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Abstract: Marine collagen peptides (MCPs) are natural products prepared by hydrolyzing marine collagen protein

through a variety of chemical methods or enzymes. MCPs have a range of structures and biological activities and are

widely present in marine species. MCPs also have a small molecular weight, are easily modified, and absorbed by the

body. These properties have attracted great interest from researchers studying antioxidant, anti-tumor, and anti-aging

activities. MCPs of specific molecular weights have significant anti-tumor activity and no toxic side effects. Thus,

MCPs have the potential use as anti-cancer adjuvant drugs. Free radicals produced by oxidation are closely related to

human aging, cancer, arteriosclerosis, and other diseases, but their relationship with cancer is not well known. In this

review, we focus on the antioxidant properties of MCPs in the treatment of cancer, highlighting their antioxidant

molecular structure and potential for clinical practice.

Introduction

The ocean occupies the largest area on the earth’s surface and
hosts many types of marine creatures. The marine industry
separates biologically active substances from fish bones and
meat that are beneficial to human health to avoid wasting
resources (Vedanjali and Mark, 2018). This process not only
reduces pollution but also increases the value of by-products
(Milica et al., 2020). Bioactive peptides derived from marine
waste have aroused great interest in the pharmaceutical
industry due to their broad spectrum of activities, including
antioxidant, anti-cancer, and anti-hypertensive properties
(Zhang et al., 2021).

The increase in aging populations, destruction of the
ecological environment, unhealthy lifestyles, and food safety
issues have contributed to the rising incidence of cancer.
Cancer has become a public health issue and even a social
issue that is of high concern (Kurian et al., 2018). China
urgently needs to address concerns caused due to cancer; an
even more serious issue is that the momentum in cancer

incidence has not been effectively curbed (Wei et al., 2018).
Research by the National Cancer Center predicts that the
overall cancer death rate will continue to decline, and while
the incidence will level off for men, it will increase slightly
for women. These trends reflect demographic changes in
cancer risk factors, use of screening tests, diagnostic
practices, and treatment progress (Henley et al., 2020).

The marine biological proteins are much larger, and
types and numbers than terrestrial biological proteins
(Mooney et al., 2020). It was originally believed that free
amino acids (aa) can be absorbed after a protein is
hydrolyzed (MacDonald et al., 2019). However, subsequent
research demonstrated that the body absorbs a mixture of
oligopeptides and aa better than aa alone, particularly
when the aa’s transport system malfunctions. Under the
same concentration and composition of aa, the mixture of
oligopeptides and aa indirectly improve absorption
(Lourdes and Blanca, 2020). After chemotherapy and
radiation therapy, the human digestive system is greatly
affected, and the nutritional status of the patient is poor.
Therefore, while supplying essential aa to the human body,
appropriate supplementation of biologically active peptides,
such as marine collagen peptides (MCPs), can enhance its
absorption (Apostolopoulos et al., 2021). MCPs are a
readily available resource extracted from the skin, bones,
and scales of marine organisms. Among the many raw
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materials for extracting MCPs, fish scales are the best choice.
Fish scales are the safest source among many raw materials
because they are not distributed in vessels, thus
minimizing the transfer of disease, pollution, or harmful
toxins (Salvatore et al., 2020). MCPs extracted from deep-
sea fish scales are more easily absorbed by the human
body. The unique structure and sequence of aa in MCPs
results in a range of biological activities, including
antioxidant, anti-cancer, and anti-coagulant effects
(Felician et al., 2019). In this review, we first describe the
composition of MCPs, followed by their reducing and anti-
oxidant properties. We then provide insights into how the
arrangement of aa in MCPs leads to their anti-oxidant
activity. Finally, we delve deeper into the anti-cancer
effects of MCPs by exploring their autophagy, apoptosis,
and necrosis effects on cancer cells.

