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Abstract

The rise in cancer cases has prompted searching for novel and alternative sources of natural bioactive compounds with antitumor
potential. Nearly three-quarters of our planet is covered by the ocean, the habitat of numerous prokaryotic and eukaryotic organisms
and sustainable alternative nutrient sources. The marine ecosystem is a rich reservoir of proteins and novel bioactive peptides with
diverse biochemical and therapeutic potentials, including antioxidant, anti-inflammatory, and antiproliferative activities. Marine pep-
tides are valuable due to their high stability, bioactivity, and low immunogenicity. This review focused on tracking the recent progress
in studying marine-derived peptides for potential cancer treatment. We have highlighted that some of these peptides have progressed
to clinical trials in the last 2 decades, while many candidates were discontinued due to failure to exhibit therapeutic-relevant activities.
Due to the results from old clinical trials, interest in marine sources for antitumor peptides has dwindled in recent years. We pre-
sented other possible limitations in this field and proposed attractive future research prospects. In conclusion, we emphasize the need
for increased scientific attention to explore marine organisms’ untapped nutraceutical and bioactive natural products, particularly in
uncovering their potential anticancer properties.
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Introduction bacterial pathogens, pressure shifts, high temperatures, and sal-

inity variations. These harsh chemical and physical environmen-

Oceans cover over 70% of the earth’s sutface, hosting many . . .
! > g Y tal factors of the sea have also aided the production of a wide

chemicals and biological and ecological biodiversity. The inter- range of novel biological molecules in matine otganisms that

est in marine organisms as alternative and novel natural
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product sources has recently increased.” Several compounds

with distinctive physical properties have been identified in the
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marine ecosystem, such as phlorotanmn, ziconotide, arenastatin Department of Biochemistry, Faculty of Biological Sciences, University of

Nigeria, Nsukka, Nigeria

A, and others.”™ The biological and chemical diversity of the
marine environment is abundant. Compounds derived from
marine organisms have been employed as fine chemicals,
molecular probes, cosmeceuticals, medicines, agrochemicals,
and nutraceuticals. The macro and microorganisms in the
marine ecosystem house many secondary metabolites, such as
steroids, terpenes, polyketides, alkaloids, polysaccharides, pro-
teins, porphyrins, and peptides, with promising therapeutic
po‘centials.S'7 They are also rich sources of enzymes with poten-
tial applications in agro-pharmaceutical industries.*’
Numerous marine organisms have been equipped with the
necessary mechanisms by evolutionary processes to survive in
a harsh environment that includes attacks from viral and
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are distinct in terms of structural features, diversity, and func-
tional properties compared to substances isolated from terres-
trial plants and serve as a reservoir of new bioactive
substances with significant pharmaceutical potential. Marine
organisms such as fish, seaweed, shellfish, microalgae, crusta-
ceans, cephalopods, and mollusks are rich sources of proteins
and bioactive peptides, which have gained significant attention
due to their promising anticancer therapeutic effects.” About
16 of the 20 marine anticancer drugs currently being clinically
tested are from microbial origins, and many more are antici-
pated to join the drug discovery pipeline.'’

Nevertheless, little is still known about the marine ecosys-
tem. Despite more than 1.2 million species already being cata-
loged in a central database and 250 years of taxonomic
classification, it is predicted that 91% of marine species still
need to be described. As a result, there is a growing interest
in studying and evaluating the marine environment, particularly
regarding marine proteins and peptides, to uncover novel chem-
ical constituents as sources for new lead compounds for anti-
cancer therapy.

