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Many proteins that are aberrantly expressed in malignant tumors play important roles in promoting
tumorigenesis, metastasis and immune escape. IFN regulatory factor 4-binding protein (IBP), which is a novel
PH-DH-like protein related to SWAP-70, and functions as an upstream activator of Rho GTPases. It is widely
expressed in cells of the immune system and is involved in coupling activated cell receptors to downstream
signaling events that mediate cell proliferation, differentiation and polarization. Although IBP was detected in
human chondrosarcoma, its function in tumor cells remains unknown. In this study, newly generated
monoclonal anti-IBP antibodies were employed and they detected higher level expression of IBP in some
human invasive breast carcinoma tissues and in two breast cancer cell lines that form highly invasive tumors
in nude mice. In contrast, the levels of IBP mRNA and protein were low or undetectable in normal human
breast tissues, benign breast lesions or low-tumorigenic breast cancer cell lines. Over-expression of wild-type
IBP in an IBP-negative breast cancer cell line markedly increased its proliferation and invasiveness in vitro.
Conversely, RNA interference-mediated knockdown of IBP expression in an IBP-positive breast cancer cell
line significantly reduced cell growth and invasiveness. Our results indicate that IBP is expressed in more
highly invasive human breast cancer cells, such as MCF-7 and MDA-MB-231, with lower expression in normal
breast tissue, benign tumors and less aggressive breast cancer cells, such as SKBR3 and MDA-MB-453. Thus,
expression of IBP is correlated with the degree of malignant breast tumors. Nevertheless, it should be pointed
our that further study with more tumor types is required to fully elucidate the role of IBP in tumorigenesis
and the potential of IBP as a marker for more highly malignant tumors.
© 2009 Elsevier B.V. All rights reserved.
1. Introduction

Interferon regulatory factor 4 (IRF-4) binding protein (IBP) was
first identified in 2003 [1] and plays multiple roles in biological
processes that involve the immune system. IBP is expressed in
myeloid progenitors, and its expression is reduced when these cells
differentiate into macrophages, granulocytes and erythrocytes in vitro
[2]. IBP is also expressed at a high level in T lymphocytes, where it acts
as a guanine nucleotide exchange factor (GEF) for Rac1 and Cdc42.
Upon T cell receptor (TCR) stimulation, IBP is recruited to the
immunological synapse [4]. Murine IBP was shown to play a role in
TCR signaling as well as in the development and maturation of Th2
cells [3]. Loss of IBP in mice resulted in the development of systemic
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autoimmunity and developmental defects at the earliest stage of
thymocyte differentiation [5,6].

Recent studies indicate that IBP has novel cellular functions in
other systems in addition to their important roles in the immune
system. In NIH 3T3 cells, stimulation of the PIP3-kinase signaling
pathway resulted in the translocation of an over-expressed IBP-GFP
fusion protein to the cell membrane and the formation of filopodia
and lamellipodia [7]. Gene expression profiling revealed that IBP was
one of the top five differentially expressed genes in extraskeletal
myxoid chondrosarcoma (EMC) [8]. In addition to its GEF activity, IBP
cooperates with activated Rac1 to regulate cell morphology [9]. In
2007, Thomas Samson et al. found that IBP expression was not
restricted to T lymphocytes; rather, it is also expressed in various
muscle tissues and it could interact with the integrin chain α7A [10].

Taken together, these observations indicate that IBP is involved in the
regulation of a diverse set of biological activities. Current results have
demonstrated that IBP influences, directly or indirectly, cytoskeletal
rearrangements, focal complex/adhesion assembly, cellmotility and cell
polarity. Since most of these processes are associated with and/or are
deregulated in cancer growth and metastasis, we believe that IBP may
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Table 1
Primers involved in this research.

Purpose Upstream primer Downstream primer

1. GST-IBP410–488 5′CGGAATTCATATGCAGGCTGAGATGGAG3′ 5′CCCAAGCTTATTTTCTGGTGCTGGATC 3′
2. His-IBP410–631 5′CGGAATTCATGCGAGCTGAGATGGA3′ 5′GACGTCGACTATTTTCTGGTGCTGGATC3′
3. Coding region of IBP 5′ATAAGCTTATGGCCCTGCGCAAGGAACT3′ 5′TAGGTACCTTAATTTTCTGGTGCTGGATCC3′
4. GAPDH 5′GGAGTCCACTGGCGTCTT3′ 5′CCTGCTTCACCACCTTCTT3′

All primers were developed with Primer Premier 5.0 software. 1 for prokaryotic expression plasmid pGEX-KG; 2 for prokaryotic expression plasmid pET-32a; 3 for amplification of
coding region of IBP from cDNA; 4 for amplification of GAPDH from cDNA.