Composition Characteristics of Marine Collagen and
Marine Collagen Peptides

Marine collagens are an important protein that connects
tissues, and primarily contain glycine (Gly), alanine (Ala),
proline (Pro), and hydroxyproline (Hyp) (Lim et al., 2019).
Marine collagens are mainly type I (most abundant) and
type V collagens, and the molecule consists of three α-
chains with a molecular weight of about 100 kDa (Rahman,
2019). Collagen is abundant in the fibrous connective tissues
of marine animals, providing tensile strength and flexibility
to tissues and organs (Song et al., 2019). Marine collagens
contain sarcoplasmic peptide (30 kD), myofibrin peptide
(including myosin heavy chain (192 kD), peptide (97.4 kD),
tropomyosin peptide and troponin peptide (29 kD), and
other functional protein peptides (Stammers et al., 2020).
The aa composition of MCPs is similar to that of marine
collagen. The periodic arrangement of GlyX-Y, Pro, and
Hyp often appears in the marine collagen and MCPs
structure, accounting for about 25% of the composition. Pro
and Hyp are unique aa of marine collagens and MCPs at
the X and Y positions, simultaneously, and they also contain
the essential arginine (Arg) (Carrera et al., 2019). Compared
with other terrestrial animal collagens, Hyp content is lower
in marine collagens while methionine (Met) content is
relatively high. Hyp plays a key role in linking polypeptides
and stabilizing the triple helix structures, therefore, marine
collagens possess a low denaturation temperature (Zhang et
al., 2019). The most common structural feature of collagen
peptides is the triple-helix structure, which comprises three
α-polypeptide chains, each of which has a left-handed helix
configuration. The three left-handed helical chain forks are
entangled into a right-handed helical structure, which makes
its molecular structure very stable, with low immunogenicity
and good biocompatibility (Hu et al., 2017). Compared to
marine collagens, MCPs have a lower molecular weight and
strong affinity for water (hydrophilic group: -COOH, -OH,
-NH2, Gly, Ala, aspartic acid (Asp), serine (Ser) and
tyrosine (Tyr) residues). Furthermore, MCPs have a higher
absorbed efficiency than marine collagens in the body and
avoid absorption obstacles (edible absorption rate = 100%)
(Pavlicevic et al., 2020).

Reducing Characteristics of Active Marine Collagen
Peptides

Reactive oxygen species (ROS) is a general term for small
molecular oxygen atoms with active chemical properties.
Excessive ROS peroxidizes unsaturated fatty acids in lipids
and destroys the structure of cell membranes (Giorgi et al.,
2018; Saima et al., 2018; Tejero et al., 2019; Pospíšil et al.,
2019). Under normal physiological conditions, cells clear
excess ROS through a variety of antioxidant defense
mechanisms and maintain the balance of intracellular ROS
levels through enzymes catalase (CAT), superoxide
dismutase (SOD), glutathione peptide per-oxidase (GSH-
PX), and peroxidase (Prdxs), as well as non-enzymes
vitamin C and E, glutathione (GSH), fatty acid, carotenoids,
and iron chelators (Dania et al., 2015). Fe3+ or Fe3+

complexes can catalyze the formation of ROS and promote
lipid peroxidation, thus causing damage to cells and tissues.
The chelation of MCPs with metal ions can eliminate its
catalytic effect. Giménez et al. (2009) employed a FRAP
experiment (Fe2+ reduction ability) to show a significantly
higher reducing ability of MCPs than that of marine
collagen proteins (p < 0.05). The ability to remove Fe3+ may
be hidden in marine collagen proteins, while the MCPs have
their aa exposed through protease hydrolysis, thus enabling
MCPs to exhibit stronger reducing ability. Recently,
measurement of the scavenging rate of hydroxyl radicals
after enzymatic hydrolysis revealed that MCPs are natural
active oxygen scavengers (Stefania et al., 2019). Increasing
concentrations of MCPs gradually increased the clearance
rate of HO- (Yang et al., 2019). A recent study investigated
the effect of digestion decomposition of monkfish to
produce various MCPs in vitro and used free radical
scavenging and lipid peroxidation assays to evaluate the
antioxidant activity of MCPs. MCPs-mediated removal of
HO- (41.32% ± 2.73%) and DPPH• (44.54% ± 3.12%) was
superior to their removal by pepsin and trypsin. Another
study showed that the low-molecular-weight angel fish
collagen peptide has good anti-radical activity, attributed to
its ability to remove HO-, DPPH, and O2-, with the removal
of HO-being the highest (Jin et al., 2019).

Antioxidant Structural Characteristics of Active Marine
Collagen Peptides

The generation of oxidative stress is attributed to the
formation of several ROS, including alkyl, hydroxyl,
superoxide, peroxide, and singlet oxygen. In the human
body, ROS can mediate oxidative damage to cell
membranes, proteins, and DNA. The ensuing oxidative
stress is a result of the imbalance between free radicals and
antioxidants (Sun et al., 2020). These damages can lead to a
range of diseases, including inflammation, cancer, neuronal
damage, and aging. Many studies have shown that MCPs
derived from marine creatures can promote human health
by reducing the risk of chronic diseases related to oxidative
stress.

