
Advances in cyanobacterial antineoplastic drug development

Order, genus or species (origin) Compound  (structure) Type of cancer  and study Effect
Spirulina platensis 
(dietetic tablet)

SP + cisplatin
Murine Erlich ascites carcinoma 

In vivo (mice)
Cytotoxicity 
Apoptosis

Lyngbya majuscule (marine)
Lagunamide A
(depsipeptide) 

Human lung cancer, cervical cancer, 
etc. In vitro (A549 cells, HeLa, etc)

Apoptosis
Cytotoxicity  

Anabaena oryzae, Geitlerinema 
carotinosum, Nostoc linckia 

(freshwater)
Strain extracts

Human breast cancer, rat brain glioma
In vitro (MCF7, C6 cells)

Cytotoxicity 

Leptolyngbya sp. (marine)
Loggerpeptin C 
Molassamide 

(depsipeptides)

Human breast cancer 
In vitro (MDA-MB-231 cells)

Cytotoxicity/
Antimetastatic

Microcystis aeruginosa, Planktothrix 
rubescens, Nodularia sp. (not 

specified)

Nodularin 
(peptide) 

Human cervix carcinoma, colon cancer 
In vitro (HeLa, RKO cells)

Cytotoxicity 

Cyanobacterium VPG14-73
(marine)

Dolastatin 15 
(peptide) 

Human colon cancer, solid tumors with 
an angiogenic component. In vitro 

(HCT-116 cells) / in vivo (zebrafish)

Cytotoxicity/ 
Antivasculariza

tion

Trichodesmium thiebautii
(marine)

Trichophycin A
(polyketide)

Human colon cancer, murine 
neuroblastoma

In vitro (HCT-116, neuro-2A cells)

Cytotoxicity

Moorea producens (marine)
Wewakazole B 

(peptide)
Human breast cancer, lung cancer 

In vitro (MCF7, H460 cells)
Cytotoxicity 

Lyngbya sp. (marine)
Kempopeptin C
(depsipeptide)  

Human breast cancer 
In vitro (MDA-MB-231 cells) 

Cytotoxicity/
Antimetastatic

Jaaginema sp. (freshwater)
Strain extract

Human colorectal and liver carcinoma 
In vitro (CaCo2, HepG2 cells)

Cytotoxicity 

Anabaena sp., Nostoc sp., Calothrix
sp., Cyanothece sp. (marine)

Strain extracts ±
daunorubicin

Rat acute myeloid leukemia 
In vitro (IPC-81 cells)

Apoptosis 

Synechococcales, Oscillatoriales, 
Chroococcales,Chroococcidiopsidal

es, Nostocales (not specified)
Strain extracts

Human acute myeloid leukemia
In vitro (MOLM-13 cells) Apoptosis 

Spirulina platensis  
(dietetic tablet)

C-phycocyanin 
(protein) + ATRA

Human lung adenocarcinoma
In vitro (A549 cells) / in vivo (mice)

Apoptosis 
Cytotoxicity

Moorea bouillonii, 
Okeania sp. (marine)

Serinolamides C and D 
(fatty acid amides) 

lyngbyabellins P, F, G 
(depsipeptides)

Human breast cancer 
In vitro (MCF7 cells) 

Cytotoxicity
Apoptosis

Leptothoe sp. (marine) Strain extracts
Human breast cancer, skin cancer and 
colon cancer. In vitro (MDA-MB-231, 

MCF-7, A-431, HT-29 cells)
Cytotoxicity 

Limnoraphis sp. (marine)
Aeruginosamide 

variants (peptides)
Human breast cancer
In vitro (T47D cells)

Cytotoxicity 

Cyanobium sp., Synechocystis sp., 
Synechococcus sp., Nodosilinea

sp., Leptolyngbya sp.,Romeria sp.,  
Pseudanabaena sp. (marine)

Strain extracts
Human colon cancer, neuroblastoma, 
breast carcinoma, etc. In vitro (HT-29, 

SH-SY5Y, T47D cells, etc)
Cytotoxicity 

Dichothrix sp., Lyngbya sp., 
Rivularia sp. (marine)

Lagunamide D
(depsipeptide)

Human lung adenocarcinoma
In vitro (A549 cells)

Cytotoxicity
Apoptosis

Cyanobium sp. (marine)
Hierridin B 

(alkylresorcinol)
Human colon cancer
In vitro (HT-29 cells)

Cytotoxicity
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Cyanobacteria are ancient photosynthetic bacteria that
can thrive in extreme environments due to their
biosynthetic versatility, which allows them to produce
stress defense molecules and secondary metabolites
with multiple pharmacological applications.
Chemoresistance is the major cause of treatment failure
in most cancers. Therefore, new chemotherapy drugs
are needed to ensure effective anticancer therapies. In
this context, cyanobacterial secondary metabolites have
a great potential.
This bibliographic research aims to summarize the
recent advances in this field while analyzing the current
scenery in the drug market, and to review the main
challenges and future prospects in this area.

At least thirteen other compounds are in different phases
of clinical trials, e.g., phase III-Depatuxizumab mafodotin
for the treatment of human glioblastoma multiforme.

Table 2. Summary of the reviewed studies. SP: Spirulina platensis; ATRA: all trans retinoic acid.

Among the hundreds of cyanobacterial natural products
reported, only a few have been approved for cancer
therapy.
Cyanobacterial metabolites are synthetized in small
amounts and often require complex procedures to be
isolated, identified and characterized.
Genome sequencing and prediction are promising tools
to unravel biosynthetic gene clusters encoding
secondary metabolite production.
In the past years, there has been a major optimization in
fermentation, purification and structure elucidation
processes.
Studies on the biochemical structure of lead compounds
can help develop analogues with improved properties.
New drugs are needed to ensure efficient anticancer
therapy, usage of lower doses and decreased adverse
effects. In this sense, cyanobacteria isolated from
unexplored environments are promising sources for
drug discovery.

Cyanobacteria are a promising source for antineoplastic drug development. Besides offering improved
selectivity, they allow to reduce dosage, adverse effects and drug resistance related to classic
chemotherapy compounds. However, only a few have been approved, partially due to the challenges
in cyanobacterial drug obtention.
Most of the reviewed compounds are peptide derivatives obtained from marine cyanobacterial strains
with significant cytotoxic/antimetastatic or proapoptotic activity against a wide range of human cancer
cells, holding great expectancy as anticancer drug leads.
Recent advances in culture and analytical techniques, genome sequencing and prediction, and
unexplored strain studies are expanding their potential as anticancer drug leads in the near future.
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Table 1. Approved cyanobacterial drugs for antineoplastic therapy. 
FDA: Food and Drug Administration; EMA: European Medicines 
Agency.

Status Drug Applications 

FDA-EMA-
approved

Brentuximab 
vedotin 

Human Hodgkin 
lymphoma and other non-

Hodgkin lymphomas

FDA-approved
Polatuzumab 

vedotin 
Human refractory diffuse 
large B-cell lymphoma

FDA-approved 
Enfortumab 

vedotin 
Human metastatic 
urothelial cancer

FDA-approved Romidepsin 
Human cutaneous T-cell 
lymphoma and peripheral 

T-cell lymphoma