Table 2
Specific characterization of different mAb clones to IBP by ELISA, WB, ICH, and IHC.

Clone IBP expressed in E. coli IBP expressed in
eukaryotic cells

Isotype

ELISA (OD at 492 nm) WB ICH IHC

GST/IBP GST His/IBP His

A2 2.69 0.010 2.38 0.032 + + + IgG1

A9 2.87 0.017 2.43 0.088 + ++ ++ IgG2a

C6 2.98 0.078 2.51 0.047 + ++ ++ IgG1

D5 2.45 0.013 2.24 0.036 + ++ ++ IgM
F5 2.74 0.032 2.45 0.045 + + + IgG2a

G3 2.93 0.073 2.49 0.023 + IgG2b

G4 2.16 0.034 2.19 0.059 + IgG1

ELISA, enzyme linked immunosorbent assay;WB,Western blot; ICH, immunocytochemistry;
IHC, immunohistochemistry; GST/IBP, the purified induced protein of pEGX-IBP410–488

transformed BL21; GST, the purified induced protein of transformed empity pEGX-KG BL21;
His/IBP, the purified induced protein of pET32a-IBP410–633 transformed BL21;His, the purified
induced protein of empity pET32a transformed BL21.
For ELISA, the magnitudes of immunoreactivity to recombinant IBP protein were
compared to the signals generated by antibody against Tag-protein. The numbers in this
table indicates the OD492 value. ForWB,+ indicates themAb could interact with IBP. For
ICH and IHC, + indicates weak staining signal; ++ indicates strong staining signal.
Characterization of subclasses of IBP mAbs was conducted by using mouse monoclonal
antibody isotyping kit (Sigma).
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play a role in the progression of human tumors. Up to now, the
expression of IBP has only been found in one human tumor, EMC.

Breast cancer is the most frequent malignancy in women. Despite
advances in treatment, approximately 30% of patients who are
diagnosed with an early stage of breast cancer eventually develop
recurrence or metastasis [11,12]. In order to investigate whether IBP is
associated with the metastasis of breast cancer, we have produced a
series of specific monoclonal antibodies to IBP and used these
antibodies to analyze the expression of IBP in human breast cancer
cell lines and primary tumor tissues. In order to address the function
of IBP in breast cancer, we evaluated the relationship between
proliferation rate and invasion and the level of IBP over-expression or
down-regulation in breast cancer cells. Our results suggest that IBP is
selectively expressed in some breast cancer cells and contributes to
their growth rate and invasiveness.

2. Materials and methods

2.1. Cell culture

The SP2/0 (mouse myeloma), 293 (human embryonic kidney),
Jurkat (humanTcell leukemia), Raji (human B cell Burkitt's lymphoma),
MCF-7, MDA-MB-231, MDA-MB-435, MDA-MB-453 and SKBR3 (breast
cancer) cell lines were obtained from the cell bank of the Committee on
Type Culture Collection of Chinese Academy of Sciences (CCTCC,
Shanghai, China). These cell lines were grown according to the CCTCC's
recommendations. Briefly, the SP2/0, Jurkat and Raji cell lines were
grown in 1640Medium (Gibco, USA) containing 10% fetal bovine serum
(FBS). The 293, MDA-MB-231, MDA-MB-435 and SKBR3 cell lines were
grown in Dulbecco's Modified Eagle's Medium (DMEM, Gibco) contain-
ing10%FBS. TheMCF-7 cell linewasgrown inDMEMcontaining10%FBS
and NEAA. The MDA-MB-453 cell line was grown in DMEM/F-12K
Medium (Gibco) containing 10% FBS.