Peptides are the essential molecular structure of proteins
and possess various physiological effects. Similarly, peptide
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efficacy also changes when the structure of the aa changes
(Fatma et al., 2018). There are thousands of peptides with
diverse structures. Researchers over the past decade have
demonstrated that natural peptides are safer than chemically
synthesized antioxidants. Therefore, naturally derived
antioxidants have become the focus of research. MCPs are
intermediates between proteins and aa, and form after the
molecular chain of marine collagen disintegrates under the
action of chemicals, bacteria, and enzymes (Subhadeep et
al., 2018). The molecular weight of MCPs varies with
different conditions such as reaction mode, time, and
temperature. MCPs mainly consist of oligopeptides in a
linear chain with a molecular weight range of 180–1000 Da
(Chen et al., 2019).

Scholars have analyzed the aa composition and content
of Lophius litulon collagen peptide, depicted in Table 1 (Silva
et al., 2014; Lin et al., 2019; Tian et al., 2020). It can be seen
that Gly, Pro, Hyp, Met, and other aa closely related to their
properties have higher content. Like other sources of fish
skin collagen(Nazeer et al., 2012; Zhu et al., 2012; Nguyen
et al., 2020), Gly makes up the highest content (36.61%),
followed by Pro (9.32%), Hyp (7.54%), and Met (6.09%).
Phenylalanine (Phe) and cysteine (Cys) make up an
extremely small (less than 1.1%) component of MCPs.
Scholars found similar results for the composition and
content of the anglerfish collagen peptide (Nagai et al.,
2002; Hwang et al., 2007; Bernardini et al., 2011; You et
al., 2011; Sun et al., 2013).

Further analysis has been conducted on the relationship
between the composition of aa and the antioxidant
properties of MCPs. Dávalos et al. (2004) found that
tryptophan (Trp), Tyr, and Met have the strongest
antioxidant properties, followed by Cys, Histidine (His),
and Phe. The scavenging ability of oxidized free radicals
by Met and Cys relies on their sulfhydryl groups as
electron donors to terminate the chain reactions of free
radicals. Lysine (Lys), Asp, and glutamic acid (Glu) can
scavenge ROS because their amino or carboxyl side chain
contains a proton donor (Rajapakse et al., 2005). Although
some aa do not have the structure to scavenge oxidative
free radicals, they play an auxiliary role. For example,
leucine’s (Leu) hydrophobicity enables oligopeptides to
smoothly cross the phospholipid bilayer so that the
antioxidant effect occurs in intracellular space (Wang et
al., 2020a). Met also plays an analogous role in the
antioxidant activity of MCPs.

Correlation between AA Arrangement Order of Marine
Collagen Peptides and Their Antioxidant Capacity

In addition to composition, the sequence of aa also has a
significant impact on the antioxidant properties of MCPs
(Chiara et al., 2016). Studies have shown that marine
animals, mainly fish, produce MCPs by their degradation
from various enzymes, which results in a diversity of
peptides with different hydrophobicity and hydrophilicity.
These MCPs are summarized in Table 2 (Mendis et al.,
2005; Kim et al., 2007b; Kim et al., 2007a; Je et al., 2008;
Ngo et al., 2010; Lee et al., 2011; Kumar et al., 2011;
Sampath Kumar et al., 2012; Kumar and Nazeer, 2012;
Zhang et al., 2012; Ko et al., 2013; Jeong et al., 2013; Cho et
al., 2014; Jiang et al., 2014; Venkatesan et al., 2017; Hu et
al., 2020; Yu et al., 2020; Li et al., 2021) and can be used as
effective antioxidants.

Eresha et al. (2005) showed that the sequences of the two
peptides in squid skin collagen peptides with high antioxidant
activity are Asn-Gly-Pro-Leu-Gln-Ala-Gly-Gln-Pro-Gly-Gln-
Arg (1241.59 Da) and Phe-Asp-Ser-Gly-Pro-Ala-Gly-Val-Leu
(880.18 Da), and their resistance to oxidation is related to the
position of Leu in the sequence. These two representative
peptides had a strong inhibitory effect on lipid peroxidation,
which was significantly higher than that of alpha-
tocopherol. Furthermore, the peptides could also scavenge
highly active free radicals in the oxidation system—hydroxyl
radicals and carbon-centered free radicals (Cai et al., 2022).
Guo et al. (2009) found that the Tyr residue showed strong
scavenging of hydroxyl radicals and superoxide anions at
the C-terminal of the peptide chain. It often appears in
three dipeptides: Lys-Tyr, Arg-Tyr, and Tyr-Tyr. This ability
may be due to the phenolic hydroxyl group acting as a
proton donor binding free radicals and thus having a
scavenging effect. A strong antioxidant activity is at the N-
terminal of the peptide chain when the second aa residue is
His (Ala-His, Val-His-His-Ala-Asn-Glu-Asn, Val-His-His).
These findings indicate that the strength of antioxidant
properties may be related to the sequence and arrangement
of aa (Ucak et al., 2021).

