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Simple Summary: This review describes the anticancer activities of several marine peptides isolated
from cyanobacteria and their specific effects against neuroblastoma. After a short presentation of
the major cyanobacterial peptides of marine origin, mainly belonging to the cyclic depsipeptide
family, this work has focused on the different mechanisms of action of these peptides (effects on
apoptosis, cell cycle arrest, autophagy, sodium channel blocking as well as antimetastatic activities).
A thorough description of the biological effects of the marine cyanobacterial marine peptides is
developed including data on their half-maximal effective concentration (ECsp), growth inhibition
50% (Gl5p) and lethal concentration 50 (LCsp) on various neuroblastoma cell lines. This review ends
with a description of the clinical trials which are underway to evaluate the anticancer effects of
peptides arising from marine cyanobacteria and microalgae. Conclusions envisage the potential role
of such peptides for the development of anti-neuroblastoma medicines and a platform for uncovering
new therapeutic cellular targets.

Abstract: Neuroblastoma is the most prevalent extracranial solid tumor in pediatric patients, origi-
nating from sympathetic nervous system cells. Metastasis can be observed in approximately 70% of
individuals after diagnosis, and the prognosis is poor. The current care methods used, which include
surgical removal as well as radio and chemotherapy, are largely unsuccessful, with high mortality
and relapse rates. Therefore, attempts have been made to incorporate natural compounds as new
alternative treatments. Marine cyanobacteria are a key source of physiologically active metabolites,
which have recently received attention owing to their anticancer potential. This review addresses
cyanobacterial peptides” anticancer efficacy against neuroblastoma. Numerous prospective studies
have been carried out with marine peptides for pharmaceutical development including in research
for anticancer potential. Marine peptides possess several advantages over proteins or antibodies,
including small size, simple manufacturing, cell membrane crossing capabilities, minimal drug—drug
interactions, minimal changes in blood-brain barrier (BBB) integrity, selective targeting, chemical
and biological diversities, and effects on liver and kidney functions. We discussed the significance
of cyanobacterial peptides in generating cytotoxic effects and their potential to prevent cancer cell
proliferation via apoptosis, the activation of caspases, cell cycle arrest, sodium channel blocking,
autophagy, and anti-metastasis behavior.
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1. Introduction

The most common type of extracranial solid tumor in pediatric patients is neuroblas-
toma (NB), which is derived from the cells of the sympathetic nervous system. It is most
common in the abdomen area, particularly around the adrenal glands, but can also appear in
nerve tissues of the neck, chest, abdomen or pelvis. Neuroblastoma is diagnosed in children
under two with a poor prognosis. In almost 70% of patients, metastasis can be seen after
diagnosis. Conventional treatments for NB include chemotherapy (e.g., Cyclophosphamide
or Dinutuximab), radiotherapy, immunotherapy (e.g., CAR T cell- chimeric antigen receptor
T cell), and surgical tumor resection. Dinutuximab is a chimeric antibody directed against
GD2 present on neuroblastoma cells and used as an immunotherapeutic agent in selected
neuroblastoma patients. Despite the wide range of cancer therapies, current therapies do
not provide optimal results since cancer recurrence and metastasis are prevalent. NB thus
remains a significant problem with a high mortality rate [1,2].

Cancer chemotherapy is undergoing a dramatic transformation as a growing number
of targeted drugs increase the therapeutic efficacy, minimize destructive impacts, and
improve health outcomes. Despite recent advances in chemotherapy, the prognosis of ad-
vanced NB remains poor, and its treatment is associated with adverse side effects (toxicity
and myelosuppression). Surgical procedures are invasive and may result in inadequate
tumor excision, requiring additional chemo- and radiation therapies and stem cell trans-
plantation. Therefore, it is crucial to discover more selective chemicals for cancer treatment
with fewer adverse effects, more robust therapeutic efficacy, and a reduced resistance
index. Increased progress is underway to obtain effective naturally sourced chemicals.
Accordingly, new anticancer medicines with minimal adverse effects are needed for the
effective treatment of NB [3-5].

Natural compounds, mainly from marine organisms (microbes and plants), have been
widely studied as complementary and supportive therapies for cancers aimed at affording
a preventative role in cancer care, reducing the adverse effects of oncologic treatments, and
overcoming cancer drug resistance [6-8].

Marine medicines constitute an essential source of anticancer treatments. Despite the
vast potential of new marine drugs, only a few pharmaceuticals have been used for cancer
treatment to date. Following the initial acceptance of cytarabine in 1969, the FDA approved
several marine-derived compounds as anticancer drugs. The discovery of ulithiacyclamide,
the first maritime antitumor peptide, was followed by other marine anticancer peptides,
such as didemnin B, dolastatin 10, kahalalide F, hemiasterlin, cemadotin, soblidotin, apli-
dine, and others, with subsequent clinical trials [9-12]. Marine cyanobacteria have aroused
considerable interest in marine ecology due to their abundance and ability to provide novel
chemotypes with substantial biological activity.

Nostoc sp. was initially used to cure gout, fistula, and other malignancies in approx-
imately 1500 BC. However, in the 1990s, a more concerted effort was initiated in this
area [13-15]. Numerous prospective studies have been conducted with marine peptides for
pharmaceutical development including anticancer potential. Marine peptides have several
advantages over proteins or antibodies, including their small size, simple manufacturing,
cell-membrane-crossing capabilities, minimal drug—drug interactions, minimal changes in
blood-brain barrier (BBB) integrity, selective targeting, chemical and biological diversities,
and effects on liver and kidney functions [13-15]. Anticancer peptides have short half-lives,
limited bioavailability, poor pharmacokinetic parameters, first-pass metabolism, and sensi-
tivity to proteases. Peptides are classified as apoptosis inducers, cell proliferation and an-
giogenesis blockers, antioxidants, microtubule-destabilizing agents, to name a few [16-20].
Peptides constitute the majority of secondary metabolites of cyanobacteria. Peptides of
several structural types have been identified including linear and cyclic depsipeptides as
well as lipopeptides with various multidimensional anticancer mechanisms [21-23]. Cy-
clopeptides/cyclic peptides have piqued the interest of marine natural product researchers
as a potential way for drug evolution because of their high binding affinity, target selectivity,
low toxicity, effective penetration of tumors, enhanced resistance to exo- and endopepti-
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dase degradation and increased bioavailability in vivo. These properties outperform linear
peptides and other compounds for therapeutic applications [24-28]. Cyclo depsipeptides
possess a more complex structure where consecutive ester bonds replace additional amide
bonds [29]. Aurilides B-C [30], desmethoxymajusculamide C [31], guineamides [32,33],
tiahuramides [34], palmyramide A [35], hoiamide A [36], lyngbyabellins E-I [37] from
Lyngbya majuscula; coibamide A [38], grassypeptolides and ibu-epidemethoxylyngbyastatin
3 [39] from Leptolyngbya sp.; symplocamide A [40], largazole [41] from Symploca sp.; bouil-
lonamide, ulongamide A, apratoxin A [42] from Lyngbya bouillonii are some examples of
cyclic depsipeptides displaying anti-NB effects. Lipopeptides are amphiphilic compounds
with hydrophobic and hydrophilic fatty acid chains and cyclic peptides, respectively [43,44].
Hermitamides [45], jamaicamides [46], malyngamides [47], somocystinamide A [48] from
Lyngbya majuscula; dragonamide [49] and microcolins [50] from Lyngbya polychroa are
anti-NB peptides. A straight chain of amino acids linked by amide bonds forms acyclic or
linear peptides [51]. Gallinamide A from Schizothrix sp. and desacetylmicrocolin B from
Lyngbya cf. polychroa are reported as anti-NB cyanobacterial peptides. These peptides are
active against mouse (Neuro-2a, N-18) and Human (IMR-32, NB7 and SH-SY5Y) cell lines.
Anti-neuroblastoma peptides are summarized in Table 1 [52,53].
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Table 1. Anti-neuroblastoma effects of marine cyanobacterial peptides [53].

Peptides Cyanobacteria Active Derivative Cell Lines Cytotoxic Concentration ICs Anticancer Mechanisms References
Aurilide B-C LCso B: 0.01; C: 0.05 M PHBL inhibition; OPA] profeolysis; 50,541
Desmethoxymajusculamide C >1.0 uM microtubule depolymerization [31]
Floridamide ECs0: 1.89 x 1075 uM mL ! [55]
Guineamide B-C B: 15; C:16 uM [32]
Guineamide G Lyngbya majuscula Neuro-2a LCsp: 2.7 uM + cell viability * [33]
Hoiamide A 2.1 uM [36]
Lyngbyabellins E-I LCs0E:1.2,F:1.8,G:4.8, H:14,1: 0.7 uM actin microfilament disruption [37]
Palmyramide A 17.2 uM sodium channel blocking activity [35]
Tiahuramides B-C SH-SY5Y B:14; C: 6 uM 1} cell viability 2 [34]
Apratoxin A 1 uM Stat3 |
Bouillonamide Lyngbya bb;LI:iéllZ?i?/Mooma cyclic depsipeptide 6 UM [42]
Ulongamide A 16 uM 1 cell viability ®
Wewakpeptin A-D Lyngbya semiplena Neuro-2a A:0.49; B: 0.20; C: 10.7; D: 1.9 uM [56]
caspase-3,71; cyt c release 1; PARP 1;
Coibamide A LCsp < 23 nM VEGEFR2 | and MMP-9 |; G1 to S [38,57,58]
phase arrest
Dolastatin 12 Leptolyngbya sp. >1 uM
Grassypeptolide D and E D: 599; E: 407 nM G1 and G2/M phase arrest 5]
Ibu-epidemethoxylyngbyastatin 3 >10 uM
Symplocamide A 29 nM anﬂmetif;;gfﬂf:ﬁ;gﬁgﬁ};sm and [40]
. Symploca sp. IMR-32 Glsp: 16 nM HDACH; MSI |; PARP cleavage; [41,59,60]
argazole SH-SY5Y 102 M G1 and G2/M phase arrest o
Cyclolaxaphycins B and B3 B: 1.8, B3: 0.8 uM caspase 3 1 [61]
Anabaena torulosa cyclic lipopeptide SH-SY5Y 10 M autophagy (AMPK phosphorylation 1 f61]

