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enough to confine the Cd and Se atoms in the fixed
" space and site, and then the structure of CdSe QDs
was maintained well, Furthermore, even the photo-
stability of silica encapsulated CdSe QDs was stronger
than that of the organic dye (Rhodamine 560) as the
PL intensity of Rhodamine 560 gradually decreased
under illuminating. This has also been confirmed for
ZnS coated CdSe QDs [13].

4. Conclusions

Silica shell has produced around CdSe cores by a
slow deposition of silica solute while being transferred
to ethanol in the presence of MPS. The successful
passivation of the surface states of colloidal CdSe QDs
has been confirmed from the photo-oxidation and
-illumination experiments and the TEM images.
Moreover, the promotion of the photoluminescence
intensity has been observed after passivating the CdSe
cores.
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Nanomedicine Utilizing Clustered-based Materials
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Mass production of size-selected stable nanostructures and their aggregates or medifications is an important milestone

in the development of future medical devices,

Nanomedicine is an application of nanotechnology to the diagnosis and treatment of disease in the human body. This

discipline is in its infancy. It has the potential to change medical science dramatically in the 21st century. In this review we

describe areas of the research related to clustered-based materials for future medical applications. We also discuss the

future innovation in cancer imaging by synthesizing novel diagnostic agents with nanoparticles, which may serve as

fundamentally new materials controllable for medical purposes.
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ADVANCES IN DIAGNOSIS OF BREAST CANCER:
MAMMOGRAPHY FOR SCREENING AND MRI FOR
- BREAST-CONSERVING SURGERY

Noriaki Ohuchi, Takanori Ishida, Koji Ohnuki and Motohiro Takeda
Division of Surgical Oncology, Graduate School of Medicine, Tohoku University
1-1 Seiryo-machi, Aoba-ku, Sendai, 980-8574, Japan
( noriakio@mail.cc.tohoku.ac.jp)

Introduction

Breast cancer superseded gastric cancer as the leading incident in Japan in 1994; the
age standardized incidence rate to the world population raised from 17.0 in 1975 to 30.1
in 1996 per 100,000, and 9,652 women died of breast cancer in 2001. As incidence of breast
cancer became the leading neoplasm, innovation in breast imaging has evolved an im-
portant issue in the lights of mortality reduction by screening as well as quality of life of

the patients recieving treatment.

Advances in diagnosis: Early detection using screening mammography

In Japan under the Health and Medical Service Law for the Elderly clinical breast
examination (CBE) was introduced into public health services without any evidence on
its effectiveness in 1987. It was based on the presumption that any early detection is
always beneficial. Our recent case control study has demonstrated that CBE lacks effec-
tiveness, although it might be effective in an asymptomatic women?.

To establish mammography screening, the Grant-in-aid for Cancer Research “Quality
control of creast cancer screening with mammography” was organized in 1995. The es-
sential issues were analyzed including sensitivity, cost-effectiveness to create new guide-
line. The experience of the Miyagi Trial helped to shape the planned national guideline.
An improved detection rate was obtained, as compared to that by CBE alone. The false
negative rate was 2.8%, lower than those of HIP and BCDDP in USA, indicating an im-
proved sensitivity and effectiveness of mammography screening in Japan 2,

Since 1997, we moved on to establish nationwide screening system. We performed
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quality assessment of mammography, and generated training programs for photogra-
phers and interpreting physicians. We should know that surgeons, gynecologists other
than radiologists have been involved in the CBE program. Therefore, it was essential to
design an education program before starting mammography screening. Interpreting phy-
sicians were required to have adequate levels of sensitivity and specificity for imaging
categorization. We drafted the Japanese guidelines for quality assurance, leading the
Ministry of Health and Welfare to change the national guideline to include mammogra-
phy for women aged 50 and over in 2000.

