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Leiomyosarcoma (LMS) of soft tissue is a sarcoma with smooth-muscle differenti-
ation, and conventional chemotherapy does not improve its outcome. The appli-
cation of novel antitumor agents and precise prognostication has been
demanded. The expression of the protein Forkhead box M1 (FOXM1), a member
of the FOX family, is considered an independent predictor of poor survival in
many cancers and sarcomas. However, the expression status of FOXM1 in LMS is
poorly understood. The purposes of this study were to examine the correlation
between the expression of FOXM1 and clinicopathologic or prognostic factors
and to clarify the efficacy of FOXM1 target therapy in LMS. We evaluated the
immunohistochemical expressions of FOXM1 using 123 LMS tumor specimens.
Univariate and multivariate survival analyses revealed that FOXM1 expression
was associated with poor prognosis in LMS. An in vitro study was then carried
out to examine the antitumor effect of a FOXM1 inhibitor (thiostrepton) and
siRNA on a novel LMS cell line, TC616. We also assessed the efficacy of the com-
bined use of doxorubicin and thiostrepton. Thiostrepton showed dose-dependent
antitumor activity and TC616 cells treated with the combination of thiostrepton
and doxorubicin showed lower proliferation compared to those treated with
either drug individually. FOXM1 interruption by siRNA decreased cell prolifera-
tion and increased chemosensitivity. In conclusion, FOXM1 has potential to be a
therapeutic target for LMS.

Correspondence

Yoshinao Oda, Department of Anatomic Pathology, Grad-
uate School of Medical Sciences, Kyushu University, 3-1-1
Maidashi, Higashi-ku, Fukuoka 812-8582, Japan.

Tel: +81-92-642-6061; Fax: +81-92-642-5968;

E-mail: oda@surgpath.med.kyushu-u.ac.jp

Funding Information
Japan Society for the Promotion of Science.

Received July 8, 2015; Revised October 29, 2015; Accepted
November 4, 2015

Cancer Sci 107 (2016) 95-102

doi: 10.1111/cas.12846

oft tissue leiomyosarcomas (LMS), which account for

10-15% of soft tissue sarcomas, are defined as malignant
tumors showing smooth-muscle differentiation.”’ Leiomyosar-
comas are cytogenetically highly complex tumors without
recurrent chromosomal aberrations.”” The main current treat-
ment method for LMS is surgical resection, with or without
radiotherapy, but the prognoses of metastatic cases and unre-
sectable cases are still poor.® The application of novel antitu-
mor agents and precise prognostication are essential to
improve the survival of individuals with LMS.

The protein Forkhead box M1 (FOXM1), a member of the
FOX family of transcription factors, is widely expressed in
embryonic tissues.*” Terminally differentiated non-proliferat-
ing tissues display relatively low levels of FOXMI1 expres-
sion.)”. FOXM1 regulates a wide spectrum of tumor
progression processes.” Increased levels of FOXMI expres-
sion have been detected in many different types of human
cancers®'® and sarcomas such as rhabdomyosarcoma, 19)
Ewing sarcoma,”” malignant peripheral nerve sheath
tumor,*" and osteosarcoma.?**® Silencing FOXMI expres-
sion suppressed the proliferation of both cancer''*'>'® and
sarcoma cell lines.

(19,23)
In various carcinoma cell lines, FOXM1 was also shown to
be involved in resistance to chemotherapy drugs such as dox-
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orubicin (DOX)®* which is a frequently used antitumor agent
against soft tissue sarcoma. The inhibition of FOXM1 thus has
the potential to be a therapeutic target for many malignancies.
In LMS, the prognostic impact of FOXMI1 expression and the
effectiveness of FOXM1 inhibition remain to be clarified.

We carried out a clinicopathologic and prognostic analysis
of FOXMI1 expression in a series of 123 LMS clinical speci-
mens. We then tested the antitumor activity of a FOXMI inhi-
bitor (thiostrepton) and siRNA on a soft tissue cell line that
originated from LMS tissue.

