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Abstract: New effective tumor-specific and patient-safe drugs are in demand for cancer treatment. 

Various classes of substances from holothurians (sea cucumbers) have a number of unique structural 

properties that provide their high cytotoxicity and other anticancer activities. Until recently, the main 

attention of researchers was focused on triterpene glycosides (TGs), primarily isolated from 

commercially used species of sea cucumbers. TGs have pronounced anticancer activity, but in many 

cases cause side effects. The aim of this review was to analyze data on the anticancer effects of the 

most studied classes of compounds isolated from sea cucumbers (TGs, proteins and peptides, 

sphingolipids, polysaccharides), including species that are not used, their mechanisms of action, and 

approaches to ensuring their safe use in anticancer therapy. The analysis revealed high anticancer 

activity of the studied compounds against a wide range of tumors, which is performed largely through 

different mechanisms. The safety of using TGs increases when combined with some compounds of 

other chemical classes, which is manifested in the absence of a significant side effect on healthy cells. 

High efficacy and safety of experiments using a wide range of compounds isolated from sea cucumbers 

demonstrate that they are promising candidates for anticancer drugs. 

Keywords: cancer therapy; holothurians; polysaccharides; proteins; sphingolipids; triterpene 

glycosides 

 

1. Introduction 

Cancer, a major health problem causing a high mortality worldwide, continues to be one of the 

most pressing challenges to modern medicine [1]. Knowledge about the mechanisms of onset and 

progression for different types of cancer is insufficient [2]. In addition, cancer treatment is complicated 
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by the rapid development of drug resistance by cancer cells and the high toxicity of drugs administered, 

often with severe side effects [1]. Hence, there is an urgent need for novel drugs with different 

mechanisms of action, combining efficacy with low toxicity. 

Marine invertebrates are a source of many compounds with unique toxicity [3,4], and their 

bioprospection is a tool for developing potential anticancer drugs. In particular, attention to anticancer 

properties of holothurians (Echinodermata, Holothuroidea), commonly referred to as sea cucumbers, 

has increased enormously over the past 20 years. As evidenced by a large-scale study of literary sources 

conducted by Zare and co-authors [5], the number of publications on this topic increased more than 4-

fold in 2021 compared to 2006. 

According to the latest data, there are 1,762 living species of holothurians in the world [6]. The 

number of new species is increasing, partly due to the exploration of previously inaccessible deep-sea 

and polar habitats [7]. 

Sea cucumbers are widely distributed across the world’s oceans, with the greatest diversity of 

species and stocks recorded from the Asia-Pacific region. These animals make up a significant share 

in the macrozoobenthos biomass in ocean waters. Many sea cucumber species are of high commercial 

value and are used as food and a source of valuable biologically active substances. Nevertheless, only about 

70 holothurian species are known that have been commercially exploited worldwide until 2016 [8]. 

Historically, sea cucumbers have been used for traditional medicine in South East and East Asia, 

primarily in China, Japan, North Korea, and South Korea, for many centuries. Due to over-demand 

and decline in abundance of the most valuable species, the number of harvested species, which were 

not previously exploited, is continuously increasing [9–11]. Interest in the sea cucumbers is also 

growing in other countries [12–14]. Thus, the species that are not harvested but have the potential to 

be used in the food and pharmaceutical industry have received attention from researchers in recent 

years [15–17]. 

Biocompounds isolated from sea cucumbers include triterpene glycosides, sphingolipids, 

polysaccharides, proteins and peptides, amino acids, polyunsaturated fatty acids, phenolic compounds, 

and carotenoids [12,13]. The first four groups include some unique compounds, and anticancer activity 

of these groups is the most studied. 

The review summarizes and analyzes findings regarding the anticancer effects of triterpene 

glycosides, sphingolipids, polysaccharides, and proteins from sea cucumbers, the mechanisms of their 

action, and the feasibility of using them as agents in anticancer therapy. 

2. Triterpene glycosides 

Triterpene glycosides are characterized by structural diversity, primarily, of aglycones (triterpene 

derivatives of lanostane) and carbohydrate chains. These compounds may contain up to four sulfate 

groups in their carbohydrate backbone. The generic and species specificity enable using these 

glycosides as a taxonomic important character [18]. 

The anticancer effects of drugs are mainly based on their ability to directly kill cancer cells, reduce 

their invasiveness, and inhibit their proliferation, metastasis, and angioplasticity of tumors [2]. 

Triterpene glycosides are known as multi-target agents. 
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2.1. Cytotoxic activity 

Triterpene glycosides (saponins), being the best-studied of all substances derived from sea 

cucumbers, considered in 72% of studies [19], have shown the greatest cytotoxicity [20]. More than 

100 sea cucumber-derived saponins have been identified [21], with their number continuously growing. 

Different types of cancer cells are distinguished by their characteristics, and, therefore, their treatment 

requires a vast number of compounds with different anticancer mechanisms [22]. The structural 

diversity of glycosides provides broad opportunities for their potential use. As known, tumor cell lines 

exhibit different sensitivities to cytotoxic glycosides derived from sea cucumbers [23,24], which are, 

consequently, of certain therapeutic interest. Table 1 presents the best studied triterpene glycosides 

with low-dose cytotoxic effect [4,25–61]. Many sea cucumber-derived triterpene glycosides have 

shown a cytotoxic effect on a number of cell lines of various tumor types. The cytostatic activity of 

glycosides has most frequently been shown for colon, lung, liver, and breast cancer cells: 18 glycosides 

have shown an effect on six cell lines of colon cancer [4,25-27,31,34–37]; 23 glycosides on three cell 

lines of lung cancer [4,25–34]; 27 glycosides on four cell lines of liver cancer [4,25,28,30,31,33,36,38–

44]; and 26 glycosides on eight cell lines of breast cancer [4, 25–27,31,32,36,37,41,42,45–49]. 

In other cancer types studied (stomach, blood, skin, pancreas, cervix, throat, bladder, kidney, 

prostate, brain, ovarian, nasopharynx, muscle), glycosides are also effective, but cancer cell sensitivity 

to different glycosides was less comprehensively studied in these cases [4,26–31,34,40–44,46,50–54, 

56–61]. 

A number of glycosides have shown efficacy in many cancer types. For example, they include 

argusides B, C, D, E, isolated from B. argus [25,36], intercedensides D–H from M. intercedens (non-

exploited species) [34], pentactasides I, II, III and philinopsides A and B from C. quadrangularis 

(unaccepted name P. quadrangularis) [26,27], griseaside A from H. grisea [28], frondoside A from C. 

frondosa [4,46,57,59,60] and from C. okhotensis (a non-commercial species) [54,58], colochiroside A 

from C. anceps (formerly name C. anceps) [29], hillasides A and B from H. hilla [30], echinoside A 

from H. nobilis [31], stichorrenosides C and B from S. horrens [42], and thelenotoside B from S. 

horrens [42]. 

Notably, among the 27 sea cucumber species listed in the Table 1, 11 are either of no commercial 

value or barely exploited. 
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Table 1. Cytotoxicity of triterpene glycosides against cancer cell lines. 

Cancer type Cell line Glycoside Sea cucumber species Ref 

Lung A549 human non-small lung carcinoma Frondoside A Cucumaria frondosa  [4] 

  Argusides B, C, D, E Bohadschia argus [25] 

  Philinopsides A, B, E Colochirus quadrangularis (obsolete 

name Pentacta quadrangularis) 

[26] 

  Pentactasides I, II, III Colochirus quadrangularis [27] 

  Griseaside A Holothuria grisea [28] 

  Colochiroside A Cercodemas anceps (obsolete 

name Colochirus anceps) 

[29] 

  Hillasides A, B Holothuria hilla [30] 

  Echinoside A Holothuria nobilis [31] 

  Nobiliside D Holothuria nobilis [32] 

  Impatienside A Holothuria impatiens [33] 

 SpC-A4 lung adenocarcinoma Intercedensides D-H *Mensamaria intercedens [34] 

 LNM35 large cell lung cancer Philinopside E Colochirus quadrangularis [26,27] 

Colon HCT-116 colon cancer Frondoside A Cucumaria frondosa  [4] 

  Argusides A, B, C, D, E Bohadschia argus [25,35,36] 

  Bivittoside Holothuria polii [37] 

  Pentactasides I, II, III Colochirus quadrangularis [27] 

  Philinopsides A and B Colochirus quadrangularis [26] 

  Echinoside A Holothuria nobilis [31] 

 DLD-1 colorectal adenocarcinoma  Frondoside A Cucumaria frondosa  [4] 

  Intercedensides D-H *Mensamaria intercedens [34] 

 HT-29 colorectal adenocarcinoma Echinoside A Holothuria nobilis [31] 

 LoVo colorectal adenocarcinoma Echinoside A Holothuria nobilis [31] 

 Caco-2 human colorectal adenocarcinoma Echinoside A Holothuria nobilis [31] 

 HCT-8 human colon carcinoma  Intercedensides D-H *Mensamaria intercedens [34] 

Continued on next page 

https://www.marinespecies.org/aphia.php?p=taxdetails&id=241792


255 

AIMS Molecular Science            Volume 13, Issue 3, 251–292. 