Because breast cancer incidence rate is highest at their forties, and mortality rate is
highest at their fifties, recruitment of women aged under 49 remains a big challenge.
Remarkable progress in imaging technologies has contributed to an improvement in the
usefulness of mammaography screening. It is therefore possible that the past randomized
mammography trials targeted women aged 40-49 might have underestimated the effec-
tiveness 3. We evaluated the performance parameters including recall rate, detection
rate, and sensitivity of screening mammography with CBE in women aged 40-49, and
compared the data with those obtained from screening in women aged 50-69. From 1995
to 1998 we gave one-view (MLO) mammography for breast cancer screening to 15,271,
subjects aged 40-49 and 17,755 subjects aged 50-69 in Miyagi prefecture.

The recall rate, detection rate and sensitivity for women aged 40-49 were 10.4%, 0.20%
and 93.8%, respectively. The data for women aged 50-69 were 7.2%, 0.21% and 95.0%.
The recall rate for women aged 40-49 was higher than that of women aged 50-69, but the
sensitivities and detection rates were almost equal. Node-negative rate in women aged
40-49 and those aged 50-69 were 80% and 84%. These data suggest that mammography
screening with CBE may be an appropriate modality for women aged 40-49, although
strict quality control should be required to optimize the recall rate in women aged forties
who have higher breast tissue density than women aged fifties.

Advances in MRI for breast conserving surgery

Magnetic resonance imaging (MRI) for breast cancer diagnosis has been utilized prior
to surgery. We have recently analyzed the radiologic-pathologic correlations regarding
three-D cancer extension on the basis of detailed histopathologic analyses by sub-serial
sectionings of the specimens. MRI correlated more faithfully with pathological findings
as compared to the conventional mammography and ultrasonography, indicating that
the 3-D MRI was more appropriate to estimate carcinoma distribution prior to surgery 4.

We have developed a novel breast-conserving surgery consisting of quadrantectomy
and immediate volume replacement using lateral tissue-flap (LTF)?). The quadrantectomy
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Table 1. Comparison of the data provided by mammography-combined screening with CBE alone

Mammography + CBE CBE alone

Subjects 12,515 50,105
Recall rate 3.58% 4.47%
Cancers deicted 35 44
Detection rate 0.28% 0.09%
False negalives : o 8
Sensitivity 97.2% 84.6%
Positive predictive value 7.8% 2.0%

(December, 1989 to June, 1992, Miyagi Cancer Society)

-

Table 2. Comparison of the data of mammography-combined screening according toage groups

40-49 years old 50-69 years old

Subjects 15,271 17,765
Recall rate 10.4% 7.2%
Cancers detcted ‘ : 30 a8
Detection rate 0.20% 0.21%
False negatives 2 2
Sensitivity 93.8% 95.0%
Specificity ' 89.8% 93.0%
" Positive predictive value : 1.6% 3.0%

(April, 1895 to March, 1998, Miyagi Cancer Scciety)

was employed on the basis of segmental anatomy of duct-lobular system in which breast
carcinoma originates . Excellent cosmetic outcome as well as local control have been
obtained. The principle of the surgery is to obtain negative surgical margins;
quadrantectomy is a radical procedure in the sense that it aims at removal of all the carci-
noma cells of the primary tumor. Our strategy is to identify patients in whom irradiation
might be safely omitted after breast-conserving surgery.

Discussion

Since 1894 when Halsted reported a radical procedure, mastectomy has been employed
as a standard operation over the century. However, the concept shifted to limited sur-
gery, because of great change in the characteristics of patient population. Better educa-
tion, more extensive information, refined diagnostic tools, and expanding screening cam-
paigns all contribute to earlier detection of breast cancer. Breast conserving therapy be-
comes an important issue in the light of QOL. It is essential for surgeons and radiologisits
to understand origin and extending pattern of breast cancer, and make the surgical mar-
gin negative. The quadrantic distribution of breast cancers influences extent of excision
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Table 3. Evaluation of effectiveness for breast cancer screening in Japan (October, 2001, the Re-
search Group supported by the Ministry of Health, Welfare and Labour)

Screening modality Strength of recommendation* Quality of evidence**
CBE alone All ages 1-c 3
CBE with mammography S50y + 1-a 1
40-49y 1-b 1
CBE with ultrasound All ages I None

*Strength of recommendations

I-a: Good evidence to support the recommendation specifically considered in a periodic health
examination. I-b: Fair evidence to support the recommendation specifically considered in a peri-
odic health examination. I-c: Fair evidence to support the recommendation excluded from a peri-
odic health examinatin. I-d: Good evidence to support the recommendation excluded from a peri-
odic health examination.

