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Abstract 
 

Background: Marine natural products contain a wide range of bioactive compounds with therapeutic properties that 

have revealed crucial properties in the treatment of some diseases. Some of these compounds have recently received 

considerable attention for drug discovery. In this study we examined the anti-angiogenic effect of saponin isolated 

from Holothuria leucospilota (sea cucumber) through evaluation of vascular endothelial growth factor D (VEGF-D) 

and transforming growth factor-β (TGFβ) expression in a breast cancer cell line. 

Methods: To investigate the effect of SCS on VEGF-D and TGF-β expression in breast cancer cells, the cells were 
treated with various concentrations of sample. After 48 h the viability of the cells was evaluated by trypan blue 

staining, and VEGF-D and TGFβ mRNA expression was were evaluated by real time-PCR.  

Results: Our results revealed that SCS can suppress cell viability and VEGF-D and TGFβ mRNA expression in 
breast cancer cells. Sea cucumber saponin at a concentration of 12 μg/ml inhibited VEGF-D and TGFβ expression 
more than 90% compared with controls. 

Conclusion: Findings suggest that SCS could inhibit tumor growth via inhibition of angiogenesis. 

 

Keywords: Sea cucumber, Saponin, Angiogenesis, Anticancer

 
 

Introduction 
Breast cancer is common in women and the mortality 

rate is high. The high mortality rate is indicative of 

ineffective therapies. Limitations in facilities and 

treatment for breast cancer have created the need to 

investigate new aspects of treatment (1). Bioactive 

compounds derived from natural products often have 

less toxic side effect than conventional treatments. For 

this reason, they are currently being considered by 

many scientists. Recent studies have demonstrated 

that some marine organisms contain compounds and 

novel molecules with therapeutic properties (2). Sea 

cucumbers are marine invertebrates that have been 

utilized to treat certain diseases (3) Therapeutic 

features of sea cucumber can be attributed to the 

 

existence of bioactive compounds such as glycosides, 

polysaccharides, chondroitin sulfates, and 

cerberosides (4). Saponins, the main 

secondary metabolites in the bodies of sea 

cucumbers, demonstrate exclusive properties based 

on their structural characteristics. Numerous 

investigations have shown various medicinal 

properties of saponins such as anti-microbial, anti-

proliferative, antioxidant, and anti-cancer activities 

(5). One of the most important features of saponins is 

its cytotoxic effect against cancer cells. The effects of 

saponins in cancer therapy have been revealed in 

several studies (6). Saponins can inhibit the growth of 

some tumors through various mechanisms, such as 
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cell cycle arrest (7), induction of apoptosis (8), and 

inhibition of angiogenesis (9). The formation of new 

blood vessels from existing blood vessels is called 

angiogenesis, and this process is controlled by a wide 

range of activators and inhibitors (10). VEGF and 

TGF-β are the most important pro-angiogenic factors 

and interaction of these factors plays a crucial role in 

angiogenesis (11). Vascular endothelial growth factor 

D (VEGF-D), is a potent angiogenic factor that exerts 

its effects via binding to special receptors, and thus 

can control the function of endothelial cells, and it 

also protects cells from apoptosis (12). Thus, 

inhibition of VEGF-D can lead to the inhibition of 

angiogenesis and induction of apoptosis, which are 

important goals in the treatment of tumors (13). 

Transforming growth factor-β (TGF-β) is known as a 
multifunctional gene in angiogenesis and some 

investigations indicate that this gene is involved in 

apoptosis and inflammation. TGF-β has critical roles 
in tumor pathogenesis and can induce angiogenesis 

through effects on tumor microenvironment (14). 

Given the role of VEGF-D and TGF genes in 

angiogenesis, identification of compounds that can 

inhibit these factors’ activities is important in the 
prevention of cancer progression. 

The current investigation was conducted to evaluate 

the anti-angiogenic effects of sea cucumber saponins 

(SCS). Our findings indicate that SCS can inhibit 

tumor growth by inhibiting expression of VEGF-D 

and TGFβ as pro-angiogenic factors. 

 

Materials and Methods 
Raw Material 

Specimens of the sea cucumber (Holothuria 

leucospilota) were collected from Persian Gulf water. 

