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Background: Colorectal cancer (CRC), a type of highly occurred intestinal cancer at
present, is prone to metastasis at the later stage of chemotherapy. Looking for the anti-
metastatic agents from natural compounds attracted much concern. Here, it aims to demon-
strate whether oxymatrine, an anti-cancer natural compound, has anti-metastatic activity and
its potential significance in clinic.

Materials and Methods: Wound healing assay and transwell assay were for evaluating the
effect of oxymatrine on cell migration and invasion in vitro. Anti-metastatic action in vivo
was determined by hepatic metastasis of colorectal cancer cells in mice.

Results: Oxymatrine can significantly inhibit cancer cell migration and invasion in vitro.
The production of ATP, pyruvate, and lactate was suppressed in CRC cells under the
treatment of oxymatrine, as well as the glucose consumption. Meantime, extracellular
acidification rates (ECR) were evidently attenuated although the oxygen consumption rates
(OCR) were not affected. Both clued that oxymatrine inhibition of metastasis is possibly
related to blocking aerobic glycolysis. Subsequent results indicated that pyruvate kinase M2
(PKM2) not hexokinase (HK) and phosphofructokinase (PFK) were involved in oxymatrine
blocking glycolysis as the PKM2 kinase activity and expression were inhibited by oxyma-
trine and the PKM2 activator, TEPP-46, can reverse in part the effect of oxymatrine induced
in CRC cells. Furthermore, this process was also mediated by inhibition of glucose trans-
porter 1 (GLUT1). Finally, the in vivo metastatic model in mice showed both 20 mg/kg and
40 mg/kg oxymatrine significantly inhibit liver metastasis of CRC cells in mice, and PKM2
and GLUT1 expression in liver of the oxymatrine-treated group is declined.

Conclusion: Oxymatrine exerted anti-metastatic activity dependent on inhibition of PKM2-
mediated aerobic glycolysis. It is not only an anti-cancer agent but also a potential anti-
metastatic compound with clinical application significance.
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Introduction

Nowadays, colorectal cancer (CRC) is a common cancer, with high incidence and
mortality all over the world. In 2018, the number of patients diagnosed with
colorectal cancer exceeded 2 million, and about 900,000 died. Global statistics
indicate that the colorectal cancer patients are distributed widely in the world,
especially in Europe, north America, Australia, and Japan.! At present, following
deep research on CRC and the invention of new drugs, a majority of CRC patients
are receiving good treatment.” However, CRC patients still have a high rate of
metastasis. Although 5-year overall survival has tremendously increased in the past
two decades, lots of colorectal cancer patients have died due to uncontrolled
metastasis.”*
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Liver is the most common organ where colorectal
cancer cells spread to. Approximately 20% of CRC
patients have been probed with CRC cells in the liver at
the first time of diagnosis,” and another about 20% of
cured CRC patients developed liver metastasis within 5
years from the first diagnosis.’ Thus, it is important to
exactly evaluate the situation of CRC patients with metas-
tasis. Generally, a multidisciplinary evaluation was made
to choose the appropriate therapy dependent on the meta-
static organ, the number of metastatic foci, and the poten-
tial for surgical resection.” Nowadays, the rational therapy
for colorectal liver metastases includes surgical resection,
adjuvant chemotherapy, and neoadjuvant chemotherapy.®
Obviously, chemotherapy till now has been the major way
to protect against metastasis in clinic. The chemotherapeu-
tic drugs include 5-fu usually used before 1990s, oxalipla-
tin, capecitabine, and irinotecan after 1990s. At present,
monoclonal antibodies such as bevacizumab have gradu-
ally become the favorite agents for colorectal cancer.’
However, most chemotherapeutic drugs could induce
severe toxicity. So looking for highly effective but lowly
toxic compounds from natural plants is always a research
hotspot.

The root of Sophora flavescens Ait., named “kushen”
in Chinese, was used to treat fever and infectious
This
Chinese medicine contains a lot of compounds mainly

inflammation for a long time.'’ traditional
including alkaloids and flavonoids. Among alkaloids,
matrine and oxymatrine, two tetracyclic quinazine com-
pounds were demonstrated with a similar effect such as
anti-inflammation, anti-virus, sedation and analgesia,
cardiotonic effect, and hypotension.'' Recent decades,
the anti-cancer activity of matrine and its derivatives,
were gradually concerned.'” Oxymatrine as an analog of
matrine also has been highly noted and its anti-cancer
activity were focused on the liver, cervix, stomach car-
cinoma, and leukemia. The molecular mechanism
research indicates that oxymatrine can inhibit cancer
proliferation,'® induce cancer cell apoptosis,'® and dif-
ferentiation, and downregulate the expression of epider-
mal growth factor receptor (EGFR).'> In the meantime,
the study of oxymatrine affecting cancer metastasis is
becoming a hotspot of searching anti-metastatic agents.

