractionated by 10% SDS-PAGE gel and
transferred onto a nitrocellulose membrane (Schleicher &
Schuell). The blots were probed with antibodies specific for
phospho-ERK1/2, phospho-JNK, phospho-p38, phospho-Akt
(Cell Signaling), and then incubated with appropriate
HRP-coupled secondary antibody (New England Biolabs,
Mississauga, CA). Relevant protein bands were visualized
using LumiGLo reagent (Cell Signaling).

Assay for cellular apoptosis. Apoptosis assay was performed as
described previously (15). The cells were washed, resuspended
in staining buffer, and stained with PI and R123 (R-302;
Molecular Probes), according to the manufacturer's instr-
uctions. Stained cells were analyzed by FACScalibur (Becton
Dickinson).

Statistics. Data are reported as mean values ± SEM and
compared with Student's t-test. Values <0.05 were considered
significant. 

Results

Molecular cloning and identification of mPEBP4. Through
homology analysis of the PEBP family and bioinformatics
search, we found an unknown protein from Mus musculus
(GenBank accession no. AK006964), which contains a PE-
binding domain, in this case between amino acids 106-213.
As shown in Fig. 1, the novel cDNA was predicted to contain
an ORF of 729 bp, encoding a 242-aa protein with a calculated
molecular mass of 26,907 Da and an isoelectric point of 5.69.
Homology analysis revealed close similarity (59~64%) to
other known members of the PEBP family from bovine, canis,
human, orangutan, mouse, Xenopus laevis and others. At
the primary amino acid level, it shared the highest homology
with hPEBP4 which is identified as an anti-apoptosis molecule
by us (45% identity and 57% similarity). 

According to the report by O'Bryan and colleagues (29),
previously identified PEBPs can be grouped into three sub-
families. The majority of differences between these subfamilies
are in the N-terminal residues (those preceding the PE-binding
domain), especially the first 10 amino acids. Members of the
three subfamilies share similar overall features, including
length (each being ~190 residues) and amino acid composition
in functional domains. The unnamed mouse protein BAB24810
is more than 220 residues in length, and contains at least 2
insertions and 1 deletion in their protein sequence, when
compared to proteins belonging to the three existing sub-
families. So, we named BAB24810 as mouse PEBP4. The

mPEBP4 cDNA corresponded to Unigene cluster Hs.73523,
located on mouse chromosome 14D1. 

The residues, which were previously demonstrated to be
conserved among all members of the family (Pro119, Asp120,
Pro122, His134 and Arg1719), were also found in mPEBP4.
These residues are thought to be involved in determining the
local structure of a biologically important ligand-binding site
in PEBPs. The two main regions of high sequence conservation
occurred between residues 113 and 139 and residues 163 and
175 (based on mPEBP4 numbering). Residues 118-120 with
113-123 and 122 forming an Asp-Pro-Asp-x-Pro motif are
universally conserved in all family members. The 163-175
conserved region formed part of the second side of the binding
pocket. These structural features suggested that mPEBP4
might possess PE binding properties similar to those seen in
other PEBPs.

mRNA expression pattern of mPEBP4. The mRNA expression
pattern of mPEBP4 in normal mouse tissues was examined
by RT-PCR analysis. The data showed that mPEBP4 mRNA
was specifically expressed in mouse eye tissue and, therefore,
we cloned the full-length cDNA of mPEBP4 from mouse eye
tissue. We did not detect its expression in any other tissues
including bone marrow, uterus, prostate, smooth muscle,
stomach, liver, brain, hippocampus, skeletal muscle, lung,
spleen, skin, colon, small intestine, thymus, ovary, rectum,
heart, esophagus, mammary gland, or kidney (Fig. 2A and B).
We also examined the expression pattern of mEBP4 mRNA
in a variety of tumor cells and freshly isolated cells including
mouse dendritic cells, macrophage, CD4+ T cells, A20 (B
cell lymphoma), RAW264.7 (monocyte/macrophage), J774
(monocyte/macrophage), L929 (fibroblast), B16F10 (melan-
oma), B16 (melanoma), Hepa (liver carcinoma), 3LL (lung
carcinoma), 4T1 (breast carcinoma), CT26 (colon carcinoma),
and found that mPEBP4 was only weakly expressed in NIH3T3
fibroblast cells (Fig. 2C).