Acyclolaxaphycins B and B3

and mTOR inhibition)
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Table 1. Cont.
Peptides Cyanobacteria Active Derivative Cell Lines Cytotoxic Concentration ICs Anticancer Mechanisms References
Hermitamides A-B A:2.2;B:55Mm [45]
1 cell viability @ E—
Jamaicamides A-C LCsp: 15 Mm [46]
Malyngamide C LCsp: 3.1 ug mL~!
N Neuro-2a 1
Malyngamide J Lyngbya majuscula LCsp: 4 pgmL~ sodium channel blocking activity [47]
Malyngamide K lipopeptide LCsp: 0.49 pgmL~!
. . -1
Somocystinamide A 1.4 ngmL caspase 8 1 [62]
Somocystinamide A NB7 810 Nm [48]
Dragonamide C and D Glsp = C: 49; D: 51 Mm [49]
Microcolin A-B Lynebyavolychroa IMR-32 A:0.31; B: 7.7 nM
- - YHEnIapoLy - - 1 cell viability 2 [50]
Desacetylmicrocolin B linear peptide 14 nM
Gallinamide A Schizothrix sp. linear peptide Neuro-2a 16.9 uM [52]

Neuroblastoma Cell lines: Neuro-2a, N-18 = mouse; IMR-32, NB7, SH-SY5Y = human; EC50 = half-maximal effective concentration, GI50 = growth inhibition 50%, and LC50 = lethal

concentration 50; # = mechanism is yet to be investigated, 1 = increases, | = decreases



Cancers 2023, 15, 2515

6of 17

This review aims to discuss distinct natural products focusing on anti-NB cyanobacte-
rial peptides.

2. Marine Cyanobacterial Peptides

Cyanobacteria, which are among the oldest aquatic and photosynthetic oxygenic
prokaryotes, are found worldwide. The presence of numerous bioactive secondary metabo-
lites in cyanobacteria from various habitats, especially marine cyanobacteria, has recently
been discovered. Bioactive compounds from aquatic cyanobacteria help them better adapt
to a variety of complex, hypersaline, high-pressure, barren marine habitats by acting as
chemical defenses. These cyanobacterial secondary metabolites exhibit a wide range of bio-
logical activities, including anti-tumor, antibacterial, enzyme inhibition, parasite resistance,
anti-inflammatory, and other biological activities, in addition to having a significant impact
on the growth and reproduction of cyanobacteria [63]. As a result, they received interest
from scholars in various experimental fields, including medicinal chemistry, pharmacology,
and marine chemical ecology [64].

Over 400 new natural compounds from marine cyanobacteria have been identified
over the past decade thanks to the International Cooperative Biodiversity Group (ICGB)
program [65]. Peptides and compounds containing peptides are the main secondary
metabolites among these substances [66]. A total of 126 novel peptide compounds, mostly
from the genera Lyngbya, Oscillatoria, and Symploca, were extracted from marine cyanobac-
teria by the end of 2016. Nevertheless, two new genera, Moorea and Okeania, previously
recognized as the polyphyletic cyanobacterial genus Lyngbya, were identified by genome
sequence analysis [67,68]. A second new genus of Caldora was known as Symploca.

The majority of the cyclic peptides found in marine cyanobacteria are cyclic dep-
sipeptides, which include 76 different molecules [69]. Two linear depsipeptides known as
grassystatins A and B, have been isolated from the key Largo collected marine cyanobac-
terium Okeania lorea (formerly Lyngbya cf. confervoides). Veraguamides K and L, two linear
bromine-containing depsipeptides isolated from the marine cyanobacterium cf. Oscillatoria
margaritifera found in the Coiba Island National Park in Panama, are thought to have the
structural characteristics of marine natural products [70]. The antimalarial bioassay-guided
isolation of the marine cyanobacterium Moorea producens (formerly Lyngbya majuscula)
yielded four lipopeptides: dragonamides A and B, carmabin A, and dragomabin [49].
Through the cytotoxicity-directed isolation of a marine cyanobacterium, the Symploca cf.
hydnoides sample from Cetti Bay (Guam), seven novel cyclic hexadepsipeptides, known as
veraguamides A-G, were discovered [71,72]. HT29 colorectal adenocarcinoma and HeLa
cell lines exhibited moderate-to-mild cytotoxicity in response to these compounds [73].
Lyngbya majuscula has been proven to be a highly prolific species of cyanobacterium since a
significant number of natural products with a wide range of structural characteristics have
been isolated from it. The antimycobacterial cyclodepsipeptides known as pitipeptolides
C-F were discovered from the marine cyanobacterium Lyngbya majuscule in the Piti Bomb
Holes (Guam) [74]. Hoiamide A is an unusual cyclic depsipeptide that was isolated from
the marine cyanobacteria Lyngbya majuscula and Phormidium gracile in Papua New Guinea.
It is composed of an isoleucine moiety that has been modified by acetate and S-adenosyl
methionine, a tri-heterocyclic fragment which contains two «-methylated thiazolines and
one thiazole ring. This peptide can trigger the sodium inflow (ECsy = 2.31 M) and is a
powerful voltage-gated sodium channel inhibitor (ICsg = 92.8 nM) in murine neocortical
neurons [75]. The rapid growth, genetic tractability of cyanobacteria as well as the ease
of culturing make them excellent candidates for sustainable sources for the manufacture
of bioactive peptides. Although cyanobacteria share many of the same characteristics as
microbes, they have received less attention.
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3. Mechanistic Insights
3.1. Apoptosis

Apoptosis is an essential mechanism of cell death induced by cancer therapy. Therefore,
identifying or developing anticancer agents capable of targeting apoptosis regulatory
genes is a prerequisite for the advancement of unique anticancer therapies. As with most
anticancer agents, there are a large number of marine-derived anticancer peptides with
apoptotic activity in cancer cells [76,77]. The discharge of cytochrome-c (cyt c) activates
caspases and triggers apoptosis [78,79]. Cyclolaxaphycins B and B3 increase caspase 3 in
SH-SY5Y lines with ICsp of 1.8 and 0.8 uM, respectively (Figure 1) [61]. Coibamide A
induces apoptosis in Neuro-2a cells (ICs5 < 23 nM) through caspase-3,7 activation, cyt-c
release and PARP cleavage. In U87-MG and SF-295 glioma cells, coibamide A triggered
caspase-3/7 activation over a time-period associated with a loss of viability, although
the activation profile for each cell line was different. Despite the fact that the MTT cell
viability experiments showed that U87-MG cells were more sensitive than SF-295 cells
to coibamide A-induced cell death, relatively large doses of coibamide A were required
to cause the late activation of caspase-3/7 in these cells. Over a 96 h exposure period,
researchers collected attached and detached coibamide A-treated cells and examined cell
lysates for the expression of PARP1, a critical downstream target of caspase-dependent
apoptosis, as well as a number of alternative cell death pathways [38,57,58]. Caspase-8 is
one of the critical members of apoptosis initiation. Its silencing increases and facilitates NB
tumorigenesis [80,81]. Somocystinamide A stimulates caspase-8 activation in Neuro-2a and
NB7 cells with ICsp of 1.4 ug mL~! and 810 nM [48,62].

Figure 1. Cyanobacterial metabolites disrupt vital cancer-related pathways. Cyclolaxaphycins B and
B3 increase caspase 3 and stimulate apoptosis. Somocystinamide A stimulates caspase-8 activation in
Neuro-2a cells. Ub; ubiquitin protein.

Optic atrophy 1 (OPA1) is a crucial molecule in cancer cell biology and therapeutic
resistance. OPA1 determines the mitochondrial resistance to cytochrome c release and
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delays apoptosis. The induction of OPA1 is required to alter gene expression during
angiogenesis. It has also been identified as an essential regulator of lymphangiogenesis.
Due to its dual role in angiogenesis and lymphangiogenesis, targeting OPA1 not only
inhibits tumor development but also metastatic spread [82]. Prohibitin (PHB) is an oncogene
that promotes the proliferation and differentiation of NB cells. PHB deficiency increased
NB cell differentiation and death and delayed cell cycle progression [83]. Aurilide binds
and inhibits prohibitin 1 (PHB1), promoting the OPA1 proteolytic processing, resulting in
mitochondrial apoptosis [54,84].

Musashi-2 (MSI2) is expressed in NB, and its decreased expression is related to in-
creased apoptosis and decreased proliferation [85]. The inhibition of the histone deacetylase
(HDAC:) causes apoptosis induction, PARP cleavage, and G1 or G2/M cell cycle arrest in
NB cells [86]. Largazole inhibits IMR-32 cell proliferation with a Gls5g (growth inhibitory
power of the test agent) of 16 nM and SH-SY5Y with an ICsy of 102 nM by decreasing
the MSI2 levels, suppressing the mTOR pathway, and HDACi [41,59,60]. Figure 2 sum-
marizes the structures of therapeutically active marine cyanobacterial peptides against
neuroblastoma cell lines.

3.2. Cell Cycle Arrest

Cell cycle interruption prevents cancer cells from developing into tumor cells and spreading
to other parts of the body [87]. Grassypeptolides D and E, ibu-epidemethoxylyngbyastatin
3, and dolastatin 12 from Leptolyngbya sp. induce G2/M phase arrest in Neuro-2a cancer
cells [39]. Similarly, coibamide A from Leptolyngbya sp. induce G1 to S phase arrest [58].