After washing, their body walls were isolated and 

maintained at -80 °C until use for extraction of 

saponins. 

 

Cells and Chemicals 

The breast cancer cell line MCF7 was acquired from 

the National Cell Bank of Iran. All materials for cell 

culture, including the culture media and supplements,

were purchased from Gibco- Invitrogen (USA). The 

RNA extraction kit was obtained from Roche 

Company (Germany). The c-DNA synthesis kit was 

from Thermo Scientific Company (USA). SYBR 

Green real-time PCR master mix was purchased 

from Pars tous Iran. 

 

Preparation of Saponin 

Saponin from H. leucospilota was purified using 

various solvent systems. The body walls of sea 

cucumbers were cut, dried, and ground into powder. 

The powder was incubated in 70% ethanol for 48h 

and then refluxed three times with ethanol. The 

solution was filtered and evaporated and the resulting 

extract was dissolved in dichloromethane/water. The 

aqueous phase was then extracted with n-butanol. At 

the last step, the concentrated n-buthanol extract was 

dissolved in water and loaded on a Diaion HP-20 

resin column. The resin was washed with water to 

remove inorganic salts followed by 80% and 100 % 

of ethanol for separation of saponins. The obtained 

extracts were concentrated and lyophilized (15, 16). 

 

Culture Medium 

The MCF7 cells were grown in RPMI 1640 

complemented with 10% v/v fetal bovine serum and 

1% antibiotic (penicillin/streptomycin), and kept at 

37 °C under 5% CO2. 

 

Cell Viability Assay  

The effect of the SCS on viability of the MCF7 cells 

was assessed by trypan blue staining. First, the cells 

were seeded at 1x105 cells/ml and incubated for 24 h. 

After completion of the incubation period, the SCS 

was applied at concentrations of 0, 2, 4, 6, 8, and 10 

µg/ml. After 48 h, the cells were washed with PBS 

and detached from the culture plates with trypsin-

EDTA. The cell suspension was stained with 0.2% 

trypan blue (Sigma, USA), transferred to a 

hemocytometer, and cells were counted using an 

inverted microscope (17). Cell viability was 

determined using the following equation:  

% viability = (live cell count/total cell count) x 100. 

 
Table 1. Primer sequences

 

  

Gene Forward 5'→3' Reverse 5'→3' 
VEGF-D 5′GTATGGACTCTCGCTCAGCAT3′ 5′AGGCTCTCTTCATTGCAACAG3′ 

TGFβ 5′GGGACTATCCACCTGCAAGA3′ 5′CCTCCTTGGCGTAGTAGTCG3′ 
GAPDH 5ꞌCAAGGTCATCCATGACAACTTT3ꞌ 5ꞌGTCCACCACCCTGTTGCTGTAG3ꞌ 
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Determination of the expression level of 

angiogenesis-related genes 

The transcriptional expression of VEGF-D and 

TGFβ was examined by quantitative real-time PCR 

using gene specific primers. For this purpose, total 

RNA was purified from the control and experimental 

subjects using a commercial RNeasy kit (High Pure 

RNA Isolation Kit, Roche, Germany). cDNA was 

synthesized with random primers using a RevertAid 

First Strand cDNA Synthesis Kit as described in the 

manufacturer’s handbook. Real-time PCR was 

performed on a Bio-Rad CFX96 system using SYBR 

Green master mix. Alterations in expression were 

estimated relative to the levels expressed by GAPDH 

gene as a reference gene. Primer sequences are 

shown in Table 1. 

 

Statistical analysis 

Data was analyzed using SPSS version 16. Analysis

 

of variance (ANOVA) was performed on viability 

rate and gene expression. To compare differences 

between mean values of multiple groups the least 

significant difference (LSD) test (p < 0.001) was 

applied. P value < 0.05 was accepted as significant. 

 

Results 
The effect of SCS on viability of MCF7 Cells 

Viability of the MCF7 cells 48 h after treatment with 

SCS was evaluated using a dye exclusion assay. 

Based on the results, SCS showed significant 

cytotoxic effect on the MCF7 at 2-10 µg/mL doses 

(**p<0.01, ***p<0.001) compared with untreated 

cells. As shown in the Fig. 1, significantly increases 

with increasing concentration of SCS and this 

indicates that SCS significantly inhibited viability of 

MCF7 cells in a dose-dependent manner. 