Cancer is a common cause of death globally and a significant
global public health issue, leading to over 8.2 million deaths."!
The reported incidence of the disease and mortality has not
decreased over the past 30 years despite real advancements in
cancer therapy. A critical cancer prevention and treatment com-
ponent is understanding the molecular changes that lead to
cancer growth and progression.'” Targeting particular cancer
cells can prevent tumor growth, progression, and spread
without adverse side effects. A combination of chemotherapy,
radiation, and surgery is currently the most widely used treat-
ment for eliminating cancerous cells, preventing cancer recur-
rence, and managing cancer by suppressing cell growth and
lessening symptoms. '

Numerous drugs have been developed to increase the effec-
tiveness of treatment for particular forms of cancer as scientific
study advances. High-energy radiation is used in radiotherapy to
destroy cancer cells and reduce tumor size. Because they are
comparatively radiosensitive, normal tissues are frequently pre-
served during therapy. Chemotherapies are applied to treat
cancer and can kill or stop cancer cells from proliferating.
However, this treatment method could lead to the death or
damage of healthy cells. Similarly, many anticancer drugs
come with numerous side effects and observable anticancer
drug resistance.'* As a result, finding alternative natural antican-
cer agents with high efficacy and low toxicity have received sig-
nificant attention in recent times.'

Proteins are essential macronutrients since they provide vital
energy and amino acids for average body function growth, devel-
opment, and maintenance.'® Bioactive peptides are thought to be
responsible for several functional and physiological properties of
proteins.'” The prominence of bioactive peptides derived from
food proteins has increased as more people become aware of
their positive effects on health. Bioactive peptides, which
include between 2 and 20 amino acid residues, can be released
by enzymatic hydrolysis during food preparation or digestion

in the body.'"® These peptides are inactive within the sequence
of their parent proteins.19 Depending on their constituent, struc-
ture, and amino acid sequence, bioactive peptides can act as pos-
sible physiological modulators in the metabolism during intestinal
digestion.”” Among vatious health-derived benefits, some bioac-
tive peptides from diverse plants, animals, or microbial origin
have been reported to have anticancer properties and the poten-
tial to manage/ptevent its onset. 212

Consequently, this review presents an overview of the cancer
pathogenesis and treatment protocols, their limitations, and the
source, isolation, and unique properties of marine-derived pro-
teins and peptides. Furthermore, we extensively presented and
elucidated the mechanisms of actions and structure—activity
relationships of proteins and peptides of marine origin. The
future prospects of exploiting marine-derived proteins and
peptide emphasizing their anticancer potentials were compre-
hensively discussed.

Critical Properties Conferring Marine-Derived
Proteins and Peptides With Promising Potential

Marine-derived proteins and peptides have several unique prop-
erties that make them of interest for various industrial and bio-
medical applications (Figure 1). Some of these properties are:

High Bioactivity

Marine-derived proteins and peptides have been found to
exhibit high bioactivity due to their unique amino acid compo-
sition, which differs from terrestrial proteins. The high bioactiv-
ity of marine-derived proteins and peptides is due to several
factors, including their unique amino acid composition,
3-dimensional structure, and molecular size.?”*® This is due
to the unique environment in which marine organisms live,
which affects the types and amounts of amino acids available
for protein synthesis.zg’30 A distinctive feature of marine-
derived proteins and peptides is their high content of nonpolar
amino acids, such as leucine, isoleucine, and wvaline. These
amino acids are essential for stabilizing the protein structure
and are often found in hydrophobic regions of the protein.
Marine organisms also have a high content of sulfur-containing
amino acids, such as cysteine and methionine, which are essen-
tial for protein folding and stability. Also, marine-derived pro-
teins and peptides often have a higher content of essential
amino acids, such as lysine and threonine, which are not synthe-
sized by the human body and must be obtained through the
diet.’’** The presence of disulfide bonds in the 3-dimensional
structure of some marine-derived peptides can result in
increased stability and bioactivity. Marine-derived proteins and
peptides are known for their high bioactivity, making them valu-
able for various food, pharmaceuticals, and biotechnology
applications.”” An example of a highly bioactive matine-derived
protein is collagen, found in the connective tissues of marine
organisms such as fish, cephalopods, and jellyfish. Collagen is
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Figure 1. Keyword representation of characteristics of marine protein and peptide which confers its promising potentials for. Some of the prot.

known for improving skin health and has been used in various
cosmetic and nutraceutical products.34 Other highly bioactive
marine-derived peptides include antimicrobial peptides, which
can kill or inhibit the growth of harmful bacteria, and anticancer
peptides, which have cytotoxic effects on cancer cells.”