3.3. Sodium Channel Blocking Activity

The voltage-gated sodium channel (VGSC) is widely expressed in breast, bowel,
prostate cancers, melanoma and NB. Several VGSCs-blocking drugs have been shown in
preclinical models to limit cancer cell proliferation, invasion, tumor development, and
metastasis, indicating that VGSCs may serve as putative molecular targets for cancer
therapy [88,89]. Malyngamides C, ], and K were shown to block VGSCs in Neuro-2a cells
displaying ICsy 0.49—4 ug mL~! [47]. Similar effects were seen in the same cells when
treated with palmyramide A with an ICsg of 17.2 uM [35].

3.4. Antimetastatic Activity

Microfilaments play an essential role in cell migration. The inhibition of actin poly-
merization disrupts microfilaments, reduces the cell motility, and slows the metastatic
spread of neoplastic cells by G2/M phase arrest [90,91]. Microtubules and microtubule-
associated proteins, which play a vital role in cell division, are essential constituents
of the mitotic spindle. Microtubule dynamics is necessary for chromosomal movement
throughout anaphase. A shift in the tubulin-microtubule balance alters the mitotic spindle,
disrupting metaphase-anaphase progression of the cell cycle, resulting in cell death [92,93].
Microtubule-stabilizing compounds stimulate microtubule polymerization and, by binding
to microtubules, target the cytoskeleton and spindle machinery of tumor cells, thus limiting
mitosis [92,94]. Aurilide B-C, a cyclodepsipeptide isolated from Lyngbya majuscula, has
been shown to destabilize microtubules in Neuro-2a cells with an ICsy of 0.01 and 0.05,
uM, respectively [30]. Microtubule-destabilizing agents can also cause apoptosis through
Bcl2 and myeloid cell leukemia-1 (Mcl-1) inhibition. Mcl-1 promotes cell survival by dis-
rupting cytochrome-c release [95,96]. Desmethoxymajusculamide C shows efficacy against
Neuro-2a cancer cells depolymerizing the microtubules [31]. Lyngbyabellins E-I are cyclic
depsipeptides which disrupt actin in Neuro-2a cells with ICsgs 0.7-1.8 uM [37].
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Figure 2. Structures of therapeutically active marine cyanobacterial peptides against neuroblastoma

cell lines.

STAT3 suppression induces apoptosis and inhibits metastasis in cancer cells. MMP2
and MMP9 are upregulated when the STAT3 pathway is activated, facilitating tumor inva-
sion [97]. Apratoxin A is proposed to inhibit the phosphorylation of the signal transducer
and activator of transcription (STAT) 3, causing metastasis in Neuro-2a cells with an ICsq of
1 1M [42,98].
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Proteases are critical signaling molecules engaged in a variety of key processes such
as apoptosis, metastasis and angiogenesis [99-101]. Serine proteases are highly expressed
in NB [102]. Numerous cyanobacterial peptides have been shown to interfere with serine
protease functions. Symplocamide A has been reported to induce cytotoxicity in Neuro-
2a cells [40,103]. The inhibition of chymotrypsin (ICsy of 0.38 M) and trypsin (ICsq of
80.2 uM) by this compound further supports its antimetastatic effects [40].

3.5. Antiangiogenic Effect

VEGF and MMPs play an essential role in angiogenesis [104,105]. Angiogenesis is
believed to be a fundamental prerequisite for the development, invasion, and metastasis
of malignant NBs. Anti-angiogenic agents that inhibit neovascularization could represent
a potential therapeutic strategy for NB [106]. The marine peptide coibamide A inhibits
cancer cell migration by lowering the VEGFR2 and MMP-9 expressions [57,58].

3.6. Autophagy

In the early stages of cancer, autophagy functions as a barrier to protect cells against
damaging stimuli and malignant development [107,108]. The activation of mTOR inhibits
autophagy induction and promotes tumor growth and metastasis (Figure 3). Therefore, the
regulation of autophagy with mTOR inhibitors provides an anticancer effect [109]. AMPK
activates the autophagy-initiating kinase Ulk1l and phosphorylates TSC2. TSC2 activation
can inhibit the mTOR complex 1 (mTORC1), thus promoting autophagy [110]. Acyclo-
laxaphycins B and B3 increase AMPK phosphorylation and induce mTOR inhibition in
SH-SY5Y cells with an ICsy of 10 uM [61].

. PI3K . mTOR SIGNALING
+ SIGNALING
B . \
: : _—_
. - Akt
. - J_ pathway
. - MAPK/
. - ULK1 )
- Y complex @ ~ ERK
. . pathway
Acyclolaxaphycins B
\ 4 o
e
((:. 7 o ® *
L ]
f.
Initiation Elongation Maturation Autophagosome

Figure 3. Cyanobacterial peptides involved in the activation of mTOR autophagy.

3.7. Unknown Mechanisms for Anticancer Activity

Several peptides including floridamide [55], guineamides B-C and G [32,33], hermi-
tamides A-B [45], hoiamide A [36], jamaicamides A—C [46], and tiahuramides B-C [34],
isolated from Lyngbya majuscula, bouillonamide [42], ulongamide A [42], isolated from
Lyngbya bouillonii (now called Moorea bouillonii) [111]; wewakpeptin A-D [56] isolated from
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Lyngbya semiplena; dragonamides C and D [49], microcolin A-B, and desacetylmicrocolin
B [50] isolated from Lyngbya polychroa all display significant cytotoxicity, though their
specific modes of action have yet to be characterized.

4. Clinical Trial Status

Clinical trials for several anticancer substances derived from marine cyanobacteria and
microalgae are underway [112]. The U.S. Food and Drug Administration (FDA) approved
the use of the marine peptide-derived drug, brentuximab vedotin (marketed as Adcetris),
for the treatment of cancer in 2011 [113]. Enfortumab vedotin, Glembatumumab vedotin,
Tisotumab vedotin, and other derivatives in the form of antibody—drug conjugates are
in Phase III clinical research, while ABBV-085, ASG-15ME, and AGS-67E are in Phase 1
of clinical research for various types of malignancies (www.clinicaltrials.gov). Soblidotin
(also known as TZT-1027, auristatin PE), a dolastatin 10 derivative, has demonstrated
potential in the treatment of human colon cancer and has moved into phase II clinical
trials [114]. Dolastatin 10, ET-743, and bryostatin 1 are currently being evaluated in clinical
research [115]. ILX-651 did not show any cardiovascular toxicity, unlike other dolastatins.
Phase I and Phase II of clinical research have been successfully completed, and ILX-651 has
been proven to be safe and highly tolerated [116]. Dolastatins, promising molecules
for solid tumors, have yet to enter Phase III studies [117]. Phase II clinical studies for
Tasidotin, Synthadotin (ILX-651) are also being conducted by Genzyme Corporation and
are generated from a marine bacterium (Cambridge, MA, USA). Phase III clinical studies for
Soblidotin (TZT 1027), a different bacterial peptide of marine origin, are being conducted by
Aska Pharmaceuticals (Tokyo, Japan). These two substances are both promising potential
anticancer strategies [118].

5. Conclusions and Future Prospective

Neuroblastoma is the most common and deadliest childhood disease. Existing thera-
pies are effective, but they have adverse effects, and relapses are common, highlighting the
need for innovative cancer treatments [119]. Cyanobacteria afford an excellent source of
metabolites for anticancer drug discovery. Their inexpensive cultivation has enhanced their
application in therapeutic development. However, limitations to anti-NB peptide research
include a lack of ethnomedicinal basis, technological difficulty in collecting deep-sea marine
species, as well as isolation and purification concerns. Modern technology has enabled the
collection of marine samples and various peptides from aquatic sources. Moreover, as data
in this field are limited, the toxicity and adverse effects of cyanobacterial compounds and
metabolites in normal cells must also be assessed [71,120-122].

The anti-NB actions of marine cyanobacterial peptides include cell growth suppres-
sion, apoptosis induction, cell cycle arrest, sodium channel blockage, antimetastatic activity,
and autophagy. These peptides appear to be a powerful and exciting resource for devel-
oping anti-NB medicines and a platform for uncovering new therapeutic cellular targets.
Insufficient progress has been made, and additional research into the anti-NB mechanisms
of marine peptides is needed to generate novel candidate molecules [123].

Most research on anti-NB activity has been carried out in vitro, limiting the transfer
of the information for clinical efficacy. The absence of in vivo and clinical studies and an
insufficient understanding of the mechanisms of action of marine peptides make them
a promising tool for future research. A short half-life, limited bioavailability, processing
and manufacturing issues, and sensitivity to proteases are all key limitations for the use of
peptides in cancer treatment. D-amino acid substitution, peptide cyclization, encapsula-
tion with nanoparticles, pegylation, and XTEN conjugation can be employed to address
metabolic instability and short circulating half-life. D-amino acid substitution also reduces
immunogenicity [124-126]. Peptides coated with exosomes, liposomes, carbon nanotubes,
and dendrimers have significantly improved BBB permeability and thus solve the problem
of drug delivery to the brain [127-129].
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The literature discussed above suggests that, given the current state of many cancer-
related disorders, cyanobacterial peptide-based nanoformulated delivery systems imme-
diately need to be commercialized. Commercial nanoformulations or stable and effective
drug formulations based on cyanobacterial peptides and their optimal use in nanomedicine-
based therapies have not yet been investigated in the literature. Without running the risk
of experiencing any negative side effects, it could be interesting to experiment with the
use of diatoms and other cyanobacterial peptides species in commercial nanoformulations
for the treatment of cancer. The anticancer potential for marine cyanobacterial peptides
with nanoformulated medicinal characteristics will be unlocked by research in this field.
Therefore, cyanobacterial peptides have a strong potential to become anti-NB medicines.
Future research on marine peptides could lead to the discovery of new anti-NB therapies.

