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Abnormal metabolism serves a critical role in glioblastoma (GBM). Biochanin A (BCA), a
flavonoid phenolic compound found in edible and herbal plants, has antioxidative and
antitumor activities. However, it remains unclear whether BCA has an effect on energy
metabolism. The aim of the present study was to evaluate the anticancer effects and
molecular mechanism of the effect of BCA on energy metabolism. We observed that BCA
inhibited the growth of U251 cells by the mitochondria-mediated intrinsic apoptotic
pathway. BCA treatment reduced metabolic function, repressed mitochondrial
membrane potential, and increased the production of reactive oxygen species (ROS) in
GBM. In addition, we found that BCA decreased aerobic glycolysis by inactivation of the
AKT/mTOR pathway. Taken together, the results demonstrate that treatment with BCA
inhibited the proliferation of GBM by regulating metabolic reprogramming.
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INTRODUCTION

Glioblastoma multiforme (GBM) is the most common type of malignant primary brain tumor, with
a median survival of only 14.6 months and 5-year survival of less than 5.5% (1). The standard
treatment for GBM patients includes maximal safe neurosurgical resection and temozolomide
(TMZ) chemotherapy with concomitant radiotherapy, followed by cycles of adjuvant TMZ (2). New
non-toxic treatment strategies have become a research hotspot because the current treatment
strategies are usually accompanied by serious side effects. Studies have shown that some small
molecule drugs have therapeutic promise for a variety of cancers, including GBM through
perturbation of cell death programs, lethal autophagy, metabolic reprogramming (3), and
improvement of chemotherapy sensitivity (4). For example, plant-derived compounds ARTA and
BETA displayed a significant cytotoxic impact on glioma cell migration (5); The 5,4’-dihydroxy-
6,7,8,3’-tetramethoxyflavone compound (AB2) inhibits the growth of lung cancer cells by
attenuation of mitochondrial membrane potential and activation of caspase-3 activity (4).
However, the molecular mechanism of the occurrence and development of GBM is still poorly
understood, and there are great advantages to address malignant disease phenotypes through the
use of small molecule drugs.
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Reactive oxygen species (ROS), a type of cellular metabolite, have
important roles in biochemical functions (6). Excessive ROS
promote DNA damage and trigger mitochondrial apoptosis (7).
Due to the rapid growth of malignant tumors, there is not enough
nutrition to satisfy tumor cells. Mitochondria produce ATP as
energy required for conducting physiological processes, which can
improve energy for tumor cells by dynamically regulating the fusion
and division of mitochondrial morphology (8). Mitochondrial
division and fusion are regulated by mitochondrial fusion proteins
(MfN1, Mfn2, and OPA1) and mitochondrial division proteins
(DRP1 and FIS1) (9). Glycolysis is a common feature of tumor
cell metabolism (10). Even if there is an adequate oxygen supply, the
malignant tumor also needs to get more energy via the glycolysis
pathway, which is a phenomenon known as the “Warburg effect”
(11). Meanwhile, mitochondria are involved in the regulation of
metabolism and cell death and play an important role in tumor
progression (12). Metabolic reprogramming of cancer cells plays an
important role in maintaining the growth and proliferation of tumor
cells (13–15). Recently, the metabolism of cancer cells has been
considered a therapeutic hotspot for dietary and pharmacological
interventions. The development of anti-tumor drugs with glycolysis
inhibition and mitochondrial injury has important clinical
significance for the prevention and treatment of glioma.

Biochanin A (BCA) is a methoxy isoflavone, which derives
from the germinated germ part of chickpea, the heartwood of
twining rosewood, single-leaf red bean, whole red clover,
underground clover seedlings, soybean, alfalfa, peanut, and
other legumes (16). BCA possesses a variety of biological
activities, including antifibrotic (17), antioxidation (18), anti-
inflammation (19), neuroprotection (20), the prevention of
articular cartilage degeneration (21), and anticancer effects.

Increasing evidence suggested that natural products played a
promising role in the development of novel chemotherapeutics for
the treatment of cancers (22, 23). The previous study has reported
the anti-proliferative effect of BCA by regulating various molecular
mechanisms, such as the induction of apoptosis, cell cycle arrest,
and suppression of ERK/AKT signaling (24, 25). BCA selectively
sensitized cancer cells to apoptosis through inhibited cyclin D1 and
arrested the cell cycle in G0/G1 phase (24). Moreover, BCA also
regulated migration and invasion by suppressing the VEGF/
VEGFR2 signaling pathway (26).

In this study, we evaluated the anticancer effects and
molecular mechanisms of BCA in GBM. Considering the
important role of energy metabolism in GBM cells, we further
explored the mitochondrial oxidative phosphorylation and
glycolysis in GBM cells. Additionally, we established the effect
of BCA on intracellular ROS and mitochondrial division in GBM
cells. Furthermore, we investigated the BCA anti-GBM activity in
subcutaneous neoplasia in nude mice.
MATERIALS AND METHODS

Reagents
BCA was purchased from Selleck Chemicals (Shanghai, China).
Cell Counting Kit-8 (CCK-8) was obtained from Dojindo
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Molecular Technologies (Kumamoto, Japan). PE Annexin V
apoptosis detection commercial kit was purchased from BD
biosciences (Shanghai, China). Reactive Oxygen Species (ROS)
Assay Kit was purchased from Beyotime Biotechnology
(Shanghai, China). Cell-Light EdU Apollo567 In Vitro Kit was
purchased from Guangzhou Ruibo Biotechnology Co. LTD
(Guangzhou, China). Bax, Bcl-2, ND1, SHDB, UQCRC2,
MTCO2, ATP5A, MFN2, GLUT1, HK2, PMK2, LDH, HIF-1a,
and Drp1 antibodies were obtained from proteintech (Wuhan,
China). AKT, p-AKT, mTOR, and p-mTOR antibodies were
obtained from Cell Signaling Technology. LC3B, Beclin-1, P62,
and GAPDH were obtained from Abcam (Cambridge, UK).

