ANTICANCER RESEARCH 28: 825-832 (2008)

Inhibition of PKCa Activation in Human Bone and Soft Tissue
Sarcoma Cells by the Selective PKC Inhibitor PK(C412

TERUYA KAWAMOTO!, TOSHIHIRO AKISUE!, KENTA KISHIMOTO!,
HITOMI HARA!, MASAYA IMABORI', TAKUYA FUJIMOTO'!, MASAHIRO KUROSAKA',
TOSHIAKI HITORA?, YOJI KAWAGUCHI? and TETSUJI YAMAMOTO?

IDepartment of Orthopaedic Surgery, Kobe University Graduate School of Medicine Chuo-ku, Kobe, Hyogo;
°Department of Orthopaedic Surgery, Kagawa University School of Medicine Miki-cho, Kida-gun, Kagawa, Japan

Abstract. Background: PKC412, formerly CGP41251, N-
benzoylstaurosporine, was initially developed as a selective
protein kinase C (PKC) inhibitor, and it preferentially inhibits
conventional PKC family members. In this study, the expression
of PKCa was examined in human osteosarcoma and MFH cell
lines, and the inhibitory effect of PKC412 on the proliferation of
the cell lines was evaluated. Materials and Methods: Three
human osteosarcoma cell lines (KTHOS, MG63 and KHOS)
and four human MFH cell lines (TNMY1, GBS-1, Nara-F and
Nara-H) were used. The expression of PKCa and phosphorylated
PKCa were analyzed using both Western blotting analysis and
immunocytochemical analysis. The effect of PKC412 on cell
proliferation was evaluated using the MTS assay technique.
Results: PKC412 inhibited cell proliferation of all seven cell lines
in a dose- and time-dependent manner. Both Western blotting
analysis and immunocytochemical analysis revealed that not only
PKCall but also phosphorylated PKCal] were expressed in all
cell lines incubated with the culture medium without any stimuli.
PKC412 suppressed phosphorylation of PKCa in all cell lines at
a concentration of 1 uM. Conclusion: The inhibition of cell
proliferation of the human osteosarcoma and MFH cell lines by
PKC412 might be due to reduced PKCa activity. This suggests
PKC412 might be a potent chemotherapeutic agent for human
sarcomas.

Osteosarcoma (OS) is the most common type of malignant
bone tumor, accounting for 30% of primary bone
malignancies. Malignant fibrous histiocytoma (MFH) is the
most common high-grade soft tissue sarcoma in late adult
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life. Advances in treatment of both OS and MFH have led
to multidisciplinary treatment including surgery,
chemotherapy, and radiation therapy, resulting in great
improvements in quality of life for patients with sarcomas.
However, the present chemotherapeutic protocols for
sarcomas are not as effective as in other malignancies, thus
the prognosis of patients with sarcomas can sometimes be
poor due to local recurrence and metastases (1, 2).
Molecular targeting drugs have been developed for other
human malignancies including cancer and hematopoietic
malignancies in recent years. These drugs have selective
inhibitory effects on factors relating to tumor proliferation,
migration and metastasis, including growth factor receptors
and intracellular signaling factors. It has been previously
proposed that overexpression and unusual activation of the
growth factors and intracellular signaling factors may be
related to tumor proliferation, migration and metastasis in
OS (3) and MFH (4-8) as well as other malignancies,
including small cell lung cancer (SCLC) (9), gastrointestinal
stromal tumor (GIST) (10) and pancreatic cancer (11).
Protein kinase C (PKC) is a family of serine- and
threonine-specific protein kinases consisting of three
subfamilies: conventional (or classical), novel and atypical
subspecies. PKC family members are involved in the process
of dysregulation in cancer cells and dysregulated PKC
activity has led to carcinogenesis and tumor progression in a
variety of human malignancies (12), including rhabdo-
myosarcoma (13), OS (14) and fibrosarcoma (15). PKCa,
one of the conventional PKC subfamily members, is widely
expressed in tissues and dysregulation of PKCa has been
reported in many malignant tumor cell lines (16, 17).
PKC412, formerly CGP41251, N-benzoylstaurosporine,
was initially developed as a selective PKC inhibitor (18, 19).
It preferentially inhibits the conventional PKC subfamily
members (PKCa, PKCB and PKCy), also inhibiting the
receptor tyrosine kinases, including fms-related tyrosine
kinase 3 (FLT3), platelet-derived growth factor receptor
(PDGFR), the receptor for the stem cell factor (c-kit), and