Materials and Methods

Patients and clinical information. We used samples of soft tis-
sue LMS registered in the Department of Anatomic Pathology,
Graduate School of Medical Sciences, Kyushu University
(Fukuoka, Japan). Each tumor was classified according to its
location and histology by reference to the most recent WHO
classification.’’ The tumor locations were categorized into
somatic soft tissue (proximal or distal), retroperitoneum, and
large vessels. Leiomyosarcoma samples from the abdominal
cavity or external genitals were excluded from this series.

All of the cases were reviewed based on histological exami-
nations with H&E staining and on an immunohistochemically
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positive reaction of at least two of the following markers:
o-smooth muscle actin, desmin, and muscle-specific actin.
When the LMS patient was treated with chemotherapy before
resection, we examined the patient’s corresponding biopsy
specimens. Histological grade was evaluated according to the
grading system of the French Federation of Cancer Centers
Sarcoma Group (FNCLCC)."" For the staging of the primary
tumors, the latest American Joint Committee on Cancer stag-
ing system was used.*”

Survival data were available for overall survival (OS) in 108
patients (87.8%) who had a follow-up ranging from 0 to
346 months (median, 65 months) and a 5-year OS rate of
55.9%. Data were also available for event-free survival (EFS)
in 107 patients, who had a follow-up ranging from O to
278 months (median, 33 months). We also analyzed the
FOXM1 expression and OS rate in 28 patients who had under-
gone pre- and/or post-operative chemotherapy.

This study was carried out in accordance with the principles
embodied in the Declaration of Helsinki, and was approved by
the Ethics Committee of Kyushu University (No. 26-49).

Cell line. The original tumor tissue specimen was surgically
obtained from a soft tissue LMS of a 26-year-old man that
arose in the chest wall, diagnosed as described above. Fresh
tumor tissue was minced and seeded in a 25-cm? plastic flask
containing DMEM with 10% FBS and penicillin and main-
tained in a humidified atmosphere of 5% CO, in air at 37°C.
When semiconfluent layers were obtained, the cells were dis-
persed with PBS containing 0.1% trypsin and 0.02% EDTA
solution and seeded in new flasks for passage. We named this
cell line “TC616.” After 100 passages, we carried out the
assays described below.

Immunohistochemical study of clinical samples. Formalin-fixed
paraffin-embedded samples of soft tissue LMS from 123
patients were prepared for the immunohistochemical study.
These samples had been obtained from biopsy specimens or
surgically resected tumors. Samples after chemotherapy were
not included. All 123 sections were formalin-fixed, paraffin-
embedded tissue cut at 3-pm thickness. Antigen retrieval was
carried out by boiling slides with target retrieval solution
(Dako, Carpinteria, CA, USA). The primary antibody was
monoclonal anti-human FOXMI1 antibody (R&D Systems,
Minneapolis, MN, USA) diluted at 1:300. All immunocom-
plexes were visualized by the Dako EnVision System detection
system.

For FOXM1, immunoreactivity was defined as cells showing
nuclear staining with/without cytoplasmic staining patterns in
the tumor tissue with minimal background staining. Coexistent
endothelial cells were evaluated as a negative internal control.
Immunoreactivity for FOXM1 was defined based on a previ-
ously reported method as follows. Tumors with a strong stain-
ing intensity in >10% of the tumor cells were recorded as
being positive.®? The serial sections were also immunos-
tained with anti-Ki-67 (MIB-1) antibody (M7240, 1:100; Dako,
Glostrup, Denmark) using the standard procedure. The MIB-1
labeling index was calculated as described.*®

Drugs. Doxorubicin was obtained from Cell Signaling Tech-
nology (Tokyo, Japan), and thiostrepton was obtained from
Millipore/EMD (Billerica, MA, USA). Both drugs were dis-
solved in DMSO obtained by Sigma-Aldrich (St. Louis, MO,
USA) and were used at the indicated concentrations.

Cytogenetic analysis. We carried out a cytogenetic analysis
using TC616 cells. Metaphase cells were banded with Giemsa
trypsin, and karyotypic descriptions were done according to
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the International System for Human Cytogenetic Nomenclature
2009.°7

Pathologic studies of TC616 cell line. For routine light micro-
scopy, TC616 cells were cultured on slides, fixed in methanol,
and stained with H&E. The cells grown on slides were washed
in PBS and fixed in cold acetone for 5 min. The cells were
reacted with each of the primary antibodies for 1 h at room
temperature. The primary antibody was monoclonal anti-
human o-smooth muscle actin antibody (R&D Systems, St.
Louis, MO, USA) diluted at 1:5000 and HHF35 (Enzo, Farm-
ingdale, NY) diluted at 1:50. The bound antibodies were then
visualized using the Dako EnVision System detection system.
Paraffin sections from the original tumor were also examined
using the same antibodies.