Relative Stability Profile

Marine-derived proteins and peptides are often more stable
than their terrestrial counterparts due to the extreme conditions
of the marine environment, such as high salinity, low tempera-
ture, and high pressure. The high stability of marine-derived
proteins and peptides is due to several factors, including their
unique amino acid composition, 3-dimensional structure, and
posttranslational modifications, such as glycosylation and phos-
phorylation, which can increase their stability and functionality.
Many marine organisms have evolved unique proteins and pep-
tides to survive in harsh environments, such as extreme tempet-
atures, high pressures, and low oxygen levels.”””> These unique
proteins and peptides often have specialized functions that
require high stability, such as enzymatic activity or structural
support. Collagen is known for its high stability and resistance
to degradation, making it valuable for vatrious applications,
including wound healing and tissue engineering. The stability
of marine-derived peptides can make them effective therapeutic
agents, as they ate less likely to degrade 7 vivo and can remain
active for extended periods. Additionally, the stability of marine-
derived proteins and peptides can make them valuable for use
in food and beverage applications, where they can provide func-
tional benefits such as improved texture and stability.”*°

Low Inmmunogenicity

Marine-derived proteins and peptides are less immunogenic
than those derived from terrestrial organisms. Matine-derived

proteins and peptides are known for their low immunogenicity
due to several factors, including their unique amino acid com-
position and lack of exposure to terrestrial pathogens.”””
Marine organisms have evolved in an environment with
unique biological and physical characteristics, which has led to
the development of proteins and peptides with distinct struc-
tural and functional properties. These unique properties can
make marine-derived proteins and peptides less likely to
trigger an immune response in the body. Additionally, marine-
derived proteins and peptides are less likely to be contaminated
with terrestrial pathogens, such as bacteria and viruses, which
can also contribute to their low immunogenicity.”*” This
makes them attractive candidates for biomedical and pharma-
ceutical applications where low immunogenicity is desirable,
such as in drug development, tissue engineering, and
immunotherapy.

Sustainable Source

The oceans are a vast and largely untapped resource for produc-
ing proteins and peptides. Marine organisms are often more
abundant and easier to breed than terrestrial ones, making
them a sustainable protein and peptide production source.””’
Marine organisms are a promising sustainable source for
obtaining proteins and peptides, offering several advantages
over traditional terrestrial sources. Marine organisms have a
high biomass production rate; many are considered renewable
resources. This means they can be harvested or farmed sustain-
ably without depleting their populations or damaging their hab-
itats. Marine organisms have evolved unique proteins and
peptides with specialized functions, such as defense against
predators or adaptation to extreme environments. Obtaining
proteins and peptides from marine sources can have a lower
environmental impact than traditional terrestrial sources since
they require less land and water than livestock or crops and



Natural Product Communications

produce less greenhouse gas emissions and waste. However, it
is essential to note that the sustainable use of marine resources
requires careful management and monitoring to prevent over-
exploitation and damage to marine ecosystems. This includes
the implementation of sustainable harvesting and farming prac-
tices, as well as the development of regulations and policies to
protect marine biodiversity and habitats. Also, the diversity of
marine organisms offers a broad range of bioactive compounds
that can be used for wvarious industrial and biomedical
applications.38’39

Sources of Marine Bioactive Protein/Peptides

Despite the diversity of the marine ecosystem, studies on their
bioactive protein and peptides have only been on a few organ-
isms, such as some fishes, algae, shellfish, and marine microbes.
In general, we shall present an overview of these marine lives
and the nature of their peptides.

Fishes are sources of high-quality proteins primarily contain-
ing essential amino acids for human metabolism. Fish protein
includes collagen, myoglobin, actins, and others abundant in
their tissue, such as skin, bones, scales, and internal organs.40
Other interesting fish sources of marine-derived peptides and
proteins from fish include fish fillets, fish wastes, and byprod-
142 The fish peptides are produced by the digestion of
fish protein, majorly by enzymatic hydrolysis. These peptides

ucts.

have been implicated with several bioactivities, hence catego-
rized as angiotensin-converting enzyme (ACE)-inhibitory, anti-
oxidant, antimicrobial, anticancer, and anti-inflammatory
peptides.”” Recent studies have vastly obtained these bioactive
peptides from tuna, salmon, herting, and cod.**

