Involvement of thioredoxin-binding protein 2 in the
antitumor activity of CD437

Saori Matsuoka,'?¢ Hiroyuki Tsuchiya,'®’ Tomohiko Sakabe,’ Yumi Watanabe,'* Yoshiko Hoshikawa," Akihiro
Kurimasa," Hiroaki Itamochi,* Tasuku Harada,* Naoki Terakawa,* Hiroshi Masutani,> Junji Yodoi® and Goshi Shiota'

Division of Molecular and Genetic Medicine, Graduate School of Medicine, Tottori University, Nishi-cho 86, Yonago, Tottori 683-8504; 2Shimane Prefectural
Central Hospital, Himebara 4-1, Izumo, Shimane 693-8555; *Watanabe Children and Ladies Clinic, Takeshi-cho 836-3, Izumo, Shimane 693-0014; “Division of
Reproductive-Perinatal Medicine and Gynecologic Oncology, Tottori University; ®Institute for Virus Research, Kyoto University, Shogoin 53, Kawahara-cho,

Sakyo-ku, Kyoto, 606-8505, Japan

(Received May 13, 2008/Revised August 9, 2008/Accept August 11, 2008/Online publication November 19, 2008)

The present authors previously reported that a synthetic retinoid,
CD437, induces endoplasmic reticulum stress-mediated apoptosis
in ovarian adenocarcinoma cells in spite of no response to natural
retinoids. However, the precise mechanism of its proapoptotic
action has not been fully determined. The present study herein
demonstrates that apoptosis induction of ovarian adenocarcinoma
SKOV3 cells by CD437 involves the upregulation of thioredoxin-
binding protein 2 (TBP2) by a mechanism that is dependent on the
intracellular calcium concentration. TBP2 is known to bind to and
suppress thioredoxin (TRX) activity whereas TRX has an anti-apoptotic
effect by inhibiting apoptosis signal-regulating kinase 1 (ASK1). The
activation of ASK1 and its downstream molecule, c-Jun N-terminal
kinase, was observed after induction of TBP2 by CD437. Interestingly,
CD437 induced the association of TBP2 with TRX and, in turn,
facilitated the dissociation of ASK1 from TRX. Moreover, blockade
of TBP2 induction by small interfering RNA (siRNA) significantly
attenuated the cytotoxic effect of CD437. These results suggest that
TBP2 plays a critical role in the mechanism by which CD437 exerts
proapoptotic action against SKOV3 cells. (Cancer Sci 2008; 99: 2485-2490)

Ovarian cancer remains the most malignant among gynecologic
cancers, in part owing to the lack of specific marker
enabling early detection, and its high recurrence rate.""? In
addition, early ovarian cancer is a silent and often asymptomatic
disease.® Thus, it is often the case that patients complaining of
symptoms have already developed ovarian cancer in stage III or
IV at initial diagnosis.*® The current standard treatments are
surgical resection and chemotherapy. Except for some cancer types,
ovarian cancer is generally regarded as chemosensitive, and the
combination of paclitaxel and carboplatin is widely prescribed.®
However, since the recurrence of chemoresistant ovarian cancer
is often observed,® the prognosis of patients remains poor and
the projected-5 years survival rate is still about 30%.“ To
improve the efficacy of chemotherapy against ovarian cancer, it
is important to develop drugs with new mechanisms of action.
We previously reported that a synthetic retinoid, CD437,
induced the upregulation of target genes of endoplasmic reticu-
lum (ER) stress, including CHOP in ovarian adenocarcinoma
SKOV3 cells, resulting in apoptosis in the cells.® Moreover, it
was demonstrated that CD437-induced cytotoxic effect was
partially prevented by small interfering RNA (siRNA)-mediated
blockade of CHOP induction.® We further reported CD437-
induced apoptosis in hepatocellular carcinoma cell lines via the
mitochondrial pathway.” Although CD437 was first developed as
a retinoic acid receptor (RAR) v subtype-specific agonist,® several
RAR-independent pathways such as c-Jun N-terminal kinase
(JNK) pathway, may be involved in this action.'? Interestingly,
although another retinoid-related molecule ST1926 largely loses
RAR transactivation activity,'"'? ST1926 strongly induces
apoptosis in cancer cell lines and it was proposed that ST1926
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might share common mechanisms for apoptosis induction with
CD437.09

