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Summary

The BOX-05 is a new, alternative apparatus that uses ozone for the disinfection of biomedical
waste, This study evaluated the ability of the apparatus to disinfect contaminated medical and
laboratory waste that included a variety of bacterial strains. Microbiological measurement was
done on laboratory waste contaminated with a variety of bacterial strains, medical waste alone, and
medical waste contaminated with Bacillus subtilis collected from the infectious disease ward of
Kyushu-university hospital. The strains tested for were Bactllus subtilis, Pseudomonas aeruginosa,
Staphylococeus aureus, Enterococcus faectum, and Candida albicans. A 100 mL (5 test tubes contain-
ing 20 mL each) bacterial suspension consisting of 108 to 10? colony forming units (CFU)/mL was
added to waste in a container. The mean bacterial load of the waste was measured immediately af-
ter shredding and ozone treatment. Three samples were recovered from three different places at
random in the bulk ground. The samples were diluted to 1: 10 and 1 : 100, then cultured at 37°C for
48 br in a blood agar medium. For the measurement of primary bacterial load, shredding alone was
done without the boost additive (hydrogen peroxide and acetic acid) and ozone treatment. All as-
says were done in triplicate, In the laboratory waste contaminated with a variety of bacterial
strains, all bacterial populations were decreased by at least 4 log;o immediately after ozone treat-
ment. The primary mean bacterial load of the untreated medical waste alone was 3.8 logy CFU/g,
and only normal flora was observed. The primary mean bacterial load of the untreated medical
waste contaminated with Bacillus subtilis was lower than that of the untreated laboratory waste con-
taminated with Bacillus subtilis. In the medical waste contaminated with or without Bacillus subtilis,
no bacterial populations were detectable immediately after ozone treatment. The BOX-O; safely
and efficiently treated infectious medical waste collected from hospital ward, indicating that the
BOX-0, is an effective alternative technology for the treatment of infectious waste and for controll-
ing hospital infection.

Key words : medical waste, alternative technology, ozone treatment
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Introduction

Concern is growing about the chemical pollution of
soil, air and water as well as the infection risk inherent
in the sorting, storing and transportation of medical
waste before treatment!~®, Furthermore, regulation of
incinerators has been tightened, causing the number of
incinerators at medical facilities have rapidly decreased.

HE BZ2 . BE BREY - S5 REY - HE BEY -
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Under these circumstances, alternative technologies for
the treatment of medical waste that can be substituted
for incinerators have received considerable attention”#.

The BOX—0; is a new, alternative apparatus that uses
ozone to disinfect biomedical waste®, It aliows on-site
shredding and decontamination of medical waste soon
after it 1s produced.

This study evaluated the ability of the apparatus to
disinfect contaminated medical and laboratory waste us-
ing a variety of bacterial strains.
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Material and Methods

Apparatus

The BOX-0; was developed by the BOX-0Q; Interna-
tional Company (Gimlingen, Switzerland). Figure 1
shows the general configuration of the BOX-0;, The
dimensions are 224 cm high, 60 cm wide, and 90 cm
deep. The machine can be placed in any area equipped
with electricity and compressed air. The BOX-0; con-
sists of two parts, the center of the device contains a
loading door and rotating lock, and a grinder and waste
tank are in the lower part of the device. The ozone
generator, accumulation tank, and the ozone neutralizer
are in the upper part of the device, Gaseous ozone is
produced continuously by an ozone generator supplied
with the compressed air. The interior of the treatment
unit is maintained at a constant partial vacuum with air
expelled through a dry jacket, thereby eliminating the
possible risk of ozone dispersal into the room in which
the decontamination process is executed.

Treatment cycle

The BOX-0; treatment unit is controlled by a dual
failsafe microprocessor with constant monitoring of the

Fig. 1. General configuration of the BOX-0,.
(1) Ozone generator, accumulation tank and neu-
tlizer, (2) Bar code reader, (3) Loading door and
rotating lock, (4) Grinder, {5) Waste tank, (6)
Compressed air, {7) Vacuum pump.

device's basic functions and of the correct execution of
the various phases of the cycle. Immediately after use,
medical waste products are deposited in the BOX-04
container, a heavy-duty paper bag or a disposable car-
ton, identified with a bar code. The rotating lock is o-
pened and the container is introduced through the load-
ing door after a personal bar code card has been validat-
ed. Next, the boost additive, consisting of 90 mL of 12%
hydrogen peroxide and 80 mL of 80% acetic acid, is in-
serted. After this process, the container is automatically
shredded together with its contents for 5 minutes. [t is
finely ground to a consistancy at which the original parts
are no longer recognizable or usable. Depending on the
type of waste, the volume following shredding is
reduced by 4 to 5 times the original volume. During the
shredding, ozone is generated and accumulated up to a
relative pressure of 1.2 bars and a maximum ozone con-
centration of 40 ug/L inside the ozone accumulation
tank. The ground waste is then subjected to repeated
cycles of vacuum/ozone injection for an amount of time
necessary to complete the bacteriological decontamina-
tion process. At this point, the treated waste products
can be unloaded into plastic bags and disposed as non-
hazardous waste. The decontaminated end product can
then follow the normal disposal path of urban waste, and
is suitable for processing with any other standard waste
product.