Metastasis can be induced by all kinds of factors which
are hard to be completely elucidated till now. Among
them, energy metabolism, specially the glucose metabo-
lism, acts in a critical role in cancer metastasis. ' GLUTs,

the proteins crossing the cell membrane, are responsible

for importing the glucose from the extracellular circum-
stance to maintain cancer cell metastatic behavior. PK
controls the transition from glucose to lactate in the pro-
cess of glycolysis. Thus, both GLUTs and PK are indis-
pensable during the whole aerobic glycolysis.'” Here, we
found that oxymatrine exerts significant inhibition on col-
orectal cancer cells metastasis, and this process is depen-
dent on PKM2/GLUTI1-mediated aerobic glycolysis. It
suggests oxymatrine possibly has the significance of anti-

metastasis in clinic.

Materials and Methods

Chemicals and Bioreagents

Oxymatrine (purity 95%) was purchased from Chengdu
Must Bio-Technology Co., Ltd (Chengdu, China). The
medium including RPMI 1640, Modified Eagle Medium
(DMEM), and fetal bovine serum (FBS), trypsin-EDTA
were from Gibco (Grand Island, NY, USA). PKM2,
GLUTI1, primary antibodies were purchased from
Abcam. Antibodies against LDHA, HK, and PFK were
purchased from CST (Cell Signaling Technology), f-
actin from ABclonal.

Cell Culture and Proliferation Assay
Human colorectal cancer cells (HT-29 and HCT-116) were
purchased from Cell bank of Chinese Academy of
Sciences (Shanghai, China). Both cells were qualified for
test of mycoplasma contamination. A density of 10* cells/
well were seeded into a 96-well plate for overnight incu-
bation. Then the solution with oxymatrine was added into
the wells (oxymatrine final concentration=0-40 uM) for
48-hour treatment. Finally, 20 pL. MTS reagent was piped
into each well for chromogenic reaction. And the optical
density was measured at 570 nm by a microplate reader
(Biotek Corporation).

Wound Healing Assay

HT29 and HCT-116 cells (1.5x10° cells per well), seeded
into 6-well plates and grown into full confluent monolayer
cultures, were scraped. Then the basal medium was
replaced with different concentrations of oxymatrine or
DMSO for 24 hours. The ZEISS microscope was used to
photograph the cell migration images at 0, 24, and 48
hours following scraping at three to four different loca-
tions. The image J was used to measure and analyze the

wound closure.
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Transwell Migration and Invasion Assay

A Transwell system (Corning, NY, USA) was used for
evaluating cell migration and invasion. A transwell
chamber precoated with or without 1-2 mg/mL
Matrigel was used to determine cell invasion and migra-
tion, respectively. HT29 and HCT-116 (4x10° cells per
transwell) cells were seeded into the upper chamber with
serum-free medium. Then the cells were incubated with
oxymatrine (1, 5, 10 uM), and 800 uL of medium with
30% FBS was added to the lower chamber. After 24-
hour incubation at 37°C with 5% CO,, the medium in
the upper chamber was removed and the non-migrating
or non-invading cells were scraped by a cotton swab.
After being fixed in 4% paraformaldehyde, the remaining
cells were stained with 1% crystal violet solution for
analysis. The cell photographs were taken by a Zeiss
microscope, and the number of invaded and migrated

cells were counted at 200x magnification.

Oxygen Consumption Rates and

Extracellular Acidification Rates Assay
The Seahorse XF Glycolysis Stress Test Kit (Seahorse
Biosciences, USA) and the Seahorse XF°24 Extracellular
Flux Analyzer (Seahorse Biosciences, USA) were used to
measure the glycolytic function in cells according to the
manufacturer’s instructions. Seahorse XF Cell Mito Stress
Test Kit (Seahorse Biosciences, USA) was used for deter-
mining the cellular mitochondrial capacity in accordance
with the instructions. 1x10* cells were seeded into the 24-
well plate for incubation overnight. Then the cells were
treated with various oxymatrine for 24 hours before the
test operation. After the cells were washed with Seahorse
assay medium, automatic injection of 10 uM oligomycin,
2.5 uM FCCP, and 5 puM rotenone/antimycin A was to
measure the oxygen consumption rates (OCR). And 100
mM glucose, 10 uM oligomycin, and 500 mM 2-deoxy-
glucose (2-DG) were for determining the extracellular
acidification rates (ECAR). Finally, the OCR and ECAR
values were calculated by normalization to the cell number
and the curve of OCR and ECAR plotted by the mean
+standard deviation (SD).