By using in situ hybridization, we further proved that
mPEBP4 mRNA was specifically expressed in mouse eye
tissue. We first examined every section of mouse eye tissue
including cornea, iris, lens and retina, and found that mPEBP4
mRNA was specifically expressed in retina tissue. Moreover,
a strong mPEBP4 mRNA hybridization signal was specifically
detected in the ganglion cell layer (Fig. 2D, I) of retina tissue,
no signal was detected in other layers such as the bipolar
layer (Fig. 2D, II), layer of rods and cones (Fig. 2D, III) and
pigment epithelium layer (Fig. 2D, IV). As shown in Fig 2D
(left), anti-sense probes of mPEBP4 hybridized to the ganglion
cell layer of retina tissue. No signal was observed in controls
using sense probes (Fig. 2D, right). 

Because hPEBP4 was found to be highly expressed in
breast cancer cells and tissues but mPEBP4 was not detectable
in mouse breast cancer cells, we questioned whether mPEBP4
expression could be induced by some cytotoxic agents. There-
fore, the inducible expression of mPEBP4 mRNA in mouse
breast cancer 4T1 cells treated with cytotoxic agents was
further examined. As shown in Fig. 2E, following Epirubicin
treatment, mPEBP4 expression increased in the 4T1 cells,
reaching a maximum at 24 h and then decreasing, whereas
TNF· or TRAIL had no effect on mPEBP4 expression in 4T1
cells (data not shown). The data suggest that mPEBP4 might
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play roles in cellular apoptotic responses to extracellular stimuli
such as Epirubicin. 

Cytolocalization of mPEBP4. The cytolocalization of GFP-
fused mPEBP4 protein in HEK 293 cells was examined by
fluorescence confocal microscopy. Forty-eight hours after
transfection with mPEBP4-GFP, GFP fluorescence displayed a
cytoplasmic distribution in transfected cells, with a particularly
strong signal in the perinuclear region. Further subcellular
localization analysis was performed using specific probes for
cell organelles including mitochondria, endoplasmic reticulum/
Golgi apparatus, and lysosomes. The majority of mPEBP4-

GFP green staining correlated with the red endoplasmic
reticulum/Golgi apparatus signal (BFA Tracker), as displayed
by yellow fluorescence in overlaid images (Fig. 2F), but did
not correlate with red staining associated with mitochondria,
or lysosomes (data not shown). Cells transfected only with
GFP showed fluorescence in both cytoplasm and nucleus and
no evidence of colocalization with endoplasmic reticulum/
Golgi apparatus. The results suggest that mPEBP4 localizes
primarily to endoplasmic reticulum/Golgi apparatus. 