2.2. Generation of anti-IBP monoclonal antibody

The GST-truncated IBP410–488 fusion protein, which was purified by
affinity and anion-exchange chromatography (Amersham Pharmacia
Biotech Inc., USA), was used for mouse immunization. The spleen cells
of immunizedBALB/cmicewere fusedwith themyelomacell line (SP2/0)
using 50% polyethylene glycol (Sigma, USA), according to the technique
that was previously described by Kohler and Milstein [13].The immune
response to the detected antigen (purifiedHis-IBP410–630)was assessed by
measuring the reactivity of the antibody (mAb) in mouse serum by
indirect ELISA [14]. Briefly, ninety-six well microtiter plates were coated
with 5 μg/ml purified GST-tag protein (induced product of BL21
transformed with empity pGEX-KG), GST-IBP410–488, purified His-tag
protein (induced product of BL21 transformed with empity pET-32a) or
His-IBP410–631 in 0.1 M biocarbonate buffer (pH9.5), then blockedwith 5%
skimmilk in PBS. Culture supernatants of hybridomaswere added to each
well and incubated for 1 h at room temperature and washed five times
with PBS containing 0.1% Tween-20 (PBST). Bound Abs were detected by
incubation with HRP-conjugated anti-mouse or anti-rabbit IgG antibody
(Zhong Shan Co., Beijing, China) for 1 h, followed by washing and the
addition of 100 μl peroxidase substrate (o-phenylenediamine, 0.4mg/ml)
in citrate-phosphate buffer (pH 5.0), containing 0.02% (v/v) H2O2. The
reactionwas stoppedwith50μl of12.5%H2SO4.OD492wasdeterminedby
using a microplate reader (Bio-Rad model 550). The immunoglobulin
subclass of the antibody was determined by use of mouse hybridoma
isotyping reagents (Sigma).Mouse asciteswere generated andpurified by
use of a ProteinA-Sepharose column (Amersham), according to the
manufacturer's protocol. To confirm the specificity of the IBP mAbs,
western blot analysis of lysates obtained from 293 cells that were
transfected with pEGFP/IBP plasmids and cells that express endogenous
IBP were performed. In an effort to select the appropriate mAb for use in
immunohistochemical analysis, we evaluated the ability of the mAbs to
immunocytochemically stain IBP on Jurkat cells, which is an IBP-positive
cell line. Localization of the IBP in Jurkat cells was examined by indirect
immunofluorescence.
2.3. The expression of IBP in breast cancer cell lines

Whole cell lysates fromMCF-7, MDA-MB-231, MDA-MB-435, MDA-
MB-453 and SKBR3 breast cancer cell lines were resolved by 7.5% SDS-
PAGE and were analyzed by western blot. From all of these cell lines,
RNA was extracted and purified with the TRIzol Reagent kit (Gibco)
according to the manufacturer's recommendations. Reverse transcrip-
tion was performed using ReverTra-Plus-TM (Toyobo, Japan), accord-
ing to the manufacturer's protocol. IBP and GAPDH cDNA-specific
primers were designed (Table 1) and synthesized by Invitrogen
(Shanghai, China). The reaction system (Toyobo KOD-plus DNA
polymerase PCR kit) was composed of 5 μl 10×KOD-plus buffer, 5 μl
dNTP (10 mM), 4 μl Mg2+ (250 mM), 1 μl F/R primer (10 μM), 1 μl
KOD-plus (5 U/µl) and 1 μl cDNA. The reaction volumewas adjusted to
47 μl with distilled water, and 3 μl DMSO was added for a final volume
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of 50 μl. The reaction conditions were 94 °C for 2 min and then
35 cycles of 94 °C for 30 s, 60 °C for 30 s and 68 °C for 2 min. The
products were analyzed by 0.8% agarose gel electrophoresis.
Fig. 1. Characterization of the generatedmAbs against IBP. (A) Characterization of generatedm
were subjected to SDS-PAGE and transferred to PVDF membrane. The membranes were pro
specificity of IBP mAbs for endogenous IBP in IBP-positive cell lines. Cell lysates obtained from
endogenous IBP protein from Jurkat cells as evaluated by an immunocytochemistry assay. T
polyclonal anti-IBP serum (pAb) was used as a positive control. IBP-specific immunocyto
cytoplasm predominantly. All original images were captured at ×200 magnification. (D) IBP
A9 mAb and a secondary antibody conjugated to Cy3 (red). Cell nuclei were stained with Hoe
(For interpretation of the references to color in this figure legend, the reader is referred to
For investigation of the subcellular localization of IBP in breast
cancer cells, MCF-7 cells were trypsinized and plated on glass cover
slips in 6-well culture dishes for 24 h. After washing and fixingwith 4%
Abs bywestern blot analysis. Equal amounts (100 μg) of 293/pEGFP-C1/IBP cell lysates
bed with antibodies that had been purified from 7 hybridomas. (B) Assessment of the
each of the cell lines were probed with A9mAb. (C) Interaction between IBP mAbs and
he treated cells were subjected to immunocytochemical staining with 7 mAbs. Mouse
chemical staining was detected with mAbs A9, C6 and D5; IBP was identified in the
localization analysis by confocal microscopy. Immunofluorescence was performed using
chst (blue). C1-IBP indicates lysate of 293 cells transfected with pEGFP-C1-IBP plasmid.
the web version of this article.)
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paraformaldehyde in PBS, the cover slips were incubated with 10 μM
DiIC18 (1, 1′-dioctadecyl-3, 3, 3′, 3′-tetramethylindocarbocyanine
perchlorate, Sigma) buffer, which stains the cell membrane, at 37 °C
for 20 min. The samples were then stained by indirect immunofluor-
escence, as described above, except that the secondary antibody was
FITC-labeled goat anti-mouse IgG.