IL: Insufficient evidence to recommend for or against the inclusion of the condition.

**Quality of evidence

1: RCT, 2: Control trial without randomization, 3: Cohort or Case control study, 4: Ecological, time
series study, 5: Others

and may predict pattern of recurrence when tumor clearance is incomplete even if radia-
tion is applied as an adjuvant therapy. Surgery should reduce the chance of local recur-
rence.

The role of radiologists becomes more important in diagnosis and treatment of breast
cancer. Especially, the great contribution will be required for the radiologists into mam-
mography screening in terms of quality control as experienced in westren countries.
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The heterodimeric transcription factor PEBP2/CBF is composed of a DNA-binding subunit, called Runx1,
and a non-DNA-binding subunit, called PEBP2B/CBFp. The Runxl protein is detected exclusively in the nuclei
of most cells and tissues, whereas PEBP2 is located in the cytoplasm. We addressed the mechanism by which
PEBP2 localizes to the cytoplasm and found that it is associated with filamin A, an actin-binding protein.
Filamin A retains PEBP23 in the cytoplasm, thereby hindering its engagement as a Runxl partner. The
interaction with filamin A is mediated by a region within PEBP2p that inctudes amino acid residues 68 to 93.
The deletion of this region or the repression of filamin A enables PEBP2 to translocate to the nucleus. Based
on these observations, we propose that PEBP2P has two distinct domains, a newly defined regulatory domain
that interacts with filamin A and the previously identified Runx1-binding domain.

The heterodimeric transcription factor PEBP2/CBF is com-
posed of the DNA-binding protein Runx1/AML1 and the non-
DNA-binding protein PEBP23/CBFB. The Runt domain,
which is conserved among Runx family proteins, is responsible
not only for the DNA-binding activity of Runx1, but also for its
ability to dimerize with PEBP2pB. Nuclear magnetic resonance
and X-ray diffraction studies have allowed the determination
of the three-dimensional structure of the Runt domain of
Runx1 as well as the three-dimensional structures of PEBP2B
and the heterodimer formed by both subunits (4, 9, 12, 21, 30,
36). These analyses showed that when it dimerizes with
PEBP2§, the stabilized Runxl protein can bind both the major
and minor grooves of DNA (30). PEBP28 alone does not
interact with DNA but enhances the DNA-binding activity of
Runxl. Furthermore, Runx! and PEBP28 homozygous knock-
out mice exhibit identical phenotypes, with a failure of hema-
topoietic stem cell development during embryogenesis. This
finding provides genetic evidence that dimer formation be-
tween Runx1 and PEBP2 is vitally important for transcription
factor activity (22, 24, 25, 28, 34, 33).

In humans, both Runx! and PEBP2p are frequently targeted
in leukemia-associated chromosomal abnormalities such as the
t(8; 21) and inv translocations (16), which generate chimeric
transcription factors that interfere with or abolish the tran-
scriptional activity of endogenous PEBP2/CBF. For example,
the inv (16)-derived PEBP2R-SMMHC protein consists of an

* Corresponding author. Mailing address: Department of Molecular
Immunology, Institute of Development, Aging and Cancer, Tohoku
University, Sendai 980-8575, Japan. Phone: 81(22) 717-8478. Fax: 81
(22) 717-8482, E-mail: watanabe@idac.tohoku.ac.jp.

amino-terminal fusion of the PEBP2# heterodimerization do-
main to the carboxy-terminal coiled-coil region of the smooth
muscle myosin heavy chain.