Various bioactive peptide groups found in fish contribute to
various physiological benefits. Among these are ACE inhibitory
peptides, known for their ability to lower blood pressure by
impeding the activity of ACE—an enzyme responsible for
blood vessel constriction.” Angiotensin-converting enzyme-
inhibition and antihypertensive activities have been popular
with fish peptides and hydrolysate.**"” Examples of ACE
inhibitory peptides from fish are tuna hydrolysate, Val-Leu-
Pro from salmon muscle, and Ile-Asn-Pro identified in tilapia
muscle. Additionally, antioxidant peptides in fish play a crucial
role in safeguarding the body against oxidative stress, a signifi-
cant contributor to numerous chronic diseases.*® Furthermore,
fish-derived opioid peptides exhibit pain-relieving effects, sug-
gesting their potential as natural painkillers.*” Other well-known
peptide groups from fish are the immunomodulatory peptides
that can help regulate the immune system, improving its
ability to fight infections and diseases, and the antimicrobial
peptides that can kill or inhibit the growth of bacteria, fungi,
and viruses.”” Some antimicrobial peptides include piscidins
(piscidins-1) from Tilapia hydrolysate and Rainbow trout,
gaduscidin-1 from Cod, and hepcidin from catfish.

Shellfish comprises shrimp, crab, and lobster and is good
sources of proteins and peptides.”’”* Bioactive peptides in
shellfish include opioid peptides standard in mussels and

clams; antimicrobial peptides in blue mussels, oysters, scallops,
and shrimp; ACE-inhibitory peptides in shrimp and crab, which
can help lower blood pressure; immunomodulatory peptides
found in mussels and scallops and antioxidant peptides in scal-
lops.”** Opioid peptides in shellfish include dynorphins in blue
mussels (Mytilus edulis), methionine-enkephalins in oysters and
clams, and B-endorphins in shrimp. These peptides have been
shown to have analgesic properties and can act as natural
painkillers.51’55

Several types of ACE-inhibitory peptides have been identi-
fied in shellfish, which can help to lower blood pressure by
blocking the activity of ACE, including: Valyl-tyrosine (VY)
peptide from protein hydrolysate of shrimp (Lifopenaens vanna-
mei), isoleucyl-prolyl-proline peptide in oysters (Crassostrea
gigas), isoleucyl-leucine-proline peptide identified in the protein
hydrolysate of crab (Portunus trituberculatus), and leucine-aspartic
acid peptide in the protein hydrolysate of clams (Meretrix: mere-
#i).°*”" The immunomodulatory proteins and peptides in
shellfish have been shown to have various immunomodula-
tory effects, such as enhancing phagocytosis and stimulating
the production of cytokines; they include hemocyanins in
mollusks and crustin found in crustaceans, such as crabs
and shrimps.37

Other interesting sources of these bioactive peptides are
marine algae and microbes. Algae is a rich source of proteins,
including phycobiliproteins and lectins, which are potent
sources of peptides with diverse bioactivities such as antioxidant
peptides, anti-inflammatory peptides, antimicrobial peptides,
and others.””*® The antioxidant proteins and peptides in
algae include Fucoidan peptides standard in brown algae and
C-phycocyanin in Spirulina platensis’" Some bioactive peptides
in algae have been shown to have anti-inflammatory effects,
such as reducing the production of pro-inflammatory cytokines
and inhibiting the activation of NF-xB, a key transcription
factor involved in inflammation such as C-phycocyanin and

ulvan peptides of green algae.*>*

However, marine microot-
ganisms, such as bacteria and fungi, are also sources of proteins
and peptides with potential applications in the pharmaceutical
and biomedical industries. Some examples of matine-derived

peptide microorganisms produce include lantibiotics and cya-

nobactins.®* Going forward, our focus shall be on marine bio-
active proteins or peptides which potential anticancer
properties.