2.4. Patient specimens

Tissue previously obtained from 107 patients with breast cancer,
20 patients with benign breast lesions and 20 patients with normal
breast tissue that had been previously collected and stored at the
Department of Pathology, Southwest Hospital, Third Military Medical
University, China, between 1 March 2004 and December 2008 were
used for tissue microarray (TMA) construction. The study protocols
were approved by local Institutional Review Board (IRB). These tissues
had been formalin-fixed and paraffin-embedded. The tissue blocks
were sectioned and stained with hematoxylin and eosin (H&E).

2.5. Tissue microarrays

Three TMAswere constructed as described by Kononen J. et al. [15].
Briefly, using the H&E sections as a template, representative areas of
each tumor were identified and marked on a section of the donor
block. Approximately three-millimeter thick tissue cylinders (0.6-mm
diameter) were punched from each donor paraffin block using a tissue
microarray instrument (Beecher Instruments, Silver Spring, MD, USA).
Fig. 2. Expression of IBP protein in breast cancer cell lines.(A) Whole cell lysates obtained fro
electrophoresed and transferred to a PVDF membrane. Following detection with purified A9
ensure equal loading of the protein lysates. (B) Total RNA isolated fromvarious breast cancer c
for PCR. Amplification of GAPDH served as an internal control. (C) Confocal microscopic an
MCF-7 cells was predominantly localized in the cytoplasm and cell membrane.
The donor cores were placed into the corresponding recipient block
holes that were punched ahead of time by the same tissue microarray
instrument. Three tumor cores and three normal tissue cores that
were located adjacent to the tumor were punched from each case, in
order to better represent that case. Two extra cores of normal breast
tissue were used for microscopic orientation. After construction,
recipient blocks were placed into an oven at 37 °C for 20 min, rapidly
removed and pressed down by a slide for a moment to flatten the
surface. Serial 4-µm thick sections were cut with a Leica microtome
and mounted onto polylysine-coated sections.

2.6. Immunohistochemistry

Paraffin sections were heated, dewaxed, and hydrated in xylene and
ethanol/double distilled water (ddH2O). Rehydrated sections were
boiled in a 10 mM citrate (pH 6.0) antigen retrieval buffer for 20 min
before quenching endogenous peroxidase activity with 3% (v/v)
hydrogen peroxide (H2O2) for 15 min. For IBP staining, the slides were
rinsed with phosphate buffered saline (PBS, pH 7.0) three times for
5 min each and were incubated with anti-IBP mAb diluted with 1% BSA
(w/v) in PBS (1:200) overnight at 4 °C. To ensure antibody specificity, a
negative control (no primary antibody) was used for each section.
Because IBP is expressed at a high level in lymphocytes, the infiltrating
lymphocytes inbreast cancer tissuewereusedasa positive control. After
washing with PBS, the sections were treated with HRP-labeled polymer
for 30 min (EnVision+ System, DAKO, Denmark) at room temperature.
Finally, the slides were incubated with DAB (DAKO) for 5 min at room
mMCF-7, MDA-MB-231, MDA-MB-435, MDA-MB-453, SKBR3 and Jurkat cell lines were
mAb, the membrane was later stripped and reprobed with antibody against Tubulin to
ell lines was used as template to generate cDNA. The IBP-specific primers were prepared
alysis of IBP expression in human tumor cell lines. IBP-specific immunofluorescence in
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temperature and counterstainedwith hematoxylin. Histologic diagnosis
of the specimens was made with the use of routinely processed H&E-
stained sections.