Small interfering RNA transfection. TC616 cells were trans-
fected with On-Targetplus Smart Pool siRNAs FOXMI1 and
On-Targetplus Smart Pool siRNAs Control (Dharmacon,
Brébieres, France). On-Targetplus Smart Pool siRNA FOXM1
contains four types of siRNA and target sequences were
CCAACAAUGCUAAUAUUCA, CAUUGGACCAGGU-
GUUUAA, GCGCACGGCGGAAGAUGAA, and UCGAAA-
GACAUCUAUACGUG.

Transfections were undertaken using Lipofectamine RNAi-
MAX (Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer’s protocols. The introduction of the siRNA for
FOXMI1 was confirmed by quantitative RT-PCR immunoblot-
ting.
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Fig. 1. Serial sections of surgically resected soft tissue leiomyosar-
coma tumors showing some immunoreactive cells for FOXM1 antibody
are also reactive for Ki-67 (red arrows). (a) Immunohistochemical
results for FOXM1. Immunostaining for antibody was recognized in
the nuclei. (b) Immunohistochemical results for Ki-67.
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Table 1. Clinicopathologic parameters, FOXM1 expression, and results of survival analysis of patients with leiomyosarcoma of soft tissue
(n =123)
P-value FOXM1

Variable No. of patients Analyzed groups

oS EFS Positive Negative P-value
Sex
Male 61 19 42
Female 62 Male vs. female 0.9862 0.33160 22 40 0.6009
Age, years
<60 54 19 35
>60 69 <60 vs. >60 0.3865 0.36210 22 47 0.7002
Depth
Superficial 35 12 23
Deep 73 Deep vs. superficial 0.0308* 0.11150 26 47 0.8921
NA 15
Size, cm
<5 41 12 29
>5 70 >5 vs. <5 0.0444* 0.13690 27 43 0.3185
NA 12
Necrosis
None 61 21 40
<50% 51 Necrosis (+) vs. (—) 0.0485* 0.74050 16 35 0.4346
>50% 7 3 4
NA 4
Mitotic activity
<10/10HPF 52 11 41
>10/10HPF 68 >10 vs. <10/10HPF 0.0060* 0.01700* 30 38 0.0076*
NA 3
AJCC stage
| 11 lvs. |l 0.1155 0.19190 2 9 0.2664
1l 73 Il vs. I 0.2724 0.36110 25 48 0.2688
1l 21 Il vs. IV 0.9093 10 11 0.6579
\Y 7 2 5
NA 11
FNCLCC
| 33 lvs. |l 0.0178* 0.23540 8 25 0.7432
1 51 I vs. I 0.0045* 0.01250* 14 37 0.0165*
1 36 17 19
NA 3
MIB-1 labeling index (median 30/HPF)
Low (<30) 55 High vs. low 0.1032 0.04150* 11 44 0.0070*
High (>30) 58 29 29
NA 10
FOXM1
Positive 41
Negative 82 Positive vs. negative 0.0180* 0.00496* - - -

*P < 0.05 by log-rank test or y2-test. —, not caluculated. AJCC, American Joint Committee on Cancer; EFS, event-free survival; FNCLCC, French Fed-
eration of Cancer Centers Sarcoma Group; HPF, high-power field; NA, not available; OS, overall survival.

Cell viability. We assessed the viability of the TC616 cell
line by performing an MTT assay using the Cell Counting Kit
8 (CCK-8; Dojindo Molecular Technologies, Rockville, MD,
USA) according to the manufacturer’s instructions and as
described.®® The absorbance at 450 nm was measured by a
microplate reader (model 680; Bio-Rad Laboratories, Hercules,
CA, USA) by spectrophotometry at 450 nm. Assays were car-
ried out in triplicate and were repeated at least three times in
separate experiments.