Cancer type Cell line Glycoside Sea cucumber species Ref 

Liver SMMC-7721 hepatocarcinoma Echinoside A Holothuria nobilis [31] 

 HepG2 human hepatocellular carcinoma Argusides B, C, D, E Bohadschia argus [25,36] 

  Holothurin A1 Peasonothuria graeffei [38] 

  Dehydroechinoside A (DHEA) Peasonothuria graeffei [38] 

  Ds-echinoside A Peasonothuria graeffei [39]  

  Echinoside A Holothuria nobilis [31] 

  Frondoside A Cucumaria frondosa [4] 

  Holothurins A3 and A4 Holothuria scabra [40] 

  Stichorrenosides C, B Stichopus horrens [41] 

  Stichorrenoside E Stichopus horrens [42] 

  Deacetylated thelenotoside B Stichopus horrens [42] 

  Thelenotoside B Stichopus horrens [42] 

  Impatienside A Holothuria impatiens [33] 

 H22 hepatoma Echinoside A Holothuria nobilis [31] 

 BEL-7402 human hepatocarcinoma Echinoside A Holothuria nobilis [31] 

  Griseaside A Holothuria grisea [28] 

  Violaceusides A, B *Pseudocolochirus violaceus [43] 

  Fuscocinerosides A, B, C *Holothuria fuscocinerea [44] 

  Pervicoside *Holothuria fuscocinerea  [44] 

  Holothurin A  *Holothuria fuscocinerea  [44] 

  Hillasides A, B Holothuria hilla [30] 

Breast MCF-7 human breast adenocarcinoma Argusides B, C, D, E Bohadschia argus  [25,36] 

  Bivittoside Holothuria polii [37] 

  Djakonovioside E1 *Cucumaria djakonovi [45] 

  Frondosides A, B Cucumaria frondosa [46] 

  Pentactasides I, II, III Colochirus quadrangularis [27] 

  Philinopsides A, B Colochirus quadrangularis [41] 

  Stichorrenosides C, B Stichopus horrens [32] 

Continued on next page 
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Cancer type Cell line Glycoside Sea cucumber species Ref 

Breast MCF-7 human breast adenocarcinoma Nobiliside D  Holothuria nobilis [26] 

  Thelenotoside B Stichopus horrens [42]  

  Psolusosides A, L Psolus peronii [47] 

 MDA-MB-231 triple-negative breast cancer Frondosides А, B Cucumaria frondosa [46] 

  Echinoside A Holothuria nobilis [31] 

  Djakonovioside E1 *Cucumaria djakonovi [45] 

  Psolusoside A *Psolus peronii [47] 

 SK-BR-3 human breast adenocarcinoma Echinoside A Holothuria nobilis [31] 

  Frondoside A Cucumaria frondosa [4] 

 MDB-MA-435 human breast carcinoma Frondoside A Cucumaria frondosa [4] 

  Echinoside A Holothuria nobilis [31] 

 MDB-MA-468 human breast adenocarcinoma Echinoside A Holothuria nobilis [31] 

 66.1 triple-negative murine breast cancer Frondoside A Cucumaria frondosa [4] 

 Mouse Ehrlich carcinoma Cucumariosides A1, A6 *Eupentacta fraudatrix [48] 

  Typicosides A1, A2, B1, C2 *Actinocucumis typica [49] 

 T-47D human breast cancer  Psolusoside L *Psolus peronii [47] 

Stomach MKN28 gastric carcinoma cells Colochiroside A Cercodemas anceps [29] 

  Pentactasides I, II, III Colochirus quadrangularis [27] 

  Philinopsides A, B, E Colochirus quadrangularis [26] 

  Echinoside A Holothuria nobilis [31] 

 MKN-45 human gastric cancer Echinoside A Holothuria nobilis [31] 

 SGC-7901 human gastric cancer Echinoside A Holothuria nobilis [31] 

Blood HL60 human leukaemia Colochiroside A Cercodemas anceps [29] 

  Fuscocinerosides A, B, C *Holothuria fuscocinerea [44] 

  Cucumarioside A2–2 Cucumaria japonica [46,50] 

  Frondoside A Cucumaria frondosa [4] 

  Griseaside A Holothuria grisea [28] 

  Philinopside E Colochirus quadrangularis [26] 

Continued on next page 

https://www.marinespecies.org/aphia.php?p=taxdetails&id=241792
https://www.marinespecies.org/aphia.php?p=taxdetails&id=241792


257 

AIMS Molecular Science            Volume 13, Issue 3, 251–292. 

Cancer type Cell line Glycoside Sea cucumber species Ref 

Blood HL60 human leukaemia Stichoposide D Thelenota anax [51] 

  Violaceusides A, B *Pseudocolochirus violaceus [43] 

  Echinoside A Holothuria nobilis [31] 

  Chilensosides A1, B, C *Paracaudina chilensis [52] 

  Chitonoidosides E, K, L *Psolus chitonoides [53] 

 THP-1 human monocytic leukemia Frondoside A *Cucumaria okhotensis [54] 

 K562 human erythroleukemic cell Stichoposide D Thelenota anax [55] 

  Echinoside A Holothuria nobilis [31] 

Skin B16F10 murine melanoma Crude saponin Holothuria leucospilota [56] 

 MDA-MB-435 melanoma Frondoside A Cucumaria frondosa [46] 

  Stichorrenosides C, B Stichopus horrens [41] 

 SK-Mel2 melanoma Intercedensides D-H *Mensamaria intercedens [34] 

  Thelenotoside B Stichopus horrens [42] 

 A431 human skin cancer (epidermoid carcinoma) Echinoside A Holothuria nobilis [31] 

Pancreas AsPC-1 human pancreatic adenocarcinoma Frondoside A Cucumaria frondosa [57] 

 S2013 human pancreatic cancer Frondoside A Cucumaria frondosa [57] 

 MiaPaca-2 human pancreatic carcinoma Frondoside A Cucumaria frondosa [4] 

Cervix HeLa cervical cancer Frondoside A  *Cucumaria okhotensis [54] 

  Echinoside A Holothuria nobilis [31] 

  Chitonoidosides E, K, L *Psolus chitonoides [53] 

  Okhotosides B1, B2, B3 *Cucumaria okhotensis [54] 

Throat KB human epidermoid carcinoma Hillasides A, B Holothuria hilla [30] 

  Echinoside A Holothuria nobilis [31] 

  Holothurins A3, A4 Holothuria scabra [40] 

  Thelenotoside B Stichopus horrens [41,42] 

  Stichorrenosides C, B Stichopus horrens [41,42] 

Bladder RT112 human bladder cancer Frondoside A *Cucumaria okhotensis [58] 

 RT4 human bladder cancer Frondoside A *Cucumaria okhotensis [58] 

Continued on next page 
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Cancer type Cell line Glycoside Sea cucumber species Ref 

Bladder HT-1197 human bladder carcinoma Frondoside A  *Cucumaria okhotensis  [58] 

 T24 human bladder carcinoma Frondoside A *Cucumaria okhotensis  [58] 

 486p human bladder carcinoma Frondoside A *Cucumaria okhotensis [58] 

 TCC-SUP human bladder transitional cell carcinoma Frondoside A *Cucumaria okhotensis [58] 

 UM-UC-3 bladder cancer cells Frondoside A Cucumaria frondosa [59] 

Kidney CAKI-1 kidney carcinoma Hillasides A, B Holothuria hilla [30] 

  Intercedensides D-H *Mensamaria intercedens [34] 

Prostate PC-1 human prostate cancer Frondoside A Cucumaria frondosa [4] 

 PC-3 human prostatic carcinoma Hillasides A, B Holothuria hilla [30] 

  Echinoside A Holothuria nobilis [31] 

  Frondoside A Cucumaria frondosa [4] 

  Thelenotoside B Stichopus horrens [42] 

 LNCaP human prostatic adenocarcinoma Stichorrenosides C, B Stichopus horrens [42] 

  Frondoside A Cucumaria frondosa [4] 

 DU145 human prostatic carcinoma  Frondoside A Cucumaria frondosa [4] 

 VCaP human prostatic carcinoma  Frondoside A Cucumaria frondosa [60] 

 22Rv1 human prostatic carcinoma Frondoside A Cucumaria frondosa [60] 

Brain U87MG human brain glioblastoma Pentactasides I, II, III  Colochirus quadrangularis [27] 

  Philinopsides A, B, E   Colochirus quadrangularis [26] 

 Neuro 2A neuroblastoma Psolusoside L  *Psolus fabricii [61] 

Ovarian SK-OV-3 ovarian cancer Intercedensides D-H *Mensamaria intercedens [34] 

  Echinoside A Holothuria nobilis [31] 

 HO-8910 ovarian carcinoma Echinoside A Holothuria nobilis [31] 

 1A9 ovarian cancer Intercedensides D-H *Mensamaria intercedens [34] 

Muscle RH30 rhabdomyosarcoma Echinoside A Holothuria nobilis [31] 

 S180 mouse sarcoma Echinoside A Holothuria nobilis [31] 

Nasopharynx KB-VIN epidermoid carcinoma of the nasopharynx Intercedensides D-H *Mensamaria intercedens [34] 

Note: *–species non-exploited or of little commercial importance.
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It should be noted that sulfated glycosides are the most active compounds. Of them, monosulfated 

glycosides are more active than disulfated or trisulfated glycosides, as shown, for example, by comparing 

cytotoxicities of the monosulfated frondoside A (Figure 1A) with the disulfated frondoside B (Figure 1B) 

and the trisulfated frondoside C in AsPC-1 and S2103 human pancreatic cancer cells [4]. On the contrary, 

tri- and tetrasulfated glycosides compared to di-sulfated compounds display a great potential to be used 

as anticancer agents in cases of promyeloblast HL-60 and monocytic THP-1 cell lines (trisulfated 

chilensoside C, but not tetrasulfated chilensoside D, Figure 2) [52] and HeLa, DLD-1, and HL-60 cell 

lines (tetrasulfated chitonoidosides K and L, Figure 3) [53]. Nonetheless, membranolytic activity of 

disulfated cucumarioside A3-2 from E. fraudatrix is stronger than that of trisulfated koreoside A [45]. 