2.7. Over-expression and RNA-interference of IBP in breast cancer cells

MDA-MB-435 cells were individually transfected with 1 μg of
pEGFP-C1 IBP expression plasmid or mock vector alone using the
Fig. 3. IBP protein is aberrantly expressed in human breast cancer samples of different tumor
stained with H&E; IV, V, VI are positive for IBP; VII is a negative control for IBP; VIII is tissuem
I, IV, VII ×100, II, V ×200, II, VI, IX ×400). (B) Representative cases of IBP expression in the s
cancer; d is stage II breast cancer; e is stage II breast cancer; f is stage IV breast cancer. All
lipofectamine 2000 (Invitrogen) reagent according to the manufac-
turer's protocol. After 1 day, the transfected cells were split at 1:20.
The cell growthmediumwas supplemented with G418 (800 μg/ml) to
select transfectants two days after transfection.

Two DNA fragments were chosen to target IBP for RNA interference
(178: GCTGAAGCAGTTGATGCAG and 568: CAGCAATGAGCAGCAGAAC).
An unrelated sequence was used as negative control (GTCTCCGAA
CGTGTCACGT). These sequences were individually subcloned into the
grade. (A) Tissue microarray for H&E staining and immunohistochemistry. I, II, III were
icroarray block; IX is normal breast tissue that is negative for IBP (original magnification:
amples. a is normal tissue exhibiting no IBP expression; b is adenoma; c is stage I breast
original images were captured at ×400 magnification.
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GeneBuster vector (Genordia, Sweden) to obtain recombinant expres-
sion plasmids. MDA-MB-231 cells were transfected with either an IBP
siRNA recombinant plasmid or negative control vector. Growthmedium
supplemented with G418 (600 μg/ml) was employed to select for
transfectants, which were neomycin resistant.
2.8. Cell growth measured by the MTT assay

Cells were grown in 96-well plates containing DMEMmedium that
was supplemented with 5% FCS. The number of viable cells that were
transfected with either the IBP over-expressing or down-regulating
plasmid was determined by use of the methyl thiazolyl tetrazolium
(MTT, Sigma) assay. Cells were seeded at 5×103 cells/well in 200 μl of
medium and were cultured for 24 h to allow for their adhesion to the
plate. After preincubation, the culture medium was changed, and the
cells were cultured for an additional 0, 1, 2, 3, 4, 5, 6, 7, 8 or 9 days.
Twenty microliters of MTT solution (5 mg/ml in PBS) was added to
each well and the cells were incubated for 5 h at 37 °C. The solution
was removed, and 200 μl dimethylsulfoxide (DMSO, Cat. D4540;
Sigma) was added to each well. These plates were rocked gently for
10min and were then evaluated in a universal microplate reader (Bio-
RAD Model 550, USA) at 490 nm.
Fig. 4. Effect of IBP on breast cancer cell proliferation. (A) Western blot analysis shows a
reduction in IBP expression in MDA-MB-231 cells stably transfected with either
pGeneBuster/178 or pGeneBuster/568, and a single band of ~104 kDa, which
corresponds to the EGFP-IBP fusion protein, was observed in the lysates obtained
from the pEGFP-C1-IBP-transfectedMDA-MB-435 cells, but not in the control cell lysate.
(B) Increased proliferation of IBP-positive cells compared with controls. Cells were
seeded at 5×103 cells/well in 200 μl of medium, and were then cultured for 24 h to
allow for their adhesion to the plate. After the preincubation, the culture medium was
changed, and cells were cultured for 0, 1, 2, 3, 4, 5, 6, 7, 8 or 9 days before submission to
the MTT assay. Results are presented as the mean plus S.E.M. of triplicate observations.
⁎pb0.05, significant difference between control and IBP up/down-regulated regulated
expression cells groups.
2.9. Migration assay