The Anti-Cancer Effect of Marine Collagen Peptides Is
Based on Their Antioxidant Activity

ROS is the main molecule produced during oxidative stress in
the body and is considered an important factor in the

TABLE 1

Amino acid composition of Lophius litulon and bigeye tuna skin collagen peptides

Amino acid Content (%) Amino acid Content (%) Amino acid Content (%)

Gly 36.61 Trp 4.12 Val 2.25

Pro 9.32 Asp 3.29 Lys 1.91

Hyp 7.54 Thr 3.26 Hyl 1.68

Ala 7.24 Ser 3.08 Tyr 1.34

Met 6.09 Leu 2.77 Phe 1.08

Glu 4.58 Ile 2.54 Cys 0.63
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occurrence, development, and recurrence of tumors (Kamesh
and Tay, 2019). However, recent studies found that ROS can
achieve the purpose of cancer treatment by accelerating tumor
cell apoptosis. At present, drugs and methods are gradually
being used clinically that are aimed at increasing the level of
ROS in tumor cells.

ROS levels in tumor cells
In normal cells, the oxidation and antioxidant systems are
maintained in a relatively balanced state. An increase in the
level of pro-oxidation or a decrease in antioxidant capacity
leads to the accumulation of ROS, which can cause a series
of chronic diseases. At present, the cause of tumors is not
fully understood but ROS damage to biological
macromolecules can play a role in carcinogenesis due to
radiation and chemicals, and cancer promotion. In the
process of lipid peroxidation, a variety of free and non-free
radicals can be produced to cause cell dysfunction, which is
related to various diseases such as body aging, tumors, and
inflammation (Ghoneum et al., 2020). In particular, lipid
free radicals with moderate reactivity can easily penetrate
and diffuse into the nucleus, directly attacking DNA or
RNA. If the free radicals are not eliminated in time, they
may cause DNA mutations and lead to cancer (Arfin et al.,
2021). The cancer-promoting ability of cancer promoters is
positively correlated with their ability to generate free
radicals (Cao et al., 2020). Substances that can scavenge free
radicals can also inhibit cancer-promoting effects. Increased
levels of ROS and changes in cellular antioxidant enzymes
can lead to the occurrence of tumors; patients with tumors
usually show an imbalance in the body’s redox state. There
is also an interaction between the tumor and the antioxidant
system. DeNicola et al. (2011) used a mouse model to show
for the first time that elevated ROS levels can increase

resistance to certain cancers. The study also found that the
regulation of the redox state seems to be a significant factor
in determining tumor formation potential; therefore, its
effective elimination of reactive oxygen free radicals may be
an approach to treating cancer. MCPs have many
advantages, such as being present in a wide variety and
having remarkable antioxidant properties, which have
become a research hotspot. Therefore, scholars are starting
to pay attention to MCPs and other natural antioxidants for
tumor prevention and treatment (Cheung et al., 2015).

Antioxidant activity of marine collagen peptides
Free radical damage to cells and tissues is the underlying cause
of many diseases. The combination of DNA and protein under
the action of free radicals can cause various forms of damage,
and even induce the formation of tumors. As a natural
antioxidant, MCPs can not only prolong life but also inhibit
the occurrence and development of spontaneous tumors.
Liang et al. (2010) showed that the MCPs obtained by
enzymolysis from Oncorhynchus keta skin reacted with free
radicals in the system to directly inhibit the formation of
malondialdehyde (MDA), the product of lipid peroxidation,
and maintain the redox balance in the cell. In 4.5% and 9%
(wt/wt) MCP-treated male rats and 9% (wt/wt) MCP-
treated female rats, tumor growth rate and overall incidence
were inhibited in Sprague-Dawley rats. Wang et al. (2020b)
extracted six kinds of bioactive peptides with antioxidant
properties from fish collagen. All of them exhibited good
scavenging activity of 2, 2-diphenyl-1-picrylhydrazyl
(DPPH•) free radicals. Among them, three kinds of
bioactive peptides could protect hepatocytes from H2O2-
induced oxidative damage by reducing ROS and MDA levels
and activating intracellular antioxidant enzymes SOD, CAT,
and GSH-Px. Li et al. (2022) showed that MCPs exerted