Hence, there is no direct cytotoxicity dependence on the degree of sulfation. The sensitivity of the 

cancer cell lines to the cytotoxic action of sea cucumber-derived glycosides depends on the glycoside’s 

chemical structures and the composition of the cellular membrane [46]. Furthemore, the presence of 

acetyl group at C-16 in the structure is essential for the cytotoxic activity of glycosides, which is 

manifested as a higher activity of frondoside A compared to cucumarioside A2–2 (Figure 4) [50]. The 

quantitative structure–activity relationship (QSAR) method displays the complex nature of the 

relationships between the structure of glycosides and their membranolytic action, with considerable 

effect of numerous weak predictors in combination with each other [45]. 

 

Figure 1. Structure of frondosides A (A) and B (B). 
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Figure 2. Structure of chilensosides C and D. 

 

Figure 3. Structure of chitonoidosides K (A) and L (B). 
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Figure 4. Structure of cucumarioside A2–2. 

Mechanisms of cytotoxicity and other anticancer activities of some triterpene glycosides are 

displayed in Table 2. As the results of studies on cytotoxicity of triterpene glycosides show, they induce 

apoptosis of cancer cells [1], often through different signaling pathways. Apoptosis is a programmed 

cell death characterized by morphological and metabolic features, of which the most significant are 

chromatin condensation and fragmentation of nuclear DNA. It is a homeostatic mode of cell death [62]. 

Philinopsides A and E from C. quadrangularis (former name P. quadrangularis) stimulate apoptosis 

of sarcoma-180 cells [1]. The cytotoxic activity of nobiliside D from H. nobilis associated with its 

apoptotic effect deserves a special mention here. The level of induced apoptosis varies between cancer 

cell lines, with the maximum recorded for 45.8% of K562 myelogenous leukemia cells and for 58.7% 

of MCF-7 breast cancer cells (half maximal inhibitory concentration (IC50) of 0.83 ± 0.14 and 0.82 ± 

0.11 µg/mL for K562 and MCF-7, respectively) [32]. The mechanisms of apoptosis in these cases were 

not identified. 

For a limited number of triterpene glycosides, studies have been conducted on the mechanisms 

of their apoptotic action. Moebioside A, which was first described from Holothuria moebii, induces 

apoptosis in human glioblastoma U87-MG cells. This glycoside does not have a significant effect on 

the expression of pro- and antiapoptotic genes, as analyzed by Western blot, but reduces the expression 

levels of glycolytic and glutaminolytic enzymes, which indicates a new mechanism of glioma 

suppression [63]. Frondoside A and cucumarioside A2–2 induced apoptosis in HL60, THP-1, and NB4 

human leukemia cells, and frondoside A is more toxic to leukemic cells compared to cucumarioside 

A2–2. Using caspase inhibitors shows that frondoside A induces apoptosis independently of caspase 

activation, but apoptosis triggered by cucumarioside A2–2 is caspase-3-dependent [50]. Stichoposide 

C, isolated from T. anax, induces apoptosis in human K562 and HL-60 leukemia cells through a Fas 

death receptor clastering, activation of caspase-3 and caspase-8 (enzymes involved in apoptosis 

induction), and Bid (pro-apoptotic protein of the Bcl-2 family). In addition, activation of ceramide 

synthase (CerS)6 and ceramide generation followed by p38 kinase activation takes place, which is 

known to induce apoptosis by an intrinsic pathway [51]. A crude saponin isolated from Holothuria 

leucospilota up-regulates caspase-3 and caspase-9 and causes morphological characteristics of 

apoptotic cell death in B16F10 melanoma cells [56]. Frondoside A from C. frondosa induces apoptosis 
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through an increase in expression of the p53 protein (a transcription factor that regulates the cell cycle) 

and by stimulating caspases 3, 7, and 9 in MDA-MB-231 breast cancer cells [64]. In human urothelial 

carcinoma RT112 cells, frondoside A from C. okhotensis also induces apoptosis by stimulating 

caspase-3, -8, and -9, as well as poly (ADP ribose) polymerase (PARP), nuclear enzyme involved in 

DNA repair, Bax, and cyclin-dependent kinase inhibitor p21 (a target of the transcription factor p53) 

expressions. However, in the cells with suppressed p53, frondoside A is more effective. As Dyshlovoy 

et al. emphasized, apoptosis in cancer cells is often independent of caspase- and p53-activities [58]. 

Furthemore, frondoside A increases the expression of p21 in PC-3 and DU145 cells, and suppresses its 

expression in LNCaP [4], indicating a different sensitivity of tumor types to frondoside A anticancer 

effects. 

Several hypotheses have been advanced to explain the phenomenon of caspase-independent 

apoptosis in cancer cells, including the possible involvement of non-caspase proteases, the increased 

production of reactive oxygen species (ROS) in mitochondria, and the incomplete inhibition of 

caspases by caspase inhibitors in model experiments [4]. In this regard, the assumption that the 

apoptosis regulation by glycosides occurs at a higher level seems most plausible [58]. Nuclear factor 

kappa-B (NF-κB) is a family of dimeric transcription factors taking part in a number of physiological 

conditions, including apoptosis. In the cytoplasm, NF-κB is associated with protein inhibitor (IκB), 

and after activation by several receptors and some factors, followed by proteasomal degradation of 

IκB protein, NF-κB translocates to the nucleus and attaches to target genes [22]. Apparently, NF-κB 

may play a certain role in caspase-independent apoptosis, in particular by stimulating antioxidant 

defense and inactivation of caspases, and inhibiting p53 activity [22]. Moreover, NF-κB is important 

for tumor progression in non-small cell lung cancer [65]. NF-κB activation in mutated Kras-induced 

lung cancer and pancreatic cancer cells causes tumor initiation and progression [66]. NF-κB is also 

involved in the tumor progression through activation of cyclooxygenase (COX)-2. In addition, NF-κB 

increases angiogenesis by stimulating genes of pro-inflammatory cytokines, for example, interleukine 

(IL)-8 and inducible nitric oxide synthase (iNOS) expression, as reported in studies on colorectal 

cancer and breast cancer cells [67,68], and triggers invasion and metastasis through epithelial-

mesenchymal transition (EMT) in colon cancer [68]. Stichoposide D and more potent stichoposide C 

from S. chloronotus induce apoptosis in HL-60 and ТНР-1 cells. Taking into account the results of the 

study of the effect of stichoposide D on the transcriptional activity of activating protein-1 (AP-1) 

nuclear transcription factor, which is involved in the regulation of proliferation and apoptosis, and on 

the NF-κB expression, the apoptotic effect of this stichoposide may be associated with the inhibition 

of the activity of these transcription factors [69]. Ds-echinoside A from P. graeffei has an apoptosis-

stimulating effect, reducing the expression of the apoptosis regulator Bcl-2 and NF-κB, increasing the 

expression of caspase-3, and cleaving PARP [39,70]. 

Moreover, frondoside A was shown to inhibit p21 protein (Rac/Cdc42)-activated p21-kinase 

(PAK1) in vitro. This kinase is upstream of several other signal transduction mechanisms including 

NF-κB expression, which explains such a wide range of anticancer effects of the compound [4]. 
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Table 2. Mechanisms of the anticancer activity of triterpene glycosides. 

Activity Triterpene 

glycoside 

Cancer type/cell 

line/model 

Mechanism Ref 

Cytotoxic (apoptotic) Philinopsides A, E Sarcoma-180 N/d [1] 

 Nobiliside D K562; MCF-7 N/d [32] 

 Moebioside A U87-MG Reduction in the expression levels of some 

glycolysis and glutaminolysis enzymes 

[63] 

 Frondoside A HL60, THP-1, and NB4 Caspase-independent [50] 

 Cucumarioside A2–2 HL60, THP-1, and NB4 Caspase-3-dependent [50] 

 Stichoposide C K562; 

HL-60 

Activation of Fas clastering, caspase-3, caspase-8, 

and Bid, activation of CerS6 and p38 kinase, and 

ceramide generation 

[51] 

 Crude saponin from 

H. leucospilota 

B16F10 Up-regulation of caspase-3 and caspase-9 [56] 

 Frondoside A MDA-MB-231 Increase in expression of p53 protein and in activity 

of caspases 3, 7, and 9 

[64] 

 Frondoside A RT112 Stimulation of caspase-3, -8, and -9, PARP, Bax, 

p21; Activation of JNK1/2, and inhibition of p38 

and ERK1/2 

[58] 

 Frondoside A PC-3, DU145 Increase in the expression of p21 [4] 

 Frondoside A LNCaP Decrease in the expression of p21 [4] 

 Stichoposide C HL-60, ТНР-1 N/d [69] 

 Stichoposide D HL-60 Suppression of NF-κB and AP-1 activity [39,70] 

 Ds-echinoside A Hep G2 Reducing the expression of Bcl-2, NF-κB, and 

increasing the expression of caspase-3, cleavage of 

PARP 

[39,70] 

Continued on next page 
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Activity Triterpene 

glycoside 

Cancer type/cell 

line/model 

Mechanism Ref 

Overcoming 

chemotherapy 

resistance 

Frondoside A RT112 Autophagy inhibition simultaneously with 

apoptosis inducing; Activation of JNK1/2, and 

inhibition of p38 and ERK1/2 

[58] 

 Frondoside A Ehrlich carcinoma Formation of complexes with cell membrane 

cholesterol and inhibition of the activity of the 

membrane transport protein P-glycoprotein 

[46,76] 

 Cucumarioside A2–2 

 

Ehrlich carcinoma Formation of complexes with cell membrane 

cholesterol and inhibition of the activity of the 

membrane transport protein P-glycoprotein 

[46,76] 

Anti-proliferative 

effects 

Cucumarioside A2–2 Ehrlich carcinoma Cell cycle arrest in the (S) phase [77] 

 Echinoside A HepG2 Cell cycle arrest in the G0/G1 phase; An increase 

in p16, p21, and c-Myc expression; Decrease in 

cyclin D1 expression; Inhibition of Bcl-2 

expression and increased cytochrome c release 

from mitochondria, caspase-3 activation, and PARP 

cleavage 

[70] 

 Ds-echinoside A HepG2 Cell cycle arrest in the G0/G1 phase; Increase in 

p16 and p21, and c-Myc expression; Decrease in 

cyclin D1 expression; Inhibition of the expression 

of Bcl-2, and increase in cytochrome c release from 

mitochondria, caspase-3 activation, and PARP 

cleavage; Decrease in the NF-κB expression 

[70] 

 Frondoside A PC-3 Cell cycle arrest in the G2/M phase and a reduction 

in the proportion of cells in the G0/G1 phase 

[4] 

 Frondoside A Burkitt lymphoma cell 

lines 

Cell cycle arrest in the G1 phase [78] 

Continued on next page 
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Activity Triterpene 

glycoside 

Cancer type/cell 

line/model 

Mechanism Ref 

Inhibition of 

angiogenesis 

Ds-echinoside A ECV-304 Decrease in the tube-forming ability in matrigel.  