825



ANTICANCER RESEARCH 28: 825-832 (2008)

96 120

TNMY1
72

Time (h)

48

24

= g (= ) =
= -~ W L)

o :E:ﬂou Jo ¢4) JdquInu [[3)

96 120

KTHOS
72
Time (h)

48

24

= i (= u =
= - uwi ol

< (101103 Jo %) Jdqumu [p)

120

96

GBS-1
72
Time (h)

48

24

=0 — -0 =0

= w = W <
= ~ W (o]

L :o.:ﬂ.uu JO ¢4) JdquInu [[p)

120

96

MG63
72
Time (h)

48

24

= uw (= u; (]
< - u (o]

m :ab..—...oo JO o4 ) _dquInu )

Nara-F
48 72 96 120

24

— ) > w, (—]
= ~ W (o]

w :Pam:u JO 94) JdquUInu [[2)

120

KHOS
72 96

48

24

= W =
=] ~ w (o]

u <

(&) :chuﬂcu JO o4) R_quINU [[PD

Time (h)

Time (h)

Figure 1. continued

826



Kawamoto et al: Effect of PKC412 on Sarcoma Cell Lines

Nara-H

G

]

£

£ 100

-

S 75

S

= 50

=%]

E

E 25

=

S 24 48 T2 9% 120

Time (h)

PKC412 conc.
=1 = 0.01 pM
—h— 0.1 pM
—— 1M

Figure 1. Dose- and time-dependent inhibitory effects of PKC412 on cell
proliferation of all seven cell lines, A, KTHOS; B, MG63; C, KHOS; D,
TNMY1; E, GBS-1; F, Nara-F and G, Nara-H. PKC412 significantly
inhibited cell proliferation of KTHOS, TNMY1, Nara-F, and Nara-H at
a concentration (conc.) of 1 uM (@®). PKC412 at 0.1 uM (A) inhibited
the cell proliferation of TNMY1 and Nara-F to less than 50% of control
cell viability after 96 h of culture. The inhibitory effects on cell proliferation
by PKC412 in MG63, KHOS and GBS-1 were less than those in KTHOS,
TNMY1, Nara-F, and Nara-H. PKC412 inhibited cell proliferation to less
than 50% of control cell viability at a concentration of 1 uM.

the kinase insert domain receptor (KDR; vascular
endotherial growth factor receptor (VEGFR) 2). Clinical
trials of PKC412 have been studied in acute myelomonocytic
leukemia (AML) targeting FLT3, which is activated by
mutations in about 30% of AML. In addition, in vitro and in
vivo studies have demonstrated that PKC412 also inhibits
cell proliferation of human malignancies, including NSCLC
(20, 21), ovarian cancer (22), multiple myeloma (MM) (23),
prostate cancer (24) and malignant melanoma (25).
However, the effect of PKC412 on human sarcomas has not
been studied either experimentally or clinically. We
therefore hypothesize that conventional PKCa will
contribute to the tumor growth of human sarcomas and
further that PKC412 has an inhibitory effect on the growth
of human sarcomas. We examined the expression of PKCa
in human OS and MFH cell lines and the inhibitory effects
of PKC412 on proliferation of cell lines in vitro.