In addition, while PEBP2/CBF was originally characterized

" asa transcriptional activator, recent studies have demonstrated
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that it can also function as a repressor, depending on the
enhancer or promoter sequences it binds to and on the cofac-
tors it interacts with. An interaction with p300/CBP or mSin3A
converts Runx! into an activator or a repressor, respectively
(16, 19). Other factors such as YAP, Ear-2, ALY, Ets-1, MOZ,
and Groucho/TLE also interact with Runxl and modulate its
activity (2, §, 10, 13, 15, 17, 18, 37, 38). On the other hand, no
such cofactors or modulators have been reported for PEBP2.

Although the structure and functions of the PEBP2/CBF
transcription factor have been extensively studied, little is
known about how its activity is influenced by the subcellular
localization of its constituent subunits. The Runx1 protein pos-
sesses nuclear localization signals and is found exclusively in
the nucleus, whereas PEBP2f is located in the cytoplasm in
most cells and tissues examined thus far (14, 32). The ability of
Runx1 to bring PEBP2f into the nucleus has been demon-
strated (1, 31). On the other hand, the mechanism that local-
izes PEBP2 to the cytoplasm is not known. We previously
reported that cytoplasmic PEBP2f has a weak affinity for a
cytoskeletal structure, namely, F-actin on stress fibers (32). We
also observed that PEBP2p is located on or near the Z-line of
muscle fibers, where many actin-associated proteins are abun-
dant (7). Morecver, we found that the leukemogenic chimeric
protein PEBP23-SMMHC disorganizes cytoplasmic stress fi-
bers and that the PEBP28 portion of this protein is necessary
for interference (33). Based on these observations, we pro-

— 263 —



. 1004 YOSHIDA ET AL.

posed that PEBP23 interacts with actin-associated proteins
and that this interaction determines the cytoplasmic localiza-
tion of PEBP2p (32, 33).

In the present study, we show that filamin A binds PEBP2p
and retains it in the cytoplasm, thereby preventing it from
acting as a partner for the Runx] transcription factor. When
filamin A is absent, PEBP2B moves into the nucleus and en-
hances Runxl-dependent transcription.

MATERIALS AND METHODS

Yeast two-hybrid screening. The Matchmaker Two-Hybrid System 3 (Clon-
tech) was used according to the instructions in the manufacturer's manual. A bait
plasmid was constructed by inserting the mouse PEBP2B cDNA next to the
GAL4 DNA-binding domain of the vector pGBKT7. cDNA libraries prepared
from 11- or 17-day-old mouse embryos were fused to the GAL4 DNA activation
domain of the vector pGAD10 and used as prey plasmids. AH109 cells were used
as host cells. Plasmid DNAs were recovered from positive colonies and se-
quenced by use of an ABI PRISM 310 genetic analyzer {Applied Biosystems).

Plasmid construction, A ¢-Myc or hemagglutinin (HA) tag was fused to the
amino or carboxy terminus of filamin A-C, PEBP2p, or Runxt, as indicated in
the text, by a PCR-based method. Carboxy-terminal deletion mutants of PEBP23
were constructed by PCRs using the common sense primer 5'-CGGAATTCAC
CATGCCGCGCGTCGTCCCGG-3' and the following antisense primers; 5°-G
GAATTCCTACTGGAGAGACAGATTGGTTC-3' for pACET, 5-GGAATTC
CTACTTGCCTGCTTCTCTCTC-3' for BACY4, and 5'-GGAATTCCTACTG
GGCTCGCTCCTCATC-3' for pACI33.

For preparation of an internal deletion mutant, BA68-93, the following prim-
ers were used in appropriate combinations for two successive rounds of PCR:
5 -AAGGTATACTTGAAGGCTCCCATG-3', 5-CCAATCTGTCICTCCAG
AAGGTATACT-3', and 5'-CAAGAAGACAGCAAGACCCTAGGAATTCC
G-3'. All ¢DNAs were subcloned into the mammalian expression vector
pCAGGS-neo.

