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Cancer remains one of the major threats to human health and one of the deadliest
diseases worldwide [1]. Therapy failure and consequent cancer relapse are the main factors
contributing to high cancer mortality, making it crucial to find and develop new therapeutic
options. Over the last few decades, natural products became one of the key drivers in the
drug development of innovative cancer treatments [2]. In opposition to drug development
from terrestrial resources, the marine environment only recently emerged as a prolific
source of unparalleled structurally active metabolites [3]. Due to their excellent scaffold
diversity, structural complexity, and ability to act on multiple cell signaling networks
involved in carcinogenesis, marine natural products are ideal candidates to inspire the
development of novel anticancer medicines [4,5].

The Special Issue “Marine Natural Products as Anticancer Agents” (https://www.
mdpi.com/journal/marinedrugs/special_issues/AnticancerAgents (accessed on 15 June
2021)), gathered nine publications, including a review, a communication, and seven re-
search articles, providing an excellent overview of the chemical richness offered by different
marine organisms. Indeed, sponges, myxobacteria, fungi, and soft corals, provide essential
scaffolds at the origin of the synthesis and molecular modeling of new anticancer drugs.
Marine natural compounds or derived products described in this Special Issue belong to
distinct chemical classes, including terpenoids, alkaloids, cyclodepsipeptides, polyketides,
and hydroxyphenylacetic acid derivatives. These compounds modulate cancer cell mecha-
nisms in vitro and in vivo in chronic myeloid leukemia, breast adenocarcinoma, prostate
carcinoma, and hepatocellular carcinoma cell types. These compounds exhibited high
specificity and great affinity to interact with distinct biological targets linked to specific
intracellular signaling pathways, including mitochondrial dysfunction, autophagy, endo-
plasmic reticulum (ER) stress induction, apoptosis, inflammation, migration, and invasion.

Conte and collaborators [6] provide a critical review focused on the ability of marine
natural products and their synthetic derivatives to act as epigenetic modulators, discussing
advantages, limitations, and potential strategies to improve cancer treatment.

Song and co-workers [7] studied the pharmacological potential of four newly synthe-
sized aplysinopsin derivatives to treat chronic myeloid leukemia, identifying the EE-84
analog as a promising novel drug candidate. EE-84 induces a cytostatic effect, leading to
mitochondrial dysfunction, the induction of a senescent-like phenotype, autophagy, and
ER stress. Its co-administration with the BH3 mimetic A-1210477 promoted a significant
synergistic effect on cancer cell death.

Astaxanthin, a xanthophyll carotenoid that can be found in several marine organ-
isms, including microalgae, bacteria, fungi, sea snails, and sea urchins, among others [8],
demonstrated the capacity to decrease the levels of stemness markers (Oct4 and Nanog) in
breast carcinoma cells, negatively modulating the expression of pontin and mutant p53
proteins [9]. Furthermore, this carotenoid also inhibited the proliferation of aggressive
prostate cancer DU145 cells, triggering apoptotic cell death and decreasing invasion and
migration capabilities. From a mechanistic point of view, cell death was triggered by
a down-regulation of STAT3 mRNA and protein levels, accompanied by an up-regulation
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of pro-apoptotic (BAX, caspase3, and caspase9) and a down-regulation of pro-survival
(JAK2, BCL-2, and NF-κB) proteins [10].

Wu and co-workers [11] studied the therapeutic effects of flaccidoxide-13-acetate diter-
penoid, previously isolated from the marine soft coral Sinularia gibberosa, on hepatocellular
carcinoma (HCC). The authors focused on tumor metastasis formation as this compound
decreased the viability, migration, and invasion capability of HCC cells. These effects
were mediated by a decrease in the expression levels of matrix metalloproteinases MMP-2,
MMP-9, and MMP-13, the suppression of PI3K/Akt/mTOR signaling, the down-regulation
of Snail and the up-regulation of E-cadherin protein expression. The modulation of these
signaling pathways eventually suppressed the epithelial–mesenchymal transition, invasion,
and migration of HCC cells.

Teles and collaborators [12] reported the antitumor properties of a Penicillium purpuro-
genum ethyl acetate extracellular extract, rich in meroterpenoids, using an Erlich mouse
model. The extract decreased tumor-associated inflammation and necrosis without causing
weight loss nor renal and hepatic toxicity.

The isolation of new marine natural products with cytotoxic activities was also re-
ported in this Special Issue. Jiang and co-workers [13] described the isolation of three new
molecules from Penicillium chrysogenum LD-201810, a marine alga-associated fungus: a pen-
taketide derivative, penilactonol A, and two new hydroxyphenylacetic acid derivatives,
(2′R)-stachyline B and (2′R)-westerdijkin A. (2′R)-westerdijkin A was significantly cytotoxic
to the hepatocellular carcinoma cell line HepG2.