Author Contributions: All the authors equally contributed by writing and revising the different
chapters of the article. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

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

AMPK  AMP-Activated Protein Kinase
Cytc Cytochrome-c

HDACi Histone Deacetylase Inhibition
Mcl-1 Myeloid Cell Leukemia-1

MMP Matrix Metalloproteinase

MSI2 Musashi-2

mTOR  Mammalian Target of Rapamycin
OPA1 Optic Atrophy 1

PARP Poly (ADP—Ribose) Polymerase
PHB Prohibitin

STAT3  Signal Transducer and Activator of Transcription 3

TSC Tuberous Sclerosis Complex
Ulkl Unc-51-like Autophagy Activating Kinase 1
Ub Ubiquitin-Protein

VEGF Vascular Endothelial Growth Factor

1. Chung, C. Neuroblastoma. Pediatr. Blood Cancer 2021, 68, €28473. [CrossRef]

2. Lucas, ].T.; Wakefield, D.V.; Doubrovin, M.; Li, Y.; Santiago, T.; Federico, S.M.; Merchant, T.E.; Davidoff, A.M.; Krasin, M.].;
Shulkin, B.L.; et al. Risk factors associated with metastatic site failure in patients with high-risk neuroblastoma. Clin. Transl.
Radiat. Oncol. 2022, 34, 42-50. [CrossRef] [PubMed]

3. Zafar, A.; Wang, W.; Liu, G.; Wang, X.; Xian, W.; McKeon, E; Foster, ].; Zhou, J.; Zhang, R. Molecular targeting therapies for
neuroblastoma: Progress and challenges. Med. Res. Rev. 2020, 41, 961-1021. [CrossRef] [PubMed]

4. Fati, F.,; Pulvirenti, R.; Paraboschi, I.; Martucciello, G. Surgical Approaches to Neuroblastoma: Review of the Operative Techniques.
Children 2021, 8, 446. [CrossRef] [PubMed]

5. Salemi, F.; Alam, W.; Hassani, M.S.; Hashemi, S.Z.; Jafari, A.A.; Mirmoeeni, S.M.S.; Arbab, M.; Mortazavizadeh, SM.R.; Khan, H.
Neuroblastoma: Essential genetic pathways and current therapeutic options. Eur. J. Pharmacol. 2022, 926, 175030. [CrossRef]

6. Yun, CW,; Kim, H.J.; Lee, S.H. Therapeutic Application of Diverse Marine-derived Natural Products in Cancer Therapy. Anticancer.
Res. 2019, 39, 5261-5284. [CrossRef]

7. Dayanidhi, D.L.; Thomas, B.C.; Osterberg, ].S.; Vuong, M.; Vargas, G.; Kwartler, S.K.; Schmaltz, E.; Dunphy-Daly, M.M.; Schultz,
T.E; Rittschof, D.; et al. Exploring the Diversity of the Marine Environment for New Anti-cancer Compounds. Front. Mar. Sci.

2021, 7, 614766. [CrossRef]

8.  Huang, M,; Lu, J.-J.; Ding, J. Natural Products in Cancer Therapy: Past, Present and Future. Nat. Prod. Bioprospecting 2021,

11, 5-13. [CrossRef]

9. Cappello, E.; Nieri, P. From Life in the Sea to the Clinic: The Marine Drugs Approved and under Clinical Trial. Life 2021, 11, 1390.

[CrossRef]


http://doi.org/10.1002/pbc.28473
http://doi.org/10.1016/j.ctro.2022.02.009
http://www.ncbi.nlm.nih.gov/pubmed/35345864
http://doi.org/10.1002/med.21750
http://www.ncbi.nlm.nih.gov/pubmed/33155698
http://doi.org/10.3390/children8060446
http://www.ncbi.nlm.nih.gov/pubmed/34070327
http://doi.org/10.1016/j.ejphar.2022.175030
http://doi.org/10.21873/anticanres.13721
http://doi.org/10.3389/fmars.2020.614766
http://doi.org/10.1007/s13659-020-00293-7
http://doi.org/10.3390/life11121390

Cancers 2023, 15, 2515 13 of 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

Pereira, R.B.; Evdokimov, N.M.; Lefranc, F.; Valentao, P.; Kornienko, A.; Pereira, D.M.; Andrade, P.B.; Gomes, N.G.M. Marine-
Derived Anticancer Agents: Clinical Benefits, Innovative Mechanisms, and New Targets. Mar. Drugs 2019, 17, 329. [CrossRef]
Ahmed, I.; Asgher, M.; Sher, F.; Hussain, S.M.; Nazish, N.; Joshi, N.; Sharma, A.; Parra-Saldivar, R.; Bilal, M.; Igbal, H.M.N.
Exploring Marine as a Rich Source of Bioactive Peptides: Challenges and Opportunities from Marine Pharmacology. Mar. Drugs
2022, 20, 208. [CrossRef] [PubMed]

Kang, HK.; Choi, M.-C.; Seo, C.H.; Park, Y. Therapeutic Properties and Biological Benefits of Marine-Derived Anticancer Peptides.
Int. ]. Mol. Sci. 2018, 19, 919. [CrossRef] [PubMed]

Hachicha, R.; Elleuch, E,; Ben Hlima, H.; Dubessay, P.; de Baynast, H.; Delattre, C.; Pierre, G.; Hachicha, R.; Abdelkafi, S.; Michaud,
P,; et al. Biomolecules from Microalgae and Cyanobacteria: Applications and Market Survey. Appl. Sci. 2022, 12, 1924. [CrossRef]
Qamar, H.; Hussain, K.; Soni, A.; Khan, A.; Hussain, T.; Chénais, B. Cyanobacteria as Natural Therapeutics and Pharmaceutical
Potential: Role in Antitumor Activity and as Nanovec-tors. Molecules 2021, 26, 247. [CrossRef] [PubMed]

Zahra, Z.; Choo, D.H.; Lee, H.; Parveen, A. Cyanobacteria: Review of Current Potentials and Applications. Environments 2020,
7,13. [CrossRef]

Ahmed, S.; Mirzaei, H.; Aschner, M.; Khan, A.; Al-Harrasi, A.; Khan, H. Marine peptides in breast cancer: Therapeutic and
mechanistic understanding. Biomed. Pharmacother. 2021, 142, 112038. [CrossRef]

Ahmed, S.; Hasan, M.M.; Aschner, M.; Mirzaei, H.; Alam, W.; Shah, S.M.M.; Khan, H. Therapeutic potential of marine peptides in
glioblastoma: Mechanistic insights. Cell. Signal. 2021, 87, 110142. [CrossRef]

Ahmed, S.; Khan, H.; Fakhri, S.; Aschner, M.; Cheang, W.S. Therapeutic potential of marine peptides in cervical and ovarian
cancers. Mol. Cell. Biochem. 2021, 477, 605-619. [CrossRef]

Ahmed, S.; Alam, W.; Jeandet, P.; Aschner, M.; Alsharif, K.E; Saso, L.; Khan, H. Therapeutic Potential of Marine Peptides in
Prostate Cancer: Mechanistic Insights. Mar. Drugs 2022, 20, 466. [CrossRef]

Chiangjong, W.; Chutipongtanate, S.; Hongeng, S. Anticancer peptide: Physicochemical property, functional aspect and trend in
clinical application (Review). Int. J. Oncol. 2020, 57, 678-696. [CrossRef]

Kumla, D.; Sousa, M.E.; Vasconcelos, V.; Kijjoa, A. Chapter 2—Specialized metabolites from cyanobacteria and their biological
activities. In The Pharmacological Poten-tial of Cyanobacteria; Lopes, G., Silva, M., Vasconcelos, V., Eds.; Academic Press: Cambridge,
MA, USA, 2022; pp. 21-54.

Singh, R.; Parihar, P; Singh, M.; Bajguz, A.; Kumar, J.; Singh, S.; Singh, V.P; Prasad, S.M. Uncovering Potential Applications of
Cyanobacteria and Algal Metabolites in Biology, Agriculture and Medicine: Current Status and Future Prospects. Front. Microbiol.
2017, 8, 515. [CrossRef] [PubMed]

Macedo, M.W.ES.; da Cunha, N.B.; Carneiro, J.A.; da Costa, R.A.; de Alencar, S.A.; Cardoso, M.H.; Franco, O.L.; Dias, S.C. Marine
Organisms as a Rich Source of Biologically Active Peptides. Front. Mar. Sci. 2021, 8, 667764. [CrossRef]

Zhang, ].-N.; Xia, Y.-X.; Zhang, H.-]. Natural Cyclopeptides as Anticancer Agents in the Last 20 Years. Int. ]. Mol. Sci. 2021,
22,3973. [CrossRef]

Choi, J.-S.; Joo, S.H. Recent Trends in Cyclic Peptides as Therapeutic Agents and Biochemical Tools. Biomol. Ther. 2020, 28, 18-24.
[CrossRef] [PubMed]

Sukmarini, L. Natural Bioactive Cyclopeptides from Microbes as Promising Anticancer Drug Leads: A Mini-review. Indones. ].
Pharm. 2021, 32, 291-303. [CrossRef]

Abdalla, M.A.; McGaw, L.J. Natural Cyclic Peptides as an Attractive Modality for Therapeutics: A Mini Review. Molecules 2018,
23, 2080. [CrossRef]

Bera, S.; Mondal, D. Natural Cyclic Peptides as Clinical and Future Therapeutics. Curr. Org. Chem. 2019, 23, 38-75. [CrossRef]
Sivanathan, S.; Scherkenbeck, J. Cyclodepsipeptides: A Rich Source of Biologically Active Compounds for Drug Research.
Molecules 2014, 19, 12368-12420. [CrossRef]

Han, B.; Gross, H.; Goeger, D.E.; Mooberry, S.L.; Gerwick, W.H. Aurilides B and C, Cancer Cell Toxins from a Papua New Guinea
Collection of the Marine Cyanobacterium Lyngbya majuscula. J. Nat. Prod. 2006, 69, 572-575. [CrossRef] [PubMed]