Cell Culture
U251 cells were cultured in DMEM complete medium with high
glucose and placed in an incubator at 37°C with 5% CO2. When
the cell density is about 70–80%, a drug intervention is
carried out.

Cell Proliferation
U251 cells were inoculated in 96-well plates and treated with
BCA for 48h and 72 h. Each well is added 10 ml of CCK8,
incubated for 2 hours at 37°C incubator, and then detected
absorbance with a microplate reader. U251 cells were seeded in
96-well plates, each well is added 100 ml of 50 uM Edu solution,
incubated for 2 hours at 37°C incubator, and then 4%
Paraformaldehyde fixation. After washing with PBS three
times, each well is added to a 100 ml 1X Hoechst33342
solution, incubated at 37°C in the dark for 30 min, and is then
observed and analyzed under a fluorescence microscope.

Apoptosis Analysis
The percentage of apoptotic cells was tested by Annexin V-PE/
FITC (BD, Biosciences). U251 cells were treated with 0, 50, and 100
mmol/L BCA for 48 h. Then, U251 cells (1 × 106) were collected,
after which 5 µl of PE Annexin V and 5 µl of 7-AAD were added.
The cells were gently vortexed at room temperature and incubated
for 15minutes in the dark and the suspension was analyzed by flow
cytometry (BD FACSCanto™ low cytometry, USA).

Wound Healing Assay
BCA-treated U251 cells were inoculated into a 6-well plate.
When the cells reached a confluence of 70–80%, cells were
gently and slowly scratched with a new 200 ml pipette tip. The
relative distance of the cells migrating was monitored and
measured using a bright-field microscope at 0, 12, and 24 h.
The experiments were repeated three times.

Transwell Assay
Transwell chambers membrane was pre-coated with diluted
Matrigel (1:8 BD biosciences). About 1×106 cells in 100 ml
serum-free medium were added into the top chambers, and
600ml of DMEM with 10% FBS was added to the lower transwell
compartment. The cells on the chambers were fixed with 4%
paraformaldehyde and stained with 0.1% crystal violet. Photos of
the cells were taken using a bright-field microscope. Cell invasion
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assay was performed as above except used the cell culture inserts
coated with Matrigel (BD Biosciences).

Western Blot
U251 was harvested after being treated with drugs. After
centrifuged, total protein was extracted with RIPA buffer, and
concentration was examined via BCA protein analysis kit
(Solarbio, PC0020). Then the samples were separated by SDS-
PAGE, and transferred onto polyvinylidene fluoride (PVDF)
membranes. The membranes were incubated with primary
antibodies overnight at 4°C, and incubated with appropriate
peroxidase-conjugated secondary antibodies for 1.5 h at room
temperature, and then visualized by enhanced chemiluminescence
with imageQuant LAS 500 system.

Measurement of Oxygen Consumption
Rate (OCR) and Extracellular Acidification
Rate (ECAR)
For the oxygen consumption rate (OCR) measurement, U251
cells were seeded in the seahorse cell plate 20000/well and
incubated overnight. Before an examination, the media were
changed into 500 ml assay media (pH 7.4), which consisted of 10
mM glucose, 1 mM pyruvate, and 2 mM glutamine in XF Base
Medium. Inhibitors of electron transport chain (ETC) complexes
were added into different ports of the seahorse cartridge,
including Oligomycin A (oligo, 1 mM), Carbonyl cyanide-4-
(trifluoromethoxy)phenylhydrazone (FCCP, 1 mM), antimycin
A (AA, 0.5 mM), rotenone (rot, 0.5 mM), then the OCR value was
measured with the XF24 Seahorse Biosciences Extracellular Flux
Analyzer (Seahorse Bioscience, 102238-100). Five replicates were
repeated in each experimental group for analysis.

ROS Measurements
To evaluate intracellular ROS level, U251 cells were incubated
using 10 mM DCFH-DA (Solarbio, CA1410) for 20 min at 37°C
after BCA treatment, then washed with serum-free medium
three times and imaged under Olympus fluorescence
microscope (BX53). Meanwhile, the cell was digested with
trypsin and resuspended. The ROS level was analyzed by flow
cytometry (BD FACSCanto™ low cytometry, USA).

Mitochondrial Morphology
To observe mitochondrial morphology, the U251 cells were crawled
and treated with BCA for 48 hours, stained with 10 nM
MitoTracker at 37°C for 30min, fixed with 4% paraformaldehyde,
and then observed and analyzed under a fluorescence microscope.

Transmission Electron Microscopy
U251 cells were treated with BCA for 48 hours. Cells collected by
trypsinization were fixed with 2.5% glutaraldehyde, followed by
1%OsO4. After dehydration, thin sections were stained with
uranyl acetate and observed under a transmission electron
microscope (JEM-1230, JEOL, Japan).

Animals Experiments
Male BALB/c nude mice aged 4 weeks were purchased from
Beijing Charles River and bred under SPF conditions. A total of
Frontiers in Oncology | www.frontiersin.org 3
1×106 U251 cells were dissolved in 0.1 mL medium to make cell
suspension, and each nude mouse was injected into the right
middle and posterior axilla. BALA/c nude mice were randomly
divided into two groups (five mice per group), the control group
(PBS 100 µL) and the BCA group (BCA 50mg/kg 100 µL). When
the size of the subcutaneous tumor is 5×5 mm, the drug is
intraperitoneally administered once a day for 2 weeks. The
tumors were weighed, and volumes were counted using the
equation V= (ab2)/2 (a: the longest axis (mm), b: the shortest
axis (mm)).

Histology and Immunohistochemistry
Analysis
At 30 days after tumor inoculation, all animals were sacrificed,
and their subcutaneous tumors were excised, fixed in 4%
paraformaldehyde, and embedded in paraffin. Sections that
were 5 mm thick were stained with hematoxylin & eosin (HE)
and immunohistochemical staining.