 

 

 
Fig. 1. Viability of MCF7 cells 48 h after treatment with 0, 2, 4, 6, 8, and 10 µg/ml of SCS. Results are presented as the mean ± SD. **P<0.01 

and ***P<0.001 were considered significant. 

 

The effect of SCS on VEGF-D expression level in 

MCF7 cells 

VEGF-D mRNA expression was not significantly 

different between the groups treated with different 

concentrations of SCS, but it was significantly less 

than in the control group (***P<0.001). As shown in 

 

Fig. 2, addition VEGF-D expression was significantly 

less in the cells that received SCS, even at 3 µg/ml, 

than in the control group. This is indicative of a strong 

inhibitory effect of SCS on VEGF-D as a pro-

angiogenic gene. 
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The effect of SCS on TGFβ expression level in 

MCF7 cells 

TGFβ mRNA expression was also significantly less 
in the cells that received SCS than in the control 

group (**p<0.01, ***p<0.001). As shown in Fig. 3, 

at the concentration of 6 µg/ml of SCS observed an 

increase in the expression of TGFβ which probably is 

represents a transient change in the expression of this 

gene. Data analysis showed SCS at 3, 6, and 12 

μg/ml inhibited TGFβ expression by 93, 70 and 
99.5%, respectively, compared with the control 

group. Therefore TGFβ can be considered as one of 

the genes involved in angiogenesis that inhibited by 

SCS.  

 

 
Fig. 2. MCF7 cells were exposed with 3, 6, or 12 µg/ml of SCS for 48h and mRNA expression levels of VEGF-D was assessed by real time pcr 

examination that demonstrated inhibitory effects of SCS on expression of VEGF-D. Saponin extract showed significant inhibitory effect on the 

MCF7 at 3-12 µg/mL doses (***p<0.001) compared with untreated cells. 

 

 

 

 
Fig. 3. Effects of SCS on TGFβ mRNA expression in MCF7 cells 48 h after addition of 3, 6, or 12 µg/ml of SCS TGFβ expression levels were 
assessed by real time pcr and detected a significant decrease in the expression of TGFβ in treated cells compared with control group. All data 

expressed as mean±SD. **P<0.01 and ***P<0.001 were considered significant.  
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Discussion 
Because the inhibition of angiogenesis is an important 

strategy to control of cancer progression, thus 

identifying compounds with anti-angiogenic 

properties is of particular importance (18). The use of 

conventional therapies in breast cancer, like other 

cancers, can cause damage to healthy cells. For this 

reason scientists are looking for a new approach to 

minimize the side effects of current treatments. 

Natural products and bioactive compounds derived 

from them may be a solution to this problem. Natural 

products derived from plants and marine organisms 

have health benefits that have been used to treat some 

diseases (19). Saponins are secondary metabolites 

found in plants and some marine organisms, and anti-

cancer effects of these compounds has been 

demonstrated in some studies (20). To determine 

whether the saponins isolated from H. leucospilota 

can suppress angiogenesis in breast cancer cells, we 

evaluated VEGF-D and TGFβ expression in MCF7 
cells treated with SCS by quantitative real-time PCR 

assay. Our results revealed that the SCS has a dose-

dependent inhibitory effect on MCF7 cell viability 

(Fig. 1) and VEGF-D (Fig. 2) and TGFβ (Fig. 3) 

expression indicating the anti-angiogenic property of 

SCS. Studies of the effects of anticancer natural 

products such as saponin suggest that these 

compounds suppress cancer cells with various 

strategies such as inhibition of angiogenesis. 

In a study in 2005, Stanley and colleagues found that 

Ganoderma lucidum inhibited angiogenesis via down 

regulation of VEGF and TGF-b1 in PC-3 cells (21). 

