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a b s t r a c t

Tumor angiogenesis is closely related to tumor development, immune escape, and drug resistance. There-

fore, the development of effective anti-tumor angiogenesis drugs is of great research significance. Al-

though the current clinical angiogenesis inhibitors have achieved certain efficacy, they also pose the

problems of limited and short duration of efficacy, drug resistance, and intrinsic toxicity. Anti-tumor

angiogenesis strategies targeting endothelial cells (ECs) have attracted widespread attention in the de-

velopment of highly effective and low toxicity anti-angiogenesis inhibitors. Studies have verified that the

trace element selenium (Se) can inhibit tumor growth by inhibiting tumor angiogenesis through different

mechanisms. Nevertheless, it is unclear whether Se speciation has different effects on anti-tumor angio-

genesis. Herein, we found that Se exhibited effective anti-angiogenic activity, and its mechanisms of ac-

tivity were determined by its chemical speciation. Organic Se can significantly inhibit tumor angiogenesis

by targeting thioredoxin reductase (TrxR) to trigger cell apoptosis and cell cycle arrest and by increasing

reactive oxygen species (ROS) production in ECs. Inorganic Se can induce cell cycle arrest and increase

ROS production in ECs, showing promising anti-angiogenic effects. Se nanoparticles (SeNPs) slightly in-

hibit tumor angiogenesis by inducing apoptosis and cell cycle arrest and by increasing the production of

ROS. In summary, this study elucidates the anti-angiogenic activity of Se speciation control with a view

to providing a scientific reference for the design and development of novel Se-based highly effective and

low toxicity angiogenesis inhibitors.

© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Tumor angiogenesis has a critical influence on the occurrence

and development of tumors. Anti-tumor angiogenesis therapy, a

kind of targeted therapy, targets endothelial cells (ECs) and inhibits

their growth and migration, tumor blood vessel formation, and the

supply of tumor nutrition to inhibit tumor growth and metasta-

sis. Tumor angiogenesis involves vascular endothelial growth fac-

tor (VEGF) [1,2], hypoxia-inducible factor (HIF) [3], cytokines and

cell growth factors [4], platelet-derived growth factor (PDGF) [5],

and other factors. Currently, several representative angiogenesis in-

hibitors have been adopted for clinical application. For example,

Bevacizumab [6,7], a VEGF inhibitor, can eliminate angiogenesis-

promoting factors, inhibit the formation and metastasis of ECs,

and slow down the degradation of the basement membrane. Fur-

thermore, small molecule receptor tyrosine kinase inhibitors (TKI),

such as Sorafenib [8] and Sunitinib [9] are used to compete for
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the adenosine triphosphate binding sites of the intracellular recep-

tor tyrosine kinase domain in order to inhibit tumor angiogenesis.

In addition, PI3K/AKT/mTOR pathway inhibitors are also applied

to target anti-angiogenesis, such as Everolimus [10]. Endogenous

angiogenesis inhibitors have the ability to inhibit tumor vascular

ECs by reducing VEGF activity, e.g., rh-endostatin/Endostar [11,12].

However, although the above angiogenesis inhibitors have shown

good efficacy in tumor treatment, their clinical effects are limited,

they lead to drug resistance, and they have inherent toxicity [13].

Therefore, it is necessary to develop tumor vascular inhibitors with

high efficiency and low toxicity.

The trace element selenium (Se) is essential to the health of

organisms. It has important biological functions. For instance, it

is the active site of a variety of enzymes to maintain the bal-

ance of redox reactions in the bodies of organisms [14]. Seleno-

compounds are mainly divided into three speciation: inorganic Se,

organic Se, and Se nanoparticles (SeNPs). A number of studies

have confirmed that seleno-compounds have important anti-tumor

[15,16], antibacterial [17,18], anti-inflammatory [19], anti-oxidation
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effects [20] and enhance immune function [21,22]. SeNPs have at-

tracted much attention in the field of anti-tumor studies due to

their low toxicity, rapid absorption, and biological activity [23]. Re-

cent studies have demonstrated that SeNPs, as drug carriers or a

therapeutic drug, exhibit good biocompatibility and have high po-

tential for treating cancer [24–28]. The inhibition of angiogenesis

may be one of the mechanisms by which seleno-compounds in-

hibit tumor growth [29]. The current research status of the anti-

angiogenic effect and mechanism of organic Se, inorganic Se and

SeNPs is as follows, methylseleninic acid can inhibit angiogenesis,

and their mechanism is closely related to cell cycle arrest, apopto-

sis, the hyperphosphorylation of p38MAPK, and the dephosphory-

lation of ERK1/2 and AKT [30,31]; selenadiazole derivatives (SeDs)