Cell culture. Hela cells were cultured in Dulbecco’s modified Eagle's medium
(Life Technologies, Inc.) supplemented with 10% (vol/val) fetal bovine serum.
M2 and A7 cells were cultured in tninimal essential medium (Life Technologies,
Inc.) supplemented with 8% (vol/vol) newbom calf serum and 2% (volivol) fetal
bovine serum (8). G418 (Sigma) was added to A7 cells at 0.3 mg/ml.

siRNA-mediated repression of filamin A. Five RNA oligonucleotides
{iGENE) were synthesized by use of the following sense and antisense oligonu-
clectides: for filaminA-1499, 5'-CAGCUGACUUCAAGGUGUACACAAA:-3'
and 5'-UUUGUGUACACCUUGAAGUCAGCUG-3; for filaminA-4566, 5'-A
GUACUGUAUGGAGAUGAAGAGGUA-3 and 5'-UACCUCUUCAUCUC
CAUACAGUACU-¥; for filaminA-5792, 5"-ACUACAGCAUUCUAGUCAAG
UACAA-Y and 5"-UUGUACUUGACUAGAAUGCUGUAGU-3'; for filaminA-
6911, 5'-ACUACGAAGUCUCAGUCAAGUUCAA-3 and 5-UUGAACUUGA
CUGAGACUUCGUAGU-3'; for filaminA-7140, 5-CACAGAAAUUGACCAA
GAUAAGUAU-3 and 5-AUACUUAUCUUGGUCAAUUUCUGUG-3"; and
for the luciferase control, 5'-ACAUCACGUACGCGGAAUACUUCGA-3 and
5"-UCGAAGUAUUCCGCGUACGUGAUGU-3. Small interfering RNAs (siR-
NAs) were introduced into HeLa cells by the use of Lipofectamine 200¢ (Life
Technologies, Inc.). The cells were processed for immunological detection 72 h after
transfection.

Immunoprecipitation and immunoblot analysis. Expression vectors harboring
Myc-tagged filamin A-C and HA-tagged PEBP2R were cotransfected into HeLa
cells by use of the Effectene reagent (Qiagen). Twenty-four hours after trans-
fection, the cells were lysed with a buffer consisting of 50 mM Tris-HC1 (pH 7.5),
150 mM NaCl, 1 mM EDTA, 1% (vol/vol) Nonidet P40, and a mixture of
protease inhibitors (Complete; Roche Mclecular Biochemicals). If the Iysate was
to be incubated with an anti-human fitamin A monoclonal antibody (Chemicon),
the cells were lysed with a buffer consisting of 25 mM HEPES {pH 7.5), 150 mM
NaCl, 5 mM EDTA, 1% (volivol) Triton X-100, 10% (volivol} glycerol, 2 mM
dithiothreitol, and a mixture of protease inhibitors. The cell lysates were incu-
bated with the anti-c-Myc 9E10 antibody (Sigma), the anti-HA 3F10 antibody
(Roche Molecular Biochemicals), or an anti-filamin A antibody, and the immu-
noprecipitates were adsorbed to protein G-Sepharose beads. The beads were
washed five times with a buffer consisting of 5¢ mM Tris-HCl (pH 7.5), 200 mM
NaCl, 1 mM EDTA, 1% (vol/vol) Nonidet P-40, and a mixture of protease
inhibitors or, in the case of anti-filamin A precipitates, with a buffer consisting of
25 mM HEPES (pH 7.5), 150 mM NaCl, 5 mM EDTA, 1% (vol/vol) Triton
X-100, 10% {volivol) glycerol, 2 mM dithiothreitol, and a mixture of protease

Mo, CeLL. BioL.

inhibitors. Proteins were eluted by boiling the beads in sodium dodecyl sulfate
(SDS) sample buffer, electrophoresed in an SDS-polyacrylamide gel, and trans-
ferred to a polyvinylidene difluoride membrane. Immunodetection of mem-
brane-bound proteins was performed with the anti-HA 3F10, anti-¢c-Myc 9E10,
or anti-PEBP2f antibedy (6), and products were visualized by use of the ECL
Plus reagent (Amersham Pharmacia Biotech).

Cells subjected to siRNA analysis were lysed in a urea-Triton buffer, and
immunablot analyses were performed as previously described (7). The antibodies
used werg an anti-human filamin A antibody, a murine anti-p-actin monoclonal
antibody (Sigma), and a peroxidase-conjugated goat antibody to mouse immu-
noglobulin G (IgG) (Cappe!l Products).