The transwell migration assay was conducted using a transwell
chamber (Millicell, Cat. PI8P01250; Millipore, USA) that had a 12-mm
diameter and 8-mm pore size. The upper chamber was coated with
200 μl of ECM (extracellular matrix) gel (catalog No. E1270, Sigma) at
a final concentration of 1:7.5 at room temperature for 10 min. Breast
cancer cells in serum-free medium (2.5 104 cells per well) were added
to the upper chamber, and conditional media derived from NIH3T3
fibroblast cultures was placed into the lower chambers as a chemo-
attractant. The chamberswere incubated for 20 h at 37 °Cwith 5% CO2.
The experiments were performed in triplicate. Migrated cells on the
undersides of the filter membrane were then fixed with 4%
paraformaldehyde and stained with the Hematoxylin and Eosin
Staining Kit (Beyotime, China). Migrated cells in five random viewing
fields of each well were counted under a microscope.
Table 3
Correlations between IBP and prognostic indicators for breast tumors.

Group IBP positive IBP negative Total Correlation

Lymph node Positive 46 27 73 Positivea correlation
p=0.003079 (b0.01)Lymph node Negative 11 23 34

Total 57 50 107
Tumor grade I+II 10 18 28 Positivea correlation

p=0.004941(b0.01)Tumor grade III+IV 43 21 64
Total 53 39 92
Tumor size ≤3 mm 19 12 31 No correlation

p=0.594186Tumor size 3–5 mm 21 9 30
Tumor size N5 mm 12 4 16
Total 52 25 77
ER Positive 14 9 23 No correlation

p=0.870207ER Negative 40 21 61
Total 54 30 84
PR Positive 25 19 44 No correlation

p=0.161154PR Negative 23 31 54
Total 48 50 98
c-ERB Positive 32 21 53 No correlation

p=0.594187c-ERB Negative 16 11 27
Total 48 32 80
P53 Positive 8 18 26 Negativea correlation

p=0.025721(b0.05)P53 Negative 23 16 39
Total 31 34 65

ER, estrogen receptor; PR, progesterone receptor.
a There exists a definite correlation between two parameters.
2.10. Statistical analysis

Statistical software (SigmaStat statistical software, SPSS Inc., USA)
was used to make comparisons between two groups. The differences
between IBP status and tumor grade, lymph node status, tumor size,
p53, PR and ER status, and c-erbB-2 expression were compared with
the two-sided chi-square test. Statistical analyses of data obtained
from the cell proliferation andmigration assays were evaluated by use
of an unpaired t test. Differences were regarded as statistically
significant if pb0.05.

3. Results

3.1. Generation of specific mAbs against IBP

By using B cell epitope prediction within IBP protein based on its
hydrophilicity, flexibility/mobility, accessibility, polarity, exposed sur-
face and turns, we immunized BALB/c mice with GST-IBP410–488 and
screen the hybridoma clones by ELISA with Trx-IBP410–631 as detection
antigen. Seven hybridomas (A2, A9, C6, D5, F5, G3, and G4) produced
mAbs specifically recognized GST-IBP410–488 and His-IBP410–631, but had
no reactionwithGSTand Tis tag-protein,were finally established. The Ig
subclass of hybridoma clones is shown in Table 2.

To confirm the specificity of the anti-IBP mAbs, we conducted
western blot analysis of lysates obtained from 293 cells that had
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been transfected with pEGFP-C1-IBP. All seven mAbs recognized the
EGFP-IBP protein (Fig. 1A). In addition, a single 74 kDa band was
detected by the A9 mAb in lysates obtained from Jurkat, Hut78, H9
and Raji (Fig. 1B) cell lines. To select the appropriate mAb for
immunohistochemical analysis, we used the IBP-positive Jurkat cell
line. IBP staining was detected with five mAbs: A2, A9, C6, D5 and F5.
Of these mAbs, A9, C6 and D5 showed more potent staining of IBP in
the cytoplasm (Fig. 1C). Thus, we used A9 and D5 to localize IBP in
Jurkat cells. Confocal microscopic analysis using these mAbs
suggested that IBP is present in both the cytoplasm and cell
membrane of Jurkat cells (Fig. 1D), which is consistent with previous
published reports [1,3].
3.2. Expression of IBP protein in breast cancer