Microbiclogical studies

To evaluate the ability of the BOX-0; to disinfect in-
fectious medical waste, microbiological test was done on
laboratory waste contaminated with a variety of bacteri-
al strains from culture collection, medical waste alone,
and medical waste contaminated with Bacillus subtilis
collected from the infectious disease ward of Kyushu-
university hospital (Fukuoka, Japan). The strains used
were Bacillus subtilis ATCC6633, Pseudomonas aerugino-
sa ATCC27853, Staphylococens aurens ATCC25023, En-
terococcus faectum ATCC6569, and Candida albicans
JCM2085/ATCC2698. Bacillus subtilis is commonly
used in Japan for evaluating the ability of an alternative
technology to disinfect infectious medical waste™. A 100
mL (5 test tubes containing 20 mL each) bacterial sus-
pension consisting of 10% to 10° colony forming units
(CFU)/mL was added to waste in a container. The
mean bacterial load of the waste was measured immedi-
ately after shredding and ozone treatment. Three sam-
ples of 10~20 g were recovered at random from three
different places in the bulk ground, then transferred to
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sterile beakers. A sample of 5 g from the sterile beaker
was transferred to a sterile polypropylene container con-
taining 100 mL phosphate-buffer saline and 20 g of glass
beads, using an aseptic technique, then shaken inten-
sively for 45 seconds. The sample were diluted to 1: 10
and 1:100 by the addition of phosphate-buffer-saline,
then 200 uL of these diluted samples were cultured at
37°C for 48 hr in a blood agar medium. For the measure-
ment of the primary bacterial load, shredding alone was
done without the boost additive and ozone treatment.
Assays were done in triplicate. To verify reproducibili-
ty, the same experiment was repeated once a week for
three weeks.

Results

In the present study, an accident such as wounds and
infection by needles and sharp objects was not happened
as those were collected separately in special plastic safe-
ty boxes and the tested medical wastes including safety
boxes were deposited in the BOX-0; container. At the
end of the cycle, the remaining scrap in the waste tank
was unrecognizable without danger, and the contents
were safely unloaded into plastic bags and disposed of.

Microbiclogical studies

Table 1 shows the primary mean bacterial load of the
untreated laboratory waste contaminated with a variety
of bacterial strains. In the present study, the detection
limit was <2.0log;. Immediately after ozone treat-
ment, all bacterial populations were reduced below the
detection limit and decreased by at least 4 logyg. In test-
ing of the sporicidal effect of BOX—0; a minimum
reduction of 4log;, was observed in all assays per-
formed.

Table 2 shows a comparison of the primary mean hac-
terial load of the untreated medical waste with and
without Bacillus subtilis contamination. The primary
mean bacterial load of the untreated medical waste a-
lone was 3.8 log, CFU/g, with only normal flora ob-
served {Bacillus sp., Corynebacterium sp.). The primary
mean bacterial load of the untreated medical waste con-
taminated with Bacillus subtilis (mean=S.E.; 4.5+0.1
logyo CFU/g) was lower than that of the untreated
laboratory waste contaminated with Bacillus subtilis
{mean+S.E.; 6.6+0.1log,oCFU/g} (Table 1, 2],
although 100 mL of Bacillus subtilis suspension at 2.45 X
108 CFU/mL was added. No bacterial populations were
detected immediately after ozone treatment in either

test.

BRERE Vol 19 no. 2, 2004

Table 1 BOX-0j; disinfection of laboratory waste contami-
nated with a variety of bacterial strains

Primary . .
bacteria! joad Lrog;rlttr;rr:]lc
(Logig CFU/g) ~ MeCUEHe
Baciilus subtifis ATCC 6633 6.6+0.1 >4.6+0.1
Pseudomonas aeruginosa 6.2+£0.3 >4.2+0.3
ATCC 27835
Staphylococcus aureus 7.0x£0.5 >65.0+0.6
ATCC 25923
Enterococcus faacium 6.2x0.2 >4.2+£0.2
ATCC 6569
Candida albicans 6.8+0.2 >4,8%+0.2

JCM 2085/ATCC 2698

Variables expressed as mean+ SE.