An Overview of Cancer Pathogenesis and
Challenges of Modern Cancer Therapy

Cancer, characterized by uncontrolled cell growth and division,
presents complex challenges rooted in disrupting normal cellu-
lar processes. The hallmark characteristics of cancer involve
anomalies in the cell cycle, resulting in the unbridled prolifera-
tion of malignant cells. This unregulated growth is compounded
by the loss of apoptosis, contact inhibition, and impaired cellu-
lar communication.®
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A crucial aspect of cancer progression is the ability of cancer
cells to invade nearby tissues and metastasize. Cancer cells
release proteases, such as collagenase, which facilitate the break-
down of the extracellular matrix, enabling penetration into adja-
cent normal tissues. Additionally, promoting angiogenesis—
new blood vessel formation—is essential for sustaining tumor
growth beyond a certain size.”® Growth factors secreted by
cancer cells stimulate the development of new blood vessels,
supplying the expanding tumor with oxygen and nutrients.
This angiogenic process also plays a pivotal role in metastasis,
allowing cancer cells to circulate through blood and lymphatic
vessels and disseminate to distant areas.’”

The primary cause of cancer lies in DNA mutations, which
can either be hereditary or acquired due to exposure to various
environmental factors, including carcinogens such as toxic
chemicals, contaminated food and water, radiation, and bio-
logical agents such as bacteria, viruses, and parasites
(Figure 2). The intricate process by which healthy cells trans-
form into cancerous cells is carcinogenesis or oncogenesis.
The widely accepted 3-stage carcinogenesis theory includes
initiation, promotion, and progression, each stage contributing
to the transformation and aggressive behavior of cancer
cells.”’

Cancer treatment strategies encompass a range of modalities,
each with its own set of challenges. Surgery, a traditional
approach, involves the removal of localized solid tumors.
However, the trauma induced by surgery may inadvertently
promote tumor recurrence by shedding cancer cells into the
bloodstream and lymphatic circulation. Surgery also triggers

immune escape mechanisms, downregulating the adaptive
immune response.(’g‘(’g

Chemotherapy, another common treatment, suffers from
issues such as lack of selectivity, short half-lives, poor solubility,
cytotoxicity, and the development of multidrug resistance. The
nonspecific nature of chemotherapy affects both cancer and
healthy cells, leading to debilitating side effects.”” Radiation
therapy, utilizing high-energy waves to destroy cancer cells’
DNA, faces limitations due to potential collateral damage to
adjacent healthy tissues.”"’>

Gene therapy involves inserting a normal copy of a defective
gene into the genome to address DNA disorders, with ongoing
clinical trials focusing on cancer.”' However, challenges such as
selecting optimal conditions and delivery methods, genome
integration, limited efficacy, and potential immune system neu-
tralization pose hurdles to widespread adoption.”

Immunotherapy, a rapidly advancing field, harnesses the
body’s immune system to eliminate cancer cells. Adoptive T
cell treatment and CAR-T cell therapy are promising immuno-
therapeutic approaches.73 Despite their practical outcomes,
challenges such as cytotoxicity, poor # vive persistence, cytokine
release syndrome, and potential fatal side effects hinder their
broader application.”*”

In conclusion, the intricate complexities of cancer necessitate
a profound comprehension of its underlying mechanisms and
the pursuit of innovative treatment approaches. Although
several treatment and options have been developed, each
encounters unique challenges that constrain their efficacy. It is
imperative to underscore the significance of persistent research

Xposure to
arcinogen

Figure 2. Major causes of cancet.
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and development efforts in surmounting these obstacles and
advancing the landscape of cancer treatment. Notably, recent
studies have provided compelling evidence that natural prod-
ucts, including marine bioactive peptides, hold promising
potential in the management and treatment of cancer.”*”’
This underscores the importance of exploring and harnessing
the therapeutic benefits offered by these marine-derived com-
pounds to further enhance the armamentarium against this for-

midable disease.

