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Purpose: Glioblastoma multiforme (GBM) is the primary aggressive malignancy of the
brain with poor outcome. Curcumin analogues are polyphenolic compounds as the bioactive
substances extracted from turmeric. This study aims to investigate the anti-cancer effects of
four curcumin analogues. Furthermore, the molecular mechanisms of dimethoxycurcumin in
human gliomas were analyzed by Western blot.

Materials and Methods: Human LN229 and GBM8401 glioma cells were treated by four
curcumin analogues with different number of methoxy groups. The cell viability, cell cycle,
apoptosis, proliferation and ROS production of human gliomas were analyzed by flow
cytometry. Moreover, the effects of four curcumin analogues on tumorigenesis of gliomas
were conducted by wound healing assay and colony formation assay. Furthermore, the
molecular mechanisms of dimethoxycurcumin in human gliomas were analyzed by
Western blot.

Results: Our data showed that four different curcumin analogues including curcumin,
bisdemethoxycurcumin, demethoxycurcumin, and dimethoxycurcumin promote sub-Gl
phase, G2/M arrest, apoptosis, and ROS production in human glioma cells. Moreover,
dimethoxycurcumin suppressed cell viability, migration, and colony formation, induction
of sub-G1, G2/M arrest, apoptosis, and ROS production in glioma cells. Moreover, the
mechanism of dimethoxycurcumin is ROS production to increase LC3B-II expression to
induce autophagy. Furthermore, dimethoxycurcumin suppressed apoptotic marker, BCL-2 to
promote apoptosis in LN229 and GBM8401 glioma cells.

Conclusion: Our study found that dimethoxycurcumin induced apoptosis, autophagy, ROS
production and suppressed cell viability in human gliomas. Dimethoxycurcumin might be
a potential therapeutic candidate in human glioma cells.

Keywords: curcumin, bisdemethoxycurcumin, demethoxycurcumin, dimethoxycurcumin,
glioblastoma

Introduction
Glioblastoma multiforme (GBM) is the primary aggressive malignancy of the brain.
Current standard treatment includes concurrent chemoradiotherapy after surgical
resection methods have been the treatments.! Since the cell biology of human
glioma possesses invasiveness, angiogenesis, and high proliferation leading to
poor survival.>* Therefore, the study of a new compound to improve cell biology
in patients with glioblastomas is mandatory.

Curcuminoids have many pharmacological activities used in Ayurvedic and Chinese
medicine for centuries.* Curcumin can pass through the blood-brain barrier (BBB) and

is detectable in cerebrospinal fluid of mouse model.” Curcumin, which is reported to
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target several signaling pathways mediated by p53, Ras,
PI3K, and AKT in breast cancer.® Curcumin induced G2/M
phase arrest and suppresses Wnt/p-catenin signaling pathway
to reduce cell proliferation in medulloblastoma.’
Curcuminoids belong to polyphenolic compounds containing
about 77% pure curcumin (Cur), 17% demethoxycurcumin
(DMC) and 3%

Curcuminoids are bioactive substances extracted from tur-

bisdemethoxycurcumin  (BisDMC).

meric (Curcuma longa Linn).® A previous study reported that
demethoxycurcumin increases lung cancer cell DNA damage
to reduce DNA repair-related proteins.’ Demethoxycurcumin
suppresses NF-kB pathways to inhibit migration and invasion
in HeLa cells.'® Bisdemethoxycurcumin inhibits PI3K/AKT
signaling to sensitize chemotherapy in cisplatin-resistant lung
cancer cells."' Bisdemethoxycurcumin inhibits ovarian can-
cer cell through MMPs expressions to reduce oxidative
stress.'? Bisdemethoxycurcumin inactive AKT to inhibit the
proliferation of hepatocellular carcinoma through CYLD-
mediated deubiquitination.'* Curcumin, demethoxycurcu-
min, and bisdemethoxycurcumin induce caspase dependent
and -independent apoptosis through activating Smad 2/3 or
repressing AKT pathway in osteosarcoma, breast cancer and
melanoma cell lines.'* Furthermore, these three analogues
are through ROS-independent mechanism differentially reg-
ulate anti-inflammatory and anti-proliferative responses in
lymphoma, lung adenocarcinoma, breast cancer, prostate
cancer, and so on.®