Although clinical application of CD437 has been limited by
its relatively unfavorable pharmacokinetic profiles and ST1926
has a more potent antitumor activity and more favorable phar-
macokinetic characteristics than CD437,'D CD437 efficiently
inhibited the growth of ovarian cancer, melanoma and leukemia
xenografts in vivo without significant toxicity!'*'® whereas no
apoptosis induction by CD437 was observed in normal human
epidermal keratinocytes and lung epithelial cells."”'® In
addition, it was demonstrated that CD437 activates JNK more
efficiently than ST1926 in the NB4 leukemia cell line.!®

It has been reported that thioredoxin-binding protein 2 (TBP2)
is involved not only in redox regulation by repressing thioredoxin
(TRX) function," but also in induction of apoptosis and growth
arrest in cancer cells.?” Moreover, it was found that TBP2 was
epigenetically silenced in prostate and bladder cancer cell lines,
whereas its expression was induced by histone deacetylase
inhibitor, suberoylanilide hydroxamic acid (SAHA).?Y Thus, as
such evidence piles up, TBP2 attracts attention as a tumor sup-
pressor. On the other hand, TRX also plays a role in apoptosis
regulation by binding to apoptosis signal-regulating kinase 1
(ASK1). Upon stimulation with oxidative stress, ASK1 is released
from TRX and triggers apoptosis via JNK activation.®>?

To gain more insights into the mechanism of antitumor action
of CD437, we focused on upstream signals for JNK activation,
especially TBP2 and ASK1 in SKOV3 cells. We found that CD437
upregulated TBP2 expression, which bound to TRX and allowed
ASKI1 to be activated followed by JNK activation. Moreover, the
apoptosis of SKOV3 cells by CD437 was significantly prevented
by siRNA-mediated blockade of TBP2 induction. These results
suggest that TBP2 plays a critical role in the mechanism of
antitumor action of CD437.

Materials and Methods

WST assay. SKOV3 cells were cultured as previously reported.
WST assay was performed with TetraColor ONE (SEIKAGAKU,
Tokyo, Japan). 5 x 10° cells were seeded in a 96-well plate.
After overnight culture, cells were incubated with 0-1 uM
CD437 (Sigma, St. Louis, MO, USA) for 72 h. Subsequently,
the medium was replaced with 100 pL medium containing 5 puL
TetraColor ONE. After 1 or 1.5 h of incubation at 37°C, the
absorbances at 450 and 600 nm (as a reference) were measured.
Cell viability at each concentration was expressed as the ratio to
that of 0 UM CD437.
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RNA isolation and real-time reverse transcription-polymerase chain
reaction (real-time RT-PCR). For mRNA analysis, cells were incubated
in the absence or presence of CD437 for 0—12 h. For calcium
chelation experiments, cells were treated with 1.0 uM of CD437
in the presence of a cell-permeable calcium chelator, 0,0’-
bis-(2-aminophenoxy)ethyleneglycol-N,N,N’,N'-tetraacetic acid
tetraacetoxymethyl ester (BAPTA-AM; 20 uM, ABD Bioquest,
Sunnyvale, CA, USA) for 8 h. Total RNA was recovered with
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and subjected
to reverse-transcription by using Superscript II (Invitrogen) and
oligo(dT) primer. The level of TBP2 mRNA expression was
determined by LightCycler System (Roche Diagnostics K.K.,
Tokyo, Japan) with primers (sense, 5'-AAGTAGTGGATCTGGT-
GGATGTCAATA-3; antisense, 5'-CCGCCCATCAGGAATGAAC-
3”). The expression level of the gene was normalized with that of
B-actin (sense, 5-GACGGCCAGGTCATCACTATTG-3; antisense,
5’-CCACAGGATTCCATACCCAAGA-3).

