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ABSTRACT: Roxarsone (Rox) is an organic arsenic compound used as a feed additive to promote animal growth. The release of
Rox into the environment poses risks to human health. Rox demonstrated tumor-promoting and proangiogenic effects in xenograft
models. Increasing studies revealed the tight relationship among angiogenesis, carcinogenesis, tumorigenesis, and glycolysis.
Glycolysis, via hypoxia-inducible factor-1α (HIF-1α), controls vascular endothelial cell (VEC) growth. To date, there has been no
literature report on the effect of Rox on HIF-1α-dependent glycolysis. Herein, we report that Rox promoted glycolysis in rat VECs,
as shown by the increased adenosine triphosphate production, the lactic acid release, the activity and content of aldolase (ALD), and
the expression levels of ALD A and glucose transporter 1 (GLUT1). Rox also increased the cellular levels of HIF-1α. Treatment with
the HIF-1α inhibitor YC-1 reversed Rox-increased ALD A and GLUT1 levels and attenuated Rox-induced VEC viability, suggesting
that Rox-induced HIF-1α contributes to the glycolytic and angiogenic effects of Rox. Rox also promoted tumor growth and
angiogenesis and increased the levels of ALD A, GLUT1, and HIF-1α in the tumor tissue of a mouse xenograft model, whereas these
effects were abolished using YC-1. Our findings indicated that Rox induces HIF-1α in VECs to promote glycolysis and angiogenesis
thus enhancing the tumor growth.

■ INTRODUCTION

Angiogenesis, the formation of new blood vessels from pre-
existing capillaries and circulating endothelial precursors, plays
a pivotal role in the initiation of carcinogenesis and tumor
progression.1 Endothelial cells (ECs) are inert blood vessel-
lining materials and are active players in the formation of new
blood vessels; therefore, EC metabolism is a key regulator of
angiogenesis.2 Glycolysis, the main energy source in the
endothelium, has distinct and essential roles during vessel
formation, and ECs have higher rates of glycolysis.3,4 Hypoxia
and hypoxia-inducible factor (HIF) signaling regulate multiple
aspects of EC biology, including the cell survival, growth,
invasion, and glucose metabolism, thus contributing to the
induction of angiogenesis.5 Although the effect of hypoxia on
cancer cell metabolism has received increased attention, the
role of hypoxia and HIFs in EC metabolism remains poorly
studied.5,6 With respect to the regulation of cellular
metabolism, hypoxia-inducible factor-1α (HIF-1α) is the
predominant subunit that induces glycolysis and other
metabolic changes.6 Stabilization of HIF-1α results in a switch
from oxidative phosphorylation toward glycolysis, by upregu-
lating glycolytic enzymes, for example, aldolase (ALD) A and

glycolysis-promoting proteins, such as glucose transporter 1
(GLUT1).5

Roxarsone (Rox), also known as 3-nitro-4-hydroxyphenyl-
arsenic acid, is an organic arsenic additive that is used in animal
feed to ensure proper weight gain, feed efficiency, and
pigmentation in livestock and poultry.7 Although the usage
of Rox as a feed additive is banned in the United States,
Europe, and China, the compound is still used frequently in
developing countries, such as Argentina, Brazil, and India.8

Only a small amount of Rox is absorbed by the animals; thus,
the vast majority of Rox is excreted unchanged via the feces.9

This increases the level of arsenic in the environment and
induces a risk of arsenic exposure in humans when the animal
manure is used subsequently as an organic fertilizer.10 Arsenic
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has been identified as a type II carcinogen by the International
Agency for Research on Cancer and is known to promote
angiogenesis at low levels.11 Importantly, Rox was reported to
be carcinogenic in male F344/N rats.12

Previously, we reported the tumor-promoting and proangio-
genic effects of Rox in MCF7 and B16−F10 xenograft models
and demonstrated that a proangiogenic mechanism might
contribute to the tumor-promoting capability of Rox.8,13,14

However, currently, the role and mechanism of HIF-1α-
mediated glycolysis in Rox-induced angiogenesis are not well
understood. Therefore, in the present study, we evaluated the
effects of treatment with, or repeated administration of, Rox on
HIF-1α expression and glycolysis in primary cultured rat aorta
ECs and in a xenograft model using the melanoma cell line
B16−F10 in C57BL/6 mice. We also investigated whether
pretreatment with the HIF-1α inhibitor YC-1 (Lificiguat, 3-
(5′-hydroxymethyl-2′-furyl)-1-benzyl indazole) could rescue
the Rox-induced effects.