TABLE 2

Sequence of antioxidant peptides screened from marine fish under different enzyme treatments

Fish species name
(Alphabetical order)

Isolate
parts

Enzymes
hydrolysis

Antioxidant peptides (Amino Acid
Sequence)

Reference

Decapterus maruadsi All Trypsin His-Asp-His-Pro-Val-Cys and His-Glu-Lys-
Val-Cys

Jiang et al. (2014), Venkatesan et al.
(2017)

Hypoptychus dybowskii Skin Pepsin Ile-Val-Gly-Gly-Phe-Pro-His-Tyr-Leu Lee et al. (2011), Hu et al. (2020)

Johnius belengerii Bone Pepsin Glu-Ser-Thr-Val-Pro-Glu-Arg-Thr-His-Pro-
Ala-Cys-Pro-Asp-Phe-Asn
His-Gly-Pro-Leu-Gly-Pro-Leu

Kim et al. (2007b),
Kim et al. (2007a)

Magalaspis cordyla Skin Pepsin Ala-Cys-Phe-Leu (518.5 Da) Mendis et al. (2005), Kumar et al.
(2011)

Otolithes ruber Bone Trypsin Lys-Thr-Phe-Cys-Gly-Arg-His
Gly-Asn-Arg-Gly-Phe-Ala-Cys-Arg-His-Ala
(1101.5 Da)

Sampath Kumar et al. (2012), Kumar
and Nazeer (2012),
Yu et al. (2020)

Oreochromis niloticus Skin Alcalase
properase E

Asp-Pro-Ala-Leu-Ala-Thr-Glu-Pro-Asp-Pro-
Met-Pro-Phe
Glu-Gly-Leu (317.33 Da) and Tyr-Gly-Asp-
Glu-Tyr

Ngo et al. (2010), Li et al. (2021),
Zhang et al. (2012)

Paralichthys olivaceus Skin Pepsin Val-Cys-Ser-Val and Cys-Ala-Ala-Pro Ko et al. (2013), Cho et al. (2014),

Thunnus obesus Bone Pepsin H-Leu-Asn-Leu-Pro-Thr-Ala-Val-Tyr-Met-
Val-Thr-OH

Je et al. (2008), Jeong et al. (2013)
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antioxidant activity by activating the Keap1/Nrf2-ARE
signaling pathway. The antioxidant mechanism of MCPs is
shown in Fig. 1.

Keap1 binds to Nrf2 in the cytoplasm in an inactive state.
After stimulation, the conformation of Keap1 changes, the
binding of Keap1-Nrf2 is unstable. Nrf2 is released and
transferred to the nucleus, binds with ARE, activates the
transcription of downstream genes, and then translates a
series of related proteins to play physiological functions.
MCPs significantly increase the expression of Nrf2 and
decrease the expression of Keap1. The increased Nrf2 enters
the nucleus and initiates the Nrf2/ARE signal transduction
pathway, which increases the contents of SOD, CAT, and
GSH-Px in the body, decreases the levels of ROS and MDA,
and finally exerts antioxidant activity.

Marine collagen peptides provide negative ions to inhibit
carcinogenesis
One of the main causes of carcinogenesis of human cells is
the removal of electrons. ROS (unsaturated electrons)
competes for electrons, causing the cells to lose electrons.
During carcinogenesis, cancerous cells snatch electrons
from surrounding cells, and cause a vicious circle. MCPs,
small molecular protein peptides, provide negative ions to
the human body (Zhao et al., 2019). After the human body
receives negative ions, the negative ions have excess
electrons, which can provide a large number of electrons.
By blocking the vicious cycle of electron removal, cancer
cells formation can be prevented or inhibited. The results
of one study indicated that the antioxidant activity of
MCPs has clinical significance for tumor treatment (Zorov
et al., 2014).