mPEBP4 promotes the migration and invasion of breast
cancer 4T1 cells in vitro. Though mPEBP4 is specifically
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Figure 1. Multiple alignment of mPEBP4 with closely related PEBP family members. Alignment was performed with the GCG package and minimally
adjusted manually. Identical residues are boxed in black, and similar residues are in gray. The phosphatidylethanolamine-binding domain is indicated by a
bold arrow spanning residues 84-191 of mPEBP4. •, residues that are important for PE-binding. mPEBP4 sequence has been deposited in the GenBank
database with the accession no. AK006964.
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expressed in mouse eye tissue, it is difficult to find an ideal
mouse eye tissue-derived cellular model to explore the endo-
genous function of mPEBP4. Considering the inducible time-
dependent mPEBP4 expression pattern in mouse breast cancer
4T1 cells, 4T1 cells were selected here to investigate the
function of mPEBP4. Because 4T1 cells have been proved to
be an ideal tumor migration model (30,31), we first investigated
whether mPEBP4 could affect the migration and invasion of
4T1 cells. mPEBP4-B or control vector was transfected into
4T1 cells. RT-PCR confirmed the overexpression of mPEBP4
in 4T1 stable transfectants (Fig. 3A). The stable transfectants
and parallel 4T1 cells were cultured in Transwell chambers
for 24 h. We found that the number of cells which migrated
(Fig. 3B and D) and invaded (Fig. 3C and E) to the opposite
sides of filters was much higher in mPEBP4-overexpressing
4T1 cells, indicating that mPEBP4 might have a facilitative
effect on the migration and invasion of breast cancer 4T1 cells.
A similar result was obtained from mPEBP4-overexpressed
mouse fibroblast NIH3T3 cells (data not shown). The effect
of mPEBP4 overexpression on 4T1 cell proliferation was
simultaneously investigated, however, there was no statistically
significant difference in proliferation rates between mPEBP4-B
transfectants and mock transfectants or 4T1 cells (data not

shown) suggesting that mPEBP4 could not enhance the growth
of 4T1 cells. These data demonstrate that mPEBP4 can promote
cellular migration and invasion of 4T1 cells.

mPEBP4 overexpression inhibits serum-induced activation of
ERK1/2 and JNK and up-regulates the expression of COX-2.
It's well known that MAPK and PI3K/Akt pathways are
important signaling pathways which account for cell migration
(32,33). So, we examined whether these signal pathways were
involved in the promoting effect of mPEBP4 on the migration
and invasion of 4T1 cells. As shown in Fig. 4A, serum-induced
phosphorylation of ERK1/2 and JNK in 4T1 cells was inhibited
by mPEBP4 overexpression, whereas activation of p38 and
AKT was not influenced (data not shown).

Because some molecules, such as COX-2, MMP-3/9,
TGF-ß, CCR7 and CXCR4 have positive effects on cellular
migration (34-37), we also investigated weather mPEBP4
could affect the expression of these molecules. RT-PCR and
Western Blot analysis showed that only COX-2 expression
was up-regulated in mPEBP4-overexpressing 4T1 cells
(Fig. 4B and C). To determine whether the positive effect
of mPEBP4 on cellular migration was linked to COX-2
expression, 4T1 cells stably transfected with mPEBP4-B, or
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Figure 2. Expression pattern of mPEBP4 and subcellular localization of mPEBP4. RT-PCR analysis of mPEBP4 mRNA expression in mouse various tissues
(A-B), and various cell lines (C) is shown. RT-PCR with mPEBP4 and mouse ß-actin-specific primers was performed for 30 and 25 cycles, respectively. A
446-bp band of mPEBP4 was detected. All the tissues and cells were similarly positive for ß-actin (lower panel). (D) Localization of mPEBP4 mRNA in the
eyes of mouse by in situ hybridization. (a) Strong mPEBP4 mRNA hybridization signal was detected in the ganglionic layer of mouse eyes. I, ganglion cell
layer; II, bipolar layer; III, layer of rods and cones cell; IV, pigment epithelium layer. (b) The negative control. No mPEBP4 mRNA hybridization signal was
detected in the ganglion cell layer of mouse eyes. (E) Inducible expression pattern of mPEBP4 in mouse breast cancer 4T1 cells, which do not express
mPEBP4 mRNA in normal state. Expression levels of mPEBP4 mRNA in 4T1 cells stimulated with 1 μg/ml Epirubicin were determined by RT-PCR at the
indicated time-points. All the cells were similarly positive for ß-actin (lower panel). (F) HEK 293 cells were transiently transfected with mPEBP4-GFP, or
control GFP vector. The cells were fixed and fluorescence observed in overlay images 48 h after transfection.