Simmons, T.L.; Nogle, L.M.; Media, J.; Valeriote, F.A.; Mooberry, S.L.; Gerwick, W.H. Desmethoxymajusculamide C, a Cyanobac-
terial Depsipeptide with Potent Cytotoxicity in Both Cyclic and Ring-Opened Forms. J. Nat. Prod. 2009, 72, 1011-1016. [CrossRef]
Tan, L.T; Sitachitta, N.; Gerwick, W.H. The Guineamides, Novel Cyclic Depsipeptides from a Papua New Guinea Collection of
the Marine Cyanobacterium Lyngbya majuscula. |. Nat. Prod. 2003, 66, 764-771. [CrossRef]

Han, B. Wewakamide A and Guineamide G, Cyclic Depsipeptides from the Marine Cyanobacteria Lyngbya semiplena and Lyngbya
majuscula. ]. Microbiol. Biotechnol. 2011, 21, 930-936. [CrossRef]

Levert, A.; Alvarifio, R.; Bornancin, L.; Abou Mansour, E.; Burja, A.M.; Geneviere, A.M.; Bonnard, I.; Alonso, E.; Botana,
L.; Banaigs, B. Structures and activities of tiahuramides A-C, cyclic depsipeptides from a Tahitian collection of the marine
cyano-bacterium Lyngbya majuscula. J. Nat. Prod. 2018, 81, 1301-1310. [CrossRef] [PubMed]

Taniguchi, M.; Nunnery, ] .K.; Engene, N.; Esquenazi, E.; Byrum, T.; Dorrestein, P.C.; Gerwick, W.H. Palmyramide A, a Cyclic
Depsipeptide from a Palmyra Atoll Collection of the Marine Cyanobacterium Lyngbya majuscula. |. Nat. Prod. 2010, 73, 393-398.
[CrossRef] [PubMed]

Mondal, A.; Bose, S.; Banerjee, S.; Patra, J.; Malik, J.; Mandal, S.; Kilpatrick, K.; Das, G.; Kerry, R.; Fimognari, C.; et al. Marine
Cyanobacteria and Microalgae Metabolites—A Rich Source of Potential Anticancer Drugs. Mar. Drugs 2020, 18, 476. [CrossRef]
[PubMed]


http://doi.org/10.3390/md17060329
http://doi.org/10.3390/md20030208
http://www.ncbi.nlm.nih.gov/pubmed/35323507
http://doi.org/10.3390/ijms19030919
http://www.ncbi.nlm.nih.gov/pubmed/29558431
http://doi.org/10.3390/app12041924
http://doi.org/10.3390/molecules26010247
http://www.ncbi.nlm.nih.gov/pubmed/33466486
http://doi.org/10.3390/environments7020013
http://doi.org/10.1016/j.biopha.2021.112038
http://doi.org/10.1016/j.cellsig.2021.110142
http://doi.org/10.1007/s11010-021-04306-y
http://doi.org/10.3390/md20080466
http://doi.org/10.3892/ijo.2020.5099
http://doi.org/10.3389/fmicb.2017.00515
http://www.ncbi.nlm.nih.gov/pubmed/28487674
http://doi.org/10.3389/fmars.2021.667764
http://doi.org/10.3390/ijms22083973
http://doi.org/10.4062/biomolther.2019.082
http://www.ncbi.nlm.nih.gov/pubmed/31597413
http://doi.org/10.22146/ijp.1270
http://doi.org/10.3390/molecules23082080
http://doi.org/10.2174/1385272823666190110103558
http://doi.org/10.3390/molecules190812368
http://doi.org/10.1021/np0503911
http://www.ncbi.nlm.nih.gov/pubmed/16643028
http://doi.org/10.1021/np9001674
http://doi.org/10.1021/np020492o
http://doi.org/10.4014/jmb.1105.05011
http://doi.org/10.1021/acs.jnatprod.7b00751
http://www.ncbi.nlm.nih.gov/pubmed/29792428
http://doi.org/10.1021/np900428h
http://www.ncbi.nlm.nih.gov/pubmed/19839606
http://doi.org/10.3390/md18090476
http://www.ncbi.nlm.nih.gov/pubmed/32961827

Cancers 2023, 15, 2515 14 of 17

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Han, B.; McPhail, K.L.; Gross, H.; Goeger, D.E.; Mooberry, S.L.; Gerwick, W.H. Isolation and structure of five lyngbyabellin
derivatives from a Papua New Guinea collection of the marine cyanobacterium Lyngbya majuscula. Tetrahedron 2005, 61, 11723-11729.
[CrossRef]

Medina, R.A.; Goeger, D.E.; Hills, P.; Mooberry, S.L.; Huang, N.; Romero, L.I.; Ortega-Barria, E.; Gerwick, W.H.; McPhail, K.L.
Coibamide A, a potent antiproliferative cyclic depsipeptide from the Panamanian marine cyanobacterium Leptolyngbya sp. ]. Am.
Chem. Soc. 2008, 130, 6324-6325. [CrossRef]

Thornburg, C.C.; Thimmaiah, M.; Shaala, L.A.; Hau, A.M.; Malmo, ].M.; Ishmael, ].E.; Youssef, D.T.A.; McPhail, K.L. Cyclic
Depsipeptides, Grassypeptolides D and E and Ibu-epidemethoxylyngbyastatin 3, from a Red Sea Leptolyngbya Cyanobacterium. J.
Nat. Prod. 2011, 74, 1677-1685. [CrossRef]

Linington, R.G.; Edwards, D.J.; Shuman, C.E; McPhail, K.L.; Matainaho, T.; Gerwick, W.H. Symplocamide A, a potent cytotoxin
and chymotrypsin inhibitor from the marine Cyanobacterium Symploca sp. |. Nat. Prod. 2008, 71, 22-27. [CrossRef]

Taori, K.; Paul, V].; Luesch, H. Structure and Activity of Largazole, a Potent Antiproliferative Agent from the Floridian Marine
Cyanobacterium Symploca sp. J. Am. Chem. Soc. 2008, 130, 1806-1807. [CrossRef]

Tan, L.T.; Okino, T.; Gerwick, W.H. Bouillonamide: A Mixed Polyketide-Peptide Cytotoxin from the Marine Cyanobacterium
Moorea bouillonii. Mar. Drugs 2013, 11, 3015-3024. [CrossRef] [PubMed]

Hamley, I.W. Lipopeptides: From self-assembly to bioactivity. Chem. Commun. 2015, 51, 8574-8583. [CrossRef]

Barreca, M.; Spano, V.; Montalbano, A.; Cueto, M.; Marrero, A.R.D.; Deniz, I.; Erdogan, A.; Bilela, L.L.; Moulin, C.; Taffin-De-
Givenchy, E.; et al. Marine Anticancer Agents: An Overview with a Particular Focus on Their Chemical Classes. Mar. Drugs 2020,
18, 619. [CrossRef]

Tan, L.T.; Okino, T.; Gerwick, W.H. Hermitamides A and B, Toxic Malyngamide-Type Natural Products from the Marine
Cya-nobacterium Lyngbya majuscula. |. Nat. Prod. 2000, 63, 952-955. [CrossRef] [PubMed]

Edwards, D.J.; Marquez, B.L.; Nogle, L.M.; McPhail, K.; Goeger, D.E.; Roberts, M.A.; Gerwick, W.H. Structure and Biosynthesis of
the Jamaicamides, New Mixed Polyketide-Peptide Neurotoxins from the Marine Cyanobacterium Lyngbya majuscula. Chem. Biol.
2004, 11, 817-833. [CrossRef] [PubMed]

Gross, H.; McPhail, K.L.; Goeger, D.E.; Valeriote, F.A.; Gerwick, W.H. Two cytotoxic stereoisomers of malyngamide C, 8-epi-
malyngamide C and 8-O-acetyl-8-epi-malyngamide C, from the marine cyanobacterium Lyngbya majuscula. Phytochemistry 2010,
71,1729-1735. [CrossRef]

Wrasidlo, W.; Mielgo, A.; Torres, V.A.; Barbero, S.; Stoletov, K.; Suyama, T.L.; Klemke, R.L.; Gerwick, W.H.; Carson, D.A.; Stupack,
D.G. The marine lipopeptide somocystinamide A triggers apoptosis via caspase 8. Proc. Natl. Acad. Sci. USA 2008, 105, 2313-2318.
[CrossRef] [PubMed]

Gunasekera, S.P; Ross, C.; Paul, V.J.; Matthew, S.; Luesch, H. Dragonamides C and D, Linear Lipopeptides from the Marine
Cyanobacterium Brown Lyngbya Polychroa. ]. Nat. Prod. 2008, 71, 887-890. [CrossRef]

Meickle, T.; Matthew, S.; Ross, C.; Luesch, H.; Paul, V. Bioassay-guided isolation and identification of desacetylmicrocolin B from
Lyngbya cf. polychroa. Planta Med. 2009, 75, 1427-1430. [CrossRef]

Roxin, A.; Zheng, G. Flexible or fixed: A comparative review of linear and cyclic cancer-targeting peptides. Futur. Med. Chem.
2012, 4, 1601-1618. [CrossRef]

Linington, R.G.; Clark, B.R,; Trimble, E.E.; Almanza, A.; Urefia, L.-D.; Kyle, D.E.; Gerwick, W.H. Antimalarial Peptides from
Marine Cyanobacteria: Isolation and Structural Elucidation of Gallinamide A. J. Nat. Prod. 2008, 72, 14-17. [CrossRef]

Jones, M.R,; Pinto, E.; Torres, M.A.; Dorr, E; Mazur-Marzec, H.; Szubert, K.; Tartaglione, L.; Dell’Aversano, C.; Miles, C.O.;
Beach, D.G.; et al. CyanoMetDB, a comprehensive public database of secondary metabolites from cyanobacteria. Water Res. 2021,
196, 117017. [CrossRef]