inhibit VEGF-VEGFR2/ERK/AKT signaling by activating reactive oxy-

gen species (ROS) to cause DNA damage [32]; SeNPs trigger ROS-

mediated DNA damage to inhibit the VEGF-VEGFR2-ERK/AKT sig-

naling axis and induce apoptosis and cell cycle arrest in human

umbilical vein endothelial cells (HUVECs) to inhibit angiogenesis

[33]. However, the influence of different Se speciation on anti-

angiogenesis and its mechanisms has not been reported.

In our study, we investigated the different anti-angiogenesis ac-

tivities of organic Se, inorganic Se and SeNPs (Fig. 1A). The results

indicate that organic Se, especially SeD, can more significantly in-

hibit the proliferation, migration, invasion, and angiogenesis ability

in HUVECs than inorganic Se or SeNPs. The inhibitory effect may

be caused by inducing apoptosis and cell cycle arrest. In addition,

we found that organic Se can inhibit thioredoxin reductase (TrxR)

to trigger ROS overproduction in HUVECs, which disturb the nor-

mal redox balance in cells. Of all the Se speciation, the anti-tumor

angiogenesis effect of organic Se is the most significant, which

shows the influence of Se speciation on the anti-tumor angiogene-

sis effect and mechanism.

To evaluate the anti-angiogenic effects of different Se spe-

ciation in vitro, a MTT assay was conducted on nine seleno-

compounds to test their cytotoxicity on HUVECs, including

the inorganic seleno-compounds sodium selenite (Na2SeO3) and

sodium selenate (Na2SeO4); the organic seleno-compounds 5-

nitrobenzo[c][1,2,5]selenadiazole (SeD), Ebselen, selenocysteine

(SeC), and selenomethionine (SeM), the SeC and SeM are belong

to Se-containing amino acids; and the SeNPs Cs-SeNPs, LET-SeNPs,

and PEG-SeNPs. As shown in Figs. 1B-E and Figs. S1A-D (Support-

ing information), after 72h of treatment with different seleno-

compounds, the survival rate of HUVECs treated with Na2SeO4 and

SeM was more than 70%. This means that Na2SeO4 and SeM rarely

inhibit cell proliferation. The other seven seleno-compounds could

inhibit the proliferation of HUVECs to different degrees, and the

inhibitory effect was more obvious with an increase in concen-

tration. SeD had the most obvious inhibitory effect on cell prolif-

eration. IC50 can reflect the toxic effect of seleno-compounds on

cells, and the smaller the number the greater the toxicity. By mea-

suring the cell survival rate after seleno-compounds treatment, we

can calculate the corresponding IC50 of the seleno-compounds. As

shown in Fig. 1F, the toxic effects of different seleno-compounds

in the same speciation on HUVECs were different. Na2SeO3, SeD,

SeC and LET-SeNPs showed more significant inhibitory effects

on cell proliferation than other seleno-compounds in the same

speciation.

In addition, we evaluated the effect of seleno-compounds treat-

ment on the survival rate of WI-38 cells and NP69 cells via the

MTT method and calculated the IC50 of the seleno-compounds. As

shown in Fig. 1G and Table S1 (Supporting information), the toxi-

city of the four seleno-compounds to WI-38 cells and NP69 cells

is very small, and the safety index (SI) is greater than 1, indi-

cating that the safety of the seleno-compounds to normal cells

is different, i.e., LET-SeNPs > SeD > SeC > Na2SeO3. To sum

up, most seleno-compounds have anti-angiogenesis activity and

no obvious side effects, and the inhibitory effects of different

seleno-compounds of the same speciation are different. Therefore,

Na2SeO3, SeD, SeC, and LET-SeNPs were selected for further inves-

tigation into their anti-angiogenesis effects and mechanisms of ac-

tion on HUVECs.