TagMan PCR to detect mRNA quantity of FOXM1. Quantitative
RT-PCR for FOXM1 was carried out and the results were ana-
lyzed using TagMan assay reagents (FOXM1
Hs00170471_m1.; GAPDH Hs99999905_m1.; all from Applied
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Biosystems, Foster City, CA, USA) and an ABI Prism 7700
Sequence Detection system (Applied Biosystems). The PCR
reaction was carried out according to the manufacturer’s proto-
col. The obtained data were standardized using data of the
housekeeping gene, GAPDH. The data were averaged from the
values obtained in a triplicate reaction.

Western blot analysis. The TC616 cells were washed twice
with ice-cold PBS, scraped, and collected in a microcentrifuge
tube. Whole cell lysates were prepared from the TC616 cell
line. A total of 20 pg protein from each sample was used and
incubated with anti-FOXM1 (1:200 dilution) antibody (R&D
Systems). Anti-human actin mouse mAb (1:5000; Millipore)
was used as a loading control. The subsequent procedures were
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carried out according to the manufacturer’s protocol and as
described.®

Chemosensitivity and proliferation assays of transfected cell
lines. After 24-h siRNA transfection, the transfected cells were
seeded at 2000 cells per well in 96-well plates. For the
chemosensitivity assay, various concentrations of DOX were
added to the medium after 12 h of incubation. After incubation
for another 72 h, the number of viable cells in each well was
measured. For the proliferation assay, the number of viable
cells in each well was measured at 48, 72, and 96 h after
transfection. Assays were carried out in triplicate and were
repeated at least three times in separate experiments.

Drug treatment and cell proliferation assay. TC616 cells were
plated on 96-well plates at 2000 cells per well in serum-con-
taining growth medium. After a 12-h incubation, the cells were
treated with carrier alone (0.01% DMSO) as non-treated con-
trols and with DOX (5 ng/mL), thiostrepton (0.75 pM), or
thiostrepton (0.75 pM) + DOX (5 ng/mL) for another 72 h.
The resulting data are reported as the percentage of cell viabil-
ity in comparison to that of the respective non-treated control
group (100%).

Statistical analysis. We used the Xz—test and the r-test as
appropriate to evaluate associations between two variables.
The Steel-Dwass multiple comparison test was applied to
compare the data of more than two groups. The survival corre-
lations are illustrated with Kaplan—Meier curves, and survival
analyses were carried out using the log—rank test. In the multi-
variate analysis, a Cox proportional hazards model was used to
independently examine factors. Two-sided P-values < 0.05
were considered significant.

Results

Prognostic significance of FOXM1 expression in leiomyosar-
coma patients. Immunohistochemically, the positive expres-
sion of FOXMI1 was recognized in 41 of the 123 LMS
cases. Leiomyosarcoma cells showed nuclear staining for
FOXMI1 antibodies (Fig. 1a). In addition, the serial sections
immunostained with anti-Ki-67 showed that some immunore-
active cells for FOXM1 antibody are also reactive for Ki-67
(Fig. 1b).

The clinicopathologic data and the results of the survival
analysis of all 123 patients are summarized in Table 1, as
are the associations of clinicopathologic parameters with OS
and EFS between groups. In the univariate analysis of prog-
nostic factors, the expression of FOXMI1 was significantly
associated with OS (P =0.0142) (Fig. 2A) and EFS
(P =0.0079) (Fig. 2b). Among the 28 patients treated with
chemotherapy, the FOXMI1 expression cases had poor prog-
noses in OS (P = 0.0189) (Fig. 2¢). The following clinico-
pathologic variables were also associated with poor prognosis
in OS: large tumor size (more than 5 cm), tumor depth (deep
origin), tumor necrosis, high mitotic activity (mitotic count
>10/high power field) and high FNCLCC histological grade
(I vs. II; II vs. IID).

The associations of clinicopathologic parameters with
FOXMI1 are also shown in Table 1. High mitotic activity, high
MIB-1 labeling index, and FNCLCC grade were shown to be
correlated with the expression of FOXMI.

We also carried out a multivariate analysis for FOXMI
expression with clinicopathologic variables adjusted by tumor
size, tumor depth, and FNCLCC grade, which were related
to poor prognosis in the univariate analysis. We excluded
the histological subtype, mitotic count, and necrosis, because

© 2015 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
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the FNCLCC surgical stage is derived from them. The
multivariate analysis revealed that FOXMI expression and
FNCLCC grade were significantly correlated with OS
(Table 2).