Suppression of MMP-9 expression, increased 

TIMP-1 expression, and reduced NF-κB and VEGF 

expression 

[39] 

 24-

dehydroechinoside A 

ECV-304 Reduced tube formation on matrigel, suppressed 

VEGF expression, and increased TIMP-1 

expression 

[38] 

 Holothurin A ECV-304 Reduced tube formation on matrigel, suppression 

of VEGF expression, and increased TIMP-1 

expression; Decrease in NF-κB expression 

[38] 

 Philinopside A Model human microvascular 

endothelial cells 

Reducing tube formation on the Matrigel; 

Inhibition of the proliferation and migration 

[79] 

  Cultured rat aortas Suppression of new microvessel formation [79] 

  Chick embryo 

chorioallantoic membranes 

Inhibition of angiogenesis [79] 

  S180-associated endothelial 

cells 

Inducing apoptosis [79] 

 Frondoside A Chick chorioallentoic 

membrane 

Inhibition of basal and FGF-stimulated 

angiogenesis 

[4] 

  Human umbilical vein 

endothelial cells 

Reducing vascular tube formation [4] 

  LNM35 xenograft Reducing microvessel density [4] 

Anti-metastatic 

activity 

Okhotoside A1-1 MDA-MB-231 Inhibition of the formation and growth of colonies 

and the migration of cells 

[18] 

 Cucumarioside A0-1 MDA-MB-231 Inhibition of the formation and growth of colonies 

and the migration of cells 

[18] 

 Frondoside A UM-UC-3 Inhibition of the migration of cells [59] 

Continued on next page 
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Activity Triterpene 

glycoside 

Cancer type/cell 

line/model 

Mechanism Ref 

Anti-metastatic 

activity 

Frondoside A MDA-MB-231 Antagonizing EP2 and EP4 receptors, reduction of 

cAMP-mediated intracellular signaling; 

Suppression of NF-κB and AP-1 expression, 

inhibition of PI3K/Akt, ERK1/2, and MAPK; 

Increase in TIMP-1 expression and reduced MMP-

9 expression 

[80,81] 

 Holothurin A 

 

PC3 Antagonizing the EMT program and 

downregulating MMP-2 and MMP-9 via the 

Akt/P38/JNK-MAPK signaling pathway 

[83] 

 Holothurin A1 HepG2 Downregulation of MMP-9, decreased expression 

of VEGF and NF-κB, and upregulation of TIMP-1 

[38] 

 24-

dehydroechinoside A 

HepG2 Downregulation of MMP-9, decreased VEGF 

expression, and upregulation of TIMP-1 

[39] 

Immunomodulation Cucumarioside A2-2 Macrophages Stimulation of NO and ROS generation [86] 

 Frondoside A Macrophages Stimulation of spreading, lysosomal activity, and 

ROS generation 

[4] 

 Frondoside A NK cells Prevention of NK cells from PGE2 mediated 

suppression 

[4] 

Note: N/d - not determined. 
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2.2. Overcoming chemotherapy resistance 

Another advantage of using glycosides is that they help overcome tumor resistance to 

chemotherapy. This resistance is largely related to autophagy of cancer cells, a type of programmed 

cell death through self-digestion. Autophagy is an earlier response to stress compared to apoptosis and 

can maintain cell survival. The two death types can occur simultaneously and independently in the 

same cell, affecting one another [71,72]. As Li et al. [72] emphasized in their review, tumors can disrupt 

the normal regulation of autophagy and use its mechanisms to restructure their metabolism for adapting 

to unfavorable impact. However, the role of autophagy in the mechanisms of drug resistance of cancer 

cells is not clear, since it can promote cancer cell death and protect cells from chemotherapy [73]. It 

was also shown that the outcome may depend on the cancer cell line [74,75]. For example, protection 

against autophagy was reported for frondoside A isolated from C. okhotensis and tested on the RT112 

cell line. The protection is associated with apoptosis. Furthermore, c-Jun N-terminal kinase (JNK) 1/2 

is activated, and extracellular signal-regulated kinase (ERK) 1/2 is inhibited. According to Dyshlovoy 

et al., since JNK1/2 can activate and reduce apoptosis, this multidirectional effect of frondoside A on 

both kinases explains its unique ability to simultaneously induce apoptosis and inhibit autophagy [58]. 

On the other hand, frondoside A and cucumarioside А2–2 from C. japonica form a complex with 

cell-membrane cholesterol. In the Ehrlich ascites carcinoma mouse tumor model, this ability leads to 

decreased activity of the transport P-glycoprotein responsible for the transmembrane transport of drugs 

and linked to multidrug resistance in tumor cells [46,76]. Apparently, the ability of frondoside A and 

cucumarioside А2–2 to potentiate effects of a number of antitumor drugs [57,58,77] is also based on 

their impact on transmembrane transport. 

2.3. Anti-proliferative effects 

Another mechanism of anticancer action reported for a number of glycosides is the delay of cell 

division, thus inhibiting tumor growth [1]. Cucumarioside A2–2 from C. japonica induces cell arrest 

in the S phase in Ehrlich carcinoma cells [77]. Echinoside A and, to a greater extent, ds-echinoside A 

from P. graeffei affect the G0/G1 phases in HepG2 cells. These echinosides also inhibit cell 

proliferation through an increase in the expression of cyclin-dependent kinase inhibitors, such as p16, 

p21, and the c-myc oncogene, and decrease the expression of protein cyclin D1. However, only ds-

echinoside A, but not echinoside A, significantly decreases NF-κB expression [70]. Frondoside A 

increases the proportion in cells arrested in the G2/M phase of the cell cycle and reduces the proportion 

of cells in the G0/G1 phase [4]. In Burkitt lymphoma cell lines (BL-2, CA46, Namalwa, and Ramos), 

frondoside A increases the proportion of cells only in the G1 phase [78]. This indicates different 

mechanisms of action of individual compounds on proliferative activity and different sensitivities of 

tumors to the same substance. 

2.4 Inhibition of angiogenesis 

Glycosides can also inhibit angiogenesis. Thus, ds-echinoside A from P. graeffei decreases the 

tube-forming ability of the human urinary bladder carcinoma cell line ECV-304 in matrigel. This action 

is considered to be associated with the suppression of matrix metalloproteinase-9 (MMP-9), which is 



268 

AIMS Molecular Science  Volume 13, Issue 3, 251–292. 

a marker of chronic inflammation, expression, and activation of tissue inhibitors of metalloproteinase-

1 (TIMP-1), regulating MMP-9, and with reducing vascular endothelial growth factor (VEGF), having 

a mitogenic and an anti-apoptotic effect on endothelial cell receptors, and with NF-κB expression [39]. 

Holothurin A and 24-dehydroechinoside A from P. graeffei also suppress the expression of MMP-

9 and VEGF and enhance the level of TIMP-1 expression. Holothurin A, but not 24-dehydroechinoside 

A, also reduces NF-κB expression. Both compounds reduce tube formation of ECV-304 cells on the 

matrigel in vitro and decrease neovascularization in the chick embryo using the chorioallantoic 

membrane (CAM) assay in vivo [38]. This indicates that their antiangiogenic potential may be NF-κB-

independent. 

Philinopside A from C. quadrangularis (former name P. quandrangularis) also exhibits potential 

anti-angiogenic activity that manifested itself through inhibition of the proliferation, migration, and 

tube formation of human microvascular endothelial cells, inhibition of angiogenesis in chick embryo 

chorioallantoic membrane assay, and suppression of new microvessel formations in cultured rat aortas. 

Philinopside A also inhibits many angiogenesis-related receptor tyrosine kinases (RTKs), such as 

fibroblast growth factor (FGF) receptor-1, platelet-derived growth factor (PDGF) receptor-beta and 

epithelial growth factor (EGF) receptor, and reduced VEGF expression. In addition, philinopside A 

induces apoptosis of S180-associated endothelial cells [79].  

Frondoside A displays antiangiogenic capacities in the model experiments on the chick 

chorioallentoic membrane (inhibition of basal and FGF-stimulated angiogenesis) and human umbilical 

vein endothelial cells (HUVEC), where frondoside A abolishes vascular tube formation, as well as in 

xenografts of LNM35 lung cancer cells (reducing microvessel density) [4]. However, the mechanisms 

of its antiangiogenic effects have not been studied. 

2.5. Anti-metastatic activity 

Anti-metastatic effects were reported for some holothurian’s glycosides. It should be noted that 

glycosides can inhibit the adhesion and migration of tumors, thereby preventing their metastasis. 

Okhotoside A1-1 and cucumarioside A0-1 from C. djakonovi have demonstrated effective inhibition 

of the formation and growth of colonies and the migration of cells of the most aggressive triple-

negative MDA-MB-231 cell line of breast cancer [18].  