Statistical Analysis
The data were analyzed using SPSS22.0 software. All the figures
were performed using GraphPad Prism software. The Student’s
t-test and One-way Analyses of Variance (ANOVA) with a
Tukey’s post-hoc test were used to assess group differences.
Error bars represent the standard error of the mean (SEM).
A P value < 0.05 was considered to be statistically significant.
RESULTS

BCA Inhibited GBM Cells Growth,
Migration, and Invasion
To evaluate the cytotoxic effect of BCA, U251 cells were seed in
96-well plates and treated with different concentrations of BCA
for 24, 48, and 72 h. Cell viability decreased in a concentration-
dependent manner after treatment with BCA by CCK8 assay
(Figure 1A). In addition, the Edu assay was performed to
determine the effect of BCA on glioma cell proliferation. BCA
treatment significantly increased the percentage of Edu-positive
cells compared with the control (Figure 1B). Taken together,
these data indicated that BCA inhibited the growth of U251 in a
concentration-dependent manner. Furthermore, we further
explored whether BCA has an effect on cell invasion and
migration in U251 cells. U251 were cultured and then co-
incubated with different doses (0, 50, and 100 mM) of BCA for
various time intervals (0, 12, and 24 h). Wound healing assay
showed that after treatment of BCA for 12 and 24 h significantly
decreased cell migration rates in U251 cells (Figures 1C, E). We
also examined cell migration and invasion capacity using a
transwell chambers system after the indicated cell lines were
treated with different doses (0, 50, and 100 mM) of BCA (Figures
1D, F, G). Migration and invasion rates of U251 significantly
decreased after BCA treatment, which is consistent with the cell
wound healing assay. These results showed that BCA inhibits
U251 migration and invasion in vitro.
July 2021 | Volume 11 | Article 652008
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BCA Increased ROS Generation and
Decreased Mitochondrial Membrane
Potential
As oxidative stress plays an important role in inducing apoptosis
of tumor cells, we then verified whether the ROS levels were
related to BCA treatment in U251. Compared with control cells,
the ROS level increased significantly in BCA treatment groups
(Figures 2A, B, D). In the mitochondrial oxidative respiratory
chain, the complex can pump hydrogen ions from the
mitochondrial matrix into the mitochondrial space, thus
forming an electric potential difference between the
mitochondrial membrane space and the mitochondrial matrix.
The complex V can use the electric potential to help itself to
synthesize ATP. Therefore, the mitochondrial potential
difference indirectly reflects the mitochondrial ability to
synthesize ATP. The green fluorescence increases significantly
after treatment of BCA, which means the mitochondrial
potential was inhibited (Figures 2C, E). Taken together, these
data indicated that BCA treatment triggers mitochondrial
dysfunction in U251.

Mitochondrial Apoptosis Is Activated by
BCA in Human U251
Some small molecule compounds play antitumor effects mainly
by inducing cell apoptosis. To verify whether BCA inhibited
Frontiers in Oncology | www.frontiersin.org 4
proliferation in an apoptosis-related manner. Annexin V and PE
double staining assay was used to identify the apoptosis of the
U251 cells after BCA treatment 48 h. BCA application increased
the percentages of apoptosis, compared to the control group
(Figures 2F, G). To further detect molecular markers related to
apoptosis, expression of apoptosis-related proteins was
determined in U251 cells following BCA treatment.
Application of BCA induces the expression of Bax and a
decrease in the level of cytochrome c, pro-caspase 3, and Bcl-2
(Figure 2H). Thus, these findings show that cytotoxic effects of
BCA on U251 cells were partly caused by activation of the
mitochondria-mediated intrinsic apoptotic pathway.

BCA Increased Mitochondrial Fission and
Decreased Mitochondrial Oxidative
Phosphorylation
The morphology of mitochondria plays an important role in
regulating cell metabolism. So, we examined whether BCA
intervention affects mitochondrial morphology and function by
using MitoTracker staining. The number of mitochondria is
large and filamentous morphology with tight cristae in the
control group (Figure 3E). However, after BCA treatment, the
mitochondria became smaller, punctate, and significantly
shortened in length. Meanwhile, the electron microscope
results showed that the mitochondrial morphology became
A B

D

E F G

C

FIGURE 1 | BCA inhibited the proliferation, migration, and invasion of U251 cells. (A) U251 cells were treated with various concentrations of BCA for 24, 48, and
72 h. Cell proliferation was measured by CCK8 assay. (B) Cellular proliferation was measured via an Edu assay. (C) Wound healing assay shows the migrated cells
at 0, 12, and 24 h after treatment with BCA (0, 50, and 100 mM). (D) After treatment, the transwell assay showed that the migration and invasion cells at 24 h.
(E) Quantification of the wound healing rate in A after treatment with BCA. (F, G) Quantification of the migration and invasion cells. (∗) p < 0.05 and (∗∗) p < 0.01 for
Student’s t test.
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FIGURE 2 | BCA induces apoptosis of U251 by increasing ROS levels and decreasing the mitochondrial membrane potential. (A) U251 was incubated with 0, 50
and 100 mM BCA for 48 h, The ROS level were observed under a fluorescence microscope after DCF-DA staining; (B) Quantification of relative fluorescence intensity
in A; (C) U251 cells were incubated with 0, 50 and 100 mM BCA for 48 h, mitochondrial membrane potential was observed after JC-1 staining. (D) U251 cells were
incubated with 0, 50 and 100 mM BCA for 48 h, then subjected to flow cytometric analysis of ROS levels after DCF-DA staining; (F) Quantification of the green and
red fluorescence intensity rate in C. (F) The level of cell apoptosis was detected by flow cytometry. (G) The percentage of cell apoptosis ratio in A. (H) Expression
levels of apoptotic related proteins (Bax, Bcl-2, cytochrome c, pro-caspase 3) at different concentrations of BCA. Data are expressed as mean ± SD. *P < 0.05,
**P < 0.01, ***p < 0.001. versus control.
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smaller and vacuolated after BCA treatment (Figure 3G). To
gain insight into the mechanism by which BCA regulates
mitochondrial dynamics, we examined the expression of
mitochondrial dynamics-related proteins, including MFN1,
MFN2, and Drp1. After treatment of BCA, the western
blotting results show that mitochondrial fusion protein MFN1
and MFN2 expression significantly decrease and division protein
Drp1 expression significantly increase (Figure 3F). Fragmented
mitochondria cause the dysfunction of mitochondrial
metabolism. Next, we assessed mitochondrial function in cells
using a Seahorse Extracellular Flux XF24 Analyzer. We observed
in the oxygen consumption rate curves, both the basal and
maximal mitochondrial respiratory capacities decreased in
the BCA treatment group compared with the control group
Frontiers in Oncology | www.frontiersin.org 6
(Figures 3A–C). ATP production was also reduced in the BCA
treatment group. Furthermore, we found that BCA treatment
reduced the expression of ND1, SDHB, and ATP5A (Figure 3D).
Together, these results showed that BCA might promote
intracellular ROS and mitochondrial division and restrain
oxidative phosphorylation of mitochondria in U251 cells.