55-63  7/12/06  13:43  Page 59



ZHANG et al:  mPEBP4 PROMOTES CELLULAR MIGRATION AND APOPTOSIS RESISTANCE60

Figure 3. Effects of mPEBP4 overexpression on migration and invasion of breast cancer 4T1 cells in vitro. Assays for migration and invasion of the cells were
carried out by using Transwell chambers consisting of 8.0-μm pore size filters, but only the filters used for the invasion assay were coated with Matrigel on
the upper surface. (A) Stable expression of mPEBP4 in 4T1 cells, as confirmed by RT-PCR using mPEBP4-specific primers. Quantitative analysis of the
effects of mPEBP4 overexpression on 4T1 cellular migration (B) and invasion (C). The number of cells which migrated and invaded to the opposite sides of
filters in parallel 4T1 cells was given the value 100%, such that migration and invasion of tansfectants were represented as a fraction of control. (D) Cells
migrating through the pore of membranes were stained with Giemsa. The images were shown by fluorescence microscope. (E) The images of the invasion
assay. Data of one representative experiment from the three independent experiments was shown and expressed as mean ± SD from triplicate wells.
Significant differences from control and mock are shown (*P<0.05).
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mock and parallel 4T1 cells were treated with or without a
selective COX-2 inhibitor (38), NS398 (50 μM) for 24 h. We
found that the migratory capacity of 4T1 cells promoted by
mPEBP4 overexpression was significantly reduced by NS398
(Fig. 4D). A similar result was obtained in invasion assay
(data not shown). These results suggested that mPEBP4 might
promote the migration and invasion of mouse breast cancer
4T1 cells by up-regulating the expression of COX-2.

mPEBP4 overexpression inhibits Epirubicin-induced
apoptosis in breast cancer 4T1 cells. Our previous study
showed that human PEBP4 functions as an anti-apoptosis
molecule (15), so the role of mPEBP4 in the process of
cellular apoptosis was explored. The stable transfectants
were treated with an indicated concentration of Epirubicin
which had been identified as a kind of apoptosis-inducing
agent in treating breast carcinoma (39). Loss of mitochondrial
inner transmembrane potential is associated with the early
stages of apoptosis and may be one of the central features
of the process (40). The green fluorescent cationic dye
Rhodamine 123 (R-302) binds selectively to the inner mito-
chondrial membrane and accumulates in the charged membrane
compartments of living cells; apoptotic cells exhibit a loss of
R123 binding. mPEBP4-B transfectants did not differ in their
baseline level of apoptosis, when compared with mock
transfectants or 4T1 cells, but did exhibit lower levels of
apoptosis following Epirubicin treatment (Fig. 5). However,
mPEBP4 had no effect on TNF·- or TRAIL-induced apoptosis
in 4T1 cells (data not shown). A similar result was obtained
from mPEBP4-overexpressed mouse fibroblast NIH3T3
cells (data not shown). Considering the inducible mPEBP4
expression pattern by Epirubicin, mPEBP4 might play roles
in cellular apoptotic responses to Epirubicin treatment and in
self-protection from Epirubicin-induced apoptosis in breast
cancer cells. How mPEBP4 exerts its anti-apoptotic function
needs to be investigated in the future.

Discussion

The PEBP family is a highly conserved group of proteins with
homologues in a wide variety of organisms. Our previous
studies showed that hPEBP4 functions as an anti-apoptotic
molecule and might be a candidate target for breast cancer
therapeutics (15,16). In this study, we cloned and functionally
identified mPEBP4, the mouse homolog of hPEBP4. To our
interest, we found mPEBP4 was specifically expressed in eye
tissue, however, until now, we had no ideal models for the
investigation of mPEBP4 functions in mouse eye development
and pathophysiological roles of mPEBP4 in the eye diseases.
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Figure 4. Overexpression of mPEBP4 inhibits serum-induced activation of
ERK1/2 and JNK and up-regulates the expression of COX-2. (A) 4T1 cells
stably transfected with mPEBP4-B, or mock and parallel 4T1 cells were
serum-starved for 24 h and then treated with 10% serum for various periods
of time. Equivalent protein loadings of each lysate were immunoblotted with
antibodies recognizing the phosphorylated, active forms of pp42/pp44 ERK,
p-JNK or p-p38. (B) mPEBP4-B, mock stably transfected 4T1 cells, or
parallel 4T1 cells were serum-starved for 24 h and then treated with 10%
serum for 24 h. The cells were harvested for detection of migration and
invasion-related molecules by RT-PCR. All the cells were similarly positive
for ß-actin (lowest panel). (C) Western blot analysis for the expression of
COX-2. (D) mPEBP4 promotes the migration of 4T1 cells through up-
regulating the expression of COX-2. The stable transfectants of 4T1 cells
were grown in the upper chamber of a Transwell containing NS398 (50 μM)
or not for 24 h, then migration assay was followed. 