Many journals have proved that curcumin still has some
clinical limitations, such as metabolic instability, poor bioa-
vailability, and poor hydrophilic.'>'® One of the many
solutions for improve curcumin treatment dilemmas is the
use of synthetic analogues.'® As shown in Figure 1A, the
structures for these four curcumin analogues are illustrated.
Curcumin has two methoxy group and two hydroxyl group,
and demethoxycurcumin is lacking a methoxy group on
a benzene ring on curcumin,'® both curcumin and
demethoxycurcumin are less stable than bisdemethoxycur-
cumin, which lacks two methoxy groups on curcumin aro-
matic ring.® Dimethoxycurcumin (DiMC), a synthetic
analog of curcumin, has four methoxy groups and lacks
the phenolic-OH group in comparison to the curcumin,'®
and it is reported to possess inter-related anti-cancer and
pro-oxidant activity.'” Dimethoxycurcumin is a stable
metabolic analogue of curcumin capable of therapeutic
potential because of its pharmacological and biological
effects.'® Moreover, dimethoxycurcumin is more hydro-

phobic than curcumin in terms of its structure.'® However,

the effect of dimethoxycurcumin on glioblastoma cells
remains to be clarified.

In this study, we compared the effect of four different
curcumin analogues: curcumin, bisdemethoxycurcumin,
demethoxycurcumin, and dimethoxycurcumin on gliomas.
Specifically, we aim to investigate the anti-cancer effects
of four curcumin analogues, and further investigate the
biological activity and molecular mechanism of dimethox-
ycurcumin in LN229 and GBM8401 glioma cells.

Materials and Methods

Curcumin Analogues

Curcumin, Sigma-Aldrich Chemie GmbH: Munich, Germany,
CAS Number: 458-37-7., Bisdemethoxycurcumin, Cayman,
CAS Number 33171-05-0., Demethoxycurcumin, Cayman,
CAS Number 22608-11-3., Dimethoxycurcumin, Cayman,
CAS Number 160096-59-3.

Cell Culture and Cell Viability Assays

The source of normal brain cell line SVG p12 and LN229
glioma cell line purchased from American Type Culture
Collection (ATCC). NHA (normal human astrocyte) pur-
chased from Gibco (cat N7805-100 (K1884)). Dr. Wei-
Hwa Lee characterized GBM8401 glioma cell line."
GBMS8401 glioma cell line was sourced commercially
from Bioresource Collection and Research Center
(BCRC number: 60163, Hsinchu, Taiwan).

SVG pl2 cells maintained in Eagle’s Minimum
Essential media (MEM, Corning, USA REF:10-009-CV),
and NHA cells cultured in contain 1% N-2 Supplement
(Gibco, REF 17502-408) 4.5g/mL glucose Dulbecco’s
modified Eagle’s medium (DMEM, Corning, USA REF:
10-013-CV) with. LN229 cells cultured in 1g/mL glucose
Dulbecco’s modified Eagle’s medium (DMEM, Corning,
USA REF: 10-014-CV) and GBM&8401 cells were main-
tained in 4.5g/mL glucose Dulbecco’s modified Eagle’s
medium (DMEM). All mediums contained 10% fetal
bovine serum (FBS, Gibco USA REF 10437-028), peni-
cillin, and streptomycin (Corning, USA REF: 30-004-CI)
at 37°C under 5% CO, and 95% air.

To assess cell viability, glioma cell lines were plated in
96-well plates at a density of 3000 cells per well in SVG
pl2, NHA, and LN229. 2000 cells per well in GBM8401
treated with each 4 curcumin analogues for 24 h. Briefly,
cells were incubated for 2 h in each medium (200 pL)
supplemented with CellTiter 96 Aqueous One Solution
Reagent (Promega, Madison, WI, USA) MTS solution
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Figure | The effect of curcumin analogues on cell viability of normal brain cell controls and glioma cells. (A) The structure of curcumin analogues. (B and C) The effect of
curcumin analogues on cell viability of normal brain cell controls assessed by MTS assay after 24 h treatment. (D and E) The effect of curcumin analogues on cell viability of
glioma cells assessed by MTS assay after 24 h treatment.

OncoTargets and Therapy 2021:14 htps: 4347

Dove:


https://www.dovepress.com
https://www.dovepress.com

Luo et al

Dove

(20 pL/well), measured at 490 nm by using a Molecular
Devices SpectraMax 190 Microplate Reader.