BCA Decreased the Glycolytic
Capacity of U251 Cells
The Warburg effect, characterized by abnormal metabolic
phenomena that enhance glycolysis and reduces oxidative
phosphorylation, induces significant differences between cancer
cells and normal cells and affects tumor progression (27). Thus,
after treatment of BCA, the capacity of glycolysis of U251 cells
A B

D E

F G

C

FIGURE 3 | BCA increases mitochondrial fission and decreases mitochondrial oxidative phosphorylation. (A) Mitochondrial stress test to detect mitochondrial
energy metabolism and respiratory functions in BCA (0, 50, 100 uM) group; (B) Quantification of the mitochondrial maximal respiration in A; (C) Quantification of the
mitochondrial ATP production in A; (D) Western blot analysis the relative proteins of Mitochondrial respiratory chain (ND1, SDHB, UQCRC2, MTCO2, ATP5A, and
GAPDH). (E) Mitochondria morphology was observed by mito-Tracker staining; (F) Western blot analysis of the relative proteins of mitochondrial fusion division
(MFN1, MFN2, and Drp1); (G) The morphology of mitochondria was observed by transmission electron microscope in control and BCA group. *P < 0.05, **P < 0.01
versus control.
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was examined using Seahorse XF24 extracellular flux analyzer.
The capacity of glycolysis was significantly decreased in BCA
treatment cells (Figures 4A–C). Some studies have shown that
the AKT/mTOR/HIF-1a pathway played a vital role in glycolysis
(14, 28, 29). A previous study has demonstrated that BCA can
inhibit the activity of the PI3K/AKT signaling in U251cells (30).
Our results also showed that the phosphorylation of both AKT
and mTOR as well as the expression of HIF-1a were significantly
decreased in U251 cells with BCA treatment. By testing relative
protein glucose metabolism pathways, we found that BCA
treatment reduced the expression of Glut-1, HK2, and LDHA
(Figure 4D). Together, these results clearly indicated that BCA
might decrease glycolysis inU251 cells by inhibiting the Akt/
mTOR/HIF-1a signaling pathway.

BCA Can Suppress Tumor Growth
in Nude Mice
The xenograft nude mouse model of U251 was established,
which was used to evaluate the anti-tumor effect of BCA
in vivo. We found that the tumor volume and quality of the
BCA group were markedly inhibited by intraperitoneal injection
of BCA (Figures 5A–C). Immunohistochemical (IHC) staining
was performed to detect the expression of Ki67. The expression
of Ki67 was significantly decreased in the BCA treatment group
(Figures 5D, E). Meanwhile, H&E staining (Figure 5D) showed
looser tumor tissue of mice with BCA treatment. Taken together,
our results suggested that BCA inhibited tumor growth in vivo.
Frontiers in Oncology | www.frontiersin.org 7
DISCUSSION

The Bcl-2 protein family contains two subclasses of proteins: one
is: apoptosis-inhibiting proteins (such as Bcl-2, Bcl-Xl, and
Bcl-Xy); the other is apoptosis-promoting proteins (such as
Bax, Bix, and Bad, etc.). This present study demonstrated that
BCA treatment increased the level of Bax and decreased the
expression of Bcl-2, resulting in apoptosis induction. The
activation bcl-2/bax ratio, cytochrome C release, and Cleaved-
Caspase 3 is involved in the mitochondria-mediated intrinsic
pathway in apoptosis (31). Flow cytometry experiments
confirmed that the apoptosis rate of glioma cells increased
markedly after BCA treatment. We further verified that the
BCA inhibited the migration and invasion in U251cells by
wound healing and transwell chamber assays.

The Warburg effect theory believes that even in the case of
sufficient oxygen, tumor cells usually exhibit energy metabolism
based on glycolysis (11). Metabolic changes caused by
mitochondrial dysfunction, hypoxia, and carcinogenic signals
make malignant tumor cells have better proliferation activity and
production capacity in microenvironments such as hypoxia (27). In
addition, the acidic tumor microenvironment associated with lactic
acid accumulation due to increased glycolysis provides a tissue
environment for the selection of cancer cells with high viability and
malignant behavior (32). These changes in tumor biology and
microenvironment pose great challenges for cancer treatment.
The glucose uptake capacity of many tumor tissues is higher than
A

B

D

C

FIGURE 4 | BCA decreases the Glycolytic Capacity of U251 cells. (A) Glycolytic stress test to detect glycolytic activities in BCA (0, 50, 100 uM) group;
(B) Quantification of the glycolytic capacity in A; (C) Quantification of the glycolytic reserve in A; (D) Western blot analysis of relative proteins of Glycolytic
(AKT, p-AKT, mTOR, p-mTOR, HIF-1a, GLUT1, PKM2, HK2, and LDHA). *P < 0.05, **P < 0.01 versus control.
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that of neighboring normal tissues (33). Therefore, regulating tumor
cell glycolysis and inhibiting the mitochondrial respiratory chain
has become an important way to fight tumors. Blocking energy
metabolism pathways may affect cell cycle activity, thus inhibiting
cell proliferation, and promoting its apoptosis (34, 35). In order to
further verify the relationship between energy metabolism and cell
proliferation and apoptosis, the effect of BCA on energy metabolism
of U251 cells was investigated by detecting glycolysis rate and
mitochondrial pressure. The results showed that BCA could
inhibit the glycolysis rate and the potential respiration capacity of
mitochondria in U251 cells.