Figure 5. mPEBP4 overexpression inhibits Epirubicin-induced apoptosis.
The stable transfectants of 4T1 cells were treated with 1 ug/ml Epirubicin
for 24 h. Cells labeled by green fluorescent cationic dye (Rhodamine 123, R-
302) and PI. The percentages of the gated cells represent apoptotic cells. 
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On the basis of Epirubicin-inducible mPEBP4 expression, we
selected mouse breast cancer cells 4T1 as the cellular model
to investigate the function of mPEBP4. Our previous studies
showed that hPEBP4 has a negative effect on TNF· or TRAIL-
induced apoptosis (15), here we found that mPEBP4 over-
expression in breast cancer 4T1 cells conferred resistance to
Epirubicin-induced apoptosis, but had no effect on TNF· or
TRAIL-induced apoptosis. Together with the fact that mPEBP4
mRNA expression was induced in 4T1 cells treated with
Epirubicin but not TNF· or TRAIL, mPEBP4 might play roles
in cellular apoptotic responses to cytotoxic agent Epirubicin
and in self-protection from Epirubicin-induced apoptosis.

The contribution of MAPK activation to cellular migration
depends on both cell type and stimulus. JNK has recently been
shown to play an important role in the negative regulation of
breast cancer cell migration (32). We found that mPEBP4
overexpression in mouse breast cancer 4T1 cells inhibited 10%
serum-induced ERK, and JNK activation, but promoted cellular
migration and invasion. However, mPEBP4 had no effect on
p38, AKT, or NF-κB activation (data not shown). We also
explored the effect of mPEBP4 overexpression on migration-
related molecule expression, and found that only COX-2
expression was up-regulated in mPEBP4-overexpressing 4T1
cells. Furthermore, the selective COX-2 inhibitor NS398
inhibited the cellular migration and invasion promoted by
mPEBP4 overexpression. Therefore, mPEBP4-mediated
suppression of ERK and JNK activation and up-regulation of
COX-2 expression appear to be partially responsible for the
observed promotion of cellular migration and invasion by
mPEBP4. 

Most interestingly, in situ hybridization showed that
mPEBP4 was specifically expressed in retinal ganglion cells
which are the first or among the first cells born in the retina in
all the studied vertebrates and play an important role in visual
function (41). Recent study demonstrated that apoptosis of
the retinal ganglion cell is characteristic of glaucoma. Many
scientists are trying to find neuroprotective strategies to
protect ganglion cells from apoptosis to battle against
blinding diseases. Considering its anti-apoptosis effect,
mPEBP4 may be an important molecule involved in visual
function, and further experiments need to be conducted to
confirm this prediction.

In conclusion, we have cloned and functionally
characterized a mouse eye-specific protein mPEBP4, a novel
member of the PEBP family, which shows similar structural
features to hPEBP4. We demonstrate that mPEBP4 promotes
cellular migration and invasion by inhibiting ERK1/2 and
JNK activation and up-regulating the expression of COX-2.
In addition, mPEBP4 overexpression inhibits Epirubicin-
induced cellular apoptosis. Considering that mPEBP4 is
specifically expressed in retinal ganglion cells, whether
mPEBP4 is an important molecule involved in visual function
needs to be further investigated.
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