IBP expression was studied in five human breast cancer cell lines
and was discovered in MCF-7, MDA-MB-231 and SKBR3 cell lines at
both the mRNA and protein levels (Fig. 2A, B). In addition, we
confirmed that IBP was present on themembrane ofMCF-7 cells by A9
mAb and DiI double staining (Fig. 2C). Among the tissue samples
analyzed here, 20 normal breast tissue samples, and 20 benign breast
lesion samples were negative for IBP immunocytochemical staining
with mAb A9 (Fig. 3). In contrast, the IBP protein was detected in the
cytoplasm of many breast cancer cells, as indicated by the 57 IBP-
positive samples among the 107 breast cancer tissue samples that
were tested (53.3%). Analysis of the relationship between IBP protein
expression and tumor characteristics [16] showed that there was a
significant positive correlation (pb0.01) between the IBP expression
level and the tumor grade as well as the presence of lymph node
metastasis. In contrast, there was a negative correlation between IBP
and p53 protein levels (pb0.05) (Table 3). Our results demonstrate
that IBP is over-expressed in a considerable proportion of breast
cancer cell lines and cancer tissues, and, therefore, IBP may be
involved in breast cancer progression.
Fig. 5. IBP promotes the invasiveness of breast cancer cells in vitro. The invasive capacities of
the parental MDA-MB-231 and MDA-MB-435 cells, control cells, IBP knock-down cells, and
IBP over-expressing cells weremeasured by the transwell assay. The in vitro invasive capacity
of IBP-positive cells was significantly higher when compared to control cells. Breast cancer
cells in serum-freemedium (2.5104 cells per well) were added to the upper chamber, which
had been coated with ECM, and conditional media was placed in the lower chambers as a
chemo-attractant. The cellswere incubated in the chambers for 20h at 37 °Cwith 5%CO2. The
cells that had migrated in five random viewing fields of each well were counted under a
microscope after theyhadbeenfixed and stained. A isMDA-MB-435 cells; B isMDA-MB-435/
C1 cells; C isMDA-MB-435/IBP cells; D isMDA-MB-231 cells; E isMDA-MB-231/Cont. cells; F
isMDA-MB-231/178cells. Theasterisk indicatesa significantdifference(pb0.05)between IBP
over-expressing cells and IBP knock-down cells.
3.3. The function of IBP in breast cancer cells

To address the function of IBP in breast cancer cells, we either
overexpressed IBP in breast cancer cells that were originally negative
for IBP or knocked-down IBP expression in tumor cells that were
originally positive for IBP. IBP expressionwas reduced inMDA-MB-231
cells that were stably transfected with an IBP siRNA expression
plasmid (Fig. 4A). Comparison of the growth rates of the tumor cells
over a 9-day culture period revealed the MDA-MB-231 breast cancer
cells with lower IBP expression grew more slowly (pb0.05) than cells
that were transfected with the control siRNA construct. The IBP-over-
expressing breast cancer cells grew much faster than their corre-
sponding parental cells (Fig. 4B). These data suggest that IBP may be
important for the growth of tumor cells. To analyze the role of IBP in
the invasiveness of breast cancer cells, a matrigel cell invasion assay
system was used. This assay revealed that IBP-positive breast cancer
cells exhibited greater penetration of extra matrix proteins when
compared with IBP-negative tumor cells (pb0.01, Fig. 5).

4. Discussion

Recent studies have shown that IBP is associated with the functions
of lymphocytes and is highly expressed in T-cells and T-cell homing
organs [1–6]. There are, however, only limiteddata available on the level
of IBP protein in cancer tissues. In order to evaluate the clinical value of
IBP expression in breast cancer cells and tissues, we developed a set of
monoclonal antibodies against IBP and characterized them by ELISA,
western blot analysis, immunocytochemistry (ICH) and immunohisto-
chemistry (IHC) (Table 2). These mAbs showed a high specificity and
sensitivity for IBP by ELISA and western blot analysis. Furthermore, the
A9, C6 and D5 clones were identified to strongly react with IBP by ICH.
Thus, mAb A9 was used in the immunofluorescence analyses of IBP
localization and IHC analysis of IBP protein expression in clinical
samples. Althoughmany polyclonal anti-IBP antibodies have been used
previously, they can result in non-specific staining [10]. Based on our
experimental data, the mAbs that we evaluated here have a higher
specificityandbetter performances inwestern blot analysis, ICHand IHC
than polyclonal antibodies.