Immunofuorescence analysis. Cells grown on coverslips were transfected with
expression plasmids. Twenty-four hours later, the cells were fixed with 2% (wt/
vol) paraformaldehyde, permeabilized with 0.1% (volivol) Triton X-100, and
blocked with 1% {wt/vol) bovine serum albumin in phosphate-buffered saline.
Signals were detected by an indirect immunofluorescence technique using an-
ti-HA 3F10 as a primary antibody and Cy3-conjugated goat anti-rat I1gG (Chemi-
con) as a secondary antibody or using anti-c-Myc 9E10 or an anti-human filamin
A antibody as a primary antibody and Alexa fluor 488-goat anti-mouse IgG
{Molecular Probes) as a secondary antibody. Cells were viewed with a confocal
laser scanning micrescope {LSM410 or LSM 5 PASCAL, Zeiss).

Reporter gene assay. Runxl and PEBP23 expression plasmids were cotrans-
fected with the reporter plasmid pM-CSF-R-luc (39) by use of the Effectene
reagent. pRSV-B-GAL was transfected together with the reporter plasmid as an
internal control, and its activity was used to normalize transfection efficiencies,
Twenty-four hours after transfection, the cells were lysed in a lysis buffer (Pro-
mega), and the luciferase activities in lysates were measured by use of a luciferase
assay system (Promega) and a Luminescencer-JNR AB-2100 instrument (Bio-
Instrument). B-Galactosidase activity was assayed by the use of chlorophenol
red-B-p-galactopyranoside (Roche Molecular Biochemicals) as a substrate. Each
assay was performed at [east three times. In each case, a siRNA for filamin A or
a filamin4 cDNA was introduced into HeLa or M2 cells, respectively. The cells
were incubated for 24 h and then transfecied with the expression plasmids for
Runxl and PEBP2 together with the pM-CSF-R-luc reporter and the pRL-TK
vector (Promega) as an internal control,

RESULTS

Identification of filamin A as a novel PEBP2f-interacting
protein. To identify molecules that interact with PEBP2B, we
employed a yeast two-hybrid screening system. cDNAs derived
from murine embryos were used as preys, and PEBP2P was
used as a bait. We screened nine million yeast transformants by
an interaction trap strategy and obtained 110 colonies that
were positive for growth on both histidine and adenine. Many
of the cDNAs thus isclated corresponded to Runr genes. In
addition, one clone that carried a portion of the cytoskeletal
gene filamind (also known as ABP-280) was identified. The
region of filaminA that was recovered as a PEBP2R-interacting
sequence consisted of the extreme carboxy terminus and the
adjacent hinge 2 domain (Fig. 1A). This region is hereafter
referred to as filamin A-C,

We next examined whether the PEBP2B protein interacts
with filamin A in mammalian cells by transiently expressing
Myc-tagged filamin A-C and HA-tagged PEBP2$ in Hela
cells. As shown in Fig. 1B, PEBP2J was coimmunoprecipitated
with filamin A-C from HeLa cell lysates when the two proteins
were introduced by cotransfection. Similarly, filamin A-C was
coimmunoprecipitated with PEBP23 (data not shown). Since
HeLa cells express both the PEBP2f and filamin A proteins
endogenously, their possible interaction was also examined. As
shown in Fig. 1C, PEBP2p was coimmunoprecipitated with the
intact filamin A molecule. These data indicate that PEBP2B
forms a complex with filamin A in HeLa cells and that this is
true not only for the exogenously introduced proteins, but also
for those expressed endogenously.
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FIG. 1. Interaction of PEBP2P with filamin A. (A) Schematic dia-
gram of structure of filamin A. The actin binding and homodimeriza-
tion domains are located at the extreme amino- and carboxy-terminal
ends, respectively, The repetitive domains are numbered. H represents
a hinge region. A fragment of filamin A obtained in the yeast two-
hybrid screening assay contained the PEBP2B-interacting region and is
termed filamin A-C. (B) HeLa cells were transfected with the indicated
combinations of expression plasmids, and cell lysates were immuno-
precipitated (IP) with an anti-Myc antibody. Precipitates were resolved
by SDS-polyacrylamide gel electrophoresis and subjected to immunc-
blot {IB) analysis with the indicated antibodies. An aliquot of lysate
was directly immunoblotted without immunoprecipitation to evaluate
the level of protein expression. (C) Lysates of untransfected HeLa cells
were immunoprecipitated (IP) with or without an anti-filamin A anti-
body. Precipitates were resoived by SDS-polyacrylamide gel electro-
phoresis and subjected to immunoblot (IB) analysis with the indicated
antibodies. An aliquot of lysate was directly immunoblotted without
immunoprecipitation to evaluate the level of protein expression (in-