(3)1 .0
0

08!

o7 L

0.6

0.5 \l

0.4 "-|_|

0.3 + -

0.2 - FOXMI (+) | P=000018*

0.1

00+——7T——T 7T T T T
0 50 100 150 200 250 300 350

Time after diagnosis (months)

FOXMI (—)

Overall survival rate

(b)

1.0
0.9 1
0.8 )
0.7 4\
0.6 1 |'1

0.5

0.4 LL"LL
0.3

0.2
0.1 4 FOXMI (+) P=0.0018*
0.0 — T T T T T T T T
0 50 100 150 200 250 300
Time after diagnosis (months)

FOXMI (—)

Event-free survival rate

(c)
1.0
0.9
0.8 -

@

0.7

S 0.6

>

£ 0.5 -

r=£ 0.4 -

g 0.3

© 0.2

FOXMI (=)

P=0.0189*

FOXMI (+) |
0.1 H I
0.0 T T T T T T II T T T T T T

0 10 20 30 40 50 60 70 80 90100 120 140
Follow up (months)

Fig. 2. Kaplan-Meier survival curves for the overall survival (a) and
event-free survival (b) of patients with soft tissue leiomyosarcoma
according to the results of the immunohistochemical study for
FOXM1. (c) Overall survival for patients treated with chemotherapy.
*P < 0.05 by log-rank test.

Table 2. Multivariate analysis of immunohistochemical and

clinicopathological parameters

Variable P-value (overall survival)
Tumor depth (deep vs. superficial) 0.1856

Tumor size (<5 vs. >5) 0.4758

FNCLCC grading (I vs. II, Il vs Il1) 0.0007*

FOXM1 (positive vs. negative) 0.0162*

*P < 0.05 by Cox proportional hazards model.

Pathologic study of TC616 cell line. The original specimen of
the TC616 cell line showed a proliferation of spindle- to
oval-shaped cells arranged in a fascicular pattern (Fig. 3a).
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Fig. 3. Hematoxylin—eosin stain (a) and
immunohistochemical stain for FOXM1 (b) of the
original tumor specimen of TC616 soft tissue
leiomyosarcoma cells. Light microscopic findings of
TC616 cells in vitro. The tumor cells were spindle,
round, or polygonal in shape with oval nuclei and
extension of slender cytoplasmic processes (c). Most
TC616 cells showed immunopositive reactions for a-
smooth muscle actin (d), muscle-specific actin (e),
and FOXM1 (f) antibodies.

Fig. 4. Representative G-banded karyotype of a
metaphase TC616 soft tissue leiomyosarcoma cell,
including marker chromosomes. Arrows indicate the
structural chromosome aberrations.

The immunohistochemical study confirmed that the tumor
cells of original specimen expressed FOXMI1 (Fig. 3b). As
assessed by light microscopy, the cells growing on slides
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were spindle-shaped, round, or polygonal with abundant
eosinophilic cytoplasm (Fig. 3c). The cells were immunore-
active for o-smooth muscle actin (Fig. 3d), muscle-specific
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actin (Fig. 3e), and FOXMI1 (Fig. 3f) antibodies. These
pathologic features indicated that TC616 cells maintained
smooth muscle differentiation after 100 passages. Nuclear
expression of FOXMI1 in TC616 was also confirmed by
immunohistochemical stain.

Cytogenic analysis of TC616 cells. A representative karyotype
of TC616 cells is shown in Figure 4. The TC616 cells dis-
played a highly complex karyotype with numerous marker
chromosomes. The composite karyotype was as follows:

95-117,-X,-XorY,add(X)(q13) x2,+1,add(1)(q32).del(1)(q11),
der(1)add(1)(p13)del(1)(q23q25),-2,add(3)(p21)x2,add(4)(p12),
add(4)(p16),add(4)(q35),add(5)(p11),add(5)(p15.1),-6-6,-7,add
(7)(q32)%x2,-2,-2,add(2)(p11.1),-3,add(3)(q21),-4,add(4)(q31.1),-
5,add(5)(q11.1),del(6)(q11)x2,del(7)(p11.1),del(7)(q11.1),der
(7)add(7)(p22)add(7)(q22),-8,add(9)(p11)x2,der(9)del(9)(p11)
add(9)(q22),-10,add(10)(p13),-11,add(11)(q23),-12,-13,-14,add
(14)(p11.1),add(15)(p11.1),add(15)(p11.1),-17,-17,-18,-19,-20,
add(20)(q13.1),+add(21)(p11.1),-22,-22,+mar1,+mar2,+mar3,+-
mar4,+mar5,+mar6,+mar7,+mar8,+mar9,+mar10, +marl1,+-
marl?2 [cp20].