Marine collagen peptides regulate ROS to promote tumor cells
apoptosis, necrosis, and autophagy
Solid tumors are unable to provide sufficient O2 and nutrients
to the growing tumor tissues due to their abnormal and
deformed vascular system. Moreover, the available O2 is
consumed by the rapidly proliferating cells around the

tumor, which leads to serious O2 shortages, resulting in a
severely hypoxic microenvironment (Tas et al., 2016). Most
solid tumors have varying degrees of hypoxia, and this
hypoxic microenvironment is also considered to be one of
the main obstacles to current cancer treatment. Abnormal
and deformed blood vessels make it difficult for a variety of
chemotherapeutic drugs to reach the lesion in the tumor
(Caplazi et al., 2015; Mateen et al., 2016; Galligan et al.,
2016). Similarly, it is also a major obstacle to the delivery of
nutrients (Dai et al., 2019). Severe hypoxia prevents the
uptake of nutrients deep inside the tumor tissue.
Accordingly, peripheral tumor tissues jointly adopt
photodynamic/sonodynamic therapy, which has been
rapidly developed by tumor tissues in recent years and is
expected to become an effective means of cancer treatment
(Zhou et al., 2020). Based on the understanding of tumor
hypoxia, researchers have begun to try a variety of
antioxidant methods to treat tumors. The most common
approaches include two strategies: one is dedicated to
correcting the abnormal characteristics and improving the
tumor microenvironment, dredging capillaries so that anti-
cancer drugs can be delivered to the lesions, to create better
conditions for cancer treatment. The other is dedicated to
the design of antioxidant substances to create a hypoxic
environment at the tumor site; reducing the tumor’s access
to nutrients and oxygen, can achieve the purpose of
treatment by accelerating tumor cell death (Zonyane et al.,
2020). MCPs are natural antioxidants extracted from marine
animals and plants. In recent years, an increasing number of
researchers have discovered that MCPs can effectively
scavenge active oxygen free radicals and specifically kill and
inhibit tumor cells, thereby inhibiting tumor activity and
protecting human health. The study also found that the
regulation of the redox state seems to be an important
factor in determining its tumor formation potential;
therefore, MCPs may be a potential therapeutic target. Since
then, the role of MCPs has attracted increasing attention in
tumor treatment. At the moment, various drugs that cause
cell oxidative stress by regulating ROS levels are often used
clinically, and they often have different degrees of toxic side
effects. However, there is still a lack of in-depth research on
the role of anti-cancer drugs in regulating oxidative stress in
tumor treatment. Consequently, MCPs are of great
significance in the treatment of tumors; however, the
specific mechanism of action of MCPs in tumor treatment
needs to be explored further. To better understand how
MCP regulation of ROS can have anti-cancer effects, we
discuss in the following sections the relationship between
ROS and tumor cell apoptosis, necrosis, and autophagy.

Relationship between reactive oxygen species and apoptosis
The apoptosis receptor Fas-FasL pathway and the
mitochondrial pathway are interrelated and depend on the
ROS levels. The exogenous and endogenous pathways of
apoptosis are related to each other, as shown in Fig. 2.

After FasL binds to Fas, the trimerized death receptor Fas
recruits adaptor proteins such as Fas-related death domain
through the death domain. The adaptor protein forms a
complex with the pro-caspase-8 through the death effect
domain, which is called the death-inducing signaling

FIGURE 1. Marine collagen peptides (MCPs) exert antioxidant
activity by activating the Kelch-like ECH-associated protein 1
(Keap1)/NF-E2-related factor 2 (Nrf2)-antioxidant responsive
element (ARE) signaling pathway.
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complex (DISC). In the cytoplasm, the activated caspase-8 can
break the Bid into tBid, which transfers to the mitochondria,
and induces the release of cytochrome C from the
mitochondria into the cytoplasm. In addition, caveolin-l-
Y14 (Cav-1-Y14), an internal protein located on the cell
surface, is phosphorylated under the action of ROS. Cav-1-
Y14 regulates apoptosis by interacting with Fas and Bid and
connects the death receptor pathway and the mitochondrial
pathway. This interaction is achieved by ROS-mediated
regulation of Cav-1 Y14 phosphorylation.

Relationship between reactive oxygen species and necrosis
Cell necrosis and apoptosis can occur simultaneously in cells
and are two ways of causing cell death. Studies have shown
that excessive levels of ROS induce apoptosis, and a large
amount of ROS can cause necrosis. Tumor cells are more
sensitive to ROS than normal cells, allowing ROS to
selectively kill tumor cells. Aleman et al. (2011) studied the
effects of different enzymatic hydrolyzed squid protein
peptides on the growth of malignant tumor cell lines MCF-7
and U87. The results showed that hydrolyzing squid protein
peptides with different proteases resulted in the necrosis of
MCF-7 and U87 cells in a ROS-dependent manner. At 72 h,
the inhibitory effects of the hydrolysate of preprotease on
the cytotoxicity of MCF-7 and U87 were the highest
(96.6 ± 0.5)% and (91.2 ± 2.7)%, respectively. In addition, in
the above-mentioned study, squid protein peptides can
inhibit the expression of malignant tumor cell mRNA,
thereby preventing the expansion of cancer cells.