One of the biggest challenges associated with bioprospecting and the pharmacological
application of marine natural products is the low yield of extraction, which can compromise
the supply chain to accomplish pre-clinical and clinical trials and thus develop a new drug.
Several strategies were developed to overcome these limitations, such as genetic engineer-
ing, aquaculture/cultivation, chemical modification, semi-synthesis, and synthesis [14].
Some of those approaches were addressed in this Special Issue. Huang and collabora-
tors [15] reported the isolation of four new biscembranoidal metabolites, sardigitolides
A–D (1–4), from the cultured soft coral Sarcophyton digitatum. The new biscembranoid,
sardigitolide B, significantly reduced the cell viability of breast adenocarcinoma cell lines,
MCF-7, and MDA-MB-231.

On the other hand, Zhang and co-workers [16] communicated the optimization of
two critical steps in the scale-up synthesis of nannocystin A, a 21-membered cyclodep-
sipeptide with remarkable anticancer properties, achieving a synthesis at a four hundred
milligram scale.

Altogether, the nine publications included in this volume provide an exciting overview
of marine natural products as potential therapeutic agents for cancer treatment.

Funding: M.D. was supported by the National Research Foundation (NRF) (grant number 019R1A2C-
1009231). Support from Brain Korea (BK21) FOUR and the Creative-Pioneering Researchers Program
at Seoul National University (funding number: 370C-20160062) are acknowledged. M.D. also
acknowledges support by the “Recherche Cancer et Sang” Foundation (Luxembourg), “Recherches
Scientifiques Luxembourg” (Luxembourg), “Een Häerz fir kriibskrank Kanner” (Luxembourg),
Action Lions “Vaincre le Cancer” (Luxembourg), and Télévie Luxembourg. C.A. acknowledges the
support by the Portuguese Foundation for Science and Technology (FCT) through the strategic project
UIDB/04292/2020 and UIDP/04292/2020 granted to MARE—Marine and Environmental Sciences
Centre and through the CROSS-ATLANTIC project (PTDC/BIA-OUT/29250/2017).

Acknowledgments: As guest editors, we would like to sincerely acknowledge the efforts provided
by all authors that participated in this Special Issue with their scientific outputs, all reviewers that
carefully reviewed the manuscripts, the editorial board, and the Marine Drugs editorial office for their
support and assistance, with special thanks to Grace Qu.

Conflicts of Interest: The authors declare no conflict of interest.



Mar. Drugs 2021, 19, 447 3 of 3

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

2. Florean, C.; Dicato, M.; Diederich, M. Immune-modulating and anti-inflammatory marine compounds against cancer. Semin.
Cancer Biol. 2020. [CrossRef] [PubMed]

3. Schumacher, M.; Kelkel, M.; Dicato, M.; Diederich, M. Gold from the sea: Marine compounds as inhibitors of the hallmarks of
cancer. Biotechnol. Adv. 2011, 29, 531–547. [CrossRef] [PubMed]

4. Harvey, A.L. Natural products as a screening resource. Curr. Opin. Chem. Biol. 2007, 11, 480–484. [CrossRef] [PubMed]
5. Alves, C.; Silva, J.; Pinteus, S.; Gaspar, H.; Alpoim, M.C.; Botana, L.M.; Pedrosa, R. From Marine Origin to Therapeutics: The

Antitumor Potential of Marine Algae-Derived Compounds. Front. Pharmacol. 2018, 9, 777. [CrossRef]
6. Conte, M.; Fontana, E.; Nebbioso, A.; Altucci, L. Marine-Derived Secondary Metabolites as Promising Epigenetic Bio-Compounds

for Anticancer Therapy. Mar. Drugs 2020, 19, 15. [CrossRef] [PubMed]
7. Song, S.; Kim, S.; El-Sawy, E.R.; Cerella, C.; Orlikova-Boyer, B.; Kirsch, G.; Christov, C.; Dicato, M.; Diederich, M. Anti-Leukemic

Properties of Aplysinopsin Derivative EE-84 Alone and Combined to BH3 Mimetic A-1210477. Mar. Drugs 2021, 19, 285.
[CrossRef] [PubMed]

8. Galasso, C.; Corinaldesi, C.; Sansone, C. Carotenoids from Marine Organisms: Biological Functions and Industrial Applications.
Antioxidants 2017, 6, 96. [CrossRef] [PubMed]