Previous research had reported that mitochondrial fusion
enhanced oxidative metabolism, ATP production, and down-
regulated ROS. The mitochondrial division increases glucose
uptake and ROS level and weakens oxidative phosphorylation
after exposure to chemotherapy and/or radiation therapy (36, 37).
Besides, with the oxidative damage of cancer cells, an insufficient
energy supply, intracellular calcium overload, and activation of
apoptosis signals often lead to mitochondrial damage (38).
Promotion of mitochondrial fission will be possible as a key
method to prevent cancer progression. Consistent with previous
research, our study found that the application of BCA triggered
division, which also inhibited the survival rate of U251 cells in vitro.

We observed that mitochondrial ATP production and
membrane potential decreased, ROS production increased,
Frontiers in Oncology | www.frontiersin.org 8
triggering mitochondrial apoptosis. Thereby, from a therapeutic
perspective, BCA can active the mitochondrial division and is
critical for anticancer drug development. AKT is a serine/
threonine kinase that phosphorylates (activation or inactivation)
downstream targets and plays an important role in cancer growth
and metabolism (39). Some studies have shown that Akt activity is
associated with the promotion of the Warburg effect. The PI3K/
AKT/mTOR signaling pathway has been shown to be associated
with the upregulation of HIF-1a (40). It can upregulate the
transcription of glucose transporters and almost all glycolytic
enzymes, such as hexokinase 2 (HK2), Pyruvate kinase isozyme
type M2 (PKM2), and lactate deoxygenase (LDH) (41). The
present study shows that BCA treatment obviously inhibits the
expression of p-Akt and p-mTOR in glioma cells by Western blot
detecting. Meanwhile, downstream molecules of the HIF-1a level
of Glut-1, HK2, and LDHA were significantly decreased. These
findings indicated that BCA-induced reduced Akt activity plays a
vital role in inhibiting the levels of some glycolytic enzymes (Glut-
1, HK2, and LDHA) and leads to reduced aerobic glycolysis in
glioma cells.

In conclusion, we have demonstrated in this study the strong
anti-tumor activity of BCA both in vitro and in vivo by increasing
intracellular ROS and mitochondrial division and inhibiting
aerobic glycolysis in glioma cells. In addition, BCA treatment
significantly inhibits the Warburg effect in U251 human glioma
A B

D

E

C

FIGURE 5 | BCA inhibits tumor growth in nude mice. (A) The tumor of control and BCA treatment group. (B) Tumor volumes of the control and BCA treatment
group were measured and calculated every 3 days. (C) The tumor weight was measured in the control and BCA treatment groups. *P < 0.05, **P < 0.01 compared
with control group. (D) H&E stained tumor xenograft tissues in control and BCA treatment and immunohistochemistry was used to detect the expression of Ki-67 in
tumor xenograft tissues. (E). Quantification of Ki-67 positive rate in the different treatment groups. *p < 0.05 vs. control group.
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cells by regulating HIF-1a expression through the inactivation of
the AKT/mTOR pathway (Figure 6). Taken together, these
findings suggest that BCA may provide significant benefit in
the treatment of glioma by metabolic reprogramming.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding authors.
ETHICS STATEMENT

The animal study was reviewed and approved by The Medical
Ethics Committee of The Affiliated Second Hospital of
Lanzhou University.
Frontiers in Oncology | www.frontiersin.org 9
AUTHOR CONTRIBUTIONS

YP, GY, and QD conceived the project. QD, QL, LD, HY, BW,
and KL performed the experiments. QD, QL, XW, YL, and XY
analyzed the data. QL, GY, QL, XW, and LD interpreted the data
and revised the manuscript. YP, GY, QL, and QD wrote the
manuscript. All authors read and approved the final manuscript.
FUNDING

This work was supported by grants from the National Natural
Science Foundation of China (81960541/82060455), the Natural
Science Foundation of Gansu Province (18JR3RA309/
18JR3RA365/20JR10RA741/20JR10RA766), the Science and
Technology Research Project of Gansu Province (145RTSA012
and 17JR5RA307), the Project of Healty and Famliy Planing
Commission of Gansu (GSWSKY-2014-31/GSWSKY-2015-58/
FIGURE 6 | Schematic of the proposed mechanism of BCA inhibits glioblastoma proliferation by inducing metabolic reprogramming.
July 2021 | Volume 11 | Article 652008

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Dong et al. Biochanin A Inhibits Glioblastoma Growth
GSWSKY2018-01), the Lanzhou Science and Technology Bureau
Project (2018-1-109), the Cuiying Science and Technology fund
(CY2017-MS12/CY2017-MS15/CY2017-BJ15/CYXZ-01),
Frontiers in Oncology | www.frontiersin.org 10
Cuiying Graduate Supervisor Applicant Training Program
(201803) and Special fund project for doctoral training
(YJS-BD-13) of Lanzhou University Second Hospital.
REFERENCES