In order to investigate the mechanism of the inhibitory activ-

ity of different seleno-compounds on the proliferation of HUVECs,

we wondered whether it was due to the difference in cell absorp-

tion of different Se speciation. Therefore, we detected the absorp-

tion of different seleno-compounds by HUVECs at different time

points. As shown in Figs. S2A-D (Supporting information), the ab-

sorption value of Na2SeO3, SeD, SeC and LET-SeNPs by HUVECs in-

creased with an increase in time. The absorption value of SeD by

HUVECs reached the maximum at 8h, and the absorption value of

the other three seleno-compounds reached the maximum at 12h.

Moreover, the absorption of Na2SeO3 by HUVECs was the strongest,

and the intracellular Se content reached 452.7 ng/106 cells at 12h.

The absorption of LET-SeNPs was the weakest, and the intracellu-

lar Se content was maintained at about 6ng/106 cells. Combined

with the IC50 of the seleno-compounds, HUVECs have the weakest

absorption of LET-SeNPs with strong toxicity and the strongest ab-

sorption of Na2SeO3 with relatively weak toxicity. Therefore, it can

be seen that the difference in the inhibitory effect of different Se

speciation on the proliferation of HUVECs may not be caused by

affecting the absorption of Se by cells, and the specific reasons for

this need to be further studied.

HUVECs migration, invasion, and capillary structure formation

are indispensable steps in the process of neovascularization and

have a key impact on tumor cell metastasis and invasion. There-

fore, an in vitro model was used to study the migration, inva-

sion, and formation of capillaries by HUVECs to verify the anti-

angiogenic effects of different seleno-compounds. First of all, we

used scratch tests to investigate the migration abilities of HU-

VECs based on different seleno-compounds. Before the experiment

started, we screened the drug concentration by measuring the sur-

vival rate of HUVECs with a concentration of 2.5×105 cells/mL. As

illustrated in Figs. S3A-D (Supporting information), the cell survival

rate of HUVECs is more than 70%, indicating that the 24h toxic-

ity of HUVECs treated with seleno-compounds is low and has lit-

tle effect on the normal biological function of the cells. As shown

in Figs. S4A-D (Supporting information) and Fig. 2A, compared to

the control group, the healing degree of the scratch area of HU-

VECs was significantly reduced after being treated with different

concentrations of seleno-compounds for 24h, indicating that HU-

VECs migration was inhibited concentration-dependently by the

seleno-compounds. Na2SeO3 and SeD can inhibit HUVECs cell mi-

gration with 4 μmol/L drug concentrations, indicating that they

have strong anti-angiogenesis activities, while SeC and LET-SeNPs

with 32 μmol/L drug concentrations can inhibit HUVECs cell mi-

gration and also have good anti-angiogenesis activity. Na2SeO3 and

SeD have the stronger inhibitory effect on the cell migration of HU-

VECs in vitro according to the quantitative analysis of HUVECs cell

migration with statistical significance.

The Transwell assay is generally used to evaluate the invasion

ability of cells. As shown in Figs. S5A-D (Supporting information)

and Fig. 2B, after HUVECs were treated for 24h with different con-

centrations of seleno-compounds, an abundance of invasive cells

could be observed in the control group’s lower chamber while

only 11.13%−21.18% invasive cells existed in the lower chamber of

the drug group. HUVECs invasion was inhibited significantly by

Na2SeO3 and SeD, and it increased as the concentration of drug

increased. SeC and LET-SeNPs also showed a good inhibitory effect

on HUVECs cell invasion in a concentration-dependent manner. It

shows that the four seleno-compounds can inhibit the invasion

ability of HUVECs and exert anti-angiogenesis activity well, and

Na2SeO3 and SeD have a stronger inhibitory effect on the inva-
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Fig. 1. (A) The structure of seleno-compounds from different Se speciation. (B-E) Cytotoxicity of seleno-compounds from different Se speciation at different concentrations

against HUVECs after 72h of incubation. (F) The IC50 values of 9 seleno-compounds acting on HUVECs for 72h. (G) The corresponding IC50 values of WI-38 cells and NP69

cells treated with Na2SeO3, SeD, SeC and LET-SeNPs for 72h.

sion ability of HUVECs than SeC and LET-SeNPs. The quantitative

analysis of HUVECs cell migration had statistical significance.