Sato, S.-I.; Murata, A.; Orihara, T.; Shirakawa, T.; Suenaga, K.; Kigoshi, H.; Uesugi, M. Marine Natural Product Aurilide Activates
the OPA1-Mediated Apoptosis by Binding to Prohibitin. Chem. Biol. 2011, 18, 131-139. [CrossRef]

Sabry, O.M.; Goeger, D.E.; Gerwick, W.H. Biologically active new metabolites from a Florida collection of Moorea producens. Nat.
Prod. Res. 2017, 31, 555-561. [CrossRef]

Han, B.; Goeger, D.; Maier, C.S.; Gerwick, W.H. The Wewakpeptins, Cyclic Depsipeptides from a Papua New Guinea Collection
of the Marine Cyanobacterium Lyngbya semiplena. . Org. Chem. 2005, 70, 3133-3139. [CrossRef] [PubMed]

Hau, A.M.; Greenwood, J.A.; Lohr, C.V,; Serrill, ].D.; Proteau, PJ.; Ganley, I.G.; McPhail, K.L.; Ishmael, ].E. Coibamide A induces
mTOR-independent autophagy and cell death in human glioblastoma cells. PLoS ONE 2013, 8, e65250. [CrossRef] [PubMed]
Serrill, ].D.; Wan, X.; Hau, A.M,; Jang, H.S.; Coleman, D.J.; Indra, A K.; Alani, A.W.G.; McPhail, K.L.; Ishmael, ].E. Coibamide A,
a natural lariat depsipeptide, inhibits VEGFA /VEGFR2 expression and suppresses tumor growth in glioblastoma xenografts.
Investig. New Drugs 2015, 34, 24-40. [CrossRef] [PubMed]

Wang, M.; Sun, X.; Zhou, Y.; Zhang, K.; Lu, Y,; Liu, J.; Huang, Y.; Wang, G.; Jiang, S.; Zhou, G. Suppression of Musashi-2 by the
small compound largazole exerts inhibitory effects on malignant cells. Int. J. Oncol. 2020, 56, 1274-1283. [CrossRef]

Al-Awadhi, FH.; Salvador-Reyes, L.A.; Elsadek, L.A.; Ratnayake, R.; Chen, Q.Y.; Luesch, H. Largazole is a Brain-Penetrant Class
I HDAC Inhibitor with Extended Applicability to Glioblastoma and CNS Diseases. ACS Chem. Neurosci. 2020, 11, 1937-1943.
[CrossRef]

Alvarifio, R.; Alonso, E.; Bornancin, L.; Bonnard, I.; Inguimbert, N.; Banaigs, B.; Botana, L. Biological Activities of Cyclic and
Acyclic B-Type Laxaphycins in SH-SY5Y Human Neuroblastoma Cells. Mar. Drugs 2020, 18, 364. [CrossRef]


http://doi.org/10.1016/j.tet.2005.09.036
http://doi.org/10.1021/ja801383f
http://doi.org/10.1021/np200270d
http://doi.org/10.1021/np070280x
http://doi.org/10.1021/ja7110064
http://doi.org/10.3390/md11083015
http://www.ncbi.nlm.nih.gov/pubmed/23966034
http://doi.org/10.1039/C5CC01535A
http://doi.org/10.3390/md18120619
http://doi.org/10.1021/np000037x
http://www.ncbi.nlm.nih.gov/pubmed/10924172
http://doi.org/10.1016/j.chembiol.2004.03.030
http://www.ncbi.nlm.nih.gov/pubmed/15217615
http://doi.org/10.1016/j.phytochem.2010.07.001
http://doi.org/10.1073/pnas.0712198105
http://www.ncbi.nlm.nih.gov/pubmed/18268346
http://doi.org/10.1021/np0706769
http://doi.org/10.1055/s-0029-1185675
http://doi.org/10.4155/fmc.12.75
http://doi.org/10.1021/np8003529
http://doi.org/10.1016/j.watres.2021.117017
http://doi.org/10.1016/j.chembiol.2010.10.017
http://doi.org/10.1080/14786419.2016.1207074
http://doi.org/10.1021/jo0478858
http://www.ncbi.nlm.nih.gov/pubmed/15822975
http://doi.org/10.1371/journal.pone.0065250
http://www.ncbi.nlm.nih.gov/pubmed/23762328
http://doi.org/10.1007/s10637-015-0303-x
http://www.ncbi.nlm.nih.gov/pubmed/26563191
http://doi.org/10.3892/ijo.2020.4993
http://doi.org/10.1021/acschemneuro.0c00093
http://doi.org/10.3390/md18070364

Cancers 2023, 15, 2515 15 of 17

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.
78.

79.
80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Nogle, LM.; Gerwick, W.H. Somocystinamide A, a Novel Cytotoxic Disulfide Dimer from a Fijian Marine Cyanobacterial Mixed
Assemblage. Org. Lett. 2002, 4, 1095-1098. [CrossRef] [PubMed]

Carmichael, W.W.; Mahmood, N.A.; Hyde, E.G. Natural toxins from cyanobacteria (blue-green algae). In Marine Toxins; ACS
Publications: Washington, DC, USA, 1990; pp. 87-106.

Martins, J.; Vasconcelos, V. Cyanobactins from Cyanobacteria: Current Genetic and Chemical State of Knowledge. Mar. Drugs
2015, 13, 6910-6946. [CrossRef] [PubMed]

Suffness, M.; Cragg, G.G.; Grever, M.M.; Grifo, EF,; Johnson, G.; Mead, ].A.R.; Schepartz, S.S.; Venditti, ].].; Wolpert, M. The
National Cooperative Natural Products Drug Discovery Group (NCNPDDG) and International Cooperative Biodiversity Group
(ICBG) Programs. Int. |. Pharmacogn. 1995, 33, 5-16. [CrossRef]

Tan, L.T. Bioactive natural products from marine cyanobacteria for drug discovery. Phytochemistry 2007, 68, 954-979. [CrossRef]
Engene, N.; Rottacker, E.C.; Kastovsky, J.; Byrum, T.; Choi, H.; Ellisman, M.H.; Komarek, J.; Gerwick, W.H. Moorea producens
gen. nov., sp. nov. and Moorea bouillonii comb. nov., tropical marine cyanobacteria rich in bio-active secondary metabolites. Int.
J. Syst. Evol. Microbiol. 2012, 62 Pt 5, 1171. [CrossRef] [PubMed]

Engene, N.; Paul, V].; Byrum, T.; Gerwick, W.H.; Thor, A.; Ellisman, M.H. Five chemically rich species of tropical marine
cyanobacteria of the genus O keania gen. nov. (O scillatoriales, C yanoprokaryota). J. Phycol. 2013, 49, 1095-1106. [CrossRef]
Lee, Y.; Phat, C.; Hong, S.-C. Structural diversity of marine cyclic peptides and their molecular mechanisms for anticancer,
antibacterial, antifungal, and other clinical applications. Peptides 2017, 95, 94-105. [CrossRef]

Mevers, E.; Liu, W.-T.; Engene, N.; Mohimani, H.; Byrum, T.; Pevzner, P.A.; Dorrestein, P.C.; Spadafora, C.; Gerwick, W.H.
Cytotoxic Veraguamides, Alkynyl Bromide-Containing Cyclic Depsipeptides from the Marine Cyanobacterium cf. Oscillatoria
margaritifera. J. Nat. Prod. 2011, 74, 928-936. [CrossRef]

Mi, Y,; Zhang, J.; He, S.; Yan, X. New Peptides Isolated from Marine Cyanobacteria, an Overview over the Past Decade. Mar.
Drugs 2017, 15, 132. [CrossRef] [PubMed]

Nikapitiya, C. Bioactive Secondary Metabolites from Marine Microbes for Drug Discovery. Adv. Food Nutr. Res. 2012, 65, 363-387.
[CrossRef]

Salvador, L.A.; Biggs, ].S.; Paul, V].; Luesch, H. Veraguamides A— G, cyclic hexadepsipeptides from a dolastatin 16-producing
cyanobacterium Symploca cf. hydnoides from Guam. J. Nat. Prod. 2011, 74, 917-927. [CrossRef]

Montaser, R.; Paul, V.J.; Luesch, H. Pitipeptolides C-F, antimycobacterial cyclodepsipeptides from the marine cyanobacterium
Lyngbya majuscula from Guam. Phytochemistry 2011, 72, 2068-2074. [CrossRef]

Pereira, A.; Cao, Z.; Murray, T.F; Gerwick, WH. Hoiamide a, a sodium channel activator of unusual architecture from a
consortium of two papua new Guinea cyanobacteria. Chem. Biol. 2009, 16, 893-906. [CrossRef]

Hassan, M.; Watari, H.; AbuAlmaaty, A.; Ohba, Y.; Sakuragi, N. Apoptosis and Molecular Targeting Therapy in Cancer. BioMed.
Res. Int. 2014, 2014, 150845. [CrossRef] [PubMed]

Elmore, S. Apoptosis: A review of programmed cell death. Toxicol. Pathol. 2007, 35, 495-516. [CrossRef]

Shi, Y. Caspase activation, inhibition, and reactivation: A mechanistic view. Protein Sci. Publ. Protein Soc. 2004, 13, 1979-1987.
[CrossRef]

Jiang, X.; Wang, X. Cytochrome C-Mediated Apoptosis. Annu. Rev. Biochem. 2004, 73, 87-106. [CrossRef] [PubMed]

Stupack, D.G.; Teitz, T.; Potter, M.D.; Mikolon, D.; Houghton, PJ.; Kidd, V.J.; Lahti, ].M.; Cheresh, D.A. Potentiation of
neuroblastoma metastasis by loss of caspase-8. Nature 2006, 439, 95-99. [CrossRef] [PubMed]