Materials and Methods

Cell lines. Three human OS cell lines (KTHOS, MG63 and KHOS)
and four human MFH cell lines (TNMY1, GBS-1, Nara-F and Nara-
H) were used in this study. KTHOS and TNMY1 were previously
established in our laboratory (7, 26). GBS-1 was provided by Dr. H.
Kanda (Department of Pathology, The Cancer Institute of the
Japanese Foundation for Cancer Research, Tokyo, Japan) (27).
Nara-F and Nara-H were purchased from ScienStuff Co., Nara,
Japan (28). All cell lines were grown in culture medium consisting
of Dulbecco’s modified Eagle’s medium (DMEM) with glutamine
(Sigma-Aldrich Co., St. Louis, MO, USA) supplemented with 10%
fetal bovine serum (FBS; Sigma-Aldrich) and penicillin/streptomycin
solution (Sigma-Aldrich). The cell lines were routinely maintained
at 37(C in a humidified 5% CO, atmosphere.

Reagents. PKC412 was donated by Novartis Pharrma AG (Basel,
Switzerland). Stock solution was prepared in dimethylsulfoxide
(DMSO) and diluted to the required concentrations in the culture
medium before use.

Inhibitory effect of PKC412 on cell proliferation of human sarcoma cell
lines. Cell proliferation was determined by MTS assay with CellTiter
96® AQueous One Solution Reagent (Promega, Madison, WI, USA).
Cells were trypsinized and seeded at a density of approximately 5x103
cells/well in 96-well cell culture plates in 100 pl culture medium with
10% FBS. After 48 hours (h), the medium was refreshed with 1%
FBS containing PKC412 at the indicated concentrations (0, 0.01, 0.1
and 1 uM). After 24, 48, 72, 96, and 120 h, the medium was removed
and washed with phosphate-buffered saline (PBS), then refreshed
with fresh medium containing MTS reagent (100 pl medium without
FBS plus 20 ul MTS reagent/well). The optical density was measured
at 490 nm using an automatic microplate reader, SpectraMax Plus384
(Molecular Devices, Sunnyvale, CA, USA) after 2 h of further
incubation at 37iC in a humidified atmosphere of 5% CO,. The
percentage viability of each well was calculated. At least three
independent cultures were performed for each study.

Immunocytochemical analysis. Cells were trypsinized and seeded at
a density of approximately 15x103 cells/well in 4-well cell chamber
slides in 500 wl culture medium with 10% FBS. After 48 h, cells were
treated for 1 h with 1% FBS containing PKC412 at the indicated
concentrations (0, 0.1 and 1 pM), and then fixed for 30 minutes with
4% paraformaldehyde (Sigma) in PBS. Endogenous peroxidase was
blocked using 3% H,O,. Slides were incubated with a 1:100 dilution
of primary monoclonal mouse anti-PKCa (clone M4) (Upstate
Biotechnology, Lake Placid, NY, USA) and primary polyclonal
rabbit  anti-phospho-PKCa  (p-PKCa)  (Ser657) (Upstate
Biotechnology) overnight at 4(C. Slides were rinsed three times with
PBS and incubated with secondary antibody with Histofine simple
stain MAX-PO(M) (NICHIREI BIOSCIENCES, Tokyo, Japan) for
primary mouse antibody and Histofine simple stain MAX-PO(R)
(NICHIREI BIOSCIENCES) for primary rabbit antibody for 30
minutes at room temperature, and then, stained with DAB
chromogen (Simple stain DAB; NICHIREI BIOSCIENCES).

Western blotting analysis. Cells were trypsinized and seeded at a
density of approximately 1x106 cells/well in 60 mm cell culture
dishes in 3 ml culture medium with 10% FBS. After 48 h, cells were
treated for 1 h with 1% FBS containing PKC412 at the indicated
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concentrations (0 and 1 uM). Whole cell lysates were collected for
protein content and were separated by SDS polyacrylamide gel
electrophoresis under reducing conditions. Gels were
electrophoretically transferred to PVDF membranes and then
membranes were blocked for 1 h and incubated with a 1:500
dilution of primary monoclonal mouse anti-PKCa (clone M4)
(Upstate Biotechnology) and primary polyclonal rabbit anti-
phospho-PKCa (p-PKCa) (Ser657) (Upstate Biotechnology)
overnight at 4(C. Dilutions (1:10000) of anti-mouse or anti-rabbit
IgG, HRP-linked whole antibody (GE Healthcare Bio-Sciences,
Piscataway, NJ, USA) were used as secondary antibodies. Bound
antibodies were detected using the ECL Plus Western blotting
detection system (GE Healthcare Bio-Sciences).