Measurement of intracellular calcium concentration. After washing
cells twice with phosphate-buffered saline (PBS), SKOV3 cells
on 10-cm dishes were incubated with 4 uM of Quest Fluo-8,
AM cell permeable (Fluo-8; ABD Bioquest) in PBS for 20 min
at 37°C. The cells were collected by scraping, and resuspended
in Dulbecco’s modified Eagle’s medium (DMEM) containing
10% fetal bovine serum (FBS) at a concentration of 0.8—1 x 107
cells per mL. One hundred microlitres of the cell suspension
were added onto a 96-well black plate and mixed with 100 puL.
of the culture medium containing CD437 and/or BAPTA-AM
(final concentration; 1 and 20 uM, respectively). Following
incubation at 37°C, fluorescence intensity was determined by a
fluorescent microplate reader, and expressed as a relative to
the values of dimethyl sulfoxide (DMSO)-treated controls at
each time point.

Immunoprecipitation and Western blot analysis. For Western blot
analysis, 3.5 x 10° SKOV3 cells were seeded in a 6-cm dish and
allowed to attach overnight. CD437 was added to the medium and
incubated for 0—12 h. Cells were lysed in RIPA buffer containing
protease inhibitors (Roche Applied Science, Mannheim, Germany)
and phosphatase inhibitors (Roche Applied Science).

For immunoprecipitation, 7.5 x 10> SKOV3 cells were seeded
in three 10-cm dishes, and incubated in the presence of DMSO
(control) or 1.0 uM CD437 for 12 h. Cells were collected and
lysed in 100 uL. NP40 buffer (1% NP-40, 50 mM Tris-HCI (pH 7.4),
150 mM NaCl) on ice for 30 min. The supernatants were recovered
by centrifugation, and 5-pL aliquots of each sample were stored
and used as input. Five micrograms anti-TRX antibody (MBL,
Nagoya, Japan) was added into the residual aliquots (80 uL),
and incubated overnight at 4°C with gentle rotation. Then, 50 pL
of a 1:1 slurry of GammaBind G-sepharose beads (GE Healthcare
UK, Buckinghamshire, England) was added and further incubated
for 1 h at 4°C. Beads were washed three times with 1 mL of
cold NP40 buffer, and suspended and boiled in 50 uL. sodium
dodecylsulfate (SDS) sample buffer. The supernatants were
recovered by centrifugation, and subsequently subjected to
Western blot analysis.

Primary antibodies used in Western blot analysis were as follows:
TBP2 (JY-2) and human TRX (2E3) antibodies were purchased
from MBL. Antibodies against ASK1, phospho-ASK1 (Thr845),
JNK1/2/3, phospho-JNK1/2/3 (Thr183/Tyr185) and cleaved PARP
(Asp214) were gained from Cell Signaling Technology (Beverly,
MA, USA). Actin (I-19) antibody was obtained from Santa Cruz
Biotechnology (Santa Cruz, CA, USA).

The intensity of the bands was quantified by using NIH Image
software 1.63 (http://rsb.info.nih.gov/nih-image). Relative protein
expression levels were normalized to the values of loading
controls and expressed as ratios to non-treated samples.

Transfection with small interfering RNA and plasmid DNA. RNA
interference (RNAI) duplexes for TBP2 (siTBP2; 5-UUUCAGG-
GUCGUUAAAGACCACCUC-3’ and 5-GAGGUGGUCUUUA-
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Fig. 1. CD437-induced apoptosis in SKOV3 cells. (a) Cell viability in the
presence of CD437. WST assay was performed following 3-day
treatment of SKOV3 cells with the indicated concentrations of CD437.
Data are shown as means = SD (n = 4). (b) CD437-induced cleaved PARP
expression. Treatment with 0, 0.5 and 1.0 uM CD437 for 24 h was
performed. Actin was used as an internal control. The ratios of band
intensities of cleaved PARP to actin were shown.