Frondoside A inhibits the migration of UM-UC-3 bladder cancer cells [59]. This glycoside also 

supresses the migration and invasion of MDA-MB-231 in vitro and in vivo [80–82]. The mechanism 

of inhibition is at the level of the antagonizing prostaglandin E receptors EP2 and EP4, thus, reducing 

the cyclic adenosine monophosphate (cAMP) mediating intracellular signaling, indicating the COX-

2-dependent mechanism of antimetastatic effect [80]. At the downstream level, frondoside A reduces 

the expression of NF-κB and transcription factor AP-1 and inhibits tissue plasminogen activator-

induced activation of phosphatidylinositol 3-kinase (PI3K)/RAC-alpha serine-threonine-protein 

kinase (Akt), ERK1/2, and p38 mitogen-activated protein kinase (MAPK) [81]. This is important 

because, when over-activated, the PI3K signaling pathway is involved in carcinogenesis. These effects 

are associated with the increased expression of TIMP-1 [80] and significantly reduced expression of 

MMP-9 [80,81]. 

The mechanism of suppression of MMP activity is also manifested as the anti-metastatic action 

of holothurin A from H. scabra on PC3 cancer cells. This glycoside demonstrates anti-metastatic 

ability by antagonizing the EMT program and downregulating MMP-2 and MMP-9 via the 
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Akt/P38/JNK-MAPK signaling pathway [83]. Holothurin A1 and 24-dehydroechinoside A from P. 

graeffei also display anti-metastatic effects on HepG2 cancer cells through downregulation of MMP-

9 and increasing expression of TIMP-1. They also prevent the expression of VEGF. However, only 

holothurin A1 inhibits the expression of NF-κB, which indicates that the antimetastatic activity of not 

all triterpene glycosides is NF-κB-dependent [38]. Another compound from P. graeffei, ds-echinoside 

A, exhibits anti-metastatic activity in HepG2 cancer cells by suppressing NF-κB expression, followed 

by inhibiting MMP-9 and VEGF expressions [39]. 

2.6. Immunomodulating mechanisms 

In addition to their direct effect on cancer cells, glycosides are supposed to influence the cell 

microenvironment, in particular immune cells. The most common among them are tumor-associated 

macrophages (TAMs). The latter play a key role in the interaction between tumor and the 

microenvironment. Macrophages are divided into the two major types, M1 and M2, differing in their 

metabolism and morphology. The presence of iNOS that catalyzes nitric oxide (NO) production and 

high levels of NO are typical for the M1 type, and high activity of arginase is a marker of M2 

macrophages. TAMs are represented mainly by M2 macrophages [84]. There are several anti-cancer 

agents derived from marine organisms (synthetic analogues of substances from mollusks, ascidians, 

and some other invertebrates) that combine efficacy in killing cancer cells and immunoregulation. 

Most of them can repolarize macrophages into the M1 phenotype [17]. The potential of anti-cancer 

agents from sea cucumbers to influence macrophage polarization is poorly studied. In particular, 

cucumarioside A2-2 stimulates NO and ROS production in spleen macrophages, which indicates the 

promotion of M2 to M1 polarization. Furthermore, studies on RAW 264.7 macrophages treated with 

drivers of macrophage polarization showed that cucumarioside A2-2 stimulates polarization toward 

the M1-phenotype [85]. Frondoside A from C. frondosa also stimulates spreading, lysosomal activity, 

and the generation of ROS in macrophages. Moreover, frondoside A, being a blocker for EP4 

prostaglandin receptors, protects natural killer (NK) cells from PGE2 mediated suppression and 

inhibits breast cancer metastases in an NK cell-dependent manner [4]. However, there is no data on 

the effect of sea cucumber-derived glycosides on TAMs in cancer. Thus, the immunomodulatory effect 

of glycosides in cancer should be given more attention in the future. 

3. Proteins and peptides 

Proteins make up more than 70% of holothurian’s body wall [86] and represent another class of 

compounds with anticancer properties. As shown in the Table 3, total body-wall protein from H. 

leucospilota has a cytotoxic effect on HepG2, A549, and pancreatic adenocarcinoma Panc02 cancer 

cell lines through the induction of apoptosis. In addition, the total body-wall protein can selectively 

block phases of the cell cycle depending on the cell line; for example, it triggers G0/G1 phase arrest 

in HepG2 cells, increases the proportion of cells in the G0/G1 phase in A549 cells, and reduces the 

G0/G1 phase of Panc02 cells. Furthemore, the protein treatment reduces the proportion of cells in the 

G2/M phase in HepG2 cells and A549 cells, and increases the G2/M phase of Panc02 cells. Notably, the 

protein targets tumor, but not normal, cells [87]. The potential of C. frondose-derived peptides in 

suppressing breast cancer growth was demonstrated using a molecular docking analysis based on peptide 

binding to overexpressed EGFR, PI3K, AKT1, and cyclin dependent kinase 4 (CDK4) proteins [88]. In 
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particular, EGFR and CDK4 regulate cell proliferation, and their activation through the estrogen 

receptor ER+ is often involved in the development of breast cancer. 

Table 3. Anticancer activity of sea cucumber-derived proteins. 

Cancer 

type/line/model 

Protein/peptide Species Effect Ref 

HepG2 Total body-wall H. leucospilota Cytotoxic, inducing the 

G0/G1 phase arrest, reducing 

the proportion of cells in the 

G2/M phase 

[87] 

A549 Total body-wall H. leucospilota Cytotoxic, increasing the  

G0/G1 phase, reducing the 

proportion of cells in the 

G2/M phase 

[87] 

Panc02  Total body-wall H. leucospilota  Cytotoxic, reducing the 

proportion of cells in G0/G1 

phase, and increasing the 

proportion in G2/M phase 

[87] 

Molecular 

docking analysis 

Peptides C. frondosa Suppressing breast cancer 

growth via peptide binding to 

overexpressed EGFR, PI3K, 

AKT1, and CDK4 proteins 

[88] 

 

MCF-7 Peptides A. japonicus Triggering apoptosis by 

upregulating caspase-9, 

caspase-3, and cytochrome c 

expression. Inhibiting 

PI3K/Akt pathway 

[89] 

Lewis lung 

carcinoma 

Protein A. japonicus Apoptosis, inhibition of the 

adhesion, migration, and 

invasion 

[90] 

A549 Protein A. japonicus Inhibition of the proliferation, 

migration and invasion 

[91] 

Peptides with a relative molecular weight <2,000 Da isolated from intestine of Apostichopus 

japonicus induces apoptosis of MCF-7 cells in vitro. The peptides increase the expression of cleaved 

caspase-9 and cleaved caspase-3, but not caspase-8, and enhances the cytochrome c expression in 

MCF-7 cells. Thus, apoptosis occurs via the intrinsic apoptosis pathway, including the inhibition of 

the PI3K/Akt pathway [89]. Moreover, ADAMTS13 human protease-like protein is isolated from A. 

japonicus. This protein contains 10 TSP1 domains, one of which (the third), named Aj-Tspin, contains 

an arginine–glycine–aspartate (RGD) motif characteristic of disintegrins. Its theoretical molecular 

weight is 6.976 kDa. Aj-Tspin suppresses the proliferation of Lewis lung carcinoma cells through 

apoptosis and inhibits the adhesion, migration, and invasion of tumor cells [90]. The holothurian-

derived peptide also effectively inhibits the proliferation, migration, and invasion of A549 cells. The 

tumor suppressor gene TUSC2 targeted by miR-378a-5p is involved in the inhibition [91]. 
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Studies of the anticancer action of proteins and peptides isolated from sea cucumbers have been 

mainly developed in the last five years and they demonstrate the high potential of these compounds 

for cancer treatment. 

4. Sphingoid-based substances 

Another type of compounds from sea cucumbers is sphingolipids, including, in particular, 

sphingosides (Table 4). For example, cerebrosides and gangliosides contain long chain amino alcohol 

sphingosine (Figure 5) or its derivative, an amide-linked fatty acid and a polar head group such as 

carbohydrates. Additionally, gangliosides contain sialic acids. The composition of gangliosides in sea 

cucumbers differs from that in mammals, particularly by the direct binding of sialic acid to the glucose 

component and the sandwich-like interlayer of two or three sialic acids between sugar chains. 

Moreover, sialic acids play an important role in the bioactivity [92]. Sphingoid bases from Stichopus 

variegatus has a cytotoxic effect on colorectal cancer cell lines DLD-1, WiDr, and Caco-2 and induce 

apoptosis through the activation of caspase-3 and regulation of the Bcl-2 gene family. Notably, the 

cytotoxic doses of sphingolipids used have little impact on normal cells. However, these substances, 

derived from mammals, are digested in the intestine [92] and, therefore, the oral administration of 

sphingolipids as drugs is in question. 

 

Figure 5. Structure of sphingosine. 

In their study on the anti-HepG2 activity of structural variants of sphingolipids from C. frondosa, 

Jia et al. [93] found that all glucocerebrosides (cerebrosides in which the monosaccharide group is 

glucose), ceramides (sphingoid base linked to a fatty acid, Figure 6), and long-chain bases inhibit 

cancer cell proliferation, with ceramide being the most effective. 

Ceramides induce apoptosis through a special mechanism. They directly increase mitochondrial 

outer membrane permeabilization, which is a key event in apoptotic signaling, by forming ceramide 

channels, followed by the release of cytochrome c from the mitochondria into the cytosol. Moreover, 

activation of CerS5 and the increase in ceramide level can induce lethal autophagy in cancer cells. 

However, the studies on the outcome of colorectal patients highlighted that overexpression of CerS5 and 

the increase in ceramide level correlate with a more aggressive cancer by unknown mechanisms [94]. 

The sea cucumber ceramides were not used in these studies. Moreover, a study by Du et al. [95] showed 

that the effect of glucocerebroside depends on the chemical structure of its sphingoid base and the fatty 

acid composition, though there is a need to further study the mechanisms of action of sphingoid-based 

compounds isolated from sea cucumbers. 
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Table 4. Anticancer activity of sphingoid-based substances from sea-cucumbers. 