Cell Cycle and Proliferation Assays

For cell cycle analysis, glioma cells were fixed in 70%
ethanol at 4°C and kept overnight at —20°C. The cells were
then washed twice with contained 1% FBS cold PBS and
stained with propidium iodide (PI) solution (BIOTIUM;
cat.40017, 50 mg/mL PI in PBS, 1% Tween 20, and
10 mg/mL RNase A) for 30 min 37°C in the dark. The
DNA content of the cells was measured using fluores-
cence-activated cell sorting (BD Biosciences, San Jose,
CA, USA). Glioma cell proliferation was assayed using
FITC-59-bromo-29-deoxyuridine (Brd U) flow Kkits
according to the (BD
Biosciences, cat.51-2354AK). The percentage of positive

manufacturer’s instructions

glioma cells was determined using flow cytometry.

Apoptosis Assays and ROS Detected
Assays

To evaluate the incidence of apoptosis, we used the PE
Annexin V Apoptosis Detection Kit I according to the
manufacturer’s instructions (BD Biosciences San Jose,
CA, USA, cat.559763). Briefly, glioma cells were seeded
into 6-well dishes at a density of 1x10° cells per well.
Stained cells were detected using Annexin V-FITC/
7-AAD. The cells were categorized into 3 groups: viable
(annexin V~ and FITC"), early apoptotic (annexin V' and
FITC ), and later apoptotic (annexin V' and FITC").

To detect the production of ROS, we plated 1x10° cells/
well in 6-well dishes and treated curcumin analogues in each
group. After 4 h drug treatment, living cells stained 10 uM
DCFH-DA (Sigma-Aldrich) and incubated in 37°C for 15
min. Stained cells were determined using flow cytometry.

Migration Assays and Colony Formation
Assays

Glioma cells in each group were plated in 12-well plates at
a density of 1x10° cells per well and grown at 37°C in
a 5% CO, incubator. We removed the medium when cell
confluence reached 90% and made a wound in the mono-
layer with a 200 pL pipette tip. To expel the non-adherent
cells, we washed the plate three times. The wound area
was photographed immediately after wounding (0 h) and
at 16 h post wounding. The migration rates were computed
according to the change of wound area measured by
Image] software (NIH, Bethesda, MD).

Glioma cells were plated in 6-well plates at a density of
3000 cells per well and cultured for 2 weeks. Day 3 treated
with curcumin analogues. The colonies were then fixed
with methanol and stained with 0.5% crystal violet.
Colonies were measured by Image J software (National
Institutes of Health, Bethesda, MD, USA), and those larger
than 0.1 mm in diameter were counted.

Cell Lysate Preparation and Western

Blots

Cells were lysed by RIPA buffer (100 mM Tris-HCI, 150
mM NaCl, and 0.1% SDS, and 1% Triton-X-100) at 4°C
for 10 min, and the cell lysates were harvested by cen-
trifugation at 15,000 rpm for 10 min to obtain the super-
natants. Twenty-microgram cell lysates from each group
were applied to 8% and 12% sodium dodecyl sulfate
polyacrylamide gels electrophoresis. Proteins were trans-
ferred onto polyvinyl difluoride membranes (Millipore,
MA, USA) and blocked with 5% skim milk in TBST for
1 h at room temperature. The antibodies used are ACTN
(Santa Cruz Technology Dallas, TX, USA; SC-17829),
p-mTOR (Cell Signaling Technology, Danvers, MA,
USA; CST-2971), mTOR (Cell Signaling Technology,
Danvers, MA, USA; CST-2972), p-AKT (Cell
Signaling Technology, Danvers, MA, USA; CST-9271),
AKT (Cell Signaling Technology, Danvers, MA, USA;
CST-4691), p-ERK (Cell Signaling Technology,
Danvers, MA, USA; CST-4370), ERK (Cell Signaling
Technology, Danvers, MA, USA; CST-4695), p62 (Santa
Cruz Technology Dallas, TX, USA; SC- 28359), LC3B
(Cell Signaling Technology, Danvers, MA, USA; CST-
2775), BCL2 (Cell Signaling Technology, Danvers, MA,
USA; CST-4223), p-CDC2 (Thrl5) (Cell Signaling
Technology, Danvers, MA, USA; CST-9111) and CDC2
(Cell Signaling Technology, Danvers, MA, USA; CST-
9112). Band detection was conducted by enhanced
chemi-luminescence and X-ray film (GE Healthcare,
Piscataway, NJ, USA).