ACGACCCUGAAA-3") and negative control (Negative Control
Low GC Duplex) were purchased from Invitrogen. Plasmid
DNAs harboring human TRX and TBP2 complementary DNA
(cDNA) were previously reported."*?* enhanced green fluorescent
protein (EGFP) expression vector was used as a negative
control. SKOV3 cells on a 6-cm dish were transfected with
RNAI duplexes and plasmid DNA using Lipofect AMINE2000
(Invitrogen) and FuGENEG6 (Roche Applied Science), respectively,
according to the manufacturer’s instructions. At 24 h post-
transfection, cells were reseeded on 96-well plates, and then
incubated in the presence of the indicated concentrations of
CD437. Cell viability was examined by WST assay.

Results

Induction of apoptosis in SKOV3 cells by CD437. As we previously
reported, CD437 showed efficient reduction in the viability of
SKOV3 cells with an IC,; of approximately 0.5 uM in this study
(Fig. 1a). Moreover, the expression of cleaved PARP, which is
indicative of apoptosis,® was increased in CD437-treated SKOV3
cells (Fig. 1b). Consistent with previous results, CD437 induced
apoptosis of SKOV3 cells.

Involvement of TBP2 in CD437-induced growth inhibition of SKOV3
cells. Upon induction of apoptosis by CD437, the expressions of
TBP2 mRNA and protein were upregulated in a time-dependent
manner (Fig. 2a,b). As suggested by Garattini et al.," increased
intracellular calcium concentration is essential for triggering
CD437- and ST1926-induced apoptosis. Measurement using a
membrane-permeable fluorescent calcium indicator, Fluo-8, showed
that intracellular calcium concentration ([Ca*],) of SKOV3
cells was transiently increased at 30 and 60 min following the
treatment with CD437 (Fig. 2c). Moreover, membrane-permeable
calcium chelator, BAPTA-AM, completely abrogated CD437-
induced [Ca?*], elevation and TBP2 mRNA upregulation (Fig. 2c,d).
These results suggest that free intracellular calcium is essential
for CD437-induced TBP2 expression.

To investigate the involvement of increased TBP2 expression
in the proapoptotic mechanism by CD437, SKOV3 cells were
transfected with TBP2-specific siRNA, which abrogated CD437-
induced TBP2 expression at both mRNA and protein levels
(Fig. 3a,b). Interestingly, the knockdown augmented cell viability
of SKOV3 cells treated with CD437 (Fig. 3c). Moreover, over-
expression of TRX significantly increased the number of cells
surviving in the presence of CD437, whereas that of TBP2
reduced the viability of SKOV3 cells (Fig. 3d). These results
suggest that TBP2 is involved in the antitumor activity of CD437
by suppressing TRX function.