This is similar to the results of our study. Tian et al 

(2007) showed that philinopside E, through specific 

interactions with the kinase insert domain-containing 

receptor (KDR) extracellular domain, block its 

interaction with VEGF, and the downstream 

signaling and from this pathway can inhibit 

angiogenesis (22). Recently, much attention has been 

focused on the extraction of bioactive compounds 

from ginseng and evaluation of its therapeutic 

properties. Ginsenoside Rg3 is a bioactive compound 

isolated from ginseng that exerts a strong inhibitory 

effect on growth and angiogenesis in ovarian cancer 

cells (23). Diosgenin is a saponin purified from 

Trigonella foenum graecum, which like other saponin 

compounds, has anti-proliferative effects. Diosgenin 

inhibited PC-3 cell proliferation in a dose-dependent  

 

manner. Diosgenin prevented the progression of 

angiogenesis by suppressing VEGF expression in 

PC-3 cells, which resemble to our data in anti-

angiogenic activity of SCS (24). Ds-echinoside A 

(DSEA), a triterpine glycoside extracted from 

Pearsonothuria graeffei sea cucumber. has an 

inhibitory effect on HepG2 cell viability and is also 

inhibits tube formation in ECV-304 cells. Western 

blot results showed that this compound has a strong 

inhibitory effect on nuclear facto- kappa B (NF-κB) 
and VEGF (25). Chan et al (2011) reported that 

polyphyllin D, is a steroidal saponin extracted from 

Paris polyphylla inhibited angiogenesis in HMEC-1 

cells at 0.1–0.4 μM concentrations (26). 

Wenjing et al (2012) reported that astragaloside 

IV (AS) inhibited viability of uveal melanoma cells 

and suppressed angiogenesis through inhibition of of 

VEGF-a expression. Therefore, astragalos may be 

considered as a therapeutic agent for the treatment of 

angiogenesis-dependent diseases, including cancer 

(27). 

Radix astragali, a medicinal herb with 

pharmacological features, contain many bioactive 

compounds, including astragalosides (AST). 

Evaluation of anti-angiogenic properties of AST in in 

vivo models showed that the AST reduced the levels 

of p-Akt, p-mTOR, VEGF, VEGFR1, and VEGFR2 

proteins. Therefore, it can be regarded as a compound 

with anti-cancer properties (28). 

Because saponins have diverse structures they 

have diverse biological properties. Liu et al. (2013), 

reported different results than we found in our study. 

In the Liu et al. study, total saponins extracted from 

Panax notoginseng enhanced angiogenesis by 

increasing VEGF expression and related receptor 

signalling (29). 

Pulsatilla saponin D (SB365), an active herbal 

compound extracted from Pulsatilla koreana strong 

inhibited the viability of several cancer cell lines such 

as MIAPaCa-2, BXPC-3, PANC-1, AsPC-1, and 

HPAC. SB365 also inhibits angiogenesis and via 

down regulation of HIF-1α and VEGF genes. These 
features qualify SB365 as a candidate for use in 

cancer treatment (30). Theasaponin E1 (TSE1) is a 

saponin present in tea seed. TSE1 has been shown to 

exert its effect on anti-angiogenic effects through the 

inhibition of VEGFR and NF-ĸB (31). Prior studies 
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revealed the suppression of VEGF and TGF-b1 via 

the inhibition of NF-ĸB (21). Therefore, it is predicted 

that TSE1 may have an inhibitory effect on VEGF 

and TGF-b genes. Taken together, these reports 

suggest that natural products could play important 

roles in cancer treatment. Therefore, identification of 

bioactive compounds is an important step in the 

treatment of diseases. 

The results of our study indicate that the saponins 

extracted from the sea cucumber can prevent 

angiogenesis through inhibition of angiogenesis-

related genes, such as VEGF-D and TGFβ. Thus, 
saponins and other biological compounds could be 

effective in the treatment of cancer and other 

angiogenesis-related diseases. 

 

Acknowledgment 
This work was performed in the Animal 

Development Applied Biology Research Center and 

the authors thank the faculty of Science, Islamic Azad 

University of Mashhad. 

 

 

References 
1. Ho CY, Kim CF, Leung KN, Kwok-Pui F, Tse 

TF, Chan H, et al. Differential anti-tumor activity of 

coriolus versicolor (Yunzhi) extract through p53-

and/or Bcl-2-dependent apoptotic pathway in human 

breast cancer cells. Cancer Biol Ther. 2005;4(6):638-

44. 

2.  Sreejamole K, Radhakrishnan C. Antioxidant and 

cytotoxic activities of ethyl acetate extract of the indian 

green mussel Perna viridis. Asian J Pharm Clin Res. 