Statistical Analysis

Statistical analyses and figures were used GraphPad
Prism 6 software (San Diego, CA, USA). We used
a Student’s ¢ test or one-way ANOVA to compare dif-
ferences between the experimental and control groups.
Statistical significance was set at *P < 0.05, **P < 0.01,
and ***P < 0.001.
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Results

The Effects of Curcumin Analogues on
Cell Viability

First, we investigated the effect of curcumin analogues on
cell viability of normal brain cells and glioma cells. We
assessed the 24 h cell viability of human normal brain
cells and glioma cell lines by MTS assay (Figure 1B-E), the
ICsq of curcumin was 4.19 uM in SVG pl12, 22.15 uM in
NHA, 5.85 uM in LN229 and 6.31 uM in GBM&8401, 29.15
uM, 31.88 uM, 24.54 uM and 17.73 uM in SVG p12, NHA,
LN229 and GBM8401 for demethoxycurcumin, 30.03 pM,
11.32 uM, 26.77 uM and 32.43 pM in SVG pl12, NHA,
LN229 and GBMS8401 for bisdemethoxycurcumin, and
29.55 uM, 28.28 uM, 18.99 uM and 16.82 puM for dimethox-
ycurcumin in SVG pl2, NHA, LN229 and GBM8401
(Table 1). The ICsy of curcumin and dimethoxycurcumin
are higher in NHA than in glioma cells. The ICsy of
demethoxycurcumin is higher in SVG pl2 than in glioma
cells. The results showed that dimethoxycurcumin has more
cytotoxic to gliomas. Moreover, the cytotoxicity is higher in
curcumin than in dimethoxycurcumin, demethoxycurcumin

and bisdemethoxycurcumin.

Table | ICsy for Curcumin Analogues on Normal Brain Cell
Controls and Glioma Cells

Drug Name Cell Line 1C50 (UM)
Curcumin SVG pl2 4.19
NHA 22.15
LN229 5.85
GBM8401 6.31
Bisdemethoxycurcumin SVG pl2 29.15
NHA 31.88
LN229 26.77
GBM8401 3243
Demethoxycurcumin SVG pl2 30.03
NHA 11.32
LN229 24.54
GBM8401 17.73
Dimethoxycurcumin SVG pl2 29.55
NHA 28.28
LN229 18.99
GBM8401 16.82
Abbreviations: Cur, curcumin; BisDMC, bisdemethoxycurcumin; DMC,

demethoxycurcumin; DIMC, dimethoxycurcumin; BBB, blood-brain barrier; ROS,
reactive oxygen species; AKT, protein kinase B; mTOR, mammalian target of
rapamycin; p62, sequestosome |; ERK, extracellular signal-regulated kinases;
CDC2, cyclin-dependent kinase |; LC3B, microtubule-associated proteins |A/IB
light chain 3B; BCL-2, B-cell lymphoma 2.

The Effect of Curcumin Analogues on
Glioma Cell Cycle

To assess the inhibitory effect of curcumin analogues on
glioma cells, we investigated effect of curcumin analogues
on cell cycle after the 48 h treatment. The results showed
that all four curcumin analogues dose-dependently
increased sub-G1 and G2/M phase and reduced G1 phase
in both LN229 and GBM&8401 cell lines (Figure 2A and
B). Flow cytometric analysis revealed that treatment with
curcumin analogues for 48 h led to reduced G1 phase, and
was accompanied by increased subGl phase and caused
G2/M phase arrest. Low-dose Bisdemethoxycurcumin
increased S phase not significantly in GBM8401 and
LN229 but had a trend (Figure 2A and B).

Four Curcumin Analogues Increased
Apoptosis of Glioma Cells

Because curcumin analogues dose-dependently increased
the sub-G1 cell fraction, we used 7-aminoactinomycin
(7-AAD) and annexin-V cytometry to investigate the 48
h effect of curcumin analogues on apoptosis of gliomas.
The results showed that all of four curcumin analogues
increased the positive staining of annexin-V cell in LN229
(Figure 3A and B) and GBM8401 (Figure 3C and D), we
found that four curcumin analogues induced early- and
late-stage apoptosis and that the effect was in dose depen-
dent manner.