Marine-Derived Bioactive Peptides and Their
Antiproliferative Properties—Potential for
Cancer Management

In the last 2 decades, natural products of marine origin have gen-
erated serious scientific attention for cancer prevention and
treatment due to their inhibitory effects on several cancer
cells.*"*"** Among the natural products with interesting anti-
cancer potentials, proteins, and novel peptides from marine
origin have been shown to be potential candidates for cancer
management, as documented in many recent studies.*>*°
Protein hydrolysates and peptides from marine organisms
such as mollusks, microalgae, and different varieties of fishes,
including crabs, shellfish, catfish, and others have been shown
to possess anticancer properties whose protein hydrolysates
and peptides have been reported.*” Notably, cyclic peptides of
aquatic origin have been shown to inhibit the proliferation of
several cancer cells in a concentration-related fashion by activat-
ing apoptosis pathways such as cytochrome C, c-Jun N-terminal
kinase (JNK), and Mitogen-Activated Protein Kinase (MAPK)
and caspases and inhibiting survival mechanisms such as micro-
tubule assembly, Bcl2 expression, and “Phosphoinositide
3-Kinase/Protein Kinase B” (P13 K/Akt) signaling pathways.*®
The peptides appear to induce the production of reactive oxygen
species (ROS) in the cancer cells, considering that the activation
of INK/MAPK signaling pathways mostly depends on ROS.*
In another study, Sea cucumber peptides were also shown to
abrogate multiplication and metastasis of A549 cells in vitro
and inhibited tumor growth in tumor-bearing mouse model by
upregulating the expression of tumor suppressor gene TUSC2.”

A pentapeptide, ILYMP from Cyclina sinensis-induced apo-
ptosis in prostate cancer cells (DU-145) via a 5-fold increase
in Bax/Bcl-2 ratio to inhibit cell sutvival while promoting cell
death via activation of caspases 3 and 9-mediated apoptosis.”’
Similarly, LKEENRRRRD from Sepia esculenta exhibited mod-
erate antiproliferative effects against prostate cancer cell line
(PC-3) by activating p53 and caspase-3-mediated apoptosis by
57% and 64%, respectively, at 15 mg/ mL.” Proline-rich tripep-
tide, WPP, which was isolated from Tegillarca granosa protein
hydrolysate exhibited appreciable antiproliferative activities via
induction of apoptosis against several cancer cell-lines including
PC-3, DU-145, H-1299, and Hel a cell with ICs, values of 1.99,
2.80, 3.3 and 2.54 mg/ml,, respectively.”> Other peptides,
including AGAPGG, AERQ, and RDTQ from Sarcophyton

g/gmﬂm,94 FIMGPY from Raa pamm,()s YVPGP from
Anthoplenra anjunae, LPGP and DYVP from Sinonovacula con-
stricta,”® LANAK from Saccostrea cucnllate’” and QPK from
Sepia esculenta’ and other unidentified peptides in protein
hydrolysates,” respectively, induced apoptosis in human cervi-
cal cancer (HelLa), DU-145, colon carcinoma (HT-29), and lung
cancer (A549 and H1299) cells. Interestingly, all the above pep-
tides possess hydrophobic amino acids at the terminal position,
suggesting that terminal hydrophobic amino acids may have
contributed  to  their
Hydrophobic amino acids have been suggested to interact

partially anticancer  activities.
with calcium channels on the outer leaflets of cancer cell mem-
brane bilayers to increase calcium influx-mediated cell death.”

In addition to inducing apoptosis, marine-derived anticancer
peptides also induce cancer cell cycle arrest at different check-
points. For example, VECYGPNRPQF from Chlorella vulgaris
was shown to inhibit the proliferation of gastric cancer (AGS)
cells (IC5p value of 70.7 pg/mlL) via induction of cell cycle
arrest at post-G1 phase, leading to the death of the cells.” A
tripeptide from S. esculenta, SIO was also reported to induce
the arrest of the PC-3 cell cycle at the GO/G1 phase,()8 while
DWPH from Ruditapes philippinarum arrested DU-145 cells pro-
liferation at the G2/M phase by reducing the numbet of cells in
the S-phase which resulted in apoptosis of the cells.'”’ Other
possible mechanisms by which specific marine-derived peptides
can benefit against cancer differentiation and proliferation
include the inhibition of angiogenesis and DNA synthesis and
suppression of pathways through which cancer cells survive
and spread, such as cyclooxygenase-2 and vascular endothelial
growth factor receptor type-2 expression.’® These should be
established in future studies. Figure 3 summarizes the molecular
mechanisms of action of marine-derived proteins and peptides
against different cancer cells, while Table Y summarizes marine-
derived peptides with anticancer properties.