put).

The central region of PEBP2[3 is necessary for interaction
with filamin A-C and for cytoplasmic localization. To deter-
mine which region of PEBP28 is responsible for its interaction
with filamin A, we generated a series of carboxy-terminal de-
letion mutants. Figure 2A illustrates the relationship between
cach deletion derivative and the known substructures of
PEBP23. The 141-amino-acid {(aa) amino-terminal region of
PEBP28 is composed of four « helices, seven B strands, and six
loop structures. Since three isoforms of the PEBP2B protein
share the 133 amino-terminal amino acids, we constructed a
derivative lacking the carboxy-terminal region (PAC133) by
truncating the protein at residue 134. The BACS4 derivative
lacked the B5-L5 region, one of the Runt-interacting domains.
The BACGA7 construct possessed only the 67 amino-terminal
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amino acids, and the BA68-93 construct retained all of the
Runt-interacting domains (1-L1, L2-B3, «l, f3, and B5-L3)
but lacked the 13-34-14 region.

By using a yeast two-hybrid system, we found that the
BAC133 and BACY4 derivatives, as well as full-length PEBP2B,
interacted with filamin A-C (Fig. 2B). We could not, however,
assess the binding ability of the BACS7 construct, since cells
containing this construct alone were able to grow on selection
medium. Notably, the internal deletion construct, BA68-93,
did not interact with filamin A-C. Thus, the region of aa 68 to
93 of PEBP2B is necessary for its interaction with filamin A.

We next examined the effect of carboxy-terminal deletions
on the subcellular localization of PEBP2B. Each plasmid was
transfected into HeLa cells, and the expression of transduced
proteins as well as of endogenous filamin A was monitored by
double immunofluorescence staining (Fig. 3). While full-length
PEBP28 and the BAC133 and BAC94 proteins were all located
in the cytoplasm, the BAC67 and BA68-93 proteins were both
found in the nucleus. Thus, the region of aa 68 to 93 is neces-
sary for the cytoplasmic localization of PEBP2B, since con-
structs that lack this region move into the nucleus.

PEBP2 is located in the nuclei of filamin A-deficient cells.
We reasoned that filamin A functions to retain PEBP2B in the
cytoplasm. Therefore, we predicted that in its absence, full-
length PEBP2B would not stay in the cytoplasm but would
instead move into the nucleus, To test this idea, we performed
experiments with a filamin A-deficient human melanoma cell
line, M2, and a subline, A7, which was obtained by stably
transfecting M2 cells with a human filamin A ¢cDNA (8). A
plasmid bearing full-length PEBP2{ was transfected into these
cells, and the expression of transduced protein as well as of
endogenous filamin A was monitored by immunofluorescence
(Fig. 4). PEBP2p was detected in the nuclei of filamin A-de- .
ficient M2 cells but in the cytoplasm of filamin A-expressing A7
cells. We also examined the effects of carboxy-terminal dele-
tions on the subcellular localization of PEBP2B in M2 and A7
cells. In filamin A-expressing A7 cells, while the full-length
PEBP2f, BAC133, and BAC94 proteins were all located in the
cytoplasm, the BAC67 and BA68-93 proteins were both found
in the nucleus. On the other hand, in filamin A-deficient M2
cells, the full-length PEBP2B, as well as all carboxy-terminal
deletion mutants, was located in the nucleus (data not shown).