CFL; colony forming units.

ATCC; American Type Culture Collection,
JCM; Japan Collection of Microcrganisms

Table 2 BOX-0, disinfection of medical waste contaminat-
ed with and without Bacillus subtilis

Primary

; Logarithmic
bacterial load !
(Logre CFU/q) reduction
Medical waste alone  3.8+0.0 >1.8+0.0
Cultured bacterias + Bacillus sp.
from medical waste .
alone » Corynebacterium sp.
Medical waste con- 4.5+£0.1 >2.5+0.1

taminated with Bacil-
lus subtilis ATCC
6633

Variables expressed as mean+SE.
CFU; colony forming units.
ATCC; American Type Culture Collection,

Discussion

The BOX-0; is a new apparatus especially designed
for on-site treatment of infectious medical waste®. The
BOX—0; requires only limited space and is designed to
be placed within a hospital ward. This safe and easy to
use process can be employed by the nursing staff for as-
suring the briefest delays in the decontamination of bio-
hazardous wastes. The BOX-0; would appeal to medi-
cal, laboratory, and research and development institute
personnel, as well as to public and private health service
providers concerned about improved hygiene.

Ozone is a powerful oxidizing agent that assures the
complete and total disinfection of waste. Ozone inacti-
vates microorganisms through its oxidizing action, with
any residual ozone spontaneously decomposing into non-
toxtc oxygen. Various applications for ozone have been
documented in the field of hygiene, especially in the field
of the microbiological disinfection®~13),
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The BOX-0; is suitable for the treatment of infecti-
ous waste, in particular for the disposal of potentially in-
fected waste products such as syringes, needles, non-
woven fabrics, and drip sets. Body parts, toxic chemi-
cals and radioactive substances can not be treated.

Microbiological inactivation is defined as a bacterial
population reduction of 99.99% in the Japanese guide-
lines for evaluation of the abhility of a new apparatus to
be used for disinfecting infectious waste”. In the
present study, a reduction of 99.99% for Bacillus subtilis
was achieved. The primary bacterial load of the untreat-
ed medical waste was low, and no pathogenic bacterias
were observed. Furthermore, the primary bacterial load
of the untreated medical waste contaminated with Bacil-
lus subtilis was lower than that of the laboratory waste
contaminated with Bacillus subtilis {(Table 1, 2),
although 100 mL of Bacillus subtilis suspension at 2.45 x
108 CFU/mL was added.

Since there were many used antibiotics bottles with a
small quantity of liquid residues, used cotton and gauze
soaked in disinfectant in the medical waste from the in-
fectious ward, these may have decreased the bacterial
load of the tested medical waste.

The main advantage of the BOX-0; is the ability to
treat contaminated medical waste inside a hospital ward
soon after it is collected. With on-site treatment, infec-
tion and environmental pollution by medical waste can
be avoided because there is no need to be stored and
transported as the infectious waste. Most infectious
waste must to be carefully handled and must be inciner-
ated in special incinerators. However, after treatment
with the BOX-(0; waste can be eliminated as non-
hazardous waste in conventional incinerators. The total
cost of this treatment is much lower than the cost of in-
cineration of infectious wastel4).

In conclusion, the BOX—0; safely and efficiently treat-
ed infectious medical waste collected from hospital
ward, indicating that the BOX~0j; is an effective alterna-
tive technology for the treatment of infectious waste and
for controlling hospital infection.
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Abstract

Although sex steroid hormones have signiticant effects on bone metabolism, the molecular mechanisms of these actions have not been fully
elucidated yet. We examined the functional relationship between steroid hormone receptors and Tob, a member of an anti-prolifelative protein
family and a negative regulator ol ostecblast proliferation and differentiation. Luciterase assay using promoters carrying hormone-responsive
elements revealed that both Tobl and Tob2 proteins but not PC3 suppressed steroid hormone receptor-dependent transcriptional activation in
MC3IT3-E1 osteoblastic cells. Mutated Tob proteins carrying amino acid substitutions at an LXXLL motif also showed the same degree of
inhibition of the transcriptional activation as the wild type. By observation of androgen receptor {(AR)-tagged with green fluorescent protein
under a cantocal laser scanning microscope, we found that Tob1 inhibits the nuclear foci formation of dibydratestosterone-bouned AR, These

resulls indicate that Tob family proteins may negatively regulate sex steroid hormone action in bone formation,

© 2004 Elsevier Ireland Ltd. All rights rescrved.
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1. Introduction

Sex steroid hormones play important roles not only in the
reproductive system but also in bone metabolism. It is well
known that estrogen deficiency alter menopause is the most
important factor in osteoporosis development among women.
Estrogen replacement is one of the major therapics for female
postmenoposal osteoporosis. On the other hand, loss of an-
drogen [unction also causcs various abnormalities in bone
metabolism (Hofbauer and Khosla, 1999; Manolagas et al,,
2002). As well as ovarieclomy, orchidectomized micc exhib-
ited marked bone loss due 1o excessive bone resorption (Onoe
etal., 2000). More recently, androgen receptor-deficient mice
were generated and showed decreased bone volume with in-
creased bone resorption (Yeh et al., 2002; Kawano el al,,
2003).