■ MATERIALS AND METHODS
Reagents. Rox (Cat. no. 46724, analytical standard) was

purchased from Sigma-Aldrich (St. Louis, MO, USA),
dissolved in 5 mL of methanol, and then diluted to 50 mL
with deionized water to obtain a 1 mM stock solution. Then,
0.1, 1, and 10 μM Rox working solutions were made by further
diluting the stock solution with incubation medium. Rox was
diluted in phosphate-buffered saline (PBS) for administration
to rats. YC-1 (Cat. no. S7958, purity = 99.94%) was obtained
from Selleck (Houston, TX, USA). Other chemicals were
purchased from local commercial sources and were of
analytical grade.
Animals. All animal protocols were reviewed by the

Committee for the Ethics of Animal Experiments of Yangzhou
University. Experiments were carried out in accordance with
the Regulations for the Administration of Affairs Concerning
Experimental Animals in China and the EU Directive 2010/
63/EU for animal experiments.
Male Wistar rats (weighing approximately 250 g) and

C57BL/6 mice (weighing approximately 20 g) were obtained
from the Comparative Medicine Center of Yangzhou
University. The animals were housed in a room with controlled
environmental conditions of a temperature of 22 °C, a relative
humidity of 40−60%, and a 12 h light−dark cycle. Rats and
mice had free access to standard diet and tap water.
Cell Isolation and Culture. The Wistar rats were

anesthetized using 2% thiopental sodium and sacrificed.
Vascular endothelial cells (VECs) were isolated from the
thoracic aorta and cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 15% (v/v) fetal bovine
serum (FBS), 100 μg/mL of sodium heparin, 4 ng/mL of
vascular endothelial growth factor (VEGF), and 100 U of
penicillin/streptomycin at 37 °C in a 5% CO2 atmosphere, as
reported previously.15 The cells were subcultured once they
had formed a monolayer (after approximately 6 days of
incubation). For subsequent assays, the rat VECs were
digested with 2% trypsin, briefly centrifuged at 1000 rpm for
10 min, and resuspended at the required density in DMEM.
B16−F10 melanoma cells were a gift from the Research

Group of Laboratory Animals of Yangzhou University and
were maintained in DMEM containing 10% FBS and
penicillin/streptomycin.
Measurement of Rat VEC Monolayer Bioimpedance.

Real-time bioimpedance of rat VECs was measured using an

xCELLigence RTCA Single Plate system (Agilent Technolo-
gies, Santa Clara, CA, USA). The results of the cellular
impedance assay were reported as the unitless “cell index
(CI)”. A 96-well E-plate was initially loaded with the
trypsinized VECs (in 150 μL DMEM with approximately 5
× 103 cells per well), placed within the system sensor inside the
cell incubator, and then allowed to settle overnight. On the
following day, measurement of the CI was recorded just before
the administration of 0−10 μM Rox. Data were analyzed using
RTCA software V2.0 (Agilent).

ATP and Lactic Acid Assay. Rat VECs were seeded in a
six-well plate at a density of 2 × 105 cells per well (in triplicate)
and grown overnight in growth medium. The next day, 0−10
μM Rox was added. After incubation for 24 h, the cells were
lysed using lysis buffer and intracellular ATP was quantified
using an enhanced ATP assay kit. The luminescence was
measured in a GloMax-Multi + Microplate Multimode Reader
from Promega (Madison, WI, USA). In addition, the
supernatant was collected for lactic acid (LD) release
measurement using a lactic acid assay kit. The OD values
were measured at 530 nm in a microplate reader.

Determination of ALD Activity and Content. Rat VECs
were seeded in a six-well plate at a density of 2 × 105 cells per
well (in triplicate) and grown overnight in a growth medium.
The next day, 0−10 μM Rox was added. After incubation for
24 h, the cells were washed and lysed using three cycles of
freeze−thawing. The lysate was centrifuged, and the super-
natant was collected for ALD activity and content determi-
nation using a rat ALD activity/content enzyme-linked
immunosorbent assay (ELISA) Kit. The OD values were
measured at 450 nm in a microplate reader.