Cancer cell 

line 

Sphingoid base Species Effect Ref 

WiDr Sphingoid bases S. variegatus Cytotoxic, inducing apoptosis 

through activation of caspase-

3 and regulation of Bcl-2 

[92]  

DLD-1 Sphingoid bases S. variegatus Cytotoxic, inducing apoptosis 

through activation of caspase-

3 and regulation of Bcl-2 

[92] 

Caco-2 Sphingoid bases S. variegatus Cytotoxic, inducing apoptosis 

through activation of caspase-

3 and regulation of Bcl-2 

[92] 

HepG2  Ceramides C. frondosa Apoptosis through formation 

of ceramide channels and 

increased mitochondrial outer 

membrane permeabilization 

[93,94] 

 

Figure 6. Structure of ceramide from C. frondosa. 

5. Polysaccharides 

There are two major types of polysaccharides in holothurians: Fucoidans (sulfated fucans), 

containing sulfated carbohydrate, mainly fucose, residues [96], and mucopolysaccharides, or 

glycosaminoglycans (GAGs), consisting of D-glucuronic acid, N-acetyl-D-galactosamine residues, 

and sulfate ester groups [97]. It was shown (Table 5) that SvF3 (Figure 7), a fucoidan, isolated from 

the body wall of S. variegatus, does not exhibit cytotoxicity toward T47D and MDA-MB-231 cancer 

cell lines, but inhibits their growth in the colony and migration of MDA-MB-231 cells in vitro [98]. A 

fucoidan from C. frondosa has significant cytotoxic and antimetastatic effects on U2OS human 

osteosarcoma. The latter effect is due to the influence on the metastasis mechanisms associated with 

rearrangements of the cytoskeleton [99], the regulation of which is performed with the involvement of 

the Rho small guanosine triphosphatase (GTPase) family, in particular, Rac1 [100]. Fucoidan decreases 



273 

AIMS Molecular Science  Volume 13, Issue 3, 251–292. 

the F-actin content and disrupts the Rac1 activation and the subsequent signaling pathway for 

cytoskeletal rearrangement [99]. In addition, the purified fraction F2 from the water-soluble protein-

sulfated fucan (PSF) complex from A. japonicus (former name Stichopus japonicus) is effective in 

stimulating the cytotoxicity of NK against HeLa, HepG2, and HT-29 cancer cell lines [101]. The PSF 

also displays a potential to stimulate macrophage programming into M1 cells [96]. 

Table 5. Anticancer activity of polysaccharides from sea-cucumbers. 

Cancer cell 

line 

Polysaccharides Species Effect Ref 

 Fucoidans    

T47D SvF3 S. variegatus Inhibition of the growth in 

colony 

[98] 

MDA-MB-

231 

SvF3 S. variegatus Inhibition of the growth in 

colony and cell migration in 

vitro 

[98] 

U2OS  Fucoidan C. frondosa 

 

Cytotoxic and antimetastatic 

effects through reduced F-

actin production and 

inhibition of Rac1 activation, 

resulting in cytoskeletal 

rearrangement 

[99] 

 

HeLa, 

HepG2, and 

HT-29 

Purified fraction F2 

from the water-

soluble PSF 

A. japonicus Stimulation of NK cell 

cytotoxicity against tumor 

cells 

[101] 

 Glycosaminoglycans 

(GAGs) 

   

YAC-1  GAG A. japonicus Cytotoxicity through 

activation of NK cell–

mediated antitumor activity 

[97] 

B16 GAG A. japonicus Cytotoxic, through 

activation of antineoplastic 

activity of CTLs 

[97] 

B16F10 GAG Sea cucumber Inhibition of tumor cell 

adhesion and migration by 

regulating the protein levels 

of integrins, focal adhesion 

kinase, and MMP-2/9 

[102] 

HepG2 

 

SJAMP A. japonicus Inhibition of proliferation by 

upregulating nm23-H1 and 

inducing apoptosis by 

downregulating Bcl-2 

[104] 

Continued on next page 
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Cancer cell 

line 

Polysaccharides Species Effect Ref 

HepG2 HfFucCS Holothuria 

floridana 

Preventing carcinogenesis by 

disrupting the interaction of 

Sulf-2 with cell-surface 

heparan sulfate 

[105] 

4T1  Oligosaccharides H. floridana 

H. 

fuscopunctata  

Inhibition of heparan sulfate 

degradation and preventing 

tumor angiogenesis and 

metastasis 

[104, 

106] 

A549 GAG A. japonicus Inhibition of proliferation by 

inducing cell cycle arrest in 

the G1 and G2 phases. 

Enhancement of the 

inhibitory effect of DDP on 

A549 cells by 

downregulating Bcl-2 and 

survivin and upregulating 

Bax and caspase-3 

[107] 

 

A549 GAG C. frondosa Cytotoxicity, promotion of 

apoptosis. 

Enhancement of the 

sensitivity of A549 cells to 

hematoporphyrin derivative-

photodynamic therapy 

[108] 

 

 

Figure 7. Proposed structural basis of monosulfated SVF3 from S. variegatus. 

GAGs of marine animals differ from those of terrestrial organisms, mostly in terms of molecular 

weight and sulfation degree [102]. Moreover, fucosylated glycosaminoglycans (Figure 8), which are 

GAG derivatives, are exclusively in sea cucumbers [103]. In their native state, these compounds are part 
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of proteoglycans. GAG from A. japonicus promote antineoplastic activity of NK cells against YAC-1 

lymphoma cells and specific-cytotoxic T lymphocytes (CTLs) against B16 melanoma cells [97]. GAG 

from the sea cucumber inhibits P-selectin-mediated B16F10 tumor cell adhesion and migration in vitro 

through the regulation of protein levels of integrins, focal adhesion kinase, and MMP-2/9 [102]. The 

acid mucopolysaccharide SJAMP from the sea cucumber A. japonicus (S. japonicus) inhibits the 

proliferation and induces apoptosis of HepG2 cells, decreasing the expression of Bcl-2 and increasing 

the expression of nm23-H1 (an inhibitor of tumor cell proliferation) [104]. 

 

Figure 8. Proposed structural unit for glycosaminoglycan from A. japonicus. 

A unique glycosaminoglycan, fucosylated chondroitin sulfate HfFucCS, with 3,4-disulfated 

fucose structural motif, from the sea cucumber Holothuria floridana disrupts the interaction of 

heparan-6-O-endosulfatase 2 (Sulf-2) and surface heparan sulfate. Sulf-2 plays an important role in 

physiological modification of the cell surface and extracellular matrix, and its dysregulation 

contributes to carcinogenesis. The targeted inhibitory effect of HfFucCS on Sulf-2-associated damage 

to cell surface indicates the prospects for further studies of its anticancer action [105]. 

Oligosaccharides derived from fucosylated GAG from H. floridana [104] and Holothuria 

fuscopunctata [106] act as heparanase inhibitors, preventing degradation of heparan sulfate, a critical 

process for tumor angiogenesis and metastasis. The antimetastatic effect has been demonstrated for 

4T1 mammary carcinoma cells [106]. 

In addition, GAG increases the sensitivity of lung cancer cells to chemotherapy. A combined 

administration of GAG from A. japonicus and cisplatin (cis-diamminedichloroplatinum(II)) (DDP) 

enhances the inhibitory effect of DDP on A549 cells through an apoptosis mechanism, including the 

reduction in Bcl-2 and survivin, and the increase in Bax and caspase-3 expression. GAG can also 

promote cell cycle arrest in the G1 and G2 phases [107]. Studies have also been conducted on the 

combined anticancer effects of GAG and phototherapy. A GAG from C. frondosa inhibits proliferation 

and promotes apoptosis of A549 cells. This compound also enhances the sensitivity of A549 cells to 

hematoporphyrin derivative-photodynamic therapy [108]. 

Thus, both types of polysaccharides exhibit cytostatic, antimetastatic, immunomodulatory, and 

anticoagulant activities [99,102,109]. However, their cytostatic activity is observed only at high 

concentrations. For example, only a concentration of fucoidan from C. frondosa ≥400 µg/mL exhibits 

a cytotoxic effect on U2OS cells after 24 h of incubation [99], while a 100 µg/mL concentration of 

GAG from A. japonicus induces apoptosis in the A549 cells after 24 h, comparable to the effect of 
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DDP (3 µg/mL) [107]. In contrast, the complete inhibition of HepG2 cells is achieved within 12 h 

upon treatment with echinoside A from H. scabra at a concentration of 3 µg/mL [20]. Available data 

on the antimetastatic activity of GAGs and their potentiating effects on known cytostatic agents suggest 

their higher potential as drug candidates for cancer therapy compared to fucoidans.  

However, it should be noted that the anticancer activity of polysaccharides derived from 

holothurians, as well as their mechanisms of action, especially in vivo, remain poorly studied. In 

addition, since GAGs are part of proteoglycans, their activity may depend on the protein moiety, which 

can, for example, influence the binding of molecules to the membranes of immune cells and, 

consequently, the regulation of their activity [96]. Similarly, the activity of fucoidans is influenced by 

bound proteins and by the degree of sulfation [101]. This is important for the immunomodulatory 

component of these substances and requires further investigation to determine the significance of the 

protein component of glycoproteins. Furthermore, the efficacy of GAGs [96] and fucoidans [101] is 

influenced by the degree of sulfation of the molecules, which affects their binding to cells and requires 

further study to better understand their mechanisms of action and to enable the development of 

standardized preparations. In addition, the anticoagulant properties of GAGs depend on their 

concentration. At low doses, a procoagulant tendency has been observed [109], which may contribute 

to thrombosis. In contrast, at doses that produce an anticoagulant effect of polysaccharides, there is a 

risk of bleeding. This highlights the need for careful dose selection when developing drug candidates. 