Relationship between reactive oxygen species and autophagy
Autophagy describes programmed cell death. Oxidative stress
can induce autophagy under certain conditions. Recent
studies have found that ROS produced as a signal molecule
plays an important role in the process of autophagy in
mitochondria. It has a dual effect on the cell. ROS-produced
signaling molecules can reduce oxidative stress and thus
have a self-protection effect. However, the signaling
molecules can have a destructive effect by stimulating
autophagy cell death (Montani et al., 2019).

Marine Collagen Peptides Play an Anti-Tumor Role by
Targeting Reactive Oxygen Species

The rapid growth of solid tumors creates a demand for oxygen
and nutrients, and subsequently causes a microenvironment
of ischemia and hypoxia in the tumors (LaGory and
Giaccia, 2016). MCPs can bind to tumor genes and
regulatory factors, thereby exerting an anti-cancer effect.
Specifically, MCPs can kill and inhibit tumor cell lines
MCF-7 and U87 growth and development. In addition,
MCPs have good antioxidant activity and can eliminate ROS
to achieve anti-tumor effects and also remove free radicals
in normal tissues to play a role in anti-aging and other
health care. For example, squid skin collagen peptides are
rich in D-amino acids, hydroxyl acids, α-amino acids, and
β-amino acids (Raman and Mathew, 2014). These small
peptides can inhibit tumor cell proliferation. The research
results of Huang et al. (2017) showed that the MCPs
isolated and purified from squid can inhibit the proliferation
of prostate cancer PC-3 cells. Further study showed that
PC-3 cells treated with MCPs (5, 10, and 15 mg/mL)
increased the percentage of early apoptotic cells (from 8.85%
to 29%) for 24 h. The research also found that squid skin
MCPs SP1 (>10,000 Da), SP2 (6000~10,000 Da), and SP3
(2000~6000 Da) could significantly inhibit melanoma B16
cells (Peng et al., 2020). Among them, the inhibitory effect
of SP2 is the most obvious. The tyrosinase-mediated
inhibition rate of 20 g/L fish MCPs reached more than 30%,
which is much stronger than similar products on the
market. Japanese sea cucumber MCPs can significantly
inhibit melanin synthesis and tyrosinase activity, as well as
down-regulate the expression of tyrosinase mRNA (Kim et
al., 2001). The inhibitory effect of MCPs with a molecular
weight of 6000~10,000 Da was the most apparent. MCPs
with antitumor activity extracted from sea cucumber could
inhibit the proliferation of Lewis lung cancer (LLC) cells
and inhibit the migration of lung cancer cells by inhibiting
the adhesion of LLC cells to extracellular matrix proteins
(Qiao et al., 2021).

MCPs can activate c-FOS protein through the
endoplasmic reticulum (ER) to induce cell apoptosis.
Similarly, MCPs isolated from groupers show strong anti-
tumor activity by activities from the corresponding
proteins of the ER. The results showed that MCPs
inhibited the proliferation of human leukemia cells U937,
and the inhibitory effect was the best when the
concentration of MCPs was 2–5 μg/mL. After treating
U937 cells with 3 μg/ml MCPs for 24 h, the ADP/ATP
ratio increased and the expression of apoptosis-related
proteins was activated. Apoptosis was observed in U937
cells treated with 4 μg/mLMCPs (Chen et al., 2009).
Prasun et al. (2013) purified a glycopeptide from cod
(named TFD100), which binds β-galactoside-binding lectin
(gal3) to block gal3-mediated angiogenesis, and subsequent
tumor-endothelial cell interactions and the metastasis of
prostate cancer cells. The results showed that 3.5 nM
TFD100 inhibited angiogenesis by 70–75%, which was
consistent with the effect of 50 μM lactose. Further
evaluation of the antiangiogenic activity of TFD100 in vivo

FIGURE 2. The exogenous and endogenous pathways of apoptosis
are related to each other.
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showed that VEGF-induced angiogenesis was enhanced by
33% in the presence of 0.03 μM exogenous gal3, but
inhibited by 83% in the presence of 2 nM TFD100.