Inhibition of FOXM1 by siRNA on TC616 cells. FOXM1 was
knocked down in the TC616 cell line using siRNA. The
interruption of FOXM1 was confirmed by Western blotting
and RT-PCR. (Fig. 5a,b). Reduced cell proliferation was
recognized in the cell line after 96 h of transfection (#-test,
P =0.0363) (Fig. 5c). Increased sensitivity for DOX at 10 ng
/mL was observed in the TC616 cell line by FOXM1 interrup-
tion (Fig. 5d).

Antitumor effect of thiostrepton in TC616 cells. Decreased
FOXMI1 expression compared to the untreated controls was
revealed in the thiostrepton-treated cells by Western blotting
(Fig. 6a) and RT-PCR (Fig. 6b). The FOXMI inhibitor
thiostrepton dose-dependently inhibited the proliferation of
TC616 cells (Fig. 6¢). We also evaluated the effects of treat-
ment with thiostrepton, DOX, and their combination on the
proliferation of TC616 cells. We observed that the cells treated
with the combination of both drugs showed lower proliferation
compared to those treated with either drug individually (Steel—
Dwass multiple comparison test, P < 0.05) (Fig. 6d).

Discussion

The expression of FOXMI in clinical specimens has been
reported to be an adverse prognostic factor®!'> 14161720
many malignancies and is regarded as a possible target of
molecular therapy. In the present study, FOXMI1 expression
was correlated with poor prognosis for OS among LMS
patients in the univariate analysis. In the multivariate analysis
adjusted by depth, tumor size, and FNCLCC grade, FOXM1
expression was an independent prognostic factor for OS.
Among the clinicopathologic factors, high FOXMI1 expression
was correlated with high mitotic activity, high MIB-1 labeling
index, and high FNCLCC grade. These histological factors are
also associated with poor prognosis, and systemic therapy is
more likely to be needed in histologically aggressive LMS.
FOXM]1 expression was revealed to also be correlated with
poor prognosis for OS among LMS patients treated with
chemotherapy. These findings indicate that FOXMI is a reli-
able biomarker for adverse prognosis in LMS patients.

On the basis of these pathologic findings, we have estab-
lished a new LMS cell line, TC616, which originated from
FOXM1-expressing LMS tissue. We carried out a proliferation
and cell viability assay for FOXMI interruption by using
siRNA and the FOXM1 inhibitor thiostrepton in TC616 cells.

© 2015 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
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Fig. 5. Proliferation and chemosensitivity assay results in TC616 soft
tissue leiomyosarcoma cell lines with FOXM1. The cell lines were trans-
duced with FOXM1 siRNA (si FOXM1) or a non-targeting control (si
control). (a) Western blot analysis showed that the cell lines trans-
duced with FOXM1 had significantly reduced levels of FOXM1 protein
at 48 h after transfection. (b) Real-time quantitative PCR for FOXM1
showed a reduction in FOXM1 transcript at 24 h after transfection. (c)
TC616 cells with FOXM1 siRNA compared to non-targeting control.
Significantly decreased proliferation was recognized in the TC616 cells
at 96 h after transfection. (d) SIRNA targeting FoxM1 transfected cells
had higher sensitivity for doxorubicin (DOX), compared with the con-
trol. Data are presented as mean + SD for three independent experi-
ments. *P < 0.05, t-test.

In the TC616 cell line, the immunohistochemical staining
for smooth muscle markers and morphological characteristics
was maintained after 100 passages. Many cases of LMS have
highly complex karyotypes lacking specific structural or
numerical aberrations.? As expected, the TC616 cells had
complex karyotypes with a number of numerical and structural
alterations, including marker chromosomes.