The Effect of Curcumin Analogues on

Glioma Cell Proliferation

We further investigated the effect of curcumin analogues
on cell proliferation in gliomas. Single-dose 48 h curcumin
analogues treated with gliomas. LN229 and GBM&8401
glioma cells were treated with curcumin analogues for 48
h in a single dose manner. The results showed that curcu-

min suppressed cell proliferation in LN229 and
GBMS8401. Demethoxycurcumin promoted cell prolifera-
tion in LN229 and reduce in GBMS8401 cells.

Dimethoxycurcumin did not affect the proliferation of
LN229 and GBM&8401 cells. However, bisdemethoxycur-
cumin significantly increased the cell proliferation in
LN229 and GBMS8401 (Figure 4A and B). Due to the
increased S phase and proliferation of LN229 and
GBMS8401 cell observed at low-dose bisdemethoxycurcu-
min, we further investigated the dose effect of bisde-
LN299 and
GBM&8401 cells were treated with bisdemethoxycurcumin

methoxycurcumin on cell proliferation.
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Figure 2 The effect of curcumin analogues on cell cycle of LN229 and GBM8401 glioma cell lines after 48 h treatment. (A and B) cell cycle assessed by flow cytometry upon
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Figure 4 The effect of curcumin analogues on glioma cell proliferation. (A and B) Images showing BrdU proliferation results treated with 48 h curcumin analogues under
1Cs0 in LN229 and GBM8401 cells. Bar graph showing the effect of curcumin analogues proliferation on glioma cells. Data are presented as the mean * s.d.; n = 3; *P < 0.05,
**P < 0.0l vs the control. (C and D) Images showing BrdU proliferation results treated with 48 h bisdemethoxycurcumin on LN229 and GBM8401 cells. Bar graph showing
the effect of bisdemethoxycurcumin proliferation on glioma cells. Data are presented as the mean * s.d.; n = 3; *P < 0.05, **P < 0.01, ***P<0.001 vs the control.

for 48 h and assessed by BrdU proliferation assay, the
results showed that bisdemethoxycurcumin dose-
dependently increased M1 in both LN299 and GBM8401
cells (Figure 4C and D).

Curcumin and Dimethoxycurcumin
Inhibited the Glioma Migration

After obtained the ICs( from cell viability assay, we inves-
tigate the effect of curcumin analogues (dosage under
ICsp) on migration of human glioma cell lines assessed
by wound healing assay. The results showed that curcumin
dose-dependently inhibited the migration of LN229
5A) GBM&8401 5B).
Dimethoxycurcumin inhibited migration of LN229 and

(Figure and (Figure

GBMS8401 in high-dose manner (Figure 5G and H). But
both bisdemethoxycurcumin and demethoxycurcumin had
no effect on the migration of gliomas (Figure SC-F).

The Effect of Curcumin Analogues on

Colony Formation of Glioma Cells

We further investigated the effect of curcumin analogues
on colony formation. As shown in Figure 6, curcumin
inhibited colony formation in both LN229 and GBM8401
glioma cells. In contrast, bisdemethoxycurcumin dose
dependently increased colony formation in LN229 and
GBM&8401, while dimethoxycurcumin suppressed LN229
and GBMS8401 colony formation only in high-dose man-
ner. Demethoxycurcumin suppressed colony formation in
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Figure 5 The effect of curcumin analogues on gliomas migration. (A and B) Migration assessment based on the decreases in wound area during 16 h wound healing assays
treated with curcumin on LN229 and GBM8401 cells. (C and D) Migration assessment based on the decreases in wound area during 16 h wound healing assays treated with
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dimethoxycurcumin on LN229 and GBM8401 cells. Wound area at 0 h in control group (DMSO) was assigned a value of 100%. *P < 0.05, ¥***P<0.00| vs the control.

LN229 cells only in high-dose manner, but not in
GBM&8401 cells.

Curcumin Analogues Increased ROS

Production of Glioma Cells

To investigate whether curcumin analogues affected ROS
production, LN229 and GBM&8401 glioma cells were trea-
ted by these four curcumin analogues for 4 h, respectively.
The results showed that the DCFH-DA picks shift to the
right, indicating these four curcumin analogues dose-
dependently increased the ROS production in LN229 and
GBMS8401 glioma cells (Figure 7A and B). The dimethox-
ycurcumin treated LN229 was not significant but had
a trend.