* Corresponding author. Tel.: +8) 92 6426913; fax: +81 92 6126940,
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In the last few years, the mechanism of steroid hormone
action in a ceil has been extensively studied at molecular
level. After steroid hormones enter their target cells, these
hormones bind to their specific receptors. Ligand-bound re-
ceptors change their conformation and regulate transcription
by binding to hormone responsive elements located in regu-
latory regions of target genes. The effects of nuclear recep-
tors on transcription are modulated by coregulator proteins,
which enhance (coactivators) or reduce (corepressors) trans-
activation of target genes. Many of these coactivators possess
histone acetylase activity, whereas corepressor complexes of-
ten contain histone deacetylase activity. Reversible acetyla-
tion of core histones modulates chromatin structure and regu-
lates ranscription. These coactivators commonly possess an
LXXLL motif in their amino acid sequences through which
they can interact with steroid hormone receplors. Introducing
mulations in this motif abolished the function of these coac-
tivators (Leo and Chen, 2000; Aranda and Pascual, 2001;
Cheng et al,, 2002; Heinlein and Chang, 2002).
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Tob, which was originally discovered as a protein inter-
acting with a membrane receptor c-erbB2, is a member of a
functionally and structurally related protein family involved
in negative control of the cell cycle (Matsuda et al., 1996;
Ikematsu et al., 1999; Matsuda et al., 2001; Tirone, 2001).
This family comprises six proteins; Tobl, Tob2, BTGI,
BTG2/PCTIS2I, ANA/BTG3 and PC3B. These proteins
share a homology at N-terminal 120 amino acid residues.
Anti-proliferating activity of Tob protein is regulated by phos-
phorylation of three serine residues (Serl52, 154 and 164)
that are modified by Erk MAP Kinase. In quiescent cells,
Tob1 blocks their proliferation by suppression of cyclin DI
expression. Growth signals activale Erk that phosphorylates
Tob protein to lose its anti-proliferating activity, resulting in
continuous expression of cyclin D1 and cell cycle progres-
sion (Maekawa ct al,, 2002; Suzuki et al., 2002; Yoshida e1
al., 2003).

It has been indicated that Tob member proieins would
mainly act on transcription. These proteins have been shown
to physically interact with Cafl, whose yeast homologue is
involved in a transcription complex (Rouault et al., 1998;
Ikematsu et al., 1999; Prevot et al., 2001). Furthermore, four
of the Tob family proteins carry an LXXLL motif being com-
mon in coactivators for nuclear receptors. In fact, BTGl and
BTG2 modulate the estrogen receptor (ER)-mediated tran-
scriptional activation through this LXXLL motif (Prevot et
al., 2001).

Mice carrying a targeted deletion of the Tob genc have a
greater bone mass resulting from increased numbers of os-
tecblasts. Bone morphogenetic protein-2 (BMP-2), a mem-
ber of the transforming growth factor-beta (TGF-B) super-
family, has been shown to control osteoblast proliferation
and differentiation. BMP signals are mainly mediated by
Smad proteins. In these Tob-deficient mice, BMP-2-induced
osteoblast proliferation and differentiation was enhanced.
Tob was shown to associafe with receplor-regulated Smads
(Smad}, 5 and 8), which are the mediators of BMP signals,
and inhibit the signal transduction. These results indicate that
Tob protein negatively regulates bone formation in vivo by
repressing BMP-2-induced, Smad-mediated transcriptional
activation (Yoshida et al., 2000).

In the present study, we investigated whether Tob ex-
pression influences steroid hormone receptor-dependent tran-
scriptional activation in osteoblasts. Tob proteins suppressed
the ligand-dependent transcriptional activation of steroid hor-
mone receptors such as androgen receptor {AR) and estrogen
receptor (ER) in osteoblastic cells. These results indicate that
Tob proteins could regulate the action of steroid hormone in
bone formation.