Tummers, B.; Green, D.R. Caspase-8: Regulating life and death. Immunol. Rev. 2017, 277, 76-89. [CrossRef]

Herkenne, S.; Scorrano, L. OPA1, a new mitochondrial target in cancer therapy. Aging 2020, 12, 20931-20933. [CrossRef]
MacArthur, I; Bei, Y.; Garcia, H.D.; Ortiz, M.V.; Toedling, J.; Klironomos, F.; Rolff, J.; Eggert, A.; Schulte, ].H.; Kentsis, A;
et al. Prohibitin promotes dedifferentiation and is a potential therapeutic target in neuroblastoma. JCI Insight. 2019, 4, e127130.
[CrossRef] [PubMed]

Semenzato, M.; Cogliati, S.; Scorrano, L. Prohibitin(g) Cancer: Aurilide and Killing by Opal-Dependent Cristae Remodeling.
Chem. Biol. 2011, 18, 8-9. [CrossRef] [PubMed]

Pilgrim, A.; Cuya, S.; Chen, D.; Schnepp, R. Abstract 3657: Defining the role of the RNA-binding protein MSI2 in neuroblastoma.
Cancer Res. 2019, 79 (Suppl. 13), 3657. [CrossRef]

Phimmachanh, M.; Han, ].Z.R.; O'Donnell, Y.E.I; Latham, S.L.; Croucher, D.R. Histone Deacetylases and Histone Deacetylase
Inhibitors in Neuroblastoma. Front. Cell Dev. Biol. 2020, 8, 578770. [CrossRef] [PubMed]

Visconti, R.; Della Monica, R.; Grieco, D. Cell cycle checkpoint in cancer: A therapeutically targetable double-edged sword. J. Exp.
Clin. Cancer Res. 2016, 35, 153. [CrossRef]

Angus, M.; Ruben, P. Voltage gated sodium channels in cancer and their potential mechanisms of action. Channels 2019, 13, 400-409.
[CrossRef]

Djamgoz, M.B.A ; Fraser, S.P,; Brackenbury, W.J. In Vivo Evidence for Voltage-Gated Sodium Channel Expression in Carcinomas
and Potentiation of Metastasis. Cancers 2019, 11, 1675. [CrossRef]

Jiang, X,; Qin, Y.; Kun, L.; Zhou, Y. The Significant Role of the Microfilament System in Tumors. Front. Oncol. 2021, 11, 620390.
[CrossRef]

Fife, C.M.; A McCarroll, J.; Kavallaris, M. Movers and shakers: Cell cytoskeleton in cancer metastasis. Br. ]. Pharmacol. 2014,
171, 5507-5523. [CrossRef]


http://doi.org/10.1021/ol017275j
http://www.ncbi.nlm.nih.gov/pubmed/11922791
http://doi.org/10.3390/md13116910
http://www.ncbi.nlm.nih.gov/pubmed/26580631
http://doi.org/10.3109/13880209509067083
http://doi.org/10.1016/j.phytochem.2007.01.012
http://doi.org/10.1099/ijs.0.033761-0
http://www.ncbi.nlm.nih.gov/pubmed/21724952
http://doi.org/10.1111/jpy.12115
http://doi.org/10.1016/j.peptides.2017.06.002
http://doi.org/10.1021/np200077f
http://doi.org/10.3390/md15050132
http://www.ncbi.nlm.nih.gov/pubmed/28475149
http://doi.org/10.1016/b978-0-12-416003-3.00024-x
http://doi.org/10.1021/np200076t
http://doi.org/10.1016/j.phytochem.2011.07.014
http://doi.org/10.1016/j.chembiol.2009.06.012
http://doi.org/10.1155/2014/150845
http://www.ncbi.nlm.nih.gov/pubmed/25013758
http://doi.org/10.1080/01926230701320337
http://doi.org/10.1110/ps.04789804
http://doi.org/10.1146/annurev.biochem.73.011303.073706
http://www.ncbi.nlm.nih.gov/pubmed/15189137
http://doi.org/10.1038/nature04323
http://www.ncbi.nlm.nih.gov/pubmed/16397500
http://doi.org/10.1111/imr.12541
http://doi.org/10.18632/aging.104207
http://doi.org/10.1172/jci.insight.127130
http://www.ncbi.nlm.nih.gov/pubmed/30998507
http://doi.org/10.1016/j.chembiol.2011.01.001
http://www.ncbi.nlm.nih.gov/pubmed/21276934
http://doi.org/10.1158/1538-7445.AM2019-3657
http://doi.org/10.3389/fcell.2020.578770
http://www.ncbi.nlm.nih.gov/pubmed/33117806
http://doi.org/10.1186/s13046-016-0433-9
http://doi.org/10.1080/19336950.2019.1666455
http://doi.org/10.3390/cancers11111675
http://doi.org/10.3389/fonc.2021.620390
http://doi.org/10.1111/bph.12704

Cancers 2023, 15, 2515 16 of 17

92.

93.

94.

95.
96.

97.

98.

99.

100.
101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Fanale, D.; Bronte, G.; Passiglia, F,; Calo, V.; Castiglia, M.; Di Piazza, F,; Barraco, N.; Cangemi, A.; Catarella, M.T.; Insalaco, L.; et al.
Stabilizing versus destabilizing the microtubules: A double-edge sword for an effective cancer treatment option? Anal. Cell.
Pathol. 2015, 2015, 690916. [CrossRef]

Mukhtar, E.; Adhami, V.M.; Mukhtar, H. Targeting Microtubules by Natural Agents for Cancer Therapy. Mol. Cancer Ther. 2014,
13,275-284. [CrossRef]

Stanton, R.A.; Gernert, KM.; Nettles, ].H.; Aneja, R. Drugs that target dynamic microtubules: A new molecular perspective. Med.
Res. Rev. 2011, 31, 443-481. [CrossRef] [PubMed]

Michels, J.; Johnson, P.W.; Packham, G. Mcl-1. Int. |. Biochem. Cell Biol. 2005, 37, 267-271. [CrossRef] [PubMed]

Bates, D.; Eastman, A. Microtubule destabilising agents: Far more than just antimitotic anticancer drugs. Br. |. Clin. Pharmacol.
2016, 83, 255-268. [CrossRef]

Lee, H.; Jeong, A.].; Ye, S.-K. Highlighted STAT3 as a potential drug target for cancer therapy. BMB Rep. 2019, 52, 415-423.
[CrossRef]

Liu, Y,; Law, B.K,; Luesch, H. Apratoxin A Reversibly Inhibits the Secretory Pathway by Preventing Cotranslational Translocation.
Mol. Pharmacol. 2009, 76, 91. [CrossRef] [PubMed]

Shukla, D.; Mandal, T.; Saha, P.; Kumar, D.; Kumar, S.; Srivastava, A.K. Chapter 14—Tumor-suppressive proteases revisited: Role
in inhibiting tumor progression and metastasis. In Cancer-Leading Proteases; Gupta, S.P., Ed.; Academic Press: Cambridge, MA,
USA, 2020; pp. 391-416.

Rakashanda, S.; Amin, S. Proteases as Targets in Anticancer Therapy Using Their Inhibitors. J. Life Sci. 2013, 5, 133-138. [CrossRef]
Schrader, K.; Huai, J.; Jockel, L.; Oberle, C.; Borner, C. Non-caspase proteases: Triggers or amplifiers of apoptosis? Cell. Mol. Life
Sci. 2010, 67, 1607-1618. [CrossRef]

D’Angelo, V.; Pecoraro, G.; Indolfi, P,; lannotta, A.; Donofrio, V.; Errico, M.E.; Indolfi, C.; Ramaglia, M.; Lombardi, A.; Di Martino,
M.; et al. Expression and localization of serine protease Htral in neuroblastoma: Correlation with cellular differentiation grade. J.
Neuro-Oncol. 2014, 117, 287-294. [CrossRef]

Stolze, S.C.; Meltzer, M.; Ehrmann, M.; Kaiser, M. Solid phase total synthesis of the 3-amino-6-hydroxy-2-piperidone (Ahp)
cyclodepsipeptide and protease inhibitor Symplocamide A. Chem. Commun. 2009, 46, 8857-8859. [CrossRef]

Lugano, R.; Ramachandran, M.; Dimberg, A. Tumor angiogenesis: Causes, consequences, challenges and opportunities. Cell. Mol.
Life Sci. 2020, 77, 1745-1770. [CrossRef]

Quintero-Fabian, S.; Arreola, R.; Becerril-Villanueva, E.; Torres-Romero, J.C.; Arana-Argaez, V.; Lara-Riegos, J.; Ramirez-Camacho,
M.A.; Alvarez-Sanchez, M.E. Role of Matrix Metalloproteinases in Angiogenesis and Cancer. Front. Oncol. 2019, 9, 1370.
[CrossRef] [PubMed]

Choudhury, S.R.; Karmakar, S.; Banik, N.L.; Ray, S.K. Targeting Angiogenesis for Controlling Neuroblastoma. J. Oncol. 2012,
2012, 782020. [CrossRef] [PubMed]

Lim, S.M.; Hanif, E.A.M.; Chin, S.-F. Is targeting autophagy mechanism in cancer a good approach? The possible double-edge
sword effect. Cell Biosci. 2021, 11, 56. [CrossRef] [PubMed]

Chavez-Dominguez, R.; Perez-Medina, M.; Lopez-Gonzalez, J.S.; Galicia-Velasco, M.; Aguilar-Cazares, D. The Double-Edge
Sword of Autophagy in Cancer: From Tumor Suppression to Pro-tumor Activity. Front. Oncol. 2020, 10, 578418. [CrossRef]
Hua, H.; Kong, Q.; Zhang, H.; Wang, J.; Luo, T.; Jiang, Y. Targeting mTOR for cancer therapy. J. Hematol. Oncol. 2019, 12, 71.
[CrossRef] [PubMed]