Anti-tumor MCPs can be divided into three types: linear
peptides, cyclic peptides, and marine protein hydrolysates
according to their size and structure. Discodermins are the
first end-to-end novel cyclic dipeptides isolated from the
marine sponge. All discodermins had cytotoxic effects on
human lung cells with IC50 values ranging from 0.02 to
20 μg/mL (Wu et al., 1994). The IC50 values of MCPs cyclic
octapeptide extracted from sponge stalagmite against
myeloma PMI-8226 cells and gastric MGC-803 cells were
4.9 and 9.7 μM, respectively (Zhan et al., 2014). MCPs use
their antioxidant properties to achieve anti-cancer effects.
MCPs have good anti-oxidant activity in normal tissues or
cells and play a role in protecting against damage and
delaying aging. Fazli’s research showed that fish scale
collagen peptide (FSCP) down-regulates key pro-
inflammatory cytokines tumor necrosis factor-α, interleukin
(IL)-1β, IL-8, and inducible nitric oxide synthase-mediated
mechanisms to increase the viability of HaCaT cells and
improve cellular oxidative damage (Subhan et al., 2017). In
addition, FSCP also prevents cell senescence by inhibiting
Bax expression, caspase-3 activity, and cyto-C, and
upregulating Bcl-2 protein levels in CoCl2-stimulated
HaCaT cells. The inhibitory effect of FSCP on cytotoxicity
was found to be related to ROS, mitogen activated protein
kinase (MAPK), and nuclear factor kappa B (NF-κB)
signaling pathways. Another experiment showed that the
purified MCPs (GM2-2-3) treated with lipopolysaccharide
(LPS)-induced damage to liver cells, the cell oxidative
damage was significantly reduced, and the intracellular
SOD, CAT, and GSH-PX activities increased. Compared
with the injured group, the GM2-2-treated group
demonstrated a more stretched morphology of liver cells,
more aggregation of cell chromatin, reduced nuclear
shrinkage phenomenon, and reduced early apoptosis rate.
Another study showed that different concentrations of cod

skin collagen peptides could repair damage induced by LPS
in liver cells (Ngo et al., 2011). The mechanism of MCPs to
exert anticancer activity is summarized in Fig. 3.

MCPs increase the expression level of pro-apoptotic
protein Bax and reduce the expression level of anti-
apoptotic protein Bcl-2 by regulating the expression of
MAPK, NF-κB, and tumor suppressor gene p53, so as to
promote cell apoptosis. In addition, MCPs inhibit cell
adhesion to ECM protein by regulating the expression levels
of fibronectin, laminin, vitronectin, and collagen, and
ultimately play an anticancer role together.

Current and Future Developments

Free radicals are related to human aging, cancer,
arteriosclerosis, and other diseases. At present, research has
confirmed that aquatic polypeptides have good antioxidant
activity in vivo and in vitro and have shown certain
application prospects. The role of ROS in tumor treatment
has attracted increasing attention. Various drugs used in
clinical treatment cause oxidative stress by regulating the
level of ROS. However, there is still a lack of a unified
understanding of the role of anti-cancer drugs in regulating
oxidative stress during tumor treatment. Therefore, the
application of antioxidant drugs still needs further research
for tumor treatment, and its specific mechanism of anti-
tumor effect also needs to be further explored.

Proteins and peptides, derived from marine animals,
have attracted wide attention due to their diversified
biological activities and natural abundance. Years of
research has revealed that MCPs have more hydrophilic
groups after hydrolysis. Therefore, collagen peptides have
many excellent biological properties, including anti-
oxidation and anti-cancer, antibacterial, immune regulation,
and blood sugar lowering effects. These properties are
coupled with good biocompatibility, non-toxicity, and high
absorption rate, thereby making MCPs a safe choice for the
development of health products.

With the improvement in quality of life, there is a higher
demand for daily health care. Because of their inherent
biological activity, MCPs can be used as therapeutic or
preventive agents. In addition, MCPs, as small molecules,
can chelate metal ions through coordinated covalent
bonding or adsorption bonding. The chelate has the
advantages of high bioavailability, safety, and biological
activity. In basic research, the ability of MCPs to inhibit
tumor growth and protect normal tissues has shown
promising effects. In different types of cancer, the objective
response time to exert the drug effect varies, which indicates
the need for real-time monitoring of patients. Therefore, the
development of reliable anti-cancer drugs remains a
challenge. Concurrently, the structure of the human body is
very complicated; after the MCPs enter the human body,
their action is affected by many factors, such as bacterial
flora and virus in vivo. Even though MCPs are used more
frequently as health products, a common mechanism for
MCPs in regulating ROS has not yet been discovered. This
may be a focus for future research to better understand the
anti-cancer effects that MCPs exert.

FIGURE 3. Marine collagen peptides (MCPs) exert anticancer
activity by inducing cell apoptosis and inhibiting cell migration.
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