Determination of Cell Viability. Rat VECs suspended in
growth medium were seeded in a 96-well plate at a density of 2
× 103 cells per well and grown overnight. The next day, cells
were treated with PBS, 1 μM Rox, 50 μM YC-1, or 1 μM Rox
plus 50 μM YC-1. After incubation for 24 h, each well was
added with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) at a final concentration of 0.4 mg/mL
in medium. After 4 h, reduced formazan was solubilized with
150 μL of dimethyl sulfoxide by shaking for 10 min. Cell
viability was determined by measuring the optical density
(OD) at 570 nm in a microplate reader. Six replica wells were
analyzed for each treatment.

Mouse B16−F10 Xenograft Studies. B16−F10 cells (1
× 105) in 0.3 mL of nonsupplemented DMEM were injected
subcutaneously into the right ribs of mice. The animals with
visible tumors at 7 days after cell injection were intragastrically
administered and/or intraperitoneally injected with PBS; 1, 5,
and 25 mg/kg Rox; 15 mg/kg YC-1; or 5 mg/kg Rox plus 15
mg/kg YC-1 once a day for 1 week. During this week of
administration, tumor measurement was conducted once a day.
The length (L) and width (W) of the tumors were measured
using vernier calipers, and the tumor volume was calculated
using the formula: L × W2. The animals were sacrificed after 1
week of administration; the tumors were excised, weighed, and
fixed overnight in neutral-buffered formalin; embedded in
paraffin; and sectioned. The sections were then stained using
hematoxylin−eosin (H&E) and photographed under a light
microscope at 200× magnification.

Western Blotting. The treated VECs and tumor tissues
were lysed in radioimmunoprecipitation assay lysis buffer with
phenylmethylsulfonyl fluoride and a phosphatase inhibitor
cocktail on ice. Then, the lysates were subjected to sodium
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dodecyl sulfate polyacrylamide gel electrophoresis, with 20 μg
of protein loaded per lane. The gels were transferred to
nitrocellulose (NC) membranes using a Bio-Rad Transblot
apparatus (Bio-Rad, Hercules, CA, USA). The membranes
were blocked with 5% bovine serum albumin (BSA) in Tris-
buffered saline with Tween 20 (TBST) for 2 h at room
temperature and then incubated overnight with rabbit
antibodies against HIF-1α (1:1000 dilution), ALD A (1:1000
dilution), GLUT1 (1:200 dilution), and β-actin (1:250
dilution). Blots were developed using the enhanced chem-
iluminescence detection system. The intensity of the
immunoreactive protein bands on the blots was measured
using ImageJ (NIH, Bethesda, MD, USA).

Statistical Analysis. Data are expressed as mean ±
standard deviation. Statistical analysis was performed using
one-way analysis of variance (ANOVA) followed by Dunnett
post hoc test, or two-way ANOVA followed by Bonferroni post
hoc test, for multiple comparisons.

■ RESULTS
Rox Induces Proliferation of Rat VECs. First, to observe

the actions of Rox on primary cultured rat aorta VECs, cells
were exposed to 0.1, 1, or 10 μM Rox, and then real-time
bioimpedance measurements were carried out. We found that
Rox increased the monolayer impedance (CI) of the rat VECs
in a time- and concentration-dependent manner (Figure 1). As

Figure 1. Rox increases the monolayer impedance (CI) of rat vascular endothelial cells. Real-time bioimpedance of rat vascular endothelial cells
treated with Rox (0−10 μM) for the indicated times was measured using the xCELLigence RTCA Single Plate system. *p < 0.05: significantly
different from the control group.