2. Materials and methods

2.1 Cells

MC3T3-E1 ostecblastic cells were obtained from Riken
Cell Bank (Tokyo, Japan). Cells were maintained in o-

MEM (Invitrogen Corp., Carlsbad, CA) supplemented
with 10% fetal bovine serum (FBS) (Cansera Inter-
national Inc., Canada). COS.-7 monkey kidney cells
were maintained in DMEM (Invitrogen) with 10% FBS
and PC3 prostatic carcinoma cells were maintained
in RPMI-160 medium (Sigma-Aldrich Co., St. Louis,
MO).

2.2. Plasmid constructs

The firefly luciferase reporter plasmid, pGL3-MMTV
(Tormura et al, 2001) and the expression vector for
AR (pCMV-hAR) were prepared as previously described
(Nakao et al., 1992; Adachi et al, 2000). The expres-
sion plasmid for human ERa (pSGS-ERa) and a reporter
plasmid (pERE2-tk109-luc) were kindly provided by Dr.
Shigeaki Kato (University of Tokyo, Japan). Plasmid vec-
tor expressing AR-GFP fusion protein, named pAR-GFP,
was constructed as described previously (Tomura et al,,
2001). A 644-bp fragment of 5'-flanking region of the
prostate specific antigen (PSA) gene was amplified by
KOD DNA polymerase (Toyobo, Osaka, Japan) using a
set of primers: PSAP-N (5'-aggtaccgaattecacatigittgetge-3')
and PSAP-C (5-tccgggtgcaggtegtaagetigg-3). The PCR-
amplified fragment was digested with Kpnl and Hindlll
and cloned into pGL3-Basic vector (Promega Co., Madi-
son, WI) and the resulting construct was named pGL3-
PSA. Mouse CRERB binding protein (CBP) expression vec-
tor (pcDNA/mCBP) was prepared as previously described
{Miyagishi et al., 2000). TIF2 expressicn plasmid, pYFP-
TIF2, was constructed as previously described (Saitoh et al.,
2002). ,

The expression vectors for Tob proteins were pre-
pared using the RT-PCR technique. As previously described
(Ohnaka et al., 2001), cDNA was prepared from human
osteoblasts using Superscript First-Strand Synthesis Sys-
tem (Invitrogen). Tobl, Tob2 and PC3 c¢cDNAs were am-
plificd by Pfx DNA polymerase (Invitrogen) using each
set of primers: Tobl-5E (5'-caggaattcggggagttgaaaccta-3)
and Tob1-3B (5'-cagggalcecggttagecataacagg-3') for Tobl,
Tob2-5E (3'-caggaaltccaaggetgtacacgtge-3) and  Tob2-
3B (5'-cagggatcecggliggecageaccacg-3) for Tob2, and
PC3-5E (5'-caggaaticcaccegagaccetetca-3") and PC3-3B
(5'-cagggatcccggetggagactgecate-3') for PC3. The PCR-
amplified fragments were digested with EcoRI and BamHI
and inserted into the cognate sites of pEYFP-CI vec-
tor (BD Sciences Clontech, Palo Alto, CA). The result-
ing constructs were designated as pYFP-Tobl, pYFP-Tob2
and pYFP-PC3. To generate Tobl LXXAA mutant, two
leucine residues in the LXXLL motif of the Tob pro-
tein were replaced with alanines by using a Quikchange
site-directed mutagenesis kit (Stratagene, La Jolla, CA).
The validity of structure of the constructs was con-
firmed by DNA sequencing using an ABI PRISM 377
DNA sequencer {(Applied Biosystems Japan Ltd., Tokyo,
Japan).
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2.3, Immunoblotting