Further, it was found that depolymerized holothurian glycosaminoglycan is partially absorbed in the 

gastrointestinal tract with metabolic degradation, including the loss of groups important for activity 

such as the sulfate group [110]. This suggests that intravenous administration of GAG is preferable. 

6. Effects of sea cucumber-isolated compounds in vivo 

Most studies on compounds isolated from sea cucumbers have been carried out in vitro. 

Anticancer effects of some substances have been confirmed in in vivo models. Glycosides proved to 

reduce tumor growth in vivo. For example, in a xenograft model in mice, frondoside A, administered 

intraperitoneally, inhibited the growth of AsPC-1 [57], MDA-MB-231 [80], and UM-UC-3 cancer 

cells [59]. Frondoside A also inhibits angiogenesis and metastasis of LNM35 xenografts [4]. In 

contrast to the parenteral administration, the oral administration (100 µg/kg/day) of frondoside A for 

30 days does not affect the growth of AsPC-1 xenografts. However, when frondoside A is taken orally, 

metastasis of a number of cancers, including lung, breast, and prostate, declines. Frondoside A also 

displays activity when administered orally in combination with known drugs (DDP, gemcitabine), 

increasing their efficacy [19]. 

In the Balb/c mice model, saponins from H. moebii showed antitumor activity against colorectal 

CT-26 tumor, but at a dose that had a significant effect (120 mg/kg), several side effects were observed 

related to the liver and spleen [77]. In a mouse model, philinopsides A and E effectively reduced the 

growth of sarcoma 180, while philinopside E inhibited the growth of hepatoma [1,22]. The effects of 

echinoside A have also been studied in nude mouse and human prostate carcinoma models. Its 

anticancer activity is assumed to be associated with the ability to inhibit topoisomerase 2α by a unique 

mechanism: preventing the enzyme from binding to DNA, disrupting the DNA cleavage and religation. 

However, the intensity of echinoside A effect varies between cancer cell lines in the same organ [19]. 

Despite these encouraging results, glycosides have neither been approved as anticancer agents nor 

been put to clinical trials [59].  
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Data on in vivo antitumor effects of other holothurian-derived compounds are rare. It is known that 

peptides from A. japonicus suppress the growth of MCF-7 xenografts in a dose-dependent manner [89]. 

Glucocerebrosides from Acaudina molpadioides inhibited the growth of S180 tumors in a mouse 

model. These compounds induced apoptosis by reducing the expression of Bcl-2, Bcl-xL, while up-

regulating the Bax, cytochrome c, caspase-9, and caspase-3 mRNA levels of tumor cells [95].  

The SJAMP from A. japonicus at doses 17.5 mg/kg, 35 mg/kg, and 70 mg/kg, administered 5 

days/week per os, suppresses the growth of experimental HCC hepatocellular carcinoma in rats, 

improves biochemical indices, improves the phagocytic activity of macrophages and cytotoxic activity 

of NK cells, and normalizes the CD4+/CD8+ T cell ratio [111]. Moreover, fucosylated chondroitin 

sulfate from Ludwigothurea grisea inhibits the metastasis of murine colon adenocarcinoma MC-38 

cells to the lungs in vivo [112]. In addition to their effects in vitro, oligosaccharides from fucosylated 

glycosaminoglycans exhibit antimetastatic effects on 4T1 mammary carcinoma cells in a mouse 

model [106]. 

To summarize, the targets of anticancer activity of different classes of compounds from sea 

cucumbers are presented in Figure 9. 

 

Figure 9. Scheme of modern concepts on the types and targets of the anticancer effects of 

compounds isolated from sea cucumbers. Individual TGs generally affect cancer cells by 

binding to receptors on the cell surface, followed by the induction of apoptosis and a 

decrease in proliferation through inhibition of NF-κB activity and its downstream signaling 

pathways. The intrinsic pathway of apoptosis is also activated. Moreover, a number of TGs 

have been shown to form complexes with cell membrane cholesterol and to decrease the 

activity of the transport protein P-glycoprotein, thereby inhibiting the efflux of substances 
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from the cell through the PM and reducing multidrug resistance in tumor cells. Inhibition 

of EPs and EGFR via COX-2-dependent mechanisms contributes to the antimetastatic 

effects of TGs. Inhibition of EGFR tyrosine kinases, as well as other TRKs, contributes to 

their anti-angiogenic effects. TGs can additionally reprogram M2 macrophages into M1 

type and reduce cancer-induced immunosuppression. For other types of compounds, data 

on the mechanisms underlying their anticancer effects remain limited. Peptides induce 

apoptosis via the intrinsic pathway and are thought to inhibit cell proliferation by binding 

to CDK4 or EGFR, as well as some other cellular receptors. Sphingoid-based substances 

induce apoptosis through an NF-κB-dependent pathway. GAGs influence cancer cells 

through modulation of NF-κB activity, as well as by inhibiting Sulf-2 and heparanase, 

thereby preventing HS degradation and cell surface damage. Fucoidans exhibit the ability 

to reduce F-actin levels and cytoskeletal rearrangements. Both types of polysaccharides 

can activate immune cells. Moreover, fucoidans can promote the reprogramming of M2 

macrophages toward the M1 phenotype. Abbreviations: cAMP, cyclic adenosine 

monophosphate; CerS, ceramide synthase; Ch, cholesterol; Cyt c, cytochrome c; EGFR, 

epidermal growth factor receptor; EP2,4, prostaglandin E receptors EP2 and EP4; CDK4, 

cyclin dependent kinase 4; Fas, Fas death receptor; GAG, glycosaminoglycan; HS, heparan 

sulfate; NF-κB, nuclear factor kappa B; NK, natural killer; PAK1, p21 protein 

(Rac/Cdc42)-activated p21-kinase; PM, plasma membrane; Sulf-2, Heparan-6-O-

endosulfatase 2; TGs, triterpene glycosides; TRKs, receptor tyrosine kinases; VEGF, 

vascular endothelial growth factor. 

7. Safety of use 

One of the challenges of using glycosides in cancer therapy is the high sensitivity of erythrocytes 

to them, often exceeding the sensitivity of cancer cells [52,53]. However, no significant side effects have 

been reported in some cases. Thus, frondoside A induces an anticancer effect against UM-UC-3 cancer 

cells in a mouse xenograft model without any significant toxic side-effects [57]. Additionally, the in situ 

treatment with saponins from H. moebii has antiglioblastoma effects without side effects on hemolytic 

activity [113]. Moreover, stichoposide D, inducing apoptosis through increased ceramide levels, displays 

anti-tumor activity without any toxicity in K562 and HL-60 cell xenograft models used [51]. 

F2 fraction of PSF complex isolated from the A. japonicus (former S. japonicus) combined with 

TNF-related apoptosis-inducing ligand (TRAIL), a member of the tumor necrosis factor (TNF) family 

of death ligands, selectively induces the apoptosis of DLD-1 and HCT116 colorectal cancer cells but 

not normal primary colon cells CCD18Co, while F2 or TRAIL alone do not influence apoposis in 

cancer cells [114]. The mechanisms of selective anticancer effects of the compounds from sea 

cucumbers remain unclear. 

A search for approaches to reduce the toxic side effects of glycosides shows promising results when 

some substances are added to glycosides. A decrease in the hemolytic activity of glycosides from C. 

japonica is achieved by combining cucumarioside A2-2 as a basic substance of lead Cumaside with 

cholesterol. A 10-fold decrease in hemolytic activity compared to glycosides has been demonstrated, while 

the lead is active in suppressing different forms of experimental mouse Ehrlich carcinoma in vivo [115]. 

In the context of reduction in toxicity of glycosides, their use in combination with other substances 

in extracts seems promising. New studies of sea cucumber extracts support this idea (Table 6). 
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Table 6. Anticancer effects of the extracts from sea cucumbers. 

Species/solvent Cancer 

(line)/anticancer effect 

Mechanism Ref 

H. tubulosa/cell-free 

coelomic fluid 

HepG2/ cytotoxic effect, 

suppression of migration 

Suppression of autophagy [116] 

C. frondosa /isopropyl 

alcohol/water 

(Frondanol A5) 

S2013 and AsPC-1/ 

inhibition of proliferation 

and inducing G2/M phase 

cell cycle arrest 

Induction of phosphorylation of 

SAPK/JAK and MAPK, 

increase in expression of p21, 

activation of caspase-3. 