Hepatic Metastasis Model of Colorectal
Cancer Cells in Mice

The nude mice were anesthetized with 3% isoflurane and
fixed on a mousepad. An incision was cut in the abdomen
near the spleen and the spleen was exteriorized. Then

2x10° HT29 cells were injected into one side of the
spleen. Ten minutes later, the injected side of the spleen
was incised and the residual spleen was returned to the
abdominal cavity followed with suture of the abdominal
incision. The same operation but without injection of
cancer cells was executed in the sham group. Seven days
later, the mice with the injection of cancer cells were
randomly divided into three groups, and two of them
were administrated orally with oxymatrine (10 mg/kg
and 20 mg/kg) but one, as the control group, with saline
solution. After the 3-week administration, the mice were
treated for metastatic analysis, HE staining, and immuno-
histochemistry analysis. The animal experiments were
approved by the Ethics Committee of Nanjing University
of Chinese Medicine, and the procedure strictly complies
with the guidelines of the Administration of Affairs
Concerning Experimental Animals approved by the State
Council of People’s Republic of China.

Western Blot Analysis

Colorectal cancer cells were lysed in corresponding buffer
with 1 mM phenylmethanesulfonyl fluoride (PMSF) and
protein concentration was measured by bicinchoninic acid
assay. Then cell lysates with 40 pug of protein were in turn
loaded in SDS-PAGE (10%) for separation and transferred
to polyvinylidene fluoride (PVDF) membranes. And the
membrane containing the target protein was incubated
with 5% non-fat milk solution for blocking nonspecific
binding, with primary antibodies overnight at 4°C cold
room for first immunoreaction, with appropriate secondary
antibodies conjugated with horseradish peroxidase
for second immunoreaction. Immunoreactive bands were
visualized by enhanced chemiluminescence reagent for
chromogenic reaction and photographed by Biorad gel

imager.

Immunofluorescent Assay

Colorectal cancer cells were seeded on glass coverslips
which were laid in a 6-well plate. After 24-hour treatment
with oxymatrine, the cells were respectively fixed in 4%
paraformaldehyde, permeabilized with 0.2% TritonX-100,
and blocked in 1% BSA. Then the cells were in turn
incubated with corresponding primary antibodies and sec-
ondary antibody obtained from Abcam and Hoechst
nuclear dye. Finally, the photograph was taken and ana-
lyzed by fluorescent microscopy.
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Immunohistochemistry Staining

The formalin-fixed, paraffin-embedded lung and liver tis-
sues were cut into 5 um sections for immunohistochemis-
try staining. Then the antigen was retrieved by citrate
buffer (0.01 mL, pH 6.0), the sections were washed three
times with PBS and incubated in endogenous peroxidase
blockers for 10 minutes. The sections were then incubated
overnight with antibodies at 4°C. After incubating with
reaction enhancer before horseradish peroxidase-labeled
anti-rabbit/mouse IgG antibody for 20 minutes at room
temperature, the slides were prepared with DAB and ana-
lyzed by Olympus BX43 (x200).

Statistical Analysis

The results were determined using Student’s -test and
ANOVA test by GraphPad Prism software. P<0.05 was
considered statistically significant.

Results
Oxymatrine Inhibits Colorectal Cancer

Cells Metastatic Property in vitro

To understand the effect of oxymatrine on cancer metas-
tasis, the concentrations of having no inhibition on cancer
cells were screened firstly. The results indicated oxyma-
trine less than 10 puM rarely inhibits cell proliferation
(Figure S1). Therefore, the concentrations of no less than
10 uM were chosen for the subsequent in vitro
experiments.