Interruption of FOXMI1, achieved by using siRNA, caused a
reduction in cell proliferation. The interruption of FOXMI1
decreases cell proliferation through an inhibition of cell-cycle
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Fig. 6. Thiostrepton reduced the FOXM1 expression in TC616 soft tis-
sue leiomyosarcoma cells, resulting in diminished cell viability and
increased chemosensitivity for doxorubicin (DOX). (a) TC616 cells trea-
ted with 0.75 uM thiostrepton for 48 h showed decreased FOXM1 pro-
tein on Western blots. (b) TC616 cells were treated with 0.75 uM
thiostrepton for 48 h. Real-time quantitative PCR showed a reduction
of FOXM1 transcript. (c) Treatment of TC616 cells with increasing
quantities of thiostrepton for 72 h resulted in reduced numbers of
viable cells compared to diluent controls. (d) Proliferation of TC616
cells treated with 0.75 puM thiostrepton, 5 ng/mL DOX, or their combi-
nation. The cells treated with both drugs showed significantly
decreased cell viability compared to cells treated with each drug indi-
vidually. *P < 0.05, Steel-Dwass multiple comparison test.

progression in many cancer cell lines.'®** FOXM1 is one of a
few genes shown to be upregulated during early cancer develop-
ment, and the involvement of FOXM1 in the onset of tumorigen-
esis may be related mainly to its role in cell-cycle progression
and proliferation.*®>" FOXMI interruption caused decreasing
viability treated with DOX in TC616 cells. Doxorubicin treat-
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ment of cancer cells created double-stranded DNA breaks;
FOXMI1 regulates DNA repair genes and is involved in
chemoresistance through a DNA repair pathway.*?

We evaluated the antitumor effect of the FOXMI inhibitor
thiostrepton.®® Thiostrepton reduced the number of viable
TC616 cells in a dose-dependent manner. Thiostrepton also
reduced the expression of FOXMI protein in this cell line.
The cytotoxicity might not only manifest through the inhibition
of FOXMI; the mechanisms of FOXMI interruption by
thiostrepton have been proposed to be through the direct bind-
ing of FOXM1%® and also its activity as a proteasome inhibi-
tor.C¥ However, little is known about the efficacy of
proteasome inhibitors in soft tissue sarcomas.®>

Doxorubicin is routinely available for sarcoma treatment in
many countries. The first-line chemotherapy for advanced,
metastatic, or non-resectable soft tissue sarcoma is typically
based on DOX as a single agent or in combination with a sec-
ond drug such as ifosfamide.®® The DOX treatment of cancer
cells creates double-stranded DNA breaks, and DNA repair
genes are induced to rescue the cells from the DNA damage.
FOXMI1 regulates DNA repair genes (XRCCI and BRCA2),
and is involved in chemoresistance through a DNA repair
pathway.©®” The interruption of FOXMI expression in breast
cancer cells sensitized the cells to DOX.®”

In the present study, the LMS cell line TC616 treated with
the combination of thiostrepton and DOX showed lower cellu-
lar proliferation than the cells treated with either drug individ-
ually and FOXMI interruption achieved by using siRNA
caused improved chemosensitivity in TC616. Thiostrepton has
the potential to be an agent for treating LMS with high
FOXMI1 expression, based on its ability to bind FOXMI
directly.

The findings we obtained using clinical samples and in vitro
experiments are consistent with previously reported mecha-
nisms of FOXMI1 in other malignancies. This therapeutic inter-
vention has minimal toxicity in normal tissue, because of low
FOXMI1 expression in normal adult tissue. The efficacy of pro-
teasome inhibitors in LMS has not yet been elucidated, but the
single use of thiostrepton or a combination of thiostrepton and
conventional chemotherapy may be a suitable treatment for
LMS cases with overexpression of FOXM1.

In summary, our present findings clarified that FOXMI inhi-
bition is a candidate treatment option for soft tissue
leiomyosarcoma, based on our clinicopathologic assessment
and an in vitro study using thiostrepton and siRNA on an
LMS cell line. Further in vivo and in vitro investigations are
warranted to evaluate the efficacy of the FOXMI inhibitor
thiostrepton alone and in combination with other agents.
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