To confirm these results, we next determined whether the
repression of filamin A by the siRNA method influences the
subcellular tocalization of PEBP2B in Hela cells. Since the
same results were obtained for five different siRNAs synthe-
sized as described in Materials and Methods, we present here
representative results obtained with the siRNA filaminA-7140.
A luciferase siRNA was used as a negative control. We found
by immunoblot analysis (Fig. 5A) that the level of filamin A in
cells treated with the filaminA-7140 siRNA was 1/10 that in
luciferase siRNA-treated cells. We determined the localization
of PEBP2R in these cells by immunofluorescence staining (Fig.
5B) and found the protein in the nuclei of filamin A-repressed
cells but in the cytoplasm of control filamin A-expressing cells.

These data indicate that filamin A sequesters the PEBP2(8
protein in the cytoplasm and that in its absence, PEBP23
moves into the nucleus.

Runxl colocalizes with PEBP2{3 in the nuclei of filamin
A-deficient cells. We next examined whether the reported ac-
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FIG. 2. Mapping of the filamin A-interacting domain of PEBP2§} by yeast two-hybrid analysis. (A) Schematic diagram of domain structures
found in the PEBP2{ protein and description of carboxy-terminal deletion mutants of PEBP2B. «, 8, and L represent o helixes, B strands, and
loops, respectively. The thick lines at the top indicate areas I and II of the Runt-interacting region (30). (B) PEBP2B and its deletion mutants were
tested for the ability to interact with filamin A-C. Yeast cells were transformed with the indicated combinations of plasmids and grown on
nonselective (—Trp, —Leu) and selective (—Trp, —Leu, —His, 1 mM 3-amino-1,2,4-triazole) media. Lamin/large T antigen and Runx1/PEBP23

served as negative and positive controls, respectively.

tivity of Runx1 to bring PEBP28 into the nucleus is affected by
the presence of filamin A. Plasmids expressing PEBP2B and
Runxl were cotransfected into the M2 and A7 cell lines, and
the transduced proteins were detected by double immunoflu-
orescence (Fig. 6A). Runxl colocalized with PEBP2f in the
nuclei of filamin A-deficient M2 cells. In addition, PEBP2B
was coimmunoprecipitated with Runx1 from cotransfected M2
cell lysates (data not shown). In contrast, although Runxl was
found in the nuclei of filamin A-expressing A7 cells, PEBP2B
was found in the cytoplasm. These data suggest that the pres-
ence of filamin A prevents Runxl from translocating PEBP28
into the nucleus. On the other hand, filamin A did not have an
effect on the subcellular localization of Runx1, which was lo-
calized to the nuclei of both M2 and A7 cells.

PEBP2B has been reported to be capable of stabilizing the
Runx1 protein, which s rather unstable by itself, by forming a
heterodimer (11). We examined the protein level of Runxl in
the presence or absence of PEBP2B by using A7 and M2 cells.

As shown in Fig. 6B, the band intensities of Runx1 detected by
immunoblotting were roughly equal in both PEBP2B-express-
ing and non-PEBP2f3-expressing A7 cells (compare lanes 2 and
3). In contrast, the cotransfection of PEBP2J significantly in-
creased the band intensity of Runx1 in M2 cells (compare lanes
5 and 6). Therefore, in the nuclei of filamin A-deficient M2
cells, where the two proteins are colocalized, PEBP2( appears
to increase the stability of Runxl.

The transcriptional activity of PEBP2/CBF is enhanced in
filamin A-deficient cells. Filamin A may affect the extent of
PEBP2/CBF transcriptional activity by controlling the subcel-
lular localization of PEBP2B. In order to assess this idea, we
transfected M2 and A7 cells with an M-CSF-R-luc reporter,
which atlowed the contribution of PEBP2p to the transcrip-
tional activity of the PEBP2/CBF heterodimer to be measured
(39). As seen in Fig. 7A, the transfection of PEBP2f in addi-
tion to Runx1 caused a sixfold increase in luciferase activity in
M2 cells compared to that in cells transfected solely with
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