The Mechanisms of Curcumin Analogues
in the Treatment of Gliomas
As shown in Figures 3 and 7, curcumin analogues

increased early-apoptosis, late-apoptosis and ROS produc-
tion in LN229 and GBM&8401 glioma cells. We further

investigated the mechanism for one of curcumin analogues
in glioma cells (Figure 8). The results showed that
dimethoxycurcumin dose-dependently reduced p-mTOR,
p-CDC2, and BCL-2, while dose-dependently increased
p-AKT, p-ERK, LC3B-II and p62 in LN229 and
GBMS8401 cells.

Discussion
Our study showed that these four curcumin analogues have
anti-cancer activities, including suppression of cell viabi-
lity, an increase of sub-G1, G2/M arrest, induction of
apoptosis, and increase of ROS production in LN229 and
GBMS8401 glioma cells. To our knowledge and PubMed
search found that this is the first study to investigate the
effect of dimethoxycurcumin on glioblastoma cells.
Moreover, this study side by side compared the anticancer
activities of four curcumin analogues against glioma cells.
Our study showed that the increases of sub-G1, G2/M
arrest, induction of apoptosis, and ROS production in
glioma cells were observed at a lower dose of
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***P<0.001 vs the control.
dimethoxycurcumin than bisdemethoxycurcumin and
demethoxycurcumin. Moreover, the effect of induction
sub-G1, G2/M arrest and apoptosis in glioma cells is better
in demethoxycurcumin than bisdemethoxycurcumin.
Consistently, curcumin effects induction of G2/M arrest
in medulloblastoma.” A previous study also showed that
demethoxycurcumin induces U887MG cell line apoptosis
and G2/M arrest through BCL-2.%° In addition, bisde-
methoxycurcumin also induced G2/M arrest in breast can-
cer cells.”! Previous studies showed that curcumin,
bisdemethoxycurcumin, and demethoxycurcumin induced
apoptosis, ROS production, and inhibited proliferation in
leukemia, breast cancer, prostate carcinoma, and lung can-
cer cells.**"*? Furthermore, our study showed that the
anti-cancer activities of these four curcumin analogues
were the strongest in curcumin than in dimethoxycurcu-
min, followed by demethoxycurcumin, and bisdemethox-
ycurcumin (ie, curcumin > dimethoxycurcumin >
demethoxycurcumin > bisdemethoxycurcumin) in LN229
and GBM8401 glioma cells.

Our results showed that the ICsy of curcumin in SVG
pl2 is only 4.19 uM. SVG pl12 is a human fetal glial cell

line, NHA cells were acquired from human brain tissue,

LN229 and GBM8041 cell line were obtained from 31 and
60-year-old female patient. Our results showed that differ-
ent curcumin analogues have different ICs, for normal cell
controls and glioma cells.
Different from gliomas, demethoxycurcumin and
dimethoxycurcumin had less cytotoxicity in SVG pl2,
and the cytotoxicity of curcumin and dimethoxycurcumin
were higher in NHA. Compare to glioma cell lines, normal
cell controls have more unstable growth conditions. Some
references showed that SVG p12 can bear 25 pM or even

23.24 another reference reveals that SVG

higher curcumin,
p12 cells had been infected with BK polyomavirus and
lead to mutate at least since 2006, which may cause our
results unexpected.

Our study showed that bisdemethoxycurcumin
increased apoptosis more in GBM8401 than in LN229
glioma cell line. Moreover, demethoxycurcumin reduced
the cell proliferation in GBM8401 glioma cells, while
demethoxycurcumin increased cell proliferation in
LN229 glioma cells. Some previous studies showed that
both LN229 and GBMS8401 are p53 mutant and pTEN
wild type human glioma cell lines,'*® while LN229 cell