Based on the data of wound healing assay, oxymatrine
significantly inhibits the horizontal migration of HT29
under treatment of all concentrations (Figure 1A and B).
The transwell assay without Matrigel showed oxymatrine
can block the cell vertical migration after 24 hours of
treatment (Figure 1C and D). Furthermore, the data from
the transwell assay with Matrigel clued that the number of
HT29 cells successfully penetrating the basement mem-
brane-coated chambers in the control group is obviously
more than in the oxymatrine-treated group (Figure 1E and
F), demonstrating oxymatrine exerts an inhibitory effect in
cell invasion. And similar results were repeated in human
colorectal cancer HCT-116 cells (Figure S2).

Oxymatrine Blocks the Process of Aerobic
Glycolysis in Colorectal Cancer Cells

Aerobic glycolysis is a characterized energy metabolism
for cancer cells. And it has been tightly related to metas-
tasis. Here, we tried to know whether oxymatrine

inhibition of metastasis is associated with aerobic glyco-
lysis. The data in Figure 2 show that ATP production of
HT29 cells was concentration-dependently inhibited by
oxymatrine (Figure 2A); the consumption of glucose and
the production of pyruvate were decreased, as well as the
production of lactate (Figure 2D—F). To further discover
how oxymatrine affects glucose metabolism, the OCR and
ECAR were determined using the XF°24 Extracellular
Flux analyzer. It was found that oxymatrine can signifi-
cantly inhibit ECAR in HT29 cells (Figure 2C), while the
OCR has not been affected. This means that the energy
metabolic form of HT29 cells was changed under the
treatment of oxymatrine, but the transition to oxidative
form was not observed. Furthermore, the same determina-
tion was duplicated in HCT-116 cells and similar data are
shown in Figure S3. Totally, these results indicate that
oxymatrine inhibits the glycolysis of colorectal cancer
cells.

Oxymatrine Limits Rate-Limiting Enzyme

PKM2

Three key rate-limiting enzymes HK, PFK, and PK are
involved in controlling the glucose metabolism. To
further understand the mechanism of oxymatrine inhibi-
tion of aerobic glycolysis, the kinase activity was mea-
sured. As shown in Figure 3, PK activity was obviously
suppressed when the oxymatrine concentration is no less
than 5 uM (Figure 3A), whereas the activity of HK and
PFK keeps stable, suggesting that PK was the target of
oxymatrine inhibition of glycolysis (Figure 3B and C).
Additionally, the Western blot assay confirmed the same
results as the kinase activity. The expression of PKM2, an
isoform of PK, was declined, while HK and PFK
expressed unchanged (Figure 3D and E). Furthermore,
PKM2 mRNA expression was also decreased (Figure
3F). According to the above results, PKM2 is an impor-
inhibition of

tant molecule mediating oxymatrine

metastasis.

Oxymatrine Inhibits Expression of
GLUTI

Many other factors participated in the process of glycoly-
sis. Glucose transporter 1 (GLUT1) and lactate dehydro-
genase A (LDHA) were two proteins among them.
GLUT]1 responsible for importing the glucose from the
extracellular side plays an initial role in glycolysis, while
LDHA for transforming pyruvate to lactate acts as a last
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Figure I Oxymatrine inhibits migration and invasion of colorectal cancer cells in vitro. HT29 cells were seeded in six-well plates and treated with oxymatrine for 24
hours. (A) Representative images (40%) of oxymatrine-treated groups by wound healing assay. (B) The quantitative analysis of images of wound healing assay. (C and D)
Representative images (200%) of oxymatrine-treated groups by transwell migration assay. The number of migrated cells was quantified. (E and F) Representative images
(200x) of oxymatrine-treated groups by transwell invasion assay. The quantitative data is presented as mean+SD. Statistical difference was made by the one-way ANOVA,

*P<0.05, **P<0.01 (versus Control).

step to produce energy. As indicated in Figure 4, GLUT1
expression was inhibited in a concentration-dependent
manner, but LDHA expression fluctuated slightly under
the treatment of oxymatrine. And the further immunofluor-
escent data also justified GLUT1 was downregulated by
10 uM oxymatrine. Thus, GLUT1 mediates oxymatrine-
induced aerobic glycolysis blocked.