1. Dong Q, Yuan GQ, Liu M, Xie QQ, Hu JH, Wang ML, et al. Downregulation
of microRNA-374a Predicts Poor Prognosis in Human Glioma. Exp Ther Med
(2019) 17(3):2077–84. doi: 10.3892/etm.2019.7190

2. Ortega A, Sarmiento JM, Ly D, Nuño M, Mukherjee D, Black KL, et al.
Multiple Resections and Survival of Recurrent Glioblastoma Patients in the
Temozolomide Era. J Clin Neurosci (2016) 24:105–11. doi: 10.1016/
j.jocn.2015.05.047

3. Juewon K, Shin HL, Miook C, Cho M, Lee JY, Choi DH, et al. Small Molecule
From Natural Phytochemical Mimics Dietary Restriction by Modulating
FoxO3a and Metabolic Reprogramming. Adv Biosyst (2020) 4(7):1900248.
doi: 10.1002/adbi.201900248

4. Chelora J, Zhang J, Wan Y, Cui X, Lee CS. Plant Derived Single-Molecule
Based Nanotheranostic for Photo-Enhanced Chemotherapy and Ferroptotic-
Like Cancer Cell Death. ACS Appl Bio Mater (2019) 2(6):2643–9. doi:
10.1021/acsabm.9b00311

5. Ackermann A, Karagöz A, Ghoochani A, Buchfelder M, Savaskan AN.
Cytotoxic Profiling of Artesunic and Betulinic Acids and Their Synthetic
Hybrid Compound on Neurons and Gliomas. Oncotarget (2017) 8
(37):61457–74. doi: 10.18632/oncotarget.18390

6. Kai KG, Caro E, Carrillo-Barral N, Iglesias-Fernández R. Reactive Oxygen
Species (ROS) and Nucleic Acid Modifications During Seed Dormancy.
Plants (2020) 9(6):679. doi: 10.3390/plants9060679

7. Cierluk K, Szlasa W, Rossowska J, Tarek M, Kulbacka J. Cepharanthine
Induces ROS Stress in Glioma and Neuronal Cells via Modulation of VDAC
Permeability. Saudi Pharm J (2020) 28(11):1364–73. doi: 10.1016/
j.jsps.2020.08.026

8. Badrinath N, Yoo SY. Mitochondria in Cancer: In the Aspects of
Tumorigenesis and Targeted Therapy. Carcinogenesis (2018) 39(12):1419–
30. doi: 10.1093/carcin/bgy148

9. Duan C, Kuang L, Xiang X, Zhang J, Li T. Drp1 Regulates Mitochondrial
Dysfunction and Dysregulated Metabolism in Ischemic Injury Via Clec16a-,
BAX-, and GSH-Pathways. Cell Death Dis (2020) 11(4):251. doi: 10.1038/
s41419-020-2461-9

10. Jose C, Bellance N, Rossignol R. Choosing Between Glycolysis and Oxidative
Phosphorylation: A Tumor’s Dilemma? Biochim Biophys Acta (2011) 1807
(6):552–61. doi: 10.1016/j.bbabio.2010.10.012

11. Bensinger SJ, Christofk HR. New Aspects of the Warburg Effect in Cancer Cell
Biology. Semin Cell Dev Biol (2012) 23(4):352–61. doi: 10.1016/
j.semcdb.2012.02.003

12. Cheng G, Zhang Q, Pan J, Lee Y, You M. Targeting Lonidamine to
Mitochondria Mitigates Lung Tumorigenesis and Brain Metastasis. Nat
Commun (2019) 10(1):2205. doi: 10.1038/s41467-019-10042-1

13. Chatzidoukaki O, Goulielmaki E, Schumacher B, Garinis GA. DNA Damage
Response and Metabolic Reprogramming in Health and Disease. Trends Genet
(2020) 36(10):777–91. doi: 10.1016/j.tig.2020.06.018

14. SReide K, Sund M. Epidemiological-Molecular Evidence of Metabolic
Reprogramming on Proliferation, Autophagy and Cell Signaling in
Pancreas Cancer. Cancer Lett (2015) 356(2):281–8. doi: 10.1016/j.canlet.
2014.03.028

15. Berry CT, Liu X, Myles A, Nandi S, Freedman BD. BCR-Induced Ca2+
Signals Dynamically Tune Survival, Metabolic Reprogramming, and
Proliferation of Naive B Cells. Cell Rep (2020) 31(2):107474. doi: 10.1016/
j.celrep.2020.03.038

16. Arjunan S, Thangaiyan R, Balaraman D. Biological Activity of Biochanin A:
A Review. Asian J Pharm Pharmacol (2018) 4(1):1–5. doi: 10.31024/ajpp.
2018.4.1.1

17. Breikaa RM, Algandaby MM, El-Demerdash E, Abdel-Naim AB.
Multimechanistic Antifibrotic Effect of Biochanin a in Rats: Implications of
Proinflammatory and Profibrogenic Mediators. PloS One (2013) 8(7):e69276.
doi: 10.1371/journal.pone.0069276
18. Pohjala L, Uvell H, Hakala E, Gylfe A, Vuorela P. The Isoflavone Biochanin a
Inhibits the Growth of the Intracellular Bacteria Chiamydia Trachomatis and
Chlamydia Pneumoniae. Planta Med (2012) 78(11):1102. doi: 10.1055/s-
0032-1320490

19. Danciu C, Avram S, Pavel I, Ghiulai R, Dehelean C, Ersilia A, et al. Main
Isoflavones Found in Dietary Sources as Natural Anti-Inflammatory Agents.
Curr Drug Targets (2017) 19(7):841–53. doi: 10.2174/138945011866
6171109150731

20. Wang-Yang W, Yang-Yang W, Huan H, Can H, Wei-Zu L, Hui-Li W, et al.
Biochanin A Attenuates LPS-Induced Pro-Inflammatory Responses and
Inhibits the Activation of the MAPK Pathway in BV2 Microglial Cells. Int J
Mol Med (2015) 35(2):391–8. doi: 10.3892/ijmm.2014.2020