The Matrigel tube formation experiment can restore the pro-

cess of capillary formation in vivo as much as possible and is

similar to the actual process of angiogenesis in vivo. The effect

of seleno-compounds on angiogenesis was evaluated by detecting

how HUVECs’ tube formation ability was influenced by different

seleno-compounds. Figs. S6A-D (Supporting information) and

Fig. 2C show the situation, the HUVECs of the control group

treated with culture medium can form multiple complete tube-

like structures in Matrigel, while the number of tube structures

was significantly reduced in the drug treatment group. With an

increase in drug concentration, the tube structure was incomplete,

broken, and fragmented. Na2SeO3 and SeD can significantly inhibit
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Fig. 2. The effect of different Se speciation on migration, cell invasion and tube formation ability of HUVECs. Quantitative analysis of HUVECs migration (A), cell invasion

ability (B) and tube formation ability (C). ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001, compared with the control group.

Fig. 3. Flow cytometry was used to measure the effects of different Se speciation on the HUVECs cell cycle distribution. (A-D) Quantitative analysis of HUVECs cell cycle

arrest. HUVECs were detected through flow cytometry following the induction of apoptosis by different Se speciation. (E-H) Quantitative analysis of HUVECs apoptosis.

the tube formation ability of HUVECs at a low drug concentration,

and the number of tubules formed by intercellular aggregation

was only 15% and 10%, respectively. SeC and LET-SeNPs could

significantly inhibit the tube formation of HUVECs at a higher

drug concentration. Overall, in comparison with the control group,

all four seleno-compounds inhibited the formation of the tube

statistically significantly. Na2SeO3 and SeD were stronger than SeC

and LET-SeNPs and could significantly inhibit tube formation at

low concentrations.

The normal operation of the cell cycle is an indispensable con-

dition in the process of cell proliferation. When cell growth is in-

hibited, it may be a result of the suspension of the cell cycle or

the apoptosis of the cells. Therefore, further research into the in-

trinsic mechanisms of action is required. We used flow cytometry

to detect the cell cycle of HUVECs after drug action. As depicted

in Figs. S7A-D (Supporting information) and Figs. 3A-D, HUVECs

treated with different seleno-compounds for 72h could induce cell

cycle arrest, which mainly in the G2/M phase, and the degree of

cell cycle arrest increased with an increase in drug concentration.

Na2SeO3 could induce obvious cell cycle arrest at a low drug con-

centration. The G2/M phase at 2 μmol/L increased by 29.5% com-

pared with the control group. A total of 13.67% of the cells in

the sub-G1 phase could be detected at 4 μmol/L, indicating that

Na2SeO3 has a strong toxic effect on HUVECs. After the cells were

treated with 4 μmol/L SeD and LET-SeNPs for 72h, the G2/M phase

increased by 13.29% and 25.3% compared with the control group,
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showing obvious cell cycle inhibition. Additionally, the proportion

of cells in the sub-G1 phase increased with an increase in drug

concentration. However, SeC could significantly inhibit the cell cy-

cle at higher drug concentrations in a concentration-dependent

manner. Therefore, it can be seen that different Se speciation can

inhibit the proliferation of HUVECs by inducing cell cycle arrest at

the G2/M phase. However, the proportion of sub-G1 phase cells

in the drug treatment group increased, indicating that different

seleno-compounds may induce the apoptosis of HUVECs.

Apoptosis is another mechanism by which seleno-compounds

inhibit the proliferation of HUVECs. Therefore, we detected the

effect of different speciation of seleno-compounds on the in-

duction of HUVECs cell apoptosis by flow cytometry. As shown

in Figs. S8A-D (Supporting information) and Figs. 3E-H, HUVECs

were treated with four seleno-compounds for 72h and they had

different degrees of apoptosis. They could induce HUVECs to

suffer from early and late apoptosis. Compared with the con-

trol group, SeD and LET-SeNPs could induce significant apopto-

sis in HUVECs. SeD mainly induced early apoptosis in HUVECs,

there are 4.94%−37.6% early apoptosis cells induced with 1, 2

and 4 μmol/L seleno-compounds concentrations. LET-SeNPs in-

duced 52.44%−57.46% and 15.3%−18.72% early and late apoptosis

cells with 8, 16 and 32 μmol/L seleno-compounds concentrations.