Jang, M,; Park, R.; Kim, H.; Namkoong, S.; Jo, D.; Huh, YH.; Jang, I.-S.; Lee, ].I; Park, ]. AMPK contributes to autophagosome
maturation and lysosomal fusion. Sci. Rep. 2018, 8, 12637. [CrossRef]

McGregor, G.B.; Sendall, B.C. Cyanobacterial diversity and taxonomic uncertainty: Polyphasic pathways to improved resolution.
In Advances in Phytoplankton Ecology; Elsevier: Amsterdam, The Netherlands, 2022; pp. 7-45. [CrossRef]

Ruiz-Torres, V.; Encinar, J.A.; Herranz-Lopez, M.; Pérez-Sanchez, A.; Galiano, V.; Barrajon-Catalan, E.; Micol, V. An Updated
Review on Marine Anticancer Compounds: The Use of Virtual Screening for the Discovery of Small-Molecule Cancer Drugs.
Molecules 2017, 22, 1037. [CrossRef]

Deng, C.; Pan, B.; O’Connor, O.A. Brentuximab VedotinDrug Update of Brentuximab. Clin. Cancer Res. 2013, 19, 22-27. [CrossRef]
[PubMed]

Natsume, T.; Watanabe, J.-I.; Horiuchi, T.; Kobayashi, M. Combination effect of TZT-1027 (Soblidotin) with other anticancer drugs.
Anticancer. Res. 2006, 26, 1145-1151. [PubMed]

Khalifa, S.A.M.; Elias, N.; Farag, M. A ; Chen, L.; Saeed, A.; Hegazy, M.-E.EF.; Moustafa, M.S.; El-Wahed, A.A.; Al-Mousawi, S.M.;
Musharraf, S.G.; et al. Marine Natural Products: A Source of Novel Anticancer Drugs. Mar. Drugs 2019, 17, 491. [CrossRef]
[PubMed]

Ebbinghaus, S.; Hersh, E.; Cunningham, C.C.; O’Day, S.; McDermott, D.; Stephenson, J.; Richards, D.A.; Eckardt, J.; Haider, O.L,;
Hammond, L.A. Phase II study of synthadotin (SYN-D.; ILX651) administered daily for 5 consecutive days once every 3 weeks
(qdx5q3w) in patients (Pts) with inoperable locally advanced or metastatic melanoma. J. Clin. Oncol. 2004, 22 (Suppl. 14), 7530.
[CrossRef]

Aesoy, R.; Herfindal, L. Chapter 3—Cyanobacterial anticancer compounds in clinical use: Lessons from the dolastatins and
cryp-tophycins. In The Pharmacological Potential of Cyanobacteria; Lopes, G., Silva, M., Vasconcelos, V., Eds.; Academic Press:
Cambridge, MA, USA, 2022; pp. 55-79.


http://doi.org/10.1155/2015/690916
http://doi.org/10.1158/1535-7163.MCT-13-0791
http://doi.org/10.1002/med.20242
http://www.ncbi.nlm.nih.gov/pubmed/21381049
http://doi.org/10.1016/j.biocel.2004.04.007
http://www.ncbi.nlm.nih.gov/pubmed/15474972
http://doi.org/10.1111/bcp.13126
http://doi.org/10.5483/BMBRep.2019.52.7.152
http://doi.org/10.1124/mol.109.056085
http://www.ncbi.nlm.nih.gov/pubmed/19403701
http://doi.org/10.1080/09751270.2013.11885220
http://doi.org/10.1007/s00018-010-0287-9
http://doi.org/10.1007/s11060-014-1387-4
http://doi.org/10.1039/c0cc02889d
http://doi.org/10.1007/s00018-019-03351-7
http://doi.org/10.3389/fonc.2019.01370
http://www.ncbi.nlm.nih.gov/pubmed/31921634
http://doi.org/10.1155/2012/782020
http://www.ncbi.nlm.nih.gov/pubmed/21876694
http://doi.org/10.1186/s13578-021-00570-z
http://www.ncbi.nlm.nih.gov/pubmed/33743781
http://doi.org/10.3389/fonc.2020.578418
http://doi.org/10.1186/s13045-019-0754-1
http://www.ncbi.nlm.nih.gov/pubmed/31277692
http://doi.org/10.1038/s41598-018-30977-7
http://doi.org/10.1016/b978-0-12-822861-6.00008-x
http://doi.org/10.3390/molecules22071037
http://doi.org/10.1158/1078-0432.CCR-12-0290
http://www.ncbi.nlm.nih.gov/pubmed/23155186
http://www.ncbi.nlm.nih.gov/pubmed/16619516
http://doi.org/10.3390/md17090491
http://www.ncbi.nlm.nih.gov/pubmed/31443597
http://doi.org/10.1200/jco.2004.22.90140.7530

Cancers 2023, 15, 2515 17 of 17

118.

119.

120.

121.

122.

123.

124.
125.

126.

127.

128.

129.

Feling, R.H.; Buchanan, G.O.; Mincer, T.J.; Kauffman, C.A.; Jensen, P.R.; Fenical, W. Salinosporamide A: A highly cytotoxic
proteasome inhibitor from a novel microbial source, a marine bacterium of the new genus Salinospora. Angew. Chem. Int. Ed. 2003,
42,355-357. [CrossRef]

DuBois, S.G.; Macy, M.E.; Henderson, T.O. High-Risk and Relapsed Neuroblastoma: Toward More Cures and Better Outcomes.
Am. Soc. Clin. Oncol. Educ. Book 2022, 42, 768-780. [CrossRef]

Robles-Banuelos, B.; Duran-Riveroll, L.M.; Rangel-Lopez, E.; Pérez-Lépez, H.I.; Gonzédlez-Maya, L. Marine Cyanobacteria as
Sources of Lead Anticancer Compounds: A Review of Families of Metabolites with Cytotoxic, Antiproliferative, and Antineoplas-
tic Effects. Molecules 2022, 27, 4814. [CrossRef]

Wang, E.; Sorolla, M.A.; Krishnan, P.D.G.; Sorolla, A. From Seabed to Bedside: A Review on Promising Marine Anticancer
Compounds. Biomolecules 2020, 10, 248. [CrossRef]

Rotter, A.; Barbier, M.; Bertoni, F; Bones, A.M.; Cancela, M.L.; Carlsson, ].; Carvalho, M.E; Ceglowska, M.; Chirivella-Martorell, J.;
Dalay, M.C; et al. The Essentials of Marine Biotechnology. Front. Mar. Sci. 2021, 8, 629629. [CrossRef]

Lath, A.; Santal, A.R.; Kaur, N.; Kumari, P.; Singh, N.P. Anti-cancer peptides: Their current trends in the development of
peptide-based therapy and anti-tumor drugs. Biotechnol. Genet. Eng. Rev. 2022, 1-40. [CrossRef]

Lamers, C. Overcoming the shortcomings of peptide-based therapeutics. Futur. Drug Discov. 2022, 4, FDD75. [CrossRef]

Luan, X.; Wu, Y,; Shen, Y.-W.; Zhang, H.; Zhou, Y.-D.; Chen, H.-Z.; Nagle, D.G.; Zhang, W.-D. Cytotoxic and antitumor peptides
as novel chemotherapeutics. Nat. Prod. Rep. 2020, 38, 7-17. [CrossRef] [PubMed]

Kurrikoff, K.; Aphkhazava, D.; Langel, U. The future of peptides in cancer treatment. Curr. Opin. Pharmacol. 2019, 47, 27-32.
[CrossRef] [PubMed]

Lombardo, S.M.; Schneider, M.; Ttireli, A.E.; Giinday Tiireli, N. Key for crossing the BBB with nanoparticles: The rational design.
Beilstein ]. Nanotechnol. 2020, 11, 866-883. [CrossRef] [PubMed]

Haumann, R.; Videira, J.C.; Kaspers, G.J.L.; van Vuurden, D.G.; Hulleman, E. Overview of Current Drug Delivery Methods
Across the Blood—-Brain Barrier for the Treatment of Primary Brain Tumors. CNS Drugs 2020, 34, 1121-1131. [CrossRef] [PubMed]
Islam, Y.; Leach, A.G.; Smith, J.; Pluchino, S.; Coxon, C.; Sivakumaran, M.; Downing, ].E.; A Fatokun, A.; Teixido, M.; Ehtezazi, T.
Peptide based drug delivery systems to the brain. Nano Express 2020, 1, 012002. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1002/anie.200390115
http://doi.org/10.1200/EDBK_349783
http://doi.org/10.3390/molecules27154814
http://doi.org/10.3390/biom10020248
http://doi.org/10.3389/fmars.2021.629629
http://doi.org/10.1080/02648725.2022.2082157
http://doi.org/10.4155/fdd-2022-0005
http://doi.org/10.1039/D0NP00019A
http://www.ncbi.nlm.nih.gov/pubmed/32776055
http://doi.org/10.1016/j.coph.2019.01.008
http://www.ncbi.nlm.nih.gov/pubmed/30856511
http://doi.org/10.3762/bjnano.11.72
http://www.ncbi.nlm.nih.gov/pubmed/32551212
http://doi.org/10.1007/s40263-020-00766-w
http://www.ncbi.nlm.nih.gov/pubmed/32965590
http://doi.org/10.1088/2632-959X/ab9008

	Introduction 
	Marine Cyanobacterial Peptides 
	Mechanistic Insights 
	Apoptosis 
	Cell Cycle Arrest 
	Sodium Channel Blocking Activity 
	Antimetastatic Activity 
	Antiangiogenic Effect 
	Autophagy 
	Unknown Mechanisms for Anticancer Activity 

	Clinical Trial Status 
	Conclusions and Future Prospective 
	References