Statistical analysis. The data were analyzed statistically using
ANOVA with Fisher’s PLSD post hoc test. A value of p<0.05 was
regarded as statistically significant.

Results

Inhibitory effect of PKC412 on cell proliferation of human
sarcoma cell lines. PKC412 showed a dose- and time-
dependent inhibitory effect on all seven cell lines. PKC412
significantly inhibited cell proliferation of KTHOS,
TNMY1, Nara-F and Nara-H at a concentration of 1 uM
to less than 50% of control cell viability. In paticular,
0.1 uM PKC412 inhibited cell proliferation of TNMY1 and
Nara-F to less than 50% of control cell viability after 96 h
of culture. The inhibitory effect on cell proliferation by
PKC412 in MG63, KHOS and GBS-1 was lower than that
in the other four cell lines (KTHOS, TNMY1, Nara-F and
Nara-H). The inhibition rate of cell proliferation by
PKC412 was less than 50% in MG63, KHOS, and GBS-1 at
a concentration of 1 uM (Figure 1 A-G).

Immunocytochemical analysis. Both PKCa and phosphorylated-
PKCa (p-PKCa) were detected immunocytochemically in all
cell lines incubated with the culture medium without any
stimuli. Expression of p-PKCa was suppressed to some extent
in all cell lines incubated for 1 h with the medium containing 1
uM PKC412 (Figure 2).

Western blotting analysis. Western blotting revealed that not
only PKCa, but also p-PKCa, was expressed in all human
sarcoma cell lines incubated with the culture medium
without any stimuli. Expression of p-PKCa was suppressed
in all cell lines incubated for 1 h with the medium
containing 1 uM PKC412 (Figure 3).

Discussion
Bone and Soft tissue sarcomas, especially high-grade
sarcomas such as MFH, are clinically aggressive and have a

high metastatic behavior to various organs. Although many
chemotherapeutic protocols including doxorubicin, cisplatin
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and ifosfamide are used for human sarcomas, protocols for
sarcomas have been ineffective and the prognosis of patients
can be extremely poor due to local recurrence and
metastases (1, 2).

Recently, molecular targeting drugs have been developed
for human cancer and hematopoietic malignancies. Previous
clinical studies for molecular targeting drugs have also
shown remarkable antitumoral effects on human
malignancies. Molecular targeting drugs have selective
inhibitory effects on factors related to tumor proliferation,
migration, and metastasis. It was previously proposed that
overexpression and unusual activation of these factors
occurs in human malignancies including OS (3) and MFH
(4) as well as in SCLC (9), GIST (10) and pancreatic cancer
(11). We also reported the expression of growth factors and
their receptors in sarcomas in both in vitro and in vivo
studies (5-8). Several studies have demonstrated the
antitumoral effects of molecular targeting drugs on human
sarcoma cells in vitro and in vivo (3, 10, 11, 29). In our
previous studies, STI571 inhibited cell proliferation of
human MFH cell lines that expressed PDGFRs and/or c-kit
in a dose- and time-dependent mannar in vitro (30) and
STIS71 also inhibited tumorigenicity of MFH cells in vivo
(31). This suggests the antitumoral effects of molecular
targeting drugs might be expected to improve the
chemotherapy of human sarcomas.