Na2SeO3 and SeC also induced apoptosis in HUVECs, mainly early

apoptosis, but the proportion of overall apoptotic cells was small,

and the effect of inducing apoptosis was less than that of SeD and

LET-SeNPs. Based on the above results, we can conclude that dif-

ferent Se speciation can induce apoptosis in HUVECs, and the in-

ducing ability is different. SeD and LET-SeNPs have strong inducing

effects. It is thus shown that different Se speciation can exert anti-

angiogenic effects by inducing HUVECs apoptosis.

Researchers have found that cell apoptosis is associated with

the intracellular production of ROS [34]. When cells are disturbed

by external factors, a large amount of ROS are produced, which

destroys the redox balance in cells and leads to apoptosis. There-

fore, we used a 2,7-dichlorodihydrofluoresceindiacetate (DCFH-DA)

probe to detect whether the production of ROS in HUVECs is re-

lated to the mechanism of apoptosis. As showcased in Fig. 4A and

Fig. S9 (Supporting information), when compared to the control

group, the ROS levels of HUVECs treated with LET-SeNPs increased

over time and reached a peak at about 2h. The ROS of cells treated

with the other seleno-compounds increased at first, reached the

highest value at 5min, and then decreased slowly. SeC and LET-

SeNPs induced ROS production in a concentration-dependent man-

ner. The results showed that different Se speciation could induce

HUVECs to produce a large amount of ROS, among which LET-

SeNPs had the most obvious effect on the increase in intracellu-

lar ROS. At the same time, we captured DCF fluorescence images

under a fluorescence microscope, which can be seen in Figs. 4B

and C. The green fluorescence intensity of HUVECs treated with

seleno-compounds was significantly higher when compared to the

control group. After 2 h of drug treatment, the green fluorescence

intensity of HUVECs groups other than the LET-SeNPs group was

slightly higher than the control group, while treatment with LET-

SeNPs significantly increased the green fluorescence intensity of

HUVECs compared to the other groups. Overall, LET-SeNPs and SeD

can induce HUVECs to produce a large amount of ROS, resulting in

disrupting the normal redox balance to induce HUVECs apoptosis,

which finally achieve the effect of anti-angiogenesis.

The TrxR and glutathione peroxidase (GPx) systems play impor-

tant roles in maintaining oxidation–reduction balance by offsetting

excessive ROS, making them promising cancer pharmacological tar-

gets [35]. Therefore, in order to further study the targets of dif-

ferent Se speciation when inhibiting angiogenesis, we detected the

effect of the extracellular and intracellular activity of TrxR and GPx

after HUVECs were treated with organic Se and SeNPs. As shown in

Fig. S10A (Supporting information), with an increase in drug con-

centration, the TrxR activity of HUVECs in vitro decreases gradually

Fig. 4. Effects of different Se speciation on ROS levels in HUVECs. (A) After HUVECs were treated with 4 μmol/L Na2SeO3, 4 μmol/L SeD, 32 μmol/L SeC, and 32 μmol/L LET-

SeNPs, intracellular ROS production was observed for 2h. (B) DCF fluorescence images of HUVECs treated with different seleno-compounds. (C) Mean fluorescence intensity

(MFI) of DCF generated by HUVECs treated with seleno-compounds.
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after treatment with SeD, while the TrxR activity with LET-SeNPs

treatment decreased only slightly. Fig. S10B (Supporting informa-

tion) shows that the activity of GPx measured in vitro increased

slightly after HUVECs were treated with SeD and LET-SeNPs. As

shown in Table S2 (Supporting information), the IC50 value of TrxR

is 41.07 μmol/L, and the IC50 value of GPx is greater than 40 μmol/L

of SeD. However, the IC50 value of TrxR and GPx of LET-SeNPs is

higher than 40 μmol/L. The results show that organic Se has higher

extracellular TrxR inhibitory activity, and different Se speciation

has little effect on the extracellular GPx activity in HUVECs. These

results are consistent with the cytotoxic effects of Se speciation on

HUVECs. In order to further confirm the roles of TrxR and GPx on

the inhibitory effect of different Se speciation on angiogenesis, we

also examined their inhibitory kinetics on intracellular TrxR and

GPx in HUVECs’ cell lysates. As shown in Figs. S10C and D (Sup-

porting information), SeD significantly inhibited TrxR activity in a

time-dependent manner, which was much higher than that of LET-

SeNPs, while SeD and LET-SeNPs had little effect on the inhibitory

kinetics of GPx in HUVECs. Overall, Se speciation has different ef-

fects on the TrxR activity of HUVECs. Organic Se can significantly

inhibit the activity of TrxR, resulting in redox imbalance in vivo,

which gives rise to the intracellular production of ROS. Thereby,

TrxR may be the target of organic Se when inhibiting angiogenesis.