21. IA C, KR K, JS Y, SJ Y, GJ L, YS S, et al. Biochanin-A Antagonizes the
Interleukin-1b-Induced Catabolic Inflammation Through the Modulation of
Nfkb Cellular Signaling in Primary Rat Chondrocytes. Biochem Biophys Res
Commun (2016) 477(4):723–30. doi: 10.1016/j.bbrc.2016.06.126

22. John M. Natural Products in Cancer Chemotherapy: Past, Present and Future.
Nat Rev Cancer (2002) 2(2):143–8. doi: 10.1038/nrc723

23. Wang P, Zhu L, Sun D, Gan F, Gao S, Yin Y, et al. Natural Products as
Modulator of Autophagy With Potential Clinical Prospects. Apoptosis (2016)
22(3):1–32. doi: 10.1007/s10495-016-1335-1

24. Youssef MM, Mai FT, Badawy NN, Liu AW, Elahwany E, Khalifa AE, et al.
Novel Combination of Sorafenib and Biochanin-A Synergistically Enhances
the Anti-Proliferative and Pro-Apoptotic Effects on Hepatocellular
Carcinoma Cells. Sci Rep (2016) 6(1):30717. doi: 10.1038/srep30717

25. Hsu YN, Shyu HW, Hu TW, Yeh JP, Lin YW, Lee LY, et al. Anti-Proliferative
Activity of Biochanin A in Human Osteosarcoma Cells Via mitochondrial-
involved apoptosis. Food Chem Toxicol (2018) 112:194–204. doi: 10.1016/
j.fct.2017.12.062

26. Y L, M G. Biochanin A Regulates the Growth and Migration of NSCLC
Through Suppressing the VEGF/VEGFR2 Signaling Pathway. Oncol Res
(2018) 23:1–22. doi: 10.3727/096504018X15321979274728

27. Simona I, Srikanth S, Catherine C, Guo L, Faraaz S, Jurczak MJ, et al.
Nocturnal Hypoxia Improves Glucose Disposal, Decreases Mitochondrial
Efficiency, and Increases Reactive Oxygen Species in the Muscle and Liver
of C57BL/6J Mice Independent of Weight Change. Oxid Med Cell Longevity
(2018) 2018:1–12. doi: 10.1155/2018/9649608

28. Yao JW, Man S, Dong H, Yang L, Ma L, Gao WY, et al. Combinatorial
treatment of Rhizoma Paridis Saponins and Sorafenib Overcomes the
Intolerance of Sorafenib. J Steroid Biochem Mol Biol (2018) 183:159–66. doi:
10.1016/j.jsbmb.2018.06.010

29. Weng ML, Chen WK, Chen XY, Lu H, Sun ZR, Yu Q, et al. Fasting Inhibits
Aerobic Glycolysis and Proliferation in Colorectal Cancer Via the Fdft1-
Mediated AKT/mTOR/HIF1a Pathway Suppression. Nat Commun (2020) 11
(1):1869. doi: 10.1038/s41467-020-15795-8

30. Jain A, Lai JCK, Bhushan A. Biochanin A inhibits endothelial cell functions
and proangiogenic pathways: implications in glioma therapy. Anti Cancer
Drugs (2015) 26(3):323–30. doi: 10.1097/CAD.0000000000000189

31. Kong F, Wang H, Guo J, Peng M, Ji H, Yang H, et al. Hsp70 Suppresses
Apoptosis of BRL Cells by Regulating the Expression of Bcl-2, Cytochrome C,
and Caspase 8/3. Vitro Cell Dev Biol Anim (2016) 52(5):568–75. doi: 10.1007/
s11626-016-0005-5

32. Bo J. Aerobic Glycolysis and High Level of Lactate in Cancer Metabolism and
Microenvironment. Genes Dis (2020) 80(11):2087–93. doi: 10.1158/0008-
5472.CAN-19-0928

33. Yamamoto K, Brender JR, Seki T, Kishimoto S, Oshima N, Choudhuri R, et al.
Molecular Imaging of the Tumor Microenvironment Reveals the Relationship
Between Tumor Oxygenation, Glucose Uptake, and Glycolysis in Pancreatic
Ductal Adenocarcinoma. Cancer Res (2020) 80(11):canres.0928.2019.

34. Liu J, Peng Y, Shi L, Wan L, Inuzuka H, Long J, et al. Skp2 Dictates Cell Cycle-
Dependent Metabolic Oscillation Between Glycolysis and TCA Cycle. Cell Res
(2021) 31(1):80–93. doi: 10.1038/s41422-020-0372-z
July 2021 | Volume 11 | Article 652008