IBP has been reported to be an upstream activator of Rho family
GTPases, and it can activate Rac1, RhoA and CDC42 GTPases [7].
Interestingly, besides its GEF activity, IBP can also selectively cooperate
with activated Rac1. Over-expression of GFP-IBP along with constitu-
tively active Rac1 in COS-7 cells significantly changed their cell shape,
and this effect of IBP on cellular morphology was shown to be
independent of its GEF activity [9]. Cancer metastasis is a multi-
faceted process that requires the disregulation of numerous signaling
pathways, including those that are associated with cell adhesion and
motility [17]. Members of the Rho family of small GTPases are key
regulators of actin reorganization, cell motility, cell–cell and cell-
extracellular matrix (ECM) adhesion, cell cycle progression, gene
expression and apoptosis [18]. Each of these functions is important for
the development and progression of cancer. For the Rac GTPases, cell
migration has been shown to be positively regulated by Rac in most
cell types [19–21], although there is conflicting evidence in certain cell
types [22]. Because IBP can cooperate with Rac1 by its GEF and non-
GEF activities, we hypothesize that the association between IBP and
Rac1 may be important for the motility phenotype of cells. Given its
possible role in cancer cell motility, which is an important aspect of
metastasis, we investigated the expression and localization of IBP in
breast cancer samples. It is important to note that metastasis is a
major problem associated with breast cancer. We demonstrated that
IBP is expressed at a high level in the MDA-MB-231 and MCF-7 cell
lines, at a low level in the SKBR3 cell line, and at an undetectable level
in the MDA-MB-435 and MDA-MB-453 cell lines. Although IBP
was detected in the nuclei of a small percentage of cells, it was
predominantly cytoplasmic and membrane-bound according to
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confocal microscopic analysis. These results are consistent with the
reports by Pernnis and Altman [1,3].

In our study, we examined IBP expression in 107 human breast
cancer tissue samples, 20 normal breast tissue samples and 20 benign
breast lesion samples by immunocytochemistry using mAb A9, which
was determined to have the strongest reaction to IBP. We demon-
strated that IBP was expressed strongly in breast cancer tissues and
not in non-cancerous tissues. Statistical analysis indicated that there
was a significant difference in IBP expression between cancer and
normal tissues (pb0.01). Furthermore, based on the results of our
tumor tissuemicroarrays, high levels of IBP expression correlatedwith
positive lymph node status. The IBP expression level was higher in
metastatic breast cancer samples than in non-metastatic samples
(pb0.01). This finding suggests that IBP may participate in breast
cancer cell migration or invasion. To investigate the effects of IBP on
breast cancer cell biological characteristics, we established the IBP
over-expression cell line, MDA-MB-435/IBP, and the IBP down-
regulated expression cell line, MDA-MB-231/178. Based upon pro-
liferation and transwell migration assays, we found that IBP promotes
the proliferation and migration of breast cancer cells. IBP contains an
EF hand-like domain in its amino-terminal region, a PH domain in its
central region and a DH-like domain, which is a coiled-coil domain, in
its carboxy-terminal region. Although the region has no statistically
significant sequence homology with the DH domain, IBP has been
shown to exhibit GEF activity for Rho-family GTPases. Our data
indicate that IBP may promote breast cancer cell proliferation and
invasion. In conclusion, our results suggest that these novel mono-
clonal antibodies against IBP are useful and reliable tools for basic and
clinical analyses of IBP. Although additional studies are required, our
results have demonstrated that IBP is over-expressed in some breast
cancer cells and tissues and that IBP expression is associated with the
invasiveness of these breast cancer cells. These data open the
possibility of studying the relevance of IBP in the development of
breast cancer as well as a large variety of other human tumors.
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