Taken together, in our study, we found that different anti-

angiogenesis effects and mechanism between different Se specia-

tion, including organic Se, inorganic Se and SeNPs. The results in-

dicate that organic Se, especially SeD, can more significantly inhibit

HUVECs proliferation, migration, invasion and angiogenesis ability

than inorganic Se and SeNPs. Among them, these results demon-

strate that organic Se can significantly inhibit tumor angiogenesis

though the inhibition of TrxR, which induces apoptosis and cell cy-

cle arrest and increases ROS production in HUVECs.

Recent decades, a number of studies have confirmed that

seleno-compounds have important anti-tumor [15,16], antibacterial

[17,18], anti-inflammatory [19], anti-oxidation effects [20], and im-

mune promotion functions [21,22]. For example, Na2SeO3 was first

used to prevent and treat Keshan disease [36]. With the indepth

study of element Se, it was found that the regulation of redox reac-

tion by Na2SeO3 can inhibit the proliferation of various tumor cell

lines, such as prostate cancer, breast cancer, lung cancer, bladder

cancer [37]. In general, most inorganic seleno-compounds exhibit

high genotoxicity, and the safe dose is difficult to control, which

limits the clinical application and development of inorganic Se

[36]. Different speciation of Se as an anti-tumor drug has its own

advantages. Studies have shown that the metabolism of organic Se

in the body is different from that of inorganic Se. It has the char-

acteristics of easy absorption, high biological activity, and relatively

low toxicity [36]. Organic Se can regulate oxidative stress, induce

cell apoptosis, and enhance chemotherapy and anti-tumor activ-

ity [14]. SeNPs are an emerging type of seleno-compounds in re-

cent years. Compared with inorganic Se and organic Se, SeNPs have

lower toxicity and higher bioavailability, which facilitates better

control of the dosage [38]. The surface-modified SeNPs have multi-

ple functions such as positioning, imaging, improving the accumu-

lation rate of drugs in tumors, and anti-drug resistance [39–42]. It

has been proved that seleno-compounds have anti-angiogenic ef-

fects and are potential anti-angiogenic drugs. However, it has not

been reported that the influence of different Se speciation on anti-

angiogenesis and its mechanism.

Traditional anti-tumor treatments include surgery, chemother-

apy and radiotherapy [43,44], with the development of medicine,

anti-angiogenesis has played an important role in modern anti-

tumor therapy and has become the first-line treatment choice for

many kinds of malignant tumors [45]. Previous studies have shown

that certain seleno-compounds have anti-angiogenic effects and

have potential in anti-angiogenic treatments. Nevertheless, the ef-

fects of different Se speciation on anti-tumor angiogenesis remain

unknown. To figure out this, we determined the anti-angiogenic

activity by different Se speciation. In this study, the anti-angiogenic

activities of different Se speciation were determined. These results

demonstrate that organic Se (SeD) can significantly inhibit tumor

angiogenesis though the inhibition of TrxR, which induces apopto-

sis and cell cycle arrest and increases ROS production in HUVECs.

Inorganic Se (Na2SeO3) can induce cell cycle arrest and increase

ROS production in HUVECs, showing effective anti-angiogenic ef-

fects. SeNPs (LET-SeNPs) slightly inhibit tumor angiogenesis by in-

ducing apoptosis and cell cycle arrest and increasing the produc-

tion of ROS. In summary, this study elucidated that different Se

speciation can affect the inhibiting angiogenesis effect of seleno-

compounds. Compared with inorganic Se and SeNPs, the anti-

tumor angiogenesis effect of organic Se is the most significant

among all Se speciation, which shows the influence of Se speci-

ation on the anti-tumor angiogenesis effects and mechanisms. We

should design seleno-compounds to prevent tumor angiogenesis. A

drug design based on organic Se can provide a good reference for

the design of new types of angiogenesis inhibitors with high effi-

ciency and low toxicity in the future.
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