MC3T3-E] cells were seeded in 60-mm plates and incu-
bated for 24 h with 5% COs at 37 °C. Plasmid DNAs car-
rying Tob family ¢cDNAs were transfected into the cells.
Twenty-four hours after transfection, cells were washed
with PBS twice and 400 il of NP-40 lysis bulfer (50 mM
Tris-HCI, pH 8.0, 150 mM NaCl and [7% NP-40) was added
to each dish. followed by rocking for 30 min at 4 *C. Lysates
were collected and protein concentrations were measured us-
ing a BCA protein assay kit (Pierce, Rockford, IL). Forty
micrograms of cach lysate in 1% sodium dodecyl sulfate
(SDS)-PAGE sample buffer (2% SDS, 100 mM dithiothre-
itol, 60 mM Tris-HCI, pH 6.8, 0.01% bromophenol blue)
was loaded on a 10% SDS-polyacrylamide gel with wide
range Color Marker (Sigma-Aldrich) and electrophoresis was
performed at 20mA for 4h, Proteins were transferred onto
a nitrocellulose membrane (Hybond ECL, Amersham Bio-
science Corp., Piscataway, NJ) using a Hoefer miniVe unit
(Amersham) at 250V for 1 h at 25°C, After the membrane
was blocked in 1x Block-Ace (Dainippon Pharmaceutical
Co., Osaka, Japan), anti-Tobl mouse monoclonal antibody
(IBL-Japan, Fujioka, Japan) or anti-GFP rabbit polyclonal
antibody (sc-8334, Santa Cruz Biotechnology Inc., Santa
Cruz, CL) was reacted with the membrane in 0.1x Block-
Acefor 1 hat25°C. Following a brief wash with TBS-Tween
20 (10mM Tris—HCI, pH 8.0, 0.9% NaCl and 0.05% Tween
20), horseradish peroxidase-linked anti-mouse [2G (Amer-
sham} or anti-rabbit IgG (Amersham) was added in 0.1x
Block-Ace as a second antibody and then the membrane
was incubated for 45 min at 25°C, After being washed with
TBS-Tween 20, the membrane was reacted with Western
blotting detection reagents (Amersham) for | min in a dark
room. The membrane was then exposed to a shect of au-
toradiography film for 1 min and the film was developed and
analyzed.

2.4. Functional reporter ussay

MC3T3-El cells (7 x 10% celisiwell), COS-7 cells
(1 x 10 cellsiwell) or PC3 cells (1 x [0° cells/well) were
seeded in |2-well plates 20 h before transfection. A reporter
plasmid, pGL3-MMTV or pGL3-PSA (0.5 pg/well), and
3ng/well of pRL-CMV (Promega) as an internal con-
trol were cotransfected with 0.1 pg/well of pCMV-hAR
and 0.1 or 0.3ug of the Tob expression plasmid using
2.7 uliwell of Superfect Transfection Reagent (Qiagen K.
K., Tekyo, Japan). For ER transcription assay, 0.1 pg/well
of pSGS-ERw and 0.1 or 0.3pg of the Tob expression
vector were cotransfected with 0.5 pg of pERE2-tk109-
luc as a reporter and 3ng of pRL-CMV as an internal
control. For CBP or TIF2 transfection, 0.1 or 0.3 pg of
pcDNA/mCBP or 0.5 pg of pYFP-TIF2 was used for each
well. In all ransfection experiments, the total amount of
transfceted DNA was fixed by adding empty vector into
the transfection mixture. At 3h post-transiection, (L5 ml

of medium containing 10% charcoal-treated fetal bovine
serum was added with or without steroid hormones. At 24 h
post-transfection, cells were rinsed with PBS and lysed in
the lysis butfer of a luciferase assay kit (Promega). The
luciferase activity was assayed using a Dual-Luciferase
Assay System (Promega Corp., Madison, WI} and Lumat
LB 9507 (Berthold Technologies, Bad Wildbad, Germany).
Data were presented as mean & S.D. One-way analysis of
variance {ollowed by Scheffe’s test was used for multigroup
comparisons. F<0.05 was considered to be stalistically
significant.

2.5. Coimmunoprecipitation

COS-7 cells (7 x 10° cells/dish) were seeded in 60-mm
plates 24 h before transiection. Cells were transfected with
2 ng of plasmids expressing Tob and/or AR and maintained
with or without 10~8 M of DHT for 24 h with 5% CO; at
377C. The whole cell extracts were prepared by incubating
the cells in 0.3 ml of the NP-40 lysis buffer for 30 min at 4 °C,
followed by brief sonication and a centrifugation. Protein
concenlralions were measured using a BCA protein assay
kit (Pierce) and cach prolein concentration was adjusted to
1 mg/ml. Each lysate (160 pg) was incubated with 3 pg of
anti-Tob antibody (IBL-Japan) at 4 °C for 1h in the NP-40
lysis buffer and further incubated with 25 ul of Protein G
Magnetic Beads (New England Biolabs Inc., Beverly, MA)
for 1h at 4°C. Beads were collected by a magnet and then
proteins were eluted in 1x SDS-PAGE sample buffer and
subjected to 10% SDS-PAGE. Immunoblotting analysis was
performed essentially as previously described (Ohnakaetal.,
2001).