PKM2 Activator Reverses Oxymatrine
Inhibition of Glycolysis

In order to further demonstrate the importance of PKM2 in
oxymatrine inhibition of glycolysis-mediated metastasis,

TEPP-46, a highly effective and selective PKM2 activator
was chosen to conversely support it. As shown in Figure 5,
oxymatrine inhibition of cancer cell migration at 10 uM
was reversed when oxymatrine and TEPP-46 were
together added for treatment of cells (Figure S5A).
Similarly, the transwell assay indicated the same result as
the wound healing assay (Figure 5B). In addition, the
glycolytic intermediates downregulated by oxymatrine
had a significant increase after TEPP-46 addition. Seen
from Figure 5, the pyruvate production and the glucose
consumption of HT29 cells were recovered significantly
by TEPP-46 (Figure 5C and D), while lactate production
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Figure 2 Oxymatrine inhibits aerobic glycolysis of colorectal cancer cells. HT29 cells were seeded in 24-well plates and treated with oxymatrine for 24 hours. Then the
production of ATP (A), pyruvate (E), lactate (F), and the consumption of glucose (D) were measured by the corresponding determination kits. OCR (B) and ECAR (C)
were determined in HT29 cells treated with oxymatrine. Quantitative data is presented as meanSD, statistical difference was made by the one-way ANOVA, vs control,

**P<0.01.

also kept a low level (Figure 5E). Totally, oxymatrine
inhibition of cancer metastasis via depressing PKM2
could be neutralized by PKM2 activator, further suggest-
ing that PKM2 is a necessary factor mediating oxyma-
trine’s effect on metastasis.

Oxymatrine Inhibits Hepatic Metastasis of

Colorectal Cancer Cells in vivo

According to Figure 6, the liver of control mice exists
visible metastatic nodules, and the number of metastatic
nodules in the oxymatrine-treated groups is significantly
less than that in the control group (Figure 6A). HE staining
indicated that the area of metastasis in liver tissue of
untreated mice was obviously larger and formed
a consecutive region, while in the treated group the meta-
static area was limited in a small and dispersed region
(Figure 6B). Based on the above results, it is concluded
that oxymatrine can inhibit hepatic metastasis of colorectal
cancer cells in vivo. Furthermore, the expression of PKM2
and GLUT!1 was determined by immunohistochemistry.
As indicated in Figure 6, compared with the control, the

expression of PKM2 in the oxymatrine group was

suppressed, as well as the expression of GLUT1 (Figure
6C). This in vivo result is consistent with the in vitro data,
supporting the conclusion that oxymatrine inhibits the
metastasis via impeding the GLUT1-mediated PKM?2 sig-
naling pathway.

Discussion

Oxymatrine has been proved with inhibitory effect on
a series of cancer cells. Oxymatrine can induce pancreatic
cancer cells apoptosis through affecting the ratio of Bax/

8 and

Bcl2 and release of mitochondrial cytochrome c,
cause the human bladder cancer cell apoptosis and cell
cycle arrest.'"” Oxymatrine inhibits cell proliferation via
attenuation of the RAS/ERK pathway,”® abolishing the
PI3K expression,”'*? suppression of EGFR signaling,'
and deactivating STAT5.%® Furthermore, oxymatrine com-
bined with chemotherapeutic agents could enhance their
anti-cancer effect. Oxymatrine synergistically enhances the
antitumor effects of cisplatin in human gastric cancer
cells,** non-small cell lung cancer,” and anti-cancer effects
of bevacizumab against triple-negative breast cancer via
impeding expression of Wnt/B-Catenin.?® For an aspect of

resistance, oxymatrine can inhibit epithelial-mesenchymal
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Figure 3 Oxymatrine inhibits kinase activity and expression of PKM2. HT29 cells were seeded in 6-well plates and treated with oxymatrine for 24 hours. Then the activity
of PK (A), PFK (B), and HK (C) was measured using the corresponding kits. (D and E) Western blotting assay for HK, PFK, PKM2, and p-PKM2 was executed. (F) mRNA
expression of PKM2 was detected. Quantitative data is presented as meanzSD, statistical difference was made by the one-way ANOVA, versus control, ¥P<0.05, **P<0.01.
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Figure 4 Oxymatrine inhibits expression of GLUTI. HT29 cells were seeded in 6-well plates and treated with oxymatrine for 24 hours. Then the Western blotting assay
(A) and immunofluorescent staining (C) were used for determining the GLUT| expression. The Western blot band was semi-quantified by image | (B). Quantitative data is
presented as meanzSD, statistical difference was made by the one-way ANOVA, versus control, **P<0.01.