While matine-derived proteins and peptides have displayed
anticancer properties ranging from weak to moderate, as evi-
denced by their lower activities compared to conventional anti-
cancer drugs (summarized in Table 1), it is crucial to note that
the majority of studies were conducted 7 vitro on cell lines. This
in vitro approach is typically the initial step in drug discovery. Itis
necessary to confirm these anticancer properties using an
animal cancer model. Some of the studies reported anticancer
effects of long-chain oligopeptides such as FIHHIIGGL
FSAGKATHRLIRRRRR from Tilapia pisidin,’"' KPEGMD
PPLSEPEDRRDGAAGPK and KLPPLLLAKLIMSGKLL
AEPCTGR from Tuna oil'”® and YGFVMPRSGLWFR
from Spirulina platensis'”; bioavailability of peptides are highly
dependent on the chain length with the shorter chain being
more bioavailable.'"™*'" Tt is necessary that transepithelial
transport assays should be added as part of the study designs
in future studies to validate the oral bioavailability of the pep-
tides reported to be active i vitro.

Nevertheless, the action of intestinal brush border proteases
and serum peptidases may convert the long-chain peptides to
more active short-chain peptides, as shown in the bioactivities
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Figure 3. Summary of mechanisms of anticancer activities of marine-

of lupin-sourced peptides, which increased after transepithelial
transport.'*'® To conclude this section, marine-derived pep-
tides still hold good promise as potential candidates for cancer
management as they are selectively cytotoxic to cancer cells
while sparing host cells. This is unlike many synthetic anticancer
drugs that effectively halt replication and DNA synthesis in
cancer cells while inducing apoptosis of cancer cells but elicit
severe toxicity due to a lack of selectivity.”

Clinical Trials of Marine Peptides With
Anticancer Potentials

Clinical trials are interestingly critical hurdles for natural prod-
ucts, which are necessarily overcome to transit novel natural
products with seemingly attractive bioactive potentials from
bench to market.'"” Several marine peptides have been identi-
fied up-to-date, and only a few have been through clinical
trials. Although with little or no success, it is worth highlighting
interesting clinical trial findings of some of these marine pep-
tides with anticancer potentials.'” Peptides such as
dolastatin-10, plitidepsin, kahalalide F, didemnin B (DB), hemi-
asterlin analog (HTT-2806), and elisidepsin of different marine
sources have been investigated for their potential against
several forms of cancer via clinical trials (Figure 4)."*'

In the last 4 decades, DB, an interesting marine peptide from
Trididemnin cyanophorum, was popular due to its potent activities

derived proteins and peptides.

against cancer cells owing to results from several 7 vitro and in
vivo studies.'** Didemnin B progressed to clinical trials 1 and 2
and was not approved for clinical trial 3 because of the severe
toxicities such as muscular necrosis as well as other neurological
and gastrointestinal abnormalities recorded from the first 2
trials. Moreover, the therapeutic activities against several
advanced cancers were negligible, and individuals in the trials
were not better off.'*

Plitidepsin (Alplidine) is a well-studied marine peptide iso-
lated from the Mediterranean tunicate Applidium albicans. The
novel Alplidine is a derivative of DB; in principle, it is dehydro-
didemnin B."** Studies have shown that this cyclic depsipeptide
likely binds to the transcription factor eEF1A2 and alters
several pathways, thereby fostering cell-cycle arrest, growth
inhibition, and reduction of apoptosis.'*> Plitidepsin based on
its #n vitro activities has undergone the clinical trial phases I to
III. It was reported from the phase 1 study that Alplidine
showed optimal therapeutic activities in patients with solid
tumors treated at a dosage of 1200 pg/m2 daily for 5 days,
every 3 weeks, and the adverse toxicity was well tolerated.'*
In another clinical study, a dosage of 7 and 5 mg/m” with
and without carnitine was recommended for patients with
advanced malignancy. However, muscle toxicity was observed
at a higher dosage. The peptide was recommended for the
Phase II trials to investigate the pharmacokinetics and the
active role of coadministration with carnitine.'”” In the phase
I trials, Plitidepsin was reportedly actively distributed by red
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Plitidepsin