Figure 2. Rox induces ATP production, lactic acid (LD) release, and ALD activity and content in rat vascular endothelial cells. Cells were treated
with 0−10 μM Rox for 24 h. The ATP (A) and LD (B) contents and the ALD activity (C) and content (D) were measured using ELISA. *p <
0.05, **p < 0.01: significantly different from the control group.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.1c00072
ACS Omega 2021, 6, 9559−9566

9561

https://pubs.acs.org/doi/10.1021/acsomega.1c00072?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00072?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00072?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00072?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00072?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00072?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00072?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00072?fig=fig2&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c00072?rel=cite-as&ref=PDF&jav=VoR


shown in Figure 1B, compared with that of the control group,
treatment with 1 and 10 μM Rox increased the normalized CI
significantly. The CI reflects a broad range of cell responses
that affect electric current flow through the cell layer overlying
an array of gold microelectrodes, including the effects on the
cell number and shape, cell−cell junctions, cell−substrate
adhesion, and ion channel activation.16 It has been shown that
the CI value obtained on the RT-CES system correlates
quantitatively with cell growth and cell numbers, and the RT-
CES system has an efficiency similar to that of the MTT test
for counting viable cells.17,18 The findings suggested that Rox
induces the proliferation of rat VECs.

Rox Induces Glycolysis in Rat VECs. ECs have high rates
of glycolysis, and glycolysis and glycolytic rates play a critical
role in EC proliferation.19,20 Based on this, we hypothesized
that Rox induced the proliferation of rat VECs by promoting
intracellular glycolysis. To investigate the effects of Rox on
glycolysis in VECs, cells were treated with 0.1, 1, or 10 μM Rox
for 24 h. After Rox exposure, ATP production, LD release, and
ALD activity and content were determined. Treatment with
Rox dramatically increased intracellular ATP, LD, and ALD
contents in a dose-dependent manner in primary cultured rat
aorta VECs (Figure 2A−C). Compared with that of the
control group, exposure to 1 μM Rox for 24 h increased the
ALD activity significantly (Figure 2D). We also checked the

Figure 3. Rox induces HIF-1α, ALD A, and GLUT1 protein expression in rat vascular endothelial cells. Cells were treated with Rox at indicated
concentrations for 24 h. The protein levels of HIF-1α, ALD A, and GLUT1 were measured using western blotting. (A) Representative blots. (B)
Blots for the indicated proteins subjected to semiquantitative analysis using NIH ImageJ. *p < 0.05, **p < 0.01: significantly different from the
control group.

Figure 4. Inhibition of HIF-1α by pretreatment with YC-1 attenuates Rox-promoted HIF-1α, ALD A, and GLUT1 expression and cell viability in
rat vascular endothelial cells. Cells were treated with or without Rox and with or without YC-1 for 24 h. Protein levels of HIF-1α, ALD A, and
GLUT1 were measured using western blotting. (A) Representative blots. (B) Blots for the indicated proteins subjected to semiquantitative analysis
using NIH ImageJ. (C) Cell viability detected using the MTT assay. *p < 0.05, **p < 0.01: significantly different from the control group; #p < 0.05
and ##p < 0.01: significantly different from the 1 μM Rox group.
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levels of ALD A and GLUT1, the two glycolysis-related
proteins, using western blotting. The data revealed that Rox
upregulated the levels of these proteins in the cells (Figure 3).
These findings indicated that Rox induces glycolysis in primary
cultured rat aorta VECs.

Rox Promotes Glycolysis by Inducing HIF-1α in Rat
VECs. To understand the mechanism of Rox-induced
glycolysis, we next determined the HIF-1α levels in rat VECs
exposed to Rox. As shown in Figure 3, compared with that in
the untreated group, Rox increased the HIF-1α levels in a
concentration-dependent manner. To further confirm the role

Figure 5. Effects of Rox and/or YC-1 administration on the volume, weight, and expression of HIF-1α, ALD A, and GLUT1 and on angiogenesis
of/in melanoma xenografts. B16−F10 tumor cells were implanted subcutaneously into the right ribs of C57BL/6 mice. After 7 days, the mice were
intragastrically and/or intraperitoneally administered with PBS; 1, 5, and 25 mg/kg Rox; and/or YC-1 once a day for another 7 days, respectively.
(A) The tumor size was measured using vernier calipers and the tumor volume was calculated. Data represent the average tumor volumes at the
given day after implantation. (B) Xenograft tumors were excised and weighed. (C) Protein levels of HIF-1α, ALD A, and GLUT1 were measured
using western blotting. Representative blots are shown. (D) Blots for the indicated proteins were subjected to semiquantitative analysis using NIH
ImageJ. (E) Paraffin sections of xenografts were created and stained with H&E for histological analysis (100×). Representative images (of at least
five mice per group) are shown. *p < 0.05, **p < 0.01: significantly different from the control group; #p < 0.05 and ##p < 0.01: significantly different
from the 5 mg/kg Rox group.
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of HIF-1α induction in Rox-promoted glycolysis in VECs, we
pretreated the rat VECs with YC-1 (an HIF-1α inhibitor) and
then examined the HIF-1α, ALD A, and GLUT1 levels. The
results showed that pretreatment with YC-1 attenuated the
Rox-induced increases in the ALD A and GLUT1 levels in rat
VECs (Figure 4A,B). We also evaluated cell viability using the
MTT assay. Consistently, Rox increased the cell viability,
whereas pretreatment with YC-1 reversed this effect (Figure
4C). Collectively, these data indicated that Rox induces
glycolysis by increasing the HIF-1α levels in rat VECs.
Rox-Increased HIF-1α Levels Contribute to Glycolysis