PKC is a family of serine- and threonine-specific protein
kinases consisting of at least 12 subspecies. These subspecies
are categorized into three subfamilies based on their second
messenger requirements: conventional (or classical; o,  and
v), novel (9, €, n and 0), and atypical (u, & and 1). PKC
family members are involved in various processes in cancer
cells, including growth factor-mediated signaling, cell cycling
and topoisomerase activity. Dysregulated PKC activity has
led to carcinogenesis and tumor progression in a variety of
human malignancies (12), including rhabdomyosarcoma
(13), OS (14) and fibrosarcoma (15). PKCa, one of the
conventional PKC subfamily members, is widely expressed
in tissues and involved in the regulation, transduction and
signaling leading to cell proliferation and differentiation.
Dysregulation and overexpression of PKCa has been found
in many malignant tumor cell lines (16, 17). Dysregulation
and overexpression of PKCa are thought to be linked to
invasion, proliferation, drug resistance and genetic
instability. The introduction of oncogenic Ras to
keratinocytes has been shown to up-regulate PKCa (32) and
p53 signaling has been linked to regulation of PKCa
expression (33). PKCa activity might be associated with
multi-drug resistance since activated PKCa increases P-
glycoprotein stability and expression (34). Therefore, PKCa
has been recognized as an inducer of cell proliferation and
suppressor of apoptosis, suggesting that PKCa could be a
reasonable target for molecular targeting therapy (35).
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Figure 2. p-PKCa was detected immunohistochemically in all cell lines. Expression of p-PKCa was suppressed in all cell lines treated for 1 h with the

medium containing 1 uM PKC412.

PKC412, formerly CGP41251, N-benzoylstaurosporine, is
a novel molecular targeting drug. It was initially developed
as a selective protein kinase C (PKC) inhibitor. It
preferentially inhibits the conventional PKC subfamilies
including PKCa. PKC412 has antitumoral properties in in
vitro and in vivo cancer models (20-25). Clinical trials of
PKC412 targeting FLT3 in AML have been studied.

In this study, we demonstrated that PKCa is consistently
expressed in human OS and MFH cell lines, and that PKC412
inhibits the cell proliferation of these cell lines in vitro. It was
also revealed that PKCa is consistently activated in human OS
and MFH cell lines and that PKC412 was able to suppress
PKCa activation in these cell lines. Several studies have
reported that PKCa is dysregulated and overexpressed in
various human malignancies (16, 17) and that PKC412 has
antitumoral effects on cell proliferation (20-25).

Ikegami et al. examined the antitumoral effect of PKC412
on two kinds of human NSCLC cell lines (adenocarcinoma
A549 and squamous cell carcinoma NCI-H520). They reported
that 0.5 or 1.0 uM PKC412 inhibited the cell proliferation of
these cell lines in vitro and that 200 mg/kg PKC412 suppressed
tumor growth in nude mice xenografts (21). Sharkey et al.
reported that PKC412 induced JNK-dependent apoptosis in
both the human multiple myeloma (MM) cell line and primary
MM cells, and that the apoptotic effect of PKC412 was
enhanced by NFxB inhibition (23). Nakamura et al
demonstrated that PKC412 inhibited the invasiveness of
melanoma cells in vitro and also showed the anti-metastatic
effect in vivo using a spontaneous metastatic mouse model with
B16-BL6 melanoma cells (25). In the recent studies, the anti-
proliferative or the anti-metastatic effects of PKC412 have
been shown in human sarcoma cell lines at concentrations

from 0.5 to 50 uM. In completed phase I clinical trials of
PKC412 (36-38), Propper et al. reported that mean plasma
concentrations after administration of PKC412 ranging from
12.5 to 300 mg/day were in the range 0.3 to 7 uM, and thus 150
mg/day is suitable for a phase II trial (36). In the present study,
we demonstrated that PKC412 inhibited the cell proliferation
of human sarcoma cell lines at a concentration of 1 uM in vitro.
However, for the clinical application of PKC412, it is necessary
to evaluate the antitumoral effect of PKC412 on human bone
and soft tissue sarcoma cells in vivo.

In conclusion, the current study demonstrated dose- and
time-dependent inhibitory effects of PKC412 on cell
proliferation of human OS and MFH cell lines in vitro, in which
PKCao, a target of PKC412, is consistently activated. PKC412
can be a potent chemotherapeutic agent for human sarcomas,
although the selection of targets is important in molecular
targeting therapy. Further studies are needed to explore the
precise molecular mechanisms of the inhibitory effect of
PKC412 on the cell proliferation in human sarcoma cells.
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