Decrease in expression of 

cyclin A, cyclin B, and cdc25c 

[119] 

C. frondosa /isopropyl 

alcohol/water 

(Frondanol A5) 

HCT116/ inhibition of 

growth 

Apoptosis via histone H2AX 

phosphorylation, increase in 

p21 expression and activation 

of caspase-2 

[120,121] 

A. japonicus/water 

98 ℃ 1 h 

Caco-2/ inhibition of 

viability and proliferation 

N/d [122] 

Sea cucumber/water 

(TBL-12) 

LNCaP, 22RV1, PC-3, 

and DU145/ inhibition of 

the proliferation, colony 

formation, migration, and 

invasiveness in vitro and 

inhibition of tumor 

growth in xenograft PCa 

mice 

Suppression of MMP-2 and 

MMP-9 and decrease in 

surviving by activating 

caspase-9, caspase-7, and 

PARP. Inhibition of the 

secretion of angiogenic factors, 

including VEGF 

[123] 

H. edulis / water or 

water/MeOH–

CH2Cl2/MeOH 

A549, TE1/ cytotoxic 

effect, inhibition of 

growth 

High antioxidant activity [124] 

S. horrens/ water or 

water/MeOH–

CH2Cl2/MeOH 

A549, TE1/ cytotoxic 

effect, inhibition of 

growth 

High antioxidant activity. [124] 

H. leucospilota/ 

water/MeOH–CH2Cl2 or 

MeOH 

A549, C33A/ 

antiproliferative effect 

N/d [125] 

H. leucospilota/ MeOH  SK-BR-3/ cytotoxic and 

antiproliferative effect, 

arrest of the cells in G2/M 

phase 

Apoptosis through the 

downregulation of Bcl-2 and 

upregulation of Bax, caspase-3, 

and caspase-7 proteins 

[126] 

H. scabra/ MeOH–

CH2Cl2/MeOH  

A549, C33A/ 

antiproliferative effect 

N/d [125] 

S. chloronotus/ water A549, C33A/ 

antiproliferative effect 

N/d [125] 

Continued on next page 
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Species/solvent Cancer 

(line)/anticancer effect 

Mechanism Ref 

S. chloronotus/ MeOH–

CH2Cl2/ MeOH  

A549, C33A/ 

antiproliferative effect 

N/d [125] 

H. parva/ MeOH HCC/apoptosis ROS generation, releasing 

cytochrome c, degradation of 

MMP, and inducing caspase-3 

cleavage 

[127] 

H. parva/ MeOH CCL/ cytotoxicity Apoptosis through the increase 

in the level of ROS and the 

release of cytochrome c from 

mitochondria, and the 

degradation of MMP 

[128] 

H. scabra/ MeOH PC3/cytotoxicity and 

inhibition of the invasion 

Apoptosis through upregulation 

of JNK and p38 signaling 

pathways; downregulating 

MMP-2/-9 expression via the 

ERK pathway 

[129] 

H. polii/water 

 

MDA-MB-231/ 

cytotoxic and anti-

proliferative properties, 

arrest in the S-phase 

N/d [131] 

 SCp2 Suppressing levels of MMT-9, 

NO, IL-6 

[131] 

 THP-1 Suppressing level of IL-1β [131] 

Note: N/d- mechanisms have not been determined. 

As shown by Luparello et al. [116], cell-free coelomic fluid from Holothuria tubulosa has a 

cytotoxic effect on HepG2 cells, which is associated with the suppression of autophagy. In addition, 

such an extract (presumably its protein components) suppresses the migration of cancer cells. However, 

a more detailed study of individual proteins has not been carried out. 

Frondanol A5, which is an isopropyl alcohol/water extract of the enzymatically hydrolyzed 

epithelium from C. frondosa, contains a complex of sulfated glycosides, including frondoside A, 

unsaturated fatty acids, fucosylated chondroitin sulfate, and carotenoids [117,118]. Frondanol A5 

causes apoptosis in pancreatic cancer cells S2013 and AsPC-1 [119] and the HCT116 colon cancer cell 

line [120]. In pancreatic cancer cell lines, Frondanol A5 also induces G2/M phase cell cycle arrest. The 

mechanisms of apoptosis and inhibition of proliferation include the induction of phosphorylation of 

stress-activated protein kinase and Janus kinase (SAPK/JAK) and MAPK, increase in the expression 

of p21, activation of caspase-3, and the decrease in expressions of cyclin A, cyclin B, and cdc25c [119]. 

In HCT116 cells, the extract induces apoptosis via histone H2AX phosphorylation followed by the 

activation of caspase-2. Caspase-2 is known to play a role in early apoptosis or to increase cell survival 

depending on the cell type and/or stimulus [121]. Therefore, the caspase-2-inducing effect of Frondanol 

A5 needs to be further elucidated. In a rat model of colon cancer, the extract increased the p21 expression 

and apoptosis, and proved to be effective against tumor growth (aberrant crypt foci) [120]. 
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Aqueous extract (98 ℃, 1 h) of A. japonicus (former S. japonicus) significantly inhibits 

proliferation and induces cytotoxicity in Caco-2 cells. Hot water extraction makes it possible to collect 

high molecular weight compounds, such as glycosaminoglycans and collagen [122]. The holothurian 

extract TBL-12 induces apoptosis, inhibits the proliferation, colony formation, migration, and 

invasiveness of prostate cancer cells (LNCaP, 22RV1, PC-3, and DU145) in vitro, and significantly 

inhibits tumor growth in xenograft prostate cancer mice in vivo. The extract also suppresses MMP-2 

and MMP-9 and reduces cell viability by activating caspase-9, caspase-7, and PARP. In addition, it 

inhibits the secretion of angiogenic factors [123]. Moreover, aqueous and organic extracts of 

Holothuria edulis and S. horrens show high antioxidant activity, but water non-soluble compounds 

obtained by re-extraction with methanol (MeOH)–CH2Cl2 (1:1 v/v), followed by MeOH (100%), 

exhibit significantly higher cytotoxic activity against A549 cells and an even more pronounced effect 

against TE1 human esophageal squamous cell carcinoma. The organic extracts are suggested to be rich 

with sphingoid bases [124]. 

Similarly, the water-insoluble substances from H. leucospilota, H. scabra, and S. chloronotus re-

extracted with organic solvents exert anti-proliferative effects on human A549 cells and C33A cervical 

cancer cells, with the H. scabra extract being the most effective. However, of the aqueous extracts, 

only that of S. chloronotus is active against these cancer cells. It is hypothesized that the aqueous 

fractions are enriched in TGs, whereas the organic fractions are enriched in hydrophobic sphingoid 

bases. No correlation has been found between antioxidant and antiproliferative activity levels [125]. 

Methanolic extracts are abundant in TGs but also contain other compounds. A methanolic extract 

of H. leucospilota, containing over 30 substances of different molecular classes, demonstrates 

cytotoxic activity against SK-BR-3. The effect is associated with apoptosis through the downregulation 

of Bcl-2 and the upregulation of Bax, caspase-3, and caspase-7 proteins. The extract also arrests the 

cell growth in G2/M phase and inhibits the proliferation of cancer cells [126]. A methanolic extract of 

Holothuria parva induces apoptosis in mouse HCC cells but not in non-cancerous hepatocytes by 

releasing cytochrome c from mitochondria and inducing caspase-3 cleavage [127]. It also induces 

apoptosis, stimulates caspase-3, and increases the level of ROS, the release of cytochrome c from 

mitochondria, and the degradation of MMP in CLL cells, but not in normal lymphocytes [128]. In PC3 

cells, the methanolic extract of H. scabra induces apoptosis, reduces cell viability by upregulation of 

JNK and p38 signaling pathways, and inhibits the invasion of PC3 cells by downregulating the MMP 

2/9 expression via the ERK pathway [129]. 

It is worth noting that the extracts, similarly to the mixtures of glycosides with other compounds 

[115,130], can be less toxic compared to a single compound. Ethanolic extract and the aqueous, but 

not organic, fractions of H. polii demonstrate anti-proliferative effects on MDA-MB-231 cells, causing 

an arrest in their S-phase at noncytotoxic concentrations. As shown for mammary epithelial cells and 

THP-1 human monocytic cells, the mechanism of the aqueous fraction activity may include the 

suppression of generating the inflammatory markers, such as MMT-9, NO, IL-6, and IL-1β [131]. 

As Liang et al. [19] noted, 72 in vivo tests of sea cucumber-derived compounds were carried out 

during 2012–2021. The substances tested were mostly glycosides (16%), extracts (13%), and 

glycosaminoglycans (10%). However, no clinical studies on anticancer activity of compounds isolated 

from holothurians have been conducted to date, with the exception of TBL12 Sea Cucumber Extract 

NCT01302366. In the latter case, the researchers focused on asymptomatic (smouldering) myeloma 

MM. Unfortunately, stage 2 was interrupted independently of results [132].  

The introduction of the extracts into clinical practice is also hampered by the poor knowledge of 
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pharmacological effects of its constituent substances. Among other reasons is also the limited natural 

resource that cannot provide industrial production [6,8]. This problem can be addressed by creating 

mariculture and/or developing synthetic or semisynthetic analogues, as it has been done for a number 

of anti-cancer drugs based on a synthetic derivative of dolastatin 10 pentapeptide from the sea slug 

Dolabella auricularia [17]. 

It is also known that the content of saponins and other biologically active substances in sea 

cucumber tissues may vary depending on the region and season. Moreover, external factors such as 

ambient temperature, light, and salinity may influence the metabolism in sea cucumbers [133]. 

Therefore, the effect of the environment on holothurian’s metabolism could be a promising subject of 

further studies to standardize pharmaceutical raw material.  

The accumulated material on the safety of sea cucumber extracts and on the selective effect of 

individual substances on cancer cells, reducing the toxicity of glycosides when combined with some 

other substances, provide the basis for further research in these areas to obtain effective and safe 

anticancer drugs and, consequently, to perform their dedicated clinical trials. 

8. Conclusions 

Sea cucumber tissues contain many compounds with anticancer activity, with triterpene 

glycosides being the best studied. Their sulfated forms exhibit the greatest cytotoxicity to many tumors, 

causing apoptosis or autophagy of cancer cells. However, most triterpene glycosides in vivo also cause 

a toxic effect on the body, and this limits their use in clinical practice as monotherapy. Nevertheless, 

for some of the glycoside-based leads, for example, frondoside A and Cumaside, sufficiently 

encouraging results for anticancer therapy have been obtained: They are toxic toward cancer cells and 

not healthy cells. 

In addition, some other classes of compounds such as proteins, cerebrosides, and polysaccharides 

have also shown high anticancer activity: They often kill cancer cells through mechanisms other than 

those of glycosides, and have a much milder effect on healthy cells. Thus, the use of triterpene 

glycosides in combination with other substances appears to be a novel and promising approach, 

reducing the concentration and toxicity of the glycosides while maintaining therapeutic efficacy. It is 

also important to further study the immunomodulatory properties of these agents and identify those 

contributing to inhibiting TAMs activity, in addition to exhibiting toxicity to cancer cells. In general, 

the high anticancer activity of compounds from holothurians enables them to be promising drug 

candidates for effective treatment of cancer. 
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