and Angiogenesis in a Mouse B16−F10 Xenograft
Model. To further understand the role of HIF-1α-dependent
glycolysis in angiogenesis and tumor development, we
administered Rox, with or without YC-1, to B16−F10
xenograft-bearing C57BL/6 mice once a day for 7 days. The
tumor size was measured using vernier calipers, and the tumor
volume was calculated. Xenografts were then excised and
weighed. As shown in Figure 5A,B, compared with mice
administered with PBS, Rox administration (1, 5, and 25 mg/
kg) increased the weight and volume of the tumors
significantly. Compared with those in the 5 mg/kg Rox
administration group, both the weight and volume of the
xenografts were decreased significantly in the 5 mg/kg Rox
with YC-1 group (Figure 5A,B). Then, ALD A, GLUT1, and
HIF-1α levels were determined in the B16−F10 xenografts
using western blotting. As expected, Rox increased the levels of
ALD A, GLUT1, and HIF-1α, whereas YC-1 decreased the
levels of these proteins (Figure 5C,D). Importantly, the protein
levels in the 5 mg/kg Rox with YC-1 group were lower than
those in the 5 mg/kg Rox-alone group (Figure 5C,D). Finally,
changes in the growth pattern of tumor cells and blood vessel
size were observed in the H&E-stained paraffin sections of the
xenografts (Figure 5E). The B16−F10 cells in the xenograft
tumors of untreated mice showed a typical diffuse pattern
without growth, whereas the structure and organization of the
xenograft tumors treated with 5 and 25 mg/kg Rox appeared
tight, and the B16−F10 cells showed inward clustered growth
centered on a blood vessel. In contrast, in the xenograft tumors
that were treated with YC-1, the B16−F10 cells were typically
diffuse, did not have a distinct growth pattern, and the
numbers of B16−F10 cells and vessels were significantly lower
than those in the control. The tight organization of the B16−
F10 cells and increased vessels in the 5 mg/kg Rox group was
clearly reversed in the group receiving Rox combined with YC-
1, and there were fewer tumor cells around blood vessels in the
combined treatment group. Fewer blood sinusoids were
observed in the xenograft tumors treated with YC-1 + Rox
than in the xenograft tumors treated with Rox alone. These
findings indicated that Rox induces angiogenesis and tumor
development by increasing HIF-1α-mediated glycolysis in
B16−F10 xenograft-bearing C57BL/6 mice.

■ DISCUSSION AND CONCLUSIONS
Angiogenesis, the process that leads to the formation of new
blood vessels or neovascularization, is markedly perturbed in
cancer.1 ECs form the inner lining of blood vessels and are
essential for the normal function of the vascular system.21

Therefore, ECs are active players in the formation of new
blood vessels.21 EC metabolism has only recently been
recognized as a driving force of angiogenesis.22 Glycolysis is
the main energy source in ECs.23 One of the main stimulators
of angiogenesis is hypoxia.5 HIF-1α, a key protein in the

hypoxia and HIF signaling system, plays a critical role in
glucose metabolism regulation.6 Rox is an organic arsenic agent
used as an animal feed additive for livestock and poultry to
enhance weight gain and to improve feeding efficiency in
developing countries.24 Arsenic has been reported to promote
angiogenesis and has been identified as a type II carcinogen.25

