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Objectives: We determined the anticancer potency of CDDO-Me in glioblastoma cell lines
and the underlying mechanisms in vitro.

Summary: CDDO-Me is a synthetic triterpenoid with more potent anticancer and cancer
preventive actions compared with the original triterpenoid CDDO.

Methods: Two glioblastoma cell lines, GBM8401 and GBM8901, were utilized to test the
effect of CDDO-Me on cell viability, cell migration, and cell invasion using the MTT, wound
healing, and transwell migration assays, respectively. Additionally, Western blotting was
used to determine the protein expression levels of N-cadherin, cyclin D1, and vascular
endothelial growth factor.
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Results: At nanomolar concentrations, CDDO-Me inhibited proliferation, migration, and
invasion in both cell lines. In addition, CDDO-Me exhibited a dose-dependent
downregulation in the protein levels of N-cadherin, cyclin D1, and vascular endothelial
growth factor in GBM8401 and GBM8901 cells.

Conclusions: CDDO-Me exhibited anticancer effects at low nanomolar concentrations and
should be considered as a potential chemotherapeutic agent for glioblastoma.
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Glioma is a common type of brain tumor in
human. Grade IV astrocytoma, also called
glioblastoma, is the most aggressive human malig-
nant primary brain tumor and is characterized by
histopathologic features, such as vascular thrombo-
sis, microvascular proliferation, or necrosis. Despite
advances in surgical treatment, radiotherapy, and
chemotherapy, the overall survival of glioblastoma
patients remains poor. Specifically, less than 20% of
patients will survive longer than 1 year and less
than 3% will survive beyond 3 years.'?
Triterpenoids are a large family of compounds
synthesized in some plants, such as the chrysanthe-
mum flower through the cyclization of squalene, that
have been used in traditional Asian medicine for
disease managemen’r.3’4 Bardoxolone methyl, CDDO-
me, is more potent than CDDO in anticancer and
cancer-preventive activities”® and in the activation of
Kelch-like erythroid cell-derived protein with CNC
homology-associated protein 1/nuclear factor ery-
throid 2-related factor 2/antioxidant response element
(Keap1/Nrf2/ARE) pathway,”'” which is involved in
cytoprotection in the presence of excessive electro-
philes or oxidative stress. As a noncytotoxic and
multifunctional drug, CDDO-me has applications for
the prevention and treatment of not only cancer, but
also of many other diseases with inflammation.'"'*
The therapeutic effects of CDDO-me have been tested
in phase III clinical trials for chronic kidney disease
(CKD)* and phase I/II clinical trials for malignant
diseases.'*!® In this review, we will update our
knowledge of the pharmacokinetics, therapeutic ef-
fects, and mechanisms of action of CDDO-me when
used for the treatment of CKD, cancer, and other
diseases. CDDO-me is a multi-targeting molecule
exerting the potent anticancer effect in the treatment
of various types of cancer in preclinical and clinical
studies.'®!” CDDO-me inhibited the proliferation and
induces apoptosis in many cancer cell types in
vitro'® 2! and inhibit the growth of tumor size and
prevent development of cancers in vivo.”>** In this
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study, GBM cell lines GBM8401 and GBM8901 were
treated with titration doses of CDDO-me and the
effect on cell viability and migration was determined.

Materials and Methods

Cell culture

GBMS8401 and GBMS8901 were GBM cell lines from
BCRC. GBM8401 and GBM8901 were cultured with
RPMI medium plus 10% FBS. All cells incubated at
37°C with 5% CO..

Cell viability

The GBM cells were obtained by dissolving the cells
in the RPMI culture medium containing 10% serum
and will be placed in a 6-well plate with about 1 X 10°
cells of 2 mL volume in each well. These cells will be
incubated under the condition of 5% CO,, saturated
humidity, and 37°C for 24 hours. Cell viability was
assessed by an MTT assay (M5655; Sigma Aldrich
Corp, St. Louis, Missouri). Titrating doses of 50, 100,
200, 400, and 500 NM CDDO-me were tested using an
incubation period of the GBM cell lines of 24 hours.

Western blot

All samples lysis in 200 pL lysis buffer; 50 pg protein
of every sample load in the wells of SDS-PAGE with
50V for 4 hours. Transfer the protein from the gel to
the PVDF membrane. After 1 hour blocking buffer,
the membranes were incubated with primary
antibody for 90 minutes. ECL solution (Western
Lightning; 205-14621, PerkinElmer, Waltham, Mas-
sachusetts) detect specific band with MINICHEMI
(Thermo Fisher Scientific, Waltham, Massachusetts).

Invasion assay in vitro

Cell invasion assays was performed using a Trans-
well (COR3452, CORNING, Corning, New York) in
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vitro. Cells seeded 5 X 10° per insert and the lower
chamber of the Transwell was filled with 0.2 mL
medium with 50 nM CDDO-me. After 24 hours of
incubation, cells remaining on the upper surface of
the Transwell membrane removed by a cotton swab.
Cells that had invaded through the Transwell to the
bottom of the insert were fixed, stained, photo-
graphed and quantified by counting them in 6
random high-powered fields.