2013;6(3): 197-201. 

3. Soltani M, Baharara J. Antioxidant and 

Antiprolifereative Capacity of Dichloromethane 

Extract of Holoturia leucospilota sea cucumber. 

IJCMB. 2014; 2014:1-9. 

4. Sarhadizadeh N, Afkhami M, Ehsanpour M. 

Evaluation bioactivity of a Sea cucumber, Stichopus 

hermanni from Persian Gulf. Eur J Exp Biol. 2014; 

4(1):254-8. 

5. Bordbar S, Anwar F, Saari N. High-value 

components and bioactives from sea cucumbers for 

functional foods-a review. Mar Drugs. 

2011;9(10):1761-805. 

6. Han LT, Fang Y, Li MM, Yang HB, Huang F. 

The Antitumor Effects of Triterpenoid Saponins from 

the Anemone flaccida and the Underlying 

Mechanism. Evidence-based complementary and 

alternative medicine: eCAM. 2013; 

http://dx.doi.org/10.1155/2013/517931. 

7. Hong SW, Jung KH, Lee HS, Son MK, Yan HH, 

Kang NS, et al. SB365, Pulsatilla saponin D targets c-

Met and exerts antiangiogenic and anti-tumor 

activities. Carcinogenesis. 2013;1-14. 

8. Li J, Tang H, Zhang Y, Tang C, Li B, Wang Y, et 

al. Saponin 1 Induces Apoptosis and Suppresses NF-

κB-Mediated Survival Signaling in Glioblastoma 

Multiforme (GBM). PloS one. 2013;8(11):1-12. 

 

9. Koneri R, Nagarathna P, Mubasheera M, Mohan 

MM. Antiangiogenic and anticancer activity of 

saponins of Momordica cymbalaria. Int J Basic Clin 

Pharmacol. 2014;3(1):70-8. 

10.  Wen SY, Zhang LN, Yang XM, Zhang YL, Ma 

L, Ge QL, et al. LRG1 is an independent prognostic 

factor for endometrial carcinoma. Tumour Biol. 

2014;35:7125-33 

11.  Liu Z, Kobayashi K, van Dinther M, van 

Heiningen SH, Valdimarsdottir G, van Laar T, et al. 

VEGF and inhibitors of TGFβ type-I receptor kinase 

synergistically promote blood-vessel formation by 

inducing α5-integrin expression. J. Cell Sci. 

2009;122(18):3294-302. 

12.  Yasuoka H, Nakamura Y, Zuo H, Tang W, 

Takamura Y, Miyauchi A, et al. VEGF-D expression 

and lymph vessels play an important role for lymph 

node metastasis in papillary thyroid carcinoma. Mod 

Pathol. 2005;18(8):1127-33. 

13.  Ferrari G, Pintucci G, Seghezzi G, Hyman K, 

Galloway AC, Mignatti P. VEGF, a prosurvival 

factor, acts in concert with TGF-β1 to induce 
endothelial cell apoptosis. Proc. Natl. Acad. Sci. 

2006;103(46):17260-5. 

14.  Kaminska B, Wesolowska A, Danilkiewicz M. 

TGF beta signalling and its role in tumour 

pathogenesis. Acta Biochim Pol. 2005;52(2): 329–
337. 

15.  Hu XQ, Wang YM, Wang JF, Xue Y, Li ZJ, 

Nagao K, et al. Dietary saponins of sea cucumber 

alleviate orotic acid-induced fatty liver in rats via 

PPARa and SREBP-1c signaling. Lipids Health Dis. 

2010;9:25. 

16.  Soltani M, Parivar K, Baharara J, Kerachian MA, 

Asili J. Hemolytic and cytotoxic properties of saponin 



Antiangiogenic effects of sea cucumber saponin 

     Rep. Biochem. Mol. Biol, Vol. 4, No. 1, Oct 2015    
 

31 

purified from Holothuria leucospilota sea cucumber. 

Rep. Biochem. Mol. Biol. 2014;3(1):1-8. 

17.  Shahneh FZ, Valiyari S, Azadmehr A, 

Hajiaghaee R, Yaripour S, Bandehagh A, et al. 