7

line still has wild type p53 function,?’ suggesting the
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differential genetic background of human glioma cells
might display differential sensitivity to curcumin analo-
gues. Previous study showed that the number of methoxy
group effects chemical stability. Since bisdemethoxycur-
cumin lacks methoxy group. The chemical stability is
better in bisdemethoxycurcumin than curcumin and
demethoxycurcumin.'* In contrast, demethoxycurcumin
has one methoxy group, while curcumin has two methoxy
groups. Therefore, the chemical stability is better in
demethoxycurcumin than in curcumin.®® Consistently,
methoxy groups of curcumin analogues also played impor-
tant anti-cancer effects in breast cancer, melanoma, and
osteosarcoma.'* Furthermore, Somparn et al*’ found that
methoxy group associated with the antioxidant activity. In

our results showed that curcumin, demethoxycurcumin

and dimethoxycurcumin displayed the anti-cancer activ-
ities such as suppressed cell viability and colony formation
in both LN229 and GBMS8401 glioma cells. However,
low-dose bisdemethoxycurcumin slightly increased cell
viability, colony formation, and dose-dependently
increased cell proliferation in LN229 and GBM&g8401
glioma cells. It suggested that methoxy group on the
phenyl ring and chemical instability might contribute to
cytotoxicity of curcumin analogues to human gliomas.

In general, retinal angiogenesis underwent autophagy
displayed the decrease of p62 while the increase of LC3B-
11.%° Our study showed that dimethoxycurcumin increased
p62 and LC3B-II in LN229 and GBM8401 glioma cells.
Ni Shen et al found that nanodrug treatment in retinal
angiogenesis also increased p62, the possible reason is
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that autophagosomes has not yet completely denatured.
They concluded that activated autophagy continues to
increase autophagic cell death, despite of autophagosomes
is not yet completely degraded.’® The ROS down-
regulated p-AKT expression reduced p-mTOR and
increased LC3B-II to induce autophagy.®'** In our results,
we found that dimethoxycurcumin increased p-AKT
expression and reduced the expression of p-mTOR in
LN229 and GBM&8401 cells. Phosphor-CDC?2 is promoted
by cyclin kinase inhibitor p21,>* to inactive cyclin B/
CDC2 complex and caused G2/M phase arrest.>
A previous study showed that microinjection of cyto-
chrome c active AKT to induce caspase activation through
inhibit apoptosis while BCL-2-expressing cells do not
effect.’® In Figure 8, our results showed that dimethoxy-
curcumin suppressed the expression of apoptosis marker
BCL-2, increased sub-Gl1 and G2/M phase, promoted
apoptosis in LN229 and GBM8401 glioma cells. We spec-
ulate that there are other factors to cause curcumin analo-
gues to promote apoptosis and autophagy in LN229 and
GBM&8401 cells. Based on Figures 2, 3, 7 and 8, we found
that the mechanism of dimethoxycurcumin is through the
production of ROS to increase autophagy, and also induce
G2/M arrest and apoptosis in LN229 and GBM&8401
glioma cells.

Previous studies showed curcumin has some limitations
including metabolic instability, and poor bioavailability,'>'®
inspiring the new synthesis of curcumin analogues. Moreover,
dimethoxycurcumin has higher chemical stability than curcu-
min and demethoxycurcumin. Cell metabolism is more stable

curcumin.>®

in dimethoxycurcumin than in
Dimethoxycurcumin has more methoxy groups,'® and meta-
bolically stable,®” unstable structure and more hydrophobic
than curcumin in terms of structure.'® According to the char-
acteristics of the BBB, the hydrophobic drugs are prone to pass
through the BBB than hydrophilic drugs.*® Based on the
aforementioned characteristics, this study suggested that
dimethoxycurcumin might improve the limitation of curcumin

and serve as an auxiliary drug for glioma patients.

Conclusion

In this study, we compared the anti-cancer effects of four
different curcumin analogues (curcumin, bisdemethoxy-
curcumin, demethoxycurcumin and dimethoxycurcumin)
on cell cycle arrest, apoptosis and ROS production of
LN229 and GBM&8401 glioma cells. To the best of our
knowledge, this is the first study of four curcumin analo-
gues to show that dimethoxycurcumin might act as one of

the potential anti-cancer activities involved in induction of
apoptosis, autophagy, ROS production, suppression of cell
viability, and proliferation in human glioma cells. Our
results suggest that the number of methoxy groups of
curcumin analogues may be correlated with anti-cancer
activity of human glioma cells. Our study provided side
by side investigations of curcumin analogues effect on
gliomas in vitro. However, further in vivo experiments
are warranted to discover the molecular mechanisms of
dimethoxycurcumin in human gliomas .
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