Migration assay in vitro

Cell invasion assay used through wound healing
assay (ibidi; 80209). Wound healing assay for 6 well
plates will be coated with and culture at 37°C for 12
hours. Cells seeded 1 X 10° and add 50 nM CDDO-
me after 24 hours. After 1 day, washing twice with
PBS and take a picture.

Data analysis

SPSS 19.0 (Chicago, Illinois) used for statistical
analysis. The result of Western blot analysis through
Lane 1D. A value of P < 0.05 will be considered
statistically significant.

Results
CDDO-me attenuated GBM cell lines proliferation

To evaluate CDDO-me treatment on proliferation,
we used an MTT assay to detect GBM8401 cells and
GBM8901 cells proliferation and compared the
results of the CDDO-me. After 24 hours incubation
with CDDO-me, cell viability was assayed via MTT
assay. In GBMS8401 cells, the results indicated
reduced cell viability in the 50 nM CDDO-me group
relative to the control on 24 hours, and the reduced
cell viability in the 100, 200, 400, and 500 nM CDDO-
me relative to the control (Fig. 1A). In GBM8901
cells, the results indicated reduced cell viability in
the 50 nM CDDO-me group relative to the control
on 24 hours, and the reduced cell viability in the 100,
200, 400, and 500 nM CDDO-me relative to the
control (Fig. 1B). To avoid the cell death to
interference the result of migration and invasion,
we used 50 nM CDDO-me to treat GBM8401 and
GBMS8901 to detect them.

CDDO-me inhibited GBM cell lines migration

To evaluate cell migration, we used a wound
healing assay and compared between control group
and CDDO-me group. In GBM8401 cells, CDDO-me
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markedly inhibited the migratory capability at 50
nM on 6 hours (Figs. 2A and 2C). In GBM8901 cells,
CDDO-me markedly inhibited the migratory capa-
bilities at 50 nM on 12 hours (Figs. 2B and 2D).
These data suggested that CDDO-me is able to
inhibit migration in astrocytoma.

CDDO-me inhibited GBM cell lines invasion

To evaluate cell invasion, we used a Matrigel
invasion assay and compared between control
group and CDDO-me group. In GBM8401 cells, 50
nM CDDO-me markedly inhibited the invasive
capability (Figs. 3A and 3C). In GBM8901 cells, 50
nM CDDO-me markedly also inhibited the invasive
capability (Fig. 3B and 3D). These data suggested
that CDDO-me inhibit invasion in astrocytoma.

CDDO-me downregulated the protein expression of N-
cadherin, cyclin D1, Ki-67, and VEGF in GBM cell lines

To evaluate the expression of proteins related to cell
proliferation and migration, a Western blot analysis
of VEGF, N-cadherin, and cyclin D1 was conducted.
Cyclin D1 is a markers of astrocytoma proliferation,
N-cadherin is a biomarker of metastasis, and VEGF
is a marker of angiogenesis. In GBM8401 (Fig. 4A),
western blotting revealed that CDDO-me led to the
downregulation of N-cadherin (Fig. 4C), cyclin D1
(Fig. 4D), and VEGF (Fig. 4E) expression. In
GBMS8901 (Fig. 4B), Western blotting revealed that
CDDO-me led to the downregulation of N-cadherin
(Fig. 4F), cyclin D1 (Fig. 4G), and VEGF (Fig. 4H)
expression. In addition, CDDO-me was a dose-
dependent on regulation of N-cadherin, cyclin D1,
and VEGF in GBM8401 and GBM8901.

Discussion

Previously studies showed that the anti-carcinogen-
ic mechanisms of CDDO-me involves inhibiting a
number of prosurvival signaling pathways, such as
MAPK (Erk1/2), NF-kB, and Akt/mTOR signal-
ing.>>* In our result, CDDO-me was able to inhibit
the tumor progression of glioblastoma cells in vitro
including proliferation, migration, and invasion.

In previously studies, cyclin D1 was usually
found overexpression in many cancers and an
important role to regulate cell cycle.**°* Gain of
N-cadherin was usually association with metastasis
and be a biomarker as migration in many can-
cers.’?®® In our result, CDDO-me was a dose-
dependent on regulation of N-cadherin, cyclin D1
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and VEGF in GBM8401 and GBM8901. Eukaryotic
cell cycle was controlled by the MEK1-ERK1/2
signaling.** ERK was reported to active the regula-
tion of N-cadherin in prostate cancer stem cell.” In
addition, VEGF induced angiogenesis also through
ERK1/2 pathway in cancers.”® These reports sup-
ported that CDDO-me regulated the proliferation,
migration, invasion and angiogenesis following
ERK1/2 pathway.

The limitation of this study, normal cells was not
yet treated with CDDO-me and compared the
concentration in GBM cells. Besides, we did not
understand the ability of CDDO-me for passing
through blood-brain barrier (BBB). In the future, we
will detect the pathway, like p-ERK, p-JNK, and p-
p38, and pharmacologic activity of CDDO-me
including toxicity for normal cells and ability for
passing through BBB.

In conclusion, CDDO-me was found the ability of
inhibiting proliferation, migration, and invasion.
This study establishes that even low nanomolar
doses of CDDO-me have an effect in vitro on
glioblastoma cell cycling, viability, potential for
migration and angiogenesis. Further study is war-
ranted.
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