Inhibition of growth and induction of apoptosis in 

fibrosarcoma cell lines by Echinophora platyloba DC: 

in vitro analysis. Adv Pharm Sci. 2013; doi: 

10.1155/2013/512931. 

18. Jiang Z, Wu M, Miao J, Duan H, Zhang S, Chen 

M, et al. Deoxypodophyllotoxin exerts both anti-

angiogenic and vascular disrupting effects. Int. J. 

Biochem. Cell Biol. 2013;45(8):1710-9. 

19. Sagar SM, Yance D, Wong R. Natural health 

products that inhibit angiogenesis: a potential source 

for investigational new agents to treat cancer-Part 1. 

Curr Oncol 2006;13(1):14-26. 

20. Podolak I, Galanty A, Sobolewska D. Saponins 

as cytotoxic agents: a review. Phytochem Rev. 

2010;9(3):425-74. 

21. Stanley G, Harvey K, Slivova V, Jiang J, Sliva D. 

Ganoderma lucidum suppresses angiogenesis through 

the inhibition of secretion of VEGF and TGF-beta1 

from prostate cancer cells. Biochem Biophys Res 

Commun. 2005;330(1):46-52. 

22. Tian F, Zhu Ch, Zhang Xw, Xie X, Xin Xl, Yi 

Yh, et al. Philinopside E, a new sulfated saponin from 

sea cucumber, blocks the interaction between kinase 

insert domain-containing receptor (KDR) and αvβ3 
integrin via binding to the extracellular domain of 

KDR. Mol. Pharmacol. 2007;72(3):545-52. 

23. Xu Tm, Xin Y, Cui Mh, Jiang X, Gu Lp. 

Inhibitory effect of ginsenoside Rg3 combined with 

cyclophosphamide on growth and angiogenesis of 

ovarian cancer. Chin. Med. J. 2007;120(7):584-8. 

24. Chen PS, Shih YW, Huang HC, Cheng HW. 

Diosgenin, a steroidal saponin, inhibits migration and 

invasion of human prostate cancer PC-3 cells by

reducing matrix metalloproteinases expression. PLoS 

One. 2011;6(5):1-10.  

25. Zhao Q, Liu Zd, Xue Y, Wang Jf, Li H, Tang Qj, 

et al. Ds-echinoside A, a new triterpene glycoside 

derived from sea cucumber, exhibits antimetastatic 

activity via the inhibition of NF-κB-dependent MMP-

9 and VEGF expressions. J Zhejiang Univ Sci B. 

2011;12(7):534-44. 

26. Chan JYW, Koon JCM, Liu X, Detmar M, Yu 

B, Kong SK, et al. Polyphyllin D, a steroidal saponin 

from Paris polyphylla, inhibits endothelial cell 

functions in vitro and angiogenesis in zebrafish 

embryos in vivo. J. Ethnopharmacol. 2011;137(1):64-

9. 

27. Wenjing Z, Minwang M, Dong W, Dongrun T. 

Inhibition of angiogenesis and metastasis of uveal 

melanoma cells by astragaloside IV. J. Med. Plants 

Res. 2012;6(31):4609-14. 

28. Law PC, Auyeung KK, Chan LY, Ko JK. 

Astragalus saponins downregulate vascular 

endothelial growth factor under cobalt chloride-

stimulated hypoxia in colon cancer cells. BMC 

Complement Altern Med. 2012;12(1):160. 

29. Liu C, Ou Y, Zhang Y, Fu X. Total saponins of 

Panax notoginseng enhance VEGF and relative 

receptors signals and promote angiogenesis derived 

from rat bone marrow mesenchymal stem cells. J. 

Ethnopharmacol. 2013;147(3):595-602. 

30. Son MK, Jung KH, Lee HS, Lee H, Kim SJ, Yan 

HH, et al. SB365, Pulsatilla saponin D suppresses 

proliferation and induces apoptosis of pancreatic 

cancer cells. Oncol. Rep. 2013;30(2):801-8. 

31. Kim JD, Chaudhary N, Seo HJ, Kim MY, Shin 

TS. Theasaponin E1 as an effective ingredient for anti-

angiogenesis and anti-obesity effects. Biosci. 

Biotechnol. Biochem. 2014;1-9. 