2.6. Confocal laser scanning microscopy

MC3T3-El cells (2 x 10% cells/dish) were cultured in
35-mm glass-bottom dishes (Asahi Techno Glass Corp.,
Tokyo, Japan) and transfected with 0.5 ug of pAR-GFP
and 1.5-2.5ng of pYFP-Tobl using [0 pl/well of Super-
fect Transfection Reagent. The cells were maintained in
a-MEM supplemented with 10% charcoal-treated FBS for
16-20h and then various steroid hormones were added into
the medium,

The cells were observed with an LSM 510 META in-
verl conlocal laser scanning microscope (Carl Zeiss Co. Ltd.,
Jena, Germany) using a 100, 1.4 numerical aperture oil im-
mersion objective. Images were collected at a 12-bit depth
resolution of intensities over 1024 x 1024 pixels. For exci-
tation of GFP and YFP, 488 nm of argon laser was em-
ployed and these two emission signals were separated us-
ing the emission fingerprinting technique established by Carl
Zeiss. Separation of individual emission signals was based
on recording of a spectral signature of each emission sig-
nal and a digital unmixing procedure using the reference
spectra.
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3. Results

3.1. Suppression of steroid hormone receptor-mediated
transcriptional activation by Tob protein

We investigated whether Tob family proteins modulate
the function of steroid hormone receptors in ostcoblasts be-
cause some of Tob family proteins have one or two copies of
an LXXLL motif that is commonly found in interaction do-
mains of coactivators for nuclear receptors (Fig. 1). To exam-
ine whether expression of the Tob family proteins influences
the transcriptional activation mediated by steroid hormone
receplors, cotransfection of AR and Tob expression plasmids
was performed with the MMTV-luciferase reporter gene into
MC3T3-E! osteoblastic cells. Expression of Tob family pro-
teins in the transfected cells was confirmed by immunoblot-
ting using anti-Tob1 and anti-GFP antibodies (Fig. 2A). We
first examined an effect of Tob! expression on transactiva-
tion mediated by endogenous AR protein, however, ligand-
induced increase of Juciferase activity was not evident and
no significant change of the transactivation was observed
by expressing the Tob protein (Fig. 2B). In the wild type
AR-transfected cells, remarkable transeriptional activation
was observed in the presence of dihydrotestosterone (DHT).
Tobl and Tob2 proteins suppressed this DHT-induced tran-
scriptional activation mediated by AR in MC3T3-E! cells,
whereas expression of PC3 had no effect on the transerip-
tional activation in spite of carrying two LXXLL motifs
(Fig. 2B). As well as AR, transcriptional activation mediated
by ERa was also repressed by Tob proteins (Fig. 2C). These
Tob1-induced repressions for the steroid hormone receptor-
mediated transactivation were also observed in casc of dif-
ferent cells (PC3 and COS-7 cells) and a different promoter
(PSA promoter) (Fig. 3).

3.2, An LXXLL motif of Tobl protein is not critical for
suppression of AR-mediated transactivation

To investigate whether the suppression of transcriptional
activation was elicited through an LXXLL motif in the Tobl

protein, we constructed a Tob! mutant carrying amino acid
substitutions in this motif (LXXAA). As shown in Fig. 4,
this Tobl LXXAA mutant caused the same level of suppres-
sion of AR-mediated transactivation as the wild type. This
result indicates that the LXXLL motif in the Tob! protein s
not crucial to the suppression of the AR-mediated transact-
vation. We also found an LXXII motifin the N-terminus of
the Tob1 protein, which was known as an interaction domain
of some nuclear receptor corepressors (Hu and Lazar, 1999).
However, no significant effects were observed by introduc-
tion of mutations (LXXAA) at the LXXII motif (data not
shown).

3.3. Suppression of the AR-mediated transactivation by
Tob was not recovered by overexpression of CBP and
TIF2

Several transcriptional coactivators were shown 1o be
commonly involved in various transcriptional factor com-
plexes, and the presence of a competition between these tran-
scription complexes for limited amounts of the coactivators
in a cell has been reported (Kamei et al., 1996). CBP/p30Q is
known to be such a common coactivator. If the Tob protein
would extract CBP/p300 from the AR-mediated transactiva-
tion function complex, supplementation of the CBP protein
might recaver from the suppression by the Tob protein. To
examine this possibility, CBP was coexpressed with Tob and
AR in MC3T3-El cells. As shown in Fig. 5A, CBP pro-
moted the AR-mediated transactivation dose-dependently,
However, overexpression of the CBP protein had little ef-
fect on suppression of AR-mediated transcriptional activation
by Tob. We also supplemented ancther common coactivator
protein, TIF2, and no recovery from the suppression was ob-
served (Fig. 5B).

3.4. Immunoprecipitation of Tob protein with AR
To test for a physical interaction between Tobl and AR,

immunoprecipitation was performed using anti-Tob! anti-
body. In the cells expressing both AR and Tob1, AR protein

N-terminal hormologous region

Tob 1 (&~ ] 345 a.a.
Tob 2 @ i | 344aa.
BTG1 [ e ] 171 a.a.
FC3TIS21/BTG2 @ .~ " @ 158 a.a.
ANA/BTG3 [ ] 252 aa.
PC3B [ ] 223 a.a.