https://doi.org/10.3892/etm.2019.7190
https://doi.org/10.1016/j.jocn.2015.05.047
https://doi.org/10.1016/j.jocn.2015.05.047
https://doi.org/10.1002/adbi.201900248
https://doi.org/10.1021/acsabm.9b00311
https://doi.org/10.18632/oncotarget.18390
https://doi.org/10.3390/plants9060679
https://doi.org/10.1016/j.jsps.2020.08.026
https://doi.org/10.1016/j.jsps.2020.08.026
https://doi.org/10.1093/carcin/bgy148
https://doi.org/10.1038/s41419-020-2461-9
https://doi.org/10.1038/s41419-020-2461-9
https://doi.org/10.1016/j.bbabio.2010.10.012
https://doi.org/10.1016/j.semcdb.2012.02.003
https://doi.org/10.1016/j.semcdb.2012.02.003
https://doi.org/10.1038/s41467-019-10042-1
https://doi.org/10.1016/j.tig.2020.06.018
https://doi.org/10.1016/j.canlet.2014.03.028
https://doi.org/10.1016/j.canlet.2014.03.028
https://doi.org/10.1016/j.celrep.2020.03.038
https://doi.org/10.1016/j.celrep.2020.03.038
https://doi.org/10.31024/ajpp.2018.4.1.1
https://doi.org/10.31024/ajpp.2018.4.1.1
https://doi.org/10.1371/journal.pone.0069276
https://doi.org/10.1055/s-0032-1320490
https://doi.org/10.1055/s-0032-1320490
https://doi.org/10.2174/1389450118666171109150731
https://doi.org/10.2174/1389450118666171109150731
https://doi.org/10.3892/ijmm.2014.2020
https://doi.org/10.1016/j.bbrc.2016.06.126
https://doi.org/10.1038/nrc723
https://doi.org/10.1007/s10495-016-1335-1
https://doi.org/10.1038/srep30717
https://doi.org/10.1016/j.fct.2017.12.062
https://doi.org/10.1016/j.fct.2017.12.062
https://doi.org/10.3727/096504018X15321979274728
https://doi.org/10.1155/2018/9649608
https://doi.org/10.1016/j.jsbmb.2018.06.010
https://doi.org/10.1038/s41467-020-15795-8
https://doi.org/10.1097/CAD.0000000000000189
https://doi.org/10.1007/s11626-016-0005-5
https://doi.org/10.1007/s11626-016-0005-5
https://doi.org/10.1158/0008-5472.CAN-19-0928
https://doi.org/10.1158/0008-5472.CAN-19-0928
https://doi.org/10.1038/s41422-020-0372-z
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Dong et al. Biochanin A Inhibits Glioblastoma Growth
35. Wu Y, Gao WN, Xue YN, Zhang LC, Sun LK. SIRT3 Aggravates Metformin-
Induced Energy Stress and Apoptosis in Ovarian Cancer Cells. Exp Cell Res
(2018) 367(2):137–49. doi: 10.1016/j.yexcr.2018.03.030

36. Jiang H, Li J, Chen A, Li Y, Xia M, Guo P, et al. Fucosterol Exhibits Selective
Antitumor Anticancer Activity Against HeLa Human Cervical Cell Line by
Inducing Mitochondrial Mediated Apoptosis, Cell Cycle Migration Inhibition
and Downregulation of M-TOR/PI3K/Akt Signalling Pathway. Oncol Lett
(2018) 5(3):3458–63. doi: 10.3892/ol.2018.7769

37. Sun JY, Hou YJ, Fu XY, Fu XT, Ma JK, Yang MF, et al. Selenium-Containing
Protein From Selenium-Enriched Spirulina Platensis Attenuates Cisplatin-
Induced Apoptosis in MC3T3-E1 Mouse Preosteoblast by Inhibiting
Mitochondrial Dysfunction and ROS-Mediated Oxidative Damage. Front
Physiol (2018) 9):1907. doi: 10.3389/fphys.2018.01907

38. Lorenzo M, Marta C, Feliciano P, Stienen GJM, Carlo R, Laszlo C. A 3D
Diffusional-Compartmental Model of the Calcium Dynamics in Cytosol,
Sarcoplasmic Reticulum and Mitochondria of Murine Skeletal Muscle
Fibers. PloS One (2018) 13(7):e0201050. doi: 10.1371/journal.pone.0201050

39. Cheng J, Huang Y, Zhang X, Yu Y, Wu H. TRIM21 and PHLDA3 Negatively
Regulate the Crosstalk Between the PI3K/AKT Pathway and PPP Metabolism.
Nat Commun (2020) 11(1):1880. doi: 10.1038/s41467-020-15819-3
Frontiers in Oncology | www.frontiersin.org 11
40. Wu J, Chai H, Xu X, Yu J, Gu Y. Histone Methyltransferase SETD1A Interacts
With HIF1a to Enhance Glycolysis and Promote Cancer Progression in
Gastric Cancer. Mol Oncol (2020) 14(6):1397–409. doi: 10.1002/1878-
0261.12689

41. Zhou L, Wang Y, Ying M, Zhang Y, Wang PF, Li XX, et al. HOXA9 Inhibits
HIF-1a-Mediated Glycolysis Through Interacting With CRIP2 to Repress
Cutaneous Squamous Cell Carcinoma Development. Nat Commun (2018)
9(1):1480. doi: 10.1038/s41467-018-03914-5

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Dong, Li, Duan, Yin, Wang, Liu, Wang, Li, Yao, Yuan and Pan.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
July 2021 | Volume 11 | Article 652008

https://doi.org/10.1016/j.yexcr.2018.03.030
https://doi.org/10.3892/ol.2018.7769
https://doi.org/10.3389/fphys.2018.01907
https://doi.org/10.1371/journal.pone.0201050
https://doi.org/10.1038/s41467-020-15819-3
https://doi.org/10.1002/1878-0261.12689
https://doi.org/10.1002/1878-0261.12689
https://doi.org/10.1038/s41467-018-03914-5
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Biochanin A Inhibits Glioblastoma Growth via Restricting Glycolysis and Mitochondrial Oxidative Phosphorylation
	Introduction
	Materials and Methods
	Reagents
	Cell Culture
	Cell Proliferation
	Apoptosis Analysis
	Wound Healing Assay
	Transwell Assay
	Western Blot
	Measurement of Oxygen Consumption Rate (OCR) and Extracellular Acidification Rate (ECAR)
	ROS Measurements
	Mitochondrial Morphology
	Transmission Electron Microscopy
	Animals Experiments
	Histology and Immunohistochemistry Analysis
	Statistical Analysis

	Results
	BCA Inhibited GBM Cells Growth, Migration, and Invasion
	BCA Increased ROS Generation and Decreased Mitochondrial Membrane Potential
	Mitochondrial Apoptosis Is Activated by BCA in Human U251
	BCA Increased Mitochondrial Fission and Decreased Mitochondrial Oxidative Phosphorylation
	BCA Decreased the Glycolytic Capacity of U251 Cells
	BCA Can Suppress Tumor Growth in Nude Mice

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