CD437-induced ASK1 activation. Since it has been reported that
TRX functions not only as a redox regulator, but also a suppressor
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Fig. 2. CDA437-induced thioredoxin-binding protein
2 (TBP2) upregulation. (a) CD437-induced TBP2
mRNA expression. Treatment was done with 0 (open
circles) or 1.0 (closed circles) uM CD437 for the
indicated periods of time. Expression level of TBP2
mRNA relative to that of B-actin was normalized
by non-treatment control (0 h). Data are shown as
means = SD (n = 3). (*P < 0.05; **P < 0.01, versus non-
treatment control). (b) CD437-induced TBP2 protein
expression. Treatment with 0.5 uM CD437 for the
indicated periods of time was done. Actin was used
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as an internal control. The ratios of band intensities
of TBP2 to actin were shown. (c¢) Measurement of
intracellular calcium concentration using Fluo-8.
SKOV3 cells incorporated Fluo-8 were incubated
with dimethyl sulfoxide (DMSO; open circles),
20 uM O,0’-bis-(2-aminophenoxy)ethyleneglycol-
N,N,N’,N’-tetraacetic acid tetraacetoxymethyl ester
(BAPTA-AM; open squares), 1 uM CD437 (black
circles), or 20 uM BAPTA-AM and 1 uM CD437 (black
squares) at 37°C for 1, 3, 10, 30, 60, 90, and 120-min.
Relative fluorescence intensities of samples to
those of DMSO-treated controls at each time
point are shown as means + SD (n = 3). (*P < 0.05;
**P < 0.01, versus control). (d) Calcium chelator-
mediated blockade of TBP2 mRNA induction. SKOV3
cells were incubated with DMSO (open column),
20 uM BAPTA-AM (light gray column), 1 uM CD437
(gray column), or 20 uM BAPTA-AM and 1uM
CD437 (black column) for 9 h. Expression level
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Fig. 3. The involvement of thioredoxin-binding
protein 2 (TBP2) in antitumor effect of CD437. (a)
Knockdown of TBP2 mRNA by small interfering
RNA (siRNA). Following transfection with siRNA
for negative control (open bars) and TBP2 mRNA
(filled bars), cells were treated with 0.5 or 1.0 uM
CD437 for 0, 6 and 12 h. (b) Knockdown of TBP2
protein by siRNA. Following transfection with
siRNA for negative control (siNC) and TBP2 mRNA
(siTBP2), cells were treated with 1.0 uM CD437 for
24 h. (c) Viability of TBP2-knocked-down cells in
the presence of CD437. Following transfection
with siRNA for negative control (open circles) or
TBP2 mRNA (filled circles), SKOV3 cells were treated
with the indicated concentrations of CD437 for 3
days. Cell viability was determined by WST assay.
Data are shown as means = SD (n = 4). (**P < 0.01;
**%P < 0.001 versus negative control siRNA). (d)
Viability of cells transfected with thioredoxin (TRX)
or TBP2 expression vectors in the presence of
CD437. Following transfection with plasmid DNA
vectors expressing EGFP (negative control; open
circles), TBP2 (filled circles) or TRX (filled squares),
SKOV3 cells were treated with the indicated
concentrations of CD437 for 3 days. Cell viability
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of ASK1,? we examined whether ASK1 was activated by treatment
with CD437. As expected, the expression of phosphorylated
ASK1 was strikingly increased in time- and dose-dependent
manners (Fig. 4a,b). This activation was completely abrogated by
siRNA-mediated TBP2 knockdown (Fig. 4c). Moreover, JNK,
downstream molecules of ASK1 signaling,®® were also activated
in time- and dose-dependent manners (Fig. 4d,e). Thus, CD437-
induced apoptosis was mediated by TBP2-TRX-ASK1 pathway.

Finally, these results led us to further investigate the interaction
of TRX with TBP2 and ASK1. By immunoprecipitation assay,
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it was indicated that although TRX bound to ASKI1 in the
absence of CD437, CD437 induced the association of TBP2
with TRX, and dissociated ASK1 from TRX (Fig. 5). Thus, it
was suggested that activation of ASK1 was triggered by TBP2-
mediated TRX suppression.

Discussion

We previously demonstrated that CD437 induced ER stress in
ovarian adenocarcinoma and mitochondrial dysfunction in

CancerSci | December2008 | vol.99 | no.12 | 2487

© 2008 Japanese Cancer Association



(a) 1.0 pM CD437 (b) 10-h incubation
Incubation time (h) 0 6 8 10 12 CD437 (uM) 0 05 1 2 4
p-ASK1 (Thrg45) P — p-ASK1 (Thr845) e — — —
ASKT | = e o o— — — ASKA1 e — . _—
p-ASK1/ASK1 1.0 32 21 18 20 p-ASK1/ASK1 1.0 12 15 1.7 22
(c) 12-h incubation
CD437 (uM) 0 1.0
siNC siTBP2 siNC siTBP2
p-ASK1 (ThrB45) | e e ® e
_
ASK | c— — — —
p-ASK1/ASK1 10 02 18 02
(d) 1.0 UM CD437 (e) 10-h incubation
Incubation time (h) 0 6 8 10 12 CD437 (uM) 0 05 1 2 4
p-JNK2/3— — — p-JNK2/3 —_ —
* — *
JNK2/3— h--“ JNKZ/3 | - w—" gy
. — — - _— -
JNK1- ™ & JNET | i s i P
p-JNKZ/3/JNK2/3 1.0 1.9 38 47 14 p-JNK2/3/JNK2/3 10 25 189 21 18
pJNKIUNKT 10 23 36 50 34 pINKIUNK1T 10 46 50 6.0 68