® - - LXXLL nuclear receptor binding motif

Fig. 1. Schematic representation of Tob family proteins. Six Tob family proteins share homology at the N-terminal region (gray). Filled circles represent
LXXLL motifs that are noticed as interaction domains of nuclear receptor coregulators.
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was clearly precipitated in the prescnce and absence of a
ligand (Fig. 6, lanes [-2). However, if Tob protein was not
introduced into the cells, only a faint AR band was detected
(Fig. 6, lane 3). The small amount of AR might be precipi-
tated with endogenous Tob protein. These results indicate the
direct interaction between Tobl and AR and suggest that a
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protein-protein interaction between Tob and AR contributes
to the repression of AR-mediated transcriptional activation.

3.5, Effect of Tobl expression on formation of
subnuclear AR foci

We previously reported that ligand-bound AR was translo-
cated from cytoplasm to nucleus and formed subnuclear foci.
This foci formation of AR correlated with AR-mediated tran-
scriptional aclivation {Tomura et al., 2001, Saitoh et al.,
2002). To examine the effect of Tob on the AR foci formation,
we observed intracellular localization of the Tob protein, In
MC3T3-El cells, Tob] and Tob2 proteins were localized in
both nucleus and cytoplasm. Signal strength of Tobl in the
nucleus is higher than that in the cytoplasm, whereas the cy-
toplasmic signal is dominant in terms of Tob2 (Fig. 7). When
the YEP vector, carrying only a YFP ¢DNA, and pAR-GFP
were transfected into MC3T3-El cells, AR signal was de-
tected in the cytoplasm before adding DHT (Fig. 8A and C).
After the treatment with DHT, AR formed fine foci in the nu-
cleus (Fig. 8D and F). On the other hand, a markedly reduced
number of nuclear foci (Fig. 8G and I) or even no foci (Fig. 8]
and L) werc observed in the DHT-treated MC3T3-El cells
when both AR-GFP and YFP-Tobl were cotransfected. No
significant change was observed in the intracellular distribu-
tion of YFP-Tobl before and after the addition of DHT. The
inhibition of the AR foci formation by Tobl was well consis-
tent with the suppression of the AR-mediated transactivation
function by Tobl assessed by the luciferase reporter assay.

Fig. 2. Tob proteins suppress AR- and ERa-mediated (ranscriptional activa-
tion in osteoblastic cells, (A) Immunoblot analysis of human Tob family- YFP
tusion proteins. Cell lysates were coflected from MC3T3-E| cellstransfected
with the expression vectors for Tob family proteins fused with YFP and werc
subjected to SDS-polyacrylamide gel electrophoresis (lanes 1 and 2, YFP-
Tobl: lane 3. YFP-Tob2; lane 4, YFP-PC3). After proteins were transferred
onta the nitrocellulose membrane, anti-Tobl (lane 1) or anti-GFP (lanes
2-4) antibody was reacted with each membrane for detection of the fusion
proteins. Asterisks (*) indicate the YFP fusion protein of each Tob family
protein. Positions of protein size markers are shown on the left. (B) Suppres-
sion of AR-mediated transeriptional activation by Tob proteins. MC3T3-El
osteoblastic cells were transfecied with 0.1 ug of the AR expression vector,
0.1 or 0.3 g of the Tobl. Tob2. PC3 expression vector, or the empty vector
tVec), 0.5 ug of pCL3-MMTYV and 3 ng of pRL-CMYV. The cells were cul-
tured in the absence {(—) or presence (+) of 10-% M DHT for 24 h and the
luciferase activities were measured. Left three bars show the results of cells
without being transfected with the AR expression vector, Bars show the fold
change inthe luciferase activity relative to the value by the wild lype AR with-
out DHT. The average of three independent experiments is shown with the
standard deviation. P <0.05. (C) Suppression of ERa-mediated transcrip-
tional activation by the Tob protein. MC3T3-El cells were cotransiected
with 0.1 g of pSG3-ERa, 0.1 or 0.3 g of the pYFP-Tobl, pYFP-Tob2 or
the empty vector (Vec). 0.5 ug of pERE2-tk109-luc as a reporter plasmid
and 3 ng of pRL-CMY as an internal control. Three hours afier transfection,
107 M estradiol (Ep) was added. Luciferase activity was measured afler
24 hincubation. Relative luciferase activity is shown. Bars show the fold
change in the luciferase activity relative to the value without the ligand. The
mean values and the standard deviation from three independent experiments
are shown. "P<0.05.
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