transition and NF-xB signaling, leading to the reverse of
5-fluorouracil resistance in colon cancer cells.”” The above
results indicated the anti-cancer research on oxymatrine is
considerably focused. However, the understanding of oxy-

matrine on metastasis is rarely elucidated. Chen et al*®

reported oxymatrine can block the metastasis of hepatocel-
lular carcinoma cells in vitro by reducing p38-mediated
MMP-2/-9 expression. Here, not only oxymatrine inhibition
of metastasis in colorectal cancer cells, but also the mole-
cular mechanism was demonstrated.
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The glucose metabolism of cancer cells is completely
different than normal cells. Warburg,29 in 1924, found that
cancer cells consume plenty of glucose by a high-rate but
lowly efficient way to provide ATP and produce lactate
even in the presence of oxygen, which was named the
Warburg effect. This is also called aerobic glycolysis
because the glycolysis occurred even if the oxygen is
sufficient.’® Actually, aerobic glycolysis is independent
of oxygen supply and produces large amounts of
lactate.>’ The accumulation of lactate can decrease pH
value of the local tumor region, and stimulate the obvious
change of tumor microenvironment.>* This enhances the
motility, migration, and invasion of cancer cells, and
causes cancer cells to penetrate the vessel to metastasize
to the remote tissues.>* Thus, aerobic glycolysis can pro-
mote cancer metastasis.>> In this article, we found that
oxymatrine exerts a significant inhibition on colorectal

cancer cell migration and invasion, and the ATP produc-
tion was decreased, as well as the production of lactate,
suggesting that oxymatrine inhibition of metastasis is
related with suppression of aerobic glycolysis.

Aerobic glycolysis is controlled by many kinases
including HK, PFK, and PKM2. HK and PFK were justi-
fied not to be affected by oxymatrine, while PK activity
was inhibited. PKM2, an isoform of pyruvate kinase,
regulates the glycolytic intermediates and shifts the glu-
cose metabolism in favor of cancer cells.>*** The majority
of tumor tissues and cancer cell lines express high
PKM2.>°3¢ Nowadays, targeting metabolism of cancer
cells is regarded as a new way to against cancer. PKM2
has been considered a potential target for cancer therapy,
boosting the research of PKM2 inhibitors.** There are
three ways to affect PKM2: inhibition of PKM2 expres-
sion, decreasing kinase activity of PKM2, and activation
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Figure 6 Oxymatrine inhibits hepatic metastasis of colorectal cancer cells in vivo. (A) The counts of metastatic module in liver of mice; (B) H&E staining of the liver tissues
of mice xenografted with HT29 cells; (C) The immunochemistry staining for PKM2 and GLUT | in liver. Quantitative data is presented as mean#SD, statistical difference was

made by the one-way ANOVA, versus control, ¥P<0.05, **P<0.01.

of tetrameric PKM2 form.** Silencing the PKM2 via
siRNA attenuates proliferation and induces apoptosis in
many cancer cell lines.*” Several compounds have demon-
strated that inhibition of PKM2 activity results in cancer
cell death and apoptosis, indicating PKM2 activity is also
responsible for cell growth.*® In addition, the researchers
also thought activation of highly active tetrameric PKM?2
can inhibit cell proliferation as the precursors for the
synthesis of the cell were deficient.>* Oxymatrine can not
only attenuate the activity of PKM2 but also inhibits its
expression, meaning that the characteristic of oxymatrine
on PKM2 is dual inhibition. In this study, whether oxyma-
trine may activate PKM2 dimer to tetramer is not
confirmed.

Membrane protein GLUT family starts the first step of
glucose metabolism. The high expression of GLUTs has
been confirmed in a series of cancer cells. GLUTI,
a subunit of 14 GLUT proteins, shares an important role
in GLUTSs family and tumor environment and glycolysis.*’
GLUTI overexpression responds to many signals such as
HIF-1a, VEGF calcium  channel

receptor, and

transactivation.*' But as a transcriptional factor, GLUTI
regulation of glycolysis is under control by a lot of mole-
cules. Particularly, in colorectal cancer cells, KRAS or
BRAF mutation is tightly related with GLUTI1
expression.*” Oxymatrine inhibition of GLUT1 may be
dependent on the mutant KRAS or BRAF in HT29 cells.
This also illustrated that oxymatrine inhibition of PKM2-
controlled glycolysis is dependent on GLUTI1. However,
whether oxymatrine inhibits PKM2 leading to GLUTI
downregulation or downregulation of GLUTI1 results in
PKM2 inactivation is unclear, and this needs to be further
investigated.

Totally, a potent anti-cancer compound oxymatrine in this
study was demonstrated with potential anti-metastatic activity
in colorectal cancer cells, and this depends on the dual inhibi-

tion of PKM2 and downregulation of GLUT1 expression.
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