Importantly, Rox has been reported as a carcinogenic agent for
male F344/N rats.12 Previously, we indicated that the tumor-
promoting effect of Rox might be attributed to its
proangiogenic ability in MCF7 and B16−F10 xenograft
models.8,13,14 However, there is little information on the
underlying relationship between HIF-1α-mediated glycolysis
and Rox-induced angiogenesis.
In the present study, we showed that Rox significantly

induced rat VEC proliferation, as evidenced by the increased
cell monolayer impedance in cells treated with Rox (Figure 1).
This was consistent with the results of our previous study.15

Rox also increases Caco-2 cell proliferation.26 Besides, we
found that ATP production and LD release were induced in
cells exposed to Rox. In addition, the intracellular ALD content
was increased by Rox. Consistent with the increased ALD
content, intracellular ALD activity was enhanced. Importantly,
western blotting revealed that Rox upregulated the levels of
ALD A and GLUT1 in VECs (Figure 3). ALD A is one of the
enzymes involved in glycolysis, and GLUT1 is a glycolysis-
promoting protein.27,28 These results demonstrated that Rox
induces proliferation and glycolysis in primary cultured rat
aorta VECs.
Hypoxia and HIF signaling regulate glucose metabolism.5

The ALD family is one of the downstream target proteins of
HIF-1α.29 In addition, hypoxia can induce the expression of
GLUT1.30 To investigate the mechanism of Rox-induced
glycolysis, we assessed the protein level of HIF-1α in rat VECs.
The data revealed that Rox promoted the expression of HIF-
1α, as demonstrated by the increased levels of the protein in
the cells. Next, we utilized YC-1, an HIF-1α inhibitor, to verify
the relationship between Rox-induced HIF-1α expression and
glycolysis. The results showed that YC-1 pretreatment partially
reversed Rox-increased intracellular ALD A and GLUT1 levels
and cell viability in rat VECs (Figure 4). These findings
demonstrated that Rox induces proliferation and glycolysis via
increasing HIF-1α levels in rat VECs.
It has been shown that inhibition of HIF-1α decreases

angiogenesis.31 We further administered Rox with or without
YC-1 to B16−F10 xenograft-bearing C57BL/6 mice to
investigate the role of HIF-1α-dependent glycolysis in
angiogenesis and tumor development. The weight and volume
of the tumors increased significantly after Rox administration.
The weight and volume of the xenografts treated with YC-1
and Rox were lower than those in the xenografts treated with
Rox alone. The protein levels of ALD A, GLUT1, and HIF-1α
in the Rox with YC-1 group were lower than those in the Rox-
alone group. Interestingly, H&E staining showed that the tight
organization of B16−F10 cells and the increased number of
vessels induced by the Rox group were clearly reversed by the
combined Rox and YC-1 treatment, and there were fewer
tumor cells around the blood vessels in the combined
treatment group. Fewer blood sinusoids were observed in the
xenograft tumors treated with YC-1 + Rox than in those
treated with Rox alone. These results indicated that Rox
induces angiogenesis and tumor development by increasing
HIF-1α-mediated glycolysis in B16−F10 xenograft-bearing
C57BL/6 mice.
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Interestingly, in this study, it appears that some of the Rox
effects are nonmonotonic. Arsenic is known to promote
carcinogenesis at low concentrations and continual exposure
but demonstrates antitumor effects at higher doses. For
example, certain arsenic compounds have been approved by
the Food and Drug Administration for the treatment of some
blood cancers such as acute promyelocytic leukemia, and their
efficacy has been evaluated in clinical trials of the treatment of
multiple myelomas and a variety of solid tumors.32,33 Rox, as a
kind of organoarsenic compound, may also exhibit the dual
antitumor activity. It may be partially due to the biphasic
impact of Rox on angiogenesis in that it promotes angiogenesis
at low levels and inhibits angiogenesis at high levels. Definitely,
further research should be conducted to address this issue.
In summary, we demonstrated that Rox induces proliferation

and glycolysis in primary cultured rat aorta ECs. Rox increased
the HIF-1α levels, leading to glycolysis and angiogenesis in
vitro and in vivo. Our findings suggest that manipulation of
HIF-1α expression could represent a potential approach to
prevent Rox-induced angiogenesis.
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