Fig. 4. CD437-induced activation of apoptosis signal-regulating kinase 1 (ASK1) signaling pathway. (a) Time-dependent ASK1 phosphorylation at
Thr-845. The proteins from the cells treated with 1.0 uM of CD437 for the indicated periods of time were analyzed by Western blot. The ratios of
band intensities of phosphorylated ASK1 (p-ASK1) to total ASK1 were shown. (b) CD437-induced dose-dependent ASK1 phosphorylation. The
proteins from the cells treated with the indicated concentration of CD437 for 10 h were analyzed by Western blot. The ratios of band intensities
of phosphorylated ASK1 (p-ASK1) to total ASK1 were shown. (c) Abrogation of CD437-induced ASK1 phosphorylation by thioredoxin-binding
protein 2 (TBP2) small interfering RNA (siRNA). Following transfection with siRNA for negative control (siNC) or TBP2 mRNA (siTBP2), SKOV3 cells
were treated with 0 or 1.0 uM of CD437 for 12 h. The ratios of band intensities of phosphorylated ASK1 (p-ASK1) to total ASK1 were shown. (d)
Time-dependent c-Jun N-terminal kinase (JNK) phosphorylation. The proteins from the cells treated with 1.0 uM CD437 for the indicated periods
of time were analyzed by Western blot. The ratios of band intensities of phosphorylated JNK (p-JNK) to total JNK were shown. Asterisk (*)
indicates non-specific bands. (e) CD437-induced dose-dependent JNK phosphorylation. The proteins from the cells treated with the indicated
concentration of CD437 for 10 h were analyzed by Western blot. The ratios of band intensities of phosphorylated JNK (p-JNK) to total JNK were
shown. Asterisk (*) indicates non-specific bands.

hepatocellular carcinoma cell lines, leading to apoptosis in these
cells.®” To gain further insights into the molecular mechanism
of CD437-induced apoptosis, we focused on the TBP2-mediated
pathway as expression of TBP2 was strikingly upregulated by
CD437. In the present study, TBP2 upregulated by CD437 binds to
and suppresses TRX activity, allowing ASK1 to activate the JNK-
mediated apoptosis signal pathway, as summarized in Figure 6.
CD437 was originally developed as a selective agonist of
RARY,® and was reported to induce the cytodifferentiation of F9
tetracarcinoma cells through this receptor.!'” However, it has been
suggested that its mechanism of action, especially for apoptosis
induction, does not involve the RAR-dependent pathway.!>2®
Indeed, in our previous study,® CD437 efficiently decreased the
number of viable cells and induced apoptosis in SKOV3 cells
while natural retinoids had no effects on cell viability in spite of
RARY expression on these cells. These data suggest that RARY
seems not to be prerequisite for the antitumor action of CD437.

IP: TRX
1.0

CD437 (uM) 0 1.0 0

IB: ASK1

i

IB: TBP2

IB: TRX

IB: actin

Fig. 5. Reciprocal interactions of thioredoxin (TRX) with apoptosis signal-

Moreover, TBP2 upregulation was not observed in the cells
treated with all-trans retinoic acid (data not shown), suggesting
that the mechanism of CD437-induced TBP2 expression also
involves an RAR-independent pathway(s).