Elisidepsin

MARINE PEPTIDES

ANTI-CANCER
\ POTENTIAL y

Kahalalide F

Didemnin B

Figure 4. Chemical structure (2D) of some marine peptides that have undergone clinical trials.

blood cells and excreted from the bile. The concentration in
whole blood was 3.7 times higher compared to the plasma.
This peptide showed a broad distribution but relatively low
clearance.'* In the phase III trials, Plitidepsin combined
with dexamethasone (5 mg/ m” and 40 mg, respectively)
improved the median progression-free survival (PFS) and
the overall PFS without disease progression when compared
with the arm administered with only dexamethasone.
Moreover, the safety profile of this peptide was confirmed,
and the adverse effects were grade 3, such as fatigue,
myalgia, and nausea.'”

A few other marine peptides entered into clinical trials but
stopped at phase I or phase II due to their inability to show
convincing therapeutic effects or possibly severe adverse

effects (Table 2). Peptides such as Dolastatin 10 went
through both Phase I and II but not Phase III because of
their nonsignificant effect on different forms of cancer.
Similarly, Cematodin (TZT-1027) and tasidotin, a derivative
of Dolastatin 15, failed at phase II trials due to poor therapeu-
tic effects against malignant melanoma.'**'*’ Finally, kahala-
lide F was terminated after the second clinical trial; there
were no quantifiable therapeutic responses.'”” Despite the tre-
mendous growth of biopeptide research over the last decade,
and more new bioactive peptides from marine organisms are
being reported, no active clinical trials are testing these novel
peptides. There is a need for more clinical testing on some
of these novel therapeutic peptides for more applicability in
cancer treatment.
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Limitations, Research Prospects, and
Conclusions

Like other biological entities, marine organisms are exciting
sources of diverse bioactive peptides, including numerous
linear amide chain peptides, cyclic peptides, and peptide deriv-
atives.””'?" In the review, we have presented an overview of
the nature, sustainable sources, and unique properties of bio-
active peptides of marine origin. However, we focused on pro-
viding an updated review of new marine peptides with
antiproliferative or cancer activities and their progression to
clinical trials.

Optimizing the extraction, isolation, and identification
process from marine peptides can be one direction for future
studies.'” Developing new extraction methods and efficient
hydrolytic techniques fosters the isolation of novel bioactive
peptides for further research on their bioactive potencies, espe-
cially against cancerous cells. Furthermore, other new studies
can delve into examining the activities of the peptide more in
a mechanistic approach. Many novel marine peptides with
seeming bioactivities are only tested through 7 witro experi-
ments, and their effects 7 vivo are yet to be determined.”®
From the previous section, we can assert that only a few
marine peptides progress to clinical trial stages, making it prac-
tically impossible to move transit from bench to market. Future
studies may focus on more detailed pharmacokinetics of the
drugs and the peptides’ bioactivities. Motreover, possibilities
of improved anticancer activities can be investigated by coadmi-
nistering the novel peptide with popular chemo or immunother-
apy against cancer,"!*

Although many studies have highlighted that bioactive
peptides from other sources are commonly implicated with
several challenges, including short half-life, protease suscept-
ibility, peptide instability, possible toxicities, and other pro-
cessing issues.” '"*'* Achieving a marine peptide or
developing some conjugates or derivatives with better advan-
tages to overcome those limitations is also a plus. Tweaking
the marine peptides through nano-conjugation or encapsula-
tion can improve their targeted delivery. Moreover, D-amino
acid enrichment, pegylation, cyclization, or XTEN conjuga-
tion possibly enhance their shelf life as well as their safety
profile.'*’

In conclusion, marine-derived peptide research fields are still
underexplored and need more attention from natural product
scientists to harness their hidden potential, especially in cancer
treatments.
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