9. Ahn, Y.T.; Kim, M.S.; Kim, Y.S.; An, W.G. Astaxanthin Reduces Stemness Markers in BT20 and T47D Breast Cancer Stem Cells by
Inhibiting Expression of Pontin and Mutant p53. Mar. Drugs 2020, 18, 577. [CrossRef] [PubMed]

10. Sun, S.Q.; Zhao, Y.X.; Li, S.Y.; Qiang, J.W.; Ji, Y.Z. Anti-Tumor Effects of Astaxanthin by Inhibition of the Expression of STAT3 in
Prostate Cancer. Mar. Drugs 2020, 18, 415. [CrossRef] [PubMed]

11. Wu, Y.-J.; Wei, W.-C.; Dai, G.-F.; Su, J.-H.; Tseng, Y.-H.; Tsai, T.-C. Exploring the Mechanism of Flaccidoxide-13-Acetate in
Suppressing Cell Metastasis of Hepatocellular Carcinoma. Mar. Drugs 2020, 18, 314. [CrossRef]

12. Teles, A.M.; Pontes, L.P.P.; Guimarães, S.J.A.; Butarelli, A.L.; Silva, G.X.; do Nascimento, F.R.F.; de Barros Bezerra, G.F.; Moragas-
Tellis, C.J.; de Costa, R.M.G.; da Silva, M.A.C.N.; et al. Marine-Derived Penicillium purpurogenum Reduces Tumor Size and
Ameliorates Inflammation in an Erlich Mice Model. Mar. Drugs 2020, 18, 541. [CrossRef]

13. Jiang, L.-L.; Tang, J.-X.; Bo, Y.-H.; Li, Y.-Z.; Feng, T.; Zhu, H.-W.; Yu, X.; Zhang, X.-X.; Zhang, J.-L.; Wang, W. Cytotoxic Secondary
Metabolites Isolated from the Marine Alga-Associated Fungus Penicillium chrysogenum LD-201810. Mar. Drugs 2020, 18, 276.
[CrossRef] [PubMed]

14. Lindequist, U. Marine-Derived Pharmaceuticals—Challenges and Opportunities. Biomol. Ther. 2016, 24, 561–571. [CrossRef]
[PubMed]

15. Huang, T.Y.; Huang, C.Y.; Chao, C.H.; Lin, C.C.; Dai, C.F.; Su, J.H.; Sung, P.J.; Wu, S.H.; Sheu, J.H. New Biscembranoids
Sardigitolides A-D and Known Cembranoid-Related Compounds from Sarcophyton digitatum: Isolation, Structure Elucidation,
and Bioactivities. Mar. Drugs 2020, 18, 452. [CrossRef] [PubMed]

16. Zhang, T.; Miao, S.; Zhang, M.; Liu, W.; Wang, L.; Chen, Y. Optimization of Two Steps in Scale-Up Synthesis of Nannocystin A.
Mar. Drugs 2021, 19, 198. [CrossRef] [PubMed]

http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.1016/j.semcancer.2020.02.008
http://www.ncbi.nlm.nih.gov/pubmed/32070764
http://doi.org/10.1016/j.biotechadv.2011.02.002
http://www.ncbi.nlm.nih.gov/pubmed/21371549
http://doi.org/10.1016/j.cbpa.2007.08.012
http://www.ncbi.nlm.nih.gov/pubmed/17884696
http://doi.org/10.3389/fphar.2018.00777
http://doi.org/10.3390/md19010015
http://www.ncbi.nlm.nih.gov/pubmed/33396307
http://doi.org/10.3390/md19060285
http://www.ncbi.nlm.nih.gov/pubmed/34063867
http://doi.org/10.3390/antiox6040096
http://www.ncbi.nlm.nih.gov/pubmed/29168774
http://doi.org/10.3390/md18110577
http://www.ncbi.nlm.nih.gov/pubmed/33233699
http://doi.org/10.3390/md18080415
http://www.ncbi.nlm.nih.gov/pubmed/32784629
http://doi.org/10.3390/md18060314
http://doi.org/10.3390/md18110541
http://doi.org/10.3390/md18050276
http://www.ncbi.nlm.nih.gov/pubmed/32456085
http://doi.org/10.4062/biomolther.2016.181
http://www.ncbi.nlm.nih.gov/pubmed/27795450
http://doi.org/10.3390/md18090452
http://www.ncbi.nlm.nih.gov/pubmed/32872418
http://doi.org/10.3390/md19040198
http://www.ncbi.nlm.nih.gov/pubmed/33807472

	References