2488

regulating kinase 1 (ASK1) and thioredoxin-binding protein 2 (TBP2).
The proteins from the cells treated with 0 or 1.0 uM CD437 for 12 h were
immunoprecipitated with anti-TRX antibody. The whole cell extract
was used as an input control.
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It has so far been reported that TBP2 expression was induced by
various stresses including oxidative stress, ionizing radiation, heat
shock,®” high density cell culture,?”*® and agents such as 1,25-
dehydroxyvitamin D,,***” TGF-B1,%7°0 SAHA,?" 5-fluorouracil,*
PPARY ligand®? and ceramide.®® TBP2 was first reported as
vitamin D, upregulated protein 1 (VDUPI).?® However, its
function is likely unrelated to the physiological properties of
vitamin D, since TBP2 was identified as a binding partner of
TRX by yeast two-hybrid screen and suppresses TRX function
in cellular redox regulation by selectively binding to the reduced
form of TRX.!"® Moreover, ectopic expression of TBP2 induced
cell-cycle arrest®* and apoptosis® whereas TBP2 deficiency led
to hepatocellular carcinoma in mice.®> Recently, it was reported
that TBP2 knockout mice developed features characteristic of
human Reye-like syndrome, suggesting the involvement of TBP2
in lipid metabolism.®® Thus, TBP2 is a multifunctional protein
that is required for the maintenance of cellular homeostasis.
Meanwhile, TRX also plays roles in not only redox regulation,
but also suppression of ASK1-mediated apoptosis signaling, in
which the reduced form of TRX binds to the N-terminal region
of ASKI1.?® However, there have been a few reports linking
between TRX-ASK1 and TRX-TBP2 interactions in apoptosis
induction. Recently, it was reported that ceramide induces TBP2
expression, leading to apoptosis through ASK1 activation.®® In
the report, the dissociation of ASK1 from TRX was in parallel
with ASK1 activation, suggesting that the suppression of TRX
function by TBP2 is involved in the activation of ASK1-medi-
ated apoptosis pathway. Although the interaction of TRX with
TBP2 was not examined, these results strongly support the
mechanism of CD437-induced growth inhibition proposed in
this study (Fig. 6).

Recently, in addition to RARY, it was reported that small
heterodimer partner (SHP) plays a role as a nuclear receptor for
CD437 and is involved in the apoptosis-inducing mechanism of
CD437.¢7 In the report, CD437 was shown to induce SHP-
mediated c-Myc downregulation, resulting in apoptosis in leukemia
and breast carcinoma cell lines.®” It was reported that SHP is an
orphan receptor consisting of a transcriptional corepressor
complex, which was proposed to repress the ligand-dependent
transcriptional activation of other nuclear receptors including
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Fig. 6. Schematic representation of thioredoxin-binding protein 2 (TBP2)-
mediated antitumor action of CD437. CD437 induces TBP2 expression
and its interaction with thioredoxin (TRX), and disturbs TRX-apoptosis
signal-regulating kinase 1 (ASK1) interaction, which is required for the
suppression of ASK1-mediated apoptosis. This dissociation triggers ASK1
phosphorylation at Thr-845, which further facilitates c-Jun N-terminal
kinase (JNK) activation, resulting in apoptosis in SKOV3 cells.

RAR, RXR, thyroid hormone and estrogen hormone receptors.83%
Moreover, in contrast to these receptors, it was reported that the
transcriptional activities of PPARa, PPARy and NFkB were
stimulated by SHP.“%*) However, the relationship between
transcriptional regulation of TBP2 and these nuclear receptors
are still unknown. Although we demonstrated that the [Ca?],
elevation is essential for CD437-induced TBP2 expression,
further study is required to clarify how TBP2 expression is
regulated by CD437.

In conclusion, we demonstrated that, in ovarian adenocarcinoma
cells, CD437 exerts its antitumor activity through the TBP2
pathway, where potential candidates for novel targets in drug
development exist. Further studies are required to gain insight
into the precise mechanisms of action of CD437 and to improve
the efficacy of ovarian cancer chemotherapy.
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